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1.1 INTRODUCTION

We start the Practical sin the Food Microbiology and Safety Course with an orientationto
the microscope. Thisfirst Practical in the Manual will orient you to the different parts of
the microscope, their functions and maintenance. Asastudent of microbiology, itisvery
important for usto know about the principle and working of microscopy, different types of
microscopes and correct use of microscopes for microbial observation.

Objectives

After studying this practical and undertaking the exercise given herewith, you will beable
to:

e identify the different parts of the microscope and recognize their functions,
e  discussthe principle behind the working of amicroscope,

e  recognize different types of microscope, and

e  useamicroscope correctly in the laboratory.

1.2 THE MICROSCOPE

Microscopeisapowerful and crucial basictool inthefield of microbiology. Microbiology,
aswe haveaready studied in our theory Course, isthe science dealing with the organisms
too small to be seen with unaided eye. The existence of microbial life to the world was
introduced first by Antony Van Leeuwenhoek in 1673, with the help of simple, crude,
self-made, single-lens microscope having a magnification of about 300. Over the years,
microscopes have evolved to increase the magnification severa thousand fold. Modern
day microscopes are either light microscopes or electron microscopes.

Light microscopesuseeither visiblelight or ultraviolet raysto illuminate specimens. These
are generally used to look at intact cells. On the other hand, electron microscopes use
electron beams instead of light rays and electromagnets instead of lenses. These are
generally used to look at internal structures or details of cell surface.

Let us get to know about these different types of microscope.
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1.2.1 Light Microscope

Modern light microscopes are compound microscopes. Here the magnified
imageformed by the objectivelensisfurther enlarged by one or more additional
lenses. A variety of light microscopes are used now-a-days by microbiol ogists
for different purposes. These are enumerated next.

(@) Bright Field Microscopes — Figure 1.1 illustrates the compound bright
field microscope. Thisisthe most commonly used microscopein biology
and microbiology courses. It is called so because it forms a dark image
against abrighter background. It contains2 lens systemsfor magnification:
ocular lens in eyepiece and the objective lens located in nosepiece, as
canbeseeninFigure 1.1. The specimenisilluminated by alight focused
on it by a sub-stage lens called a condenser. With this microscope,
specimens are made visible because of the differences in contrast that
exist between them and the surrounding medium. Contrast differences
arise because cells absorb or scatter light in varying degrees. Live cells,
however, are difficult to observe through this microscope dueto absence
of contrast between specimen and the surrounding medium. It istherefore,
used to observe nonviable and stained preparations where contrast is
increased and variationsin colour between cell structure is evident.

Figurel.1: Compound bright field microscope

(b) Dark Field Microscope - In this microscope, condenser system is
modified, so that only reflected and refracted light by specimen formsan



image. Here, the object isbrightly illuminated while the field surrounding the object
appears black. This microscope can be used to observe live unstained cells and
organisms.

(c) Phase Contrast Microscope— Unpigmented and unstained living cells can be easily
observed by phase contrast microscope. It hasaspecial objective and acondenser
that convertsdight differencesin refractiveindex and cell density into easily detected
variationsin light intensity and produce visible image of the structure under studly.
The image appears dark against alight background. Phase contrast microscopy is
used widely to study microbia motility, determining the shape of living cells and
detecting microbial structureslikeinclusion bodies and endosporesetc.

(d) Fluorescent Microscope — In above said microscopes, image is produced from
light that passesthrough a specimen. In fluorescent microscope, however, specimen
imageisformed because of the light emitted by the object itself. Thismicroscopeis
used more frequently to visualize specimensthat are tagged with afluorescent dye.
Thesource of illumination hereisan ultraviolet light obtained from ahigh-pressure
mercury vapour arc lamp or hydrogen quartz lamp. Fluorescent dye absorbs the
ultraviolet light of desired wavelength and re-emits the energy in visible range.
Fluorescent portion of the dye becomes visible against a black background. The
fluorescent microscope has become an essential tool in medical microbiology and
microbial ecology for identifying the pathogens and other microbes.

Theforms of light microscopy just considered, formstwo-dimensional images. Besides,
certain new formsof light microscopy have been devel oped which givesthree-dimensional
images. Thesearedifferential interference contrast microscopy, atomic force microscopy
and confocal scanning laser microscopy.

Having learnt about the light microscopes, let us get to know about the electron
Mi Croscopes.

1.2.2 Electron Microscope

Electron microscopes have higher magnification and resolving power than light
microscopes. What do we mean by magnification and resolving power? We shall get to
know about this later in section 1.4. But for now, it isimportant to note that in electron
microscope, thelimit of resolution is0.2 nm and magnification can be up to morethan one
million. These microscopes can be used to visualize submicroscopic cellular particles,
viruses etc. Electron microscopes are of two types:

(&) Transmission Electron Microscope — Here, thin and dehydrated specimen is used.
Electrons pass through the specimen and form image on to photographic film. These
are used to observe internal cell structure.

