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Learning Objectives
The microbial world is the largest unexplored reservoir of biodiversity on the earth. Microbial
diversity needs to be explored, as microbes are essential for life since they are having
biotechnological applications with beneficial commercial value, also, microorganisms cause
dreaded diseases therefore making their understanding, isolation and identification of immense
importance. For identification of microorganisms it’s important to find its origin and category.
Modern molecular techniques help in identification of the organisms by establishing their
phylogenetic relationship. In this chapter, microbial diversity of various organisms are discussed
and their biotechnological applications discussed.

1. ORIGIN OF LIFE
For a very long time the question of the origin of life was treated not as a subject of scientific
research but entirely from the point of view of religio-scholastic concepts. The concept of
spontaneous generation of living things, as believed by Greek philosophers is from lifeless
inorganic matter. Similarly, Empedocles (490-444) maintained that plants and animals were
formed from living organic substances either by the process of generation from similar sources or
by a process of self-promulgation from dissimilar sources.
The answer for life’s origin is one of the oldest and most difficult in biology. It cannot be a single
statement of fact but rather an extended chronology, beginning with the formation of the earth and
ending with the appearance of cellular organisms. There is no direct evidence of the events that
occurred during roughly the first thousand million years of the earth’s history. The oldest rocks
that provide clues to life’s distant past are 3.6 ¥ 109 years old and by that time cellular life seems
already to have been well established. The modern organisms are so sophisticated that they
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Some animals, notably ants, bees, wasps, and termites, live in colonies in which only a few
individual reproduce. Such a colony is analogous to a multicellular organism. The sterile workers
are analogous to the body cells of an individual, and the reproducing individual to the cells of the
germ line. The origin of such colonies is important. It has been estimated that the one-third of the
animal biomass of the Amazon rainforest consists of ants and termites.
3. MICROBIAL DIVERSITY
Interest in the exploration of microbial diversity has been spurred by the fact that microbes are
essential for life since they perform numerous functions essential for the biosphere that include
nutrient cycling and environmental detoxification. The vast array of microbial activities and their
importance to the biosphere and to human economies provide strong rationale for understanding
their diversity, conservation and exploitation for society.
Over three decades of molecular-phylogenetic studies, researchers have compiled an
increasingly robust map of evolutionary diversification showing that the main diversity of life is
microbial. The application of molecular-phylogenetic methods to study natural microbial
ecosystems without the traditional requirement for cultivation has resulted in the discovery of
many unexpected evolutionary lineages; members of some of these lineages are only distantly
related to known organisms but are sufficiently abundant that they are likely to have impact on
the chemistry of the biosphere.
4. THE MOLECULAR CONTEXT OF MICROBIAL DIVERSITY
The ultimate determinants of microbial diversity are the molecules, which, by virtue of their fixed
structures and variable functions, can generate and maintain differences between lineages of
microorganisms. Therefore, methods designed to evaluate the relationships among these
molecules are directly relevant to the recognition of diversity and the classification of newly
discovered species. There are many new molecular approaches for investigating microbial
communities from the perspective of diversity assessments, like nucleic acid sequence
comparison, specific nucleic acid-based methods, signature lipid biomarkers, protein profile and
molecular microarray system. The strengths and limitations of these methods are explored
through comparisons with microscopic and cultivation methods. Ideally, molecular methods are
best used to complement other methods.
5. INTERPRETATION OF MOLECULAR DIVERSITY
In a landmark publication, Emile Zukerkandl and Linus Pauling proposed the use of polymeric
biomolecules, specifically nucleic acids and proteins, to reconstruct evolutionary 60 PART I
Concepts and methods distances and phylogenetic relationships among organisms. The
proposal was based on the recognition that the cumulative effect of random mutations, which
occur as a result of infidelity in the molecular aspects of genetic replication, produces distinct
lineages of organisms that may be tracked chronologically. This observation led directly to the
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6.1.1 Classic Bacteria
These organisms reproduce asexually by binary transverse fission. They do not possess the
