Aopun VOUKAEIKWY 0EEWV
(DNA/RNA)
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

NATURE

737

s & residue on each chain every 3-4 A. in the s-direc.
tion. We have assumed an angle of 38° botween
adjscent rosiducs in the same chain, so that the
Atruotore rvpequ after 10 residues on oach chain, thet
is, after 34 A. The distance of a phosphorus atom
from the ke axis is 10 A. As the phosphates are on
tha sutside, eations NAVE caaY Addess to them.

The etructure is an open one, and its water content
is rather high. At lower water contents we would
expect the bases to tilt so that the structure could
become more compact.

The novel feature of the structure is the manner
in which the two chains aro held together the
purine and pyrimidine bases, The planes of the
arn icular to the fibre axis. They are joined

‘NT‘E wigh to suggest & structure for the salt

£ denx:rnhme nucleic acid (D.N.A.). This
structure has novel festures which are of considerable
biological interest.

A structure for nueleio acid las alrewly Lo
proposed by Pauling and Corey'. They kindly made
ther manuseript available to us in advance of

tion. Their model consists of threo inter-
twined chains. with the phosphates near the fibre

ded to & single bsse from the other
chain, wo that the two lie side by aide with idensiosl
s-co-ordinates. One of the pair must be s purine and
the other a pyrimidine for bonding to occur. The
I-ydm@anlmndnmmadou[ollm puring position
1 to idine position 1; purine positivn 8 o
pyTi ne position 6.

axis, and the bases on the ide. In our of

this structure is unestisfactory for two reasons :
(1} We believe that the material which gives the
Xoray ia the salt, not the freo 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 axa will
ropel each other. (2) Some of the van der Waals
distances ap to be too small.

Another thres-chain Mmtm hl;a also baenusuﬁ;
pm-r!byﬁmr{ml pnll] n hig model ¢
p are on the out and the bases on the
uwde linked together by hydrogen bonds. This
structure a8 described is rather ill-defined, and for

Chis reason we shall pol

(pumu: w:ﬁu 1y r\,. idine)
{purine) with o Pyrimi e
hmh&rwmmmmfummmbwnf
& pair, on either chain, then on these easumptions
tho other must be th i ilarly for
gusnine snd cytosine. The sequence of bases on &
aingle chain doea not appear to be restricted in any
way. Hmrum. if only epecific pairs of bases can be
formed, it follows that if the sequence of bases on
meuhmnmngmmmtlunqwmmmhm
chain s automatically dotermined.

It has boon tmwl experimentally™* that the ratio
of the denine to tl sl Lo rativ

\ on it.

We wish to put forward =
radically different structure for
the salt of deoxyribose nueleic
acid. This structure has two
helical chains each coiled round
the sams axis {ses di . We
have made the chemical
assurnptions, nlmel)'. t-hM each.
chain. di-

of guanine to oyloﬁme. are always very close to unity
for deoxyribose nucleie acid.

It is probably impossible to build this struocture
with & ribose sugar in place of the &wr{nbm-,
the oxtra oxygen atom would make too close s van
der Waals contact,

The previously published X-ray data** on deoxy-
ribose nucleio acid are insufficient for & rigorous tost
e!‘mrm‘.nwr.m aol‘&rnnmmntell it is roughly

sster  groups ]ommg B n-dmxy-
ribofurancse residues with 3°,5°
linkngea. The two chaina (but
not their bases) are related by &
dyad ioular to the fbrw
X Both chains follow right-
handed helioss, but owing to
the dynd the sequences of the
atoms in the two chains rum
w oppomte directions. Each
chain  loosely resombles Fur-
berg's* mod.o] No. 1;
The bassa are on the insids of
the helix snd the p]wq}\lﬂh! on
the The

of the sugar and the stoms
‘mear it 1 close to Furberg's
‘standard configuration’, the
L being roughly perpmm
ﬁtﬁtnﬁwut—w}m

do with the but it must
be rugurded. ne unprovsd until it has beon cheoked
against more exact results. Somo of these are given
in the following communications. Wa wers not aware
of the dotails of the results presented there when we
Mmqwmmmwhnhmmﬂywm
y on p | dets and steroo-
chemical 'R

struoture, incl
ditions Cl-mwrl in building it, Iogal.hnr with & ml
of co-ordinates for the atoma, will be published
elsewhere.
Weo are much indebtod to Dr. Jerry Donohue for
constant advice snd criticism, especially on inter-
atomic distances. Wahnwlhubwnnmﬂdadhy
@ knowledge of the gensral nature of the unpublished
exporimontal results and idess of Dr. M. H. F.
Wilkins, Dr. R. E. Franklin and their co-workers at

It has not escaped our notice that the specific

 pairing we have postulated immediately suggests a

possible copying mechanism for the genetic material.




