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Microbiology I         Unit 1 

Microbiology is the study of all living organisms that are too small to be visible with 

the naked eye. This includes bacteria, archaea, viruses, fungi, prions, protozoa and algae, 

collectively known as 'microbes'. 

Microbiology can be also classified based on taxonomy, in the cases of bacteriology, 

mycology, protozoology, and phycology. 

Bacteriology: the study of bacteria 

Mycology: the study of fungi 

Phycology/algology: the study of algae 

Parasitology: the study of parasites 

Virology: the study of viruses 

The microorganisms can be divided into two distinct groups based on the nucleus 

structure: 

Prokaryotes – The organism lacking true nucleus (membrane enclosed chromosome and 

nucleolus) and other organelles like mitochondria, golgi body, entoplasmic reticulum etc. are 

referred as Prokaryotes. (Ex : Bacteria, archaea) 

Eukaryotes - The organism possessing membrane enclosed nucleus and other cell 

organelles are referred as Eukaryotes (Ex : algae, fungi, protozoa) 

1. Bacteria are phylogenetically related group of unicellar prokaryotic organisms distinct 

from archeae 

2. Archaea are phylogenetically related group of prokaryotes which are primitive and distinct 

from bacteria 

3. Fungi are group of eukaryotic organisms lack of chlorophyll. They range in size and shape 

from single celled yeast to multicellular mushrooms. 

4. Algae refers the group of eukaryotic organisms with chlorophyll. They range in size and 

shape from single celled algae (Ex: Chlorella) to complex cellular structured plant like algae 

(Ex. Kelp) 

5. Protozoa are group of eukaryotic organisms lack of cell wall. The morphology, nutrition 

and physiology is different from other groups  
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6. Viruses are group of non-cellular organisms, parasite or pathogen to plant, animals and 

other microorganisms. They are too small and cab be visualized only under electron 

microscopes. 

Scope of Microbiology 

Microorganisms are present everywhere on earth which includes humans, animals, 

plants and other living creatures, soil, water and atmosphere. The scope in this field is 

immense due to the involvement of microbiology in many fields like medicine, pharmacy, 

diary, industry, clinical research, water industry, agriculture, chemical technology and 

nanotechnology. 

Medical Microbiology – deals with the microorganisms associated with human body; 

diseases; diagnostic procedures; preventive measures 

 Aquatic microbiology – deals with water purification; microbiological examination; 

biological degradation of wastes and ecology 

Aero microbiology  - deals with the microbes in air; contaminations; spoilage; dissemination 

of diseases  

Food microbiology – deals with the microorganisms associated with foods; food borne 

pathogens; food spoilage; food preservation and food safety 

Agricultural Microbiology – deals with plant associated microbes; soil fertility; plant and 

animal diseases; microbial degradation of organic matter; soil nutrients 

transformation 

Industrial microbiology – deals with production of antibiotics and vaccines using 

microorganisms; fermentation and fermented products such as 

beverages, bread, milk products; production of protein and hormones 

by genetically modified organisms. 

Microbial ecology – biogeochemical cycles – bioremediation to reduce pollution effects 

Microbial physiology and Biochemistry – study the synthesis of antibiotics and toxins, 

microbial energy production, microbial nitrogen fixation, effects of chemical and physical 

agents on microbial growth and survival etc. 
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Microbial genetics and Molecular biology – nature of genetic information and how it 

regulated the development and function of cells and organisms. Development of new 

microbial strains that are more efficient in synthesizing useful products. 

Genetic engineering – arisen from work of microbial genetics and molecular biology. 

Engineered microorganisms are used to make hormones, antibiotics, vaccines and other 

products. New genes can be inserted into plants and animals. 

History of Microbiology  

Antonie van Leeuwenhoek (1632-1723) of Delft, Holland (Netherland) was the first person 

to observe and accurately describe microorganisms (bacteria and protozoa) called 

‘animalcules’ (little animals) in 1676. Actually he was a Dutch linen merchant but spent 

much of his spare time constructing simple microscopes composed of double convex lenses 

held between two silver plates. He constructed over 250 small powerful microscopes that 

could magnify around 50-300 times. 

