CAMPBELL BIOLOGY DNA REPLICATION US CHAPTER
PRESENTATION

THe PROCESS OF DNA REPLICATION, A FUNDAMENTAL CORNERSTONE OF MOLECULAR BIOLOGY, IS METICULOUSLY DETAILED IN
THE CAMPBELL BIOLOGY TEXTBOOK, PARTICULARLY WITHIN ITS DEDICATED CHAPTER ON GENETIC REPLICATION. THIS
COMPREHENSIVE ARTICLE AIMS TO PROVIDE AN IN-DEPTH EXPLORATION OF DNA REPLICATION AS PRESENTED IN THE US EDITION
ofF CAMPBELL BIOLOGY, SERVING AS A VALUABLE RESOURCE FOR STUDENTS AND EDUCATORS ALIKE. WE WILL DELVE INTO THE
INTRICATE MOLECULAR MACHINERY, KEY ENZYMES, AND THE MULTI-STEP MECHANISM THAT ENSURES THE FAITHFUL DUPLICATION
OF GENETIC MATERIAL. UNDERSTANDING THE NUANCES OF THIS PROCESS IS CRUCIAL FOR GRASPING INHERITANCE, CELLULAR
DIVISION/ AND THE VERY ESSENCE OF LIFE. PREPARE TO EMBARK ON A DETAILED JOURNEY THROUGH THE MOLECULAR DANCE OF
DNA SYNTHESIS.

TaBLE oF CONTENTS

UNDERSTANDING THE IMPORTANCE OF DNA REPLICATION

THE MESELSON-STAHL EXPERIMENT: PROVING SEMI-CONSERVATIVE REPLICATION
Key PLAYERS IN DNA RepLICATION: THE ENZYMES AND PROTEINS
THE STAGES oF DNA REPLICATION: A STEP-BY-STEP BREAKDOWN
RepPLICATION ORIGINS AND THE REPLICATION FORK

LAGGING STRAND SYNTHESIS AND OKAZAKI FRAGMENTS
TELOMERES AND THE END REPLICATION PROBLEM

PrROOFREADING AND DNA ReEPAIR MECHANISMS

SIGNIFICANCE OF DNA RepPLICATION IN CELLULAR PROCESSES
CoMMON CHALLENGES AND MISCONCEPTIONS IN DNA REPLICATION

UNDERSTANDING THE IMPORTANCE OF DNA REPLICATION

DNA REPLICATION IS THE BIOLOGICAL PROCESS BY WHICH A DOUBLE-STRANDED DNA MOLECULE IS COPIED TO PRODUCE TWO
IDENTICAL DNA MOLECULES. THIS ESSENTIAL PROCESS OCCURS IN ALL LIVING ORGANISMS AND IS THE BASIS FOR BIOLOGICAL
INHERITANCE. EVERY TIME A CELL DIVIDES, ITS DNA MUST BE REPLICATED SO THAT EACH DAUGHTER CELL RECEIVES A COMPLETE
SET OF GENETIC INFORMATION. THE FIDELITY OF THIS PROCESS IS PARAMOUNT, AS ERRORS IN DNA REPLICATION CAN LEAD TO
MUTATIONS, GENETIC DISORDERS, AND UNCONTROLLED CELL GROWTH, SUCH AS CANCER. THE CAMPBELL BIOLOGY CHAPTER ON
DNA REPLICATION METICULOUSLY BREAKS DOWN THIS COMPLEX EVENT, HIGHLIGHTING ITS CRITICAL ROLE IN MAINTAINING
GENETIC INTEGRITY ACROSS GENERATIONS OF CELLS AND ORGANISMS.

