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Unit I: Bacteria. Eubacteria, cyanobacteria, Archaebacteria, Bergey’s classification 

scheme for bacteria. Staining of bacteria. Size and shape of bacterial cells. Modes 

of reproduction, enumeration, bacterial growth curve, synchronous growth, 

physical and chemical methods of controlling bacterial growth. Cultivation of 

bacteria. Nutritional requirements. Types of media. Factors affecting growth of 

microbes. Choice of media and conditions of incubation. Isolation and 

maintenance of pure cultures.  

BACTERIA DEFINITION 

Bacteria are single-celled microorganisms with prokaryotic cells, which are 

single cells that do not have organelles or a true nucleus and are less complex than 

eukaryotic cells. Bacteria with a capital B refers to the domain Bacteria, one of the 

three domains of life. The other two domains of lifeare Archaea, members of 

which are also single-celled organisms with prokaryotic cells, and Eukaryota. 

Bacteria are extremely numerous, and the total biomass of bacteria on Earth is 

more than all plants and animals combined. 

 

Evolution of Bacteria 

Bacteria first arose on Earth approximately 4 billion years ago, and they were the 

first forms of life on Earth. For 3 billion years, bacteria and archaea were the most 

prevalent kinds of organisms on Earth. Multicellular eukaryotes did not appear 

until around 1.6-2 billion years ago. Eukaryotic cells, which make up all 

protists, fungi, animals, and plants, also contain what was once bacteria; it is 

thought that the mitochondria in eukaryotes, which produce energy 

https://biologydictionary.net/domain/
https://biologydictionary.net/multicellular/
https://biologydictionary.net/fungi/
https://biologydictionary.net/mitochondria/


 

through cellular respiration, and chloroplasts in plants and algae, which produce 

energy through photosynthesis, both evolved from bacteria that got taken up into 

cells in an endosymbiotic (mutually benefiting) relationship that became 

permanent over time. 

Bacteria Characteristics 

Bacteria are single-celled organisms. They lack organelles such as 

chloroplasts and mitochondria, and they do not have the true nucleus found in 

eukaryotic cells. Instead, their DNA, a double strand that is continuous and 

circular, is located in a nucleoid. The nucleoid is an irregularly shaped region that 

does not have a nuclear membrane. Bacteria also have a cell membrane and a cell 

wall that is often made of peptidoglycan. Together, the cell membrane and cell 

wall are referred to as the cell envelope. Many bacteria need a cell wall in order to 

survive. 

Reproduction occurs through binary fission, which is the splitting of a bacterial 

cell after it reaches a certain size. Bacteria reproduce asexually, so the 

two daughter cells that result from binary fission have the same DNA as the parent 

cell. However, some bacteria can also exchange genetic material among one 

another in a process known as horizontal gene transfer. This method involves two 

already existing bacteria; it is not a form of transmission from parent to child. 

Bacteria Shapes 

Bacteria come in a myriad of shapes. The three main shapes of bacteria are coccus, 

spiral, and bacillus.Bacteria are single-celled microorganisms with prokaryotic 

cells, which are single cells that do not have organelles or a true nucleus and are 

less complex than eukaryotic cells. Bacteria with a capital B refers to 

the domain Bacteria, one of the three domains of life. The other two domains of 

life  

 

 

 

https://biologydictionary.net/cellular-respiration/
https://biologydictionary.net/algae/
https://biologydictionary.net/photosynthesis/
https://biologydictionary.net/nucleoid/
https://biologydictionary.net/nuclear-membrane/
https://biologydictionary.net/cell-membrane/
https://biologydictionary.net/cell-wall/
https://biologydictionary.net/cell-wall/
https://biologydictionary.net/peptidoglycan/
https://biologydictionary.net/cell/
https://biologydictionary.net/binary-fission/
https://biologydictionary.net/daughter-cells/
https://biologydictionary.net/gene/
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Cocci are bacteria that are spherical or ovoid in shape. Some cocci remain attached 

after binary fission, even though separate cells have been formed. For example, 

diplococci are cocci in pairs, streptococci are chains, and staphylococci are clusters 

of multiple cocci. Tetrads are square arrangements of four cocci, while sarcinae are 

cubes of eight cocci. 

Spiral bacteria are, as the name suggests, spiral-shaped. Spirillums are thick, tough 

spirals. Spirochetes are spirals that are thin and flexible. Vibrios are comma-

shaped rods with a small twist. 

Bacilli are rod-shaped bacteria. Like cocci, bacilli can be solitary or arranged 

together. Diplobacilli are two bacilli arranged next to each other, and streptobacilli 

are chains of bacilli. 

Bacteria can also be other shapes such as filamentous (long and thin), square, star-

shaped, and stalked. This diagram depicts the numerous shapes of bacteria. 

Types of Bacteria 

The cell wall also makes Gram staining possible. Gram staining is a method of 

staining bacteria involving crystal violet dye, iodine, and the counterstain safranin. 

Many bacteria can be classified into one of two types: gram-positive, which show 

the stain and appear violet in color under a microscope, and gram-negative, which 

only show the counterstain, and appear red. Gram-positive bacteria appear violet 

because they have thick cell walls that trap the crystal violet-iodine complex. The 

thin cell walls of gram-negative bacteria cannot hold the violet-iodine complex, 

but they can hold safranin. This makes gram-negative bacteria appear red under 

Gram staining. Gram staining is used for general identification of bacteria or to 

detect the presence of certain bacteria; it cannot be used to identify bacteria in any 

specific way, such as at a species level. Examples of gram-positive bacteria 

include the genera Listeria, Streptococcus, and Bacillus, while gram-negative 

bacteria include Proteobacteria, green sulfur bacteria, and cyanobacteria. Examples 

of gram-negative bacteria, including Escherichia coli (E. coli), Salmonella, 

Shigella, and other Enterobacteriaceae, Pseudomonas, Moraxella, Helicobacter, 

Stenotrophomonas, Legionella etc. 

 

https://biologydictionary.net/species/


 

Examples of Bacteria 

Escherichia coli is one example of a common species of bacteria. It is bacillus-

shaped and found naturally in the intestines of many animals including humans, 

where it produces vitamin K and b-complex vitamins. E. coli is also often used in 

laboratory research since it reproduces quickly and is hardy. Most strains of E. 

coli are harmless to humans, but some can cause infection. E. coli infection can 

result in gastrointestinal problems like diarrhea, and in more severe cases, bacterial 

meningitis or pneumonia can occur. 

Lactobacillus acidophilus is another bacillus-shaped species of bacteria naturally 

found in places like the intestines and vagina, where it protects against harmful 

bacteria. It is a probiotic, a bacterium found in certain foods like yogurt and other 

fermented foods that is consumed in order to help absorb nutrients and replenish 

the body’s supply of “good” bacteria. It can also be consumed in small amounts by 

people with lactose intolerance in order to help them consume lactose. 

Some bacteria can be extremely harmful, such as Clostridium botulinum, the 

bacteria that causes botulism. C. botulinum produces the neurotoxin botulinum, 

which is responsible for the symptoms of botulism. Symptoms include blurred 

vision, nausea, trouble breathing, muscle weakness, and paralysis. 

Botulinum toxin is the deadliest known toxin; just one kilogram of botulinum 

would be deadly enough to kill the entire human population. 

EUBACTERIA DEFINITION 

Eubacteria, or “true” bacteria, are single-celled prokaryotic microorganisms that 

have a range of characteristics and are found in various conditions throughout all 

parts of the world. All types of bacteria fall under this title, except 

for archaebacteria. Since eubacteria is so common, it comprises one of the three 

domains of life; the three domains are Archaea, Bacteria, and Eukarya. 

https://biologydictionary.net/muscle/
https://biologydictionary.net/toxin/
https://biologydictionary.net/population/
https://biologydictionary.net/bacteria/
https://biologydictionary.net/archaebacteria/


 

 

Characteristics of Eubacteria 

Eubacteria, or microorganisms lacking a defined membrane nucleus, have several 

general characteristics. All are enclosed by a cellular wall, which is made up of 

peptidoglycans in a cross-linked chain pattern. This gives the wall of the bacteria 

the strength needed to maintain its shape and size during changing environments. 

Small molecules can diffuse through the cell wall, but often a proton gradient must 

first be established in order for molecule exchange to properly occur. Unlike 

eukaryotes, bacteria have cholesterol present in the membrane to enhance 

permeability properties of the membrane and increase stiffness. Similar to 

eukaryotes, bacteria also have a plasma membrane within the cell wall. Some 

bacteria may havea flagella, or a projection composed of protein filaments, that is 

used for movement. Other bacteria may have pili, which are small projections all 

over the outside of the cell, and are used for sticking to surfaces and transferring 

DNA. When a large amount of bacteria are attached to a surface and are 

surrounded by a polysaccharide sac, this is referred to as a biofilm. This complex 

has high antimicrobial resistance. 

Within the plasma membrane of the bacteria is the cytoplasm, or the intracellular 

milieu. It is composed of mainly water (approximately 80%), but has a gel-like 

consistency. Bacteria do not have membrane-bound organelles, unlike eukaryotes, 

which have mitochondria and chloroplasts. There are ribosomes, however, which 

are organelles that are composed of RNA and used for protein synthesis. Free 

floating within the cytoplasm is also the genome, or bacterial DNA, found in 

https://biologydictionary.net/cell-wall/
https://biologydictionary.net/molecule/
https://biologydictionary.net/plasma-membrane/
https://biologydictionary.net/cell/
https://biologydictionary.net/polysaccharide/
https://biologydictionary.net/biofilm/
https://biologydictionary.net/cytoplasm/
https://biologydictionary.net/mitochondria/


 

the nucleoid. Bacterial chromosomes are often circular but can also be linear in 

shape. This shape comes in handy when a bacterium is undergoing replication. 

Bacteria can asexually reproduce through binary fission or budding. Binary fission 

is when two equal progeny cells are produced. Bacteria that undergo binary fission 

must first elongate before separating. Budding is when there is growth off the 

parent cell. Binary fission produces two equal daughter cells, while budding 

produces a new cell while the parent cell remains. 

During times of extreme conditions not conducive to replication, such as 

starvation, eubacteria have the ability to become endospores. In this state, the 

bacteria can tolerate exceedingly high and low temperatures, acidic and basic 

conditions, and large amounts of radiation. Endospores are extremely hard to kill. 

Surprisingly, they can be boiled for hours and still survive. Endospores can only be 

made by Gram-positive bacteria. Within the endospore remains the bacterial DNA, 

but the cytoplasm has a decreased water concentration. This is thought to help in 

protecting against high heat. The bacteria will take on a tough coating composed of 

calcium and dipicolinic acid, creating a dense and impregnable barrier to stabilize 

the DNA within the cell. DNA repair enzymes are also still active, aiding in the 

resistance of the endospore. 

Plasmids are also found within bacteria separate from the bacteria’s circular DNA. 

Also referred to as “replicons”, plasmids are autonomous replicating DNA 

molecules. Not all plasmids replicate in bacteria, though. These elements allow for 

horizontal gene transfer, which is a way for a bacterium to gain new genes and 

therefore traits. They primarily aid in the rapid mutation in bacteria to several 

factors. Similar to the other genetic material, the plasmids can be passed onto 

daughter cells during replication. They are the common DNA structure used in 

research because they are relatively easy to manipulate, implant and measure. 

Types of Eubacteria 

Eubacteria are typically classified into five different phylums: Chlamydias, 

Cyanobacteria (Blue-green algae), Gram-positive bacteria, Proteobacteria, and 

Spirochetes. Chlamydias are often parasitic bacteria. Cyanobacteria are most 

commonly known to be aquatic and obtain energy via photosynthesis. Some, but 

not all, bacteria have an additional layer enclosing the cell wall referred to as the 

https://biologydictionary.net/nucleoid/
https://biologydictionary.net/binary-fission/
https://biologydictionary.net/daughter-cells/
https://biologydictionary.net/gene/
https://biologydictionary.net/mutation/
https://biologydictionary.net/algae/
https://biologydictionary.net/photosynthesis/


 

lipopolysaccharide or LPS layer. This extra layer cannot be dyed with a Gram stain 

that is often used to classify bacteria by researchers and are thus referred to as 

Gram-negative bacteria or Proteobacteria. Proteobacteria make up the second 

largest group of bacteria and they can be stained by the dye. These bacteria are 

referred to as Gram-positive. Spirochetes are long, thin, spiral shaped bacteria that 

are known to cause Lyme disease. They are distinct from the other types of 

bacteria due to their helical shape and movement. They typically move by spinning 

along their axis. 

