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Block Introduction 

In this Block, we introduce you to the microbes of three basic environments on the 

earth such as terrestrial, aquatic and atmosphere environments with some commonly known 

examples.  In Unit 1, we briefly touch upon microbial life forms of extreme environments. 

Microorganisms are ubiquitous and play an important role for the sustenance of life on earth. 

Their basic role is as producers in the food web of both terrestrial and aquatic ecosystems. The 

other major role is the cycling of basic elements. They also exhibit various interactions with 

other organisms which is very important in maintaining the balance of life on earth. 

In Unit 2, we explained to you, how water can act as a source of human infection and 

the diseases we can get by consuming contaminated water. Drinking-water source that 

becomes polluted by domestic sewage gets contaminated by human pathogenic microbes. We 

can suffer by many waterborne bacterial, protozoan or viral diseases on consumption of such 

polluted water. We briefly touch upon a few methods used to analyse the microbiological 

quality of water. 

In Unit 3, we introduce you also to the world of viruses. Viruses are acellular particles 

that are obligate parasites. They have a very simple structure consisting of two macromolecules 

protein capsid and nucleic acid genome. They replicate only within the host cells and thus their 

cultivation can be done only in host animals or cell systems. Viruses also form important 

components of aquatic microbial life. A few pathogenic viruses can get transmitted to us 

through drinking water and thus it is important even to detect and enumerate viruses in drinking 

water. We briefly explain some of these methods. 

In Unit 4, we explain the significance of microorganisms to human welfare giving you 

a brief account of useful industrial products produced employing microbial fermentation. 

Industrial fermentation can be defined as both aerobic and anaerobic metabolic activities of 

microorganisms which bring about specific changes to the organic substrate to produce useful 

materials. There are many methods to improve the ability of microbe to produce a substance 

and also to properly preserve that particular microorganism. You also will know about the 

nutritional requirements of the industrial microorganisms and the fermenters. Fermenters or 

bioreactors are huge vessels usually made up of stainless steel used to carry out fermentation 

process. 

Chairman 
Department of Environmental Science 
Karnataka State Open University 
Mukthagangothri, 
Mysuru – 570 006 
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1.0. OBJECTIVES 

On completion of this unit, you should be able to: 

• describe the different habitat of microorganisms. 

• list out microbes in different environments. 

• evaluate the importance of microorganisms in different ecosystems. 

• explain how microbes can influence our life. 
 

1.1. INTRODUCTION 
  

 
Environmental microbiology is usually defined as “the study of the applied effects of 

microorganisms on the environment and on human activity, health and welfare. As biotic 

component of the ecosystem, the role of microorganisms expanded during recent past, and 

the interest of microbiologists shifted to discovery and application of new microbes and their 

products to environment, human health and welfare. Activities of microorganisms can be 

regulated and manipulated to benefit humans. Such applications can impact humans directly 

or indirectly through effects on animals, plants or ecosystem health in general. 

The ecosphere or biosphere, constitutes the totality of living organisms on Earth and the 

abiotic surrounding they inhabit. It can be divided into atmo-, hydro- and litho-ecosphere to 

describe air, water and soil environments, respectively. Microorganisms live within the habitats 

of these ecospheres. A habitat is the physical location where an organism is found. Each habitat 

has physical, chemical and biological parameters that determine the microbial populations that 

may thrive there. Some microorganisms are autochthonous or indigenous within a given habitat. 

Others are allochthonous or foreign within a given habit. Typically, these microorganisms have 

grown elsewhere and have been transported into a foreign ecosystem. Autochthonous microbes 

are comparatively more adaptive and compatible than allochthonous microbes within a given 

habitat. However, allochthonous microorganisms can fill unoccupied niches and become 

autochthonous. This is usually observed in an ecosystem about to change due to stress or 

disturbance. 
 

1.2. MICROORGANISMS IN TERRESTRIAL ENVIRONMENTS 
  

 
Terrestrial [Latin terra, earth] environments are dominated by inert solid materials. 

Organic substances, including microorganisms, are usually a minor part of a soil. Soil is the 
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habitat for a variety of organisms, including bacteria, fungi, protozoa, insects, nematodes, 

worms, and many other animals. Viruses also are present in soils. Microorganisms probably 

constitute the largest component of the earth’s biomass. This complex biological community 

contributes to the formation, maintenance, and in some situations, the degradation and 

disappearance of soils. 

The soil arises from withering of parent rock materials through a complex process of 

physical, chemical, and biological forces that reduce rock to soil. The rock surfaces provide a 

suitable habitat for a limited number of microorganisms. Bacteria, algae, fungi, and lichens 

colonize many rock surfaces. These microbes on the rock are able to solubilize silicates and other 

minerals through production of organic acids and chelating agents. Most soils are dominated by 

inorganic geological materials, which are modified by the biotic community, including the 

microorganisms and plants, to form soils. A major characteristic of soils is that they are typically 

not water saturated, making it possible for oxygen to penetrate into the passages and pores. Soils 

can also contain isolated regions which are water saturated, and these isolated regions become 

“mini” aquatic environments. The soil is a complex environment colonized by an immense 

diversity of microorganisms, viruses, bacteria, actinomycetes, fungi, protozoa, and nematodes. 

These organisms, collectively referred to as the soil biota, function in a belowground ecosystem 

based on plant roots and litter as food sources. The surface layers of soil contain the highest 

numbers and variety of microorganisms, because these layers receive the largest amounts of 

potential food sources from plants and animals. 

1.2.1. Soil Characteristics 

Fig 1: Soil Profile 
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During the study of microbes in soil, we need to know about “Soil Profile”. Thus, soil 

profile is defined as the sequence of arrangement of various horizons of soil. Generally soil 

profile shows five different horizons, namely A, B, C and D horizons respectively. Microbial 

activity is more in A horizon due to the presence of organic debris and organic matter undergoing 

decomposition. In case of B, C and D horizons, less microbial activity is found since the 

microbial population decreases as the depth of the soil increases. 

 
Soil contains water which is retained in the spaces between soil particles and also 

adsorbed to the surface of particles. Water in soil is a good culture medium as it contains 

minerals, gas consisting of carbon dioxide, oxygen, and nitrogen. An important defining 

characteristic of a soil, from a microbial viewpoint, is that the microorganisms are in close 

physical contact with oxygen; they are located in thin water films on the particle surfaces where 

oxygen is present at high levels and can be easily replenished from the gaseous phase. When 

microorganisms use oxygen, it can be replenished rapidly by diffusion, thus maintaining the 

microbes under aerobic conditions. Soil microbial population is influenced by many factors such 

as temperature, pH, moisture, organic matter, inorganic nutrients, cultivation practices, and 

fertilizer and pesticide applications. Soil microbial life is encouraged by the addition of organic 

matter, particularly composts, and suppressed by the use of synthetic fertilizers and pesticides. 

Most soil bacteria, actinomycetes, and fungi are aerobic and need free oxygen. Thus, water 

logged soils tend to become anaerobic and detrimental to soil life. 

1.2.2. Different groups of soil microorganisms 

The six groups of microorganisms present in soil include bacteria, actinomycetes, fungi, 

algae, protozoa and viruses. Each group of microorganisms play different role in soil. 

Soil Bacteria: Bacteria are the most dominant group of microbes in soil. Because of their small 

size the total biomass of bacteria is frequently less than that of fungi. Their population ranges 

from 108 to 1010 cells per gram of soil. In 1925, Winogradsky classified soil microorganisms in 

general and bacteria in particular into two broad categories: 

Autochthonous: These are indigenous microorganisms, always uniform and constant and derive 

their nutrition from native soil organic matter. e.g. Arthrobacter, Nocardia etc. 

Zymogenous or Allochthonous: These are fermentative organisms requiring an external source 

of energy and their population is normally lower in soil. e.g. Pseudomonas, Bacillus etc. 
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The number of zymogenous bacteria increases when specific substrates are added to 

the soil and gradually declines when the added substrate is exhausted. To this category belong 

the cellulose decomposers, nitrogen utilizing bacteria and those splitting ammonium into nitrate. 

Based on their cell wall components they are classified as Gram positive and Gram negative. 

Gram negative bacteria are more in inner region of soil aggregates while Gram positive bacteria 

are more in outer region. 

Bacterial population is higher in cultivated land than in virgin land (fresh / unused), 

maximum in rhiozosphere and less in non-rhizosphere soil, possibly due to aeration and nutrient 

availability. ‘Autotrophic’ as well as ‘Heterotrophic’ bacteria are present in soil. Autotrophic 

organisms include photoautotrophs and chemoautotrophs. The most common soil bacteria 

are Pseudomonas, Arthrobacter, Clostridium, Achromobacter, Bacillus, Micrococcus, 

Flavobacterium, Corynebacteriun, Sarcina, Mycobacterium, and Cyanobacteria such as 

Nostoc, Anabaena, Oscillatoria etc. 

Soil Actinomycetes: These are soil organisms sharing the characters of both bacteria and fungi. 

They are Gram positive. Actinomycetes are clubbed with bacteria in the order Actinomycetales 

of class schizomycetes. Actinomycetes are high in number in grass land and pasteur soil than in 

cultivated soil. The number of actinomycetes increases in the presence of decomposing organic 

matter. Streptomyces, Actinomyces, Actinoplanes, Micromonospora, Thermoactinomyces, 

Nocardia etc., are the major genera of Actinomycetes. 

Soil Fungi: Fungi dominate in most of the aerated / cultivated soils with adequate amount of 

moisture content. They form the major part of total microbial biomass because of their large 

diameter and extensive network of mycelium. Fungal population ranges from 2 x 104 to 1 x 

106 propagules per gram soil. Some basiodiomycetous fungi (e.g. Armillaria mellea) can 

extend to a few kilometers. Fungi are heterotrophic and derive their nutrition from organic 

matter. Most of the fungi have enzymes to decompose pectin (the substance present in the 

middle lamellae of the plant tissue) and the pectin digesting ability is the universal characteristic 

feature of the fungi. A few species of fungi can degrade lignin such as wood rotting fungi such 

as Polyporous, Hydnum, Ganoderma etc., by producing peroxidase and polyphenyl oxidase. 

Cutin is degraded by Penicillium, Spinulosum, Sclerotium rolfsii etc., by the production of 

enzyme cutinases and esterases. The unicellular fungi like yeasts are abundant in soil which 

contains sugary substances. 

Majority of soil fungi are saphrophytes. Some of the soil saphrophytes are: Alternaria, 

Aspergillus, Dematium, Gliocladium, Helminthosporium, Humicola, Metarrhizium, etc. 



6  

Soil fungi are responsible for plant diseases such as wilts, root rots, damping-offs, seedling 

blights, etc. eg. Pythium, Phytophthora, Fusarium, Verticillium, etc. 

Soil Algae: Soil algae are present in nature wherever moisture and sunlight are available. 

They are visible to the unaided eye in the form of green scum on the surface of soils. Numerically 

they are not as many as bacteria, actinomycetes and fungi. Algae, having chlorophyll, are 

photo autotrophic and use CO2 and sunlight from the atmosphere and give out O2 and 

photosynthesis restricts them to the surface of soil where sunlight is available. Some of common 

green algae in soil belong to the genera Chlorella, Chlamydomonas, Chlorococcum, 

Protosiphon,, Sytonema, Calothrix, Tolypothrix etc. 

Soil Protozoa: In soil, protozoan number ranges from few hundred to several thousands pergram 

soil. The protozoans which are found in soil are of 3 groups, namely: 

Flagellates (Mastigophora) include Cercomonas, Spongomonas, Spiromonas, Euglena 

etc. 

Pseudopodians (Sarcodina) Amoeba, Biomyxa, Nudearia, Trinema etc. 

Ciliates (Ciliata) Vorticella, Paramoecium etc. 

Soil protozoans feed on bacteria and therefore play important role in maintaining 

microbial equilibrium in soil. Application of organic manures increases soil protozoans. Many 

amoebae are known to feed on pathogenic fungi such as Arachnula, Archelle, Gephyramoeba, 

Geococcus, Saccamoeba, Vampyrella, etc. The ciliates are fewer in number when compared to 

flagellates and Pseudopodians as they require more amount of water. Protozoans exist as cysts 

in dry soils. 

Soil Viruses: Viruses are found in soil as inert form. They are obligate parasite and they do 

not multiply in soil. It is very difficult to demonstrate the presence of virus particles directly in 

the soil. Their presence is shown with the electron microscopy from the centrifuged soil samples. 

Bacteria, algae, fungi, nematodes and plants, are the host of viruses in soil. On the basis of 

their hosts in soil, viruses are grouped in different groups: bacteriophages, cyanophages, and 

mycoviruses. The absence of host cells in soil and high soil temperature make the viruses 

inert. 

1.2.3. The key role of soil micro-organisms 

• Soil microorganisms create the soil’s structure: they convert organic matter into humus 
which gives soil its physical properties of particle aggregation, protection against 

erosion, water retention, good drainage, aeration, and compaction resistance.
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• Biological activity is responsible for soil fertility: it mediates the organic nutrient cycle, 

releases minerals from the sub-soil, fixes nutrients from the air, makes nutrients 

accessible and transports nutrients directly into roots. A rich soil microbial life 

substantially contributes to the health and nutrient levels of crops. Various organic matters 

that reach the soil in the form of plant and animal residues contain complex carbohydrates, 

simple sugars, starch, cellulose, hemicelluloses, pectins, gums, mucilage, proteins, fats, oils, 

waxes, resins, alcohols, aldehydes, ketones, organic acids, lignin, pheno ls, tannin s , hyd 

rocarb ons, alkalo ids, p igment s and oth er product s. Microorganisms decompose 

these organic matters and this process provides essential nutrients for microbial activities 

and plant growth. 

• Soil microorganisms play a key role in the processing of materials that maintain life on the 

earth. The transformations of elements between forms are described conceptually as the 

elemental cycles. Soil microorganisms play key roles in the nitrogen cycle, carbon cycle and 

in cycling of sulfur, phosphorus, iron, and many micronutrient trace elements. 

• Soil microbes also add to the capacity of the soil to combat climate change by oxidizing 
methane, a more potent greenhouse gas than carbon dioxide. 

• The region of soil surrounding plant roots, the rhizosphere, may contain beneficial 

microorganisms which protect the plant root from pathogens or supply stimulating growth 

factors. 

• Some cyanobacteria like Nostoc, Oscillatoria, Spirulina etc., possess specialized cells 

known as ‘heterocysts’ which are implicated in nitrogen fixation. Few fungi form mutual 

relationship with plants called ‘Mycorrhiza’ and help in nutrient uptake by plants. 

Thiobacillus thiooxidans can oxidize elemental sulfur to sulfuric acid. Sulfur, therefore, can 

be used to decrease the pH of an alkaline soil. Soil bacteria belonging to the genera 

Rhizobium and Bradyrhizobium (and a few others) are capable of inducing the formation 

of nodules on roots of specific legumes (plants like peas, beans, peanuts, soybeans, alfalfa 

etc.) and fixing large quantities of nitrogen in these structures. Ammonium is oxidized to 

nitrite and then to nitrate by the bacteria Nitrosomonas and Nitrobacter, respectively. Thus, 

bacteria can influence the form and, thereby, the retention of nitrogen in the soil. Nitrogen 

in the form of nitrate can be converted to gases such as nitrous oxide (N2O) and dinitrogen 

(N2) through the process of denitrification (the bacterial reduction of NO3
- to N2O or N2) 

by soil bacteria (e.g. Pseudomonas, Bacillus, Paracoccus denitrificans, Thiobacillus 

denitrificans) under anaerobic conditions. 
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• Antibiotics: Some Bacteria produces antibiotics like Aterrimin and Bacitracin by 
B. Subtilis and Gramicidin by B. Bravis etc. Actinomycetes are the major antibiotic 

producers. Streptomyces spp. and a few Nocardia and Micromonospora species produce 

antibiotics. Few species of Penicillium, Aspergjllus, Cephalosporium also produce 

antibiotics. These antibiotics are extensively used in medical field to cure many human 

infectious diseases. 

• Some fungi are industrially important as they produce organic acids, methionine and 

other amino acids, carbohydrates, ethylene, etc. Small amount of ethylene has a role in 

ripening of fruits. Ethylene producing fungi come under the genera Agaricus, 

Alternaria, Aspergillus, Blastomyces, Botrytis, Candida, Mucor, Neurospora, 

Penicillium, Pythium, Rhizoctonia, etc. 

• Pathogenesis: Many soil microbes are pathogenic to plants as well as humans. Few 

species of soil fungi cause various plant diseases such as wilts, root rots, damping 

offs, seeding blights. Most of the soil borne phytopathogens such as Pythium, 

Phytophthora, Fusarium, Vorticella etc. are facultative parasites. Some species of soil 

borne fungi like Synchitrium, Spongospora, Subterraea and Plasmodiophara 

brassicae are obligate parasites. Erwinia species, Pseudomonas syringae, Xanth 

omonas, Ag robacteriu m are the few bacterial plant pathogens. Few Streptomyces 

spp. are also known to cause plant diseases. Many soil viruses are plant pathogens and 

cause many diseases. The phages that attack the microorganisms regulate the 

composition of soil community. 

• Agrobacterium tucumanensi has been exploited in the field of genetic engineering to 
insert foreign gene into plant genome. 

• Biological control: There are about 90 species of bacteria pathogenic to insect pests and 

they serve as new tools in biological control of plant pests, among them, Bacillus 

thurengiencis is the major one. B. subtilis, B. cereus, Pseudomonas fluorescens, have 

been used to control phytopathogenic fungi and bacteria. Fungi such as 

Entomopthora, Beauveria, Metarrhizium are efficient in controlling insect pests on 

plants. Trichoderma spp. are efficient biocontrol agents against many phytopathogenic 

fungi. Some of the amoebae have been recently used as biological control agents against 

phytopathogens. Many insect viruses have been used to control insect vectors, e.g. 

Nucleopolyhedrosis viruses (NPV), cytoplasmic polyhedrosis viruses (CPV) etc. 
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• Soil microorganisms degrade a variety of compounds. Human activity has polluted the 

environment with a wide variety of synthetic or processed compounds. Many of these 

hazardous or toxic substances can be degraded by soil microorganisms. This is the basis 

for the treatment of contaminated soils by microorganisms i.e. bioremediation. Eg: 

Rhizopus arrhizus, Phanerochaete chrysosporium, P. sordida, Trametes hirsuta, 

Alkaligenes sp., Bacillus sp., Rhodococcus sp., Pseudomonas putida, etc. 
 

1.3. MICROORGANISMS IN AQUATIC ENVIRONMENTS 
  

 
Nearly three-fourths of the earth’s surface is covered by water in the form of oceans, 

rivers, lakes and streams. The earth’s moisture is in continuous circulation, the process being 

known as the water cycle or the hydrologic cycle. Of all the water found on Earth, 97% is marine. 

Most of this water is at a temperature of 2 to 3°C and devoid of light; 62% is under high pressure 

(>100 atm). Fresh waters, although a small part of the waters on Earth, are extremely important 

as a source of drinking water. Marine and freshwater environments create unique niches for many 

specialized microorganisms needing habitats with a continuous water phase. 

