Techniquesin
Cell Biology

ells are tiny but complex bodies. It is difficult to see
‘ their structure; more difficult to understand their mo

lecular composition and still difficult to find out the
function of their various components. What one can learn about
cells, depends on the tools at one's disposal and, in fact, major
advances in cell biology have frequently taken place with the
introduction of new tools and techniques to the study of cell.
Thus, to gain divergent types of information regarding cell’s
structure, molecular organization and function, cell biologists
have developed and employed various instruments and tech-
niques. A basicknowledgeof someof thesemethodsisearnestly
required.

MICROSCOPY

In the search for information about the structure and
composition of cells, the cell biologists immediately face two
limitations: the exceedingly small dimensionsof cellsand their
component parts and the transparent nature of cells. The diam-
etersof themgjority of cellsfall withinarangeof 0.2 and 50 um.
Thehuman eyeshavelimited distinguishing or resol ving power.
The ability of an observational instrument such asahuman eye
or a microscope to reveal details of structure is expressed in
termsof limit of resolution (1) which isdefined asthe smallest
distance that may separate two points on an object and till
permit their observation as distinct separate points. The un-

Workin acytology laboratory where DNA,
extracted from human cells, is analysed
by techniques including electrophoresis
and autoradiography.
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aided human eye under
optimal conditions in
green light (to whichiit is
most sensitive) cannot dis-
tinguish between points
lessthan about 0.1 mm or
100 pm apart. Structural
details smaller than this,
e.g.,cell,isunresolvedun-
less some instrument ca-
pableof higher resolution
is used. Magnification,
theincreasein size of op- _—
tical image over the size 0.10 pm
oftheobjectbeingviewed, | Microscopes magnify microorganisms manifold and help us to determine their
is of no use unless the | shape and structure like spherical shaped cocci and rod-shaped, bacilli bacteria
observational system can | S Shown here.
resolve the various parts of the structure being examined. I ncreased magnification without improved
resolution results only in alarge blurred image. The human eye has no power of magnification, so
magnifying glasses may be used to magnify images up to about 10 times. A light compound
microscopeinwhich many lenses are combined together hasauseful magnification of about 1,500 times.
The limit of resolution (I) of any optical instrument (i.e.,, eye or microscope) is given
approximately by the Abbe’ s relationships :

wavelength (L)
numerical aperture
(nsino)

Resolution (1) =

whereA (lambda) isthewavel ength (“ colour”) of theillumination or radiation used to formtheimage,
n is refractive index (a function of density) of the material (i.e., mostly air or water) between the
specimen and the first lens (or objective lens), and sin o is sine of the semi-angle of aperture of the
first lensasviewed from the specimen. The quantity “nsin «” isoften calledthenumerical aperture
(NA).

Abbe’ srelationships makeit clear that high resolution in amicroscope can only be achieved by
mani pulating asmall number of variables: thewavelength of theilluminating radiation, therefractive
index and the aperture. The apertur eislimited to something less than 90° since that would have the
lens and specimen in contact with one another. In fact, 85° is about the limit in good optical
microscopes. Such angles require an excellent lens. In most cases, the aperture is less because the
edges of the lens introduce distortions and so cannot be used. Refractive index is easy to alter, but
only within narrow limits. It can beincreased by using cilstofill the space between the specimenand
the objectivelens. Transparent immersion oilsused in today’ smicroscopes(i.e., oil immersion lens)
have n up to about 1.6. Still 1.6 is big improvement over air or water (n=1). In a microscope, the
smallest detectable detail isequal to about one-half thewavelength of light withwhichit isobserved.
The smaller the object, the shorter the wavelength of light required. Hence, the wavelength of light
istheareawhich hasgreat chancesof improvement. Onecan, for example, useultraviolet light instead
of visible light, thus, improving resolution as much as twofold. In order to do that however, special
lenses (e.g., of quartz) must be used since ordinary glass blocks much ultraviolet light. In such a
microscope, called ultraviolet microscope, the eyes cannot be used to view the image directly, for
they areinsensitive to ultraviolet light. Lastly, a specimen cannot absorb light of wavelength below
0.3 um.
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Thus, a good light microscope, with a numerical aperture of 1.4 and using light of short
wavelength (0.4 um) will resolve two points at about 0.17 um separations. By such a microscope
though, one can see considerable detailsin most cells, thereis also a great deal that cannot be seen.
For instance, ribosomes and chromatin threads of nucleus are about 0.02 um in diameter and quite
invisibleto thelight microscope. For them el ectron microscopeisused. In cell biological studies, the
following two types of microscopes are most extensively used :

