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EIZAIQrH

Katd 1o 2° Apiov tov 20%° alwva n 1arpikn emotipn onpeiwoe cLYRAOVIOTIKEG e€e-
Ai€e1¢ ovvexifoviag tnv evivnwolakh mopeia tg Katd tnv mpotn 50etia. Yripxav
pdAota amépelg 6t eixav meplopilotel ta dpla Twv 1ATPIKWOV EPELVAOV Kal Pelwbel
ol duvardtinteg véwv avaralvpewyv. AtaAvdnke dpws o pvbog katl anodeixOnke ot
n Brodoyia Sev amotelel pla e§edikuikin Siadikaoia amwg alld Siabétel meploxég
Broiatpikng €pevvag to Suvapikd twv omoiwv avfopelwvetal (meplopidetal oe Ka-
mola media kat emekteiveral oe dAla). [Ipoékupav véor Broiatpikol kKAGS01 6w n




popiakn Brodoyia, n 10Aoyia, n frotexvoroyia, n Kutta-
poyevetikn, n avoooiotoxnpeia ald kat véeg 1atpikég
LITOEISIKOTNTEG OTIWG N AYYEIOXEIPOVPYIKN, N Kapdio-
XEIPOVPYIKA, O1 LETAPOOXEVOELG, Ol VEVPOETIIOTALIEG, N
eneppatikh kapdiohoyia, n e§wowpatiki yovipornoin-
on Kat TIOAAEG AAAEG.

H mpdobdog twv e1dikothtwy vnhpge aipatwdng
Kdl 0 Katakeppatiopéds wng vrepe€eidikevong aveédet-
€ tnv avdaykn tng IIOKPATIKAG OAOTIKNG Bedpnong
g véoou Kal tov acbevovg. ISiaitepo xapaxkinpioti-
K6 g devtepng evinkoviaetiag tov 20% awwva eivat
n Siaipeon twv peydAwv 1atpikwv KAASwv ot €181ké-
Tnteg Kat vmoelS1kATNTEG, 6w n Ttaboloyia kat n xel-
POULPYIKN TIOL €xouV aMdAgel popehn oe oxéon pe Tnv
ponyovUeEvVN TG PWING Ievinkovtaeriag tov 20
awwva. H eppdvion twv e18ikothtwy teivel o peydAeg
VOOOKOEIAKEG povadeg va mepiopioel tig eviaieg ma-
BoA0OYIKEG T XEIPOVPYIKESG KAIVIKEG KAl va S1apoppwoel
avtévopeg KAVIKEG HOVASEG OTIWG 01 PEVIATOAOYIKEG,
o1 KapS10A0OYIKEG, Ol YAOTPEVIEPOAOYIKEG, Ol VEPPO-
AOYIKEG, Ol €VOOKPIVOAOYIKEG, Ol TIVEUHOVOAOYIKEG,
0l OYKOAOYIKEG Kal AAAEG TIOV OLVEXWG armooxifovial
amné tov peydAo kKAGSo tng maboloyiag. To aviiotoixo
ovppaivel KAl OTIG XEIPOLPYIKEG €181KATNTEG PE AYYEL-
OXELPOVPYIKEG, KaPS10XEIPOVPYIKEG, OVPOAOYIKEG, Bw-
PAKOXEIPOLPYIKEG, TIAAOTIKNG XEIPOVPYIKNG, NOVASESG
EYKALVPATWY, AAQIIAPOCKOITIKEG, TPALHATOAOYIKEG Kal
vedtepes. Ot avdykeg mov dnpiovpynbnkav édwoav
oe dMeg e181kdtnteg peyalliepn avayvwplopdnta
kal Papvinta, énwg yia mapddetypa otnv avaiodn-
oloAoyia. Tavtdxpova n 1atpikn texvoloyia cvvéPaie
pe 16 Suvardintég tng otnv emfBiwon Kal ac@aiéote-
PN avupetwIiion twv acbevov. Xtnv aipokdbapon
(1943) pootébnke o 0186npovg mvedpovag (1957), n
xphon Pnpatodotwv (1959), n e§wowpatikn Abotpt-
Pia (1980) kat moAAd ardpn.

