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INTRODUCTION - MSc in Microbiology 

Education has witnessed a rapid and tremendous transformation globally 

boosting a worldwide demand for online and distance education. Globalization, 

modern technologies, knowledge explosion, and increased international competition 

have only fuelled the growing demand for distance mode of education delivery.  

Science is defined as the pursuit and application of knowledge and understanding of 

the natural and social world following a systematic methodology based on evidence. 

It is a vast field concerning almost everything that our eyes can see or cannot see. 

Biology is a natural science concerned with the study of life and living organisms. 

Biology has many sub-categories of which one important subject is Microbiology.  

 

Microbiology is the — ‘scientific study of the microorganisms’. It essentially deals 

with the elaborated investigation of ‘microscopic organisms’ termed as microbes 

that are composed of single cell. Microbiology has grown leaps and bounds 

widening its horizons and opening new frontiers of knowledge. 

There are many learners, both young and old, who could not afford to join the 

conventional microbiology degree course due to personal and professional 

responsibilities. This distance education mode of the M.Sc. in Microbiology is 

specially tailored to cater to those category of students who may not afford to attend 

full time classes like the employed persons, those who may not have secured 

admission in regular University/college, those who may have discontinued studied 

but interested to improve career opportunities and most importantly for those who 

want to gain knowledge in Microbiology.  

Successful students rely on their proficiency to learn and monitor their own learning. 

In this context, this course has a well-structured set of self learning material 

customized to learner's capacity and aptitude. This essentially is a self-study course 

along with required coaching through contact classes. However, the course is 

modulated to assess the pupils progress through checks involving direct dialogue 

between the instructors and learners. Laboratory and field work component are 

designed at regular stages which will add to the experience of the learner.  

The scope of microbiology is immense and multifaceted with applications in various 

fields like agriculture, industry, diary, medicine, forensics, pharmaceutical, clinical, 

environment, nanotechnology etc. A career in Microbiology holds tremendous scope 

and a bright future. Most lucrative and best job opportunities await microbiologists. 

After completion of the course these postgraduates have huge opportunities in 

various research and development laboratories of hospitals, research organisations, 

pharmaceutical, food, beverage and chemical industries labs, research institutes, 

industries, teaching filed etc.,  

 

Come and join us in this comprehensive course and explore what microbiology 

holds for you in future! 
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Course – MB 1.3 

Bacterial Growth and Physiology 

Course Introduction 

This is a complete, easy-to-use, and highly illustrated study material which 

provides functional and effective experiences that enable readers to learn, 

understand, and appreciate microbiology.  

This block presents 16 units each of which have been chosen, designed, and 

arranged to help readers study and familiarize with fundamental aspects of the 

subject. Each unit provides up to date information stressing the basic principles and 

complete descriptions of fundamentals. Emphasis is laid on self study exercises, 

illustrations and diagrams, a valuable reference sources which help learners.  

Block  MB 1.3 A – this block provides details of the nutritional types of bacteria; 

based on basic growth requirements with dependence on type of sources of energy, 

electrons and carbon. It will familiarize the reader with the concepts of autotrophs 

and heterotrophs, chemotrophs, chemo-organotrophs, chemo-lithotrophs, 

phototrophs, photo-organotrophs, and photo-lithotrophs.  

 

Block  MB 1.3 B – in this block you will learn about the influence of oxygen; 

aerobic, anaerobic and micro-aerophilic growth of bacteria, toxic forms of oxygen, 

oxygen requirements of different kinds of bacteria like obligate aerobes, obligate 

anaerobes, facultative anaerobes, microaerophiles and aerotolerant anaerobes. This 

block helps you to learn about design of culture media for autotrophic bacteria and 

cultivation conditions, general requirements of a bacterial culture medium, trace 

elements essential for a bacterial culture medium, carbon and energy sources in a 

bacterial culture medium, classification of bacteria based on their nutritional 

requirements and growth factors required for a bacterial culture media. Further, a 

detailed account of classification of bacteria according to their nutritional 

requirements and media design for autotrophic and heterotrophic bacteria is also 

included. A separate unit on bacterial growth curve, generation time, growth kinetics 
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familiarizes the reader with the growth of bacterial population or increase in their 

number, dynamics and kinetics of bacterial growth, bacterial growth curve and 

phases of bacterial growth and bacterial growth generation time requirements.  

 

Block MB 1.3 C – This block comprises of details of the synchronous growth, batch 

and continuous culture of bacteria, types of bacterial cultures grown under 

controlled conditions, chemostat and turbidostat. It also provides information on 

different methods of measuring bacterial growth like dry-weight and wet-weight 

measurement, absorbance, cell plate, density, turbidity, ATP measurement, viable 

count, ATPase activity and use of Coulter counter, membrane-filter Technique to 

measure bacterial growth, and assessment of metabolic activity to determine 

bacterial growth. It also outlines the physical factors that influence bacterial growth 

like effect of temperature, effect of pH, effect of water availability, effect of 

pressure, and the effect of radiation on bacterial growth. In addition, it also discusses 

about various chemical factors that influence bacterial growth, classification of 

bacteria based on oxygen requirements and growth factors and trace elements 

required for bacterial growth.  

 

Block  MB 1.3 D – In this block you will gain knowledge on the effect of various 

biological factors on bacterial growth, role of different media constituents on 

bacterial growth, major nutrient elements required for bacterial growth, trace 

elements those are required for bacterial growth, influence of carbon and energy 

source on bacterial growth. Classification of bacteria based on energy and carbon 

source and influence of culture media on bacterial growth and types of culture 

media. A brief account of the hydrolysis of carbohydrates, proteins, lipids, 

hemicelluloses and lignocelluloses is also included. The block also elaborately 

covers the topic on bacterial growth under extreme conditions, like high salinity, low 

oxygen concentration, high temperatures and extreme pH values, environments 

polluted with heavy metals, thermoacidophiles archaebacteria and methanogen 

archaebacteria, unusual growth substrates and unusual habitats of bacteria, radiation 

tolerant bacteria and crystalmicrobes and applications of extreme bacteria. 
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UNIT 1 
 

 

NUTRITIONAL TYPES OF BACTERIA; BASED ON BASIC 

GROWTH REQUIREMENTS WITH DEPENDENCE ON THE 

TYPE OF SOURCES OF ENERGY, ELECTRONS AND CARBON 

 

 

 

STRUCTURE 

1.1. Objectives 

1.2. Introduction 

1.3. Nutritional types of bacteria; based on basic growth requirements 

1.4. Growth of bacteria and generation time at optimum growth 

condition. 

1.5. Growth factors  

1.6. pH 

1.7. Moisture 

1.8. Gas requirement  

1.9. Temperature  

1.10. Osmotic pressure 

1.11. Nutritional types of bacteria with dependence on the type of 

sources of energy 

1.12. Nutritional types of bacteria with dependence on the type of 

sources of electrons and carbon 

1.13. Nutritional types of bacteria with dependence on the type of 

sources of electrons 

1.14. Requirements for nitrogen, phosphorus, and sulfur 

1.15. Summary 

1.16. Check your progress 

1.17. Key words  

1.18. Further suggested reading 

1.19. Sources  
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1.1. OBJECTIVE 

 After reading this unit we will be able to know: 

 The nutritional requirements of bacteria 

 Bacterial requirement of source of carbon, energy and electron 

 How bacteria are classified based on their nutritional requirement 

 What are the physical and chemical conditions which decide the growth of 

bacteria? 

 

1.2. INTRODUCTION 

 Nutrition is a process by which chemical substances called nutrients 

are acquired from the environment and used in cellular activities such as metabolism 

and growth by living organisms. Bacteria like any other living creature on earth 

require nutrition for its life functions; growth and reproduction. Apart from its 

natural growth in its diverse habitat, controlled experiments on different bacteria 

have revealed a great diversity of behaviour in it nutritional requirement. The unique 

preference of nutrition of some bacteria can differentiate it from other bacteria when 

subjected to growth under such media and can be a qualitative test for identification. 

The basic requirement for all life of cells and bacteria is the need for energy. 

Life is impossible without energy, although life can be stored as spores or seeds for 

a long time and in very harsh environments without any or with extremely small 

energy utilization. Energy is needed for the synthesis of organic substances and for 

the dynamics of life functions. Functions need energy sources that can be changed to 

suitable chemical forms. The life forms we know are based on carbon metabolism. 

Energy flow can thus be described by carbon transformations. Energy metabolism in 

all life forms is very similar, as if they had originated from the same beginning. 

Even rather similar enzymes can be found in all organisms. 

Energy comes from either chemical compounds or light. The word 

―autotrophism‖ means that the organism is able to obtain energy either from 

inorganic chemicals (chemotrophism) or from sunlight (phototrophism). All other 

life forms are ―heterotrophic‖, and they have to use the energy originally from 

autotrophics. Autotrophic organisms are called ―primary producers‖ (green plants, 

algae, photo- or chemotrophic bacteriae or archae). 
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Some bacteria metabolize iron, arsenic, nitrogen, sulfur, and other inorganic 

materials. Typical chemotrophic microbes use chemical energy to make organic 

compounds from inorganic substrates such as carbon dioxide (CO2), hydrogen (H2), 

and sulfide (H2S). Theoretically, there may have existed organotrophic chemotrophs, 

which had been using ―organic‖ substances like methane (CH4) accumulated before 

life existed on the young Earth. 

 

1.3. NUTRITIONAL TYPES OF BACTERIA; BASED ON BASIC GROWTH 

REQUIREMENTS 

 Bacterial requirements for growth include sources of energy, 

"organic" carbon (e.g. sugars and fatty acids) and metal ions (e.g. iron). Optimal 

temperature, pH and the need (or lack of need for oxygen) is important. Individual 

bacteria at its maximum size will divide into two by binary fission. Once divided, it 

grows to its maximum size and divides again. In case of bacteria growth in size is 

about double the size from its ‗divided size‘. Therefore when growth is considered it 

is number, than size in case of bacteria. Bacteria that are ‗growing‘ are increasing in 

number and accumulating in the form of colonies containing hundreds or thousands 

of bacterial cells. Under ambient or favourable condition bacteria grow rapidly in a 

very short time. By understanding the nutritional conditions necessary for the 

growth of the bacteria, one can control the growth. Growth of bacteria depends on 

both physical and chemical conditions. In this chapter we discuss nutritional 

requirements that are chemical requirements of bacteria for growth. 
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1.4. GROWTH OF BACTERIA AND GENERATION TIME AT OPTIMUM 

GROWTH CONDITION. 

All microorganisms can be categorized in one of a few nutritional categories 

on the basis of their requirements for carbon, energy, and hydrogen atoms or 

electrons. All living things require a source of elements such as carbon, hydrogen, 

oxygen, phosphorus, potassium, nitrogen, sulphur, calcium, iron, sodium, chlorine, 

magnesium, and certain other elements. But the ultimate source of a particular 

element, its chemical form, and how much of it the bacteria needs are all factors of 

variation among different types of bacteria. Any substance, whether in elemental or 

molecular form that must be provided to an organism is called an ‗essential 

nutrient‘. Once absorbed, nutrients are processed and transformed into the chemicals 

of the cell.  

Two categories of essential nutrients are ‗macro nutrients‘ and 

‗micronutrients‘. Macronutrients are required in relatively large quantities and play 

principal roles in cell structure and metabolism. Examples of macronutrients are 

carbon, hydrogen, and oxygen. Micronutrients, or trace elements, such as 

manganese, zinc, and nickel, are present in much smaller amounts and are involved 

in enzyme function and maintenance of protein structure. What constitutes a 

micronutrient can vary from one bacterium to another.  

 The diverse nature of bacteria in their living habitat and nutrition always 

emphasises the fact how different bacteria live. Bacteria can use almost any organic 

compound, and some inorganic compounds, as a food source. Some bacteria require 

oxygen, others do not, and some can live with or without it. Variations are also 

found with regard to bacterial locomotion (or movement), spore formation, and 

reproduction. 

 Bacteria absorb nutrients and secrete wastes through their cell walls. They 

secrete enzymes (substances that control how quickly chemical reactions occur) that 

break down food in their immediate environment into soluble form so that it can 

pass through the wall and into the cytoplasm. Some bacteria can live on simple 

mineral compounds. Others have very complex food requirements. Autotrophic 

bacteria can manufacture organic nutrients compounds such as carbohydrates, 

proteins, and vitamins from simple inorganic substances such as sulphur, water, and 
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carbon dioxide from the air. Heterotrophic bacteria must obtain organic nutrients 

from their environment. This group includes pathogenic, or disease-causing, 

bacteria, which rely on their host to supply nutrients; and saprophytes, which live on 

decaying remains of other organisms. 

As for as respiration, some bacterial species cannot tolerate exposure to 

oxygen. These bacteria are called anaerobes; they occupy a variety of habitats, such 

as soil and hot springs. Many are part of the normal bacterial life, or flora, which 

exists inside the gastrointestinal tract and mouth. Treponema denticola, which lives 

in dental plaque, is a good example. Bacteria that require oxygen are called aerobes. 

Bordetella pertussis, which causes whooping cough, is in this group. Bacteria that 

can live with or without air are called facultative anaerobes. Some, such as 

Escherichia coli, are part of the normal body flora (although E. coli can also spread 

disease). Other facultative anaerobes, such as Salmonella and Shigella, are 

pathogenic. 

 

1.5. GROWTH FACTORS  

Growth factors are required in small amounts by cells because they fulfil 

specific roles in biosynthesis. The need for a growth factor results from either a 

blocked or missing metabolic pathway in the cells. Growth factors are organized 

into three categories.  

1. Purines and pyrimidines: required for synthesis of nucleic acids (DNA and 

RNA)  

2. Amino acids: required for the synthesis of proteins  

3. Vitamins: needed as coenzymes and functional groups of certain enzymes 

 

1.6. pH 

The range of pH over which an organism grows is defined by three cardinal 

points: the minimum pH, below which the organism cannot grow, the maximum pH, 

above which the organism cannot grow, and the optimum pH, at which the organism 

grows best. 

1. Acidophiles:- Microorganisms which grow at pH (3-5) are called.  

2. Neutrophiles:- Microorganisms which grow best at neutral pH (6-8)  
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3. Alkaliphiles:- Microorganisms which grow best under alkaline conditions pH 

as high 10.5 are called.  

1.7. MOISTURE 

Water is needed for the growth and reaction of metabolism like glycolysis 

and protein synthesis, various nutrients must be in a soluble form to facilitate 

diffusion into the cell. In the absence of the water some bacteria will form a spore 

for continue its survival. 

 

1.8. GAS REQUIREMENT  

Microorganisms fall into several groups with respect to the effect of oxygen on their 

growth and metabolism 

 

1. Obligate aerobes  

- Use and require oxygen as electron acceptor  

- Have respiratory enzymes and lack the capacity for fermentations  

- examples: Pseudomonas, some Bacillus 

  

2. Obligate anaerobes  

Do not need or use O2 as a nutrient. In fact, O2 is a toxic substance, which either 

kills or inhibits their growth. Obligate anaerobic procaryotes may live by 

fermentation, anaerobic respiration. Examples: Clostridium, Bacteroides 

  

3. Facultative organisms  

Are organisms that can switch between aerobic and anaerobic types of metabolism. 

Under anaerobic conditions (no O2) they grow by fermentation or  

Anaerobic respiration, but in the presence of O2 they switch to aerobic respiration.  

Examples: all Enterobacteriaceae (E.coli), some Bacillus 

  

4. Aerotolerant anaerobes  

Grow either with or without oxygen, but metabolism remains fermentative and do 

not use oxygen. Examples: Enterococcus faecalis, some Lactobacillus  
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1.9. TEMPERATURE  

The temperature range at which organism grow best is called optimum 

temperature. In human parasitic organism optimum temperature ranges between 30° 

C and 37° C. there are three groups of bacteria as regard to the temperature 

 

1. Psychrophilic  

The bacteria is growing between 0° C and 25° C. they are mostly soil and 

water bacteria 

  

2. Mesophilic  

Some bacteria grow between 20° C and 44° C this group include bacteria 

producing disease. 

  

3. Thermophilic 

The bacteria can grow between 50 and 80° C this bacteria will survive after 

pasteurization processes of milk. 

 

1.10. OSMOTIC PRESSURE 

Most microbes live in conditions that have low to moderate salt 

concentrations 

Hypotonic: less salt outside than inside the cell (most rivers, lakes, etc.) 

 

Isotonic: salt concentration same inside and outside (most host organisms) 

Some live in high osmotic pressure: 

 

Halophiles: live in high salt concentrations (for some, optimum is 25% salt) 

 

Osmophiles: live in high osmotic pressure other than salt solutions: jams, 

syrups, etc. Can cause food spoilage.  

  

All microorganisms can be placed in one of a few nutritional categories on the 

basis of their requirements for carbon, energy, and hydrogen atoms or electrons. 
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1.11. NUTRITIONAL TYPES OF BACTERIA WITH DEPENDENCE ON 

THE TYPE OF SOURCES OF ENERGY 

 Energy comes from either chemical compounds or light. The word 

―autotrophism‖ means that the organism is able to obtain energy either from 

inorganic chemicals (chemotrophism) or from sunlight (phototrophism). All other 

life forms are ―heterotrophic‖ (Greek ―hetero‖ = different), and they have to use the 

energy originally from autotrophics. Autotrophic organisms are called ―primary 

producers‖ (green plants, algae, photo- or chemotrophic bacteriae or archae). The 

basic requirement for the life of cells and organisms is the need for energy. Life is 

impossible without energy and energy is needed for the synthesis of organic 

substances and for the dynamics of life functions. Bacteria can be grouped into two 

nutritional classes based upon their sources of Energy 

1.  Phototrophs – obtain energy from sun light 

Among the phototrophic bacteria are species that use inorganic compounds as 

their source of electrons (i.e. photolithotrophs). For example, Chromatium okenii 

uses H2S as its electron donor, oxidizing it to elemental sulphur:  

H
2
S → S + Ze

- 

+ 2H
+ 

 

Some phototrophic bacteria are not restricted to being phototrophic. As 

indicated before, chemotrophs rely on chemical compounds rather than light for 

their energy, and under some circumstances a phototrophic bacterium can grow as a 

chemotrophs. For example, in the absence of O2 (i.e. under anaerobic conditions) R. 

rubrum is dependent on light as its source of energy and lives as a 

photoorganotroph: however, in the presence of O2 it can grow in the dark as a 

chemoorganotroph. 

 

2. Chemotrophs - obtain energy from oxidation of chemical compounds 

(either organic or inorganic) 

Among the chemotrophic bacteria are species that use inorganic compounds 

as their source of electrons (i.e. chemolithotrophs). For example, bacteria of the 

genus Nitrosomonas use ammonia as their electron source, obtaining energy by 

oxidizing ammonia to nitrite:  

NH4+ + 
3
/2O2 + H2O → NO2

-
 + 2H3O

-
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This reaction involves a net transfer of 6 electrons, causing a valence change 

of the nitrogen atom from –3 to +3.  

Many other chemotrophic bacteria use organic compounds, such as sugars 

and amino acids, as electron donors and are therefore chemooganotrophs. Certain 

bacteria can grow as either chemolithotrophs or chemoorganotrophs. For example, 

Pseudomonas pseudoflava can use either the organic compound glucose or the 

inorganic compound H2 as its source of electrons:  

 

C6H12O6 + 6H2O (glucose) → 6CO2 + 24H
+
 + 24e

-
 

 

H2 → 2H
+
 + 2e

-
 

  

 

1.12. NUTRITIONAL TYPES OF BACTERIA WITH DEPENDENCE ON 

THE TYPE OF SOURCES OF ELECTRONS AND CARBON 

 The requirements for carbon, hydrogen, and oxygen are often satisfied 

together. Carbon is needed for the skeleton or backbone of all organic molecules, 

and molecules serving as carbon sources normally also contribute both oxygen and 

hydrogen atoms. They are the source of all three elements. Because these organic 

nutrients are almost always reduced and have electrons that they can donate to other 

molecules, they also can serve as energy sources. Indeed, the more reduced organic 

molecules are, the higher their energy content (e.g., lipids have higher energy 

content than carbohydrates). This is because, electron transfers release energy when 

the electrons move from reduced donors with more negative reduction potentials to 

oxidized electron acceptors with more positive potentials. Thus carbon sources 

frequently also serve as energy sources, although they don‘t have to. 

 One important carbon source that does not supply hydrogen or energy is 

carbon dioxide (CO2). This is because CO2 is oxidized and lacks hydrogen. Probably 

all microorganisms can fix CO2—that is, reduce it and incorporate it into organic 

molecules. 

However, by definition, only autotrophs can use CO2 as their sole or principal 

source of carbon. Many microorganisms are autotrophic, and most of these carry out 
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photosynthesis and use light as their energy source. Some autotrophs oxidize 

inorganic molecules and derive energy from electron transfers.  

 The reduction of CO2 is a very energy-expensive process. Thus many 

microorganisms cannot use CO2 as their sole carbon source but must rely on the 

presence of more reduced, complex molecules such as glucose for a supply of 

carbon. Organisms that use reduced, preformed organic molecules as carbon sources 

are heterotrophs (these preformed molecules normally come from other organisms). 

As mentioned previously, most heterotrophs use reduced organic compounds as 

sources of both carbon and energy. For example, the glycolytic pathway produces 

carbon skeletons for use in biosynthesis and also releases energy as ATP and 

NADH. 

 A most remarkable nutritional characteristic of microorganisms is their 

extraordinary flexibility with respect to carbon sources. Laboratory experiments 

indicate that there is no naturally occurring organic molecule that cannot be used by 

some microorganism. Actinomycetes will degrade amyl alcohol, paraffin, and even 

rubber. Some bacteria seem able to employ almost anything as a carbon source; for 

example, Burkholderia cepacia can use over 100 different carbon compounds. In 

contrast to these bacterial omnivores, some bacteria are exceedingly fastidious and 

catabolize only a few carbon compounds. Cultures of methylotrophic bacteria 

metabolize methane, methanol, carbon monoxide, formic acid, and related one-

carbon molecules. Parasitic members of the genus Leptospira use only long-chain 

fatty acids as their major source of carbon and energy. It appears that in natural 

environments complex populations of microorganisms often will metabolize even 

relatively indigestible human-made substances such as pesticides. Indigestible 

molecules sometimes are oxidized and degraded in the presence of a growth-

promoting nutrient that is metabolized at the same time, a process called co-

metabolism. The products of this breakdown process can then be used as nutrients 

by other microorganisms. Bacteria can be grouped into two nutritional classes based 

upon their sources of Carbon 
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1. Autotrophs – Obtain carbon from carbon dioxide 

Chemolithotrophic bacteria of the genus Nitrosomonas are able to oxidize 

ammonia to nitrite, thereby obtaining sufficient energy to assimilate the carbon of 

CO2 into cell components (CO2 fixation).  

CO2 + 4e- + 4H+ → [CH2O] + H2O 

Where (CH2O) represents carbohydrate. Organisms that can use CO2 as their 

sole source of carbon for assimilation are termed autotrophs. Until recently it was 

thought that all chemolithotrophic bacteria were autotrophs. Although this is true for 

most chemolithotrophs, a few are not recognized as being chemolithotrophic 

heterotrophs (mixotrophs); i.e. they obtain energy by utilizing inorganic electron 

donors, but obtain most of their carbon from organic compounds. One such 

organism is Desuflovibrio desulfuricans, which uses electrons from H2 for the 

reduction of sulfate, yet derives most of its carbon from organic compounds in the 

culture medium. Some autotrophs are facultative autotrophs i.e. they can either live 

as autotrophs, deriving their carbon from CO2, or they can live as heterotrophs, 

deriving their carbon from organic compounds. For example, P. pseudoflava can 

live as a heterotroph using glucose as a source of carbon for assimilation (and also 

as its source of electrons, as mentioned above); however, if H2 is provided as the 

electron source, then it can use CO2 as its sole carbon source and can grow as an 

authotroph. 

2. Heterotrophs - reduced, preformed organic molecules like organic glucose 

  Heterotrophic bacteria have been studied more extensively than the 

authotrophs because heterotrophs, in a sense, are of more immediate concern to us: 

it is here that we find all the species that cause diseases of human beings, other 

animals, and plants as well as those that constitute the greater part of the microbial 

population in our immediate environment. This does not mean that autotrophs are 

less important rather they are of utmost importance in less conspicuous but 

indispensable processes in nature such as cycling of elements through biological 

systems. 
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1.13. NUTRITIONAL TYPES OF BACTERIA WITH DEPENDENCE ON 

THE TYPE OF SOURCES OF ELECTRONS 

 Bacteria can be grouped into two nutritional classes based upon their sources 

of Electrons  

1. Lithotrophs - reduced inorganic substances 

 

2. Organotrophs - organic compounds 

Microorganisms also have only two sources for electrons. 

1.  Lithotrophs (i.e., ―rock-eaters‖) use reduced inorganic substances as their 

electron source, whereas  

 

2. organotrophs extract electrons from organic compounds. 

Despite the great metabolic diversity seen in microorganisms, most may be 

placed in one of four nutritional classes based on their primary sources of carbon, 

energy, and electrons. The large majority of microorganisms thus far studied are 

either photolithotrophic autotrophs or chemoorganotrophic heterotrophs. 

Photolithotrophic autotrophs (often called photoautotrophs or photolithoautotrophs) 

use light energy and have CO2 as their carbon source. Eucaryotic algae and 
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cyanobacteria employ water as the electron donor and release oxygen. Purple and 

green sulphur bacteria cannot oxidize water but extract electrons from inorganic 

donors like hydrogen, hydrogen sulfide, and elemental sulfur. 

 Chemoorganotrophic heterotrophs (often called chemoheterotrophs, 

chemoorganoheterotrophs, or even heterotrophs) use organic compounds as sources 

of energy, hydrogen, electrons, and carbon. Frequently the same organic nutrient 

will satisfy all these requirements. It should be noted that essentially all pathogenic 

microorganisms are chemoheterotrophs. The other two nutritional classes have 

fewer microorganisms but often are very important ecologically. Some purple and 

green bacteria are photosynthetic and use organic matter as their electron donor and 

carbon source. These photoorganotrophic heterotrophs (photoorganoheterotrophs) 

are common inhabitants of polluted lakes and streams. Some of these bacteria also 

can grow as photoautotrophs with molecular hydrogen as an electron donor. The 

fourth group, the chemolithotrophic autotrophs (chemolithoautotrophs), oxidizes 

reduced inorganic compounds such as iron, nitrogen, or sulfur molecules to derive 

both energy and electrons for biosynthesis. Carbon dioxide is the carbon source. A 

few chemolithotrophs can derive their carbon from organic sources and thus are 

heterotrophic. Chemolithotrophs contribute greatly to the chemical transformations 

of elements (e.g., the conversion of ammonia to nitrate or sulfur to sulfate) that 

continually occur in the ecosystem. 

 Although a particular species usually belongs in only one of the four 

nutritional classes, some show great metabolic flexibility and alter their metabolic 

patterns in response to environmental changes. For example, many purple nonsulfur 

bacteria act as photoorganotrophic heterotrophs in the absence of oxygen but oxidize 

organic molecules and function chemotrophically at normal oxygen levels. When 

oxygen is low, photosynthesis and oxidative metabolism may function 

simultaneously. Another example is provided by bacteria such as Beggiatoa, that 

rely on inorganic energy sources and organic (or sometimes CO2) carbon sources. 

These microbes are sometimes called mixotrophic because they combine 

chemolithoautotrophic and heterotrophic metabolic processes. This sort of flexibility 

seems complex and confusing, yet it gives its possessor a definite advantage if 

environmental conditions frequently change. 



MB 1.3: Bacterial Growth and Physiology 

 

KSOU Mysore                                                                                                                                    16 

 

1.14. REQUIREMENTS FOR NITROGEN, PHOSPHORUS, AND SULFUR 

A microorganism must be able to incorporate large quantities of nitrogen, 

phosphorus, and sulphur for growth and development. Although these elements may 

be acquired from the same nutrients that supply carbon, microorganisms usually 

employ inorganic sources as well. 

 Nitrogen is needed for the synthesis of amino acids, purines, pyrimidines, 

some carbohydrates and lipids, enzyme cofactors, and other substances. Many 

microorganisms can use the nitrogen in amino acids, and ammonia often is directly 

incorporated through the action of such enzymes as glutamate dehydrogenase or 

glutamine synthetase and glutamate synthase. Most phototrophs and many 

nonphotosynthetic microorganisms reduce nitrate to ammonia and incorporate the 

ammonia in assimilatory nitrate reduction. A variety of bacteria (e.g., many 

cyanobacteria and the symbiotic bacterium Rhizobium) can reduce and assimilate 

atmospheric nitrogen using the nitrogenase system. 

 Phosphorus is present in nucleic acids, phospholipids, nucleotides like ATP, 

several cofactors, some proteins, and other cell components. Almost all 

microorganisms use inorganic phosphate as their phosphorus source and incorporate 

it directly. Low phosphate levels actually limit microbial growth in many aquatic 

environments. Phosphate uptake by E. coli has been intensively studied. This 

bacterium can use both organic and inorganic phosphate. Some organophosphates 

such as hexose 6-phosphates can be taken up directly by transport proteins. Other 

organophosphates are often hydrolyzed in the periplasm by the enzyme alkaline 

phosphatase to produce inorganic phosphate, which then is transported across the 

plasma membrane. When inorganic phosphate is outside the bacterium, it crosses the 

outer membrane by the use of a porin protein channel. One of two transport systems 

subsequently moves the phosphate across the plasma membrane. At high phosphate 

concentrations, transport probably is due to the Pit system. When phosphate 

concentrations are low, the PST, (phosphate-specific transport) system is more 

important. The PST system has higher affinity for phosphate; it is an ABC 

transporter and uses a periplasmic binding protein. 

 Sulfur is needed for the synthesis of substances like the amino acids cysteine 

and methionine, some carbohydrates, biotin, and thiamine. Most microorganisms 
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use sulfate as a source of sulfur and reduce it by assimilatory sulfate reduction; a 

few require a reduced form of sulfur such as cysteine. 

 

1.15. SUMMARY 

 Bacteria are ubiquitous and so diverse in forms with respect to nutritional 

requirements. Basically like every living organisms they require source of carbon, 

energy and electrons. Based on the specific requirements of carbon; energy and 

electrons they can be classified for the convenience of study. Apart from these main 

requirements of macro and micro elements, pH, temperature, pressure or osmotic 

condition, presence or absence of oxygen and need of phosphorous, sulphur and 

nitrogen etc are few factors which influence the growth of bacteria in natural or 

under laboratory condition. Upon understanding the precise requirement of growth 

substances and condition it is possible to cultivate given bacteria for the laboratory 

study purposes or one can understand the distribution of different bacteria under 

different geographical condition and can understand their possible role in nature 

whether useful or detrimental.  

