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DNA AND RNA AS GENETIC MATERIAL:

DNA (Deoxyribonucleic Acid)

e Structure:
o Double helix formed by two complementary strands.
o Each strand is composed of nucleotides, which include a phosphate group, a
deoxyribose sugar, and a nitrogenous base (adenine [A], thymine [T], cytosine
[C], guanine [G]).
o Apairswith T, and C pairs with G through hydrogen bonds.
e Functions:
o Genetic Information Storage: DNA stores genetic information in the sequence
of its bases.
Replication: DNA can replicate itself during cell division.
Protein Synthesis: DNA provides the instructions for synthesizing proteins
through transcription and translation processes.
o Replication Process:
o Initiation: Origin of replication is recognized, and the DNA helix unwinds.
o Elongation: DNA polymerase adds complementary nucleotides to the growing
DNA strand.
o Termination: Replication ends when the entire DNA molecule is copied.

RNA (Ribonucleic Acid)

e Structure:

o Typically single-stranded.

o Composed of nucleotides, which include a phosphate group, a ribose sugar, and a
nitrogenous base (adenine [A], uracil [U], cytosine [C], guanine [G]).

o A pairs with U, and C pairs with G in complementary RNA strands.

e Types of RNA:

o MRNA (Messenger RNA): Carries the genetic code from DNA to the ribosome
for protein synthesis.

o FRNA (Ribosomal RNA): Forms the core of ribosomes and catalyzes protein
synthesis.

o tRNA (Transfer RNA): Brings amino acids to the ribosome to be added to the
growing polypeptide chain.

o Other RNAs: Includes snRNA (small nuclear RNA), miRNA (microRNA),
siRNA (small interfering RNA), and others involved in various regulatory and
catalytic functions.

e Functions:

o Transcription: RNA is synthesized from a DNA template.

o Translation: mRNA is used as a template to synthesize proteins.

o Regulation: Various RNA molecules regulate gene expression and other cellular
processes.
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Key Differences Between DNA and RNA

Sugar: DNA contains deoxyribose, while RNA contains ribose.

Bases: DNA has thymine, whereas RNA has uracil.

Strands: DNA is usually double-stranded, while RNA is usually single-stranded.
Stability: DNA is more stable and less reactive, making it suitable for long-term storage
of genetic information. RNA is more reactive and versatile, playing multiple roles in the
cell.

Role of DNA and RNA in Genetic Information Flow

o Central Dogma of Molecular Biology: Describes the flow of genetic information from
DNA to RNA to protein.
o DNA — RNA: Transcription, where a segment of DNA is copied into RNA by
RNA polymerase.
o RNA — Protein: Translation, where the sequence of an mRNA molecule is used
to determine the sequence of amino acids in a protein.

Experiments Demonstrating DNA as Genetic Material

o Griffith's Experiment (1928): Demonstrated the phenomenon of transformation in
bacteria.

e Avery, MacLeod, and McCarty (1944): Identified DNA as the transforming principle.

e Hershey-Chase Experiment (1952): Confirmed that DNA is the genetic material using
bacteriophages.

RNA as Genetic Material
o Certain Viruses: Some viruses use RNA as their genetic material (e.g., retroviruses like
HIV, influenza virus).
o Reverse Transcription: Retroviruses convert RNA to DNA using reverse transcriptase,
integrating into the host genome.

Understanding the roles of DNA and RNA is crucial for fields like genetics, molecular biology,
and biotechnology, as these molecules are fundamental to the functioning of all living organisms.
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TYPES OF TUMOURS:

1. Benign Tumors

o Characteristics:

o Non-cancerous.

o Grow slowly.

o Do not spread to other parts of the body (non-metastatic).

o Encapsulated, making surgical removal easier.

o Generally, not life-threatening unless they compress vital organs or structures.
o Common Types:

o Adenomas: Arise from glandular tissue (e.g., thyroid adenoma).
Fibromas: Develop from fibrous or connective tissue.
Lipomas: Form from fat cells.