Light Microscopy

The compound light microscope uses visible light for illuminating the object and contains
glass lenses that magnify theimage of the object and focusthe
light ontheretinaof theobserver’ seye. It consistsof twolenses,
oneat each end of ahollow tube. Thelenscloser to eyeiscalled
ocular lensor eyepiece and the lens closer to the object being
viewed is called objective lens (Fig. 2.1). Usually objective
lenses of various magnifying powers are mounted on arevolv-
ing turret at thelower end of the tube. The object, supported by
a glass slide under the objective lens, is illuminated by light
beneath it. In ordinary microscopes light is reflected on the
object by amirror having concave and plane surfaces. In some
microscopes, a third lens, called condenser lens, is located
between the object and the light source and serve to focus the
light on the object.

In order to make full use of available resolving power of
the compound light microscopes, special techniqueshave been
designed to improve contrast. Certain improved types of light
microscopes are of the following types:

1. Dark field microscope or Ultramicroscope. This
type of light microscope is particularly useful for viewing
suspensions of bacteria. In it, the object is viewed only with
oblique rays and since one sees only those light rays that are
scattered from objects, the images appear bright on a black
background. The processisakinto seeing dust particlesfloating
in a sunbeam.

2. Phase contrast microscope. Thistype of light micro-
scope takes advantage of the fact that different parts of a cell
have different densitiesand, hence, different refractiveindices.
Regions where the refractive index is changing they tend to
bendlight rays. In phase contrast microscopethesebent raysare
used to form patternsof destructiveinterference, yielding sharp
contrasts. This technique is widely used to observe unstained &
and living cells (especialy in mitotically dividing cultured Oil-immersion microscopy.
cells).

Phase-contrast microscopy.

Theinterference microscope is based on the principle of the phase contrast microscope and
permits detection of small, continuous changes in refractive index. The variations of phase can be
transformed into such vivid colour changes that aliving cell looks like a stained preparation.

3. Polarization microscope. Thistype of light microscopeisuseful mainly for viewing highly
ordered objectssuch ascrystalsor bundlesof parallel filaments(i.e., microtubulesof mitotic spindle.)
It isbased on the behaviour of certain cellular materials when they are observed with polarized light.
If thematerial isisotr opic, polarizedlight ispropagated throughit with the samevel ocity, independent
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of theimpinging direction. Such substances are characterized by having the sameindex of refraction
inall directions. Ontheother hand, inananisotr opicmaterial thevel ocity of propagation of polarized
light varies. Such amaterial isalso called birefringent because it presents two different indices of
refraction corresponding to the respective different velocities of transmission. In a polarizing
microscope, the specimen is placed between two closed polarizers and visible birefringent portions
of thesampleact likepolarizing filmsand, hence, these portionsof the sampl eare seen asbright objects
on dark background.

Methods of Sample Preparation for Light Microscopy

Cells are transparent and optically homogeneous. so either they are viewed as such by
instruments such as phase contrast microscope or to produce necessary contrast, the cells are passed
through various steps of dlide preparation such askilling, fixation, dehydration, embedding, section-
ing, staining and mounting.

Thus, superior specimensfor microscopi c examination can be obtained by killing the cellsand
coagulating or fixing the protoplasm by preservatives, called fixatives such as alcohols, formalde-
hyde, mercuric chloride, picric acid, acetic acid and mixture of these. The processof fixationinvolves
the following events — (1) The proteins and other macromolecules are precipitated. (2) The
intracellular hydrolytic enzymes are denatured, preventing autolysis. (3) Cross links are formed
between macromol ecul es, making the preparation morestableand minimizing shrinkageupon drying.
(4) Substances are introduced which prevent attack by microorganisms. (5) The tissues become
stiffer, making their sectioning easier. (6) The affinity of the tissue for dyes (stains) isincreased.

Fixationisgenerally followed by dehydration (i.e., gradual removal of water vapoursfromthe
tissue) by the organic solvents such as ethanol. The
dehydrated specimensareembedded i.e., they areinfil-
trated with molten paraffin which hardensupon cooling
and providesenough support to allow thin sectionsto be
cut with a microtome. By the microtome, serial sec-
tions, 5to 10um thick can be cut and placed on slidesin
the order of cutting and permitting a sequence of speci-
mensfor observation. These sections are stained with a
non-vital-stain to increase the contrast.

