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Compound microscope
MICROSCOPY-PRINCIPLES AND TYPES

Microorganisms are too small to be seen by our unaided eyes and the microscopes are of crucial
importance as they help to view the microbes. A microscope is an optical instrument consisting of one
or more lenses in order to magnify images of minute objects. Thus it is important to gain a preliminary
knowledge about the principles of microscope and its types. This chapter gives a brief introduction to
microscopy.

PROPERTIES OF LIGHT

To understand how a light microscope operates, one must know something about the way in which
lenses bend and focus light to form images.

When a ray of light passes from one medium to another; refraction occurs, i.e., the ray is bent
at the interface. The refractive index is a measure of how greatly a substance slows the velocity of
light, and the direction and magnitude of bending is determined by the refractive indexes of the two
media forming the interface.

When light passes from air into glass, a medium with a greater refractive index, it is slowed and
bent toward the normal, a line perpendicular to the surface. As light leaves glass and returns to air, a
medium with a lower refractive index, it accelerates and is bent away from the normal. Thus a prism bends
light because glass has a different refractive index from air, and the light strikes its surface at an angle.
Lenses act like a collection of prisms operating as a unit. When the light source is distant so that parallel
rays of light strike the lens, a convex.lens will focus these rays at a specific point, the focal point. The
distance between the center of the lens and the focal point is called the focal length. Our eyes cannot focus
on objects nearer than about 25.cm or 10 inches. This limitation may be overcome by using a convex lens as
a simple magnifier (or microscope) and holding it close to an object. A magnifying glass provides a clear
image at much closer range,.and the object appears larger. Lens strength is related to focal length; a lens
with a short focal length-will magnify an object more than a weaker lens having a longer focal length.

PRINCIPLES OF LIGHT MICROSCOPY

The light is the primary source on which magnification is based in light microscopes. The magnification
is obtained by a system of optical lenses using light waves. Magnification refers the number of times a
specimen is appeared to be larger than its original size.

BASIC UNITS FOR MICROSCOPE
1 meter = 1000 millimeter
1 millimeter = 1000 micrometer (um) = 10° meter
1 micrometer = 1000 nanometer (nm) = 10 meter
1 Angstrom (1 A) = 10™° meter
1 nanometer = 10 Angstrom
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Relative size of the microorganisms and their visibility. Man can see about 0.5 mm sized object
whereas the light microscopes can be used to visualize upto 1 um and EM
(electron microscopes) can be used to view 1 nm objects.

BASIC QUALITY PARAMETERS OF MICROSCOPIC IMAGES

The microscopic images should have four basic quality parameters, through which the
microscopes can be graded.

1. Focus: It refers whether the image is well defined or blurry (out of focus). The focus can be
adjusted through course and fine adjustment knobs of the microscope which will adjust the
focal length to get clear image. The thickness of specimen, slide and coverslip also decide
the focus of the image. (Thin specimens will have good focus).

2. Brightness: It refers how light or the dark the image is. Brightness of the image is
depends on the illumination system and can be adjusted by changing the voltage of the
lamp and by condenser diaphragm.

3. Contrast: It refers how best the specimen is differentiated from the background or the
adjacent area of microscopic field. More the contrast will give good images. It depends on the
brightness of illumination and colour of the specimen.. The contrast can be achieved by
adjusting illumination and diaphragm and by adding coleurto the specimen. The phase contrast
microscopes are designed in such a way that the contrast can be achieved with out colouring
the specimen.

4. Resolution: It refers the ability to distinguish two objects close to each other. The resolution
depends on the resolving power, which refers-minimum distance between the two objects which
can be distinguishable.

MAGNIFICATION AND RESOLUTION

The total magnification of compound microscope is the product of the magnifications of objective lens
and eyepiece. Magnification of about 1500x is the upper limit of compound microscopes. This limit is
set because of the resolution.

Resolution refers.the ability of microscopes to distinguish two objects close to each other, it
depends on resolving power, which refers the minimum distance. Ex : Man has the resolving power of
0.2 mm (meaning that he can distinguish two objects with a distance of
0.2 mm close to each other) If he want to see beyond the limit of his resolving power, further
magnification is necessary.

H
Resolving power = -------------------

n(sin®)
where, W is the wave length of light source and n (sin ©) is the numerical aperture (NA).

