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PHARMACEUTICAL MICROBIOLOGY

UNIT 1
TOPIC :
e Introduction, history of microbiology, its branches, scope and its
iImportance.

Introduction to Prokaryotes and Eukaryotes

Study of ultra-structure and morphological classification of
bacteria,

nutritional requirements, raw materials used for culture media
and physical parameters for growth, growth curve, isolation and
preservation methods for pure cultures, cultivation of
anaerobes, quantitative measurement of bacterial growth (total
& viable count).

Study of different types of phase constrast microscopy, dark
field

microscopy and electron microscopy.
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Microbiology

» Microbiology is the branch of science that deals with the study of
microorganisms (or microbes)—tiny living organisms that cannot be
seen with the naked eye and require a microscope for observation.

Origin of the Term:

 The term "Microbiology" was first introduced by Louis Pasteur, a
French biologist and chemist, who is also known as the father of
microbiology for his pioneering work in the field.

. Pasteur made significant contributions to germ theory, fermentation,
and pasteurization.

What Are Microorganisms?

. Microorganisms (Microbes) are microscopic organisms that exist as:
o Unicellular (single-celled),
o Multicellular, or
o Acellular (like viruses).
. They are found everywhere - in air, water, soil, and even inside the
human body.

Major Groups of Microorganisms

Group Description

Bacteria | Prokaryotic, single-celled organisms. Can be beneficial or
pathogenic.

Viruses | Acellular organisms that require a host to replicate. Not
considered living cells.

Fungi Eukaryotic organisms like yeasts and molds. Can be unicellular
or multicellular.
Algae Photosynthetic eukaryotes found mostly in water. Can be

unicellular or multicellular.

Protozoa | Unicellular eukaryotic organisms, often motile, found in water or
as parasites.

Archaea | Prokaryotic microorganisms, distinct from bacteria, often living

1IN extreme environments.
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Importance of Microbiology

1. Medical field - understanding disease-causing organisms and
antibiotics.

2. Pharmaceuticals - production of antibiotics, vaccines, enzymes.

3. Food industry - fermentation, preservation, quality control.

4. Agriculture - soil health, nitrogen fixation by microbes.

5. Environmental science — waste decomposition, pollution control.

History of Microbiology

The development of microbiology is broadly divided into four eras:

1. Discovery Era
2. Transition Era
3. Golden Era
4. Modern Era

History of Microbiology

Microbiology developed through four major eras:

1. Discovery Era (Spontaneous Era)

= Aristotle (384-322 BC): Proposed the theory of spontaneous generation
— that life could arise from non-living matter.

= Robert Hooke (1635-1703): In 1665, observed the smallest unit of tissue
— the cell - and published his findings in Micrographia.

= Antonie van Leeuwenhoek (1632-1723): Dutch scientist known as the
Father of Microbiology. He was the first to observe and accurately
describe microbes (which he called animalcules) using his own
handcrafted microscope.
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2. Transition Era

. This period challenged the spontaneous generation theory and
introduced the concept of biogenesis.

Important Contributors:

% Francesco Redi (1626-1697): Conducted experiments with decaying
meat and showed that maggots do not arise spontaneously.

% John Needham (1713-1781): Supported spontaneous generation;
boiled meat broth and found microbial growth, which he
misattributed to spontaneous life.

% Lazzaro Spallanzani (1729-1799): Disproved Needham by boiling
broth longer, removing air, and sealing it—no microbes grew,
proving that air contains germs.

% Louis Pasteur later definitively proved the biogenesis theory through
his swan-neck flask experiment.

3. Golden Era of Microbiology

This era marks the foundation of modern microbiology, led by Pasteur and
Robert Koch.

Major Contributions:

. Louis Pasteur (1822-1895):
o Disproved spontaneous generation.
o Proposed the Germ Theory of Disease.
o Developed the technique of pasteurization.
o Introduced the term Microbiology.
. Robert Koch (1843-1910):
o Developed Koch’s postulates to establish a causative relationship
between microbe and disease.
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o Discovered bacteria responsible for Anthrax, Tuberculosis, and
Cholera.
o Introduced solid media, pure culture techniques, and staining
methods.
. Joseph Lister (1827-1912):
o Known as the Father of Antiseptic Surgery.
o Used carbolic acid to sterilize surgical instruments and wounds.
. Paul Ehrlich (1854-1915):
o Known as the Father of Chemotherapy.
o Discovered treatment for syphilis using Salvarsan.
. Alexander Fleming (1881-1955):
o Discovered Penicillin in 1928, the first antibiotic, revolutionizing
treatment of bacterial infections.

4. Modern Era

. Focus shifted to microbial genetics, molecular biology, and
biotechnology.

. Inthe 1970s, DNA structure, genetic engineering, and microbial
physiology were extensively studied.

. Har Gobind Khorana, along with others, decoded the genetic code and
was awarded the Nobel Prize.

