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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nuecleic Acid

W‘Ewinhtosuggestammmfortheaalt
of deoxyribose nucleic acid (D.N.A.). This
structure has novel features which are of considerable
biological interest.
prﬁposed byw;a\?i:tgn::éego Mi:l h’l‘?ay&‘m n;b:g:
their manusori avsilablemt’;; us in advance of
publication. ir model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on the outside. In our cpinion,
this_structure is wunsatisfactory for two reasons:
{1) We balieve that tho materia! which gives the
X.ray diagrams ia the salt, not the free acid. Without
tho aoidic hydrogen atoms it is not olear what forees
would hold the structure together, especially as the
negatively charged phosphates near the axis will
repel each other. (2) Soms of the van der Waals
distances ap) to be too small.
Another -chain structure has also been sug-
gested by Fraser (in the press). In his model the
hosphates are on the cutside and the bases on the
Lme. linked together by bonds, This
structure ag deseribed is rather ill-defined, and for
thisireasonwee!tallnotcoment
on it.

We wish to put forward a
radically different structure for
the salt of deoxyribose nuoleio
aoid, This structure has two
[ helical chains each coiled round
the same axis (see diagram). We
have made the usual chemical
assumptions, namely, that each
chain conaiau; of p o;plmte di-
ester 0| D-deoxy-
ﬁbotmmgroupa resm with 3/,6
li . The two chains (but
rad ir bases) are relahl;d g 3

perpondicular to the fibre
axis, Both chains follow right-
hl;a:.dad hegli:oes. but o thot?
the dyad the.se ol
atoms in the t;\;enm chains run
in opposite directions. Each

chain loosgly resembles Fur-

berg's* m No. 1; that is,

B the bagss are on tho inside of
P R et
the o ) on

m& of the sugar and the atoms
o Phohale —ougar * near it is olose to s
w Tods ih&uln of ‘standard conﬂ%}x‘fation';:di 0
Copertnr. Tho venes) ugsr being roughly perpendi-
1120 marks i ibre axts to the attached base, There
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is rather . At lower water contents wo would
expeot the to tilt so that the strusture could
become more com

mmlfwmmmmhthemm
in which the two chajns arve held together by the
purine and pyrimidine bases. The planss of the bases
g:agrpeil;‘dimlareo'tho}ﬁ:::xis. '.l‘hay::ienjoinad
er in pairs, & single from ono o being

h -bonded to a lo bago from the other
chain, so that the two lie side by side with identical
z-co-ordinates, Ono of the pair must bo a purine and

the other a pyrimidine for to ooour. The
hydrogen bords are made as follows : purine position
1 to pogiﬁml;purinepoaitionGto

position 6.

If it is assumed that the bases only ocour in the
strugture in the most plausiblo tautomerio forms
(that is, v;'if.h it’:‘hoflmm tr::harn‘tgan ehieﬁdenol ooni
figurations) it ound ¢ only specific pairs o
bases c;mw;b&nd together, (p’l‘heso dpi:eu)'a ar:d adenine
(purino| thymine (pyrimi , and guanine
(purine) with ine dins).

In other words, if an forms ono member of
& pair, on either chain, then on these tions
the other member must be thymine; similarly for
guanine and oytosine,
single chain doss not appear to be restricted in any
woy. Howoever, if only specifio pairs of bases can be
formed, it follows that if the soquence of bases on
ons chain is given, thon the seguence on the other
chain is automatically determined.

It has been found rimontolly®¢ that tho ratio
of the amounts ofadmtothymlno. and the ratio
of guanins to oytosine, are always very close to unity
for dooxyribose nualeio acid.

It is probably i lo to build this struoture
with a riboso sugar in place of the deoxyriboss, as
the extra oxygen atom would make too olose a van
damaalspwoonelaot. blished X data** on deoxy.

ously pul T, on -
ribose nucleio acid are insufﬁolenty for o rigorous test
of our strusture. So far a3 we can tell, it is roughly
compatible with the experimental data, but it must
be regarded as unproved until it has been checked
against more exact results, Some of thess are given
in the following communications. We were not aware
of the details of tho results presented there whan we
demdmmm.whiuhmst&mgnly;hgughmt
entirely on published experimen te stereo-
chemical ents.

