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AEV VTTAPXEL CLUPWVIA LETAED TWV YEVETIOTWV
YLt TO 0V TA YOVISLa Elvol TPAYUATIKA 1)

VTOOETIKAQ, YIATL 0TO EMITESO TWV TTEPAUATWYV

TNG YEVETIKNG TO YOViOL0 umopel va katavondel
£LTE WG UL VTTOOETIKN HOovVAdA £iTE WG Eva
VALKO CWUATIOL0 Ywplc va vTTapYEL Kaula
SLaopa.

T. H. Morgan (1933)



“YOVOTUTIOC - (POLLVOTUTIOC

“YOVISLX TTAV®W OE XPWUOCWUXTA

-OAANAOHOP PO -> EVAAAAKTIKEG LOPPES EVOG YOVLISIOU
-genetic locus

Beadle & Tatum (1941) -> ‘one gene-one enzyme hypothesis’

-Ta yovidia epi to 1950

(PUOLKA CWUATIOLL AYVWOTNE GUGTAONC, SIATETAYUEV TTAV®
OTA XPWUOCWUATA, KAT|POVOUOVUEVH CUUPWVA LLE TOUC VOLLOUC
Tov Mendel, kot vtevBLVVA YA THY KATACKELT EVOC EVIUUOV
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L CHEMISTRY: PAULING AND COREY Peoc N A K

which are involved in ester linkages. This distortion of the phosphate
group from the regular tetrahedral configuration s not supported by direct
experimental evidence, unfortunately no peocise structure determanations
have beett made of any phosphate di.esters. The distortion, which cor-
responds to a larger amount of double bood charggter for the inmer axygen
atoms than for the oxygen atows involved in the ester bukages, is a reason-

=

FIGUER &

Plan of the nockeic scid structure, showing severs] sucleotide reaines

shle one, and the sssumsed distances are those indicated by the ohserved
valoes for somewhat simikir substances, especially the nng compound
S0y, in which esch sulfur atom is surrounded by a tetrahedron of four
oxygen atoms, two of whach are shared with adjwcent tetrahedra, and two
anshared. The OO distances within the plosphate tetrabedron are 2.2
A (between the two inner axyges atoms), 246 A, 2.55 A and 2060A., The

To povtéro tov Pauling
yia to DNA (tpumAn
EALKQ)






x
X

L -

Helical repeat (base pairs/turn)

T UL
A\ dl A-An.w. \«
DY N

]

<

Helical X

A A
D F O

saul] 18Ae]
















When we saw the answer we had to pinch ourselves. Could it
really be this pretty? When we went to lunch [at the Eagle] we
realised it probably was true because it was so pretty.

The discovery was made on that day, not slowly over the
course of the week. It was simple; instantly you could explain
this idea to anyone - you didn't have to be a high powered
scientist to see how the genetic material was copied.

(Watson 2003 BBC interview)
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

wish to suggesl @ structure for the salt

of deoxyribose nucleic acid (D.N.A.). This

gtructure has novel features which are of considerable
biological interest.

A structure for nucleic acid has already been
proposed by Pauling and Corey'. Thoy kindly made
their manuscript available to ws in advance of
publication, Their model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on tho outside. In our opinion,
this structure is unsatisfactory for two veasons :
(1) We believe that the material which gives the
X-ray diagrams is the salt, not the free acid. Without
the acidic hydrogen atoms it is not clear what forces
would hold the structure together, especially as the
negatively charged phosphates near the axis will
repel each other. (2) Some of the van der Waals
distances appear to he too small.

Another three-chain structure has also been sug-
gested by Fraser (in the press). Tn his model the
phosphates are on the outside and the bases on the
inside, linked together by hydrogen bonds.  This
structure as described is rather ill-defined, and for
this reason we shall not comment
on it.