Branches of Microbiology

Microbiology is broadly classified into three categories:

A. Taxonomy-Based Classification

Branch Description
Bacteriology | Study of bacteria and archaea
Virology Study of viruses and viral diseases

Parasitology | Study of parasites and parasitic infections

Mycology Study of fungi

Phycology Study of algae

A 4
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Nematology |Studyo

f nematodes (roundworms)

B. Research-Based Classification

Branch Description
Microbial Ecology | Study of microbes in their natural environment and
their interactions
Microbial Study of microscopic structures of microorganisms
Morphology
Microbial Study of cellular functions and growth processes
Physiology

Microbial Genetics

Study of heredity, DNA, and gene expression in
microbes

Microbial Study of biochemical pathways and microbial
Biochemistry enzymes
Microbial Cytology | Study of cellular and subcellular structures of

microorganisms

C. Applied Microbiology

Branch Description

Food Microbiology Study of microbes in food, food spoilage,
foodborne diseases, and fermentation

Agricultural Study of microbes in soil and their relationship

Microbiology with plants

Dairy Microbiology Study of microbes in milk and dairy products

Industrial Use of microbes in industrial production of

Microbiology chemicals, enzymes, etc.

Pharmaceutical Study of microbes in drug production,

Microbiology contamination, and vaccine development

Air Microbiology Study of airborne microbes and air-borne
diseases

Aquatic Microbiology | Study of microbes in freshwater and marine

environments
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Astro Microbiology

Study of life and microbes in outer space

Biotechnology

Use of microbes in genetic engineering and
recombinant DNA technology

Scope and Importance 0f Microbiology

Scope of Microbiology

The scope of microbiology is vast and multidisciplinary. It is broadly applied

in the following fields:

1. Medical Microbiology

. Study of pathogens, diagnosis, prevention, and treatment of

infectious diseases.

. Development of antibiotics and vaccines.

2. Pharmaceutical Microbiology

. Production of antibiotics, vitamins, vaccines, and other

pharmaceuticals.

« Quality control and sterility testing of pharmaceutical products.

3. Industrial Microbiology

. Utilizes microbes for large-scale production of alcohol, organic
acids, solvents, enzymes, and biofuels.
. Fermentation technology involving yeasts and bacteria.

4. Food and Dairy Microbiology

 Role of microbes in fermentation (yogurt, cheese, pickles).
. Prevention of food spoilage and foodborne illnesses.

5. Agricultural Microbiology

. Use of microbes for biofertilizers and biopesticides.
. Nitrogen fixation by bacteria like Rhizobium, Azospirillum.
. Control of plant diseases using beneficial microbes. V.9
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6. Environmental Microbiology

. Microbes used in sewage treatment, waste management, and
bioremediation.

. Maintenance of ecological balance by decomposition and nutrient
cycling.
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Importance of Microbiology
1. Human Health

. Helps understand the causes of infections and diseases.
. Aids in the development of antibiotics, vaccines, and diagnostic tools.

2. Disease Control and Prevention

. Identifies pathogens and how they spread.

. Provides knowledge for maintaining sterilization, sanitation, and
disinfection.

3. Industrial Advancement

. Enables the production of economically important products.
. Microbes are used in bioconversion and biotransformation processes.

4. Agricultural Development

. Enhances soil fertility, plant growth, and pest resistance through
microbial interaction.

. Eco-friendly alternatives to chemical fertilizers and pesticides.

5. Environmental Protection

. Microbes clean up oil spills, heavy metals, and pollutants via
bioremediation.

o Crucial for waste recycling and reducing environmental pollution.

6. Scientific Research

. Microbes are simple and fast-growing models for studying basic life
processes.

. Essential for advancements in molecular biology and genetics.
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Introduction to Prokaryotes and Eukaryotes

All living organisms are made up of cells. Based on the structure and
complexity of their cells, organisms are broadly classified into:

. Prokaryotes
. Eukaryotes

1. Prokaryotes

Prokaryotes are unicellular organisms that lack a true nucleus and
membrane-bound organelles.

Key Characteristics:

« DNA is not enclosed within a nuclear membrane; instead, it is
present in a region called the nucleoid.

. No membrane-bound organelles like mitochondria, endoplasmic
reticulum, or Golgi apparatus.

. Cell division occurs through binary fission (asexual reproduction).

. Cell wall is usually present and made of peptidoglycan (in
bacteria).

. Generally smaller in size (1-10 um).

. Ribosomes are 70S type (smaller than eukaryotic ribosomes).

. Flagella, if present, are simpler in structure.

« No mitosis or meiosis.

Examples:

. Bacteria (e.g., Escherichia coli, Staphylococcus aureus)
. Archaea (e.g., Halobacterium, Thermoplasma)
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2. Eukaryotes

Eukaryotes are organisms whose cells have a true nucleus enclosed in a
nuclear membrane and contain various membrane-bound organelles.
Key Characteristics:

. DNA is enclosed within a well-defined nucleus.

. Possess membrane-bound organelles such as mitochondria,
endoplasmic reticulum, Golgi bodies, lysosomes, etc.