Myomas: Originate from muscle tissue.
Nevi: Commonly known as moles, arise from melanocytes.
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2. Malignant Tumors

e Characteristics:
o Cancerous.
o Grow rapidly.
o Capable of invading nearby tissues.
o Can spread (metastasize) to distant parts of the body via the bloodstream or
lymphatic system.
o Often life-threatening if not treated promptly.
e Common Types:
o Carcinomas: Originate from epithelial cells (e.g., breast cancer, lung cancer).
o Sarcomas: Develop from connective tissues like bone, muscle, fat (e.g.,
osteosarcoma, liposarcoma).
o Leukemias: Cancer of blood-forming tissues, leading to abnormal white blood
cells (e.g., acute lymphoblastic leukemia).
o Lymphomas: Originate in the lymphatic system (e.g., Hodgkin lymphoma, non-
Hodgkin lymphoma).
o Myelomas: Cancer of plasma cells in the bone marrow (e.g., multiple myeloma).

3. Precancerous Tumors (Premalignant)

e Characteristics:
o Not yet cancerous but have the potential to become malignant.
o Exhibit abnormal cells that may turn into cancer if not monitored or treated.
e Common Types:
o Actinic Keratosis: Rough, scaly patches on the skin caused by sun exposure,
which can lead to squamous cell carcinoma.
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o Cervical Dysplasia: Abnormal growth of cells on the cervix, potentially
progressing to cervical cancer.

o Adenomatous Polyps: Polyps in the colon or rectum that can develop into
colorectal cancer.

4. Mixed Tumors

o Characteristics:
o Contain a mix of different cell types.
o Can exhibit both benign and malignant properties.
o Examples:
o Mixed Mullerian Tumor: Contains both carcinomatous (epithelial) and
sarcomatous (connective tissue) components.
o Pleomorphic Adenoma: A common benign tumor of the salivary glands
containing a mixture of epithelial and mesenchymal tissues.

5. Secondary Tumors (Metastatic Tumors)

e Characteristics:
o Formed from cancer cells that have spread from the primary site to other parts of
the body.
o Maintain the characteristics of the primary tumor.
e Common Sites of Metastasis:

o Bones
o Liver
o Lungs
o Brain

Tumor Grading and Staging

e Grading:
o Refers to the appearance of tumor cells under a microscope.
o Grades I to IV indicate increasing levels of abnormality and aggressiveness.
e Staging:
o Describes the extent of cancer spread in the body.
o Commonly staged using the TNM system:
= T (Tumor): Size and extent of the primary tumor.
= N (Nodes): Degree of spread to nearby lymph nodes.
= M (Metastasis): Presence of distant metastasis.

Understanding the types of tumors is crucial for diagnosis, treatment planning, and predicting
patient outcomes
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VARIOUS MODES OF DNA REPLICATIONS:

1. Semiconservative Replication

e Mechanism:
o Each of the two parental DNA strands serves as a template for new DNA
synthesis.
o After replication, each daughter DNA molecule consists of one parental strand
and one newly synthesized strand.
e Process:
o Initiation: Replication begins at specific sites called origins of replication.
o Elongation: DNA polymerase synthesizes the new strand by adding nucleotides
complementary to the template strand.
o Termination: Replication ends when the entire molecule has been replicated.
o Key Features:
o Ensures genetic consistency.
o Experimentally demonstrated by the Meselson-Stahl experiment using isotopic
labeling of DNA.
o Diagram:

Semiconservative DNA Replication
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2. Conservative Replication

e Mechanism:
o The parental DNA molecule remains intact, and a completely new copy is made.
o One daughter molecule consists of two newly synthesized strands, and the other
consists of the original parental strands.
o Key Features:
o No mixing of old and new DNA strands in the daughter molecules.
o Not supported by experimental evidence.

3. Dispersive Replication

e Mechanism:
o Parental DNA strands are fragmented, and new DNA is synthesized in small
segments.
o Daughter molecules contain interspersed segments of old and new DNA.
o Key Features:
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o Results in hybrid DNA with mixed parental and newly synthesized segments in
each strand.
o Initially considered but later rejected based on experimental data.

4. Theta Replication

e Common in Prokaryotes:
o Mechanism:
= Replication begins at a single origin of replication, creating a replication
bubble.
= Replication proceeds bidirectionally around the circular chromosome.
o Key Features:
= Named "theta" because the intermediate structures resemble the Greek
letter 6.
= Commonly observed in bacterial chromosomes and plasmids.