O1 méAepot mov S1e€nixbnoav oto 1° Apiov (A” kat
B’ INaykdoptiot II6Aepor) kat ekeivol tov 2°° npiceog
(Kopéag, Bietvay, ITéAepog tov KéAmov), édwoav onpa-
VIIKA WOnon otn Xe1povpyikn Kal v Tpavpatoloyia
aA@ Kal otnv amneikovioTkKA S1ayVvwoTiKA (VItepnxo-

H MPOIZTOPIA THZ ANAKAAYWHEZ TOY DNA

Ot James Watson (Ewkéva 16.1) kat Francis Crick (Ewkéva
16.2) avakdAuyav to DNA 1 dekaetia tou 1950. Opwg o
Apeplkavog BloAdyog kat o Bpetavog guolkdg Baciotnkav
0€ avaKaAUWELG NAAALOTEPWV EPEUVNTWV MOU €ixav EeKvr-
o€l TIG NnpoondBeleg Toug O and tov 19° atdva. Ot NpwTEG
npoodol atn levetkn onuewwbnkav anoé tov Gregor Johann
Mendel (1866) kat o DNA avakaAu@Bnke and tov EABeTO
XNULKS Friedrich Miescher (Eikéva 16.3) ota 1€An tng 6eKa-
etiag Tou 1860. L1 dekaetieg mou akohouBnaoav ot Phoebus
Levene kat Erwin Chargaff €épepav o€ népag Aentopepeate-
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ypagia, aovikn Kal payvnukh topoypagia) kat yevikd
otnv texvoloyikh vrodopn kat peBodoloyia (nAextpo-
VIKO HIKpOOKOAITO, evEOOKOIMNOELG, laser, pouIotikn).
H texvoloyikii mpdodog emétpede oe €181kOTNTEG VA
ONPELWOOLY PLCIKEG aAAaYEG OTIG XEIPOLPYIKEG IIPO-
oeyyioeig tov apeABGVTOG e TN XpNOoN EVEOOKOITIKWV
opyavwv (yaotpeviepoloyia, wrtopivolapuyyoloyia,
opBaipoloyia, ovpoloyia, yvuvaikoroyia kar yevikn
xelpovpyikn). O1 Ipdodol oTny MUPNVIKA QUOIKN ETTE-
pedav v avdnogn twv padloavoooloylkwv dia-
yVwotikwv peBédwv kat tng aktivobepareiag.

H mio ovykdoviouikh avakdAvpn opwg otn Oi-
dpxela twv 50 etwv (1950-2000) vmipge exkeivn tng
dopng tov DNA oto miebio tng 'evetikig, avoiyovtag
Tov §pdpo otn peAétn Tov YoviSiwnatog Kal Twv oL-
YRAOVIOTIKWV aroteAeopdtwy Tov oe 6Aovg oxeddv
TOUG 1aTPIKOVG KAGdovg, akdpn Kat oe enepfdoelg o
yeveukd LAKY, yia Tig oroieg drarvnwvovtal PéRaia
emnUAGEeIg and tn Bionbikn, tnv Iatpiki Agoviolo-
yia, tn Nopikn, ekgpddoviag @oépoug yia emkivéuveg
ouvvéneleg. H mapovoiaon twv yeyovdtwv tov 2°° npi-
oeog eival eLAGYwG ovvortikh Kabwg efvar advvatov
va napovotlaoctei To oOVOAO TwV ar{oTELTWYV EMITEVY-
PATwV NG 1aTPIKAG EMOTAPNG OTO OLYKEKPIPIEVO XPO-
viké avtd mAaioto.

H ANAKAAYWH THX AOMHX TOY DNA

H ovykhovioukdtepn avakdivpn tov 20 aiwva Kat
pla and 116 peyalltepeg avakaivyelg otnv 1otopia
NG €MOTAPNG LITNPEE N TTEPLYpAPN TG Poplakng So-
BAG tou SeofupifovourAeikov o€éog (DNA) pe 1o po-
viélo tng SimAng éAikac. H avardAvpn avtn dvoie
tov pdpo oe peydro apiBpd epeLVV OXETIKA PE TNV
amokpuItoypd@non Tov yevetlkoO Kwdika, tn oLV-
Beon twv yovidiwy, tn peAétn tov yovidiwpatog Kat
evég mANBovg epappoywv otig Bloemotnpeg. Eival ev-
SEIKTIKNA N AMTNXNON TOL YEYOVOTOG KAl OTIV AITOVOUN
twv BpaPeiwv Nobel, kaBwg mepinov 40 epevvntég Ti-
PABNKav yla oXeTIKEG YEVETIKEG avakalOPELG.

