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7.1.1 DNA Structure

Nucleosomes

Unlike mo st pro karyo tic DNA which is referred to  as ‘naked’, eukaryo tic nuclear DNA is asso ciated

with pro teins called histo nes (to  fo rm chro matin)

Histo nes package the DNA into  structures called nucleo so mes

The nucleo so me co nsists o f a strand o f DNA co iled aro und a co re o f eight histo ne pro teins

(o ctamer) to  fo rm a bead-like structure

DNA takes two  turns  aro und the histo ne co re and is held in place by an additio nal histo ne

pro tein

The DNA mo lecule co ntinues to  be wo und aro und a series o f nucleo so mes to  fo rm what

lo o ks like a ‘string o f  beads’

Nucleo so mes help to  superco il the DNA, resulting in a co mpact structure which saves space

within the nucleus

Nucleo so mes also  help to  pro tect DNA and f acilitate mo vement o f  chro mo so mes  during

cell divisio n

An analo gy fo r superco iling is twisting an elastic band  repeatedly until it fo rms additio nal

co ils

Nucleo so mes can be tagged with pro teins  to  pro mo te o r suppress transcriptio n

Structure of a nucleosome
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DNA is wrapped around a series of nucleosomes. 

Nucleosomes coil tightly around each other to form the chromosome structure.
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Franklin's Investigations

NOS Making caref ul observat ions—Rosalind Franklin’s X-ray di�ract ion provided
crucial evidence t hat  DNA is a double helix. 

In the 1950s Ro salind Franklin and Maurice Wilkins  used a technique called X-ray di�ractio n to

study the structure o f DNA

Franklin’s wo rk was instrumental to  Crick and Watso n's mo del as the di�ractio n patterns

indicated that DNA had a do uble-helical structure

X-ray di�ractio n invo lves directing a beam o f  X-rays  o nto  the mo lecule being studied

X-rays have a sho rter wavelength and higher energy  than visible light

The sho rt wavelength allo ws X-rays to  pass thro ugh the mo lecule, interacting with any electro ns

within the ato ms

The interactio n causes X-rays to  scatter (di�ractio n) at angles that indicate the

arrangement o f ato ms

The scattering pattern can be reco rded o n a �lm (similar to  having an X-ray o f a bo ne), with

dark marks appearing where the X-rays strike the �lm

Ro tating the sample allo ws fo r the three-dimensio nal mo lecular structure  to  be studied

Franklin was able to  re�ne her metho ds  and pro duce a clear di�ractio n pattern o f DNA

Using mathematical techniques and available kno wledge abo ut DNA, Franklin deduced that

DNA strands were helices - as represented by the X-shape

The pitch o f the helix - as represented by the angle o f the X-shape

The distance between nucleo tides

Pho sphates are lo cated o n the o utside o f the mo lecule

DNA was do uble stranded

Summary of Rosalind Franklin’s X-ray di�raction investigation, the di�raction pattern represents the

position of atoms in the sample of DNA
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DNA Structure Suggests Semi-conservative Replication

The disco very o f the structure o f DNA was due to  experimental evidence  and inputs fro m a range

o f  independent researchers

Franklin’s X-ray di�ractio n patterns identi�ed a co mpact do uble helix

Erwin Charga� sho wed that DNA was co mpo sed o f an equal number o f purine and

pyrimidine  bases which suggested base pairing

Crick and Watso n used this evidence to  build vario us physical mo dels o f  DNA

One mo del had the bases facing o utwards but Franklin argued they sho uld f ace inwards  due

to  their hydro pho bic nature

It was determined that if adenine paired with thymine and cyto sine paired with guanine in an

antiparallel o rientatio n a highly co mpact structure  wo uld result

When Crick and Watso n pro po sed their mo del fo r the structure o f DNA, they realised that the

do uble stranded structure suggested a mechanism f o r its replicatio n during the cell cycle

This was a key questio n that any mo del wo uld have to  address

Crick and Watso n stated that as o ne chain o f the do uble helix was the co mplement o f the o ther,

either chain co uld act as a template  during replicatio n

They po stulated that hydro gen bo nds break, allo wing separatio n o f the chains

Each separate chain then acts as a template  fo r the fo rmatio n o f a new co mplementary chain

o n itself

This theo ry was called semi-co nservative DNA replicatio n as half o f the o riginal DNA mo lecule is

kept (co nserved) in each o f the two  new DNA mo lecules

An o ppo sing theo ry  suggested DNA replicated ‘co nservatively’