5. Rolling Circle Replication

e Common in Plasmids and Some Viruses:
o Mechanism:
= A nick is made in one of the strands of the circular DNA.
= The 3'end of the nicked strand serves as a primer for DNA synthesis.
= The un-nicked strand is displaced and forms a single-stranded tail that can
be converted into a double-stranded DNA molecule.
o Key Features:
= Produces multiple copies of the circular DNA.
= Used by some plasmids and viruses to rapidly amplify their genetic
material.

6. Linear Replication

e« Common in Eukaryotes:
o Mechanism:
= Multiple origins of replication along the linear DNA.
= Replication bubbles expand and eventually merge, forming two daughter
molecules.
o Key Features:
= Ensures rapid replication of large eukaryotic genomes.
= Requires telomerase to maintain the ends of linear chromosomes.

Understanding the different modes of DNA replication helps in comprehending how genetic

information is faithfully transmitted across generations and how various organisms have adapted
these mechanisms to suit their specific genomic structures and replication needs

DEPARTMENT OF MICROBIOLOGY




MBY-301: MOLECULAR MICROBIOLOGY

MECHANISM OF TRANSCRIPTION AND TRANSCRIPTIONAL
ACTIVATORS:

Mechanism of Transcription

Transcription is the process by which genetic information from DNA is copied into RNA. It

occurs in three main stages: initiation, elongation, and termination.

1. Initiation:

o Promoter Recognition: Transcription begins when RNA polymerase binds to a
specific region of DNA called the promoter, which is located upstream of the
gene to be transcribed.

o Transcription Factors: These proteins help RNA polymerase locate the
promoter and initiate transcription.

o Formation of the Transcription Initiation Complex: RNA polymerase, along
with transcription factors, forms a complex at the promoter.

o DNA Unwinding: The DNA double helix unwinds near the start site of
transcription, creating a transcription bubble.

2. Elongation:

o RNA Synthesis: RNA polymerase moves along the DNA template strand, adding
complementary RNA nucleotides (A, U, C, G) to the growing RNA strand.

o Direction: Synthesis occurs in the 5' to 3' direction.

o Rewinding and Unwinding: As RNA polymerase advances, the DNA ahead
unwinds, and the DNA behind rewinds.

3. Termination:

o Termination Signals: Specific sequences in the DNA signal the end of
transcription.

o Release of RNA: The RNA transcript is released from the RNA polymerase.

o Dissociation: RNA polymerase detaches from the DNA.

Transcriptional Activators
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Transcriptional activators are proteins that increase the rate of transcription of a gene. They
function by assisting the assembly of the transcriptional machinery at the promoter or by

modifying the structure of chromatin to make the DNA more accessible.

1. Binding to Enhancers:

o Enhancers: DNA sequences located away from the promoter that transcriptional
activators bind to.

o Enhancer-Promoter Looping: Activators bound to enhancers interact with the
transcription machinery at the promoter through DNA looping.

2. Recruitment of Coactivators:

o Coactivators: These are proteins that do not directly bind to DNA but are
recruited by activators. They help to modify chromatin structure or recruit the
transcription machinery.

o Histone Modification: Coactivators can add acetyl groups to histones (histone
acetylation), making DNA more accessible for transcription.

3. Interaction with the Basal Transcription Machinery:

o Direct Interaction: Activators can directly interact with components of the basal
transcription machinery, such as RNA polymerase and general transcription
factors, stabilizing the formation of the transcription initiation complex.

4. Mediator Complex:

o Mediator: A multiprotein complex that acts as a bridge between transcriptional
activators bound to enhancers and the RNA polymerase 11 complex at the
promoter.

o Function: Facilitates the assembly of the transcriptional machinery and promotes

transcription initiation.

Understanding the mechanism of transcription and the role of transcriptional activators is crucial
for comprehending how genes are regulated and expressed in cells. These processes are
fundamental to the functioning of all living organisms and have significant implications in

health, disease, and biotechnology.
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GENETIC CODE:

The genetic code is a set of rules by which information encoded within genetic material (DNA or
RNA sequences) is translated into proteins by living cells. The code defines how sequences of
three nucleotides, called codons, specify which amino acid will be added next during protein
synthesis.