THE SIGNIFICANCE OF DNA REPLICATION EXTENDS BEYOND MERE CELLULAR DIVISION. |T IS THE FOUNDATION UPON WHICH GENETIC
DIVERSITY IS BUILT, ALBEIT THROUGH OCCASIONAL ERRORS THAT INTRODUCE VARIATIONS. UNDERSTANDING THE INTRICATE
MECHANISMS OF REPLICATION ALLOWS US TO APPRECIATE THE ELEGANCE AND EFFICIENCY OF CELLULAR MACHINERY. |T ALSO
PROVIDES INSIGHTS INTO VARIOUS MEDICAL CONDITIONS AND THERAPEUTIC STRATEGIES, FROM ANTIVIRAL DRUGS THAT TARGET
VIRAL DNA REPLICATION TO CANCER TREATMENTS THAT EXPLOIT THE RAPID REPLICATION RATES OF TUMOR CELLS. THE US
CHAPTER PRESENTATION WITHIN CAMPBELL BIOLOGY PROVIDES A CLEAR AND ACCESSIBLE PATHWAY TO UNDERSTANDING THESE
PROFOUND BIOLOGICAL IMPLICATIONS.

THE MESELSON-STAHL EXPERIMENT: PROVING SEMI-CONSERVATIVE
REPLICATION

A PIVOTAL MOMENT IN UNDERSTANDING DNA REPLICATION WAS THE MESELSON-STAHL EXPERIMENT CONDUCTED IN 1958. THIS
ELEGANT EXPERIMENT PROVIDED CONCLUSIVE EVIDENCE FOR THE SEMI-CONSERVATIVE MODEL OF DNA REPLICATION, A CONCEPT
THAT HAD BEEN PROPOSED EARLIER. THE EXPERIMENT INVOLVED LABELING DNA WITH ISOTOPES OF NITROGEN. BACTERIA WERE

15
GROWN IN A MEDIUM CONTAINING A HEAVY ISOTOPE OF NITROGEN ( N), WHICH WAS INCORPORATED INTO THEIR DNA.
14
SUBSEQUENTLY, THESE BACTERIA WERE TRANSFERRED TO A MEDIUM CONTAINING A LIGHT ISOTOPE OF NITROGEN ( N)



AFTER ONE ROUND OF REPLICATION IN THE MN MEDIUM, THE DNA WAS EXTRACTED AND CENTRIFUGED IN A CESIUM CHLORIDE
DENSITY GRADIENT. THE RESULTS SHOWED THAT THE DNA HAD AN INTERMEDIATE DENSITY, INDICATING IT WAS A HYBRID
MOLECULE, WITH ONE STRAND CONTAINING 15N AND THE OTHER CONTAINING MN. AFTER A SECOND ROUND OF REPLICATION IN THE
MN MEDIUM, THE DNA SEPARATED INTO TWO BANDS: ONE WITH INTERMEDIATE DENSITY AND ANOTHER WITH LIGHT DENSITY. THIS
PATTERN STRONGLY SUPPORTED THE SEMI~CONSERVATIVE MODEL, WHERE EACH NEW DNA MOLECULE CONSISTS OF ONE ORIGINAL
(PARENTAL) STRAND AND ONE NEWLY SYNTHESIZED STRAND. THE CAMPBELL BIOLOGY PRESENTATION OFTEN DEDICATES
SIGNIFICANT TIME TO EXPLAINING THIS EXPERIMENT DUE TO ITS FOUNDATIONAL IMPORTANCE.

Key PLAYERS IN DNA RePLICATION: THE ENZYMES AND PROTEINS

DNA REPLICATION IS A HIGHLY COORDINATED PROCESS INVOLVING A MULTITUDE OF ENZYMES AND PROTEINS, EACH WITH
SPECIFIC ROLES. THE CAMPBELL BIOLOGY CHAPTER SYSTEMATICALLY INTRODUCES THESE MOLECUL AR WORKERS, HIGHLIGHTING
THEIR FUNCTIONS. AT THE FOREFRONT IS DNA POLYMERASE, THE PRIMARY ENZYME RESPONSIBLE FOR SYNTHESIZING NEW DNA
STRANDS. THERE ARE SEVERAL TYPES OF DNA POLYMERASES, EACH WITH SPECIALIZED FUNCTIONS, BUT THEY ALL SHARE THE
FUNDAMENTAL ABILITY TO ADD NUCLEOTIDES TO A GROWING DNA CHAININ A 5" To 3’ DIRECTION, USING A TEMPLATE STRAND.

