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2.5.1DNA & RNA Structure

Nucleic Acids: Structure

= Thenucleic acids DNAand RNA are polymers of nucleotides
= BothDNAand RNA are polymers that are made up of many repeating units called nucleotides
= Eachnucleotideis formed from:

= Apentosesugar(asugarwith5carbonatoms)

= Anitrogen-containingorganic base (witheitherlor2rings of atoms)

= Aphosphate group (thisis acidic and negatively charged)

= The base and phosphate group are both covalently bonded to the sugar

The basic structure of a nucleotide

= Nucleotides jointogetherinchains to form DNAorRNAstrands
= The phosphate group of one nucleotide forms acovalentbond to the pentose sugarof the
next one
= Thiscarriesonto formalarge polymer

= Thisforms a'sugar-phosphate backbone'withabase linked to eachsugar

= The polymerofnucleotidesis knownas astrand

= DNAisdouble-stranded,RNAis usuallysingle-stranded

= There arejust4 separate bases thatcanbe joined inany combination/sequence
= Because the sugarand phosphate are the same ineverynucleotide

= Thissequenceis the basis of the genetic code as astore of genetic information

O Exam Tip

Acommonerroris to describe DNAorRNA as polymers of bases;more correctly, theyare
polymers of nucleotides
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DNA & RNA: Comparison

= Like DNA, the nucleic acid RNA (ribonucleic acid) is apolynucleotide - itis made up of many
nucleotides linked togetherinachain

= Like DNA,RNAnucleotides containthe nitrogenous bases adenine (A), guanine (G) and cytosine
(&)

= Unlike DNA,RNAnucleotides never containthe nitrogenous base thymine (T) -inplace of this
theycontain the nitrogenous base uracil (U)

= Unlike DNA,RNAnucleotides containthe pentose sugarribose (instead of deoxyribose)

An RNA nucleotide compared with a DNA nucleotide
= Unlike DNA,RNAmolecules are onlymade up of one polynucleotide strand (theyare single-

stranded)
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Unlike DNA, RNA polynucleotide chains are relativelyshort compared to DNA

Like DNA, the sugar-phosphate bonds (betweendifferent nucleotidesinthe same strand) are
strongcovalentbonds

Like DNA, the nitrogenous bases stickout sideways from the sugar-phosphate backbone

The structure of RNA

Nucleotide Structure Summary Table
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O ExamTip

Youneed to know the difference between DNA and RNAmolecules (base composition, number
of strands, pentose sugarpresent).
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Double Helix Structure

= DNAis adouble helixmade of two antiparallel strands of nucleotides linked by hydrogenbonding
betweencomplementarybase pairs

= Thenucleic acid DNAis apolynucleotide -itis made up of many nucleotides bonded together
inalong chain

A DNA nucleotide

= DNAmolecules are made up of two polynucleotide strands lying side by side, runningin
opposite directions - the strands are said to be antiparallel

= FachDNApolynucleotide strand is made up of alternating deoxyribose sugars and phosphate
groups bonded together to formthe sugar-phosphate backbone

= EachDNApolynucleotide strand is said to have a3’ end and a5’ end (these numbers relate to
whichcarbonatomonthe pentose sugarcould be bonded withanothernucleotide)

= Because the strandsruninopposite directions (theyare antiparallel), one is known as the 5’ to 3’
strand and the otheris knownas the 3’to 5’ strand

= The nitrogenous bases of eachnucleotide project out fromthe backbone towards the interior
ofthe double-stranded DNAmolecule
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A single DNA polynucleotide strand showing 3 nucleotides in a sequence
Hydrogenbonding

= The two antiparallel DNA polynucleotide strands that make up the DNAmolecule are held
togetherby hydrogenbonds betweenthe nitrogenous bases
= Thesehydrogenbonds always occurbetweenthe same pairs of bases:
= The purine adenine (A) always pairs with the pyrimidine thymine (T) - two hydrogenbonds are
formed betweenthese bases
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= The purine guanine (G) always pairs with the pyrimidine cytosine (C) - three hydrogenbonds
are formed betweenthese bases

= Thisis knownas complementary base pairing

= These pairs are known as DNA base pairs

A section of DNA - two antiparallel DNA polynucleotide strands held together by hydrogen bonds
Double helix

= DNAisnottwo-dimensionalas showninthe diagramabove
= DNAis described as adouble helix
= Thisrefersto the three-dimensional shape that DNAmolecules form
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DNA molecules form a three-dimensional structure known as a DNA double helix

O Exam Tip

Make sure you canname the differentcomponents of a DNAmolecule (sugar-phosphate
backbone,nucleotide,complementarybase pairs,hydrogenbonds) and make sure you are able
tolocate these onadiagramRememberthat covalentbonds jointhe nucleotidesinthe sugar-
phosphate backbone,and hydrogenbonds jointhe bases of the two complementarystrands
togetherRememberthat the bases are complementary, so the numberof A=Tand C =G.You
could be asked to determine how manybases are presentina DNA molecule if giventhe number
ofjustone of the bases.
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= Francis Crick and James Watsonwere two Cambridge scientists who worked togetherto
establishthe double helix structure of DNAiIn1953
= Theyused datafromtheir previous experiments onthe compositionof DNA
= Published findings fromotherresearchlabs played arole indevelopingtheirmodel
= Rosalind Franklin, Edwin Chargaff and Linus Pauling, allof whomwere leadingresearch efforts
inother universities, contributed important datato Crick & Watson's discovery
= This suggests that there was aclose-knit collaboration,butinfact,there was alot of
competitionbetweenthe groups to make the breakthrough discovery