 

1.16. CHECK YOUR PROGRESS 

1. What is macro and micronutrients or trace elements? 

2. Discuss the bacterial requirements of pH, temperature and osmotic condition 

3. Define what are autotroph and heterotroph with an example each 

4. Describe the ways in which microorganisms are classified based on their 

requirements for energy and electrons. 

5. Describe the nutritional requirements of the four major nutritional groups 

and give some microbial examples of each. 

6. What is a mixotroph? 

 

1.17.KEY WORDS  

Nutrients, micro nutrients, macro nutrients, autotrophs, heterotrophs, 

phototrophs, organotrophs, lithotrophs, bacterial growth,  acidophile, thermophile, 

energy source, electron source, carbon source 
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2.1. OBJECTIVES 

 After reading this unit we will be able understand the following concept 

related to nutrition: 

 Autotrophs synthesize and store chemical energy in carbohydrate food 

molecules they build themselves. Most autotrophs make their "food" through 

photosynthesis using the energy of the sun. 

 Heterotrophs cannot make their own food, so they must eat or absorb it. 

 Chemosynthesis is used to produce food using the chemical energy stored in 

inorganic molecules. 

 

2.2. INTRODUCTION 

 The term ‗autotrophs‘ and ‗heterotrophs‘ are generally used to define 

nutritional groups of organisms classified based on the dependence of particular way 

of obtaining chemical energy for life processes. It includes both microbes and 

microbes. Here only bacteria are dealt and explained with examples as for the 

specific requirement of this unit. Autotrophic bacteria are those they obtain chemical 

energy by sun light by the process known as photosynthesis. While heterotrophic 

bacteria are those obtain their energy from oxidizing organic or inorganic molecules 

from chemicals derived from autotrophs or other heterotrophs. But different bacteria 

show a great variety of diversity in utilization of carbon sources they depend on. 

Nutritional studies of varieties of bacteria indicate that, there is no such organic 

compound that cannot be used by some bacteria. Some bacteria are able to employ 

almost anything as their carbon source in contrast some bacteria can only utilize few 

or one kind of organic molecules for their carbon  source. 

 

2.3. AUTOTROPHS (BACTERIA) 

 Living organisms obtain chemical energy in one of two ways. 

Autotrophs, store chemical energy in carbohydrate food molecules they build 

themselves. Food is chemical energy stored in organic molecules. Food provides 
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both the energy to do work and the carbon to build bodies. Because most autotrophs 

transform sunlight to make food, we call the process they use photosynthesis. Only 

three groups of organisms - plants, algae, and some bacteria - are capable of this 

life-giving energy transformation. Autotrophs make food for their own use, but they 

make enough to support other life as well. Almost all other organisms depend 

absolutely on these three groups for the food they produce. The producers, as 

autotrophs are also known, begin food chains which feed all life. Only autotrophs 

can use CO2 as their sole or principal source of carbon. Many microorganisms are 

autotrophic, and most of these carry out photosynthesis and use light as their energy 

source. Some autotrophs oxidize inorganic molecules and derive energy from 

electron transfers.  

 

Autotrophic Prokaryotes can be classified into two categories 

a. Photoautotrophs are photosynthetic and use light energy to assemble the 

organic molecules they require. Phototrophs use light as their energy source 

 

b.     Chemoautotrophs obtain energy from the oxidation of chemical compounds 

(either organic or inorganic). Make organic molecules by using energy derived from 

the oxidation of inorganic compounds in the environment (Methanogens). 

 

2.3.1. Photoautotrophic bacteria: they primarily use solar energy and contain 

photosynthetic pigments in membrane bound lamellae (or thylakoids). This type of 

bacterial photosynthesis is called as anoxygenic photosynthesis because here oxygen 

is not released as a by-product since water is not used as a hydrogen donor.   

 

2.3.2. Chemoautotrophic/chemosynthetic bacteria: these bacteria use inorganic 

raw materials to synthesize organic compounds using the energy liberated by the 

oxidation of inorganic substances. 

Chemoautotrphic bacteria use chemical energy. They use carbon dioxide and water 

to produce carbohydrates and sugars. These bacteria are highly useful in 
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atmosphere, since they utilize carbon dioxide which is a waste product of other 

organisms. They recycle plants by turning carbon dioxide into useful source of 

energy. Chemoautotrophic bacteria found and survive in places with high 

temperatures like hot springs and high salt concentrations.  

 

 These are of three types namely nitrifying bacteria, sulphur bacteria and iron 

bacteria based on their energy source.  

 

Nitrifying bacteria- obtain energy by oxidizing ammonia into nitrates. Eg: 

Nitrosomonas, Nitrobacter. 

 

Sulphur bacteria- obtain energy by oxidising hydrogen sulphide to sulphur. Eg: 

Thiobacillus, Beggiatoa. 

 

Iron Bacteria- obtain energy by oxidising ferrous ions into ferric form. Eg: 

Ferrobacillus, Gallionella. 

 

 

2.4. HETEROTROPHS (BACTERIA) 

  Heterotrophs cannot make their own food, so they must eat or absorb 

it. For this reason, heterotrophs are also known as consumers. Consumers include all 

animals and fungi and many protists and bacteria. They may consume autotrophs or 

other heterotrophs or organic molecules from other organisms. Heterotrophs show 

great diversity and may appear far more fascinating than producers. But heterotrophs 

are limited by our utter dependence on those autotrophs that originally made food 

from sun light and chemicals. If plants, algae, and autotrophic bacteria vanished 
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from earth, animals, fungi, and other Heterotrophs would soon disappear as well. All 

life requires a constant input of energy. Only autotrophs can transform that ultimate, 

solar source into the chemical energy in food that powers life. Organisms that use 

reduced, preformed organic molecules as carbon sources are Heterotrophs (these 

preformed molecules normally come from other organisms). As mentioned 

previously, most Heterotrophs use reduced organic compounds as sources of both 

carbon and energy. 

 

Heterotrophic bacteria cannot manufacture their own organic food and depend on 

external sources. There are different types namely saprophytic bacteria, symbiotic 

bacteria and parasitic bacteria.  

Heterotrophic Prokaryotes: Most free-living bacteria are chemoheterotrophs that 

take in pre-formed organic nutrients. As aerobic saprotrophs, there is probably no 

natural organic molecule that cannot be broken down by some prokaryotic species. 

Detritivores (saprophytic bacteria) are critical in recycling materials in the   

ecosystem; they decompose dead organic matter and make it available to 

photosynthesizers.  Prokaryotes produce chemicals including ethyl alcohol, acetic 

acid, butyl alcohol, and acetones. Prokaryotic action produces butter, cheese, 

sauerkraut, rubber, cotton, silk, coffee and cocoa. Antibiotics are produced by some 

bacteria. Some chemoheterotrophs are symbiotic, forming relationships with 

members of other species. Mutualistic nitrogen fixing Rhizobium bacteria live on 

roots of soybean, clover, and alfalfa where they reduce N2 to ammonia. Mutualistic 

bacteria that live in the intestines of humans benefit from undigested material and 

litter. 

 

2.4.1. Saprophytic Bacteria:  these bacteria derive their nutrition from dead organic 

matter. They secrete exogenous enzymes which breakdown complex organic matter 

into simple soluble forms which are absorbed and assimilated during which energy 

is released. Saprophytic bacteria are called as decomposers which are significant in 

ecosystem. Decomposition is the aerobic breakdown of organic matter.  Since 

decomposition is complete it does not result in release of foul gases. However, 
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fermentation is anaerobic breakdown of organic matter which is incomplete and 

always results in release of foul gases. Putrifaction is the anaerobic breakdown of 

proteins. Saprophytic bacteria are employed in several industrial processes such as 

ripening of cheese, in the retting of fibres and in the curing of tobacco. 

 

2.4.2. Symbiotic Bacteria: this is an association of bacteria with other organism 

which mutually benefit each other. Here, the bacteria draw essential nutrients from 

their host organisms and in return they benefit the host organisms in some of their 

biological activities. E.g., nitrogen fixing bacteria found in the root nodules of 

leguminous plants. Bacteria such as Rhizobium and Pseudomonas reside in the root 

nodules and reduce atmospheric nitrogen directly to ammonia. This becomes the 

source of nitrogen for the host plants. The plants in return provide bacteria with 

nutrients and protection. Non-pathogenic Escherichia coli found in human 

alimentary canal check the growth of harmful putrefying bacteria and also release 

vitamins K and B12 which are necessary for blood components. In return the human 

host provides shelter and food for these bacteria. Another example is cellulose 

digesting bacteria found in the alimentary canal of ruminant mammals such as cows 

and goats. 

 

 

2.4.3. Parasitic Bacteria: These are bacteria which occur in the body of animals 

and plants, obtaining their organic food from there. Most of these bacteria are 

pathogenic, causing serious diseases in the host organisms either by exploiting them 

or by releasing poisonous secretions called toxins. 

 

2.5. SUMMARY 

Autotrophs use CO2 as their primary or sole carbon source; heterotrophs 

employ organic molecules. Bacteria can be classified based on their energy and 

electron sources. Phototrophs use light energy, and chemotrophs obtain energy from 

the oxidation of chemical compounds. Electrons are extracted from reduced 

inorganic substances by lithotrophs and from organic compounds by organotrophs. 
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Table 1: Nutritional classification of Bacteria based on sources of Carbon, Electrons 

and Energy  

Carbon sources 

Autotrophs CO2 as sole or principal biosynthetic carbon source 

Heterotrophs Reduced, preformed, organic molecules from other organisms 

 

Electron sources  

Lithotrophs Reduced inorganic molecules 

Organotrophs Organic molecules 

 

Energy sources  

Phototrophs Light 

Chemotrophs Oxidation of organic or inorganic compounds 

   

 

2.6. CHECK YOUR PROGRESS 

1. Compare an Autotrophs and Heterotrophs and Give examples of each. 

2. Describe autotrophic to a heterotrophic nutrition of bacteria. 

3. Give an example of an organic compound and an inorganic compound. 

4. Compare autotrophs to Heterotrophs, and describe the relationship between 

these two groups of organisms. 

5. Name and describe the two types of food making found among autotrophs, 

and give an example of each. Which is quantitatively more important to life 

on earth? 
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6. Trace the flow of energy through a typical food chain (describing "what eats 

what"), including the original source of that energy and its ultimate form 

after use. Underline each 

 

2.7. KEY WORDS  

Autotrophs, heterotrophs, nutrition, energy, carbon, oxidized carbon, reduced 

carbon compounds, electrons,  
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3.1. OBJECTIVES 

 After reading this unit we will be able to know Chemotrophic mode of 

bacterial nutrition as follows: 

 Chemotrophs 

 Chemo-organotrophs 

 Chemo-lithotrophs 

 

3.2. INTRODUCTION 

 The survival of bacteria in nature depends on their ability to grow 

under certain chemical and physical conditions. An understanding of these 

conditions enables us to characterize isolates and differentiate between different 

types of bacteria. Such knowledge can also be applied to control the growth of 

bacteria in practical situations. Apart from its natural growth in its diverse habitat, 

controlled experiments on different bacteria have revealed a great diversity of 

behaviour in it nutritional requirement. The unique preference of nutrition of some 

bacteria can differentiate it from other bacteria when subjected to growth under such 

media and can be a qualitative test for identification. 

Based on the dependency of a primary source carbon, energy and electrons 

bacteria are nutritionally classified as different types. There are only two sources of 

energy available to organisms: (1) light energy, and (2) the energy derived from 

oxidizing organic or inorganic molecules. Phototrophs use light as their energy 

source; chemotrophs obtain energy from the oxidation of chemical compounds 

(either organic or inorganic). Bacteria also have only two sources for electrons. 

Lithotrophs (i.e., ―rock-eaters‖) use reduced inorganic substances as their electron 

source, whereas organotrophs extract electrons from organic compounds. 

 

 

3.3. CHEMOTROPHS 

Most of the life forms are ―heterotrophic‖, and they have to use the energy 

originally from autotrophics. There are only two sources of energy available to 

organisms: (1) light energy, and (2) the. Phototrophs use light as their energy source; 
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chemotrophs obtain energy from the oxidation of chemical compounds (either 

organic or inorganic). Microorganisms also have only two sources for electrons. 

Lithotrophs (i.e., ―rock-eaters‖) use reduced inorganic substances as their electron 

source, whereas organotrophs extract electrons from organic compounds. 

  

 Type of 

Organism 

 

General process and major features 

 

 

 

Chemotrophs 

 

 

 

 

Respiration 

• Derive energy by oxidative phosphorylation. 

• Generally, respires by use molecular oxygen as 

the external, terminal electron acceptor; this is 

aerobic respiration. Respires may also use nitrate 

or some other "oxygen substitute" in the process 

of anaerobic respiration. 

 

•  Certain organisms can only perform anaerobic 

respiration – for example, the methane producers 

and many sulfate reducers. 

 Fermentation • Derive energy by substrate-level 

phosphorylation. 

 

 

 

3.4. CHEMO-ORGANOTROPHS 

 In the descriptions of organisms in this group, one finds that they are 

generally organotrophic and may also be called "chemoorganotrophs." They use a 

variety of organic compounds as both carbon and energy sources; a common sugar 
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so used is glucose. ATP is generated by either substrate-level or oxidative 

phosphorylation.  Chemoorganotrophic heterotrophs (often called 

chemoheterotrophs, chemoorganoheterotrophs, or even heterotrophs) use organic 

compounds as sources of energy, hydrogen, electrons, and carbon. Frequently the 

same organic nutrient will satisfy all these requirements. It should be noted that 

essentially all pathogenic microorganisms are chemoheterotrophs. 

 

 

Major Nutritional types of 

Bacteria 

Sources of energy, electron 

and carbon 

representatives 

Chemolithotrophic  

Autotrophy 

 

(Chemolithoautotrophy) 

Energy 
Chemical energy 

source (inorganic) 

Sulfur-oxidizing 

bacteria 

Hydrogen bacteria 

Nitrifying bacteria 

Iron-oxidizing 

bacteria 

Electron Inorganic donor 

Carbon CO2 

 

Chemoorganotrophic 

heterotrophy 

  

(Chemoorganoheterotrophy) 

Energy 
Chemical energy 

source  (organic) 

Most non 

photosynthetic 

bacteria 

(including most 

pathogens) 

Electron Organic donor 

Carbon 
Organic carbon 

source 

 

 

3.5. CHEMO-LITHOTROPHS 

 These organisms are generally lithotrophic and may also be called 

"chemolithotrophs." ATP is usually generated by oxidative phosphorylation. The 

fourth group, the chemolithotrophic autotrophs (chemolithoautotrophs), oxidizes 
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reduced inorganic compounds such as iron, nitrogen, or sulfur molecules to derive 

both energy and electrons for biosynthesis. Carbon dioxide is the carbon source. A 

few chemolithotrophs can derive their carbon from organic sources and thus are 

heterotrophic. Chemolithotrophs contribute greatly to the chemical transformations 

of elements (e.g., the conversion of ammonia to nitrate or sulfur to sulfate) that 

continually occur in the ecosystem. 

 

 

3.6. SUMMARY 

 Chemotropic bacteria are those which obtain its energy from oxidizing 

organic or inorganic molecules. If the energy obtained from organic sources then 

they are called Chemoorganotrophs. And if the energy is from inorganic sources are 

called Chemolithotrophs. 

 

3.7. CHECK YOUR PROGRESS 

1. What are Chemotrophs? How they obtain their energy 

2. What are Chemoorganotrophs give examples 

3. What are Chemolithotrophs give examples 

 

 

3.8. KEY WORDS 

Nutrition, Carbon source, inorganic, organic, carbon dioxide, rock eaters, 

Glucose, bacteria, nutrition types 

 

3.9. FURTHER SUGGESTED READING 

1. Arthur L. Koch. 2007. The Bacteria: Their Origin, Structure, Function and 

Antibiosis. Springer.  

2. Darralyn McCall, David Stock. 2001. 11th Hour: Introduction to 

Microbiology 1st Edition. Blackwell Science.  

3. Hans G Schiegel. 2008. General Microbiology. 7
th

 Edition. Cambridge 

University Press.  
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UNIT 4 
 

 

PHOTOTROPHS, PHOTO-ORGANOTROPHS, PHOTO-

LITHOTROPHS 
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4.1. OBJECTIVES 

 To emphasize the ability of autotrophic bacteria which depend on sun light 

for their energy sources and their classification as follows 

 

 Phototrophs 

 Photoorganotrophs 

 Photolithotrophs 

 

 

4.2. INTRODUCTION 

 

 Photosynthesis is the utilization of radiant energy for the synthesis of 

complex organic molecules. The phototrophic way of life implies the capture of 

electromagnetic energy and its conversion into chemical energy and its use for 

cellular maintenance and growth. Photosynthesis may encompass the reduction of 

carbon dioxide into organic molecules, a mode of growth defined as 

photoautotrophy. The solar electromagnetic energy reaching the Earth's surface 

surpasses the energy contributed by all other sources by four to five orders of 

magnitude (electric discharge, radioactivity, volcanism, or meteoritic impacts. 

 Research evidence indicates that in the early stages of biosphere evolution, 

prokaryotic organisms were once responsible for the entire global photosynthetic 

carbon fixation. Today, terrestrial higher plants account for the vast majority of 

photosynthetic biomass; the chlorophyll bound in light-harvesting complex LHCII 

of green chloroplasts alone represents 50% of the total chlorophyll on Earth. In 

contrast, the biomass of marine primary producers is very low (0.2% of the global 

value). However, the biomass turnover of marine photosynthetic microorganisms is 

some 700 times faster than that of terrestrial higher plants. Thus, marine 

photosynthetic organisms contribute significantly to total primary productivity. 

  

 

4.3. PHOTOTROPHS 

 

Nutrition is a process by which chemical substances called nutrients are 

acquired from the environment and used in cellular activities such as metabolism 

and growth by living organisms. Bacteria like any other living creature on earth 
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require nutrition for its life functions; growth and reproduction. Phototrophs are 

generally autotrophs meaning they synthesize their own food unlike Heterotrophs 

which is dependent on other phototrophs for their food. Energy comes from either 

chemical compounds or light. The word ―autotrophism‖ means that the organism is 

able to obtain energy either from inorganic chemicals (chemotrophism) or from 

sunlight (phototrophism). Photo-autotrophic bacteria are single-celled and are 

capable of manufacturing their own food through various chemical reactions. These 

prokaryotes have a big advantage over their heterotrophic cousins as they could use 

plentiful chemicals to turn into their own food supply. As we know some bacteria 

can be classified as photorophs based on their distinctive dependence on sun light 

for their energy requirements. The two phototrophic nutritional classes have fewer 

microorganisms but often are very important ecologically. Some purple and green 

bacteria are photosynthetic and use organic matter as their electron donor and carbon 

source. These photoorganotrophic Heterotrophs (photoorganoheterotrophs) are 

common inhabitants of polluted lakes and streams. Some of these bacteria also can 

grow as photoautotrophs with molecular hydrogen as an electron donor. Some other 

bacteria derive energy from sun light but use inorganic substances for their electrons 

called photolithotrophs. 

 

 We now know of 3 major types of autotrophic bacteria: 

 

1) Nitrifying bacteria – use ammonia (NH3) to manufacture their food 

2) Sulfur bacteria – use hydrogen sulfide (H2S) to manufacture their food 

3) Photosynthetic bacteria – use CO2 and sunlight to manufacture their food. 

The third type of bacteria are known as photoautotrophs and the basic reaction they 

used is the same reaction today used by plants: 

 

CO2 + 6 H2O + sunlight⇒ C6H12O6 + 6CO2 
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Type of 

Organism 

 

General process and major features 

 

 

Phototrophs 

 

 

 

Phototrophy 

Derive energy by photophosphorylation. 

 

•  Phototrophs may be oxygenic (oxygen-

evolving) 

                       

                                 or      

• Phototrophs may be anoxygenic 

 (not oxygen-evolving). 

 

 

4.4. PHOTO-ORGANOTROPHS 

  

The other two nutritional classes have fewer microorganisms but often are 

very important ecologically. Some purple and green bacteria are photosynthetic and 

use organic matter as their electron donor and carbon source. These 

photoorganotrophic Heterotrophs (photoorganoheterotrophs) are common 

inhabitants of polluted lakes and streams. Some of these bacteria also can grow as 

photoautotrophs with molecular hydrogen as an electron donor. The fourth group, 

 

 

4.5. PHOTO-LITHOTROPHS 

 

 These are the bacteria use inorganic substances as their sole electron sources 

and obtain energy from sun light. The large majority of microorganisms thus far 

studied are either 

photolithotrophic autotrophs or chemoorganotrophic heterotrophs. 

 Photolithotrophic autotrophs (often called photoautotrophs or 

photolithoautotrophs) use light energy and have CO2 as their carbon source.  
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4.6. MYXOTROPHS 

 Although a particular species usually belongs in only one of the four 

nutritional classes, some show great metabolic flexibility and alter their metabolic 

patterns in response to environmental changes. For example, many purple non-sulfur 

bacteria act as photoorganotrophic heterotrophs in the absence of oxygen but oxidize 

organic molecules and function chemotrophically at normal oxygen levels. When 

oxygen is low, photosynthesis and oxidative metabolism may function 

simultaneously. Another example is provided by bacteria such as Beggiatoa that rely 

on inorganic energy sources and organic (or sometimes CO2) carbon sources. These 

microbes are sometimes called mixotrophic because they combine 

chemolithoautotrophic and heterotrophic metabolic processes. This sort of flexibility 

seems complex and confusing, yet it gives its possessor a definite advantage if 

environmental conditions frequently change. 

 

 

Major Nutritional types of 

Bacteria 

Sources of energy, electron 

and carbon 

representatives 

 

Photolithotrophic 

autotrophy 

  

(Photolithoautotrophy) 

Energy Light Algae, Purple and  

Green sulphur 

bacteria, 

Cyanobacteria 

Electron 
Inorganic 

hydrogen 

Carbon CO2 

 

Photoorganotrophic 

heterotrophy  

 

(Photoorganoheterotrophy) 

Energy Light Purple non sulphur 

bacteria 

Green non sulphur 

bacteria 

Electron Organic donor 

Carbon 
Organic Carbon 

source 

Electron Organic donor 

Carbon Organic carbon 

source 
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4.7. SUMMARY 

 

 Autotrophic nutrition is the base of all life on earth. Some important bacteria 

also show autotrophic nutrition and synthesize their own food deriving sun light as 

their energy source. But depending upon the sources of organic or inorganic material 

for their carbon sources these bacteria are also classified. These nutritional groups of 

bacteria exhibit the great diversity of the bacterial nutrition and their unique ability 

to occupy various extreme habitat on earth environment.  

  

 

4.8. CHECK YOUR PROGRESS 

 

1. What is Photoautotrophic bacteria give examples 

 

2. Explain Photolithotrophic nutritional types of bacteria 

 

3. Discuss the Photoorganotrophic mode of nutrition with respect to sources of 

energy, carbon and electron 

 

4. What are Oxygenic and Anoxygenic bacteria 

 

 

 

4.9. KEY WORDS 

 Autotrophic bacteria, light energy, CO2 fixation, green bacteria, purple 

bacteria, oxygenic bacteria, anoxygenic bacteria. 

  

4.10. FURTHER SUGGESTED READING 

1. Arthur L. Koch. 2007. The Bacteria: Their Origin, Structure, Function and 

Antibiosis. Springer.  

2. Darralyn McCall, David Stock. 2001. 11th Hour: Introduction to 

Microbiology 1st Edition. Blackwell Science.  

3. Hans G Schiegel. 2008. General Microbiology. 7
th

 Edition. Cambridge 

University Press.  

4. Jennifer M. Warner, I. Edward Alcamo. 2009. Schaum's Outline of 

Microbiology 0002 Edition. McGraw-Hill Publications.  
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5.1. OBJECTIVES 

After reading this chapter we will learn about: 

 Influence of molecular oxygen on growth and metabolism of bacteria 

 Toxic forms of oxygen 

 Oxygen requirements of different kinds of bacteria 

 Obligate aerobes, Obligate anaerobes, Facultative anaerobes, Microaerophiles 

and Aerotolerant anaerobes  

 

 

5.2. INTRODUCTION  

Oxygen has both useful and harmful effects on growth; it is useful for 

respiration but is harmful as it is an oxidizing agent. Almost all life forms require 

oxygen for respiration. Oxygen is a universal component of cells and is always 

provided in large amounts by H2O. However, prokaryotes display a wide range of 

responses to molecular oxygen O2. 

Some forms of oxygen can be toxic to growth. Toxic forms of oxygen are 

generated by metabolism, UV light, and some chemical reactions. Aerobic bacteria 

have enzymes which will detoxify the toxic forms of oxygen. 

Different organisms respond differentially to environmental oxygen. This 

response is mainly dependent on the presence of various enzymes that react with 

oxygen and the oxygen radicals that are formed in the cells. Cells generally have 

enzymes that react with oxygen. E.g., oxidations of flavoproteins by O2 forms toxic 

H2O2 (peroxide) and more toxic more toxic free radical, superoxide or O2
.-
. Another 

toxic form of oxygen the singlet oxygen is generated by the reaction of pigments 

like chlorophyll with O2 in the presence of light.  

 

Toxic forms of oxygen are  

1. Singlet oxygen – oxygen that is enhanced to higher state of energy 

2. Super oxide free radicals – O2
-
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                              O2
- 
 + 2 H 

+
  Superoxide dismutase H2O2 + O2 

 

Superoxide dismutase catalyzes the following reaction in which superoxide free 

radicals are converted into molecular oxygen and hydrogen peroxide. Two 

superoxide radicals are combined with two protons to form hydrogen peroxide and 

one molecule of oxygen gas.  The peroxides formed as a result of this catalytic event 

must be further neutralized by other gene products or the organism succumbs to 

lethal oxidative damage. 

 

O2
-* + 

O2
-* 

 + 2 H
+
                                                         H2O2 + O2(g)    

 

3. Peroxide anion : O2
2-

 

                            2 H2O2 + O2 Catalase  2 H2O + O2 

                            H2O2 + 2 O
+
 Peroxidase  2 H2O 

 

Most aerobes have a gene that encodes the enzyme catalase - it neutralizes 

hydrogen peroxide as shown in the equation and converts two molecules of peroxide 

to two water molecules plus oxygen gas.   

Catalase activity is easily detected by dropping hydrogen peroxide onto a 

bacterial colony and observing the appearance, or lack thereof, of effervescence as a 

result of oxygen gas generation.  We, ourselves, have often detected catalase activity 

in our own cells when we clean wounds using hydrogen peroxide. 

Some organisms lack catalase but neutralize hydrogen peroxide using a 

different enzyme, peroxidase.  In this case, peroxide is combined with two protons 

to form two molecules of water but without the concomitant production of oxygen 

gas.  One example of an organism that uses a special peroxidase is Streptococcus 

which grows well in oxygen yet lacks catalase. 

 

Superoxide dismutase 
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5.3. OXYGEN REQUIREMENTS OF BACTERIA 

Bacteria are classified into four major groups depending on their oxygen 

requirement (Table 1). 

5.3.1. Obligate aerobes 

These organisms cannot grow without a source of oxygen. These are strict 

aerobes that require oxygen to grow and will be killed in absence of oxygen. 

Aerobic bacteria grow well in environments that contain at least 5 percent oxygen. 

They thrive in decaying matter and soil and excrete plant nutrients such as 

phosphorus, magnesium and nitrogen.  

These bacteria require gaseous oxygen to complete their energy -producing 

cycle; they use O2 as a final electron acceptor in aerobic respiration. Oxygen is vital 

for metabolism of an organism as it is has an important role in conserving the energy 

supplied by its energy source. All energy-conserving metabolic processes involve 

the movement of  

Electrons through a series of membrane-bound electron carriers called the 

electron transport chain (ETC). During aerobic respiration oxygen serves as the 

terminal electron acceptor for the ETC  

Obligate aerobes do not carry out fermentation. They use E.g., 

Micrococcus spp, Pseudomonas, Bacillus, Nocardia asteroides. 

 

5.3.2. Obligate anaerobes 

These bacteria do not require oxygen for metabolic activity, and oxygen is 

toxic and kills them. These obligate anaerobes carryout fermentation and energy is 

derived from fermentation, which may produce foul-smelling end-products. Obligate 

anaerobes do not carry out oxidative phosphorylation. Obligate anaerobes lack 

certain enzymes like catalase, peroxidise and superoxide dismutase. Obligate 

anaerobic procaryotes may live by fermentation, anaerobic respiration, bacterial 

photosynthesis, or the novel process of methanogenesis. E.g., Bacteroides fragilis, 

Clostridium tetani, Peptostreptococcus magnus. 
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5.3.3. Facultative anaerobes  

These bacteria are those for which there is no absolute requirement for 

oxygen for growth or energy production; they can either utilize oxygen or grow by 

anaerobic mechanisms. These bacteria can shift their metabolism from anaerobic if 

oxygen is absent to aerobic if oxygen is present. These bacteria grow by 

fermentation or anaerobic respiration, but in the presence of O2 they switch to 

aerobic respiration. Such bacteria are most versatile, and are usually able to adapt to 

their environment, creating energy for growth and multiplication by the most 

effective mechanism. E.g., Escherichia coli, Staphylococcus aureus.  

  

5.3.4. Microaerophiles   

This group of bacteria grow well in low oxygen concentration and high 

carbon dioxide concentrations. Require O2 levels in the range of 2 to 10% for 

growth. They are killed by high oxygen concentrations. E.g., Campylobacter jejuni, 

Heliobacter pylori  

 

5.3.5. Aerotolerant anaerobes  

This group of bacteria do not use oxygen, but presence of oxygen does not 

harm them. Aerotolerant anaerobes are bacteria that respire anaerobically, but can 

survive in the presence of oxygen. They live by fermentation alone whether or not 

O2 is present in their environment.    E.g., Lactobacillus.  

Table 1: Categorization of bacteria based on their oxygen requirements 

Sl. 

No. 

Category Oxygen effect Examples 

1.  Obligate aerobes Require oxygen to grow and will be 

killed in absence of oxygen. 

Do not carry out fermentation. 

Pseudomonas 

 Bacillus  

2.  Obligate Do not require oxygen for metabolic 

activity, and oxygen is toxic and kills 

Bacteroides fragilis 
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anaerobes them.  

Carryout fermentation and energy is 

derived from fermentation. 

Clostridium tetani   

3.  Facultative 

anaerobes  

 

No absolute requirement for oxygen for 

growth or metabolism. 

Can shift their metabolism from 

anaerobic if oxygen is absent to aerobic if 

oxygen is present.  

These bacteria grow by fermentation or 

anaerobic respiration, but in the presence 

of O2 they switch to aerobic respiration. 

Escherichia coli 

Staphylococcus aure

us  

4.  Microaerophiles 

 

Grow well in low oxygen concentration 

and high carbon dioxide concentrations. 

They are killed by high oxygen 

concentrations.  

