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FUNDAMENTAL PRINCIPLES OF MICROBIOLOGY 

What are microbes and microbiology  

Microbes are tiny living things that are found all around us and are too small to be seen by the 

naked eye. They can only see by microscope and the study of these microbes is microbiology. 

Microbes live in water, soil, and in the air. The human body is home to millions of these 

microbes too, also called microorganisms. Microorganisms or microbes are microscopic 

organisms that exist as unicellular, multicellular, or cell clusters. Microorganisms are widespread 

in nature and are beneficial to life, but some can cause serious harm.  

Classification 

They can be divided into five major types: bacteria, fungi, protozoa, algae, and viruses. 

Bacteria 

Bacteria are unicellular organisms. The cells are described as prokaryotic because they lack a 

nucleus. They exist in four major shapes: bacillus (rod shape), coccus (spherical shape), spirilla 

(spiral shape), and vibrio (curved shape). Most bacteria have a peptidoglycan cell wall; they 

divide by binary fission; and they may possess flagella for motility. The difference in their cell 

wall structure is a major feature used in classifying these organisms. 

According to the way their cell wall structure stains, bacteria can be classified as either gram-

positive or gram-negative when using the gram staining. Bacteria can be further divided based on 

their response to gaseous oxygen into the following groups: aerobic (living in the presence of 

oxygen), anaerobic (living without oxygen), and facultative anaerobes (can live in both 

environments). 

According to the way they obtain energy, bacteria are classified as heterotrophs or autotrophs. 

Autotrophs make their own food by using the energy of sunlight or chemical reactions, in which 

case they are called chemoautotrophs. Heterotrophs obtain their energy by consuming other 

organisms. Bacteria that use decaying life forms as a source of energy are called saprophytes. 

Fungi 

Fungi (mushroom, molds, and yeasts) are eukaryotic cells (with a true nucleus). Most fungi are 

multicellular and their cell wall is composed of chitin. They obtain nutrients by absorbing 

organic material from their environment (decomposers), through symbiotic relationships with 

plants (symbionts), or harmful relationships with a host (parasites). They form characteristic 

filamentous tubes called hyphae that help absorb material. The collection of hyphae is called 

mycelium. Fungi reproduce by releasing spores. 



 

Protozoa 

Protozoa are unicellular aerobic eukaryotes. They have a nucleus, complex organelles, and 

obtain nourishment by absorption or ingestion through specialized structures. They make up the 

largest group of organisms in the world in terms of numbers, biomass, and diversity. Their cell 

walls are made up of cellulose. Protozoa have been traditionally divided based on their mode of 

locomotion: flagellates produce their own food and use their whip-like structure to propel 

forward, ciliates have tiny hair that beat to produce movement, amoeboid have false feet or 

pseudopodia used for feeding and locomotion, and sporozoans are non-motile. They also have 

different means of nutrition, which groups them as autotrophs or heterotrophs. 

Algae 

Algae, also called cyanobacteria or blue-green algae, are unicellular or multicellular eukaryotes 

that obtain nourishment by photosynthesis. They live in water, damp soil, and rocks and produce 

oxygen and carbohydrates used by other organisms. It is believed that cyanobacteria are the 

origins of green land plants. 

Viruses 

Viruses are noncellular entities that consist of a nucleic acid core (DNA or RNA) surrounded by 

a protein coat. Although viruses are classified as microorganisms, they are not considered living 

organisms. Viruses cannot reproduce outside a host cell and cannot metabolize on their own. 

Viruses often infest prokaryotic and eukaryotic cells causing diseases. 

 

  



FRIDAY (20/3/2020) 

Isolation of microorganisms 

Microorganisms occur in natural environment like soil. They are mixed with several other forms 

of life. Many microbes are pathogenic. They cause a number of diseases with a variety of 

symptoms, depending on how they interact with the patient. The isolation and growth of 

suspected microbe in pure culture is essential for the identification and control the infectious 

agent. 

The primary culture from natural source will normally be a mixed culture containing microbes of 

different kinds. But in laboratory, the various species may be isolated from one another. A 

culture which contains just one species of microorganism is called a pure culture. The process of 

obtaining a pure culture by separating one species of microbe from a mixture of other species, is 

known as isolation of the organisms. 

Methods of Isolation: 

There are special techniques employed to obtain pure cultures of microorganisms. In few cases it 

is possible to secure pure culture by direct isolation or direct transfer. This can be done only in 

those situations in which pure culture occurs naturally. 

Following isolation methods are employed to isolate microbes from mixed cultures: 

1. Streak plate method 

2. Pour plate method 

3. Spread plate method 

4. Serial dilution technique 

5. Single cell technique. 

1. Streak plate method 

Principle 

The sample/inoculum is diluted by streaking it across the surface of the agar plate.  While 

streaking in successive areas of the plate, the inoculum is diluted to the point where there is only 

one bacterial cell deposited every few millimeters on the surface of the agar plate.  When these 



lone bacterial cells divide and give rise to thousands and thousands of new bacterial cells, an 

isolated colony is formed.   Pure cultures can be obtained by picking well isolated colonies and 

re-streaking these on fresh agar plates. 

