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Protones

Electrones

il

grup carbonil (CO) es troba molt polaritzat mentre
que el grup imino (NH) no ho esta.
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squipment, and ta D, G, E. H. Deseon and the
captadn and officors of B.H.5. _D‘I'.smury I for their
pari i making the observations,

'Y\Tmﬁ' B, fsermand, H., and Fevone, W.. PAi Mg, B, 140
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'“"}qﬁ”ﬁhﬁ B., Wonds Hode Papere in Phoys. Ovearog. Meleor., 11
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MOLECULAR STRUCTURE OF
MUCLEIC ACIDS

A Structure for Deoxyribose Mucleic Acid

E wish to sugeest & structure for the salt

of decxyribose nueleic woid [DUNAL),  This
sirusture has novel festures which are of considarnbla
bialogical interat,

A sbructure for noaoleic aeid hes slready  been
proposed by Panling and Corept, They kindly made
thoir mamaseript available 0 ws in advancs of
publication. Their madel consists of threa inter-
twined choins, with the phosphates near the fibre
nxis, nrad the bases on the outside, Tn our opinion,
this structure s unsatisfactory for twoe Pensoms -
i1} 'Wa belisve that the materinl which gives the
X-ray diagrams is the salt. not the free neid. Withour
the aoidio hydrogen atoms it is not clear what forces
would hold the struvturs togsther, espeeially as the
negatively charged plosphates near the asxis will
rapel edch other, () Bome of the van der Waals
distanoes appear to be oo small,

Anather thees-chain strecture has alsp been AU
geated by Fraser (in the press),  To his model the
phosphates are on the ootside and the bass on the
nskdo, linked together by hydrogen bonds.  This
structure ns described s rother ill-defined, and for
this renson we shall not compant
on it.

We wish 1o put forward &
raclically different strusture for
the salt of deoxyriboes nucksic
anoid,  This strecture has o
helieal chning ench eoiled poand
the samme Axis (oo dingram). We
hawe mnds the ussad clwmical
nemumptlong, namely, that anach
chain sonsists of phm[ﬁuw di-
ester groups joining B-p-deaxy-
ribofursnose residues with 37,57
linkages. The two ohaing (but
rob thedr baesea) aro related by &
dyvad perpendimalar to the fibre
axig.  Both chaims follow right-
hamded  helicea, bat owing o
the dyad the sequenoes L
atoma in e two ohaing mn
i oppasite  direciions. Each
chain  locsely  resembles  Fur-
berg's* mosdal No. 1; that is,
the bases are on the inside of
the helix and the phosphates on

the outside. The configuration
dm:ﬁ'.ﬁhﬂrr: of the sugar and the atoms
beo Mesplale SiE onear it is close to Furberg's
wonlal roeds the palrs of  atandard configuration’, the
tamatalding lhochan  sugnr heing roaghly  perpendi-

Fp marks rmm'i';ﬂ culae to the atdnchod base, Thes
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NATURE 787

is & reaidise vn pach chain every 3-4 A, in the s-divee-
tion.  We have pasumed an sngle of 3% betwoen

7am NATURE

King's College, London. Omne of ua [T, 15 W, | as bmn
asded by o fellowship from the National Foas

adjseent rosidses in the same ohain, so that the
struciure repents after 10 residwes on eoch choin, that
is, after M A, The distance of & phosphers atom
froan the fbre axis is 10 A, As the phosphates sre on
tlee outside, cations have aay Aceess Lo blem,

The strwsture is an open one, snd fle watar conftent
i8 rather high. At lower water contenis we would
mxpect tlw bases to tilt so that the straetore coald
bapine more compact.

The novel festure of the structures i ihe manner
in, which the twe chains are held togethar by the
purine and pyvimidine bases. The planes of the bases
arp parpemedicualar to the fibre axis. They are joined
together in pairs, & single base [rom ons chain being
hydrogensbomded to o singls bass from the other
ahain, 5o that the fwo lie side by side with identicsl
z-pa-ordinates. Cha of the pair must be & parine and
the other s pyrimiding for bonding to oomr, The
hypdrogen bonds are made as follows ; Jpari posdlion
1 to pyrimidine position 1; puarine pcm't,;im [ ]
parirnidine position 6.