Leeuwenhoek was the first person to produce precise and correct descriptions of 

bacteria and protozoa using a microscope he made himself. Because of this extraordinary 

contribution to microbiology, he is considered as the “Father of microbiology”.  He wrote 

over 200 letters which were transmitted as a series of letters from 1674-1723 to Royal 

Society in London during a 50 years period. 

Spontaneous Generation theory  

At that time, the age old idea of “Spontaneous Generation theory” was the dominant 

one.  The idea that organism originate directly from non-living matter. (Life from non-living) 

also called as abiogenesis  

(a – not; bio – life; genesis – origin). 

Ex : Maggots were developed spontaneously via recombination of matters in rotting 

materials.  (ex meat) 

All living organisms arised from non-living one i.e called Abiogenesis. It was supported by 

many scientists.  

Aristotle : First person believed spontaneous generations, he explained plants comes from 

the earth.  

Virgil : He believed SG and give example honey bee propagation 
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Francesco Redi (1626-1697): The ancient belief in spontaneous generation was first of all 

challenged by Redi, an Italian physician, who carried out a series of experiments on decaying 

meat and its ability to produce maggots spontaneously. 

John Needham (1713-1781): He was probably the greatest supporter of the theory of 

spontaneous generation. He proposed that tiny organisms the animalcules arise spontaneously 

on his mutton gravy. He covered the flasks with cork as done by Redi and even heated some 

flasks. Still the microbes appeared on mutton broth.  

 The microbiology starts when the disprove of SG theory.  

Lazzaro Spallanzani (1729-1799): He boiled beef broth for longer period, removed the air 

from the flask and then sealed the container. Followed incubation no growth was observed by 

him in these flasks. He showed that the heated nutrients could still grow animalcules when 

exposed to air by simply making a small crack in the neck. Thus Spallanzani disproved the 

spontaneous generation. 

Theodor Schwan (1810-1882) viewed that air was the source of microbes and to prove this 

by passing air through hot glass tubes or strong chemicals into boiled infusions in flasks. The 

infusion in both the cases remained free from the microbes.  

The concept of spontaneous generation was finally put to rest by the French chemist 

Louis Pasteur in an inspired set of experiments involving a goosenecked flask. When he 

boiled broth in a flask with a straight neck and left it exposed to air, organisms grew. When 

he did this with his goose-necked flask, nothing grew. The S-shape of this second flask 

trapped dust particles from the air, preventing them from reaching the broth. By showing that 

he could allow air to get into the flask but not the particles in the air, Pasteur proved that it 

was the organisms in the dust that were growing in the broth. 

 

Gooseneck experiment of Louis Pasteur 
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Pasteur, thus in 1858 finally resolved the controversy of spontaneous generation versus 

biogenesis and proved that microorganisms are not spontaneously generated from inanimate 

matter but arise from other microorganisms. 

John Tyndall: He disproved SG and introduced intermediate heating and cooling process to 

kill the microorganisms i.e called tyndallization. Nowadays used as a sterilization technique.  

  Contributions of Louis Pasteur (1822 – 1895) 

 Chemistry Professor, France 

  Disproved the SG theory  

 Discovered that fermenting fruit to alcohol by microbes – From now the 

Fermentation started  

 Sorted different microbes giving different taste of wine.  

 He selected a particular strain (Yeast) for high quality wine.  

 He developed a method to remove the undesired microbes from juice without 

affecting its quality .  Heating the juice at 62.8C for half-an hour did the job.  This 

technique is called as Pasteurization, which is commonly used in the field of milk 

industry.  

 He discovered that parasites (protozoa) causing pebrine disease of silk worm.  He 

suggested that disease free caterpillars can eliminate the disease.  

 He isolated the anthrax causing bacilli from the bloods of cattle, sheep and human 

being.  