KaTroleg TTaAIEG ICTOPIES

F. Crick J. Watson M. Wilkins

Q Nobel (latpikry), 1962
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[TapoAo trou 10 povtéEAo Tou DNA 1TpoTdBnke 10 1953, N
TTPWTN TTEIPAMATIKA TOU €MIREPaiwon atro kpuoTaAAoug DNA
NEOE UOAIG TO 1981(28 xpovia ueTd!) atrd 10 EpyacTriPIO TOU
Richard Dickerson ot1o Caltech

H pwTtn dour oupttAdkou DNA/TTpwTEIVNG (TOU avaoToAEa
Tou @ayou 434 ue €va kopuarti DNA Tou xeipiotn) AUBnke 1o
1988 oT10 epyacTtnpio Tou Stephen Harisson oto Harvard

O1 TpwTEG doPEC OUNTTIAOKWY RNA/TTpwTEIiVvNS AUBNKav TO
1989 a1rd 11 opadeg Twv Stubbs, Johnson kai Steitz
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O1 Baocig evwvovtal he pIBOln R deocupiBAln, HECW EVOC [B-
YAUKOOI0IKOU dECOU, PTIAXVOVTAG TOUG VOouKAsolitec. To 5°-OH Twv
VOUKAEOCITWYV avTIOPA UE PUOPOPIKO OEU Kal PTIAXVETAI TO
(0EOCU)VOUKAEOTIOIO, N ETTAVAAQNBAVOUEV HOVADA TWV VOUKAEIKWYV
0EEWV. 2ZUVOEDN TWV PLOPOPIKWY OPJAdWY HE QWOPODIECTEPIKOUG
deoMOUG axnuaTifel TNV TTOAUVOUKAEOTIOIKN aAuaida.



‘Evag kKAwvog DNA ‘




(l+u)

Jun appoapnu

Base

¥ Ci (purines)

C 2 ipyrimidines)



EueAigia Tou DNA

03'-P-05'-C5’
P-0O5'-C5'~Cd’
O5'-C5'-C4’-C3
C5'-C4-'C3-03
C4'-C3'-03'-P
C3-03%-P-O5

O04'-C1’-N1-C2 (pyrimidines)
04’-C1’-N9-C4 (purines)

C4’-04-C1’-C2’
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‘Eva &euyog Baocewyv




OAIKN): 01EUBETNON WG TTPOG TOV

co-ordinats frama fip (6) inclination () agova TnNG EAIKag
. EowTePIKN: TTPOCAVATOAIOHOG
\% o NG Hiag BaAong wg Tpog TNV
o ‘ g ouluyn TnG oTo idlo {euyoC
opehing () propeller [®) buckle (k)

Totmkn: dlEuBETNON WG TTPOC TO
ETTOMEVO 1N TTPONYOUNEVO

Lo =
BB gl -

twist (£3) roll (F} tilt (1)






groove groove

2.€ JIa TEAEIO EAIKA 01 AUAAKEG TTOU oxnuarti¢ovral
gival Ic0OUVANEG



Mikpn Kail NEYAAN aUAOKO

major
groove

major
groove

minor
_ :I groove

minor
groove

B-DNA B-DNA

210 B-DNA Aoyw TNC acUuPETPNG oUVOEONG TWV BACEWY OTOV
PWOQPOCAKXAPIKO OKEAETO oxnuaTi(ovTial OUO AVIOEG AQUAAKEG



Mikpn Kol HEYAAN aUAaKO

& OlliH-N

7 N-H ||||nm C — _
p N | NN r S
N fFQ Y s o H||u||||||||||\{c 5:
' CN I H—[\{C Ns: . SilgiiF = —_— O// _N &
— Mg —% g hosphate 4
sugar phosphate H _ Off’ \‘ phosp H/ - sugar phosphate
minor groove su.g‘i‘ar phosphate indr gowe
ADENINE : THYMINE GUANINE : CYTOSINE

