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MOLECULAR STRUCTURE OF

NUCLEIC ACIDS
A Structure for Deoxyribose Nucleic Acid

NATURE

that the two lfe side by side with Kientical z-co-ordinates, One of
the pair must be a purine and the other a pyrimidine for bonding to
occur. The vdrogen bonds are nixk as follows: purine position 1
o pyrimidine position | purine pesition 6 to pyrimidine position
6.

If it is assumed that the bases only occur in the structure in the
most plasible tatomerke forms (that is, with the keto rather than
the enol configurations) it is found that only specific pairs of bases

muclele acid (DIN.AL This structure has novel

can bond together, These pairs are; adenine (purine) with thymine

W E wish 10 suggest a structure for the salt of d

which are of considerable biotogical interest,

A sinxture for nucleic acki has already been proposed by

Pauling and Corey'. They Kindly made their manuseript available
1o us in advance of publication. Their model consists of three inter-
twined chains, with the phosphates near the fibre axis, and the
bases on the outside. In cur opindon. this structure is unsatisfactory
for two reasons:
(1) We believe that the material which gives the X-ray disgrams is
the salt, pot he free acid. Without the acklic hydrogen atoms it is
not clear what forces would hold the structure together, especially
as the negatively charged phosphates near the axis will reped each
other. (2) Some of the van der Waals distances appear to be too
small.

Ancther three-chain structure has also been suggested by Fraser
(in the press). In his model the phosphates are on the outside i
the bases on the inside, linked together by hydrogen boads. This
structure as describad is rather ill-defined, and for this reason we
shall not comment onit.

We wish to put forward a radically different structwre for the
salt of deoxyribose nucleic ackl. This structure has two helical
chains ¢ach colled round the same axks (see dlagram). We have
made the usual chemical assumptions. namely, that each chain
consists of phosphate  dlester groups joining  B-D-deoxy-
ribofuranose residues with 37,57 linkages. The two dhains (but not
thelr bases) are related by a dyad perpendicular to the fibre axis
Both chains follow righthanded helices, but owing to the dyad the
sequences of the atoms in the two chains run in opposite directions.
Each chain locsely resembles Furberg's’
modal No. I that Is, the bases are on the
inside of the helix and the phosphates on
the outside. The configuration of the sugar
and the atoms near it is close 1o Furberg's
standard conngumllon lhe sugu be!ng
roughly perp h
base. There s a mlmu on mh chain
every 3-4 A, In the 2-direction. We have
assumed an angle of 36° between adjacent
residues in the same chain, o that the
structure repeats after 10 residues on each
chain, that is, afler 34 A The distance of o
phosphorus atom from the fibre axis is 10
A. As the phosphates are on the outside,
cations have easy access o them.

The structure is an open one, and &s
water content is rather high. At Jower
water contents we would expect the bases
to tilt so that the structure could becomne
More Compact.

The novel feature of the structure is the
manner in which the two chains are held
together by the purine and pyrimidine
bases. The planes of the basas are perpendticular 10 the fibre axis.
They are joined together in pairs. a single base from one chain
being hydrogen-bondad to a single base from the other chain, so

rimidine). and guanine (purine) with cytosine (pyrimidine).

In other words, 11 an adenine forms onz member of a pair, on
cither chain, then on these ptions the other ber must be
thymine; similarly for guanine and cytosine. The sequence of
bases on a single chain, does not appear to be restricted in any
way. However, if only speciflc pairs of bases can be formed, it
follows that if the sequence of bases on one chain, is given, then
the sequence on the other chain is automstically determined,

It has been found experimentally™ that the fatio of the amounts
of adenine to thymine, and the ratio of guaning to cytosine, are
always very ¢lose to unity ©or deoxyribose nuclkeic acid.

1t is probably impossible to build this structure with a ribose
sugar in place of the deoxyribose, as the extra oxygen atom would
make too close a van der Waals contact.

The previously published X-ray data™™ on deoxyribose nucleic
acid are insufficknt for a rigorous test of our structure. So far as
we can tell, it is roughly compa with the experil 1 dua,
but it must be regarded as unproved until i has been checked
against more exact resulls. Some of these are given in time
following, commumnications. We were not aware of the details of
the results presented there when we devised our structuwre, which
rests mainly though not entirely on published experimental dats
and stereo-chemical arguments.

