
Copyright © 2017 McGraw-Hill Education.  All rights reserved.  No reproduction or distribution 
without the prior written consent of McGraw-Hill Education.

Laboratory Resource Guide

LABORATORY EXERCISES IN

MICROBIOLOGY
Tenth Edition

John P. Harley

Prepared by

John P. Harley
Eastern Kentucky University 

and 
University of Kentucky



ii

Copyright © 2017 McGraw-Hill Education.  All rights reserved.  No reproduction or distribution 
without the prior written consent of McGraw-Hill Education.

Table of Contents

1. Bright-Field Light Microscope and Microscopic Measurement of Organisms...........................1
2. The Hanging Drop Slide and Bacterial Motility..........................................................................4
3. Dark-Field Light Microscope......................................................................................................5
4. Phase-Contrast Light Microscope................................................................................................6
5. Fluorescence Microscope............................................................................................................ 7
6. Negative Staining.........................................................................................................................8
7. Smear Preparation and Simple Staining......................................................................................9
8. Gram Stain................................................................................................................................... 10
9. Acid-Fast Staining (Ziehl-Neelsen and Kinyoun) Procedures....................................................11
10. Endospore Staining (Schaeffer-Fulton or Wirtz-Conklin).........................................................12
11. Capsule Staining......................................................................................................................... 13
12. Flagella Staining: West and Difco’s SpotTest Methods.............................................................14
13. Sterilization and Microbiological Culture Media Preparation...................................................15
14. Culture Transfer Instruments, Techniques, and Isolation and Maintenance

of Pure Cultures.......................................................................................................................... 16
15. Spread-Plate Technique.............................................................................................................. 18
16. The Streak-Plate Technique: Selective and Differential Media.................................................19
17. Pour-Plate Technique................................................................................................................. 20
18. Cultivation of Anaerobic Bacteria.............................................................................................. 21
19. Determination of Bacterial Numbers..........................................................................................22
20. Carbohydrates I: Fermentation and β-Glactosidase Activity.....................................................24
21. Carbohydrates II: Triple Sugar Iron Agar Test...........................................................................25
22. Carbohydrates III: Starch Hydrolysis.........................................................................................26
23. Lipids: Lipid Hydrolysis.............................................................................................................27
24. Proteins, Amino Acids, and Enzymes I: Hydrogen Sulfide Production

and Motility................................................................................................................................28
25. Proteins, Amino Acids, and Enzymes II: The IMViC Test........................................................29
26. Proteins, Amino Acids, and Enzymes III: Casein Hydrolysis....................................................30
27. Proteins, Amino Acids, and Enzymes IV: Gelatin Hydrolysis...................................................31
28. Proteins, Amino Acids, and Enzymes V: Catalase Activity.......................................................32
29. Proteins, Amino Acids, and Enzymes VI: Coagulase and DNase Activity................................33
30. Proteins, Amino Acids, and Enzymes VII: Oxidase Test and Bioluminescence.......................34
31. Proteins, Amino Acids, and Enzymes VIII: Urease Activity.....................................................35
32. Proteins, Amino Acids, and Enzymes IX: Lysine and Ornithine Decarboxylase Test..............36
33. Proteins, Amino Acids, and Enzymes X: Phenylalanine Deamination......................................37
34. Proteins, Amino Acids, and Enzymes XI: Dissimilatory Nitrate Reduction..............................38
35. The API 20E System.................................................................................................................. 39
36. The EnteroPluri-Test System......................................................................................................40
37. Using the First Edition of Bergey’s Manual of Systematic Bacteriology

to Identify Bacteria..................................................................................................................... 41
38. General Unknown.......................................................................................................................42
39. Temperature................................................................................................................................43
40. pH................................................................................................................................................44
41. Osmotic Pressure........................................................................................................................ 45



iii

Copyright © 2017 McGraw-Hill Education.  All rights reserved.  No reproduction or distribution 
without the prior written consent of McGraw-Hill Education.

42. The Effects of Chemical Agents on Bacteria I: Disinfection and  Other
Microbial Products................................................................................................................... 46

43. The Effects of Chemical Agents on Bacteria II: Antimicrobial Agents (Kirby-
Bauer Method) and the Etest...................................................................................................47

44. Hand Washing, Environmental Sampling, and Microbiological Monitoring..........................48
45. Determination of a Bacterial Growth Curve: Classical and Two-Hour Methods....................49
46. Standard Coliform Most Probable Number (MPN) Test and Colilert-18

Coliform Test........................................................................................................................... 50
47. Membrane Filter Technique for Coliforms and Fecal Streptococci: KONFIRM

Test for Fecal Coliforms..........................................................................................................51
48. Isolation of Escherichia coli Bacteriophages from Sewage and Determining Bacteriophage   

Titers........................................................................................................................................52
49. Enumeration of Soil Microorganisms.....................................................................................53
50. Bacterial Count of a Food Product..........................................................................................54
51. Examination of Milk for Bacteria............................................................................................55
52. Hemagglutination Reactions: Blood Groups..........................................................................56
53. Isolation of Normal Microbiota from the Human Body..........................................................57
54. Staphylococci........................................................................................................................... 58
55. Pneumococci............................................................................................................................ 59
56. Streptococci..............................................................................................................................60
57. Neisseriae................................................................................................................................. 61
58. Aerobic and Anaerobic Endospore-Forming Bacteria............................................................62
59. Fungi  (Eumycota) I: Yeasts (Ascomycota)............................................................................63
60. Fungi (Eumycota) II: Zygomycota (Rhizopus), Ascomycota (Penicillium), and

Basidiomycota (Agaricus)........................................................................................................64
61. Bacterial Mutation....................................................................................................................65
62. Bacterial Transformation......................................................................................................... 66
63. Bacterial Conjunction: The Transfer of Antibiotic-Resistant Plasmids..................................67
64. Isolation of Genomic DNA from Baker’s Yeast (Saccharomyces cerevisae).........................68
65. Isolation and Purification of Genomic DNA from Escherichia coli.......................................69
66. Independent Group Projects.....................................................................................................70
67. Case Studies............................................................................................................................. 71



iv

Copyright © 2017 McGraw-Hill Education.  All rights reserved.  No reproduction or distribution 
without the prior written consent of McGraw-Hill Education.