. Cell division occurs through mitosis or meiosis.

. Ribosomes are 80S type (larger and more complex).

. Cell wall (if present) is made of cellulose (in plants) or chitin (in
fungi).

. Larger in size (10-100 pm).

. Can be unicellular or multicellular.

. Complex internal structures and compartmentalization.

Examples:
. Animals (e.g., humans, insects)

. Plants (e.g., trees, grass)

. Fungi (e.g., Asperygillus, Yeast)

. Protists (e.g., Amoeba, Paramecium)

Prokaryotes vs. Eukaryotes (Comparison Table)

Feature Prokaryotes Eukaryotes

Nucleus Absent Present

DNA Location | Nucleoid (free in Inside nucleus
cytoplasm)

Organelles Absent Present (e.g., mitochondria, ER)

Ribosome 70S 80S

Size

Cell Wall Peptidoglycan (in Cellulose (plants), Chitin (fungi)
bacteria)

Cell Size Small (1-10 pm) Larger (10-100 pm)

Reproduction | Asexual (binary fission) Sexual or asexual

(mitosis/meiosis)
Examples Bacteria, Archaea Animals, Plants, Fungi, Proﬁ
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Bacteria

The word "Bacteria" is derived from the Greek word "bakterion"”, which
means "small rod" or "stick-like."

Bacteria are microscopic, unicellular organisms that can only be seen
under a microscope.

They are the most abundant prokaryotic organisms found in almost
every environment on Earth, including soil, water, air, and even inside
living organisms.

Most bacteria play a positive and essential role in nature, such as:

o Decomposition of organic matter.

o Nitrogen fixation in soil.

o Production of antibiotics, enzymes, and vitamins.

o Fermentation in food industries (e.g., curd, vinegar, yogurt).
However, some bacteria are harmful and may cause infections or
diseases in humans, animals, and plants. These are known as
pathogenic bacteria.

The branch of microbiology that specifically deals with the study of
bacteria is called Bacteriology (not "Bardemiology").




Ultra-Structure of Bacteria

The ultra-structure refers to the detailed internal and external
structure of bacterial cells as observed under an electron microscope.

A. External Structures:

1. Capsule / Slime Layer (Glycocalyx):
o A gelatinous layer surrounding the cell wall.
o Functions: protection from desiccation, immune evasion,
and helps in adherence.
2. Flagella:
o Long, whip-like appendages used for motility.
o Arrangement: monotrichous, lophotrichous, amphitrichous,
peritrichous.
3. Fimbriae and Pili:
o Short, hair-like structures.
o Fimbriae help in attachment, while pili are involved in
conjugation (DNA transfer).

B. Cell Envelope:

1. Cell Wall:
o Rigid structure made of peptidoglycan.
o Provides shape, protection, and prevents osmotic lysis.
o Basis for Gram staining:
Gram-positive: Thick peptidoglycan layer.
Gram-negative: Thin peptidoglycan + outer membrane.
2. Cell Membrane (Plasma Membrane):
o Semi-permeable phospholipid bilayer.
o Controls passage of nutrients and waste.
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C. Internal Structures:

1. Cytoplasm:
o Gel-like substance containing water, enzymes, nutrients, and
organelles.
o Site for metabolic activity.
2. Nucleoid:
o Irregular region containing single circular DNA molecule
(bacterial chromosome).
o Not membrane-bound.
3. Plasmids:
o Small, circular extra-chromosomal DNA.
o Often carry genes for antibiotic resistance.
4. Ribosomes:
o 70S type (smaller than eukaryotic ribosomes).
o Responsible for protein synthesis.
5. Inclusion Bodies:
o Storage granules for nutrients like glycogen, phosphate,
sulfur, etc.
6. Endospores (in some bacteria):
o Highly resistant structures formed under unfavorable
conditions.
o Can survive extreme heat, radiation, and chemicals.
o Common in Bacillus and Clostridium species.

A 4
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Morphological Classification of Bacteria

Bacteria are classified based on their shape and arrangement, which can be
observed under a microscope. This is known as morphological classification.
1. Cocci (Spherical-shaped bacteria)

. These are round or oval in shape.

. Arrangements of cocci:
o Monococcus: Single, e.g., Micrococcus.
o Diplococci: Occur in pairs, e.g., Neisseria gonorrhoeae.
o Streptococci: Arranged in chains, e.g., Streptococcus pyogenes.
o Staphylococci: Cluster like grapes, e.g., Staphylococcus aureus.
o Tetrad: Group of four cells, e.g., Micrococcus luteus.
o Sarcinae: Cubical packets of 8 cells, e.g., Sarcina ventriculi.

