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Preface

Cell biology is a rapidly expanding discipline that is dependent upon continual technical
development. We have attempted to compile an exciting and broadly useful cell biology
techniques book, containing tried-and-tested procedures as well as newly established
ones. Thus, this book contains an extensive series of routine and up-to-date proto-
cols of value for those studying diverse aspects of present-day cell biology. The book
commences with the presentation of several essential light microscopical procedures and
leads on to the basic procedures required for producing a range of different cellular, sub-
cellular and macromolecular specimens for transmission electron microscopical study.
Then follows a chapter dealing with cell culture and cell separation procedures that are
widely used to provide starting material for cellular research. The numerous techniques
needed to study subcellular organelles and isolated cellular membranes are presented
in the next two chapters, thereby providing the main thrust of the book. A series of
44 more specialist techniques used for in vitro studies and reassembly approaches in
cell biology appear in the next chapter, each contributed by authors knowledgeable and
experienced in their field of study. Finally, a reference chapter contains useful informa-
tion on chemical hazard/safety aspects, centrifugation and radioisotopes. The book has
a strong practical content and is directed to those at all levels who perform research in
cell biology.

J. Robin Harris
John Graham
David Rickwood

June, 2005
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Introduction

Light microscopy is an indispensable technique for cell and molecular biologists to
study cellular structures and biological processes in both living and fixed cells. This
chapter provides an overview of light microscopy, describes the important parts of the
microscope and goes on to explain how to set up a standard research microscope for
bright field and phase contrast microscopy. There is also a short section on confocal
microscopy. More comprehensive descriptions of the different forms of light microscopy
are found elsewhere [1-4].

Microscopes are instruments that produce an enlarged image of a specimen. The eye-
pieces and the objectives are the main components of the magnification system of the
microscope, the product of the magnification of the objective lens and the ocular lens
give the total magnification of the microscope. The visibility of the magnified specimen
depends on contrast and resolution. Contrast is the difference in light intensity between
an object and its background. Some biological samples contain coloured compounds, for
example pigmented animal cells and chlorophyll-containing chloroplasts in plant cells,
but most biological samples are colourless and have to be fixed and stained before obser-
vation [5]. Such stained specimens are observed using bright field microscopy. Other
kinds of microscope systems are available to enhance contrast in living samples; these
include phase contrast, dark field, differential interference contrast (DIC) and fluores-
cence microscopy (Table 1.1). The flow chart in Figure 1.1 will help in the selection of
the appropriate microscopic observation method.

Cell Biology Protocols. Edited by J. Robin Harris, John Graham, David Rickwood
© 2006 John Wiley & Sons, Ltd. ISBN: 0-470-84758-1
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Table 1.1 Techniques for producing contrast in light microscopy

Type Mechanism Requirements Fixed Live Appearance
cells cells
Bright field Absorption of Any light microscope;  Yes No Coloured image
visible light range of depending on
following histochemical stains
staining of stains
specimen
Phase contrast Variations in Phase objective and Yes Yes Many shades of
refractive index phase condenser grey
within specimen
Dark field Scattered light Dark field stop in Yes Yes Bright objects
condenser against dark
background
Differential Gradient of Special objective lens Yes Yes 3D effect
interference refractive index
contrast
Fluorescence Excitation and An excitation light Yes Yes Bright colours
emission of source and against a
light by appropriate filters dark
fluorophore for emission; range background

of fluorescent
probes including
naturally
fluorescent proteins

The resolution of the optical system, that is the ability to distinguish objects separated
by small distances, determines the degree of detail observable. The limit of resolution of
the light microscope is about 0.2 wm. Enlarging the image too much results in ’empty
magnification’ and the quality of the image deteriorates. The limits of resolution are
determined by the quality of the objective and the condenser.

Key components of the compound microscope

The eyepieces, body tube, nosepiece and objectives are part of the magnification system
of the microscope. The condenser, condenser-iris diaphragm, filters, field iris diaphragm
and light source are the parts that compose the illumination system of the microscope.
To use a microscope properly, and to get the most out of it, it is important to understand
the purpose and function of each of the microscope’s components (Figure 1.2).

The body and lamp

The binocular body, the arm and the base form the frame of the microscope. This
provides the stability and holds the optical and other components rigid and in place. The
lamp is in the base of the body; its brightness is controlled by an on/off switch and a
rheostat control knob. Just above the lamp is a collector lens with a field diaphragm to
control the area of illumination. The field diaphragm also aids focusing and centring of
the illumination.
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Figure 1.1 Flow chart for selection of observation methods. Reproduced from Rawlins (1992) Light
Microscopy, Fig 1.1 Bios Scientific Publishers, Oxford

The condenser

The condenser provides a bright, even illumination of the specimen for a wide range
of magnifications. The condenser can be focused and light transmission regulated by
the condenser-iris diaphragm; correctly used these will optimize resolution, contrast and
depth of field. Modified condensers are required for contrasting techniques such as phase
contrast and differential interference contrast.
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Figure 1.2 The parts of the compound light microscope

The stage and focus mechanism

The specimen, usually on a slide, is held in place by a sprung arm on the mechanical
stage. The stage can be moved in the x and y planes and mounted vernier scales can be
used to locate sites of interest on the coverslip/slide. The course (outer) and fine (inner)
focus adjustment knobs alter the level of the stage with respect to the objective.

The objective

The objectives lenses are mounted on a revolving nosepiece which allows for easy
changes between magnification and also facilitates the maintenance of focus when the
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Table 1.2 Properties of some objective lenses

Magnification of Focal NA Working Diameter Depth of
objective length (mm) distance (mm) of field (mm) field (jum)
10 16 0.20-0.30 4-8 1-2 c. 10
40 4 0.65-0.85 0.2-0.6 0.25-0.50 1-2
100 (oil) 2 1.20-1.30 0.11-0.16 0.1-0.2 0.5

different objectives are moved into position, giving parfocality. The objective lens of
the microscope is the major component responsible for the magnification and resolution
of the image; it is perhaps the single most important element of the microscope.

Basically, an objective consists of a set of lens elements that form an image of an
object at a distinct distance beyond the objective; it collects light from every specimen
point and forms a real intermediate image in the eyepiece focal plane. Besides collecting
light from the specimen and ‘magnifying’ the latter, the objective contains lenses that
correct the aberrations created as light passes through the collecting lens system. The
ability to collect light and, therefore, to resolve detail is termed the numerical aperture
(NA) of the objective. The limit of resolution is determined by the wavelength of light
used (\) and the NA, the light-gathering capacity of the objective:

wavelength of light source()\)

Resolution = 0.61 x -
numerical aperture (NA)

A dry objective cannot have an NA greater than 1 but an immersion medium, for example
oil, can increase the NA beyond 1 (Table 1.2)

In selecting an objective for a given purpose it is useful to know certain figures. These
are (1) the magnification, (2) the focal length, (3) numerical aperture, (4) the working
distance, (5) the diameter of the field of view and (6) the depth of field. Average values
for commonly used objectives are shown in Table 1.2

The working distance is the clearance between the lowest point of the objective and
the upper surface of the coverslip. The depth of field is the range of distances over
which objects can still appear reasonably sharp. The most important factor in deciding
this quantity is the NA.

The objective lenses bear a number of inscriptions including the type, the magnification
and the NA (Figure 1.3). Achromat, Plan Achromat and Plan Apochromat are the names
of objectives of increasing quality. The Achromat lenses are colour corrected for two
wavelengths (red, 656 nm and blue, 486 nm) and are corrected for spherical aberration
in the green (546 nm). The Apochromats have been further corrected to give the best
colour reproducibility. The Plan designation refers to correction for flatness of field
across the whole image. The inscription on the objective lens shown in Figure 1.3 is,
for example, 40/0.65 and 160/0.17. These figures indicate the initial magnification x40,
numerical aperture 0.65, for use with microscopes with a mechanical tube length of
160 mm and with a coverslip 0.17 mm thick.

The eyepieces

The real, intermediate image formed by the objective is observed and further magnified
by means of an eyepiece. They usually have a magnifying power of 10x but can range
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Figure 1.3 An objective lens showing the specifications engraved on the metal body tube

from 4 x to 30x. Eyepieces over 12.5x, however, depending on the objective used, may
result in ‘empty magnification’. Apart from its magnification, an eyepiece is characterized
by its field of view number. With the aid of this number it is possible to calculate the
diameter of the field covered in the specimen plane. The field of view number of the
eyepiece divided by the magnification of the objective gives the diameter of the actual
field of view in millimetres.

There are also eyepieces specially designed for spectacle wearers. They are usually
marked with a diagram of a pair of glasses. The interpupillary distance can be altered
in most binocular microscopes.

Techniques of microscopy
Bright field microscopy

Bright field microscopy is probably the most widely used form of microscopy and is
used mainly for fixed and stained specimens. For optimal resolution the microscope
should be aligned correctly and one of the most important alignments is setting up
Kohler illumination. This provides bright and even illumination over the specimen and
allows for the control of contrast and depth of field.
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Setting up the microscope for bright field
microscopy

. Set up the microscope on a clean,
dry area of bench as vibration-free as
possible.

. Plug in and switch on the illuminator.

. Centre and focus the light source
according to the manufacturer’s in-
structions. The light source on many
microscopes is precentred.

. Bring the x 10 objective into position
on the nosepiece and ensure the con-
denser is in the bright field position,
usually indicated by a zero (0).

. Fully open the field diaphragm on
the light source and the aperture
diaphragm of the condenser.

. Adjust the brightness of the light from
the illuminator to a comfortable level
using the rheostat.

10.

Place a clean, prepared slide on the
stage. Use a stained preparation or
section. Bring the objective to within
a few millimetres of the coverslip on
the slide. Make sure that the specimen
is in line with the objective.

. Looking through the eyepieces gently

lower the stage by rotating the course
adjustment until the specimen appears
in focus. Move through the focal
position: continue rotating the knob
until the specimen has appeared in
focus, and is just beginning to become
blurred again.

. Now use the fine adjustment to make

the image clear.

Adjust the interpupillary distance
between the eyepieces so that it is
comfortable for you.
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Setting Kohler illumination

To focus the condenser and set up Kohler
illumination:

1. Gently rack the condenser upwards to
the top of its travel.

2. Close down the field iris diaphragm
of the illuminator. Focus the image by
lowering the condenser. The condenser
is focused when both the specimen and
the diaphragm edge are sharply defined.

3. Centre the field diaphragm image into
the centre of the field of view, using the
centring screws on the condenser, then
open the field diaphragm to just fill the
field of view.

4. Remove one eyepiece and, looking into
the tube, adjust the condenser aperture
diaphragm so that it covers two-thirds
to three-quarters of the circular illumi-
nated area. This controls the angle of
the cone of light illuminating the object
and helps avoid flare.

5. Replace the eyepiece; Kohler illumina-
tion is now set up. The brightness of the
field should be altered by adjusting the
light intensity of the illuminator. Do not
alter light by adjusting the condenser or
field diaphragm.

6. The alignment should be correct for all
objectives. The nosepiece can be rotated

to bring other objectives into position.
Most microscopes are parfocal so only
the fine focus should be used to make
final adjustments to obtain clear images.

Use of oil immersion objectives

Oil immersion objectives are objectives
that are used with immersion oil (instead
of air) in the space between the front
lens of the objective and the coverslip.
As explained previously, this method leads
to a gain in NA, and hence a gain in
the resolution, brightness and clarity of
the image. Immersion oil has a refractive
index of 1.515 and glass has a refractive
index of 1.51. The principles underlying
the use of the x100 objective are similar
to those used in setting up the lower
power objectives. The only differences, in
practice, are the introduction of an oil film
between the top of the coverslip and the
objective lens and the need for very great
caution in focusing because of the very
short working distance of x 100 objectives.
When examining extremely small spec-
imens, such as bacteria and individual
eukaryote cells, locating the sample image
can be difficult. It is easiest to focus on
the sample first using the x40 objective.
Then, using the fact that the objectives are
parfocal, move to the x 100 objective.
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Focusing procedure

1. Focus on the specimen using the x40
objective (in some cases, you may wish
to start with an even lower power
objective first).

2. Move the x40 objective away from the
slide, but do not yet move the revolving
nosepiece fully round to bring the x 100
objective into position.

3. Leaving the slide in position on the
stage, apply a small drop of immersion
oil onto the illuminated spot on the
coverslip. Do not use too much oil, it
can run off the slide and on to the
microscope.

4. Carefully move the x 100 objective into
position, checking that there is space for
it. The objective should make contact
with the oil, but not the slide.

5. You should be approximately in focus
already so only use the fine focus
knob.

Oil immersion objectives and slides which
have been used with oil should always be
cleaned with lens tissue immediately after
use. If left uncleaned the oil tends to dry up
and may form a hard film on the objective
and slide.

Phase contrast microscopy

If a typical living cell is observed under
well-aligned bright field microscopy, very
little detail can be observed. However, small
differences in the refractive indices or the
thickness within specimen structures can be
converted into differences of light and dark.
This is what is known as phase contrast
microscopy and it is extensively used for
observing living and unstained specimens.

In the phase contrast optics there is a
phase ring in the rear focal plane of the
objective and a phase annulus in the front
focal plane of the condenser (Figure 1.4A).
The ring and the annulus alter the ampli-
tude and phase relationships of the light
diffracted by structures in the cell com-
pared to the non-diffracted light to generate
interference, thereby enhancing contrast.
Phase contrast produces an image of many
dark and light grey gradations. Positive
phase contrast areas with higher refractive
indices, like mitochondria in the cytoplasm
and nucleoli against the background of the
nucleoplasm, appear darker.