For compound microscopes, resolving power is p/2NA. The resolving power of an
microscope can be improved either by reducing the wave length of light or by increasing the
n(sin °) value.
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Numerical aperture (n sin®) measures how much light cone spreads out between condenser &
specimen. More spread of light gives less resolving power means better resolution. The numerical
aperture depends on the objective lens of the microscope. There are two types of objective lenses
are available in any compound microscope.

THE LIMIT OF RESOLUTION

The limit of resolution refers the smallest distance by which two objects can be separated and still
be distinguishable or visible as two separate objects.

Optical Instrument Resolving Power RP in Angstroms
Human eye 0.2 millimeters (mm) | 2,000,000 A°
Light microscope 0.20 micrometers (um) | 2000 A°
Scanning electron microscope (SEM) 5-10 nanometers (nm) {.50-100 A°
Transmission electron microscope (TEM) | 0.5 nanometers (hm) 5A°

TYPES OF MICROSCOPE

Microbiologists use a variety of microscopes, each with specific advantages and limitations.
Microscopes are of two categories.

a. Light Microscope: Magnification is obtained by a system of optical lenses using
light waves. It includes (i) Bright field (ii) Dark field (iii) Fluorescence (iv) Phase
contrast and (v) UV Microscope:

b. Electron Microscope: A“system of electromagnetic lenses and a short beam of
electrons are used to obtain magnification. It is of two types: (1) Transmission electron
microscope (TEM)<(ii) Scanning electron microscope (SEM).

LIGHT MICROSCOPE

Light microscopy is the corner stone of microbiology for it is through the microscope that most
scientists first become acquainted with microorganisms. Light microscopes can be broadly grouped
into two categories.

(a) Simple microscope: It consists of only one bi-convex lens along with a stage to
keep the specimen.

(b) Compound microscope: It employs two separate lens systems namely, (i)
objective and (ii) ocular (eye piece).

BRIGHT FIELD MICROSCOPE

The compound student microscope is a bright field microscope. It consists of mechanical and
optical parts.

1. Mechanical parts
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These are secondary but are necessary for working of a microscope. A ‘Base’, which is
horsehoe, shaped supports the entire framework for all parts. From the base, a ‘Pillar’
arises. At the top of the pillar through an ‘Inclination Joint” arm or limb is attached. At
the top of the pillar, a stage with a central circular opening called ‘Stage aperture’ is fixed,
with a stage clip to fix the microscopic slide. Beneath the stage, there is one stage
called ‘sub stage’ which carries the condenser. At the top of the arm, a hollow
cylindrical tube of standard diameter is attached in-line with the stage aperture, called
‘body tube’. The body tube moves up and down by two separate arrangements called
‘coarse adjustment” worked with pinion head and ‘fine adjustment’ worked with
micrometer head. At the bottom of the body tube an arrangement called ‘revolving
nose-piece’ is present for screwing different objectives. At the top of the body tube eye-
piece is fixed.

2. Optical parts

It includes mirror, condenser, objective and ocular lenses. All the optical parts should be
kept in perfect optical axis.

a. Objectives : Usually 3 types of magnifying lenses (i) L.ow power objective (10x)
(i) High dry objective (45x) and (iii) Oil immersion objective (100x)

b. Eye-piece : Mostly have standard dimensions and made with different power
lenses. (5x, 10x, 15x, 20x). A compound microscope with a single eyepiece is said to
be monocular, and one with two eyepieces is said to be binocular.

c. Condenser : Condenses the light waves into a pencil shaped cone thereby preventing
the escape of light waves. Also raising or lowering the condenser can control light
intensity. To the condenser, iris.diaphragm is attached which helps in regulating the
light.

d. Mirror : It is mounted on-a frame and attached to the pillar in a manner that it can
be focused in three different directions. The mirror is made of a lens with one plane
surface and another concave surface. Plane surface is used, when the microscope is
with a condenser.

In case of microscopes with oil immersion, when light passes from a material of one refractive
index to material of another, as from glass to air or from air to glass, it bends. The refractive index of air
is 1.0, which is less than-that glass slide (1.56). So, when light passes from glass (dense medium) to air
(lighter medium), the rays get refracted, which led to loss of resolution of image. Light of different
wavelengths bends at different angles, so that as objects are magnified the images become less and less
distinct. This loss of resolution becomes very apparent at magnifications of above 400x or so. Even at
400x the images of very small objects are badly distorted. Placing a drop of oil (Cedar wood oil) with the
same refractive index (1.51) as glass between the cover slip and objective lens eliminates two refractive
surfaces and considerably enhances resolution, so that magnifications of 1000x or greater can be
achieved. Oil immersion is essential for viewing individual bacterial cell. A disadvantage of oil
immersion viewing is that the oil must stay in contact, and oil should be viscous.