Stains are the chemicals that can selectively at-
tach to particular molecules of particular cellular struc-
tures and make them stand out from other parts of the
cell. The non-vital stains fall into two main classses:
acid stainssuchaseosin, orangeG, anilineblueand fast
green, al of which combine with basic molecules such
asproteinsof thefixed cells; and basic stains such as The Feuglen stain - This staining is
methyleneblue, crystal violet, haematoxylin, basicfuch- specific for DNA.
sin, etc., al of which combine with nucleic acids and
other acidic molecules of the fixed cells. The cellular
structuresthat stainwith acid stainsarecalled acidophilic and thosethat stainwith basicdyesarecalled
basophilic.

In addition, there are certain specific stains, called cytochemical stainsthat bind selectively to
some specific groups of cellular macromolecules such as proteins, nucleic acids, polysaccharidesand
lipids. For example, Millon reaction, diazonium reaction and Naphthol Y ellow 5 stain areused for the
proteins; akaline fast green is used for histone (basic protein); Feulgen reaction (using Schiff’s
reagent) is used for DNA; methyl green-pyronine stain (Unna-Pappenheim stain) is used in distin-
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guishing between DNA and RNA and it stains DNA green and RNA red; acetocarmine and
acetoorcein stains are used to stain chromosomes of dividing cells; periodic acid-Schiff (PAS)
reaction is used for the demonstration of polysaccharide material s such as starch, cellulose, hemicel-
lulose, and pectin in the plant cells and mucoproteins (glycoproteins), hyaluronic acid and chitinin
animal cells; and fat soluble dyes such as Sudan Red and Sudan Black B are used for the lipids. The
Sudan Black B is a specific stain for phospholipids and is used to stain Golgi apparatus.

Vital stainsselectively staintheintracel lular structuresof living cellswithout seriousalteration
of cellular metabolism and function. For example, Janus green B selectively stains mitochondria;
neutral red stains plant vacuol esand methylene blue stains Gol gi apparatusand al so nuclear chromatin
of dividing cells.

All these steps often are time-consuming and cause artifactsin the cells. Hence, when speed is
important and specimen is required for electron microscopy or for histochemical analysis, paraffin
embedding may be replaced by fixation by freeze drying. Freeze drying is a method that avoids
denaturation of enzymesand is particularly useful for histochemical staining. Tissueisfrozen rapidly
by plunging itssmall portionsinto liquid carbon dioxide or liquid nitrogen and, thus, required rigidity
for sectioning by the fr eezing micr otomeisobtained. Frozen sections are stained and are dehydrated
at low temperature (—30 to —40°C) in a high vacuum. At such low temperature ice crystals are of
minimum size and few distortions or artifacts arise. Chemical composition and physical structureare
maintained withlittlechange. Another advantageisthat fixationisrapid enoughtoarrest somecellular
functions at their critica

junctures which can then
be observed and com-
pared.

Electron
Microscopy

The electron mi-
croscopy (Fig. 2.1) uses
the much shorter wave-
lengths of electrons to
achieveresolution aslow
as3A° withausua work-
ing range between 5to0 12
A% Intheelectron micro-
scope electromagnetic
coils (i.e., magnetic
“lenses’) areused to con-
trol and focus a beam of
electrons accelerated
from a heated metal wire
by high voltages, in the
range of 20,000 to
100,000valts(newinstru-
ments are being devel-
oped that use 1,000,000
volts). Thewavel ength of
an electron depends on
themagnitude of thevolt-
ageand may be0.01A°or
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Fig. 2.1. Comparison of optical pathwaysin light and el ectron microscopes.
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less. Theelectrons of the beam are scattered
by a specimen placed in the path of the
beam. Electrons that do manage to pass
through the specimen are focused by an
objective coil (‘lens’) and afinal magnified
image is produced by a projecter coil or
‘lens’. Thefinal imageisviewed directly on
the fluorescent screen or is recorded on
photographic film to produce electron mi-
crograph. Thistype of el ectron microscope
iscalledtransmission electron microscope
(TEM).