Phase contrast microscopy is limited to
thin specimens, single cells or very thin
cell layers. The resolution is also limited
by the phase ring and phase annulus.
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Figure 1.4 Phase contrast. (a) the light path in a phase contrast microscope showing the phase ring
in the objective and the phase annulus in the condenser. (b) Incorrect (i) and correct (ii) alignment of
the phase ring and phase annulus
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Setting up the microscope for phase contrast
microscopy

1. The objectives for phase microscopy are
different from those used for bright-
field only. They include a phase ring and
are usually inscribed Ph. Phase contrast
objectives can also be used for bright field
work. The condenser is also different; it
contains a series of phase annulae.

2. Kohler illumination is set up as de-
scribed previously

3. To centre the phase contrast annular
diaphragm, start with the objective x 10
Ph 1. Set the condenser turret to the
appropriate position.

4. Move the specimen slide to a position
where no object is seen, yet the cover-
slip is still present.

5. Remove the eyepiece and in its place
insert the centring telescope (phase
telescope). Rotate the top part of the
telescope to bring the image of the
phase plate in the objective into sharp
focus. The image of the condenser
annulus will also be visible.

6. The position of the objective phase ring
is fixed but the phase annulus in the
condenser can be moved by manipu-
lating the adjusting screws on the con-
denser. The phase annulus needs to be
superimposed, concentrically, over the
phase ring (see Figure 4B).

With many microscopes the phase annulae
in the condenser turret are adjusted taking
x10 Ph 1 as the standard so it may not

be necessary to perform the centring pro-
cedure at each magnification. However, for
ideal resolution and for photomicrography
it is advisable to check the centring at each
magnification.

Differential interference contrast
microscopy

This is another type of interference system
that detects very small gradients or differ-
ences in thickness or refractive index. It
is based on illumination of the specimen
with two beams of light polarized at 90° to
each other and with a lateral displacement
(shear) of approximately the resolution
limit of the objective. By altering the spe-
cial beam-splitting prisms one can obtain
an almost continuous change from bright
field to dark field microscopy resembling
degrees of highly oblique illumination
and giving a three-dimensional appear-
ance. Like phase contrast microscopy, this
method is used to reproduce unstained
transparent objects at high contrast. The
image obtained gives a characteristic relief
effect and offers some advantage over ordi-
nary phase contrast optics. It is particularly
useful for the study of dynamic events
in vivo, for example cells in mitosis, and
for studying the three-dimensional struc-
ture of cells and embryos.

Dark field microscopy

Dark field microscopy can be employed
in the study of living micro-organisms
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such as spirochetes, protozoa and yeast and
unstained tissues and cells.

In bright field microscopy stains are
used to produce sufficient contrast in the
specimen so that diffraction can occur,
thus rendering the specimen detail visi-
ble. Staining, however, can produce arti-
factual changes in some biological speci-
mens; also fixation prior to staining Kkills
the cell. Therefore, dark field microscopy,
like phase contrast, is very useful for the
study of living specimens. With dark field
microscopy sufficient contrast can be intro-
duced between a transparent object and the
surrounding medium to render the object
visible. This is done by illuminating the
object at such an oblique angle that intense
rays of light that normally pass through
the specimen and travel directly into the
objective (illuminating the entire field of
view) are directed past the objective. This
produces a dark field of view but the con-
trast between the dark background and the
diffracted rays scattered off the specimen
renders the object visible, bright and shiny
against the dark background.

Although bright field condensers can
be adjusted to give an approximation of
a dark field, special condensers produce
the required hollow cone of light more
effectively.

Of great importance when using dark
field techniques is the extreme clean-
liness of slides, coverslips and immer-
sion substances. Air bubbles, dirt or any
extraneous material will be refractile and
therefore interfere with the image from the
specimen.

Fluorescence microscopy

Fluorescence microscopy is a sensitive
technique very widely used in both re-
search and clinical laboratories. Some
materials for microscopic examination are
autofluorescent, e.g. lipids, vitamins, por-
phyrins, drugs and drug-containing tissues

and carcinogenic compounds. In addition
fluorescent dyes are used to stain cells and
tissues. There are now a wide range of flu-
orescent labels for a large number of phys-
iologically important biological molecules.
Secondary fluorescence is also of major
importance. This is obtained by such meth-
ods as immunofluorescence, whereby a
biological molecule is located by using
an antibody joined to a fluorochrome dye
or when fluorescent probes attached to
oligonucleotides are used to identify genes
on chromosomes.

An atom or molecule, when struck by
a quantum of light, undergoes a change
in the arrangement of the electrons about
its nucleus. The electron (or electrons) is
displaced to a higher energy level in the
form of heat and light. Since some of the
energy is lost to heat, the light energy
emitted is of a lower energy level and
thus of a longer wavelength than the light
that energized it. Therefore, when light of
a short wavelength is directed towards a
fluorochrome dye conjugate, the dye will
emit radiation of a longer wavelength plus
heat. By blocking out the exciting light
ray, the emitted light rays can be isolated
and detected by the eye through the micro-
scope. The only difference between basic
bright field microscopy and fluorescence
microscopy is the use of an illumination
system which produces only light of a
shorter wavelength and a receiving system
which receives only light of a longer wave-
length.

In addition to the light source (usu-
ally a mercury or xenon lamp), a flu-
orescence microscope requires excitation
and barrier filters. The excitation or pri-
mary filter will transmit shorter wavelength
radiation only, while the barrier or sec-
ondary filter will transmit the longer wave-
length emitted fluorescent light only. In
order to obtain the best possible contrast,
with bright specimen portions where flu-
orescence occurs and the darkest possible



background where there is no fluorescence,
the most commonly used condenser system
is a dark field condenser.

Most contemporary fluorescent micro-
scopes use epifluorescence or incident-
light fluorescence. In these microscopes the
objective also works as a condenser carry-
ing the exciting beam and also collecting
the emitted light. The assembly of filters in
the filter block include the excitation filter
and the barrier filter (interference filters)
and a chromatic beam splitter (Figure 1.5).
The microscope is relatively easy to align
and it allows the use of thicker spec-
imens and also the combination of the
incident-light fluorescence excitation with
a transmitted-light technique such as phase
contrast.
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Setting up the microscope for epifluorescence

The alignment of the light source
to achieve an evenly illuminated field
is critically important in epifluorescent
microscopy:

1. Turn on the lamp and allow to warm up.
2. Insert the filter block to be used.

3. Place a white piece of paper on the
stage and adjust the light intensity to
a suitable level with the slider. Open
the condenser diaphragm and the field
diaphragm.

4. Adjust the lamp collector focusing until
a sharply focused image of the lamp is
seen. Centre the image with the lamp
centring screws.

5. Focus on a specimen slide. Close down
the field diaphragm until it can be seen,
focus the condenser and centre it using
the centring screws on the condenser.
When focused and centred open up the
iris to the edge of the field of view.

Confocal microscopy

The resolution of fluorescence microscopy
is limited by light emitted from above
and below the focal plane leading to con-
siderable blurring of the image. Confo-
cal microscopy is intended to achieve a
high axial resolution, that is structures in
the centre of a cell can be distinguished
from those at the top or the bottom. Con-
trary to conventional microscopy, it relies
on point illumination, rather than field
illumination. A schematic diagram of the
corresponding configurations is shown in

Figure 1.6. The specimen is illuminated
by a point source, consisting of a laser
beam focused through a small aperture.
Hence, the intensity reaching out-of-focus
points on the specimen is lower than using
conventional, field illumination. In turn,
fluorescent light leaving the specimen is
focused on the small detector aperture. As
can be seen in Figure 1.6, the combined
effects of point illumination, together with
point detection, mean that most of the out-
of-focus light is excluded from the final
image, considerably increasing the contrast
and therefore the fine detail of the sample.

The chromatic beam splitter reflects
the excitation light towards the specimen,
while allowing the emission light to reach
the detector. The optical path from the
source aperture to the objective lens is
essentially the same as that from the objec-
tive lens to the detector aperture. There-
fore, both the illuminating and detector
apertures are focused on the illuminated
point in the specimen and this is the rea-
son why the system is called confocal.
The detector is a photomultiplier (PMT),
because the signal to be detected is usually
very weak.

In a confocal system only a single point
is viewed at a time. Therefore, in order
to build an image, that point has to be
scanned over the sample and the mea-
sured intensities recorded. This is usually
achieved by scanning the beam using two
mirrors, giving rise to the name confo-
cal laser scanning microscopy (CLSM).
Measured intensities are recorded and dis-
played by a host computer, which also



Wide field

Wikiy,

Cell

Detector

Objective lens

PROTOCOL 1.5 15

Confocal

PMT

TN

EEmmm— . mmmmmmm Pinhole

Light source

Figure 1.6 Comparison of the light path in conventional (wide field) microscopy with that in confocal

microscopy

drives the scanning system. All the thin
sections along the axis obtained are largely
devoid of out-of-focus light, this effect
being called optical sectioning, and repe-
tition of the X-Y scanning along the Z
axis allows the construction of a 3-D image
of the object being analysed. Projection of
all Z sections over a single plane (max-
imum projection) results in a 2-D image
which, unlike conventional microscopy,
contains only in-focus information; thus a

large depth of field is achieved by adding
together very thin, in-focus sections.

For optimum image acquisition, three
elements have to be combined: the laser
intensity, the size of the confocal aper-
ture and the gain of the amplifier. Any
increase of these parameters produces a
bright image, but the effect may be detri-
mental on the image quality by reducing
the resolution or increasing image noise
or photobleaching. Table 1.3 summarizes
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Table 1.3 Factors affecting image collection in confocal microscopy

Effect on:

Laser intensity

Aperture

Gain

Resolution

Image noise

Not affected, but high
intensity allows for
smaller aperture

Not directly affected, but
high intensity allows
for lower gain

Closing the aperture
increases the
resolution and the
Z-sectioning effect

Not directly affected, but
large aperture allows
for lower gain

Not affected directly but
through the control of
noise

Raising the gain
introduces more noise

Photobleaching  Higher intensity
produces higher

photobleaching

Not affected

Not affected

the effects of these components on the
collected image.

Common problems and microscope care
and maintenance

Problems in light microscopy usually arise
from misalignment or dirt on the optical
surfaces. Dark image and uneven illumi-
nation usually mean that the condenser
is not correctly centred or the condenser
diaphragm or field diaphragm are closed
down too much or off-centre. The oppo-
site can also occur with the image visible,
but pale and undefined; this usually means
that too much light is coming through
and causing flare. The field or condenser
diaphragms need to be closed down and
the condenser adjusted. Dirt on the eye-
pieces or the objective will cause blur-
ring and loss of definition. Dust on the
lenses should be blown away with dry
air and the lens cleaned with lens tissue
moistened with distilled water. Stubborn
grease can be removed with xylol; alco-
hols may dissolve the lens cement. Immer-
sion oil should be wiped off at the end
of every session of microscope use with
lens tissue; never let the immersion oil dry
to form a hardened film. Immersion oil
should not be allowed to come into contact
with any lenses except the oil immersion
objective, but it is surprising how often a

film of oil is found on low and medium
power objectives. This should be cleaned
off as for the oil immersion objectives.
Care should be taken not to scratch the lens
surfaces.

Care should also be taken to ensure that
the tubes of the microscope are closed
either by an eyepiece or a dust plug. Simi-
larly all positions on the revolving nose-
piece should also be closed with a dust
plug.

The rackwork and other moving parts
should be treated with great care; it is
essential not to force anything if it is
apparently jammed. Do not apply grease of
an unspecified type to the sliding surfaces
of the course-focusing adjustment or the
gliding stage.

At all times the instrument should han-
dled carefully; for example, when carry-
ing the microscope hold the base with one
hand and the body with the other. When
not in use the microscope should always
be protected by a vinyl dust cover or kept
in a cabinet.

Preparation and staining
of specimens

Attachment

When working with tissue culture cells or
cell smears, the cells to be stained need to



be attached to a solid support, usually a
microscope slide or coverslip, to facilitate
handling. This can be done in a num-
ber of ways. Adherent cells can be grown
on coverslips in Petri dishes or in special
slide chambers. Poorly adherent cells can
be encouraged to attach to glass or plastic
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in culture by precoating the coverslips or
slides with 1% (w/v) gelatin in distilled
water or 500 pwg/ml poly-L-lysine in dis-
tilled water. For easier handling suspension
cells can be bound to slides using chemical
linkers or by centrifuging onto slides using
a cytocentrifuge [3].
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Poly-L-lysine coating

Poly-L-lysine is frequently used to coat at room temperature. After this the cells
slides to facilitate attachment of suspension are ready for fixing.

cells for fixing and staining. This positively

charged polymer binds to glass sides Fixation

through the charged lysine side groups;
cells which have an overall negative charge
bind to the positively charged polymer
through non-covalent interactions.