It has not escaped our notice that the specific pairing we have
postulated immeadistely suggests a possible copying mechanism
for the genetic material.

Full details of the inchuding the diti d
in building it together with a set of co-ordinates for the atoms,
willbe publishad elsewhere.

We are much indebted W Dr. Jerry Donolwe for constant
advice and eritich ily on int toméc di We have
also been stimulated bv a kmwkdgc of the general natwre of the
unpublished experimentsl resulls and ideas of Dr. M, H. F.
Wilkins, Dr. R. E. Franklin and their co-workers at
King's College, London. One of us (J.D.W,) has baen alded by &
fellowship from the National Foundation for Infantile Paralysis,
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https://www.bioteach.org.il/%D7%91%D7%99%D7%95%D7%9C%D7%95%D7%92%D7%99%D7%94-%D7%91%D7%A8%D7%A9%D7%AA/%D7%94%D7%A8%D7%A6%D7%90%D7%95%D7%AA-%D7%91%D7%A8%D7%A9%D7%AA/%D7%9C%D7%A7%D7%98-%D7%94%D7%A8%D7%A6%D7%90%D7%95%D7%AA-%D7%AA%D7%93-%D7%9E%D7%AA%D7%95%D7%A8%D7%92%D7%9E%D7%95%D7%AA-%D7%9C%D7%A2%D7%91%D7%A8%D7%99%D7%AA-%D7%9C%D7%94%D7%A2%D7%A9%D7%A8%D7%AA-%D7%94%D7%95%D7%A8%D7%90%D7%AA-%D7%94%D7%91%D7%99%D7%95%D7%9C%D7%95%D7%92%D7%99%D7%94/2907-%D7%90%D7%A0%D7%97%D7%A0%D7%95-%D7%99%D7%9B%D7%95%D7%9C%D7%99%D7%9D-%D7%A2%D7%9B%D7%A9%D7%99%D7%95-%D7%9C%D7%A2%D7%A8%D7%95%D7%9A-%D7%90%D7%AA-%D7%94-dna-%D7%A9%D7%9C%D7%A0%D7%95,-%D7%90%D7%91%D7%9C-%D7%91%D7%90%D7%95-%D7%A0%D7%A2%D7%A9%D7%94-%D7%90%D7%AA-%D7%96%D7%94-%D7%91%D7%97%D7%9B%D7%9E%D7%94?highlight=WyJkbmEiLCInZG5hIl0=
https://www.bioteach.org.il/%D7%91%D7%99%D7%95%D7%9C%D7%95%D7%92%D7%99%D7%94-%D7%91%D7%A8%D7%A9%D7%AA/%D7%94%D7%A8%D7%A6%D7%90%D7%95%D7%AA-%D7%91%D7%A8%D7%A9%D7%AA/%D7%9C%D7%A7%D7%98-%D7%94%D7%A8%D7%A6%D7%90%D7%95%D7%AA-%D7%AA%D7%93-%D7%9E%D7%AA%D7%95%D7%A8%D7%92%D7%9E%D7%95%D7%AA-%D7%9C%D7%A2%D7%91%D7%A8%D7%99%D7%AA-%D7%9C%D7%94%D7%A2%D7%A9%D7%A8%D7%AA-%D7%94%D7%95%D7%A8%D7%90%D7%AA-%D7%94%D7%91%D7%99%D7%95%D7%9C%D7%95%D7%92%D7%99%D7%94/2907-%D7%90%D7%A0%D7%97%D7%A0%D7%95-%D7%99%D7%9B%D7%95%D7%9C%D7%99%D7%9D-%D7%A2%D7%9B%D7%A9%D7%99%D7%95-%D7%9C%D7%A2%D7%A8%D7%95%D7%9A-%D7%90%D7%AA-%D7%94-dna-%D7%A9%D7%9C%D7%A0%D7%95,-%D7%90%D7%91%D7%9C-%D7%91%D7%90%D7%95-%D7%A0%D7%A2%D7%A9%D7%94-%D7%90%D7%AA-%D7%96%D7%94-%D7%91%D7%97%D7%9B%D7%9E%D7%94?highlight=WyJkbmEiLCInZG5hIl0=