The entire o riginal DNA do uble helix wo uld stay to gether and serve as a template fo r a new

DNA mo lecule

Crick and Watso ns' theo ry o f semi-co nservative DNA replicatio n was later pro ven by Meselso n

and Stahl
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Semi-conservative replication of DNA

Exam T ip

Yo u do n't need to  memo rise the nature o f purine and pyrimidine bases in DNA; C and T are

pyrimidines; A and G are purines. A purine always bo nds to  a pyrimidine in the A-T and C-G rules o f

base-pairing. 
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7.1.2 Mechanism of DNA Replication

Leading Strand & Lagging Strand

Do uble-stranded DNA co nsists o f two  antiparallel strands  (o riented in o ppo site directio ns)

During DNA replicatio n, the two  strands are ‘unz ipped’ and DNA po lymerase mo ves alo ng each

template strand linking nucleo tides to gether to  fo rm a new strand

Crucially, DNA po lymerase can o nly add new nucleo tides in a 5’ to  3’ directio n

As the template strands are antiparallel, replicatio n needs to  pro ceed in o ppo site directio ns

As the replicatio n fo rk o pens up in o ne directio n o nly, each new strand is synthesised di�erently

The leading strand  is made co ntinuo usly, fo llo wing the fo rk as it o pens

The lagging strand  is made disco ntinuo usly, in sho rt fragments, away fro m the fo rk

As mo re template strand is expo sed, new fragments (called Okaz aki fragments) are created

Okaz aki fragments are later jo ined to gether by DNA ligase to  fo rm a co ntinuo us

co mplementary DNA strand
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During DNA replication, synthesis of the leading strand is continuous but synthesis of the the lagging

strand is discontinuous in small fragments (not all the enzymes involved are shown)
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Enzymes Involved in DNA Replication

DNA replicatio n is carried o ut by a co mplex system o f  enz ymes  wo rking as a team

Helicase unwinds the DNA do uble helix at the replicatio n fo rk by �attening o ut its helical structure

Analo gy - think abo ut untwisting a ro pe ladder

Helicase then causes the hydro gen bo nds between the two  strands to  break

Analo gy - unz ipping a z ipper

DNA gyrase  releases the strain within the superco iled areas to  allo w helicase access to  the helix

Single-stranded binding pro teins  keep the separated strands apart whilst the template strand is

co pied

DNA primase  generates a sho rt RNA primer o n the template strands

Pro viding an initiatio n po int fo r DNA po lymerase III to  add new nucleo tides

A number o f  po lymerases  are invo lved in DNA replicatio n, each with di�erent functio ns

Two  o f these po lymerases are

DNA po lymerase III, which starts replicatio n next to  the RNA primer linking nucleo tides in

a 5’ to  3’ directio n to  fo rm a new strand

DNA po lymerase I, which remo ves the RNA primers o n the leading and lagging strands and

replaces it with DNA

DNA ligase  jo ins up the Okaz aki fragments by catalysing the fo rmatio n o f sugar-pho sphate

bo nds

Direction of Replication

Similar to  transcriptio n and translatio n, DNA replicatio n must o ccur in the 5’ to  3’ directio n

DNA po lymerase o nly wo rks in a 5’ to  3’ directio n, adding nucleo tides to  the 3’ end

DNA po lymerases can o nly add nucleo tides to  the 3’ end o f a primer

DNA nucleo tides have a pho sphate bo nded to  the 5’ carbo n o f the deo xyribo se sugar

When DNA po lymerase adds a new nucleo tide to  extend the DNA strand, the 5’ pho sphate gro up

o f the inco ming DNA nucleo tide bo nds to  the free 3’ -OH gro up o n the gro wing strand

DNA nucleotides have a phosphate bonded to the 5’ carbon of the pentose sugar
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When DNA polymerase adds a new nucleotide, the 5’ phosphate group of the incoming nucleotide bonds

to the free 3’ -OH group on the growing strand
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7.1.3 Non-coding DNA

Non-coding Regions of DNA

DNA mo lecules are very lo ng but o nly certain regio ns co de  fo r the pro ductio n o f po lypeptides