The fixation process preserves the spec-
imen and stabilizes the cellular structure
while permeabilizing the cell to allow
access of stains or antibodies, in the case
of immunostaining [5, 6]. Fixatives can be
divided into two broad categories, organic
solvents and cross-linking reagents. The
organic solvents such as acetone and alco-
hols extract lipids and dehydrate the cells;
2. Coat clean glass coverslips or slides by macromolecules are precipitated. Cross-

incubating in the poly-L-lysine solution linking agents, for example formaldehyde

for 10 min at room temperature. or glutaraldehyde, form cross-links mainly
between amino groups, stabilizing molec-
ular structures. The choice of fixative
depends on the sample and staining tech-
4. Add a drop of cell suspension in PBS niques to be used; some common fixatives

onto the coverslip. Incubate for 10 min are listed in Table 1.4. The fixation process

1. Prepare a stock solution of poly-L-lysine
(MW >150000 D) at a concentration of
1 mg/ml in distilled water. Do not store
for long periods; make fresh each week.

3. Wash in several changes of water and
air-dry.

Table 1.4 Some commonly used fixatives

Organic fixatives Suggested conditions
Ethanol 70-100% 5 min, room temperature. Air-dry
Methanol 70-100% 5 min, room temperature. Air-dry
Acetone : methanol (1:1 v/v) 5 min, room temperature. Air-dry
Glacial acetic acid : Methanol (1:3 v/v) 10 min, room temperature. Air-dry (for

immunocytochemistry remove solvent and wash
several times with PBS)

Cross-linking agents

4% (w/v) Paraformaldehyde in PBS 10 minutes, room temperature. Wash cells several
times with PBS (for immunocytochemistry
cells/tissue should be permeabilized with 0.2%
(v/v) Triton X100 or NP40 for 2 min at room
temperature)

0.5% (v/v) Glutaraldehyde in PBS 30 min to several hours. Wash cells several times
with PBS
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Table 1.5 Some commonly used stains

Stain

Use

Giemsa (dilute stock in Hepes buffer,
pH 6.8)

General staining, nuclei stain purple, cytoplasm blue.
Also used for blood smears and bone marrow

preparations

Hematoxylin (Mayer’s) and Eosin

General staining, nuclei stain dark blue and cytoplasm

pink-red

Papanicolaou’s

General staining, nuclei blue, nucleoli blue or red and

cytoplasm pink or blue depending on cell type

Sudan Black

Stains neutral fats green/brown, other lipids green/black;

cytoplasm unstained

may cause artefacts and it is advisable to
test several fixatives to determine the most
effective in a particular situation. Also the
procedures and conditions should be care-
fully controlled for consistency.

Preparation of tissue sections

Two commonly used methods used to
prepare tissue for staining are section-
ing of paraformaldehyde-fixed, paraffin-
embedded tissues and sectioning of frozen
tissues [6,7]. Frozen sectioning is a rela-
tively gentle way to prepare tissue sam-
ples with the advantage that the tissue is
unfixed. A disadvantage is that specialist
sectioning equipment in the form of a cryo-
stat is required. Most histological studies
are carried out on paraformaldehyde-fixed,
paraffin-embedded tissue samples. The fix-
ing and embedding processes are quite
harsh and may not be suitable for immuno-
histochemistry where particular care has to
be taken with fixation.

Staining

Fixed cultured cells, cell smears or tissues
sections need to be stained to give the con-
trast required for observation with bright

field microscopy. There are many differ-
ent stains that can be used to differentiate
different cell types and different subcellu-
lar structures [3,5, 6]. A selection of com-
monly used stains is given in Table 1.5.
Most of these stains are commercially
available, prepared as stable solutions.
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Introduction

Electron microscopy (EM) is an essential tool for most cell biologists. When used
appropriately, EM is able to provide direct visual evidence for the organization of
biological structures at the subcellular and even molecular level. This chapter aims
to provide cell biologists with some basic knowledge of the available EM specimen
preparation techniques which will allow them to carry out the more straightforward
analyses of cellular, subcellular and macromolecular samples. For more detailed method-
ologies the reader should consult one of the several available texts that is dedicated to

EM [1-5].
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EM methods available

The techniques used for biological specimen preparation fall into two main categories,
those utilizing resin embedding followed by thin sectioning and positive staining or
immunolabelling, and those using a thinly spread layer of particulate material, followed
by metal shadowing, air-dry negative staining or rapid freezing/vitrification without
or with negative staining. The technique of freeze-fracture, although widely used in
the past, is somewhat less popular today although it remains useful for a number of
situations [1, 5]; it is not easy for the inexperienced to perform as a routine procedure
and is not included in this chapter. Thin sectioning of resin embedded cell suspensions,
monolayers and organelles (see Protocol 2.7) essentially follows the established fixation
and staining procedures that are widely used for tissues. Suspended cells and isolated
organelles can be pelleted, followed by dispersal in low melting temperature agarose (see
Protocol 2.8). Agarose can also be added to monolayers in situ, for direct processing
on the plastic cell culture flask, miniature culture system or Petri dish. This agarose
encapsulation approach is considered to be especially convenient, since small pieces of
gelled agarose, containing the cellular material of interest, can be processed throughout
the specimen preparation stages far more easily than by repeated centrifugal pelleting
and resuspension, prior to embedding of the fixed and dehydrated material in resin. A
specialist technique for embedment-free electron microscopy is given in Protocol 2.11.

Negative staining

Negative staining (see Protocols 2.2 and 2.3), by surrounding thinly-spread particulate
biological materials with an amorphous coating of dried heavy metal salt, cannot usually
be applied to structures as large and thick as intact cells or indeed cell nuclei, although
some success has been achieved with blood platelets and cells that have been extracted
with neutral surfactant or split open/wet-cleaved during the specimen preparation. When
it comes to isolated organelles and their subfractions, such as mitochondria, chloroplasts,
plasma membrane fractions such as cell junctions, rough and smooth ER, caveosomes,
Golgi, nuclear envelope, cytoskeletal and fibrillar proteins, negative staining has consider-
able potential. The same applies to the use of negative staining for the study of oligomeric
proteins, enzymes and macromolecular assemblies such as the 20S and 26S proteasome,
ribosomes and the isolated nuclear pore complex [3]. A recently introduced improvement
to the technique provides a standardized procedure for spreading biological particulates,
supported by negative stain alone, across the holes of holey carbon support films [6].

Vitrification

The technique of vitrification of unstained biological particles suspended in a thin aque-
ous film, followed by cryoelectron microscopy, generally provides a superior structural
approach than negative staining (see Protocol 2.5). Cryoelectron microscopy brings with
it some technical difficulties, but these have largely been overcome in recent years [7].
It should, however, be borne in mind that unstained vitrified/frozen-hydrated specimens
have to be studied under strict low temperature and low electron dose conditions, and
that very often digital image processing is required in order to recover the structural
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information from the electron micrographs, because of the inherently low image contrast.
Air-dried negatively stained specimens, adsorbed to carbon or spread across holes, can
also be studied at low temperatures in the presence of glucose or trehalose which provide
considerable protection of the biological material, increased sample mobility/reduced
adsorption by the carbon support and reduced sample flattening. This low tempera-
ture negative staining approach is somewhat more easily performed than the study of
unstained vitrified specimens and can yield a resolution in the order of 1.5 nm, but is
likely to be inferior to the recently introduced procedure of cryonegative staining [8],
which combines the benefits of both vitrification and negative staining.

Metal shadowing and freeze-fracture

Both negatively stained and vitrified unstained specimen preparation is usually per-
formed with unfixed samples. On the other hand, platinum—carbon or tungsten—iridium
metal shadowing often requires prior fixation of the biological material, together with
total removal of fixative and buffer salts by prior dialysis against distilled water, wash-
ing after attachment to a mica or carbon substrate, or suspension in a buffer composed
of volatile salts such as ammonium acetate or ammonium bicarbonate usually together
with glycerol (see Protocol 2.6). The resolution obtained from metal shadowing used
following freeze-fracture [5] is often somewhat inferior to negative staining and cryomi-
croscopy of unstained vitrified material, but excellent results have been achieved from
freeze-dried and freeze-cleaved samples, where the granularity of the metal evaporated
in vacuo is very fine [9].

Immunolabelling

Of considerable significance in modern cell biological studies is the ability to perform
immunolabelling of antigens located within cellular structures and isolated macromole-
cules. Immunolabelling can be applied to biological material before or after processing
for resin embedding (pre-/post-embedding labelling; see Protocol 2.10) and can also be
successfully combined with negative staining [10, 11] (see Protocol 2.3), vitrification
and metal shadowing techniques. Colloidal gold is the most widely used electron-dense
marker for conjugation with antibody (IgG/Fab/Fab’) or other ligand such as protein
Al/protein G, avidin/streptavidin (for biotinylated proteins) or lectin. Colloidal gold par-
ticles ranging from 1 to 20 nm diameter are available commercially, which also enable
double labelling procedures to be performed on the same tissue, using antibody—gold
probes of different size. The preservation of antigenicity is a major consideration when
post-embedding is to be performed. An underlying difficulty of the post-embedding
labelling procedures in the fact that the antigenic epitopes under investigation may
not withstand the high concentrations of fixatives (e.g. 3% glutaraldehyde) normally
employed for tissue stabilization prior to dehydration and embedding. Consequently
2 percent (para)formaldehyde—0.5% glutaraldehyde is often used for fixation, with
retention of cellular protein antigenicity, but often with inferior structural preservation.
Recently 1.4 nm gold cluster (Nanogold™) labels and 0.8 nm undecagold have become
available commercially. These probes can be chemically linked to antibodies and strep-
tavidin and are likely to make an increasing impact within the areas of high-resolution
cellular and macromolecular labelling in the future.
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Specialized techniques

It is beyond the scope of the present book to deal with the use of vacuum coating, ultrami-
crotomy, cryoultramicrotomy, high pressure freezing, freeze-substitution, freeze-fracture
and plunge freezing. These skilled procedures are thoroughly documented elsewhere,
but are usually best learnt directly from technicians/scientists within the EM laboratory.
Very often such staff may provide a service role, available to all users of the laboratory,
dependent upon local collaborative arrangements and funding.

Equipment and reagent hazards

The EM preparative equipment available in different laboratories will vary somewhat
with respect to the larger items, such as vacuum coating units, glow-discharge equipment,
ultramicrotomes, cryoultramicrotomes, rapid freezing apparatus and cryostorage systems.
All these items need to be used carefully according to the manufacturer’s instructions.
The smaller cheaper items of equipment tend to be widely available in all laboratories,
having been supplied through the international network of well-established suppliers of
EM equipment and consumables. Some of the reagents used for electron microscopy
are hazardous. In particular, osmic acid should be used with care and always within a
fume extraction hood. Osmic acid solutions should be kept in a sealed desiccator at 4 °C.
Glutaraldehyde is also dangerous and should be handled in a fume hood; stock 25% (v/v)
glutaraldehyde should be stored at 4 °C. All contaminated organic solvent waste should
be disposed of in bulk via environmentally acceptable procedures. Uranyl acetate has a
low level of natural radioactivity. Accordingly, waste solution and contaminated filter
paper and tissues should be disposed of using specified, approved routes. Other waste
heavy metal staining salts should be disposed of in accordance with local regulations.
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Preparation of carbon-formvar, continuous
carbon and holey carbon support films

Reagents

Chloroform

Formvar

0.25% (w/v) solution of formvar in chlo-

roform (1)

Glycerol
Sodium dodecyl sulphate (SDS)

Equipment

Carbon rods or carbon fibre

Carbon rod sharpener
EM grids, 400 mesh
Filter paper (e.g. Whatman No. 1)

Floating-off dish (with stop-tap control on

outflow)

Glass microscope slides (ethanol cleaned)
Mica

One-sided razor blade

Petri dishes

Vacuum coating apparatus (with carbon

rod, carbon fibre or electron gun source)

Procedure @

1.

Immerse a clean dry microscope slide
into the formvar solution. Allow slide to
drain vertically onto a filter paper and
then dry.

. Score three edges of one side of the

slide with a single-sided razor blade and

float off the formvar film onto a water
surface (i.e. in the ‘floating-off” dish).

. Place EM grids shiny side up on

the floating formvar and remove the
formvar 4 grids from the water surface
with a piece of stainless steel gauze, a
piece of perspex or a filter paper. )

. Allow to dry and then carbon-coat to an

optimal thickness (e.g. 10—15 nm). (@
Carbon—formvar films are then imme-
diately ready for use as negative stain-
ing supports, with or without glow dis-
charge treatment.

. For production of support films of

carbon alone, dissolve the formvar and
wash away by immersing individual
grids vertically into chloroform.

Alternatively for carbon support films:

. Carbon-coat pieces of freshly cleaved

mica with a layer of carbon (see step 4,
above). @

. Position EM grids, dull-side-up, on a

piece of stainless steel gauze under
water in the ‘floating-off” dish. (5

. Float off the carbon onto the water

surface, as step 3, above, position over
the grids and lower the water level to
bring the carbon onto the grids. Remove
carefully and allow to dry beneath an
angle lamp before use. (6)
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Notes
This procedure will take approximately
1-2 h.
(O Allow several hours or overnight

®

@

for the formvar to completely dis-
solve in the chloroform before using.
Store in a well-stoppered bottle and
avoid contamination with airborne
dust.

This protocol presents a combina-
tion of possibilities for the produc-
tion of formvar, formvar-carbon and
carbon support films. It can also
be easily modified for the produc-
tion of ‘holey’ carbon support films,
if a glycerol-SDS—water suspension
0.5% viv, 0.1% w/v, 0.35% v/v) in
0.15% (w/v) formvar—chloroform is
used, or if the drying chloroform-
formvar is subjected to microdroplets
of water by breathing onto the micro-
scope slide or placing the slide on a
cooled metal block (see refs 2, 3, 6).

