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Abstract

Microscope is an instrument with mechanical and optical components used to
magnify very small objects to see them in large. Microscopy is a scientific technique
employed in revealing the morphology of organisms/cells found in soil, air, water
food etc; minute details of internal structures of organs, proteins or inanimate objects
and communicating the same to the public. It is readily seen and used in schools,
medical, forensic and environmental laboratories by researchers, teachers and
students as well as in laboratories. Microscopes are configured into dark-field,
bright-field, fluorescence and photomicrograph microscopy according to the intended
use. Microscopy is used in phase contrast, magnification of objects, measurement,
enumeration and microphotography. This paper highlights the types, configurations,
preparations for and applications of microscopic techniques in environmental
information and communications. Challenges to and recommendations for optimal
use of microscopy are given.

Introduction

The natural environment comprises both living and non-living things. The
living things make up the biotic (living) component and include all plants, animals
and microorganisms. Some of these are macroscopic and can be visualized while
others (such as microorganisms) are microscopic and cannot be visualized by unaided
eyes. This is where the microscope comes in. A microscope is a device which utilizes
two sets of lenses (objectives and eyepiece) to magnify the objects in two steps. The
technique of employing a microscope in scientific study is called microscopy. The
microscope is an indispensable instrument both in the biological laboratory and
ecological sites / field for scientific information such as identifying organisms,
revealing finest details about their structure or morphology as well as in
communication through photos through photographic devices and/ or computers
attached to the microscopes. As far as identification of microorganisms is concerned,
it gives an indication, which must however be confirmed by additional biochemical
tests. Outside scientific information, microscopy has also found applications in
forensic studies. This paper examines the types, configuration and applications of
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microscopic techniques in obtaining scientific information of cells, organisms both in

their natural environment and in laboratory, as well as the challenges of microscopy
techniques.

Types of Microscopes

There are different types of microscopes.
1. Light Microscope: Light microscope uses ordinary or electric light as the
source of its illumination. There are two types- simple and compound microscopes.
Simple microscope has one eye piece, while a compound microscope has two
eyepieces.

2. Electron Microscope [EM]: Electrons are used as its illumination rather than
light and because electrons have a very short wavelength, minute details of an
object/cell can therefore can achieved unlike the light microscope. EM can achieve a
magnification as high as 100 000 diameter. This permits proteins of high molecular
mass such as virus particles and enzyme complexes to be visualized (Martins, Mayes
and Rodwell, 1983).

3. Fluorescence Microscope: Employs the absorption and re-absorption
properties possessed by certain substances whereby short wavelength radiation such
as ultra-violet radiation is absorbed and a light of longer wavelength re-emitted,
resulting in the object occurring luminous or shining appearance, hence fluorite glass
is used (Coslette, 1966 in E.B.C. Analytical Microbiologica, 1977).

4. Stereoscopic Microscope: This employs the use of binocular microscope,
which has the ability to discern three dimensional structure of an object unlike the
other types of the microscope. It is therefore used for dissecting animals or surgery of
internal organs.

Components of a microscope

The photograph and diagram of a laboratory compound microscope are shown in
figures 1 (a) and (b) respectively while the different components and their uses are
given in table 1.
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Figure 1: (@ A stereo-
compound microscope
[Source: Evennet (2000)

(b): Diagram showing the components of a compound microscope

Table 1: Components of a microscope and their uses

Component

Use

Mechanical
components

Mechanical tube length

Fine and coarse adjustment
knobs

The stand, which consists of
an inclined foot and carries a
revolving nosepiece

Adjustable sub- stage control

Optical
components

Ocular (Eye-piece)
Objective lens ( of power-

x5,x10, x40 and x100)
Condenser

Light source

Used to adjust the optical component in order to
get sharp images for specimen under examination

Holds all components in firm position

Supports the condenser

Carries two lenses, the eye lens (nearer the eye)
and the field lens ( nearer the object

Produces the magnified detail structure and
general appearance of the object.

Is adjusted to help in achieving high quality
resolution through the iris diaphragm , which
controls illumination of the field.

Reflected through the microscope by means of a
concave lens

Configurations of compound microscope
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The configurations of compound microscopes are based on the expected uses. There

are five different configurations and the principles and applications are tabulated

below:

Table 2: Principles and Applications of Microscope Configurations

Configur  Principle Applications
ation
Bright- Background is bright to reveal coloured Examination of stained
field or stained cells; The contrast effect is preparations such as Gram stain;
microscop  based on the difference in colours. and to reveal details of
y [BFM]. morphology such as colour of
mould spores
Dark-field The specimen appears dark against a For studying movement and the
microscop  light background, observation of bacteria flagella ;
y [DFM] also or distinguishing protein
particles and cocci.

Phase- Utilizes a special condenser lighting For examining morphological
contrast assembly combines with phase contrast details of unstained preparations;
microscop objective lenses to produce an image wet mounts for motility tests
y [PCM] which is more markedly contrasting

and which bears a closer resemblance

to the object (such as a sporulating

yeast)
Fluoresce  Uses a special technique in which Identification of ors screening of
nce specimens are made visible either Salmonella spp.; Suited or the vital
microscop through their own fluorescence or by staining o yeast or bacteria
y [FM] treatment with fluorescent dyes; e.g.