These are called co ding sequences

In humans o nly 1.5% o f  the geno me  co ntains co ding sequences

The majo rity o f a eukaryo tic geno me co ntains no n-co ding regio ns o f DNA that do  no t co de fo r

po lypeptides but have o ther impo rtant f unctio ns

No n-co ding gene regulato ry sequences  are invo lved in the co ntro l o f gene expressio n by

enhancing o r suppressing transcriptio n

No n-co ding sequences can pro duce functio nal RNA mo lecules like transfer RNA (tRNA)

Intro ns are no n-co ding sequences o f DNA fo und within genes o f eukaryo tic o rganisms

Di�erent pro teins can be pro duced fro m a gene depending o n ho w intro ns are remo ved

Telo meres are regio ns o f repeated nucleo tide sequences  at the end o f chro mo so mes that

pro vide pro tectio n during cell divisio n

The repeated sequence f acilitates binding o f  an RNA primer at the end o f the chro mo so me

leading to  synthesis o f an Okaz aki fragment

Witho ut telo meres, DNA replicatio n co uld no t co ntinue to  the end o f the DNA mo lecule and

chro mo so mes wo uld beco me sho rter after every cell divisio n

No netheless, telo meres sho rten with age due to  o xidative damage within cells

Lo ss o f  telo meres  during ageing can be accelerated by smo king, expo sure to  po llutio n,

o besity, stress and po o r diet

Antio xidants in the diet are claimed to  reduce the rate o f telo mere sho rtening
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The RNA molecule produced from the transcription of a gene contains introns that must be removed

before translation can occur.
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DNA Pro�ling

DNA pro �ling (so metimes called genetic �ngerprinting) enables individuals to  be identi�ed

based o n their DNA pro �les

It can be used in f o rensic investigatio ns  o r paternity testing

Sho rt, no n-co ding regio ns o f DNA called variable number tandem repeats (VNT Rs) are

analysed

The frequency that VNTRs are repeated is unique between di�erent individuals

VNTRs are inherited and are similar in clo se relatives  but di�erent in unrelated peo ple

Mo no z ygo tic (identical) twins inherit  identical VNT Rs  so  can’t be di�erentiated thro ugh

pro �ling 

To  co mpare the respective DNA pro �les o f individuals, di�erent regio ns o f DNA co ntaining

the VNTRs can be excised with restrictio n enz ymes  o r ampli�ed by PCR (Po lymerase Chain

Reactio n)

The VNTR regio n fo r individuals will be a di�erent siz e  as they have di�erent numbers o f

repeats

The resulting restrictio n fragment o r ampli�ed DNA will also  be a di�erent siz e

Di�erent siz ed fragments will generate a unique DNA pro �le  in gel electro pho resis

DNA pro�le of speci�c VNTRs from three individuals. Di�erent VNTRs could be analysed simultaneously

which would result in more bands in each column

Page 12 of 18
For more help visit our website www.exampaperspractice.co.uk



7.1.4 DNA Sequencing

DNA Sequencing

Applicat ion: Use of  nucleot ides cont aining dideoxyribonucleic acid t o st op DNA
replicat ion in preparat ion of  samples f or base sequencing

DNA sequencing allo ws fo r the nucleo tide base sequence o f an o rganism's genetic material to

be determined

Mo st metho ds fo r sequencing DNA invo lve the use o f chain-terminating dideo xynucleo tides

The dideo xy chain-terminatio n metho d  was develo ped by Frederick Sanger in 1977

The chain-terminatio n metho d uses mo di�ed nucleo tides  called dideo xynucleo tides

Dideo xynucleo tides have a slightly di�erent structure to  standard nucleo tides

They lack the 3’-hydro xyl gro up so  canno t f o rm a co valent bo nd  with the next nucleo tide to

be inco rpo rated by DNA po lymerase

Dideo xynucleo tides prevent elo ngatio n o f  the nucleo tide chain, which therefo re

terminates

Advances in techno lo gy have enabled the develo pment o f rapid high-thro ughput sequencing

metho ds  which allo w scientists to  sequence the geno mes o f o rganisms rapidly

Once the dideoxynucleotide is added to the developing strand DNA polymerase stops the replication of

the developing DNA strand to produce a shortened DNA chain

T he chain t erminat ion met hod in act ion

DNA sample o f interest is used as a template in chain-terminatio n PCR
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Deo xynucleo tides and �uo rescently-labelled dideo xynucleo tides are used

In the extensio n step o f PCR, DNA po lymerase will inco rpo rate deo xynucleo tides

If a dideo xynucleo tide is rando mly inco rpo rated, extensio n sto ps

Because o f the nature o f PCR, billio ns o f  co pies o f  the DNA sequence  o f interest will be

pro duced that will be terminated (by a dideo xynucleo tides) at rando m lengths

The fragments can separated by siz e  in gel electro pho resis

The �uo rescent marker co rrespo nds to  a particular ‘terminato r’ nucleo tide and can be visualised

This allo ws the base sequence to  be built up o ne base at a time

High-throughput method of carrying out the chain termination method
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7.1.5 Skills: The Hershey & Chase Experiment

Skills: The Hershey & Chase Experiment

Which Biomolecule is t he Herit able Mat erial?