 
The natural waters of the earth can be grouped as: (a) atmospheric water, (b) surface 

water (moisture) (c) ground water, and (d) stored or impounded water. 

a) The atmospheric water includes moisture from clouds precipitated as rain, snow, hail, 

sleet, etc. The microbial flora of the atmosphere is washed down by these waters during 

precipitation; the nature of the microflora depending on local conditions. 

b) The surface waters include bodies of water such as lakes, streams, rivers and oceans. The 

microbial population in these waters is mainly derived from soil and things dumped into water. 

Contamination of surface waters is mainly due to human activity. 

c) Ground water is the water present underground in the pores and crevices of soil or rock: 

Ground water is well filtered in the layers of soil and therefore, contains very few 

microorganisms. The water from deep bore-wells is almost free from micro organisms. 

d) Waters held in ponds, lakes or impounded in artificial reservoirs represent stored waters. 

In these water bodies, the microorganisms tend to settle down along with suspended 

particles. 
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Microorganisms in natural waters are distributed in broad zones or layers from the surface 

region to the bottom (benthic) zone. Those found in the surface region are mainly cyanobacteria, 

algae and protozoa, together they are called planktons. Populations of cyanobacteria and algae 

are called phytoplankton and those made up of protozoa are called zooplankton. The benthic 

zone contains mainly of heterotrophic organisms, many of which are facultative and anaerobic 

bacteria. 

The mixing and movement of nutrients, O2, and waste products that occur in freshwater 

and marine environments are the dominant factors controlling the microbial community. For 

example, in deep lakes or oceans, organic matter from the surface can sink to great depths, 

creating nutrient-rich zones where decomposition takes place. Gases and soluble wastes 

produced by microorganisms in these deep marine zones can move into overlying waters and 

stimulate the activity of other microbial groups. 

Aquatic environments have varied surface areas and volumes. They are found in 

locations as diverse as rivers, lakes, and the oceans. They also occur in water-saturated 

zones in soil. These environments can range from alkaline to extremely acidic. The temperatures 

within which microorganisms function in aquatic environments can range from 5 to 15°C at 

the lower range, to at least 113°C in geothermal areas. Aquatic environments allow development 

of many unique types of microorganisms. These include microbes at deep hydrothermal vents 

and hydrocarbon seeps, and other microorganisms that exploit surfaces by gliding motility 

and attachment. New microorganisms continue to be discovered in aquatic environments. 

Oxygen diffuses through water at a slow rate, in comparison with the rate at which it 

diffuses through air; this is a defining characteristic of water as an environment for microbial 

growth and functioning. Oxygen, once it is dissolved in water, can be used by microorganisms 

at a faster rate than it can be replenished. This leads to the creation of anaerobic zones. If light 

penetrates into these anaerobic zones, unique groups of photosynthetic microorganisms can arise. 

Specialized microbial communities also develop at the interface between anoxic and oxic 

regions. 

The second major gas in water, CO2, plays many important roles in chemical and 

biological processes. The carbon dioxide, bicarbonate-carbonate equilibrium can control the pH 

in weakly buffered waters, or it can be controlled by the pH of strongly buffered waters. Other 

gases also are important in aquatic environments. These include nitrogen gas, used as a nitrogen 

source by nitrogen fixers; hydrogen, which is both a waste product and a vital substrate; and 

methane (CH4). These gases vary in their water solubility, and methane is the least soluble of the 

three. Methane thus is an example of an ideal microbial waste product. 
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Nutrient concentrations in aquatic environments can vary from extremely low to very 

high. High nutrient levels are found in polluted environments and sewage treatment plants, for 

example. Nutrient turnover rates also vary. In marine environments the turnover time for nutrient 

processing may range from hundreds to thousands of years. In contrast, marsh and estuarine 

areas may have rapid rates of nutrient turnover, and a complex, diverse microbial community 

of rapidly responding microorganisms is present. The major source of organic matter in 

illuminated surface waters is photosynthetic activity, primarily from phytoplankton. As they 

grow and fix carbon dioxide to form organic matter, the phytoplankton acquires needed nitrogen 

and phosphorus from the surrounding water. The nutrient composition of the water affects the 

final carbon-nitrogen-phosphorus (C:N:P) ratio of the phytoplankton, which is termed the 

Redfield ratio, named for the aquatic biologist A. C. Redfield. A commonly used value for 

this ratio is 106 parts C, 16 parts N, and 1 part P. 

Once the phytoplanktons have grown, much of the organic matter fixed by these minute 

photosynthetic organisms then enters the microbial loop. In the microbial loop, organic matter is 

recycled to carbon dioxide and minerals. Dissolved organic matter (DOM) released by the 

phytoplankton is used by the heterotrophic bacteria. These bacteria are then consumed and 

digested by a series of increasingly larger predators, including protozoa and metazoan 

zooplanktons, releasing the carbon as CO2 and the other nutrients in mineral forms to be cycled 

through the phytoplankton again. It is important to note that the microbial loop operates best in 

aerobic environments where both photosynthetic microorganisms are active and the top 

consumers can function. If too much organic matter is added to water, an anaerobic foul-smelling 

body of water is created that will not support top consumers such as fish. 

Aquatic environments can serve as reservoirs and transmission routes for 

disease-causing microorganisms. Disease-causing microorganisms, as well as organic materials, 

are constantly being added to waters. These can be transported over large distances, especially 

in rapidly moving rivers, lakes, and marine environments. Atmospheric-borne dusts and other 

materials, including pollutants, can be carried to the farthest regions of the oceans, freshwater 

bodies, and ice-covered regions of the world. Many important human pathogens, such as 

Shigella, Vibrio, and Legionella, are found in waters. Often protozoa provide protection for 

such pathogens, especially when the protozoa are associated with biofilms. Water is an 

important reservoir for the survival and dissemination of protozoa and viruses. These cannot 

be reliably controlled by chlorination. A major goal of aquatic system management is to control 

pathogen survival and transfer. 
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1.3.1.The Marine Environment 

The marine water represents a different kind of habitat for microorganisms. The very 

vastness of the oceans and the variety of microbial life present in these make the study of 

these a special branch of microbiology called marine microbiology. The marine water contains 

algae, protozoa, yeasts moulds, bacteria, archaea and viruses. The microorganisms which are 

free-floating are collectively known as the plankton and may consist of algae (phytoplankton) 

and protozoa and minute animals (zooplankton). Bacteria and fungi may also form part of 

the plankton. The algae are the primary producers as they can photosynthesize while others 

are consumers at various levels of the food-chain. The microorganisms found at the bottom of 

the ocean are called the benthos or benthic microorganisms. A variety of microorganisms 

are found in the benthic region but the bacteria and archaeons predominate. The sea water 

contains chlorine (19.4 g/kg, sodium (10.7g/kg), sulphur (10.7 g/kg) and magnesium (1.3 g/ 

kg). In addition, all the naturally occurring elements are present in small quantities. The degree 

of salinity represents the amount of total ions present in sea water. Organisms living in estuarine 

regions tolerate extremes in salinity. The average salinity is about 3.5 per cent but wide 

variations can occur due to rains, floods and cyclones. The pollution of the ocean due to 

human activities includes contamination with oil, toxic chemicals, heavy metals and pesticides. 

The natural microflora will be affected by pollution. 

Microbial numbers are relatively high in near shore, upwelling, and estuarine waters, 

but sink as low as l-l00/ml in pelagic waters. Relatively high numbers of microorganisms 

occur in the first few centimeters of most marine sediments (107-108/ g), but the numbers 

taper off in deeper sediment layers. The reason seems to be more the depletion of available 

nutrients than the anaerobic conditions. The highest biomass of microorganisms in marine 

waters is normally near the surface and decreases with depth. Some microorganisms growing 

in the surface waters do move downward, often attached to sediment particles. These 

microorganisms provide food sources to organisms growing in pelagic habitats. A salt 

concentration of 33-35 parts per thousand represents the optimal salt concentration for genuine 

marine microorganisms. True marine bacteria will not grow in the absence of sodium chloride. 

Marine bacteria must be capable of growth at the low nutrient concentrations found in the 

oceans. Many marine bacteria, though, will adsorb onto detrital particles and grow well under 

localized conditions that are relatively nutrient rich. Because 90-95% of the marine environment 

is below 5°C, marine bacteria must be capable of growth at low temperatures. Except in 

tropical surface waters and in thermal vent communities, most marine bacteria should be 

psychrophilic or psychrotrophic. Bacteria found in deep-ocean trenches are exposed to great 
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hydrostatic pressures. In such areas barotolerant and barophilic bacteria are important members 

of the autochthonous community. 

Dilution culture, in which populations are diluted to near extinction prior to cultivation, 

has proved useful for studying marine bacteria, especially typical small bacteria 

(ultramicrobacteria). Most marine bacteria are gram-negative and motile. Marine bacteria 

are generally aerobes or facultative anaerobes; relatively few obligate anaerobes are found in 

marine waters. There are a relatively high proportion of proteolytic bacteria in marine habitats 

as compared to freshwater or soil habitats. Pseudomonas or Vibrio species are often found 

to be the dominant genera in marine environments; Flavobacterium species are also found in 

relatively high numbers. Spirillum, Alcaligenes, Hyphomicrobium, Cytophaga, Microcyclus, 

and actinomycetes are also frequently found in marine water samples. Besides various gram- 

negative bacteria, some gram-positive bacteria, such as Bacillus species, are normally found 

in marine sediments. Anaerobic Desulfovibrio species are found in marine sediments where 

these organisms reduce sulfate to hydrogen sulfide. Anaerobic methanogens are normally found 

in sediment below the layer of available sulfate. Important populations of chemolithotrophic 

bacteria are involved in nitrogen cycling in marine waters. These include members of genera 

Nitrosococcus, Nitrosomonas, Nitrospina, Nitrococcus, and Nitrobacter. A terminally 

bispored species of Clostridium which is unique to ocean is named Clostridium oceanicum. 

The luminous bacteria or photogenic bacteria have been isolated from oceans using sea- 

water agar medium with peptone. Photobacterium phosphoreum and Vibrio pierantonii are 

isolated from luminous marine fish. In waters with salinity equivalent to that in sea water, these 

organisms emit light. 

Bacteria that are not indigenous to the sea may be present as transient organisms 

washed into sea and these may be like regular terrestrial bacteria. In polluted areas of estuarine 

regions rich in oganic nutrients, organisms such as Beggiatoa, Thiothrix, Thiovolum and 

various species of Thiobacillus may be predominant. The transient bacteria may include species 

of Bacillus, Corynebacterium, Sarcina, Actinomyces and Gram-negative vibrio-like 

organisms. 

Some fungi found in marine ecosystems require sodium chloride for growth; others are 

salt tolerant. Yeasts are frequently found in marine waters. The most commonly found yeast 

genera are Candida, Torulopsis, Cryptococcus, Trichosporon, Saccharomyces, and Rhodotorula. 

Rhodosporidium, a basidiomycete-related yeast, also has been found in marine habitats. 

Filamentous basidiomycetes, however, are rarely found in marine ecosystem. 
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Marine algae supply an essential input of carbon to the marine ecosystem. The marine 

algae include members of Chlorophycophyta, Euglenophycophyta, Phaeophycophyta, 

Chrysophycophyta, Cryptophycophyta, Pyrrhophycophyta, and Rhodophycophyta. Most 

Phaeophycophyta, or brown algae, are marine. Green algae are found in greater numbers near 

the surface, usually disappearing below 30 m. Red algae and golden brown algae occur at 

somewhat greater depths. Planktonic diatoms can be described as either holoplanktonic, which 

are either pelagic or littoral species but live an oceanic existence in the sense that they do not 

depend on the bottom to complete their life cycle; meroplanktonic, species that are pelagic only 

a portion of their life cycle and spend the remainder of their existence on the bottom; or 

tychopelagic, species that actually spend the major portion of their life cycle attached to a fixed 

substratum but enter the surface layers of the sea when forcefully released from their usual 

habitat. There are occasional blooms of Pyrrophycophyta in marine waters. Blooms of such 

dinoflagellates produce the so-called red tides, when concentrations of these algae become as 

great as to color the ocean red-brown; these blooms occasionally cover several square kilometers. 

The toxins produced by some of these dinoflagellates kill fish and other marine organisms. 

Neurotoxins produced by these microalgae accumulate in shellfish that feed on them. When 

ingested by humans, such tainted seafood can cause paralytic shellfish poisoning (PSP). 

Protozoa are an important component of marine zooplankton. Marine protozoa may 

exhibit adaptations to salt concentrations, sometimes exhibiting tolerances of up to 10% NaCl 

concentrations. Marine protozoa include flagellates, rhizopods, and ciliates. The flagellate 

Coccolithophoridae are the smallest planktonic protozoa in the sea and the chief constituent of 

marine plankton. Species of Radiolaria and Acantharia are also important components of marine 

plankton. Most Radiolaria species live only as deep as 350 m, but other radiolarians occur at 

depths down to 4000-5000 m. Tintinnidium species are marine ciliates that thrive in the upper 

layers of the sea. Marine protozoa and microcrustacea graze on bacteria, phytoplankton, and 

smaller forms of zooplankton. The grazing by zooplankton provides a critical link in the marine 

food web between the very small primary producers and the higher members of the marine food 

web. 

1.3.2. Freshwater Environments 

The microbial populations of lakes have been much more extensively studied than those 

of rivers. Rivers by their nature always contain higher proportions of allochthonous 

microorganisms. Members of the genera Achromobacter, Flavobacterium, Brevibacterium, 
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Micrococcus, Bacillus, Pseudomonas, Nocardia, Streptomyces, Micromonospora, Cytophaga, 

Spirillum, and Vibrio are reported as occurring widely in fresh water. Stalked bacteria, such as 

Caulobacter, Hyphomicrobium, and other genera, are associated with submerged surfaces. 

Autotrophic bacteria are autochthonous members of the microbiota of fresh water and play an 

important role in nutrient cycling. Photoautotrophic bacteria normally found in fresh water 

include the cyanobacteria and in anoxic zones the purple and green anaerobic photosynthetic 

bacteria. 

The cyanobacteria Microcystis, Anabaena, and Aphanizomenon can be dominant 

plankton in freshwater habitats. Blooms of cyanobacteria, often formed in connection with 

mineral enrichment due to sewage discharge or fertilizer runoff, can be extensive. The 

filamentous cyanobacteria may form slimy surface mats buoyed by trapped oxygen bubbles 

from their photosynthesis. Some species of Anabaena and Microcystis synthesize neurotoxic 

peptides and alkaloids. Humans are rarely affected from this source, but livestock drinking 

from lakes and ponds with such cyanobacterial blooms may be poisoned and lost. 

Chemolithotrophic bacteria have important roles in nitrogen, sulfur, and iron cycling; 

members of the genera Nitrosomonas, Nitrobacter, and Thiobacillus are essential members of 

freshwater microbial communities. Photoautotrophic members of Chlorobiaceae and 

Chromatiaceae are autochthonous members of freshwater microbial communities at greater 

depths, where oxygen tensions are reduced and sufficient hydrogen sulfide is present, but where 

there is still sufficient light penetration. Rhodospirillaceae occupy similar environments but rely 

on reduced organic electron donors instead of sulfur compounds. Heterotrophic bacterial 

populations are distributed throughout the vertical water column but usually reach maximum 

concentrations near the bottom, where concentrations of available organic matter are high. 

Anaerobic photoautotrophic bacteria occur on the surface of the sediment, often conferring 

characteristic colors on these water bodies. 

Bacteria capable of anaerobic respiration are important members of sediment microbiota 

and include Pseudomonas species capable of denitrification activities. Within the sediment, 

ob liga tely anaero b ic bact eria occupy i mp ortant n iches. T hes e bacteria i nclu de 

endospore-forming Clostridium species, methanogenic bacteria that produce methane gas, 

and Desulfovibrio species that produce hydrogen sulfide. The unique bacteria found in fresh 

water are the prosthecate bacteria known as Ancalomicrobium and Prothecomicrobium. 

The bacterium Ancalomicrobium possesses several long appendages and reproduces by 

budding. Prosthecomicrobium possesses several short appendages (Gr. Prosthece: 
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appendage), and reproduces by binary fission. Several alga-like sheathed bacteria are found such 

as Leptothrix, Crenothrix, Clonothrix growing on the surfaces of rocks and logs near the shore. 

Fungi are found on the debris that accumulates on the sediment surface. These fungi 

include cellulolytic forms. Many fungi in freshwater lakes, rivers, and streams are associated 

with foreign organic matter and thus should be considered as allochthonous members of such 

ecosystems. Many ascomycetes and fungi imperfecti are found on wood and dead plant materials 

in rivers and lakes; when the plant material is degraded, the associated fungi disappear. 

Replacement occurs when foreign material enters the hydrosphere. Yeasts are found in many 

freshwater bodies. Weakly fermentative members of Torulopsis, Candida, Rhodotorula, and 

Cryptococcus are the yeasts most commonly found in rivers, streams, and lakes. 

Algae are clearly important autochthonous members of freshwater ecosystems. In large, 

deep lakes, phytoplankton contributes most of the organic carbon, which supports the growth 

of the heterotrophic organisms in freshwater ecosystems. The freshwater algae include members 

of Chlorophycophyta, Euglenophycophyta, Chrysophycophyta, Cryptophycophyta, and 

Pyrrhophycophyta. Species of green algae, dinoflagellates, and diatoms dominate in most 

freshwater ecosystems. Phaephycophyta and Rhodophycophyta are largely marine forms and 

are poorly represented in freshwater environments. 

Protozoa graze on phytoplankton and bacteria in aquatic habitats. The phagotrophic 

flagellates are especially important grazers of bacterial populations. Amoeboid, ciliated, and 

flagellated protozoa are found in streams, rivers, and lakes. Numerous genera of protozoa are 

found in freshwater habitats, including the common protozoans Paramecium, Didinium, 

Vorticella, Stentor, and Amoeba. The flagellate protozoan Bodo is common in polluted, low- 

oxygen waters. 

The capacity of microorganisms, especially bacteria, to utilize dissolved organic 

compounds at very low concentrations is important in oligotrophic lakes that have low 

concentrations of available organic compounds. The ability of bacteria and some nanoplanktonic 

flagellate protozoa to utilize low concentrations of organic matter permits introduction of 

dissolved organic carbon into food webs that support the growth of higher organisms. Fungi and 

bacteria in freshwater ecosystems are also largely responsible for the decomposition of 

allochthonous organic matter. Microorganisms are the initial colonizers of detrital particles. They 

initiate a food web that results in the recycling of the organic nutrients 
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of detritus within the ecosystem. Microorganisms mediate the transfer of allochthonous organic 

carbon into the cell biomass carbon of the autochthonous members of freshwater ecosystems; 

they also play key roles within freshwater habitats in the transformations and cycling of numerous 

other elements. 

1.3.3. Polluted Waters 

One of the major pollutants of surface waters is sewage. Bacteria coming from faecal 

matter are abundant in such polluted waters. Escherichia coli and related Enterobacteriaceae 

members, faecal streptococci and species of intestinal Clostridium are present in abundance. 

In addition, the usual saprophytes derived from soil such as Spirillum, Vibrio, Micrococcus, 

Bacillus, Mycobacterium, Sarcina, yeasts and moulds may also be present. At the bottom 

of the river, anaerobic species such as Clostridium, Desulfovibrio and various facultative 

bacteria may be present. The total number of microorganisms per ml may even reach millions. 

