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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose MNucleic Acid

e owish to sugges! & streoture for the

of deoxyribose nucleio aecid (D.N.ALL - Thi
mruciures has rovel fastunes which are of sonsidorable
baologioal intorest.

A strueturs for noclels nehll has -Irupl“- | Y
proposed by Pauling and Corsy'. They kindly made
thear manuse wilable to us in sdvanos of
publieation. model consisin of throe inder-
twined chains, with the phosphaies near the fbre
axis, and the bases on the outaide. In our opinion,
this structure s unsstisfactory for two reasons :
i1} We believe that the material which gives the
M-ty dingeriens in the salt, not the free scid. Without
the acilie hydrogen atoms it is nol elear what foroes
would hold the structure together. copocially as the
megatively charged phates near the axis will
ropel each other. (2} Home of the van der Waals
distances appear 1o be tos small.

Ancther three-ohain strusturs has alss beon sug-
pmted by Fraser (in the press). TIn his model the
phosphates are on the oulside and the bass on the
inside, linksd together by hydmgen boreds. This
structure ma deseribed bs rathor ill-defined. and for
this reascn we shall not comment
on i1,

We wish io put forward o
rlically different sireciurs for
the mlt of desxyriboss musebeio
acid. This structure has two
helicad chains each coiled round
the sane axis (sce diagram).  We
have made the umal chemionl
aszmpdjona, namoly, ihat cach
chaln consista of M -
ostor groups joining §-p-deoxy-
ribofurnnoss residuss with 3.5
linkages. The two chains {but
riot. iheir bases) are related by o
dyad perpendicular to the fibre
axis. Toth chains follow right-
handed helioss, but owing o
the dyad the sequences of the
atoma in the two shaina ran
in opposite  directions, Each
chain  loossly resembles  Furs
berg's® model Mo. 1; that
the basss are on the inside of
the heltix andd the phosphates on
the outside. The eonfiguration
of the snpar and the stoms
mear it i close Furberg's
‘standard config ion', the

L being  roughly i
oekar 40 the sevind base: Thare
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i & residue on each chain every 3-4 A. in the s-direc
tion. We have nsumed an angle of 38" between
adjacent residoes in the sams chain, =0 that the
#irusture ropoats after 10 rosidues on cach chain, that
is, after 34 A. The distance of & phosphorus atom
from the fikre axis js 10 A, As the phosphatos are on
the ouiside, cations have sasy aceess 1o them.

The stracturd is an opon o, dad its water content

is rathor high. At lower water contents wa would
expoct the bases to tilt so ihat the structure could

oM CompEret,

The novel feature of tho structure is the manner
in which the two chains are hold togethor by the
:-tmm-M yrimbding basss, The planes of the bases

iular to the fibro axis. Thoy are joined
toﬁﬂwr in pairs, & single base from ons chain being
hydrogon-bonded 0 a mingle base from the other
chain, s that the two lie side by sido with identisal
-po-ordinatos. Ong of the pair must be o purime and
the other & pyrimidine for bonding to ooour., The
hydrogen bonds are made aa follows : [rarine position
1 to pyrimidine position 1 ; ']
pyrimicing position 8.

IF it i assumed that the basss only otour in the
siraoture in the most plassible tautomenis forma
(that s, with the keto rathor than the enol con-
fguracions) it bs found that only specifle pairs of
basoa can bond together. These pairs are @ adenine
(purins) with +Iamjn.- |.yr.m-lq.»|, e | i
{purine) with osine (pyrinmbdine).

In other o il wn selenine formns one membar of
A pair, on I-nlwl' chain, then on thoss assnarnpticns
the other member must be thymine ; similarly for
guanine snd eytosine, The sequence of bases on &
mingle chain docs not sppear to bo rostricted in any
way. Howevor, if only specifie pain of basea oan be
formod, it follows that if the sequence of hases on
one ehain & given, then the spuinoe on the othas
chain i sutomatically determinod.,

It hss been found experimentally® that the matio
of the amounts of adorung to thymine, and the ratio
of guanine 10 cylosins, are slemys very closs to unity
for deaxyriboss mucleio fsid.

It is probably impossible to build this stroctun:
with & riboee sugar in place of the deoxyribose, as
the oxira oxygen sloms would make too closo & van
ddar Waals sontast,

The previously published X-ray data’® on deoxy-
ribeose nuelele aeld are insnfclont for o rigorous teat
of our structure. S0 far o wo can tell, it s roughly
compatible with the experimental data, but it moss
3 as unproved until it has beon choolond

inst imare eNnaot pesalts, Some of thess are given
in the following communieations. We were not swine
:if I:iirlllh af the rua:].uhpml there when we

v our struciure, which rests mainly though not
entirely on published experimental dets and stereo-
charmical @

Ik has ot ocaped our notics that the specific
i we have postulated imencdintsly suggests &
pomsibile sopying mechanism for the gonstio matorsal.

Full dotasls of the structurs, inchading the con-
ditions sssumod in building it, hor with & set
af go-onlinatos for the atoms, will be published
elsewhors.

