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2.5.1 DNA & RNA Structure

Nucleic Acids: Structure

The nucleic acids DNA and RNA are po lymers o f nucleo tides

Bo th DNA and RNA are po lymers  that are made up o f many repeating units  called nucleo tides

Each nucleo tide is fo rmed fro m:

A pento se sugar (a sugar with 5 carbo n ato ms)

A nitro gen-co ntaining o rganic base (with either 1 o r 2 rings o f ato ms)

A pho sphate gro up (this is acidic and negatively charged)

The base and pho sphate gro up are bo th co valently bo nded  to  the sugar

The basic structure of a nucleotide

Nucleo tides jo in to gether in chains to  fo rm DNA o r RNA strands

The pho sphate gro up o f  o ne nucleo tide  fo rms a co valent bo nd to  the pento se sugar o f  the

next o ne

This carries o n to  fo rm a large po lymer

This fo rms a 'sugar-pho sphate backbo ne' with a base linked to  each sugar

The po lymer o f nucleo tides is kno wn as a strand

DNA is do uble-stranded, RNA is usually single-stranded

There are just 4  separate bases  that can be jo ined in any co mbinatio n/sequence

Because the sugar and pho sphate are the same  in every nucleo tide

This sequence is the basis o f the genetic co de as a sto re o f  genetic inf o rmatio n

Exam T ip

A co mmo n erro r is to  describe DNA o r RNA as po lymers o f bases; mo re co rrectly, they are

po lymers o f  nucleo tides
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DNA & RNA: Comparison

Like DNA, the nucleic acid RNA (ribo nucleic acid) is a po lynucleo tide  – it is made up o f many

nucleo tides  linked to gether in a chain

Like DNA, RNA nucleo tides co ntain the nitro geno us bases adenine (A), guanine (G) and cyto sine

(C)

Unlike DNA, RNA nucleo tides never co ntain the nitro geno us base thymine  (T) – in place o f this

they co ntain the nitro geno us base uracil (U)

Unlike DNA, RNA nucleo tides co ntain the pento se sugar ribo se  (instead o f deo xyribo se)

An RNA nucleotide compared with a DNA nucleotide

Unlike DNA, RNA mo lecules are o nly made up o f o ne po lynucleo tide strand  (they are single-

stranded)
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Unlike DNA, RNA po lynucleo tide chains are relatively sho rt co mpared to  DNA

Like DNA, the sugar-pho sphate bo nds  (between different nucleo tides in the same strand) are

stro ng co valent bo nds

Like DNA, the nitro geno us bases stick o ut sideways  fro m the sugar-pho sphate backbo ne

The structure of RNA

Nucleo tide Structure Summary Table
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Exam T ip

Yo u need to  kno w the difference between DNA and RNA mo lecules (base co mpo sitio n, number

o f strands, pento se sugar present).
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Double Helix Structure

DNA is a do uble helix made o f two  antiparallel strands o f nucleo tides linked by hydro gen bo nding

between co mplementary base pairs

The nucleic acid DNA is a po lynucleo tide  – it is made up o f many nucleo tides  bo nded to gether

in a lo ng chain

A DNA nucleotide

DNA mo lecules are made up o f two  po lynucleo tide strands  lying side by side, running in

o ppo site directio ns – the strands are said to  be antiparallel

Each DNA po lynucleo tide strand is made up o f alternating deo xyribo se sugars and pho sphate

gro ups bo nded to gether to  fo rm the sugar-pho sphate backbo ne

Each DNA po lynucleo tide strand is said to  have a 3’ end and a 5’ end  (these numbers relate to

which carbo n ato m o n the pento se sugar co uld be bo nded with ano ther nucleo tide)

Because the strands run in o ppo site directio ns (they are antiparallel), o ne is kno wn as the 5’ to  3’

strand  and the o ther is kno wn as the 3’ to  5’ strand

The nitro geno us bases o f each nucleo tide pro ject o ut fro m the backbo ne to wards the interio r

o f the do uble-stranded DNA mo lecule
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A single DNA polynucleotide strand showing 3 nucleotides in a sequence

Hydrogen bonding

The two  antiparallel DNA po lynucleo tide strands that make up the DNA mo lecule are held

to gether by hydro gen bo nds  between the nitro geno us bases

These hydro gen bo nds always o ccur between the same pairs o f  bases:

The purine adenine  (A) always pairs with the pyrimidine thymine  (T) – two  hydro gen bo nds are

fo rmed between these bases
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The purine guanine  (G) always pairs with the pyrimidine cyto sine  (C) – three hydro gen bo nds

are fo rmed between these bases

This is kno wn as co mplementary base pairing

These pairs are kno wn as DNA base pairs

A section of DNA – two antiparallel DNA polynucleotide strands held together by hydrogen bonds

Double helix

DNA is no t two -dimensio nal as sho wn in the diagram abo ve

DNA is described as a do uble helix

This refers to  the three-dimensio nal shape  that DNA mo lecules fo rm
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DNA molecules form a three-dimensional structure known as a DNA double helix

Exam T ip

Make sure yo u can name the di�erent co mpo nents o f a DNA mo lecule (sugar-pho sphate

backbo ne, nucleo tide, co mplementary base pairs, hydro gen bo nds) and make sure yo u are able

to  lo cate these o n a diagramRemember that co valent bo nds jo in the nucleo tides in the sugar-

pho sphate backbo ne, and hydro gen bo nds jo in the bases o f the two  co mplementary strands

to getherRemember that the bases are co mplementary, so  the number o f A = T and C = G. Yo u

co uld be asked to  determine ho w many bases are present in a DNA mo lecule if given the number

o f just o ne o f the bases.
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Crick & Watson

Francis Crick and James Watso n were two  Cambridge scientists who  wo rked to gether to

establish the do uble helix structure o f DNA in 1953

They used data fro m their previo us experiments  o n the co mpo sitio n o f DNA

Published findings fro m o ther research labs  played a ro le in develo ping their mo del

Ro salind Franklin, Edwin Chargaff and Linus Pauling, all o f who m were leading research effo rts

in o ther universities, co ntributed impo rtant data to  Crick & Watso n's disco very

This suggests that there was a clo se-knit co llabo ratio n, but in fact, there was a lo t o f

co mpetitio n between the gro ups  to  make the breakthro ugh disco very

Physical mo del-making played a large ro le in their success

Early versio ns o f  the mo del were rejected  fo r vario us reaso ns

It was no t co mpact eno ugh

It wo uld have been to o  unstable  (DNA is a highly stable mo lecule)

It did no t allo w equivalent amo unts  o f A and T, and C and G bases to  be present (Chargaff's

findings)

It fitted to gether much better o nce the seco nd strand was flipped  to  beco me antiparallel

Their final mo del was co nstructed carefully with clamps, metal ro ds  fo r bo nds and with the

co rrect bo nd angles

Their mo del was the basis o f  a lo t o f  genetic research glo bally in the years that fo llo wed

No tably, Crick and Watso n's mo del sparked wo rk to  pro ve the way in which DNA replicates

in cells

NOS: Using models as a represent at ion of  t he real world; Crick and Wat son used
model making t o discover t he st ruct ure of  DNA

Mo dels in science are built to  represent co ncepts  and ideas in a way that can be pictured by o ur

brains

Mo dels can be accepted o r rejected  based o n experimental data generated by further research

Crick and Watso n built  physical, scale  mo dels o f DNA to  explain bio lo gical o bservatio ns

Using simple labo rato ry equipment  (clamps, stands, metal ro ds etc)

They adapted their mo dels  by making them mo re realistic eg. by building in the co rrect bo nd

angles within mo lecules

They built successive mo dels, using trial-and-erro r to  arrive at the finalised mo del

Their first mo del o f  DNA was rejected, based o n the findings o f Ro salind Franklin

Crick and Watso n received the No bel priz e  fo r their wo rk

Franklin died aged 37 so  never received the reco gnitio n she deserved fo r her significant

ro le  in defining DNA structure

To day, so phisticated co mputer mo delling is perfo rmed, that

Takes the place o f  physical mo del-making and pro vides further explanatio n o f the functio ns

o f vario us bio mo lecules

Sho rtens the 'trial-and-erro r' cycles  o f mo del-making as experienced by Crick and

Watso n

Exam T ip

Crick and Watso ns' mo del has been universally accepted because all further research �ndings

have suppo rted their mo del.
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2.5.2 DNA Replication

DNA Replication

The replicatio n o f DNA is semi-co nservative and depends o n co mplementary base pairing