DARK-FIELD MICROSCOPE

In dark-field microscopy, specimen is brightly illuminated against a dark background. This type of
microscope possesses a special type of condenser, which prevents the parallel and the
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oblique rays entering in to the objective and thus making the microscopic field dark. In the absence
of specimen the entire field will appear as dark. In the presence of specimen, which differs in
refractive index, the oblique rays are scattered by reflection and refraction and the scattered rays
enter the objective making the specimen brightly illuminated.

Dark-Field microscope

Maximum magnification of 1500x and resolution of 0.1 — 0.2 um can be obtained. It is
useful in studying the morphology and motility of microorganisms. Dark field is especially useful
for finding cells in suspension. Dark field makes it easy to obtain the correct focal plane at low
magnification for small, low contrast specimens. The following are its uses:

a. Initial examination of suspensions of cells such as yeast, bacteria, small protists, or cell
and tissue fractions including cheek epithelial cells, chloroplasts, mitochondria, even
blood cells (small diameter of pigmented cells makes it tricky to find them sometimes
despite the color).

b. Initial survey and observation at low powers of pond water samples, hay or soil
infusions, purchased protist or metazoan cultures.

c. Examination of lightly stained prepared slides. Initial-location of any specimen of very
small size for later viewing at higher power.

d. Determination of motility in cultures

PHASE CONTRAST MICROSCOPE

In the 1930°’s Frederick Zernike devised a method of converting phase changes into differences
in light intensity. This invention leads to the development of phase contrast microscope.

It has a special type of condenser, objective and a special magnifier. Light passing from one material
into another of slightly different refractive index will undergo a change in the phase. This change
in the phase of the light wills in-turn increase the contrast. A system of rings in the condenser and
objective separate the diffracted rays from the specimen. These diffracted rays from the specimen
and the undiffracted rays.combine and the phase difference is converted into difference in light
intensity. In phase-contrast microscopy, unstained/living organisms can be examined. As a result,
the internal contrast of various parts of a specimen against its surroundings is increased. It has a
resolving power of 0.1 — 0.2 um.

To the left: Arrangement of the ring-shaped mask below the objective and of the

phase-ring within the objective

To the right: The path of light rays within a phase-contrast microscope. 1. ring-shaped
mask, 2. Condenser, 3. Specimen, 4. Objective, 5. Phase plate, 6. Focal plane of the objective. The

wave character of the light is indicated by the change of light and dark areas.

UV MICROSCOPE

Resolution of a microscope depends upon the wavelength of light used. If, longer the wavelength
of light used, lower will be the resolving power while shorter the wavelength,
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more will be the resolution. With this principle, UV rays of shorter wavelength are used as light
source. Since UV rays can’t penetrate the glass, quartz lenses are used. Since the UV rays are
invisible, photographic plates should be used to record the image or special type of filters should be
used to eliminate the UV rays from reaching the eyepiece. This is used in conjunction with fluorescent
microscopy. Upon illumination with UV light certain fluorescent dyes emit light in visible range,
which can be directly viewed.

FLUORESCENCE MICROSCOPE

Certain chemical compounds absorb light and reemit part of the radiant energy as light of longer
wavelength. Such substances are called fluorescent and the phenomenon is termed as fluorescence. In
fluorescence microscopy, a high intensity mercury lamp is used as the light source, which emits white
light. The exciter filter transmits only blue light to the specimen and blocks out all the colours. The blue
light is reflected downward to the specimen by the dichroic mirror. The specimen is stained with
fluorescent dye (acrydine orange). Only certain portions of the specimen retain the dye, others do not. The
stained portion of the specimen absorb blue light and emit green light, which passes upwards, penetrate
the dichroic mirror and reaches the barrier filter. This filter allows only green light to pass through and the
eye receives only green light emitted from the specimen against the black background whereas unstained
portions are invisible. Also, ultraviolet light is used to excite malecules so that they release light of a
different wavelength.

