
[image: image5.jpg]This column deals with

old and new techniques,
including laboratory and
field investigations, and

their applications.
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he transmission electron microscope (TEM) was

invented over 70 years ago. Biologists were able to
see cell organelles that previously had been invisible.
Electron microscopes not only produce higher magni-
fications than light microscopes, they also resolve detail
much better. The resolution of any microscope
depends on the wavelength of the illumination used.
Thus, resolution in the light microscope is limited to
200nm (see BIOLOGICAL SCIENCES REVIEW,
Vol. 19, No. 3, pp. 34-37), whereas that of
the TEM is about 0.1 nm. The only way to
increase microscope resolution is to use illu-
mination with a smaller wavelength. This
means using a beam of electrons instead of a
beam of light (see Box 1).

The impact of the TEM on our understanding of cells
was revolutionary. Biologists entered the new, exciting
world of ultrastructure. Today the TEM is used to inves-
tigate the structure and function of tissues, cells,
organelles, microorganisms and even molecules.

Advantages

The overriding advantage of the TEM over the light
microscope is the enormous increase in resolution and
magnification. TEMs have shown the structure of tril-
aminar cell membranes (7 nm), globular proteins such
as haemoglobin (3.5nm) and molecules of DNA
(2nm)... and much more. The highest useful magnifi-
cation for a conventional TEM is about x100 000; raising
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Figure 1°An unstained section does not scatter electrons — no image is
visible. A section stained with heavy metals shows differential scattering of
electrons — an image is visible.

the magnification further provides no more detail.
However, magnifications as high as 1 million are avail-
able to make the images easier to display. Such magni-
fications are difficult to imagine. For example, this page
magnified x1000000 would stretch easily from
Manchester to Oxford — over 250 km.

Disadvantages

A TEM has a number of limitations. First, electrons
cannot travel any distance in air, so the whole micro-
scope must be operated under a high vacuum, making
it bulky and expensive. Second, and most important, the
entire biological specimen must be dehydrated, that is,
dead. This means it must be preserved (‘fixed’) before
examination. To make matters worse, the electron beam
in a conventional TEM cannot penetrate far into biolog-
ical material. This means that specimens must be very
thin, usually no more than about 100 nm. Last, but not
least, is the problem of image formation. When the
beam strikes a specimen, some electrons pass through
but others are scattered by dense parts of the specimen.
The electrons that are transmitted through the spec-
imen then strike a fluorescent screen. The parts of the
specimen that block the electrons appear dark whereas
the areas that transmit the electrons appear light —
producing a visible image. Unfortunately, most biolog-
ical material does not scatter electrons to any great
extent. So, to reveal the detail, the specimen is stained
so that some structures have greater ability to stop the
electrons passing through. Thus, cell membranes and
ribosomes only appear dark in an electron micrograph
because they carry stains that stop the electrons (see
Figure 1).
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[image: image2.jpg]Box 1 The transmission electron microscope

The design of the TEM and the light microscope is basically similar. The
TEM has a source of illumination, the electron beam, and three lens
systems, the condenser, objective and projector (see Figure 1.1). The
beam is produced by an electron gun. A metal housing, the cathode,
contains a tungsten filament which emits electrons when heated. The
cathode is maintained at 50-100kV and the negatively charged electrons
are pulled from around the filament and accelerated in a concentrated
beam from a hole in the housing towards a metal ring, the anode, imme-
diately below. The beam passes through the anode and on through the lens
systems below. The higher the accelerating voltage, the faster the beam
of electrons, the shorter its wavelength and the greater its penetrating
power.

The electromagnetic lenses are simply coils of copper wire encased in a
metal housing, leaving a narrow central tube down which the beam passes.
Current applied to the coil produces a magnetic field in the central tube.
Because the electron beam is negatively charged, its path is bent by the
magnetic field in the same way as light passing through a glass lens.

After leaving the gun, the beam is focused onto the specimen by the
condenser lens. The beam passes through the specimen to produce an
image which is enlarged by the objective and projector lenses. The final
image is not visible to the human eye. It must be viewed on a screen which
fluoresces when bombarded by electrons. A camera is mounted immedi-
ately below the viewing screen. This allows the production of a permanent
record — the electron micrograph (see Figures 3-6).
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Figure 1.1 Comparison of principal features of the light
and transmission electron microscopes.

Specimen preparation

Biological material to be examined by TEM can be
prepared in a number of ways. The most common
method is to slice the material into very thin sections.
For this the specimen must first be chemically fixed. It
is immersed successively in solutions which crosslink
the proteins. This stabilises the main cell components.
The specimen is then dehydrated, using alcohol, and
placed in an embedding medium, usually an epoxy
resin, which seeps into the specimen. Once it has pene-
trated into the specimen, it is hardened by heating.
The embedded specimen, now in the form of a small
block of resin, is sliced into sections with an ultra-
microtome using a glass or diamond knife (see Figure 2).