We wish to put forward a
radically different strueture for
the salt of deoxyriboze nucleie
acid. This strueture has two
helical chains each coiled round
the same axis (sco diagram). We
have made the usual chemical
assumiptions, namely, that each
chain consists of phosphate di-
ester groups joining B-p-deoxy-
ribofuranose residues with 3,5
linkages. The two chains (but
not their bases) are related by a
dyadd perpendicular to the fibre
axis. Both chains follow right-
handed helices, bui owing to
the dyad the sequences of the
atoms in the two chains run
in opposite direstions.  FKach
chain  loosely resembles  Fur-
herg's* model No. 1; that is,
he bases are on the inside of
T Aot el the helix and the phosphates on
diageammatle. 1oy the outside. The configuration
{i&‘,’(’m symbolize the  of tho sngar and the atoms
h“’“-“l-‘h?tﬂ:{m:ﬁﬁ‘:ﬁ;‘i near it is close to Furberg's
la)?xmnl Tods the pairs of  ‘standard configuration’, the
'w’:‘.’,{‘g;““n}J'qu}rﬁ sugar being roughly perpendi-
line marks the fibre axis ~ eular to the attached base. There
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is & residue o each chain every 34 A. in the z-direc-
tion. We have assumed an angle of 386° between
adjacent residues in the same chain, so that the
strueture repeats after 10 residues on cach chain, that
is, aftor 3¢ A. The distance of a phosphorus atom
from the fibre axis is 10 A. As the phosphates are on
the outside, cations have easy access to them.

The structure is an open one, and its water content
is rather high. At lower wator contents we would
expeet the bases to till so that the strueture could
beeome more compact.

The novel feature of the strueture is the manner
in whieh the two chains are held together by the
purine and pyrimidine bases. The planes of the bases
are perpendieular to the fibre axis. They are joined
together in pairs, a single base from one chain being
hydrogen-bonded to a single base from the other
chain, so that the two lie side by side with identical
z-co-ordinates. One of the pair must be a purine and
the other a pyrimidine for bonding to occur. The
hydrogen bonds are made as follows : purine position
1 to pyrimidine position 1; purine position 6 to
pyrimidine position 6,

Tf it is assumed that the bases only occur in the
structure in the most plausible tautomeric forms
(that is, with the keto rather than the enol con-
figurations) it is found that only specific pairs of
bases can bond together. These pairs arve : adenine
(purine) with thymine (pyrimidine), and guanine
(purine) with cytosine (pyrimidine).

In other words, if an adenine forms one member of
a pair, on either chain, then on these assumptions
the other member must bo thymine ; similarly for
guanine and cylosine. The sequence of bases on a
single chain does not appear to be restricted in any
way. However, if only specific pairs of bases can be
formed, it follows that if the sequence of bhases on
one chain is given, then the sequence on the other
chai is automatically determined.

It has been found experimentally®?* that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine to eytosine, are always vory close to unity
for deoxyribose nueleic acid.

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

The previously published X-ray data®* on deoxy-
ribose nuecleic acid arve insufficient for a rigorous test
of our structure. BSo far as we can tell, it is roughly
compatiblo with the experimental data, but it must
be regarded as unproved until it has been checked
against more exact results. Some of these are given
in the following communications. We were not aware
of the details of the results presented there when we
devised our strueture, which rests mainly though not
entirely on published experimental data and stereo-
chemical arguments.

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

Full details of the structure, including the con-
ditions assumed in building it, together with a set
of co-ordinates for the atoms, will be published
elsewhere.

We are much indebted to Dr. Jerry Donohue for
constant adviee and eriticism, especially on inter-
atomic distances. We have also been stimulated by
a knowledge of the general nature of the unpublished
oxperimental results and ideas of Dr. M. H., F.
Wilking, Dr. R. E. Franklin and their eo-workers at

Nobel Prize in
Physiology or Medicine
(1962) -Crick, Watson &
Wilkins

"for their discoveries
concerning the
molecular structure of
nucleic acids and its
significance for
information transfer in
living material”
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DNA Double Helix 1953
“The secret of life”
For decades the Eagle was the local
pub for scientists from the nearby

Cavendish Laboratory
It was here on February 28th 1953 that

Francis Crick and James Watson first
announced their discovery of how
DNA carries genetlc information.

Unveiled by James Watson
25th April 2003
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Ovalbumin processing
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-1 popLokt) BroAoyla E8eL€e OTL OL KAXOLKOL YEVETIOTEG ELYOV EV HEPEL SIKLO:
-> T YOVISLX elyav elooy0el WG AVTIKEIUEVA LE CUYKEKPLUEVO NLTLOKO
pOAo, Kal oL poplakol BLoAoyotr avakdAvav O0TL ATTOTEAOVVTAV ATTO