I it js nssweed that the basss only occur in the
strusture in the most plansible tsutomerio forms
:it;v;{l t:'.is. with ll’l.varnII hu:]:lg rather than the eool con

ntdome] b i fo that only sponifin pairs of
bnaea enn bord togetler, Thess pairm are @ sdonine
(parina} with thymine (pyrimidine), and goanines
(parine) with aytosine (pyrimidine).

In other words, if an adenine fomns one member of
a pair, on either chain, then on thess sessumoptions
the other member must be thymine ; simi for
gnu.ni:rm i ugt-u.n'nn. Th RG] of hasss on o
single chain doss not appear to b restricted in any
way. However, if only specific pairs of bases can be
formed, it follows that if the soguence of bases on
one ohain is given, then the sequensa on the ofher
ohain is sulematically determined.

It haa besay fonnd exporimentally® that the ratic
of the amounts of adenins to thyminn, snd the rstio
of guanine to eylosine, are Always very close to unity
for dooxyriboss nuslokn e,

It is probohly impossible to bodd thi stracture
with o ribose sugar in placs of the de dhes, WE
the extra oxygen atom would maks too close & van
der Waals contact.

The previcusly publishad K-m;- data on deoxy-
riboar mackeic seid are insafficiant for o rlmﬁ, test
of pur struwture. Bo far us wo can toll, it &= roughly
vompitible with the expsrimental datn, but it mus:
be regarded a8 unproved until it has been cheolosd
against more exact resufts. Some of thess are given
in #lse following commmunications, We ware nob awacs
of the details of tho resulta presented there when wa
devized our stracture, which rests mainly theugh ned
antirely on published experimental dada and stereo-
chermyical argumonts.

It has not esenped our nofies that the aspecific
pairing we have poatulsted imemedintely sugpests o
possible sopying mechanism for the genstie mstorial.

Full details of the structurs, inchiding the con
ditions assumed in building it, together with & sec
of so-ordindtos for the atoms, will be published
elsewhers,

We are much iwdebted to Dr. Jorry Donchue for
nomstant sdvies and eriticism, especinlly on inter-
atomic distanss, Wea have alse been stimulated by
a knowledge of tha genoral nature of the anpublished

rimental mesults and ddeas of De, M. H. F.
Wilkins, e, R, E. Fronklin and tleir eo-workers s
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for Infantile Parslysis.
J, I, Warsaow
F. H. C. Crick
Medical Fesearch Couneil Unit for tha
Auwdy of the Molecular Siructure of
Biclegioal Syeiems,
Cavandish T ratory, Cambridge,
Apwil 2,
P ruling. 1. ard Corey B.. Nalwe, 171 Ed6 (1988 ; Peoe T8
Foat dl‘ﬂ‘R e, A8, SII “EhdEh.
VFuhans, B, 40 Chem, Seand,, 8 581 010G2).

' l:hl. B ot PefErerced ses Ramanbef,
Chargafl, E.. i ! Hhimbpe. dota,
tWraklt @, B, Gvw, Phwdol, 3, 501 (195E).
tAstbury, W. T, Bymp Bee. Exp, Biel, 1, Nucleds Aok, 88 (Camb.
Vi, T, Fitbes -
®rMme, M, H. F.,. Al Randall, J. T., Bischim. ! Beplie. Acfa,
L0 1P d1ERDy,

+ Prawerman, G, and
A [1MSEL

Molecular Structure of Deoxypentose
Mucleic Acids

Waiee the bislogieal properties of decxypentose
micleie oeid soggest & maoleoular  strecture  econs
toining great oomplexity, X-ray diffraction atwdies
deseribed here {(of. Asthuryt) show the hasic reslecular
umrﬁ.gu:mi.on s great simplicity. The purposs of
this oemmunicstion is to describe, n & prelitninasey
way, pome of the experimental pvidonoe for the paly-
magleatide  chain eond tion being  helival, and
exiating in this form when in the nasturil stace. A
fuller necount of dw work will be u.FI hed shortly.

