Preface

Confocal microscopy has become an essential technique in all fields of contemporary
biomedical research where a light microscope is required for imaging fixed or living fluo-
rescently labeled cells and tissues. The approach is especially useful in cell biology, develop-
mental biology, neurobiology, and pathology for visualizing the spatial distribution of
labeled cells within tissues or the spatial distribution of specific macromolecules within cells.

The field of confocal microscopy has grown exponentially since the publication of the
first edition of this book some 10 years ago. While confocal instruments were typically con-
fined to multiuser facilities since they required specialist training and maintenance, the
modern instruments have become much more user-friendly and reliable, and are now com-
monly found in both multiuser microscopy facilities and in individual laboratories.

Before practical confocal microscopes became available to biologists some 30 years ago,
fluorescently labeled cells and tissues were imaged using conventional epifluorescence light
microscopes. Using these instruments, resolution was compromised by fluorescence from
out of the focal plane of interest especially when tissues made up of multiple cell layers such
as developing embryos and adult brains were imaged.

In order to attain acceptable resolution in their images at this time, microscopists were
forced into all manner of tricks to prepare their specimens for optimal viewing in the micro-
scope. Such techniques include cutting sections of tissues with a microtome, growing cells
on a glass coverslip, flattening cells under agar or squashing embryos between a slide and
coverslip. While most of these methods produced acceptable images, they ran the risk of
introducing artifacts, and as a consequence, the validity of the results could be questioned.

Moreover, the detection of weakly labeled structures was often impossible since long
exposure times were necessary to produce an image, and significant photobleaching
occurred. Often labeled structures could be observed by eye simply by focusing up and
down within the specimen, but it was impossible to document any detailed structural infor-
mation for further analysis and publication. This was extremely frustrating for the researcher
since the exquisite specificity of immunolabeling was lost in the fluorescent haze.

After laser scanning confocal microscopes became commercially available in 1985, the
out-of-focus fluorescence was eliminated by the optics of the instrument leaving the in-
focus information in the final image. Images produced in this way were reminiscent of those
of physically sectioned tissues and were called “optical sections” since light rather than a
knife was used to produce them.

The current generation of modern confocal instruments produces optical sections of
cells and tissues that are free of out-of-focus fluorescence with reduced chances of artifacts
from the techniques of specimen preparation. In addition to imaging fixed specimens, over-
all improvements to the light efficiency of modern instruments (especially improvements in
the sensitivity of the photodetectors) coupled with the introduction and improvement of
fluorescent reporter probes over the years has enabled routine imaging of living specimens.
Moreover, the measurement of physiological events within cells is now a possibility with
faster image acquisition times.
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The optical sections collected using the current generation of microscopes are in a
digital format, and are easily reproduced on a journal page or a Web site at the exact
same resolution and color balance as the data collected by the confocal microscope itself.
The images are further processed using various visualization software and analyzed using
bioinformatics techniques.

As in the first edition, the second one is aimed primarily, but not exclusively, at the
novice user with suggestions for and information about more advanced techniques. The
current volume is relatively light on the technical details of the microscopes themselves as
these can be found elsewhere, and quickly change as new technology is incorporated into
modern confocal systems. As in the previous volume, the aim of the current one is to take
the researcher from the benchtop through the imaging process to the journal page for a few
protocols.

Emphasis has again been placed on the laser scanning confocal microscope since this
instrument continues to be used for most routine applications. There are now many alter-
natives to the laser scanning confocal microscope for producing optical sections, however.
These instruments include the strictly confocal together with instruments such as multi-
photon microscopes that have evolved from the confocal approach. These additional meth-
ods of collecting optical sections have been listed in our introductory chapter together with
some of their applications and possible advantages over the confocal approach.

Protocols for the preparation of tissues from many model organisms including worms,
flies, and mice have been included as well as chapters on confocal imaging of living cells,
three-dimensional analysis, and the measurement and presentation of confocal images for
publication. It is now impossible to include a comprehensive list of protocols in a single
volume. Further information on where to obtain additional protocols can be gleaned from
Chapter 3 together with the many Web references and links scattered throughout the book.

In addition, we are honored to include an introductory chapter from John White, one
of the inventors of the first laser scanning confocal microscopes made available to the bio-
medical research community in 1985. John epitomizes the spirit of adventure, excitement
and cooperation that has largely percolated through the confocal field over the years, and
provides us with a flavor of those early years of confocal instrument development and treats
us to some of his insight for the future.

Finally, this has been a long project, and has gone through several rounds of revision.
We would like to thank all of the authors who have persevered in order to complete their
chapters and updates to their chapters in a timely fashion. Finally, we would like to thank
our colleagues (past and present) for presenting us with such a variety of stimulating imag-
ing challenges. The series editor, John Walker, has provided expert editorial advice and
shown great patience with us. The staff at Humana Press and Springer (and especially
Tamara Cabrero) have performed to an extremely high standard of professionalism through-
out the project.
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