Bacteria commonly take on one of three shapes: bacilli, cocci, and spirilli. Bacilli 

have a rod shape, cocci have a spherical shape, and spirilli have a spiral or wave 

shape. Their shape was often used as a classification system until recently. 

Bacteria may stay linked after division, forming other shapes such as clusters, 

filaments, and tight coils. 

Examples of Eubacteria 

Escherichia coli, abbreviated to E. coli, belongs to the Eubacteria domain. It is 

classified into the Proteobacteria phylum. It is rod-shaped and Gram-negative so it 

has the additional membrane. E. coli is commonly found in the gut of many 

different types of warm-blooded hosts, including humans. Most strains are 

harmless, but some can cause food poisoning and other illnesses. The bacteria can 

only survive outside of a host for a limited time. 

Streptococcus pneumoniae, abbreviated to S. pneumoniae is another common 

eubacteria. It belongs to the Firmicutes phylum. It is cocci shape, as its name 

implies, and Gram-positive. S. pneumoniae can be found on healthy hosts in the 

respiratory tract, nasal cavity, and sinuses. However, the bacteria can become 

pathogenic and spread to other parts of the body, often causing pneumonia and 

meningitis in immunocompromised hosts. The bacteria in high amounts can cause 

other illnesses as well, including, but not limited to, bronchitis, acute sinusitis, and 

sepsis. 

 

 

https://biologydictionary.net/domain/
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CYANOBACTERIA 

Cyanobacteria is a phylum comprised of photosynthetic bacteria that live in 

aquatic habitats and moist soils. Others are considered as an endosymbiont, serving 

as an endosymbiotic plastids in many eukaryotic cells. Cyanobacteria are found to 

play a role in producing gaseous oxygenas a byproduct of photosynthesis. They are 

also believed to be associated with the Great Oxygenation Event. Some of them 

are nitrogen-fixers. Some live singly or in colonies, forming filaments or spheres. 

Etymology 

The term cyanobacteria came from the Greek kyanós, meaning “blue” and 

bacteria. Synonyms: Myxophyceae (Wallroth, 1833); Phycochromaceae 

(Rabenhorst, 1865); Cyanophyceae (Sachs, 1874); Schizophyceae (Cohn, 1879); 

Cyanophyta (Steinecke, 1931); Oxyphotobacteria (Gibbons & Murray, 1978). 

Classification 

In the five-kingdom scheme of classification, Cyanobacteria used to be called 

Cyanophyta and is one of the phyla of the Kingdom Protista. Other phyla 

are Euglenophyta, Chrysophyta, Pyrrophyta, Chlorophyta, Phaeophyta, 

and Rhodophyta.These phyla are groups of plant-like protists due to their 

photosynthetic capability. They do not have true roots, stems, and leaves as 

embryophytesdo.Recent studies and findings, though, caused changes in the 

taxonomic positions and led to newer systems of classification.(2) At present, 

Cyanophyta (also called blue-green algae) is now referred to as Cyanobacteria, a 

phylum of bacteria. That is because this clade is comprised of species that 

are prokaryotic. In phycology, the blue-green algae are the only prokaryotic algae; 

the rest are eukaryotes. Thus, they are now classified as bacteria belonging to 

Phylum Cyanobacteria. 

Sub-groups 

Cyanobacterial sub-groups are classified as follows based on morphology: 

Chroococcales, Pleurocapsales, Oscillatoriales,  Nostocales,Stigonematales 

General characteristics 

https://www.biologyonline.com/dictionary/bacteria
https://www.biologyonline.com/dictionary/protista
https://www.biologyonline.com/dictionary/euglenophyta
https://www.biologyonline.com/dictionary/chrysophyta
https://www.biologyonline.com/dictionary/pyrrophyta
https://www.biologyonline.com/dictionary/chlorophyta
https://www.biologyonline.com/dictionary/phaeophyta
https://www.biologyonline.com/dictionary/rhodophyta
https://www.biologyonline.com/dictionary/prokaryotic
https://www.biologyonline.com/dictionary/phycology
https://www.biologyonline.com/dictionary/bacteria


 

 

 

Cyanobacteria are characterized by the presence of pigments (particularly 

phycobiliproteins) that account to their blue-greenish colour. The phycobiliproteins 

are components of the phycobilisomes (light-harvesting antennae for 

cyanobacterial photosystems). Phycobilisomes are embedded on the 

intracytoplasmic membranes (thylakoids). These pigments are responsible for the 

blue-green pigmentation of cyanobacteria and they enable them to synthesize their 

own sugar through photosynthesis. Some cyanobacteria 

(e.g. Prochlorothrix, Prochlorococcus, Prochloron) lack phycobilisomes and they 

have chlorophyll b insteadCyanobacteria are prokaryotic. They lack a membrane-

bound nucleus. Nevertheless, they have microcompartments. For instance, 

carboxysome is a compartmentalized cage-like structure surrounded by a protein 

shell. Cyanobacteria use it for concentrating CO2 and therefore increase the 

efficiency of RuBisCo (the CO2-fixing enzyme). The thylakoids of cyanobacteria 

are separate compartments (unlike other photosynthetic bacteria whose thylakoids 

are continuous with the plasma membrane). Apart from photosynthesis, the 

thylakoids are also involved in cellular respiration. While the thylakoid machinery 

for electron transport is used for photosynthesis in the light (during the day) it is 

then used for respiration in the dark (at night). 

They may occur singly (as unicellular organisms) or in colonies (forming 

filaments, such as Anabaena sp.). Filamentous species may differentiate 

into vegetative cells (photosynthetic cells), akinetes (spores resistant to harsh 

environmental conditions), or to heterocysts (cells capable of nitrogen fixation by 

https://www.biologyonline.com/dictionary/thylakoid
https://www.biologyonline.com/dictionary/plasma-membrane
https://www.biologyonline.com/dictionary/cellular-respiration


 

producing the enzyme nitrogenase). Apart from photosynthesis, cyanobacteria are 

capable of nitrogen fixation through heterocysts. Some of them are nonmotile 

whereas others can move by gliding motility. Motile filaments of cyanobacterial 

cells are called hormogonia. Individual cells may break away from this filament to 

start a new colony elsewhere. In order to float, they form gas vesicle (a vesicle 

bounded by a protein sheath and not by a lipid membrane). Cyanobacteria 

reproduce by binary fission. 

Nitrogen fixation 

Certain cyanobacteria are nitrogen-fixing organisms. Anabaena is an example. 

They can fix the atmospheric nitrogen into another form (e.g. ammonia, nitrites, or 

nitrates) that other organisms (e.g. plants and animals) can readily use and convert 

into proteins and nucleic acids. Cyanobacteria can fix atmospheric nitrogen 

through transforming into specialized cells called heterocysts. Heterocyst 

formation occurs when the environment is anoxic and fixed nitrogen is scarce. 

Evolution 

According to endosymbiotic theory, eukaryotes that have acquired the ability to 

photosynthesize are those that have evolved from the primitive eukaryotes that 

ingested primitive photosynthetic prokaryotes, such as cyanobacteria. A primary 

endosymbiotic event led to the evolution of the three primary endosymbiotic 

eukaryotes: green plants, red algae, and glaucophytes. These three groups make up 

the monophyletic group, Archaeplastida. The primitive cyanobacterial cell inside 

the eukaryote is theorized to have eventually become the plastid (chloroplast) that 

is known today. Thechloroplast and the cyanobacterial cell seem to share common 

features, i.e. morphologically, phylogenetically, genetically, and biochemically. 

Following the primary endosymbiosis, secondary and tertiary endosymbiotic 

events ensued, and these are believed to have led to later lineages of 

photosynthetic eukaryotes. 

 

 

Cyanobacterial blooms 

https://www.biologyonline.com/dictionary/nitrogen-fixation
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Cyanobacteria are found in aquatic habitats and moist soil. They can also cause 

algal blooms in aquatic environments, especially those that are stagnant, calm or 

slowly flowing. The algal bloom by cyanobacteria appears like a scum that is blue-

green in colour. It can contain cyanotoxins (toxins produced by cyanobacteria) that 

can cause serious illness or kill when consumed in certain concentrations. It can 

cause shellfish poisoning and fish kill. Cyanobacterial blooms are intensified by 

anthropogenic eutrophication of aquatic habitats. Rising temperatures, vertical 

stratification, increased CO2 in the atmosphere, and high concentration of 

phosphorus can cause cyanobacterial population to grow exponentially. 

Cyanotoxins consist of neurotoxins, hepatotoxins, cytotoxins, and endotoxins that 

can cause respiratory failure to animals that ingest them through contaminated 

water. 

Soil stabilization 

In terrestrial habitats, such as a damp soil, cyanobacteria help stabilize soil. Their 

growth prevents erosion. They help retain water. For instance, Microcoleus 

vaginatus is a cyanobacterium that produces a polysaccharide sheath that binds soil 

particles and helps retain water. 

Oxygen cycle contributor 

Cyanobacteria are key players in the oxygen cycle. Prochlorococcus sp. alone is 

credited for contributing much oxygen (about half) by photosynthesis in the open 

ocean. 

 

Heterotrophy 

Some cyanobacteria can become heterotrophs. Some heterorophic parasitic 

cyanobacteria can cause disease to their invertebrate host, such as black band 

disease. 

 

 

Archaebacteria Definition 



 

Archaebacteria are a type of single-cell organism which are so different from other 

modern life-forms that they have challenged the way scientists classify life. 

Until the advent of sophisticated genetic and molecular biology studies allowed 

scientists to see the major biochemical differences between archaebacteria and 

“normal” bacteria, both were considered to be part of the same kingdom of single-

celled organisms. “Kingdoms,” a way of organizing life forms based on their cell 

structure, traditionally included Animalia, Planitia, Fungi, Protista (for single-

celled eukaryotes), and Monera (which was once considered to hold all forms of 

prokaryotes). 

However, genetic and biochemical studies of bacteria soon showed that one class 

of prokaryotes was very different from “modern” bacteria, and indeed from all 

other modern life forms. Eventually named “archaebacteria” from “archae” for 

“ancient,” these unique cells are thought to be modern descendants of a very 

ancient lineage of bacteria that evolved around sulfur-rich deep sea vents. 

Sophisticated genetic and biochemical analysis has led to a new “phylogenetic tree 

of life,” which makes use of the concept of “domains” to describe divisions of life 

that are bigger and more basic than that of “kingdom.” 

The most modern version of this system shows all eukaryotes – animals, plants, 

fungi, and protists – constituting the domain of “Eukaryota,” while the more 

common and modern branching of bacteria constitutes “Prokarya,” and 

archaebacteria constitute their own domain altogether – the domain of “Archaea.” 

https://biologydictionary.net/cell/
https://biologydictionary.net/organism/
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The discovery of Archaea and its unique differences is exciting for scientists, 

because it’s believed that archaebacteria’s unique biochemistry might give us 

insight into the workings of very ancient life. Some scientists propose that the 

archaebacteria Thermoplasma may in fact be ancestors of the nuclei of our own 

eukaryotic cells, which are believed to have developed through the process of 

endosymbiosis. 

Another remarkable trait of archaebacteria is their ability to survive in extreme 

environments, including very salty, very acidic, and very hot surroundings. 

Archaebacteria have been recorded surviving temperatures as high as 190° 

Fahrenheit, which is only twenty-two degrees shy of the boiling point of water, and 

acidities as high as 0.9 pH. 

Archaebacteria have even challenged scientist’s ideas about how to define 

a species, since they practice a lot of horizontal gene transfer – where genes are 

transferred from one individual to another during their lifetimes – making it 

difficult to determine how closely different cells are related, or even if 

archaebacteria cells have the sort of stable combinations of traits that scientists 

typically use to define a species. 

The domain of Archaea include both aerobic and anaerobic species, and can be 

found living in common environments such as soil as well as in extreme 

environments. 

https://biologydictionary.net/biochemistry/
https://biologydictionary.net/species/
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Archaebacteria Characteristics 

Archaebacteria have a number of characteristics not seen in more “modern” cell 

types. These include: 

1. Unique cell membrane chemistry. 

Archaebacteria have cell membranes made of ether-linked phospholipids, while 

bacteria and eukaryotes both make their cell membranes out of ester-linked 

phospholipids 

Archaebacteria use a sugar that is similar to, but not not the same as, 

the peptidoglycan sugar used in bacteria cell membranes. 