= Physicalmodel-making played alargeroleintheirsuccess
= Early versions of the modelwererejected forvarious reasons
= [twasnotcompactenough
= |twould have beentoo unstable (DNAis a highlystable molecule)
= |tdid notallow equivalent amounts of Aand T,and C and G bases to be present (Chargaff's
findings)
= |tfitted togethermuchbetteronce the second strand was flipped to become antiparallel

= Theirfinalmodelwas constructed carefullywith clamps, metalrods forbonds and with the
correct bond angles
= Theirmodelwas thebasis of alot of genetic researchgloballyin the years that followed
= Notably, Crickand Watson's model sparked work to prove the way inwhichDNA replicates
incells

NOS: Using modelsasarepresentation of therealworld; Crickand Watsonused
model making todiscover the structure of DNA

= Modelsinscience are builtto represent concepts and ideas inawaythat canbe pictured byour
brains
= Modelscanbe acceptedorrejected based onexperimental data generated by furtherresearch
= Crickand Watsonbuilt physical, scale models of DNAto explain biological observations
= Usingsimple laboratory equipment (clamps, stands, metalrods etc)
= Theyadapted theirmodels by makingthem more realistic eg.bybuildinginthe correctbond
angles withinmolecules

= Theybuiltsuccessive models,usingtrial-and-error to arrive at the finalised model
= Theirfirst modelof DNA was rejected,based onthe findings of Rosalind Franklin
= Crickand Watsonreceived the Nobel prize fortheirwork
= Franklindied aged 37 so neverreceived the recognitionshe deserved forher significant
roleindefining DNA structure

= Today,sophisticated computermodellingis performed, that

= Takes the place of physicalmodel-making and provides furtherexplanation of the functions
of various biomolecules

= Shortens the 'trial-and-error' cycles of model-making as experienced by Crick and
Watson

O Exam Tip

Crickand Watsons'model has beenuniversallyaccepted because all furtherresearch findings
have supported theirmodel.
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2.5.2DNA Replication

DNA Replication

= Thereplicationof DNAis semi-conservative and depends oncomplementary base pairing
= Semi-conservative means thatone strand of the 'parent' DNAis keptinthe 'daughter' molecule
= Thisis called the template strand
= The otherhalfis determined bythe code onthe template strand and is built up fromfree
nucleotidesinthe nuclearspace around the chromosomes
= This takes place inthe nucleus
= Nucleotides are added one by one to the new strand according to the rules of complementary
base-pairing
= |fanadenineis the next exposed base onthe original strand, athymine nucleotide is added
and vice versa
= |facytosineis the next exposed base onthe original strand, a guanine nucleotide is added
and vice versa

= Hydrogenbonds canonlyformbetweenthe template strand and the new strand if the correct
bases are paired up

= Therefore,the new DNA molecule has kept half of the parent DNA and thenused this to create a
new,daughterstrand

O Exam Tip

Make sure youdon’'t confuse ‘parent cell’with ‘parent organism’. Aparent cellis anycellinthe
bodythatdividesinto two cells and the terminologyis used to referto the ‘original’ cell that the
DNA came frombefore it was splitand replicated semi-conservatively.
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Enzymes InvolvedinReplication

= Helicase unwinds the double helixand separates the two strands by breakinghydrogenbonds
= DNAreplicationoccursinpreparationformitosis, when DNAmust be doubled before the parent
cellcandivide to produce two geneticallyidentical daughtercells
= The enzyme helicase firstunwinds the DNA, by flattening outits helical structure
= Analogy-think aboutuntwistingarope ladder

= Helicase thencauses the hydrogenbonds to break between pairs of bases, exposingbases on
eitherstrand
= Analogy-unzippingazipper

= EFachofthese single polynucleotide DNA strands acts as atemplate forthe formationofanew
strand made fromfree nucleotides that are attracted to the exposed DNA bases bybase pairing

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

= DNApolymeraselinks nucleotides togetherto formanew strand, using the pre-existing strand as
atemplate

= Followingthe actionofhelicase, the template strand is exposed and new nucleotides are joined
togetherby DNA polymerase, which catalyses condensationreactions,to formanew strand

= The original strand and the new strand jointogether throughhydrogenbondingbetweenbase
pairs to formthe new DNAmolecule

= This method ofreplicating DNAis known as semi-conservative replicationbecause half of the
original DNAmolecule is kept (conserved) ineach of the two new DNAmolecules