This technique is especially important in immunelogy in which the reactions of antigens and
antibodies are studied in great detail. Fluorescent antibody staining is now widely used in diagnostic
procedures to determine whether an antigen is present. Not all bacteria get stained with fluorescent
chemicals. Excitation and fluorescence with chromatic beam splitters. Similar to the interference
filters these are specially coated mirrors used under 45° to the illuminating beam. They reflect certain
spectral ranges, while others are completely transmitted. The separating line between reflection and
transmission may be set at any point of the.spectrum. 1. Exciting radiation, 2. Fluorescence emission

Confocal Laser Scanning Micrescope (CLSM)

A schematic diagram of a confacal laser scanning microscope is shown in figure 16.2A. Let us see how
exactly a CLSM works:

i. Light source and illumination: Light sources used in confocal microscopes are lasers. The microscope
works in epi-illumination'mode. The laser beam is spread by a diverging lens so as to fill the back
aperture of the objective lens which functions as condenser as well. The expanded laser light is reflected
by the dichroic mirror on the objective that focuses the light as an intense diffraction-limited spot on the
sample. The fluorescence from the illuminated spot is collected by the objective and sent to the eyepiece/
camera/detector through a pinhole aperture.

ii. Pinhole aperture: The fluorescence light emitted by the illuminated sample is focused as the confocal
point at the pinhole. Any light coming from below or above the focal plane is blocked by the pinhole
plate.

iii. Raster scanning: As the fluorescence is detected from a diffraction limited spot, the focused laser spot
is scanned over the sample in a raster fashion collecting light from the entire focal plane (Figure 16.3A).
The laser spot is scanned over the sample by changing the direction of the incident radiation as shown in
Figure 16.3B. As the position of the illuminating spot changes, the pinhole moves so as to be confocal
with the illuminated spot of the same focal plane.

iv. Emission filter: The light that passes through the pinhole is filtered by the emission filter before it
reaches the detector.
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ELECTRON MICROSCOPE

In electron microscope, short beam of electrons and magnetic condenser lenses are employed to
produce the image. The electrons have short wavelength, which helps in better resolution. It is
possible to resolve objects as small as 10°A, which is 100 times more than that of light microscope.
It can magnify object up to 200,000X.

In electron microscope, a hot tungsten filament forms the source of electrons. The object is
placed in the path of moving electrons. Since electrons move only in the vacuum, the entire path of
electrons should be kept under vacuum. The magnetic condenser lens causes the primary magnification.
A second magnetic lens amplifies the primary image and this image is viewed on a fluorescent screen
or captured on photographic plates. There are two types of electron microscope.

a. Transmission electron microscope (TEM)
b. Scanning electron microscope (SEM)

TRANSMISSION ELECTRON MICROSCOPE

A high voltage established between the filament and the anode accelerates the electrons from the hot
tungsten filament. The electron beam is focused on the specimen with an electromagnetic condenser.
Ultra thin sections of the specimen must be prepared since electrons can penetrate matter only a
short distance. This is done by embedding or freezing the specimen and sectioning it with a diamond
or a glass Knife. The sections are floated in water and collected in a copper grid. They are stained
with heavy metals such as gold or palladium and kept within the evacuated column of the electron
microscope.

TEM has a projector lens that.project the image onto a fluorescent viewing screen or film plate,
because the beam cannot be viewed directly. With TEM greater resolution and higher magnifications
than light and Scanning Electron. Microscope can be obtained. In TEM, the differential scattering of
electrons by the specimen makes the contrast. Since most of the atoms of the biological material are
of low mass, the contrast.of-the specimen is low. Staining with heavy metals such as platinum,
uranium or tungsten can-increase the contrast.

They are of various types such as,
a. Positive staining: The heavy metals are fixed on the specimen.

b. Negative staining: It is used to increase the electron opacity of the
surrounding area.

Two techniques commonly employed for the observation of biological specimen are:

a. Metal shadowing: The dried specimen is exposed at an acute angle to a stream of
heavy metals like platinum, palladium or gold and thereby producing an image, that
reveals the three-dimensional structure of the object.

b. Freeze fracturing: The frozen specimen is fractured with a knife, and the exposed surface is
coated with a heavy metal (Gold) at an acute angle. A supporting layer of carbon is evaporated on
the metal surface. Then the specimen is destroyed and the replica is examined. This method is used
for studying cell wall and cell membrane. The penetrating power of electrons is low; hence the ultra
thin sections of the specimens should be used.
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SCANNING ELECTRON MICROSCOPE

The specimen is coated with a thin layer of heavy metal and the specimen is subjected to a narrow
beam of electrons, which rapidly moves and scans the surface of the specimen. The irradiated
specimen depending upon its physical and chemical composition will release secondary electrons.
These secondary electrons are then collected by anode detector, which generates an electronic signal.
Then the electronic signal is scanned in TV system to produce an image on a cathode ray tube.
Magnification on SEM is about 75,000 to 1,00,000 times.