PEG EPEUVEG yLa To HopLo tou DNA, OXETIKA PE TN XNULKH TOU
olotaon Kat ta dopLlkd Tou UALKG Kat tov Tpéno oUvOEanG
T0UG. H oupBoAr toug unrp&e KaBopLoTikr TNV E§aywyr Twv
oupnepaopdtwy ané toug Watson kat Crick o1t 1o popto tou
DNA ugictatat otn pop@n ptag 1plodldotatng OLnAnG AL-
kag. To 1869 unrp&e KaBopLOTIKG OTN YEVETIKN £pEUVa KABWG
0 Miescher kaBoploe tnv €vvola NG «voukAeivnG» nou pe-
TOVOUAOTNKE VOUKAEIKO 0&U apxtkd Kat deo&uplBovOUKAETKS
o&U 1 DNA oplotikd. EntnAéov €peuveg tou Miescher €pepav
0T0 WG Hla vEa nAoUaola 0€ YwoPopo ouaoia.



Ewkdva 16.1 O James Watson.

Ewkova 16.2 O Francis Crick.

Ewkova 16.3 A. O Friedrich Miescher kat B. To epyaotrpté tou.

Y1 apx€g tou 20% awwva o Phoebus Levene (Etkéva
16.4) npoxwpnoE TG EPEUVEG TOU avakaAuntovtag tn ovota-
on Twv VoukAeotldiwv, Tov udatdvBpaka tou RNA (ptBddn)
kat tou DNA (8go0&uptBoln). MoAhoi epeuvnteg npdteLvay po-
VIEAD OUVOUAOU®V TWV OUCTATIKWY TV VOUKAEOTLO{wV aAAd
Kal ndAL o Levene anodeixBnke opBdg. YnéBeae 61t 10 Vou-
KAgiKd 0&€a nepleixav pla oelpd voukAeoTLdiwy, kaBgva ano
1a onoia nepleixe pia and t€ooeplg Baoelg, €va poéplo uda-

1dvBpaka Kat pla @wo@opLkr opada. XUviopa vea dedopgva
ep@aviotnkav Kat @Aavnke 0Tt n o€lpd Twv TE00dpwV BAcEWY
napouaciale notkiAia. Topa eival yvwotd otL oL Bdoelg ola-
Kpivovtal o€ noupiveg (adevivn [A] kat youavivn [G]) kat nu-
putdiveg (kutooivn [Cl, Bupivn [T] kat oupakiAn [U]) kat 6t
10 pev RNA nepiéxel pévo A, G, C kat U eved to DNA povo A,
G, C kat T. O Auotplakécg Broxnuikdg Erwin Chargaff (Etkéva
16.5) npooBeoe Aentop€peleg oto poviEAo Tou Levene, €xo-
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Ewkova 16.4 O Phoebus Levene.

¥ M

Ewkéva 16.5 O Erwin Chargaff.

H AHMOZIEYZH TOY 1953

Amé 10 1950 o1 gpevvntég Maurice Wilkins (1916-
2004) (Eik6éva 16.7), o omofog emipefaiwoe tnv
ehikoeldn Sopn tov DNA pe kpuotaAloypa@ikég
Heb68ovg kat Rosalind Franklin (Eikéva 16.8), n
omoia ameikdvioe yia MpWIN Qopd 0 PWIOYpaAPl-
KO @1Ap to DNA pe axtiveg X (n yvwoTi mAéov otnv
1otopia wg pwtoypagia 51) (Eikéva 16.9) cuvéPa-

6 20°°AIQNAZ (2° HMIZY)

viag dtaBdoel tnv nepigpnun avakoivwon tou Oswald Avery
(Ewkova 16.6) 10 1944 oto Maveniotripio Rockefeller nmou
anodeikvue OTL Ol KANPOVOULKEG Povadeg, Ta yovidla amo-
teholvtal and DNA, 1o 1950 cupnépave 6t n olvBeon tou
DNA diapepel and eidog oe €idog aAd dlatnpel opLopEVES
1O18TNTEG (N NOOBTNTA TWV NOUPLVWY LOOUTAL HE EKEIVN TWV
nuptpdvav (kavévag tou Chargaff). H ouvéxela eival n ou-
YKAOVLOTIKA neplypa@r tng dopng tou popiou tou DNA and
toucg Watson kat Crick.

Ewkova 16.6 O Oswald T. Avery oe pwtoypa®ia tou 1937.

