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               Microbiology 

   Genetic Recombination in Bacteria 

This is a process of reproduction in Bacteria which is considered equivalent to Sexual 

reproduction. In sexual reproduction complete male gamete fuses with rhe complete of the 

female nucleus to form a Zygote which is Diploid(2n). In case of Bacteria only a part of the male 

gamete( Donor) fuses with complete female gamete( Recipient) to form Merozygote or 

Merodiploid.There are three methods of Genetic recombination as described below: 

1. Conjugation:In this process, the exchange of genetic material takes place through a conjugation tube 

between the two cells of bacteria. The process was first postulated by Joshua Lederberg and Edward 

Tatum (1946) in Escherichia coli. They were awarded the Nobel Prize in 1958 for their work on bacterial 

genetics. Later on, it has also been demonstrated in Salmonella, Vibrio and Pseudomonas. 

2.Transformation:It is a kind of genetic recombination where only the carrier of genes, i.e., the DNA 

molecules of donor cell, pass into the recipient cell through the liquid medium: 

It was described by Frederick Griffith (1928), an English bacteriologist. He had done his experiment 

with laboratory mice and two types of Diplococcus pneumoniae, the pneumonia causing organism. One 

type has rough (R) non-capsulated cells and another one with smooth (S) capsulated cells. The R-type is 

non-pathogenic, while the S-type is pathogenic. 

3. Transduction:It is a special method of genetic recombination where genetic material is transferred 

from the donor to the recipient cell through a non- replicating bacteriophage — temperate bacteriophage. 

This was discovered by Joshua Leaderberg and Nortor Zinder (1952) during their research with 

Salmonella typhimurium. 
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                                                     Conjugation 

 

                   

                                          Lederberg and Tatum Experiment 

Two Bacterial strains Auxotroph for certain characters marked as A and B were allowed to mate to obtain 

Protrophic cells 

Auxotroph= Deficient in certain Gene product (Represented by minus) 

Prototroph = Able to synthesize Gene product ( Represented by Plus). 

Met=methionine, bio=biotin, leu=leucine, thr=threonine and thi=thiamine 

MM= Minimal media. Minimum nutrient needed for growth and development of Microbe. 
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Both Main Genome and Plasmid DNA is double stranded, During Conjugation one copy of the Plasmid is 

transferred from Donor to the Recipient. Soon single stranded DNA in Donor and the recipient cell 

becomes double stranded due to autocatalytic nature of DNA. 
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  Conjugation between Hfr and F- 

 

 

 

Jacob and Wollman conducted famous experiment known as interrupted mating experiment. He 

noticed that when plasmid DNA integrates into main genome it mediates conjugation many 

times more than normal conjugation hence called as High frequency recombination. 
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    Conjugation between F prime ( F”) and F- 

 Plasmid DNA integrates in the main genome this gives rise to Hfr strain. The association 

between main genome and Plasmid DNA is quite fragile; this association dissociates to free the 

plasmid DNA from its association with the main genome. Some times during this dissociation a 

part of the main genome is also carried over by Plasmid DNA and this Plasmid DNA is called as 

F prime. Conjugation between F prime and F- is called as SEX DUCTION. 
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                                                  Transduction 

Transduction is the process by which DNA is transferred from one bacterium to another by a virus. 

... Transduction does not require physical contact between the cell donating the DNA and the cell 

receiving the DNA (which occurs in conjugation), and it is DNAase resistant (transformation is 

susceptible to DNAase 

 

 

 

 

                    Transduction can be studied under two headings such as  

1 Generalized transduction –  In which the viral DNA may integrates anywhere in the host Bacterial 

Genome. 

2 Specialized transduction-  In this viral DNA integrates at a specific sequence of Genes                            
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LYSOGENY = When viral DNA integrates with the host genome( Bacterial DNA) and continue to 

remain integrated for generations , this condition is called as Lysogeny. 

LYTIC= The lytic cycle is named for the process of lysis, which occurs when a virus has infected a cell, 

replicated new virus particles, and bursts through the cell membrane. ... In this cycle, the viral DNA or 

RNA is expressed by the host organism's cellular mechanisms 
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                                     Transformation 

First proof of this process of Horizontal Gene Transfer( Genetic Recombination) was given by Charles 

Griffith in 1928 and called as Mice Experiment. This for the first time demonstrated the role of transfer 

factor in bringing about change in genetic trait. 

 

                              

 

                                          Griffiths Mice Experiment 
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In this process naked DNA is transferred to live Bacteria to bring about Genetic 

change in the recipient Bacteria. 