 

Various method of streaking 

Procedure: 

1. Sterilize the inoculating loop in the bunsen burner by putting the loop into the flame until 

it is red hot. Allow it to cool. 

2. Pick an isolated colony from the agar plate culture and spread it over the first quadrant 

(approximately 1/4 of the plate) using close parallel streaks or Insert your loop into the 

tube/culture bottle and remove some inoculum. You don’t need a huge chunk. 

3.  Immediately streak the inoculating loop very gently over a quarter of the plate using a 

back and forth motion. 

4. Flame the loop again and allow it to cool. Going back to the edge of area 1 that you just 

streaked, extend the streaks into the second quarter of the plate. 

5. Flame the loop again and allow it to cool. Going back to the area that you just streaked 

(area 2), extend the streaks into the third quarter of the plate. 

6. Flame the loop again and allow it to cool. Going back to the area that you just streaked 

(area 3), extend the streaks into the center fourth of the plate. 

7. Flame your loop once more. 

Results 

Streaked plate are incubated at 37°C for 24 hours. Examine the colonies grown in the plate 

carefully. All colonies should have the same general appearance. If there is more than one type 

of colony, each type should be streaked again on a separate plate to obtain a pure culture. 

2. Pour plate method 

Pour plate method is usually the method of choice for counting the number of colony-forming 

bacteria present in a liquid specimen.  In this method, fixed amount of inoculum (generally 1 ml) 

from a broth/sample is placed in the center of sterile Petri dish using a sterile pipette. Molten 

cooled agar (approx. 15mL) is then poured into the Petri dish containing the inoculum and mixed 

well.  After the solidification of the agar, the plate is inverted and incubated at 37°C for 24-48 



hours. Microorganisms will grow both on the surface and within the medium. Colonies that grow 

within the medium generally are small in size and may be confluent; the few that grow on the 

agar surface are of the same size and appearance as those on a streak plate. Each (both large and 

small) colony is carefully counted (using magnifying colony counter if needed). Each colony 

represents a “colony forming unit” (CFU). 

 

 

Procedure: 

1. Collect one bottle of sterile molten agar (containing 15 mL of melted Plate Count Agar or 

any other standard culture media) from the water bath (45°C). 

2. Hold the bottle in the right hand; remove the cap with the little finger of the left hand. 

3. Flame the neck of the bottle. 

4. Lift the  lid  of  the  Petri  dish  slightly  with the  left  hand  and  pour  the  sterile  molten 

agar  into  the  Petri  dish  and  replace  the the lid. 

5. Flame the neck of the bottle and replace the cap. 

6. Gently rotate the dish to mix the culture and the medium thoroughly and to ensure that 

the medium covers the plate evenly. Do not slip the agar over the edge of the petri dish. 

7. Allow the agar to completely gel without disturbing it, it will take approximately 10 

minutes. 

8. Seal and incubate the plate in an inverted position at 37°C for 24-48 hours. 

Results: 

After 24-48 hours, count all the colonies. A magnifying colony counter can aid in counting small 

embedded colonies. 

 



 

SATURDAY (21/3/2020) 

3. Spread plate method 

Principle 

In this technique, a serially diluted specimen containing 2 or more bacteria or microbe (Mixed 

culture) is used which is spread over the solidified agar media plates as a thin layer with the help 

of a sterile L-shape glass rod (Spreader) while the media plate is spun on a turntable. 

The principle behind this method is that when the Media plate is spun, at some stage, single cells 

will be deposited with the bent glass rod (Spreader) onto the surface of the Agar media. Some of 

the cells present in the specimen / diluted specimen will be separated from each other by a 

distance sufficient to allow the colonies that develop to be free from each other. 

 

 

Procedure: 

1. Make a dilution series from a sample. 

2. Pipette out 0.1 ml from the appropriate desired dilution series onto the center of the 

surface of an agar plate. 

3. Dip the L-shaped glass spreader into alcohol. 

4. Flame the glass spreader (hockey stick) over a Bunsen burner. 

5. Spread the sample evenly over the surface of agar using the sterile glass spreader, 

carefully rotating the Petri dish underneath at the same time. 

6. Incubate the plate at 37°C for 24 hours. 

7. Calculate the CFU value of the sample. Once you count the colonies, multiply by the 

appropriate dilution factor to determine the number of CFU/mL in the original sample. 

 

 



4. Serial dilution technique 

It is a method of stepwise dilution of a substance. The dilution factor is kept constant, resulting 

in the geometric progression of concentration in a logarithmic fashion. Each dilution reduces the 

concentration of bacteria by a specific amount. By calculating the total dilution over the entire 

series, it is possible to know how many bacteria were present when the process was started. 

 

5. Single Technique 

This is one of the most ideal and difficult method of securing pure culture. In this method a 

suspension of the pure culture is placed on the under-side of a sterile cover-glass mounted over a 

moist chamber on the stage of the microscope. 

While looking through the microscope, a single cell is removed with the help of sterile 

micropipette and transferred to a small drop of sterile medium on a sterile cover-glass and is 

mounted on a sterile hanging drop slide, which is then incubated at suitable temperature. If the 

single cell germinates in this drop, few cells are transferred into a tube containing sterile culture 

medium which is placed in the incubator to obtain pure culture originated from single cell. 

 