2. Bacilli (Rod-shaped bacteria)

. These are cylindrical or rod-like in shape.
. Arrangements of bacilli:
o Monobacillus: Single, e.g., Escherichia coli.
o Diplobacilli: In pairs, e.g., Klebsiella pneumoniae.
o Streptobacilli: In chains, e.g., Streptobacillus moniliformis.
o Coccobacilli: Short rods resembling cocci, e.g., Haemophilus
influenzae.
3. Spirilla (Spiral-shaped bacteria)
. These are rigid, spiral or helical shaped bacteria.
. They have external flagella for motility.
. Example: Spirillum volutans.
4. Spirochetes
. These are thin, flexible, spiral-shaped bacteria.
. Unlike spirilla, they move using axial filaments (endoflagella).
. Example: Treponema pallidum (causes syphilis).
5. Vibrio (Comma-shaped bacteria)
. These are curved or comma-shaped bacteria.
. Slightly bent rods.
Example: Vibrio cholerae (causes cholera). P
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Nutritional Requirements of Bacteria

Bacteria, like all living organisms, require nutrients for growth, energy
production, and cellular function. These nutrients serve as sources of:

« Carbon

. Nitrogen

. Energy

« Minerals

« Growth factors
. Water

1. Carbon Source

. Required for synthesis of cell components.

. Bacteria obtain carbon from:
o Organic compounds (e.g., glucose) — Heterotrophs
o Inorganic compounds (e.g., CO,) — Autotrophs

2. Nitrogen Source

. Essential for synthesis of proteins, nucleic acids, and enzymes.
- Bacteria use:

o Ammonium salts (NH,")

o Nitrates (NO;5")

o Some fix atmospheric nitrogen (e.g., Rhizobium).

3. Energy Source

. Used in biosynthesis and cellular functions.
. Types:
o Phototrophs: Use light energy.
o Chemotrophs: Use chemical compounds (organic or inorganic).

4. Hydrogen and Oxygen
 Derived from water or organic compounds.
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. Involved in redox reactions and biosynthesis.

5. Minerals

. Act as cofactors for enzymes.
. Essential elements: Phosphorus, Sulfur, Magnesium, Potassium,
Calcium, Iron, Zinc, etc.

6. Growth Factors (Accessory Nutrients)

. Organic compounds that bacteria cannot synthesize themselves.
. Needed in trace amounts.
. Includes:

o Vitamins (e.g., B;, B, niacin)

o Amino acids

o Purines and pyrimidines

-. Water

. Acts as a solvent for nutrients.
. Required for enzymatic and metabolic reactions.

A 4
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Culture Media

Culture media are nutrient preparations used in laboratories to grow,
isolate, identify, and study microorganisms under controlled conditions.

They provide all essential nutrients, such as carbon, nitrogen, minerals,
and water, required for microbial growth.

Purpose of Culture Media

. To isolate and grow microorganisms.

. To identify microorganisms based on their growth pattern.

. To maintain pure cultures.

. To test antimicrobial sensitivity.

. For research, vaccine production, and industrial fermentation.

Raw Materials Used for Culture Media

Culture media are prepared using a variety of raw materials that supply
nutrients required for the growth, maintenance, and study of
microorganisms. These raw materials can be natural, semi-synthetic, or
synthetic in origin.
1. Water
. Acts as the universal solvent.
. Facilitates biochemical reactions and nutrient transport.
. Must be distilled or deionized to avoid contamination.
2. Carbon Sources
. Provide energy and carbon skeletons for cell structure and metabolism.
. Common carbon sources:
o Glucose
o Lactose
o Sucrose
o Glycerol
o Mannitol 66
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3. Nitrogen Sources

. Needed for amino acids, nucleic acids, proteins, and enzymes.
. Common sources:

o Peptone (enzymatic digest of protein)

o Beef extract

o Yeast extract

o Ammonium salts (e.g., NH,Cl)

o Urea

4. Vitamins and Growth Factors

. Required by fastidious organisms.
. Often provided through:

o Yeast extract

o Liver extract

o Serum or blood

o (Casein hydrolysate

5. Minerals and Trace Elements

. Involved in enzymatic activity, osmotic balance, and structure.
. Important minerals:

o Phosphates (Na,HPO,, KH,PO,) - also act as buffers.

o Sodium, Potassium, Calcium, Magnesium, Iron

o 'Trace elements: Zinc, Manganese, Copper, Cobalt

6. Buffering Agents

. Maintain pH stability during microbial growth.
. Examples:

o Phosphate buffer

o Tris buffer

o Calcium carbonate

A 4
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7. Solidifying Agents
Used in solid and semi-solid media to support colony formation.

. Most commonly used:
o Agar - derived from red algae (solidifies at 40-45°C, melts at go-
100°C).
« Alternatives (less common):
o Gelatin - melts at 25-30°C; enzymatically hydrolyzed by some
bacteria.
o Silica gel - for special media.