Campylobacter 

jejuni Heliobacter 

pylori  

 

5.  Aerotolerant 

anaerobes 

Do not use oxygen, but presence of 

oxygen does not harm them.  

They live by fermentation alone whether 

or not O2 is present in their environment. 

Lactobacillus 

 

 

5.4. SUMMARY 

Oxygen has both useful and harmful effects on growth; it is useful for 

respiration but is harmful as it is an oxidizing agent. Different organisms respond 

differentially to environmental oxygen. This response is mainly dependent on the 

presence of various enzymes that react with oxygen and the oxygen radicals that are 

formed in the cells. Cells generally have enzymes that react with oxygen. E.g., 

oxidations of flavoproteins by O2 forms toxic H2O2 (peroxide) and more toxic more 

toxic free radical, superoxide or O2
.-
. Another toxic form of oxygen the singlet 

oxygen is generated by the reaction of pigments like chlorophyll with O2 in the 

presence of light.  

Bacteria are classified into four major groups depending on their oxygen 

requirement 
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Obligate aerobes: These organisms cannot grow without a source of oxygen. These 

are strict aerobes that require oxygen to grow and will be killed in absence of 

oxygen. Aerobic bacteria grow well in environments that contain at least 5 percent 

oxygen. They thrive in decaying matter and soil and excrete plant nutrients such as 

phosphorus, magnesium and nitrogen.  

These bacteria require gaseous oxygen to complete their energy -producing cycle; 

they use O2 as a final electron acceptor in aerobic respiration. Obligate aerobes do 

not carry out fermentation. They use E.g., Micrococcus spp, Pseudomonas, Bacillus, 

Nocardia asteroides. 

Obligate anaerobes: These bacteria do not require oxygen for metabolic activity, 

and oxygen is toxic and kills them. Obligate anaerobes do not carry out oxidative 

phosphorylation. Obligate anaerobes lack certain enzymes like catalase, peroxidise 

and superoxide dismutase. Obligate anaerobic procaryotes may live by fermentation, 

anaerobic respiration, bacterial photosynthesis, or the novel process of 

methanogenesis. E.g., Bacteroides fragilis, Clostridium tetani,  Peptostreptococcus 

magnus. 

Facultative anaerobes: These bacteria are those for which there is no absolute 

requirement for oxygen for growth or energy production; they can either utilize 

oxygen or grow by anaerobic mechanisms. These bacteria can shift their metabolism 

from anaerobic if oxygen is absent to aerobic if oxygen is present. These bacteria 

grow by fermentation or anaerobic respiration, but in the presence of O2 they switch 

to aerobic respiration. Such bacteria are most versatile, and are usually able to adapt 

to their environment, creating energy for growth and multiplication by the most 

effective mechanism. E.g., Escherichia coli, Staphylococcus aureus.  

Microaerophiles: This group of bacteria grow well in low oxygen concentration 

and high carbon dioxide concentrations. Require O2 levels in the range of 2 to 10% 

for growth. They are killed by high oxygen concentrations. E.g., Campylobacter 

jejuni, Heliobacter pylori  
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Aerotolerant anaerobes: This group of bacteria do not use oxygen, but presence of 

oxygen does not harm them. Aerotolerant anaerobes are bacteria that respire 

anaerobically, but can survive in the presence of oxygen. They live by fermentation 

alone whether or not O2 is present in their environment.    E.g., Lactobacillus  

 

5.5. CHECK YOUR PROGRESS 

1. Discuss the toxic forms of oxygen 

2. Categorize bacteria according to their oxygen requirements 

3. Write a note on obligate aerobes with examples. 

4. What are obligate anaerobes, give examples? 

5. What are facultative anaerobes? Give examples. 

6. What are Microaerophiles? 

7. What are aerotolerant anaerobes?  

  

5.6. KEY WORDS 

Oxygen requirements of bacteria, toxic forms of oxygen, obligate aerobes, 

obligate anaerobes, facultative anaerobes, microaerophiles , aerotolerant anaerobes. 
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th

 Edition. Cambridge 

University Press.  

4. Jennifer M. Warner, I. Edward Alcamo. 2009. Schaum's Outline of 

Microbiology 0002 Edition. McGraw-Hill Publications.  

5. Rickford Grant, Horikoshi. 1998. Extremophiles: Microbial Life in Extreme 

Environments (Hardcover) 
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6.1. OBJECTIVES  

After reading this chapter we will be able to understand: 

 The general requirements of a bacterial culture medium 

 The major essential nutrients of a bacterial culture medium  

 Trace elements essential for a bacterial culture medium 

 Carbon and energy sources in a bacterial culture medium 

 Classification of bacteria based on their nutritional requirements 

 Growth factors required for a bacterial culture media 

 

6.2. INTRODUCTION 

A culture is the microorganisms that grow in a culture medium. 

To culture means to grow microorganisms in a culture medium. Culture media are 

solutions containing all of the nutrients and necessary physical growth parameters 

necessary for microbial growth. All microorganisms cannot grow in any given 

culture medium and, in fact, many can't grow in any known culture medium. 

In nature, bacteria exist as mixed populations. To study individual species of 

bacteria they have to be separately isolated. Therefore, an artificial media and 

surface is necessary to grow these bacteria. For preparation of media we have to 

know the nutritional and requirements for that bacterial species. All living organism 

derives all the substances necessary for energy generation and cellular biosynthesis 

from its environment. These vital substances which are required for bacterial growth 

are called as nutrients or nutritional requirements. Under laboratory conditions 

bacteria are grown in culture media which are designed to provide all the essential 

nutrients for bacterial growth.  

 

For any bacteria to be cultured it is necessary to provide the appropriate 

environmental and nutritional conditions that exist in its natural habitat. These 

conditions are provided by the culture media. Depending upon the special needs of 

particular bacteria a large variety and types of culture media have been developed 

http://www.mansfield.ohio-state.edu/~sabedon/biol4035.htm#culture_medium
http://www.mansfield.ohio-state.edu/~sabedon/biol4035.htm#culture_medium
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with different purposes and uses. Most often, a culture medium contains water, a 

source of carbon & energy, source of nitrogen, trace elements and some growth 

factors. Besides these, optimum pH, oxygen tension and osmolarity too have to be 

taken into consideration. 

The general nutritional requirements of bacteria are known from the cell‘s 

elemental composition which usually consists of C, H, O, N, S, P, K, Mg, Fe, Ca, 

Mn and trace elements like   Zn, Co, Cu, and Mo. These elements are found in 

water, inorganic ions, small molecules, and macromolecules.  

 

6.3. MAJOR NUTRIENT ELEMENTS 

The major nutrient elements required for growth are as follows:  

Carbon: Carbon constitutes 50% of the dry weight of the bacteria. Carbon is 

derived from various organic compounds or carbon dioxide. Carbon is the main 

constituent of cellular material.  

Oxygen: Oxygen constitutes 20% of the dry weight of the bacteria. Oxygen is 

derived from water, various organic compounds, carbon dioxide and O2. Oxygen is 

the main constituent of cell material and cell water, oxygen is electron acceptor in 

aerobic respiration.  

Nitrogen: Nitrogen accounts for 15% of the total dry weight of cells. Nitrogen is 

derived from NH3, NO3, organic compounds and N2. Nitrogen is the main 

constituent of amino acids, nucleic acids, nucleotides and coenzymes.  

Hydrogen: Hydrogen constitutes 8% of the total dry weight of the cells. Hydrogen 

is derived from water, organic compounds and H2. Hydrogen is a constituent of 

organic compound and cell water.  

Phosphorous: Phosphorous constitutes 3% of the total dry weight of bacteria. 

Phosphorous is derived from inorganic phosphates (PO4). Phosphorous is a 
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constituent of nucleic acids, nucleotides, phospholipids, lipopolysacchardies, 

teichoic acids etc.,  

Sulfur: Sulfur constitutes 1% of the total dry weight of the cells. Sulfur is derived 

from SO4, H2S, S
0
 and organic sulphur compounds. Sulfur is a constituent of 

cysteine, methionine, glutathione and several coenzymes.  

Potassium: Potassium constitutes 1% of the total dry weight of the cells. Potassium 

is derived from various potassium salts. Potassium is a constituent of main cellular 

inorganic cat ion and cofactor for certain enzymes.  

Magnesium: Magnesium constitutes 0.5% of the total dry weight of the ells. 

Magnesium is derived from different magnesium salts. Magnesium is a constituent 

of inorganic cellular cat ion, cofactors for various enzymatic reactions.  

Calcium: Calcium constitutes 0.5% of the total dry weight of the cells. Calcium is 

derived from different calcium salts. Calcium is a constituent of inorganic cellular 

cat ions, cofactor for some enzymes and a component of endosproes.  

Iron: Iron constitutes only 0.2% of the total dry weigh to the cells. Iron is derived 

from different iron salts. Iron is a constituent of cytochromes and certain nonheme 

iron-proteins and a cofactor for some enzymes.  

 

6.4. TRACE ELEMENTS 

In addition to the above discussed essential nutrients, bacteria also require 

some vital elements for their growth. These elements are called Trace Elements and 

they are metal ions required by certain cells in very small amounts that it is difficult 

to measure. Trace elements are not required to be added to the culture media as 

nutrients. Trace elements generally function as cofactors for essential enzymatic 

reactions in the cell. The important trace elements are Mn, Co, Zn, Cu, and Mo. 
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6.5. CARBON AND ENERGY SOURCE 

For culturing bacteria on laboratory, the media should be provided with an 

energy source, source of carbon, in addition to other nutrient requirements. Also, the 

other conditions like optimum temperature, pH and Oxygen requirements are also 

necessary for culturing bacteria in laboratories. Based on these requirements bacteria 

are classified into different groups.  

E.g., Phototrophs - bacteria that use light as an energy source; anaerobes – bacteria 

that grow without oxygen; thermophiles – bacteria which grow at high temperatures 

etc.  

 

Based on the source of energy and carbon, bacteria are classified as follows: 

Phototrophs: bacteria that use light as an energy source. Cyanobacteria, some 

Purple and Green Bacteria 

Lithotrophs: bacteria that use (oxidize) inorganic compounds as energy source. A 

few Bacteria and many Archaea 

Autotrophs: bacteria that use CO2 as a sole source of carbon for 

growth. Cyanobacteria, some Purple and Green Bacteria 

Heterotrophs or chemo (hetero) trophs: bacteria that use (oxidize) an organic 

carbon (a chemical compound with a carbon-hydrogen bond) as carbon source. Most 

Bacteria, some Archaea. 

The specific nutritional requirements of heterotrophic bacteria can also be 

quite diverse. All microorganisms are made up of four biochemical molecules: 

proteins, lipids, carbohydrates and nucleic acids; however, these organisms may 

differ in their individual ability to synthesize these molecules.  Some heterotrophs 

are metabolically flexible and require only a few organic compounds for energy 

production and biosynthesis of cellular components.  Other heterotrophs require 
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greater numbers of different organic compounds from their environment.  

Organisms that fall into the latter class are called fastidious organisms.  The 

successful cultivation of microbes in a laboratory setting requires that one 

understands the nutritional needs of an individual organism, as the absence of a 

single required nutrient would prevent growth.  Fastidious organisms tend to require 

more ingredients in their growth media than less fastidious organisms.   

 

6.6. GROWTH FACTORS 

Growth factors are compounds that are essential substances that the organism 

is unable to synthesize from available nutrients. These are organic compounds 

required in small amounts for growth. Growth factors are necessary as they are 

involved in biosynthesis.  

Nonsporiferous bacteria (Pseudomonas, Mycobacterium), and some other 

bacteria are capable of synthesizing growth factors and have no additional need for 

them. Certain group of bacteria like Escherichia coli are able to synthesize 

themselves all essential purines, pyrimidines, amino acids and vitamins, therefore 

they do not require these growth factors in their media. On the other hand, some 

bacteria like Lactobacillus require purines, pyrimidines, vitamins and several amino 

acids in order to grow. These compounds must be provided in the media for their 

growth. Auxotrophs are mutant strains of bacteria that require some growth factor 

not needed by the wild type (parent). E.g., E. Coli trp-. tryptophan auxotroph E. 

coli strain requires tryptophan in order to grow.  

Growth factors are grouped into three categories: 

6.6.1. Purines and pyrimidines: required for synthesis of nucleic acids (DNA and 

RNA) 

6.6.2. Amino acids: Amino acids are necessary for the biosynthesis of protein, and 

purine and pyrimidine bases for the formation of nucleic acids. Vitamin coenzymes 
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are especially important among the growth factors. Thus, pyridoxine (vitamin B6) 

participates in the transamination and deamination of amino acids, and thiamine 

(vitamin B1) participates in decarboxylation. Certain species of yeasts and lactic-

acid bacteria will not grow on nutrient media without biotin, thiamine, pantothenic 

and nicotinic acids, and pyridoxine. 

6.6.3. Vitamins: needed as coenzymes and functional groups of certain enzymes 

Vitamins as growth factors for bacteria and their functions are as follows:  

p-Aminobenzoic acid (PABA): it acts as a precursor for the biosynthesis of folic 

acid.  

Folic acid: it is coenzyme form of Tetrahydrofolate. It is involved in Transfer of 

one-carbon units and required for synthesis of thymine, purine bases, serine, 

methionine and pantothenate.  

Biotin: it is a coenzyme form of Biotin. It is required for biosynthetic reactions that 

require carbon dioxide fixation.  

Lipoic acid: it is a coenzyme form of Lipoamide. It is involved in transfer of acyl 

groups in oxidation of keto acids. 

Mercaptoethane-sulfonic acid: it is a coenzyme form Coenzyme M. It is involved in 

CH4 production by methanogens.  

Nicotinic acid: its coencyme forms are NAD (nicotinamide adenine dinucleotide) 

and NADP. It acts as electron carrier in dehydrogenation reactions.  

Pantothenic acid: its coenzyme forms are Coenzyme A and the Acyl Carrier Protein 

(ACP). It is involved in Oxidation of keto acids and acyl group carriers in 

metabolism.  

Pyridoxine (B6): its coenzyme form is Pyridoxal phosphate. It is involved in 

Transamination, deamination, decarboxylation and racemation of amino acids. 
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Riboflavin (B2): its coenzyme forms are FMN (flavin mononucleotide) and FAD 

(flavin adenine dinucleotide). It is involved in oxidoreduction reactions.  

Thiamine (B2): its coenzyme is Thiamine pyrophosphate (TPP). It is necessary for 

Decarboxylation of keto acids and transaminase reactions. 

Vitamin B12: its coenzyme form is Cobalamine coupled to adenine nucleoside. It is 

involved in transfer of methyl groups.  

Vitamin K: it occurs as Quinones and napthaquinones. It is required for electron 

transport processes.  

  

6.7. SUMMARY 

For any bacteria to be cultured it is necessary to provide the appropriate 

environmental and nutritional conditions that exist in its natural habitat. These 

conditions are provided by the culture media.  

Most often, a culture medium contains water, a source of carbon & energy, 

source of nitrogen, trace elements and some growth factors. Besides these, optimum 

pH, oxygen tension and osmolarity too have to be taken into consideration. 

The general nutritional requirements of bacteria are known from the cell‘s 

elemental composition which usually consists of C, H, O, N, S, P, K, Mg, Fe, Ca, 

Mn and trace elements like   Zn, Co, Cu, and Mo. These elements are found in 

water, inorganic ions, small molecules, and macromolecules.  

The major nutrient elements required for growth, their source and their 

biological functions are given in the table 1 below:  
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Table 1: Essential elements required for bacterial growth, their source and 

their function 

Element Source Function 

Carbon Carbon is derived 

from various organic 

compounds or 

carbon dioxide. 

Carbon constitutes 50% of the dry 

weight of the bacteria.  

Carbon is the main constituent of 

cellular material 

Oxygen Oxygen is derived 

from water, various 

organic compounds, 

carbon dioxide and 

O2. 

Oxygen constitutes 20% of the dry 

weight of the bacteria.  

Oxygen is the main constituent of 

cell material and cell water, oxygen 

is electron acceptor in aerobic 

respiration 

Nitrogen Nitrogen is derived 

from NH3, NO3, 

organic compounds 

and N2. 

Nitrogen accounts for 15% of the 

total dry weight of cells.  

Nitrogen is the main constituent of 

amino acids, nucleic acids, 

nucleotides and coenzymes 

Hydrogen Hydrogen is derived 

from water, organic 

compounds and H2. 

Hydrogen constitutes 8% of the 

total dry weight of the cells.  

Hydrogen is a constituent of 

organic compound and cell water 

Phosphorous Phosphorous is 

derived from 

inorganic phosphates 

(PO4). 

Phosphorous constitutes 3% of the 

total dry weight of bacteria.  

Phosphorous is a constituent of 

nucleic acids, nucleotides, 

phospholipids, lipopolysacchardies, 

teichoic acids etc.,  

Sulfur Sulfur is derived 

from SO4, H2S, S
0
 

and organic sulphur 

compounds. 

Sulfur constitutes 1% of the total 

dry weight of the cells.  

Sulfur is a constituent of cysteine, 

methionine, glutathione and several 

coenzymes 

Potassium Potassium is derived 

from various 

potassium salts. 

Potassium constitutes 1% of the 

total dry weight of the cells.  

Potassium is a constituent of main 

cellular inorganic cat ion and 

cofactor for certain enzymes 

Magnesium Magnesium is 

derived from 

different magnesium 

salts. 

Magnesium constitutes 0.5% of the 

total dry weight of the cells.  

Magnesium is a constituent of 

inorganic cellular cat ion, cofactors 

for various enzymatic reactions 

Calcium Calcium is derived 

from different 

calcium salts. 

Calcium constitutes 0.5% of the 

total dry weight of the cells.  

Calcium is a constituent of 

inorganic cellular cat ions, cofactor 
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for some enzymes and a component 

of endosproes. 

Iron Iron is derived from 

different iron salts. 

Iron constitutes only 0.2% of the 

total dry weigh to the cells. 

Iron is a constituent of cytochromes 

and certain nonheme iron-proteins 

and a cofactor for some enzymes.  

 

Trace Elements: These elements are metal ions required by certain cells in very 

small amounts that it is difficult to measure. Trace elements are not required to be 

added to the culture media as nutrients. Trace elements generally function as 

cofactors for essential enzymatic reactions in the cell. The important trace elements 

are Mn, Co, Zn, Cu, and Mo. 

 

Based on these requirements bacteria are classified into different groups.  

E.g., Phototrophs - bacteria that use light as an energy source; anaerobes – bacteria 

that grow without oxygen; thermophiles – bacteria which grow at high temperatures 

etc.,  

Based on the source of energy and carbon, bacteria are classified as follows: 

Phototrophs: bacteria that use light as an energy source. Cyanobacteria, some Purple 

and Green Bacteria 

Lithotrophs: bacteria that use (oxidize) inorganic compounds as energy source. A 

few Bacteria and many Archaea 

Autotrophs: bacteria that use CO2 as a sole source of carbon for 

growth. Cyanobacteria, some Purple and Green Bacteria 

Heterotrophs or chemo(hetero)trophs: bacteria that use (oxidize) an organic carbon 

(a chemical compound with a carbon-hydrogen bond) as carbon source. Most 

Bacteria, some Archaea 

Growth Factors: Growth factors are compounds that are essential substances that 

the organism is unable to synthesize from available nutrients. These are organic 

compounds required in small amounts for growth. Growth factors are necessary as 

they are involved in biosynthesis.  

Growth factors are grouped into three categories: 

Purines and pyrimidines: required for synthesis of nucleic acids (DNA and RNA) 
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Amino acids: Amino acids are necessary for the biosynthesis of protein, and purine 

and pyrimidine bases for the formation of nucleic acids.  

Vitamins: needed as coenzymes and functional groups of certain enzymes (Table 2) 

 

Table 2: Vitamins as growth factors for bacteria and their functions  

Vitamin Biological function 

p-Aminobenzoic 

acid (PABA) 

 

It acts as a precursor for the biosynthesis of folic 

acid. 

Folic acid It is coenzyme form of Tetrahydrofolate. It is 

involved in Transfer of one-carbon units and 

required for synthesis of thymine, purine bases, 

serine, methionine and pantothenate.  

 

Biotin It is a coenzyme form of Biotin. It is required for 

biosynthetic reactions that require carbon dioxide 

fixation.  

 

Lipoic acid It is a coenzyme form of  Lipoamide. It is involved 

in transfer of acyl groups in oxidation of keto acids. 

 

Mercaptoethane-

sulfonic acid 

It is a coenzyme form Coenzyme M. It is involved in 

CH4 production by methanogens.  

 

Nicotinic acid It is coenzyme forms are NAD (nicotinamide 

adenine dinucleotide) and NADP. It acts as electron 

carrier in dehydrogenation reactions.  

Pantothenic acid It is coenzyme forms are Coenzyme A and the Acyl 

Carrier Protein (ACP). It is involved in Oxidation of 

keto acids and acyl group carriers in metabolism. 

Pyridoxine (B6) It is coenzyme form is Pyridoxal phosphate. It is 

involved in Transamination, deamination, 

decarboxylation and racemation of amino acids. 

 

Riboflavin (B2) It is a coenzyme form of FMN (flavin 

mononucleotide) and FAD (flavin adenine 

dinucleotide). It is involved in oxidoreduction 

reactions.  

 

Thiamine (B2) It is coenzyme of Thiamine pyrophosphate (TPP). It 

is necessary for Decarboxylation of keto acids and 

transaminase reactions. 

 

Vitamin B12 It is coenzyme form of Cobalamine coupled to 

adenine nucleoside. It is involved in transfer of 
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methyl groups.  

 

Vitamin K It occurs as Quinones and napthaquinones. It is 

required for electron transport processes.  

 

 

 6.8. CHECK YOUR PROGRESS 

1. What are the general requirements of a bacterial culture medium? 

2. Which are the major essential nutrients of a bacterial culture medium?  

3. Discuss the trace elements essential for a bacterial culture medium. 

4. Explain the carbon and energy sources in a bacterial culture medium. 

5. Write a note on the classification of bacteria based on their nutritional 

requirements 

6. What are the important growth factors required for a bacterial culture media? 

7. Which are the important vitamins essential for bacterial growth? What are 

their functions? 

 

6.9. KEY WORDS 

Bacterial culture medium, major nutrient elements, cofactors, coenzymes, 

functional groups, trace elements, growth factors, purines and pyrimidines, amino 

acids, vitamins, carbon and energy source, phototrophs, lithotrophs, autotrophs, 

heterotrophs, chemotrophs.  
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7.1. OBJECTIVES  

 

After reading this unit we will be able to learn about: 

 

 Important general constituents of a bacterial culture medium 

 

 Classification of bacteria according to their nutritional requirements 

 Different types of bacterial culture media 

 Media design for autotrophic and heterotrophic bacteria 

 

7.2. INTRODUCTION  

A culture medium consists of nutrients prepared for microbial growth. 

Culture medium should be sterile. Introduction of microbes into the medium is 

called inoculation. The microorganisms growing in the culture medium are referred 

to as culture. Based on their nutritional requirements bacteria are broadly classified 

into two major groups:  

Generalist bacteria: these bacteria are able to use a wide range of nutrients and/or 

can use nutrients in forms that are easy to provide.  

Fastidious bacteria: these bacteria they have very specific and/or complex 

nutritional requirements. They cannot use one or more nutrients in the form 

provided in the medium E.g, they might require H2S rather than SO4 2- as a sulfur 

source. They may also require unusual growth conditions (such as growth in living 

cells or at high temperature or pressure). The study of bacteria requires techniques 

for isolating cells from natural sources and growing them in the laboratory culture 

media.  

Appropriate biochemical and biophysical requirements must be provided for 

optimum bacterial growth. These essential requirements are provided in the form of 

a culture medium. There are different kinds of culture media depending upon the 

needs of a particular type of bacteria. Culture media are used for isolation and 

maintenance of pure cultures and also for identification of bacteria.  
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Generally a media may be a Liquid media which are used for growth of pure 

batch cultures or solid media which are used widely for the isolation of pure cultures 

and estimation of viable bacterial populations. For example, Nutrient media is 

referred to as Nutrient Broth when in the liquid form, and Nutrient Agar when in the 

solid form. Agar, a galactan obtained from marine algae is used as the hardening 

agent in solid media. The agar-media will remain liquid at temperatures above 45
o
C. 

Below 45
o
C the agar will harden, and supply a solid surface for the growth of 

bacteria.  

 

7.3. TYPES OF MEDIA 

Based on the composition and its application media are of different types: 

Defined medium: is a medium with known exact chemical composition. These are 

composed of pure biochemicals. These are used to study the minimal nutritional 

requirements of bacteria. Glucose Minimal Salts Broth designed to support growth 

of E. coli. 

Constituents of Glucose Minimal Salts Broth 

Constituent Amount 

Glucose  5.0 g 

Ammonium phosphate monobasic  1.0 g 

Sodium chloride  5.0 g 

Magnesium sulfate  0.2 g 

Potassium phosphate, dibasic  1.0g 

Water  1 liter 

Glucose  5.0 g 

Complex medium: is a medium with unknown exact chemical constitution. These 

are made up of complex biological materials like blood, milk, yeast extract, beef 

extract etc., Bacteria which are pathogenic and grow on animal tissues require 
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complex media. Trypticase-soy, Nutrient agar. E.g., fastidious bacteria Treponema 

pallidum, Mycobacterium leprae  

Constituents of nutrient agar medium 

Constituent Amount 

Peptone  5.0g 

Beef extract  3.0 g 

Sodium Chloride  8.0 g 

Agar  15.0 g 

Water  1 1iter 

 

Minimal medium: is a medium that provides only the exact nutrients needed by 

the organism for growth. These media are used when the exact nutritional 

requirements of a particular bacterium are known.  

Constituents of Glucose Minimal Salts Broth:  

 

Constituent Amount 

 

Glucose 5.0 g 

 

Ammonium phosphate monobasic 1.0 g 

 

Sodium chloride 5.0 g 

 

Magnesium sulfate 0.2 g 

 

Potassium phosphate, dibasic 1.0g 

 

Water 1 liter 

 

 

 

Selective medium: is a medium which has a component(s) added to it which will 

inhibit or prevent the growth of certain types or species of bacteria and/or promote 

the growth of desired species. Physical conditions of a culture medium, such as pH 



MB 1.3: Bacterial Growth and Physiology 

 

KSOU Mysore                                                                                                                                    69 

 

and temperature can also be altered in a selective medium in order to allow the 

organism of interest to grow. MacConkey’s medium is selective. It contains bile salts 

and crystal violet; these will inhibit the growth of Gram-positive organisms. Other 

examples include phenylethyl alcohol agar, which inhibits or slows the growth of 

Gram-negative organisms, and mannitol salt agar which inhibits the growth of salt 

intolerant organisms. Brilliant green: isolates Gram – 

Salmonella *EMB: isolates Gram – GI tract microbes 

 

Constituents of MacConkey’s medium 

Constituent Amount 

Peptone   17 g 

Proteose peptone   3 g 

Lactose   10 g 

Bile salts   1.5 g 

Sodium chloride 5 g 

Neutral red 0.03 g 

Agar 13.5 g 

Water 1 litre 

 

Differential medium: is a medium which allows distinguishing between different 

types of bacteria based on some observable trait in their pattern of growth on the 

medium. Will allow visual differentiation between two or more species of bacteria. 

Examples include blood agar, MacConkey’s medium and Mannitol Salt agar. Blood 

agar plate (TSA with 10% sheep blood) –Used to differentiate types of Streptococci 

»Alpha, beta, and gamma hemolysis T Colonies growing on blood agar are 

differentiated by hemolysis patterns (greening - alpha hemolysis, clearing - beta 

hemolysis and no hemolysis -gamma). . 

T Using MacConkey‘s medium, lactose fermenting and lactose non-fermenting 

bacteria can be distinguished. Organisms that are able to ferment lactose will 

produce an acid end-product that causes a change in the pH of the surrounding 

media. A pH indicator (neutral red), is present in the media and changes from yellow 

to red in an acidic environment. Lactose fermenting bacteria growing on 

http://en.wikipedia.org/wiki/Peptone
http://en.wikipedia.org/w/index.php?title=Proteose_peptone&action=edit&redlink=1
http://en.wikipedia.org/wiki/Lactose
http://en.wikipedia.org/wiki/Bile_salts
http://en.wikipedia.org/wiki/Sodium_chloride
http://en.wikipedia.org/wiki/Neutral_red
http://en.wikipedia.org/wiki/Agar
http://en.wikipedia.org/wiki/Water
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MacConkey‘s media will appear pink whereas non-lactose fermenters will be white. 

T Mannitol salt agar allows discrimination among salt tolerant organisms. Those 

that ferment mannitol will produce acid turning the pH indicator (phenol red) to a 

yellow color. Those that cannot ferment mannitol will leave the media the red color 

of phenol red at neutral pH.  

 

Constituents of T Mannitol salt agar 

Constituent Amount 

enzymatic digest of casein 5.0 g 

enzymatic digest of animal tissue 5.0 g 

beef extract 1.0 g 

D-mannitol 10.0 g  

sodium chloride 75.0 g  

phenol red 0.025 g  

agar 15.0 g  

Water 1 liter 

 

Selective-differential medium: Selective-differential media have characteristics of 

both selective media and differential media.  These media only allow a subset of 

bacteria to grow and allow the student to distinguish between the different types of 

bacteria that are able to grow on these media.  For example, one can distinguish 

between bacteria that ferment lactose and those that do not in MacConkey Agar by 

adding a carbon source (lactose) and a pH indicator (methyl red)—bacteria that 

ferment lactose produce acids that imparts a color change to the media surrounding 

the individual bacterial colony.  

For the isolation of Staphylococcus aureus. , S. aureus is differentiated from S. 

epidermidis on the basis of its ability to ferment mannitol. Mannitol-fermenting 

colonies (S. aureus) produce acid which reacts with the indicator dye forming a 

colored halo around the colonies; mannitol non-fermenters (S. epidermidis) use 

http://en.wikipedia.org/wiki/Casein
http://en.wikipedia.org/wiki/Tissue_(biology)#Animal_tissues
http://en.wikipedia.org/wiki/D-mannitol
http://en.wikipedia.org/wiki/Sodium_chloride
http://en.wikipedia.org/wiki/Phenol_red
http://en.wikipedia.org/wiki/Agar
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other non-fermentative substrates in the medium for growth and do not form a halo 

around their colonies. 

Enrichment medium: Encourages growth of desired microbe. It is a medium which 

contains some component that permits the growth of specific types or species of 

bacteria, usually because they alone can utilize the component from their 

environment. An example of an enriched medium is T-soy medium supplemented 

with sheep blood. 

(When agar is added to this medium it is commonly called ―blood agar‖). A 

selective enrichment medium for growth of Halococcus contains nearly 25 percent 

NaCl, which inhibits the growth of all other bacteria. 