koppdtia DNA Tov Kw8IKoToloVV TPWTEIVES

-> AELTOVPYLKT povada # KANPOVOULKN Hovada

Lenny Moss: gene-P vs gene-D

-YEVIKY] TAOT): SLAQPOPEC EVVOLEG YOVISLOV
-UEYAAN oAAOyT) O€ £VVOLOL HEVTEALAVOU KAQGLKOU YOVISLOU

-> YEVIKQ: YEVETIKA CLUOTIUOTO TTOAD TILO TIEPIMAOKA aiTTO Yovidia

SLATETAYUEVO GOV YAVTPEC GE KOPSOVL
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GATCCCTGCC
TCICCACCGC
TCCTGCACGT
TTACCAGTGA
CGGACAGTGC
AAGGCCCTGG
TGCCCAACTC
GGGCAGCAGC
CCACTATCTG
AGGGTCTGGG
CTCCCCERCC
GGACCTCGGG
AGTCTACAGA
TTTGCCAGTA
GTTTGGGCGG
CACCCCCCAA
GCACGACGGG
TGTCTGGATT
CCATTTGGCG
GATGTGTGGA
CAGTGTGGCC
AATGTGTGTC
CTCCCALEIL'G
CCCATCATCT

TGGECTTITEE
TGCCACACGC
CAGCCATCAT
CCTGCCGAGG
CGETTCATGT
GCCACTTGGC
CCAGAAAGGC
GCAGGGCACA
CCAGGAGGTT
GCTCCECAGCT
CACTTCTGGT
GECTCCTGEE
CACCCCAGTG
TFEGCTCGCC
GAAGTTGCAG
TCCTGGECTCC
CACCTCCGTG
CCTAACGACT
TCGTCCCCAA
GTTCTAGATA
CGTCCATTCG
CAGTTTTACC
TGGCTGATAG
TCAGGAAGAC

CTICTGEAGEC
CAGAGCCTGT
CAGACCCATG
CCCCGGACTC
GGGAACTAGG
ACGGGCGGGL
CGAGGCTCTG
GGGACAGCCC
GCTTCTTCCA
GCTGTGAGTG
GCCCACTGTG
GAGCTGCTGA
T'TTGCCAGTG
AGTGTTCGCC
GTCCCTCCAG
CTGCAGGACG
TTCACCAGTC
TCAGCCTCTG
TTTCCGGCCA
CCAAGTGTCT
CITICTGTGCA
TTCTAGTTTA
LGACGTCTTC
GECTTGTGTGC

CEECGECCCA
AGCGGGGCCT
GGGCCACCCA
TGCCAGCCAG
GGACGATGTG
GCTCCCGAGA
CAGCGGGAGG
CCCTCCACAG
GGAGGCTTTT
CTGCACATTC
GCCACAGCAA
CCCTAGGCAG
ETTGCCCGETG
ACTTGECCCT
GACAGTTGGC
CGGEEGECCCC
CAATGGGCAC
CACCTCCTGG
AGGCCGCGTC
GTCGGTTTTA
GCAAAATCTT
TACTTTCGAA
TAACTTCCCA
GAGACGGGTA

CAGGTTCACA
CAGAGTCTGG
GGGAACCTTG
CTGTGCCGEEE
GTICTTCGCA
TGGATATGAG
AAGTCCTGCG
CTCTICCTIGE
CCCGACCAGC
TCTTGAGGAC
GCACTGGGGC
AGAGATTGCA
TTCACCAGTG
CTGGCTGCAA
CGATGACGTG
CGAGATCCTG
GGAGCGTGGC
GTTTTCECCTG
GECETCCTGC
GACATCGCAA
TAATTATTTG
CATTTGTTTG
TTTACTATGT
TGAGGGCCCC

CCTCGEETET
GAGGTGGGAC
GCAGGGACCA
CACCCTGECC
TCTGATGATG
GAGCCCCCIC
ATGTCCTGGG
CCAGCCCTCC
CCAGGGGTCC
AGCCCCCTCE
CTGCACTCAG
CATCCCTAAG
TTTGCCAGTG
GAGTGACTGG
GAGACAGACC
GCGGTGCTCA
TTTATTTGCA
CTGCAAATTG
TGTGTAATTT
ACGTCCTTCC
ATGGCATCAA
AGAAATCTTT
TACATTCAGA
ACACCCCGCC



Phylogenetic Tree of Life
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Green
nonsulfur Animalia
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Hox genes arranged along
the fruit fly chromsome

/\

e BN BN T B NN "7

Zones of Hox gene activity in the embryo
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Structures in the adult H
controlled by Hox genes
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Urchins

Hemichordates
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GENES FOUND KNOWN EXPRESSION