8. Indicators and Dyes

. Help differentiate bacterial types or detect chemical reactions.
. Common indicators:

o Phenol red

o Methyl red

o Bromothymol blue

o Neutral red
. Selective agents/dyes:

o Crystal violet

o Eosin

o Brilliant green

9. Selective Agents

. Inhibit unwanted organisms and promote the growth of target
organisms.
. Examples:
o Bile salts - inhibit non-enteric organisms.
o Antibiotics - inhibit Gram-positive/Gram-negative bacteria
selectively.
o High salt concentration - e.g., 7.5% NaCl in mannitol salt agar
(selective for Staphylococcus). PPN
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Physical Parameters for Bacterial Growth

1. Temperature

. Temperature affects bacterial enzyme activity, metabolism, and cell
membrane fluidity.
. Based on their temperature preference, bacteria are classified as:

Type Optimum Temp Example
Psychrophiles 0-15°C Pseudomonas fluorescens
Mesophiles 25-40°C E. coli, Salmonella
Thermophiles 50-80°C Bacillus stearothermophilus
Hyperthermophiles | >80°C Thermococcus species

2. pH (Hydrogen ion concentration)

. Affects enzyme activity and membrane integrity.
. Bacteria are classified by pH preference:

Type Optimum pH Example
Acidophiles |1-5 Lactobacillus
Neutrophiles | 6.5-7.5 E. coli, Salmonella
Alkaliphiles |8-11 Vibrio cholerae

3. Oxygen Requirement

. Oxygen affects energy production via respiration.

Type

Oxygen Requirement

Example

Obligate aerobes

Need O,

Mycobacterium
tuberculosis

Obligate anaerobes

O, is toxic

Clostridium botulinum

Facultative anaerobes

With or without O,

E. coli

Microaerophiles Low O, concentration Helicobacter pylori
Aerotolerant Don’t use O,, but Lactobacillus
anaerobes tolerate it A
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4. Moisture (Water Availability)

. Water is essential for all metabolic reactions.
. Bacterial cells cannot grow in dry (desiccated) environments.
. Used in food preservation by drying or adding salt/sugar.

5. Osmotic Pressure (Salt Concentration)

. High salt or sugar content draws water out of the cell (plasmolysis).
. Bacteria are classified as:

Type Salt Tolerance Example
Non-halophiles <1% NaC(l E. coli
Halotolerant Up to 10% NaCl | Staphylococcus aureus
Extreme halophiles | 15-30% NaCl Halobacterium (Archaea)

6. Light

. Not essential for most bacteria.
. Photosynthetic bacteria require light (e.g., Cyanobacteria).
. UV rays can damage bacterial DNA (used in sterilization).

=. Pressure

. Most bacteria grow at atmospheric pressure.
. Barophiles (piezophiles) survive in high-pressure environments (e.g.,
deep-sea bacteria).
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Bacterial Growth Curve

The bacterial growth curve represents the growth pattern of bacteria in a closed
system (batch culture), where no nutrients are added and no waste is removed after
inoculation. It shows four distinct phases of growth over time.

Stationary phase

g
e Death
—E (dedine)
- Log i phase
b {o:ponontml)
- phase
32
E
=
-4

Lag phase

Time

Phases of Bacterial Growth Curve:

1. Lag Phase

. Period of adaptation.

. Bacteria prepare for cell division by synthesizing enzymes, proteins,
and cofactors.

. No increase in cell number, but cells are metabolically active.

 Duration depends on factors like inoculum size, nutrient availability,
and environment.

2. Log Phase (Exponential Phase)

. Cells divide at a constant and maximum rate.

. Exponential increase in bacterial population.

. Metabolism is at its peak efficiency.

« Most uniform cell structure—ideal phase for antibiotic sensitivity
testing.

. Generation time (doubling time) is calculated in this phase.
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3. Stationary Phase

. Nutrient depletion, accumulation of toxic waste, and limited oxygen
slow down growth.

. Cell division rate = cell death rate — total population remains
constant.

. Endospore formation may begin.

. Secondary metabolites like antibiotics are often produced here.

4. Death Phase (Decline Phase)

« Nutrients are exhausted; toxins accumulate.

. Cell death exceeds cell division.

. Population declines exponentially.

. Some cells may survive as dormant spores or resistant forms.

Isolation and Preservation of Pure Cultures
Isolation of Pure Cultures

[solation refers to separating a specific microbe from a mixture to obtain a
pure colony. This is done using specific microbiological techniques.
Common Isolation Techniques

1. Streak Plate Method
o Most common technique.
o Involves spreading a loopful of culture over the surface of solid
agar in a petri dish in a specific pattern.
o Isolated colonies appear after incubation.
2. Pour Plate Method
o A diluted sample is mixed with molten agar and poured into petri
plates.
o Bacteria grow within and on the agar surface.
o Useful for quantitative analysis.
3. Spread Plate Method
o A small volume of diluted culture is spread evenly on the surface
of solidified agar using a spreader (glass rod).

o Useful for aerobic bacteria. 66
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4. Serial Dilution Method
o Culture is diluted stepwise and plated.
o Reduces the concentration of bacteria so that individual colonies
can be isolated.
5. Enrichment Culture Technique
o Encourages the growth of specific microbes by modifying
nutrients or environmental conditions.
o Helps in isolating bacteria from complex samples like soil or
feces.