ANOTHER CRUCIAL ENZYME IS HELICASE, WHICH UNWINDS THE DNA DOUBLE HELIX BY BREAKING THE HYDROGEN BONDS BET WEEN
COMPLEMENTARY BASE PAIRS, CREATING A REPLICATION FORK. T OPOISOMERASE ENZYMES, SUCH AS GYRASE, RELIEVE THE
TORSIONAL STRAIN THAT BUILDS UP AHEAD OF THE REPLICATION FORK AS THE DNA UNWINDS, PREVENTING SUPERCOILING.
SINGLE-STRAND BINDING PROTEINS (SSBS) BIND TO THE SEPARATED DNA STRANDS, PREVENTING THEM FROM REANNEALING AND
PROTECTING THEM FROM DEGRADATION. FINALLY, PRIMASE SYNTHESIZES SHORT RNA PRIMERS, WHICH PROVIDE A FREE 3'-OH
GROUP THAT DNA POLYMERASE CAN ATTACH TO, INITIATING DNA SYNTHESIS.

THe STAGES oF DNA REePLICATION: A STEP-BY-STEP BREAKDOWN

THE PROCESS OF DNA REPLICATION CAN BE BROADLY DIVIDED INTO THREE MAIN STAGES: INITIATION, ELONGATION, AND
TERMINATION. THE CAMPBELL BIOLOGY CURRICULUM TYPICALLY OUTLINES THESE STAGES CLEARLY TO FACILITATE
UNDERSTANDING. INITIATION BEGINS AT SPECIFIC SITES ON THE DNA MOLECULE CALLED ORIGINS OF REPLICATION. INITIATOR
PROTEINS RECOGNIZE THESE SITES AND RECRUIT OTHER PROTEINS, INCLUDING HELICASE, TO BEGIN UNWINDING THE DNA HELIX.

ELONGATION IS THE CORE STAGE WHERE NEW DNA STRANDS ARE SYNTHESIZED. DNA POLYMERASE ADDS COMPLEMENT ARY
NUCLEOTIDES TO THE TEMPLATE STRANDS. DUE TO THE ANTI-PARALLEL NATURE OF THE DNA STRANDS AND THE DIRECTIONAL
ACTIVITY oF DNA PoLYMERASE (5 To 3"), SYNTHESIS OCCURS DIFFERENTLY ON THE TWO TEMPLATE STRANDS. THIS LEADS
TO THE CONCEPT OF LEADING AND LAGGING STRANDS, A CRUCIAL DISTINCTION OFTEN EMPHASIZED IN PRESENTATIONS.

TERMINATION INVOLVES THE COMPLETE DUPLICATION OF THE DNA MOLECULE AND THE SEPARATION OF THE TWO NEW DNA
MOLECULES. IN PROKARYOTES, THIS OFTEN OCCURS WHEN REPLICATION FORKS MEET. IN EUKARYOTES, TERMINATION IS MORE
COMPLEX, INVOLVING THE DISSOLUTION OF REPLICATION BUBBLES AND THE REMOVAL OF RNA PRIMERS.

RePLICATION ORIGINS AND THE REPLICATION FORK

THE INITIATION OF DNA REPLICATION IS A PRECISELY REGULATED PROCESS THAT BEGINS AT SPECIFIC DNA SEQUENCES KNOWN
AS ORIGINS OF REPLICATION. IN PROKARYOTES, THERE IS TYPICALLY A SINGLE ORIGIN OF REPLICATION ON THEIR CIRCULAR
CHROMOSOME. EUKARYOTES, WITH THEIR MUCH LARGER AND LINEAR GENOMES, HAVE MULTIPLE ORIGINS OF REPLICATION ALONG
EACH CHROMOSOME. THIS ALLOWS FOR MUCH FASTER REPLICATION OF THE ENTIRE GENOME.