Semi-co nservative means that o ne strand o f  the 'parent' DNA is kept  in the 'daughter' mo lecule

This is called the template strand

The o ther half is determined by the co de o n the template strand and is built up fro m f ree

nucleo tides  in the nuclear space aro und the chro mo so mes

This takes place in the nucleus

Nucleo tides are added o ne by o ne  to  the new strand acco rding to  the rules o f co mplementary

base-pairing

If an adenine  is the next expo sed base o n the o riginal strand, a thymine  nucleo tide is added

and vice versa

If a cyto sine  is the next expo sed base o n the o riginal strand, a guanine  nucleo tide is added

and vice versa

Hydro gen bo nds  can o nly fo rm between the template strand and the new strand if the co rrect

bases  are paired up

Therefo re, the new DNA mo lecule has kept half  o f the parent DNA and then used this to  create a

new, daughter strand

Exam T ip

Make sure yo u do n’t co nfuse ‘parent cell’ with ‘parent o rganism’. A parent cell is any cell in the

bo dy that divides into  two  cells and the termino lo gy is used to  refer to  the ‘o riginal’ cell that the

DNA came fro m befo re it was split and replicated semi-co nservatively.
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Enzymes Involved in Replication

Helicase unwinds the do uble helix and separates the two  strands by breaking hydro gen bo nds

DNA replicatio n o ccurs in preparatio n fo r mito sis, when DNA must be do ubled  befo re the parent

cell can divide to  pro duce two  genetically identical daughter cells

The enz yme helicase  first unwinds the DNA, by flattening o ut its helical structure

Analo gy - think abo ut untwisting a ro pe ladder

Helicase  then causes the hydro gen bo nds to  break between pairs o f bases, expo sing bases o n

either strand

Analo gy - unz ipping a z ipper

Each o f these single po lynucleo tide DNA strands acts as a template  fo r the fo rmatio n o f a new

strand  made fro m free nucleo tides that are attracted to  the expo sed DNA bases by base pairing

Helicase and DNA polymerase work together to replicate each strand of DNA

DNA po lymerase links nucleo tides to gether to  fo rm a new strand, using the pre-existing strand as

a template

Fo llo wing the actio n o f helicase, the template strand is expo sed and new nucleo tides are jo ined

to gether by DNA po lymerase, which catalyses co ndensatio n reactio ns, to  fo rm a new strand

The o riginal strand and the new strand jo in to gether thro ugh hydro gen bo nding between base

pairs to  fo rm the new DNA mo lecule

This metho d o f replicating DNA is kno wn as semi-co nservative replicatio n because half  o f  the

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

The enz yme DNA po lymerase synthesises new DNA strands  fro m the two  template strands
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It do es this by catalysing co ndensatio n reactio ns between the deo xyribo se sugar and

pho sphate gro ups o f adjacent nucleo tides within the new strands, creating the sugar-

pho sphate backbo ne o f the new DNA strands

DNA po lymerase always wo rks in the same directio n alo ng a strand o f DNA, the 5' to  3' directio n

Adding the 5' terminal o f the new nucleo tide to  the 3' terminal o f the strand being built

Hydrogen bonds then form between the complementary base pairs of

the template and new DNA strands
The co pying accuracy  o f DNA po lymerase is very high

Very few co pying erro rs are made in DNA replicatio n
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The combined actions of helicase and DNA polymerase create new complementary DNA strands

Semi-Conservation Replication

DNA po lymerase links nucleo tides to gether to  fo rm a new strand, using the pre-existing strand as

a template

Bef o re  a (parent) cell divides, it needs to  co py the DNA co ntained within it

This is so  that the two  new (daughter) cells pro duced will bo th receive the f ull co pies o f  the

parental DNA

The DNA is co pied via a pro cess kno wn as semi-co nservative replicatio n (half the DNA is kept)

The pro cess is called so  because in each new DNA mo lecule  pro duced, o ne o f the

po lynucleo tide DNA strands (half  o f the new DNA mo lecule) is f ro m the o riginal DNA

mo lecule  being co pied

The o ther po lynucleo tide DNA strand (the o ther half o f the new DNA mo lecule) has to  be

newly created  by the cell
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Semi-conservative replication of DNA