Preservation of Pure Cultures

Preservation is essential to maintain the viability and purity of microbial
cultures for future study or industrial use. Common Preservation Methods
1. Refrigeration (4°C)
o Short-term storage.
o Cultures are stored on agar slants and refrigerated.
o Suitable for few weeks to months.
2. Deep Freezing (-20°C to -80°C)
o Long-term preservation.
o Culture mixed with cryoprotectants like glycerol or DMSO.
o Prevents cell damage from ice crystals.
3. Lyophilization (Freeze Drying)
o Best method for long-term storage (years).
o Culture is rapidly frozen and water is removed by vacuum
(sublimation).
o Stored in vacuum-sealed ampoules.
4. Paraffin Method
o Used for fungi and some bacteria.
o Culture is grown on agar slants, then covered with sterile mineral
oil.
o Prevents dehydration and contamination.
5. Liquid Nitrogen (-196°C)
o Ultra-low temperature preservation.
o Used for sensitive and rare strains.
o Expensive but very effective. LA
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Cultivation of Anaerobes

» Anaerobic bacteria are those that grow in the absence of oxygen. Some
anaerobes are killed or inhibited by oxygen, making their cultivation
more challenging. Therefore, special techniques and equipment are
required to cultivate them under oxygen-free (anaerobic) conditions.

Types of Anaerobes

1. Obligate Anaerobes - Cannot tolerate oxygen (e.g., Clostridium spp.)

2. Facultative Anaerobes - Can grow with or without oxygen (e.g., E.
coli)

3. Aerotolerant Anaerobes - Do not require oxygen but can tolerate its
presence

Requirements for Anaerobic Cultivation

To grow anaerobes, we need to:

. Eliminate oxygen from the culture environment

. Use reducing agents to remove dissolved oxygen (e.g., thioglycolate,
cysteine)

. Maintain anaerobic conditions during inoculation, incubation, and
examination

Methods of Cultivation

1. Anaerobic Jar (McIntosh and Fildes Jar)

. Airtight jar used to create anaerobic conditions.
. After placing inoculated media inside:
o Oxygen is chemically removed using gas generating kits (H, +
CO,).
o Palladium catalyst converts O, and H, — H,O.
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. Indicator (e.g., methylene blue) is used to confirm anaerobic
conditions.

o Blue = oxygen present
o Colorless = anaerobic

2. Anaerobic Glove Box

. Airtight chamber with gloves fixed into it.

. All work is done inside under a controlled anaerobic gas mixture.
. Used for large-scale or sensitive anaerobic cultures.

3. Thioglycolate Broth

 Aliquid medium containing sodium thioglycolate.
. Acts as a reducing agent, removing dissolved oxygen.

. Oxygen gradient is formed: anaerobes grow at the bottom, aerobes
at the top.

4. Cooked Meat Medium

. Contains chopped meat particles, peptones, and reducing agents.

. Supports the growth of obligate anaerobes, especially pathogenic
Clostridia.

. Meat pieces absorb oxygen and provide nutrients.

5. Gaspak System

. A modern, disposable anaerobic system.

. Gas-generating sachets are placed in a jar with the cultures.
« Produces H, and CO,, and removes O, using a catalyst.
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Quantitative Measurement of Bacterial Growth

When bacteria are inoculated into a culture medium, their population
increases over time. To study their growth, the number of bacterial cells is
measured at different time intervals using various methods.

1. Total Count / Direct Methods

These methods count both living and dead bacterial cells.

a) Counting Chamber Method

. Uses a special glass slide called a hemocytometer.

. A known volume of bacterial suspension is placed under the
microscope.

. Cells in the grid are counted manually.

Advantages: Quick, simple
Disadvantages: Cannot differentiate live vs dead cells

b) Electronic Cell Counter (Coulter Counter)

. Measures changes in electrical resistance as cells pass through a
small aperture.
. Each cell passing through disrupts the current, producing a count.

Advantages: Accurate, automated
Disadvantages: Expensive, cannot distinguish live/dead cells

2. Viable Count / Indirect Methods

These methods count only living (viable) cells capable of forming
colonies.

a) Plate Count Method

. Serial dilution of bacterial culture is performed. @
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. Diluted samples are plated using:
o Spread Plate Method
o Pour Plate Method

. After incubation, colonies are counted as CFUs (Colony Forming
Units).

Advantages: Counts only viable cells
Disadvantages: Time-consuming, only culturable bacteria counted

b) Turbidity Measurement (Spectrophotometer)

« Maeasures the cloudiness (optical density) of the culture at 600
nm

. Higher turbidity = more bacterial growth.

Advantages: Quick and easy
Disadvantages: Cannot distinguish live vs dead cells

A 4
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Microscopy

-> Microscopy is a scientific technique that involves the use of a
microscope to view objects too small to be seen with the naked eye.

-> A microscope is an instrument that magnifies small objects using a
system of lenses and light (natural or artificial) or electron beams.