ONCE REPLICATION BEGINS AT AN ORIGIN, THE DNA UNWINDS, AND A REPLICATION FORK IS FORMED. THIS Y-SHAPED STRUCTURE
IS WHERE ACTIVE DNA SYNTHESIS OCCURS. T WO REPLICATION FORKS EMERGE FROM EACH ORIGIN, MOVING IN OPPOSITE
DIRECTIONS ALONG THE DNA MOLECULE. THE REPLICATION FORK IS A DYNAMIC STRUCTURE, WITH A CONSTANT INTERPLAY OF



ENZYMES AND PROTEINS WORKING TO SEPARATE THE STRANDS, STABILIZE THEM, AND SYNTHESIZE NE\W COMPLEMENTARY
STRANDS. THE VISUALIZATION OF THE REPLICATION FORK IN DIAGRAMS AND ANIMATIONS IS A COMMON FEATURE OF CAMPBELL
BIOLOGY PRESENTATIONS.

LAGGING STRAND SYNTHESIS AND OkAZAKI FRAGMENTS

THE ANTI-PARALLEL NATURE OF THE DNA DOUBLE HELIX AND THE 5’ TO 3’ DIRECTIONALITY OF DNA POLYMERASE LEAD TO A
DISTINCT MODE OF SYNTHESIS ON ONE OF THE TEMPLATE STRANDS, KNOWN AS THE LAGGING STRAND. ON THE LEADING STRAND
DNA SYNTHESIS PROCEEDS CONTINUOUSLY IN THE DIRECTION OF THE REPLICATION FORK MOVEMENT BECAUSE THE TEMPLATE
STRAND IS ORIENTED 3 TO 5'. HOWEVER, ON THE LAGGING STRAND, THE TEMPLATE IS ORIENTED 5’ TO 3’, MEANING DNA
POLYMERASE MUST SYNTHESIZE DNA IN THE OPPOSITE DIRECTION OF THE FORK'S PROGRESSION.

’

THIS DISCONTINUOUS SYNTHESIS OCCURS IN SHORT SEGMENTS CALLED OKAZAKI FRAGMENTS. EACH OKAZAKI FRAGMENT IS
INITIATED BY AN RNA PRIMER SYNTHESIZED BY PRIMASE. DNA POLYMERASE THEN EXTENDS THIS PRIMER, SYNTHESIZING A DNA
FRAGMENT. AS THE REPLICATION FORK MOVES FORWARD, A NEW PRIMER IS LAID DOWN, AND ANOTHER OKAZAKI FRAGMENT IS
SYNTHESIZED. AFTER ALL OKAZAKI FRAGMENTS ARE SYNTHESIZED, RNA PRIMERS ARE REMOVED, AND THE GAPS ARE FILLED WITH
DNA BY ANOTHER DNA POLYMERASE. FINALLY, DNA LIGASE SEALS THE NICKS BETWEEN THE FRAGMENTS, JOINING THEM INTO A
CONTINUOUS DNA STRAND. THE EXPLANATION OF OKAZAKI FRAGMENTS IS A KEY COMPONENT OF ANY DETAILED DNA
REPLICATION PRESENTATION.

TELOMERES AND THE END REPLICATION PROBLEM

LINEAR EUKARYOTIC CHROMOSOMES PRESENT A UNIQUE CHALLENGE TO DNA REPLICATION KNOWN AS THE END REPLICATION
PROBLEM. BECAUSE DNA POLYMERASE CAN ONLY SYNTHESIZE DNA IN THE 5' TO 3’ DIRECTION AND REQUIRES AN RNA PRIMER,
THE VERY ENDS OF THE LAGGING STRAND CANNOT BE FULLY REPLICATED. EACH ROUND OF REPLICATION WOULD RESULT IN A
SHORTENING OF THE CHROMOSOME. OVER MANY CELL DIVISIONS, THIS SHORTENING COULD LEAD TO THE LOSS OF ESSENTIAL
GENETIC INFORMATION AND CELLULAR DYSFUNCTION.