Fluorescent antibody. Requires a

source of ultra-violet light and a set of
Photo- Has a third tube in which a Useful teaching or research aid to
microscop  photographic or video camera is fitted give 3-demensional pictures of
y [PM] to enable recording of the images seen isolated microorganisms; Helps |

through the eyepieces

rare instances where microscopic
evidences are needed in the law
court.; Can be used in conjunction
with virtually all the other types of
microscope configurations. .

Adapted from Entis, P. ( 2009 ). Food microbiology: the laboratory

Requirements for Microscopy
Step-by-step microbiological techniques for environmental communication
are highlighted in Dirisu (2003). The basic requirements for examining a cell/tissue
under a microscope include the following:
Reagents-Potassium hydroxide, Gram Stain, Giemsa stain, etc
Distilled water
Nutrient agar;
Slides and cover glasses- Slides measuring 76x 26 x 1.2 mm
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Light filters- aid in recognition of structural differences

Inoculation equipment-Petri dishes, Wire loop, Pipette

Ground glass plate

Bunsen burner

Immersion liquids

Petroleum jelly (optional)

Procedures /Preparations for Microscopy

Cover glass Preparation- Involves placing a drop of sterile tap water or distilled
water on a slide using a wire loop and then placing along side it a small quantity of
the microbial culture under observation and gradually mixes it with the liquid. 5%
potassium hydroxide may be added to eliminate any protein particles present and
hence allow the organism to be seen more clearly. The cover glass is slowly lowered
on to the drop, to spread the drop into a thin film, avoiding air bubbles. To avoid
evaporation, petroleum jelly or paraffin wax can be applied along the edges of the
cover glass.

Suspended Drops- Involves placing a small drop of the organic suspension under
investigation on cover glass from which the grease has not been removed and then
placed with the drop underneath, over a cavity of a hollow slide.

Dry Smear Preparations: Used when cells are to be stained. The centre of the pure
isolate of microbial culture- yeast, bacteria or fungi is placed on a slide, warmed
slightly and spread into a thin film that dries instantly.

Slide cultures: Involves transferring 1.8% of Nutrient agar [NA] [DIFCO) with a
pipette on to a horizontal slide, then quickly turned over and the solution allowed to
solidify. The slide may also be immersed in a liquid agar and then cleaned on one
slide.

Services Rendered by a Microscope
1. Phase contrast- This results in either seeing the bright object against a dark
background or a dark object against a bright background. This is achieved by the
interference of light waves by using a set of prism
2. Micrometry- This is the technique of measuring details in an object viewed
through a microscope. It involves using scales similar to the Venier scale. The
most widely used being the stage eyepiece micrometer which is calibrated.
Magnification- This is achieved by using different objective lens ( e.g. x100)
Enumeration- number of cells can be counted
Microphotography/photomicrography- this involves producing a photograph of
images seen through the microscope. To produce a microphotograph, a camera
may be affixed to a microscope either in place of the eyepiece or a specialist
microscope may be used which has a camera and eyepiece arrangement. A
prepared specimen is put under the microscope in the usual way and photographs
taken
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Microscopy in Environmental Information and Communications

Some areas where microscopy is employed in obtaining and communicating
information from environmental resources include:
1. Cytology- study of cells, nature, shapes ( appendix I, 11); stages of cell division
(appendix I11)
2. Genetics- morphology of chromosomes; gene mapping (appendix 1V); gene
mutation, DNA recombination
Biotechnology/Genetic engineering- gene sequencing, gene cloning etc
4. Physiology — protein structure, protein synthesis, metabolic functions of living
organisms
5. Environmental assessment — Detection of microbial contamination of air, water,
soil, food, crude oil etc); Biological oxygen demand etc
6. Environmental monitoring of toxicity levels of heavy metals and certain
persistent pollutants in the tissues of living organisms

w

Challenges to the use of Microscopy Technique

Some of the challenges involved in the utilization of microscopes in the
school laboratories include high cost, unavailability of electricity or constant electric
power failure, inexperience on the part of the user, poorly prepared slide.

Conclusion and Recommendations

Microscopy is an indispensable technique in obtaining information about
components of the natural environment (air, water and soil, food etc) and
communicating the same to the public. It is a teaching aid readily found in school
laboratories as well as medical and forensic laboratories. It is used extensively in
scientific study and research in the identification of cells, genetic studies, protein
structures etc. Microscopes are configured into bright-field, dark-field, phase-contrast,
fluorescence and photomicrographic microscopy, depending on the intended use.
Based on the importance of microscopic techniques outlined above, the author
recommends that users and especially students should be trained on the use of this
instrument. There should be proper arrangement for procurement of microscopes in
school labs, which should be readily available to the students. The laboratory sessions
should be organized in such a way that each student should have a microscope to
him/herself. An enabling environment, which will enhance the use of microscopes
and (other laboratory equipment) by students and researchers should also be provided.
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Appendix: Microscopic Appearance of Some Organisms/Cells/ Choromosomes
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1. Morphology of some bacteria as seen under the microscope
[Source: Bergey’s Manual of Systematic Determinative bacteriology (9" ed.)
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I11. Sister chromatids exchange genetic Materials During Meiosis
[Source: Martins et al, 1983]

IVV. A human karyotype* (of a man with a normal 46XY chromosome constitution);
chromosomes stained with Giemsa stain [Source; Martins et al, 1983]
* a set of characteristics-size, shapes ad number of chromosomes