Aav otnv Katackevn amndé tovg James Watson (1928
-) ka1 Francis Crick (1916-2004) tov povtéAov tng
Sdopng tov. 1o épyo toug avtd Bonbnoav ta mopi-
opata TEXVIKWV mov eixe avantdfel o Bloxnpikog
Linus Pauling (Eikéva 16.10), o omofog mipomopevd-
tav otnyv napovoiaon tov §1kov Tov povtélov aiid
omwg amodeixtnke teAkd AavBaopévov. O1 Watson
kat Crick ta§ivépnoav 6Aeg 116 IponyoVEVES YV®-
o€1g, paypatonoinoav enavelAnppéveg KATaoKeL-



Ewkéva 16.7 O Maurice Wilkins Kat 1o poviéAo tng OtNARG
€Akag tou DNA. dwtoypagpia AngBeioa 1o 1962.

€¢ povtéAwv péxpl Tnv telikn emitvxia. To poviédo
Toug amoteleito amd §vo pakpés éAkeg pe Sradoxi-
KA pépla gwogopikov o&éog kat vdatdvbpaxka evw
ovvbéovtal petald toug pe alwtovxeg BAcels wg
okaAld kAipakag. Ot Bdoeig ovvdéovtal petagd toug
He 8eopong LEPOYOVOL e TN CUPTTANPWPATIKNA TOVG
Bdon (n adevivn mdvta pe tn Bupivn kat n yovavivn
navta pe tnv kutooivn) (Eikéva 16.11 A,B). Tn Be-
wpia twv Watson kat Crick emmipepaiwoe n mepipnpn
pwtoypapia 51 tng Rosalind Franklin (1920-1958), n
omoia dpwg ovdémote emPBePfaiwoe 611 tnv eixe ma-
padwoel otov Wilkins. O1 ovuvbnkeg Siakivnong tng
pwtoypapiag mapapévouv adievkpivioteg pe nv
ratnyopia 611 o Wilkins mapafiace 1o ypageio tng
va alwpeital péxpt onpepa.

H 10topiknt dnpooievon pe tov titho «Molecular
structure of nucleic acids» (Mopiakn Sopi twv vov-
RAEIRWOV 0&éwv) @1logevnBnke oto Bpetavikd mepi-
081k6 «Nature» otig 25 AmpiAiov 1953 (tépog 172,
1eVUx0G 4350, oeAida 737) kat kataapPdvel pia oe-
Aba (Exkéva 16.12). Yoypdgetal amné tovg Watson
kat Crick, o1 omoiol oto téAog evxapiotovV yia Tnv
emotnpovikin Bonbeta tovg Wilkins, Franklin kat
Jerry Donohue (o omtoiog tovg é8woe AVoe1g o€ texvi-
KA mipofAfipata mptv amd 1o oploTiKA Siapopwpévo
povtéro). To povooéAibo avtd ovvdédnke e Tnv Mo
onpavtiki avakdAvyn tov 20 atwva. 1o {810 tev-
x06 tov «Nature» mepiéxetal éva dpBpo tov Neoln-
Aav6o0 Maurice Wilkins kat éva dpBpo tng Rosalind
Franklin oto {610 6épa pe tovg Watson kat Crick. Kat
ta tpia dpbpa eixav tov 1610 titho aAAd Sragpopeti-
KOUG LTI TITAOUG.

To 1962 o1 Watson, Crick xat Wilkins tipnfnkav
1e 1o Bpapeio Nobel yia tnv avakdAvpn tng Sopng

Ewkova 16.8 H Rosalind Franklin.

Ewkéva 16.9 H didonun gwtoypapia 51. Mdiog 1952.
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt
of deoxyribose nucleic acid (D.N.A.). This
structure has novel features which are of considerablo
biological interest
A structure for nucleic acid has already been
7o) by Pauling and Coroy!. They kindly made
Thon manusoript. available G0 us . advance of
publication. Their modol consists of threo inter-
twined choins, with tho phosphates near the fibre
axis, and the bases on tho outside. In our opinion,
this structure is unsatisfactory for two reasons
(1) We bolievo that tho material which gives tho
X-ray dingrams is the salt, not, the free e
the acidic hydrogon atoms it is not clear what f
would hold the struoturo togother, especially ns the
nogatively charged phosphates near tho axis will
Tepel each other. (2) Some of the van dor Waals
distances appoar to be too small,
Another throc-chain structure has also beon sug-
raser (in the press). Tn his model the
phosphates aro on the outsido and the bases on the
Inside, linked togother by hydrogen bon is

structuro as described is rathor illdofined, and for
this reason we shall not comment
on it.

