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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

'"lTE "ish to l!\rggeo;rt .. Blructure for lho .It
VV of doox~'rilroeo nucleic acid (DS.A.). 'l'hlil

scnlctum hAIl nO\"l"1 f~t\lfl'Jll which al? of COl111i{\er"ble
biologloal inlcn)ill.

A slr\lOl\lro for nucleic acid hBii ,,1n)Q(lr booen
pl'l)po!K'(1 by l'auling "nd Corey'. Th<lY kindly moo/,
their mlln\l~rirt """i1able 10 m in fl,(lwl1lo0 of
publiClltinn. '1'ho;r !nodel eOll... il!t~ of Ihl'OO intor­
twined elll.i,1.'. willo tho phOllphatCll ncar tho fibro
axil!, "'nd 1 ho 1)l~8 (}ll tho outaidc. Tn 0111" opillion,
this Sll'lIotnrc is ,m""til!fnctory for two rc"SOIU:
(I) We heli/wo thM lho mato1"ial which givOil tho
X-my dilJ,gmmfi i8 tho 881t, .lOt Iho froe "",ilL Wit houl,
the ""'idio hrdrogc.n "toms il i-'l not cleM "!\l.t f01'OOl!
....ould hold Iho IIlnlOtllm togelher, Ol'IpooiRlIy II.'! Ih..
nega""cly charged phOllplml08 '1{'61' tho Rxill will
ropel CRCh other, (2) Some of the ,-an dor Waol.o
distanOl'llf apl)OlOr to 1>6 too lII1l.8U.

Another tl.roe-eltAin 8tnrctU1'6 h8II RIM been l!\fg~

gOllled b~' Fra~r (i.l Ihe p.-). Tn h.~ model Ihe
phofrphatell are on tho ou~ido and Ihe '- on lite
in.sido. litlked together b~' hJ~n oon,lB. ThiB
llIruct""" .. doKribed ill ....·lter ill·defined, and for

thill recll!OOl ....Cshall n<>l ('OrIIJ1l('nt
on il.

We ....w, tn put. fonno.nl a
nwlica.Ilv diffc",w l<ln>Clture for
tho 8B1i. of denX)"l1Do.o nucleic
lICid. Thifl llInlCtllnl has t ....o
helical ch"ilLi f'6Ch COIled round
Ihe lIlO.ne axis (_ diagram), Wo
11&"0 .nado the .........1 eh<:>mical
NIiJUJIlptioJUl. ruo.mol~·, that each
chain cOlui8U1 of phOllphate di·
eilter group" joining ~-D-dOOXY­

ribofuf'Illl096 residu08 wilh 3',5'
IinkBgas. 'The tWO Ill1lOinll (but
nut their baselI) am nllntoo hy 8

dy"d porpemticulnr to tho f1bro
l.xis. HOlh ohains follow 1"ight­
handed heliOOB. but owing to
the dyad. tho 8ll([Ill.'II008 of tlto
MOtnll in the two ('hl\i'L~ run
in opf>O!lito ,lir<.:'Otion'. F.:a.ch
c1U1ollt 100IIC1~' J'O!IICmblllll F'ur_
lJerg'II' model No, I; 11l.lOt iB.
,ho 00.- am on thc imide of
t1", helix IIn,1 lho ph08p1l1otee on
lhe oul&ide, The COllftgumtiOfl
of lite ....gar and thO atomll
neer it i8 c10110 10 YurborR'.
'.tafldard configuration'. die
l!ugar being roughly perpendi­
",.Jar to lhe atlsclltlll blwe. There

III a lUIlidlJe ')1\ e<lCh eltA'" P\'Pry :1·.. A. ,n Ih", :-<1i,,*_
lion. \Ve ha,"o /WlIIlum",,1 all angle of 36° bet"'WfI
adjaoeru. l'Ol!idtlOlO ;n Iho 11101110 chnm. 100 tMI th..
BI nlcture n'lp"'u, afler 10 "",iduOil on ('&Cit ehain, tluu
is, after 34 A, Thill di'la.\OIIl of a I,llllllphor'lll atom
from t Ite fibre axiB ill 10 A, All, he phOllphates "I"l' 011
Iho ouuidc, ca' ion. have ('68y Il.OOll!!S to them.

The IItrueture liIlUl open one, and iur ......:er co,vc.\!
ill rather high. At 10"'lIlr ...a'cr OOf\lents we would
expoct the l-. to I ilt. Ill) Ihat the /ltrueture oould
boeotDtl more oomp",c!.

Tbill no"el fea'um of the llIructum ill lhe mann..r
in ....!tich tho IWO chaiM are hekl togather b~' the
purioo and pyrimidino ,-, Tbc plnllCll of tho ballCIO
atl) perpendiculnr to the fibro axis. The~' 8ro joifled
together in p"'irtl. "' Bingle b&8e from 000 ehain be~
hydrogen-bondod to a lfinglo b&8e from Iho Olher
chain, 110 tltA~ lhe two lio Bido by .ido with identical
:-eO--ordiruol(lll. Ouo of tho pAir must be 8 purine and
tho otltor .. I'J'Timidino for bonding to occur. Tho
h~'drogilnbon"'" 10m If\IO(!O!WI fonows: purine l>OlIilion
I to l'yrimidino IlOilitiofl I; purine poEIilion 6 10
pyrimidine l>O>litioll 6.