2. Unique gene transcription. 

Archaebacteria have a single, round chromosome like bacteria, but their gene 

transcription is similar to that which occurs in the nuclei of eukaryotic cells. 

This leads to the strange situation that most genes involving most life functions, 

such as production of the cell membrane, are more closely shared by Eukarya and 

Bacteria – but genes involved in the process of gene transcription are most closely 

shared by Eukarya and Archaea. 

This has led some scientists to propose that eukaryotic cells arose from a fusion of 

archaebacteria with bacteria, possibly when an archaebacteria began living 

endosymbiotically inside a bacterial cell. 

Other scientists believe that eukaryotes descended directly from archaebacteria, 

based on the findings of archaebacteria species, Lokiarcheota, which contains 

some found only in eukaryotes, which in eukaryotes code for genes with uniquely 

eukaryotic abilities. 

It is thought that Lokiarcheota may be a transitional form between Archaea and 

Eukaryota. 

3. Only archaebacteria are capable of methanogenesis – a form of anaerobic 

respiration that produces methane. 

https://biologydictionary.net/cell-membrane/
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Archaebacteria who use other forms of cellular respiration also exist, but methane-

producing cells are not found in Bacteria or Eukarya. 

4. Differences in ribosomal RNA that suggest they diverged from both Bacteria 

and Eukarya at a point in the distant past 

Types of Archaebacteria 

There are three main types of archaebacteria. These are classified based on their 

phylogenetic relationship (how closely related they are to each other), and 

members of each type tend to have certain characteristics. The major types are: 

1. Crenarchaeota – Crenarchaeota are extremely heat-tolerant. 

They have special proteins and other biochemistry that can continue to function at 

temperatures as high as 230° Fahrenheit! Many Chrenarchaeota can also survive 

in very acidic environments. 

Many species of Crenarchaeota have been discovered living in hot springs and 

around deep sea vents, where water has been superheated by magma beneath the 

Earth’s surface. 

One theory of the origin of life suggests that life may have originally started 

around deep sea vents, where high temperatures and unusual chemistries could 

have led to the formation of the first cells. 

2. Euryarchaeota are able to survive in very salty habitats. They are also able to 

produce methane, which no other life form on Earth is able to do! 

Euryarchaeota are the only form of life known to be able to perform cellular 

respiration using carbon as their electron acceptor. 

This gives them an important ecological niche because the breakdown of complex 

carbon compounds into the simple molecule of methane is the final step in the 

decomposition of most life forms. Without methanogens, the Earth’s carbon 

cycle would be impaired. 

Wherever methane gas is produced by life, Euryarchaeota are responsible. 
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Methanogen archaebacteria can be found in marshes and wetlands, where they are 

responsible for “swamp gas” and part of the marsh’s distinctive smell, and in the 

stomachs of ruminants such as cows, where they break down sugars found in grass 

that are undigestible to eukaryotes by themselves. Some methanogens live in the 

human gut and assist us in the same way. 

They can also be found in deep sea sediments, where they produce pockets of 

methane beneath the ocean floor. 

3. Korarchaeota are the least-understood, and thought to be the oldest lineage of 

archaebacteria. This makes them possibly the oldest surviving organisms on Earth 

Korarchaeota can be found in hydrothermal environments much 

like Crenarchaeota. However, Korarchaeota have many genes found in 

both Crenarchaeota and Euryarcheaota, and also genes which are different from 

both groups. To scientists, this suggests that both other types of archaebacteria 

may have descended from a common ancestor similar to Korarchaeota. 

Korarchaeota are rare in nature, perhaps because other, newer forms of life are 

better adapted to survive in modern environments than they are. 

Still, Korearchaeota can be found in hot springs, around deep sea vents. 

INTRODUCTION TO MICROBIAL TAXONOMYAND CLASSIFICATION 

 TAXONOMY 

It consists of 3 separate but interrelatedparts: 

 Classification 

 Nomenclature 

 Identification 

Once a classification scheme is selected, it is used togroup organisms into groups 

called “taxa” based on mutual similarity. 

NOMENCLATURE 

It is the branch of taxonomy concerned with the assignment of names to taxonomic 

groups in agreement with publishedrules. 



 

IDENTIFICATION 

It is the practical side of taxonomy, the process of determining if a particular 

isolate belongs to a recognized taxon. 

SYSTEMATICS 

This term is often used fortaxonomy. 

Many taxonomists define systematics as “ The scientific studies of organisms with 

the ultimate object of characterizing and arranging them in an orderlymanner.” 

Thus it ecompasses disciplines such as ‘morphology’, ‘ecology’, ‘epidemiology’, 

‘biochemistry’, ‘molecular biology’ and ‘physiology’. 

It included arrangement of organisms into groups whose members share many 

characteristc and reflect as much as possible the biological nature of theorganism. 

CAROLUS LINNAEUS developed the first natural classification, based largely on 

anatomical characteristics, in the mid18
th

C. 

In practice, the determination of the genusand the species of a newly discovered 

prokaryoteis based on polyphasictaxonomy. 

It includes the followingapproaches: 

 Pheneticclassification 

 Phylogeneticclassification 

 Genotypicclassification 

PHYLOGENETIC CLASSIFICATION 

Itgroupsorganisms together based on the mutual similarity of their phenotypic 

characteristics.The term “phylogeny” is a Greek word where phylon=tribe or race; 

and genesis= generation ororigin.It sought to compare organisms based on their 

evolutionaryrelationships. 

GENOTYPICCLASSIFICATION:It seeks to compare thee genetic similarity 

between organisms by comparing either individual genes or wholegenomes. 



 

BEGERY’S MANUAL OF BACTERIAL CLASSIFICATION 

Bergey’s Manual: 

Classifying and Identifying Prokaryotes 

Bergey’s Manual of Determinative 

Bacteriology Provides identification 

schemes for identifying bacteria and 

archaea 

Morphology, differential staining, 

biochemical tests 

Bergey’s Manual of Systematic 

Bacteriology Provides phylogenetic 

information on bacteria and archaea 

Based on rRNA sequencing 

 

1923, David Bergey and 4 collegues publisheda classificationof bacteria that could 

be used for identification of bacterialspecies: 

“THE BERGEY’S MANUAL OFDETERMINATIVE BACTERIOLOGY.” 

The first edition of Bergey’s Manual of Systemic Bacteriology had its classification 

done on basis of phenetics; but the now present editions are based on 

phylogeneticstudies. 

THE SECOND EDITION OF THE BERGEY’S MANUAL hasthe following 

volumes where it doesn’t group all the clinically important prokaryotes together as 

the 1stdeition does, here the pathogenic bacteria are placed phylogenetically, and 

so are distributed throughtout in all the volumes: 

VOL.1: The Archae, and the Deeply Branching and the PhototropicBacteria. 

VOL.2: TheProteobacteria. 

VOL.3: The Low G+C Gram positiveBacteria 

VOL.4: The High G+C Gram PositiveBacteria 

VOL.5: The Planctomycetes, Spyrochaetes, Fibrobacters, Bacteriodetes, 

Fusobacteria, Chlamydiae, Acidobacteria, Verrumicrobia and Dictoglomus. 

 



 

Peptidoglycan Definition 

Peptidoglycan, also called murein, is a polymer that makes up the cell wall of 

most bacteria. It is made up of sugars and amino acids, and when many molecules 

of peptidoglycan joined together, they form an orderly crystal lattice structure. 

Bacteria are classified as being either Gram-positive or Gram-negative based in 

differences in the structure of their peptidoglycan cell wall. Archaea do not have a 

cell wall consisting of peptidoglycan, but some do have a layer of 

pseudopeptidoglycan (pseudomurein), which a is similar polymer. 

Function of Peptidoglycan 

Peptidoglycan is the main component of the cell wall in most bacteria. Cross-

linking between amino acids in the layer of peptidoglycan forms a strong mesh-

like structure that provides structure to the cell. Peptidoglycan provides a very 

important role in bacteria because bacteria are unicellular; it gives strength to the 

outer structure of the organism. 

It is also involved in binary fission, which is how bacteria reproduce. Bacteria 

undergo asexual reproduction and divide themselves into two cells. For this to 

occur, the peptidoglycan in the cell wall must grow as the bacterium elongates 

before dividing. Then, when the bacterium has split into two, the cell wall must 

reform so that the two new bacterial cells can become enclosed. 

Structure of Peptidoglycan 

Two alternating amino sugars make up the crystal lattice structure of 

peptidoglycan; they are N-acetylglucosamine (shortened to NAG) and N-

acetylmuramic acid (shortened to NAM). Amino sugars are sugar molecules that 

have an amine group (-NH2) replacing one of their hydroxyl groups. Each 

NAM molecule has an attached chain of four or five amino acids. Crosslinking 

between these amino acids gives peptidoglycan its strong structure.These diagrams 

show the structure of one molecule of peptidoglycan and the structure 

ofpeptidoglycan when many molecules join together. 
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Gram Staining 

Gram staining is derived from its inventor, Hans Christian Gram, a 

Danish bacteriologist. It was his method of staining bacteria that gained him 

international reputation in the field of bacteriology. His purpose of developing 

such method is to help in viewing bacteria under a microscope by staining them 

with dyes, i.e. crystal violet and safranin (or fuchsine). 

Later on, gram staining became an essential method in classifying bacteria as 

either gram-positive or gram-negative.  

Peptidoglycan cell wall differences are responsible for whether a bacterium is 

gram-positive or gram-negative. The gram staining method basically involves 

staining the slides that the cells are on with crystal violet dye, rinsing with water, 

and adding iodine. Then, safranin, which imparts a red color, is used to counter-

stain. Crystal violet dye forms a complex with iodine. Gram-positive bacteria have 

thick peptidoglycan layers which trap the crystal violet-iodine complex. This 

makes the cell walls of these bacteria appear purple; the purple masks the color of 

the lighter red safranin counter-stain. Gram-negative bacteria, however, have thin 

cell walls that the crystal violet-iodine complex cannot adhere to. In these bacteria, 

the purple stain washes off but the red counter-stain remains, making gram-

negative bacteria appear red under Gram staining. 

Gram-positive bacteria are those that retain the primary stain, i.e. crystal violet 

dye. Gram-negative bacteria are those that take the counterstain dye, i.e. safranin 

(pinkcolour).Gram staining is done by preparing a heat-fixed smear of bacteria 

from slant of broth cultures onto a slide. The smear is stained first with the primary 

dye (crystal violet) for about a minute, and washed with tap water to remove 
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excess dye. The slide is next flooded with Gram’s iodine that act as a mordant. 

After one minute, the slide is washed with tap water, and then with 95% alcohol 

(about 30 seconds). To stop the decolorization, the slide is washed with tap water 

(for another 30 seconds). The slide is then flooded with the counterstain (safranin 

or fuchsine) for half a minute. After which, the slide is washed, drained, and 

blotted to be examined under the microscope. 

Gram staining cannot be used to identify bacteria specifically, such as at 

a species level. Instead, it is used for general identification. Some gram-positive 

bacteria include the genera Listeria, Streptococcus, and Bacillus. Most types of 

bacteria are gram-negative, such as Proteobacteria, green sulfur bacteria, and 

cyanobacteria. Some species of bacteria are gram-variable or gram-indeterminate, 

meaning that they either show both violet and red colors or do not respond in a 

predictable way to the stain. Mycobacterium tuberculosis, which causes 

tuberculosis, is one example of a gram-indeterminate bacterium. 

Asexual Reproduction Definition 

Asexual reproduction occurs when an organism makes more of itself without 

exchanging genetic information with another organism through sex. 

In sexually reproducing organisms, the genomes of two parents are combined to 

create offspring with unique genetic profiles. This is beneficial to 

the population because genetically diverse populations have a higher chance of 

withstanding survival challenges such as disease and environmental changes. 
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Asexually reproducing organisms can suffer a dangerous lack of diversity – but 

they can also reproduce faster than sexually reproducing organisms, and a single 

individual can found a new population without the need for a mate. 

Some organisms that practice asexual reproduction can exchange genetic 

information to promote diversity using forms of horizontal gene transfer such 

as bacteria who use plasmids to pass around small bits of DNA. However this 

method results in fewer unique genotypes than sexual reproduction. 

Some species of plants, animals, and fungi are capable of both sexual and asexual 

reproduction, depending on the demands of the environment. 

Asexual reproduction is practiced by most single-celled organisms including 

bacteria, archaebacteria, and protists. It is also practiced by some plants, animals, 

and fungi. 