Tl strugtars of dens aid is the
same in all species (although the nitrogen base ratios
alter porsideralidy) in releoprotein, extrasted or in
oalls, and in purifled poclente, The same linesr groop
of polymleatide chains moy pack together parmlbal
in different wiys Lo give arystalling -3, mnrl.i-crfs.tu.]l_lm

raoryetalline matorial., Tn oll coses the X-ray
iflmation photograph consists of two regions, ong
datermined largely by the regulsr spacing of nuckeo-
thdes along the chain, and the othor by the langer
ﬁgncingq of the ohain configumtion. The sequenes of
0 ﬁ'l:_;‘l-"l"l.l nilragen beases along the chain is not made
wisibDle,

Oriented paracrystalline dosxypentass nuelsio soid
I'structure B in the Eulrwrnu: comraication by
Franklin and Gosling) gives a fibre dingmmn sa ahown
in Fig. 1 (of. ref, 4). Astbury sugeested that the
atromg 3d-A. reflexion sormosponded to the inter-
nuclentide repeat along the fibro oxis. The ~ 34 AL
layer lines, however, are not due to o repeat of o
} |:.'1'L‘U.¢|uul:|dl owoposition, but to the chain con-

ki m&:ﬂﬂ, whivh conses strong diffrection as
I-|M.'l mneleotide olsming have higher density than the
interstitial water, Tho absense of reflexions on or
near the moridion immedistely suggestz a helical
struvture with axis parallal to fibee Im,gtl:..

Diffraction by Helices

It may be shown® [also Svokes, unpubdished) that
the intengsity distribution in the diffraction patdorn
of & sories of poinds equally spaced along o halix is
given hy the squarea ui funstions. A uniform
contimious balix gives o saries of liyar lines of spaaing
corresponding to tha halix pitch, the indenaily dis-
tribution along the nth layer ling being proportional
i the auans of J,, the sth order Bassel fancteon,
A straight line may be drwm appeoxineatoly 1h|-|:,-ugh_

April 25, 1953 o o

Fig. 1. Fihra diageem of denrypeatess vaclaie arid feom 81, cofi
Fitime axls vartical

tha inmermost maxima of sach Beassl funcdion and
the origin. The angle this ling makes with the squator
is roughly equal to the angle between an element of
the helix aml the helix axis, IF & unit repests m times
along the balix thers will be s mesidiosn] seflexion
(X" on the nth laver lins, The helical configuration
prochwees side-bawds on this Pandamental T umm;'.
ihe affeit? being in repfod ues the indanaiy deinbulon
about the origin secund the e Mlgm, an the mh
layer line, eormesponding o O in Fi, 2

W will mow bricfly analyas in phynimt Torms S0
of the effects of the shape and size of the ropest unit
or meeleatide on the diffraction pattern.  First, if tha
nuclectide consists of 8 unit baving circular symmestry
about an axis parallel to the helix axis, the whols
dulfrastion pattern is modified by the fomm aeor of
the nuelentide, Sscond, if the nneleotids sonsists of
& serica of poinis on & radius # right-angles fo tha
heliz axia, the phasea of radistjon sseered by tha
helicos of different divmetar passing through ench
point ara the same. Summatien of the correaponding
Bssel functions gives einforesment for the inner-

-~ L3 A L I—

- 5ol & -
L " - N

- - 2 B
e e —

Flg. 2. Difffacthis patters of syilem of bellers mmeponding to
eEreclure -'.( ﬂm:am‘ul.th nudid weld, The snusrd of Draed

1 B ol ALowl © on Ehe equaled and on by At
Bl II|IN. l.r.nl I'II"I| Byt lines for Eall of the nucleck il o
BE 20 A i Aud reumlinder dRCrivetid skng a radlus, the
miss AF & glven Padlis Belsg proporihnmml b e mdine, Aboet
& o e Wl luyes ling similar fnctiona are pletted for an oufer

maler of 12 4,



es cadenas, 10 bases por volta.







fa 34 A de llarg. El solc fa 21 Ai el petit 13 A.
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Esmran Masturbador en paisaje surrealista con A.D.N.)
!-" 1957 Salvador Dali
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e 1963 Salvador Dali




Fhis particular window in
the College Chapel at the
Strand is of ‘Christ feacking the
prople’, designed by Joseph

aurice Nittgens, The window
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biology in the 20th century

leading to the discovery of




s0mas de Drosophila M. con los
Neros marcados en rojo.



SQ Sequence 429BP; 77 A; 157 C; 1

deandiammnsrma s orom s

1 atggigcigt cicctgecga caagaccaa
cacgctageg agtatgtgegeac:

g gcegeeccace
a gcaccgtget
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