If it ill lliliiurnod thllt tho ba_ olll~' OOOur i.l tho
litrueturo in tho mOllt plnlL~iblo tautoznor;(l f01"mlf
(tlu.t ill. with tho koto ......Iltor than Iho enol con­
IIgurMiOll-'l) it is found I 1110~ only specific 1'l\il'\l of
ba'JOII c8'1 bond l.ogllther. Th06tl l)l\i~ anl; ooeni",,,
(pUriM) witlt thymine (p~'rimidil\l'), ",uI gUllninu
(purilW) with cylOllilw (pyrimidinel.

In othor WOM, if 101\ fl,(lelli.lO form.• OlIO momoor of
" l)l\ir, Oil ei1ho.· dmin. the.t 0'1 lh_ lI.S'lmnptiofl/l
the olher member mHU be lhymine: i<imillltr!~' for
gua.nif\O and cytooli.tIIl. The acqUCflOO of bn'lOII on III

ll.inB:1o ehaifl t1<)CJll flOt I\PllOfI.r to be mIItrieted in IIltW
way. Ho'U<"O\"er, if onl~' llpoeifio I"",irtl of basc8 can be
fonnOO, it foil...... Ihat if tho lIIOC(UC-'\OO of'- Oil
one chain ig given. lhe" the lIeqllence on Ihe o.hcr
ehain i>f aUtOmatically de~nnilllld.

It 1.108 hoen fo"nd oxpcrimonlally'" that. tho ratio
of thlll amounts of adenino to thpnino, and the ratio
of gu&ninc lo. ..ytQS>.\O. are nl_~.. '''''1)' clOlOe to IUlily
for dooX}Titx- flucleio acid.

It is probably imposeiblo to build this BtructU",
....nh .. rihoBo augar in piaofl of tho dooxyriboBe, 1Ul
lite oxtm oX)-gert Atom '"'\lId mnke 100 clO8lO .. va",
del' \\'natil contsct.

TIle Ilreviotlllly published X·my dat..• .. on deox~'­

ribooJe nuoleic RoCK! are imufficiont for .. rigol'OUll lCl!t
of our Btructure. So fl\r All we (!lUI tell. it is rollgltl~'

compatible witl, Ihlll experime'\tal (IMa, but it mMI
be regarded 1I3 IlllproVed lmtil it hll3 booe'l chol::ked
u.gaiMt 100m cxnct l'OIIultl!. Some of lhose anl gi"oll
ill tho following commw,ioMiolll!, \Vo wero 1I0t aware
of tho detailll of the tlll!ults prQIlOnlfl{\ there WllClI we
llovilll'd our IItruclUnl, whieh I'Ol!tJl mninly though flot
ontiroly 01\ publillltcd oxporimclltrol data roml IIIel\."O_
ehemieo.l argumclltll.

It lulo'l not elfCllop(.'(1 our nolicu that tho 1I1lOCifill
lllOiring we hlW" l)O/jtllll'tod immfl{\iatel}' 81l~'ll8111 ..

poIISible oopying Jl1('(lhnniJml f"r the genetic rno.rerial.
l'"ull dot..ili of Iho Illn'Ctllre, including lhlll C01l­

ditioIl,l! 8a8umed lfl building it, toge<her ....ith a lllC'
of co--otdin.Btee for (!tIIl atortlll, will bill published
eillewhere.

We aro milch indebted 10 Dr. Jerry Donnl"lIl for
oo.utant Bdvioo and erilieioun, ospociBlIy 0'1 illter­
Iltomic diBuo.o~. We havo aIM beefl IItimulatcd by
.. kn......1odgo of tho general .tature of the lmpublillhed
oxperimcnlal rcouItI! "ml idooM of Dr. )1. H. }'.
\VilkiM, Dr. H, E. Franklin. and their co-worke.....,
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Kin,g'~ ColleRt'o Londoll. One of U8 (J. D. \\'.) hQ/J been
I\idod by a f~llowlI.hip from tho X'.Iioual }'ountlatioll
for lnfllomile l'o.mly8i8.
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Molecular Structure of Deoxypentose
Nucleic Acids

\\'1111,1'; tho biologiCflI propertiC'l of dooxrllt'IltOlloEl
n\lolcio l\oid 8Ug:gtJllt 1\ moloc"lar Sln,otlll'O con­
laining wont complexity, X-my diffmolion /Il.1u'\iMl
doscribod hero (cf. A"'lbmy') show tho btlSic molwulll.l'
configuration hlU'l gl"Cl\t simplicit,y. Tho ]llu·I.'OlIe of
Ihi8 commun;ootioll ill to describe. in a prdiminnry
WII)'. !lOmo of the experimelltal evide'lOll for I ho poly­
lIuelCOlido chain eonfigur1llion being h('liool. lind
elli6ting in this fonn when in 1M nMIlr1l1 III1tO. A
fuller ACCOunt of Iho ....ork will be pubhshl'd lIhorll)'.