DNA was identi�ed in 1869 but many scientists assumed that pro tein was the heritable material

o wing to  the fact that there are 20 amino  acids and o nly 4 nucleo tide bases

In the 1950s, Alfred Hershey and Martha Chase sho wed that DNA, no t pro tein, is a facto r o f

heredity respo nsible fo r carrying genetic info rmatio n fro m o ne generatio n to  ano ther

Viruses that infect bacteria were used in their experiment as they o nly co nsist o f DNA

encapsulated by a pro tein co at

This wo uld allo w the bio mo lecule o f heredity (ie. the o ne that caused bacterial cells to  be used

to  pro duce viral pro geny) to  be easily determined

Analysis of  result s of  t he Hershey and Chase experiment  provided evidence t hat  DNA

is t he genet ic mat erial.

Hershey and Chase to o k advantage o f the chemical di�erences  between DNA and pro teins

DNA co ntains pho spho rus but no  sulf ur

Amino  acids  (that make up pro teins) co ntain sulf ur but no  pho spho rus

Bacteria gro wn in separate media co ntaining either radio active sulfur ( S) o r radio active

pho spho rus ( P) were infected with viruses

The pro geny viruses co ntained either S labelled pro teins o r P labelled DNA

Unlabelled bacteria were then infected separately with either type o f virus

Bacteria wo uld be expected to  co ntain the heritable material fo llo wing infectio n

A blender was used to  remo ve attached viruses fro m the bacterial cells and centrifugatio n was

used to  iso late the bacteria

Viruses are small so  remained in the supernatant in the centrifuge tube

Bacteria are larger so  fo rmed a pellet

Only the bacteria infected by P labelled viruses (DNA) were sho wn to  be radio active

This suggested that DNA (and no t pro tein) was transferred to  bacteria and is the hereditary

(genetic) material
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Hershey and Chase's experiment provided unequivocal proof that DNA is the heritable material
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7.1.6 Skills: Nucleosomes & Molecular Visualisation Software

Skills: Nucleosomes & Molecular Visualisation Software

Mo lecular visualisatio n so f tware  can be used to  help understand mo lecular structures

Macro mo lecules like pro tein, DNA, RNA and co mplex carbo hydrates  can be visualised as

3−D structures

This allo ws researchers to  analyse macro mo lecules and/o r study interactio ns between them

Primary sequence  info rmatio n can be related to  structure and functio n

This helps to  relate ho w structure might relate to  chemical o r bio lo gical behavio ur

Macro mo lecules can be represented in many di�erent ways including ball and stick ato m

mo dels  o r simpli�ed ribbo n representatio ns that sho w the pro tein backbo ne

Mo st mo lecular visualisatio n so ftware is f reely available o n the Internet  o r can be accessed

thro ugh many bio info rmatics repo sito ries such as the Pro tein Data Bank (PDB)

Analysing t he associat ion bet ween prot ein and DNA wit hin a nucleosome

Visit the Pro tein Data Bank PDB site  and search fo r: 6T 7 9 structure o f  human nucleo so me  (do

no t put the search term in quo tes)

Select the “3D view” to  view the pro tein structure in mo l*

The 3−D structure o f the nucleo so me can be viewed

The DNA do uble helix can be clearly seen surro unding the histo ne pro teins

Ro tate o r z o o m into  the image to  visualise the di�erent co mpo nents

The DNA can be seen to  make two  lo o ps aro und the histo ne  o ctamer co re

Lo o k carefully - the tails o f each histo ne pro tein can be seen pro jected fro m the nucleo so me

co re

These can be chemically mo di�ed  to  help regulate gene expressio n

Try changing di�erent settings  in the viewer o r select a di�erent viewer such as JSmo l
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Structure of human nucleosome yeast tRNA showing the association between DNA (in 2 loops around the

edge) and histones (central region) 
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