nucleus typical of eukarya. The cell walls of these organisms are rigid (with some exceptions, e.g.,
the mycoplasma).
6.1.2 Chlamydiae
These organisms are obligate intracellular parasites that are able to reproduce in certain human
cells only and are found in two stages the infectious, non-reproductive particles called elementary
bodies (0.3 mm) and the non-infectious, intra-cytoplasmic reproductive forms known as reticulate
bodies of 1 mm.
6.1.3 Rickettsiae
These organisms are obligate intracellular parasites, rod-shaped to coccoid, that reproduce by
binary transverse fission. The diameter of the individual cell is from 0.3 to 1 mm.
6.1.4 Mycoplasmas
Mycoplasmas are bacteria without rigid cell walls. They are found in a wide variety of forms, the
most common being the coccoid cell (0.3 – 0.8 mm). Thread-like forms also occur in various lengths.
6.2 The Genetic Variability of Bacteria
Changes in bacterial DNA are the result of spontaneous mutations in individual genes as well as
recombination processes resulting in new genes or genetic combinations. Based on the molecular
mechanisms involved, bacterial recombinations are classified as homologous, site-specific and
transpositional. The latter two in particular reflect the high level of mobility of many genes and
have made essential contributions to the evolution of bacteria.
Although sexual heredity is unknown in bacteria, they do make use of the mechanisms of
intercellular transfer of genomic material known as parasexual processes. Transformation
designates transfer of DNA that is essentially chemically pure from a donor into a receptor cell. In
transduction, bacteriophages serve as the vehicles for DNA transport. Conjugation is the transfer
of DNA by means of cell-to-cell contact. The processes of restriction and modification are
important factors limiting genetic exchange among different taxa. Restriction is based on effects of
restriction endonucleases capable of specific excision of foreign DNA sequences. These enzymes
have become invaluable tools in the field of genetic engineering.
6.3 Archaea
This domain includes forms that live under extreme environmental conditions, including
thermophilic, hyperthermophilic, halophilic, and methanogenic microorganisms. The earlier
term for or the archaea was archae bacteria (ancient bacteria), and they are indeed a kind of living
fossil. Thermophilic archaea thrive mainly in warm, moist biotopes such as the hot springs at the
top of geothermal vents. Typical structure of archaea is depicted in Fig. 1. The hyperthermophilic
archaea, a more recent discovery, live near deep-sea volcanic plumes at temperatures exceeding
100° C.
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Fig. 1 General structure of archaea
6.4 Eucarya
This domain includes all life forms with cells possessing a genuine nucleus. The plant and
animal kingdom (animales and plantales) are all eukaryotic life forms. Pathogenic eukaryotic
microorganisms include fungal and protozoan species.
7. FUNGI AND PROTOZOA
7.1 Fungi
Fungi (Mycophyta) are non-motile eukaryotes with rigid cell walls and a classic cell nucleus.
They contain no photosynthetic pigments and are carbon heterotrophic, that is, they utilize
various organic nutrient substrates (in contrast to carbon autotrophic plants). From more than
50, 000 fungal species, only about 300 are known to be human pathogens. Most fungal infections
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occur as a result of weakened host immune defenses. A schematic diagram of Rhizopus spp. is
given in Fig. 2.
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Fig. 2 Schematic diagram of Rhizopus sp.
7.2 Protozoa
Protozoa are microorganisms in various sizes and forms that may be free living or parasitic. They
possess a nucleus containing chromosomes and organelles such as mitochondria (lacking in
some cases), an endoplasmic reticulum, pseudopods, flagella, cilia, kinetoplast, etc. Many
parasitic protozoa are transmitted by arthropods, whereby multiplication and transformation
into the infectious stage take place in the vector.
8. ANIMALS
8.1 Helminthes
Parasitic worms belong to the animal kingdom. These are metazoan organisms with highly
differentiated structures. Medically significant groups include the trematodes (flukes or
flatworms), cestodes (tape- tapeworms), and nematodes (round-roundworms).
8.2 Arthropods
An external chitin skeleton, segmented bodies, jointed legs, special mouth parts, and other
specific features characterize these animals. Their role as direct causative agents of diseases is a
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minor one (mites, for instance, cause scabies) as compared to their role as vectors transmitting
viruses, bacteria, protozoa, and helminthes.
9. VIRUS
A virus family is a phylogenetically related collection of genera that share similar properties. They
are given the suffix viridae. Virus particle morphology, genome characteristics, and /or strategies
of replication are used to group viruses into families. Due to the diversity and complexity of the
families, Paramyxoviridae, Poxviridae, Parviviridae, and Herpesviridae each is further classified
