
TheDoubleHelical
Structure of DNA

Animportant clue to the structure of DNA came from the work of Erwin

Chargati
and

bis colleaguesinthe late 1940s. They found that the four nucleotide bases of DNA
0cCurin

difierent ratios in theDNAs
of different organisms and that the amounts of certain

bases
are

closelyrelated.These
data, collected from DNAs of a great many different

speciesled
Chargaf

to the following
conclusions (Chargaff's Rules)

L The basic composition of DNAgenerally varies from one species to another

2. DNA specimens isolated from different tissues of the same species have the
same

base

composition.

3. The base composition of DNA in agiven species does not change with

nutritional state,orchanging environment.

withan
organism's:

4. In all cellular DNAS,regardless of thespecies, the number of adenosineresiduesis
equal

tothe number of thymidine residues (that is, A = T), andthe number.of Guanosine
residues

is equaltothe number of cytidine residues(G=C),Fromthese relationships it followsthat

thesum ofthe purine residues equalsthesum ofthe pyrimidine residues: that is, At+G=1

+C.

These quantitative relationships, sometimes called "Chargaff's rules," were confirmodt

many subsequent researchers. They were a key to establishing the three-dimensional structu

of DNAand yield clues to how genetic information is encoded in DNA and passed from

generation to the next.

To shed more light on the structure of DNA,Rosalind Franklin and Maurice Wilkins

thepowerful method ofx-ray diffraction to analyse DNA fibres. Theyshowed in the early 1950%

that DNA produces a characteristic x-ray diffraction pattern. From this pattern it was deduced

that DNA molecules are helical with two periodicities along their long axis, a primary one of

3.4 Å and a secondary one of 34 �. The problem then was to formulate athree-dimensional

model ofthe DNA moleculethat could account not only for the x-ray diffraction data butalso

for the specific A =T and G =C base equivalences discovered by Chargaff and for the other

chemical properties ofDNA. James Watson and Francis Crick relied on this accumulatd

information about DNA to set about deducing its structure. In 1953 they postulated a thre

dimensional model ofDNA structure that accounted for all the available data.

Based on the contribution of several researchers finally the structure of DNA Wà

established and got popularised as double helical model. The DNA consists of two hellca

DNA chains woundaround thesame axis to forma right-handed double helix. The hydrophs



Nuclaic Acid

hack ones efalernating deoxyrihse atd pongane groupsare on the outside ofthe dosble

heh, facing the utrodtg watet The p-rahoe ring of each deoxyribiseis in the C-2

ende enfomatin The purine andyridine bases oboth stranda arestacked inside the

douhlebelis, with their hydroghobacandnearly planar ring structures very close together and

pernendicular to the long axie Each mxieoendehase ofone strant is paired in the sarme plane

with ahaNe of the other strad.Bse pairs are hydrogen bonded, G with C andA with T.and

this pairing fit best within the stracture, providingarationale for Changafsrule that in any

DNA, G-Cand A-T.tis important to note that three hydrogenbonds can form betweenG
and C. synbolizedGC, but only twocan fom betweenA and T.svmbolizedAThis is

one reason forthefinding that seperation ofpaired DNA strands is more difficult thehigher the

ratio of G:CtoA :T base pairs. Thetwoantiparallel polynucleotide chains of double-helical

DNAarenot identical in either basesequeceorcompositionInstead they are eomplementary

t0 ench other. Wherever adenine oocurs in onechain, thynineisfound in the other, similarty.

whereverguanineoccursinonechain, cytosine is foundin the other. That is thebase at the $

end of onestrand is paired with the base at the 3 end ofthe other strand The strands aresaid

to haveanantiparallel orientation. The strictnessofthe rules for this "Watson-Crick"paiing

derives fromthecomplementarityboth ofshapeand of hydrogenbonding properties between

adenineand thymineand between guanineand cytosine. Adenine and thyminematch up so
that a hydrogen bondcan form between the exocyclic amino groupat Có on adenineand the

carbonyl at C4inthymine,and ikewise,a hydrogenbond can form between NIof adenine

andN3 of thymine.A corresponding arrangementcan be drawn between a guanineanda
cytosine, so that there is both hydrogenbondingand shapecomplementarity in this base pair

as well. Likewise, ahydrogenbond can form between Nl ofguanine and N3 ofeytosine and

between thecarbony� atC%ofguanineand the exocycieNH,atC4 of cytosine. Watson-Crick

base pairing alsorequires thatthe bases be in their preferred tautomerie states. An important

feature ofthedouble helix is that the two base pairs have exactly the same geometry;having

an A:Tbasepair or aGC hasepair between the two sugars does not perturb the arrangement

of thesugarsbecausethe distance between the sugar attachment points are the same for both

base pairs. NeitherdoesT:A orCG.The hydrogenbonds betweencomplementarybases are

afundamentalfeature of thedouble helix, contributing to the thermodynamicstability of the

helix and thespecificity ofbase pairing Hydrogen bonding mightnot, at first glance, appear

to contribute importantly tothe stability of DNA forthe following reason. A second important

contribution comes fromstacking interactions betweenthe bases.The bases are flat, relatively

water-insoluble molecules, and they tend to stack above each other roughly perpendicular

tothe direction of the helical axis. Electron cloud interactions (x-n)between bases in the

helical stacks contribute significantlyothe stability ofthe doubie helix. Hydrogen bonding is

particularly important forthe specificityof base pairing

The overall diameter ofaDNA doublebelix is2nm or 20Angtrom, while one complete

tum of DNA givestheDNA a helical rise of 34 Angstrom. As there are i0base pairs perturn of

the DNA(10.5in realisticconditions), thegap btwcen twobasepairs is approximately 3.4 A.
There isaminor grooveandamajor groove.tisa simpleconscquenceofthe geumetryof the

base pair. Theangleat which thetwosugarsprotrude fromthe basc pairs (ie,the anglebetween

the glycosidic bhonds) isabout 120°(forthe narrow angle) or 240 (ior the wicke angle,As a
result, as more and more base pairs stack on top of cach oher,the narrow angle betwcenthe

sugars onone edge ofthebasepairs generates a mior grooveand the large angle on the ohee

cdge generates amajor groove (lfhe sugarspointed away fromcach other in astraight line.

ie, at anangleof 180",then the two grooveswould be ofcqualdimensiogsand there would
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be no minorand major grooves.).Theedges
of each base pair are exposed in the

maorand

minor grooves, creating
a pattern of hydrogen-bond

donors and acceptors and of van
der

Wals

surfaces
that

jdentifies the base pair. The major and minor grooves are
structurally

s�gnificany

features of the DNA double helix, and they play essential roles in interactions
with

proteins

and other molecules. The major groove is wider and deeper than the minor groove,and
both

grooves are accessiblesites
on the DNA helix where proteins can recognize and

bind
specific

sequences
of DNA. Proteins, such as transcriptionfactors, can recognize and bindto

specific

base sequences in the major or minor groove, leading to theregulation of gene
expression

The three-dimensional
shape of the major and minor grooves allows for specific

hydrogen

bonding
and van der Waals interactionsbetween the amino

acid residues of theprotein and the

exposed bases of the DNA. This protein-DNA binding specificityis crucial for
processes like

transcription, replication,and repair, where proteins must accurately recognize and
interact

with specific DNA sequences to carry out their functions.The ability of proteinsto bind tea

major and minor grooves of DNAisfundamental to the precise control of gene expression and

the overall regulation ofcellular activities.
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Fig. 1.3.

R2nm
Structure of BDNA With antiparallel strands linked via hydrogen bonding.