Unlike the compound light micro-
scope, in which image formation depends
primarily upon differences in light absorp-
tion, the electron mircroscopeformsimages
asaresult of differencesintheway electrons

Chloroplasts at the same magnification (x25,000), by light
microscopy (left), and by electron microscopy (right).

are scattered by various regions of the ob-

power, that is, they are easily scat-
tered by objects in their paths. The
degree to which electrons are scat-
tered is determined by the thickness
and atomic density of the object:
regions of high density(possessing
atoms of high atomic number) scat-
ter electrons more than regions of
lesser density and consequently ap-
pear darker in the final image. Be-
cause electrons are scattered so eas-
ily, the specimen used in electron
microscopy must be extremely thin
(ultrathin, i.e,, 10 nm to 100 nm
thick). If the sections were not ex-
tremely thin, most of the electrons
would be scattered and a uniform
dark imagewouldresult. Since, €l ec-
trons are scattered even by gas mol-
eculesand sotheel ectron beam must
travel through the electron micro-

ject. Electrons have a very low penetrating
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(b)

centriole
A comparison of microscope images
(a) A living Paramecium through light microscope
(b) A false - colour TEM photo showing centrioles
(c) A false colour SEM photo of a Paramecium.

scopeinavery highvacuumand the samplesmust becompletely dry and otherwisenon-volatile. Thus,
living cells which are wet cannot be viewed in electron microscope.

Methods of Sample Preparation for Transmission Electron Microscopy

The standard procedure for the preparation of specimen for TEM entails fixation, dehydration,
staining and sectioning similar to light microscopy (Table 2-1.). However, the most significant
difference being the need for ultra-thin sections. Following techniques of sample preparation are
generally used for different types of methods of studying ultrastructure of the cell:
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Tissue dissected After washing, the tissue is Tissue is now placed in ~ Specimen
out and placed in dehydrated by placing it in dilute solution of plastic vial
fixing solution. higher and higher concentra- embedding medium. #‘
tions of acetone or alcohol.
_| - I l-
H ' = - n -
| |
T : =
-31 —_} Specimen
Specimen - ||
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microtome

When the plastic is
hard, the block is
trimmed and is ready

n

it for sectioning.
Sections are cut on an ultramicrotome

with a glass or diamond knife.

The sections are floated off the edge of the

knife onto the surface of water trough.

After the sections dry, they

F Ll . _ are ready for staining with
" _The sections are heavy metal solutions and
m A picked off the surface viewing in the electron

with a copper grid. microscope.

Tissue is placed in final
embedding mixture and
the plastic is polymer-
ized in an oven.

Preparation of a specimen for observation in the electron microscope.

1)=16) (=02 Comparison between light and electron micr oscopy.

Steps Electron Microscopy Light Microscopy

Fixation Osmium tetroxide, potassium Bouin's solution; formalin;
permanganate, formalin, gluta- Zenker'sfluid.
raldehyde.

Dehydration Increasing concentration of Increasing concentrations
ethanol (or acetone) followed of ethanol followed by benzene.
by propylene oxide.

Embedding Araldite: Vestoplaw, Epan 812; Paraffin.

Maraglas, Durcopan.

Sectioning Usually 10-100 nm thick sections Usually 6um thick sectionscut with
cut with aglass or diamond arazor blade on a microtome.
knife on an ultramicrotome.
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Steps Electron Microscopy Light Microscopy

Mounting On aperforated metal disc On aglass slide with an egg
(grid) usually covered with abumin adhesive. Deparaffinized
formvar or paralodian. in xylol for staining.

Staining With salts of heavy metals Selective chromatic stains (as
such as lead acetate, lead haematoxylin and eosin), dehy-
citrate, lead hydroxide, uranyl drated in ethanol series, cleared
acetate; phosphotungstic acid. in xylol and mounted for viewing

in Canada balsam or Permount.

Viewing Grid is placed between the Slideis placed between the
condenser and objective lenses condenser and objective lenses
in avacuum and theimageis and the image viewed in the
viewed on a phosphorescent ocular lens.
screen.

1. Monolayer technique. Macromolecules such as DNA and RNA are studied by monolayer
techniquein which themacromol eculesare extended ontheair-water interface before being collected
on afilm.

2. Thin sectioning. Thismethod uses
acutting device known as ultramicrotome
to remove ultrathin (i.e., 10 nm to 100 nm
thick) sections from the specimen. To with-
stand the passage of ultrafine diamond or
glass knife without tearing, the specimenis
first embedded in a hard plastic such as,
epoxy resin (Table 2-1). The resin is al-
lowed to penetrate the sample before it is
polymerized. Sections are floated from the

grid = .
grid bar
ribbon of
sections "=

i grid
» handle

specimen I

supporting
film

knife of ul- - o

:cr)?nrgl EJrr::c_) Fig. 2.2. Appearance of a ribbon of ultrathin sections
on thegrid (after Sheeler and Bianchi, 1987).

thesurfaceof

water and picked up by touching them with afine wire mesh or small
circular copper grid (i.e., small discs perforated with numerous open-
ings). Prior toitsuse mesh or grid iscoated with athin monolayer film
(7.5to 15nm thick) of plastic (such asformvar or collodion) or carbon
to provideasupport tothesections(or sample) (Fig.2.2). Thespecimen
is visualized through the holes of screen.