Constituents of T-soy medium supplemented with sheep blood 

Constituent Amount 

Pancreatic Digest of Casein 14.5 g 

Papaic Digest of Soybean Meal 5.0 g 

Growth Factors 1.5 g 

Sodium Chloride 5.0 g 

Defibrinated Sheep Blood 5% 

Agar 14.0 g 

Water 1 liter 

 

7.4. CLASSIFICATION OF BACTERIA ACCORDING TO THEIR 

NUTRITIONAL TYPES  

Bacteria are classified into many groups on the basis of their nutritional 

requirements. Broadly they are classified into two groups namely, phototrophs and 

chemotrophs.  

Phototrophs: are bacteria that use inorganic compounds as their source of electrons 

(i.e. photolithotrophs). For example, Chromatium okenii uses H
2
S as its electron 

donor, oxidizing it to elemental sulphur:  
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H
2
S → S + Ze

- 

+ 2H
+

 

Some phototrophic bacteria are not restricted to being phototrophic. As indicated 

before, chemotrophs rely on chemical compounds rather than light for their energy, 

and under some circumstances a phototrophic bacterium can grow as a chemotrophs. 

For example, in the absence of O
2 

(i.e. under anaerobic conditions) R. rubrum is 

dependent on light as its source of energy and lives as a photoorganotroph: however, 

in the presence of O
2 

it can grow in the dark as a chemoorganotroph.  

 

Among the chemotrophic bacteria are species that use inorganic compounds as their 

source of electrons (i.e. chemolithotrophs). For example, bacteria of the genus 

Nitrosomonas use ammonia as their electron source, obtaining energy by oxidizing 

ammonia to nitrite:  

NH
4

+ 

+ 
3/2

O
2 

+ H
2
O → NO

2

- 

+ 2H
3
O

-

 

This reaction involves a net transfer of 6 electrons, causing a valence change of the 

nitrogen atom from –3 to +3.  

Many other chemotrophic bacteria use organic compounds, such as sugars and 

amino acids, as electron donors and are therefore chemooganotrophs.  

Certain bacteria can grow as either chemolithotrophs or chemoorganotrophs. For 

example, Pseudomonas pseudoflava can use either the organic compound glucose or 

the inorganic compound H
2 

as its source of electrons:  

C
6
H

12
O

6 
+ 6H

2
O → 6CO

2 
+ 24H

+ 

+ 24e
-

 

glucose 

H
2 

→ 2H
+ 

+ 2e
-
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Autotrophs and Heterotrophs  

Chemolithotrophic bacteria of the genus Nitrosomonas are able to oxidize ammonia 

to nitrite, thereby obtaining sufficient energy to assimilate the carbon of CO
2 

into 

cell components (CO
2 

fixation).  

CO
2 

+ 4e
- 

+ 4H
+ 

→ [CH
2
O] + H

2
O 5 

Where (CH
2
O) represents carbohydrate. Organisms that can use CO

2 
as their sole 

source of carbon for assimilation are termed autotrophs.  

Until recently it was thought that all chemolithotrophic bacteria were 

autotrophs. Although this is true for most chemolithotrophs, a few are not 

recognized as being chemolithotrophic heterotrophs (mixotrophs); i.e. they obtain 

energy by utilizing inorganic electron donors, but obtain most of their carbon from 

organic compounds. One such organism is Desuflovibrio desulfuricans, which uses 

electrons from H
2 

for the reduction of sulfate, yet derives most of its carbon from 

organic compounds in the culture medium.  

Some autotrophs are facultative autotrophs i.e. they can either live as 

autotrophs, deriving their carbon from CO
2
, or they can live as heterotrophs, 

deriving their carbon from organic compounds. For example, P. pseudoflava can 

live as a heterotroph using glucose as a source of carbon for assimilation (and also 

as its source of electrons, as mentioned above); however, if H
2 

is provided as the 

electron source, then it can use CO
2 

as its sole carbon source and can grow as an 

autotroph.  

 

7.5. MEDIA DESIGN FOR AUTOTROPHIC BACTERIA 
 

In terms of chemical complexity of nutrient substances required for growth, 

the autotrophic bacteria exhibit the simplest requirements. Medium which is 

composed of known chemical compounds, it is called a chemically defined or 
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synthetic medium. The fact that an organism can grow and reproduce in such a 

mixture of inorganic compounds indicates that it has an elaborate capacity for 

synthesis. That is, the organism can transform these compounds into the 

carbohydrates, proteins, nucleic acids, lipids, vitamins and other complex organic 

substances that constitute the living cell.  

Media requirements of autotrophic bacteria  

Requirement Amount(quantity

) in g 

NaNO
3
 1.5  

K
2
HPO

4
 0.04  

MgSO
4
.7H

2
O 0.075  

CaCl
2
.2H

2
O 0.036  

Citric acid 0.006  

Ferric ammonium citrate 0.006  

EDTA (disodium magnesium 

salt) 

0.001  

Na
2
CO

3
 0.02  

Trace metal mix  

 

1 ml 

Trace elements (constituents in g/1 ) 

H
3
BO

3
 2.86  

MnCl
2
.4H

2
O 1.81  

ZnSO
4
.7H

2
O 0.222  

Na
2
MoO

4
.2H

2
O 0.39  

CuSO
4
.5H

2
O 0.079  

Co (NO
3
)
2
.6H

2
O 0.04946  
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7.6. MEDIA DESIGN FOR HETEROTROPHIC BACTERIA   
 

Heterotrophic bacteria have been studied more extensively than the authotrophs 

because heterotrophs, in a sense, are of more immediate concern to us: it is here that 

we find all the species that cause diseases of human beings, other animals, and 

plants as well as those that constitute the greater part of the microbial population in 

our immediate environment. This does not mean that autotrophs are less important 

rather they are of utmost importance in less conspicuous but indispensable processes 

in nature such as cycling of elements through biological systems.  

The heterotrophic bacteria constitute one major nutritional group; vary 

considerably in the specific nutrients required for growth, particularly with respect 

to their organic carbon sources, nitrogen sources, and vitamin requirements (Table 

3). The requirements may be relatively simple or complex, depending on the 

species. E. coli has much simpler nutritional requirements than Lactobacilli. 

Organisms such as Lactobacilli that have elaborate requirements for specific 

nutrients, i.e. vitamins and other growth-promoting substances are designated 

fastidious heterotrophs.  

Media requirements of heterotrophic bacteria  

Requirements Amount(quanti

ty) 

NH
4
H

2
PO

4
 1 g  

Glucose 5 g  

NaCI 5 g  

MgSO
4 

.7H
2
O 0.2 g  

K
2
HPO

4
 1 g  

H
2
O 1000 ml  
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7.7. OBLIGATE PARASITES  
 

Some bacteria have not yet been successfully cultivated on an artificial 

medium, and their nutritional and physical requirements are not understood. At 

present, such bacteria can be propagated only in association with a living host 

which, in a sense, serves as the medium. One example is the bacterium that causes 

leprosy, Mycobacterium leprae, which can be cultivated by infecting mice or 

armadillos. Other examples include the Rickettsias, the Chlamydias, and the 

spirochete that causes syphilis, Treponema pallidum.  

 

7.8. CHEMICALLY DEFINED MEDIA  

Chemically defined media are needed for the cultivation of autotrophs and 

are also useful for defining the nutritional requirements of heterotrophs. However, 

for the routine cultivation of heterotrophs, chemically defined media are not 

generally used. Instead, certain complex raw materials such as peptones, meat 

extract and yeast extract are used, and the resulting media support the growth of a 

wide variety of heterotrophic bacteria. Agar is included as a nonnutritive solidifying 

agent when a solid medium is desired. Examples of relatively simple liquid and 

solid media that support the growth of many common heterotrophs are nutrient broth 

and nutrient agar. The addition of yeast extract to each of these formulas improves 

the nutrient quality, since yeast extract contains several of the B vitamins and other 

growth-promoting substances. Other complex supplements such as bovine rumen 

fluid, animal blood, blood serum, or extracts of plant and animal tissues may be 

required for the cultivation of certain fastidious heterotrophs. 

 

7.9. SUMMARY 

 

A culture medium consists of nutrients prepared for microbial growth. 

Culture medium should be sterile. Introduction of microbes into the medium is 

called inoculation. The microorganisms growing in the culture medium are referred 

to as culture.  
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Based on their nutritional requirements bacteria are broadly classified into 

two major groups:  

Generalist bacteria: these bacteria are able to use a wide range of nutrients and/or 

can use nutrients in forms that are easy to provide.  

Fastidious bacteria: these bacteria they have very specific and/or complex nutritional 

requirements.  

Appropriate biochemical and biophysical requirements must be provided for 

optimum bacterial growth. These essential requirements are provided in the form of 

a culture medium. There are different kinds of culture media depending upon the 

needs of a particular type of bacteria. Culture media are used for isolation and 

maintenance of pure cultures and also for identification of bacteria.  

Generally a media may be a Liquid media which are used for growth of pure 

batch cultures or solid media which are used widely for the isolation of pure cultures 

Nutrient media is referred to as Nutrient Broth when in the liquid form, and Nutrient 

Agar when in the solid form.  

Types of media 

Based on the composition and its application media are of different types: 

Defined medium: is a medium with known exact chemical composition. These are 

composed of pure biochemicals. These are used to study the minimal nutritional 

requirements of bacteria. Glucose Minimal Salts Broth designed to support growth 

of E. coli. 

Complex medium: is a medium with unknown exact chemical constitution. These 

are made up of complex biological materials like blood, milk, yeast extract, beef 

extract etc Trypticase-soy, Nutrient agar. E.g., fastidious bacteria Treponema 

pallidum, Mycobacterium leprae  
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Minimal medium: is a medium that provides only the exact nutrients needed by the 

organism for growth. These media are used when the exact nutritional requirements 

of a particular bacterium are known.  

Selective medium: is a medium which has a component(s) added to it which will 

inhibit or prevent the growth of certain types or species of bacteria and/or promote 

the growth of desired species. MacConkey‘s medium is selective. It contains bile 

salts and crystal violet, these will inhibit the growth of Gram-positive organisms.  

 

Selective-differential medium have characteristics of both selective media and 

differential media.  These media only allow a subset of bacteria to grow and allow 

the student to distinguish between the different types of bacteria that are able to 

grow on these media.  For example, one can distinguish between bacteria that 

ferment lactose and those that do not in MacConkey Agar by adding a carbon source 

(lactose) and a pH indicator (methyl red)—bacteria that ferment lactose produce 

acids that imparts a color change to the media surrounding the individual bacterial 

colony.  

Enrichment medium: Encourages growth of desired microbe. It is a medium which 

contains some component that permits the growth of specific types or species of 

bacteria, usually because they alone can utilize the component from their 

environment. An example of an enriched medium is T-soy medium supplemented 

with sheep blood (when agar is added to this medium it is commonly called ―blood 

agar‖).A selective enrichment medium for growth of Halococcus contains nearly 25 

percent NaCl, which inhibits the growth of all other bacteria. 

 

Classification of bacteria according to their nutritional types  

Bacteria are classified into many groups on the basis of their nutritional 

requirements. Broadly they are classified into two groups namely, phototrophs and 

chemotrophs.  
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Phototrophs: are bacteria that use inorganic compounds as their source of electrons 

(i.e. photolithotrophs). For example, Chromatium okenii uses H
2
S as its electron 

donor, oxidizing it to elemental sulphur. 

 

Autotrophs and Heterotrophs  

Chemolithotrophic bacteria of the genus Nitrosomonas are able to oxidize 

ammonia to nitrite, thereby obtaining sufficient energy to assimilate the carbon of 

CO
2 

into cell components (CO
2 

fixation).  

Media design for autotrophic bacteria 

In terms of chemical complexity of nutrient substances required for growth, 

the autotrophic bacteria exhibit the simplest requirements. Medium which is 

composed of known chemical compounds, it is called a chemically defined or 

synthetic medium. The fact that an organism can grow and reproduce in such a 

mixture of inorganic compounds indicates that it has an elaborate capacity for 

synthesis. That is, the organism can transform these compounds into the 

carbohydrates, proteins, nucleic acids, lipids, vitamins and other complex organic 

substances that constitute the living cell.  

Media design for heterotrophic bacteria   

Heterotrophic bacteria have been studied more extensively than the 

authotrophs because heterotrophs, in a sense, are of more immediate concern to us: 

it is here that we find all the species that cause diseases of human beings, other 

animals, and plants as well as those that constitute the greater part of the microbial 

population in our immediate environment. This does not mean that autotrophs are 

less important rather they are of utmost importance in less conspicuous but 

indispensable processes in nature such as cycling of elements through biological 

systems.  

The heterotrophic bacteria, constitute one major nutritional group, vary 

considerably in the specific nutrients required for growth, particularly with respect 
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to their organic carbon sources, nitrogen sources, and vitamin requirements (Table 

3). The requirements may be relatively simple or complex, depending on the 

species. E. coli has much simpler nutritional requirements than Lactobacilli. 

Organisms such as Lactobacilli that have elaborate requirements for specific 

nutrients, i.e. vitamins and other growth-promoting substances, are designated 

fastidious heterotrophs.  

Obligate parasites  

Some bacteria have not yet been successfully cultivated on an artificial 

medium, and their nutritional and physical requirements are not understood. At 

present, such bacteria can be propagated only in association with a living host 

which, in a sense, serves as the medium. One example is the bacterium that causes 

leprosy, Mycobacterium leprae, which can be cultivated by infecting mice or 

armadillos. Other examples include the rickettsias, the chlamydias, and the 

spirochete that causes syphilis, Treponema pallidum.  

 

 

7.10. CHECK YOUR PROGRESS 

 

1. Discuss the general constituents of a bacterial culture medium 

 

2. Classify bacteria according to their nutritional requirements 

3. Give an account of different types of bacterial culture media 

4. Explain the media design for autotrophic and heterotrophic bacteria 

5. What are fastidious bacteria and what are their media requirements? 

6. Briefly explain with example: 

a) Defined medium  

b) Complex medium 

c) Minimal medium 

d) Selective medium 

e) Differential medium 

f) Selective-differential medium 

g) Enrichment medium 
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h) Phototrophs 

i) Autotrophs 

j) Heterotrophs  

k) Obligate parasites  

 

 

7.11. KEY WORDS 

 

Bacterial culture medium, generalist bacteria, fastidious bacteria, types of 

media, Defined medium, Complex medium, Minimal medium, Selective medium, 

Differential medium, Selective-differential medium, Enrichment medium, 

Phototrophs, Autotrophs, Heterotrophs, Obligate parasites . 
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UNIT 8 
 

 

BACTERIAL GROWTH CURVE, GENERATION TIME AND 

GRWOTH KINETICS 
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8.2. Introduction  

8.3. The bacterial growth curve 

8.4. Phases of bacterial growth 

8.5. Growth kinetics  
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8.7. Check your progress 

8.8. Keywords 
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8.1. OBJECTIVES 

After reading this unit we will be able to understand: 

 The growth of the bacterial population or increase in their number 

 The dynamics and kinetics of bacterial growth 

 Bacterial growth curve and phases of bacterial growth 

 The bacterial growth generation time requirements 

 

 

8.2. INTRODUCTION  

 

The growth of the bacterial population or increase in their number is brought 

about by the process of binary fission. Such growth of population is studied by 

analysis of the growth curve. Microorganisms grown on liquid media are referred to 

as batch culture. Batch cultures are incubated in a closed vessel with a single dose 

supply of nutrients in the medium. There is no provision of fresh nutrients into the 

medium. Therefore, the supplied nutrients deplete after a period of time and an 

increase in the metabolic waste products which may be toxic the growth of the 

population.  

 

 

8.3. THE BACTERIAL GROWTH CURVE 

 

The growth of bacteria and their multiplication by binary fission can be 

represented as the logarithm of the number of viable cells versus the incubation 

time. The graph derived out of such plotting is called the bacterial growth curve 

(Fig. 1). This curve has different phases.  
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Figure 1: Bacterial growth curve showing different phases of growth 

 

8.4. PHASES OF BACTERIAL GROWTH 

 

Lag phase: this is the initial period where the bacteria adapt/acclimatize to the new 

environment.  During this phase the bacteria cells will grow in size but their number 

remains constant. The bacteria in this phase will be physiologically/metabolically 

highly active in synthesizing the enzymes and other factors required for growth and 

multiplication. The DNA is replicated. At this period all the bacterial cells will not 

physiologically the same. This length of this period may last from one hour to many 

days depending on the organism and culture conditions.  

 

Accelerating growth phase: this represents the period of transition from the lag 

phase to the log phase. During this phase the cells growth in size and also in 

numbers, enzyme activities will be very high.  

 

Log/Exponential growth phase: the bacteria will multiply in exponential rates 

during this phase. Bacterial cells continuously divide at constant rate. The bacterial 

population doubles every generation. The bacteria will be completing the cell cycle 

and doubling in number at regular intervals. The bacterial population will be 

uniform in terms of chemical and physiological properties during this phase. At this 

phase there the nutrient/substrate utilization by the bacteria will be at optimum level.  
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Declining growth phase: this is a period of transition from the log phase to the 

stationary phase. During this phase availability of food/nutrient becomes limited. 

The rate of growth of bacteria declines due to the exhaustion of essential nutrients in 

the substrate. There will also be accumulation of toxic metabolic products which 

also halt the bacterial growth.  

 

Generation time 

The time taken for the formation of two cells from one cell is called the generation 

time and one generation is said to have elapsed in this time. Therefore, the 

generation time, also known as the doubling time, is the time required for a cell 

population to double (besides the cell number, the cell mass also doubles during this 

period). The generation times are different for different microorganisms and depend 

on the availability of nutrients, pH, temperature, moisture content etc. In general, 

most bacteria have shorter generation times than that of most fungi and algae. A few 

very rapidly growing bacteria are known to have doubling times of about 10 minutes 

whereas the slow growing ones could have doubling times of several days. When 

microorganisms are cultivated in a liquid medium, they are usually grown in a batch 

mode. During the growth of microorganisms in a batch culture, the nutrients are 

taken up and the cell constituents are synthesized which result in increase in cell 

population (or cell mass) and the concentration of microbial metabolites (which are 

normally the waste products of metabolism) increase. 

 

Generation times for some common bacteria under optimal growth conditions 

Bacteria Culture medium Generation time 

(minutes) 

Escherichia coli Glucose-salts 17 

Bacillus megaterium Sucrose-salts 25 

Streptococcus lactis Milk 26 

Streptococcus lactis Lactose broth 48 



MB 1.3: Bacterial Growth and Physiology 

 

KSOU Mysore                                                                                                                                    87 

 

Staphylococcus aureus Heart infusion broth 27-30 

Lactobacillus acidophilus Milk 66-87 

Rhizobium japonicum Mannitol-salts-yeast 

extract 

344-461 

Mycobacterium tuberculosis Synthetic 792-932 

Treponema pallidum Rabbit testes 1980 

 

 

Stationary phase: this is a period where rate of reproduction equals the rate of 

death. During this phase the bacterial number remains the same due to the complete 

halt of cell division. At the same time there will also be death of cells. However, the 

total cell number remains constant due to the balance between the reproduction rate 

and death rate. At this phase the bacteria will encounter a number of adverse 

environmental factors like lack of water and nutrients, change in pH, lack of space 

etc., Bacterial endospores are formed during this phase.  

 

 

Death or declining death phase: at this phase, the death rate is more than the 

growth rate. During this phase the number of viable cells decreases and the death 

rate exceeds the production rate of new cells. There will be a complete depletion of 

nutrients. Different toxic metabolic products will accumulate which also contribute 

for the increased death rate.  

Log/Exponential death phase: during this phase the whole bacterial population 

dies off. At this phase, there will not be any growth even if essential nutrients are 

supplied to the media.  

 

8.5. GROWTH KINETICS  

The basic kinetic constants include: 

1) Specific growth rate, μ 
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2) Maximum specific growth rate, μ m 

3) Maximum substrate utilization rate, k 

4) Half-saturation constant or Monod constant, Ks 

5) Yield coefficient, Y 

6) Endogenous decay coefficient (death rate constant), kd 

- Autocatalytic reaction: The rate of growth is directly related to cell concentration 

Substrates + cells → extracellular products + more cells 

∑S + X → ∑P + nX 

S: substrate concentration (g/L); X: cell mass concentration (g/L); 

P: product concentration (g/L); n: increased number of biomass. 

Net specific growth rate (1/time): μnet =  

Net specific growth rate (1/time): μnet = μg - kd 

μg : Gross specific growth rate (1/time) 

kd : The rate of loss of cell mass due to cell death or endogenous metabolism 

Endogenous metabolism: during the stationery phase, the cell catabolizes cellular 

reserves for new building blocks and for energy-producing monomers.  

Net specific replication rate (1/time): 

μR =  

μR = μR ‘ - kd 

N : Cell number concentration (Cell number /L) 

 μR ‘ : Gross specific replication rate (1/time) 

 kd : The rate of cell death (1/time) 
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Qunatifying cell concentration: 

1) Direct – no suspended solid and interference compounds 

Cell mass concentration – preferred dry weight, optical density  (turbidity) 

(600-700 nm wavelength)  

Cell number density – Petroff-Hausser slide (hemocytometer), plant counts 

etc.,  

2) Indirect : direct method is inapplicable (mold solid state fermentation) 

Cell mass can be determined by measurement of protein, DNA or ATP. E.g., 

1mgATP/dry weight bacterial cell. 

If 100 mg ATP/L is measured, then the cell mass:  

100mg (ATP/L)/1mg ATP/g dry cells = 100 (g dry weight cells/L) 

  

Growth patterns and kinetics in batch culture (Fig. 2) 

Growth phases  

 In batch culture: 

  - lag phase 

  - Logrithmic or exponential growth phase 

  - Deceleration phase 

  - Stationary phase 

  - Death phase 
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Figure 2: Bacterial growth curve showing kinetics of growth 

 

8.6. SUMMARY 

 

The growth of bacteria and their multiplication by binary fission can be 

represented as the logarithm of the number of viable cells versus the incubation 

time. The graph derived out of such plotting is called the bacterial growth curve. 

This curve has different phases.  

 

Phases of bacterial growth 

Lag phase: this is the initial period where the bacteria adapt/acclimatize to the new 

environment.  During this phase the bacteria cells will grow in size but their number 

remains constant. The bacteria in this phase will be physiologically/metabolically 

highly active in synthesizing the enzymes and other factors required for growth and 

multiplication. The DNA is replicated. At this period all the bacterial cells will not 

physiologically the same. This length of this period may last from one hour to many 

days depending on the organism and culture conditions.  
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Accelerating growth phase: this represents the period of transition from the lag 

phase to the log phase. During this phase the cells growth in size and also in 

numbers, enzyme activities will be very high.  

 

Log/Exponential growth phase: the bacteria will multiply in exponential rates 

during this phase. Bacterial cells continuously divide at constant rate. The bacterial 

population doubles every generation. The bacteria will be completing the cell cycle 

and doubling in number at regular intervals. The bacterial population will be 

uniform in terms of chemical and physiological properties during this phase. At this 

phase there the nutrient/substrate utilization by the bacteria will be at optimum level.  

 

Declining growth phase: this is a period of transition from the log phase to the 

stationary phase. During this phase availability of food/nutrient becomes limited. 

The rate of growth of bacteria declines due to the exhaustion of essential nutrients in 

the substrate. There will also be accumulation of toxic metabolic products which 

also halt the bacterial growth.  

 

 

Stationary phase: this is a period where rate of reproduction equals the rate of 

death. During this phase the bacterial number remains the same due to the complete 

halt of cell division. At the same time there will also be death of cells. However, the 

total cell number remains constant due to the balance between the reproduction rate 

and death rate. At this phase the bacteria will encounter a number of adverse 

environmental factors like lack of water and nutrients, change in pH, lack of space 

etc., Bacterial endospores are formed during this phase.  

 

Death or declining death phase: at this phase, the death rate is more than the 

growth rate. During this phase the number of viable cells decreases and the death 

rate exceeds the production rate of new cells. There will be a complete depletion of 

nutrients. Different toxic metabolic products will accumulate which also contribute 

for the increased death rate.  
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Log/Exponential death phase: during this phase the whole bacterial population 

dies off. At this phase, there will not be any growth even if essential nutrients are 

supplied to the media.  

 

8.7. CHECK YOUR PROGRESS 

 

1. Discuss the dynamics and kinetics of bacterial growth 

2. What is a growth curve? 

3. What are the different phases of bacterial growth? 

4. What is generation time? Give examples. 

5. Briefly explain the following: 

a) Lag phase 

b) Accelerating growth phase  

c) Log/Exponential growth phase 

d) Declining growth phase  

e) Stationary phase 

f) Death or declining death phase 

g) Log/Exponential death phase:  

 

6. Add a note on the kinetics of: 

a) Lag phase 

b) Logarithmic or exponential growth phase 

c) Deceleration phase 

d) Stationary phase 

e) Death phase 

 

8.8. KEYWORDS 

Dynamics and kinetics of bacterial growth, growth curve, phases of bacterial 

growth, generation time, Lag phase, Accelerating growth phase, Log/Exponential 

growth phase, Declining growth phase, Stationary phase, Death or declining death 

phase, Log/Exponential death phase. 
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9.1. OBJECTIVES 

After reading his unit we will be able to learn about: 

 Types of bacterial cultures grown under controlled conditions.  

 Different types of bacterial cultures like the synchronous cultures, batch cultures 

and continuous cultures.  

 Chemostat and Turbidostat  

 

9.2. INTRODUCTION  

A bacterial culture is a population of one type of bacteria that has been 

grown under controlled conditions. A closed culture is when growth takes place in a 

vessel that is isolated from the external environment, and extra nutrients are not 

added and waste products are not removed from the vessel during growth. In such a 

closed culture, a population of bacteria follows a standard growth curve. When 

growing conditions are favourable (mostly during the exponential phase), 

microorganisms produce primary metabolites which are small molecules essential 

for the normal growth of bacteria. When those conditions are less favourable 

(mainly during the stationary phase) they produce secondary metabolites which are 

products not essential for growth but are useful in other ways 

Cultures of microbes are grown in these large vessels, where the conditions 

inside are maintained to optimum levels for growth to maximise the yield of the 

desirable products. These large scale cultures may be of different types like the 

synchronous cultures, batch cultures and continuous cultures. 

A synchronous or synchronized culture is a microbiological culture or cell culture 

that contains cells that are all in the same growth stage. Batch cultures produce 

metabolites in batches, so the starter culture is added with a set amount of growth 

medium, and the culture is left to grow, until it is harvested and the bacteria are 

removed and the vessel is emptied and ready to be used again. A continuous culture 

on the other hand has new nutrients added and waste products removed from the 

vessel at regular intervals, continuously. This is more useful for harvesting human 

hormones from bacteria, such as insulin from E. coli. 
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9.3. SYNCHRONOUS GROWTH OF BACTERIA 

Synchronized cultures are composed of cells which are all at the same stage 

of the bacterial cell cycle (Fig. 1). Measurements made on synchronized cultures are 

equivalent to measurements made on individual cells. Synchronous cultures provide 

information about the growth behaviour of individual bacteria. 

Synchronous cultures can be obtained by manipulation of environmental 

parameters responsible for start or stop growth at the same point in the cell cycle. 

Synchronous cultures can also be obtained by selection of cells that have just 

completed the process of binary fission. Smallest cells in a bacterial population are 

those that have just completed the process of cell division.   

Such cultures can only be maintained for a few generations. Since, all cells 

do not divide exactly at the same size, age or time, synchronous cultures quickly 

lose synchrony. 

 

Figure 1: Synchronous growth of bacteria 
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The synchronous growth of a bacterial population.  By careful selection of 

cells that have just divided, a bacterial population can be synchronized in the 

bacterial cell division cycle.  

 

Synchrony can be maintained for only a few generations. 

Since numerous factors influence the cell cycle, some of them stochastic 

(random), normal, non-synchronous cultures have cells in all stages of the cell cycle. 

Obtaining a culture with a unified cell-cycle stage is very useful for biological 

research. Since cells are too small for certain research techniques, a synchronous 

culture can be treated as a single cell; the number of cells in the culture can be easily 

estimated, and quantitative experimental results can simply be divided in the number 

of cells to obtain values that apply to a single cell. Synchronous cultures have been 

extensively used to address questions regarding cell cycle and growth, and the 

effects of various factors on these. 

 

9.4. BATCH CULTURE  

Batch culture is a closed system in which a limited amount of nutrients is 

present initially in the medium. The desired bacteria is grown on a medium that is 

defined i.e., that is composed of certain known amount essential nutrients. Batch 

cultures have fixed volume of culture media that is continuously altered due to the 

metabolic activities of the growing bacteria. In the exponential states the growth 

remains constant but at later stages when cell numbers increase drastic chemical 

changes will occur in the media.  

Such batch cultures complete the regular phases of bacterial growth like lag 

phase, log phase, stationary phase and death phase. While the culture is growing on 

this media no additional nutrients are supplied.  

 

For example, inoculating 100 ml of a rich media in a 1 L flask with E. coli. 

However, pH is maintained by adding necessary acid or alkali, and air is allowed for 

maintaining aerobic conditions if required. 
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9.5. CONTINUOUS CULTURE OF BACTERIA 

Continuous culture is an open system where bacteria are maintained in 

constant rate. Continuous culture is a process by which bacterial cultures are 

maintained in a state of exponential growth over long periods of time. The bacterial 

culture can be grown and maintained at relatively constant conditions, depending on 

the flow rate of the nutrients. The continuous culture is maintained at a constant 

density in an instrument called the Chemostat or Turbidostat.   

9.5.1. Chemostat 

Chemostat simultaneously controls the growth rate and population density of 

bacteria. The chemostat has a growth chamber which is connected to a reservoir of 

sterile medium. When the bacterial growth begins, fresh medium is continuously 

supplied from the reservoir (Fig. 2). The chamber is provided with an overflow tap 

by which the volume of fluid in the growth chamber is maintained at a constant 

level. Fresh medium is supplied to the growth chamber at a rate that is required for 

limited bacterial growth. The formation of new bacterial cells is proportionate to 

removal of bacterial cells from the culture medium. The rate of growth is dependent 

on the rate of addition of the fresh medium which has only limited quantities of 

essential nutrients. The chemostat overcomes shortage of nutrients, reduces 

accumulation of toxic substances, and also prevents the accumulation of excess cells 

in the culture.  The chemostat relieves the insufficiency of nutrients, the 

accumulation of toxic substances, and the accumulation of excess cells in the 

culture, which are the parameters that initiate the stationary phase of the growth 

cycle.  

Chemostats provide populations maintained at exponential growth phase for 

long periods which are required for conducting various physiological experiments 

whenever necessary. E.g., study of enzyme activities. The chemostat can also be 

used in microbial ecology studies. Chemostats have also been used for enrichment 

and isolation of bacteria.  