https://www.bioteach.org.il/%D7%91%D7%99%D7%95%D7%9C%D7%95%D7%92%D7%99%D7%94-%D7%91%D7%A8%D7%A9%D7%AA/%D7%94%D7%A8%D7%A6%D7%90%D7%95%D7%AA-%D7%91%D7%A8%D7%A9%D7%AA/%D7%9C%D7%A7%D7%98-%D7%94%D7%A8%D7%A6%D7%90%D7%95%D7%AA-%D7%AA%D7%93-%D7%9E%D7%AA%D7%95%D7%A8%D7%92%D7%9E%D7%95%D7%AA-%D7%9C%D7%A2%D7%91%D7%A8%D7%99%D7%AA-%D7%9C%D7%94%D7%A2%D7%A9%D7%A8%D7%AA-%D7%94%D7%95%D7%A8%D7%90%D7%AA-%D7%94%D7%91%D7%99%D7%95%D7%9C%D7%95%D7%92%D7%99%D7%94/2907-%D7%90%D7%A0%D7%97%D7%A0%D7%95-%D7%99%D7%9B%D7%95%D7%9C%D7%99%D7%9D-%D7%A2%D7%9B%D7%A9%D7%99%D7%95-%D7%9C%D7%A2%D7%A8%D7%95%D7%9A-%D7%90%D7%AA-%D7%94-dna-%D7%A9%D7%9C%D7%A0%D7%95,-%D7%90%D7%91%D7%9C-%D7%91%D7%90%D7%95-%D7%A0%D7%A2%D7%A9%D7%94-%D7%90%D7%AA-%D7%96%D7%94-%D7%91%D7%97%D7%9B%D7%9E%D7%94?highlight=WyJkbmEiLCInZG5hIl0=
https://www.bioteach.org.il/%D7%91%D7%99%D7%95%D7%9C%D7%95%D7%92%D7%99%D7%94-%D7%91%D7%A8%D7%A9%D7%AA/%D7%94%D7%A8%D7%A6%D7%90%D7%95%D7%AA-%D7%91%D7%A8%D7%A9%D7%AA/%D7%9C%D7%A7%D7%98-%D7%94%D7%A8%D7%A6%D7%90%D7%95%D7%AA-%D7%AA%D7%93-%D7%9E%D7%AA%D7%95%D7%A8%D7%92%D7%9E%D7%95%D7%AA-%D7%9C%D7%A2%D7%91%D7%A8%D7%99%D7%AA-%D7%9C%D7%94%D7%A2%D7%A9%D7%A8%D7%AA-%D7%94%D7%95%D7%A8%D7%90%D7%AA-%D7%94%D7%91%D7%99%D7%95%D7%9C%D7%95%D7%92%D7%99%D7%94/2907-%D7%90%D7%A0%D7%97%D7%A0%D7%95-%D7%99%D7%9B%D7%95%D7%9C%D7%99%D7%9D-%D7%A2%D7%9B%D7%A9%D7%99%D7%95-%D7%9C%D7%A2%D7%A8%D7%95%D7%9A-%D7%90%D7%AA-%D7%94-dna-%D7%A9%D7%9C%D7%A0%D7%95,-%D7%90%D7%91%D7%9C-%D7%91%D7%90%D7%95-%D7%A0%D7%A2%D7%A9%D7%94-%D7%90%D7%AA-%D7%96%D7%94-%D7%91%D7%97%D7%9B%D7%9E%D7%94?highlight=WyJkbmEiLCInZG5hIl0=
https://www.bioteach.org.il/%D7%91%D7%99%D7%95%D7%9C%D7%95%D7%92%D7%99%D7%94-%D7%91%D7%A8%D7%A9%D7%AA/%D7%94%D7%A8%D7%A6%D7%90%D7%95%D7%AA-%D7%91%D7%A8%D7%A9%D7%AA/%D7%9C%D7%A7%D7%98-%D7%94%D7%A8%D7%A6%D7%90%D7%95%D7%AA-%D7%AA%D7%93-%D7%9E%D7%AA%D7%95%D7%A8%D7%92%D7%9E%D7%95%D7%AA-%D7%9C%D7%A2%D7%91%D7%A8%D7%99%D7%AA-%D7%9C%D7%94%D7%A2%D7%A9%D7%A8%D7