
The Replication of DNA
General principles - bidirectional,
semi-conservative and semi-
discontinuous replication.
Replication in prokaryotes and
eukaryotes.

Unit III



DNA Replication

Before cells divide, they must double their 
DNA so that each cell gets identical copies 
of the DNA strands.

DNA replication helps assure that the bases 
are copied correctly.

Enzymes carry out the process.



Overview of DNA
replication
The hydrogen bonds
break to “unzip” the
DNA strand. Enzymes
guide free nucleotides
to the exposed single
strands and match the
nucleotides.





Meselson and Stahl experiment (1957)

• Bacteria were grown in a medium containing
nitrogen 15 for several generations

• If the medium contains no other nitrogen source, E.
coli will use N15 and incorporate it into their DNA

• Eventually they will only have N15
• Once the E. coli had only N15, they were put into a

growing medium containing N14
• N15 is heavier than N14 making new incorporation

of nitrogen easy to distinguish
• The differences were measured according to the

densities of the new strand





How exactly does DNA replicate?

Findings:

– Replication is carried out by DNA polymerase.

• 50 nucleotides per second in mammals

• 500 nucleotides per second in bacteria  

– DNA strands unzip and each one acts as a template for 

the formation of a new strand.

– Nucleotides line up along template strand in accordance 

with base pairing rules.

– Enzymes link the nucleotides together to form new DNA 

strands.

– Semiconservative replication: Each new helix will 

contain one new strand and one old strand.



DNA Replication is Semiconservative



How exactly does DNA replicate?

– Strands are antiparallel: Run in opposite directions.

– DNA polymerases can only add nucleotides to one 

end of the strand (3’ end).

– New strands grow in a 5’ to 3’ direction

– Replication fork with:

• Leading strand: Made continuously.

• Lagging strand: Made discontinuously in Okazaki 

fragments which are then joined together.





Transcription & Modification of RNA
Concept of Central Dogma: Basic concepts of
transcription in prokaryotes and eukaryotes.
Principles of transcriptional regulation; Prokaryotes:
Regulation of lactose metabolism and tryptophan
synthesis in E. coli; Eukaryotes: transcription
factors; Split genes, introns and exons, mRNA
transport.
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Basic concept of transcription

Prokaryotic cell



Eukaryotic cell



Transcription vs. Translation

DNA RNA Proteins

Transcription:
• Like copying information from a 

book in the reserved section 
of the library

• Using the same language

Translation:
• Literally translating between 

two different languages

• Take the copied info from 
the library and translate it 
into Hindi/French/Spanish

नम�कार







enzymatic













“Upstream” of the gene is a promoter
• whole promoter = several dozen nucleotides

 example of DNA that is essential but is not transcribed

where the 
gene is

the “start here” 
signal

Transcription 
Unit:





Elongation



GC rich regions capable of making hairpin structure



 Some terminators require a rho factor for
termination and is called as rho dependent
termination.



2α,  β,  β’



(α)









Promoter 
sequence





Enhancers



Key Concepts of gene regulation

• Several strategies are used to regulate
gene expression

• Many prokaryotic genes are regulated in
operons

• Eukaryotic genes are regulated by
transcription factors and DNA changes

• Eukaryotic gene expression can be
regulated after transcription



1. Transcription
2. Post-transcriptional

modification (Splicing)
3. Translation
4. Post-translational

modification of protein

Several steps in the gene expression process
may be modulated, including the



Transcriptional regulation/Consequences 
due to mutation in transcription factors

• Predominant form of
regulation of gene
expression found in cells.

• The protein factors that
regulate gene expression
via transcription are
critical to many biological
processes.

• When these factors
function incorrectly,
pathological and other
aberrant effects occur.

Development of the eye in humans

Wing development in flies

Flower development in plants



Classification of genes with respect 
to their expression

Constitutive (house keeping) genes:
Expressed at a fix rate irrespective to the
cell condition or environmental cue.

Controllable genes:
Are expressed only as needed.
Their amount may increase or decrease
with respect to basal level expression.



Regulation of gene expression may be 
categorized in to two types;

1.Positive regulation (Inducible genes)
Genes are turned on

2. Negative regulation (Repressive   
genes)
Genes are turned off



1. Positive regulation
 When the expression of a gene is quantitatively

increased by the presence of specific regulatory
element, then it is known as positive regulation



2. Negative regulation
 When the expression of a gene is quantitatively

decreased by the presence of specific regulatory
element, then it is known as negative regulation



Bacterial gene regulation

• Francois Jacob and Jacques Monod (1961) were 
the first to propose the operon model of gene 
regulation following genetic analysis of E. coli

• Operon: In bacteria, the genes that encode the 
enzymes of a metabolic pathway are usually 
clustered together in units on the chromosome 
in a functional complex called an operon.

• A typical bacterial operon consists of:-
• Structural genes
• Promoter
• Operator
• Regulator



• Our understanding of transcriptional regulation comes from
studies of enzyme induction in E.coli.

• E. coli exhibit an extremely sophisticated regulation of enzyme
induction in response to changing environmental conditions.

• The primary source of food for bacteria is glucose!
• If both glucose and lactose are present together, glucose is

utilized first.
• The organism will first breakdown glucose by turning on genes

for enzymes that metabolize glucose.
• The enzymes required for lactose metabolism are shut off!
• Once the glucose is completely metabolized, the genes

responsible for glucose metabolism are shut down. Then the
genes for the enzymes involved in lactose metabolism are
turned on.

How does a cell turn on and off these genes?

Lac operon



Lac operon: The cluster of genes that regulates

production of the enzymes needed to degrade lactose in
E. coli and some other enteric bacteria.

• Lactose is a disaccharide
composed of glucose and
galactose.

• When only lactose is present, the
genes for lactose metabolism are
turned on.

• When all the lactose is broken
down, the genes are shut off.

Lac operon: Regulatory response to lactose

• This uses an intracellular regulatory protein called as 
lactose repressor.



When lactose is absent in the medium



When lactose is present in the medium



Lac operon: Regulatory response in presence 
of both glucose and lactose

• If both glucose and lactose are present together, 
glucose is utilized first. The mechanism by which 
bacteria prefers glucose over lactose is called as 
catabolite repression.

• It is not enough for lactose alone to be present to 
induce the lac operon.

• RNA polymerase affinity for the promoter of lac 
operon increases by a regulatory protein i.e. cAMP
receptor protein (CRP).

• Glucose inhibits the formation of cAMP.
• High glucose conc. lowers the conc. of cAMP and 

vice versa.   



CRP-cAMP complex controls lac operon



Regulation  of  tryptophan synthesis  in  E. coli
(The ‘Tryptophan’ Operon)

• trp operon – a repressible operon

• Normally, the structural genes (which are used to
synthesize tryptophan) for this operon, are operational.

• These genes are repressed when tryptophan is
readily available to the bacteria from the environment.

• A corepressor (tryptophan) binds to the repressor,
altering its shape so that it binds to the operator region
of the DNA sequence.

• This then stops the transcription of the structural genes
and tryptophan synthesis is halted.







What type of feedback is demonstrated upon 
the structural genes in each “operon” case?

• lac operon demonstrates positive feedback

• trp operon demonstrates negative feedback

• May be inducible operons generally control
catabolic pathways and repressible operons
usually control anabolic pathways.

What type of pathway do inducible operons
generally control:

Anabolic or Catabolic?
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