Chemostats are used for the production of vaccines, hormones, and pharmaceuticals.  
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In a Chemostat,  

 Growth rate(K) controlled by supply rate of nutrient 

 Yield controlled by concentration of nutrient 

 Dilution rate (D): speed of nutrient flow into the culture vessel 

 

D = Flow rate / Vessel volume 

 

Steady state K = D 

 

 

 

Figure 2: Schematic diagram of a chemostat, a device for the continuous culture of 

bacteria.  
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The chemostat relieves the environmental conditions that restrict growth by 

continuously supplying nutrients to cells and removing waste substances and spent 

cells from the culture medium. 

9.5.2. Turbidostat  

Turbidostat monitors turbidity and cycles media as required. In a turbidostat 

the growth of the culture in the vessel is measured based on the turbidity of the 

culture (Fig. 3). In this system, a pre-determined value of cell concentration (which 

is directly related to absorbance) is maintained by controlling the flow rate of the 

fresh medium to the culture vessel.  The dilution rate in a turbidostat varies and the 

culture medium lacks a limiting nutrient. A turbidostat is operated best at high 

dilution rates. 

 

 

Figure 3: Schematic diagram of a turbidostat, a device for the continuous culture of 

bacteria  
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9.6. SUMMARY 

 

A bacterial culture is a population of one type of bacteria that has been 

grown under controlled conditions. Cultures of microbes are grown in these large 

vessels, where the conditions inside are maintained to optimum levels for growth to 

maximise the yield of the desirable products.  

 

These large scale cultures may be of different types like the synchronous cultures, 

batch cultures and continuous cultures.  

Synchronous culture: Synchronized cultures are composed of cells which are all at 

the same stage of the bacterial cell cycle. Measurements made on synchronized 

cultures are equivalent to measurements made on individual cells. Synchronous 

cultures provide information about the growth behaviour of individual bacteria. 

Synchronous cultures can be obtained by manipulation of environmental parameters 

responsible for start or stop growth at the same point in the cell cycle. Synchronous 

cultures can also be obtained by selection of cells that have just completed the 

process of binary fission. Smallest cells in a bacterial population are those that have 

just completed the process of cell division.  Such cultures can only be maintained for 

a few generations. Since, all cells do not divide exactly at the same size, age or time, 

synchronous cultures quickly lose synchrony. 

 

Batch Culture: Batch culture is a closed system in which a limited amount of 

nutrients is present initially in the medium. The desired bacteria is grown on a 

medium that is defined i.e., that is composed of certain known amount essential 

nutrients. Batch cultures have fixed volume of culture media that is continuously 

altered due to the metabolic activities of the growing bacteria. In the exponential 

states the growth remains constant but at later stages when cell numbers increase 

drastic chemical changes will occur in the media. Such batch cultures complete the 

regular phases of bacterial growth like lag phase, log phase, stationary phase and 

death phase. While the culture is growing on this media no additional nutrients are 

supplied.  
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Continuous Culture: Continuous culture is an open system where bacteria are 

maintained in constant rate. Continuous culture is a process by which bacterial 

cultures are maintained in a state of exponential growth over long periods of time. 

The bacterial culture can be grown and maintained at relatively constant conditions, 

depending on the flow rate of the nutrients. The continuous culture is maintained at 

a constant density in an instrument called the Chemostat or Turbidostat.   

Chemostat: Chemostat simultaneously controls the growth rate and population 

density of bacteria. The chemostat overcomes shortage of nutrients, reduces 

accumulation of toxic substances, and also prevents the accumulation of excess cells 

in the culture.  The chemostat relieves the insufficiency of nutrients, the 

accumulation of toxic substances, and the accumulation of excess cells in the 

culture, which are the parameters that initiate the stationary phase of the growth 

cycle. Chemostats provide populations maintained at exponential growth phase for 

long periods which are required for conducting various physiological experiments 

whenever necessary.  

Turbidostat: Turbidostat monitors turbidity and cycles media as required. In a 

turbidostat the growth of the culture in the vessel is measured based on the turbidity 

of the culture. In this system, a pre-determined value of cell concentration (which is 

directly related to absorbance) is maintained by controlling the flow rate of the fresh 

medium to the culture vessel.  The dilution rate in a turbidostat varies and the culture 

medium lacks a limiting nutrient. A turbidostat is operated best at high dilution 

rates. 

 

9.7. CHECK YOUR PROGRESS 

1. What are the different types of bacterial cultures grown under controlled 

conditions?.  

2. Explain the following with suitable examples: 

a) Synchronous cultures 

b) Batch cultures 

c) Continuous cultures.  

3. Explain the design and functioning of a Chemostat  

4. Explain the design and functioning of a Turbidostat. 
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10.1. OBJECTIVES 

After reading this unit we will be able to learn about: 

 Different methods of measuring bacterial growth like dry-weight and wet-weight 

measurement, absorbance, cell plate, density, turbidity, ATP measurement, 

viable count, ATPase activity and use of Coulter counter. 

 Petroff-Hausser counting chamber and haemocytometer techniques of 

measurement. 

 Spread count method and pour plate method for bacterial growth measurement. 

 Membrane-Filter Technique to measure bacterial growth.  

 Assessment of metabolic activity to determine bacterial growth. 

 

 

 

10.2. INTRODUCTION 

There are different methods of measuring bacterial growth. It is often 

measured based on various parameters like dry-weight and wet-weight 

measurement, absorbance, cell plate, density, turbidity, ATP measurement, viable 

count, ATPase activity and use of Coulter counter. 

Broadly there are two methods of measuring bacterial growth 

1. Direct methods: include Plate count, Filtration, Most Probable Number, and 

Direct Microscopic counts 

2. Indirect methods: include Turbidity measurement, metabolic activity 

measurement and Dry weight calculation.  

 

10.3. DIRECT METHODS  

 

10.3.1. Microscopic counts 

In this method growth is measured by counting total cell number of the 

bacteria. Total number of live and dead cells in a culture sample is counted using a 

devise called Petroff-Hausser Counting Chamber. It is a microscopic glass slide with 
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grids of known area is marked on the surface (Fig. 1). The whole grid has 25 large 

squares, a total area of 1 mm
2
 and a total volume of 0.02 mm

3
 (1/50 mm). All cells 

are counted in large square and total number per ml sample is measured. If 1 square 

contains 12 cells, the total number of cells per ml sample will be: 12 cells x 25 

square x 50x10
3
 = 1.5xl0

7
 cells.  

– Calibrated ―Petroff-Hausser counting chamber,‖ similar to 

hemacytometer, can be used 

– Generally very difficult for bacteria since cells tend to move in and 

out of counting field 

– Can be useful for organisms that can‘t be cultured 

– Special stains (e.g. serological stains or stains for viable cells) can be 

used for specific purposes 

The grid is one square millimeter and consists of 25 large squares, each of which 

contains 16 small squares, making a total of 400 small squares.  

Original cell density (OCD) is determined by counting the cells found in a 

predetermined group of small squares and dividing by the number of squares 

counted multiplied by the dilution
1
 and the volume of sample above one small 

square. 

The following is a standard formula for calculating original cell density in a 

direct count. 

 

OCD =                Cells counted 

               (squares)(dilution)(Volume) 

 

 

The advantages of direct counting are that it is fast, easy to do, and relatively 

inexpensive. The major disadvantage is that living as well as dead cells are counted. 
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Figure 1: Petroff-Hausser counting chamber and illustration of method of counting 

bacteria 

 

Electronic counters: The microbial culture is directly used to count cells present in 

the suspension using an electronic instrument called Coulter counter. 

10.3.2. Breed Method 

In this method a known volume of bacterial cell suspension (0.01 ml) is 

spread uniformly over a glass slide covering a specific area (1 sq. cm). The smear is 

then fixed by heating, stained and examined under oil immersion lens, and the cells 

are counted. Only a few microscopic fields are counted. The counting of total 

number of cells is determined by calculating the total number of microscopic fields 

per one square cm. area of the smear. The total number of cells can be counted with 

the help of following calculations: 

(a) Area of microscopic field = πr
2
 

r (oil immersion lens) = 0.08 mm. 
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Area of the microscopic field under the oil immersion lens 

= πr
2
 = 3.14 x (0.08 mm)

2
 = 0.02 sq. mm. 

(b) Area of the smear one sq. cm. = 100 sq. mm. Then, the no. of microscopic fields 

= 100 / 0.02= 5000 

(c) No. of cells 1 sq. cm. (or per 0.01 ml microbial cell suspension) = Average no. of 

microbes per microscopic field x 5000 

 

10.3.3. Viable Plate Count 

 

A sample of bacteria is diluted in a sterile medium until the numbers are very 

low. Involves hand count of live bacteria. Involves a series of dilutions and counting 

the number of colonies resulting on a plate (above 250 is TNTC), then multiply 

number by reciprocal of dilution (Fig. 2). In this method growth is measured by 

counting the number of viable cells. Cells that are able to divide and increase cell 

numbers are called viable cells. The number of cells in the sample which is capable 

of forming colonies on a suitable medium are counted. Each viable cell is capable of 

forming one colony. Keeping in mind that each colony arose from a single cell that 

was plated onto the agar, the number of colonies can be used to determine the 

number of bacterial cells present in the original culture. 

Thus growth is determined by counting plates or colonies. This includes two 

methods:  

 

Spread Count Method: A known volume of culture is spread on an culture plate 

which will form colonies after incubation. Then the number of colonies formed is 

counted.  

 

Pour Plate Method: A known volume of culture is poured on a petri plate. A 

known volume of melted agar medium is poured over the culture and mixed gently. 

The plates are incubated. Then the numbers of colonies formed on the surface are 

counted. 
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Figure 2: Series of dilutions and counting the number of colonies of bacteria in 

viable count method 

– Colonies are counted. The concentration of bacteria in the original 

sample is calculated (from plates with 25 – 250 colonies, from the 

FDA Bacteriological Analytical Manual). 

– A simple calculation, with a single plate falling into the statistically 

valid range, is given below: 

 

CFU/ml in original sample = # colonies counted/(dilution factor x volume plated in 

ml) 
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10.3.4. Most Probable Number 

Most Probable Number: statistical estimation technique, 5 sets of test tubes 

used for three different dilutions, entered into MPN table for number of bacteria per 

100 ml; useful for counting mo's that do not grow on solid media, when regular 

bacterial counts are required, when samples contain too few mo's to use viable plate 

count. 

It is a statistical estimation technique, 5 sets of test tubes used for three different 

dilutions, entered into MPN table for number of bacteria per 100 ml; useful for 

counting mo's that do not grow on solid media, when regular bacterial counts are 

required, when samples contain too few mo's to use viable plate count 

 

10.4. INDIRECT METHODS  

10.4.1. Membrane-Filter Technique 

Microbial cell numbers are frequently determined using special membrane 

filters possessing millipores small enough to trap bacteria. In this technique a water 

sample containing microbial cells passed through the filter. The filter is then placed 

on solid agar medium or on a pad soaked with nutrient broth (liquid medium) and 

incubated until each cell develops into a separate colony. Membranes with different 
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pore sizes are used to trap different microorganisms. Incubation times for 

membranes also vary with medium and the microorganism. A colony count gives 

the number of microorganisms in the filtered sample, and specific media can be used 

to select for specific microorganisms. This technique is especially useful in 

analyzing aquatic samples 

Membrane Filtration: in this method large sample of bacteria is poured 

through membrane filter. The bacterial cells get trapped in the membrane. Direct 

viable count of colonies after incubation; used when population density of bacteria 

are small (i.e., fecal bacteria in stream or lake).  

– Used for samples with low microbial concentration 

– A measured volume (usually 1 to 100 ml) of sample is filtered 

through a membrane filter (typically with a 0.45 μm pore size) 

– The filter is placed on a nutrient agar medium and incubated 

– Colonies grow on the filter and can be counted 

 

10.4.2. Measurement of Turbidity (Turbidometry)  

Bacterial growth is measured by measuring the absorbance using a 

spectrophotometer. Scattering of light increases with increase in cell number. When 

light is passed through bacterial cell suspension, light is scattered by the cells thus 

decreasing the light transmission. At a particular wavelength absorbance of light is 

proportional to the cell concentration of bacteria present in the suspension. Thus cell 

growth of any bacterial suspension at a particular wavelength at different intervals 

can be measured in terms of absorbance and a standard graph (between absorbance 

and cell concentration) can be prepared (Fig. 3). 

Rapid cell mass determination is possible using turbidometry method. 

Turbidometry is based on the fact that microbial cells scatter light striking them. 

Since the microbial cells in a population are of roughly constant size, the amount of 

scattering is directly proportional to the biomass of cells present and indirectly 

related to cell number. One visible characteristic of growing bacterial culture is the 
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increase in cloudiness of the medium (turbidity). When the concentration of bacteria 

reaches about 10 million cells (10
7
) per ml, the medium appears slightly cloudy or 

turbid. Further increase in concentration results in greater turbidity. When a beam of 

light is passed through a turbid culture, the amount of light transmitted is measured, 

Greater the turbidity, lesser would be the transmission of light through medium. 

Thus, light will be transmitted in inverse proportion to the number of bacteria. 

Turbidity can be measured using instruments like spectrophotometer and 

nephlometer 

Turbidity: In liquid culture, the medium 

1. Appears more and more cloudy as the bacteria increase in number by 

division. cloudy (turbid) broth indicates greater bacterial population; 

estimate number of bacteria by analyzing turbidity with spectrophotometer 

(measures the amount of light passing through a culture); transmission of 

light is inversely proportional to population size of bacteria; useful only if 

concentration of cells exceeds 1 million per milliliter; accuracy is affected if 

cells are not suspended uniformly through the medium; does not distinguish 

between living and dead cells. 

2. These measurements of turbidity or optical density (OD) are not direct 

measurements of bacterial numbers, but an indirect measurement of cell 

biomass that includes both living and dead cells. 

 

● Turbidity 

– Based on the diffraction or ―scattering‖ of light by bacteria in a broth 

culture 

– Light scattering is measured as optical absorbance in a 

spectrophotometer 

– Optical absorbance is directly proportional to the concentration of 

bacteria in the suspension  
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Figure 3: Spectrophotometric determinatino of bacterial cell densities 

 

10.4.3. Measurement of nitrogen content 

As the microbes (bacteria) grow, there is an increase in the protein 

concentration (i.e. nitrogen concentration) in the cell. Thus, cell mass can be 

subjected to quantitative chemical analysis methods to determine total nitrogen that 

can be correlated with growth. This method is useful in determining the effect of 

nutrients or antimetabolites upon the protein synthesis of growing culture 

10.4.4. Dry Weight Measurement  

The cell mass of a very dense cell suspension can be determined by this 

technique. In this technique, the microorganisms are removed from the medium by 

filtration and the microorganisms on filters are washed to remove all extraneous 

matter, and dried in desiccator by putting in weighing bottle (previously weighted). 

The dried microbial content is then weighted accurately. This technique is especially 

useful for measuring the growth of microfungi. It is time consuming and not very 

sensitive. Since bacteria weigh so little, it becomes necessary to centrifuge several 

hundred millions of culture to find out a sufficient quantity to weigh. 

Dry weight: involves filtering mo's from culture medium, drying and then 

weighing; suitable for broth cultures, useful when there is an abundance of mo's; 

growth cannot be followed over time b/c mo's are killed in the process. It is done by 

measuring the bacterial cell mass in a culture. A known volume of culture sample is 

drawn and centrifuged. The centrifuged pellet is placed on a pre-weighed filter paper 
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and the weight measured. Then, the weight of the filter paper is deducted from the 

total weight. This gives the wet weight of the bacterial cells.  

It is done by measuring the bacterial cell mass in a culture. A known volume of 

culture sample is drawn and centrifuged. The centrifuged pellet is dried and placed 

on a pre-weighed filter paper and the weight measured. Then, the weight of the filter 

paper is deducted from the total weight. This gives the dry weight of the bacterial 

cells. Dry weight of bacterial cells is usually 10-20% of their- wet weight. 

● Mass determination 

– Cells are removed from a broth culture by centrifugation and weighed 

to determine the ―wet mass.‖ 

– The cells can be dried out and weighed to determine the ―dry mass.‖ 

 

10.5. SUMMARY 

 

There are different methods of measuring bacterial growth. It is often 

measured based on various parameters like dry-weight and wet-weight 

measurement, absorbance, cell plate, density, turbidity, ATP measurement, viable 

count, ATPase activity and use of Coulter counter. 

Broadly there are two methods of measuring bacterial growth 

1. Direct methods: include Plate count, Filtration, Most Probable Number, and 

Direct Microscopic counts 

2. Indirect methods: include Turbidity measurement, metabolic activity 

measurement and Dry weight calculation.  

Direct methods: 

Microscopic counts: In this method growth is measured by counting total cell 

number of the bacteria. Total number of live and dead cells in a culture sample are 

counted using a devise called Petroff-Hausser Counting Chamber. It is microscopic 

glass slides with grids of known area are marked on the surface. The whole grid has 

25 large squares, a total area of 1 mm
2
 and a total volume of 0.02 mm

3
 (1/50 mm). 

All cells are counted in large square and total number per ml sample is measured. If 
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1 square contains 12 cells, the total number of cells per ml sample will be: 12 cells x 

25 square x 50x10
3
 = 1.5xl0

7
 cells.  

 

Viable Plate Count: A sample of bacteria is diluted in a sterile medium until the 

numbers are very low. Involves hand count of live bacteria. Involves a series of 

dilutions and counting the number of colonies resulting on a plate (above 250 is 

TNTC), then multiply number by reciprocal of dilution. In this method growth is 

measured by counting the number of viable cells. Cells that are able to divide and 

increase cell numbers are called viable cells. The number of cells in the sample 

which is capable of forming colonies on a suitable medium are counted. Each viable 

cell is capable of forming one colony. Keeping in mind that each colony arose from 

a single cell that was plated onto the agar, the number of colonies can be used to 

determine the number of bacterial cells present in the original culture. Thus growth 

is determined by counting plates or colonies.  

This includes two methods: Spread Count Method: A known volume of culture is 

spread on a culture plate which will form colonies after incubation. Then the 

numbers of colonies formed are counted. Pour Plate Method: A known volume of 

culture is poured on a petri plate. A known volume of melted agar medium is poured 

over the culture and mixed gently. The plates are incubated. Then the numbers of 

colonies formed on the surface are counted.  

 

Most Probable Number: Most Probable Number: statistical estimation technique, 5 

sets of test tubes used for three different dilutions, entered into MPN table for 

number of bacteria per 100 ml; useful for counting mo's that do not grow on solid 

media, when regular bacterial counts are required, when samples contain too few 

mo's to use viable plate count. 

 

Indirect methods  

Membrane-Filter Technique: Membrane Filtration: in this method large sample of 

bacteria is poured through membrane filter. The bacterial cells get trapped in the 

membrane. Direct viable count of colonies after incubation; used when population 

density of bacteria are small (i.e., fecal bacteria in stream or lake).  
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Measurement of Turbidity (Turbidometry): Bacterial growth is measured by 

measuring the absorbance using a spectrophotometer. Scattering of light increases 

with increase in cell number. When light is passed through bacterial cell suspension, 

light is scattered by the cells thus decreasing the light transmission. At a particular 

wavelength absorbance of light is proportional to the cell concentration of bacteria 

present in the suspension. Thus cell growth of any bacterial suspension at a 

particular wavelength at different intervals can be measured in terms of absorbance 

and a standard graph (between absorbance and cell concentration) can be prepared. 

Measurement of nitrogen content: As the microbes (bacteria) grow, there is an 

increase in the protein concentration (i.e. nitrogen concentration) in the cell. Thus, 

cell mass can be subjected to quantitative chemical analysis methods to determine 

total nitrogen that can be correlated with growth. This method is useful in 

determining the effect of nutrients or antimetabolites upon the protein synthesis of 

growing culture 

Dry Weight Technique: Dry weight: involves filtering mo's from culture medium, 

drying and then weighing; suitable for broth cultures, useful when there is an 

abundance of mo's; growth cannot be followed over time b/c mo's are killed in the 

process. It is done by measuring the bacterial cell mass in a culture. A known 

volume of culture sample is drawn and centrifuged. The centrifuged pellet is placed 

on a pre-weighed filter paper and the weight measured. Then, the weight of the filter 

paper is deducted from the total weight. This gives the wet weight of the bacterial 

cells.  

 

 

10.6. CHECK YOUR PROGRESS 

 

1. What are the different methods of measuring bacterial growth? 

2. Give examples for direct methods and indirect methods of measuring 

bacterial growth. 

3. Add a brief note on the following: 

a) Microscopic counts method 

b) Petroff-Hausser Counting Chamber 
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c) Breed Method 

d) Viable Plate Count 

e) Most Probable Number 

f) Membrane-Filter Technique 

g) Measurement of Turbidity  

h) Dry Weight Measurement 

 

10.7. KEY WORDS 

 

Methods of measuring bacterial growth, direct methods and indirect methods, 

Microscopic counts method, Petroff-Hausser Counting Chamber, Breed Method, 

Viable Plate Count, Most Probable Number, Membrane-Filter Technique, 

Measurement of Turbidity, Dry Weight Measurement. 
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11.1. OBJECTIVES 

After reading this unit we will be able to learn: 

 The physical factors that influence bacterial growth 

 The effect of temperature on bacterial growth 

 The effect of pH on bacterial growth 

 The effect of water availability on bacterial growth 

 The effect of pressure on bacterial growth 

 The effect of radiation on bacterial growth 

 

11.2. INTRODUCTION  

Bacterial growth requires suitable environmental conditions, a source of 

energy, and nourishment. These requirements can be divided into two categories, 

physical and chemical. The rate of bacterial growth may be affected by 

environmental factors both physical and biochemical. The physical factors include 

temperature, light, oxygen concentration, moisture, pH, hydrostatic pressure, 

osmotic pressure and radiation. The biochemical factors or nutritional factors 

include availability of carbon, nitrogen, sulfur, phosphorus, trace elements and in 

some cases, vitamins.  

 

11.3. THE EFFECT OF TEMPERATURE OF GROWTH 

Bacteria grow in habitats with varying temperatures. Bacteria are found to 

grow and flourish at temperatures as high as 120 degrees to as low as as -20 degrees.  

Bacteria exhibit range of temperature over which it can grow, which are 

classified as follows (Fig. 1):  
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Mesophiles: Bacteria that grow at an optimum temperature near 20 -45 degrees 

(body temperature of warm-blooded animals). They often have a temperature 

minimum of 15 to 20°C, and their maximum is about 45°C or lower. Most 

microorganisms probably fall within this category. Almost all human pathogens are 

mesophiles, as might be expected because the human body is a fairly constant 37°C. 

 

Thermophiles: Are bacteria that grow at an optimum temperature between about 45 

degrees and 80 degrees. Their growth minimum is usually around 45°C, and they 

often have optima between 55 and 65°C. The vast majority are procaryotes, 

although a few photosynthetic protists and fungi are thermophilic ( table 7.4 ). These 

organisms flourish in many habitats including composts, self-heating hay stacks, hot 

water lines, and hot springs. 

 

Extremeophiles or hyperthermophiles: Bacteria that grow at an optimum 

temperature of 80 – 120 degrees. Thermophilic bacteria are adapted to temperatures 

above 60 degrees. These bacteria have a high G + C content in their DNA such that 

the melting point of the DNA (the temperature required for separation of the double 

helix) is very high. Thermophilic bacteria have are highly saturated membrane fatty 

acids which enable them to remain stable and functional at high temperatures.  

 

Archaea have membranes composed of C5 compound, phytane, a branched, 

saturated, "isoprenoid" which is responsible for withstanding high temperatures. 

ribosomal and transport proteins, and enzymes of thermophiles are very heat stable. 

These proteins modify their primary structure to resist high temperatures. 

Pyrococcus abyssi and Pyrodictium occultum are examples of marine 

hyperthermophiles found in hot areas of the sea floor. 

 

Psychrophiles: Are bacteria that grow at a temperature of 0 degrees. They grow 

well at 0°C and have an optimum growth temperature of 10°C or lower; the 

maximum is around 15°C. They are largely found in oceans because 90% of ocean 

water is 5°C or colder. Psychrophiles are widespread among bacterial taxa and are 
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found in such genera as Pseudomonas, Vibrio, Alcaligenes, Bacillus, 

Photobacterium, and Shewanella. A psychrophilic archaeon, Methanogenium, has 

been isolated from Ace Lake in Antarctica. Psychrophilic microorganisms have 

adapted to their environment in several ways.  

Psychrophiles have enzymes that function at temperatures at or near 0 degrees. 

Psychrophilic enzymes and proteins do not function at body temperatures; therefore 

they are unable to grow at moderate temperatures.  

Psychrotroph: Are bacteria which are variants of psychrophiles which usually grow 

at an optimum temperature of 15-30 degrees. Grow at 0 to 7°C even though they 

have optima between 15 and 30°C, and maxima at about 35°C. Psychrotrophic 

bacteria are major causes of refrigerated food spoilage. 

 

 

Figure 1: Classification of bacteria based on their temperature requirements  
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11.4. THE EFFECT OF Ph ON GROWTH 

The pH is the hydrogen ion concentration. pH in natural environments varies 

from about 0.5 in the most acidic soils to about 10.5 in the most alkaline lakes.  

Bacteria can grow in environment with different pH extremes (Fig. 2 & Table 1).  

Minimum pH, below which the organism cannot grow, the 

Maximum pH, above which the organism cannot grow, and the  

Optimum pH, at which the organism grows best.  

Acidophiles: are bacteria that grow at an optimum at a pH below 7. E.g., 

Thiobacillus species Sulfolobus and Thermoplasma 

Neutrophiles: are bacteria that grow best at neutral pH 7.   

Alkaliphiles: are bacteria that grow best under alkaline i.e., pH above 7.   

In culture media, buffers are incorporated to maintain the optimum pH for growth of 

desired bacteria.  

 

Figure 2: Classification of bacteria based on their pH requirements 
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Table 1. Minimum, maximum and optimum pH for growth of certain procaryotes.  

Bacteria Minimum pH Optimum pH Maximum pH 

Thiobacillus thiooxidans 0.5 2.0-2.8 4.0-6.0 

Sulfolobus acidocaldarius 1.0 2.0-3.0 5.0 

Bacillus acidocaldarius 2.0 4.0 6.0 

Zymomonas lindneri 3.5 5.5-6.0 7.5 

Lactobacillus acidophilus 4.0-4.6 5.8-6.6 6.8 

Staphylococcus aureus 4.2 7.0-7.5 9.3 

Escherichia coli 4.4 6.0-7.0 9.0 

Clostridium sporogenes 5.0-5.8 6.0-7.1 8.5-9.0 

Erwinia caratovora 5.6 7.1 9.3 

Pseudomonas aeruginosa 5.6 6.6-7.0 8.0 

Thiobacillus novellus 5.7 7.0 9.0 

Streptococcus pneumoniae 6.5 7.8 9.0 

Nitrobacter sp 6.6 7.6-8.6 10.0 

 

11.5. THE EFFECT OF WATER AVAILABILITY/OSMOTIC PRESSURE 

ON GROWTH 

Availability of water is an important factor that affects cell growth. Water is 

made available to the cells in the form of atmospheric water (relative humidity) or 

the form of solution or a substance (water activity). The water activity (Aw) of pure 

H2O is 1.0 (100% water). Presence of salts and sugars dissolved in water affect the 

water activity. The higher the solute concentration of a substance, the lower is the 

water activity and vice-versa. Microorganisms live over a range of Aw from 1.0 to 

0.7. The Aw of human blood is 0.99; seawater = 0.98; maple syrup = 0.90; Great Salt 

Lake = 0.75. Water activities in agricultural soils range between 0.9 and 1.0. 

NaCl is the common salt that occurs in wide concentration. Bacteria respond in 

different ways to NaCl.  
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Halophiles: Bacteria require small amounts of NaCl for growth.  

Mild halophiles: Bacteria that require 1-6% NaCl for growth  

Moderate halophiles: Bacteria that require 6-15% NaCl for growth  

Extreme halophiles: Bacteria that require 15-30% NaCl for growth (archaea)   

Halotolerant: Are bacteria that are able to grow at moderate salt concentrations, 

even though they grow best in the absence of NaCl.  

Osmophiles: Bacteria those are able to live in environments high in sugar.  

Xerophiles: Are bacteria which live in dry environments (made dry by lack of 

water). 

 

11.6. THE EFFECT OF PRESSURE ON GROWTH  

 

Generally living organisms are always subjected to a pressure of 1 

atmosphere (atm) and are not affected significantly by pressure. However, higher 

pressure membrane fluidity and membrane associated functions. Bacteria living in 

oceanic habitats at a depth of 1,000 m or more, the hydrostatic pressure is about 600 

to 1,100 atm and the temperature is about 2 to 3°C. Most of such bacteria resist such 

pressures and are referred to as barotolerant. However, increased pressure adversely 

affects them but not as much as it does nontolerant microbes. Some bacteria are 

barophilic and can grow rapidly at under high pressures. A barophile recovered from 

the Mariana trench near the Philippines (depth about 10,500 m) grows only at 

pressures between about 400 to 500 atm when incubated at 2°C. Barophiles may 

play an important role in nutrient recycling in the deep sea. Thus far, they have been 

found among several bacterial genera (e.g., Photobacterium, Shewanella, Colwellia 

). Some archaea are thermobarophiles (e.g., Pyrococcus spp., Methanocaldococcus 

jannaschii ).  
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11.7. THE EFFECT OF RADIATION ON GROWTH 

 

Radiations are of various types like the electromagnetic waves, X rays, 

gamma rays etc., Many forms of electromagnetic radiation are very harmful to 

microorganisms. This is particularly true of ionizing radiation, radiation of very 

short wavelength and high energy, which can cause atoms to lose electrons (ionize). 

Two major forms of ionizing radiation are (1) X rays, which are artificially 

produced, and (2) gamma rays, which are emitted during radioisotope decay. Low 

levels of ionizing radiation may produce mutations and may indirectly result in 

death, whereas higher levels are directly lethal. Although microorganisms are more 

resistant to ionizing radiation than larger organisms, they are still destroyed by a 

sufficiently large dose. Ionizing radiation can be used to sterilize items. Some 

prokaryotes (e.g., Deinococcus radiodurans ) and bacterial endospores can survive 

large doses of ionizing radiation.  

 

Ionizing radiation causes a variety of changes in cells. It breaks hydrogen bonds, 

oxidizes double bonds, destroys ring structures, and polymerizes some molecules. 

Ultraviolet (UV) radiation can kill microorganisms due to its short wavelength 

(approximately from 10 to 400 nm) and high energy. The most lethal UV radiation 

has a wavelength of 260 nm, the wavelength most effectively absorbed by DNA. 

The primary mechanism of UV damage is the formation of thymine dimers in DNA. 