This manoeuvre will require a little
practice.

The thickness of the evaporated
carbon can be estimated in a reason-
able manner by simply placing a piece

®

of white paper alongside the grids.
Alternatively, a calibrated quartz crys-
tal, carbon thickness monitor may be
available.

Alternatively, a piece of filter paper
can be placed on the stainless steel
gauze, before carefully positioning the
grids under water.

Support films of carbon alone will
be found to be much more fragile
than carbon—formvar films. The for-
mer are, however, more often used for
negative staining, but the latter may be
found to be desirable for immunoneg-
ative staining (using nickel or gold
EM grids) where an increased num-
ber of incubations and washing stages
are necessary. Extremely thin car-
bon films may be supported across
a thicker holey carbon film, as can
samples mixed with negative stain 4
trehalose (see ref. 6).

Pause point

@ Carbon-coated mica can be stored

under dust-free conditions until re-
quired.
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The ‘droplet’ negative staining procedure

(using continuous carbon, formvar-carbon
and holey carbon support films)

Reagents

2% Ammonium molybdate in distilled
water (to pH 7.0 with NaOH)

5% Ammonium molybdate + 0.1% (w/v)
trehalose in distilled water (to pH 7.0
with NaOH) (O

Aqueous sample suspension (e.g. protein,
virus, organelle, membrane, lipid), at
~0.1-0.5 mg/ml

0.1% (w/v) trehalose in distilled water
2% Uranyl acetate in distilled water

4% Uranyl acetate 4+ 0.1% trehalose (w/v)
in distilled water

Equipment
Carbon-, formvar-carbon- or holey carbon-

coated EM grids @) (see Protocol 2.1)

Filter paper and filter paper wedges (e.g.
Whatman No. 1)

Fine curved forceps with rubber closing
ring (or use reverse action forceps)

Glow discharge apparatus
Grid storage boxes
Needle

Parafilm™, or equivalent

Petri dishes
Pipettes (20 and 10 pl) and tips

Procedure [1,3,6,7,12]

1. Cut off an appropriate length of par-
afilm™. With the paper backing still
in place, attach the paraffin wax layer
loosely to the work bench by run-
ning a blunt object (e.g. curved-ended
scissors) in straight lines around the
edges using a ruler, and then produce
a number of straight lines across the
parafilm, depending upon the number
of samples. 3 Then remove the paper
overlay.

2. Position three or four 20 w1 droplets of
water spaced along the parafilm lines,
with a 20 pl droplet of negative stain
solution at the back and a 10 or 20 pl
droplet of sample suspension at the
front.

3. Take individual (briefly glow-discharge
treated (@) carbon support films care-
fully by the edge in fine forceps and
touch to the sample droplet.

4. After a period of time for sample ad-
sorption, ranging from 5 to 60 s (de-
pending upon sample concentration),
remove the fluid on the grid by touching
to the edge of a filter paper wedge.
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. Wash the grid by touching successively

to the water droplets, and remove fluid
with the same filter paper wedge. 3 (®

Touch to the negative stain droplet and
remove excess stain with the filter paper
wedge. Allow the thin layer of adsorbed
sample plus negative stain to dry at
room temperature.

. Position the grid, sometimes with the

help of a needle point, onto a filter paper
in a Petri dish. Record the sample and
negative stain details alongside each
grid.

. Position all grids prepared during the

specimen preparation session within a
storage box, for transport to the EM
room, with appropriate documentation
of the date, sample and negative stain
information.

Notes

This procedure takes approximately 5 min
per specimen grid.

(@ Several other negative staining salts

can be used, alone or in combina-
tion with 0.1% trehalose, e.g. uranyl
formate, sodium phosphotungstate and
silicotungstate, methylamine tungstate.
Methylamine vanadate (Nanovan®) is
particularly useful for low-density neg-
ative staining of nanogold-labelled
samples.

(@ Carbon-coated EM grids are prepared

by evaporating carbon in vacuo onto
mica or onto grids positioned on a
floating plastic film, such as formvar,
see Protocol 2.1. Carbon alone is best,
but some breakage of this support
film may be encountered during the
negative staining procedure.

In practice it is best to restrict the
number of specimens prepared in any
one session to ~10.

Equipment for glow-discharge treat-
ment of carbon support films is usually
available in EM laboratories. Glow-
discharge improves the hydrophilicity
of the carbon and assists sample and
stain spreading.

Depending upon the total salt and
other solute concentration in the sam-
ple, fewer or a greater number of
water washes may be required. Exces-
sive washing may break the carbon
film.

For negative staining on holey carbon
films (see ref. 6), a higher sample con-
centration is desirable (i.e. 1 mg/ml).
The washings are best done using
0.1% w/v) trehalose and negative stain
should also contain 0.1% trehalose.
The final removal of negative stain
should be performed more rigorously,
in order to produce a very thin film of
sample + stain spanning the holes.
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Immunonegative staining

Reagents

Antibodies

Antibody—colloidal gold conjugate

Protein A-/protein G—colloidal gold con-
jugate

Phosphate buffered saline (PBS) or Tris-
buffered saline (TBS)

1% Bovine serum albumin (BSA) in PBS
(blocker)

1% species (D or fetal calf serum in PBS
(blocker)

2.5% v/v Glutaraldehyde in PBS (diluted
from 25% glutaraldehyde stock)

Negative stain solutions (as for Protocol
2.2)

Equipment

Nickel or gold EM grids with formvar-
carbon or carbon support films plus
adsorbed biological material (e.g. cells,
organelles, proteins, see Protocol 2.2
or cleaved cell/organelles, see Proto-
col 2.4)

Fine curved forceps with rubber closing
ring (or reverse action forceps)

Parafilm

Pipette and tips
Filter paper wedges
Petri dishes

Procedure [10, 11]

1. Wash sample grids with 20 w1 droplets
of PBS on a parafilm surface, to re-
move unbound material.

2. Incubate at RT on 20 w1 droplet of 1%
species or fetal calf serum in PBS for
~10-30 min. Q)

3. Droplet-wash with 1% BSA in PBS.

4. Incubate by floating on a 20 I droplet
of appropriately diluted primary anti-
body (use 1% BSA in PBS) for
15-120 min. @

5. Droplet wash with 1% BSA in PBS.

6. Incubate on 20 pnl droplet of appro-
priately diluted secondary antibody-—
colloidal gold conjugate. 5

7. Droplet wash with 1% BSA in PBS.

8. Fix briefly in 2.5% glutaraldehyde in
PBS.

9. Droplet wash with distilled water.

10. Droplet negative stain (as in Protocol

2.2). ®

Notes

This procedure takes approximately 2—3 h,
depending upon incubation times.

@ Non-immune serum from the same
species as the antibody is a good
‘blocker’.

(@ Carbon films alone will be found to be
rather fragile and should be handled
very gently if used; carbon-formvar
films are more robust. Cellular mate-
rial can also be incubated in antibody
and antibody—gold conjugates whilst
attached to the Alcian blue-coated
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mica, i.e. before carbon-coating, for
external labelling (see Protocol 2.4)

This step is important to block non-
specific interactions. During grid incu-
bation, the droplets on parafilm should
be covered with an inverted Petri dish
to reduce evaporation.

If the primary antibody is already gold
conjugated, go straight to step 7.

() Protein A- or protein G-—gold con-
jugate can also be used, or avidin/
streptavidin—gold if the sample mate-
rial, primary or bridging antibody is
biotinylated.

(® It is essential to perform all possible

control incubations in parallel, to rule
out non-specific labelling.
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The negative staining-carbon film technique:
cell and organelle cleavage

Reagents

0.01% (w/v) Alcian blue in distilled water
Cell or organelle suspension
25% (v/v) Glutaraldehyde

20% (v/v) Glycerol in 0.155 M ammonium
acetate

Negative stain solutions (see Protocol 2.2)
PBS and 0.1% (v/v) glutaraldehyde in PBS

Small pieces of freshly cleaved mica (e.g.
1 x 2 cm)

Equipment

EM grids (400 mesh)
Filter paper (e.g. Whatman No. 1)

Fine curved forceps with rubber closing
ring (or use reverse-action forceps)

Parafilm™

Petri dishes

Pipettes and tips
Vacuum coating unit

Procedure [13]

1. Flood the clean surface of freshly
cleaved mica with 0.01% Alcian blue.

2. After approx. 1 min wash thoroughly
in distilled water and air-dry. @

3. Apply 20 pl cell suspension and
spread over mica surface.

4. Leave horizontal for approx. 2—5 min.

5. Wash thoroughly with PBS to remove
unbound cells. (D)

6. Wash thoroughly with 20% glycerol-
0.155 M ammonium acetate to remove
non-volatile salts.

7. Drain off excess fluid onto a filter paper.

8. Dry in vacuo (2) in coating unit and
coat with a thin layer of carbon.

9. Remove mica from vacuum apparatus.

10. Float off the carbon layer 4+ adsorbed
membranes onto distilled water in a
Petri dish. This physically cleaves the

cells. ®

11. Transfer pieces of carbon onto indi-
vidual bare EM grid held in fine
forceps, from beneath the floating
carbon.

12. Negatively stain the material attached
to the lower surface of the carbon
with a 20 l droplet on parafilm™ (see
Protocol 2.2).

13. Remove excess negative stain with a
filter paper wedge and air-dry.

14. Repeat until all the floating carbon
has been transferred to grids and neg-
atively stained.

Notes

This procedure takes approximately 2 h.

@® Attachment of cells to mica can be
monitored by light microscopy. Brief
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fixation of the attached cells may be
performed using 0.1% glutaraldehyde
in PBS. Avoid excessive fixation,
as this will interfere with the cell
cleavage. External labelling can be
applied to mica-bound cells prior to
cleavage.

Usually at least 1 h at 10~ Torr will
be required to remove all the glycerol.

This cell cleavage stage of the proce-
dure can also be performed in 4 mm

diam. micro-wells in Teflon™ block,
using small pieces of mica (e.g. 3 mm
squares with the corners cut off). Also,
droplet immunolabelling can be per-
formed at this stage, either directly or
after brief glutaraldehyde fixation as

in. ©

Pause point

@ Alcian blue-treated mica can be stored

in dust-free conditions until required.
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Preparation of unstained and negatively
stained vitrified specimens

Reagents

Aqueous suspension of biological material
(~1.0 mg/ml)

Liquid nitrogen
Liquid ethane

16% (w/v) ammonium molybdate (to ~
pH 7.0 with NaOH)

Equipment

Holey carbon support films (@)

Plunge-freezing apparatus (available com-
mercially or workshop-made)

Fume extraction hood
Polystyrene container for liquid nitrogen
Small metal container for liquid ethane

Fine straight forceps, with rubber closing
ring (or reverse action forceps)

Filter paper (e.g. Whatman No. 4)

Procedure @®

1. Adjust in advance the fall of the plunge
freezing apparatus within a fume extrac-
tion hood so that a specimen grid held
by fine straight forceps will enter the
small metal container and not be dam-
aged.

2. Fill the small container, surrounded by
liquid nitrogen in the polystyrene con-
tainer, with liquid ethane from a com-
mercial cylinder of cryogen. Position

vertically beneath the plunge-freezing
mechanism.

3. Apply a ~4 ul droplet of sample (ide-
ally in water or a low ionic strength
buffer) to a holey carbon film held in
straight forceps by the closing ring.
For cryo-negative staining [8], the grid
should be floated on a 100 w1 droplet
of 16% ammonium molybdate solution
for ~60 s.

4. Position and clamp the forceps, with
holey carbon support film, in the holder
of the plunge freezer.

5. Blot away the excess fluid by touching
a filter paper onto the sample droplet
forlor2s. @

6. Remove the filter paper and instantly
release the plunge mechanism.

7. Release the forceps and transfer the
grid from the liquid ethane to liquid
nitrogen. (4

8. Store the thin vitrified specimen under
liquid nitrogen in an appropriate con-
tainer or transfer direct to a liquid
nitrogen-cooled cryoholder. (5)

Notes

These
30 min.

procedures take approximately

(® Holey carbon support films are readily
prepared by established procedures
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available in most EM laboratories [3]
(see Protocol 2.1); they are also
available commercially. Quantofoil®
micromachined holey carbon grids can
also be used.

These procedures, developed initially
by Marc Adrian and his colleagues
[7,8] usually require a protein/lipid/
nucleic acid concentration somewhat
in excess of 1 mg/ml. The study of
specimens prepared by this technique
requires a suitable cryoelectron micro-
scope with cryoholder and cryotrans-
fer system. Specimens have to be stud-
ied in the electron microscope under
strict low electron dose conditions.
The necessary financial investment
and time involved are considerable;

@

®

supplementary skill in image process-
ing is usually required.

A very thin layer of fluid is left
across the holes of the holey carbon
support film. Satisfactory blotting time
can only be determined by trial and
error.

As much liquid ethane as possible
should be removed at this stage,
since any remaining on the grid sur-
face solidifies on entering the liquid
nitrogen.

