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We are all familiar with the concept of correlating an image

acquired by light microscopy (LM) with one obtained by transmission
electron microscopy (TEM). This allows us to take advantage of
the "wide angle" view of LM and the high resolution of TEM.
Correlative microscopy has been taken to a new level by Alvin Lin
and Cynthia Goh who have designed a clever device.2 This device
allows repetitive correlative microscopy between TEM and atomic
force microscopy (AFM).

The device is a novel sample holder that permits AFM to be
performed on specimens mounted on TEM grids. This holder allows
for the first time, AFM and TEM images on exactly the same area
of the specimen. Whereas previous studies have correlated TEM
with scanning probe microscopy (which includes AFM), reliable and
repetitive examination of the same region has not been possible.
The "trick" in the specimen holder designed by Lin and Goh was
to secure a carbon-coated TEM index grid with piastic strips that
are in turn secured with metal clips. These are mounted on a steel
base that is secured magnetically to an AFM piezo scanner. The
entire holder is sufficiently small to easily fit into an AFM. To allow
reproducible relocation of specific areas in the AFM, indexed TEM
grids were used and visualized with a CCD camera.

As proof of concept, Lin and Goh examined the structure of
particular abnormal collagen fibrils, known as fibrous long spacing
collagen. Fibers were precipitated in vitro onto a carbon-coated
TEM indexed grid and then imaged by contact AFM and TEM,

Images were obtained of the same area (6 microns on a side) by
both techniques. Then the specimens were negatively stained with
phosphotungstic acid (PTA) and imaged again in both microscopes.
This precise repetitive correlative microscopy by TEM and AFM is
a tour de force.

In addition to this technical achievement, this study answered
an important question about imaging collagen fibers (at least this
abnormal type, bands in native collagen are much smaller, making
correlative microscopy more difficult), specifically regarding the
periodicity of the fiber. The role of PTA in negatively stained fibers
has been controversial. Did the PTAfili in spaces between elevations
on the fiber, or did it alter contrast by depositing on the substrate
around the fiber? Lin and Goh were able to definitively demonstrate
that elevated ridges that could be measured in the topographical
data from the AFM corresponded to the dark regions seen by TEM,
both before and after PTA staining. Additionally, measurements
from AFM showed that the elevation changed by approximately the
diameter of the PTA anion after staining. Therefore, dark and light
features that give collagen its characteristic periodicity in TEM is
due to the material in the fibril, and is not due to PTA. This could
only be determined by imaging the exact same area repeatedly
with the TEM and AFM.

It will be exciting to see what other interesting questions can
be settled using this advance in correlative microscopy!
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This composite image illustrates several examples of
tomographic reconstructions of neuronal compartments. The
center image is a projection through an optical series recorded
on a 2-photon microscope of a medium spiny neuron from the
nucleus accumbens of the mouse filled with Lucifer Yellow. The
images surrounding the spiny neuron are reconstructions using
single axis electron tomography and then surface rendered. The
sizes of these structures range from 40 nm to 20 urn. Starting
in the upper left hand corner and proceeding ciockwise is a
mitochondria, a synaptic complex from the rat hippocampus, a
synaptic complex from the frog vestibular hair cell, a node of
Ranvier from mouse dorsal root peripheral nerve, a branched
spiny dendrite from rat cerebellum and an unbranched spiny
dendrite from rat cerebellum. These images demonstrate the
emerging importance of electron tomography as a research tool,
particularly for studying the nervous system. (The mitochondria
is courtesy of Dr. G. Perkins.)
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August 1-5, 2004, Savannah, GA
www.msa.microscopy.com
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August 22-27, 2004, Antwerp, Belgium
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2005
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July 31-August 4, 2005, Honolulu, HA
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Please check the "Calendar of Meetings and Courses" in the MSA
journal "Microscopy and Microanalysis" for more details and a much

larger listing of meetings and courses.
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