Limitations

a. Specimen is kept under high vacuum on the path of electron beam. So, living cells can’t
be examined.

b. Electrons have low penetration capacity, hence ultra thin section and staining should be
done which is time consuming and also sometimes alter or distort the structures of
microorganisms.

c. High cost and specialized techniques prevent its use in all microbiology labs in spite of
greater magnification and resolution.

.ATOMIC FORCE MICROSCOPE

Atomic force microscope is a type of scanning probe microscope that records the force between the
probe and the specimen. The working principle of 'an AFM can be understood like this: Consider
yourself to be in a dark room in front of a table. The table has a book, a pen, a wristwatch, a spoon, a
fork, and a screw driver. Will you be able to selectively lift the spoon if asked to do so? The answer for
most people is yes. You can distinguish two.distinct objects by touching them with your fingers. In this
example, your fingers act as the probes,your arm acts as the positioner of your fingers, and your brain
works as the processing unit. An AEM works exactly the same way; it has three basic components: a
probe, a positioner, and a processing-unit.

Modes of operation

An AFM experiment can be recorded in both attractive and repulsive regimes of the Lennard-Jones
potential. There are three basic modes of AFM imaging. Another mode, called force spectroscopy is
not used for imaging but for characterizing physico-chemical properties of the

Contact mode AFM: In contact mode AFM, the tip is brought in close contact with the specimen (in the
repulsive regime) and scanned over the surface. As the tip is in contact with the sample throughout the
scan, the frictional forces are very high. This mode of operation therefore may not be suitable for soft
samples including biological samples.

Non-contact mode AFM: In non-contact mode AFM, a cantilever with very high spring constant is
oscillated very close to the sample (in the attractive regime). The quantities that are measured are
changes in the oscillation amplitude and the phase. The forces between the tip and the sample are very
small, of the order of piconewtons. This mode is therefore well-suited for very soft samples but
resolution is compromised. Intermittent mode or tapping mode AFM: A stiff cantilever is oscillated so
close to the specimen that a small part of oscillation lies in the repulsive regime of the Lennard-Jones
potential. The tip therefore intermittently touches the sample while scanning. This mode of imaging
allows imaging with very high resolution and has become the method of choice for scanning the soft
biological samples.

Force mode AFM/Force spectroscopy: Force mode of AFM is not an imaging mode. Briefly, the
sample is brought close to the cantilever, pushed against it causing deflections in it, and then
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withdrawn. A plot of force (depends on the spring constant of the cantilever) against the distance is
called a force spectrum. Force spectroscopy mode is often used to study the interactions of the tip
with the sample and to determine the mechanical properties of the specimen.

Resolution

Atomic force microscopes can provide resolutions comparable to that obtained with electron
microscopes. As neither light nor particles are used to generate the images, resolution of atomic
force microscopes does not depend on any wavelength. The resolution of an AFM is determined by
the shape and the diameter of the tip. It is also evident that the resolution in the X-Y plane is poorer
as compared to that in the Z-direction. A Z-resolution of ~0.2 nm or better is often achieved using
AFM

Advantages of AFM

Both AFM and EM provide very high resolution images but AFM has few distinct advantages over
EM:

i. Easy sample preparation: AFM does not involve a tedious sample preparation. A sample to be
analyzed can simply be placed on a smooth surface and scanned.

ii. Imaging in solution: Unlike EM; it is possible, in fact routine;.te record AFM images in solution.
No other microscopic method, except the scanning probe mieroscopes, provides a subnanometer
resolution in solution.

iii. Manipulation: An AFM tip can be used to mechanically manipulate the specimen at very high
spatial resolution.

CELL FIXATION

In the preceding section you have leant about the basic principle of microscopy
and the working of a compound-microscope. However, before we start observing
specimens, it is necessary.to fix cells or tissues so that we can preserve themin a
near lifelike condition:"Cell fixation prevents autolysis and putrefaction of the

specimen and also-protects the tissue / cells during any further processing steps.

Cell fixation can be done either by physical or chemical means. Physical
fixation is carried out by increasing (heating) or decreasing (cryopreservation) the
temperature whereas chemical fixation depends on the use of either organic
solvents or cross linking agents. Generally chemical fixation methods are used to
preserve most specimens.