Excessive exposure to UV light outstrips the organism‘s ability to repair the damage 

and death results. Longer wavelengths of UV light (near-UV radiation; 325 to 400 

nm) can also harm microorganisms because they induce the breakdown of 

tryptophan to toxic photoproducts. Even visible light, when present in sufficient 

intensity, can damage or kill microbial cells.  
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11.8. SUMMARY 

Bacterial growth requires suitable environmental conditions. The physical 

factors influencing bacterial growth are temperature, light, oxygen concentration, 

moisture, pH, hydrostatic pressure, osmotic pressure and radiation.  

Bacteria grow in habitats with varying temperatures. Bacteria are found to 

grow and flourish at temperatures as high as 120 degrees to as low as -20 degrees.  

Bacteria exhibit range of temperature over which it can grow, which are classified as 

follows:  

Mesophiles: bacteria that grow at an optimum temperature near 20 -45 degrees 

(body temperature of warm-blooded animals). They often have a temperature 

minimum of 15 to 20°C, and their maximum is about 45°C or lower.  

Thermophiles: are bacteria that grow at an optimum temperature between about 45 

degrees and 80 degrees. Their growth minimum is usually around 45°C, and they 

often have optima between 55 and 65°C. These organisms flourish in many habitats 

including composts, self-heating hay stacks, hot water lines, and hot springs. 

 

Extremeophiles or hyperthermophiles: bacteria that grow at an optimum temperature 

of 80 – 120 degrees. Thermophilic bacteria are adapted to temperatures above 60 

degrees. Thermophilic bacteria have are highly saturated membrane fatty acids 

which enable them to remain stable and functional at high temperatures.  

Psychrophiles: are bacteria that grow at a temperature of 0 degrees. They grow well 

at 0°C and have an optimum growth temperature of 10°C or lower; the maximum is 

around 15°C. They are largely found in oceans because 90% of ocean water is 5°C 

or colder.  

Psychrotroph: are bacteria which are variants of psychrophiles which usually grow 

at an optimum temperature of 15-30 degrees. Grow at 0 to 7°C even though they 

have optima between 15 and 30°C, and maxima at about 35°C.  
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Acidophiles: are bacteria that grow at an optimum at a pH below 7. E.g., 

Thiobacillus species Sulfolobus and Thermoplasma 

Neutrophiles: are bacteria that grow best at neutral pH 7.   

Alkaliphiles: are bacteria that grow best under alkaline i.e., pH above 7.   

Halophiles: Bacteria require small amounts of NaCl for growth.  

Mild halophiles: bacteria that  require 1-6% NaCl for growth  

Moderate halophiles: bacteria that require 6-15% NaCl for growth  

Extreme halophiles: bacteria that require 15-30% NaCl for growth (archaea)   

Halotolerant: are bacteria that are able to grow at moderate salt concentrations, even 

though they grow best in the absence of NaCl.  

Osmophiles: bacteria those are able to live in environments high in sugar.  

Xerophiles: are bacteria which live in dry environments (made dry by lack of water). 

Some bacteria are barophilic and can grow rapidly at under high pressures.  

 

 

11.9. CHECK YOUR PROGRESS 

1. What are the important physical factors that influence bacterial growth? 

2. What is the effect of temperature on bacterial growth? How are bacteria 

classified on the basis of their temperature requirements? 

3. Explain the effect of pH on bacterial growth 

4. Discuss the effect of water availability on bacterial growth 

5. Explain the effect of pressure on bacterial growth 

6. Give and account of effect of radiation on bacterial growth 
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12.1. OBJECTIVES 

After reading this unit we will be able to understand: 

 Various chemical factors that influence bacterial growth. 

 Chemicals that adversely influence growth of bacteria in medium. 

 Oxygen requirements for growth of bacteria. 

 Classification of bacteria based on oxygen requirements. 

 Growth factors and trace elements required for bacterial growth.  

 

 

 

12.2. INTRODUCTION  

 

In order to survive and grow, microorganisms require a source of energy and 

nourishment. Bacteria are the most primitive forms of microorganisms but are 

composed of a great variety of simple and complex molecules and are able to carry 

out a wide range of chemical transformations. Depending on their requirements and 

the source of energy used they are classified into different nutritional groups. There 

are also certain chemicals whose presence in the culture environment adversely 

affects the bacterial growth. The oxygen requirement is also one of the important 

chemical factors that affect the bacterial growth.  

 

 

 

12.3. CHEMICAL FACTORS THAT INFLUENCE BACTERIAL GROWTH  

 

There are different chemical factors that influence bacterial growth which 

include the availability of a usable carbon source, usable sources of nitrogen and 

phosphorous, availability of trace elements and the presence or absence of oxygen 

etc., (Table 1).  

 

Nitrogen:  Found in all the amino acids, nitrogenous bases of nucleic acids, etc. 

Hydrogen:  found in all biological molecules, Carbs, fats, proteins, nucleic acids, etc 

Phosphorous:  found in nucleic acids, ATP, and phospholipdids of membranes 

Sulfur:  found in 2 or 3 amino acids of microbes 
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Autotrophic bacteria simply need access to CO2 to grow whereas the heterotrophs 

require an organic carbon source like proteins, carbohydrates, lipids. The ability of a 

bacteria to utilize the given carbon source depends on its enzymes.  

 

Bacterial also need trace elements in small amounts. Many of these are mineral 

elements including iron (Fe), zinc (Zn), magnesium (Mg), calcium (Ca). These trace 

elements function as essential cofactors for various enzymes 

 

Nitrogen, sulfur and phosphorous are also essential requirement of bacterial growth. 

Phosphorous is required to make proteins, nucleic acid and vitamins. Some bacteria 

require organic sources of these elements while others are flexible. E.g., Nitrogen 

fixers are unique in being able to obtain nitrogen from atmosphere (N2), while other 

bacterial need nitrogen in other forms.  

Important chemical factros that influcen bacterial gowth and their effects on 

bacterial physiology 

         Table 1: Elements required for microbial growth as found in nature compared to the 

chemical forms supplied to microbiological media 

Requirements 

for Growth 

Source (natural) Source : Chemical Form commonly 

added to Microbiological Media 

Carbon Carbon dioxide (CO2), 

HCO3
- 
 

organic compounds 

Organic; simple sugars e.g.  

glucose, acetate or pyruvate; extracts 

such as peptone,  

tryptone, yeast extract etc. 

Inorganic; carbon dioxide (CO2)  

or hydrogen carbonate salts (HCO3
-
)* 

Hydrogen Water (H2O) 

organic compounds 

  

Oxygen Water (H2O), oxygen 

gas (O2),  

organic compounds 

  

Nitrogen Ammonia (NH3), nitrate 

(NO3
-
)  

organic compounds 

e.g. amino acids  

nitrogen gas (N2) 

Organic; amino acids,  

nitrogenous bases  

Inorganic; NH4CI, (NH4)2S04, KNO3, 

and for dinitrogen fixers N2 
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Phosphorus Phosphate (PO4
3-

) KH2PO4, Na2HPO4* 

Sulphur Hydrogen 

sulphide(H2S),  

sulphate (SO4
2-

),  

organic compounds  

e.g cysteine 

Na2SO4, H2S 

Potassium K
+
 KCI, K2HPO4* 

Magnesium Mg
2+

 MgCI2, MgSO4 

Calcium Ca
2+

 CaCI2, Ca(HC03)2* 

Sodium Na
+
 NaCI 

Iron Fe
3+

 organic iron 

complexes 

FeCI3, Fe(NH4)(SO4)2, Fe-chelates
1)

 

Trace elements Usually present at very 

low concentrations 

CoCI2, ZnCI2, Na2MoO4, CuCI2, MnSO4, 

NiCI2, Na2SeO4, Na2WO4, Na2VO4 

Organic growth 

factors 

Usually present at very 

low concentrations 

Vitamins, amino acids, purines, 

pyrimidines 

 

12.4. CHEMICALS THAT ADVERSELY INFLUENCE BACTERIAL 

GROWTH 

The presence of the following chemicals in the culture media may affect the 

bacterial growth in several ways: 

• Acids 

• Bases 

• Alcohols 

• Aldehydes 

• Phenol and its derivatives 

• Halogens and its compounds 

• Oxidants 

• Heavy metals 

• Detergents 

• Dyes 

• Etheric oils 

• Antibiotics 
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Acids, bases, alcohols, metal salts and formaldehyde coagulate the plasma 

membrane.  

 

Phenol and its derivates and soaps destroy cell membrane permeability. 

 

Mercury, arsenic compounds and carbon monoxide (CO) prevents the electron 

transportation by combining with enzymes.  

 

Sulfonamides prevne the folic acid synthesis. 

 

Antibiotics like penicillin prevents the muramic acid synthesis on the cell wall 

Permanganate, bichromate, halogen, peroxide inactivate the enzymes by oxidizing 

sulphydrl (-SH), amine and indole groups.  

1. Acids: HCl ve H2SO4, Chromic acid (10%) is a strong germiside, Boric acid: 

(2%) is a weak germiside, Benzoic acid shows weak bacteriostatic effect. (Its 

0.1% solution is used for food preservation.). Acetic acid has germicidal effect.  

 

2. Bases: Their effect is due to OH- ions. Their 1% solutions are used as 

disinfectant. 

 

3. Alcohols, Aldehydes, Phenol and its derivates: Usually 2-5% solutions are 

used. 

5% phenol: Lysol. Mode of action: they destroy permeability of cytoplasmic 

membrane. Combine with proteins and form proteinates that are insoluble in water. 

 

4. Halogens and related compounds: Most important halogens are chlorine and 

iodine. 

 

5. Oxidants: They cause oxidation by giving oxygen or electron transportation. 

H2O2 (%3 ), KMnO4 (1/5.000 – 1/10.000), Na-perborate (%2), K-Chloride (%2). 

 

8. Heavy metals: They are effective when they are iodized. They inactivate the 

enzymes by coagulating proteins 
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9. Soap and detergents: A cleansing agent made from a mixture of the sodium salts 

of various fatty acids of natural oils and fats. Its spectrum is narrow, therefore 

usually used as cleaning agent. Zefiran (synthetic detergent): its solution of 0,1% is 

used as antiseptic. 

 

10. Dyes: They show bactericidal or bacteriostatic effect. They may be added into 

culture media as inhibitor. 

 

11. Etheric oils: 2 ppm mustard oil has germicidal effect on yeasts. 

 

12. Antibiotics: The first recognised antibiotic is penicillin.  

A) Cell wall synthesis inhibitors: Penicillin, Cephalolsporins, bacitracin, 

ampicillin 

B) Protein synthesis inhibitors in ribosomes: Streptomycine, tetracycline, 

chloramphenicol, kanamycin, neomycin 

C) Antibiotics which destroy the cytoplasmic membrane permeability: 

Polymyxin-B, colistin, amphatericin-B, nystatin 

D) Others: actinomycin, promycin 

 

12.5. INFLUENCE OF OXYGEN ON BACTERIAL GROWTH 

Oxygen has both useful and harmful effects on growth; it is useful for 

respiration but is harmful as it is an oxidizing agent. Different organisms respond 

differentially to environmental oxygen (Fig. 2). This response is mainly dependent 

on the presence of various enzymes that react with oxygen and the oxygen radicals 

that are formed in the cells. Cells generally have enzymes that react with oxygen. 

E.g., oxidations of flavoproteins by O2 forms toxic H2O2 (peroxide) and more toxic 

more toxic free radical, superoxide or O2
.-
. Another toxic form of oxygen the singlet 

oxygen is generated by the reaction of pigments like chlorophyll with O2 in the 

presence of light.  
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Bacteria are classified into four major groups depending on their oxygen 

requirement 

Obligate aerobes: These organisms cannot grow without a source of oxygen. These 

are strict aerobes that require oxygen to grow and will be killed in absence of 

oxygen. Aerobic bacteria grow well in environments that contain at least 5 percent 

oxygen. They thrive in decaying matter and soil and excrete plant nutrients such as 

phosphorus, magnesium and nitrogen.  

These bacteria require gaseous oxygen to complete their energy -producing cycle; 

they use O2 as a final electron acceptor in aerobic respiration. Obligate aerobes do 

not carry out fermentation. They use E.g., Micrococcus spp, Pseudomonas, Bacillus, 

Nocardia asteroides. 

Obligate anaerobes: These bacteria do not require oxygen for metabolic activity, 

and oxygen is toxic and kills them. Obligate anaerobes do not carry out oxidative 

phosphorylation. Obligate anaerobes lack certain enzymes like catalase, peroxidise 

and superoxide dismutase. Obligate anaerobic procaryotes may live by fermentation, 

anaerobic respiration, bacterial photosynthesis, or the novel process of 

methanogenesis. E.g., Bacteroides fragilis, Clostridium tetani, Peptostreptococcus 

magnus. 

Facultative anaerobes: These bacteria are those for which there is no absolute 

requirement for oxygen for growth or energy production; they can either utilize 

oxygen or grow by anaerobic mechanisms. These bacteria can shift their metabolism 

from anaerobic if oxygen is absent to aerobic if oxygen is present. These bacteria 

grow by fermentation or anaerobic respiration, but in the presence of O2 they switch 

to aerobic respiration. Such bacteria are most versatile, and are usually able to adapt 

to their environment, creating energy for growth and multiplication by the most 

effective mechanism. E.g., Escherichia coli, Staphylococcus aureus.  

Microaerophiles : This group of bacteria grow well in low oxygen concentration 

and high carbon dioxide concentrations. Require O2  levels in the range of 2 to 10% 
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for growth.They are killed by high oxygen concentrations. E.g., Campylobacter 

jejuni, Heliobacter pylori  

Aerotolerant anaerobes: This group of bacteria do not use oxygen, but presence of 

oxygen does not harm them. Aerotolerant anaerobes are bacteria that respire 

anaerobically, but can survive in the presence of oxygen. They live by fermentation 

alone whether or not O2 is present in their environment.    E.g., Lactobacillus  

 

Figure 2: Identification of aerobic and anaerobic bacteria based on their growth in 

liquid culture 

1. Obligate aerobic (oxygen needing) bacteria gather at the top of the test tube 

in order to absorb maximal amount of oxygen 

2. Obligate anaerobic bacteria gather at the bottom of the test tube to avoid 

oxygen 

3. Facultative bacteria gather mostly at the top, since aerobic respiration is the 

most beneficial one; but as lack of oxygen does not hurt them, they can be 

found all along the test tube 

4. Microaerophiles gather at the upper part of the test tube but not at the top, 

they require oxygen but at low concentration 

5. Aerotolerant bacteria are not affected at all by oxygen, and they are evenly 

spread along the test tube 
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12.6. SUMMARY 

 

There are different chemical factors that influence bacterial growth which 

include the availability of a usable carbon source, usable sources of nitrogen and 

phosphorous, availability of trace elements and the presence or absence of oxygen 

etc.,  

 

Nitrogen:  Found in all the amino acids, nitrogenous bases of nucleic acids, etc. 

Hydrogen:  found in all biological molecules, Carbs, fats, proteins, nucleic acids, etc 

Phosphorous:  found in nucleic acids, ATP, and phospholipdids of membranes 

Sulfur:  found in 2 or 3 amino acids of microbes 

Nitrogen, sulfur and phosphorous are also essential requirement of bacterial growth. 

Phosphorous is required to make proteins, nucleic acid and vitamins. Some bacteria 

require organic sources of these elements while others are flexible. E.g., Nitrogen 

fixers are unique in being able to obtain nitrogen from atmosphere (N2), while other 

bacterial need nitrogen in other forms.  

 

Autotrophic bacteria simply need access to CO2 to grow whereas the heterotrophs 

require an organic carbon source like proteins, carbohydrates, lipids. The ability of a 

bacteria to utilize the given carbon source depends on its enzymes.  

 

Bacterial also need trace elements in small amounts. Many of these are mineral 

elements including iron (Fe), zinc (Zn), magnesium (Mg), calcium (Ca). These trace 

elements function as essential cofactors for various enzymes 

Important chemical factros that influcen bacterial gowth and their effects on 

bacterial physiology 

Chemicals that adversely influence bacterial growth 

1. Acids: HCl ve H2SO4, Chromic acid (10%) is a strong germiside, Boric acid: 

(2%) is a weak germiside, Benzoic acid shows weak bacteriostatic effect. (Its 

0.1% solution is used for food preservation.). Acetic acid has germicidal 

effect.  
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2. Bases: Their effect is due to OH- ions. Their 1% solutions are used as 

disinfectant. 

3. Alcohols, Aldehydes, Phenol and its derivates: Usually 2-5% solutions are 

used. 

5% phenol: Lysol. Mode of action: they destroy permeability of cytoplasmic 

membrane. Combine with proteins and form proteinates that are insoluble in water. 

4. Halogens and related compounds: Most important halogens are chlorine and 

iodine. 

5. Oxidants: They cause oxidation by giving oxygen or electron transportation. 

H2O2 (%3 ), KMnO4 (1/5.000 – 1/10.000), Na-perborate (%2), K-Chloride (%2). 

8. Heavy metals: They are effective when they are iodized. They inactivate the 

enzymes by coagulating proteins 

9. Soap and detergents: A cleansing agent made from a mixture of the sodium salts 

of various fatty acids of natural oils and fats. Its spectrum is narrow, therefore 

usually used as cleaning agent. Zefiran (synthetic detergent): its solution of 0,1% is 

used as antiseptic. 

10. Dyes: They show bactericidal or bacteriostatic effect. They may be added into 

culture media as inhibitor. 

11. Etheric oils: 2 ppm mustard oil has germicidal effect on yeasts. 

 

12. Antibiotics: The first recognised antibiotic is penicillin.  

A) Cell wall synthesis inhibitors: Penicillin, Cephalolsporins, bacitracin, 

ampicillin 

B) Protein synthesis inhibitors in ribosomes: Streptomycine, tetracycline, 

chloramphenicol,kanamycin, neomycin 

C) Antibiotics which destroy the cytoplasmic membrane permeability: 

Polymyxin-B, colistin,amphatericin-B, nystatin.  

D) Others: actinomycin, promycin 

 

Bacteria are classified into four major groups depending on their oxygen 

requirement 

Obligate aerobes: These organisms cannot grow without a source of oxygen. These 

are strict aerobes that require oxygen to grow and will be killed in absence of 

oxygen.  
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Obligate anaerobes: These bacteria do not require oxygen for metabolic activity, 

and oxygen is toxic and kills them.  

Facultative anaerobes: These bacteria are those for which there is no absolute 

requirement for oxygen for growth or energy production; they can either utilize 

oxygen or grow by anaerobic mechanisms.  

Microaerophiles : This group of bacteria grow well in low oxygen concentration 

and high carbon dioxide concentrations. Require O2  levels in the range of 2 to 10% 

for growth.  

Aerotolerant anaerobes: This group of bacteria do not use oxygen, but presence of 

oxygen does not harm them.  

 

12.7. CHECK YOUR PROGRESS 

2. What are the different chemical factors that influence bacterial growth? 

3. Which are the chemicals that adversely influence growth of bacteria in 

medium? 

4. Discuss the Oxygen requirements for growth of bacteria 

5. Discuss the classification of bacteria based on oxygen requirements 

6. Which are the growth factors and trace elements required for bacterial 

growth?  

7. What are antibiotics and what is their mode of action on bacteria? 

 

 

12.8. KEY WORDS 

Chemical factors that influence bacterial growth, Carbon, Nitrogen, 

Hydrogen, Phosphorous, Sulfur, trace elements, growth factors, vitamins, 

antibiotics, detergents, obligate aerobes, obligate anaerobes, facultative anaerobes, 

microaerophiles, aerotolerant anaerobes 
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13.1. OBJECTIVES 

After reading this unit we will be able to understand: 

 The effect of various biological factors on bacterial growth. 

 Role of different media constituents on bacterial growth.  

 Major nutrient elements required for bacterial growth. 

 Trace elements those are required for bacterial growth. 

 Influence of carbon and energy source on bacterial growth. 

 Classification of bacteria based on energy and carbon source. 

 Influence of different growth factors on bacterial growth. 

 Vitamins as growth factors for bacteria and their functions.  

 Influence of culture media on bacterial growth and types of culture media.  

 

 

13.2. INTRODUCTION  

 

In nature, bacteria exist as mixed populations. To study individual species of 

bacteria they have to be separately isolated. Therefore, an artificial media and 

surface is necessary to grow these bacteria. There are various biological factors that 

influence bacterial growth. For preparation of media we have to know the nutritional 

and requirements for that bacterial species.  

All living organism derives all the substances necessary for energy 

generation and cellular biosynthesis from its environment. These vital substances 

which are required for bacterial growth are called as nutrients or nutritional 

requirements. Under laboratory conditions bacteria are grown in culture media 

which are designed to provide all the essential nutrients for bacterial growth.  

The general nutritional requirements of bacteria are known from the cell‘s 

elemental composition which usually consists of C, H, O, N, S, P, K, Mg, Fe, Ca, 

Mn and trace elements like   Zn, Co, Cu, and Mo. These elements are found in 

water, inorganic ions, small molecules, and macromolecules.  
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13.3. MAJOR NUTRIENT ELEMENTS 

The major nutrient elements are as follows:  

Carbon: Carbon constitutes 50% of the dry weight of the bacteria. Carbon is derived 

from various organic compounds or carbon dioxide. Carbon is the main constituent 

of cellular material.  

Oxygen: Oxygen constitutes 20% of the dry weight of the bacteria. Oxygen is 

derived from water, various organic compounds, carbon dioxide and O2. Oxygen is 

the main constituent of cell material and cell water, oxygen is electron acceptor in 

aerobic respiration.  

Nitrogen: Nitrogen accounts for 15% of the total dry weight of cells. Nitrogen is 

derived from NH3, NO3, organic compounds and N2. Nitrogen is the main 

constituent of amino acids, nucleic acids, nucleotides and coenzymes.  

Hydrogen: Hydrogen constitutes 8% of the total dry weight of the cells. Hydrogen is 

derived from water, organic compounds and H2. Hydrogen is a constituent of 

organic compounds and cell water.  

Phosphorous: Phosphorous constitutes 3% of the total dry weight of bacteria. 

Phosphorous is derived from inorganic phosphates (PO4). Phosphorous is a 

constituent of nucleic acids, nucleotides, phospholipids, lipopolysacchardies, 

teichoic acids etc.,  

Sulfur: Sulfur constitutes 1% of the total dry weight of the cells. Sulfur is derived 

from SO4, H2S, S
0
 and organic sulphur compounds. Sulfur is a constituent of 

cysteine, methionine, glutathione and several coenzymes.  

Potassium: Potassium constitutes 1% of the total dry weight of the cells. Potassium 

is derived from various potassium salts. Potassium is a constituent of main cellular 

inorganic cat ion and cofactor for certain enzymes.  
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Magnesium: Magnesium constitutes 0.5% of the total dry weight of the ells. 

Magnesium is derived from different magnesium salts. Magnesium is a constituent 

of inorganic cellular cat ion, cofactors for various enzymatic reactions.  

Calcium: Calcium constitutes 0.5% of the total dry weight of the cells. Calcium is 

derived from different calcium salts. Calcium is a constituent of inorganic cellular 

cat ions, cofactor for some enzymes and a component of endospores.  

Iron: Iron constitutes only 0.2% of the total dry weigh to the cells. Iron is derived 

from different iron salts. Iron is a constituent of cytochromes and certain nonheme 

iron-proteins and a cofactor for some enzymes.  

 

13.4. TRACE ELEMENTS 

In addition to the above discussed essential nutrients, bacteria also require 

some vital elements for their growth. These elements are called Trace Elements and 

they are metal ions required by certain cells in very small amounts that it is difficult 

to measure. Trace elements are not required to be added to the culture media as 

nutrients. Trace elements generally function as cofactors for essential enzymatic 

reactions in the cell. The important trace elements are Mn, Co, Zn, Cu, and Mo. 

 

13.5. CARBON AND ENERGY SOURCE 

For culturing bacteria on laboratory, the media should be provided with an 

energy source, source of carbon, in addition to other nutrient requirements. Also, the 

other conditions like optimum temperature, pH and Oxygen requirements are also 

necessary for culturing bacteria in laboratories. Based on these requirements bacteria 

are classified into different groups.  

E.g., Phototrophs - bacteria that use light as an energy source; anaerobes – bacteria 

that grow without oxygen; thermophiles – bacteria which grow at high temperatures 

etc.,  
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13.6. CLASSIFICATION OF BACTERIA BASED ON ENERGY AND 

CARBON SOURCE 

Based on the source of energy and carbon, bacteria are classified as follows: 

13.6.1. Phototrophs: bacteria that use light as an energy source. Cyanobacteria, 

some Purple and Green Bacteria 

13.6.2. Lithotrophs: bacteria that use (oxidize) inorganic compounds as energy 

source. A few Bacteria and many Archaea 

13.6.3. Autotrophs: bacteria that use CO2 as a sole source of carbon for 

growth. Cyanobacteria, some Purple and Green Bacteria 

13.6.4. Heterotrophs or chemo(hetero)trophs: bacteria that use (oxidize) an 

organic carbon (a chemical compound with a carbon-hydrogen bond) as carbon 

source. Most Bacteria, some Archaea 

The specific nutritional requirements of heterotrophic bacteria can also be quite 

diverse. All microorganisms are made up of four biochemical molecules: proteins, 

lipids, carbohydrates and nucleic acids; however, these organisms may differ in their 

individual ability to synthesize these molecules.  Some heterotrophs are 

metabolically flexible and require only a few organic compounds for energy 

production and biosynthesis of cellular components.  Other heterotrophs require 

greater numbers of different organic compounds from their environment.  

Organisms that fall into the latter class are called fastidious organisms.  The 

successful cultivation of microbes in a laboratory setting requires that one 

understands the nutritional needs of an individual organism, as the absence of a 

single required nutrient would prevent growth.  Fastidious organisms tend to require 

more ingredients in their growth media than less fastidious organisms.   
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13.7. GROWTH FACTORS 

Growth factors are compounds that are essential substances that the organism 

is unable to synthesize from available nutrients. These are organic compounds 

required in small amounts for growth. Growth factors are necessary as they are 

involved in biosynthesis.  

Certain group of bacteria like E. coli are able to synthesize themselves all 

essential purines, pyrimidines, amino acids and vitamins, therefore they do not 

require these growth factors in their media. On the other hand, some bacteria like 

Lactobacillus require purines, pyrimidines, vitamins and several amino acids in 

order to grow. These compounds must be provided in the media for their growth. 

Auxotrophs are mutant strains of bacteria that require some growth factor not 

needed by the wild type (parent). E.g., E. coli trp-. Is tryptophan auxotroph E. 

coli strain that requires tryptophan in order to grow.  

Growth factors are grouped into three categories: 

1. Purines and pyrimidines: required for synthesis of nucleic acids (DNA and 

RNA) 

2. Amino acids: required for the synthesis of proteins 

3. Vitamins: needed as coenzymes and functional groups of certain enzymes 

 

13.8. VITAMINS AS GROWTH FACTORS 

Vitamins as growth factors for bacteria and their functions are as follows:  

p-Aminobenzoic acid (PABA): it acts as a precursor for the biosynthesis of folic 

acid.  
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Folic acid: it is coenzyme form of Tetrahydrofolate. It is involved in Transfer of 

one-carbon units and required for synthesis of thymine, purine bases, serine, 

methionine and pantothenate.  

Biotin: it is a coenzyme form of Biotin. It is required for biosynthetic reactions that 

require carbon dioxide fixation.  

Lipoic acid: it is a coenzyme form of  Lipoamide. It is involved in transfer of acyl 

groups in oxidation of keto acids. 

Mercaptoethane-sulfonic acid: it is a coenzyme form Coenzyme M. It is involved in 

CH4 production by methanogens.  

Nicotinic acid: its coencyme forms are NAD (nicotinamide adenine dinucleotide) 

and NADP. It acts as electron carrier in dehydrogenation reactions.  

Pantothenic acid: its coencyme forms are Coenzyme A and the Acyl Carrier Protein 

(ACP). It is involved in Oxidation of keto acids and acyl group carriers in 

metabolism.  

Pyridoxine (B6): its coenzyme form is Pyridoxal phosphate. It is involved in 

Transamination, deamination, decarboxylation and racemation of amino acids. 

Riboflavin (B2): its coenzyme forms are FMN (flavin mononucleotide) and FAD 

(flavin adenine dinucleotide). It is involved in oxidoreduction reactions.  

Thiamine (B2): its coenzyme is Thiamine pyrophosphate (TPP). It is necessary for 

Decarboxylation of keto acids and transaminase reactions. 

Vitamin B12: its coenzyme form is Cobalamine coupled to adenine nucleoside. It is 

involved in transfer of methyl groups.  

Vitamin K: it occurs as Quinones and napthaquinones. It is required for electron 

transport processes.  
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13.9. CULTURE MEDIA  

A culture medium consists of nutrients prepared for microbial growth. 

Culture medium should be sterile. Introduction of microbes into the medium is 

called inoculation. The microorganisms growing in the culture medium are referred 

to as culture.  

Based on their nutritional requirements bacteria are broadly classified into two 

major groups:  

 

Generalist bacteria: these bacteria are able to use a wide range of nutrients and/or 

can use nutrients in forms that are easy to provide.  

 

Fastidious bacteria: these bacteria they have very specific and/or complex 

nutritional requirements. They cannot use one or more nutrients in the form 

provided in the medium E.g, they might require H2S rather than SO4 2- as a sulfur 

source. They may also require unusual growth conditions (such as growth in living 

cells or at high temperature or pressure).  

The study of bacteria requires techniques for isolating cells from natural sources and 

growing them in the laboratory culture media.  

Appropriate biochemical and biophysical requirements must be provided for 

optimum bacterial growth. These essential requirements are provided in the form of 

a culture medium. There are different kinds of culture media depending upon the 

needs of a particular type of bacteria. Culture media are used for isolation and 

maintenance of pure cultures and also for identification of bacteria.  

Generally a media may be a Liquid media which are used for growth of pure batch 

cultures or solid media which are used widely for the isolation of pure cultures and 

estimation of viable bacterial populations. For example, Nutrient media is referred to 

as Nutrient Broth when in the liquid form, and Nutrient Agar when in the solid form. 

Agar, a galactan obtained from marine algae is used as the hardening agent in solid 

media. The agar-media will remain liquid at temperatures above 
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45
o
C. Below 45

o
C the agar will harden, and supply a solid surface for the growth of 

bacteria.  

 

13.10. TYPES OF MEDIA 

Based on the composition and its application media are of different types: 

13.10.1. Defined medium: is a medium with known exact chemical composition. 

These are composed of pure biochemicals. These are used to study the minimal 

nutritional requirements of bacteria. Glucose Minimal Salts Broth designed to 

support growth of E. coli. 

13.10.2. Complex medium: is a medium with unknown exact chemical 

constitution. These are made up of complex biological materials like blood, milk, 

yeast extract, beef extract etc., Bacteria which are pathogenic and grow on animal 

tissues require complex media. Trypticase-soy, Nutrient agar. E.g., fastidious 

bacteria Treponema pallidum, Mycobacterium leprae  

13.10.3. Minimal medium: is a medium that provides only the exact nutrients 

needed by the organism for growth. These media are used when the exact nutritional 

requirements of particular bacteria are known.  