 Method of transfer of Naked DNA to a Live Bacterium 
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The mode of entry of naked DNA to a Live Bacterium in 

Transformation 
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    ULTRA STRUCTURE OF BACTERIAL CELL 

 

 

                                                                           

    

       Cell wall of Gram positive and Gram Negative Bacteria 

Each part of the diagram can be described to give a detailed 

account 
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              Brief account of Bacterial Flagella 
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                                      ULTRA STRUCTURE OF T M V 

                                  

 

1 TMV is a rod virus longer than broad.( Length=300 A
0
 and Breadth=180 A

0
) 

2 It is made up of Nucleoprotein.  

3 Each unit of protein is known as capsomere and together known as capsid protein. 

4 Each capsomere is made up of 168 amino acid. 

5 The nucleic component of virus is single stranded RNA. 

6 The virus has 2130 capsomeres , distributed in 123 turns. 
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7. Each turn has 16
1/3 

Capsomere. 

8 The central core of virus is hollow 

9 Single stranded RNA is embedded in Capsomere. 
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                  Classification of Bacteria on the basis of Nutrition 

Nutrition is substances used in biosynthesis and energy production and therefore is required for all living 

things. Bacteria, like all living cells, require energy and nutrients to build proteins and structural 

membranes and drive biochemical processes. Bacteria require sources of carbon, nitrogen, phosphorous, 

iron and a large number of other molecules. Carbon, nitrogen, and water are used in the highest quantities. 

The nutritional requirements for bacteria can be grouped according to the carbon source and the energy 

source. Some types of bacteria must consume pre-formed organic molecules to obtain energy, while other 

bacteria can generate their own energy from inorganic sources. 

Classification of Bacteria on the basis of Nutrition 
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On the basis of primary energy source organisms are designated as: 

 

Phototrophs: 

The organisms which can utilize light as an energy source are known as phototrophs. These bacteria gain 

energy from light. 

Chemotrophs: 

These bacteria gain energy from chemical compounds. They cannot carry out photosynthesis. 

On the basis of electron source organisms are designated as: 

Lithotrophs:  

Some organisms can use reduced organic compounds as electron donors and are termed as Lithotrophs. 

They can be Chemolithotrophs and Photolithotrophs 

Organotrophs:  

Some organisms can use organic compounds as electron donors and are termed as organotrophs. 

Some can be Chemoorganotrophs and Photoorganotrophs. 

Thus, bacteria may be either: 

 

Photo-lithotrops: These bacteria gain energy from light and use reduced inorganic compounds such as 

H2S as a source of electrons. eg: Chromatium okeinii. 

Photo-organotrophs: These bacteria gain energy from light an d use organic compounds such as Succinate 

as a source of electrons.eg; Rhodospirillum. 

Chemo-lithotrophs: These bacteria gain energy from reduced inorganic compounds such as NH3 as a 

source of electron eg; Nitrosomonas. 

Chemo-organotrophs: These bacteria gain energy from organic compounds such as glucose and amino 

acids as a source of electrons.eg; Pseudomonas pseudoflora. 

Some bacteria can live ether chemo-lithotrophs or chemo-organotrophs like Pseudomonas pseudoflora as 

they can use either glucose or H2S as electron source. 

On the basis of carbon source bacteria may be: 

All organisms require carbon in some form for use in synthesizing cell components. 

All organisms require at least a small amount of CO2. 
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However, some can use CO2 as their major or even sole source of carbon; such organisms are termed as 

Autotrophs (Autotrophic bacteria). 

Others require organic compounds as their carbon source and are known as Heterotrophs (Heterotrophic 

bacteria). 

Autotrophic Bacteria  

These bacteria synthesize all their food from inorganic substances (H2O, C02, H2S salts). 

The autotrophic bacteria are of two types: 

(i)  Photoautotrophs 

These bacteria capture the energy of sunlight and transform it into the chemical energy. 

In this process, CO2 is reduced to carbohydrates. 

The hydrogen donor is water and the process produce free oxygen. 

Photoautotroph has Chlorophyll pigment in the cell and its main function is to capture sunlight e.g., 

Cyanobacteria. 

Some photoautotrophic bacteria are anaerobes and have bacteriochlorophyll and bacteriovirdin 

pigments respectively. 

Purple Sulphur Bacteria: 

These bacteria have the pigment bacteriochlorophyll located on the intracytoplasmic membrane i.e., 

thylakoids. These bacteria obtain energy from sulfur compounds e.g., Chromatiiun. Theopedia rosea, 

Thiospirilium. 

Green Sulphur Bacteria: 

These bacteria use hydrogen sulfide (H2S) as hydrogen donor. The reaction takes place in the presence of 

light and pigment termed as bacteriovirdin or bacteriopheophytin or chlorobium chlorophyll e.g., 

Chlorobium limicola, Chlorobacterium etc. 

These bacteria take hydrogen from inorganic sources like sulphides and thiosulphates. Therefore, these 

bacteria are also known as photolithographs. 

(ii) Chemoautotrophs 

These bacteria do not require light (lack the light phase but have the dark phase of photosynthesis) and 

pigment for their nutrition.These bacteria oxidize certain inorganic substances with the help of 

atmospheric oxygen. 