We are much indebted to Dr. Jorry Donwohue for
eonstant sdvies and eriticiem, oepomally on inter-
ntomio distances, We have alss been alimulnted by
u kmowledge of the genersl nature of the unpublished
oxporimental results and ideas of Dr. M. H. F.
Wilkine, Dr. K. E. Franklin sand thelr so-workers as
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Molecular Structure of Deoxypentose
Mucleic Acids

WiLe the biologionl properties of -hnan:«mr-n
mueleio ackd suggeet & molooulsr nfe  oom.
inining geeal complexiiy, X-my lllﬂ'mnnn gl s
destritod hero (of. Astbury') show the bagio moleculas
confignration has grest simplicity, Tho purposs of
this communksation i to doseribo, in & preliminary
way, some of experimontal evidence for 1he poly-
nuckotide chain conflgurstion being helical, and
existing in this form when in the natuml state. A
fuller secount of the work will bo published shorly.

Tha mructure of decxypontose nucleic acid i the
same in all species rutlm.w. tho nitrogen base et bos
alter sonsiderably) in nucleoprotein. oxtracied. or in
cells, aad in purilied nucleate, The sune linsar group
m‘l\n Tymne best ke chaing may pack together parallel

Hlerent waym 1o give o iree ¥, semicrystallins
OF rktyy e material.  In all chies the X-ray
diffraction photograph consista of (wo regions, one
determined largely 'I:y the regular spacing of nueleo-
tidos along the chain, and the othor by the longer
spacings of the chain amﬂguu.nm Ths L of
dgﬂu;fm nitrogen bascs along the chain is not made
wimible,

Oriented paracryetalling dooxypentoss nuclsis aeid
"structure B in the following comenunication by
Franklin and Gosling: gives & fibee diagrim sa shown
im Fig. 1 fef. rof. 4). Ambury sageetod that the
sirong 3-4-A. refloxson cormapomnded 1o the inter-
nc koot ide repoat along the Sbee axin, Tho ~ M A.
layer line=, however, are not doe (o & repeat of &
pabynuoleotide composition, but to the chain con-
figuration mop=at, which canses strong diffraction as
the nutlootide chains have highor demsity than the
intersijiial water, The absenco of reflexions on or
moar the meridian immedistely suggestsa & helical
stracture with axia parallel to fibre length.

Diffraction by Helices

It may be shown® falso Stokes, unpublished) that
the intenainy distribution in the diffmction pattem
of & serios of painis aally spaced along s helix i=
given by the squares of Besssl functions, A uniform
continaous helix gives o serios of layer lines of spacing
corresponding to the helix pilch, the intensity dis-
tribution along the mth layer line being proportional
to the square of Je. ths mth order Bessel ﬁnrllrln
A straight line may be dmawn approxinatsly

.'\p]"ll 25, 1953 veum

Fig. 1. Fiber dingran of dea e wacleis ekl froma ., ol
b wths vertiosl

she innermost maxima of csch esssl function and
the origin. The angle this line makes with e squator
= roughly | t0 the anghe botwoon an elemont of
the halix and the helix IT & unit repeats n Gimes
along ihe helix thore will be & meridional refexion
5" on the mth layver line, The helical configumtion
|'||ud|m wida-baspds on this fandoarmental ¥
the offect! being to reproduce the intensity distrbution
about the origin drouwnd the new arigin, on the mth
layor line, comreaponding 10 O in Fig. 2.

Wi will now briefly analyee in physioal terms somas
of the cffects of the and spe of the ropoedt unit
or pcleotide on the First,

e bent o eansista of & wn
about an axis paralledl 1o the helix axis, the while
diffraetion etorn is maodificd by the form factor of
the mucleotple, Secomd, il the muscleotids consists of
& moriol Of points on & redius &t right-angles 1o the
helix axis, the phase of radintion seaiiered by the
belices of diffsrent dismster passing through esch
nt afe the seme. Nummation of the cormresponding
bewwol functions gives ponforcement for the inner-

Wig. &. D Im.-uon patiem 8 u‘ - o Rt Some
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Unes layet Hos Shiles unrrions 459 platied f bs outit
et ol 1E A,
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James Watson -
James Dewey Watson
(o6/04/1928 -)

Biofisico estadounidense

Premio Nobel de Fisiologia y
Medicina (1962)

Reconocido por: Descubrir la estructura
del ADN

Area: Biologia molecular, Genética
Obras: La doble hélice

Padres: Jean Mitchell y James D.
Watson

Cényuges: Elizabeth Watson (m. 1968)
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Francis Crick
(08/06/1916 - 29/07/2004)
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Biofisico britdnico

-Hemos descubierto el secreto de la vida-

e Premio Nobel de Fisiologia y Medicina
en 1962.

e Aportacién: Descubrimiento de la
estructura molecular del ADN

« Area: Biologia molecular, Fisica

» Padres: Harry Crick y Annie Elizabeth
Wilkins

e Cdnyuges: Ruth Dorren Dodd, Odile
Speed

o Hijos: Michael Francis Compton,

MNalvialla Armina v laaciiali;a MMavia

Rosalind Franklin
(25/07/1920 - 16/04/1958)

Biofisica britanica
Una de las figuras clave en el

estudio de la estructura del ADN

Aportaciones: Estructura de los virus,
Estructura del ADN...

Areas: Cristalografia de rayos X,
fisicoquimica

Padres: Muriel Frances Waley, Ellis
Arthur Franklin

Nombre: Rosalind Elsie Franklin

The
Double
Helix

The Eighth Day of Creation

MAKERS OF THE REVOLUTION IN BEIOLOGY

HORACE FREELAND JUDSON
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