%AA-%D7%94%D7%95%D7%A8%D7%90%D7%AA-%D7%94%D7%91%D7%99%D7%95%D7%9C%D7%95%D7%92%D7%99%D7%94/2907-%D7%90%D7%A0%D7%97%D7%A0%D7%95-%D7%99%D7%9B%D7%95%D7%9C%D7%99%D7%9D-%D7%A2%D7%9B%D7%A9%D7%99%D7%95-%D7%9C%D7%A2%D7%A8%D7%95%D7%9A-%D7%90%D7%AA-%D7%94-dna-%D7%A9%D7%9C%D7%A0%D7%95,-%D7%90%D7%91%D7%9C-%D7%91%D7%90%D7%95-%D7%A0%D7%A2%D7%A9%D7%94-%D7%90%D7%AA-%D7%96%D7%94-%D7%91%D7%97%D7%9B%D7%9E%D7%94?highlight=WyJkbmEiLCInZG5hIl0=
https://www.bioteach.org.il/%D7%91%D7%99%D7%95%D7%9C%D7%95%D7%92%D7%99%D7%94-%D7%91%D7%A8%D7%A9%D7%AA/%D7%94%D7%A8%D7%A6%D7%90%D7%95%D7%AA-%D7%91%D7%A8%D7%A9%D7%AA/%D7%9C%D7%A7%D7%98-%D7%94%D7%A8%D7%A6%D7%90%D7%95%D7%AA-%D7%AA%D7%93-%D7%9E%D7%AA%D7%95%D7%A8%D7%92%D7%9E%D7%95%D7%AA-%D7%9C%D7%A2%D7%91%D7%A8%D7%99%D7%AA-%D7%9C%D7%94%D7%A2%D7%A9%D7%A8%D7%AA-%D7%94%D7%95%D7%A8%D7%90%D7%AA-%D7%94%D7%91%D7%99%D7%95%D7%9C%D7%95%D7%92%D7%99%D7%94/2907-%D7%90%D7%A0%D7%97%D7%A0%D7%95-%D7%99%D7%9B%D7%95%D7%9C%D7%99%D7%9D-%D7%A2%D7%9B%D7%A9%D7%99%D7%95-%D7%9C%D7%A2%D7%A8%D7%95%D7%9A-%D7%90%D7%AA-%D7%94-dna-%D7%A9%D7%9C%D7%A0%D7%95,-%D7%90%D7%91%D7%9C-%D7%91%D7%90%D7%95-%D7%A0%D7%A2%D7%A9%D7%94-%D7%90%D7%AA-%D7%96%D7%94-%D7%91%D7%97%D7%9B%D7%9E%D7%94?highlight=WyJkbmEiLCInZG5hIl0=
https://www.bioteach.org.il/%D7%91%D7%99%D7%95%D7%9C%D7%95%D7%92%D7%99%D7%94-%D7%91%D7%A8%D7%A9%D7%AA/%D7%94%D7%A8%D7%A6%D7%90%D7%95%D7%AA-%D7%91%D7%A8%D7%A9%D7%AA/%D7%9C%D7%A7%D7%98-%D7%94%D7%A8%D7%A6%D7%90%D7%95%D7%AA-%D7%AA%D7%93-%D7%9E%D7%AA%D7%95%D7%A8%D7%92%D7%9E%D7%95%D7%AA-%D7%9C%D7%A2%D7%91%D7%A8%D7%99%D7%AA-%D7%9C%D7%94%D7%A2%D7%A9%D7%A8%D7%AA-%D7%94%D7%95%D7%A8%D7%90%D7%AA-%D7%94%D7%91%D7%99%D7%95%D7%9C%D7%95%D7%92%D7%99%D7%94/2907-%D7%90%D7%A0%D7%97%D7%A0%D7%95-%D7%99%D7%9B%D7%95%D7%9C%D7%99%D7%9D-%D7%A2%D7%9B%D7%A9%D7%99%D7%95-%D7%9C%D7%A2%D7%A8%D7%95%D7%9A-%D7%90%D7%AA-%D7%94-dna-%D7%A9%D7%9C%D7%A0%D7%95,-%D7%90%D7%91%D7%9C-%D7%91%D7%90%D7%95-%D7%A0%D7%A2%D7%A9%D7%94-%D7%90%D7%AA-%D7%96%D7%94-%D7%91%D7%97%D7%9B%D7%9E%D7%94?highlight=WyJkbmEiLCInZG5hIl0=
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e The DNA Double Helix Discovery — HHMI Biolnteractive Video (17:08)