Sections to be examined with the electron microscope are
generally not stained (since no colours are seen with the electron
microscope). However, contrast may be improved by “poststaining”
with electron stains or electron-dense materials such as urynyl ac-
etate, urynyl citrate, lead citrate, osmium tetroxide, etc. The method of
thin sectioning is used to study morphology of cell.

3. Negative staining. This technique is used to study small
particles such as viruses or macromolecules. Here, the specimen is
embedded in a droplet of electron dense material, such as, phospho-
tungstic acid (H;PW,,0,). The electron stain penetrates into all the

Examples of negatively stained
and metal shadowed specimens.
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empty spaces (i.e., openings and crevices) between the macromolecules. The spaces appear well
defined in negative contrast. The portions of specimen that exclude stain transmit electrons readily,
so their images can be seen.

4. Shadow casting or heavy metal shadowing. This technique is used to study three-
dimensional appearance of virusesand certain macromolecul es such asDNA moleculesand collagen
fibres. It involves placing of specimen in an evacuated chamber and evaporating at an angle, aheavy
metal such as chromium, palladium, platinum or uranium from afilament of incandescent tungsten.
Thevapour of heavy metal isdeposited on oneside of the surface of the elevated particles; ontheother
side ashadow forms, the length of which permits determination of the height of the particle. In such
a specimen, during electron microscopy, the electrons pass readily through the area of light metal
content, less readily through the plane on which the particle sits, and are scattered more severely by
the side of the particle on which metal has accumulated. Thus, by shadow casting, shape and profile
of a particle can be discerned.

5. Tracers. Several biological processes such as pinocytosis, phagocytosis and transport of
molecules across plasma membrane can be studied by the use of appropriate tracers (e.g.,gold,
mercuricsulphide, ironoxide, etc.). Thesetracersaredetected by their electron opacity. Anideal tracer
should be non-toxic, physiologically inert, composed of small-sized particles of uniform and known
size and preserved in situ during the processing of the tissue.

6. Freeze-fracture. Thistechnique is used to study the molecular arrangement in the plasma
membrane and other cellular membranes. It is carried out by rapidly cooling or freezing the sample
(cryofixation) andthenfracturing(cracking) itinavacuumwhileitisstill at—2100°C. Theknifedoes
not cut cleanly under those conditions, but tends to fractur e (crack) the specimen along the lines of
natural weakness, such as the middle of a membrane that runs parallel to the cut (Fig. 2.3). After
fracture, the sample is left in the vacuum long enough to allow some water to evaporate from the
exposed surfaces, aprocess called fr eeze etching. The exposed face isthen shadowed with electron-
dense combination of carbon and metal such asplatinumto providethenecessary contrast, after which
organicmaterial (i.e., thespecimenitsalf) isremoved by acidstoleaveametal r eplicafor examination
in the electron microscope. Replica reveals a natural-looking representation of the surface of the
freeze-etched object and isthe only way of seeing membraneinterior and certain other features of the
cells.
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knife edge fractures tissue along planes at centre of membranous structure
Fig. 2.3. A comparison of sectioning and fracturing tissues (after Sheeler and Bianchii, 1987).
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7. Whole mounts. They are often used to examine chromo-
somesand other relatively thick objectsthat can beisolated free of
debris. In these methods, the specimen is neither sectioned nor
stained. Thick areaswill scatter electrons more strongly than thin
areas, providing enough contrast to form an image.

Scanningtransmission electron micr oscopy (STEM). This
electron microscope has|less resol ution power thanthe TEM (i.e.,
about 200 A°), yet is a very effective tool to study the surface
topography of a specimen. In this instrument a narrow beam of
electrons is scanned rapidly over a specimen and a three-dimen-
sional image resulting from differential scattering of electrons by
different parts of the surface of specimenisrecorded onacathode-
ray oscilloscope and a photographic emulsion.

