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AN OGERDFH D E D 9 X I IZE D HAL, D Db DEF|siko THIET
E, CHOEAME, TEA GEC.TEG,AET, CEGEVSTELDONRFFNT
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HRPIEL EFE RN EHENTNDHDTT,

DNA i%. Adenine, Guanine., Cytosine, Thymine &9 EEE, HENFHTH
F9, ZHUIMT ELEAMEIZ/ > T T, Adenine & Thymine 7%, Cytosine
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WOYDRHY EFTN, TLAMESEDENLDT, RIOEWTT, DNAIZZ H\oTo
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7T ) RN OFER . DNABLHEARTH S Z 2B ALE Lz i3,
DEAUEESTNDDNE WD PR Z R > Tt 2D TV E L7zd, EREoE—
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T VTR, X—2 LT 4 L ETEDI, 3THTHRRUCLY Zottr kD £
L7,
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DFEDTFENAED LT E NS & fEFRIZAST HIZIL DNA 28> TV D0 %
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T, EIEEKICE ST, EINTU VRS BEFEENTWEET, 2, AR
WA, AEXWOHEIZERET S5 L b TWET, 2 NATURE ([CH# S h-it&
TREBTT,
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

'E wish to suggest @ structure for the salt

of deoxyriboss nucleic acid (D.N.A.). This
structure has novel features which are of considerable
biological interest,

A structure for nucloic acid has already been
proposed by Pauling and Corey’. They kindly made
‘their manuseript availablo to ws in advance of
publication. Their model consists of three inter-
twined chains, with tho phosphates near the fibre
axis, and the bases on the outsido. In our opinion,
this structure is unsatisfactory for two reasons :
{1) We helieve that the material which gives tho
X-ray diagrams is the salt, not the free asid. Without
the asidie hydrogen atoms it is not clear what forces
would hold the structure together, especially as the
negatively charged phosphates near tho axis will
repel each other. (2) Some of the van der Waals
distances appear to be too small.

Another fhree-chain structure has also heen sug-
gested by Fraser (in the press). In his model the
phosphates are on the outside and tho bases on the
inside, linked together by hydrogen bonds. ‘This
structure a8 described is rather ill-defined, and for
this reason we shall not comment
on it.

We wish to put forward a
radically different structure for
the salt of dooxyribose mulsie
acid. This structure has two
helical chains each coiled round
1o samo uxis (o6 diagram). We

737

is & residue on each chain every 3-4 A. in the z-direc
tion. We have assumed an angle of 36° between
adjacent residues in the samo chain, so that the
structure repeats after 10 residues on each chain, that
is, after 34 A. The distance of a phosphorns atom
from the fibre axis is 10 A. As the phosphates are on
the outside, cations have casy access to them.

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

The novel fenture of the structure is the manner
in which the two chains are held together by the
purine and pyrimidine bascs. The planes of the bases
are ndicular to the fibre axis. They are joined
together in pairs, a single base from one ¢hain being
hydrogen-bonded o a single base from the other
chain, so that the two lie sido by side with identical
z-co-ordinates. One of the pair must be & purins and
the other a pyrimidine for bonding to wceur. The
hydrogen bonds are made as follows : purine position
1 to pynnlldluﬂ position. 1; purine position 6 to
pyrimidine position 6,

Tf it is assumed that the bases only oceur in the
strueture in the most plausible tautomeric forms
(that is, with the keto rather than the ennl eon-
figurations) it is found that only specifie pairs of
bases can bond together. These pairs are : adenine
(purine} with thymine (pyrimidine), and gusnine
(purins} with oytosine (pyrimidi
In dther words, if an adenine forms one member of
& pair, on oither chain, then on these assumptions
the other memaber must be thymine ; similarly for
guaning and eytosine. The sequence of bases on a
single cliain does not appear to be restricted in any
way, Howaver, if only specific pairs of bases can be
formed, it follows that if the sequence of hases on
ono chain is given, then the sequence on the other
vhain is automatically determined,

Tt has been found experimentally™t that the ratio
of the amounts of adenine to thymine, the ratio
of guanine Lo cytosine, are slways very close to unity
for deoxyribose nucleic aeid.