Advantages of Asexual Reproduction 

Important advantages of asexual reproduction include: 

1. Rapid population growth. This is especially useful for species whose survival 

strategy is to reproduce very fast. 

Many species of bacteria, for example, can completely rebuild a population from 

just a single mutant individual in a matter of days if most members are wiped out 

by a virus. 

2. No mate is needed to found a new population. 
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This is useful for species whose members may find themselves isolated, such as 

fungi that grow from wind-blown spores, plants that rely on pollinators for sexual 

reproduction, and animals inhabiting environments with low population density. 

3. Lower resource investment. Asexual reproduction, which can often be 

accomplished just by having part of the parent organism split off and take on a life 

of its own, takes fewer resources than nurturing a new baby organism. 

Many plants and sea creatures, for example, can simply cut a part of themselves 

off from the parent organism and have that part survive on its own. 

Only offspring that are genetically identical to the parent can be produced in this 

way: nurturing the creation of a new organism whose tissue is different from the 

parents’ tissue takes more time, energy, and resources. 

This ability to simply split in two is one reason why asexual reproduction is faster 

than sexual reproduction. 

Disadvantages of Asexual Reproduction 

The biggest disadvantage of asexual reproduction is lack of diversity. Because 

members of an asexually reproducing population are genetically identical except 

for rare mutants, they are all susceptible to the same diseases, nutrition deficits, 

and other types of environmental hardships. 

high mutation rate to create some genetic diversity while using asexual 

reproduction to grow their colonies very rapidly. Bacteria have a higher rate of 
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errors in copying genetic sequences, which sometimes leads to the creation of 

useful new traits even in the absence of sexual reproduction. 

Types of Asexual Reproduction 

There are many different ways to reproduce asexually. These include: 

1. Binary fission. This method, in which a cell simply copies its DNA and 

then splits in two, giving a copy of its DNA to each “daughter cell,” is used 

by bacteria and archaebacteria. 

 

2. Budding. Some organisms split off a small part of themselves to grow into a 

new organism. This is practiced by many plants and sea creatures, and some 

single-celled eukaryotes such as yeast. 
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3. Vegetative propagation. Much like budding, this process involves 

a plant growing a new shoot which is capable of becoming a whole new 

organism. Strawberries are an example of plants that reproduce using 

“runners,” which grow outward from a parent plant and later become 

separate, independent plants. 

 

4. Sporogenesis. Sporogenesis is the production of reproductive cells, called 

spores, which can grow into a new organism. 

Spores often use similar strategies to those of seeds. But unlike seeds, spores can 

be created without fertilization by a sexual partner. Spores are also more likely to 

spread autonomously, such as via wind, than to rely on other organisms such as 

animal carriers to spread. 
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5. Fragmentation. In fragmentation, a “parent” organism is split into multiple 

parts, each of which grows to become a complete, independent “offspring” 

organism. This process resembles budding and vegetative propagation, but with 

some differences. 

For one, fragmentation may not be voluntary on the part of the “parent” organism. 

Earthworms and many plants and sea creatures are capable of regenerating whole 

organisms from fragments following injuries that split them into multiple pieces. 

When fragmentation does occur voluntarily, the same parent organism may split 

into many roughly equal parts in order to form many offspring. This is different 

from the processes of budding and vegetative propagation, where an organism 

grows new parts which are small compared to the parent and which are intended to 

become offspring organisms. 

 

6. Agamenogenesis.  

Agamenogenesis is the reproduction of normally sexual organisms without the 

need for fertilization. There are several ways in which this can happen. 

In parthenogenesis, an unfertilized egg begins to develop into a new organism, 

which by necessity possesses only genes from its mother. 



 

This occurs in a few species of all-female animals, and in females of some animal 

species when there are no males present to fertilize eggs. 

In apomoxis, a normally sexually reproducing plant reproduces asexually, 

producing offspring that are identical to the parent plant, due to lack of availability 

of a male plant to fertilize female gametes. 

In nucellar embryony, an embryo is formed from a parents’ own tissue 

without meiosis or the use of reproductive cells. This is primarily known to occur 

in citrus fruit, which may produce seeds in this way in the absence of male 

fertilization. 

 

BACTERIAL ENUMERATION 

In the study of microbiology, there are numerous occasions when it is 

necessary to either estimate or determine the number of bacterial cells in a broth 

culture or liquid medium. Determination of cell numbers can be accomplished by 

a number of direct or indirect methods. The methods include standard plate 

counts, turbidimetric measurements, visual comparison of turbidity with aknown 

standard, direct microscopic counts, cell mass determination, and measurement 

of cellular activity. In this exercise, you will compare three methods of bacterial 

enumeration: the standard plate count, turbidimetric measurement and direct 

microscopiccounts. 
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Standard Plate Count (Viable Counts) 

 

A viable cell is defined as a cell which is able to divide and form a 

population (or colony). A viable cell count is usually done by diluting the 

original sample, plating aliquots of the dilutions onto an appropriate culture 

medium, then incubating the plates under proper conditions so that colonies are 

formed. After incubation, the colonies are counted and, from a knowledge of the 

dilution used, the original number of viable cells can be calculated. For accurate 

determination of the total number of viable cells, it is critical that each colony 

comes from only one cell, so chains and clumps of cells must be broken apart. 

However, since one is never sure that all such groups have been broken apart, the 

total number of viable cells is usually reported as colony-forming units (CFUs) 

rather than cell numbers. This method of enumeration is relatively easy to 

perform and is much more sensitive than turbidimetric measurement. A major 

disadvantage, however, is the time necessary for dilutions, platings and 

incubations, as well as the time needed for media preparation. 

Turbidimetric Measurement 

 

A quick and efficient method of estimating the number of bacteria in a 

liquid medium is to measure the turbidity or cloudiness of a culture and translate 

this measurement into cell numbers. This method of enumeration is fast and is 

usually preferred when a large number of cultures are to be counted. 

Although measuring turbidity is much faster than the standard plate count, 

the measurements must be correlated initially with cell number. This is achieved 

by determining the turbidity of different concentrations of a given species of 

microorganism in a particular medium and then utilizing the standard plate count 

to determine the number of viable organisms per milliliter of sample. A standard 

curve can then be drawn (e.g., this lab protocol section), in which a specific 

turbidity or optical density reading is matched to a specific number of viable 

organisms. Subsequently, only turbidity needs to be measured. The number of 

viable organisms may be read directly from the standard curve, without 

necessitating time-consuming standard counts. 

 

Turbidity can be measured by an instrument such as a colorimeter or 

spectrophotometer. These instruments contain a light source and a light detector 

(photocell) separated by the sample compartment. Turbid solutions such as cell 



 

cultures interfere with light passage through the sample, so that less light hits the 

photocell than would if the cells were not there. Turbidimetric methods can be 

used as long as each individual cell blocks or intercepts light; as soon as the mass 

of cells becomes so large that some cells effectively shield other cells from the 

light, the measurement is no longer accurate. 

 

Before turbidimetric measurements can be made, the spectrophotometer 

must be adjusted to 100% transmittance (0% absorbance). This is done using a 

sample of uninoculated medium. Percent transmittance of various dilutions of the 

bacterial culture is then measured and the values converted to optical density, 

based on the formula: Absorbance (O.D.) = 2 - log % Transmittance. A 

wavelength of 420 nm is used when the solution is clear, 540 nm when the 

solution is light yellow, and 600-625 nm is used for yellow to brown solutions. 

 

Direct Microscopic Count 

 

Petroff-Hausser counting chambers can be used as a direct method to 

determine the number of bacterial cells in a culture or liquid medium. In this 

procedure, the number of cells in a given volume of culture liquid is counted 

directly in 10-20 microscope fields. The average number of cells per field is 

calculated and the number of bacterial cells ml-1 of original sample can then be 

computed. A major advantage of direct counts is the speed at which results are 

obtained. However, since it is often not possible to distinguish living from dead 



 
  

cells, the direct microscopic count method is not very useful for determining the 

number of viable cells in a culture. 

 

Material: 

1. Seven 9-ml dilution tubes of nutrientbroth 

2. Six nutrient agarplates 

3. 1.0 and 10 mlpipets 

4. Glassspreader 

5. 95% ethyl alcohol in glass beaker (WARNING: Keep alcohol away from 

flame!!) 

6. Overnight broth culture of Serratiamarcescens 

 

A. Spread PlateTechnique 

 

1. Prepare serial dilutions of the broth culture as shown in the figure from a 

previous lab exercise (Isolation of Pure Cultures). Be sure to mix the 

nutrient broth tubes before each serial transfer. Transfer 0.1 ml of thefinal 

three dilutions (10-5, 10-6, 10-7) to duplicate nutrient agar plates, and label 

theplates. 

 

2. Spread the 0.1 ml inoculum evenly over the entire surface of one of the 

nutrient agar plates until the medium no longer appears moist. Returnthe 

spreader to thealcohol. 

 

3. Repeat the flaming and spreading for each of the remaining fiveplates. 

 

4. Invert the six plates and incubate at room temperature until the nextlab 

period (or ~ 48 hours, whichever is the shortest). Remember that only 

plates with 30 to 300 colonies are statisticallyvalid. 

B. TurbidimetricMethod 

 

1. Using the spectrophotometer, determine the optical density (O.D.) of the 

assigned broth culture at 600 nm. Note, you may have to use one ofyour 

serial dilutions of the broth culture to get a goodreading. 

 

2. Recordresults. 

 

 



 
  

C. Direct MicroscopicCounts 

 

Material: 

1. Petroff-Hausser countingchamber 

2. Coverslips 

3. Sterile diluent (nutrient broth or sterilesaline) 

4. Pasteurpipets 

 

 

Petroff-Hausser counting chambers 

 

1. Clean P-H counting chamber with 70% alcohol an let airdry. 

 

2. Mix culture well and apply a single drop to counting chamber withPasteur 

pipet. Examine the counting chamber using high power, oil immersion 

objective. 

 

3. Make a preliminary estimation of the concentration of cells from the 

overnight culture of Serratia marcescens using the followingformula: 

 

Total cells counted x 2.0x107 xdilutionfactor = cells/ml # 

small squarescounted 

 

Therefore, if you counted an average of 15 cells per small square, then you 

would have a final concentration of 3.0 x 108 cells/ml. 

4. You may have to adjust downward using one of your initial serial dilutions 

so that the counts per small square are in the 5 to 15 cellrange. 

 

5. Once this is done, make sure to allow time for cells to settle and move focus 

through the suspension (i.e., up and down) so as to count all cells within the 

small square “box”. Most cells will have attached to thebottom and/or top 

glass interface. You can also check the depth, which is 20 µm. The small 

square should also be 50 by 50µm. 

 

6. Count the number of bacterial cells in at least 10 small squares.Variability 

should be less than +/-10%. 

 



 
  

Material: 

1. Colonycounter 

Procedure: 

1. Remember to pull plates and refrigerate after 48 hours max. Either thenor 

next lab period, count the number of colonies on each plate, calculate an 

average and recordresults. 

2. Compare results from the standard plate counts with P-Hdirect 

microscopiccounts. 

Results: 

Dilutions 

 
10-

6 

10-

7 

10-

8 

Plate #1    

Plate #2    

Average    

 

Bacterial growth Curve 

 

When a broth culture is inoculated with a small bacterial inoculum, the 

population size of the bacteria increases showing a classical pattern. When 

plotted on a graph, a distinct curve is obtained referred to as the bacterial growth 

curve. 

 A population growth curve for any particular species of bacterium may be 

determined by growing a pure culture of the organism in a liquid medium at a 

constant temperature. 

 Samples of the culture are collected at fixed intervals (e.g., every 30 minutes), 

and the number of viable organisms in each sample is determined. 

 The data are then plotted on logarithmic graph paper. 

 The logarithm of the number of bacteria per milliliter of medium is plotted 

against time. 



 
  

 
The bacterial growth curve shows the following four distinct phases: 

1. Lag phase: 

 After a liquid culture broth is inoculated, the multiplication of bacteria does 

not start immediately. It takes some time to multiply. 

 The time between inoculation and beginning of multiplication is known as lag 

phase. 

 In this phase, the inoculated bacteria become acclimatized to the environment, 

switch on various enzymes, and adjust to the environmental temperature and 

atmospheric conditions. 

 During this phase, there is an increase in size of bacteria but no appreciable 

increase in number of bacterial cells. The cells are active metabolically. 

 The duration of the lag phase varies with the bacterial species, nature of 

culture medium, incubation temperature, etc. 