into subfamilies. Subfamilies are given names that end with virinae. After genera spices are given
which are highly specific classification. The term “quasi-species” refers to a population of closely
related viral sequences. A general structure of virus is shown in Fig. 3.
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It is said that viruses can influence the genetic diversity of prokaryotes. They can affect the
community composition of prokaryotes keeping in check competitive dominants. This may
sustain species richness and the amount of information encoded in genomes. Viruses can also
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compared with antibiotics but colicins are proteins and thus differ markedly from the substances
(e.g. Penicillin) commonly thought of as antibiotics. Colicins are specific as to the strains for
which they are lethal. Similar lethal agents are produced by numerous other species of bacteria.
The more inclusive term bacteriocin is now commonly used to include the entire group.
The ability to produce colicin constitutes the property of colicinogenicity and appears to be a
transferable property of bacteria dependent on the presence of an episome like the F factor. The
episome of colicinogenicity is called the C factor, or Cf. unlike F, Cf does not appear to integrate
with the cell chromosome. It is transferred by conjugation (cell contact) but in association with the
cell chromosome of F. It may also be transferred by transduction/presence of Cf confers immunity
to the colicin produced though the colicin may be absorbed on the producing cell. This immunity
to the colicins suggests the immunity to super infection conferred on a cell by the presence of a
prophage, though the mechanisms of the immunity seem to differ. The presence of Cf does not
necessarily results in production of colicins. However, ultraviolet light and other agents that
induce prophage to enter a lytic cycle can induce Cf. Cf then becomes active and causes colicin
production. Thus, there are similarities between prophage, F, and Cf, though they are clearly not
identical. There is evidence that imperfect or defective prophages are associated with the presence
of Cf. whether the Cf is, or is influenced by, incomplete phage or prophage is currently under
investigation. Cf’s and the colicins they induce, differ considerably among themselves in
physiological and morphological characters.
Some bacteriocins are named according to the organisms that produce them, e.g. pesticin (from
Yersinia pestis), megacin (from Bacillus megaterium), and Staphylococcus sp. Perhaps the symbol for
the bacteriocinogenic episome should be Bf (bacteriocin factor) instead of Cf.
10.2 Genetics of Colicins
They are classified into groups on the basis of the cell surface receptor to which they bind, e.g. the
E group colicins bind to the product of the chromosomal btuB gene of E. coli. Colicins are all
encoded on small multi-copy plasmids or on large low-copy plasmids. Colicins that are released
from multi-copy plasmids do so with the help of a lysis protein, which is encoded at a site very
near the activity gene. These are small lipoproteins, which exhibit high sequence similarities.
Large plasmids, on the other hand, do not encode lyses proteins. All colicins encode immunity
proteins, which are essential for the survival of the cell. However, these proteins only protect the
producing cells from related colicins synthesized inside the same cell, or neighboring cells.
10.3 Mechanism of Action
They are synthesized in the cytoplasm of colicinogenic cells and produced in large amounts and
in general, released into the medium, colicins kill sensitive bacteria in 3 defined steps.
∑ Adsorption into a specific receptor at the surface of the bacterium.
∑ Translocation across the outer membrane.
∑ Killing activity.
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12. CYANOBACTERIA
It is oxygenic phototropic prokaryotes. Cyanobacteria, as inventors of oxygenic photosynthesis,
have led a unique and key role in the history of earth and evolution of life. These organisms
currently contribute substantially to maintaining the biosphere since they are important primary
producers at a global scale, with a relevant role in the C and N cycles. The cyanobacteria also
perform some unique biological processes and can be used as models to study other important
biological activities or capabilities.
Cyanobacteria remained principal primary producers throughout proterozoic Eon (2500-543
Ma), in part because the redox structure of the ocean favored photoautotrophs capable of nitrogen
fixation. Green algae joined blue-green algae as major primary producers on continental shelves
near the end of the proterozoic, but only with the Mesozoic (251-65 Ma) radiations of
dinoflagellates, coccolithophorids, and diatoms did primary production in marine shelf waters
take modern form. Five principal groups are recoginsed which are, Group I (Chroococcales)
comprises solitary and colonial unicellular cyanobacteria. For example, Snechococcus and
Gloeocapsa. Group II (pleurocapsales) consists of unicellular to pseudo-filamentous, thallus
