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Automation Advances Life Sciences Microscopy

bv Jill Dreschler, Leica Microsystems Inc.

Automated microscopy in the life sciences can trace its beginnings to the
semiconductor industry. In the 1970’s, automated microscope stages were
developed and used extensively for wafer inspection in semiconductor
fabrication. By grafting motorized components onto a microscope
designed for manual use, automation was achieved. Over time, more func-
tionality became internal to the microscope.

By the 1990's, microscopes with automated internal controls were com-
mercially available for the life sciences laboratory. A researcher could
purchase a microscope with controls that motorized stage movement, the
changing of nosepieces, and Z focus. In many ways, this early technology
was automation without a clear-cut application. The microscope was
motorized, but the software to control it was limited in what it could do.

By the mid 90's, usage of GFP became popular and brought with it a
demand to track cellular functions with time-lapse imaging. At the same
time, digital photography was more commonly used, and software gained
the ability to control the microscope in a way that allowed sophisticated
experiments to be performed automatically. These developments led the
way to digital microscopy.

Digital microscopy represents a blending of digital photography designed
to rapidly capture low-light images and software to drive the microscope
and to process large amounts of imaging data. The technology is moving
toward tighter integration of hardware and software to create one system
in which they work together seamlessly.

Integrated microscopes and software share more information, which
leads to less user intervention, less room for error, and clearer documen-
tation of the experimental conditions. For example, some microscopes are
coded so that the software recognizes the objective and the fluorescence
cube that are in place. Some system integration even goes so far as to
identify the point spread function for the objective in use to enable itera-
tive deconvolution of a captured data set with the simple press of a button.

Automation is currently pushing past simple motorization, making
microscopy techniques faster and more reproducible, as well as easier for
the expert and novice alike. Researchers can switch between contrast
methods such as transmitted light phase contrast and epi-fluorescence by
pressing a button. For each technique, the necessary components are
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inserted or removed from the light path, and the user’s optimized settings,
such as fluorescence intensity and field and aperture diaphragm selec-
tion, can be restored.

Microscopes with this type of automation are very user friendly. Although
some functions have been available for some time in the most highly auto-
mated research microscopes, these capabilities more recently have been
extended to enhance and transform microscopes that have traditionally
been thought of as fully manual.

This technology can be found on even the most basic fluorescence micro-
scopes, which decreases the experiment time, increases reproducibility,
and provides ease of use. Researchers using traditional manual micro-
scopes in multi-user environments can benefit from automation that can
store and recall individual user settings. Retrieval of settings can make a
shared microscope feel like a personal microscope and is ideal for users
who have different skill levels.

Digital microscopy is here, and more advances are on the way. One
intriguing possibility is the integration of an “intelligent” microscope with
image archiving, in which a click on an archived image would cause the
instrument to automatically configure itself to the settings used to capture
thatimage. This would reduce the training time required for novices to per-
form advanced microscopy, improve the work flow of experienced users
by quickly restoring their finely tuned, optimal settings, and provide excel-
lent reproducibility.

Application Note

Separation of Spermatozoa
from Epithelial Cell Mixture

for Forensic Analysis

Summary

Laser microdissection technology can be used to selectively separate spe-
cific cell types from mixtures of sexual assault evidence for forensic analy-
sis. Sperm cells were microdissected from sperm/epithelial cell mixture
smears. DNA signals from female epithelial cells could then be clearly sepa-
rated from those of male sperm.

The Leica AS LMD provides an effective and quick method to separate sperm
cells from a sperm/epithelial cell mixture. It facilitates low copy number anal-
ysis by precise dissection, minimizes sample manipulation, and reduces
downstream analysis steps.
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Fig. 1: Images of spermatozoa and epithelial
cell mixture before (A) and after (B) laser
microdissection. Sperm cells (A and B) and
female epithelial cells (C and D) were

selected, microdissected, and collected
individually for DNA analysis.

Application Note (continued)

Method
Smears comprising of sperm and epithelial cell mixtures were prepared on
membrane coated glass slides.

Smears were stained with traditional “Christmas Tree” staining
(Kernechtrot and Picroindigocarmine):
e Cells were heat affixed on the slide.
e Covered with Kernechtrot solution for 20-30 minutes
and then washed with water.
e Covered with Picroindigocarmine for 15 seconds.
e \Washed with ethanol.

Slides were observed in brightfield and fluorescence (fluorescence images
not shown). All images were automatically captured during laser microdis-
section with the Leica AS LMD and optional IM1000 imaging software.

Sperm cells and epithelial cells were dissected respectively and collected
into different PCR tubes with laser microdissection (Leica AS LMD).

Sample courtesy of Jim Liberty, Minnesota Bureau of Criminal Apprehension
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