Further detail on cryotransfer and
cryoelectron microscopy can best be
learnt by visiting a laboratory rou-
tinely performing this procedure. (See
also ref [3])
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Metal shadowing of biological specimens

Reagents

Ammonium acetate
Ammonium carbonate

Biological sample (protein/nucleic acid/
lipid/polysaccharide, ~0.05 mg/ml) @

Glycerol (redistilled)
Uranyl acetate

Equipment ©®

Carbon rod, carbon fibre or electron beam
carbon source

Carbon rod sharpener

Curved forceps

Dialysis tubing

EM grids

Emery paper

Mica

Petri dishes

Pipettes and tips

Platinum/platinum-palladium/tungsten wire

Rotary specimen holder

Small nebulizer

Vacuum coating apparatus

Procedure

1. Prepare a pointed carbon rod with a
molten droplet (~2 mm diameter) of
platinum at the end. (3

2. Position the platinum rod against an
angled carbon rod within the carbon

source. Both carbon rods should be
smoothed with emery paper for close
electrical contact.

3. Prepare suitably spread sample mate-
rial (D on a freshly cleaved clean mica
surface, by spraying or evenly spread-
ing with a pipette tip on its side.

4. Air-dry the sample. &

5. Position the mica 4 sample within vac-
uum coating apparatus, at an angle of
c. 45-60° to the horizontal, within a
stationary or rotary holder.

6. Evacuate chamber to 107> Torr or
better.

7. Preheat carbon rods gently to outgas
with a shutter between the source and
specimen. Remove shutter and rapidly
evaporate the platinum carbon until a
desired thickness has been achieved. (5

8. Remove mica and float the platinum-—
carbon replica onto water in a Petri
dish. ®

9. Prepare specimens by bringing EM
grids individually from beneath the
floating replica. Wipe gently on a fil-
ter paper to remove any overhanging
replica and air-dry.

Notes

This procedure will take between 1 and
20 h, depending upon the removal of
any glycerol and volatile buffer from the
sample in vacuo.
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sample should be dialysed
against bidistilled water or 0.155 M
ammonium acetate/bicarbonate at the
desired pH, to remove non-volatile
salts. It may be necessary to fix some
samples with glutaraldehyde prior
to water dialysis to reduce particle
flattening, particularly if air-drying
is to be employed. Uranyl acetate
stabilization may also be useful to
prevent structural collapse.

Many technical variants of the metal
shadowing procedure are available
to suit different biological samples.
The protocol presented represents a
simplified example that will produce
reproducible results, but should be
modified to suit the sample material
and the vacuum coating equipment
that is available.

The globule of platinum at the end
of a carbon rod is prepared from a

small ring of platinum wire, by gentle
heating, in vacuo, until it melts.

If glycerol (e.g. 20-50%) and/or
ammonium acetate/bicarbonate are
present, drying should be performed in
vacuo for an extended period of time
(several hours or overnight).

A thickness monitor is not necessary
at this stage, but may be useful if a
further vertically evaporated layer of
carbon is added to stabilize the replica.

Alternatively, the mica can be cut
into small (~3 mm) squares and the
replica floated off onto water in 4 mm
diam. micro-wells in a Teflon™ block
or in a small Petri dish, before trans-
fer to EM grids. With care, on-grid
immunolabelling can also be per-
formed at this stage.
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A routine schedule for tissue processing
and resin embedding

Reagents

Acetone

0.075 M cacodylate buffer (pH 7.4)
Embedding resin

25% (v/v) Glutaraldehyde

3% (v/v) Glutaraldehyde in 0.075 M so-
dium cacodylate buffer (pH 7.4)

Graded methanol—distilled water solutions
(e.g. 30-90%)

Methanol

1% (w/v) Osmium tetroxide (osmic acid)
in 0.075 M cacodylate buffer (pH 7.4)

Propylene oxide (1,2-epoxy propane)
Uranyl acetate

Equipment

Forceps
Glass vials
Scalpel
Tissues

Procedure

1. Place 1-2 mm pieces of tissue in glass
vials and fix in 10—20 ml glutaralde-
hyde in cacodylate buffer (pH 7.4),
usually overnight at 4°C, or a some-
what shorter time at room temperature.

2. Wash tissue pieces in 10 ml cacodylate
buffer, with at least four changes and
finally at 4 °C overnight. @

3. Post-fix tissue in 1% osmium tetroxide
in cacodylate buffer at 4 °C for 1-2 h.

4. Wash tissue in 10-20 ml distilled
water for 20 min and repeat twice. @

5. Dehydrate tissue using graded meth-
anol solutions: 10 min in 30% meth-
anol, (O then 10 min in each of 60, 70,
80 and 90% methanol solutions and
finally 100% methanol.

6. Wash with propylene oxide, 2 x 10
min.

7. Infiltrate tissue pieces with resin at
room temperature, for at least 30 min.

8. Repeat infiltration with fresh resin
overnight, at room temperature.

9. Embed tissue pieces in fresh resin
and polymerize at 60 °C for 24-48 h,
depending upon the resin used. 2)

10. Thin section and post-stain sections
(see Protocol 2.9).

Notes

This procedure will take approximately
3 days.

@® Block staining can be included at
this stage using 2% uranyl acetate
in 30% methanol, for 30 min, fol-
lowed by washing for 10 min in 30%
methanol before continuing the dehy-
dration sequence.
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(@ The resin used will depend upon the

nature of the tissue and experiments.
For routine embedding, the epoxy
resins (Araldite™, Epon™, Spurr’s™)
are all suitable, and should be
prepared according to the man-
ufacturer’s instructions. For post-
embedding immunolabelling, with tis-
sue prepared at a reduced level of
fixation and dehydration to main-
tain tissue antigenicity, the glycol
methacrylate ‘London’ resins (LR
White™ and LR Gold™), Unicryl™

@ Glutaraldehyde-fixed

or cross-linked acrylate-methacrylate
Lowicryl™ resins should be used (see
Protocol 2.9).

Pause points

tissue can be
stored for several days after washing.

® Tissue treated with osmium tetroxide

can be stored in water for several days
before dehydration.
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Agarose encapsulation for cell
and organelle suspensions

Reagents

Distilled water

3% (v/v) Glutaraldehyde
cacodylate buffer (pH 7.4)

High purity, low gelling temperature aga-
rose (e.g. SeaPlaque®, Sigma, Oxoid)

Phosphate buffered saline (PBS)

in 0.075M

Equipment

Microcentrifuge and tubes
Pipettes and plastic tips
Single-sided razor blade/scalpel

Procedure

1. Fix specimen material in suspension
using 3% glutaraldehyde. (D) @

2. Prepare a 1.5-2% solution of agarose in
distilled water, by heating until agarose
has just melted. Allow to cool to
~40°C, whilst remaining a solution.

3. Pellet the specimen material, by cen-
trifugation if necessary, and remove
most of the fixative solution from above
the pellet.

4. With a plastic pipette add a small
amount of agarose to the pellet, mix

gently and centrifuge at 40°C to form
a loose pellet of the cells or organelles.

5. Allow the agarose to harden at room
temperature or 4°C. @

6. Remove the agarose gel from the tube
and cut off the bottom region containing
the pelleted sample into ~2 mm cubes
using a razor or scalpel blade.

7. Process the cubes of agarose as for a
tissue sample (see Protocol 2.7).

Notes

This procedure will take approximately
2 h.

(@® The agarose procedure can also be
used for cell monolayers in culture
flasks or Petri dishes, with recovery
of the monolayer for flat-embedding.

@ Unfixed cell samples can be pro-
cessed, if the agarose is prepared in
PBS or Medium 199. Glutaraldehyde
fixation can then be applied to the
cubes of agarose.

Pause point

@ Agarose gel can be stored for several
days as long as drying is avoided.
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Routine staining of thin sections for electron
microscopy

Reagents

Distilled water

Lead citrate—sodium citrate
according to Reynolds [14] O

NaOH Pellets and 1 N solution

Uranyl acetate (saturated aqueous solution;
filter or centrifuge before use)

solution,

Equipment

Beakers

Dental wax/Parafilm™
Filter funnel and filter paper
Fine forceps

Glass Petri dishes
Microcentrifuge and tubes
Pipette and tips

Plastic wash bottle containing distilled
water

Procedure

1. To stain sections with uranyl ace-
tate (2): put 20 ul droplets of uranyl
acetate solution onto paraffin wax or
Parafilm™ in a Petri dish.

2. Float the grids with section side
down 3) on the stain droplets in a
covered Petri dish. The usual staining
time ranges from 30 min to 2 h at room
temperature.

3. Wash the grids thoroughly individually
with flowing distilled water from a
pipette, while holding them in forceps,
or rinse in three consecutive 100 ml
beakers of distilled water.

4. Stain sections with lead citrate: place
some NaOH pellets (to minimize atmo-
spheric CO;) in the Petri dish along-
side 40 wl droplets of freshly filtered/
centrifuged stain solution.

5. Float the grids, section side down on the
stain droplets, cover firmly with Petri
dish lid and stain for 5 min (Araldite™,
Spurr™, Methacrylate™), 15-30 min
for Epon™.

6. Wash grids thoroughly with distilled
water, as step 3, or with 0.02 M
NaOH (@ followed by distilled water.

Notes

This procedure will take approximately
1 h

(@ Dissolve 1.33 g lead citrate in 30 ml
distilled water and add 1.76 g sodium
citrate. Mix the resulting suspension
for 1 min and allow to stand for
30 min. Add 8.0 ml 1 N NaOH and
make up to 50 ml with distilled water
and mix. Store the solution in a
well-sealed dark bottle at 4°C and
centrifuge/filter before use [14].
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(@ Omit steps 1-3 if the specimen mate- (@ Use NaOH washing if lead citrate
rial has been block stained with uranyl staining produces precipitate on the
acetate. sections.

(® Sections may be mounted on formvar-
coated EM grids, for greater stability.



Protocor 2.10

Post-embedding indirect immunolabelling
of thin sections

Reagents

1% (w/v) Bovine serum albumin (BSA) (D
in PBS or TBS

5% (v/v) Fetal calf serum (blocker) in PBS
or TBS

Phosphate buffered saline (PBS) or Tris
buffered saline (TBS)

Primary IgG antibody (often monoclonal)

Protein A/protein G colloidal gold conju-
gate

Secondary antibody, antibody-—ferritin or
antibody—colloidal gold conjugate )

Sodium m-periodate
Tween 20

Equipment

Parafilm™ or spotting plates
Petri dishes
Pipette and tips

Thin sectioned tissue/cells, usually in
methacrylate resin on nickel or gold EM
grids

Procedure[15]

1. Etch the plastic of the sections by
floating the grids on droplets 3) of
freshly prepared saturated sodium m-
periodate to expose protein antigens;
5 min is usually sufficient for LR
White and LR Gold.

Wash grids three to five times with
distilled water or PBS.

Block non-specific interactions by
incubating sections with 1% BSA or
5% fetal calf serum in PBS for 15 min.

Rinse five times with PBS.

5. Incubate sections for 1-2 h 3) at room

10.

11.

12.

temperature (RT) on 20 pl droplets of
the primary antibody diluted with 1%
BSA in PBS, on parafilm in a covered
Petri dish.

Rinse five times with PBS.

Incubate grid for 30 min at RT with
appropriately diluted secondary anti-
body colloidal gold conjugate and go
to step 11 below, or

If an unlabelled secondary antibody
is being used as a bridging antibody,
incubate grids on the secondary anti-
body diluted with 1% BSA in PBS for
30 min at room temperature. &)

Rinse five times with PBS.

Incubate grids for 30 min at RT
on droplets colloidal gold conjugated
with protein A, protein G or immuno-
globulin, or if the secondary antibody
is biotinylated, streptavidin-gold. 5)

Rinse again five times with PBS
and then a further five times with
deionized distilled water.

Study grids briefly in EM to assess the
level of labelling. (6



13. Post-stain the sections briefly with

uranyl acetate and lead citrate, if
additional tissue density is required,
before detailed EM study.

Notes

(@ Tween 20 can also be added to the

PBS, to 0.1% (v/v).
This procedure takes several hours,
depending upon incubation times.

(@ Colloidal gold conjugates are usu-

ally purchased commercially. See also
ref. 10.

®

@
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20 wl droplets of reagent and PBS
on parafilm will be found to be
satisfactory.

Incubation times can be varied to suit
antibody avidity, in order to obtain
adequate labelling.

Biotin—streptavidin binding affinity
is strong and can lead to excellent
labelling.

All necessary controls, i.e. without
primary/secondary antibodies, should
be incorporated alongside grids passed
through the complete protocol.
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Imaging the nuclear matrix and cytoskeleton
by embedment-free electron microscopy

Jeffrey A. Nickerson and Jean Underwood

Introduction

Conventional embedded section electron
microscopy is well suited for the visual-
ization in cells and tissues of membrane-
bounded organelles, whose sectioning gen-
erates characteristic membrane profiles.
Among other uses, embedded sections also
allow simple selective staining for cell
components using electron dense elements,
such as EDTA-regressive or Terbium stain-
ing for RNA [16,17] and allow the imag-
ing of chromatin packaging densities, for
example, distinguishing euchromatin and
heterochromatin. Embedded sections, how-
ever, are not an ideal technique for viewing
filamentous networks such as the nuclear
matrix or cytoskeleton. After sectioning
and staining, filaments are usually seen in
cross-section. Planes of section where a fil-
ament is near the surface of the section
and parallel to that surface show the fila-
ment as a filament but they are rare. It can
take imagination to understand the three-
dimensional complexity of filamentous cell
structures given only embedded section
images. It has been suggested that this fea-
ture of conventional electron microscopy
has led casual observers to undervalue the
importance of these structures in cell orga-
nization [18].