 He also demonstrated the virulence   (ability of microbe to cause disease) of bacteria  

 He developed vaccine (a killed or attenuated microbe to induce the immunity) against 

rabbis from the brains and spinal cord of rabbit  

Joseph Lister (1878) developed, Pure culture technique.  Pure culture referred as the 

growth of moss of cells of same species in a vessel.  He developed the pure cultures of 

bacteria using serial dilution technique.  

He also discovered that carbolic acid to disinfect the surgical equipments and dressings 

leads the reduction of post-operational deaths/infections. 

 Robert Koch (1843 – 1810) 

 Isolated bacilli from bloods of cattle and infected with healthy one and observed the 

disease.  
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  He proved that microorganism causes the disease. 

  He isolated tubercle bacillus (Mycobacterium tuberculosis)  

 He developed a special staining to view Mycobacterium called acid-fast staining 

 Discovered and isolated the cholera –causative agent, Vibrio cholerae 

  He formulated a sequence procedure to prove that specific microorganism causes the 

specific disease, called as Koch’s Postulate.  

Koch’s postulate 

1. The agent must be present in every case of the disease.  

2. The agent must be isolated and cultured in vitro.  

3. The disease must be reproduced when a pure culture of the agent is inoculated into a 

susceptible host.  

4. The agent must be recoverable from the experimentally-infected host.  

Microscope 

 A microscope is an optical instrument consisting of one or more lenses in order to 

magnify images of minute objects. Microscopes are of two categories. 

 (I) Light Microscope: Magnification is obtained by a system of optical lenses using 

light waves. It includes 

(i) Bright field (ii) Dark field (iii) Fluorescence (iv)  Phase contrast and (v) UV Microscope 

 (ii) Electron Microscope: A system of electromagnetic lenses and a short beam of 

electrons are used to obtain magnification. It is of two types: (I) Transmission electron 

microscope (TEM) (ii) Scanning electron microscope (SEM) 

Light microscopes can be broadly grouped into two categories 

 (a) Simple microscope: It consists of only one bi-convex lens along with a stage to keep 

the specimen. 

 (b) Compound microscope: It employs two separate lens systems namely, (i) objective 

and (ii) ocular (eye piece). 

 The compound microscope is a bright field microscope. It consists of mechanical and 

optical parts. 

1. Mechanical parts  

 These are secondary but are necessary for working of a microscope. A ‘Base’, 
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which is horseshoe, shaped supports the entire framework for all parts. From the base, 

a ‘Pillar” arises. At the top of the pillar through an Inclination Joint’ arm or limb is 

attached. At the top of the pillar, a stage with a central circular opening called ‘Stage 

aperture’ is fixed, with a stage clip to fix the microscopic slide. Beneath the stage, 

there is one stage called ‘sub stage’ which carries the condenser. At the top of the 

arm, a hollow cylindrical tube of standard diameter is attached in-line with the stage 

aperture, called body tube. The body tube moves up and down by two separate 

arrangements called ‘coarse adjustment’ worked with pinion head and fine 

adjustment worked with micrometer head. At the bottom of the body tube an 

arrangement called revolving nose-piece is present for screwing different objectives. 

At the top of the body tube eye- piece is fixed. 

2. Optical parts  

 It includes mirror, condenser, objective and ocular lenses. All the optical parts should 

be kept in perfect optical axis. 

a. Objectives : Usually 3 types of magnifying lenses (i) Low power objective (10x) (ii) High 

dry objective (45x) and (iii) Oil immersion objective (100x) 

b. Eye-piece : Mostly have standard dimensions and made with different power lenses. (5x, 

10x, 15x, 20x). A compound microscope with a single eyepiece is said to be monocular, and 

one with two eyepieces is said to be binocular. 

 

c. Condenser : Condenses the light waves into a pencil shaped cone there by preventing the 
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escape of light waves. Also raising or lowering the condenser can control light intensity. To 

the condenser, iris diaphragm is attached which helps in regulating the light. 

 d. Mirror : It is mounted on a frame and attached to the pillar in a manner that it can be 

focused in three different directions. The mirror is made of a lens with one plane surface and 

another concave surface. Plane surface is used, when the microscope is with a condenser. 

