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HyKJ'Iel/IHOBbIe KNCI1O0Tbl

* (oT nart. nucleus — gapo) —
buonornyeckmne nonnmepbl, 0bpasoBaHHbIE
ocTaTkamu Hykneotuaos. [1Ba Buaa
HyknenHosbIX kucnot — JHK n PHK
NPUCYTCTBYIOT B KIleTKax BCEX XXMUBbIX
OPraHM3mMoB W BbINOMHAT PYHKLUUMK
XpaHeHus, nepegadu U peanusaunm
HacneacTBEHHOM MHAOPMaL MK

OTKpbITel B 1869 1 Ppuagpuxom Muwepom Ppuapnx Muiiep
(1844-1895)
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OHK

* ThiCAYM U1 MUSISTNOHDI
0e30KCUPUDOHYKNeoTUO0B

* A3oTuCTble ocHoBaHua: Al T,

 [lpaBuno Hapradoga: A=T, U=l A+[=L+T



Mopaenb YoTcoHa n Kpuka

1950 r. M. Yunkuuc un P.
PpaHKNUH — peHTreHorpamma
OHK

Posanung ®paHknuH Moppuc YUnkunHc

(1920-1958) (1916-2004) « KpectoobpasHbIn pPUCYHOK — 3HaK
OBOVHOW crinpanu

« Mexay nocnegoBaTefibHbIMU
Hykneotngamm -0.34 Hm

* 10 HyKNeoTuaoB Ha BUTOK
cnupanu

e [lnameTtp 2 HM




Mopenb YoTcoHa n Kpuka

no.asss April 25, 1953 NATURE 787

[bxinmc YoTcoH (poa. 1928)
®peHcunc Kpuk (1916-2004)
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest o struaturs for the salt
of deoxyribose nueleic aeid (D.N.A). This
structure has novel foatures which are of eonsiderable
b.o]ngmu interest.
sructury for nuoleic acid has altady been
mpnml by Pauling and Coreyt, They kindly made
thoir manuscript availeble to us i sdveies nr
publication. Their model oonsists of theee in
twined chains, with the phosphates mear the ﬁbm
axie, and the basos on the outside, Tn our opinion,
this_structum s unsatisfactory for two )
(1) We helieve that the material which gi
is the salt, not tho fres ascid, Umbmn
the: paillic hydwn atoms it is not clear what foroee
would hold the straeture uwnmr spocinlly g the
negatively charged phosphates mear the axis mu
] ench other, (3) Some uf the van der Waal
distances sppear to be too smodl,
Anather theee-chain structire has sl been sug-
gested by Froser (in the pressh. Tn his model the
nd the basea on

phosphnies sre on the outaide w the
inside, finked wgmxor by hydrogen bomds.  This
strusture wa described is rather 1II dofined, and for

Lhn Tedaon we #hall not eomment

ish to put forward
rodioally difforenst strunture. for
the salt of desxyribose nucloic
acid,  This structure hes two
helical cheins each coiled round
the same axis (seo dingram), We
have made the wsual chemioal
assumptions, namely, that each
chuin eonsists of phosphats di-
aatar grouga foining p-o-eory-
ribofun rasidues with 3',5'
lin "The two chaias (but
not thei bases) am rolated by &
dyad perpendicular to the fibee
axie. Both chains follow right-
hmndod halioes, but owing to
the dysd the sequences of the
atoms in the two ohaing_ran
i opposite dim.rim‘ Each
chain  lousely Fur-
herg'st modl No. 1: thab
tha boses aro on the ingide of
the helix and the phosphates on
the outside. The configuration
of the sugar and the Atoms
near it is close 1o Furberg's
mum.nl sonfignration’, tho

boing roughly porpondic
o hhtiashon o

is @ mesidue on cach choin every 84 A. in the Edirec-
tion. We have sssumed an sngle of $8° betwees
sdjacent residuss in tho shmo cinin, 80 that the
rirustur ropoats aftar 10 rsidiica on odoh chain, that
after 54 A, The distance of & phoephorus atom
from the fibre axi ia 10 & As the phosphatas aro on
i outside, cations have easy Acosss to them,
struatum is an open one, and its water content.
ia rathor high. At lower water contents wa would
expeat the basss 1o Gl =0 that Ui structurs could

mors COMpact.
The novel fonture of the structure is the manner
in which the two chains are hold together by the

s pospandicular to the fibre axia. They oro joined

m.pnh.x in pairs, & single base from one ehain being

vbondsd to & single bass from the other

dmm 50 that the two lio sids by side with identical

o-ordinates. One of the pair must bo &

e othar & pyrimidine for bonding to cerur. The

hydrogen bonds aeo mada ns follows - parine pomnm

Tto Bysimiding position 1; purine position. § 1o
pyrimidine position 0,

IF it in asnumod that the bases only acour in the
strupture in the most plamible tautomerio forma
{that @8, with the keto rather than the enol con
figurations) it ia found that only speifin peiny of
bises can bond together, Thess pains aro - adeonine
ipurine) with thymino (pyrimidine), lmd Euanine
[ nm| with uywmnn (pyrimidine),

nine forms one member of
n pmr, an pither rhun. then on these assumptions
nm other member must be thymine ; Ex!mln'U’ ror
ine and cytosine. The sequenco ol a
ul\gla ‘hain. doss ot appear o be testricted in any
way. Howevor, if only apacific pairs of basea can be
formed, it follows that if the soquence of nses on
one ahain is given, then th sequonca on the other
chain is antomasically determined.