 

This reaction releases the energy (exothermic) which is used to drive the synthetic processes of the cell. 
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Sulphomonas (Sulphur bacteria): 

These bacteria obtain energy by oxidation of elemental sulphur or H2S, e.g., Thiobacillus, Beggiatoa. 

Elemental Sulphur Oxidising Bacteria: Denitrifying sulphur bacteria oxidize elemental sulphur to 

sulphuric acid e.g., Thiobacillus denitrificans 

2S + 2H2O + 3O2 → 2H2SO4 + 126 kcal. 

Sulphide Oxidizing Bacteria: These bacteria oxidizes H2S and release the sulphur e.g., Beggiatoa. 

2H2S +4O2 → 2H2O + 2S + 141.8 cal 

Hydromonas (Hydrogen bacteria) 

These convert hydrogen into water, e.g., Bacillus pantotrophus, Hydrogenomonas. 

2H2 + O2 → 2H2O + 55 kcal. 

4H2 + CO2 → 2H2O + CH4 + Energy 

Ferromonas (Iron bacteria): 

These bacteria inhabit water and obtain energy by oxidation of ferrous compounds into ferric forms. e.g., 

Thiobacillus ferroxidans, Ferro bacillus, Leptothrix. 

4FeCo3 + 6H2O + O2 → 4Fe (OH)3 + 4CO2 + 81 kcal. 

Methanomonas (Methane bacteria): 

These bacteria get their energy by oxidation of methane into water and carbon dioxide. 

Nitrosomonas (Nitrifying bacteria): 

These bacteria get their energy by oxidation of ammonia and nitrogen compounds into nitrates. 

Nitrosomonas oxidises NH3 to nitrites. NH3 + ½O2 ® H2O + HNO2 + Energy 

Nitrobacter converts nitrites to nitrates. NO2 + ½O2 ® NO2 + Energy 

Carbon Bacteria: 

These bacteria oxidizes CO into CO2 e.g., Bacillus oligocarbophillous, Oligotropha carboxydovorans 

2CO + O2 → 2CO2 + Energy 
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                      GRAM STAINING 

 

Gram staining is a method developed by Hans Christian Joachim Gram a Danish bacteriologistto 

classify bacteria and make them visible under a microscope. 

Gram positive Bacteria have a thick wall made up of peptidoglycan which stain purple  when 

stained with crystal violet and Gram negative bacteria have a thinner wall contains an additional 

outer membrane of lipid which has no affinity for crystal violet hence does not catch the colour 

of crystal violet. When counter stained with safranin they catch this colour and become pink. 

There are four basic steps of Gram stain 

1. After heat fixing application of primary stain( Crystal violet). 

2 Application of mordant (Grams iodine) 

3 Rapid decolorization with alcohol. 

4. Counterstaining with Safranin. 

In aq solution Crystal violet dissociates into CV+ and Cl-. These ions penetrate through the wall 

of both Gram+ and Gram- bacteria. CV+ interacts with the negatively charged wall to colour 

pink . Iodine interacts with CV+ to form large complexes of crystal violet and Iodine. When a 

decolorizer it interacts with the lipid exposing the inner peptidoglycan layer-iodine-crystal violet 

complex which gets washed away. Thus the Gram-cell gets pink colour. 
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                                    Economic importance of Bacteria 

USE FUL ROLE 

1 Lab- Used as test system in study of Microbial Genetics and Basic Genetics 

2 Food Productions 

a) Bacteria, molds and yeast are the most important microorganisms that cause 

food spoilage and also find the maximum exploitation in production of food and 

food products. 

b) Different strains of bacteria and fungus are used for fermentation of dairy 

products for production of a wide variety of cultured milk products. Both bacteria 

and fungi are used in these cheese production processes. 

c) Lactic acid bacteria are used for coagulation of milk that can be processed to 

yield a wide variety of cheeses, including soft unripen, soft ripened, semisoft, hard, 

and very hard types. 

d) Microorganisms such as Lactobacillus and Bifidobacterium are used as in food 

and health industry. 

e) Spirulina, a cyanobacterium, also is a popular food source sold in specialty 

stores. 

f) Mushrooms (Agaricus bisporus) are one of the most important fungi used as a 

food source. 

Alcoholic beverages as beer are produced by fermentation of cereals and grains 

using different strains of yeasts. 

3) Industrial importance 

                 a)  Retting of Fiber 

                b)   Processing of Tea and Tobacco 

                 c) Production of Various antibiotics 
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               d) Production of Industrial enzymes- Amylase, Lipase, Protease 

              e) Production of Microbial Insecticides. 

              f) Production of various Amino acids 

              g) Production of various vitamins 

             h) Ecological role 

HARMFUL ROLE 

    a) Disease causing agent  

 b) Agent for spoilage of Food 

c) Ecological role 
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