The saprophytic organisms in water decompose organic matter and make them available as 

food for other organisms such as algae, higher plants, protozoans and helminthes. These in 

turn serve as food for fish and other aquatic life. Excessive sewage pollution is a major problem 

and the biological oxygen demand (BOD) increases. The pollution with industrial waste tends 

generally to be microbicidal and this is detrimental to the water ecosystem. 

The principal ecological functions of microorganisms in aquatic environments can be 

summarized as follows: 
 

(1) They decompose dead organic matter, liberating mineral nutrients for primary production. 
 

(2) They assimilate and reintroduce into the food web dissolved organic matter. 
 

(3) They perform mineral cycling activities. 
 

(4) They contribute to primary production. 

(5) They serve as a food source for grazers. In large, deep lakes where most of the lake floor 

is disphotic and devoid of higher plants, planktonic microorganisms are the principal primary 

producers. 
 

1.4. MICROORGANISMS IN ATMOSPHERE 
  

 
The atmosphere consists of 79% nitrogen, nearly 21% oxygen, 0.034% carbon dioxide, 

and trace amounts of some other gases. It is saturated with water vapor to varying degrees 
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and it may contain droplets of liquid water, crystals of ice, and particles of dust. The atmosphere 

is divided into regions: the troposphere, the region nearest the Earth’s surface, interfaces with 

both the hydrosphere and the lithosphere. Above the troposphere is the stratosphere, and 

above this lies the ionosphere. 

The chemical and physical parameters of the atmosphere do not favor microbial growth 

and survival. Temperatures decrease with increasing height in the troposphere. At the top of the 

troposphere, temperatures are -43°C to -83°C, which are below the minimal growth temperatures 

for microorganisms. With increasing height in the atmosphere, the atmospheric pressure declines 

and concentrations of available oxygen decrease to a point that precludes aerobic respiration. 

The low concentrations of organic carbon are insufficient to support heterotrophic growth; 

available water is also scarce: limiting even the possibility of autotrophic growth of 

microorganisms in the atmosphere. Microorganisms in the atmosphere are exposed to high 

intensities of light radiation. Exposure to ultraviolet (UV) light, which increases with height as 

the atmosphere thins and offers less shielding from UV radiation, causes lethal mutations and 

the death of microorganisms. 

The stratosphere represents a barrier to the transport of living microorganisms to or from 

the troposphere. Organisms in the stratosphere are transported slowly and are exposed for 

prolonged periods to the prevailing concentrations of ozone and high UV light intensities. Only 

microorganisms shielded from these conditions in the stratosphere, as perhaps within a 

spacecraft, could survive passage out of Earth’s atmosphere. Thus life does not extend above the 

troposphere. 

Even though the atmosphere is a hostile environment for microorganisms, there are 

substantial numbers of microorganisms in the lower troposphere. Movement through air 

represents a major pathway for the dispersal of microorganisms. Several viral, bacterial, and 

fungal diseases are spread through the atmosphere. Temporary locations in the troposphere may 

provide habitats for microorganisms. Clouds possess concentrations of water that permit growth 

of microorganisms. Light intensities and carbon dioxide concentrations in cloud layers are 

sufficient to support growth of photoautotrophic microorganisms. In industrial areas, there may 

even be sufficient concentrations of organic chemicals in the atmosphere to permit growth of 

some heterotrophs. 

Although many microorganisms that grow in the water or land can become airborne, 

there are no known autochthonous atmospheric microorganisms. Aquatic and soil 

microorganisms get dispersed through the atmosphere to other favorable aquatic or terrestrial 
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ecosystems. Dispersal through the atmosphere ensures continued survival of many 

microorganisms. Some microorganisms become airborne as growing vegetative cells, but more 

commonly, microorganisms in the atmosphere occur as spores. Fungi, algae, some protozoa, 

some bacteria (especially actinomycetes), and lichens produce spores that occur in the 

atmosphere. Viruses are metabolically inactive outside of host cells and are transported through 

the atmosphere as inactive particles. 

 
The microbes that produce spores liberate spores both passively as well as actively. The 

passive liberation of spores into the atmosphere with air current movements is common among 

microorganisms that produce dry spores on aerial mycelia as found in actinomycetes and many 

fungi. Some of the spores are liberated when water droplets in the air collide with the spore-

bearing bodies. Raindrops may liberate such spores to the atmosphere. 

 
Spores and even vegetative microorganisms often enter the atmosphere as aerosols. 

Aerosols may form from a variety of sources, including splash from falling raindrops; spray from 

breaking waves; rapid moving water currents striking solid objects, such as rocks in rivers etc. 

Some microorganisms are released on droplets by mechanisms such as coughing and sneezing 

by humans or animals. This type of release is especially important in the dispersal through the 

atmosphere of some pathogenic bacteria and animal viruses. In addition to the passive 

mechanisms that allow microorganisms to enter the atmosphere, there are a number of adaptive 

active mechanisms that discharge microbial spores into the atmosphere. Eg: In most 

ascomycetes, the ascospores are actively discharged. Typically, the ascus swells at maturity and 

bursts at the tip, propelling the spores into the air to a distance ranging from several millimeters 

to several centimeters. 

 
Having become airborne, both spores and vegetative microbial cells face the problem 

of survival. Most microorganisms can survive a short passage (a few millimeters) through the 

atmosphere because desiccation can cause microorganisms in the atmosphere to lose viability, 

but relatively few survive long-distance transport having adaptations that allow longer exposures 

to desiccating conditions in the atmosphere. 

The composition of the microflora of the atmosphere will depend on the location and the 

type of the vegetation and habitation will affect the atmospheric microflora. The air of a 

populated area generally contains cells or spores of Bacillus, Clostridium, cells of non- spore 

forming bacteria like Corynebacterium diptheriae, Mycobacterium tuberculosis, Streptococcus 

pneumoniae, Klebsiella pneumoniae, Coliforms, ascospores of yeast, mycelial 
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fragments and spores of fungi such as Cladosporium, Penicillium, Neurospora, Aspergillus, 

Rhizopus, Alternaria, Curvularia, etc., spores and mycelial fragments of actinomycetes, cysts of 

protozoans, unicellular algae, some human and animal respiratory tract pathogenic viruses and 

pollen grains of plants in that particular region. Some common airborne microalgae are Aulosira, 

Chlamydomonas, Chlorococcum, Phormidium, Spirogyra, Oscillatoria, Chlorella, and some 

cyanobacteria like Lyngbya, Nostoc. Many of these air-borne microorganisms have a significant 

and vital impact on plant and human health, as they can cause many plant and human diseases. 

The air-borne spores can also act as allergens causing hypersensitive reactions in humans. 
 

1.5. MICROORGANISMS IN BIOLOGICAL ENVIRONMENTS 
  

 

1.5.1. Interactions with higher plants 

(a) Rhizosphere: The rhizosphere is the area of intense microbiological activity that extends 

several millimeters from the root system of the growing plant in soil. ‘Rhizo’ is derived from 

the Greek word ‘rhiza’ meaning ‘root’. ‘Sphere’ is one’s field of action, influence, or existence. 

Rhizosphere is the zone where root activity significantly influences biological properties. The 

Rhizosphere region can be divided into two zones: The inner rhizosphere which is in a close 

vicinity of root surface, and the outer rhizosphere embracing the immediate adjacent soil. The 

three main aspects of rhizosphere are, influence of roots on microorganisms, influence of 

microorganisms on plant growth, and rhizosphere influence on soil-borne pathogens and plant 

disease. 

The dominant groups of fungi of rhizosphere are Aspergillus flavus, A. Fumigatus, 

A. Niger, A. terreus, Cladosporium, Curvularia lunata and Fusarium oxysporum. Whereas the 

dominant fungi reported from the rhizoplane are A. niger, Cladosporium herbarium, Fusarium 

oxysporum, Microphomina phaseolina, Rhizoctonia solani etc. Bacteria reported from 

rhizosphere and rhizoplane regions irrespective of their dominance are Arthrobacter, 

Pseudomonas, Bacillus brevis, B. circulans, B. polymyxa, Arobacterium radiobacter, 

Azotobacter, Flavobacterium, Rhizobium, Cellulomonas, Micrococcus, Mycobacterium etc. 

Few cyanobacteria are also present in rhizosphere. Rhizosphere actinomycetes include 

Actinomyces chromogens, Frankia (inside the root tissue), Nocardia spp., Micromonospora spp., 

Streptomyces antibioticus, S. scabies etc. Some small flagellates like Bodo and Cercoboda, large 

ciliates such as Paramoecium etc., and amoeboid forms of protozoans are also found in soil 

rhizosphere. Less is known about algae in rhizosphere. 
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(b) Mycorrhiza: The word mycorrhiza (plural: mycorrhizae) literally means “fungus-root.” (In 

Greek, Myco means fungus and rhiza means root). When the hyphae of certain fungi form 

specialized sheaths around the roots of certain plants, that fungal root-coating is the mycorrhiza. 

Mycorrhizas are highly evolved, mutualistic associations between soil fungi and plant roots. 

The partners in this association are members of the fungus kingdom (Basidiomycetes, 

Ascomycetes and Zygomycetes) and most vascular plants. In this symbiotic relationship the 

host plant receives mineral nutrients from fungus especially phosphorus while the fungus 

obtains photosynthetically derived carbon compounds from host plants. There are basically 

two types of mycorrhizae – ectomycorrhizae and endomycorrhizae. In endomycorrhiza we find 

vesicular-arbuscular mycorrhiza, orchidaceous mycorrhiza and ericaceous mycorrhiza. 

(c) Symbiotic Nitrogen Fixation: The most important contribution to biological nitrogen 

comes from symbiotic association of certain microorganisms with the roots of higher plants. A 

classic example is that of the bacteria (Rhizobia) which characteristically infect the roots of 

leguminous plants (e.g., bean, soybean, clover, peanut) with a high degree of host specificity. 

This symbiosis alone accounts for 20% of global biological nitrogen fixed annually. Rhizobia 

are Gram-negative bacilli that live freely in the soil (especially where legumes have been grown). 

However, they cannot fix atmospheric nitrogen until they have invaded the roots of the 

appropriate legume. Nitrogen fixing rhizobia belong to the genera Rhizobium and 

Bradyrhizobium. 

(e) Parasitism: This is a relationship between two organisms in which one species (parasite) 

benefits for growth and reproduction at the harm of the other species (host). The parasites obtain 

food and shelter from the host while the host is adversely affected by this process. Parasitism can 

be differentiated into ectoparasites and endoparasites, depending respectively, on whether they 

live on or in the host. Microorganisms parasitize all major groups of plants and animals and also 

other microorganisms. Parasite can be obligate or facultative. Obligate parasites strictly require 

hosts for their life cycle while facultative parasites can lead a saphrophytic life in the absence of 

host. Many soil-borne microbes including viruses, bacteria, actinomycetes, fungi, protozoa and 

nematodes are pathogenic to plants (Table 1), animals and humans. Few fungi are parasitic on 

fungi, nematodes and insects. Bacteria also parasitize insects. Viruses are parasites on bacteria, 

actinomycetes, fungi, algae, protozoa, nematodes, plants, animals, insects and humans. 

Bdellovibrio, a bacterium, is ectoparasitic on several Gram negative bacteria. 
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1.5.2. Interactions with animals and human 

(a) Rumen Microbiology: Ruminant animals (cattle, sheep, goats, and many other animal 

species) are nutritionally dependent on the activity of microorganisms present in their rumen. 

This dependence is based on microbial activity that degrades plant fiber, uses nonprotein 

nitrogen (NPN), and transforms phytotoxins or toxins produced by plants. Ruminants can use 

grasses as their prime source of nutrition, because the abundant flora of anaerobic bacteria in 

the rumen break down cellulose and other plant compounds to usable carbohydrates and 

amino acids and synthesize essential nutrients including some amino acids and vitamins. 

Predominant bacteria in the rumen are the Ruminococcus flavefaciens, R. albus, Ruminobacter 

amylophilus, Streptococcus bovis, Selenomonas ruminantium, Bifidobacterium, Butyrivibrio 

fibrisolvens, Prevotella ruminicola, Eubacterium ruminantium, Fibrobacter succinogenes. The 

best characterized ruminal fungi are the Neocallimastix spp. Approximately 25 – 33% of 

fibre breakdown in the rumen is protozoan, e.g. Entodinium spp., Eudoplodinium maggi. 

Table 1. Microorganisms and plant diseases 
 
 
 

Microorganism Plant Disease 
Fungi  

Fusarium oxysporum Fusarium basal rot of onion 
Macrophomina charcoal rot of corn 
Pythium damping-off of seedlings 
Verticillium dahliae Verticillium wilt of eggplant 
Bacteria  

Agrobacterium tumefaciens crown gall 
Xanthomonas oryzae bacterial blight of rice 
Erwinia carotovora blackleg and soft rot of potatoes 
Pseudomonas syringae pv. phaseolicola halo blight of bean 
Nematodes  

Heterodera glycines soybean cyst 
Globodera rostochiensis potato cyst 
Meloidogyne hapla root-knot on vegetables 
Tylenchulus semipenetrans disease on citrus 
Viruses  

Tobacco Mosaic Virus (TMV) Tobacco mosaic disease 
Grapevine fan-leaf virus Arabis mosaic disease on grapes 
Tobacco streak virus(TSV) Cotton Mosaic disease 
Bean Pod Mottle Virus Mottling disease of bean 
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(b) Gut microflora: Gut microflora consists of microrganisms that live in the digestive tract of 

animals and is the largest reservoir of human flora. Bacteria make up most of the flora in the 

colon. Fungi and protozoa also make up a part of the gut flora, but little is known about their 

activities. Research suggests that the relationship between gut flora and humans is not merely 

commensal, but rather a symbiotic relationship. Though people can survive without gut flora, 

the microorganisms perform a host of useful functions, such as fermenting unused energy 

substrates, training the immune system, preventing growth of harmful, pathogenic bacteria, 

regulating the development of the gut, producing vitamins for the host (such as biotin and 

vitamin K), and producing hormones to direct the host to store fats. However, in certain 

conditions, some species are thought to be capable of causing disease by producing infection 

or increasing cancer risk for the host. Most bacteria belong to the genera Bacteroides,    C 

l o s t r i d i u m , F u s o b a c t e ri u m , E u b a c t e r i u m , R u m i n o c o c c u s , P e p t o c o c c u s , 

Peptostreptococcus, and Bifidobacterium. Other genera, such as Escherichia and 

Lactobacillus, are present to a lesser extent. The currently known genera of fungi of the gut 

flora include Candida, Saccharomyces, Aspergillus, and Penicillium. 

(c) Pathogenesis: Microorganisms parasitize all major groups of animals and humans 

(Table 2). Parasite can be obligate or facultative. Bacteria and viruses are the major pathogens 

of both animals and humans. Fungi and protozoa also cause a few diseases. The animal or 

human body exists in a state of dynamic equilibrium with microorganisms. In the healthy 

individual, this balance is maintained as a peaceful coexistence and lack of disease. But on 

occasion, the balance tips in favour of the microorganism, and an infection or disease results. 

An infection occurs when an adequate dose of pathogens gains access to the body through a 

certain route, and subsequently adheres, grows, and disrupts tissues. Pathogens produce 

virulence factors such as toxins and enzymes to help them invade the host and damage cells. 

Of the thousands of species of viruses, bacteria, fungi, and parasites, only tiny portions are 

involved in disease of any kind. A few diseases can be very fatal resulting in the death of the 

host. 

1.5.3. Lichens 

Lichens comprise a classical case of mutualistic symbiosis. Lichens are commonly 

observed as encrustations on rocks, tree bark, and the soil surface. Lichen is composed of a 

heterotrophic fungus and a photosynthetic cyanobacterium or a eukaryotic alga. In a lichen 

association, the fungus produces a mycelial structure that adheres to hard surfaces and allows the 

lichen to inhabit rocks and tree bark. The photosynthetic partner supplies the fungus with organic 

nutrients (photosynthate). The fungus scavenges inorganic nutrients such as phosphate 
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for the association. In addition, it synthesizes sugar alcohols, such as mannitol or sorbitol, which, 

as compatible solutes, absorb moisture from the atmosphere. This water serves not only to 

prevent plasmolysis of cells, but also as the reductant for photosynthetic CO2 assimilation. 

Lichens play an important role in the formation of soils by withering of rocks. Lichens can be 

used as indicators of air pollution, as they are highly sensitive to sulfur dioxide, ozone, and toxic 

metals. 

Table 2. A few animal and human microbial diseases 
 
 

Animal diseases Human diseases 
Microorganism Disease Microorganism Disease 

Bacteria  Bacteria 
Salmonella typhi 
Vibrio cholerae 
Mycobacterium 

tuberculosis 
Corynebacterium 

diphtheriae 

 

S. pullorum Pullorum disease Typhoid 
Bacillus anthracis Anthrax Cholera 
Pasteurella Pasteurellosis Tuberculosis 
Coxiella burnetti Q fewer Diptheria 

Viruses 
Newcastle virus 
Foot and Mouth 
disease virus (FMDV) 
Blue-tongue virus 
(BTV) 

 
Newcastle disease 
Foot and Mouth 
disease 
Blue tongue disease 

Viruses 
Hepatitis virus 
HIV 
Influenza virus 
Rabies virus 

 
Hepatitis 
AIDS 
Influenza 
Rabies 

Fungi  Fungi  
Candidiasis 
Valley fewer 
Histoplasmosis 
Pneumocystis 

pneumonia 

Aspergillus fumigatus Aspergillosis Candida albicans 
Microsporum canis Inflammation Coccidioides immitis, 
Coccidiodes immitis enlargement of liver Histoplasma capsulatum 

 and spleen, anaemia Pneumocystis carinii 
Pithomyces chartarum Facial eczema  

Protozoa  
Trichomoniasis 
Canker and frounce 
Trypanosomiasis 

 
Toxoplasmosis 

Protozoa  

Trichomonas fetus Plasmodium falciparum Malaria 
Trichomonas gallinae Entamoeba histolytica Ameobiasis 
Trypanosoma Leishmania donovani Leishmaniasis 

congolense Giardia lamblia Giardiasis 
Toxoplasma gondii   
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1.6. MICROORGANISMS IN EXTREME ENVIRONMENTS 

Some habitats have such extremes of temperature, salinity, high pressure, and pH that 

only microorganisms can grow in them. The microorganisms that survive in such environments 

are described as extremophiles and are named as thermophiles (Hyperthermophiles), halophiles, 

barophiles, acidophiles / alkalophiles respectively (Table 3). Majority of extremophiles are 

archaea. Environments may have more than one parameter that makes them extreme. For 

example, some hot springs are also acidic. However, certain bacteria such as Sulfolobus can 

grow in them. Many microorganisms found in “extreme” environments are especially adapted 

not only to survive, but to function metabolically under these particular conditions. Many 

microbial genera have specific requirements for survival and functioning in such so-called 

extreme environments. For example, a high sodium ion concentration is required to maintain 

membrane integrity in many halophilic bacteria. Halobacteria require a sodium ion concentration 

of at least 1.5 M, and about 3 to 4 M for optimum growth. 

Table 3. Microorganisms in extreme environments 
 

The bacteria found in deep-sea environments have different pressure requirements, 

depending on the depth from which they are recovered. These bacteria can be described as 

barophilic bacteria (growth from approximately 1 to 500 atm), moderately barophilic bacteria 

(growth optimum 5,000 meters, and still able to grow at 1 atm), and extreme barophilic 

bacteria, which require approximately 400 atm or higher for growth. Microorganisms 
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functioning under extreme acidic or alkaline conditions are called acidophilic and alkalophilic 

microorganisms. Obligately acidophilic microorganisms can grow at a pH of 3.0 or lower. 