 It may vary from 1 hour to several days. 

2. Log phase: 

 This phase is characterized by rapid exponential cell growth (i.e., 1 to 2 to 4 to 

8 and so on). 

 The bacterial population doubles during every generation. They multiply at 

their maximum rate. 

 The bacterial cells are small and uniformly stained. 

 The microbes are sensitive to adverse conditions, such as antibiotics and other 

antimicrobial agents. 

 Growth rate is the greatest during the log phase. 



 
  

 The log phase is always brief, unless the rapidly dividing culture is maintained 

by constant addition of nutrients and frequent removal of waste products. 

 When plotted on logarithmic graph paper, the log phase appears as a steeply 

sloped straight line. 

3. Stationary phase: 

 After log phase, the bacterial growth almost stops completely due to lack of 

essential nutrients, lack of water oxygen, change in pH of the medium, etc. and 

accumulation of their own toxic metabolic wastes. 

 It is during this phase that the culture is at its greatest population density. 

 However, Death rate of bacteria exceeds the rate of replication of bacteria. 

 Endospores start forming during this stage. 

 Bacteria become Gram variable and show irregular staining. 

 Many bacteria start producing exotoxins. 

4. Decline phase: 

 During this phase, the bacterial population declines due to death of cells. 

 The decline phase starts due to 

(a) accumulation of toxic products and autolytic enzymes and 

(b) exhaustion of nutrients. 

 Involution forms are common in this stage. Some cells assume various shapes, 

becoming long, filamentous rods or branching or globular forms that are 

difficult to identify. 

 Some develop without a cell wall and are referred to as protoplasts, 

spheroplasts, or L-phase variants (L-forms). 

 When these involuted forms are inoculated into a fresh nutrient medium, they 

usually revert to the original shape of the healthy bacteria. 

 

SIGNIFICANCE OF THE BACTERIAL GROWTH CURVE 

 The study of bacterial growth curves is important when aiming to utilize or 

inoculate known numbers of the bacterial isolate, for example to enhance plant 

growth, increase biodegradation of toxic organics, or produce antibiotics or 

other natural products at an industrial scale. 

 Knowledge of bacterial growth kinetics and bacterial numbers in a culture 

medium is important from both a research and commercial point of view.  

 Growth kinetics is also useful for assessing whether particular strains of 

bacteria are adapted to metabolize certain substrates, such as industrial waste 

or oil pollution. 

 Bacteria that are genetically engineered to clean up oil spills, for example, can 

be grown in the presence of complex hydrocarbons to ensure that their growth 

would not be repressed by the toxic effects of oil. 



 
  

 Similarly, the slope and shape of growth curves produced from bacteria grown 

with mixtures of industrial waste products can inform scientists whether the 

bacteria can metabolize the particular substance, and how many potential 

energy sources for the bacteria can be found in the waste mixture.  

 

Control of microorganisms is essential in order to prevent the transmission of 

diseases and infection, stop decomposition and spoilage, and prevent unwanted 

microbial contamination. Microorganisms are controlled by means of physical 

agents and chemical agents. Physical agents include such methods of control as 

high or low temperature, desiccation, osmotic pressure, radiation, and filtration. 

Control by chemical agents refers to the use of disinfectants, antiseptics, 

antibiotics, and chemotherapeutic antimicrobial chemicals. 

Control of Microbial Growth: Definitions 

Sterilization: Killing or removing all forms of 

microbiallife(includingendospores)inamaterial or anobject. 

Heatingisthemostcommonlyusedmethodof sterilization. 

Commercial Sterilization : Heat treatment that kills endospores of 

Clostridium botulinum the causative agent of botulism, in canned food. 

Doesnotkillendosporesofthermophiles,which 

arenotpathogensandmaygrowattemperatures above45oC. 

Definitions 

Disinfection:Reducingthenumberofpathogenic 

microorganismstothepointwheretheynolonger cause diseases. Usually 

involves the removal of vegetativeornon-endosporeformingpathogens. 

May use physical or chemical methods. 

◆ Disinfectant: Applied to inanimateobjects. 

◆ Antiseptic: Applied to living tissue(antisepsis). 

◆ Degerming : Mechanical removal of most microbes in a limited area. 

Example: Alcohol swab onskin. 

Sanitization: Use of chemical agent on food-handling equipment to meet 

public health standards and minimize chances of disease transmission. E.g: 



 
  

Hot soap &water 
Sepsis: Comes from Greek for decay or putrid. 

Indicates bacterial contamination. 

Asepsis: Absence of significant contamination. 

Aseptic techniques are used to prevent contamination of surgical 

instruments, medical personnel, and the patient during surgery. 

Aseptic techniques are also used to prevent bacterial contamination in 

food industry. 

Bacteriostatic Agent: An agent that inhibits the 

growth of bacteria, but does not necessarily kill them. Suffix stasis: To 

stop or steady. 

Germicide : An agent that kills certain micoorganisms. 

◆ Bactericide: An agent that kills bacteria. Most do not killendospores. 

◆ Viricide: An agent that inactivatesviruses. 

◆ Fungicide: An agent that killsfungi. 

Sporocide: An agent that kills bacterial endospores of fungalspores. 

Rate of Microbial Death 

Several factors influence the effectiveness of 

antimicrobial treatment. 

Number of Microbes: The more microbes present, the more time it 

takes to eliminatepopulation. 

Type of Microbes: Endospores are very difficult to destroy. Vegetative 

pathogens vary widely in susceptibility to different methods of 

microbialcontrol. 

Environmental influences: Presence of organic material 

(blood,feces,saliva)tendstoinhibitantimicrobials,pHetc. 

Time of Exposure: Chemical antimicrobials and radiation treatments 

are more effective at longer times. In heat treatments, longer exposure 

compensates for lower temperatures. 

Phsysical Methods of Microbial Control: 



 
  

Heat: Kills microorganisms by denaturing their enzymes and other 

proteins. Heat resistance varies widely among microbes. 

◆ Thermal Death Point (TDP) : Lowest temperature at which all of the 

microbes in a liquid suspension will be killed in tenminutes. 

◆ Thermal Death Time (TDT): Minimal length of time in which all 

bacteria will be killed at a given temperature. 

◆ Decimal Reduction Time (DRT): Time in minutes at which 90% of 

bacteria at a given temperature will be killed. Used in 

canningindustry. 

Moist Heat: Kills microorganisms by coagulating 

their proteins. 

In general, moist heat is much more effective than dry heat. 

◆ Boiling: Heat to 100 oC or more at sea level. Kills vegetative forms of 

bacterial pathogens, almost all viruses, and fungi and their spores within 

10 minutes or less. Endospores and some viruses are not destroyed this 

quickly. However brief boiling will kill mostpathogens. 

◆ Hepatitisvirus:Cansurviveupto30minutesofboiling. 

◆ Endospores:Cansurviveupto20hoursormoreofboiling. 
Moist Heat (Continued): 

Reliablesterilizationwithmoistheatrequires 

temperaturesabovethatofboilingwater. 

◆ Autoclave: Chamber which is filled with hot steam under pressure. 

Preferred method of sterilization, unless material is damaged by heat, 

moisture, or highpressure. 

◆ Temperatureofsteamreaches121oCattwiceatmosphericpressure. 

◆ Mosteffectivewhenorganismscontactsteamdirectlyorarecontained in a small 

volume ofliquid. 

◆ All organisms and endospores are killed within 15minutes. 

◆ Requiremoretimetoreachcenterofsolidorlargevolumesofliquid. 

◆ Autoclave: Closed Chamber with High Temperature and Pressure 

Moist Heat (Continued): 



 
  

◆ Pasteurization: Developed by Louis Pasteur to prevent the spoilage of 

beverages. Used to reduce microbes responsible for spoilage of beer, 

milk, wine, juices,etc. 

◆ ClassicMethodofPasteurization:Milkwasexposedto65oCfor30 minutes. 

◆ HighTemperatureShortTimePasteurization(HTST):Usedtoday. 

Milkisexposedto72oCfor15 seconds. 

◆ UltraHighTemperaturePasteurization(UHT): Milkistreatedat 140o C for 

3 seconds and then cooled very quickly in a vacuum chamber. 

Advantage: Milk can be stored at room temperature for several months. 

Dry Heat: Kills by oxidation effects. 

◆ Direct Flaming: Used to sterilize inoculating loops and needles. Heat 

metal until it has a redglow. 

◆ Incineration: Effective way to sterilize disposable items (paper cups, 

dressings) and biologicalwaste. 

◆ Hot Air Sterilization: Place objects in an oven. Require 2 hours at 170oC 

for sterilization. Dry heat is transfers heat less effectively to a cool body, 

than moistheat. 
Filtration: Removal of microbes by passage of a 

liquidorgasthroughascreenlikematerialwithsmall pores. Used to sterilize heat 

sensitive materials like vaccines, enzymes, antibiotics, and some culture 

media. 

◆ High Efficiency Particulate Air Filters (HEPA): Used in operating 

rooms and burn units to remove bacteria fromair. 

◆ Membrane Filters: Uniform pore size. Used in industry and research. 

Differentsizes: 

◆ 0.22 and 0.45um Pores: Used to filter most bacteria. Don’t retain 

spirochetes, mycoplasmasandviruses. 

◆ 0.01umPores:Retainallvirusesandsomelargeproteins. 
Low Temperature: Effect depends on microbe and 

treatment applied. 

◆ Refrigeration: Temperatures from 0 to 7 oC. Bacteriostatic effect. 



 
  

Reduces metabolic rate of most microbes so they cannot reproduce or 

producetoxins. 

◆ Freezing: Temperatures below0oC. 

◆ FlashFreezing:Doesnotkillmostmicrobes. 

◆ Slow Freezing : More harmful because ice crystals disrupt cellstructure. 

◆ Over a third of vegetative bacteria may survive1 year. 

◆ Most parasites are killed by a few days offreezing. 
Dessication: In the absence of water, microbes 

cannot grow or reproduce, but some may remain viable for years. After 

water becomes available, they start growing again. 

Susceptibility to dessication varies widely: 

◆ Neisseria gonnorrhea: Only survives about onehour. 

◆ Mycobacterium tuberculosis: May survive severalmonths. 

◆ Viruses are fairly resistant todessication. 

◆ Clostridium spp. and Bacillus spp.: May survive decades. 
Osmotic Pressure: The use of high concentrations of 

salts and sugars in foods is used to increase the osmotic pressure and 

create a hypertonic environment. 

Plasmolysis : As water leaves the cell, plasma membrane shrinks away 

from cell wall. Cell may not die, but usually stops growing. 

◆ Yeasts and molds: More resistant to high osmoticpressures. 

◆ Staphylococci spp. that live on skin are fairly resistant to high 

osmoticpressure. 
◆ Radiation: Three types of radiation kill microbes: 
◆ 1.IonizingRadiation:Gammarays,Xrays,electron beams, or higher energy 

rays. Have short wavelengths (less than 1nanometer). 

◆ Dislodge electrons from atoms and form ions. 

CausemutationsinDNAandproduceperoxides. 

◆ Used to sterilize pharmaceuticals and disposable 

medicalsupplies.Foodindustryisinterestedinusing ionizingradiation. 

◆ Disadvantages: Penetrates human tissues. May cause genetic mutations in 

humans. 
◆ Radiation: Three types of radiation kill microbes: 



 
  

◆ 2. Ultraviolet light ( Nonionizing Radiation): 

Wavelengthislongerthan1nanometer.Damages 

DNAbyproducingthyminedimers,whichcause mutations. 

◆ Usedtodisinfectoperatingrooms,nurseries, cafeterias. 

◆ Disadvantages: Damages skin, eyes. Doesn’t penetrate paper, glass, and 

cloth. 
◆ Radiation: Three types of radiation kill microbes: 
◆ 3. Microwave Radiation: Wavelength ranges from 1 millimeter to 1 

meter. 

◆ Heat is absorbed by water molecules. May kill vegetative cells in 

moist foods. 

◆ Bacterial endospores, which do not contain water, are not damaged by 

microwave radiation. 

◆ Solid foods are unevenly penetrated by microwaves. 

◆ Trichinosisoutbreakshavebeenassociatedwithpork cooked inmicrowaves. 

Chemical Methods of Microbial Control Types of Disinfectants 

1. Phenols and Phenolics : 

◆ Phenol (carbolic acid) was first used by Lister as adisinfectant. 

◆ Rarelyusedtodaybecauseitisaskinirritantandhasstrongodor. 