Parts of A Microscope

A compound microscope mainly consists of the following parts:

Lenses:

1. Objective Lens - First magnification (close to the object)
2. Eyepiece (Ocular Lens) - Second magnification (through which you

look)
( o EY0 pDIece

Body tube
Course adustment @
knod — Nose pece
Objective lens
Fine adjusimant —¢- e
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Stage
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Base
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Structural Components

. Eyepiece - Where the user places their eye

. Objective Lenses - Usually 3—4 lenses of varying magnification (e.g.,
10X, 40X, 100X)

. Revolving Nosepiece — Holds and rotates objective lenses

. Coarse Adjustment Knob - For rough focusing

. Fine Adjustment Knob - For precise focusing

. Arm - Supports the tube and connects to the base

. Stage - Platform for placing the slide

. Condenser - Focuses light on the specimen

. Mirror or Light Source - Provides illumination

. Inclination Joint - Tilts the microscope for viewing comfort

. Base - Provides stability

Magnification

. First Magnification: Done by Objective Lens
. Second Magnification: Done by Eyepiece (Ocular Lens)
. Final Magnification (FM):

FM — Objective Magnification (OM) x Eyepiece Magnification (EM)

For example, if OM = 40x and EM = 10x, FM = 400x

Resolution

. Resolution is the ability of a microscope to distinguish two close points
as separate entities.
. Higher resolution means better image clarity and finer detail.

A 4
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Types Of MiCI'OSCOpy / Light Microscope
1. Light Microscopy

Arre

hweysece

Olgectioe Lovn

Uses visible light to
illuminate specimens.

Sje

Diaatragm
Coarve AZpastrart

- e kgt

. - Ught Source

Types: \j -

. Bright Field Microscope - Common; shows dark specimen on
bright background.

. Dark Field Microscope - Shows bright specimen on dark
background.

. Phase Contrast Microscope - For viewing live, unstained cells.

. Fluorescence Microscope - Uses fluorescence dyes; specimen

glows under UV light.
2. Electron Microscopy -— <>
. -‘—- ‘.. —I_ -.'--)- Y —
Uses electron beams instead e — =
of light for higher resolution. e i — S il
- -.--"ﬁ—_"— ; . s
. o
Transmitson Electron Scanning Electron
Types: Verowrape [TEM) Moernurope [SEM)|

. Transmission Electron Microscope (TEM) - Views internal cell
structures in 2D.

. Scanning Electron Microscope (SEM) - Views surface structure
in 3D.

A
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Phase Contrast Microscope

» The Phase Contrast Microscope was invented by Dutch physicist Frits
Zernike in 1934.

» He was awarded the Nobel Prize in Physics in 1953 (not 1955) for this
invention.

» This type of microscope is designed to observe live, transparent, and
unstained cells.

» It enhances contrast in specimens that are usually difficult to see using
standard bright-field microscopes.

Phase Contrast Microscopy

| Owmectren

. The principle of phase contrast microscopy is based on:

Principle

Conversion of phase shifts in light passing through a transparent
specimen into changes in brightness (contrast) in the image.

. These phase shifts occur due to:
o Variations in thickness of the specimen.
o Differences in refractive index between different parts of the cell.
. These invisible phase differences are transformed into visible inte%it%

differences.
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Key Components

1. Light Source
o Typically a Halogen or LED lamp.
2. Annular Diaphragm (in the condenser)
o Allows hollow cone of light to pass through the specimen.
3. Specimen
o Usually unstained, transparent living cells on a glass slide.
4. Objective Lens with Phase Plate
o The phase plate is the heart of this microscope.
o It introduces a phase shift to certain light rays (usually by Y4
wavelength).
5. Retarded and Unretarded Rays
o Direct rays (unretarded) and diffracted rays (retarded) interfere
with each other to form a visible image.

Working Mechanism

1. Light passes through the annular diaphragm and strikes the specimen.

2. The specimen causes some light rays to slow down (retarded) due to

differences in refractive index.

These rays pass through the phase plate, which alters their phase.

. Constructive and destructive interference occurs between rays.

. This interference converts phase differences into brightness
differences.

6. The result is a high-contrast image of the transparent specimen.

v oW
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Applications
e Observation of living, unstained cells.
e Study of cell organelles such as nucleus, mitochondria, and vacuoles.
e Used in clinical microbiology to examine bacteria, protozoa, and
parasitic cells.
e Helpful in diagnosing infections and observing cellular processes like
mitosis, motility, etc.

Advantages

. No need for staining (prevents killing cells).

. High contrast images of transparent specimens.

. Useful for live cell imaging and dynamic cellular processes.
. Cost-effective compared to advanced imaging systems.

Disadvantages
% Lower resolution than electron microscopes.
% Not suitable for thick or dense specimens.
% Image may sometimes contain halo effects around the edges.

A 4
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Dark Field Microscope

> A Dark Field Microscope is a specialized type of light microscope that
enables the observation of very small, transparent, or unstained
specimens.

» It works by adjusting the illumination angle so that only scattered light
from the specimen enters the objective lens, making the specimen
appear bright against a dark background.

