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PART ONE Microscopic Techniques and
Microbial Morphology

Microbiology is the study of organismsinvisible to the naked eye. Because of this charac-
teristic of microbes, microscope is an essential tool in this discipline. Thus, to understand how
microscope works and the way to prepare the specimens are of great importance. This part be-
gins with the most commonly used microscope — bright — field light microscope, including its
structure, principle and use. Dark — field microscope is also introduced. The second section is
about how to use light microscope to observe the morphology and metility of different microbes.

This part closes with microbial colony observation.
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EXPERIMENT 1 Bright — Field Light Microscope

Purpose

(1) Grasp how to correctly use a microscope, especially the oil immersion lens.

(2) Be familiar with the structure and principle of bright — field light microscope.

(3) Observe several stained microorganism specimens.

Principles

Bright — field light microscope (or “bright - field microscope” ) is the most commonly
used type of light microscope. It is so named “bright - field” because it forms a dark image
against a brighter background just like the words on a printed page.

1. The structure of bright — field microscope

Asillustrated in figure 1 1, the fundamental structure of a bright — field microscope in-
cludes optical system and mechanical system.

(1) Optical system: mainly includes objective lens, ocular, condenser and light source.

(DThere are two magnifying lenses in the microscope. One magnifying lens is in the ocu-
lar and one is in the objective. Each contributes to the magnification of the object on the
stage. The total magnification of any set of lenses is determined by multiplying the magnifica-
tion of the objective by the magnification of the ocular. When rotating the nosepiece, there is
change in the objective and consequently in magnification. On the nosepiece, a 4 x objective
or lens (red), a 10 x low power objective (yellow) , a 40 x high power objective (blue) , and
a 100 x oil immersion lens ( white) can be found. Note that these lenses are color — coded for
easy identification. Only lens paper is allowed to clean the lens when necessary.

(@ Theiris diaphragm and condenser are located under the stage. The condenser focuses
the light passing through the specimen and the iris diaphragm is used to regulate the amount
of light passing through the specimen.

@3)An electric light source is mounted on the base of the microscope, and is controlled
by an on — off switch which can also adjust the brightness. Please turn off the light when the
microscope is not in use.

(2) Mechanical system: mainly includes base, arm, stage, nosepiece and adjustment
knobs.

(DThebase is the main support for the microscope.

(@ Thearm supports the stage and the optical head. Note that the proper way to carry a
microscope is to grasp the arm with one hand and support the base with the other hand.

(3)Thestage is a flat area upon which the specimen is placed. It has a hole in the center
through which light may pass. Mounted on the stage is a pair of stage clips. This is designed
to immobilize the slide during observation.

(@) Thenosepiece is a revolving plate on the lower side of the optical head which holds
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the objective lenses.

Fig. 1 —1 Bright - field microscope

l. Coarse adjustment knoh; 2. Fine adjustment knob; 3. Arm; 4. Power switch/
brightness control 5. Base; 6. Condenser knob; 7. Iris diaphragm; 8. Objective lens;
9. Revolving nosepiece ; 10. Ocular eyepiece lens; 11, Stage clips;
12. Stage motion knobs; 13. Stage

(BA pair of large knobs located on both sides of the arm are coarse adjustment knobs
that permit rapid raising or lowering of the stage. Please memorize the direction of rotation to
lower or raise the stage. A pair of smaller knobs located “inside of” the coarse adjustment
knobs are fine adjustment knobs that permit minor adjustments in the stage height.

2. Microscope resolution ( resolving power) and the oil immersion objective

Microscope is used to provide a magnifiedand clear image. Resolution (R) is essential
for this. Resolution is the capacity of an optical system to distinguish or separate two adjacent
objects or points form one another. The smaller the resolution, the better the resolving abili-
ty. The following equation expresses the main determining factors in resolution;
0. 61X
~ NA

In the equation, lambda (\) is the wavelength of light used to illuminate the specimen

R

and NA is the numerical aperture. From the equation, it indicates that a majordeterminant of
resolution is the wavelength of the light used. The shorter the wavelength is, the clearer the
image will be. This will help to understand the high resolution of the electron microscope in-
troduced in later parts. Another determinant of resolution is NA. NA is a mathematical con-
stant that describes the relative efficiency of a lens in bending light rays. It could be ex-

pressed as;
NA =n sinf
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In the equation, n represents the refractive index
of the medium between the objective and the speci-
men. @ is defined as 1/2 the angle of the cone of light Objective lens
that enters a lens from a specimen (Figure 1 -2).

Remember that a higher NA can providea better
resolution. An increase in either n or sinf or both can
result in a higher NA. The refractive index for air is
1.00. Since sind cannot be greater than 1.00, no lens o,
working in air can have a NA higher than 1.00. The  Slide
only practical way to make NA above 1.00 is to in-
crease the refractive index with immersion oil, a color-
less liquid with the same refractive index as the slide. When air is replaced with immersion oil ,
reflection and refraction of the light from the condenser to the objective will be avoided effective-

Fig. 1 —2 Numerical aperture

ly. Thus, an increase in numerical aperture and resolution is achieved (Figure 1 -3).

|- Objective lens

N\

/ ’ \ Slide

Fig. 1 =3 The oil immersion objective lens

Materials and Apparatus

1. Specimens on glass slides

(1) The basic morphology of bacteria—Staphylococcus aureus, Streptococcus salivari-
us, Escherichia coli, Bacillus subtilis and Vibrio cholerae.

(2) The special structures of bacteria—endospore ( Bacillus subtilis, Clostridium teta-
ni) , flagella ( Salmonella typhosa) and capsule ( Streptococcus pneumoniae) .

(3) The basic morphology of fungi—Saccharomyces cerevisiae

2. Apparatus and reagents bright — field microscope, dual — bottle ( with immersion
oil and xylene).

3. Others lens paper, water — adsorption paper.

Procedures
(1) Always carry the arm of the microscope with one hand and support the base with

the other hand. Place it on the desk3 to 4 cm away from the desk edge. In order to reduce
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