Oil immersion 

 The refractive index of air is 1.0, which is less than that of glass (1.56). When the light 

rays passes from denser medium to lighter medium, the rays get refracted. Better resolution 

can be obtained by using liquid medium oil, whose refractive index (1.51) is almost equal to 

glass. The oil generally used is cedar wood oil. 

Resolving power of the light Microscope 

 The usefulness of the microscope depends on the resolving power, which is the basic 

limitation of bright field microscope. Resolving power is defined as the ability to distinguish 

two adjacent points as distinct and separate. The resolving power of microscope is the 

function of wavelength of light used and the numerical aperture (NA) of the objective lenses. 

Magnification beyond the resolving is of no value. 

 The numerical aperture is a measure of the ability of the objective lens to capture light. 

  NA = n sin 

Where 

 n  =  Refractive index of the material between the specimen and the lens 

 Sin =  Half the value of cone of light that enters through the objective. 

     

Therefore resolving power   =  ----------------- 

2 x NA 

  = Wavelength of the light used  

TYPES OF MICROSCOPE 

Dark-field microscopy 

In dark-field microscopy specimen is brightly illuminated against a dark background.  
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 This type of microscope possesses a special type of condenser, which prevents the 

parallel and the oblique rays entering in to the objective and thus making the microscopic 

field dark. In the absence of specimen the entire field will appear as dark. In the presence of 

specimen, which differs in refractive index, the oblique rays are scattered by reflection and 

refraction and the scattered rays enter the objective making the specimen brightly 

illuminated. Maximum magnification of 1500x and resolution of 100-200 mm can be 

obtained. It is useful in studying the morphology and motility of microorganisms. Dark field 

is especially useful for finding cells in suspension. Dark field makes it easy to obtain the 

correct focal plane at low magnification for small, low contrast specimens. 

 

 Use dark field for 

 Initial examination of suspensions of cells such as yeast, bacteria, small protists, or 

cell and tissue fractions including cheek epithelial cells, chloroplasts, mitochondria, 

even blood cells (small diameter of pigmented cells makes it tricky to find them 

sometimes despite the color). 

 Initial survey and observation at low powers of pond water samples, hay or soil 

infusions, purchased protist or metazoan cultures. 

 Examination of lightly stained prepared slides. Initial location of any specimen of 

very small size for later viewing at higher power. 

 Determination of motility in cultures 

PHASE-CONTRAST MICROSCOPY 

 In the 1930’s Frederick Zernike devised a method of converting phase changes into 

differences in light intensity. This invention leads to the development of phase contrast 



Microbiology-I    10 

 

microscope. It has a special type of condenser, objective and a special magnifier. 

 Light passing from one material into another of slightly different refractive index will 

undergo a change in the phase. This change in the phase of the light will in-turn increase the 

contrast. A system of rings in the condenser and objective separate the diffracted rays from 

the specimen. These diffracted rays from the specimen and the undiffracted rays combine and 

the phase difference is converted into difference in light intensity. 

 As a result, the internal contrast of various parts of a specimen against its surroundings is 

increased. In phase-contrast microscopy, unstained/living organisms can be examined. It has 

a resolving power of 100-200 mm. 

 

FLUORESCENCE MICROSCOPE 

Certain chemical compounds absorb light and reemit part of the radiant energy as light 

of longer wavelength. Such substances are called fluorescent and the phenomenon is termed 

as fluorescence. In fluorescence microscopy, a high intensity mercury lamp is used as the 

light source, which emits white light. The exciter filter transmits only blue light to the 

specimen and blocks out all the colours. The blue light is reflected downward to the specimen 

by the dichroic mirror. The specimen is stained with fluorescent dye. Only certain portions of 

the specimen retain the dye, others do not. The stained portion of the specimen absorb blue 

light and emit green light, which passes upwards, penetrate the dichroic mirror and reaches 

the barrier filter. This filter allows only green light to pass 

through and the eye receives only green light emitted from the 

specimen against the black background whereas unstained 

portions are invisible.  