’ our notice that the specific

Ithmnﬁ%m
pairing we have suggests &

tic material.
the con-

possible co, mechanism for the
Fall doreta &
with a set

f the structure, ino
ditions assumed in building it, together
of co-ordinates for the atoms, will bo published

elsewhere,

Woe are much indsbted to Dr. Jerry Donohue for
constant advics and oriticism, on inter-
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Wilkins, Dr. R. E. Franklin and their co-workers at
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Molecular Structure of Deoxypentose
Nucleic Acids

WLk the biological propertics of deoxypentose
nucleic acid suggest a molecular structure  cone
tuining great complexity, X-ray diffraction studies
deseribed here (ef. Astbury?) show the basie molecular
configuration has great simplicity. The purpose of
this communication is to describe, in o preliminary
woy, some of the experimental evidence for the poly-
nueleotide chain configuration being helical, and
existing in this form when in the natural state. A
fuller aceount. of the work will be published shortly.

Tho structure of deoxypentosa nueleic acid is the
same in all species (although the nitrogen buse ratios
alter considerably) in nueleoprotein, extracted or in
cells, and in purified nucloate. The sams linear group
of polynucleotide chaing may pack together parallel
in different ways to give erystalline'-3, semi-crystalling
or paracrystolline materinl. Tn all cases the Xeray
diffraction photograph consists of two regions, one
determined largely by the regular spacing of nucleo-
tides along the chain, and the other by the longer
spacings of the chain configuration. The sequence of
different nitrogen bases along the chain is nob made
vigible.

Oriented paracrystallin deoxypentose nueloic acid
(‘structure /7' in the following  communiention by
Franklin and Closling) gives a fibre diageam as shown
in Fig. 1 (cf. rof. 4). Astbury suggested that the
strong 3-4-A. reflexion corresponded (o the inter-
nucleotide repeat along the fibre axis. The ~ 34 A.
Inyer lines, however, are not due to a repent of a
polynualootide composition, but, to the chain con-
figuration repeat, which eauses strong diffraction as
the nueleotide chains have higher density than the
interstitinl water, Tho absence of reflexions on or
near the meridion immediately suggests o helieal
structure with axis parallel (o fibre length.

Diffraction by Helices

It may be shown® (also Stokes, unpublished) that
the intensity distribution in the diffraction pattern
of a series of points equally spaced along u helix is
given by the squares of Bessel functions, A uniform
continuous helix gives a series of layer lines of spacing
corresponding to the helix piteh, the inlensity dis-
tribution along the nth layer line being proportional
to the square of J,, the nth order Bessel funct ion.,
A straight line may be drawn approximately through
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Flg. 1. Fibre dlagram of deoxypentose nucleie acid from B, coli.
Fibre axis vertlca

the innermost maxima of each Bessel funetion and
the origin. The angle this line makes with the aquator
is roughly equal to the angle between an element of
the helix end the helix nxis. If & unit repeats i timnes
along the helix thero will be a meridional reflexion
(J,3) on the ath layer line. The helical configuration
produces side-bands on this fundamental frequency,
the effect® being to reproduce the intensity distribution
about. the origin around the new origin, on the nth
layer line, corresponding to € in Fig. 2.

We will now briefly analyse in physical terms some
of the effects of the shape and size of the repsat unit
or nueleotide on the diffraction pattern. First, if the
nueleotide consists of o unit having civeular symmotry
ahout an axis parallel to the helix axis, the whols
diffraction pettern is maodified by the form factor of
tho nueleotide,  Second, if the nucleotide consists of
a series of points on a radjus oy right-angles to the
helix axis, the phases of radistion seattered by the
belices of different dinmetor pussing through eoach
point are the same, Swnmation of the corresponding
Bessol lunctions gives reinforeement for the inner.
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Fig, 2. Llffraction patiern of system of helices comesponding to
structure of deoxypentose nucleie nrid, The snquares of Bessel
functions are plolted about o on the equator and on the Nrst,
second, Uhird and filth layer lines for half of the nucleotide maes
ot 20 AL dlameter and remalnder dietrlbuted along a radlus, the
mass at a wlven radius being proportional to the radins, About
€ an the tearh layer line slinllar functlons are plotted for an outer
dlameter of 12 A,