13.10.4. Selective medium: is a medium which has a component(s) added to it 

which will inhibit or prevent the growth of certain types or species of bacteria and/or 

promote the growth of desired species. Physical conditions of a culture medium, 

such as pH and temperature can also be altered in a selective medium in order to 

allow the organism of interest to grow. MacConkey’s medium is selective. It 

contains bile salts and crystal violet; these will inhibit the growth of Gram-positive 

organisms. Other examples include phenylethyl alcohol agar, which inhibits or 

slows the growth of Gram-negative organisms, and mannitol salt agar which 

inhibits the growth of salt intolerant organisms.  
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13.10.5. Differential medium: is a medium which allows distinguishing between 

different types of bacteria based on some observable trait in their pattern of growth 

on the medium. Will allow visual differentiation between two or more species of 

bacteria. Examples include blood agar, MacConkey’s medium and Mannitol Salt 

agar. Blood agar plate (TSA with 10% sheep blood) 

–Used to differentiate types of Streptococci »Alpha, beta, and gamma hemolysis T 

Colonies growing on blood agar are differentiated by hemolysis patterns (greening - 

alpha hemolysis, clearing - beta hemolysis and no hemolysis -gamma).  

13.10.6. Selective-differential medium: Selective-differential media have 

characteristics of both selective media and differential media.  These media only 

allow a subset of bacteria to grow and allow the student to distinguish between the 

different types of bacteria that are able to grow on these media.  For example, one 

can distinguish between bacteria that ferment lactose and those that do not in 

MacConkey Agar by adding a carbon source (lactose) and a pH indicator (methyl 

red)—bacteria that ferment lactose produce acids that imparts a color change to the 

media surrounding the individual bacterial colony. 

For the isolation of Staphylococcus aureus. , S. aureus is differentiated from S. 

epidermidis on the basis of its ability to ferment mannitol. Mannitol-fermenting 

colonies (S. aureus) produce acid which reacts with the indicator dye forming a 

colored halo around the colonies; mannitol non-fermenters (S. epidermidis) use 

other non-fermentative substrates in the medium for growth and do not form a halo 

around their colonies. 

13.10.7. Enrichment medium: Encourages growth of desired microbe. It is a 

medium which contains some component that permits the growth of specific types 

or species of bacteria, usually because they alone can utilize the component from 

their environment. An example of an enriched medium is T-soy medium 

supplemented with sheep blood (when agar is added to this medium it is commonly 

called ―blood agar‖). A selective enrichment medium for growth of Halococcus 

contains nearly 25 percent NaCl, which inhibits the growth of all other bacteria. 
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13.11. SUMMARY 

There are various biological factors that influence bacterial growth. For preparation 

of media we have to know the nutritional and requirements for that bacterial species.  

The major nutrient elements are as follows:  

Carbon: Carbon is derived from various organic compounds or carbon dioxide. 

Carbon is the main constituent of cellular material.  

Oxygen: Oxygen is derived from water, various organic compounds, carbon dioxide 

and O2. Oxygen is the main constituent of cell material and cell water, oxygen is 

electron acceptor in aerobic respiration.  

Nitrogen: Nitrogen is derived from NH3, NO3, organic compounds and N2. Nitrogen 

is the main constituent of amino acids, nucleic acids, nucleotides and coenzymes.  

Hydrogen: Hydrogen is derived from water, organic compounds and H2. Hydrogen 

is a constituent of organic compounds and cell water.  

Phosphorous: Phosphorous is derived from inorganic phosphates (PO4). 

Phosphorous is a constituent of nucleic acids, nucleotides, phospholipids, 

lipopolysacchardies, teichoic acids etc.,  

Sulfur: Sulfur is derived from SO4, H2S, S
0
 and organic sulphur compounds. Sulfur 

is a constituent of cysteine, methionine, glutathione and several coenzymes.  

Potassium: Potassium is derived from various potassium salts. Potassium is a 

constituent of main cellular inorganic cat ion and cofactor for certain enzymes.  

Magnesium: Magnesium is derived from different magnesium salts. Magnesium is a 

constituent of inorganic cellular cat ion, cofactors for various enzymatic reactions.  

Calcium: Calcium is derived from different calcium salts. Calcium is a constituent 

of inorganic cellular cat ions, cofactor for some enzymes and a component of 

endospores.  
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Iron: Iron is derived from different iron salts. Iron is a constituent of cytochromes 

and certain nonheme iron-proteins and a cofactor for some enzymes.  

 

Trace Elements 

Trace elements are metal ions required by certain cells in very small amounts that it 

is difficult to measure. Trace elements are not required to be added to the culture 

media as nutrients. Trace elements generally function as cofactors for essential 

enzymatic reactions in the cell. The important trace elements are Mn, Co, Zn, Cu, 

and Mo. 

Carbon and Energy source 

For culturing bacteria on laboratory, the media should be provided with an energy 

source, source of carbon, in addition to other nutrient requirements. Based on these 

requirements bacteria are classified into different groups.  

Based on the source of energy and carbon, bacteria are classified as follows: 

Phototrophs: bacteria that use light as an energy source. Cyanobacteria, some Purple 

and Green Bacteria 

Lithotrophs: bacteria that use (oxidize) inorganic compounds as energy source. A 

few Bacteria and many Archaea 

Autotrophs: bacteria that use CO2 as a sole source of carbon for 

growth. Cyanobacteria, some Purple and Green Bacteria 

Heterotrophs or chemo (hetero)trophs: bacteria that use (oxidize) an organic carbon 

(a chemical compound with a carbon-hydrogen bond) as carbon source. Most 

Bacteria, some Archaea 

Growth Factors 
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Growth factors are compounds that are essential substances that the organism is 

unable to synthesize from available nutrients. These are organic compounds required 

in small amounts for growth. Growth factors are necessary as they are involved in 

biosynthesis.  

1. Purines and pyrimidines: required for synthesis of nucleic acids (DNA and RNA) 

2. Amino acids: required for the synthesis of proteins 

3. Vitamins: needed as coenzymes and functional groups of certain enzymes 

Culture Media  

A culture medium consists of nutrients prepared for microbial growth. Culture 

medium should be sterile. Introduction of microbes into the medium is called 

inoculation. The microorganisms growing in the culture medium are referred to as 

culture.  

Generalist bacteria: these bacteria are able to use a wide range of nutrients and/or 

can use nutrients in forms that are easy to provide.  

 

Fastidious bacteria: these bacteria they have very specific and/or complex nutritional 

requirements. They cannot use one or more nutrients in the form provided in the 

medium E.g, they might require H2S rather than SO4 2- as a sulfur source. They may 

also require unusual growth conditions (such as growth in living cells or at high 

temperature or pressure).  

The study of bacteria requires techniques for isolating cells from natural sources and 

growing them in the laboratory culture media.  

Appropriate biochemical and biophysical requirements must be provided for 

optimum bacterial growth. These essential requirements are provided in the form of 

a culture medium. There are different kinds of culture media depending upon the 

needs of a particular type of bacteria. Culture media are used for isolation and 

maintenance of pure cultures and also for identification of bacteria.  
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Generally a media may be a Liquid media which are used for growth of pure batch 

cultures or solid media which are used widely for the isolation of pure cultures and 

estimation of viable bacterial populations. For example, Nutrient media is referred to 

as Nutrient Broth when in the liquid form, and Nutrient Agar when in the solid form. 

Agar, a galactan obtained from marine algae is used as the hardening agent in solid 

media. The agar-media will remain liquid at temperatures above 45
o
C. Below 45

o
C 

the agar will harden, and supply a solid surface for the growth of bacteria.  

Types of media 

Based on the composition and its application media are of different types: 

Defined medium: is a medium with known exact chemical composition. These are 

composed of pure biochemicals. Glucose Minimal Salts Broth designed to support 

growth of E. coli. 

Complex medium: is a medium with unknown exact chemical constitution. These 

are made up of complex biological materials like blood, milk, yeast extract, beef 

extract etc., Trypticase-soy, Nutrient agar. E.g., fastidious bacteria Treponema 

pallidum, Mycobacterium leprae  

Minimal medium: is a medium that provides only the exact nutrients needed by the 

organism for growth. These media are used when the exact nutritional requirements 

of particular bacteria are known.  

Selective medium: is a medium which has a component(s) added to it which will 

inhibit or prevent the growth of certain types or species of bacteria and/or promote 

the growth of desired species. MacConkey’s medium is selective. It contains bile 

salts and crystal violet, these will inhibit the growth of Gram-positive organisms.  

 

Differential medium: is a medium which allows to distinguish between different 

types of bacteria based on some observable trait in their pattern of growth on the 

medium. Will allow visual differentiation between two or more species of bacteria. 

Blood agar plate (TSA with 10% sheep blood) –Used to differentiate types of 
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Streptococci »Alpha, beta, and gamma hemolysis T Colonies growing on blood agar 

are differentiated by hemolysis patterns (greening - alpha hemolysis, clearing - beta 

hemolysis and no hemolysis -gamma).  

 

Enrichment medium: Encourages growth of desired microbe. It is a medium which 

contains some component that permits the growth of specific types or species of 

bacteria, usually because they alone can utilize the component from their 

environment. A selective enrichment medium for growth of Halococcus contains 

nearly 25 percent NaCl, which inhibits the growth of all other bacteria. 

 

 

13.12. CHECK YOUR PROGRESS 

1. Discuss the effect of various biological factors on bacterial growth. 

2. Explain the role of different media constituents on bacterial growth.  

3. What is the major nutrient elements required for bacterial growth? 

4. Write a brief essay on trace elements that are required for bacterial growth. 

5. Discuss the influence of carbon and energy source on bacterial growth. 

6. How bacteria are classified based on energy and carbon source? 

7. What are the effects of different growth factors on bacterial growth? 

8. Write a brief note on vitamins as growth factors for bacteria and their 

functions.  

9. Discuss the influence of culture media on bacterial growth and types of 

culture media.  

10. Write a short note on the following: 

a) Phototrophs 

b) Lithotrophs 

c) Autotrophs 

d) Heterotrophs orchemo(hetero)trophs 

e) Purines and pyrimidines 

f) Amino acids 

g) Vitamins 
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h) Folic acid 

i) Biotin 

j) Nicotinic acid 

k) Riboflavin (B2) 

l) Thiamine (B2) 

m) Fastidious bacteria 

n) Defined medium 

o) Complex medium 

p) Minimal medium 

q) Selective medium 

r) Differential medium 

s) Enrichment medium 

 

13.13. KEY WORDS 

Bacterial growth, biological factors, major nutrient elements, influence of 

carbon and energy source, growth factors, vitamins, culture media, phototrophs, 
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medium, complex medium, minimal medium, selective medium, differential 

medium, enrichment medium. 
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UNIT 14 
 

 

HYDROLYSIS OF CARBOHYDRATES, PROTEINS AND 

LIPIDS 
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14.1. OBJECTIVES 

After reading this unit we will be able to understand: 

 By reading this chapter students are required to understand how bacteria degrade 

complex biopolymers like carbohydrates; Starch, cellulose and pectin etc.  

 It is this ability of bacteria make them ubiquitous and at the same time turnover 

of carbon in the form of cycle. 

 Bacteria utilize various enzyme system and mechanism to carry out degradation 

of these polymers and use them for the production of energy. 

 Not every bacteria utilizes every polymer but different bacteria use different 

polymers and utilizes appropriate enzyme systems 

 

 

14.2. INTRODUCTION 

 

 Bacteria are ubiquitous; it is a very rare place where we do not find bacteria. 

It may be sunny tropics to the coldest part of polar arctic regions, one can find 

bacteria. There are many kinds of Bactria adjusted to variety of environments. Other 

than free living they are symbionts, parasites and detrivores; degrading possibly 

every material on earth, one or the other way by their special metabolic capacity. As 

for as organic materials are concerned bacteria use variety of substances for their 

living and growth. Hydrolysis of carbohydrates, proteins and lipids are very 

important because these are the major substances from which bacteria can obtain 

source of carbon, oxygen, hydrogen, nitrogen etc.  

 Bacteria are single celled organisms with an absorbing mode of nutrition. 

Bacteria must absorb molecules from the surrounding environment. Many 

macromolecules such as starch, proteins and lipids (biopolymers) are too large to 

pass through the cell wall and membrane therefore, cannot be used directly as 

nutritional sources. Many bacteria solve this problem by secreting enzymes called 

extracellular (hydrolysing or digestive) to the outside of the cell that degrade 

macromolecules like proteins, carbohydrates or lipids into smaller compounds that 

can be taken up by the cells and further metabolized by intracellular enzymes inside 
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their body. Examples of extracellular enzymes are amylase which degrades starch, 

protease for proteins, lipase for lipids, and DNase, which degrades DNA. 

 Bacteria are capable of an amazing array of different types of fermentation. 

Most natural compounds are degraded by some type of microbe and even many 

man-made compounds can be attacked by bacteria. In environments devoid of 

oxygen (or other suitable inorganic electron accepter), this degradation involves 

fermentation. Despite the many methods bacteria employ to ferment organic 

compounds, there are some unifying concepts that are true of all fermentations. 

 

 

14.3. BACTERIAL HYDROLYSIS OF CARBOHYDRATES 

 

Bacteria are efficient degraders of starch, chitin, and the polysaccharides in 

plant cell walls; cellulose, pectin and hemicelluloses. Purification of these 

hydrolases led to the production of a multiplicity of enzymes, referred to as a system 

of enzymes, for the efficient utilization of a polysaccharide. In order to fully 

characterize a particular enzyme, it must be obtained free of the other components of 

a system. Often, this very difficult because of the complexity of a these groups of 

enzymes. This led to the cloning of the genes encoding them as an approach to 

eliminating other components. By Doing so more than 400 such genes have been 

cloned and sequenced, and the enzymes they encode have been grouped into more 

than 50 families of related amino acid sequences. The enzyme systems revealed in 

this manner are complex on two quite different levels. First, many of the individual 

enzymes are complex, as they are modular proteins comprising one or more catalytic 

domains linked to ancillary domains that often include one or more substrate-

binding domains. Second, the systems are complex, comprising from a few to 20 or 

more enzymes, all of which hydrolyze a particular substrate. Systems for the 

hydrolysis of plant cell walls usually contain more components than systems for the 

hydrolysis of starch and chitin because the plant cell walls contain more 

polysaccharides viz., pectin, cellulose and hemicelluloses. The systems produced by 

different microorganisms for the hydrolysis of a particular polysaccharide comprise 

similar enzymes from the same families. 
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In recent years, many heterotrophic extreme thermophilic (60–80°C) and 

hyperthermophilic (80–110°C) microorganisms are known to utilize natural 

polymeric substrates as their carbon and energy source. These extremophilic 

microorganisms, which belong to the Archaea and Bacteria, can facilitate the 

enzymatic degradation of polymeric substrates such as starch, cellulose, xylan, 

pectin and chitin. 

 

14.3.1. Starch 

  

 Starch is the major polysaccharide present in the diets of high-producing 

ruminant livestock such as dairy cattle and feedlot beef cattle. Starches are generally 

rapidly fermented in the rumen, and a variety of ruminal bacteria have the capacity 

to utilize this substrate. Previous work has shown that Streptococcus bovis, 

Butyrivibrio fibrisolvens, and Bacteroides ruminicola were among the most active 

starch degrading species. Furthermore, it was demonstrated that the amylolytic 

activities of these organisms hydrolyzed starch with the production of 

maltooligosaccharides, which is consistent with the production of alpha-amylase-

like enzymes. It was hypothesized that these oligosaccharide products of starch 

hydrolysis are important intermediates in starch degradation in the rumen and serve 

as important growth substrates for other nonamylolytic species. The objectives of 

the current study were to determine if maltooligosaccharides accumulate during the 

growth of amylolytic ruminal bacteria on starch and, if so, to determine if these 

substrates are available to other species of ruminal bacteria in a cross-feeding food 

chain that might mimic what occurs in the rumen. 

 Starch degrading amylolytic enzymes is of great importance in 

biotechnological application ranging from food, fermentation, and textile to paper 

industries etc. Alpha amylase is a key enzyme in metabolism of spacious diversity 

of living organisms which utilize starch as carbon and energy sources. It can 

hydrolyze starch, glycogen and related polysaccharides by randomly cleaving 

internal α-1,4-glucosidic linkages to  produce different sizes of oligosaccharides. 

Amylases are enzymes which hydrolyze the starch molecules in to polymers consists 
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of glucose units. Alpha amylase is ubiquitous in distribution, with plants, bacteria 

and fungi being the major sources.  

 

14.3.2. Pectin 

 Enzymes which degrade pectic substances called pectinases or pectinolytic 

enzymes, comprises a heterogeneous group of enzymes, and can be classified into 

three main groups according to their mode of action on pectin containing substrates.  

Polygalacturonase (PGase) and pectate lyase (PLase) split the molecular chains of 

the respective polymers while Pectin methyl esterase (PME) hydrolyzes the methyl 

ester group of galacturonate unit and liberate methanol. Pectin substances are 

characterized as a long chain of galacturonic acid residues bounded with carboxyl 

group, which are sometimes modified by the addition of methyl groups forming 

methoxyl groups. Pectinolytic enzymes catalyzed  pectic substances by breaking 

glycosidic bonds of the long carbon chains (Hydrolyses and lyases) and by splitting 

methoxyl groups (esterases). 

 

Pectinolytic enzymes having great industrial importance are required for food 

processing industries, especially for extraction and clarification of fruit juices, 

extraction of oils, flavors and pigments from plant materials, textile, pharmaceutical, 

leather, detergent and paper.  Bacterial enzymes are routinely used in many 

environment friendly and economic industrial sectors. Bacteria are the best source of 

enzymes as they allow an economical technology with low resource consumption 

and low emission. Such enzymes may be discovered by screening bacteria sampled 

from diverse environments or developed by modification of known enzymes using 

modern methods of protein engineering or molecular evolution. As a result, several 

important food-processing enzymes such as PAGases and Pectine lyases with 

properties tailored to particular food applications have become available. New 

enzymes for commercial applications with desirable biochemical and physico-

chemical characteristics and a low cost production have become a focus of research. 

Pectinase is an enzyme group that catalyzes pectic  substance by degradation 

reactions through  depolymerization (hydrolases and lyases) and deesterification 

(esterases) reactions. These polysaccharide  degrading enzymes are suitable tools to 
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study the  structure of pectin. The main reason is the specificity of these enzymes in 

comparison to chemical methods, which are less-specific. Most of the plant cell wall 

degrading enzymes are encoded by a large multigenic family showing diverged 

expression pathways suggesting functional specialization.  Pectinases are classified 

according to the mode of attack on their specific structural element of the pectin 

molecule. Alkaline pectinases are generally produced by bacteria, but are also made 

by some filamentous fungi and yeasts. They  may be used in the pre-treatment of 

waste water from  vegetable food processing that contains pectin residues;  the 

processing of textile fibers such as flax, jute and  hemp, coffee and tea fermentation, 

vegetable-oil  extraction and the treatment of paper pulp. 

 

14.3.3. Cellulose 

 

Cellulosic biomass includes agricultural (e.g., corn stover and sugarcane 

bagasse) and forestry (e.g., sawdust, thinnings, and mill wastes) residues, portions of 

municipal solid waste (e.g., waste paper), and herbaceous (e.g., switchgrass) and 

woody (e.g., poplar trees) crops. Such materials are abundant and competitive in 

price with petroleum, and cellulosic biomass can provide a sustainable resource that 

is truly unique for making organic products 

The structural portion of cellulosic biomass is a composite of cellulose 

chains joined together by hydrogen bonding. These long cellulose fibers are in turn 

held together with hemicellulose and lignin, allowing growth to large aerial plants 

that can withstand weather and attack by microorganisms and insects. Humans have 

employed cellulosic biomass for construction, soil stabilization, animal feed, and 

paper manufacture. However, the cellulose and hemicellulose portions of biomass, 

representing about 40–50% and 20–30% by dry weight of plants, respectively, are 

polysaccharides that can be broken down into sugars and fermented or chemically 

altered to valuable fuels and chemicals. Sugars from such sources have been used to 

make ethanol and other products during periods of war by approaches such as the 

Scholler process during the 1940s. Research over the last two decades has advanced 

biological conversion of cellulosic biomass to the point of becoming economically 

competitive for production of fuels and chemicals that offer important strategic, 
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environmental, and economic advantages. The challenge is to overcome the risk of 

commercializing technology and to continue to advance hydrolysis processes so that 

fuels and chemicals from cellulosic resources are competitive without subsidies. 

The factors affecting the hydrolysis of cellulose include porosity (accessible 

surface area) of the waste materials, crystallinity of cellulose fiber and lignin, and 

hemicellulose content. Formation of soluble sugars from cellulose in agricultural 

residues relies on the sequential/coordinated action of individual components of 

cellulase complex (i.e., exoglucanase; (EC 3.2.1.91),  endoglucanase; (EC 3.2.1.4) 

and b-d-glucosidase; (EC 3.2.1.21) derived from cellulolytic bacteria. The 

cellulases-catalyzed hydrolysis has been suggested as a feasible process to produce 

reducing sugar (or glucose) from cellulose for the production of biofuels or other 

value added products via bacterial fermentation. Cellulolytic bacteria belonging to 

the genus of Cellulomonas, Clostridium, Bacillus,Thermomonospora, 

Ruminococcus, Bacteriodes, Erwinia, Acetovibrio, Microbispora, and Streptomyces 

can produce cellulases effectively. 

 

14.3.4. Hemicellulose 

 

 The polysaccharides found in plant cell walls belong to the cellulose, 

hemicellulose, or pectin classes. Cellulose, the dominant structural polysaccharide of 

plant cell walls, is a linear h-(1!4)-D-glucopyranoside polymer. Although cellulose 

functions as the rigid, load bearing component of the cell wall, the rigidity of the 

cellulose microfibril is strengthened within a matrix of hemicelluloses and pectins. 

Pectins are noncellulosic acidic cell wall polysaccharides and are divided into three 

classes: homogalacturonan, rhamnogalacturonan I, and rhamnogalacturonan II. 

Pectins function as a sol-like matrix, providing water and ion retention, support and 

facilitation of cell wall modifying enzymes, cell wall porosity, cell-to cell adhesion, 

cell expansion, cell signaling, developmental regulation, and defense. 

Hemicelluloses are generally classified according to the main sugar residue 

in the backbone, e.g., xylans, mannans, and glucans, with xylans and mannans being 

the most prevalent. Depending on the plant species, developmental stage, and tissue 

type, various subclasses of hemicellulose may be found, including glucuronoxylans, 
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arabinoxylans, linear mannans, glucomannans, galactomannans, 

galactoglucomannans, h-glucans, and xyloglucans. 

These different subtypes can be grouped into two general categories based on the 

hydration of the fibers. Low hydration polysaccharides include the arabinoxylans, 

glucuronoxylans, xyloglucans, and linear mannans. With the exception of the linear 

mannans, which serve mainly as a seed storage compound, this class of 

hemicelluloses functions primarily to stabilize the cell wall through hydrogen- 

bonding interactions with cellulose and covalent interaction with lignin and are 

water-soluble in their native state generally due to their branched construction. 

On the other hand, xylan acts as a major ingredient of hemicellulose in 

nature, so there have been a surge of interest in microbial xylanase (EC 3.2.1.8), 

having significance in a variety of well documented industrial applications 

(especially in paper and food industries)  

 

14.3.5. Lignin 

Lignin is a structural polymer of vascular plants that performs functions 

essential to their survival. Lignin gives plants rigidity and binds plant cells together 

in such a manner as to impart resistance towards impact, bending, and compression. 

Lignin plays an essential role in water and nutrient transport by acting as a barrier to 

permeation of water across cell walls of xylem tissue. Lignified tissues also act as 

barriers to prevent invasion of pathogenic  microorganisms. Lignin is a vital 

component of the biospheric carbon cycle since it ranks second only to cellulose in 

abundance as a naturally occurring biopolymer. Much has been learned during the 

past 30 years concerning the structure and biosynthesis of this complex, aromatic 

polymer. Corresponding progress in the study of microbiological degradation of 

lignin has been minimal. Microbial degradation of the lignin component of these 

natural lignin-cellulose complexes was observed in numerous soils and in pure 

cultures of a thermophilic, cellulolytic bacterium and a white-rot fungus by trapping 

CO2 liberated during the decay process.   
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14.4. BACTERIAL HYDROLYSIS OF PROTEINS 

 

Proteins are polymers. They are large and just like lipids need to be broken 

down into smaller pieces before being transported into the bacterial cell. In bacteria 

degradation of proteins a class of extracellular enzymes called proteases break down 

proteins into peptides (short polymers of amino acids). There are many different 

proteases synthesized by bacteria and each of them has a different specificity. The 

ones used in extracellular degradation of proteins tend to be nonspecific and attack 

many different peptide bonds between amino acids. The small peptides produced 

can then be transported into the cell where they are further degraded into amino 

acids.  

 

Bacteria secreting proteolytic enzymes and able to use protein as substrate 

for growing and survival. The uptake of most nutrients by heterotrophic bacteria 

depends on osmosis of nutritional strategy in which soluble nutrients are absorbed 

through the bacterial cell surface. The outer membrane of Gram-negative bacteria 

acts as a molecular sieve. The nature of the amino acid residues is the major factor 

that determines the hydrodynamic volume of a protein or peptone, which in turn 

discriminates between which molecules are fit for uptake. Therefore, only relatively 

small molecules can be readily transported across the bacterial membrane. Research 

using mutant bacterial strains (no longer capable of synthesizing individual amino 

acids) and gel filtration techniques suggested that the cutoff point was between 4 

and 6 amino acids or around 650 Da. It has been estimated that 65 to 80% of 

dissolved organic matter (DOM) in ocean surface waters consists of low molecular-

weight molecules (below 1000 Da), yet larger molecules seem to have higher 

nutritional potential. 

 Studies of bacterial utilization of natural DOM pools have shown higher 

growth and respiration rates when cells were exposed to high molecular weight 

DOM, than in the presence of low molecular fractions. Bacteria secrete enzymes that 

allow them to hydrolyze high molecular-weight species outside the cells, prior to 

uptake. Such compounds may be present either in dissolved form, or as particulate 

organic matter (POM). POM in oceans includes marine snow (or water-column 
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aggregates), which consists of phytoplankton, detritus, bacteria and fecal pellets, 

embedded in a mucous matrix. 

 Bacteria associated with marine snow display higher levels of hydrolytic 

activities that recycle organic matter from particulate into dissolved phase. In 

addition in ocean depth profiles of marine snow in the Adriatic Sea and found that 

while the size of the aggregates increased, their organic content decreased with 

depth. This trend was attributed to bacterial decomposition and biotransformation of 

aggregate organic matter, as well as entrapment of resuspended inorganic material. 

Therefore, bacterial processing of organic matter, especially high molecular 

fractions, which requires cellular and extracellular enzymatic hydrolysis, is an 

important biotransformation process of organic matter in oceans. 

Bacterial proteolytic enzymes are generally classified according to 3 criteria: 

location with respect to the cell, site of proteolytic attack and structural similarities. 

Three classes of enzymes are generated based on the location of the enzymes: 

‗extracellular enzymes‘ (those that occur ‗free‘, dissolved in water, or attached to 

surfaces other than the cell that produced them), ‗ectoenzymes‘ (secreted enzymes 

that actively cross the cytoplasmic membrane and remain associated with the 

producing cell; this definition also includes the periplasmic enzymes) and 

‗intracellular‘ enzymes (enzymes that are synthesized, located and act upon 

substrates within the cytoplasm). For the purpose of the present paper the 

ectoenzymes and intracellular enzymes will be collectively referred to as ‗cellular‘ 

enzymes. The processing and hydrolysis of high molecular weight DOC (by 

extracellular enzymes) and subsequent utilization of hydrolysis products by bacteria 

can only be efficient if both enzymes and products are localized close to cells. 

Enzymes, as well as the products of degradation that they generate, can be modified 

by chemical or physical factors present in the environment. Also, extracellular 

enzymes and hydrolysis products can be lost by diffusion into the surrounding 

water. However, the concentrations of substrates at cell surface are lower than in the 

surrounding waters, due to boundary-layer effects. Thus, the probability of enzymes 

attached to the cell surface to encounter a substrate molecule is less, compared to the 

enzymes in the immediate vicinity of cells. It was estimated that as long as substrate 

molecules are present within a 500 µm radius, the energy balance favors the release 
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of enzymes and the extracellular degradation of the substrate.  In natural systems, 

parameters such as nutrients, temperature, pH, and oxygen level fluctuate widely 

and often become sources of stress for bacteria. Therefore researchers introduced the 

concept of a structured nutrient field, defined as ‗a region in which there are sharp 

gradients of bacterial nutrients‘. The structure of such microdomains is subjected to 

changes driven by biological processes (such as uptake of nutrients), as well as 

physical processes (e.g., molecular diffusion, micro-turbulence). Various degrees of 

starvation are the normal state for wild-type microorganisms, while short bursts of 

nutrient excess represent exceptions. It is to be expected, therefore, that bacterial 

communities may develop a range of adaptive mechanisms to cope with the 

changing environment. As a result, natural communities exist in a range of 

physiological states. One short-term response of cells to starvation is the process of 

dwarfing, which occurs in 2 phases. During the first phase, fragmentation generates 

increasing numbers of spheroids. Throughout the second phase the spheroids 

undergo continuous size reduction under constant cell density. Longer-term 

responses include induction of a vegetative state that requires minimal energy 

expenditure, primarily for the maintenance of the membrane potential. It was 

suggested that in such cases endogenous metabolism should suffice to provide the 

energy. Microorganisms that can readily utilize a variety of polymeric substrates 

resume synthesis of cellular components, based on the uptake of degradation 

fragments. In either case, persistence of proteolytic enzymes in the surrounding 

waters, in close proximity to the cells, is crucial. For example, Pseudoalteromonas 

(previously Alteromonas) is a marine bacterium, which has the capacity to grow as 

both free-living (planktonic) cells and as attached biofilm to surfaces and adapt to 

wide ranges of temperature (10 to 30°C), salinity (10 to 30 ppt), and nutrient 

regimes. 

 

14.5. BACTERIAL HYDROLYSIS OF LIPIDS 

 Bacteria are able to grow on all sorts of substrates and in this section we 

cover how fats are catabolised. Bacteria are capable of growth on fatty acids and 

lipids. Lipids are part of the membranes of living organisms and if available (usually 

because the organism that was using them dies) can be used as a food source. Lipids 
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are large molecules and cannot be transported across the membrane. A class of 

extracellular enzymes called lipases are responsible for the breakdown of lipids. 

Lipases attack the bond between the glycerol molecule oxygen and the fatty acid. 

Phospholipids are attacked by phospholipases. There are four classes of 

phospholipases given different names depending upon the bond they cleave. 