X- RAY DIFFRACTION ANALYSIS

The X-ray diffraction pattern of DNA.

This technique is used to analyze three-dimensional (ter-
tiary) structure of DNA moleculeand
avariety of proteins such asmyoglo-
bin, haemoglobin, collagen, myelin
sheath of nerve cells, myofibrils of
striated muscles, etc. This method
depends on the fact that X-rays are
scattered or diffracted by theatomsof
a substance. If the material has an
ordered crystalline atomic structure,
the resulting X-ray diffraction pat-
tern is also ordered and reflects the

Scanning electron micrograph: the head and the three-dimensional arrangement of at-
mouthparts of a weevil. omsin crysxal.

CELL FRACTIONATION

Sometimesit becomes necessary to break up tissues and cellsand to isolate various parts of the
cell for structural or biochemical analysis. For this purpose, the technique of cell fractionation is
employed. Cell fractionation method in-
volves, essentially the homogenisation or Swinging bucket
destruction of cell boundaries by different 1 ofors
mechanical or chemical procedures, fol-
lowed by the separation of the subcellular
fractions according to mass, surface and
specific gravity by centrifuges.

Centrifuges in their various forms
havebecomeversatiletool sof cell biology;
they are used not only to characterize sub-
stances but to separate them. The analyti-
cal ultracentrifuge provides information
concerning the mass and the shape of a
molecule while preparative ultracentri- A variety of rotors used in a preparative ultracentrifuge.

Angle-headed rotors
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fuge (Fig. 2.4) permits one to use these parameters
to separate molecular types. An ultracentrifuge dif-
fers from other centrifuges only in attaining higher
rotor velocities (i.e., up to about 70,000 revolutions
per minute or rpm). In addition, the analytical ultra-
centrifuge containsan optical system, allowing oneto
observe changes in the solute distribution as they
occur in the sample. Therotors of all ultracentrifuge
spininavacuum in order to prevent heating from air
friction.

In the cell fractionation, the cells are gently
broken by grinding a small piece of tisssue in a
homogeniser having a moving close-fitting glass or
plastic pestle within a tube that contains a medium
such as sucrose solution to preserve the cellular or-
ganelles (Fig. 2.5). The solution containing
homogenised or disrupted cells, is called homoge-
nate. The homogenate is subjected to differential
centrifugations of increasing velocity. The method
depends on the principle that particles of different
weight or sizes move at different rates through a

armoured chamber sedimenting material

vacuum

refrigeration

Fig. 2.4. The preparative ultracentrifuge.
The sample (i.e., homogenate) is
containedintubesthat areinserted

into aring of cylindrical holesina

metal rotor. Rapid rotation of the
rotor generatesimmense centrifu-
gal forces, which causeparticlesin
sample to sediment. The vacuum
tends to reduce friction, prevent-
ing heating of the rotor and allow-
ing the refrigeration system to

solution in a centrifugal field. At each step larger
particlesform a gelatinous pellet at the bottom of the
tubeleaving smaller particlesin the supernatant solu-
tion. By decanting the supernatant and spinning it
harder, the next fraction can be brought down. Ulti-
mately oneis|eft with a supernatant solution having

only soluble, molecular-sized components. The re-
sidual solution is called cytosol. The different mol-
eculesof cytosol areisolated by avariety of biochemi-
cal techniques such as chromatography, dialysis and electrophoresis.

The technique of cell fractionation has been improved through the use of density gradient
centrifugation. Inthismethod, centrifuge tubeisloaded with layers of solution of varying densities
of either sucrose, heavy water, cesium chloride or albumin, in agradient fromtop to bottom. Oncethe
gradient is formed, the homogenate is layered on the top and centrifuged until the particles reach
equilibrium with the gradient. For this reason, thistype of separationis called equilibrium density
or isopynic centrifugation (King, 1986).

maintain the sample at 4°C (after
Albertset al., 1989).

AUTORADIOGRAPHY

Autoradiography is a technique which is used to locate radioactive isotopes in cells, tissues,
organsand wholeorganisms. A specimenisexposed to asol ution containing molecul esthat have been
made radioactive by the incorporation of radioactive isotopes, such astritium (3H), carbon 14 (1C),
phosphorus (32P) and sulphur (¥°S). Thetagged molecules are often precursor molecules used by the
cell inthe synthesis of other needed molecules. At intervals, samples are removed from the solution;
in case of smaller tissues, the samplesare sectioned and mounted on glassslidesor grids. The sections
are then coated with a photographic emulsion and stored in the dark for periods ranging up to several
months.