The extreme alkalophilic microorganisms grow at pH values of 10.0 and higher. Many 

prokaryotes can grow at temperatures as high as 113°C. Such microorganisms are termed as 

hyperthermophiles, with optimum growth temperatures of 80°C or above. In all these 

extremophiles enzyme stability is critical and provides an unexploited source of many such 

sources. These enzymes may have important applications in methane production, metal leaching 

and recovery; and for use in immobilized enzyme systems. In addition, the possibility of selective 

stereochemical modification of compounds normally not in solution at lower or higher 

temperatures may provide new routes for directed chemical synthesis. 
 

1.7. SUMMARY 
  

• Microorganisms are ubiquitous in the biosphere; Microorganisms inhabit all habitats 
known, including freshwaters, marine waters, soils, and rocks. 

• The soil forms complex ecosystem that support a wide variety of microorganisms, 

many of which decompose dead organisms and foster the growth of plants. Soil 

microorganisms participate in all biogeochemical cycles. 

• Microorganisms are found in fresh, estuarine and marine waters, including springs, 

lakes, rivers, bays, seas and ocean. They occupy a key position in the food chain by providing 

rich nourishment for the next higher level of aquatic life. 

• They interact with both abiotic and biotic factors of every ecosystem. They exhibit 

both positive and negative interactions with all other life forms such as higher plants 

and animals including humans. 

• Some grow in extreme habitats such as boiling hot springs, saturated brine solutions, 

or deep sea vents. 
 

1.8. KEY WORDS 
  

 
Acidophiles, alkalophiles, barophiles, extremophiles, freshwater microorganisms, 

halophiles, hyperthermophiles, gut microflora, lichens, marine microorganisms, microbes in air, 

mycorrhiza, parasitism, phytoplankton, rhizosphere, rumen microbiology, soil microorganisms, 

zooplankton 
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1.9. QUESTIONS FOR SELF STUDY 

1. Give an account of soil microorganisms. 

2. Explain the different roles played by soil microorganisms. 

3. Write an essay on microbes of aquatic environments. Add a note on microbes in 

polluted water. 

4. Discuss about the microorganisms in atmosphere and their significance. 

5. What are the interactions found between plants and microorganisms? 

6. What are the interactions found between animals and microorganisms? 

7. Write a note on extremophiles or microbes of extreme environments. 

8. Write short notes on the following; 

a. autochthonous microbes 

b. allochthonous microbes 

c. Plankton 

d. Phytoplankton 

e. Zooplankton 

f. Benthic microorganisms 
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2.0. OBJECTIVES 

On completion of this unit, you should be able to: 

 discuss about different water-borne diseases. 

 list out water-borne pathogenic microorganisms. 

 evaluate the importance of microbiological examination of water. 

 explain the different testing techniques employed to determine potability 

of water. 
 

2.1. INTRODUCTION 
  

 
Disease-causing microorganisms are called pathogens. The organism which is attacked 

and subsequently becomes diseased is called host. Infection is the process in which microbe 

multiplies or grows in or on the host and in most cases results into the disease. The time between 

infection and the appearance of clinical symptoms is the incubation time. The term pathogenicity 

refers to the ability of a pathogen to gain entry into the host and bring about a change in the 

health and thus disease. The pathogen able to cause disease is called virulent and those that fail 

to cause disease even after infection are called avirulent. Pathogenic microorganisms may get 

transmitted via various routes and water forms one of the important medium. 

Water constitutes a good habitat for a diverse variety of microorganisms. However, 

pathogenic microbes do not make up a part of normal flora of water and therefore water is 

hazardous only if it is contaminated from external source. Drinking water sources get 

contaminated by human pathogenic microorganisms due to the domestic sewage pollution. 

Waterborne diseases are caused by pathogenic microorganisms which are directly transmitted 

when contaminated fresh water is consumed. Contaminated fresh water, used in the preparation 

of food, can also be the source of food-borne disease through consumption of these 

microorganisms. According to the World Health Organization (WHO), diarrheal disease 

accounts for an estimated 4.1% of the total daily global burden of disease and is responsible for 

the deaths of 1.8 million people every year. The occurrence of water borne diseases is attributable 

to unsafe water supply, sanitation and hygiene, and is mostly concentrated in children in 

developing countries. 
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Waterborne diseases can be caused by viruses, bacteria or protozoa, many of which 

are intestinal parasites transmitted by the faecal-oral route and are usually referred to as 

enteric pathogens. Major symptom of water borne diseases is diarrhea. Outbreaks of intestinal 

disease tend to be of the epidemic type, affecting a large number of people in a short period 

of time. Epidemics of cholera, dysentery, jaundice and typhoid fewer are common in developing 

and under developed countries, where sewage disposal system is not satisfactory. Some 

pathogens may also affect other parts of the body, such as muscles, the nervous system, or 

organs such as heart. The kind of bacteria present in a water supply determines its sanitary 

quality. Any water which is faecally contaminated can be assumed to contain enteric pathogens 

and, therefore is not fit for drinking. There are several organisms but a common indicator 

organism is Escherichia coli. 
 

2.2. WATERBORNE BACTERIAL DISEASES 
  

2.2.1. Cholera 

Cholera is caused by Vibrio cholera, a gram-negative rod. Although there are many 

serogroups, only O1 and O139 have exhibited the ability to cause epidemics. The bacterium 

has two recognized biotypes: the classical – V. cholera and El. Tor biotype. Cholera is acquired 

by ingesting water contaminated by fecal material from patients or carriers. Once the bacteria 

enter the body, the incubation period is from 24 to 72 hours. The bacteria adhere to the 

intestinal mucosa of the small intestine, where they are not invasive but secrete choleragen, a 

cholera toxin. Choleragen is a protein composed of two functional units, an enzymatic A 

subunit and an intestinal receptor-binding B subunit. The A subunit enters the intestinal epithelial 

cells and activates the enzyme adenylate cyclase that increases the level of adenosine 

monophosphate (AMP). As a result choleragen stimulates hypersecretion of water and chloride 

ions while inhibiting absorption of sodium ions. The patient loses massive quantities of fluid 

and electrolytes, which is associated with abdominal muscle cramps, vomiting, fever, and 

watery diarrhea. The diarrhea can be so profuse that a person can lose 10 to 15 liters of fluid 

during the infection. Death may result from the elevated concentration of blood proteins, 

caused by reduced fluid levels, which leads to circulatory shock and collapse. The treatment 

is by oral rehydration therapy with NaCl plus glucose to stimulate water uptake by the intestine 

and thereby restore the water balance in the body. Intravenous injections of tetracycline are 

useful in control of the bacteria. Prevention methods include proper sanitation, personal hygiene 

and hygienic food preparation. 
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2.2.2. Campylobacter jejuni gastroenteritis 

Campylobacter jejuni is a gram-negative curved rod found in the intestinal tract of 

animals. They are transmitted to humans by contaminated food and water, contact with infected 

animals. The incubation period is 2 to 10 days. C. jejuni invades the epithelium of the small 

intestine, causing inflammation, and also secretes an exotoxin that is antigenically similar to 

the cholera toxin. Symptoms include diarrhea, high fever, severe inflammation of the intestine 

along with ulceration, and bloody stools. The disease is self-limited, and treatment is by fluids, 

electrolyte replacement, and erythromycin is used in severe cases. Recovery usually takes 

from 5 to 8 days. Prevention and control involves good personal hygiene and food preparation. 

2.2.3. Typhoid Fever 

Typhoid fever is caused by several virulent serovars of Salmonella typhi and is acquired 

by ingestion of water contaminated by feces of infected humans or animals. The Salmonella cells 

are gram negative, non-sporulating, facultative anaerobic motile rods. Once in the small intestine 

the incubation period is about 10 - 14 days. The bacteria colonize the small intestine, penetrate 

the epithelium, and spread to the lymphoid tissue, blood, liver, and gall bladder. Symptoms 

include fever, headache, abdominal pain, anorexia, and malaise, which last several weeks. Spleen 

and liver enlarge if untreated. In this case it can last up to four weeks and cause death. After 

approximately 3 months, most individuals stop shedding bacteria in their feces. However, a few 

individuals continue to shed S. typhi for extended periods but show no symptoms. In these 

carriers, the bacteria continue to grow in the gall bladder and reach the intestine through the bile 

duct. Treatment with ceftriaxone, trimethoprim- sulfamethoxazole, or ampicillin has reduced the 

mortality rate to less than 1%. Recovery from typhoid confers a permanent immunity. 

Purification of drinking water, milk pasteurization, prevention of food handling by carriers, and 

complete isolation of patients are the most successful preventive and control measures. There is 

a vaccine consisting of killed S. typhi cells available for high-risk individuals. 

2.2.4. Shigellosis 

The genus Shigella belongs to the family Enterobacteriaceae. Only four species are 

recognised: S. dysenteriae, S. flexneri, S. boydii and S. sonnei, and each species has several 

serovars. The intestine of humans and some primates is the only known habitat of shigellae. 

The organisms are either transmitted through fecal-oral route through fecal contaminated food 

and water. The Shigella spp. are gram negative, non-motile, facultative anaerobic rods. Shigella 
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produce an exotoxin that has the enterotoxigenic property. The toxin is designated as Shiga toxin 

(ST) expressed at 37oC but not at 30oC. In case of Shigella, infective dose is very low, about 101-

103 cells can cause symptoms that develop within 12h to 7 d, but generally within 1 to 3 d, of 

consumption of contaminated water. The symptoms include abdominal pain, diarrhea often 

mixed with blood, mucus and pus, fever, chills and headache. The symptoms are the consequence 

of both invasiveness of epithelial mucosa and the enterotoxin. The disease normally is self-

limiting in adults and lasts an average of 4 to 7 days. In infants and young children neurological 

complications and kidney failure result and may be fatal. Usually fluid and electrolyte 

replacement are sufficient. Treatment with trimethoprim-sulfamethoxazole or fluoroquinolones 

may be given if required. Prevention is a matter of good personal hygiene and the maintenance 

of a clean water supply. 

2.2.5. Enteropathogenic Escherichia coli 

Escherichia coli is generally regarded as part of the normal flora of the human intestinal 

tract and that of many animals. E. coli is a Gram negative, nonspore forming, facultative 

anaerobic bacterium. Serotypes of E. coli which have been implicated in human diarrheal 

diseases or food-poisoning outbreaks have been designated as enteropathogenic E. coli (EEC). 

The human disease syndromes resulting from the ingestion of EEC have been divided into two 

main groups. The first group consists of strains which produce an enterotoxin and result in a 

cholera-like or enterotoxigenic illness in humans. These enterotoxigenic strains usually produce 

two enterotoxins, a heat-stable (ST) and a heat-labile (LT) toxin, and are thought to be 

responsible for infantile diarrheal diseases and traveler’s diarrhea. The second major group 

consists of invasive strains which produce a cytotoxin and result in the invasive illness, colitis, 

or dysentery like syndrome. These serotypes are nonenterotoxigenic, grow in the colon, and 

invade or penetrate the epithelial cells of colonic mucosa. In addition to the above strains, there 

is a group referred to as hemorrhagic E. coli. These strains can result in illness in humans as 

manifested by bloody diarrhea and severe abdominal pain. Six categories or strains of 

diarrheagenic E. coli are now recognized: enterotoxigenic E. coli (ETEC), enteroinvasive E. coli 

(EIEC), enterohemorrhagic E. coli (EHEC), enteropathogenic E. coli (EPEC), enteroaggregative 

E. coli (EAggEC), and diffusely adhering E. coli (DAEC). Treatment is with fluid and 

electrolytes plus doxycycline and trimethroprim-sulfamethoxazole. Recovery is usually without 

complications. Prevention and control involve avoiding contaminated food and water. 
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Table 1. A few other waterborne bacterial diseases 
 

Sl. 

No. 

Disease Bacteria; toxin Incubation period; 

symptoms 

Prevention 
and 

control 
1 Bacillus cereus 

gastroenteritis 

Bacillus cereus 

diarrheagenic toxin 

8-16 hr; nausea, abdominal 

cramps, watery diarrhea, 

vomitting 

 
 
 

 
Maintenance of 

excellent 

personal 

hygiene; Use of 

rigid sanitary 

standards to 

prevent cross 

contamination 

of sanitary and 

drinking water; 

chlorination, 

boiling of 

water. 

 
Rehydration 

with oral 

rehydrating 

solution (ORS) 

and 

antibiotic 

therapry 

2 Clostridium perfringens 

gastroenteritis 

Clostridium perfringens 

Enterotoxins type A, B, C, D, 

and E 

8-24 hr; The main symptoms 

are diarrhea and abdominal 

pain. Nausea, vomiting, and 

fever also can occur but are 

less common. 

3 Listeria monocytogenes 

infection 

Listeria monocytogenes 

hemolysin, listeriolysin O 

1-7 d; mild flue-like 

symptoms with slight fever, 

abdominal cramps, and 

diarrhea. Symptoms subside 

in a few days. 

4 Salmonellosis Salmonella choleraesuis, 

S. typhimurium, 

S. enteritidis, etc. 

thermostable cytotoxic factor 

5-72 hr ; diarrhea, abdominal 

pain, chills, fever, vomiting, 

headache, malaise 

5 Staphylococcal 

gastroenteritis 

S. aureus, S. epidermidis, 

S. saprophyticus etc. 

Enterotoxins A, B, C1, C2, 

C3, D and E 

2- 4 hr; salivation, nausea and 

vomiting, abdominal cramps, 

diarrhea, sweating, chills, 

headache, and dehydration. 

6 Vibrio 

parahaemolyticus 

infection 

Vibrio parahaemolyticus 2-48 hr; abdominal pain, 

watery diarrhea (stools 

containing blood and 

mucous), vomiting, nausea, 

chills, fever, headache, 

7 Yersiniosis Yersinia enterocolitica 24-36 hr; abdominal pain, 

acute appendicitis, fever, 

headache, malaise, diarrhea, 

vomiting, nausea, chills, 

erythema nodosum 
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2.3. WATERBORNE PROTOZOAN DISEASES 

2.3.1. Amebiasis 

Amebiasis (amebic dysentery) is caused by Entamoeba histolytica. This very common 

parasite is endemic in warm climates where adequate sanitation and effective personal hygiene 

is lacking. It is a major cause of parasitic death worldwide; about 500 million people are 

infected and as many as 100,000 die of amebiasis each year. Infection occurs by ingestion of 

mature cysts. After excystation in the lower region of the small intestine, the metacyst divides 

rapidly to produce eight small trophozoites. These trophozoites move to the large intestine 

where they can invade the host tissue, live as commensals in the lumen of the intestine, or 

undergo encystation. If the infective trophozoites invade the intestinal tissues, they multiply 

rapidly and spread laterally, while feeding on erythrocytes, bacteria, and yeasts. The invading 

trophozoites destroy the epithelial lining of the large intestine by producing cysteine proteinases. 

Cysteine proteinases help in degrading extracellular matrix and circumventing the host immune 

response. E. histolytica also may invade and produce lesions in the liver, to cause hepatic 

amebiasis. 

The symptoms of amebiasis include dysentery, exhaustive diarrhea accompanied by 

blood and mucus, appendicitis, and abscesses in the liver, lungs, or brain. The therapy for 

amebiasis is complex and depends on the location of the infection within the host and the host’s 

condition. Asymptomatic carriers that are passing cysts should always be treated with iodoquinol 

or paromomycin. In symptomatic intestinal amebiasis, metronidazole or iodoquinol are the drugs 

of choice. Prevention and control of amebiasis is achieved by avoiding water or food that might 

be contaminated with human feces in endemic areas. Viable cysts in water can be destroyed by 

hyperchlorination or iodination. 

2.3.2. Giardiasis 

Giardiasis is caused by a flagellated protozoan Giardia lamblia (It was discovered by van 

Leeuwenhoek in 1681 when he examined his own stools.). G. lamblia is worldwide in 

distribution, and it affects children more seriously than it does adults. The protozoan has been 

isolated from the intestines of deer, rodents, cattle, cats, and other household pets and human 

carriers, but the precise reservoir is unclear. Although both trophozoites and cysts escape in the 

stool, the cysts play a greater role in transmission. Transmission is most frequent by cyst- 

contaminated water supplies. Infection can occur with a dose of only 10 to 100 cysts. Unlike 

other pathogenic flagellates, Giardia cysts can survive for 2 months in the environment. 
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Following ingestion, the cysts undergo excystation in the duodenum, forming 

trophozoites. The trophozoites inhabit the upper portions of the small intestine, where they 

attach to the intestinal mucosa by means of their sucking disks. The ability of the trophozoites 

to adhere to the intestinal epithelium accounts for the fact that they are rarely found in stools. 

It is thought that the trophozoites feed on mucous secretions and reproduce to form such a 

large population that they interfere with nutrient absorption by the intestinal epithelium. 

Giardiasis varies in severity, and asymptomatic carriers are common. Typical symptoms include 

diarrhea, abdominal pain, and flatulence. Quinacrine hydrochloride and metronidazole are 

the drugs of choice for adults, and furazolidone is used for children. Prevention and control 

involves proper treatment of community water supplies, especially the use of slow sand filtration 

because the cysts are highly resistant to chlorine treatment. The agent is killed by boiling, 

ozone, and iodine. It is suggested to drink boiled or filtered water. 

2.3.3. Cryptosporidiosis 

Cryptosporidiosis is caused by Cryptosporidium parvum (“hidden spore cysts”), a 

common coccidial apicomplexan parasite found in the intestine of many birds and mammals. 

When the animals defecate, oocysts are shed into the environment. If a human ingests water that 

is contaminated with the oocysts, excystation occurs within the small intestine and sporozoites 

enter epithelial cells and develop into merozoites. Some of the merozoites subsequently undergo 

sexual reproduction to produce zygotes, and the zygotes differentiate into thick-walled oocysts. 

Oocyst release into the environment begins the life cycle again. The oocysts may remain viable 

for 2 to 6 months in a moist environment. Infection can occur with a dose of only 10 to 100 

oocysts. The incubation period for cryptosporidiosis ranges from 5 to 28 days. Diarrhea is the 

major symptom. Other symptoms include abdominal pain, nausea, fever, and fatigue. No 

chemotherapy is available and patients are simply rehydrated with ORS (Oral Rehydrating 

Solution). Although the disease usually is self-limiting in healthy individuals, patients who have 

AIDS or are immunocompromised in other ways may develop prolonged, severe, and life-

threatening diarrhea. 

Oocysts are only 4 to 6µm in diameter, much too small to be easily removed by the sand 

filters used in water treatment plants and also extremely resistant to disinfectants such as 

chlorine. Prevention and control is achieved by avoiding water or food that might be 

contaminated with human or animal feces. Viable oocysts in water can be destroyed by boiling, 

ozone, or iodination. 
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2.4. WATERBORNE VIRAL DISEASES 

2.4.1. Acute viral gastroenteritis 

Acute viral gastroenteritis (inflammation of the stomach or intestines) is caused by 

four major categories of viruses: rotaviruses, Norwalk and Norwalk-like viruses, other 

caliciviruses, and astroviruses. These viruses are probably transmitted by the fecal-oral route. 