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

The previously published X-ray data®* on deoxy-



Z D%, FRaIREZWOFFO DNA O3 E D £ Ui, #EEOMBHTN G, 72898
DL E D, HERIFDEEZ H0EWND T DR D L 912700 F L7z, DNA Z&HiAiA
feZ LIk ABIDAEMOTARIZND LWV ) ORI £9, A2 b #EHEZ DNA
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TIEDNA I Z LTNHDTL XD 2RFAHTT NG, BEHAERNEWNT RN
T#%\ipi%%%@iﬁho%xi\ﬁ#@ﬁ@%¢6&%;i%;®%ﬁkﬁ%
Eo., ZOLDOTMELE, 2F 0, BEREEIEY £, BEE LWV ) DIMEFRIGD A
A v FTT, ZOBEREIED 72O DNA TRERE 720 BN EAN TN TE £,
THE L TEL OO MBUETT N, Znax Ay VY —RNALFWVET, £
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IRCRRFX E BT, $A1EY . 8o B2 b T 27 7 —RNA, #ilz1E UUU,
UAC, AAG, & 3 OOWCT I /BN TE, 7 /BBFEEd, Ty
HAAG DT VESOFED, T =T =0 UACIEAARAT A=V BB D
RO TNE, EAEKEEEVET, ZO0RTFHITHOFLZIVRY —LLES0NET,
DNA (#fE#H, RNAIZ LG E#E 2 $3, 3 >AbdlTs ¥ /La—FRKeza RrEeEsn
EFT, URY —L2DEDITNT AUG T, T2 LoRNoT, WANWAREKRDRW
Kb ZATUNET, AUGICHYETHAT A= DaE D T 0T, - Tz
MELBEIZAF A= bhED LWV HETT,

Nucleus

[} Messenger RNA
Messenger RNA is transcribed in the nucleus.

tRNA \ TransferRNA

oy E! The mRNAthen enters the cytoplasm and attaches
to a ribosome. Translation begins at AUG, the start
codon. Each transfer RNA has an anticodon
whose bases are complementary to a codon on the
mRMNA strand. The ribosome positions the start
codon to attract its anticodon, which is part of the
tRNAthat binds methionine. The ribosome also
binds the next codon and its anticodon.

1l

<anticodon
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Wiz, F#E, “Selfish Gene” THiMEZ LAY Fv¥— K+« R—=F L RO TEEE
LELLEY, BETD, 20, BNV T—UFT 5LV HIE, 2O~ T7—UX
FDHHOREFIMTIIARNNENIBZBZNLUFINLH Y E LT, R—F R F, HHW
LM EROEY, DNA 2RI A7 7V 7 b AN E B LZETFX— 3
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LRV MITEE 220, HODO DNA 2~ 7= 57012, BRSO, BoE
FHipE, 2T, HOODNAZ LV ETZDICHIFEOVHTHDLEVHIZEZTT, 2
HRWIEDMIZES> TS DNATEDS &V ) b T Bl IXBL 72 TH B4 O DNA
MR > TV DHERPE VO T HFELVIDIFIZEI NI L IATTETNDS L
W) ETT,

R=F 2 20ZBZIEX U A VAOKEEENE Uiz, WU R EEEHE OFREIC
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FEDFETCLIEDO T, RESFITRLLE L,
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O AEETE L, KA Z S WO RICE 2 F L, AT AR 2 E LTl S8
HI2OIZHY | HEITAE S OBETZIXOME, FIE57-0ICdh 5, BIET O
Thb, EWVWHEZTT,

K LIR35S LR 2 1818 T PGC, primordial gem cells &5 #3234 F
FT, mANT—DOOMIT, ZNDBHEX TUToTRILHORD LT HELL TV, B
AN, BRI, RHTEAL, BISpiiL, AR R AL, BTy, Ok, &, EA
EANED>TWEET, LL PGCITFEY £3, ZoMlan+ > ZEbbRnWT, 5%
DET, WOMRIZZTHSTEDDFEREZWZ THHMRTT, 2B~ TFT—T 3
5ooiD_M#W%abmé%ufﬁo
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Fig. 1. Origin of primordial germ cells,
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Lﬁ%%ﬁ@LU LIZE o T, T CEET, FIZIE, FERFICZR DTN
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EHEWET, 7R AT LWV RWERSZM > TDNA#BIELIT> TVWET,
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272 0 RN EOE NGBR3 ET 2, ENDREEECOND LI >oh b
79, BT LERRBELT, BETFORIVPKELTHIOIZRNWZ ETHL T, &
THEA LW EAEZ Y 3, MOEBRIIMHRICEE TB T IE L2 > b 02 AR
WD & W) FITFFRREZFF ST AT BB NANARZENTEDL L DI
T, bOFTIMNZ &2 BWET, FAFHROTICHZD DNA DT ) LDOT—4
DAL HIFRLPE LIVERT A, HfTHtESL L ZOHNTR ) oT e 741
V74—, NEIDAHEN, EOHHNENEVIFEL, £ TR X 1220 £3, 5l
DEATETHETR, ZOEFICABPBBN O ZENTETHERYA,

