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James D. Watson and Francis H. C. Crick
"Molecular Structure of Nucleic Acids: A Structure for Deoxyribose Nucleic Acid" (1953)

vo ssse April 25, 1953 NATURE 787

L+ equipment. and to Dr. G. E. R. Deacon and the is a residue on each chain ov
captain and officers of R.R.S. Discovery I1 for their tion. We have assumed an Detweert

part in making the observations. adjacent residues in the same P50 that the
oung, T B, Gemnd. I, and Jevons, W., Phil. Meg., 40, 149 Structure repeats after 10 reggs¥ on cach ohain, that
a0, after 3¢ A. The "o of a phosphorus atom
gHligrion, 3. 8., Mot Not. Roy. Ato. Scs.. Geophys. Swrp.,  from tho fibre 8 o plioat Hates atbion
5. Meteor., 11 the outside Piis have easy access to them.

T} Pture is an open one, and its water confent
ler high. At lower water contents we would
expect the bases to so that the strueture could
become more compac
The novel feature of the structure is the manner
hieh the two chains are held together by the
midine bases. The planes of the bases
ular to the fibre a: They are joined
irs, a single base from one chain being
to a single base from the other
o that the two lie side by side with identical

is Hole Papers in Phys. O

Arkiv. Mat. Astron. Fysik. (Stoekholm), 2 (11) (1905)

MOLECULAR STRULH®RE OF in
NUCL! #CIDs purine and
A Stru Deoxyribose Nucleic Acid

L to suggesl a structure for

W hose nucleic acid (I rdinates. One of the pair must be & purine and
structure has novel features which are of considerable the other a pyrimidine for bonding to oceur. The
biological interest hydrogen bonds are made as follows : purine position

A structure for nucleic acid has already been midine position 1; purine position 6 to
proposed by Pauling and Corey’, Thoy kindly made pyrimidine position 6
their manuseript available to us in advance of it is assumed that the bases only ocour in the
publication. Their modal cor of three inter- structure in the most plausible tautomeric forms
twined chains, with the phosphates near the fibre (that is, with the keto rather than the enol con
axis, and the bases on tho outside. Tn our opi ions) it is found that only specific pairs of
this structure is unsatisfactory for can bond together. These pairs aro : adenine
(1) We believe that the material which gives the (purine) with thymine (pyrimidine), and guanine

the salt

3

X-ray diageams is the salt, not the free acid. Without (purine) w ne (pyrmidine).

the acidiec hydrogen atoms it is not clear what forces In other words, if an adenine forms one member of

would hold the structure together, especially as the & pair, on either chain, then on these assumptions

negativ charged phosphates near the axis will the other member must be thymine; similarly for

repel each other. (2) Some of the van der Waals guanine and cytosine. The sequence of bases on a

distances appear to be too small. single chain does not appear to be restricted in any
Another three-chain structure has also been sug- way. However, if only speeific pairs of bases e

gosted by Fraser (in the pre In his model the formed, it follows that if the sequence of base
phosphates are on the outside and tho bases on the one chain is given, then the sequence on the other
inside, linked together by hydrogen bonds. This chain is automatically determined.

structure as described rathe -defined, and for Tt has been found experimentally®* that the ratio
this reason we sl not comment  of the amounts of adenine to thymine, and the ratio
SRl of guanine to cytosine, are alway close to unity

We wish to put forward a for deoxyribose nucleic acid.

radically different structure for It is probably impossible to build this structure
the salt of deoxy nueleic  with a ribose sugar in place of the deoxyribose, as
aci This structure has two the extra oxygen atom would make too close & van
helical chains each coiled round der Waals contact.
the same axis (sce diagram). We  The previously published X-ray data®* on deoxy-
have made the v chemical  ribose nueleic acid ave insufficient for a rigorous test
ssuraptions, dly, that each of our structure. So far as we can tell, it is roughly
chain consists of phosphate di- compatible with the experimental data, but it must
ester groups joining B-p-deoxy- be regarded as unproved until it been checked
ribofuranose residues with 3’ ainst more exact results. Some of these are given
linkages. The two chains (but in the following communications. We were not aware
not their bases) are related by a  of the deta f the results presented there when we
1 perpendicular to the fibre devised our structure, which rests ma
a Both chains follow right oentil n published ox Wt and stereo-
handed helices, but owing to chemical

the dyad the sequences the hiSot escaped our notice that the specific
atoms in the two chains run g we have postulated immediatoly suggests a
in opposite directions. Bach possible copying mechanism for the o material.
chain loosely resembles Fur Full details of the structure, including the con-
herg's* model No. 1; that is, ditions assumed in building it, together with a set

he bases are on the inside of of co-ordinates for the atoms, will be published
The fgure fs gy |1 helix and the phosphates on  elsowhere.
gt 5 Py (he outside. The configuration  We are much indebted to Dr. Jerry Donohue for
ot Sl | the sugar and the atoms constant adviee and ecriticism, especially on inter-

e near it is close to Furberg’s atomic distances. We have also been stimulated by
:»"u;«“.\f.‘{'f; the ‘standard configuration’, the a knowledge of the general nature of the unpublished
Uacther, e sugar being roughly perpendi- experimental results and ideas of Dr. M. H. F
Vine marks the fibre axis ~ cular to the attached base. There Wilkins, Dr. R. E. Franklin and their

orke

Copyright © 1995 Smithsonian Institution

lllustration reprinted with permission from Aazure (171:736-37). Copyright 1953,
Macmillan Magazines Ltd; and with the permissions of James Watson and Francis Crick.
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We wish to suggest a structure for the
the salt of deoxyribonucleic acid (DNA).
This structure has novel features which
-are of considerable biological interest.
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\"‘l-\,\.,ﬁ’ SRy o Pr Ceolons B o A\
e ,”‘\‘ Harry Hess inceton Geologist -?f’;_ .4‘-
W7 \ » CO of USS Cape Johnson s A 'Tir‘ﬁ"t

S e ’ during WWII . e %1

2
— Conducted sonar mapping of | @ = =
sea floor while transiting s Y \§,
from battle to battle during o el
the island-hopping campaign |~ < i
in the Pacific 2 e
Developed theory that new
ocean crust forming and
spreading laterally at mid-

ocean ridges

{Photograph cowrtesy of Departrent of
Geological and Geophysical Sciences,
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