Infection is most common during the cooler months of the year. The disease is most frequent 

in infants of 1 to 11 months of age, where the virus attacks the upper intestinal epithelial cells 

of the villus, causing mal-absorption, impairment of sodium transport, and diarrhea. The clinical 

symptoms include vomiting, diarrhea with headache and fever. Rarely, it may result in severe 

fatal dehydrating disease. Viral gastroenteritis is usually self-limited. Treatment is designed to 

provide relief through the use of oral fluid replacement with isotonic liquids, analgesics, and 

antiperistaltic agents. 

2.4.2. Poliomyelitis 

Poliomyelitis (polio) caused by the poliovirus, a member of the family Picornaviridae, 

is an acute infection of the spinal cord that can cause neuromuscular paralysis. The poliovirus 

is a plus-stranded RNA virus with three different serotypes—1, 2, and 3. The term is derived 

from the Greek words polios meaning grey and muelos meaning marrow, implying the property 

of the pathogen to attack the grey matter of the spinal chord. The shortened name polio 

indeed refers to the paralytic condition brought about by the infection. The virus is acquired 

mostly by the faecal-oral route, indicating lack of proper sanitation, and contamination of 

drinking water with faecal material from those carrying the virus in a symptomless condition 

or from actual patients. Children are more susceptible than adolescents and elderly people. 

The incubation period is usually 7-14 days. Most infections are contained as a short-term, 

mild viremia. Some persons develop mild nonspecific symptoms of fever, headache, nausea, 

sore throat, and neck stiffness. If the viremia persists, viruses can be carried to the central 

nervous system through its blood supply. The virus has a high affinity for anterior horn motor 

nerve cells of the spinal cord. Once inside these cells, it multiplies and destroys the cells; this 

results in motor and muscle paralysis. In bulbar poliomyelitis, cranial muscles will be affected 

resulting in paralysis of the pharynx, leading to difficulties in breathing. The pharyngeal muscles, 

however, show better recovery than those of lower limbs which are likely to be permanently 

damaged, making the person lame. Development and usage of vaccines against the virus such 

as the Salk vaccine (1954; inactivated polio vaccine - IPV) and Sabin vaccine (1962; 
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attenuated oral polio vaccine - OPV) have reduced the incidence of polio markedly. Sabin 

vaccine is widely used today, and is to be given in three monthly doses. The disadvantage of 

Sabin vaccine is that attenuated virus may mutate back into the pathogenic form and cause the 

disease against which prevention is sought. However, there is a continuing need for vaccination 

programs in all population groups to limit the spread of poliovirus. 

2.4.3. Hepatitis-A 

Hepatitis A, is generally known as jaundice, and is caused by Hepatitis A Virus (HAV), 

belonging to the genus Hepatovirus in the family Picornaviridae. The hepatitis A virus is an 

icosahedral, single-stranded linear, positive-sense RNA virus that lacks an envelope. Formerly 

it was called Enterovirus 72. The main mode of spread of the pathogen is through the faecal- 

oral route. HAV survives for long periods in water, and wet environments. Other routes of 

transmission are transfusion of blood or blood products collected during the disease, sharing 

of needles and also to some extent sexual contact. Once in the digestive system, the viruses 

multiply within the intestinal epithelium. The incubation period is 2-6 weeks. Symptoms start 

with malaise, loss of appetite, abdominal discomfort, and fever. The urine becomes dark 

yellow and the feces pale. The viruses reproduce in the liver, enter the bile, and are released 

into the small intestine. If the liver becomes infected, jaundice ensues. The skin may become 

yellow and also the eyes. After one week of suffering, the patient begins to feel better and the 

jaundice symptoms usually disappear after a month. Hepatitis-A is self limiting, and relapses 

have been very rare. The mortality rate is 0.1%. Passive protection through antisera can be 

availed by travellers. Hepatitis-A vaccine consisting of formalin-inactivated HAV grown in 

human diploid cell cultures is available. Control of infection in the community depends on 

maintenance of hygiene. 

Some steps to ensure the prevention of waterborne diseases include: 

• Practicing good hygiene. Washing hands regularly, especially before and after meals 
and also before and after using the washroom; this is a critical component of personal 

hygiene in preventing waterborne diseases. 

• Keep finger nails short and clean at all times. 

• Only water that has been thoroughly filtered must be drunk. Ensure that potable water is 
maintained in a hygienic place during storage. The storage containers of drinking 

water must be thoroughly washed every day. 
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• In the absence of a water purification system, drinking water must be thoroughly boiled 
and cooled in a hygienic container. 

• Sanitation facilities must be properly maintained while care must be taken to ensure 
that use of water supply does not clash with the sanitation systems. 

• It is important to maintain a high level of hygiene and cleanliness in the home surrounding 
as well as outside, in order to prevent breeding and festering of harmful microorganisms. 

• Water used to wash and clean raw food materials such as fresh produce must be 
clean. 

Enteric diseases transmitted through water can be controlled through purification of water 

supplies and proper sewage disposal. Methods of purification aim at destruction and the removal 

of pathogens as well as other undesirable materials. Some approaches employed in purification 

include aeration, coagulation, sedimentation, filtration and the use of chemicals such as chlorine, 

ozone and iodine. 

2.5. WATER TESTING TECHNIQUES 
  

2.5.1. Plate count 

The standard plate count (SPC) is one of the routine procedures used to determine the 

microbial load in water. The plate count method relies on development of visible bacterial 

colonies on a nutrient medium and the number of colonies on a plate can be counted. To be 

effective, the dilution of the original sample must be arranged so that on average between 30 and 

300 colonies of the target bacterium is grown. Fewer than 30 colonies makes the interpretation 

statistically unsound whilst greater than 300 colonies often results in overlapping colonies and 

imprecision in the count. To ensure that an appropriate number of colonies will be generated 

several dilutions are normally cultured. 

The water sample is serially diluted (1:10, 1:100, 1:1000 etc.) in sterile distilled water or 

saline (0.85% NaCl) and known volume of all the dilutions or required dilution is inoculated on 

to agar plates and incubated at 35 - 37oC for 24 - 48h. After incubation the number of colonies 

formed in each plate is counted. At the end of the incubation period the colonies are counted 

using a colony counter and do not require a microscope. The total number of microorganisms in 

1 ml of water is then calculated by multiplying the number of colonies with reciprocal of dilution 

factor. The significance of this method is that it is easy to perform, provides the count of viable 

cells. Disadvantages are that it requires comparatively more time and all the cells present may 

not be able to grow under the conditions provided. 
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2.5.2. MPN (Most probable Number) Technique 

MPN is a procedure to estimate the population density of viable microorganisms in a 

test sample. It is based upon the application of the theory of probability to the numbers of 

observed positive growth responses to a standard dilution series of sample inoculum placed into 

a set number of culture media tubes. Positive growth response after incubation may be indicated 

by observations such as acid production evident from colour change of broth and gas production 

in fermentation tubes or visible turbidity in broth tubes, depending upon the type of media 

employed. The sample should be diluted in such a manner that higher dilutions of the sample 

will result in fewer positive culture tubes in the series. If particularly high microbial populations 

are expected, the sample must be diluted to a range where the MPN can be obtained. Most 

reliable results occur when all tubes at the lower dilution are positive and all tubes at the higher 

dilution are negative. Generally ten-fold serial dilutions are used in either 3, 5 or 10 tube MPN 

series. When a higher number of tubes are inoculated in the series, the confidence limits of the 

MPN are narrowed. For particularly high microbial populations, the values obtained by MPN 

are generally not considered to be as precise as population numbers derived from direct plating 

methods. 

Water sample collected is mixed well by thoroughly shaking. Double-strength and single 

strength lactose broth tubes are prepared with phenol red indicator and sterilized along with 

immersed Durham’s tube. Double-strength lactose broth tubes are labeled as “10” and 5 single 

strength broth tubes “1.0” another 5 single strength tube as “0.1”. Each “10” tubes (LB2X) are 

aseptically inoculated with 10-ml of water sample using 10 ml sterile pipette. Similarly using a 

1-ml sterile pipette five tubes (LB1X) are aseptically inoculated with 1 ml of water sample, and 

the other five tubes (LB1X) are aseptically inoculated with 0.1 ml of water sample. All the 15 

inoculated tubes are incubated aerobically at 35°C for 48 hours. After incubation period the 

tubes are observed for gas and acid production. The number of tubes showing the positive result 

is recorded and the pattern of growth in the tubes is scored against a MPN table of such values 

(Table 1). The results of this test should be expressed as “MPN” rather than CFU (colony 

forming unit) to reflect the capabilities of the method. 

2.5.3. MTFT (Multiple Tube Fermentation test) 

This is the standard test for the presence of coliforms in water. The MTFT test is carried 

out in three stages/ phases: 

a. Presumptive test; 

b. Confirmed test; 

c. Completed test. 
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Table 2. Most probable number (MPN) of coliform bacteria present in 100 ml water 

(from Aneja, 2003) 
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(a) Presumptive Test: A series of fermentation tubes each containing lactose broth or lauryl 

tryptose broth of known concentration, are inoculated with known amount of water. These 

tubes are incubated for 24 to 48 hours at 35°C (Fig. 1A). Generally, five fermentation tubes 

containing double strength broth are inoculated with 10 ml water, and out of 10 tubes with 

single strength broth, 5 tubes are inoculated with 1 ml water and 5 with 0.1 ml water. At the 

end of 24 hours of incubation, the tubes are observed for gas production. The tubes that 

show no gas production are incubated for an additional 24 hour to be sure for the absence of 

coliforms (i.e. gas production). The tubes that show gas production are considered positive 

and selected for further tests. 

(b) Confirmed Test: If a positive test of gas production is obtained, it does not mean that 

coliforms are present. The other microorganisms such as yeasts or species of Clostridium 

are also capable of fermenting lactose with formation of acid and gas and give false positive 

presumptive test. Therefore, a confirmed test is performed for the presence of coliforms. All 

fermentation tubes showing gas within 48 hours at 35°C are used for confirmed test. It is of 

two types as described below: The positive presumptive fermentation tube is gently shaken. 

A drop of its culture is transferred to brilliant green lactose bile broth (BGLB) fermentation 

tubes (Fig. 1B). The tubes are incubated for 48 hours at 35°C. The appearance of gas within 

this period indicates positive confirmed test. The dye (brilliant green) inhibits the Gram-positive 

bacteria and synergistic reactions of Gram-positive and Gram-negative bacteria. 

The second confirmed test is done by using eosin methylene blue (EMB) agar. In eosin 

methylene blue agar method, a definite amount of two stains (eosin and methylene blue) is added 

to a melted lactose agar. The medium is poured into Petri dishes. Over the surface of EMB agar 

medium, a loopful culture from each positive fermentation tube is streaked. Plates are incubated 

at 35°C for gas production for 24 hours keeping them in inverted position. There develops three 

types of colonies: (a) presence of coilforms typical colonies (nucleated, with or without metallic 

sheen), (b) atypical colonies (opaque, nonnucleated mucoid after 24 hours of incubation, pink), 

and (c) negative colonies (all other types). The development of typical colonies (a) shows the 

positive confirmed test. 
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Figure 1. The different steps of Multiple Tube Fermentation test (MTFT) (from Aneja, 

2003) 
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(c) Completed Test: In the last the completed test is performed to ascertain the presence of 

coliforms in water. The purpose of the completed test is to determine whether (a) the colonies 

growing on EMB agar are again capable of fermenting lactose and forming acid and gas; and 

(b) the organisms transferred to agar slants show the morphological appearance of coliform 

group. Each colonies form positive confirmed test is transferred to lactose fermentation tube and 

to nutrient agar slants (Fig. 1C). The tubes are incubated at 35°C for 48 hours. Production of gas 

in fermentation tubes and, demonstration of Gram-negative, non spore forming rods on the agar 

slants constitute a positive completed test for coliforms. The absence of gas and the rod shaped 

cells confirms negative test for coliforms. 

Significance: MTFT or coliform test technique is a standard method followed all over the 

world to determine whether the water is potable or faecal contaminated. The intestinal 

discharges of humans and animals may gain entry into the water meant for domestic supplies. 

The bacteria that may get entry include both gut commensals as well as pathogens. The common 

and easily identifiable bacteria are Escherichia coli and Enterobacter aerogenes collectively 

called as coliforms. Thus the presence of these two bacteria in water is evidence of faecal 

pollution and consequent hazard of contracting diseases through gastrointestinal (GI) pathogens. 

Any water which is faecally contaminated can be assumed to contain enteric pathogens and, 

therefore is not fit for drinking. 

2.5.4. Membrane filter method 

In the membrane filter method (Fig. 2), a thin membrane filter disc made up of cellulose 

derivatives is used. The water sample is passed through a thin sterile membrane filter (pore 

size 0.45 µ) which is kept in a special filter apparatus contained in a suction flask. The filter 

disc that contains the trapped microorganisms is aseptically transferred using a sterile forceps 

on to an absorbent pad saturated with a selective, differential liquid medium, placed in sterile 

Petri dish and incubated at 370C for 18- 24 hours. The medium diffuses through the pores of 

filter-disc and provides nutrients to the bacteria. The colonies which develop following 

incubation are counted. 

Significance: This technique is a simple, routinely used test for bacteriological examination 

of water to determine its potability. The technique has many advantages - a large volume of 

water can be analyzed in a short period of time. The filter-disc can be transferred from one 

medium to another to differentiate organisms. Quantitative estimation of certain bacterial types, 

e.g. coliforms, can be done. The instrument is portable and filtration step can be done directly in 

the field itself. The disadvantages are - cannot be used to sample high turbid water that may clog 

the filter. Metals and phenolic compounds can absorb to filters and inhibit growth. 
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Figure 2. Membrane filter technique for detection of coliforms in water (from Aneja, 

2003) 

2.6. SUMMARY 
  

• Water bodies contain sufficient nutrients and thus support the growth of microorganisms 
including human pathogens. 

• Drinking water for communities is obtained from surface sources such as rivers or 
lakes. The “raw water” is likely to be polluted by human and animal activities. 

• Pathogenic microorganisms enter the water bodies mainly through domestic sewage 
pollution. 
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• Water-borne diseases can be caused by viruses, bacteria or protozoa, many of which 

are intestinal parasites transmitted by the faecal-oral route and are usually referred to 
as enteric pathogens. 

• Important water-borne bacterial diseases are cholera, Campylobacter jejuni 

gastroenteritis, typhoid, shigellosis, and enteropathogenic Escherichia coli infection. 

• Imp ortant water- borne p rot o zoan diseases are am ebias is, gi ardias is, an d 
cryptosporidiosis. 

• Important water-borne viral diseases are acute viral gastroenteritis, poliomyelitis, and 
hepatitis-A. 

• Diarrhea is the common symptom of most of the water-borne diseases resulting in 

dehydration of the body, which can be treated by rehydration of the body with oral 

rehydration solution (ORS). 

• Maintenance of the good personal hygiene and of a clean water supply can help in 

prevention of water-borne diseases. 

• To ascertain the potability of water (suitability for drinking) microbiological examination 
of water is essential. 

• There are many methods employed to detect and enumerate the faecal microbes in 

water, especially coliforms, which are considered as indicators of faecal contamination 

of water. These include plate count method, Most Probable Number (MPN) technique, 

MTFT (Multiple Tube Fermentation test) and membrane filter method. 
 

2.7. KEY WORDS 
  

 
Amebiasis, bacteria, cholera, coliforms, cryptosporidiosis, Escherichia coli, 

Campylobacter jejune, diarrhea, gastroenteritis, giardiasis, hepatitis-A, MPN, MTFT, membrane 

filter, poliomyelitis, protozoa, shigellosis, typhoid, virus, water-borne diseases 
 

2.8. QUESTIONS FOR SELF STUDY 
  

 
1. Briefly describe each of the most common water-borne bacterial diseases. 

2. Describe the protozoan diseases transmitted through water. 

3. Explain the important water-borne viral diseases. 
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4. Give an account of different tests for microbial analysis of water. 

5. What is MPN? Explain. 

6. What is MTFT? Write in brief about the different steps used in MTFT. 

7. Explain the membrane filter technique. What are the advantages of this method? 
 

2.9. REFERENCES AND FURTHER READING 
  

• Aneja, K.R. 2003. Experiments in Microbiology, Plant Pathology, and Biotechnology. 
New Age International (P) Ltd., Publishers, New Delhi. 

• APHA. 1998. Standard methods for the examination of water and waste water, 20th ed. 
American Public Health Association, Washington, DC. 

• Atlas, R.M. and Bartha, R. 1993. Microbial ecology, 3rd ed. Benjamin Cummings, 
Redwood city. 

• Black, J.G. 2002. Microbiology- Principles and Explorations, 5th ed. John Wiley and 
Sons, Inc., New York. 

• Madigan, M.T. and Martinko, J.M. Brock Biology of Microorganisms, 11th ed. Pearson 
education, Inc., New Jersey. 

• Pelzar, M.J., Chan, E.C.S. and Krieg, N.R. Microbiology, 5th ed. Tata McGraw-Hill 
Publishing Co. Ltd., New Delhi. 

• Prescott, L.M., Harley, J.P. and Klein, D.A. 2005. Microbiology, 6th ed. The McGraw- 
Hill, Inc., New York. 

• Sharma, P.D. 2005. Environmental Microbiology. Narosa Publishing House Pvt. Ltd., 
New Delhi. 

• Talaro, K.P. and Talaro, A. 2001. Foundations in Microbiology, 4th ed. The McGraw- 
Hill, Inc., New York. 



48  

 
  

  



49  

UNIT  3:  VIRUSES: TYPES, CHARACTERISTICS AND 
ENUMERATION METHODS 

 
STRUCTURE 

3.0. Objectives 

3.1. Introduction 

3.2. Characteristics of virus 

3.2.1. The Structure of viruses 

3.2.2. Replication of viruses 

3.2.3. Classification of viruses 

3.2.4. Cultivation of viruses 

3.3. Enumeration methods as applied for drinking water 

3.4. Summary 

3.5. Key words 

3.6. Questions for self study 

3.7. References and further reading 



50  

 
  

3.0. OBJECTIVES 

On completion of this unit, you should be able to: 

• describe the characteristics of virus. 

• sketch out the structure of virus. 

• explain the different methods of enumeration of virus in water. 

• critically evaluate the significance of the enumeration methods. 
 

3.1. INTRODUCTION 
  

 
The word “virus” means poison in Latin. Viruses are generally small, acellular genetic 

element containing only a single type of nucleic acid, either DNA or RNA. It has to use the 

metabolic machinery of a living host in order to reproduce. Viruses are thus genetic parasites 

that take over the hosts cell metabolism and synthetic machinery. Viruses can replicate or 

multiply, only inside a living host cell and are thus called obligate intracellular parasites. Viruses 

do not exhibit the characters of life, but can regulate the functions of host cell. It can infect all 

groups of living things and produce a variety of diseases. Viruses are very small and common 

unit for measurement is the nanometer (abbreviated nm). Viruses range from 20- 1000 nm in 

length. Viruses can be observed only through electron microscopy. 

They can alternate between two distinct states, intracellular and extracellular. In 

extracellular state, the virus particle exists as a fully formed particle that is virulent (able to 

establish infection in a host) and is called a virion, which is metabolically inert. In the 

intracellular state, the virus particle exists only as nucleic acid or genome and reproduction or 

replication occurs. Once its genetic material has entered a host cell, a virus may undergo a 

multiplication phase with disruption of host cells for release of virions, called lytic cycle. Some 

viruses undergo an inactive latent stage within the host without disruption of host cell, called the 

lysogenic phase. Transfer of virus particle from one cell to another occurs through virion 

structure. 