◆ Usedinsomethroatspraysandlozenges. 

◆ Acts as localanesthetic. 

◆ Phenolics are chemical derivatives ofphenol 

◆ Cresols:Derivedfromcoaltar(Lysol). 

◆ Biphenols(pHisoHex):Effectiveagainstgram-positivestaphylococci and 
streptococci. Used in nurseries. Excessive use in infants may cause 
neurologicaldamage. 

◆ Destroy plasma membranes and denatureproteins. 

◆ Advantages: Stable, persist for long times after applied, and remainactive 

in the presence of organiccompounds. 

◆  
Halogens:Effectivealoneorincompounds. 

A. Iodine: 

◆ Tincture of iodine (alcohol solution) was one of first antisepticsused. 

◆ Combines with amino acid tyrosine in proteins and denatures proteins. 

◆ Stains skin and clothes, somewhatirritating. 



 
  

◆ Iodophors: Compounds with iodine that are slow releasing , take several 

minutes to act. Used as skin antiseptic in surgery. Not effective against 

bacterialendospores. 

◆ Betadine 

◆ Isodine 
2. Halogens: Effective alone or in compounds. 

B. Chlorine: 

◆ When mixed in water forms hypochlorous acid: Cl2+  H2O------>

 H+ + Cl- +HOCl 
Hypochlorous acid 

◆ Used to disinfect drinking water, pools, andsewage. 

◆ Chlorine is easily inactivated by organicmaterials. 

◆ Sodium hypochlorite (NaOCl): Is active ingredient of bleach. 

◆ Chloramines: Consist of chlorine and ammonia. Less effective 

asgermicides. 

◆  
3. Alcohols: 

◆ Kill bacteria, fungi, but not endospores or nakedviruses. 

◆ Act by denaturing proteins and disrupting cellmembranes. 

◆ Evaporate, leaving noresidue. 

◆ Used to mechanically wipe microbes off skin before injections or 

blooddrawing. 

◆ Not good for open wounds, because cause proteins to coagulate. 

◆ Ethanol: Drinking alcohol. Optimum concentration is70%. 

◆ Isopropanol: Rubbing alcohol. Better disinfectant than ethanol. Also 

cheaper and lessvolatile. 
Heavy Metals: 

◆ Include copper, selenium, mercury, silver, andzinc. 

◆ Oligodynamic action: Very tiny amounts areeffective. 

A. Silver: 

◆ 1% silver nitrate used to protect infants against gonorrheal eye infections 

untilrecently. 

B. Mercury 



 
  

◆ Organic mercury compounds like merthiolate and mercurochrome 

are used to disinfect skinwounds. 

C. Copper 

◆ Copper sulfate is used to kill algae in pools and fishtanks. 
4. Heavy Metals: 

D. Selenium 

◆ Kills fungi and their spores. Used for fungalinfections. 

◆ Also used in dandruffshampoos. 

E. Zinc 

◆ Zinc chloride is used inmouthwashes. 

◆ Zinc oxide is used as antifungal agent inpaints. 
. Quaternary Ammonium Compounds (Quats): 

◆ Widely used surface activeagents. 

◆ Cationic (positively charge)detergents. 

◆ Effective against gram positive bacteria, less effective against gram-

negativebacteria. 

◆ Also destroy fungi, amoebas, and envelopedviruses. 

◆ Zephiran, Cepacol, also found in our lab spraybottles. 

◆ Pseudomonas strains that are resistant and can grow in presence of 

Quats are a big concern inhospitals. 

◆ Advantages: Strong antimicrobial action, colorless, odorless, 

tasteless, stable, and nontoxic. 

Diasadvantages: Form foam. Organic matter interferes with effectiveness. 

Neutralized by soaps and anionicdetergents 
Aldehydes: 

◆ Include some of the most effectiveantimicrobials. 

◆ Inactivate proteins by forming covalent crosslinks with several 

functionalgroups. 

A. Formaldehyde gas: 

◆ Excellentdisinfectant. 

◆ Commonly used as formalin, a 37% aqueoussolution. 

◆ Formalin was used extensively to preserve biological specimens and 

inactivate viruses and bacteria invaccines. 



 
  

◆ Irritates mucous membranes, strongodor. 

◆ Also used in mortuaries forembalming. 

◆  
Aldehydes: 

B. Glutaraldehyde: 

◆ Less irritating and more effective thanformaldehyde. 

◆ One of the few chemical disinfectants that is a sterilizing agent. 

◆ A 2% solution of glutaraldehyde (Cidex)is: 

◆ Bactericidal,tuberculocidal,andviricidalin10minutes. 

◆ Sporicidalin3to10hours. 

◆ Commonly used to disinfect hospitalinstruments. 

◆ Also used in mortuaries forembalming. 
. Gaseous Sterilizers: 

◆ Chemicals that sterilize in a chamber similar to anautoclave. 

◆ Denature proteins, by replacing functional groups with alkyl groups. 

A. Ethylene Oxide: 

◆ Kills all microbes and endospores, but requires exposure of 4 to 18hours. 

◆ Toxic and explosive in pureform. 

◆ Highlypenetrating. 

◆ Most hospitals have ethylene oxide chambers to sterilize mattresses and 

largeequipment. 
Peroxygens (Oxidizing Agents): 

◆ Oxidize cellular components of treatedmicrobes. 

◆ Disrupt membranes andproteins. 

◆  

A. Ozone: 

◆ Used along with chlorine to disinfectwater. 

◆ Helps neutralize unpleasant tastes andodors. 

◆ More effective killing agent than chlorine, but less stable and 

moreexpensive. 

◆ Highly reactive form ofoxygen. 

◆ Made by exposing oxygen to electricity or UVlight. 
. Peroxygens (Oxidizing Agents): 



 
  

B. Hydrogen Peroxide: 

◆ Used as anantiseptic. 

◆ Not good for open wounds because quickly broken down by catalase 

present in humancells. 

◆ Effective in disinfection of inanimateobjects. 

◆ Sporicidal at highertemperatures. 

◆ Used by food industry and to disinfect contactlenses. 

C. Benzoyl Peroxide: 

◆ Used in acnemedications. 
Peroxygens (Oxidizing Agents): 

D. Peracetic Acid: 

◆ One of the most effective liquid sporicidesavailable. 

◆ Sterilant: 

◆ Killsbacteriaandfungiinlessthan5minutes. 

◆ Killsendosporesandviruseswithin30minutes. 

◆ Used widely in disinfection of food and medical instruments because it 

does not leave toxicresidues. 

MICROBIAL CULTIVATION 

The survival of microorganisms in the laboratory, as well as in nature, depends 

on their ability to grow under certain chemical and physical conditions. An 

understanding of these conditions enables us to characterize isolates and differentiate 

between different types of bacteria.  

Media used in the laboratory for the cultivation of bacteria must supply all of the 

necessary nutrients required for cellular growth and maintenance of the organisms. A 

wide variety of culture media is employed by the bacteriologist for the isolation, 

growth and maintenance of pure cultures and also for the identification of bacteria 

according to their biochemical and physiological properties. 

A culture medium must supply suitable carbon and energy sources and other 

nutrients, sometimes including "growth factors" (defined below). It is important to 

note that no one medium will support the growth of all microorganisms. 



 
  

Accordingly, the elements required for the maintenance, growth and reproduction of 

all organisms will be used by different organisms in different ways. 

When one prepares a medium for the cultivation of microorganisms, one dissolves 

various organic and/or inorganic compounds sequentially in pure, distilled water. 

The importance of water cannot be overestimated. Water is the universal solvent in 

which all nutrients must be dissolved and all chemical reactions will take place. It 

can supply some hydrogen and oxygen in certain chemical reactions. Water 

containing a significant amount of solutes may not be osmotically compatible or 

"available" for use by microorganisms, so the concept of water availability needs to 

be considered. 

I. Nutritional Classification of Microorganisms (based on energy and carbon 

requirements) 

CATABOLISM – PRODUCTION OF ENERGY AND REDUCING POWER: 

The various life forms may be categorized as being 

either chemotrophs or phototrophs regarding the generation of the energy which is 

used in ATP generation. Generally speaking, energy production 

by chemotrophs is purely associated with the oxidation of chemical compounds; 

with phototrophs, light is essential. Phototrophs include organisms that oxidize 

water with the release of oxygen (such as plants, algae and cyanobacteria) and also 

those which do not (such as the purple and green phototrophic bacteria). 

 

 

 

Type of 

Organism 
General Process and Major Features 

Chemotroph Respiration 

•Derive energy by oxidative 

phosphorylation. 

•Generally, respirers use molecular 

oxygen as the external, terminal 

electron acceptor; this is aerobic 

http://www.splammo.net/foodapplmicro/applbsaw.html


 
  

respiration. Respirers may also use 

nitrate or some other "oxygen 

substitute" in the process of anaerobic 

respiration. 

•Certain organisms can only perform 

anaerobic respiration – for example, 

the methane producers and many 

sulfate reducers. 

Fermentation 
•Derive energy by substrate-level 

phosphorylation. 

Phototroph Phototrophy 

•Derive energy 

by photophosphorylation. 

•Phototrophs may 

be oxygenic (oxygen-evolving) 

or anoxygenic (not oxygen-evolving). 

 aerobic respiration 

 anaerobic respiration 

 fermentation 

 anoxygenic phototrophy 

 oxygenic phototrophy 

Associated with energy production is "reducing power." For biosynthesis, all 

organisms need reducing power in the form of electrons. Organisms that obtain their 

electrons from organic compounds are called organotrophs, and those that obtain 

their reducing power from inorganic compounds are called lithotrophs. 

ANABOLISM (BIOSYNTHESIS): 

As carbon is a major and essential element in all living things, organisms may also 

be classified according to the nature of their source of carbon. Organisms which 

assimilate organic compounds for their carbon needs are termed heterotrophs. 

Those which utilize carbon dioxide are called autotrophs. 



 
  

Considering the various requirements for carbon and energy with the above-defined 

terms, nearly all living things can be placed (hopefully readily) in one of 

the descriptive categories listed below.  

CHEMOHETEROTROPHS. In the descriptions of organisms in this group, one 

finds that they are generally organotrophic and may also be called 

"chemoorganotrophs." They use a variety of organic compounds as both carbon and 

energy sources; a common sugar so used is glucose. ATP is generated by 

either substrate-level or oxidative phosphorylation. 

 CHEMOAUTOTROPHS. These organisms are generally lithotrophic and 

may also be called "chemolithotrophs." ATP is usually generated by oxidative 

phosphorylation. 

 MYXOTROPHS do not follow the correlations noted for the above two 

groups and are significantly different enough in this respect to be set apart. 

These organisms are actually "chemolithotrophic heterotrophs" and include the 

genus Beggiatoa. 

 PHOTOHETEROTROPHS AND PHOTOAUTOTROPHS. 

Photosynthetic organisms in the traditional sense 

(plants, algae and cyanobacteria) have been thought of as 

being photoautotrophs – utilizing light as their energy source and carbon 

dioxide as the carbon source. Also recognized is their ability to oxidize water 

(electron donor) and release molecular oxygen, clearly a lithotrophic activity. 

So far in this section we have been describing organisms whose activities are 

phototrophic, autotrophic and lithotrophic, and the classic "photosynthetic 

equation" we grew up with and applied to trees and other plants has formed 

the basis of the understanding of their basic life process. 

 

The versatile group of organisms known as the purple "non-sulfur" 

photosynthetic bacteria. These organisms can grow chemotrophically or 

phototrophically (hence their being referenced as "facultative phototrophs") 

and can switch between the autotrophic/lithotrophic and 

heterotrophic/organotrophic modes. We utilize conditions conducive to the 

growth of photoheterotrophs when we isolate them from lake water samples. 

The supply of carbon and energy for a particular organism may be relatively 

simple such as (1) providing light and an atmosphere containing carbon 

http://www.splammo.net/bact102/102pnsb.html
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dioxide for photoautotrophs, or (2) providing glucose for the majority of the 
chemoheterotrophs. 

II. Other Nutritional and Physical Requirements 

Besides carbon, other required major elements include hydrogen, oxygen, nitrogen, 

sulfur, phosphorus, potassium, and – to a lesser extent – magnesium, iron, calcium, 

chlorine and sodium. Other elements, generally required at relatively very low levels, 

include manganese, cobalt, zinc, molybdenum and copper. (Attempting to group 

elements according to importance is somewhat arbitrary.) Certain organisms may 

use one or more of the first four elements in this listing (H, O, N, S) in their 

simplest, pure molecular forms. Otherwise, elements are always taken in as part of 

compounds with other elements. For example, organisms which are termed aerobic 

and facultatively anaerobic regularly use molecular oxygen (O2) in respiration; see 

our oxygen relationships page. Also, nitrogen-fixing bacteria can obtain their 

nitrogen from the reduction of atmospheric nitrogen (N2) to ammonium; the nitrogen 

becomes incorporated into amino acids and ultimately proteins. 