® PART 1 - LIFE STORY: The Race for the Double Helix [1/2] Staring Jeff Goldblum &

Tim Piggot-Smith (53:26)

e DNA: The Molecule of Life - National Geographic (55:38)

® 25 Minute Rosalind Franklin Biography DNA: Secret of Photo 51
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e .DNA Song - 3:39
® .The PCR Song - 2:13



https://www.youtube.com/watch?v=1vm3od_UmFg
https://www.dailymotion.com/video/xitlyu
https://www.dailymotion.com/video/xitlyu
https://topdocumentaryfilms.com/dna-molecule-life/
https://www.youtube.com/watch?v=vlSENaTR3NI
https://simania.co.il/bookdetails.php?item_id=680
https://simania.co.il/bookdetails.php?item_id=680
https://simania.co.il/bookdetails.php?item_id=680
https://davidson.weizmann.ac.il/online/brainwash/%D7%9E%D7%95%D7%9C%D7%A7%D7%95%D7%9C%D7%AA-%D7%94%D7%97%D7%99%D7%99%D7%9D-%D7%97%D7%99%D7%93%D7%95%D7%9F-%D7%94-dna
https://davidson.weizmann.ac.il/online/brainwash/%D7%9E%D7%95%D7%9C%D7%A7%D7%95%D7%9C%D7%AA-%D7%94%D7%97%D7%99%D7%99%D7%9D-%D7%97%D7%99%D7%93%D7%95%D7%9F-%D7%94-dna
https://davidson.weizmann.ac.il/online/brainwash/%D7%9E%D7%95%D7%9C%D7%A7%D7%95%D7%9C%D7%AA-%D7%94%D7%97%D7%99%D7%99%D7%9D-%D7%97%D7%99%D7%93%D7%95%D7%9F-%D7%94-dna
https://davidson.weizmann.ac.il/online/brainwash/%D7%9E%D7%95%D7%9C%D7%A7%D7%95%D7%9C%D7%AA-%D7%94%D7%97%D7%99%D7%99%D7%9D-%D7%97%D7%99%D7%93%D7%95%D7%9F-%D7%94-dna
https://davidson.weizmann.ac.il/online/brainwash/%D7%9E%D7%95%D7%9C%D7%A7%D7%95%D7%9C%D7%AA-%D7%94%D7%97%D7%99%D7%99%D7%9D-%D7%97%D7%99%D7%93%D7%95%D7%9F-%D7%94-dna
https://davidson.weizmann.ac.il/online/brainwash/%D7%9E%D7%95%D7%9C%D7%A7%D7%95%D7%9C%D7%AA-%D7%94%D7%97%D7%99%D7%99%D7%9D-%D7%97%D7%99%D7%93%D7%95%D7%9F-%D7%94-dna
https://davidson.weizmann.ac.il/online/brainwash/%D7%9E%D7%95%D7%9C%D7%A7%D7%95%D7%9C%D7%AA-%D7%94%D7%97%D7%99%D7%99%D7%9D-%D7%97%D7%99%D7%93%D7%95%D7%9F-%D7%94-dna
https://davidson.weizmann.ac.il/online/brainwash/%D7%9E%D7%95%D7%9C%D7%A7%D7%95%D7%9C%D7%AA-%D7%94%D7%97%D7%99%D7%99%D7%9D-%D7%97%D7%99%D7%93%D7%95%D7%9F-%D7%94-dna
https://davidson.weizmann.ac.il/online/brainwash/%D7%9E%D7%95%D7%9C%D7%A7%D7%95%D7%9C%D7%AA-%D7%94%D7%97%D7%99%D7%99%D7%9D-%D7%97%D7%99%D7%93%D7%95%D7%9F-%D7%94-dna
https://www.youtube.com/watch?v=ckZEds5taX4&ab_channel=ParrMr
https://www.youtube.com/watch?v=x5yPkxCLads
https://www.youtube.com/watch?v=x5yPkxCLads