Contents



When a radioactive atom emits a
beta particle (i.e., electron) the photo-
graphic emulsion is affected in amanner
similar to the exposure of aphotographic
emulsion to light. Over a period of time
sufficient radioactive emissions occur to
affect the silver grains of the emulsion.
Black spots will appear at those sites
when the emulsion is developed. Such
spotswill mark sitesin thetissueswhere
the radioactive atoms have accumul ated.
These sites can beidentified by examin-
ing the stained tissue sections under the
light microscope.

In the technique of autoradiogra-
phy, for the study of DNA metabolism of
cell 3H-thymidineis used; for RNA me-
tabolism H-uridine is used; for protein
synthesis various tritiated (°H-tagged)
amino acids are used; and for polysac-
charides and glycoproteins tritiated
monosaccharides such as H- mannose
and 3H-fucose are employed.

Pulse-labelling technique.This
technique is used for those cases where
biological molecules undergo consider-
able modifications after their synthesis
(e.g., ribosomal RNA). Here, actively
growing cells are exposed to a radioac-
tive precursor for a short period. The
labelled precursor is then removed and
replaced by ‘ cold’ (unlabelled) precursor
molecules. Theunlabelled precursorsare
incorporated into the newly synthesized
molecules and have the effect of ‘chas-
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Step-by step procedure for the prepara-
tion of an autoradiograph.

ing’ the previously synthesized molecules containing the radioactive precursor through any matura-
tion process. If the molecular species under investigation is sampled shortly after the start of the
experiment, only the primary synthetic product will contain radioactivity. After longer timeintervals,
theoriginal radioactivemolecul eswill have beenreplaced with non-radioactivemol ecul es. Inthisway
the flow of radioactivity through amaturation process can be followed, together with any movement

of molecular species within the cell.
CELL CULTURE

For cell biological observations sometimesitis
needed to keep theanimal and plant cell inliving state
outside the organism under favourable conditions.
Thisprocessiscalled cell culturing. Thecell cultures
are of three main types: primary, secondary and those
using established cell lines. Primary cultures are
those obtained directly from animal tissue. The organ
is aseptically removed, cut into small fragments and

HelLa cells.
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Fig. 2.5. Céell fractionation.

treated with trypsin enzyme to dissociate the cell aggregates into a suspension of viable single cells.
These cellsare plated in sterile petri-dishes and grown in the appropriate culture medium. When this
culture is trypsinized and re-plated in a fresh medium then resultant culture is called secondary
culture.
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The other major type of cell culture uses established cell lines, which have been adapted to
prolonged growth in vitro. Among the best known cell linesare Hel a cells (obtained from a human
carcinoma), theL and 3T ; cells(from mouseembryo), theBHK cells(from baby hamster kidney) and
the CHO cells (from Chinese hamster ovary).

CHROMATOGRAPHY

The chromatography is used to separate the
molecules of different substances present together % -
inasolution or cytosol. Thesolutionisappliedtoan hm S
insoluble medium which hasadifferent affinity for | " m— T
theindividual molecules of the solution so that the hanging
molecules migrate through the medium at different o
rates. Following two types of chromatography are
used in molecular biology : solvent

(A) Paper chromatography. The paper front
chromatography (Fig. 2.6) is a smiple method for
the separation of smaller molecules from one an- moving
other. The moleculesto be separated are applied to spots
sheets of suitable paper, which are subsequently
placedinavessel which containsasuitablesolvent. loading
A distinction is made between ascending and de- spots
scending paper chromatography according to
whether the solvent migrates on the paper from solvent
below or above. Highly soluble components of the

i ?nﬂirgrpgtim;tx?fj\r:\;\gll ! Fig. 2.6. Paper chromatography.

vent front; other substances move more slowly according to their
solubility. Fromthisit followsthat the choice of solvent determinesthe
speed of migration of the individual molecules and is crucia for a
successful separation. The paper chromatography method is used for
the separation of amino acids, nucleotides and other lower molecular-
weight metabolic products.

(B) Column chromatography. In column chromatography
(Fig. 2.7), an insoluble medium is packed into a glass tube; the length
and width of this tube influence the separation of the molecules. The
mol ecul esto be separated are applied to thetop of the column and their
migration is started by adding a solvent. The characteristic separation
which resultsdepends on the choiceof solvent and carrier material. A positively charged carrier binds
negatively charged molecules; other carriers contain pores which are penetrated by the smaller
molecules, which are, therefore, slowed down. The solutionwhich flowsfrom the columniscollected
in small fractions, which contain the separated classes of molecules. Column chromatography is
important for the separations of mixtures of proteins, that is, for the isolation of enzymes such as
cytochrome C or RNA polymerase.