Phospholipases are not particular about their substrate and will attack a glycerol 

ester linkage containing any length fatty acid attached to it. The result of this 

digestion is a hydrophilic head molecule, glycerol and fatty acids of various chain 

lengths. The head can be one of several small organic molecules that are funnelled 

into the TCA cycle by one or two reactions that we won't cover here. Glycerol is 

converted into 3-Phosphoglycerate (depending upon the action of phospholipase C 

or phospholipase D) and eventually pyruvate via glycolysis. This leaves the fatty 

acids to deal with. 

 Bacteria are capable of growth on fatty acids and lipids. Lipids are part of the 

membranes of living organisms and if available (usually because the organism that 

was using them dies) can be used as a food source. Lipids are large molecules and 

cannot be transported across the membrane. A class of extracellular enzymes called 

lipases are responsible for the breakdown of lipids. Lipases attack the bond between 

the glycerol molecule oxygen and the fatty acid. Phospholipids are attacked by 

phospholipases. There are four classes of phospholipases given different names 

depending upon the bond they cleave. Phospholipases are not particular about their 

substrate and will attack a glycerol ester linkage containing any length fatty acid 

attached to it. The result of this digestion is a hydrophillic head molecule, glycerol 

and fatty acids of various chain lengths. The head can be one of several small 

organic molecules that are funneled into the TCA cycle by one or two reactions that 

we won't cover here. Glycerol is converted into 3-Phosphoglycerate (depending 

upon the action of phospholipase C or phospholipase D) and eventually pyruvate via 

glycolysis. This leaves the fatty acids to deal with. 

Fatty acids are degraded by a four step process called b-oxidation. The fatty 

acid is first activated by the addition of Coenzyme-A to the end. This activation 

requires energy in the form of ATP, but is only performed once per fatty acid 

degraded. The b carbon is then oxidized from CH2 to C=O (a ketone) by three 
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reactions. (This is where the pathway gets its name.) The oxidized b group is now 

susceptible to attack. An enzyme called b-ketothiolase splits the fatty acid into 

acetyl-CoA and adds another Coenzyme-A to the previously oxidized b group on the 

fatty acid. 

 

The fatty acid is now two carbons shorter and an Acetyl-CoA have been 

generated which can be fed into the TCA cycle. The smaller fatty acid moves 

through the b-oxidation pathway again, producing another Acetyl-CoA and 

shrinking by 2 carbons. By performing successive rounds of beta oxidation on a 

fatty acid, it is possible to convert it completely to Acetyl-CoA. The perceptive 

reader might notice that for fatty acids with odd numbers of carbons, the final 

reaction will yield acetyl-CoA and Coenzyme-A hooked to a three carbon fatty acid 

(propionyl-CoA). Propionyl-CoA is handled differently by different bacteria. In E. 

coli it is converted into pyruvate. 

When comparing catabolism of fats and sugars two points jump out: 

1) Reuse of components - Whenever possible, the cell will reuse a 

carrier, cofactor or enzyme. For example in fatty acid breakdown, 

Coenzyme-A plays a major role and the electron carriers FAD and NAD 

are used. 

 

2) Funneling - Cells also try to reuse common pathways. A given 

substrate will be converted into a common metabolite and then funneled 

into an already existing pathway. Fatty acids are broken down into Acetyl-

Coenzyme-A and this is fed into the TCA cycle. 

The improvement of industrial processes using microbial enzymes is one of 

the most important fields of research because enzyme-catalysed reactions are highly 

efficient and selective, are less polluting, and usually require mild conditions and 

less energy, which leads to the lowering of costs. Therefore there is an increasing 

interest for isolating new enzymes and new enzyme-producing strains for their use 

in industrial conversions. Among these enzymes, lipases, and other cell wall 

degrading hydrolases play an important role in many biotechnological processes. 
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 Lipases are glycerol ester hydrolases acting on long (true lipases) or short 

(esterases) acylglycerols to liberate fatty acids and glycerol. These enzymes catalyse 

also the reverse reaction, namely ester synthesis and transesterification in 

nonaqueous systems, and they can catalyse stereoselective and regioselective 

reactions. Lipases and esterases show activity on a great variety of substrates, with 

no requirement for added cofactors. Thus, they are very interesting biocatalysts for 

industrial purposes such as detergency, flavour production, paper recycling, 

chemical synthesis, and resolution of racemic mixtures. 

 Many bacteria use exo-enzymes (extracellular enzymes) such as lipase to 

hydrolytically decompose lipids. The lipid molecule is broken down into glycerol 

and three fatty acids. Some bacteria can ferment the glycerol; others oxidize the fatty 

acids. When lipid hydrolysis occurs in decomposition of foods such as butter, it 

results in rancid flavour and aroma due to the fatty acids (such as butyic acid). 

Sewage systems have a great deal of difficulty decomposing lipids because the 

process is slow and requires large amount of oxygen. Bacterial cultures are being 

used to degrade grease from restaurants and meat-processors before disposal. Lipids 

are insoluble in water causing the culture medium to be opaque. Degradation will 

result in soluble molecules causing the clearing; the fatty acids will also decrease the 

pH of the medium. 

 

 

Trybutyrin hydrolysis. Lipids are composed of a glycerol and three fatty acid 

molecules 
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Many bacteria capable of degrading Fats, oils and greases have been isolated 

from soil and water samples. The bacteria showed most lipid degrading activity is 

isolated from soils rich in organic matter. The main bacterial general are Bacillus, 

Pseudomonas, Burkholderia, Escherichia and some fungi. However, the natural 

bacterial degradation of lipids are slow due to their low lipolytic activity. In addition 

to that the biodegradation of lipids is often limited by the antimicrobial effects of 

hydrolysis products such as long-chain fatty acids. 

 

14.6. SUMMARY 

Studying bacterial growth and nutrition it is possible to determine what 

bacteria can use as nutrients and what structures they make from those nutrients. But 

how do they convert a variety of organic molecules and use as food sources and 

convert into more cells. Here in this chapter we will learn how a bacterium takes this 

carbohydrate, protein and lipid molecules as nutrients from the environment and 

uses them to produce energy and reducing power. This stored energy is then put to 

work making various cell structures - membranes, cell walls, proteins and nucleic 

acids. 

 

14.7. CHECK YOUR PROGRESS 

1. Discuss how bacteria obtain food and uptake different kind of 

nutrition? 

2. How bacteria degrade carbohydrates and utilizes as food  

3. Write about bacterial degradation of Cellulose 

4. What are bacterial proteases?  

5. What is bacterial lipid hydrolysis and how it helps in 

Bioremediation? 
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15.1. OBJECTIVES 

After reading this unit we will be able to study the following: 

 Important plant biomass or cell wall macromolecules 

 Cellulose & Hemicellulose 

 Cellulose and Hemicellulose degrading bacteria 

 Cellulose and hemicelluloses hydrolyzing enzymes 

 

15.2. INTRODUCTION 

 Bacteria are diverse in their nutritional properties. As we explore in this unit, 

their metabolic capabilities are remarkable in cellulose and hemicelluloses 

degradation. The sum of all metabolic processes is referred to as cellular metabolism 

which encompasses catabolism, the breaking down of molecules that serve as 

nutritional sources, and anabolism, the synthesis of new molecules to support cell 

growth and division.  

Bacteria must absorb molecules from the surrounding environment. Many 

macromolecules such as cellulose, hemiclellulose, starch, proteins and lipids are too 

large to pass through the cell wall and membrane and, therefore, cannot be used 

directly as nutritional sources. Many bacteria solve this problem by secreting 

enzymes called extracellular to the outside of the cell that degrade macromolecules 

into smaller compounds that can be taken up by the cells and further metabolized by 

intracellular enzymes. Examples of extracellular enzymes are amylase which 

degrades starch, protease for proteins, lipase for lipids, and DNase, which degrades 

DNA. 

Here in this chapter let us study bacteria that degrade important plant 

component that is cellulose and hemicelluloses. 

 

 

15.3. HYDROLYSIS OF CELLULOSE 

15.3.1. Cellulose 

Cellulose, the most abundant organic molecule on Earth is found mainly as a 

structural component of plant and algal cell walls, is also produced by some animals, 

such as tunicates, and several bacteria. Natural cellulose is a crystalline and linear 
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polymer of thousands of D-glucose residues linked by β-1,4-glycosidic bonds. 

Cellulose is an abundant and dominating Agricultural waste. This cellulosic biomass 

is a renewable and abundant resource with great potential for bioconversion to 

value-added bio-products. It can be degraded by cellulase produced by cellulolytic 

bacteria. This enzyme has various industrial applications and now considered as 

major group of industrial enzyme. 

In plant cell walls the cellulose microfibrils are encrusted in lignin and 

hemicelluloses in a complex architecture that, together with the crystallinity of 

cellulose, makes untreated cellulosic biomass recalcitrant to hydrolysis to 

fermentable sugars. 

 

15.3.2. Cellulose hydrolysis by bacteria 

Since cellulose is very difficult to degrade as a component of plant cell walls, 

only a few microorganisms specialized for plant cell wall degradation can hydrolyse 

cellulose. Among these, anaerobic and aerobic genera of Domain Bacteria and fungi 

of Domain Eukarya are included. 

Two types of systems occur in regards to plant cell wall degradation by 

microorganisms. In one type, the organism produces a set of free enzymes that act 

synergistically to degrade plant cell walls. In the second type, the degradative 

enzymes are organized into an enzyme complex located in cellular surface called the 

cellulosome. This complex is very effective in degrading plant cell walls. 

Anaerobic and aerobic bacteria have different strategies to degrade 

cellulolytic substrates; whereas anaerobic bacteria degrade cellulose using 

cellulosomes, aerobic bacteria secretes enzymes capable of degrading cellulose that 

freely diffuse to reach the substrate. Anaerobic bacteria of the order Clostridiales 

(Phylum Firmicutes) are generally found in soils, decaying plant waste, the rumen of 

ruminant animals, compost, waste water, and wood processing plants; these bacteria 

have also been found in insects like termites (Isopteran), bookworm (Lepidoptera), 

and so, in a symbiotic relationship in their guts responsible for cellulosic feed 

digestion. Anaerobic hydrolysis represents 5% to 10% of global cellulose 

degradation. 
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Aerobic bacteria with cellulolytic activities of the order Actinomycetales 

(phylum Actinobacteria) have been found on soils, water, humus, agricultural waste 

(sugar cane) and decaying leaves, these bacteria excretes enzymes capable of 

degrading cellulose (cellulases). In aerobic bacteria Pseudomonas fluorescens subsp. 

cellulosa, Streptomyces lividans and Cellulomonas fimi cellulolytic systems of 

degradation have been reported. Some anaerobic bacteria with cellulolytic activity 

are Butyrivibrio fibrisolvens, Fibrobacter succinogenes, Ruminococcus flavefaciens, 

Clostridium cellulovorans, C. cellulolyticum and C. thermocellum. 

 

15.3.3. Cellulose degrading enzymes 

An  efficient  cellulolytic  enzyme  system  requires  endo-  and  exo-type  

enzymes  and  -glucosidases.   Microbial  cellulases  have  been  classified  into  

more  than  60  different families depending on their structure and substrate 

specificity, but also according to the mode  of  action:  some  microbial  cellulases  

display  both  endo-  and  exo-type  attack features. The complementary activities of 

endo- and exo type   enzymes  lead  to  synergy,    an  enhancement  of  activity,  

which  is  more  than  the added  activities  of  individual  enzymes.  Exo-exo-

synergy  is  also  observed,  and  may indicate  a  low,  inherent  endoglucanase  

activity  of  the  exoglucanases. Endoglucanases (EGs,  E.C.  3.2.1.4)  belong  to  

endo-type enzymes that hydrolyse cellulose microfibrils preferentially in the 

amorphic parts of the fibril.  The  catalytic  region  of  the  enzyme  is  groove-

shaped  that  enables  the attachment  of  the enzyme and  the hydrolysis  in  the 

middle  part  of  the  cellulose  fibre.   

Cellobiohydrolases  (CBHs,  E.C.  3.2.1.91)  are  exo-type  enzymes that 

attack cellulose fibres from both reducing and non-reducing ends. In Trichoderma  

reesei, CBH  I  attacks  reducing ends, and CBH  II  the non-reducing ends  of  the  

fibre.  No  exo-type  activity  has  been  observed  in  brown-rot  fungi,  so  they 

cannot  degrade  pure  crystalline  cellulose.  Exceptions  to  this  generalisation  can  

be found  in  a  few  brown  rot  fungi  belonging  to  the  family Coniophoraceae. In 

Coniophora puteana two CBHs have been  isolated.  The  product  of  CBH  action,  

cellobiose  is  hydrolysed  by  ß-glucosidases   (E.C.  3.2.1.21)  to  two  glucose  

units.  Cellobiose  and  glucose  can  be taken up and assimilated by the hyphae. The 
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cellobiose taken up is probably hydrolysed to glucose by cell wall bound or 

intracellular ß-glucosidases. 

 

15.4. HYDROLYSIS OF HEMICELLULOSES 

15.4.1. Hemicelluloses 

 Hemicelluloses consists of several different sugar units and substituted side 

chains in the form  of  a  low  molecular  weight  linear  or  branched  polymer.  This 

polymer is more soluble than cellulose with a Degree of Polymerization (DP) of less 

than 200. Hemicelluloses are named according to their main sugar residues in the 

backbone. Xylans, consisting of D-xylose units, and glucomannans,  consisting  of  

D-glucose  and  D-mannose  units contribute to the main hemicelluloses in 

hardwoods and softwoods, respectively. Larch wood  and  compression  wood  of  

softwoods  contain  a  large  amount  of arabinogalactans  and  galactans,  

respectively.  Branched  polymers contain  neutral  and/or  acidic  side  groups.  

These  groups  render  hemicelluloses noncrystalline or poorly crystalline, so that 

they exist more  like a gel than as oriented fibres. Hemicelluloses form a matrix 

together with pectins and proteins in primary plant cell walls and with  lignin  in 

secondary cell walls. 

 

15.4.2. Hemicelluloses hydrolysing bacteria 

 Because of their biotechnological applications thermostable hemicellulases 

Thermophilic xylanases have been described in actinobacteria (formerly 

actinomycetes) such as Thermomonospora and Actinomadura. Also, a very 

thermostable xylanase has been isolated from the hyperthermophilic primitive 

bacterium Thermotoga. But many fungi are also known to produce an array of 

hemicellulases and degrade hemicelluloses. 

  

15.4.3. Hemicellulose degrading enzymes 

Hemicelluloses are biodegraded to monomeric sugars and acetic acid. 

Hemicellulases are frequently classified according to their action on distinct 

substrates. Xylan is the main carbohydrate found in hemicellulose. Its complete 

degradation requires the cooperative action of a variety of hydrolytic enzymes. An 
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important distinction should be made between endo-1,4-b-xylanase and xylan 1,4-b-

xylosidase. The former generates oligosaccharides from the cleavage of xylan; the 

latter works on xylan oligosaccharides, producing xylose. 

In addition, hemicellulose biodegradation needs accessory enzymes such as 

xylan esterases, ferulic and p-coumaric esterases, a-l-arabinofuranosidases, and a-4-

O-methyl glucuronosidases acting synergistically to efficiently hydrolyze wood 

xylans and mannans 

 

 

 

15.5. SUMMARY  

 Celluloses and Hemicelluloses are abundant plant cell wall material or 

biomass. A variety of bacteria utilizes cellulose and hemicelluloses and degrades 

them by the production of hydrolyzing enzymes. For a complete degradation of 

cellulose three different enzymes are necessary viz., endoglucanase, exoglucanse 

and glucosidase.  
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 Like wise hemicelluloses is also important cell wall polymer but complex in 

structure than cellulose. Different soil bacteria are known to degrade  hemicelluloses 

effectively by the production of xylanases, mannanases etc. These organisms and 

degrading enzymes play a very important role in nature to recycle carbon stored in 

these cell wall materials  

 

15.6. CHECK YOUR PROGRESS 

1. What is the major component of plant cell wall? 

2. Explain chemical and structural properties of cellulose 

3. How bacteria degrade cellulose 

4. What is Hemicelluloses?  

5. Discuss bacterial degradation of hemicelluloses 

6. Give an account of hemicelluloses degradation by bacteria 

 

15.7. KEY WORDS 

Cellulose, Hemicellulose, cellulase, xylanase, ligninase, plant cell wall, cell 

wall degrading enzymes, bacterial hydrolysis of plant biomass 
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16.1. OBJECTIVES 

After reading this unit we will be able to learn: 

 Bacteria which inhabit extreme environmental conditions.  

 Exremophiles that live in habitats with extreme conditions like high salinity, low 

oxygen concentration, high temperatures and extreme pH values.  

 Archaebacteria and Eubacteria  

 Bactria that inhabit environments polluted with heavy metals. 

 Thermoacidophiles archaebacteria and Methanogen archaebacteria. 

 Unusual growth substrates and unusual habitats of bacteria. 

 Radiation tolerant bacteria and crystalmicrobes.  

 Applications of extreme bacteria. 

 

 

 

16.2. INTRODUCTION  

 

Bacteria which inhabit extreme environmental conditions are called 

Exremophiles. Such environmental conditions are not favourable for other 

organisms and therefore they do not survive in such habitats. Such bacteria generally 

live in habitats with extreme conditions like high salinity, low oxygen concentration, 

high temperatures and extreme pH values. Archaebacteria and Eubacteria represent 

extremophilic microorganisms. Recently scientists have reported the presence of 

34000 years old living bacteria inside salt crystals from the Death Valley, California.  

 

16.3. THE EXTREME HABITATS THAT BACTERIA LIVE IN   

 

16.4. EXTREME PH  

These are bacteria that survive at extreme pH conditions. These are of two 

types 1) Acidophiles – bacteria that live in highly acidic conditions like pH of 3 or 

below.  E.g., Acidophyllum, Acidocella. 2) Alkalophiles – bacteria that live in highly 

acidic conditions like pH of 9 or above. E.g.,  Natronobacterium, Bacillus. 
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16.5. EXTREME TEMPERATURE 

These are bacteria that survive at extreme temperatures. These are of two 

types 1) Thermophiles- bacteria living in high temperatures of 55-80
0
C and as high 

as 80-130
0
C  E.g., Thermus, Chloroflexus and 2) Hyperthermophiles-  bacteria 

living high temperatures as high as 80-130
0
C E.g., Pyrococcus, Methanopyrus. They 

are found in hydrothermal vents deep under the ocean, hot water springs or also near 

the site of volcanic eruptions.  

 

16.6. EXTREME PRESSURE 

These are called Barophilic bacteria and live under extreme pressure. They 

are found underground rock subsurface (oil reservoir) or deep sea water (Antartic 

lake, depth more than 4000m. They are adapted to sustain pressure as high as 100 

MPa. The principle barophilic genus includes Methanococcus species. The 

subcategory of barophiles is known as Piezophiles (Shewanella) which are found in 

deep oceanic trenches.  

 

16.7. EXTREME COLD 

These bacteria are called Cryophiles or Psychrophiles are cold loving 

bacteria. They live in cold temperatures of less than – 15
0
C. The habitats include 

cold deserts of Himalayas, Alps, Antartica, Arctic land and ocean waters. The well 

known psychrophilic bacterial general include Hyphomonas, Sphingomonas and 

Chrysosporium 

 

16.8. EXTREME DRY 

Bacteria living in extremely dry regions of earth are known as Xerophiles 

E.g., Trichosporonoides, Wallemia and Artemia. They inhabit most of the deserts 

like Atacama, Sahara, Kalahari, Thar etc.,  
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16.9. HEAVY METALS 

Some bacterial genera are capable of tolerating higher concentrations of 

heavy metals like copper, cadmium, nickel, arsenic and zinc. E.g.,  Ferroplsama, 

Cupriavidus and Ralstonia 

 

16.10. HIGH SALT CONCENTRATION 

These bacteria are called halophiles. Salts (Sodium chloride, NaCl) 

concentration higher than 0.2M is required for growth of halophile organisms like 

Salinibacter, Halobactrium, Chromohalobacter and Halorubrum. They can tolerate 

NaCl concentrations up to 5M.  

In waters with a very high saline concentration we can find the 

Helobacterium salinarum, while the record for being the ―saltiest‖ is held by 

Halophilic bacterium that is able to live in water with a 30% salt concentration 

(seawater has a 3.5% salt concentration). 

Some halophile archaebacteria, those love salt, dye the crystalized water of 

the salt pits red. Several bacteria species belonging to the Halobacteriaceae family 

are responsible for these red-pinkish dyes because their cell membranes contain 

pigments deriving from beta-carotene. These groups are being studied with great 

care because they are potentially useful in the biotechnology field both for the 

production of carotenoids as well as to spot active enzymes in very concentrated 

saline solutions. 

 

 16.11. THERMOACIDOPHILES ARCHAEBACTERIA 

These are archaebacteria that prefer high temperature conditions with an acid 

Ph and they colonize environments where few others are able to survive. The 

Solfolobus is a typical representative of this bacteria group that lives nearby hot 

sulphurous springs at 70-75°C and they cannot survive in temperatures below 55°C. 

This bacterium is able to maintain an internal ph around 7, and the ideal acid 

environment in which it thrives is between 2 and 3. Some archaebacteria belonging 
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to the Bacillus acidocaldarius and Sulfolobus solfataricus groups have been 

discovered in the solfataras of the Flegrei fields in Pozzuoli (Naples) 

 

11.12. METHANOGEN ARCHAEBACTERIA 

Are bacteria that live without oxygen and the key tool for their metabolism is 

the reaction that produces methane starting from carbon dioxide. Another group, the 

Methanopyrus, lives at the bottom of the ocean near volcanic fractures and thrives in 

temperatures ranging from 110 to 84°C. 

 

16.13. HIGH SUGAR CONCENTRATION 

Osmophilic bacteria are capable of living in medium of high sugar 

concentration such as Starmerella and Zygosaccharomyces yeasts can sustain in 

honey and fruit juice concentrations.  

 

16.14. UNUSUAL GROWTH SUBSTRATES 

These bacteria derive energy from reduced mineral/gaseous forms of iron, 

nitrogen, sulfur or manganese instead of using usual form of energy (carbon from 

carbon dioxide). The principal bacterial genera include Hydrogenomonas, 

Leptospirillium, Methanobacter, Methanosarcina, Nitrobacter, Nitrosomonas, 

Desulfovibrio.  

 

16.15. UNUSUAL HABITATS 

Organisms live in microspaces within rocks, rock fissures, compact soil, 

aquifers, vents or faults and deep into the earth‘s crust. They are called as 

Endoliths/Hypoliths. Prokaryotic cyanobacteria are endoliths. Rocks embedded a 

few kilometers below the surface are an ideal habitat too: some microorganisms live 

in tiny interstitial spaces of rocks which are 3,2 km beneath the subsoil and they are 

able to tolerate high pressure levels, radiation and extreme heat. While organisms 

belonging to the ―Bacillus infernus‖ species live 2800 meters underground at a 75-
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degree temperature, the Staphylothermus marinus colonizes environments at the 

bottom of the ocean where there are temperatures that reach 115°C.  

  

On the contrary microbes belonging to the Chroococcidiopsis and 

Crypotendoliths families find their ideal living conditions at -15°C, but in rocks of 

the Antarctic continent there are others who tolerate temperatures that reach -50°C. 

There are even organisms such as Geobacter metallireducens that can 

survive immersion in high levels of organic solvents such as those found in toxic 

waste dumps. Others thrive inside the cooling water within nuclear reactors.  

 

16.16. RADIATION TOLERANT 

Several bacteria including two Rubrobacter species and the green 

alga Dunaliella bardawil, can endure high levels of radiation. Deinococcus 

radiodurans, can withstand up to 20 kGy of gamma radiation and up to 1,000 joules 

per square meter of UV radiation. Indeed, D. radiodurans can be exposed to levels 

of radiation that blow its genome into pieces only to have the organism repair its 

genome and be back to normal operations in a day. 

 

16.17. POLLUTED ENVIRONMENT 

Microbes usually resist ultraviolent radiation and some were also reported to 

thrive in nuclear radiation. They are called as radiation resistant microbes E.g. 

Deinococcus radioresistans. Microbes have also been isolated from oil spilled ocean 

waters E.g., Geotrichum, Aeromonas, Rhizopus, soils containing relatively higher 

concentration of pesticides or from recalcitrant aquatic and soil bodies E.g. 

Veillonella, Micrococcus, Pesudomonas, Serratia 
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16.18. CRYSTALMICROBS  

In 2001 researchers discovered some microorganisms inside ten meteorites 

whose genetic make-up is slightly different from the approximately 28 thousand 

known terrestrial bacteria. These organisms, that are very similar to the familiar 

ones, have been found inside 4,5 billion-year old meteorites. They were called the 

Crystalmicrobs and have the same characteristics as other bacteria which are already 

known. Some of these particular bacteria are part of the archaebacteria group. 

Following their reproduction, their DNA has been analyzed and a new type was 

discovered that is totally different from the other 18 thousand genetic code types 

known until now.  

Sometimes, extremophiles adapt themselves to live in more than one type of 

extreme conditions; they are termed as polyextremophiles or cosmopolitan E.g., 

Chroococcidiopsis, Thermoacidiphilus. Thermoacidophilic bacteria are able to live 

in very hot as well as very acidic environment. In all categories of extremophiles, 

organisms are able to grow, reproduce and survive similarly like other microbes 

from normal ecosystems. 

 

16.19. APPLICATION OF EXTREME BACTERIA 

 Extremophiles also have important biotechnological applications as follows:  

They are used in manufacturing of several pharmaceuticals like antibiotic and novel 

drugs. 

They are used in manufacturing of surfactants for oil recovery.  

They are employed in metal extraction and recovery. 

They are used in coal desulfurization 

They are used as biosensors 

They are used as sources of heat, cold, alkali and acid resistant enzymes and proteins 
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They are employed in methane production 

They are used in manufacture of pigments for electrical generation 

They are used as agents of bioremediation in waste treatment 

They are employed in astrobiological studies and research 

 

 

16.20. SUMMARY 

 

Bacteria which inhabit extreme environmental conditions are called 

Exremophiles. Such bacteria generally live in habitats with extreme conditions like 

high salinity, low oxygen concentration, high temperatures and extreme pH values. 

Archaebacteria and Eubacteria represent extremophilic microorganisms.  

 

The extreme habitats that Bacteria survive in are listed below:  

Extreme pH: these are bacteria that survive at extreme pH conditions. 1) 

Acidophiles – bacteria that live in highly acidic conditions like pH of 3 or below.  

E.g., Acidophyllum, Acidocella. 2) Alkalophiles – bacteria that live in highly acidic 

conditions like pH of 9 or above. E.g.,  Natronobacterium, Bacillus 

 

Extreme temperature: these are bacteria that survive at extreme temperatures. 

These are of two types 1) Thermophiles- bacteria living high temperatures of 55-

80
0
C and as high as 80-130

0
C  E.g., Thermus, Chloroflexus and 2) 

Hyperthermophiles-  bacteria living high temperatures as high as 80-130
0
C E.g., 

Pyrococcus, Methanopyrus. They are found in hydrothermal vents deep under the 

ocean, hot water springs or also near the site of volcanic eruptions.  

Extreme pressure: these are called Barophilic bacteria and live under extreme 

pressure. They are  found underground rock subsurface (oil reservoir) or deep sea 

water (Antartic lake, depth more than 4000m. They are adapted to sustain pressure 

as high as 100 MPa. E.g., Methanococcus species.  
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Extreme cold: these bacteria are called Cryophiles or Psychrophiles are cold loving 

bacteria. They live in cold temperatures of less than – 15
0
C. The habitats include 

cold deserts of Himalayas, Alps, Antartica, Arctic land and ocean waters. E.g., 

Hyphomonas, Sphingomonas and Chrysosporium 

Extreme dry: bacteria living in extremely dry regions of earth are known as 

Xerophiles E.g., Trichosporonoides, Wallemia and Artemia. They inhabit most of 

the deserts like Atacama, Sahara, Kalahari, Thar etc.,  

Heavy metals: Some bacterial genera are capable of tolerating higher 

concentrations of heavy metals like copper, cadmium, nickel, arsenic and zinc. E.g.,  

Ferroplsama, Cupriavidus and Ralstonia 

High salt concentration: these bacteria are called halophiles. Salts (Sodium 

chloride, NaCl) concentration higher than 0.2M is required for growth of halophile 

organisms like Salinibacter, Halobactrium, Chromohalobacter and Halorubrum. 

They can tolerate NaCl concentrations up to 5M.  

 Thermoacidophiles archaebacteria: these are archaebacteria that prefer high 

temperature conditions with an acidic pH. E.g., The lives nearby hot sulphurous 

springs at 70-75°C and it thrives is between 2 and 3.  

Methanogen archaebacteria: are bacteria that live without oxygen and the key 

tool for their metabolism is the reaction that produces methane starting from carbon 

dioxide. Another group, the Methanopyrus, lives at the bottom of the ocean near 

volcanic fractures and thrives in temperatures ranging from 110 to 84°C. 

Unusual habitats: organisms live in microspaces within rocks, rock fissures, 

compact soil, aquifers, vents or faults and deep into the earth‘s crust. They are called 

as Endoliths/Hypoliths. E.g., Prokaryotic cyanobacteria  

Radiation tolerant: Several bacteria including two Rubrobacter species and the 

green alga Dunaliella bardawil, can endure high levels of radiation. Deinococcus 

radiodurans, can withstand up to 20 kGy of gamma radiation and up to 1,000 joules 

per square meter of UV radiation.  
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Polluted environment: Microbes have also been isolated from oil spilled ocean 

waters E.g., Geotrichum, Aeromonas, Rhizopus, soils containing relatively higher 

concentration of pesticides or from recalcitrant aquatic and soil bodies E.g. 

Pesudomonas, Serratia 

Extremophiles also have important biotechnological applications in the field of 

pharmaceuticals and drug development, surfactants for oil recovery, metal 

extraction, coal desulfurization, methane production, pigment production. They are 

used as agents of bioremediation in waste treatment. They are used as biosensors. 

They are employed in astrobiological studies and research 

 

16.21. CHECK YOUR PROGRESS 

 

1. Write an essay on bacteria which inhabit extreme environmental conditions.  

2. What are exremophiles? Explain the different conditions they live in.   

3. How do archaebacteria and eubacteria adapt to extreme conditions? 

4. Write a brief note on bacteria that survive under the following conditions: 

a) Extreme pH  

b) Extreme temperature  

c) Extreme pressure  

d) Extreme cold  

e) Extreme dry conditions  

f) High salt and sugar conditions 

g) Bactria that inhabit environments polluted with heavy metals 

h) Thermoacidophiles archaebacteria  

i) Methanogen archaebacteria 

j) Unusual growth substrates and unusual habitats of bacteria 

k) Radiation tolerant bacteria  

l) Crystalmicrobes  

5. Explain different applications of extreme bacteria. 
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