Embedment-free electron microscopy
permits the visualization of structural
networks in all their three-dimensional

complexity. In whole mount electron
microscopy, cells are grown on grids and
visualized without any sectioning [19, 20].
In resinless section electron microscopy,
cells are embedded and sectioned but
the embedding material is removed
before visualization [21]. Neither tech-
nique requires staining with electron dense
compounds; proteins are sufficiently elec-
tron dense to form images of high contrast
to vacuum. Conventional sections require
staining because the electron density of
cell molecules and the embedding mate-
rial is similar. Embedment-free-techniques
can, however, be combined with immuno-
gold antibody staining to localize specific
proteins within structures [22].

Reagents

Auroprobe EM grade gold-conjugated sec-
ond antibodies, obtained from Amersham
Biosciences Corp. (Piscataway, NJ)

Delafield’s Hematoxylin, available as a
solution from Exaxol Chemical Corp.
(Clearwater, FL)

Diethylene Glycol Distearate (DGD), avail-
able from Polysciences (Warrington, PA)
and Electron Microscopy Sciences (Fort
Washington, PA)

All other electron microscopy chemicals
and supplies can be purchased from



either Ted Pella (Redding, CA) or from
Electron Microscopy Sciences

Solutions

1. TBS-1: (10 mM Tris HCl, pH 7.7,
150 mM NaCl, 3mM KCI, 1.5 mM
MgCl, , 0.05% (v/v) Tween 20, 0.1%
(w/v) bovine serum albumin, 0.2%
(w/v) glycine)

To make 11 of buffer, use 10 ml
Tris-HCl (from a 1 M Tris HCI stock
solution); 8.766 g NaCl; 0.224 g KCI;
0.352 g MgCl,-8H,0; 1 g bovine serum
albumin; 2 g glycine; and 500 pl of
Tween 20. Filter with a 0.22u bottle
top filter in a sterile hood and freeze
in aliquots at —20 °C.

. TBS-2: (20 mM Tris HCI, pH 8.2,

140 mM NaCl, 0.1% (w/v) bovine serum
albumin)
To make 11 of buffer, use 20 ml
Tris HCl (from a 1 M Tris HCI stock
solution); 8.176 g NaCl; and 1 g bovine
serum albumin. Filter with a 0.22un
bottle top filter in a sterile hood and
freeze in aliquots at —20 °C.

. Normal goat serum: (10% and other
dilutions)
Make 10% normal goat serum with
(v/v) heat inactivated normal goat serum
in TBS-1 to the desired volume. Fil-
ter just before use with a 0.22 filter;
then use this filtered 10% preparation to
make all further dilutions needed.

. Cacodylate buffer: (The stock buffer is
0.2 M sodium cacodylate, pH 7.2—7.4)
The following method makes 11 of
0.2 M cacodylate buffer.

Solution A:
sodium cacodylate 428 g
(Na(CHj3),As0,.3H,0)
distilled water 100.0 ml
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Solution B (0.2 M HCI):

conc. HCI (36-38%) 10 ml
distilled water 603 ml

The stock solution of the desired pH
can be obtained by adding Solution B
as shown below to 20 ml of Solution A
and diluting to a total volume of
200 ml.

Solution B (ml) pH of buffer

232 7.0
17.2 7.2
11.2 7.4

The stock 0.2 M sodium cacodylate
buffer is stable for a few months and
should be kept at 4°C. The washing
buffer is 0.1 M sodium cacodylate and
is prepared by mixing together 1:1 v/v
0.2 M sodium cacodylate and distilled
water as needed.

. Glutaraldehyde fixative: (2.5% solu-

tion)

The 2.5% glutaraldehyde fixative is
freshly prepared prior to use in 0.1 M
cacodylate buffer and can be stored for
only several hours at 4°C. Only EM
grade glutaraldehyde should be used.
Glutaraldehyde is packaged in 1 ml
ampules of 8 or 25% aqueous solutions.

. Osmium fixative: (1-2% solution; op-

tional fixative)

A solution of 1-2% osmium tetrox-
ide in 0.1 M cacodylate buffer, pH
7.2-7.4, is the optional second fix-
ative. Osmium tetroxide can be pur-
chased from most electron microscopy
suppliers as a stock solution or as a
crystal in sealed ampules from which
a stock solution is made with distilled
water. The osmium stock solution is sta-
ble for 1-2 months at 4 °C. The osmium
fixative is freshly prepared by mixing
the osmium stock solution with 0.2 M
cacodylate buffer and distilled water to
the desired concentration before use.
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Equipment and supplies

Carbon evaporator

Colloidal gold-conjugated second antibod-
ies, 5 and 10 nm

Critical point dryer
Diamond knife or glass knives

Gold and copper EM grids, 200 or

300 mesh
Oven (50-60°C)
Thermanox coverslips
Transmission electron microscope

Ultramicrotome

Procedure

Method 1 Whole mounts of cells
for electron microscopy

This technique allows the imaging of the
three-dimensional structure of the nuclear
matrix and cytoskeletal without sectioning
and is most appropriate for very thin cells.
For nuclear matrix extraction procedures,
see Protocol 6.5, Uncovering the Nuclear
Matrix in Cultured Cells. For visualizing
the internal nuclear matrix by this tech-
nique, cells should be both thin and have
a nuclear lamina of relatively low density,
so that internal nuclear components are not
obscured. SAOS-2 cells HeLa cells and
fibroblasts have yielded good results.
Formvar (0.25% w/v in ethylene dichlo-
ride) support films are applied on gold
200 or 300 mesh grids, lightly carbon
coated, and then sterilized in culture dishes
under ultraviolet light in a tissue culture
hood for a minimum of 2 h. Cells are cul-
tured in subconfluent monolayers on the
films on these grids, carbon-coated side
up. Cells are extracted, fixed and pro-
cessed through all steps in situ while still
attached to the formvar film. Grids are
either moved between the different solu-
tions, or solutions are gently removed and

exchanged by pipette, without ever allow-
ing the surface of the grids to dry. This
is particularly important following nuclear
matrix or cytoskeletal extractions because
the resulting structures are constructed of
fragile filaments.

1. This method can be adapted to examine
cell structures extracted in many ways.
For this protocol, however, we will
discuss cells that have been extracted to
reveal the nuclear matrix by either one
of the following methods:

(a) Cross-link stabilized nuclear mat-
rix method. (1) This preparation
has already been cross-linked with
formaldehyde.

(b) Classical nuclear matrix meth-
od. (O If this preparation will
be used for immunolocalization of
individual proteins, then it will
have been fixed in a way affording
preservation of both ultrastructure
and antigenicity.

2a. Cells can be examined for morphology
by directly proceeding on to step 11,
‘Post-fixation’. (1)

or

2b. Selected proteins in these prepara-
tions can be localized by electron
microscopy using specific primary
antibodies and gold-conjugated second
antibodies according to the following
method:

Immunogold localization of proteins

This is a sandwich procedure using a
primary antibody and a colloidal gold
conjugated second antibody. Colloidal
gold conjugates are available in a vari-
ety of sizes. In general, smaller beads
yield a higher density of labelling. We
have achieved good results with 5 and
10 nm beads. Good preservation of
ultrastructure requires fixation before



primary antibody staining. The cross-
link stabilized nuclear matrix (1) has
already been extensively cross-linked,
and the classical nuclear matrix (1) has
already been fixed in 4% formalde-
hyde in cytoskeletal buffer for 50 min
at 4°C. The formaldehyde fixative
must be freshly prepared, from a stock
solution of 16% formaldehyde (EM-
grade). Appropriate controls include
samples with no primary antibody in
the first incubation. For double label
experiments using gold beads of two
different diameters, useful controls for
cross-reactivity of the second antibod-
ies include two samples, each with
only one primary antibody, and then
incubated with both conjugated second
antibodies.

. Wash in TBS-1 at room temperature,
twice in 5 min. Glycine in the TBS-1
will quench free aldehyde groups.

. Blocking In order to block non-
specific staining, the samples are incu-
bated at room temperature in 10%
normal goat serum in TBS-1 (freshly
filtered with a 0.22p filter) for 1 h.

. First antibody Incubations with the
first antibody are done in a moist
chamber for 1-3 h at room temper-
ature, or overnight at 4°C. The first
antibody is diluted to the desired con-
centration in TBS-1 containing 1%
normal goat serum.

. The samples are rinsed in TBS-1, three
times, 5—10 min each time.

. Block with 5% normal goat serum in
TBS-1, atroom temperature for 30 min.

. Second antibody Without rinsing, the
samples are incubated in the appropri-
ate gold-conjugated second antibody
diluted 1:3 to 1:10 in TBS-2. This
incubation is usually performed in a
moist chamber for 1-3 h at room

10.

11.

12.

13.

14.

15.

16.
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temperature or at 37 °C. This gold con-
centration works well for Auroprobe
conjugated second antibodies from
Amersham. Other gold-bead reagents
need to be titrated to determine ideal
concentrations.

Rinse the samples with TBS-1, four
times, 10 min each time.

Rinse in 0.1 M cacodylate buffer twice
for 3 min.

Post-fixation

Incubate in 2.5% glutaraldehyde fixa-
tive at 4°C for 1 h. If antibody stain-
ing is not performed and the prepara-
tion is to be used only for visualization
of ultrastructure, then the formalde-
hyde fixation of the classical nuclear
matrix required for antibody staining
should be omitted and the samples
immediately fixed in glutaraldehyde.

Wash the fixed nuclei in 0.1 M cacody-
late buffer at 4°C twice in 5 min.
Steps 13 and 14 are optional.

Incubate in 1-2% osmium fixative at
4°C for 30 min.

Wash out the osmium with 0.1 M
cacodylate buffer at room temperature
twice in 5 min.

The fixed nuclear matrices can be
stored overnight, at 4°C in 0.1 M
cacodylate buffer.

Dehydration

This is performed at room tempera-
ture.

Briefly transfer the samples from
0.1 M cacodylate buffer through in-
creasing ethanol concentrations (30—
95%).

Then dehydrate the samples ending
with three changes of 100% ethanol
for 10 min each.
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The dehydrated matrices can be stored
overnight, at 4°C. They can then be
processed after bringing them to room
temperature.

Final sample preparation

Samples are dehydrated by critical
point drying from 100% ethanol to air.
This must be done to prevent surface
tension generated by air-drying from
damaging the delicate architecture of
filament networks.

17. Critical point drying Transfer the
grids to 100% ethanol in the critical
point dryer and process according to
the apparatus instructions. Store the
grids desiccated until they are (option-
ally) carbon coated.

18. Carbon coating (optional but prefer-
able) When dry, the grids can be
viewed in the electron microscope, but
the samples are quite delicate and can
be vulnerable to beam damage. The
specimens can be stabilized by a light
coating with carbon in a standard car-
bon coating apparatus.

Method 2 Resinless sections

This method was designed to observe the
structure of the nuclear matrix in cells which
have been extracted by the cross-link stabi-
lized nuclear matrix method (1) or the clas-
sical nuclear matrix method () to reveal the
underlying network of branched filaments.
It is easily adapted for other, for example
cytoskeletal, preparations. Individual pro-
teins can be localized in the nuclear matrix
or cytoskeleton using specific antibodies
and gold-conjugated second antibodies.
Resinless sections can best be described
as a method for infiltrating the delicate
structural network of the extracted nucleus
with a wax (DGD) to provide support for
the fragile structures while they are being
sectioned. Thin sections are cut and the

wax is removed, leaving a well-preserved
structure without any remaining embed-
ding material.

This method combines the advantages
of the whole mount for imaging three-
dimensional networks with the ability to
section. Sectioning is important to image
internal nuclear structures that in a whole
mount may be obscured by the nuclear
lamina. As with whole mount preparations,
resinless sections are particularly suitable
for the collection of stereo paired images.

Cells are grown in culture on Ther-
manox coverslips in subconfluent mono-
layers. They are extracted to reveal the
nuclear matrix structure, fixed and pro-
cessed through all steps in situ while still
attached to the coverslip (see Protocol 6.5,
Uncovering the Nuclear Matrix in Cultured
Cells). Coverslips are not separated from
the cells until after they are embedded with
the wax (DGD).

Cultured cells grown in suspension are
harvested, extracted and fixed as a small
pellet. After the fixation the pellet is
placed into a BEEM capsule for further
processing. The height of the pellet in the
BEEM capsule should be less than 2 mm;
if larger, then divide the sample or allow
more time for individual steps. (D

1. Coverslips or cell pellets can be pro-
cessed through all of the same steps
(with or without the antibody staining)
which have been described above in
Method 1. “Whole mounts of cells for
electron microscopy’, step 1 through
post-fixation, step 14.

2. Block staining (optional but pre-
ferred) The following staining proce-
dure is not necessary for the ultrastruc-
tural visualization of the sample but is
very helpful for locating cells in the
DGD block prior to sectioning. One of
two methods can be selected to stain
the cells; both are done at room tem-
perature.



2a. Staining with Delafield’s Hematoxy-

2b.

lin. Before beginning cell dehydration,
Method 1, step 15, incubate in hema-
toxylin for 20 min. Continue the dehy-
dration as in Method 1, steps 15
and 16.

or

Staining with Eosin Y. Begin cell
dehydration through graded ethanol
concentrations, Method 1, step 15, and
at the 70% ethanol stage, transfer the
samples to a freshly prepared, sat-
urated solution of Eosin Y in 70%
ethanol for 20 min. Briefly wash the
samples in 70% ethanol and then con-
tinue the dehydration as in Method 1,
steps 15 and 16.