In a nutshell, presently the following types of chromatography are used for the isolation of
different types of molecules (King, 1986; Sheeler and Bianchi, 1987):

A. Paper chromatography (used for separation of amino acids, nucleotides, and other low
molecular weight solutes).

B. Thinlayer chromatography or TL C (usedfor rapid separation of unsaturated and saturated
fatty acids, triglycerides, phospholipids, steroids, peptides, nucleotides, etc.).

Thin layer chromatograph.
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C. Column chromatography. It in-
cludes the following four types :

1. lon-exchange chromatography
(used for separation of proteins,
RNA and DNA).

Affinity chromatography (usedfor
separation of immunoglobulins, cel-
lular enzymes, MRNAS).

Gel per meation chromatography
or Gel filtration (Used for separa-
tion of proteins, nucleic acids, po-
lysaccharides and lipids).

Gaschromatography (for thesepa-
rationof lipids, oligosaccharidesand

solvent =

insoluble medium
® (e.g., cellulose)

‘o I HE--

. different
= fractions
collected

N |
E T 5 separately

amino acids). Fig. 2.7. Column chromatography.
— mixture of compounds — ELECTROPHORESIS
thod

cathode m— T anode Mol eculesor macro-
. I molecules may be sepa-

ting film of , E— . L. .
salt Swpg;gfor' Smtaorcﬁaper salt rated in an electric-field if
solution * s “solution | they are charged to differ-

ent extents. The mixture of
compoundisappliedtosup-

Fig. 2.8. Electrophoresis.

portingfilmswhichdipinto
two containersfilledwitha

sadt solution. One of the

containers holds acathode, the other an anode. On passing an el ectric current, the negatively charged
mol ecules migrate to the anode and the positively charged molecules to the cathode. Paper, agar and

starch are examples of substances which may
be used as supporting films.

Therate of migration of amoleculeinan
electric field is determined by its size and the
number of charged groups per molecule. The
electrophoresis method is used in the separa
tionof proteins, nucleicacidsandtheir building
blocks.

Some of the common types of techniques
of electrophoresis, which are currently used in
cell biology, are the following (Sheeler and
Bianchi, 1987; Alberts et al., 1989):

1. Moving-boundary electrophoresis
(used for proteins).

Separation of DNA restriction fragments by gel
electrophoresis.

2. Gel or zone electrophoresis (used for proteins).

3. Discontinuous electrophoresis (used for isolation of proteins of plasma membrane).

4. SDS-PAGA or Sodium dodecy! sulphate-polyacrylamide gel electrophoresis (used for
separating and sizing macromolecul es such as proteins, e.g., membrane proteins, protein component

of cytoskeleton, etc.).
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5. Maxam - Gilbert technique (used for separation of polynuclotide fragments of RNA and

DNA).

6. mmunoelectrophoresis(usedforantigens | =

and antibodies).

It is a sensitive method for separating lower
mol ecul ar-wei ght component from macromol ecul es.
A thin membranein the form of atubeisfilled with
the solution containing the molecules to be sepa-
rated. The pore size of the membrane allows the
diffusion of small molecules such as salt or amino
acids; larger molecules such as proteins or nucleic
acids cannot pass through the pores and so remain

DIALYSIS

porous membrane

large molecules
== retained in sac
.

= small molecules
. pass back and forth
through the
membrane

Fig. 2.9. Diaysis.

inside the dialysis tube.

REVISION QUESTIONS

Enumerate various types of light microscopy. Describe the phase contrast microscopy.
Give a comparative account of light microscopy and electron microscopy.
Define the following terms : resolution, magnification, birefringent, vital stain, electron stain, cell

1
2.
3.

ul

fractionation, chromatography and electrophoresis.

What ways are available to improve contrast in light microscopy ?
Describe different techniques used in preparing sample for electron microscopy.

Write short notes on the following :

(i) Cytochemical stains; (v)
(i) Scanning electron microscope; (vi)
(iii)  X-ray diffraction analysis; (vii)

(iv)  Cdll fractionation; (viii)

Autoradiography;
Cell culture;
Chromatography; and
Electrophoresis.
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