Characteristics of the Genetic Code

1. Triplet Code:
o Each amino acid is encoded by a sequence of three nucleotides (codon).
o There are 64 possible codons (4”3 = 64) but only 20 amino acids.
2. Universal:
o The genetic code is nearly universal, meaning it is the same in almost all
organisms, from bacteria to humans.
o A few exceptions exist in some organelles and microorganisms.
3. Redundant (Degenerate):
o Multiple codons can code for the same amino acid.
o For example, the amino acid leucine is encoded by six different codons.
4. Non-overlapping and Commaless:
o Codons are read one after another without overlapping and without punctuation
between them.
5. Start and Stop Codons:
o Start Codon: AUG (methionine) signals the start of protein synthesis.
o Stop Codons: UAA, UAG, UGA signal the termination of protein synthesis.

Codon Table

| Amino Acid | Codon(s) |
Alanine (A) |IGCU, GCC, GCA, GCG |
/Arginine (R) ICGU, CGC, CGA, CGG, AGA, AGG |
|Asparagine (N) IAAU, AAC |
Aspartic acid (D) IGAU, GAC |
Cysteine (C) lUGU, UGC |
Glutamic acid (E) IGAA, GAG |
Glutamine (Q) ICAA, CAG |
Glycine (G) IGGU, GGC, GGA, GGG |
Histidine (H) ICAU, CAC |
lIsoleucine (1) IAUU, AUC, AUA |
Leucine (L) |[UUA, UUG, CUU, CUC, CUA, CUG |
ILysine (K) IAAA, AAG |
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| Amino Acid | Codon(s)
Methionine (M) AUG

Phenylalanine (F) UuUuU, UuucC

Proline (P) CCU, CCC, CCA, CCG

Serine (S) UCU, UCC, UCA, UCG, AGU, AGC
Threonine (T) ACU, ACC, ACA, ACG

Tryptophan (W) UGG

Tyrosine (Y) UAU, UAC

Valine (V) GUU, GUC, GUA, GUG

Stop codons UAA, UAG, UGA

Translation Process

1. Initiation:
o The small ribosomal subunit binds to the mMRNA near the start codon (AUG).
o The initiator tRNA carrying methionine pairs with the start codon.
o The large ribosomal subunit joins to form the initiation complex.
2. Elongation:
o tRNA molecules bring amino acids to the ribosome in the sequence specified by
the codons in the mMRNA.
o Peptide bonds form between adjacent amino acids, creating a growing
polypeptide chain.
o The ribosome moves along the mRNA, reading each codon and adding the
corresponding amino acid.
3. Termination:
o When a stop codon (UAA, UAG, UGA) is reached, the ribosome releases the
completed polypeptide chain.
o The ribosomal subunits disassemble, and the mRNA is released.

Importance of the Genetic Code
1. Protein Synthesis:
o The genetic code is crucial for translating genetic information into functional

proteins, which perform a wide range of functions in cells.
2. Genetic Engineering:
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o Understanding the genetic code allows scientists to manipulate genes and produce
desired proteins for medical, agricultural, and industrial applications.
3. Evolution:
o The near-universal nature of the genetic code suggests a common evolutionary
origin for all life on Earth.
4. Genetic Disorders:
o Mutations in the genetic code can lead to changes in protein structure and
function, resulting in genetic disorders and diseases.

The genetic code is a fundamental aspect of molecular biology, providing the blueprint for life
by dictating how proteins are synthesized from genetic information.