Transitional solvent

Ethanol and DGD are not miscible so
a transition fluid, n-butanol, is used.

. Transfer the samples to a 1:1 v/v

mixture of 100% ethanol : n-butanol
for 5 min.

Transfer cells to 100% n-butanol, two
changes, 5 min each. Put the samples
in a 56-60 °C oven.

DGD infiltration

The infiltration with DGD is per-
formed at 56—60 °C. DGD is melted to
this temperature in an oven and sam-
ples can be handled in the oven or on
the lab bench under an infrared lamp.

. Prepare a mixture of 1:1 v/v DGD :

n-butanol and pour it over the sam-
ples (use pre-warmed transitional fluid
and melted DGD). Leave the sam-
ples in the oven, without a cover, for
30 min to allow the transitional sol-
vent to evaporate.

Replace the mixture with two changes
of pure melted DGD for 30—60 min
each change to ensure proper infiltra-
tion.

Ta.

7b.

10.

11.
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For cells on Thermanox coverslips,
remove the coverslips from the oven
and add a large drop of DGD over
the top of the cells. At room temper-
ature, let them cool briefly to solid-
ify. Then, immediately peel the Ther-
manox coverslips from the solid DGD.
Cell structures should come off the
coverslip, adhering to the surface of
the DGD. Cut squares (about 16 mm?)
from the area that contains cells and
mount them on DGD stubs with a drop
of melted DGD. Trim the blocks for en
face EM sectioning.

or

For samples in BEEM capsules (pel-
leted cells from suspensions), cut away
the capsule plastic and the trim the
remaining block for EM sectioning.

. The sectioning is done with glass or

diamond knives with troughs filled
with distilled water on an ultrami-
crotome. The sections are collected
on carbon coated formvar films sup-
ported on copper 200—300 mesh grids.
The section thickness, approximately
150 nm, is estimated by the continu-
ous interference colour which is essen-
tially the same as in epon sections.

DGD removal

. Immerse the grids in n-butanol and

incubate them at room temperature.
The n-butanol effects a slow extraction
and samples are best left for a few
hours or overnight.

Transfer the grids with sections to a
1:1 v/v mixture of 100% ethanol with
the dewaxing solvent n-butanol for
5 minutes

Transfer grids to three changes of
100% ethanol, 10 min each.

Final sample preparation

This is the same as in Method 1.
Follow the steps for critical point
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Drying, Method 1, step 17, and for
Carbon Coating, Method 1, step 18.

Note

(D Follow the procedures for the cross-

link stabilized nuclear matrix or the
classical nuclear matrix methods de-
scribed in Protocol 6.5, ‘Uncovering
the nuclear matrix in cultured cells’.
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Introduction

The main subcellular components separated from isolated cells include: (i) compact
organelles such as mitochondria, nuclei and lysosomes, (ii) membrane systems including
the cell membrane, Golgi complex and endoplasmic reticulum, (iii) cytoskeletal elements
and (iv) proteins and small cytosolic particles. The four main types of tissue comprise:
epithelial, connective, muscle and nervous. All tissues contain specialized cell types
which are organized into functional units. The integrity of the tissue is maintained by
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structural and chemical adhesion mechanisms, both between adjacent cells and to the
extracellular matrix or basal lamina. Cells may be joined by a variety of specialized
junctional complexes involving different cytoskeletal filaments and different families of
adhesion molecules, including cadherins and adherins which are often dependent upon
divalent cations (Mgt and Ca*™). Dissociation of tissue requires disruption of adhesion
with minimal damage to the cells. Since the process of separation may itself compromise
cellular integrity and function, awareness of the effect of cell isolation on the viability
and function of the intact cells is necessary for optimizing separation conditions for
specific cell components.

In turn, the validity of the results obtained from experimental studies on subcellular
components is dependent upon the quality of the isolated cells from which those com-
ponents were derived. Methods used for isolating single cells should maintain viability
and metabolic activity of the population; a quantitative baseline to which results can
be related and inter-experimental results compared is essential. Determination of cell
number, cell viability and protein concentration provides this baseline.

Solid tissues, biological fluids including blood, pleural and abdominal effusions and
continuous cell lines are all potential sources for isolated cells. Cells recovered from
fresh tissues are likely to be heterogeneous and methods for identifying the isolated cell
types are required. Confirmation of cell type derived from cell lines is also advisable.

Heterogeneity of structure between different tissues precludes the use of generic pro-
tocols for tissue disaggregation, though features common to tissue-specific protocols
include a mechanical means of disaggregating the tissue into small fragments and enzy-
matic digestion of the supporting matrix for release of individual cells. Variations in
enzyme type, enzyme concentrations, exposure time and temperature allow optimization
of conditions for different tissues.

A variety of methods described elsewhere [1], for different normal animal tissues
are summarized in Table 3.1. Although primarily for setting up cell cultures, they are
still relevant in that cell culture requires viable cells with preserved metabolic and
reproductive function. Explant cultures are used when the required cell population is
represented by only a small number of cells and expansion of numbers is needed.

Rather than offering different protocols for specific tissues, protocols are included that
have been used for the disaggregation of human ovarian malignancies. These tumours
are sufficiently variable in their characteristics as to require a range of techniques and
they provide a basic starting point for mechanical disaggregation and enzyme digestion.
The protocols can be followed for different tissue types and used as a baseline for
establishing optimal conditions for disaggregation.

Mechanical disaggregation of tissue
Introduction

Mincing or chopping tissue in liquid medium releases cells from the supporting matrix;
the isolated cell population often includes large numbers of red blood cells and the
viability of nucleated cells may be low as a result of mechanical trauma. However, most
disaggregation procedures begin with a mechanical step to reduce the tissue to small
fragments, providing a larger surface area for exposure to the digesting enzymes and
facilitating penetration of enzymes into the tissue. Soft tissues can be minced finely
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Table 3.1 A summary of methods used for disaggregating different tissues [1]

Tissue Description of disaggregation procedure

Epidermis Cold trypsinization to separate dermis and epidermis followed by pipetting and
scraping of separate layers to release keratinocytes

Breast Recovery of cells from early lactation and post-weaning milk

Cervix As epidermis or initiation of explant cultures from chopped punch biopsies and
harvesting of epithelial cells migrating from explants

Liver Perfusion of blood vessels with a low concentration of collagenase

Pancreas Digestion with a mix of trypsin and collagenase and filtration to separate acini
from single cells

Kidney Digestion of finely chopped kidney with collagenase. Differential sedimentation to
separate heavier tubules and glomeruli from stromal cells

Bronchus Growth of epithelial monolayers from bronchial explants using specialized media
and modified growth surface

Prostate Digestion of minced tissue with collagenase

Muscle Digestion of minced tissue with collagenase

Cartilage Consecutive digestion of chopped fragments with hyaluronidase, then trypsin,
then collagenase

Bone Digestion of chopped trabecular bone with collagenase and trypsin

Endothelium Addition of collagenase to lumen of isolated, intact blood vessel with its free ends
ligated to retain solution whilst digestion takes place

Brain Trypsinization of minced tissue

with scissors and harder tissues chopped with opposing scalpel blades. Further release
of cells from minced tissue is achieved by vigorous pipetting of the smaller fragments
in the suspending fluid, creating shear forces strong enough to separate cells from the

fragments.
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Tissue disaggregation by mechanical mincing
or chopping

Introduction

The biohazards associated with the tissue
must be ascertained and appropriate equip-
ment used for handling it [2—5]. In the fol-
lowing protocols, a Class II cabinet is used,
protecting both user and tissue from con-
tamination. The practice of aseptic tech-
nique is recommended because it ensures
that stored media retain sterility and the
risk of spurious results from the presence
of micro-organisms is minimized. If cells
are to be cultured, it is a necessity.

Equipment

All equipment coming into direct contact
with tissue must be sterile.

Dissecting scissors (Note: Curved scissors
are easier to use in a Petri dish than
straight scissors because they can be laid
flat along the surface of the dish and
thus provide a more extensive cutting
surface.)

Forceps
Disposable scalpels

Glass Petri dishes (Note: Dissecting instru-
ments damage plastic dishes and debris
may traumatize the cells.)

Pastettes (short-form and long-form)

Universal containers (conical-bottomed)
with labels showing volume gradations

Rack for universal containers

Bench centrifuge
Refrigerator
Class II safety cabinet

Reagents

Media coming into direct contact with cells
must be sterile.

Hanks balanced salt solution without cal-
cium and magnesium (HBSS) (Note: HBSS
is purchased either as a single-strength
solution or as a 10 x strength solution.
It is more economical to make up single-
strength solution from 10 x strength using
tissue culture grade sterile water and
adding 5 ml of sterile 7.5% sodium bicar-
bonate per litre [final concentration of
0.37 g of sodium bicarbonate per litre].)

Storage medium (Note: HBSS has a low
nutrient content and, if cells are to be
stored for several hours, their viability may
be impaired. A variety of culture media are
available which can be supplemented with
serum to give a semi-defined formulation.
More frequently used media include MEM,
TC199 and RPMI 1640 [6]. If a fully
defined formulation, is required, serum-free
media can be used [7].)

Procedure

e Place the tissue into the glass Petri dish
and moisten its surface with a small
volume of HBSS.



e Dissect away fat, necrotic tissue and con-
nective tissue using a scalpel or scis-
sors and forceps and discard it. (Necrotic
tissue is creamy-yellow with a soft, fri-
able texture; it may contain foci of pus.)

e Add a further small volume of HBSS to
the tissue and cut it into small fragments.
(Note 1: It is easier to cut or mince the
tissue if the volume of liquid is kept small
because the fragments then stay on the
surface of the dish and cannot float away
from the dissecting instruments. Note 2:
Mince soft tissue with scissors and chop
harder tissue with two opposed scalpel
blades.)

e Tilt the dish to an angle of ~30° from
the horizontal and allow the medium and
released cells to wash down into the
angle of the dish. Use a sterile pastette to
aspirate the cell suspension and transfer
it to a sterile universal container.

e Add a further small volume of HBSS to
the dish with a pastette and wash it over
the fragments and surface to release and
recover more cells.

e Repeat the last three steps two more times,
aiming to reduce the tissue to fragments
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~2 mm across. Pool the released cells
from the three mincing/chopping steps.

Centrifuge the cell suspension at 1000
rpm for 5 min. (Note I: g =1.12R
(rpm/1000)%, where R = radius of
rotor arm from centre of rotor to cen-
tre of centrifuge bucket. Note 2: If the
final cell suspension is of low viability it
may be enhanced by keeping the recov-
ered cells at 4°C and also centrifuging
at this temperature. Note 3: Released
cells from a mechanically produced sus-
pension may be of low viability because
damaged cells separate more easily from
the surrounding matrix and the physical
forces involved damage cells. However,
some tissues are disaggregated effec-
tively with mechanical methods.)

Decant the supernatant from the cell
pellet and resuspend the cells in 10 ml of
storage medium. Store in the refrigerator
at 4°C. (Note: The volume of medium
added should be increased to 20 ml if the
cell pellet is =5 ml.)

Go to either Protocol 3.8 for cell count
and viability determination or to Proto-
cols 3.2-3.4 for enzyme disaggregation.
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Tissue disaggregation by warm trypsinization

Introduction

Trypsin has been used for disaggregating
tissue for many years [8]. The enzyme
damages cells if exposure is prolonged
and care must be taken to minimize this
when devising tissue-specific protocols.
Trypsinization can be carried out at 37°C
(warm trypsinization) or at 4°C (cold
trypsinization) [9]. DNA released from
damaged cells becomes viscous and its
presence impairs the recovery of free
cells. DNAse is therefore included at low
concentrations to digest DNA and reduce
viscosity. Serum contains trypsin inhibitors
and these must be washed from the tissue
before digestion is started. Conversely,
the action of trypsin is neutralized by
the addition of serum. Under serum-free
conditions, soybean trypsin inhibitor can
be used instead.

Equipment

All equipment which comes into contact
with cells must be sterile.

Wide-necked glass conical flask with a cap
made of a double layer of foil extending
~4 c¢cm down the neck of the flask

Spatula or teaspoon (Note: A teaspoon is
convenient for handling larger volumes
of tissue.)

Magnetic stirrer bar (Note: Soak in 70%
ethanol/30% water and rinse in sterile
HBSS to sterilize before use.)

Hotplate/magnetic stirrer (with the heat
setting adjusted to maintain a temper-
ature of ~37°C or a shaking water bath
set at ~37°C. (Note 1: Care needs to be
taken with a hot plate because of the risk
of overheating. To avoid using the heater
element the hotplate can be put into an
incubator set at 37°C and disaggrega-
tion carried out using only the magnetic
stirrer. In the absence of a mechani-
cal means of agitating the enzyme/tissue
mixture the flask can be incubated at
~37°C and shaken gently by hand at
5 min intervals. Note 2: A water shaker
bath is the most efficient method for
maintaining temperature and minimizing
mechanical damage during disaggrega-
tion.)

Pastettes (long-form and short-form)

Universal containers (conical-bottomed)
with a label showing volume gradations

Rack for universal containers

Bijoux

Bench centrifuge

Refrigerator

Freezer (—20 °C) for reagent storage

Reagents

All reagents must be sterile.