= The enzyme DNA polymerase synthesises new DNA strands fromthe two template strands
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It does this by catalysing condensationreactions betweenthe deoxyribose sugar and
phosphate groups of adjacent nucleotides withinthe new strands, creating the sugar-
phosphate backbone of the new DNA strands

DNA polymerase always works inthe same directionalongastrand of DNA, the 5'to 3'direction
Addingthe 5'terminal of the new nucleotide to the 3' terminal of the strand being built

Hydrogen bonds thenformbetweenthe complementary base pairs of
the template and new DNA strands

The copyingaccuracy of DNA polymerase is very high
= Veryfew copyingerrors are made in DNAreplication
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The combined actions of helicase and DNA polymerase create new complementary DNA strands

Semi-ConservationReplication

DNApolymerase links nucleotides togetherto formanew strand, using the pre-existing strand as
atemplate
Before a(parent) celldivides,itneeds to copy the DNA contained withinit
= Thisis so thatthe two new (daughter) cells produced willbothreceive the fullcopies of the
parental DNA

The DNAis copied viaaprocess known as semi-conservative replication (half the DNAis kept)
= Theprocessis called so becauseineachnew DNA molecule produced, one of the
polynucleotide DNA strands (half of the new DNAmolecule)is fromthe original DNA
molecule being copied
= The otherpolynucleotide DNA strand (the otherhalf of the new DNAmolecule) has to be
newly created bythe cell
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Semi-conservative replication of DNA

Theimportance of keeping one original DNA strand
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Itensures there is genetic continuity between generations of cells
= |notherwords,itensures thatthe new cells produced during cell division inherit all their
genes fromtheirparentcells

= Thisisimportantbecause cellsinourbodyarereplaced regularly and therefore we need the new

cells to be able to do the samerole as the old ones
= Replicationof DNAand celldivisionalso occurs duringgrowth

Crickand Watson proposed semi-conservativereplication

As part of theirdiscoveryof the double-helix structure of DNA, Crick and Watsonmade a
hypothesis about how DNA copies duringcell growth

Theyproposed asemi-conservative model,buthad not provided the evidence

This was provided bytwo laterscientists, Meselsonand Stahl,in anotheraward-winning piece of
research

Analysis of Meselsonand Stahl’s results gave the necessary support for Crick & Watsons'
hypothesis of semi-conservative replication of DNA
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2.5.3 Skills: DNA Replication

Meselson & Stahl's Experiments

Analysis of Meselson and Stahl’sresultstoobtain support forthe theory of semi-
conservativereplication of DNA

= Crickand Watson, as theydefined the shape of DNA, suggested acredible explanationof how
the DNAmoleculereplicates itself
= This was the theoryof semi-conservative replication

= |ike anyscientific theory, this explanationrequired evidence to back up the claims
= Five years aftertheirdiscovery, two otherscientists, Matthew Meselson and Franklin Stahl,
provided datato prove Crickand Watsons'theory

Meselson and Stahls' Experiment

= Bacteriawere growninabroth containing the heavy (*°*N)nitrogenisotope
= DNAcontains nitrogeninits bases
= Asthe bacteriareplicated, theyused nitrogenfromthe brothto make new DNA nucleotides
= Aftersome time, the culture of bacteriahad DNA containing only heavy ('*N)nitrogen

= Asample of DNA from the °N culture of bacteria was extracted and spuninacentrifuge
= This showed that the DNA containing the heavynitrogensettled nearthe bottomof the
centrifuge tube

= The bacteriacontainingonly "N DNAwere thentaken out of the ®N broth and added to abroth
containing only the lighter N nitrogen. The bacteriawere left forenough time forone round of
DNAreplicationto occurbefore theirDNA was extracted and spuninacentrifuge
= |fconservative DNAreplicationhad occurred, the original template DNAmolecules would
onlycontainthe heaviernitrogenand would settle at the bottom of the tube, whilst the new
DNA molecules would only contain the lighternitrogenand would settle at the top of the
tube
= |f semi-conservativereplicationhad occurred, allthe DNAmolecules would now contain
boththe heavy SN and light "N nitrogen and would therefore settle inthe middle of the
tube (one strand of each DNAmolecule would be from the original DNA containing the
heaviernitrogenand the other(new) strand would be made using only the lighternitrogen)

= Meselsonand Stahlconfirmed that the bacterial DNAhad undergone semi-conservative
replication.
= The DNAfromthis second round of centrifugationsettled in the middle of the tube, showing
thateach DNAmolecule contained a mixture of the heavier and lighter nitrogenisotopes
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= Ifmorerounds ofreplicationwere allowed to take place, the ratio of >N:"*Nwould go from
T1afterthe firstround of replication, to 3:1afterthe second and 7:1after the third

= This experiment proved Crickand Watsons'theory correct

NOS: Obtaining evidence for scientific theories; Meselsonand Stahlobtained
evidence forthe semi-conservativereplication of DNA

= Meselsonand Stahl's experimentis agreat example of how scientists canobtainevidence to
backupatheoryaboutabiologicalprocess
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Meselson and Stahis' experiment provided unequivocal proof that DNA replicates via semi-conservative
DNA replication
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