Tho lltmcluro of dooxypentOl!lO nucleio a.eid i, tho
ll8.ffi<'l in aU speciel (Although the nitrogen ba80 r1ItiOll
aller considerably) in "\1C1eollrotein. extra.eted or ill
cella, and in puriflod nucleat£'. The same line.... group
of polynucleotido chains msy pack tog.'tll('r pat'l'Ilel
in diffenml _).. to give CIJ1'IailinB'..... ~i-eIj"al.li1"Oe
or pIInw::Ij'3talline I1lIIteriaJ. In all .- the X-ray
diffraction photQl..'TlIph oorusiWi of twO regions. 00.0
delonninod largoly by the regu1IIr 'PACing of nueleo­
lide;a along Ibe ehain. and the other by the 101\~r

8pACi"8" of II,e ehain cont"oguration. TIle !le(I'I('JIOl) of
different n;l~n '- along the chaill ill not macIo
\·iliblo.

Orientoo. IlBra.eIj'lltalline deox)'JlCllla.o nucleic a.eid
('Slru<:t"..., D' i'l the following COmmunielllion by
Fmllklin nlld COllling) gi\'Clla fib~ diAgmm all shown
in Fig. I (cf. ref. 4). Astmllj' lIU~tf:'<1 that the
strong 3·"-A. rt:'flexion COrTe'pondod to the illter­
I\ueleotide relleM alOl\S lho fibre IIllis. Tho,.." 3" A.
11l}'Cr Ji .....ll. "OWO\'OI", are not due to II ropont of II.

pol)'1111clootide composition. Lut to tho olln;n eOIl­
fib'uratiOI\ l'Ollt.ofIt. which Cllo\lI!C8 sl«mg diffra.etion llll

the l\\lcl~'Otillo chainll luwo higher delll'lt)' 111l>1I tho
illtotlltililll wlltor. Tho absence of reflOX;OIl",~ 01\ or
'WII" 11,0 moridian immediately ll"ggosls " helical
llHlIe/I1m with 1':<;8 parallol to fibro lrll1.gth.

Dlffra.ction by Helices
11 Inny be shown' (alll(l StOke.e:u,\publishotl) that

the intensity distribution in tho diffraction patten!
of a IIOr'OI of pointll eq.....lly .spaood alollg II II('!ix i6
gi,'cn b)· the 8tlluutlll of n.:-I fm,ellOlW. A unifonn
00,,1 illl'OU8 h£'hx gi\"t~lI a lIel'ie8 of layer lirl(lll of WJMIoCing
OOrreo'Oponding 10 lhe helix pileh. lhe inle,,:!ily dill·
Iribmion along the ,uh layer line being proponio"""
to Ihl' ttqoaf"8 or J •• the nU, onler I~l funclion.
A llraight hue milo)' be d...,,'n approximately through

tho inl\()nnost n\llximo. of c~h ~l flln('liol\ nlld
the origin. Tho 1111810 th;~ liM IIUlkOll with rlw ('quatOr'
i~ roughly eq"1l1 to th" IInglo betWOCIl an element nf
the helix l\nd lha helix Ilxi~. Ho. unit repr-"a-tsll tinlOS
along Iho helix lht'ro will be 1\ lneridion,l\l n-floxion
(J.') on Ih6 nth ll\yer Imll. The helienl eonftgul't\lion
prodUOOll 8illo-I)/I,nd8 01\ this fundlll\'l('ntal frequency,
the effect' being to repl'Oduoo the il\t(-"n~nydistribuI,oll
&bout the origin III"OlUld the new Oriuill, <;1\ 1M 11th
layer lilll'. OOlTl"\pollding 10 (' in Fig. 2.

We will now bril'fly /lrtalytoe ill ph)"'Ilieal. limns ..... '110
of lho eff('CtlJ of Ihe shllpe lind lliz.e of the rept'llt un,t.
or nucleolide (ltllho d,ffrAf'tion ","tern. Fil"!ll. if lno
nucloot ido ool,~illtll of II lU,il ha,-irw; circular S)"1nlnt"t ry
about an llXW parallel to Iho hclill axis, lhe ..·11.010
diffraction plI.tten\ i8 modlfoed by the fonn factor of
tho llllt:leolide. ~'oond, if 1110 nucleotido ".,,,sis" of
a ...rie8"Of poinl3 'In II ...diull at rigllL-a.>g\N to too
helix ax;;'. lhe Illll\il('ft of radia';on _tiered by the
hcliCCll of different di,unet£,r p"'l'ling through C6Ch
point aM tho lIllmC. Summation of Ihe oorreoopOl\ding
ne--,l funcrions gin... reil\fol"Ct!l\'I('nl for Ihe mll(lr-
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