The organic solvents include alcohol and acetone that cause removal of lipids;
dehydration of tissues; denaturation and precipitation of proteins; changes in
protein conformation and their solubility. They are also referred to as coagulants
based on the effect produced. The dehydrating effect of ethanol can be reduced by

the swelling effect of acetic acid and they are together used in some cytological
fixatives.
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The cross linking methods uses aldehydes (such as paraformaldehyde, glutaraldehyde) or
osmium tetroxide that reacts with proteins and other biomolecules by forming intra- and inter
molecular cross links. The covalent bonds result in a better retention of cellular architecture than
organic solvents.

The rigidity imparted to cells by cross linking is an added asset in sectioning fragile tissues. Fixing
kills the cells immediately but allows us to visualize its morphology and internal structures that were
present just before fixing. This is helpful because once the cells are fixed then the investigator can

observe them at ease. Fixing also permeabilises cells.

Fixation

Fixation of tissue is the first and crucial step for specimen preparation. Biological specimen can be fixed
either with chemical fixatives or freezing method. The advantages of tissue fixation are many. We have
discussed this step in the preceding unit also as it is utilised in some forms of light microscopic observations.
It serves to:

*

preserve cells and tissue components as close to their living state as

*

possible with minimum alterations,
* protect cell from autolysis and decomposition,.and
* protect and stabilize cellular structure from subsequent treatments such as dehydration, staining and

from irradiation by electron beam.

Staining

Staining is the last step in which'the sectioned tissue is stained with a solution of heavy metal salts to
increase the light scattering power of the section. A number of stains are available to enhance contrast as
many biological materials‘are transparent to electrons. These stains fall into two major categories - positive
and negative stains. A drop of heavy metal salts is deposited onto to sectioned tissue and then the stained
specimen is placed on a small circular metal grid for viewing the image under the electron microscope. The
sample can also be stored and observed later. In positive staining, the image appears as dark area against
light background as these stains deposit electron dense material on the area of interest. Lead citrate and

uranyl acetate are common stains.

The positive stains are used to view specific molecules within cells, for instance proteins, lipids and DNA.
The Uranyl ions react strongly with phosphate and amino groups, staining DNA and some proteins whereas
lead citrate is taken up more strongly by lipid containing membranes and it produces a general increase in

contrast.

TET/PG-TRB/TRB-POLYTECHNIC/BEO & DEO/UG-TRB/TNEB/TNPSC/TNUSRB/RRB-TO CONTACT:8072230063.

Kindly Send me your Answer Keys to email id - Padasalai.net@gmail.com


https://www.Padasalai.Net/

www.Padasalai.Net www. Trbtnpsc.Com

SRIMAAN COACHING CENTRE-TRICHY-UG-TRB-ZOOLOGY STUDY MATERIAL-TO CONTACT:8072230063.
_____________________________________________________________________________________________|

The negative stains are used to view intact biological structure such as sub cellular organelles,
bacteria, viruses. These stains penetrate and darken the interstices between areas of interest
and produce an image in which the specimen appears light against a stained dark background.

Negative staining technique developed by Brenner and Horne 1959.

Centrifugation
Centrifugation is a technique that uses centrifugal force to separate and purify
biological components such as cells and subcellular organelles, suspended in liquidmedium. The
particles are separated at different sedimentation rate according to their size, shape or density in
an applied centrifugal force.

This is the last unit of Block 1 deals with the principle, types and application of
centrifugation. This unit begins with principle of centrifugation.Here you will learn about
sedimentation coefficient, Svedberg unit and relative centrifugal force. This will be followed by a
description of the type of centrifuges and rotors. You will also learn about the working principle
and applications of differential centrifugation and density‘gradient centrifugation (Rate Zonal and
Isopycnic centrifugations) which are widely used in Cell and Molecular biology. The unit ends

with safety measures and centrifuge maintenance.

PRINCIPLEOF CENTRIFUGATION

The basic principle of centrifugation is based on sedimentation. Sedimentation is the tendency of
particles in liquid suspension‘to settle down gradually to the bottomof the tube under the
influence of the earth’s gravitational force.When a particle moves in a circular motion, it
experiences two forces i.e. centrifugal force which is outward force and centripetal force which is
towards the central axis.