forming cyanobacteria, with cell capable of multiple, as well as binary fission. Group III
(Oscillatriales) comprises filamentous cyanobacteria without cell differentiation, whereas Group
IV (Nostocales) consists of filaments marked by cell differentiation to produce akinetes and
heterocysts. Group V (Strigonematales) is comprised of cell differentiating cyanobacteria with
more complex multicellular organization. Molecular phylogenetics support some but not all of
theses groupings.
13. YEAST
The term “yeast” or “yeast-like” are vernacular for unicellular fungal organisms that reproduce
by budding and its anamorphous state is referred to as members of the class Blastomycetes. Some
yeast may reproduce by fission, in part because many yeast produce mycelium or
pseudomycelium. Under certain environmental and nutritional conditions and in part because
filamentous fungi (hyphomycetes) may exist in a unicellular, yeast-like form that reproduces by
budding which is Oidia.
On the basis of their teleomorphic state, some yeast are ascomycotina, others are
basidiomycotina of the phylum dicaryomycota, and others as yet have not been shown to have a
sexual stage and are grouped together as anamorphs of dikaryomycota called fungi imperfecti
(Deuteromycota). Clearly, then, the term “yeast” is of no taxonomic significance and is useful only
to describe a morphologic form of fungus.
The ascomycotina is the largest group of fungi and contains 2720 genera and 28650 species
which include a wide range of diverse organisms such as the yeasts, the black molds, the blue
molds, the ringworms, the powdery mildew, the black mildew, the cup fungi, the morels and the
truffles, etc. out of them the most interesting are the yeasts responsible for bringing about the
fermentation leading to the production of alcohol.
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The yeast belongs to the subphyla Basidiomycotina and Ascomycotina of the Dikaryomycota,
and they are in the class blastomycetes of the form Phylum, Deuteromycota (anamorphs of
dicaryomycota), which were known in the older literature as fungi imperfecti.
There are 34 genera of ascosporogenous yeast
Ambrosiozyma, Arthroascus, Citeromyces, Clavispora, Coccidiascus, Cyniclomyces, Debaryomyces,
Dekkera, Endomycopsis, Guilliermondella, Hanseniaspora, Hansenula, Issatchenkia, Kluyveromyces,
Lipomyces, Codderomyces, Metschnikowia, Nadsonia, Nematospora, Pachysolen, Pachytichospora,
Pichia, Saccharomyces, Saccharomycodes, Saccharomycopsis, Sachizosaccharomyces, Schwanniomyes,
Sporopachyderma, Staphanoascus, Torulaspora, Wickerhamia, Wickerhamiella, Wingea and
Zygosaccharomyces.
There are 16 genera of asporogenus yeast
Aciruloconidium, Bretanomyces, Bullera, Candida, Cryptococcus, Kloeckera, Malassezia, Oosporidium,
Rhodotorula, Sarcinosporon, Schizoblastosporion, Sporobolomyces, Sterigmatomyces, Sympodomyces,
Torulopsis, Trichosporon and Trigonopsis.
In addition there are 10 genera of basidiomycetous yeast
Chionosphaera, Fibulobasidium, Filobasidiella, Filobasidium, Holtermannia, Leucosporidium,
Rhodosporidium, Sirobasidium, Sporidiobolus, and Tremella.
In all there exist close to a thousand species of yeast or yeast-like organism. The vast majorities
of these have air-borne spores or conidia and thus can be isolated as contaminants from skin,
sputum, faeces, or other clinical specimens.
14. BIOTECHNOLOGICAL APPLICATIONS OF MICROORGANISMS
14.1. Practical Application of Colicin
Bacteriocins have found practical applications as food preservatives due to their ability to prevent
growth of food pathogens such as Listeria and Clostridium and spoilage microorganisms. Two
bacteriocins, nisin and pediocin PA-1, have found practical applications as food preservatives.
Lactococcus lactis IL1403 encodes translocatory functions able to recognize and mediate
secretion of lactococcin A. The ability of this strain to produce the pediococcal bacteriocin
pediocin PA-1 has been demonstrated previously by the introduction of a chimeric gene,
composed of sequences encoding the leader of lactococcin A and the mature part of pediocin
PA-1.
Lactic acid bacteria (LAB) and the bacteriocins have an important role as future food
biopreservatives.
14.2 Antibiotics
Antibiotics are drugs that contain chemical substances that have the capacity to block the growth
of, or kill, pathogenic microorganisms such as fungi and bacteria. These chemical substances are
naturally produced by certain microorganisms and can be made by harvesting them from these
microorganisms, or by synthetic production. They are given to individuals to help their body fight
off infectious diseases or prevent infections by microorganisms. Antibiotic-resistant
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microorganisms (ARM) are as prevalent today in long-term care facilities (LTCF) as they are in
acute care facilities. These microorganisms include methicillin-resistant Staphylococcus aureus
(Fig. 5) (MRSA), aminoglycoside (gentamicin, tobramycin, amikacin) resistant Gram-negative
bacilli (ARGNB), such as Pseudomonas aeruginosa, and the emerging vancomycin-resistant
enterococci (VRE). The use of various organisms as antibiotics is mentioned in Table 1.