Trypsin — 2.5% (Note: Thaw out 100 ml of
stock solution (2.5%) and store as 10 ml

aliquots in sterile universal containers at
—20°C.)

DNAse — 0.4% (Note: Make up stock
solution of DNAse Type I in HBSS at



0.4% and filter-sterilize through a sterile
0.22w filter membrane (eg. Millipore).
Store as 1 ml aliquots in sterile bijoux
containers at —20°C.)

Hanks balanced salt solution without cal-
cium and magnesium (HBSS)

HBSS or storage medium (see Profocol
3.1) containing 10% serum (e.g. fetal
calf or calf) (Note: Soybean trypsin
inhibitor can be used instead of serum
if serum-free conditions are being used.)

70% methanol/30% water

Procedure

e Thaw out a 10 ml aliquot of 2.5%
trypsin and add to 90 ml of HBSS to
give a working concentration of 0.25%
trypsin. Mix well by swirling the bottle
gently. (Note: Do not invert the bottle
to mix because it increases the risk of
contamination around the neck due to
leakage.)

e Thaw out a 1 ml aliquot of DNAse and
add to the 100 ml solution of 0.25%
trypsin in HBSS to give a working
concentration of 0.004%.

e Rinse the minced fragments from
mechanical disaggregation in 3 x 10 ml
washes of HBSS to remove trypsin
inhibitors in the serum and discard the
washings. (Note: Viable cells may be
recovered from mechanical disaggrega-
tion (see Protocol 3.1) but this must be
confirmed by cell counts and viability
determinations.)

e Transfer the tissue mince from the Petri
dish to the conical flask containing a
sterile magnetic stirrer bar. (Note: Use
the sterile spatula or teaspoon to do this.
Use of a wide-necked conical flask makes
it easier to drop the fragments to the
bottom of the flask without losing them
around the neck of the flask.)
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e Add ~10 volumes of 0.25% trypsin/
0.004% DNAse (pre-warmed to ~37 °C)
to ~1 volume of tissue. (Note: 100 ml of
solution should be sufficient for three to
four trypsinizations of a piece of tissue
which was originally about 2 cm® in
volume.)

e Re-cap the flask with the aluminium
foil lid and place it on the stirrer. Set
the stir speed to keep the fragments
in suspension; there should be a small
vortex with no frothing.

e Carry out trypsinization for 20—30 min.

e Remove the flask from the stirrer and
allow the larger undigested fragments to
settle. Remove the foil cap and carefully
decant the enzyme solution containing
released cells into a universal container.
This is most easily done by tilting the
flask to allow the fragments to settle
into the angle of the flask and using
either a long-form pastette or a 10 ml
pipette with a bulb to aspirate the cell
suspension from the fragments.

e Add an equal volume of serum-
containing medium to the universal to
neutralize the effects of the trypsin.
(Note: 50 ml centrifuge tubes can be
substituted for universals.)

e Centrifuge the universal or centrifuge
tube containing released cells at
1000 rpm for 5 min and resuspend the
cells in medium. Label as T1 and store
at 4°C.

e Add fresh, pre-warmed 0.25% trypsin/
0.004% DNAse to the flask and repeat
the last two steps twice more (T2 and
T3). (Note: Trypsinization is complete
when only fluffy white fragments of
connective tissue remain.)

e Go to Protocol 3.8 for cell counting and
viability. Determine the viability of the
individual harvests and pool those with
high cell yield and viability.
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Cold trypsinization

Equipment

All equipment that comes into direct
contact with cells must be sterile.

Wide-necked glass conical flask with a cap
made of a double layer of foil extending
~4 cm down the neck of the flask

Spatula or teaspoon (Note: A teaspoon is
convenient for handling larger volumes
of tissue.)

Magnetic stirrer bar (Note: Soak in 70%
ethanol/30% water and rinse in sterile
HBSS to sterilize before use.)

Hotplate/magnetic stirrer, with the heat set-
ting adjusted to maintain a temperature
of ~37°C or a shaking water bath set at
~37°C. (Note 1: Care needs to be taken
with a hot plate because of the risk of
overheating. To avoid using the heater
element the hotplate can be put into an
incubator set at 37°C and disaggrega-
tion carried out using only the magnetic
stirver. In the absence of a mechani-
cal means of agitating the enzyme/tissue
solution the flask can be incubated at
~37°C and shaken gently by hand at 5
min intervals. Note 2: A water shaker
bath is the most efficient method for
maintaining temperature and minimizing
mechanical damage during disaggrega-
tion.)

Pastettes (long-form and short-form)

Universal containers (conical-bottomed)
with a label showing volume gradations

Rack for universal containers

Bijoux
Bench centrifuge
Refrigerator

Freezer (—20°C) for reagent storage

Reagents

All reagents must be sterile.

Trypsin — 2.5% (Note: Thaw out 100 ml of
stock solution (2.5%) and store as 10 ml

aliquots in sterile universal containers at
—-20°C)

DNAse — 0.4% (Note: Make up stock
solution of DNAse Type I in HBSS at
0.4% and filter-sterilize through a sterile
0.22w filter membrane (e.g. Millipore).
Store as 1 ml aliquots in sterile bijoux
containers at —20°C).

Hanks balanced salt solution without cal-
cium and magnesium (HBSS)

HBSS or storage medium (see Protocol
3.1) containing 10% serum (e.g. fetal
calf or calf) (Note: Soybean trypsin
inhibitor can be used to maintain serum-
free conditions.)

Procedure

e Follow the steps for mechanical disag-
gregation (Protocol 3.1) to reduce the
tissue to fragments.

e Prepare a 100 ml working solution of
0.25% trypsin in HBSS (10 ml of 2.5%



stock + 90 ml HBSS) and add 1 ml of
0.4% DNAse to give a final concentra-
tion of 0.004%.

Rinse the tissue fragments in 3 x 10 ml
of HBSS to remove trypsin inhibitors
and discard the washings.

Transfer the tissue mince to a sterile
universal and add ~5 volumes of 0.25%
trypsin/0.004% DNAse. Store overnight
at 4°C; store the remainder of the
prepared working solution of 0.25%
trypsin/0.004% DNAse at 4 °C also.

The following day warm the unused
working enzyme solution to ~37°C
and transfer the tissue and enzyme
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solution in the universal to a wide-
necked conical flask. Add the warmed
trypsin/DNAse (~10 volumes per 1
volume of tissue) and carry out the warm
trypsinization procedure as described in
Protocol 3.2. (Note 1: The overnight
soaking of tissue in trypsin minimizes
proteolytic damage and speeds up the
release of cells from the connective
tissue matrix. One trypsinization step
may be enough to release all the cells.
Note 2: Trypsinization is complete when
only fluffy white fragments of connective
tissue remain.)

Go to Protocol 3.8 for cell counts and
viability determination.
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Disaggregation using collagenase or dispase

Collagenase and dispase (neutral protease)
are less harmful to cells than trypsin and
digestion with these enzymes can be carried
out in the presence of serum. Contaminating
fibroblasts are more likely in a collagenase
digest because it is more effective against
the connective tissue matrix in which the
fibroblasts are found; this may be irrelevant
if cells are not to be cultured, since there
will be no opportunity for fibroblast over-
growth. Collagen exists in several molecular
forms, the main ones being Type I-Type
V. Type I, found in skin, tendon, bone, car-
tilage, ligaments and internal organs, con-
stitutes ~90% of the total collagen of the
body. Type IV is found predominantly in
basal lamina [10]. Collagenase Type Ia and
collagenase Type IV are mainly used for
tissue disaggregation, though crude colla-
genase is sometimes recommended because
it contains small amounts of non-specific
proteases which contribute to matrix break-
down. Enzyme activity is given as units per
gram of enzyme and this is given on the spec-
ification sheet for the batch. The enzyme
is usually diluted to give a defined num-
ber of units per ml. Examples of concentra-
tions used for different tissues are shown in
Table 3.2.

Equipment

All equipment which comes into direct
contact with cells must be sterile.

Tissue culture flasks (25 or 75 cm?)

Spatula or teaspoon for transferring tissue
to flask

Pastettes (long-form and short-form)

Universal containers (conical-bottomed)
with a label showing volume gradations

Rack for universals

Bench centrifuge

Refrigerator

Freezer

Sterile 0.45 and 0.22y filter assemblies
20 ml plastic syringe

Reagents

All reagents must be sterile.

Hanks balanced salt solution without cal-
cium and magnesium (HBSS)

Collagenase (crude, Type I or IV) (Note 1:
Dissolve the contents of the entire bottle
in HBSS to give a concentration 10x the
working concentration required. Filter-
sterilize it through 0.45w and 0.22
filters using the plastic syringe. Dispense
into aliquots suitable for the amount of
tissue to be disaggregated and store at
—20°C. Note 2: Do not use serum in the
diluting medium because it is difficult to
filter-sterilize when the protein content is
high. Note 3: Follow the same procedure
to prepare a stock solution of dispase.)

Incubation medium (see Protocol 3.1 for
notes on storage medium) containing
10% serum (e.g. fetal calf or calf)

Procedure

e Transfer the fragments from mechanical
disaggregation into a culture flask using
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Table 3.2 Type and concentration of collagenase and dispase used for the disaggrega-

tion of different tissues

Enzyme Concentration Tissue Reference
Collagenase 400-600 U/ml Bladder cancer 11
Collagenase Type la 200 U/ml Brain tumours 12
Collagenase Type Ia 300 U/ml Colon tumours 13
Dispase 1 U/ml

Collagenase Type I 1 mg/ml Normal and malignant 14

gastric epithelium

Collagenase Type IV 0.1% Lung tumours 15
Collagenase 100 U/ml Myoepithelium 16
Dispase 5 U/ml

Crude collagenase 200 U/ml General 17
Collagenase Type I 675 U/ml Prostate 18

either a sterile spatula or teaspoon. Use
a size of flask appropriate to the volume
of tissue (aim to add ~10 volumes
of enzyme solution per 1 volume of
tissue fragments). (Note: Culture flasks
provide a sterile non-toxic environment
for disaggregation; use a 25 cm’ flask
for 10 ml and a 75 cm? flask for 25 ml
incubation volumes.)

Make a ten-fold dilution of the thawed
stock solution of collagenase (or dis-
pase) in the incubation medium. Add
~10 volumes of the enzyme medium to
1 volume of tissue in the culture flask.

Incubate the flask horizontally in a
37 °C incubator overnight. (Note: Differ-
ent media have different buffering capac-
ities and the metabolic activity and the
incubation period need to be taken into
consideration when deciding about the
medium to use. Phenol red is used as
a pH indicator and the buffering sys-
tem is based on bicarbonate concentra-
tion. Hanks = 0.35 g/l: Earle's =2.2
g/l; Dulbecco's = 3.75 g/l. HBSS is suit-
able when metabolic activity and CO,
production is low and a low buffering
capacity is sufficient. Earle’s is used
when tissue/cells are more metabolically
active and a higher buffering capacity is

needed; most culture media are based on
Earle’s salts.)

The following day use a wide-bore
pastette to aspirate the fragments sev-
eral times and release loosened cells.
Check the flask under an inverted phase-
contrast microscope for cell release;
continue digestion if cell yield is low
and/or cells can still be seen within the
tissue fragments. (Note: If the medium
becomes viscous, add DNAse at 0.004%
as in Protocols 3.2 and 3.3)

When digestion has been completed,
transfer the cell suspension to a univer-
sal container or 50 ml centrifuge tube
(depending on volume) and centrifuge
at 1000 rpm for 5 min.

Discard the supernatant and resuspend
the cell pellet in culture medium.

Go to Protocol 3.8 for cell counting and
viability determination.

Isolation of cells from body
fluids — Anne Wilson

Introduction

Body fluids are a source of cells for a num-
ber of normal and pathological conditions.
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Cells can be recovered from breast milk,
urine, blood, and effusions resulting from a
variety of pathologies. Abnormal accumu-
lations of fluid in the pleural and abdom-
inal cavities may occur in cancer and

such fluids contain both cancer cells and
inflammatory cells. Volumes vary from
20 ml up to 51, though a large volume
is not necessarily indicative of a high cell
yield.



ProtocoL 3.5

Recovery of cells from effusions

Equipment

All equipment coming into direct contact
with cells must be sterile.

50 ml centrifuge tubes
Pastettes (long-form and short-form)

Universal containers (conical-bottomed)
with labels showing volume gradations

Racks for universal containers and cen-
trifuge tubes

Bench centrifuge
Bottles for waste liquid disposal

Reagents

All reagents must be sterile.

Hanks balanced salt solution without cal-
cium and magnesium (HBSS)

Storage medium (see Protocol 3.1)

Procedure

e Dispense the fluid into the centrifuge
tubes and centrifuge at 1500 rpm for
20 min.

e Pour off the supernatant into a waste
bottle for disposal according to local
protocols for the disposal of biohaz-
ardous waste.

e Resuspend the cell pellets in 5 ml of
HBSS or storage medium and transfer
into universal containers, pooling the
pellets from several tubes.

e Go to Protocol 3.8 for determination of
cell number and viability.

Removal of red blood cells - Anne
Wilson

Introduction

Red blood cells released during tissue
disaggregation may be removed either by
snap lysis, use of a lysis buffer or by
isopycnic centrifugation. The latter method
has the ad