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The basic composition of DNA generally varies from one species to another

1. A ons isolated from different tissues of the same species have the Same

-
~ composition. ; |
n a given species does not change with an orgapj, -

: 3 The base composition of DNAi
P nutritional state, or changing environment.

g In all cellular DNAs, regardless of the species, the number of adenosine residyes j
dues (that is, A = T), and the number of Guanosine ...

to the number of thymidine resi | |
is equal to the number of cytidine residues (G = C). From these relationships it fo]|,

the sum of the purine residues equals the sum of the pyrimidine residues; that is, A (-

40
These quantitative relationships, sometimes called “Chargaft’s rules,” were confir,

many subsequent researchers. They were a key to establishing the three-dimensional s
of DNA and yield clues to how genetic information is encoded in DNA and passed fro

generation to the next.
To shed more light on the structure of DNA, Rosalind Franklin and Maurice Wilkins .

the powerful method of x-ray diffraction to analyse DNA fibres. They showed in the carl:
that DNA produces a characteristic x-ray diffraction pattern. From this pattern it was dedu
that DNA molecules are helical with two periodicities along their long axis, a primary o
3.4 A and a secondary one of 34 A. The problem then was to formulate a three-dimen:
model of the DNA molecule that could account not only for the x-ray diffraction data b
for the specific A= T and G = C base equivalences discovered by Chargaff and for the
chemical properties of DNA. James Watson and Francis Crick relied on this accumt
i:}fonnation about DNA to set about deducing its structure. In 1953 they postulated a |
dimensional model of DNA structure that accounted for all the available data.

Bgsed on the contribution of several researchers finally the structure of DNA
establlsh(?d and got popularised as double helical model. The DNA consists of two he't
DNA chains wound around the same axis to form a right-handed double helix. The hydrop




mdmm‘mwmw groups are on the m«t«*qf!ﬁtcﬁmbk
Bolin, facing the srrownding water The B-furanone rimg of each devvyribose it in the €.
ondo conformation The perne snd pyrismdine Raves of hoth arandi are stacked inaide me
douible hotin, with thear hvdrophodne end mearty plasur rtg stravtures very close together and

16 the long e Each macieonnde hase of one strandd 1« pasred in the same plane
with & hase of the other @rnd Base pawmre are hvdrogen bonded, G with C and A with T, and
this pairing fit best within the @ractare, provadrg 3 ratonale for ChargatTs rule that in any
DNA.G = Cand A= T It important $o aote thoe theee hydrogen honds can form between 0
and C. symbohized G = C, but only two can form berween A and T, symbolized A = T This s
onc reason for the finding that separation of parred DN A strands s more ditFicult the higher the
rotio of G : C 10 A : T base pairs. The two antrparafie! pohvnucleonde chains of double-helwal
DNA are not sdentical in either base seguence or composinon Instead they are complementary
10 each other Wherever adenine occars m one chawm. thymine s found in the other, similariy.
wherever guanine ocours i one chain, cviovme s found m the other That is the base at the §7
end of one strand 1s paired with the base at the 3" end of the other strand  The strands are said
o have an antiparalle] orientation. The strctness of the rules for this “Watson-Unek™ painng
derives from the complementarity both of shape and of hydrogen bonding properties between
adenine and thymine and between guanine and cyvtosine. Adenme and thymune match up so
that a hydrogen bond can form between the exocyelic amune group at Co on ademine and the
carbonyl at C4 n thymine, and hikewise, a hydrogen bond can form between N1 of adenine
and N3 of thymine. A cofresponding arrangement can be drawn between a guanine and a
cytosine, %0 that there s both hydrogen bonding and shape complementarity in this base pae
a well. Likewise, a hydrogen bond can form between NI of guanme and N3 of cytosine and
between the carbony! at C6 of guanine and the cxocyche NHy at (4 of cytosine, Watson-Criek
base pairing also requires that the bases be n thew preferred tautomenc states. An iaportant
feature of the double helix is that the two base pairs have exactly the same geometry; having
an AT base pair or a G:C base pair between the two sugars does not perturb the arrangement
of the sugars because the distance betwoen the sugar attachment pomts are the same for both
base pairs. Neither does T:A or TG The hydrogen bonds between complementary bases are
a fundamental feature of the double helin, contnbuting to the thermodynamic stability of the
helix and the specificity of base painng Hydrogen bonding might not, at first glance, appear
1o contribute importantly 10 the stabulity of DNA for the following reason. A second important
contribution comes from stacking teractions between the bases. The bases are Mat, relatively
water-insoluble molecules, and they tend to stack sbove each other roughly perpendicular
to the direction of the helical axis. Electron clowd imteractions (x-1) between bases in the
helical stacks contribute significantly 10 the stability of the double heliv. Hydrogen bonding s
particularly important for the specificaty of hasc pamnag.

The overall diameter of a DNA double belin s 2 mm or 20 Angtrom, while one complete
um of DNA gives the DNA a helical nisc of 34 Angstrom. As there are [0 base pairs per tum of
the DNA (10.5 in realistic conditions ), the gap betwexn two base pairs is approvimately 14 A
There is a minor groove and a major groove. 1 s & simple consequence ol (he gepmetry of the
base pair NWlmummmeMMMtw the angle between
the bonds) is about 120° (for the narrow angle) or 240° (for the wide angle). As &

ilt, as more and more base pairs stack os wp of cach other, the narruw angle between the
% on one odge of the base pairs geacrates s miser groove and the large angle o the viher
aics 5 major groove (If the sugars posnted away from cach other m @ straight lus,
hu angle of 1807, then the two grooves would be of equal dimensions and there woukl
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creating a pattern

‘nof Erooves; . : d minor grooves are structurally «: 4Q
minor & entifies the base pair. The major an g ly Signif,

surfaces that id NA double helix, and they play essential roles in interactions wj, i

features of the . les. The major groove is wider and deeper than the minor groove. an( |k
and other molecu eib.le sites on the DNA helix where proteins can recognize and bing .
grooves are ag?:f/i Proteins, such as transcription factors, can recognize and bind ¢, \p;
soquences of D ;he majo; or minor groove, leading to the regulation of gene expr, i
base sequences 1n minor grooves allows for specific h\d,-‘\,‘

i ' the major and
e-dimensional shape of ! . . | |
The thre nteractions between the amino acid residues of the proteiy, i

. and van der Waals i e Gl Tey] )
bon:ﬁ pases of the DNA. This protein-DNA binding specificity is crucial for procesge. |
::;iscﬁption replication, and repair, where proteins must accu.ra'tely recognize and inye
with speciﬁc’DNA sequences to carry out their functions. The ability of proteins to bing

major and minor grooves of DNA is fundamental to the precise control of gene expressio;, ,

the overall regulation of cellular activities.
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- = Fig. 1.3. Structure of B DNA with antiparallel strands linked via hydrogen bonding.
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