To ADDRESS THIS, EUKARYOTIC CHROMOSOMES HAVE SPECIALIZED STRUCTURES AT THEIR ENDS CALLED TELOMERES. TELOMERES
CONSIST OF REPETITIVE NUCLEOTIDE SEQUENCES THAT DO NOT CODE FOR GENES. THE ENZYME TELOMERASE, WHICH IS ACTIVE IN
GERM CELLS AND SOME STEM CELLS, CAN EXTEND THESE TELOMERES, COUNTERACTING THE SHORTENING THAT OCCURS DURING
REPLICATION. THE PRESENCE AND FUNCTION OF TELOMERES ARE OFTEN DISCUSSED IN THE CONTEXT OF AGING AND CANCER,
MAKING THEM AN IMPORTANT ASPECT OF THE CAMPBRELL BIOLOGY COVERAGE ON DNA REPLICATION AND ITS IMPLICATIONS.

ProOOFREADING AND DNA RepPAIR MECHANISMS

DESPITE THE HIGH FIDELITY OF DNA POLYMERASE, ERRORS CAN STILL OCCUR DURING DNA REPLICATION. THESE ERRORS, IF NOT
CORRECTED, CAN LEAD TO MUTATIONS. FORTUNATELY, DNA REPLICATION IS ACCOMPANIED BY SOPHISTICATED PROOFREADING
AND DNA REPAIR MECHANISMS THAT MAINTAIN THE INTEGRITY OF THE GENOME. DNA POLYMERASES THEMSELVES POSSESS A 3’
TO 5’ EXONUCLEASE ACTIVITY, WHICH ALLOWS THEM TO “PROOFREAD” THEIR WORK. |F A WRONG NUCLEOTIDE IS
INCORPORATED, THE POLYMERASE CAN BACKTRACK, REMOVE THE INCORRECT NUCLEOTIDE, AND INSERT THE CORRECT ONE.

BEYOND THE POLYMERASE'S INTRINSIC PROOFREADING, SEVERAL OTHER DNA REPAIR PATHWAYS EXIST TO FIX DAMAGE THAT
MAY ARISE DURING OR AFTER REPLICATION. THESE INCLUDE MISMATCH REPAIR, WHICH CORRECTS ERRORS MISSED BY
PROOFREADING, BASE EXCISION REPAIR, WHICH REMOVES DAMAGED BASES; AND NUCLEOTIDE EXCISION REPAIR, WHICH REMOVES
LARGER SEGMENTS OF DAMAGED DNA. THE ROBUST NATURE OF THESE REPAIR SYSTEMS ENSURES THAT THE GENETIC CODE IS
REMARKABLY STABLE, A TESTAMENT TO THE EVOLUTIONARY PRESSURES FAVORING ACCURATE INFORMATION TRANSFER. THE
CAMPBELL BIOLOGY CHAPTER OFTEN INCLUDES DETAILED EXPLANATIONS OF THESE REPAIR SYSTEMS,



SIGNIFICANCE OF DNA RePLICATION IN CELLULAR PROCESSES

DNA REPLICATION IS NOT AN ISOLATED EVENT BUT A CRITICAL PREREQUISITE FOR SEVERAL FUNDAMENTAL CELLULAR
PROCESSES. CELL DIVISION, WHETHER MITOSIS OR MEIOSIS, ABSOLUTELY REQUIRES A COMPLETE AND ACCURATE COPY OF THE
GENOME TO BE PASSED ON TO DAUGHTER CELLS. IN MITOSIS, IDENTICAL DAUGHTER CELLS ARE PRODUCED FOR GROWTH, REPAIR,
AND ASEXUAL REPRODUCTION. IN MEIOSIS, DNA REPLICATION PRECEDES THE TWO ROUNDS OF DIVISION THAT PRODUCE GAMETES
WITH HALF THE GENETIC MATERIAL, ESSENTIAL FOR SEXUAL REPRODUCTION.

