Replication Fork

The Machinery and Enzymes of
Semiconservative DNA Replication

Key Focus Areas

v/ Enzymatic Catalysts (DNA Polymerase)
v/ Speed & Accuracy Metrics
v/ Directional Polymerisation (5'=>3’)

v/ Strand Asymmetry & Ligation




The Main Engine: DNA-Dependent DNA Polymerase é%

The primary catalyst responsible for DNA duplication.

Primary Function: Uses a parental DNA template to S s GNARS
catalyse the polymerisation of deoxynucleotides. (Incoming)
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1. Substrate: Provides the building blocks (A, T, G, C) for
the new strand.
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2. Energy Source: The two terminal high-energy q e ﬂ ﬁ
phosphates act exactly like ATP, powering the - : ‘5 N .E / -
energetically expensive replication reaction. - '~ ‘\!‘ - 7
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Accuracy is Critical F J Exonuclease Site
Any mistake during replication results in mutations. The - \“ % (Proofreading)
polymerase must operate with a profoundly high degree \ gtewu& Synthesized
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of accuracy.



The Speed of Replication

High efficiency at a microscopic scale (E. coli case study).

The Challenge: Genome Size The Timeframe: Total Time The Output: Polymerisation Rate

4.6Mbp 18Mins ~2000 bp/sec

E. coli base pairs. To duplicate the entire genome. Average speed.

Note: Compared to the human diploid content of 6.6 X 10° bp, E. coli is smaller, but the polymerase
enzymes must still operate with staggering speed and precision.



TopAll
You’'ve Learned the Theory.

Let's Test Them Now.

Turn theory into marks with unlimited MCQs, smart analysis, and focused revision.

PracticeNow —) Atprep.topall.app
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© Climb the Leaderboard Among Fellow Aspirants © Track Your Performance Smarter




Forming the Replication Fork A

Overcoming the energy barrier of the double helix.

The Problem Rrialiofin The Solution
Replication (ori)

The two strands of a long DNA
molecule cannot be separated
separated across their entire
length simultaneously due to
an impossibly high energy

requirement.

Replication occurs within a

| | ‘ [ | l (1] small, localized opening of

111 | the DNA helix (the Y-shaped
replication fork).

Replication does not initiate randomly. It begins at a definite, specific sequence called the Origin of Replication (ori).



The Golden Rule: 5’3’ Polymerisation

DNA Polymerase has strict directional constraints.
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The Rule

DNA-dependent DNA
polymerases can ONLY
catalyse polymerisation in
one direction: 5’ = 3",

The Geometry

Because DNA strands are
antiparallel, the two template
strands at the replication fork have
opposite polarities (3'>5' and 5'>3).

This single directional rule creates
immediate mechanical
complications as the fork opens.



Continuous vs. Discontinuous Synthesis A

The mechanical consequence of antiparallel templates.

Continuous Synthesis Discontinuous Synthesis

« Template Polarity: 3' > 5’ « Template Polarity: 5' > 3

» Action: Polymerase moves smoothly » Action: Polymerase must work backwards
forward, following the opening fork. away from the fork in short segments as

new template is exposed.
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The Cleanup Crew: DNA Ligase

The discontinuously synthesised fragments must be stitched together. The enzyme DNA ligase
acts as the molecular glue to join these gaps into a single, unified strand.



Key Takeaway A

TopAll
The elegance of molecular duplication.
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Highly Coordinated Incredibly Fast & Accurate = Mechanically Elegant
The process relieson a The main engine, DNA The system overcomes its rigid
specific starting point (ori) Polymerase, polymerises ~2000 5'—=3' directional constraint
and carefully manages bp/sec using dNTPs for both through simultaneous

energy by opening only a fuel and building blocks, while continuous and discontinuous
localized replication fork. maintaining strict genetic synthesis, seamlessly finalized

integrity to prevent mutations. by DNA ligase.



What TopAll Pro Does Differently

You've Learned
the Theory.
Now Let s TestIt.

Reading notes gets you knowledge.
Practicing MCQs gets you marks.
That's exactly what TopAll Pro is built for.

Stuck? Snap it. Solve it. — Doubts Al
Photo — step-by-step solution in seconds, 24/7

Your Al Coach finds your blind spots
Concept-level weakness detection — not just chapter-level

4.5 Lakh+ questions. Never run out.
13x more content than any other prep app in India

Build your own test in 60 seconds
Pick a chapter, set difficulty — Al does the rest instantly.

Al Recommandation that helps you improve
Al Recommandation Analysis your Tests and tell you where
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Try TopAll Pro Now

you need to improve.

‘> Practice the moment you finish studying 4.5L+ 1.5L+ Al Powered

Jump in while the concept is still fresh in your head MCQs Students In-Depth Analysis