O1 XNUIKES OuAdEG TToU €ival DIABECIPEG yIa «avayvwpiony,
TT.X. ATTO TTPWTEIVEG, €ival DIAQPOPETIKEG OTN PEYAAN KAl HIKPN
QUAaKa
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Kw6|qu «avavaplcng» TOU DNA

major groove minor groove

A mﬁm T A-Tpair A —0— -o— T o = H-bond acceptor
- - = H-bond donor
PO ¢ cori < -9 O ©

= hydrogen atom

Tw{i—-m A T-A pair T/ —0— -o— A fﬁ\ = methyl group

la)! (bl

O XNUIKOC KWAIKAS avayvwpiong gival TTOAU dIapOPETIKOC
oTN MEYAAN Kal JIKPR aUAaka

ATIO TNV TTapatTdvw dIATAEN YTTOPOUME VO CUMTTEPAVOUUE
OTI Ol TTPWTEIVEG Ba «avayvwpliavy 10IKA (specifically) 1o
DNA kaAuTtepa atro TNV JEYAAN aUAaKO



MeyaAn auAaka

Mikpr) auAaka




O 0O 0 6 6 0O

Tpia TeplopIoTIKG EvCupa avayvwpilouv TNV MEYAAN aUuAaka
XPNOIUOTTOIWVTAG TOV «KWOIKA» TTOU PAIVETAI TTAPATTAVW.

[MapatnpnoTe OTI N 101K avayvwplon (sequence-specific
recognition) €TTITUYXAVETAI JE MIKPO APIBUO BACEWY



~ Tumriki avayvipion DNA atré Tpwreiveg

FELAAFDID

O — N
FRIMGT (oo



H doun Tou B-DNA »

* To B-DNA gival n KAaoIkr) 0e€100TpOo®n
OITTAN €Aika Watson-Crick

« H diapeTpog Tou eivar ~20 A

« H peydaAn avAaka éxel SIAUETPO ~12 A
kai BaBo¢ 8.5 A

& R « H pikpri aUAaka éxel S1GueTpo ~6 A Kal
GBoc 7.5 A
"’5‘ Mikpr aUAaka P 6
* In vitro atravTartal o€ TTANPWG
evudaTtwpeEveg ivec DNA kai gival n

KUpiwg doun in vivo




H doun Tou B-DNA »

» AeciooTpO®Nn EAIKQ
* 10 kataAoitra / oTpoPn)
« BAua 34 A

« AvOywon 3.4 A / kardAortro (Zedyog)

> i
. >

" MikpRy aUuAaka

* [epioTpo@n) 36°/ kataAoitro ({euyog)




H doun Tou B-DNA

O1 Baocig eival oxedOv KABETEC OTOV
acova 1nG EAIkag (tilt 6°)




H doun Tou B-DN

Mia a-£€AIka kai dUo
avTITTapaAAnAol B-kAwvol
«Taipiadfouv» OTIG OIAOTACEIS TNG
MEYAANncG auAakag Tou B-DNA




H doun Tou B-DNA

O agovag 1nG €AIkag Tou B-DNA t1EpVa oXeDOOV aTTO
TO KEVTPO TOU KABE (eUuyoug BAaoewyv



backbone
base

H doun Tou A-DNA |

* To A-DNA ¢gival de€looTpo@o

* H EAIKa €ival TTAATUTEPN KAl KOVTUTEPN O€
oxéon JeE To B-DNA

e H yeyadAn avuAhaka gival TToAU BaBid evw N
MIKP auAaka gival TTOAU pnxn

 Eival pia doun DNA 110U TTapaTnpeital
in vitro 6Tav n vypacia gival ~75 %



H doun Tou A-DNA

» AeciooTpOo@n £EAIKA

* 11 karaAoitra / oTpoPn)

