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1952 4¢, Watson 1 Crick R T DNA SURBELEH, Ml 17 Nature 266 L KB T ik
HIBFRME (B 1-2), EETHRDFEYW¥ NI ZRRTEROEM. BT 1962 44
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Al REH R —REIE N TIBEREE (EcoRT) AL SN ARBERE, B EoRI
WUINEMES T, AR5 5 DNA B8RS, — K DNA &4 35— REW
DNA Z+ ¥ (XMABRHEANELD ERFTR DNA, ¥iZH e R Rk S A KB
B, ROERHEERKGITEPERNEOR 4., xR REL BN K BT
RS (B 1-3) . BERUHTHNEE: O KRERES FIESARR AWk
DNA SES7EA TR G TEABBHBED R, BEEAAEEL, OMi1EsinE
REELRHEREREN, FRET “EEE” 8. YRR 288 AR
3| DNA EHBEAM EGPHENBERERAMNED -V EBHEAE Y., ZETEREK
T#EA: , FFH4E Boyer Fl Cohen iy DNA EHLHR, ¥WAMNFEF BRI EHEBRAS
R, M2 RRTERRAIAAE S, R, BiREA0RETBUSER TR, Hi,
FEHETEBATIFR S DNA A AR (recombinant DNA technology) ,

ENTRHFE=EEME, 1984 F£EH Cetus A 7 AKBEBISE Kary Mullis
e Cetus BHEER ELUEHR (poster) BB TRABERSN (polymerase chain
reaction, PCR), REEKNSMRNENAS . PCREFEERMITHT M A B
MK BERBEERSIY, FHNSHY MOTEAEIMES S, HHS Y6 KRB LED
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

WE wish "to suggest e struoture for the salb
of deoxyribose nucleic seid {D.N.A.). This
structuré has novel features whish are of considerable
biclogical interest.

A ptructure for nuoleic acid has already been
proposed by Pauling end Corey!. They kindly, mado
their manusoript availsble to us in advance  of
publication. 'Thoir model conaists of thres inter-
twined chains, with the phosphates nenr the fibre
axis, und the buses on the vubside. In vur upinion,
this structure 'is unsatisfactory for two reasons :
{1} We beliove that the material which gives the
X-ray disgramas is tho galt, not the fres acid. Without
the acidie hydrogen atoms it is not olear what forces
would hold the atrueturp together, especially as the
nogatively chargod phosphates nesr the axis wijll
repel cach other, (2) Bome of the van der Waals

os sppear {e be {oo small.

Another three-chain structure has alsao been sug-
goated by Fraser (i the press). In his model the
phouphates are on the outside end the bases on iha
inside, linked togother by hy bonds. This
struckura a3 deseribed is rather ill-definod, and for
this rengon we shall not enmment
on it.

We wish to put forward a
radically difforont structure for
the salt of deoxyribose muelaic
acid. This suructire has two
holical chains each coiled round
the same axis (sce dinﬁmm). We
have made the usual chemioal
sssumpbions, namely, thet eash
chain oconaists of pho@h;t: di-
ester groups joini -p~-dooxy-
ribofurancse maidungaswith 8'.%‘
linksges. The two chaing (but
not thpir bau?) are ralﬁ &
dyad perpendicular %o
axis. Both cheins follow right-
handod helices, but owing to
the dyad the sequences the
atoma 'in the two chaine run
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is o residus on each chain overy 3-4 A. in the s-direcs
tion. We have assumied an anglo of 36° betweei.
sdjacent residues in the semeé ohasin, so that the
atructure repests after 10 residues on sach chain, that:
is, after 3¢ A. Tho distance of & phosphorue atom
from the fibre axis is 10 A. As the phosphates are on'’
tha putside, cations have easy accosa to tham. :

Tho struoture ia an open ons, and ite water content:
is rether high, At lower water contents we would’
expect the bases to tilt so that the structure could
become more sompact.

The novel feature of the stricture is the maunner
in which the two chains are held together by the
purine and pyrimidine bases. The planes of the basos.
ave perpsndicular to the fibre axis, They are joined
together in pairs, a single bass from one chain being
hydrogen-bonded to n aingle bagse from the other
ohain, so that the two lis side by sids with idention!
z-so-ordinates. One of tho pair must be a purine and
the other & imidine for bonding to ccour. The
hydrogen bonda are made as follows : purine position
1 to pyrimidine position 1; purine position 8 to
pyrimidine position 6.

If it is ssaumed that the bases only coour in ths
structure jn the most plsusible tautomoric fooms
{that is, with the keto rather than the enol con-
figurotions) it ie found thab only specific pairs of
bases con bond togethor, These pairs are: adenine
(purine} with thymine (pyrimidine), end guanine
{purine) with cytosine {pyrimidine).

In othor words, if an adenine forms one member of
% pair, on either chafn, then on these essumptions
the other member must be thymine ; similarly for
gusnine and cytosine. The soguence of hasos on &
single chain does not appesr to be reatricted in any
weay. However, if only specific pairs of bases can be
formed, it follows that if the saguence of bases on
one chsin is givon, then the sequence on the other
chain is sutoratically dstermined.