ROLE OF RNA INPROTEIN SINTHESIS:

RNA (ribonucleic acid) plays a crucial role in the synthesis of proteins. There are three main
types of RNA involved in this process: messenger RNA (mRNA), transfer RNA (tRNA), and
ribosomal RNA (rRNA). Each type of RNA has a specific function in translating genetic

information from DNA into proteins.
Types of RNA and Their Roles

1. Messenger RNA (MRNA)
o Function: Carries genetic information from DNA to the ribosome, where proteins
are synthesized.
o Synthesis (Transcription):
= Initiation: RNA polymerase binds to the promoter region of the gene.
= Elongation: RNA polymerase synthesizes a complementary RNA strand
from the DNA template.
= Termination: RNA polymerase reaches a terminator sequence and
releases the newly synthesized mRNA.
o Processing:
= Capping: Addition of a 5' cap for stability and ribosome binding.
= Polyadenylation: Addition of a poly-A tail at the 3' end for stability and
export from the nucleus.
= Splicing: Removal of introns (non-coding regions) and joining of exons

(coding regions) to form a mature mRNA.
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2. Transfer RNA (tRNA)
o Function: Delivers specific amino acids to the ribosome during protein synthesis.
o Structure:
= Anticodon: A three-nucleotide sequence that is complementary to an
mRNA codon.
= Amino Acid Attachment Site: The 3' end of the tRNA where a specific
amino acid is attached.
o Role in Translation:
= Codon-Anticodon Pairing: The anticodon of tRNA pairs with the
corresponding codon on the mRNA.
= Amino Acid Transfer: The amino acid attached to the tRNA is added to
the growing polypeptide chain.
3. Ribosomal RNA (rRNA)
o Function: Combines with proteins to form ribosomes, the sites of protein
synthesis.
o Ribosome Structure:
= Large Subunit (50S in prokaryotes, 60S in eukaryotes): Contains the
peptidyl transferase center where peptide bonds are formed.
= Small Subunit (30S in prokaryotes, 40S in eukaryotes): Binds to
MRNA and is responsible for the correct alignment of tRNA and mRNA.
o Role in Translation:
=  mRNA Binding: The small subunit binds to the mRNA.
= tRNA Binding: The large subunit has sites (A, P, E) for tRNA binding
and peptide bond formation.
= Peptidyl Transferase Activity: Catalyzes the formation of peptide bonds

between amino acids.
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Stages of Protein Synthesis

1. Initiation:
o MRNA Binding: The small ribosomal subunit binds to the mRNA at the start
codon (AUG).
o Initiator tRNA: The initiator tRNA carrying methionine binds to the start codon.
o Assembly: The large ribosomal subunit joins to form the complete ribosome.
2. Elongation:
o Codon Recognition: The tRNA with the complementary anticodon binds to the
mMRNA codon at the A site.
o Peptide Bond Formation: The amino acid from the tRNA at the P site is
transferred to the amino acid on the tRNA at the A site.
o Translocation: The ribosome moves along the mRNA, shifting the tRNA from
the A site to the P site, and the empty tRNA is moved to the E site and released.
3. Termination:
o Stop Codon Recognition: When a stop codon (UAA, UAG, UGA) is reached,
release factors bind to the ribosome.
o Release of Polypeptide: The polypeptide chain is released from the tRNA.

o Disassembly: The ribosomal subunits dissociate and release the mRNA.

Summary

« MRNA carries the genetic code from DNA to the ribosome.
o tRNA delivers amino acids to the ribosome and matches them to the coded mRNA
message.

e rRNA forms the core of the ribosome's structure and catalyzes peptide bond formation.

Together, these RNA molecules coordinate the accurate and efficient synthesis of proteins,

essential for the functioning and regulation of cells.

DEPARTMENT OF MICROBIOLOGY




MBY-301: MOLECULAR MICROBIOLOGY

OPERON CONCEPT :

Inducible Operon:

o Typically off and requires an inducer to turn on transcription.

o Example: Lac Operon.

2. Repressible Operon:

o Typically on and requires a corepressor to turn off transcription.

o Example: Trp Operon.

Lac Operon (Inducible Operon)

Function: Controls the breakdown of lactose in E. coli.

Components:

o Promoter (P): Site where RNA polymerase binds.

o Operator (O): Site where the lac repressor binds.

o Structural Genes:
= lacZ: Encodes B-galactosidase, which breaks down lactose.
= lacY: Encodes permease, which increases lactose uptake.
= lacA: Encodes transacetylase, with a less clear role.

o Regulator Gene (lacl): Encodes the lac repressor protein.

Mechanism:

o Inthe absence of lactose, the lac repressor binds to the operator, blocking RNA
polymerase and preventing transcription.

o Inthe presence of lactose, lactose is converted to allolactose (inducer), which
binds to the repressor and changes its shape so it cannot bind to the operator.