FURTHEEMORE/ UNDERSTANDING DNA REPLICATION IS CRUCIAL FOR COMPREHENDING GENE EXPRESSION AND THE REGULATION OF
CELLULAR ACTIVITIES. THE AVAILABILITY OF REPLICATED DNA ENSURES THAT THE GENETIC INFORMATION IS ACCESSIBLE FOR
TRANSCRIPTION AND TRANSLATION. ABERRATIONS IN DNA REPLICATION OR REPAIR ARE INTIMATELY LINKED TO NUMEROUS
DISEASES, INCLUDING INHERITED DISORDERS AND CANCER, MAKING THIS TOPIC HIGHLY RELEVANT TO HUMAN HEALTH AND MEDICINE.
THE COMPREHENSIVE COVERAGE IN CAMPBELL BIOLOGY UNDERSCORES THIS PERVASIVE IMPORTANCE.

CoMMoN CHALLENGES AND MisCONCEPTIONS IN DNA REePLICATION

STUDENTS OFTEN ENCOUNTER CHALLENGES WHEN LEARNING ABOUT DNA REPLICATION, PARTICULARLY REGARDING THE
DIRECTIONAL SYNTHESIS ON THE LEADING AND LAGGING STRANDS. THE CONCEPT OF OKAZAKI FRAGMENTS CAN BE PARTICULARLY
CONFUSING. VISUAL AIDS AND STEP-BY-STEP EXPLANATIONS, AS COMMONLY FOUND IN CAMPBELL BioLoGy PRESENTATIONS,
ARE ESSENTIAL FOR CLARIFYING THESE POINTS. MISCONCEPTIONS CAN ALSO ARISE REGARDING THE SPEED AND ACCURACY OF
REPLICATION, SOMETIMES UNDERESTIMATING THE SOPHISTICATED PROOFREADING MECHANISMS THAT CONTRIBUTE TO ITS
REMARKABLE FIDELITY.

ANOTHER AREA OF POTENTIAL CONFUSION IS THE DISTINCTION BETWEEN DNA REPLICATION AND TRANSCRIPTION, BOTH VITAL
PROCESSES INVOLVING DNA BUT WITH DIFFERENT PURPOSES AND MECHANISMS. ENSURING CLARITY ON THE ROLE OF RNA PRIMERS
AND THE ENZYMES INVOLVED, SUCH AS DNA POLYMERASE AND LIGASE, IS PARAMOUNT. THE ITERATIVE NATURE OF LEARNING AND
REVISITING THESE COMPLEX MOLECULAR EVENTS IS KEY TO MASTERING THE INTRICACIES OF CAMPBELL BIOLOGY'S COVERAGE ON
DNA REPLICATION.

Q: WHAT IS THE PRIMARY FUNCTION OF DNA POLYMERASE IN DNA REPLICATION?

A: THE PRIMARY FUNCTION OF DNA POLYMERASE IS TO SYNTHESIZE NEW DNA STRANDS BY ADDING COMPLEMENTARY
NUCLEOTIDES TO A TEMPLATE STRAND, FOLLOWING THE BASE-PAIRING RULES (A WITH T, AND G wITH C). IT ALSO PLAYS A
ROLE IN PROOFREADING BY REMOVING INCORRECTLY INCORPORATED NUCLEOTIDES.

Q: WHY 1s DNA REPLICATION DESCRIBED AS SEMI-CONSERVATIVE?

A: DNA REPLICATION IS DESCRIBED AS SEMI-CONSERVATIVE BECAUSE EACH NEW DNA MOLECULE CONSISTS OF ONE STRAND
FROM THE ORIGINAL DNA MOLECULE (THE PARENTAL STRAND) AND ONE NEWLY SYNTHESIZED STRAND. THIS MODEL WAS
FAMOUSLY SUPPORTED BY THE MESELSON-STAHL EXPERIMENT.

Q: WHAT IS THE ROLE OF HELICASE IN DNA REPLICATION?