Tt has boen found exporimentally™* that the ratio
of the amounts of adonine to thymine, and the mtio
of guanine 1o cytosine, are always very close to unity
for deoxyriboss musleie soid,

It is prnbably impossible to build this structure
with & ribose sugar in place of the deoxyribose, as
the extea oxygen atom would moke too closs & van
dar Waals contaet.

The previously published X-ray datah® on deoxy-
riboss nueloic seid ars inmifficient for a rigorous test
of our structure.  So far as we cen tell, it is ronghly
compatible with the experanental dats, but it must
bo regerded a3 unproved until it has been checked
against more cxact results. Some of thess aro given
in the following communivations. Wa were not awaze
of the details of the results presented there when we
davised our structure, which resta mainly though not

ontirely on }vu.bllﬂ.ed exporimental data and stereo-
ohemical arguments.

To hae nit sscaped our molios that the specific
pairing we have postulated immediataly suggests &
possibly eopying mechanism for the genotio matarial .

Full details of the structure, inobuding the con
ditions assumed in building it, togsthor with & set
of co-ordinatos for the atome, sl be published
olsowhere.

We are much indebted to Dr. Jerry Donchue for
constant. advice and eriticism, especially on inter-
atomic distaness. Wa have aleo bean atimulated by
 knowlodgo of the general nsture of the unpubi-hod

experimental results and ideas of Dr.

Wﬂh.m, Dr. R. E. Pranklin and tseir co- worlnem al.
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BTopunyHas CprKTypa NHK
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1953 r. YotcoH u Kpuk — aBe uenu B monekyne OHK 3akpy4yeHbl ogHa BOKpyr
OpYyron n BMecTe BOKpYr obLen ocn, cocTaBndasa OBOVHYIO cnupansb.
CaxapodocdaTHbln ocTOB- CHapyxn. OcHoBaHna — BHYTpY (0.34 HM 1 noA
NPAMbIM YIIOM K OCU Monekynbl). Lienu yoepxunsatotca BOAOPOAHbIMU
cBA3AMU Mexay ocHoBaHuaMW. [Mapbl AT n TL| BbicokocneundunyHbI:

Lenu KoMmnsiemMmeHTapHbl gpyr Apyry



Gopmbl AHK

A, B nZ gpopmbl JHK

A-thopma B-dbopma Z-chopma
Cnupanb  npaBoO3akpyyeHa npaBo3akpyveHa neBo3akpyveHa
NH Ha obopoT 10,7 10,4 12
anameTtp 25,5A 23,7A 18,4A
BpawieHue/nH 33,6 35,9 60,2

HaknoH NnHKkocn +19 -1,2 -9



CTtpoeHune n pasHoobpasmne PHK
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Buabl PHK

» TpaHcnopTHasa (T-PHK) 80-100 HykneoTnaos
* 10% Bcen PHK kneTtku
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Buabl PHK

Pub6ocomHaa PHK (pPHK)

3-5 THN

90% Bcen PHK knetkn

PyHKUKMSA: BXOAAT B cocTaB pnbocoMbl, CUHTE3 Bernka
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BUObl PHK

NHdopmaunoHHas, nnu matpudHas PHK (MPHK)
1-100 THN
0.5-1% Bcen PHK knetkun

PyHKUKUSA: NnepeHoc nHdopmMaummn o CTpyktype denka ot AHK Kk mecTty
CUHTe3a berka

DNA

MR

mR NA Transcri iption

@@M““ A

AL

/ Mature mRNA /' Nucleus

\ wﬁw

'OCV‘ plasm
esis (fransla

Cell membrane

MPHK



BUObl PHK

* [eHoMHaa PHK — HekoTOpble BUpYChI
nveroT PHK reHoMbI

BNY
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(A) Polycistronic (B) Intergenic  (C) Intronic/exonic

Mukpo PHK . e S
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Fazi, Nervi 2008 Cardiovasc Res (2008) 79 (4): 553-561.

Mansbie saepHble PHK (ma PHK) (100-300 nH)
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KapTuHka n3

* YHuBepcasribHbI UICTOYHUK SHEPIUN B KNETKE — OTLLENSIEHNE
kKaxkgoro doocdpata — 30 k[x/mMorb

« [lBe Makpoaprmyeckmne cea3u



Katanuntndeckaa pyHkuna PHK

Pnoosnmbl — PHK ¢ katanutnyeckumm oyHKUNSMMN.

[Mpnmep:
pPHK B pubocomax — cunHTtes berka;

1980 r T.Yek n C. OnTMaH OTKPbIIN aBTOCMNANCUHT Y
TeTpaxMMeHbl

HoGeneBckasa npemMus no Xummm
Tomac Yek C. OntmaH 1989 r
(Pon.1947) (poa. 1939)



Cnocobbl N3y4YeHns1 HyKNenHoOBbIX
KNCNOT

« OnekTpodopes

* PeCTpUKLMOHHBLIN aHanus3

« CeKBeHMpOBaHWe [
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