In 1892 Dimitri Ivanowski published studies showing that leaf extracts from infected 

tobacco plants would induce tobacco mosaic disease on healthy tobacco plants even after 

filtration to remove bacteria (porcelain bacterial filter developed by Charles Chamberland). He 

attributed this to the presence of a toxin. Martinus W. Beijerinck, working independently of 

Ivanowski, published the results of extensive studies on tobacco mosaic disease in 1898 
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and 1900. Because the filtered sap of diseased plants was still infectious, he proposed that the 

disease was caused by an entity different from bacteria, a filterable virus. He observed that the 

virus would multiply only in living plant cells, but could survive for long periods in a dried state. 
 

3.2. CHARACTERISTICS OF VIRUS 
  

 
Viruses are quite different from cells. They contain only one type of nucleic acid, DNA 

or RNA, never both. They lack membranes and a cytoplasm, as well as ribosomes and any 

means to produce energy. Although viruses can replicate, mutate and maintain genetic continuity, 

which are features of all cells, they depend entirely upon a host cell to supply a habitat, 

energy and raw materials (precursors) for viral replication. Thus, viruses must exist as obligate 

intracellular parasites of cells. Viruses are infectious particles. They are acellular entities. 

Viruses display a wide diversity of shapes and sizes, called morphologies. Generally 

viruses are much smaller than bacteria. Most viruses that have been studied have a diameter 

between 10 and 300 nanometres. Some filoviruses have a total length of up to 1400 nm; their 

diameters are only about 80 nm. Most viruses cannot be seen with a light microscope so scanning 

and transmission electron microscopes are used to visualize virions. Viruses exhibit various 

shapes like cuboidal (adenoviruses), spherical (paramyxovirus), cylindrical (TMV), brick 

(poxvirus) and bullet shape (rabies virus), filamentous (bacteriophage M13), etc. 

3.2.1. The Structure of Viruses 

Virus morphology has been intensely studied over the past decades. Progress has come 

from the use of several different techniques: electron microscopy, X-ray diffraction, biochemical 

analysis, and immunology. 
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A virus particle is composed of a nucleic acid core (either DNA or RNA but not both) 

surrounded by a geometric protein shell called capsid. Together, nucleic acid core and capsid are 

termed as nucleocapsid. Capsid may be helical or icosahedral or binal in configuration. Capsids 

are made of subunits called protomers / capsomers and genome may be either single stranded 

(ssDNA / ssRNA) or double stranded (dsDNA / dsRNA). Many viruses are covered by a 

membrane or envelope containing viral protein spikes or peplomers. Viruses with outer 

membrane are named as enveloped viruses and without envelopes are naked viruses. Complex 

viruses have capsid symmetry that is neither purely icosahedral nor helical. They may have tails 

and other structures (e.g. Bacteriophages) or have complex, multilayered walls surrounding the 

nucleic acid (e.g. Poxviruses). Both helical and icosahedral capsids are large macromolecular 

structures constructed from many copies of one or a few types of protein subunits or protomers. 

Once formed and exposed to the proper conditions, protomers usually interact specifically with 

each other and spontaneously associate to form the capsid. Because the capsid is constructed 

without any outside aid, the process is called self-assembly. Once capsid is formed the genome 

of the virus is incorporated into that capsid forming complete virion. Some more complex viruses 

possess genes for special factors that are not incorporated into the virion but are required for its 

assembly. 

Helical Capsids: Helical capsids are shaped much like hollow tubes with protein walls. The 

tobacco mosaic virus provides a well-studied example of helical capsid structure (Naked 

virus) (Figure 1). A single type of protomer associates together in a helical or spiral arrangement 

to produce a long, rigid tube, 15 to 18 nm in diameter by 300 nm long. The RNA genetic 

material is wound in a spiral and positioned toward the inside of the capsid where it lies within 

a groove structure formed by the subunits. Influenza virus RNAs are enclosed in thin, flexible 

helical capsids folded within an envelope (Enveloped virus). The size of a helical capsid is 

influenced by both its protomers and the nucleic acid enclosed within the capsid. The diameter 

of the capsid is a function of the size, shape, and interactions of the protomers. The nucleic 

acid determines helical capsid length because the capsid does not seem to extend much beyond 

the end of the DNA or RNA. 
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Figure 1. Helical capsid of the tobacco mosaic virus (TMV) (from Prescott et al., 2005) 
 
 
 

Figure 2. The Structure of an Icosahedral Capsid (Pentons (P) are located at the 12 
vertices. Hexons (H) form the edges and faces of the icosahedrons) (from Prescott et al., 2005) 

Icosahedral Capsids: The icosahedron is one of nature’s favorite shapes (the helix is probably 

most popular). Viruses employ the icosahedral shape because it is the most efficient way to 

enclose a space. A few genes, sometimes only one, can code for proteins that self assemble to 

form the capsid. In this way a small number of linear genes can specify a large three-dimensional 

structure. The capsids are constructed from ring- or knob-shaped units called capsomers, 

each usually made of five or six protomers. Pentamers (pentons) have five subunits; hexamers 
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(hexons) possess six. Pentamers are at the vertices of the icosahedron, whereas hexamers form 

its edges and triangular faces (Figure 2). In many plant and bacterial RNA viruses, both the 

pentamers and hexamers of a capsid are constructed with only one type of subunit, whereas 

adenovirus pentamers are composed of different proteins than are adenovirus hexamers. 

Protomers join to form capsomers through noncovalent bonding. The bonds between proteins 

within pentamers and hexamers are stronger than those between separate capsomers. Although 

most icosahedral capsids appear to contain both pentamers and hexamers, simian virus 40 (SV-

40), a small double-stranded DNA polyomavirus, has only pentamers. 

 

Figure 3. Influenza virus – an enveloped virus (from Prescott et al., 2005) 

Enveloped viruses: Many animal viruses, some plant viruses, and at least one bacterial virus are 

bounded by an outer membranous layer called an envelope. Animal virus envelopes usually arise 

from host cell nuclear or plasma membranes; their lipids and carbohydrates are normal host 

constituents. In contrast, envelope proteins are coded for by virus genes and may even project 

from the envelope surface as spikes or peplomers. These spikes may be involved in virus 

attachment to the host cell surface. Since they differ among viruses, they also can be used to 

identify some viruses. Because the envelope is a flexible, membranous structure, enveloped 

viruses frequently have a somewhat variable shape and are called pleomorphic. However, the 

envelopes of viruses like the bullet-shaped rabies virus are firmly attached to the underlying 

nucleocapsid and endow the virion with a constant, characteristic shape. In some viruses the 

envelope is disrupted by solvents like ether to such an extent that lipid- mediated activities are 

blocked or envelope proteins are denatured and rendered inactive. The virus is then said to be 

“ether sensitive.” Proteins, like the spike proteins that are exposed 
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on the outer envelope surface, are generally glycoproteins—that is, the proteins have 

carbohydrate attached to them. A non-glycosylated protein, the M or matrix protein, is found on 

the inner surface of the envelope and helps to stabilize it (Figure 3). 
 

 
 

T - even coliphages 

 
Figure 4. Capsids of Complex Symmetry (from Prescott et al., 2005) 

Viruses with Capsids of Complex Symmetry: Although most viruses have either icosahedral  or 

helical capsids, many viruses do not fit into either category. The poxviruses and large 

bacteriophages are two important examples. The poxviruses are the largest of the animal 

viruses (about 400 × 240 × 200 nm in size) and can even be seen with a phase contrast 

microscope or in stained preparations. They possess an exceptionally complex internal structure 
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with an ovoid- to brick shaped exterior. The double-stranded DNA is associated with proteins 

and contained in the nucleoid, a central structure shaped like a biconcave disk and surrounded 

by a membrane. Two elliptical or lateral bodies lie between the nucleoid and its outer envelope, 

a membrane and a thick layer covered by an array of tubules or fibers. Some large 

bacteriophages are even more elaborate than the poxviruses. The T2, T4, and T6 phages that 

infect E. coli have been intensely studied. Their head resembles an icosahedron elongated by 

one or two rows of hexamers in the middle and contains the DNA genome. The tail is composed 

of a collar joining it to the head, a central hollow tube, a sheath surrounding the tube, and a 

complex base plate. The sheath is made of 144 copies of the gp18 protein arranged in 24 

rings, each containing six copies. In T-even phages, the base plate is hexagonal and has a pin 

and a jointed tail fiber at each corner. The tail fibers are responsible for virus attachment to 

the proper site on the bacterial surface. T1, T5, and lambda phages have sheathless tails that 

lack a base plate and terminate in rudimentary tail fibers. Complex bacterial viruses with both 

heads and tails are said to have binal symmetry because they possess a combination of 

icosahedral (the head) and helical (the tail) symmetry. 

3.2.2. Replication of viruses 

The replication cycle of viruses has five stages 

• Adsorption 

 Penetration (uncoating) 

 Synthesis of viral components 

 Assembly / Maturation 

 Release of progeny particles 

The first stage in viral replication is called the attachment (adsorption) stage. Viruses 

attach to host cells by means of a complementary association between attachment sites on the 

surface of the virus and receptor sites on the host cell surface. This accounts for specificity of 

viruses for their host cells. Attachment sites on the viruses (usually called virus receptors) are 

distributed over the surface of the virus coat (capsid) or envelope, and are usually in the form of 

glycoproteins or proteins. Receptors on the host cell (called the host cell receptors) are generally 

glycoproteins imbedded into the cell wall or membrane. Cells lacking receptors for a certain 

virus are resistant to it and cannot be infected. 
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The penetration stage follows attachment. In case of bacteriophage it resembles injection 

through syringe. Basal plate and tail fibers held against cell and hollow core pierces the cell wall 

and DNA core injected. Empty head and tail remains as ‘ghost’. Animal viruses generally do not 

“inject” their nucleic acid into host cells as do bacteriophages, although occasionally non 

enveloped viruses leave their capsid outside the cell while the genome passes into the cell. 

Penetration of the virus occurs either by engulfment of the whole virus, or by fusion of the viral 

envelope with the cell membrane allowing only the nucleocapsid of the virus to enter the cell. 

Once the nucleocapsid gains entry into the host cell cytoplasm, the process of uncoating occurs. 

The viral nucleic acid is released from its coat. 

Next the viral synthesis stage begins. First early viral proteins are produced. The 

early viral proteins are concerned with replication of the viral genome as well as its transcription. 

Then late viral proteins are produced which are structural proteins (e.g. coat, envelope 

proteins) or core proteins (certain enzymes). 

Once the synthesis of the various viral components is complete, the assembly stage 

begins. The capsomere proteins enclose the nucleic acid to form the viral nucleocapsid. The 

process is called encapsidation. If the virus contains an envelope it will acquire that envelope 

and asssociated viral proteins in the next step. 

The release stage is the final event in viral replication, and it results in the exit of the 

mature virions from their host cell. Virus maturation and release occurs over a considerable 

period of time. Some viruses lyse the host cells (Lytic viruses). Some viruses are released from 

the cell without cell death, by egestion, whereas others are released when the cell dies and 

disintegrates. In the case of enveloped viruses, the nucleocapsid acquires its final envelope from 

the nuclear or cell membrane by a budding off process (envelopment). 

3.2.3. Classification of viruses 

Viruses find no place in the Five Kingdom c1assification system or the universal tree. 

Since viruses have no ribosomes of their own, they have no rRNA and can’t be included in the 

rRNA based ‘Universal tree’. Because of unique structure and behaviour, their connection to the 

rest of the microbial world has raised lot of debate. The diversity and activity of viruses provide 

a need for their own classification system. Usually viruses are separated into several large groups 

based on their host preferences, animal viruses, plant viruses, bacteriophages and mycophages. 

The need for a single, universal taxonomic scheme for viruses led to the establishment of the 

International Committee on Taxonomy of Viruses (ICTV). The ICTV has developed a uniform 

classification system for viruses wherein viruses are divided into 75 
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families. The family has been the highest taxonomic category used by ICTV. Viruses family 

names end in viridae, sub family names in virinae and genus and species names in virus. 

Currently the ICTV requires the use of English common name rather than a Latinized binomial 

term to designate a viral species. 

Some of the important characteristics are: 

1. Nature of the host - animal, plant, bacteria, and fungi 

2. Nucleic acid type: DNA or RNA; Single or double stranded 

3. The sense of the strand on ssRNA viruses 

4. Segmentation and the number of pieces of RNA 

5. Molecular weight 

6. Presence or absence of a DNA intermediate (ssRNA viruses) and the presence of 

reverse transcriptase 

7. Capsid symmetry (icosahedral, helical or binal) 

8. Presence or absence of an envelope and ether sensitivity 

9. Diameter of capsid (or nucleocapsid) 

10. Number of capsomers in icosahedral viruses 

11. Immunological properties 

12. Gene number and genomic map 

13. Intracellular location of virus replication 

14. Type of virus release 

15. Disease caused by the virus, its special clinical features, or its mode of 

transmission. 

Baltimore classification: The Nobel Prize-winning biologist David Baltimore devised the 

Baltimore classification system. The Baltimore classification of viruses is based on the mechanism 

of mRNA production. Viruses must generate mRNAs from their genomes to produce proteins 

and replicate themselves, but different mechanisms are used to achieve this in each virus 

family. Viral genomes may be single-stranded (ss) or double-stranded (ds), RNA or DNA, 

and may or may not use reverse transcriptase (RT). Additionally, ssRNA viruses may be 

either sense (+) or antisense (-). This classification places viruses into seven groups: 
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• I:  dsDNA viruses (e.g. Adenoviruses, Herpesviruses, Poxviruses) 

• II: ssDNA viruses (+) sense DNA (e.g. Parvoviruses) 

• III: dsRNA viruses (e.g. Reoviruses) 

• IV: (+) ssRNA viruses (+) sense RNA (e.g. Picornaviruses, Togaviruses) 

• V: (-)ss RNA viruses (-) sense RNA (e.g. Orthomyxoviruses, Rhabdoviruses) 

• VI: ss RNA-RT viruses (+) sense RNA with DNA intermediate in life-cycle (e.g. 

Retroviruses) 

• VII: ds DNA-RT viruses (e.g. Hepadnaviruses) 

3.2.4. Cultivation of viruses 

The cultivation of viruses requires inoculation of a living host. 
Animal viruses: Animal viruses are cultivated in suitable host animals, embryonated 

      egg or cell culture. Three basic types of cell culture are widely used. 

• Primary cell cultures 

• Semicontinuous cell cultures 

• Continuous cell cultures 

Primary cultures consist of cells derived directly from tissues such as monkey kidney and 

mink lung cells that have undergone one or two passages since harvesting. Semicontinuous 

cell cultures or low-passage cell lines are obtained from subcultures of a primary culture 

and usually consist of diploid fibroblasts that undergo a finite number of divisions. Continuous 

cell cultures, such as HEp-2 cells, are derived from transformed cells that are generally 

epithelial in origin. These cultures grow rapidly, are heteroploid and can be subcultured 

indefinitely. 

A layer of animal cells in a specially prepared Petri dish is covered with a virus inoculum, 

and the viruses are allowed time to settle and attach to the cells. The cells are then covered 

with a thin layer of agar to limit virion spread so that only adjacent cells are infected by newly 

produced virions. As a result localized areas of cellular destruction and lysis called plaques 

often are formed and may be detected if stained with dyes, such as neutral red or trypan blue 

that can distinguish living from dead cells. Viral growth does not always result in the lysis of 

cells to form a plaque. Animal viruses, in particular, can cause changes or abnormalities in 

host cells and in tissues called cytopathic effects. A cytopathic effect is an observable 
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morphological change that occurs in cells because of viral replication such as ballooning, 

binding together, clustering, or even death of the culture cells. 

· Plant viruses can be cultured in: Plant tissue culture, culture of separated plant 

cells, plant protoplast cultures or whole plants. Viral growth can be visualized by the 

development of a localized necrotic lesion that develops due to the rapid death of 

cells in the infected area. 

· Bacteriaphages are usually cultivated in broth or agar cultures of suitable, young, 

actively growing host cells. Virus growth results in clearance of turbidity in broth 

cultures and formation of plaques on agar medium. 
 

3.3. ENUMERATION METHODS AS APPLIED FOR DRINKING WATER 
  

 
There are more than 140 different types of human enteric viruses that may contaminate 

potable source waters. These include several important groups: Hepatitis A virus, Hepatitis E 

virus, norovirus, enterovirus and adenovirus, that have been associated with waterborne illness 

and are capable of causing severe, and in some cases fatal, infections. Human viruses are obligate 

intracellular parasites, which mean they cannot grow or multiply outside their host and remain 

as inert particles. Viruses are shed in the gut, respiratory tract and occasionally urine of an 

infected person and are found in high numbers in domestic wastewater. Contamination of potable 

water sources by domestic waste water will result in contamination of water sources by the 

viruses. 

As a result of the low concentration of human pathogenic viruses in drinking water it is 

essential to concentrate big sample volumes before detection. Virus detection and analysis in 

water samples involves four basic steps: sample collection, elution, reconcentration, and virus 

detection. For sample collection large volumes of water (100 to 1000 litres) are passed through 

a filter. The viruses are then concentrated by adsorption onto the filter. The class of filters most 

commonly used for virus collection and concentration is adsorption-elution microporous filters, 

more commonly known as VIRADEL (virus-adsorption-elution). Both electropositive and 

electronegative filters are available. 

Recovery of virus from the filter involves elution of the virus from the collection filter, 

and reconcentration to reduce the sample volume before assay. Adsorbed viruses are eluted 

from filter surface by pressure filtering 1-2 litres of an eluting solution through the filter. Elution 

fluid is 1.5% beef extract at pH 9.5. This volume is further reduced to 20-30 ml in 
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reconcentration step wherein the beef extract is flocculated at pH 3.5, centrifuged and pellet is 

collected. The pellet obtained is then resuspended in sodium phosphate (pH 7.0). Viruses are 

then detected and enumerated using cell culture or molecular methods, such as PCR (Polymerase 

Chain Reaction). 

Two main types of cell culture can be used for detection and enumeration of viruses: 

primary cell culture and continuous culture. Primary cultures consist of cells derived directly 

from tissues such as monkey kidney and mink lung cells that have undergone one or two 

passages since harvesting. Continuous cell cultures, such as HEp-2 cells, are derived from 

transformed cells that are generally epithelial in origin. These cultures grow rapidly, are 

heteroploid (having a chromosome number that is not a simple multiple of the haploid number), 

and can be subcultured indefinitely. Each type of cell culture favors the growth of a different 

array of viruses. 

The two methods of detecting and quantifying viruses in cell culture are: the 

cytopathogenic effect (CPE) method and the plaque-forming unit (PFU) method. A 

cytopathic effect is an observable morphological change that occurs in cells because of viral 

replication. Examples include ballooning, binding together, clustering, or even death of the 

culture cells. During the incubation period of a cell culture, red blood cells can be added. 