> This technique is useful for observing details that may be invisible
under standard bright-field microscopy.

Darkfield
Microscope

(e

1 Lpeebwnee

YV (swerse
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Principle

. The principle of dark field microscopy involves:

Blocking the direct light using an opaque disk in the condenser and
allowing only scattered light from the specimen to reach the objective.

. This scattered light illuminates the specimen, making it appear bright

on a dark background. @
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Key Components

1. Light Source

o Provides a focused and intense beam of light.
2. Opaque Disk (in Dark Field Condenser)

o Blocks the central direct light rays.

o Allows only light that hits the specimen at an oblique angle.
3. Condenser

o Directs angled light towards the specimen.
4. Specimen Slide

o Usually contains live or transparent cells.
5. Objective Lens

o Collects the scattered light from the specimen.
6. Eyepiece Lens

o Magnifies the image formed by the objective.

Working Mechanism

» The light source illuminates the condenser containing an opaque disk.

» The disk blocks direct light, allowing only angled light to reach the
specimen.

» When light hits the specimen, it gets scattered.

» The objective lens captures this scattered light, forming a bright image
of the specimen.

» The background remains dark, since no direct light enters the
objective.

Applications
e Observation of live microorganisms (e.g., spirochetes, bacteria).
e Study of very small particles like nanoparticles.
e Examination of tissues or cells without staining.
e Used in clinical diagnostics, e.g., for detecting Treponema pallidum
(causative agent of syphilis).
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Advantages
% No need for staining (ideal for live cells).
“ Enhances contrast for transparent or colorless specimens.
% Allows observation of fine details and small particles.
% Useful in microbiology, nanotechnology, and pathology.

Disadvantages
A Image may appear dimmer compared to bright-field microscopy.
A Not suitable for thick or dense specimens.
A Requires a special condenser setup.
A Background noise (light scattering from dust or glass imperfections)
can interfere with clarity.
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Electron Microscope (EM)

» An Electron Microscope is a type of microscope that uses a beam of
electrons instead of light to form highly magnified images of very small
specimens.

> It offers extremely high resolution and magnification, allowing the
visualization of objects at the nanometer scale, such as viruses, cell
organelles, and molecules.

» Invented in the 1930s by Ernst Ruska and Max Knoll.

- e - -

“ . Electron Microscope

Principle

. The principle of electron microscopy is based on the use of electron
beams (which have much shorter wavelengths than visible light).

. When electrons are accelerated and focused on a specimen, they
interact with it to produce a magnified image that is captured on a
fluorescent screen, photographic plate, or digital camera.

. Resolution in electron microscopes is much higher because electrons
have a wavelength ~100,000 times shorter than visible light. LA
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Key Components

Electron Gun
o Emits a stream of high-speed electrons.

. Condenser Electromagnetic Lens

o Focuses the electron beam onto the specimen.

. Specimen Stage

o Holds the ultra-thin specimen.

. Objective Lens

o Magnifies the image formed by electrons passing through or
reflected from the specimen.

. Projector Lens

o Further magnifies the image for viewing.

. Vacuum Chamber

o Maintains a vacuum to prevent scattering of electrons by air
molecules.

. Fluorescent Screen / CCD Camera / Photographic Film

o Captures the final image for observation.

Types of Electron Microscopes

Type Full Form Function

TEM | Transmission Electron Electrons pass through the specimen.
Microscope Gives internal structure view.

SEM | Scanning Electron Electrons are scanned over the surface.
Microscope Gives 3D surface structure.

Working Mechanism

Transmission Electron Microscope (TEM):

1. Electron beam is generated and focused on a thin specimen.

2. Electrons pass through the specimen.

3. Differences in electron absorption produce contrast.

4. The image is magnified and projected onto a screen or detector.

A 4
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Scanning Electron Microscope (SEM):

1. Electron beam is scanned across the surface of the specimen.
2. Electrons are reflected or emitted from the surface.
3. Detectors pick up signals and create a 3D image of the surface.

Magnification & Resolution

. TEM:
o Magnification: Up to 2 million times
o Resolution: ~0.1 nm

. SEM:
o Magnification: Up to 500,000 times
o Resolution: ~1-10 nm

Applications
¢ Detailed imaging of viruses, bacteria, and cell organelles.
e Used in nanotechnology, materials science, and pharmaceutical
research.
¢ Identification of ultrastructural changes in cells and tissues.
e Analysis of crystalline structures and metals.
¢ Drug delivery research, examining nanoparticles and drug carriers.

Advantages
v" Extremely high resolution and magnification.
v" Can view ultra-small structures not visible in light microscopes.
v" Provides both 2D (TEM) and 3D (SEM) imaging.
v" Useful in diagnostics, microbiology, and materials science.

Disadvantages
% Very expensive and large equipment.
% Requires complex sample preparation.
% Specimens must be dehydrated and in vacuum, so living samples can’t
be viewed.
+ Needs trained personnel to operate. LA
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