Figure 2 An ultramicrotome. The specimen is clamped at
the end of an arm which is advanced a set amount with
each cutting stroke.
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The sections float into a water bath attached to the knife
and are picked up on circular, fine mesh grids which
support the section but still allow the beam to pass
though. Lead and uranium salts are used to stain the
specimen, and then the sections are finally ready to be
examined (see Figure 3).

Figure 3 Coloured transmission electron micrograph of a stained section of
the protozoan parasite Cryptosporidium in the duodenum of an AIDS patient.
The parasite is seen replicating in a cyst attached to the gut wall among the

microvilli. 16500
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[image: image3.jpg]A few words of caution. The use of chemically fixed
specimens means that we must interpret micrographs
with care. Poor specimen preparation can give rise to
inadequate preservation of some cell components or
introduce artefacts such as swelling or shrinkage. Despite
this, the use of sections has been the backbone of bio-
logical electron microscopy. It led to the discovery of a
whole range of organelles such as the endoplasmic
reticulum and microtubules, and allowed a detailed
description of all types of plant and animal cells.

Many of the disadvantages of chemical fixation may
be overcome by using liquid nitrogen (-196°C) or liquid
helium (-269°C) to freeze the specimen rapidly. The
freezing is so fast that ice crystals have no chance to
form and disrupt the cells” structure. The specimen
can then be sectioned in special low-temperature ultra-
microtomes and examined in low-temperature micro-
scope specimen holders. Such cryofixation methods
allow specimens to be examined in a condition close to
their native state and are particularly important in
studying cell components such as enzymes.

Small objects, such as bacteria, viruses, isolated
organelles and macromolecules, are often studied using
negative staining. A drop of suspended specimen is
allowed to dry out on a specimen grid coated with a thin

L i ) . . plastic film and a solution of electron-opaque stain
Figure 4 Coloured transmission electron micrograph of a negatively stained . i SR
specimen of orf virus, which causes contagious pustular dermatitis. This is a added-The Stan? pcrmeates e pe@imem, wliida im i
sheep pathogen that is sometimes transmitted to humans, particularly farmers, TEM appears highlighted against the background (see
abattoir workers and butchers. x120000 Figure 4).

Small objects can be examined whole by shadowing.
Specimens mounted on a coated grid are sprayed at an
angle with atoms of platinum or gold evaporated from
a heated filament in a vacuum evaporator. Metal accu-
mulates on one side of any surface feature, leaving the
other side uncoated — in shadow. In the TEM, the
uneven coating makes the electrons pass unevenly
through the specimen, revealing the details of its surface
structure (see Figure 5).
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Further developments

A TEM produces two-dimensional images, making it
difficult to work out the three-dimensional relationship,
size and shape of cells and cell components. With the
use of digital imaging and the processing power of
modern computers, it is now possible to generate three-
dimensional images from two-dimensional sections (see
BIOLOGICAL SCIENCES REVIEW, Vol. 18, No. 1, pp. 16-20).
Images from serial sections (think of a bacon slicer
producing one rasher after another) can be used to
reconstruct whole organelles, or even tissues. Alterna-
tively, images taken of a specimen from a variety of
angles, using rotating and tilting microscope specimen
holders, can be used to provide.a computer-generated
three-dimensional image.

Another major development has been the technique to
locate specific substances within cells and tissues. As in
light microscopy, such specific staining is usually achieved
by immunocytochemistry. A macromolecule may be
Figure 5 Coloured transmission electron micrograph sl by iraiinga spedmer') wiihe lagg.ed spec_iﬁc ang
of a shadowed preparation of the bacterium Spirillum body, but for the TEM the tag is a gold particle which stops
mancuniense (isolated from a compost heap) with a polar the electrons and therefore shows up on the micrograph
tuft of flagella. x55000 as a black dot (see Figure 6).
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[image: image4.jpg]The invention of the TEM allowed biologists to
describe cells and tissues in great detail. The availability
of a wide range of techniques means that the TEM can
provide an amazing range of information, telling us
about the structure and composition of tissues, cells,
organelles and molecules. In other words, it allows us
to correlate structure with function — even at the
molecular level. The modern TEM, with its digital

Figure 6
Coloured
transmission
electron
micrograph of a
section through
the surface of a
bone marrow cell.
The outer cell
surface is labelled
with 40 nm gold
particles which
are linked to an
antibody to
fibronectin, a
molecule that
aids cell-cell
adhesion. Actin
microfilaments of
the cytoskeleton
are visible inside
the cell. x33700
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imaging and computer-controlled automation, is a
wonder of advanced electronics which is a joy to use.
It is well established as a vital part of the biologist’s
toolkit.

Dr Ron Butler is a former Reader in Cytology at the
University of Manchester and an editor of BioLogicAL
SCIENCES REVIEW.





[image: image1]