We wish to put forward a
radically difforent structuro for

tho samo axis (sce diagras
Bave s the-umal el
assumptions, namely, that each
chain consists of phlmp\m'n di-
aster groups joinin
ribofuranose residues with 87,5’
linkages. The two chains (but
not their bases) are related by a
dyad porpendicular to the fibre
axis. Both chains follow right-
handed_ holices, but owing to
the dyad the sequences of the
atoms in the two chains run
in opposito dircotions.  Each
chain loosely resombles Fur-
berg's* model No. 1; that is,
the bases are on the inside of
the helix and the phosphates on
the outside. The configuration
aboll of the sugar and the atoms
v ‘r-nf;r,m B near it is close to Furberg's
e W ‘standard configuration’, the
v.,‘i?..'i‘-,’“"‘.'r“’}:’r“fi'-? sugar being roughly porpendi-
RNty AR oular to tho attachod baso. There

¥

Thia_figure s purely
disrmimatte ety

is & residue on each chain every 3-4 A. in the -dircc
ton  Wo havo assumod an ¢ mwlv of 36" batween
adjacent, re chain, so that the
sruoturo ropoats s aflor 10 residucs on sach chain, that
is, after 34 A. The distance of & phosphorus atom
from the fibro axis is 10 A. As the phosphates are on
the outside, cations have easy access to them.

The structuro is an open ono, and its water content
is rather high. At lower water contents we would

ho bases to tilt so that the structure could
bocome more compac

Tho novel featuro of the structuro is the manner
in which the t 3
purin and pyrimidine basos. ‘The planes of the bases

lar to the fibro axis. T i
i singlo base from one chain being
hydrogen-} lmmh-d ton singlo base from the other
that the two lio side by side with identical
oo-crdinates. Ons of the peir 1aust be a purine snd
0 other a pyrimidino for bonding to ocour. The
hydrogon bonda are maca as bt purine position
1"t pyrinidine. position 13 purine position 8 0
pyrimidine position

I it is assumed that tho bases only ocour in the
tiruture in the mott pusible tautomeri forms
(that is, with tho keto rather th -
figarations) it s found that only specxﬁc "pairs

a bond togethor. Thees paire aro : adenine
(puring) with thywmine (py rimidino), and guanine
(purine) with cytosine (pyr

In dther words, if an adenine forms one member of
a pair, on cither chain, then on thoso assumptions
the other member must bo thymine ; similarly for
guanine and cytosine. Tho soquence of bases on o
single chain does not appear to bo restricted in any
T2y, Howover, if only speciic pairs of bases can bo
formed, it follows that if the soquence of b
oo, chain is given, then. the sequenco on the other
ohain is automatically determined.

Tt has beon found experimentally that the ratio
of tho amounts of adenine to thymine, and the ratio

of guanine to cytosine, are always very close to unity
for deoxyribose nucleic acid.

It is probably impossible to build this structure
with @ ribose sugar in place of tho deoxyriboso, as

the extra oxygen atom would mako too close & von
der Waals contact.

The proviously published X-ray datats on deoxy.
riboso nucleie acid are insufficient for a rigorous test
Of our structure. So fat 8 wo can tell itia soughls
compatiblo with the exporimental data, but it must
bo regarded as unproved until it has been cheoked
against moro exact results. Some of these are given
in the following communications. Wo wero not aware
of tho details of tho results presentod there when we
devised our structure, which rests mainly though not
entirely on publishod exporimental data and stereo-
chemical arguments.

4 has not escaped our notico that the specifi
pairing postulated immodiatoly suggosts &
Pomibis opying teshaniem for the genetio rastersl.

Full details of the struoturo, inoluding the con
ditions assumed in building it, together with & sot
of co-ordinates for the atoms, will bo published
elsowhero.

a knowxccigo of the gcnrm! nature of the -m,mmi-h.-'x
oxporimental rosults and ideas of Dr. M. H.
Wilkins, Dr. R. E. Franklin and their co-workers at

Ewkova 16.12 H oeAida tou entotnpovikou neplodikou
Nature pe tn dnuooicuon twv James Watson kat Francis
Crick, uno tov t{tAo Molecular Structure of Nucleic Acids

Ewkova 16.10 O Linus Pauling pwtoypa@nuévog to 1955. KaL NuEPOHNVia £k560EwC 25 Anpthiou 1953,

Ewkdva 16.11 A. To npwtétuno pgoviéro tng dtnAng éAkag tou DNA kat B. Ot James Watson kat Francis Crick @wtoypa@npé-

vol padi pe 1o yoviéro tng dLnArG €Atkag tou DNA.
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