Fig. 5

Scanning electron microscope (SEM) showing a strain of Staphylococcus aureus bacteria taken from a
vancomycin intermediate resistant culture (VISA).

Table 1 Organisms commonly used for antibiotic production
Organism

Antibiotic

Penicillium
Bacillus Licheniformis
Cephalosporium acremonium
Nocordia uniformis
S. caespitosus
Streptomyces antibiotieus
S. erythreus
S. griseus
S. virginae

Penicillin
Bacitracin
Cephalosporin
Norcardins
Actinomycins
Mitomycin
Erythromycin
Streptomycin, cycloheximide
Virginiamycin
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∑ French “blue cheese” which uses perforated fresh cheese as substrate and selected molds,
such as Penicillium roquefortii as inoculum.
∑ Composting of lignocellulosic fibers, naturally contaminated by a large variety of organisms
including cellulolytic bacteria, moulds and Streptomyces sp.
Other microorganisms used in SSF process are as follows:
(a) Bacteria: Bacillus sp., Pseudomonas sp., Serratia sp., Streptoccus sp., Lactobacillus sp.,
Clostidrium sp.
(b) Yeast: Endomicopsis burtonii, Saccharomyces cerevisiae, Schwanniomyces castelli.
(c) Fungi: Altemaria sp., Aspergillus sp., Fusarium sp., Monilia sp., Mucor sp., Rhizopus,
Phanerochaete chrysosporium, Trichoderma sp., Beauveria sp., Metharizium sp., Amylomyces
rouxii, Aspergillus oryzae, Rhizopus oligosporus, Aspergillus niger and Pleurotus oestreatus.
15. HARMFUL DISEASES CAUSED BY MICROORGANISMS
Table 2 provides an overview of the causes of human infectious diseases.
Table 2

Human Pathogens: following are the causes of human infectious disease (Kayser et al., 2005)

Subcellular
biological entities

Prokaryotic
microorganisms

Eukaryotic
microorganisms

Animals

Prions
(infection proteins)

Chlamydiae
(0.3 –1 micrometer)

Helminths
(Parasitic worms)

Viruses
(20-200 nm)

Rickettsiae
(0.3-1 micrometer)
Mycoplasmas
Classic bacteria
(1-5 micrometer)

Fungi (yeasts 5–10
micrometer, size of
mold fungi
Indeterminable
Protozoa
(1-150)

Arthropods

15.1 Prions (proteinaceous infectious particles)
The evidence indicates that prions are protein in molecules that cause degenerative central
nervous system (CNS) diseases such as Creutzfeldt-Jakob disease, kuru, scrapie in sheep, and
bovine spongiform encephalopathy (BSE) [general term: transmissible spongiform
encephalopathies (TSE)].
15.2 Bacterial Diseases
Anthrax, Bacterial Meningitis, Cholera (Fig. 6), Diphtheria, Leprosy (Hansen’s diseases),
Pneumonia, Tuberculosis, Typhoid fever, Plague.
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Fig. 6 Scanning electron microscope image of Vibrio cholerae bacteria, which infect the digestive system
15.3 Fungal Diseases
Respiratory diseases, Aspergillosis, Blastomycosis, Candidiosis, Coccidioides immitis,
Cryptococcosis, Histoplasmosis, Tinia pedis.
15.4 Viral Diseases
AIDS, Hepatitis’s, Influenza, Measles and Mums, Rabies, Smallpox, Poliomyelitis, Dengue fever.
15.5 Protozoans and Helminthes
Amebiasis, Ascariasis Fasioliasis, Faciolopsiasis, Filariasis, Kala azar (black fever), Malaria,
Taeniosis, etc.
16. CONCLUSION
It has been observed that with the evolution of life, there is vast diversity in animals, plants,
insects, microorganisms, etc., most of which is still unexplored by human beings. We understand
the importance of microorganisms in our day-to-day life, which includes their numerous