A: HELICASE IS AN ENZYME THAT UNWINDS THE DNA DOUBLE HELIX BY BREAKING THE HYDROGEN BONDS BETWEEN
COMPLEMENTARY BASE PAIRS, THEREBY SEPARATING THE TWO STRANDS AND CREATING A REPLICATION FORK, WHICH IS
ESSENTIAL FOR DNA SYNTHESIS TO OCCUR.



QZ WHAT ARE OKAZAKI FRAGMENTS, AND WHY ARE THEY FORMED?

A: OKAZAKI FRAGMENTS ARE SHORT, NEWLY SYNTHESIZED DNA FRAGMENTS THAT ARE FORMED ON THE LAGGING STRAND DURING
DNA REPLICATION. THEY ARE FORMED BECAUSE DNA POLYMERASE CAN ONLY SYNTHESIZE DNA IN THE 5’ TO 3’ DIRECTION, AND
THE LAGGING STRAND TEMPLATE RUNS IN THE OPPOSITE DIRECTION RELATIVE TO THE REPLICATION FORK'S MOVEMENT.

QZ How DO TELOMERES PREVENT THE LOSS OF GENETIC INFORMATION?

A: TELOMERES ARE REPETITIVE DNA SEQUENCES FOUND AT THE ENDS OF LINEAR EUKARYOTIC CHROMOSOMES. THEY ACT AS
PROTECTIVE CAPS, AND THEIR REPETITIVE NATURE ALLOWS FOR SOME SHORTENING DURING EACH ROUND OF REPLICATION
WITHOUT THE LOSS OF ESSENTIAL GENETIC INFORMATION. THE ENZYME TELOMERASE CAN ALSO EXTEND TELOMERES.

Q: WHAT IS THE SIGNIFICANCE OF THE MESELSON-STAHL EXPERIMENT IN THE STUDY OF
DNA REPLICATION?

A: THE MESELSON-STAHL EXPERIMENT PROVIDED CRUCIAL EXPERIMENTAL EVIDENCE THAT DNA REPLICATION IS SEMI-
CONSERVATIVE, A MODEL THAT ACCURATELY DESCRIBES HOW NEW DNA MOLECULES ARE FORMED FROM PARENTAL TEMPLATES.

Q: WHAT ARE THE MAIN STAGES OF DNA REPLICATION?

A: THE MAIN STAGES OF DNA REPLICATION ARE INITIATION, WHERE REPLICATION BEGINS AT ORIGINS OF REPLICATION;
ELONGATION, WHERE NEW DNA STRANDS ARE SYNTHESIZED; AND TERMINATION, WHERE REPLICATION IS COMPLETED AND THE NEW
DNA MOLECULES ARE SEPARATED.

Q: How DoES PROOFREADING BY DNA POLYMERASE ENSURE ACCURACY?

A: DNA POLYMERASES HAVE A 3’ TO 5’ EXONUCLEASE ACTIVITY THAT ALLOWS THEM TO REMOVE INCORRECTLY INSERTED
NUCLEOTIDES DURING SYNTHESIS. THIS “PROOFREADING” FUNCTION SIGNIFICANTLY REDUCES THE ERROR RATE OF DNA
REPLICATION.

Q: WHAT IS THE “END REPLICATION PROBLEM” IN EUKARYOTIC DNA?

A: THE END REPLICATION PROBLEM REFERS TO THE PROGRESSIVE SHORTENING OF LINEAR CHROMOSOMES DURING REPLICATION
BECAUSE THE LAGGING STRAND CANNOT BE FULLY REPLICATED AT ITS 3’ END. THIS IS MANAGED BY TELOMERES AND
TELOMERASE.

Q: Besibes DNA POLYMERASE AND HELICASE, WHAT OTHER KEY ENZYMES ARE INVOLVED
IN DNA REPLICATION?

A: OTHER KEY ENZYMES INCLUDE TOPOISOMERASE (WHICH RELIEVES TORSIONAL STRAIN), PRIMASE (WHICH SYNTHESIZES RNA
PRIMERS ), AND DNA LIGASE (WHICH JOINS OKAZAKI FRAGMENTS).
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