Many of the latter elements in the above listing are required in such small amounts 

that one can depend on their compounds to be present as inorganic chemical 

contaminants in the various ingredients used to make media. Such elements not 

individually added are termed trace elements. 

To a greater or lesser degree, various organisms may require pre-formed organic 

compounds which these organisms are incapable of synthesizing. Depending on a 

particular organism's capabilities of producing the essential organic compounds it 

needs for structure or metabolism, certain amino acids, fatty acids, nucleic acids, 

vitamins or other compounds may have to be supplied to that organism. A growth 

factor is therefore defined as a specific organic compound that is required – 

generally in a very small amount – by a particular organism as it cannot be 

synthesized by that organism. Organisms termed fastidious tend to require a variety 

of growth factors. 

Each organism has its range of growth and its optimum pH value. Organisms 

themselves may change the pH of their immediate environment. For example, the pH 

of a medium tends to decrease when microbial fermentations take place, producing 

acidic products. Buffers, such as phosphates and calcium carbonate, are often 

utilized to help stabilize the pH during the growth of the cultures studied. 

https://www.jlindquist.com/generalmicro/dfthiognf.html
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Incubation conditions must be appropriate for the organism under study. 

Considerations include the provision of a suitable atmosphere, a suitable 

temperature, and anything else which may be required such as a light source for the 

cultivation of phototrophs. 

III. Putting Together a Culture Medium 

The ingredients in culture media range from pure chemical compounds to complex 

materials such as extracts or digests of plant and animal tissues. If all the ingredients 

of a culture medium are known, both qualitatively and quantitatively, the medium is 

called a chemically-defined medium. These media are of great value in studying the 

nutritional requirements of microorganisms or in studying a great variety of their 

metabolic activities. In a complex medium, the exact chemical composition is not 

known, and such a medium is often prepared from very complex materials, e.g., body 

fluids, tissue extracts and infusions, and peptones. A peptone is a commercially-

available digest of a particular plant or animal protein, made available to organisms 

as peptides and amino acids to help satisfy requirements for nitrogen, sulfur, carbon 

and energy. Peptones also contain small amounts of various organic and inorganic 

compounds, and a peptone solution can serve as a complete medium for many 

organisms including E. coli. Complex media often contain all nutrients, known and 

unknown, which may be required for optimal growth of a wide assortment of 

bacteria.. 

Here are a couple examples of media, each formulated for a purpose: 

1. A broth (i.e., liquid) medium which is designed to detect acid produced by an 

organism from glucose fermentation (i.e., Glucose Fermentation Broth) may 

include the following ingredients: 

o Distilled water 

o Glucose:  Supplied for carbon and energy. Without glucose, a 

"facultative anaerobe" (as "officially" defined here) would not be able to 

grow anaerobically, and an "aerotolerant anaerobe" (also as defined) 

would probably not be able to grow at all. 

o Peptone:  Supplied for reasons given above. 

o pH indicator:  Supplied to detect the change to an acidic condition. 

An organism which is not fermenting glucose may still be able to grow in the 

medium by respiring the glucose and/or one or more of the amino acids in the 

peptone. In any event, an alkaline reaction will occur at the top of the medium 

https://www.jlindquist.com/generalmicro/dfthiognf.html


 
  

if an organism deaminates amino acids aerobically, producing ammonium. A 

cautionary note: The alkaline reaction from this ammonium can 

overneutralize acid which permeates throughout the medium from glucose 

fermentation (an anaerobic process), and acid may not be detectable at all if 

the peptone concentration is too high. So, one is careful regarding the addition 

of the peptone and usually any acid from fermentation is detectable at least in 

the lower part of the tube. With Glucose O/F Medium, the formulation 

elevates the amount of glucose and decreases that of peptone such that even 

the very small amount of acid associated with glucose respiration is detectable 

for organisms which do not ferment. Example of a medium which supplies the 

basic needs for prototrophic strains (i.e., strains typical of their species 

regarding their biosynthetic capabilities and requirements) of a common 

intestinal bacterium, Escherichia coli. Such a medium formulated with 

nutritional requirements of a given species in mind is called a "minimal 

medium" as discussed below. Any required element not seen in this list of 

ingredients is still assumed to be part of the actual medium – having come into 

the medium as a trace element in one or more of the individual ingredients. 

o Distilled water 

o Glucose:  Supplied for carbon and energy. 

o Ammonium sulfate ((NH4)2SO4):  Supplied as the nitrogen source. 

o Magnesium sulfate (MgSO4) 

o Di- and monopotassium phosphate (K2HPO4 and KH2PO4):  In a 

given combination of amounts, these can provide a certain pH and, as 

"pH buffers," assist in preventing the pH from varying widely due to an 

organism's formation of metabolic products, such as acids from the 

fermentation of the glucose. 

If one is studying an auxotrophic strain of E. coli – i.e., one which cannot 

produce (from the constituents of the E. coli minimal medium) a compound 

essential for its metabolic needs which prototrophic (typical) strains can so 

produce – that compound will have to be added specifically to the medium in 

which case it is then termed a growth factor. 

One may ask the question as to whether this example is a chemically 

defined or complex medium. Given that trace elements may be present as 

chemical contaminants of the listed ingredients, which (furthermore) are not 

indicated as being provided in specific amounts, one would have to call this 

medium complex. Chemically-defined media – as strictly defined – are very 



 
  

exceptional, utilizing ingredients of extreme purity and including a long list of 

additional compounds to compensate for the lack of trace elements in those 

pure ingredients. 

IV. Solid Media 

Agar is the major solidifying agent used in bacteriological media. It is an impure 

polysaccharide gum obtained from certain marine algae. It is added as a powder at a 

more or less standard concentration (1.5% for plates and slanted media, 0.5% or less 

for "semisolid" media), usually after the other medium components have been added 

and dissolved in the water. Agar dissolves at approximately 100°C, and an agar-

containing medium thus heated will not solidify until the temperature is brought 

down to about 43°C. Once solidified, the medium will not melt until brought 

back up to about 100°C. Among the advantages of this interesting temperature-

related property are the following: (1) The medium can be inoculated while in a 

liquid state at a low enough temperature (approx. 43-50°C) such that the cells will 

not die off, and (2) the medium, once solidified, will stay solid over a wide range of 

incubation conditions. 

Two additional attributes of agar are its resistance to degradation by nearly all 

organisms and its relative clarity, permitting easy viewing of growth on or in the 

medium. One drawback to agar is the fact that it is very difficult, if not impossible, to 

purify it fully of trace impurities. Thus, when agar is added to a chemically-defined 

liquid medium, the medium must be considered complex. If an absolutely 

chemically-defined solid medium is required, silicon-based solidifying agents can be 

employed. 

Previous to agar, potato slices and gelatin were utilized to form solid substrates upon 

which microbial colonies could be grown and studied. These materials were 

unacceptable for general use due to their ability to be broken down by a wide variety 

of microorganisms. Furthermore, gelatin liquefies in a warm room, and potato slices 

are opaque. In 1881, Fanny Eilshemius Hesse, a technician in the laboratory of 

Robert Koch in Germany, introduced the concept of agar to bacteriology, having 

used it for many years in the preparation of homemade jellies. 

V. Classification of Culture Media 

A classification of media based on their respective uses follows. Note that these 

categories can overlap. Furthermore, by now you should be using these 



 
  

terms correctly: Medium is always the singular form of the word, and media is 

always (and only!) the plural form. 

 A MINIMAL MEDIUM is one which supplies only the minimal nutritional 

requirements of a particular organism. As an example, a typical, prototrophic 

strain of E. coli is able to synthesize all of its cell components from a simple 

solution containing several "mineral salts" plus glucose as the source of carbon 

and energy – such as the minimal medium shown here. Minimal media vary in 

composition according to the minimal nutritional requirements of the 

particular species under study. A minimal medium for a "fastidious" organism 

such as Lactobacillus may contain many growth factors such as vitamins and 

amino acids. 

 An ALL-PURPOSE MEDIUM is rich in a wide variety of nutrients 

(including many growth factors) and will, therefore, support the growth of a 

wide range of bacteria. All-purpose media include Nutrient Agar, APT Agar, 

Plate Count Agar, Heart Infusion Agar, Brain Heart Infusion Agar and 

Penassay Agar. 

 A SELECTIVE MEDIUM supports the growth of desired organisms while 

inhibiting the growth of many or most of the unwanted ones – either by 

purposely adding one or more selective agents which "poison" certain types of 

organisms or by including or deleting certain nutrients such that the desired 

organisms and few others are able to grow. Examples on how these things may 

be accomplished are as follows: 

o MacConkey Agar. This is an example of a medium where selective 

agents are added which directly suppress the growth of undesired 

organisms as much as possible. The particular selective agents chosen 

for this medium – bile salts and crystal violet – inhibit gram-positive 

bacteria, allowing the near-exclusive growth of gram-negative bacteria. 

o Nitrogen-Free Broth. Here the medium is made selective by 

the deletion of a required element; no nitrogen compounds are present. 

Therefore, the only organisms which can grow after inoculation into this 

medium are those which can utilize gaseous nitrogen (N2) which 

diffuses in from the atmosphere. These are the nitrogen-fixing bacteria. 

While this medium does not utilize selective agents, it is 

still restrictive to an extensive number of various organisms. 

https://www.jlindquist.com/generalmicro/102usage.html
https://www.jlindquist.com/generalmicro/102bactnut.html#minimal
http://www.splammo.net/bact102/102nfixbact.html


 
  

o Succinate Broth. In this example, a particular nutrient utilized by the 

desired organism – and few others – is included as the only carbon 

source. This medium is used for the enrichment of the purple non-sulfur 

photosynthetic bacteria; most other organisms tend not to metabolize 

succinate under the anaerobic conditions utilized. This is another 

example of a restrictive medium which does not contain selective 

agents. 

 A DIFFERENTIAL MEDIUM is one which allows two or more different 

types of organisms to grow, but it contains dyes and/or other components upon 

which different organisms act in various ways to produce a variety of end 

products or effects, often detected by variations in color. These differences are 

often very apparent among colonies of a mixed culture growing in a petri dish. 

Pure cultures, growing in separate tubes of the same differential medium, may 

also be characterized and differentiated from one another according to a 

particular biochemical characteristic. Examples of differential media include 

the following: 

o MacConkey Agar. This medium is used in plates. Organisms which 

ferment the lactose in the medium will lower the pH due to the 

production of acids. The pH indicator (neutral red) will turn red, and the 

colonies will consequently have a reddish appearance. Other colonies on 

the same plate which do not contain lactose-fermenting cells should 

appear whitish. (As this medium also appears in the above category, it is 

termed a selective-differential medium.) 

o Glucose Fermentation Broth. This medium is used in tubes, usually 

with Durham tubes. Organisms which ferment the sugar (glucose) will 

cause the pH indicator to change color upon production of acidic 

products. Additionally, if insoluble gas (H2) is produced during 

fermentation, a bubble will be seen in the inverted Durham tube. 

o Examples of differential media which do not involve pH-related 

reactions include Motility Medium (exploiting a morphological 

characteristic – i.e., production of flagella), Nutrient Gelatin, Starch 

Agar, Kligler Iron Agar (for H2S production) and Blood Agar. 

 AGAR. Agar is used as a solidifying agent in media. It is an impure 

polysaccharide gum obtained from certain marine algae. Agar dissolves and 

http://www.splammo.net/bact102/102pnsb.html
http://www.splammo.net/bact102/102pnsb.html
https://www.jlindquist.com/generalmicro/102diff.html


 
  

melts around 100°C and solidifies around 43°C. Generally agar itself is not 

used as a nutrient by microorganisms. 

 BODY FLUIDS. Whole or defibrinated blood, plasma, serum or other body 

fluids are frequently added to culture media for the isolation and cultivation of 

many pathogens. Body fluids contribute many growth factors and/or 

substances which detoxify certain inhibitors. 

 BUFFERS. These compounds are incorporated to maintain the optimum pH 

range of the organism. Substances like sodium and potassium 

phosphates and calcium carbonate prevent marked changes in pH which 

otherwise would result from microbial production of organic acids or bases. 