(b) Scanning Electron Microscope — It can be used to observe intact cells or cell
components directly. Then sections are not necessary. It is used for visualizing
surface characteristicsrather thanintracellular structures. A narrow beam of electrons
scan back and forth, producing athree-dimensional image as el ectrons are reflected
off the specimen’s surface.

Though avariety of optica instrumentsareavailablefor routinelaboratory work, compound
bright field microscopeisthe one commonly foundin al biological laboratories. Let usget
to know the different parts of this microscope.

1.3 PARTSOFTHE MICROSCOPE

Microscope, as you may have noticed in Figure 1.1 or for that matter even seen in a
laboratory, isametal body composed of abase and an arm to which remaining parts are
attached. The components of the microscope are:
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i)  Light Source —Itiseither mirror or electric illuminator present at the base. Identify
themirror in Figure 1.1. Some microscopes havereversible mirror with one sideflat
and other concave. Concave side of the mirror isused for sunlight and itsflat sideis
used for artificial light, e.g., tungsten lamp. Other microscopes have built in light
source.

ii)  Abbe Condenser — It is present beneath the stage, as shown in Figure 1.1. It
collectsand focusesacone of light onthedlide. Itsposition can be adjusted vertically
to regulate the light passing on to the specimen. It also hasiris diaphragm, ashutter
that isalso used to adjust the amount of light entering into the lens system.

i) Sage — It is afixed platform positioned about halfway up the arm and provide
surfacefor keeping thedlide. Slideisheld in position either by ssmpledlideclip or by
amechanical stageclip, asyou can seeintheFigure1.1. Latter helpstheviewerin
moving the slide around during viewing by use of stage control knobs. Stage hasan
opening in the center through which light can pass from an illuminating source.

iv) Body Tube — Above the stage and attached to the arm is the body tube, to which
eyepiece(s) or ocular lensand revolving nosepieceisattached. Microscopeshaving
eyepieces for both eyes are called binocular microscopes. Nosepiece contains
threeto five objectivelenses of different magnifying power, which can berotated at
will. Microscope should be parfocal, i.e., the image should remain in focus when
objectives are changed. The objectives are nearer the specimen and it produces the
real magnified image of the specimen at focal plane. Thisimageisfurther magnified
by ocular lensto produce the final image.

From our discussion above, you would have got aclear ideaabout the partsof amicroscope.
Next, how does the microscope works? What is the principle behind the working of a
microscope? Read the next section and find out.

1.4 PRINCIPLE OF MICROSCOPY

When the light passes from one medium to ancther, refraction occurs, i.e., theray isbent
at the interface. The direction and the magnitude of bending are determined by the
refractiveindices of thetwo mediaforming theinterface. Therefractiveindex isameasure
of how greatly a substance slowsthe velocity of light when light passesfrom air to glass
or vice versa.

When the light rays strikes the lens, a convex lens will focus these rays at specific point
called focal point asillustrated in Figure 1.2. The distance between the center of the lens
and the focal point is called the focal length. Convex lens act as a magnifier. It provides
aclear magnifying image at amuch closer range. Lens strength isrelated to focal length.
A lens with a short focal length has a more magnification power than a lens having a
longer focal length.

Figure 1.2: Lens function



Magnification means enlargement. In compound microscope, it is carried out by two-lens
system — objective lens and ocular lens. Objective lens produces the real image of the
specimen, whichis projected up into focal plane and then magnified by the ocular lensto
producethefinal image, asillustrated through thelight pathway of compound bright field
microscope in Figure 1.3. Though magnification is important, it has limits. Unlimited
enlargement by increasing magnifying power of the lensesis not possible because of the
limitations of resolving power.

Microscope should not only produce the enlarged image but also the clear image.
Resolution or resolving power of the lensis its ability to separate two close points as
separate entities.

Figure 1.3: Light pathway of compound bright field microscope

The minimum distance (d) between two objects that reveals them as separate
entities or resolving power of alens can be calculated by Abbe's equation as:

05\
d= —
nsin

Where A isthe wavelength of the light used and nsin ¢ isthe numerical aperture (NA) as
highlightedin Figure 1.4.
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Figure 1.4: Numerical Aperture of aLens(n sin ¢)

Numerical aperture is a characteristic of each lens and is printed on the lens. It can be
defined as a function of the diameter of the objective lens in relation to its focal
length. It dependson therefractiveindex (n) of the medium in which the lensworks and
also upon the objective itself. Theta (¢) is defined as half of the angle of the cone of
light entering an objective. Sn ¢ cannot be more than 1. Therefore, the lens working
inair with refractiveindex 1 can have N.A.1.  will have to beincreased for increasing
theresolution. Thiscan be done by using the mineral oil. Wavelength isalso animportant
factor in resolution. With shorter wavelength, the resolving power increases. Just like
magnification, resolution also hasalimit. By decreasing wavel ength, resolving power of
the lens cannot be increased indefinitely because —

(a) thevisible portion of the electromagnetic spectrum is very narrow and borders of
very short wavelengths are found in ultraviolet range of spectrum.