T he import ance of  keeping one original DNA st rand

Page 14 of 18
For more help visit our website www.exampaperspractice.co.uk



It ensures there is genetic co ntinuity between generatio ns o f cells

In o ther wo rds, it ensures that the new cells pro duced during cell divisio n inherit  all their

genes  fro m their parent cells

This is impo rtant because cells in o ur bo dy are replaced regularly  and therefo re we need the new

cells to  be able to  do  the same ro le as the o ld o nes

Replicatio n o f DNA and cell divisio n also  o ccurs during gro wth

Crick and Wat son proposed semi-conservat ive replicat ion

As part o f their disco very o f the do uble-helix structure o f DNA, Crick and Watso n made a

hypo thesis abo ut ho w DNA co pies  during cell gro wth

They pro po sed a semi-co nservative  mo del, but had no t pro vided the evidence

This was pro vided by two  later scientists, Meselso n and Stahl, in ano ther award-winning piece o f

research

Analysis o f Meselso n and Stahl’s results gave the necessary suppo rt f o r Crick & Watso ns'

hypo thesis o f semi-co nservative replicatio n o f DNA
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2.5.3 Skills: DNA Replication

Meselson & Stahl's Experiments

Analysis of  Meselson and St ahl’s result s t o obt ain support  f or t he t heory of  semi-
conservat ive replicat ion of  DNA

Crick and Watso n, as they defined the shape o f DNA, suggested a credible explanatio n o f ho w

the DNA mo lecule replicates itself

This was the theo ry o f semi-co nservative replicatio n

Like any scientific theo ry, this explanatio n required evidence  to  back up the claims

Five years after their disco very, two  o ther scientists, Matthew Meselso n and Franklin Stahl,

pro vided data to  pro ve Crick and Watso ns' theo ry

Meselson and St ahls' Experiment

Bacteria were gro wn in a bro th co ntaining the heavy ( N) nitro gen iso to pe

DNA co ntains nitro gen in its bases

As the bacteria replicated, they used nitro gen fro m the bro th to  make new DNA nucleo tides

After so me time, the culture o f bacteria had DNA co ntaining o nly heavy ( N) nitro gen

A sample o f DNA fro m the N culture o f bacteria was extracted and spun in a centrif uge

This sho wed that the DNA co ntaining the heavy nitro gen settled near the bo tto m o f the

centrifuge tube

The bacteria co ntaining o nly N DNA were then taken o ut o f the N bro th and added to  a bro th

co ntaining o nly the lighter  N nitro gen. The bacteria were left fo r eno ugh time fo r o ne ro und o f

DNA replicatio n to  o ccur befo re their DNA was extracted and spun in a centrif uge

If co nservative DNA replicatio n had o ccurred, the o riginal template DNA mo lecules wo uld

o nly co ntain the heavier nitro gen and wo uld settle at the bo tto m o f the tube, whilst the new

DNA mo lecules wo uld o nly co ntain the lighter nitro gen and wo uld settle at the to p o f the

tube

If semi-co nservative replicatio n had o ccurred, all the DNA mo lecules wo uld no w co ntain

bo th the heavy  N and light N nitro gen and wo uld therefo re settle in the middle o f  the

tube  (o ne strand o f each DNA mo lecule wo uld be fro m the o riginal DNA co ntaining the

heavier nitro gen and the o ther (new) strand wo uld be made using o nly the lighter nitro gen)

Meselso n and Stahl co nfirmed that the bacterial DNA had undergo ne semi-co nservative

replicatio n.

The DNA fro m this seco nd ro und o f centrifugatio n settled in the middle o f the tube, sho wing

that each DNA mo lecule co ntained a mixture  o f the heavier and lighter nitro gen iso to pes
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If mo re ro unds o f replicatio n were allo wed to  take place, the ratio  o f  N: N wo uld go  fro m

1:1 after the first ro und o f replicatio n, to  3:1 after the seco nd and 7:1 after the third

This experiment pro ved Crick and Watso ns' theo ry co rrect

NOS: Obt aining evidence f or scient ific t heories; Meselson and St ahl obt ained
evidence f or t he semi-conservat ive replicat ion of  DNA

Meselso n and Stahl's experiment is a great example o f ho w scientists can o btain evidence to

back up a theo ry abo ut a bio lo gical pro cess
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Meselson and Stahls' experiment provided unequivocal proof that DNA replicates via semi-conservative

DNA replication
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