Note to Instructors: The answers given for the review questions in the laboratory manual may, in
many cases, not be the only possible answers or interpretations diligent students might formulate.
Therefore, my objective is to indicate what answers are most likely to be given by the students.
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Laboratory Report 1 Bright-Field Light Microscope (Dark 
Image, Brighter Background) 

and Microscopic Measurement 
of Organisms

ASSESSMENT: Critical Thinking and Learning Outcomes Review

1. Differentiate between resolving power and magnifying power of a lens. What is meant by the
term “parfocal?”
a.  Resolving power of a lens—refers to the smallest distance between two adjacent objects on the

stage of the microscope that still allows the observer to see each object independently
b. Magnifying power of a lens—refers to the size of the image you are observing in comparison 

with the object’s true size
c. Parfocal—indicates that when the objectives on the microscope are rotated to view the object at a

different magnification, the object will remain in focus

2. Why is the low-power objective placed in position when the microscope is stored or carried?
Placing the low-power objective in position will ensure that an objective will not hit the stage if the 
microscope is jarred. This may also allow the barrel of the microscope to be adjusted to its lowest 
level to facilitate more vertical clearance when storing the microscope on its shelf or in its cabinet.

3. Why is oil necessary when using the 90x to 100x objective?
Oil allows a consistent optical density for the light flow, so more light from the object will reach the
viewer’s eye. In addition, the oil will decrease distortion due to air currents and Brownian motion.

4. What is the function of the iris diaphragm? The substage condenser?
The iris diaphragm can control the amount of light passing through the object. The condenser focuses
maximum light upon the object on the slide.

5. What is meant by the limit of resolution?
Limit of resolution refers to the smallest object that can be distinguished clearly with a given 
objective. This is a function of the numerical aperture of the lens and the wavelength of light being 
used.

6. How can you increase the bulb life of your microscope if its voltage is regulated by a rheostat?
The bulb life of your microscope can be increased by adjusting the light gradually to that required for 
optimal observation when using the microscope, and by turning the light to its lowest setting when 
the microscope is on but the student is not looking through it.

7. In general, at what position should you keep your microscope’s substage condenser lens?
The substage condenser lens will need to be adjusted to its appropriate setting for each objective used.
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8. What are the three bacterial shapes you observed?
a. Rods (bacilli)
b. Round (cocci)
c. Spiral (spirilla)

9. How can you increase the resolution on your microscope?
Although the quality of the lens will dictate maximum resolution, the student can achieve optimal 
results through proper lens cleaning and proper diaphragm and condenser adjustment.

10. In microbiology, what is the most commonly used objective? Explain your answer.
When observing most bacteria, due to their small size, the oil immersion objective (100x) will be
necessary. This is also true for some eucaryotic microorganisms, but most fungi, algae, and protozoa
can be adequately observed with 40x or sometimes even 10x objectives.

11. In microbiology, what is the most commonly used ocular? Explain your answer.
The most commonly used ocular for microbial observations is 10x to allow 900x or 1,000x
magnification of bacteria.

12. If 5x instead of 10x oculars were used in your microscope with the same objectives, what 
magnifications would be achieved?
The magnifications that would be achieved would be one-half those attained with 10x oculars.

13. Why is it necessary to calibrate the ocular micrometer with each objective?
For each ocular objective combination, the relative number of lines on the ocular micrometer 
corresponding to one line on the stage micrometer will be different.

14.  In the prepared slides, which organism was the largest?
In the prepared slides, protozoa, algae, and fungi will be the largest. Of the smaller organisms 
(bacteria), the gram-positive stained bacteria will appear larger than gram-negative bacteria of the 
same actual size.

15. When identifying microorganisms, why should a wet-mount be used when making 
measurements?
Only live unstained cells will retain their true size under microscopic examination. Stained cells will 
shrink and not give a true accurate measurement.

16. What is a stage micrometer?
A stage micrometer is a calibrated slide which is placed upon the stage of a microscope.

17. Complete the following for the 10x objective:
a. 10 ocular micrometer divisions = 7 stage micrometer divisions
b. 1.429 ocular micrometer divisions = 1 stage division = 0.01 mm
c. One ocular micrometer division = 0.7 stage divisions = 0.007 mm
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18. Complete the following on units of measurement:

Unit Abbreviation Value
a. 1 centimeter cm 10-2 meter
b. 1 millimeter mm 10-3 meter
c. 1 micrometer mm 10-6 meter
d. 1 nanometer nm 10-9 meter
e. 1 angstrom Å 10-10 meter

19. In summary, what is the major purpose of this exercise?
The purposes of the exercise is to learn how to correctly use the bright-field microscope and measure 
microorganisms.