Several viruses alter the plasma membrane of infected culture cells so that red blood cells 

adhere firmly to them. This phenomenon is called hemadsorption. Viruses are quantified by 

serial dilution end point method or tissue culture infective dose (TCID) method which involves 

adding serial dilutions of virus suspension to host cells and subsequently observing the 

production of CPE over time. The titer or end point is the highest viral dilution capable of 

producing a CPE in 50% of the tissue culture wells and is referred to as median TCID 

(TCID50). 

Viruses like enteroviruses produce plaques or zones of lysis in cell monolayers overlaid 

with solid nutrient medium. These plaques originate from a single infectious virus particle; thus 

the titer can be quantified by counting the plaques or plaque forming units (PFUs). This is 

analogous to enumeration of bacteria using CFU. 

Virus concentration from large volumes of water is laborious and time consuming and 

adds significantly to the cost of virus analysis. Not all virus types are culturable in cell lines. 

Viruses (culturable and non-culturable) can be detected at very low levels using polymerase 

chain reaction (PCR) based molecular methods that target novel DNA or RNA sequences in the 

genome of the virus. With two suitable primer sequences (fragments of nucleic acid that  
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specifically bind to the target organism) and thermostable DNA polymerases trace amounts of 

DNA can be selectively multiplied. In principle, a single copy of the respective sequence in the 

assay can produce over million-fold identical copies. The amplified DNA is then detected by use 

of either agarose gels or Southern hybridization employing either radiolabeled or 

nonradiolabeled probes. Recent advances in real-time PCR have made these methods both rapid 

and quantitative and potentially quite routine. Quantitative PCR based molecular methods are 

also significantly less expensive than traditional culture methods and are rapid and precise. 

Problem is that natural water samples often contain inhibitory substances (such as humic acids 

and iron) that concentrate with the nucleic acids. 

Direct microscopic count method (DMC) using SYBR green I- staining can be done 

for determining total counts of virus particles in drinking water. Low background 

fluorescence and lack of unspecific staining make this method a preferable one. DMC is a rapid 

and economic tool for assessing total number of viruses in aquatic samples compared to 

culture-dependent or molecular biology methods. 

Flow cytometry has also been employed for virus enumeration in drinking water. Flow 

cytometry is the science of measuring components (particles) and the properties of individual 

particles in liquid suspension. In essence, suspended particles, one by one, are brought to a 

detector by means of a flow channel. Velocities that particles traverse the detector vary with 

particle size. Among the properties that can be detected are fluorescence, absorbance, and light 

scatter. Flow cytometers make use of one or more excitation sources such as argon, krypton, or 

helium neon ion lasers and one or two fluorescent dyes to measure and characterize several 

thousand particles per second. When a dye is used, its excitation spectrum must match the light 

wavelengths of the excitation source. Two dyes may be used in combination to measure—for 

example, total protein and DNA content. In these instances, both dyes must excite at the same 

wavelength and emit at different wavelengths so that the light emitted by each dye is measured 

separately. Viral protein may be stained with fluorescein isothiocyanate and DNA with 

propidium iodide. Following necessary washing, the stained particles are suspended in a suitable 

buffer and are applied to a flow cytometer. Flow cytometry, when combined with fluorescently 

labeled monoclonal antibodies, can be used for detection as well as enumeration of specific virus 

in the drinking water sample. 

Viruses in drinki ng water can also be detected and enumerated by using 

immunodiagnosis (fluorescent antibody, radioimmunoassay, and enzyme immunoassay, etc.) 

tests. 
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Fluorescent Antibody: An antibody to a given antigen (virus) is made fluorescent by coupling 

it to a fluorescent compound and when the antibody reacts with its antigen, the antigen- 

antibody complex emits fluorescence and can be detected by the use of a fluorescence 

microscope. The amount of fluorescence emitted can be approximately correlated with the 

number of particles present and thereby this is both a qualitative and quantitative method. 

The fluorescent markers used are rhodamine B, fluorescein isocyanate, and fluorescein 

isothiocyanate with the latter being used most widely. 

The fluorescent antibody (FA) technique can be carried out by use of either of two basic 

methods. The direct method employs antigen and specific antibody to which is coupled the 

fluorescent compound (antigen coated by specific antibody with fluorescent label). With the 

indirect method, the homologous antibody is not coupled with the fluorescent label, but 

instead an antibody to this antibody is prepared and coupled (antigen coated by homologous 

antibody, which is, in turn, coated by antibody to the homologous antibody bearing the 

fluorescent label). In the indirect method, the labeled compound detects the presence of the 

homologous antibody; in the direct method, it detects the presence of the antigen. The use of 

the indirect method eliminates the need to prepare FA for each virus of interest. 

Radioimmunoassay: This technique consists of adding a radioactive label to an antigen (virus 

particles), allowing the labeled antigen to react with its specific antibody, and measuring the 

amount of antigen that combined with the antibody by the use of a counter to measure 

radioactivity. Solid-phase radioimmunoassay (RIA) refers to methods that employ solid 

materials or surfaces onto which a monolayer of antibody molecules binds electrostatically. The 

solid materials used include polypropylene, polystryene, and bromacetylcellulose. The 

radioactive antigenic solution is passed through the antibody-coated polymers and allowed to 

bind specifically. Then the free-labeled antigen is washed out and radioactivity is measured. The 

radioactivity measurements are quantitative. The label used by many workers is 125I. 

ELISA: The enzyme-linked immunosorbent assay (ELISA, enzyme immunoassay, or EIA) is 

an immunological method employing an enzyme coupled to either an antigen or an antibody. A 

typical ELISA is performed with a solid-phase (polystyrene) coated with antigen and incubated 

with an enzyme-labeled antibody. After gentle washing, the enzyme remaining in the tube or 

microtiter well is assayed to determine the amount of specific antigens in the initial solution by 

adding a specific substrate. A commonly used enzyme is horseradish peroxidase, and its presence 

is measured by the addition of peroxidase substrate. The amount of enzyme present is ascertained 

by the colorimetric determination of enzyme-substrate activity (Direct ELISA). Variations of 

this basic ELISA consist of: 
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Indirect ELISA wherein a solid-phase (polystyrene) is coated with antigen and incubated 

with antibody. Following incubation and washing, an enzyme-labeled preparation of anti- 

immunoglobulin (anti-IgG) is added. After gentle washing, the enzyme remaining in the tube 

or microtiter well is assayed to determine the amount of specific antigens in the initial solution. 

Sandwich ELISA in which the antigen is required to have at least two binding sites. The 

antigen reacts first with excess solid-phase antibody, and following incubation and washing, the 

bound antigen is treated with excess labeled antibody. 

The ELISA technique is used widely to detect and quantify organisms and/or their 

products, and can also be used for detection as well as enumeration of viruses in drinking water 

using specific antibodies. 
 

3.4. SUMMARY 
  

 
• Viruses are simple, acellular entities that can reproduce only within living cells and are 

obligate intracellular parasites. 

• All viruses have a nucleocapsid composed of a nucleic acid surrounded by a protein 

capsid that may be icosahedral, helical, or complex in structure. 

• Viral nucleic acids can be either single stranded or double stranded, DNA or RNA. 

• Viruses can have a membranous envelope surrounding their nucleocapsid. The envelope 

lipids usually come from the host cell, whereas many envelope proteins are viral and 

may project from the envelope surface as spikes or peplomers. 

• The replication cycle of viruses has five stages: Adsorption, penetration (uncoating), 

synthesis of viral components, assembly / maturation, release of progeny particles. 

• Viruses are classified on the basis of their host, their nucleic acid’s characteristics, 

capsid symmetry, the presence or absence of an envelope, the diseases caused by 

animal and plant viruses, and other properties. 

• The cultivation of viruses requires inoculation of a living host or cell cultures. 

• Viruses in drinking water can be enumerated, after isolation, concentration and 

culturing, by cytopathogenic effect (CPE) method and the plaque-forming unit (PFU) 

method. The other methods used for enumeration are polymerase chain reaction, 

direct microscopic count method, flow cytometry, and immunodiagnosis (fluorescent 

antibody, radioimmunoassay, and enzyme immunoassay, etc.). 
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3.5. KEY WORDS 

Classification, cytopathogenic effect, direct microscopic count, ELISA, enumeration, 
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3.6. QUESTIONS FOR SELF STUDY 
  

 
1. Describe the unique characteristics of viruses. 

2. Explain the general structure, shape and size of viruses. 

3. Give an account of replication of viruses. 

4. Write in brief about classification of viruses. 

5. Write a brief note on cultivation of viruses. 

6. Explain the methods of enumeration of viruses in drinking water. 

7. Write short notes on the following: 
 

a. Helical capsid g. Direct microscopic 

b. Icosahedral capsid h. Flow cyktometry 

c. Complex viruses i. Polymerase chain reaction 

d. Enveloped viruses j. Fluorescent antibody 

e. Cytopathogenic effectr method k. Radiommunoassay 

f. Plaque-forming unit method l. Elisa 
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4.0. OBJECTIVES 

On completion of this unit, you should be able to: 

 explain the process of isolation and maintenance of industrial 
microorganisms. 

 critically evaluate the significance of microbial fermentations. 

 list out important industrial microorganisms. 

 sketch out the design of a typical bioreactor . 

 list out important industrial products produced by microbial fermentations. 
 

4.1. INTRODUCTION 
  

 
Industrial fermentation is the intentional use of fermentation by microorganisms such as 

bacteria and fungi to make products useful to humans. Fermented products have applications 

as food as well as in general industry. Man has exploited microorganisms since time immemorial 

for the production of various kinds of fermented foods and beverages and for making bread. 

Large scale industrial cultures of useful microorganisms in submerged conditions are called 

fermentations and have been widely practiced for making a variety of useful microbial products. 

Ancient fermented food processes, such as making bread, wine, cheese, curds, idli, dosa, 

etc., can be dated to more than 6,000 years ago. They were developed long before man had 

any knowledge of the existence of the microorganisms involved. The exploitation of microbial 

activity has led to process for making a wide variety of industrial chemicals. These include 

organic acids, alcohols, vitamins, amino acids and enzymes. Probably the most significant 

development was the discovery of antibiotics, which established a close liaison between the 

microbiology and pharmaceutical industries. 

The products which are manufactured by microbial processes can be classified into two 

groups. One is the bulk chemicals and the other the fine chemicals. In both the cases the product 

formed by the microbial activity is present mixed with microbial cells and the constituents of 

the fermented medium. Thus an economical method for recovery and purification of product is 

very much important. Utilization of high-yielding selected strains, opt medium for their growth 

and constant control of the process throughout the production is also important to ensure 

economy of production and uniformly high quality of the product. 
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There are 5 major groups of commercially important fermentation: 

1. Microbial cells or biomass as the product: e.g. single cell protein, bakers yeast, 

Lactobacillus etc. 

2. Microbial enzymes: catalase, amylase, protease, pectinase, glucose isomerase, cellulase, 

hemicellulase, lipase, lactase, streptokinase, etc. 

3. Microbial metabolites : 

a. Primary metabolites – ethanol, citric acid, glutamic acid, lysine, vitamins, polysac 

charides etc. 

b. Secondary metabolites: all antibiotic fermentation 

4. Recombinant products: insulin, HBV vaccine, interferon, GCSF, streptokinase, etc. 

5. Biotransformations: phenyl acetyl carbinol, steroid biotransformation, etc. 

Until very recent – only some yeasts and a few bacteria and moulds were employed in 

industries. But today it is realized that every microorganism has industrial importance. Only 

thing, better knowledge of the organisms and proper exploitation is required. Whatever may be 

the microorganism used and product produced, the basic principle is the exploitation of their 

metabolic activities. A microorganism is regarded as a ‘chemical factory’ for converting the raw 

materials into a new product. 
 

4.2. WHAT IS FERMENTATION? 
  

Fermentation has always been an important part of our lives: foods can be spoiled by 

microbial fermentations, foods can be made by microbial fermentations, and muscle cells use 

fermentation to provide us with quick responses. But how fermentation actually works was not 

understood until the work of Louis Pasteur in the latter part of the nineteenth century and the 

research which followed. The term fermentation originates from a Latin verb fervere which 

literally means to boil. During the production of wine the gas bubbles of CO2 appear at the surface 

of the liquid. Fermentation in a strict sense is a biological process that occurs in the absence of 

oxygen (anaerobic). 

For a cell, fermentation is a way of getting energy without using oxygen. In general, 

fermentation involves the breaking down of complex organic substances into simpler ones. The 

microbial or animal cell obtains energy through glycolysis, splitting a sugar molecule and 

removing electrons from the molecule. The electrons are then passed to an organic molecule 
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such as pyruvic acid. This results in the formation of a waste product that is excreted from the 

cell. Waste products formed in this way include ethyl alcohol, butyl alcohol, lactic acid, and 

acetone—the substances vital to our utilization of fermentation. These are called secondary 

metabolites – the metabolites not required by the producing organism for its growth. In 

Industrial microbiology, the term fermentation is not used in strict sense, but means any chemical 

transformation of organic compounds carried out using microorganisms. 

In industry, as well as other areas, the uses of fermentation progressed rapidly after 

Pasteur’s discoveries. During the 1860s, the French microbiologist Louis Pasteur studied wine 

production and its souring. He demonstrated that wine is a product of yeast fermentation and 

fermenting bacteria could contaminate wine and beer during manufacturing, turning the alcohol 

produced by yeast into acetic acid (vinegar). Pasteur also showed that heating the beer and wine 

to kill the bacteria preserved the flavor of these beverages. The process of heating, now called 

pasteurization in his honor, is still used to kill bacteria in some alcoholic beverages, as well as 

milk. Between 1900 and 1930, ethyl alcohol and butyl alcohol were the most important industrial 

fermentations in the world. But by the 1960s, chemical synthesis of alcohols and other solvents 

were less expensive and interest in fermentations waned. You may ask, then why we need 

microbial fermentation when chemical production is cheaper. Because chemical manufacture of 

most of the organic molecules such as alcohols and acetone rely on starting materials made from 

petroleum. Petroleum is a nonrenewable resource; dependence on such resources could be 

considered short-sighted. Additionally, the use of petroleum has concomitant environmental and 

political problems. 

The industrial fermentations can be divided into two types: batch fermentation and 

continuous fermentation. Batch fermentation is a closed culture system which contains a 

fixed volume of nutrient medium and inoculum. Once the fermenter is inoculated, the 

fermentation is allowed to proceed for a fixed period required for production of a particular 

product and the product is harvested. The bioreactor is then cleaned, sterilized and new 

batch of fermentation is carried out. In contrast, in continuous fermentation, sterilized medium 

and inoculum are fed into the fermenter continuously at regular intervals and the volume is 

kept constant by continuous removal of liquid culture with the final product at the same rate at 

which fresh medium is supplied. Some times many fermenters are connected to each other in a 

linear array making it a very complex system. Thus it is a typical open system where 

fermentation process is carried out continuously for long period. 
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4.3. WHY MICROORGANISMS ARE THE BEST CHOICE 

FOR FERMENTATION? 
  

 
Initially, it might be hard to imagine how microorganisms contribute to the fermentation 

process. How can such small and microscopic cells unseen to the naked eyes produce such 

high volumes of products? How microorganisms can produce such a rich diversity of 

fermentation products which are useful to human beings? The answer to the first question is 

simple enough. One tiny microscopic microbial cell will not produce industrially significant 

volume of fermentation products, but billions and billions of microbial cells in the fermentation 

vat. The diversity of fermentation products produced by the microorganisms is attributed to 

the rich diversity of microorganisms having diverse metabolism that can yield various types of 

fermentation products. 

 
Microorganisms are very tiny creatures but have very high surface area to volume ratio. 

This very high surface area to volume ratio allows maximum or optimum surfaces for diffusions 

or molecular exchanges to occur between the microbial cell and the environment. Once the 

nutrient molecules diffuse through the cell wall and membrane, it can be easily transported to 

where it is needed in the cell. The efficient nutrient uptake coupled with the small size of the cell 

will allow for rapid synthesis and reproduction of new cells. Microorganisms under ideal state 

will double up within hours. 

 
Microorganisms generally show the ability to adapt to new environment. They can get 

easily adapted to living under different environmental conditions and also adapting to new 

sources of carbon or substrate. This ability is the result of various genetic adaptation which 

selects “successful” strains through mutation and genetic recombination. Some of the bacteria 

are even equipped with plasmids which can synthesize new enzymes that help the 

microorganisms exploit the new environment. The very short generation times and the high 

population generation will aid the selection and recombination process. They are also amenable 

to genetic manipulation such as mutations, protoplast fusion and recombinant DNA methods 

resulting in increasing their production capacity. 

 
The unique thing about microbes is their metabolic diversity shown by various members 

of the microorganisms. They have the ability to use different energy sources and to use different 

types of terminal electron acceptors. Their ability to use different substrates is also responsible 
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for their ability to produce a diversity of fermentation products. They can use very cheap 

substrates, the wastes generated in various industries such as molasses, con steep liquor, whey, 

agricultural wastes, for their growth and yield economically important products. 

 
4.3.1. Requisites of an industrial microorganism 

An industrial microorganism should possess the following attributes: 

• The organism should produce the desired product in sufficient quantities. 

• It should grow well in pure culture, especially liquid culture. 

• It should be genetically stable when maintained in the laboratory for long periods 
through serial subcultures. 

• It must be amenable for storage for long periods without losing viability. 

• It should grow in large culture vessels (fermenters) without stress. 

• It should grow fast. When an organism is fast growing, product production is quick, 

contamination control is easy, control of different parameters is easy and the total 

cost is less. 

• It should not be pathogenic or in some or other way harmful to plants, animals or 

humans. 

• It should not produce any toxins; if toxins are produced they should be inactivated 
rapidly. 

• The separation of cells from the culture medium at the end of fermentation should not 

be cumbersome. Some cells stick together and produce slime and such organisms are 

not ideal for industry. 

• The organism must be amenable to genetic manipulation aimed at strain improvement 

such as mutations, protoplast fusion and recombinant DNA methods. 

4.3.2. Isolation of industrial Microorganisms 

The first step in developing producer strains is the isolation of concerned microorganisms 

from their natural habitats. These organisms occur virtually everywhere viz., air, soil and water, 

on surfaces of plants and animals, and in their tissues. But most common source is the soil. 

Extreme environments are the habitats of present interest has they harbor microbes with unique 

characteristics. A variety of procedures are available for isolation of 
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microbes but no method can result in the isolation of all the cells present in a sample. Specialized 

enrichment techniques may be required for the isolation of many of these microorganisms. 

Obviously the methods for isolation of bacteria, actinomycetes, fungi and algae differ markedly 

as their nutritional requirements and cultural conditions differ from each other. However, the 

routine method used for isolation of microorganisms include collection of sample, serial dilution 

of the sample, culturing, pure culturing, characterization, identification and finally screening 

for the product. Often these methods are used in conjugation with an enrichment technique. 

4.3.3. Strain Improvement of Microorganisms 

A microbe isolated as above does not ensure that the product produced by it would be in 

sufficient quantity. Therefore, the strain of such organisms is improved by using classical 

(mutation and selection) and modern recombinant DNA technology to get the desired product in 

sufficient quantity. Penicillin production by Penicillium chrysogenuim is one of the good 

examples of antibiotics. During early days (1940s) penicillin was produced in low amount. 

Today’s strain of P. chrysogenum is capable of producing 1000 times more penicillin than the 

A. Fleming’s strain. It has been possible through successive mutation and mutant selection of 

over-producers. 