Crude organic preparations such as peptones (see below) also act as buffers. 

 EXTRACTS. Eucaryotic tissues (yeast, beef muscle, liver, brain, heart, etc.) 

are extracted by boiling and then concentrated to a paste or dried to a powder. 

These extracts are frequently used as a source of amino acids, vitamins and 

coenzymes, including many needed as growth factors by fastidious 

organisms. Trace elements and other minerals and usually some sugar are also 

present in these extracts. (The term infusion refers to the aqueous extracts of 

these materials used for these purposes without being dried or otherwise 

concentrated, although "infusion" is sometimes used synonymously with 

"extract.") 

 PEPTONES. These complex mixtures of organic and inorganic compounds 

are obtained by digestion of protein-containing tissues of animals and plants 

such as meat scraps, beef muscle, gelatin, milk protein (casein) and soybean 

meal. These materials are then dried down to a powder and made 

commercially available to microbiology laboratories. Peptones primarily 

contain peptides and single amino acids. Being crude digests of complex 

materials, they contain a great variety of other organic and inorganic materials, 

but they may be deficient in certain minerals and vitamins. Three examples of 

brand names of peptones are Tryptone (or Trypticase; a pancreatic digest of 

casein), Phytone (or Soytone; a papaic digest of soybean meal) and 

simply Peptone (a digest of beef muscle). Peptones are used frequently in 

conjunction with extracts for the cultivation of fastidious organisms, and a 

simple peptone solution will support the growth of many organisms. Peptone 

in a concentration of 0.1% is often used as a diluent. 



 
  

 pH INDICATORS. An acid-base indicator is often added to differential 

media to detect changes in hydrogen ion concentration during the growth of 

an organism such as in Carbohydrate Fermentation Broth, Kligler Iron Agar, 

Simmons Citrate Agar, MacConkey Agar and Glucose O/F Medium. Brom-

cresol purple, brom-thymol blue and phenol red are commonly used; for each 

of these, an acidic pH turns the indicator a yellow color 

 REDUCING AGENTS. Certain chemicals may stimulate growth by reducing 

the oxidation-reduction potential in the environment. Cystine and 

thioglycollate are reducing agents often used for the cultivation of anaerobes 

and are found in the Thioglycollate Medium utilized to determine oxygen 

relationships. 

 SELECTIVE AGENTS. Antimicrobial agents such as crystal violet, bile 

salts, brilliant green, potassium tellurite, sodium azide and antibiotics can be 

employed in selective media to suppress or inhibit the growth of certain 

groups of microorganisms while allowing growth of desired organisms. These 

agents are usually bacteriostatic.  

Factors Affecting Growth of Bacteria 

The growth of microorganisms in the body, in nature, or in the laboratory is 

greatly influenced by temperature pH, moisture content, available nutrients, and the 

characteristics of other organisms present. 

OXYGEN 

Bacteria on the basis of their oxygen requirements can be classified broadly into 

aerobic and anaerobic bacteria. 

Aerobic bacteria: 

They require oxygen for their growth. They may be: 

 Obligate aerobes—which can grow only in the presence of oxygen 

(e.g., P. aeruginosa). 

 Facultative aerobes—which are ordinary aerobes but can also grow without 

oxygen (e.g., E. coli). Most of the pathogenic bacteria are facultative aerobes. 

 Microaerophilic bacteria—those bacteria that can grow in the presence of 

low oxygen and in the presence of low (4%) concentration of carbon dioxide 

(e.g., Campylobacter jejuni). 

https://www.jlindquist.com/generalmicro/dfthiognf.html
https://www.jlindquist.com/generalmicro/dfthiognf.html


 
  

 Some fermentative organisms (e.g., Lactobacillus plantarum) are aerotolerant 

but do not contain the enzyme catalase or superoxide dismutase. Oxygen is not 

reduced, and therefore hydrogen peroxide (H2O2) and nascent oxygen (O2) 

are not produced. 

Anaerobic bacteria: 

 Obligate anaerobes are the bacteria that can grow only in the absence of 

oxygen (e.g., Clostridium botulinum, Clostridium tetani, etc.). 

 These bacteria lack superoxide dismutase and catalase; hence oxygen is lethal 

to these organisms. 

CARBON DI OXIDE 

Bacteria on the basis of their oxygen requirements can be classified broadly into 

aerobic and anaerobic bacteria. 

Aerobic bacteria: 

They require oxygen for their growth. They may be: 

 Obligate aerobes—which can grow only in the presence of oxygen 

(e.g., P. aeruginosa). 

 Facultative aerobes—which are ordinary aerobes but can also grow without 

oxygen (e.g., E. coli). Most of the pathogenic bacteria are facultative aerobes. 

 Microaerophilic bacteria—those bacteria that can grow in the presence of 

low oxygen and in the presence of low (4%) concentration of carbon dioxide 

(e.g., Campylobacter jejuni). 

 Some fermentative organisms (e.g., Lactobacillus plantarum) are aerotolerant 

but do not contain the enzyme catalase or superoxide dismutase. Oxygen is not 

reduced, and therefore hydrogen peroxide (H2O2) and nascent oxygen (O2) 

are not produced. 

Anaerobic bacteria: 

 Obligate anaerobes are the bacteria that can grow only in the absence of 

oxygen (e.g., Clostridium botulinum, Clostridium tetani, etc.). 

 These bacteria lack superoxide dismutase and catalase; hence oxygen is lethal 

to these organisms. 

 

 The organisms that require higher amounts of carbon dioxide (CO2) for their 

growth are called capnophilic bacteria. 

 They grow well in the presence of 5–10% CO2 and 15% O2. 

 In candle jar, 3% CO2 can be achieved. 

 Examples of such bacteria include H. influenzae, Brucella abortus, etc. 

 

 

 



 
  

TEMPERATURE 

The optimum temperature for most of the pathogenic bacteria is 37oC. 

The optimal temperature, however, is variable; depending on their temperature 

range, growth of bacteria is grouped as follows: 

 Psychrophiles: These bacteria are cold loving microbes that grow within a 

temperature range of 0–20o Most of soil and water saprophytes belong to this 

group. 

 Mesophiles: These are moderate temperature loving microbes that grow 

between 25oC and 40o Most of pathogenic bacteria belong to this group. 

 Thermophiles: These are heat loving microbes. They can grow at a high 

temperature range of 55–80o B. stearothermophilus is an example. 

 

pH 

 Most pathogenic bacteria grow between pH 7.2 and 7.6. 

 Very few bacteria, such as lactobacilli, can grow at acidic pH below 4.0. 

 Many food items, such as pickles and cheese, are prevented from spoilage by 

acids produced during fermentation. 

 V. cholerae is an example of the bacteria that can grow at an alkaline (8.2–8.9) 

pH. 

LIGHT 

Depending on the source of energy bacteria make use of, they may be classified as 

 Phototrophs (bacteria deriving energy from sunlight) 

 Chemotrophs (bacteria deriving energy from chemical sources). 

 

OSMOTIC PRESSURE 

 Microbes obtain almost all their nutrients in solution from surrounding water. 

 Hence factors such as osmotic pressure and salt concentration of the solution 

affect the growth of bacteria. 

 Bacteria by virtue of mechanical strength of their cell wall are able to 

withstand a wide range of external osmotic variations. 

 Organisms requiring high osmotic pressures are called osmophilic bacteria. 

 Sudden exposure of bacteria to hypertonic solution may cause osmotic 

withdrawal of water, leading to osmotic shrinkage of the protoplasm 

(plasmolysis). 

 On the other hand, sudden transfer of bacteria from concentrated solution to 

distilled water may cause excessive imbibition of water leading to swelling 

and bursting of cell ( plasmoptysis). 

 

 



 
  

 

 Inoculate the media aseptically 

Growth of microorganisms in an artificial medium (liquid or solid) is usually the first 

step in the identification of an unknown organism. 

 

The three main aims of inoculation of media are: 

 to grow only the organism or organisms that are present in the original sample 

and not introduce any adventitious agent (aseptic technique) 

 to protect yourself, your co-workers and the environment from any pathogenic 

microbes (aseptic technique and safety rules) 

 to grow the microbes in such a way that further testing can be performed on 

the isolates (growth conditions and testing requirements). 

At SimuLab bacteria and fungi are grown in liquid broths and on solid (agar) media. 

Viruses can only be grown in living cells. Inoculating the media with the sample is 

the next step in processing. Each different type of media requires a different 

inoculation technique. This is briefly explained in the following table. 

Sample Type Media type Inoculation method 

 

 

Add a loopful or drop of culture into a new 

sterile bottle of broth. 

 
Agar plates 

Streak plate with a loop of inoculum. 



 
  

 

 

Add a loopful or drop of culture into a new 

sterile bottle of broth. 

 
Agar plates 

Streak plate with a loop of inoculum. 

 

 
Cell culture 

Inoculate fresh culture medium with a 

small volume of virus suspension  

 

ISOLATION OF PURE CULTURES 

 

A pure culture theoretically contains a single bacterial species. There are a 

number of procedures available for the isolation of pure cultures from mixed 

populations. A pure culture may be isolated by the use of special media with 

specific chemical or physical agents that allow the enrichment or selection of one 

organism over another. The differential and selective procedures will be utilized 

later in this course. Simpler methods for isolation of a pure culture include: (i) 

spread plating on solid agar medium with a glass spreader and (ii) streak plating 

with a loop. The purpose of spread plating and streak plating is to isolate 

individual bacterial cells (colony-forming units) on a nutrient medium. 

 

Both procedures (spread plating and streak plating) require understanding of 

the aseptic technique. Asepsis can be defined as the absence of infectious 

microorganisms. However, the term is usually applied to any technique designed  

to keep unwanted microorganisms from contaminating sterilematerials. 

 



 
  

Material: 

1. Seven 9-ml dilution tubes of sterile saline 

2. Seven nutrient agar plates 

3. 1.0 ml and 0.1 mlpipets 

4. Glass spreader aka “hockeystick” 

5. 95% ethyl alcohol in glass beaker  

6. Mixed overnight broth culture of Staphylococcus aureus and Serratia 

marcescens 

Procedure:  

A. Spread PlateTechnique 

 

In this technique, the number of bacteria per unit volume of sample is reduced 

by serial dilution before the sample is spread on the surface of an agar plate. 

 

1. Prepare serial dilutions of the broth culture as shown below. Be sure to mix the 

nutrient broth tubes before each serial transfer. Transfer 0.1 ml of the final 

three dilutions (10-5, 10-6, 10-7) to each of three nutrient agar plates, and label 

the plates. 

Position the beaker of alcohol containing the glass spreader away from the flame. 

Remove the spreader and very carefully pass it over the flame just once (lab 

instructor will demonstrate). This will ignite the excess alcohol on the spreader and 

effectively sterilizeit. 

2. Spread the 0.1 ml inoculum evenly over the entire surface of one of the nutrient 

agar plates until the medium no longer appears moist. Return the spreader to 



 
  

the alcohol. 

 

3. Repeat the flaming and spreading for each of the remaining twoplates. 

 

4. Invert the three plates and incubate at room temperature until the next lab 

period. 

 

DILUTION Red Colonies White Colonies Total Number 

10-6    

10-7    

10-8    

 

 

 

B. Streak PlateTechnique 

 

The streak plating technique isolates individual bacterial cells (colony-forming 

units) on the surface of an agar plate using a wire loop. The streaking patterns 

shown in the figure below result in continuous dilution of the inoculum to give 

well separated surface colonies. Once again, the idea is to obtain isolated colonies 

after incubation of the plate. 

 

1. Label two nutrient agar plates No. 1 and No.2. 

 

2. Prepare two streak plates by following two of the 3 streaking patterns shown in 

the figure below. Use the 10-1dilution asinoculum. 

 

3. Invert the plates and incubate at room temperature until the next labperiod. 

 



 
  

C. ExposurePlates 

 

Exposure of sterile media to the environment will demonstrate the 

importance of aseptic technique. 

 

1. Label two nutrient agar plates as "Exposure I" and "ExposureII." 

 

2. Uncover the plate marked "Exposure I" and allow it to remain exposed in 

the lab for about 5 minutes. 

 

3. Expose the plate marked "Exposure II" to a source of possible 

contaminants. Use your imagination: cough or sneeze, place your fingers 

on the surface of the agar, etc. 

 

4. Invert the plates and incubate at room temperature until the next labperiod. 
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