 Also, ultraviolet light is used to excite molecules so that 
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they release light of a different wavelength. This technique is especially important in 

immunology in which the reactions of antigens and antibodies are studied in great detail. 

Fluorescent antibody staining is now widely used in diagnostic procedures to determine 

whether an antigen is present.  Not all bacteria get stained with fluorescent chemicals. 

 

 

ELECTRON MICROSCOPE 

 In electron microscope, short beam of electrons and magnetic condenser lenses are 

employed to produce the image. The electrons have short wavelength, which helps in better 

resolution. It is possible to resolve objects as small as 10A, 

which is 100 times more than that of light microscope. It can 

magnify object up to 200,000X. 

 In electron microscope, a hot tungsten filament forms the 

source of electrons. The object is placed in the path of moving 

electrons. Since electrons move only in the vacuum. The entire 

path of electrons should be kept under vacuum. 

 The magnetic condenser lens causes the primary 

magnification. A second magnetic lens amplifies the primary 

image and this image is viewed on a fluorescent screen or 

captured on photographic plates. There are two types of 

electron microscope. 

 (i) TRANSMISSION ELECTRON MICROSCOPE (TEM) 

 (ii) SCANNING ELECTRON MICROSCOPE (SEM) 

TRANSMISSION ELECTRON MICROSCOPE 

 A high voltage established between the filament and the anode accelerates the electrons 

from the hot tungsten filament. The electron beam is focused on the specimen with an electro 

magnetic condenser.  Ultra thin sections of the specimen must be prepared since electrons can 

penetrate matter only a short distance. This is done by embedding or freezing the specimen 

and sectioning it with a diamond or a glass Knife. The sections are floated in water and 

collected in a copper grid. They are stained with heavy metals such as gold or palladium and 
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kept within the evacuated column of the electron microscope. TEM has a projector lens that 

project the image onto a fluorescent viewing screen or film plate, because the beam cannot be 

viewed directly. With TEM greater resolution and higher magnifications than light and 

Scanning Electron Microscope can be obtained. 

 In TEM, the differential scattering of electrons by the specimen makes the contrast. 

Since most of the atoms of the biological material are of low mass, the contrast of the 

specimen is low. Staining with heavy metals such as platinum, uranium or tungsten can 

increase the contrast. They are of various types. Positive staining : The heavy metals are 

fixed on the specimen. Negative staining : It is used to increase the electron opacity of the 

surrounding area. 

 Two techniques commonly employed for the observation of biological specimen are : 

i. i.         Metal shadowing : The dried specimen is exposed at an acute angle to a stream of 

heavy metals like platinum, palladium or gold and thereby producing an image, that 

reveals the three-dimensional structure of the object. 

ii. ii.       Freeze fracturing : The frozen specimen is fractured with a knife, and the exposed 

surface is coated with a heavy metal (Gold) at an acute angle. A supporting layer of 

carbon is evaporated on the metal surface. Then the specimen is destroyed and the replica 

is examined. This method is used for studying cell wall and cell membrane. 

The penetrating power of electrons is low; hence the ultra thin sections of the specimens 

should be used. 

SCANNING ELECTRON MICROSCOPE 

 The specimen is coated with a thin layer of heavy metal and the specimen is subjected to 

a narrow beam of electrons, which rapidly moves and scans the surface of the specimen. The 

irradiated specimen depending upon its physical and chemical composition will release 

secondary electrons (Fig.6). These secondary electrons are then collected by anode detector, 

which generates an electronic signal. Then the electronic signal is scanned in TV system to 

produce an image on a cathode ray tube. Magnification on SEM is about 75,000 to 1,00,000 

times. 

Limitations 

I.Specimen is kept under high vacuum on the path of electron beam. So, living cells can’t 

be examined.  

II. Electrons have low penetration capacity, hence ultra thin section and staining should be 
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done which is time consuming and also sometimes alter or distort the structures of 

microorganisms.  

III. High cost and specialized techniques prevent its use in all microbiology labs in spite of 

greater magnification and resolution. 
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