It hog been found exporimentallyd* that the ratio
of the amounts of adenine to thymins, and the ratio
of guaning to oytosine, arc always very olose to unity
for deoxyribose nuolsic scid, -

It is probably impossible to build this structuve
with e ribose sugar in place of the deoxyribose, as
the exira oxygen atom would make toa olose a van
der Waals contact,

‘The previcusly published X-ray detat? on deoxy-
riboss nueleio acid are insufficient for & rigorous test
of our struoture. So far as we oan tell, it is roughly
compatible with the experimental data, but it must
be regarded as unproved until it has been cheoked
against more oxact Tesults. Some of these are given
in the following communications. 'We were not awere
of tho details of the reaults prossnted there when we
devisad our structure, which roste mainly though not
entirely on published sxperimertal dete and sterco-

Fuments.

chemical ar) :

It has not escaped our notics that the specific
pairing we havo postulated immediately suggests &
‘posaible copying meshanian for the gonotic roaterisl,

Fall details of the structure, including the con-
ditions assumed in building ib, together with a.eet
of co-ordinates for the atoms, will be published
elsewh

< in opposite direotions. Hach
chain locsely resembies Fur-
borg's® modsl No, 1; that is,
>0 the bages ars on the inside of
. tho helix and the pl hates on
i H 3
'gg‘;mmﬁmn_’rgg"ﬁ& the cutsids. The oo ion

tibbon sywoolice the of the sughr and the atoms

tro phosphalo—sugar  npap' it is close to F\u-bui‘n
1 »
m:ﬁ'mﬁ'; th:e:;n!!‘!‘f; o ‘standard nonﬂgufshon‘. the
hases achaine  guoar being roughly perpendi-
ther, e vettlesl
l‘ﬁ'fn’n’gxs the More a¥is omto the attached baso, There

B

We are musch indsbtod to Dr. Jerry Donchue for
venstent advico and oriticism, ecspooislly on infer-
stamic distances. We have aleo been stimulated by
& koowledgs of the gencral naturs of the unpublished

i results and ideas of Dr. M. H., F, '
Wilking, Dr. R. E. Fronklin and their co-workers at -

B 1-2 Watson (1928~) (Z) i Crick (1916~2004) (47D
&7 DNA SUEHESH; B. XFET Nature FHIE
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& 1-3 Boyer fl Cohen i) DNA T415£% (Branum, 1998)

REWY . tnfER PCR OB R=414
B’ (B1-4):. ODNAZEH:. X% DNA Hik
TR (90~96°C) fERTRBNN, HBR%
t# DNA, Qi k: RE B E %K (G5~
65°C), 51415 DNA #R44E, HERAHEN
. OEM: 7EEHBE (70~75T) F,
Taq B DNA FHIME |8 5'—3' S aE s,
ARS R E FMY DNA &, S1EHF—K,
DNA & &#n—f%, ZXRIEHFH DNA KB
SREHRHEE (AWK 2, » FBEAK
0, f#HA DNA FFIY M AK N2 S B

BIAEDNA
l 90-96 C At
1 55-65CiR Kk
- -
‘ 70~75°C FEfd
- . PP
V2530
i WIESF
- HE B
g2 E

B 1-4 PCREHERER

RE . FHNSAEWEALNEHEEEER AN EESILEN, 7284 EEE
HELLFRAWE, ERA T PCRBEARBA LUER S H WL E RS, iy
WH BRI B, FRE RIS SO Y 0 B B e R, AFIRAY H 1,
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EHFEEREUEEREY TR EMERR BRI T, Mullis A ABFEHT
PCR J7 ¥ i3k 1993 Ei IR,

B2, BNTREEETEXT DNA SUBBELM AR, DNA E4EARMEKA H
HRE RTINS AR KRR 2 RN . #F50R, #BH DNA BEHHE RN R BERTHE
FHERHETE.

1.1.3.2 T

MR (cell engineering) JLAZIMIAE A YR AIES, BRI, &= Af15
WA RIRFEESHREER, BREAYERWYE L, SR TRETEHD 1000
ZAERT, 19 MEATE &R AR BB AR KA = ATRE WA=, 798,
ﬂ@‘aﬁ\ﬁﬁﬁ\ﬁﬁm\w@\%ﬁi‘%ﬁ%%iﬁﬂﬁ?ﬁ$%£@E%&
Ao MXPEX EH, SRTRAEYBERESELZHOCSHEELEEELT4E. B
I, BANREYEA RIS & B ERHRIE,

1.1.3.3 EHRIAE

EHBETHE (protein engineering) RIEE TR 5EHRYEE R AEYEHES
H—FAREDEAR. BORREERENY, Bt LESEETHE (B DNA B4
TR HEBFEEORNER AR RS, FELAE. ghS4yikTi
BRERBRARLMENEAR™ . BRERROEER, oM. LR ER
BE AL, FEESATRRMBHE, AR S RREA T LEA K
REFRHEHEAR. BEARLEEARHEELEAAL Ulmer F 1981 F4£H, K
FXRELEAFRS THEWN AL, FEEE TRFERAE N AAEREYES
BIMFERNECLR. BARGMNS FROTMGBERNK BRI TT:. OELEH
Bifes. SEEMB N EHMRREE ARYEMLERER T EREE. OMHLBXE
BEMERETEMBT. B, FESERNIRSTFRASEAR. X—SRaEs
HIEN2ER. BT, ERTREIAEAR IBNERASF. MESRTERNY
THDLEAHKEY L TER, NEARNHE, 4. SHAMMkss
#ET1,

1.1.3.4 WA

BT (enzyme engineering) RFFM¥HSHMMIER S THERMLES, &
MAYIRNEE Gy, Y. BAEYARD TlEPEARTE=RNEYER, B
WA ERE 628 FRFREE. HBmE. KM, WL, HEmk
MRHEELR . BRANSEARQEEBRRBOFRMETEAR, MEEKSE. dbissE
TR; ERER; SWMIBHBNOHRHMMA; SHAEYERNZXBBES. Fit
HrEm ERATRS. BTUMEHSTR, W 050, HERE0E. FEE%.
FERME. M. BAMS.