RNA polymerase can then transcribe the structural genes.

Trp Operon (Repressible Operon)

Function: Controls the synthesis of tryptophan in E. coli.

Components:

o Promoter (P): Site where RNA polymerase binds.
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o Operator (O): Site where the trp repressor binds.

o Structural Genes: trpE, trpD, trpC, trpB, trpA, encoding enzymes for tryptophan
biosynthesis.

o Regulator Gene (trpR): Encodes the trp repressor protein.

e Mechanism:

o Inthe absence of tryptophan, the trp repressor is inactive, and RNA polymerase
transcribes the structural genes.

o When tryptophan is present, it binds to the trp repressor (acting as a corepressor),
activating it. The activated repressor binds to the operator, blocking RNA

polymerase and preventing transcription.

Summary

o Operons allow prokaryotic cells to regulate gene expression efficiently by coordinating
the transcription of genes involved in common pathways.

e Inducible operons like the lac operon are typically off but can be turned on in the
presence of an inducer.

o Repressible operons like the trp operon are typically on but can be turned off in the
presence of a corepressor.

e This regulation ensures that the cell conserves resources and energy by producing

proteins only when they are needed.

REGULATION OF GENE EXPRESSION IN LAMBDA & NIF OPERON :

Lambda Phage Operon

Lambda phage is a bacteriophage that infects Escherichia coli and can undergo two different
life cycles: the lytic cycle and the lysogenic cycle. Regulation of gene expression in lambda

phage determines which life cycle the phage will enter.

1. Lytic Cycle:
o Inthe lytic cycle, the phage replicates rapidly and eventually lyses the host cell to

release new phage particles.
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o Key Genes: Immediate early genes (N and cro), early genes (cll, clll, O, P, Q),
and late genes (head and tail proteins).
2. Lysogenic Cycle:
o Inthe lysogenic cycle, the phage DNA integrates into the host genome and
replicates along with it without killing the host.

o Key Genes: cl (lambda repressor), integrase (int), and excisionase (Xis).
Regulatory Mechanisms:

o Immediate Early Regulation:
o N gene: Produces the N protein, an antiterminator that allows RNA polymerase to
transcribe early genes.
o Cro gene: Produces Cro protein, which represses the synthesis of the lambda
repressor (cl).
e Early Regulation:
o cll and clll genes: cll activates the transcription of cl (lambda repressor), int
(integration), and the promoter for lysogenic cycle. clll stabilizes cll.
o O and P genes: Involved in DNA replication.
o Q gene: Produces Q protein, another antiterminator, which allows transcription of
late genes.
o Late Regulation:

o Late genes: Encode structural proteins for new phage particles.
Decision between Lysis and Lysogeny:

« High levels of cll and clll favor lysogeny by activating cl (lambda repressor), which

maintains the lysogenic state.

« High levels of Cro favor lysis by repressing cl and allowing the expression of lytic genes.
Nif Operon

Nif operon is involved in the regulation of nitrogen fixation in certain bacteria, such as

Klebsiella pneumoniae. The nif genes encode enzymes required for the conversion of
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atmospheric nitrogen (N2) to ammonia (NHs), a form that can be used by plants and other

organisms.

1. Key Components:
o Structural Genes: nifH, nifD, nifK, encoding nitrogenase components.
o Regulatory Genes: nifA and nifL.

2. Regulatory Mechanisms:

o NifA: An activator protein that induces the expression of nif genes by binding to
upstream activation sequences.

e NifL: A repressor protein that inhibits NifA under certain conditions.
Environmental Regulation:

o Oxygen: Nitrogenase is inactivated by oxygen. NifL senses oxygen levels and inhibits
NifA when oxygen is present, preventing transcription of nif genes.
« Ammonia: When ammonia levels are high, nitrogen fixation is unnecessary. NifL also

responds to ammonia levels to inhibit NifA.
Mechanism:

e Inlow oxygen and low ammonia conditions, NifL is inactive, allowing NifA to activate
the transcription of nif genes.
e Inhigh oxygen or high ammonia conditions, NifL inhibits NifA, repressing the

transcription of nif genes.
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