Larger particles tend to move faster than smaller ones;

| A denser particle moves faster rate than less dense ones;

| The denser the solution, more slowly the particle will move, and | Greater the frictional
coefficient, the slower the particle will move.

The sedimentation coefficient (s) is the ratio of sedimentation velocity (v) and centrifugal
force

(G). It is a constant for a given particle or solvent. More often, the notation provided by Theodor

Svedberg is used to describe sedimentation coefficients. One Svedberg is taken as 1x10.13 seconds.

Many biological components are described by their sedimentation coefficients.
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Type of Centrifuges

All centrifuges are based on the same principle but they differ in the maximum speed of
rotation, rotor designs, temperature control and presence or absence of vacuum. We will
describe here briefly four major type of centrifuges.

Benchtop centrifuge: Modern benchtop centrifuge (Fig 4.6a) is a low speed (3000- 7000 x g)
centrifuge that can be with or without a cooling system. It is routinely used in clinical laboratories for the
separation the blood cells, plasma and serum as well as in cell culture applications.

Micro centrifuge (microfuge): Microcentrifuge is widely used for routine laboratory work. The

sample volumes centrifuged are small (0.5 — 1.5ml) and it can accommodate 24 samples. It generates
up to 15,000 x g, with or without refrigeration. It is primarily used to spin small

centrifuge tubes (Eppendorf) at high speed. It is useful formany biological applications such as pelleting
of nucleic acids and for the concentration of proteins samples..

Refrigerated centrifuges: They are refrigerated and can generate high centrifugal force up to 60,000

x g. Depending on the rotor sizes.and type, variable number of tubes and volumes can be centrifuged. It
is used for differential separation of organelles, separating fractions during-partial purification using
ammonium sulphate or in obtaining tissue extracts and other temperature sensitive separations

CELL TYPE

Introduction
A structure containing a mass of cytoplasm surrounded by semi-permeable membrane

called plasma membrane is called a cell. It encloses cytoplasm, many cell organelles
along with nucleus or nuclear material. On the basis.of organization of membranes,
variety and structure of cytoplasmic organelles and complexity of nuclear region, the cells
are classified into two types: Prokaryotic cell and Eukaryotic cell. These terms were
suggested by Hans Ris in 1960s.
History and Origin

A cell was defined as “unit of biological activity delimited by a semi permeable membrane
and capable of self-reproductioniin a medium free of other living systems”
by Loewy and Siekevitz (1963).

The study of cell has been made possible with the help of light microscope. Robert Hooke
(1665) with the help of light microscope discovered that a section of cork is made up of small cavities
surrounded by firm walls. He used the term “cell” for the first time to describe his investigations on the
“texture of a piece of cork™.

Later on A. Van Leeuwenhoek (1632-1723) observed various unicellular organisms and
cells like bacteria, protozoan’s, red blood cells and sperm etc. He observed nucleus
in some erythrocytes and all this was made possible with the improved microscopes. In
1809, Mirble M. stated that all plant tissues are composed of cells. In the same year, importance of cells

in living organisms was described by J.B. Lamarck. Robert Brown

in 1831 observed nucleus in certain plant cells. Mimosa cells were boiled in nitric acid by Dutrochet
(1837) to separate the cells to conclude that all organic tissues are composed of globular cells,
united by simple adhesive forces. “All living organism are composed of cells” was stated by Schwann.
T. (1839) after examining a variety of animals and plant tissues.
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BASIC COMPONENTS OF PROKARYOTIC AND

EUKARYOTIC CELL
Prokaryotic Cells

Prokaryotic cells are the most primitive cells and have simple structural organization. It has a
single membrane system. They include bacteria, viruses, blue-green algae, mycoplasmas,
rickettsias, spirochetes etc. Cyanobacteria or blue green algae are the largest and most
complex prokaryote, in which photosynthesis of higher plants type have evolved. Prokaryotes
are included in the kingdom Monera and the super kingdom Prokaryota. The Prokaryotes
have the following characters:

1. The size of prokaryotic cells ranges between 1 to 10 um. They occur in a
variety of forms.

2. Prokaryotic cell consists of three main components:

(D Outer covering: It is composed of inner cell or plasma membrane, middle cell wall
and outer slimy capsule.

a. Cell membrane: Cell membrane made up of lipids and proteins, is thin and
flexible and controls the movement of molecules across the cell. Respiratory enzymes are

carried by it for energy releasing reactions. Mesosomes, the in-folds of plasma
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