* Brijua 28 A

« AvOywon 2.55 A / kat@Aoitro

* [lepioTpoer) 33°/ KATAAOITTO

backbone
base




H doun Tou A-DNA

O acovag NG €AIkag Tou A-DNA civail
METATOTTIONEVOG TTPOG TN MEYAAN QUAAQKQ



H doun Tou A-DNA

Movtého A-DNA



H doun tou Z-DNA

* AploTepooTpoPn EAIKQ

* H EAIka €ival AeTTTOTEPN KAl JAKPUTEPN
o€ oxéon ue 1o B-DNA

* Ta OQPOPIKA TOU OKEAETOU oxnuaTi(ouv
Mia TeBAaopévn ypauun Qiyk-ayk

* H doun autn euvoeital atrd uywnAn
aAaTOTNTA KAl ATTO ETTAVAAANBAVOUEVES
akoAouBieg CG i TTUPIMIBIVWV TTOUPIVWDV

* H piIkpr) auAaka gival TToAU BaBia Kal oTEV
EVW OXEOOV OEV UTTAPXEI MEYAAN aUAaka

backbone

» MtTopei va BpiokeTal KAl in vivo T1.X. O€
TTEPIOXEC HEBUAIpEVOU DNA (C¥)




H doun tou Z-DNA

* H eTtavaAauavopevn povada gival
OUCIAOTIKA £va DIUEPES

» 12 kataAloitra / otpo@n (6 dipepn)
« BAua 45 A

« Avoywon 3.7 A / katrdAortro

backbone




H doun Tou Z-DNA

To TTAKETAPIOUA TWV
Baocewv CG ka1 GC
dev €ival I00d0Uvauo
oT1o Z-DNA.

To maketapiopa GC
gival TTOAU KaAUTEPO.

To armrotéAeopa givai n
eTTavaAauBavopevn
pjovada va gival Eva
OIVOUKAEOTIOIO




ler / pdeCiil

T o S I L LI S L B

To&oeIdNG TTapaUOPPWanN

402d / ar0001




188 / ahj044

ATTAN oTpERAWON

20UvOeTn OoTPERAWON



To RNA gival TTOAU 1710 EUKQUTTTO

a. DUPLEXES b. SINGLE STRANDED REGIONS

t. HAIRPINS d. BULGES

HAIRMN LKIF

HAIRPIN 5TEM

NULGE SINGLE-BASE BLLGE

e. INTERNAL LOOPS . JUNCTIONS

I

MISMATCH SYMMIETRIC ASYMMETRIC THREE §TEM FOUR 3'TEM
INTERSAL LOOP  INTERNAL LOOP



H dopn Tou RNA o€ eéva oUpTTAOKO

Xenopus laevis RNA-binding protein-A o oUuTTAoKO e dsRNA

To RNA ouvnbwcg AapBavel Tnv A diauop@wan, dnA. avrtioToixn
dlapopewon he 1o A-DNA



H doun evog RNA/DNA uf3pi1diou

DNA/RNA (og cuptrAoko pe Topo )

Kal edw n doun
givar A

SGAAAAAUUUUTA?®




PiBoowuiké RN

Koppari 5S pipoowuikou RNA
0€ OUMNTTAOKO HME TNV TTPWTEIVN
L25 (Oev @aiveTai)




__Morifo eAika-oTpo@n-cAika




1AL finc lingers

finc ion——8 "~ pshoet
& helix

W) Leucing nippes

Leucine side chain

Leucine zipper domain

DNA-binding -
helix

Alagopa portifa rpocdeong DNA

iB) Helix-turn-helis

0 Helix-loog-helix

DMA-binding -
helix



H TBP deopevueTan oTn MIKPA aUAaKa
TNV oTroia avoiyel didarrAara (induced
fit)

O agovag Tou DNA oxnuartifel ywvia
~100°

Aéopeuon tng TBP pe 10 TATA-box

TATA-box DNA



CAP-DNA

2 UUTTAOKO DNAInpra'l'vcbv»

Eival dipepég

Avayvwpilel Tnv akoAouBia
TGTGA*****TCACA

AgopeveTal oTn NEYAAN aUAaKa
Kol Kaptrtel To DNA karta ~90

AAANAemOpa pe To DNA povo
OTOV OEOUEUCEI
c-AMP



2UpuTTAOKO p53 pe DN




2UuTTAOKO Zn-finger ye DNA

Zif 268



2UuTTAOKO Zn-finger ye DNA