(b) Thisrelationship of Resolving Power with A isvalid only when light raysare parallel.
As such ‘Resolving Power’ is also dependent on another factor, i.e., refractive
index. When thelight passesfrom air to glassslide, and from glassslideto air, there
isalossof light dueto bending of raysas can beseenin Figure 1.5. Thisreducesthe
numerical aperture and thustheresolving power of thelens. Thislossinlight canbe
compensated by using minera oil in between glass slide and objectivelens. Mineral
oil isacolourless liquid having same refractive index as glass. This does decrease
the bending of ray, asshownin Figure 1.5, so that morelight rays enter the objective
lensthusincreasing the resol ving power. Proper specimenillumination isa soimportant
in determining resolution.

Figure 1.5: Immersion lens operating in air and immersion oil

Resolving Power of amicroscope depends upon the numerical aperture of both condenser
and objective, i.e.,



d microscope =

NA + NA

Objective Condenser

It was found that limit of resolving power of a microscope at best be about 0.2 um and
limit of magnification isabout 1000 timesthe numerical aperture of the objectivelens.

With an understanding about the principl e of the microscope, we are now ready to usethe
Mi Croscope.

To ensure good results and observations, it isimportant that we use and take good care of
our microscope. Thisaspect is highlighted in the next section.

1.5 USE AND CARE OF MICROSCOPE

Proper care and maintenance of microscopeis needed. Following points should bekept in
mind while handling the microscope:

()  Instrument should be kept in special cabinetswhile not in use.

(i) Microscope should be held firmly by holding the arm with right hand and base with
left arm.

(iii) All the lens systems should be cleaned with lens tissue to remove dust, oil, etc.,
which may decrease the efficiency of the microscope. Blotting paper, cloth or towel
should not be used for cleaning.

(iv) If thelensis sticky or aily, the lens can be cleaned with xylol followed by 95%
alcohol. The lens is wiped dry with lens paper. This should be performed only if
necessary as consistent use of xylol may loosen the lens.

Now answer the questions given in the next section and judge your understanding on this
topic.

1.6 REVIEW QUESTIONS

1.  Namedifferent types of microscopes used in microbiology.

2. Definethefollowing terms:

V=0 1 o= o) o S
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5. What isthe function of following parts of microscope?

- [FISIAPNIEOM ...t
- CONBNSEN ...ttt ettt n e
- Coarse AdjustmMent KNOD .......cooieiieiie e
- Fine AdjUSEMENt KNOD .......couiiiiiiieiecsiese e
- SEAGE CHIP ittt et
- IMTITTOT ottt e et r e nn e n e nnenrea
- (O o1 o 1AV < 0 S
- OCULAI LENS......itiiieeieiesteste ettt

6.  Why thebody tube of the microscope should not be lowered while looking through
the ocular lens?

Now conduct the following exercise.



EXERCISE

USEOFLIGHT MICROSCOPE

Aim . To study different parts of light microscope.
Requirement : Compound light microscope

Slide of Bacillus sp. and Aspergillus sp. or any other bacterial and
fungal specimen.

Before you begin this exercise, study different parts of the microscope, as described in
section 1.4.

Procedure:
Now carry out the exercise following the steps enumerated herewith.

1. Place the microscopic slide with any specimen on the stage with the help of stage
clips. Move the dlide to keep the specimen above the opening in the stage.

2. Adjust thelight with the help of mirror and by adjusting the height of the condenser
with the condenser knob. Iris diaphragm can be opened or closed to regulate the
amount of light entering the condenser.

3. Rotate the scanning or low power lens into position. Lower the body tube to its
lowest position and then raised slowly to bring specimen into focus with the coarse
adjustment knob. Sharp focusing can be done with fine-adjustment knob.

4. Rotate the nosepiece to bring high power or oil immersion lens into position. For
viewing fungal slide (i.e., Aspergillus), use high power lens (40x) and for bacteria
(i.e., Bacillus) use oil immersion lens (100x). Because of parfocal nature of
microscopes, minor focus adjustment can be done by using fine-adjustment knob.
Asthe magnification of lensincreases, the distance between the objective lens and
slide, called working distance decreases. For oil immersion lens, adrop of oil is
placed over the specimen before being used.

5. Scanthedidewithout the application of additional immersion oil.

6. After using microscope, clear all lenseswith dry lens paper and use xylol to remove
oil from stage.

7. Lower the body tube completely and place the low power objective in position.
8.  Put the microscope back in cabinet.

Precautions:

1. Cleanthelens system properly.

Use xylol only when necessary.

Never lower the body tube while looking through the ocular lens.

Useonly adrop of immersion oil for oil immersion lens.

g > WD

Focusthedlidefirst at low-power lensusing coarse adjustment knob. Then change
to other lensin position and focusing should be done only with fine adjustment knob.

6. Highpower objectivelens should not touch the oil drop on slide.
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Counsellor Signature
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