(a) Mutation and Mutant Selection: A strain that shows changed characteristics is termed 

as mutant. When the microbial culture is exposed to mutagenic agents such as ionising 

radiation, ultra violet light and various chemicals (e.g. NTG i.e. nitrosoguanidine, nitrous acid, 

etc.) the probability of muation is increased. When mutagenic dose is high, many of cells die. 

The survivors may contain some mutants. A small portion of cells may be good metabolite 

producers also. Geneticists make selection of superior producers from the inferior producers 

among the survivors. 

(b) Recombination: Recombination is defined as any process which helps to generate new 

combinations of genes that were originally present in different individuals. Recombination 

system may or may not be associated with sexual reproduction among the organisms. There 

are two approaches which have been made to produce recombinants (organisms having new 

combination of genes), protoplast fusion and recombinant DNA technology. 

(i) Protoplast Fusion: Protoplasts are the cells devoid of cell walls. You can produce 

protoplasts using lysosyme (cell wall degrading enzyme) in isotonic solution. Methods have 

been developed to fuse protoplast of two cells of different microorganisms. 

(ii) Recombinant DNA Technology (Gentic Engineering Technique): The efficiency of a 

microbe can be improved by introducing the relevant gene into a plasmid which is then 
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incorporated into the strain (rDNA technology). 

4.3.4. Culture Preservation 

A number of methods are used for maintaining organisms in a viable condition over a 

long period time. Different microbes behave differentially using a specific condition of growth. 

Therefore, a method useful for one species may not be applicable to another. 

(a) Agar slant culture: Agar slants are prepared in vitro. After inoculation slants are incubated 

for a period of 24h and then stored in a refrigerator. These cultures require periodic transfer 

after six months. 

 
(b) Agar slant culture covered with oil: The agar slants are incubated after inoculation until 

profuse growth appears. These are then covered with sterile mineral oil to a depth of 1 cm 

above the tip of the slanted surface. Transfers are made by removing a loopful of growth, 

touching the loop to the glass surface to drain off excess oil in the medium and then preserving 

the initial block culture. 

 
(c) Saline suspension: High concentration of sodium chloride is used as inhibitor of bacterial 

growth. Bacteria are suspended in 1% salt solution in screw cap tubes to prevent evaporation. 

The tubes are stored at room temperature and transfers are made on agar slants. 

 
(d) Preservation at very low temperature: The organisms are suspended in a nutrient 

broth containing 15% glycerol, or in skimmed milk containing 7.5% glucose. The suspensions 

are frozen and stored at -15°C to -30°C. The ready availability of liquid nitrogen (-196°C) 

has provided another means preservation of stock cultures. In this procedure, the cultures 

are frozen with a protective agent (glycerol or dimethyl sulfoxide) in sealed ampules. The 

frozen cultures are kept in liquid nitrogen flask. 

 
(e) Preservation by drying in vacuum: The organisms are dried over CaCl2 in a vacuum, 

then stored in the refrigerator. The organism survives longer than when air dried. 

 
(f) Lyophilization or freeze drying: The microbial suspension is placed in small vials. A thin 

film is frozen over the inside surface of the vial by rotating it in a mixture of dry ice or alcohol 

or acetone at a temperature of -78°C. The vials are connected to a high vacuum. This dries 

the organism while still frozen. Finally, the ampules are sealed off in a vacuum with a small 

flame. These cultures can then be stored for several years at 4°C. To revive microbial cultures, 
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it is merely necessary to break up the vial aseptically to which suitable sterile medium is added 

and sub-cultured. 

4.3.5. Some industrial microorganisms 

 
Fungi: 

• Saccharomyces cerevisiae – Alcohol, Bread 
• Penicillium roqueforti, Penicillium candidum, Penicillium caseicolum, or Peni 

cillium camemberti - Cheese 
• Penicillium chrysogenum – Penicillin 
• Tolypocladium inflatum (Cordyceps subsessilis) – Cyclosporins 
• Aspergillus oryzae – Enzymes, Citric acid 
• Fusarium graminearum – Mycoprotein 
• Metarhizium anisopliae – Mycoinsecticides, etc. 

Bacteria: 
• Acetobacter sp. - Acetic acid 
• Bacillus sp. - Propylene glycol 
• Bacillus subtilis - Amylase 
• Clostridium acetobutylicum - Acetone, isopropanol and butanol 
• Corynebacterium glutamicum - L-Lysine 
• Lactobacillus delbrueckii - Lactic acid 
• Propionibacterium shermanii - Propionic acid 
• Pseudomonas denitrificans, - Vitamin B12 

Bacteriophages: 

Bacteriophages represent the main reason for fermentation failure in dairies. 

Bacteriophages infect the bacterial starter cultures used for the production of various fermented 

milk products and kill these bacterial cultures resulting in poor quality starter cultures and 

thereby adversely affecting the fermentation process. Manufacturers refer to this as “phaged 

out”, i.e., the starter culture has been destroyed by a bacteriophage. Initially, the bacteriophage 

attaches itself to the bacterial cell wall and injects nuclear substance into the cell. Inside the cell, 

the nuclear substance produces phage coats and genomes of the new bacteriophage, which are 

quickly assembled into new phage particles. The bacterial cell ruptures and releases the new 

particles. Phages can be detected using the plaque assay or by activity tests in pasteurized milk. 

e.g. Lactobacillus helveticus bacteriophages, Lactococcus lactis phage-P1532. 
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4.4. NUTRIENT SOURCES FOR INDUSTRIAL FERMENTATION 
  

 
Growth media are required for industrial fermentation, since any microbe requires water, 

(oxygen), an energy source, a carbon source, a nitrogen source and micronutrients for growth. 

Carbon and energy source + nitrogen source + O2 + other requirements ———————— 

Biomass + Product + byproducts + CO2 + H2O + heat 

The different nutrient sources required for industrial fermentation: 

Carbon Sources: corn sugar, starch, cellulose, sugar beet molasses, milk whey, vegetable oils, 

petroleum fractions, etc. 

Nitrogen Sources: soybean meal, corn steep liquor, pure ammonia or ammonium salts, urea, 

nitrate salts 

Phosphorus source: phosphate salts 

Vitamins and growth factors: yeast, yeast extract, wheat germ meal, cotton seed meal, beef 

extract, corn steep liquor, etc. 

Trace elements: Fe, Zn, Cu, Mn, Mo, Co 

Antifoaming agents: esters, fatty acids, fats, silicones, sulphonates, polypropylene glycol 

Buffers: Calcium carbonate, phosphates 

Growth factors: Some microorganisms cannot synthesize the required cell components 

themselves and need to be supplemented, e.g. with thiamine, biotin, calcium pentothenate 

Precursors: Directly incorporated into the desired product: Phenyl ethylamine into Benzyl 

penicillin, Phenyl acetic acid into Penicillin G 

Inhibitors: To get the specific products: e.g. sodium barbital for rifamycin. 

 

Inducers: The majority of the enzymes used in industrial fermentation are inducible and are 

synthesized in response of inducers: e.g. starch for amylases, maltose for pollulanase, pectin for 

pectinase,olive oil and tween are also used at times. 

Chelators: Chelators are the chemicals used to avoid the precipitation of metal ions. Chelators like 

EDTA, citric acid, polyphosphates are used in low concentrations. 
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A nutrient medium selected should have the following characteristics: 
• It should give maximum yield of product or biomass (where biomass itself is the 

product). 
• It should keep the rate of product production at high level. 
• It should give rise to minimum of undesired by-products. 
• It should be available throughout the year in sufficient quantities to support the 

industry. 
• It should be easy to sterilize and to handle, in general. 
• It should not hinder aeration, agitation, extraction, purification and waste treatment. 

 The media can be classified into two categories: synthetic (Defined) and crude 

(natural). The synthetic media are made from known chemicals. The advantages are that they are 

easy to monitor. They can be designed to get high yield. Their composition in successive batches can 

be maintained the same. The component chemicals are available in pure form throughout the 

year. They cause no foaming during fermentation and agitation of the broth. The recovery of the 

product is simple. However, the one disadvantage is that they are expensive and can be used only for 

the production of speciality chemicals. The crude or natural media are formed from natural plant 

or animal sources, or by-products of industries such as molasses from sugar factories. The 

advantages of crude media are that they are inexpensive, and ideal for the production of commodity 

chemicals, but they have the following disadvantages: They tend to produce foam in the fermenter. 

It is difficult to maintain uniformity in the composition of the medium as the quality of the source 

materials may not be uniform all the time. It is difficult to separate the end product from the 

broth because of unwanted debris. Waste products will be huge. 

 
 

  

4.5. FERMENTER OR BIOREACTOR 

In fermentation industries, the growth of microorganisms requires large vessels 

containing considerable quantities of nutritive media. These vessels are commonly called as 

bioreactors or fermenters, and are quite complicated in design. The design of fermenter 

depends upon the purpose for which it is utilized. Chain Weizmann with is associate in Great 

Britain during the first world war (1914-1918) developed a process for the production of 

acetone by deep liquid fermentation using Clostridium acetobutylicum. This work 

eventually led to the use of large scale bioreactors in central Europe in 1930s for the production 

of compressed yeasts. Bioreactors, used for industrial fermentation processes are glass, metal 

or plastic tanks, equipped with settings to control aeration, mixing, temperature, pH and 

other parameters of interest. Units can be small enough for bench-top applications (5-10 L) 

or up to 10,000 L in capacity for large-scale industrial applications. The bioreactor can be a 

stirred-tank bioreactor wherein it includes a tank holding a liquid medium in which living cells 
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are suspended. 

Bioreactor design is quite a complex engineering task. The key factors that decide the 

bioreactor design are: 

• Production organism to be employed and the product to be produced 
• Type and volume of media and product to be produced 
• Pressure and corrosive effect of media and product 
• Aseptic condition 
• Time of operation and flow rate 
• Agitation rate 
• Aeration / oxygen transfer 
• Temperature / Heat transfer 
• Power consumption 
• pH 
• Foam production 
• Monitoring, control and safety factors 

 
Fig. 4.1: A schematic diagram of bioreactor (from Prescott et al., 2005) 
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The vessel: Traditional design is open cylindrical or rectangular vessels made from wood or 

stone. Most fermentation processes are now performed in close system to avoid contamination. 

Pilot scale and many production vessels are normally made of stainless steel with polished 

internal surfaces. Very large bioreactors are often constructed from mild steel lined with glass 

or plastic, in order to reduce the cost. Spray jets are located within the vessels, which efficiently 

disperse cleaning fluids within the vessel. Bioreactors up to 1000 L capacity have an external 

jacket, and larger vessels have internal coils, which provide a mechanism for vessel sterilization 

by passage of steam. 

 
Impellers: Agitation, in fermentors, is achieved by impellers. An impeller is mounted to a shaft 

extending through a bearing in the lid of the fermentor and driven by an external power source. 

The size and position of the impeller in the vessel depends upon the size of the bioreactor. Taller 

vessels require more than one impeller. 

 
Baffles: The impeller action in a fermentor tends to spin the liquid in a circular motion and create 

a vortex. The baffles are normally incorporated into agitated vessel of all sizes to prevent a vortex 

and to improve aeration efficiency. They are metal strips roughly one-tenth of the vessel diameter 

and attached radially to the walls. 

 
Sparger: A sparger may be defined as a device for introducing sterile air into the liquid in a 

bioreactor. Agitation, in addition to the proper mixing of medium also helps in uniform oxygen 

transfer in the bioreactor. Air is passed through a sterile filter composed of glass wool, carbon 

particles, or some other finely divided material that will trap the microorganisms present in air. 

Then the sterile air is carried to the bottom of the vessel through sterile piping connected to 

sparger. 

 
Pressure gauges: The bioreactors contain pressure gauges and safety pressure valves to prevent 

excess pressurization by releasing the pressure as soon as it increases markedly above a specified 

working pressure, thus reducing potential safety risks. 

 
Media pumps: Media is transferred into the bioreactor using media pumps. However, pumps 

are not preferable for aseptic operation wherein alternate methods of liquid transfer such as 

gravity feeding or vessel pressurization are employed. The actual operating volume in a 

fermenter is always less than that of the total volume, because a ‘head space’ must be left at the 

top of the fermenter above the liquid medium to allow proper agitation and aeration. This head 

space usually occupies one-fifth to one-fourth of the volume of the fermenter. 
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pH, temperature and foam probes: pH control by acid or alkali addition has been automated, controlled 

by a pH probe fixed to lid of the bioreactor and immersed into the media inside the bioreactor. The 

optimum fermentation temperature must be maintained in the fermenter. Bioreactors can be refrigerated 

or heated through an external jacket (small volume vessels) or with internal coils (very large vessels). 

Bioreactors usually consist of a temperature sensor and control unit to assist temperature control. 

Microbial activity as well as agitation and aeration can cause foam formation during fermentation. A 

probe fixed to lid of the bioreactor and immersed into the media inside the bioreactor controls the 

foam development by addition of antifoams, the mechanism which is now automated. 

 
Computer: Computer technology has produced a remarkable impact on fermentation process in 

recent years. Integration of computers into fermentation systems is based on the computers capacity 

for process monitoring, data acquisition, data storage, and error detection. 

During the growth process in the fermenter, the organism goes through two main growth phases. These 

are i) trophophase in which the nutrient supply is abundant and the organism grows at a rapid rate 

producirg primary metabolites which are necessary for the growth process and ii) idiophase in 

which the growth stops due to exhaustion of nutrients and the organism starts producing secondary 

metabolites. The genes for secondary metabolite production are regulated separately. 
 

4.6. KINDS OF PRODUCTS FROM MICROBIAL FERMENTATIONS 
  

 
A wide variety of products such as alcohols and solvents, organic acids, enzymes, amino acids, 

vitamins, polysaccharides, pharmaceuticals, food supplements, fermented foods etc., are obtained 

from microbial fermentations (Table 4.1). The temperature, pH, nutrients, incubation period, type of 

fermentation process required varies with each microorganism and desired product. All these 

conditions have to be standardized to production scale to have an economical high yielding process. 

The process has to be monitored throughout to avoid containation and to maintain optimum conditions 

for microbial growth and production. 
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Table 4.1: Some important Products of Microbial Fermentation 
 
 

Sl. 
N o. 

Product Microorganism 

1. Alcohols and Solvents 

Ethanol  

thanol 

Acetone, isopropanol and butanol G 

lycerol 

Sorbitol 

Propylene glycol 

 
Saccharomyces cerevisiae K  

luyveromyces   fragilis C 

lostridium acetobutylicum 

Saccharom yces sp. 

Acetobacter sp. 

Bacillus sp. 

2. Organic acids 

Citric acid 

Lactic    acid 

Acrylic  acid 

Acetic acid 

Propionic acid 

Fumaric acid 

 
Aspergillus niger Lactobacillus 

delbrueckii B acillus sp. 

A cetobacter sp. 

Propionibacterium shermanii R 

hizopus sp. 

3. Enzym es 

G lucoam ylase 

A m ylase/ neutral protease C 

ellulase 

Inv ertase 

Lipase 

Pectinases 

Lactase 

A lkaline protease 

G lucose isom erase 

 
A spergillus niger / A. oryzae 

B  acillus subtilis Trichoderm 

a reesei Saccharm yces 

cerevisiae 

S. lipolytica 

A spergillus spp. / R hizopus oryzae Saccharom 

yces lactis / Rhizopus oryzae B acillus 

licheniform is 

B acillus coagulans 

4. V  itam  ins R 

iboflavin V 

itam in B 12 

 
A shbya gossypii 

Pseudom onas denitrificans, 
Propionibacterium shermanii 

5. A m ino acids 

L-Iysine       G 

lutam ic acid 

 
C orynebacterium glutam icum B 

revibacterium spp. 
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6. Polysaccharides 

Dextran 

Xanthan gum 

 
Leuconostoc mesenteroides 

Xanthomonas campestris 

7. Pharmaceuticals (Antibiotics)  

 Penicillin Penicillium chrysogenum 
 Cephalosporins Cephalosporium acremonium 
 Streptomycin, Neomycins, Streptomyces spp. 
 Tetracyclines, Amphoterecin-B  

 Kanamycins, Polyoxins, Actidione  

 Gramicidin-S Bacillus brevis 
 Polymixin-B Bacillus polymyxa 

8. Pharmaceuticals (other than 
antibiotics) 

 

 Steroids (by transformations)  

 Alpha-1 antitrypsin Rhizopus nigricans 
 Insulin 

Interleukins (antitumour) 
Escherichia coli (by recombinant DNA 
technology 

9. Food supplements 

Single cell protein (SCP) 

Single cell oil (SCO) 

 
Spirulina sp., Chlorella sp., Fusarium sp. 

Rhizopus oryzae 

10. Fermented foods  

 Yoghurt Steptococcus thermophilus, Lactobacillus 
  bulgaricus 
 

Cheese Lactococcus lactis, Leuconostoc cremoris, 
L. diacetylactis, etc. 

11. Bioinsecticides 

Bt-toxin (anti-insect larval) 

Anti- mosquito 

 
Bacillus thuringiensis 

Bacillus popillae 
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4.7. SUMMARY 

• The fermentation process is the basic industrial process which employs microorganisms 

for the production of materials. In general, fermentation can be defined as both aerobic 

and anaerobic metabolic activities of microorganisms which bring about specific changes 

to the organic substrate. 

• The five major groups of commercially important fermentation are biomass as the 

product, microbial enzymes, microbial metabolites, recombinant products, 

biotransformations. 

• The process of improving the production quality of microorganisms is called strain 
improvement and can be done by following methods - Mutation and mutant selection; 

recombination; protoplast fusion; recombinant DNA technology. 

• The different methods for the preservation of industrial microorganisms are agar slant 

culture, agar slant culture covered with oil, saline suspension, preservation at very low 

temperature, preservation by drying in vacuum, and lyophilization or freeze drying. 

• Microorganisms require nutrients, the materials used in biosynthesis and energy 

production. These nutrients which include carbon source, nitrogen source, trace 

elements and growth factors affect the growth cycle of microorganisms and thereby 

the productivity. 

• Bioreactors are vessels, complicated in design, used for industrial fermentation 

processes. They are also called fermenters. The function of the bioreactor is to 

provide an environment suitable for the controlled growth of a pure culture or of a 

defined mixture of organisms. 

• A wide variety of products such as alcohols and solvents, organic acids, enzymes, 

amino acids, vitamins, polysaccharides, pharmaceuticals, food supplements, fermented 

foods, biopesticides etc., are obtained from microbial fermentations. 
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4.8. KEY WORDS 

Bioreactor, fermentation, fermenter, fermentation products, media, microorganisms, 

nutrients, preservation, strain improvement . 
 

4.9. QUESTIONS FOR SELF STUDY 
  

 
1. What is fermentation? Mention the major groups of commercially important 

fermentation 

2. Discuss the significance of microbial fermentations 

3. What is strain improvement? Explain the different methods of strain improvement. 

4. Describe various methods of preservation of industrial microorganisms. 

5. Which are the nutrients required for culturing industrial microorganisms? 

6. Mention the names of some of the important industrial microorganisms. 

7. Describe in detail about the design of a bioreactor. 

8. Give an account of various products produced using microbial fermentation along with 

the names of producing microbe. 

9. Write short notes on the following: 

a. Batch fermentation 

b. Continuous fermentation 

c. Mutation and mutant selection 

d. Protoplast fusion 

e. Lyophilization 
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