2) BinTHAHEZ

LHRoNMNTEB T EHLIET TIERS, WEDHZEHTE D, DEVMABZ N T
EHLOITRVEL, A=V —2FZWHWZ LT LN TELOTY, LIANEATEL
RZIToTWE LR, Ziud, WTNEERT 2 TL X 9, MR WIDiT Lz
MONFES TELE EROHEEZNAT Y v hSHET, BNHONRTE S0, EBRLW
LONTEDLINEFTCTHDLENIRDEFTT, B, BILOIEFEY X, b EER
TR, ZAOMITIEETE->TWE L, T2 T, BHECHZF-> TTE, HDHHIE
DFAKIL, BHRIZRWA, BFICHL . EEL DLW, 0L, Kb FIiZHh D
KITNHERIZZ VD, BRPBREL RV, 2O X572 L ZAICH R > TIT- Tl
FEZTCHDENI L IR EHE L TVE L, BEARL T, IVEEDLZ N E W) K
MTEDLLEN) DIFTMERZDOTETNR, RVEAD I BIZ, FATEAVRWKNTE S X
72> CEFE LIz, ZOMMEEENTEATE AR DT, KIFRIGER 22
Z DTSR E DT -0 LT, BE A7 —2 R S8 T, BRIZBEVLL O
TEUTEW, LWVolt X RERBITOND LT LT

L22L, A TIEHERET. 7/ AN TETEY , OBEHIXIEFICE R S0
TEND, BERHEIZTE 20 TY, NWEEDOZLWEIL T2 BKO RUVRGIZ AL
TN IZ S BFITEVEBLR T2 AND ED RN TLE OB FEAND R L
NBWNZHE 2 THE- T2 D DB G LA 2 BT,

fENICHBEIZH Y 90, B AR BMZRENETL? LN G, BT
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ZDOBIEFDOERNRTH DV 4 /L AL DNA LISMTIHIT H 2200 T, H 2y THIGIES
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HY ET, RNA THE#HEZFR > CWDH b T, TUIWEEREE & 5> C RNA Off
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KTV XX —ZELRRT 20T, kAL, I Far FI 787 L LIFEVWE
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XERAHZEMTEDLINL LNEEANR, 77V DAL ITHATLE Y EBbILET,
IR, NERZRRIENE D 9, 7270, AT S8BT OHET A REET D H%E
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AND L /BRI BIZEFD FUEr a2 B NIFEATLEY V) &
IR ELREDAREMENRDH D ENVIFTT, 2F 0, HINBS AR ZBEZIBDTND
REEZ2DT, b9, WMAUTIEDDZ ENTEEREADR, EINTT L—F 2T 54
TERH Y £,

3) R ART =Y v IEWY

N7 AD =2 v 7AW, ZUHEEFHAMZ TT, BPIEERE, MR
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I DI ANH TRERDTT R, bWy MIRD Ko~ T A% NBITIED £
LTz BRIV DB NN T-D T . ENE . VANV AZ R T X —IZ LT,
1. 7 Opr, BT DI —FBRVIDO L EICERTEZRRENE—ICANDL L TED
DTT, MNDIFENET ) ALV TRIR) & FRIFETZDLHIThD ZE
<7,
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Flo, BIEDAN=ALLNI bDHEDN>TEE LT, TrAT KBS, IIF0
fE LIERR TR —FRS T 260K TET IR E EALANLATHE
F9, B RoTL D&, MRDOUEY A I ADBELEST, TrATHREVA, HD
WET R AT 28RN D5 LFEZID TN EWN D DT T,

4) Yarvrrr M
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DA B> TE TED LW OEETIIRRBREMN LA LETT, & 2ABEN LT BT
Biaftio X E L, A2l VAEL B2 RKIBEICHZ 5 & KIBH
ITHERICHE 2 5D T, RIGERA 2 v affoT<ET, ZhnyaeF b
HEifrcd, 30, BoA a2 U EABOA v ) ATETE OTTR, 20
HEMCiImige N oA v a2V vz ZenTEET,

MARICEAL TS, LT Fofnb b boT D&, DT ITNED MK EL
TLl7, Varbvdy MERT, BEREIESETHET, = ARz F vy
MEEIEDRNVEL RS DO TTR, ZHULDENSHET, 2hb U ar ey Mg
ML ->THED Z &R TE 20T, Wl OMEE I L £ L7z, £ OfER., Sl mik
BENZ XL DA XD LR 20 F LT,
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TLEIDOTY, Yavy A H—T7x2L 2 ARNA LEWVET,
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AN DOZREIR, BNk DOE5y & ICM & W IHESNTE £4, 2N Aoz
H5EIATEERUMBTT, ZhhbW0AALRBDIZOITWEET, ZL T, Z
D DEFIIIHA T LENES, 2O ANERIZAR 585013 Z DRD ICM D4y T, ICM
L TWD—o>—20/lld%z ES Hild & S £, Ziud pluripotential cell &
SoTMITHLRNET, ZOMICTHLANDREDOHEL ESHIESWET, 20y
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BE IR AL, BICaiL L, I &, Ik, ERITC oS L
THPNTWEET, 2O, HL TNV AT=XANRLEL Lo T ER A, BIRNE
MEICE > TEI D TIEARVNEEDbR TWE L, MR T2l L TEELT
R EHRAETTITRY £F, TIMNE, WMo TEAEICITEfRR S, AL ES
fa bt &I END LW FETT, ZOEREITTZ~LT 42« TARUATT,

Z AN iE
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EARNSHEUIRT LN H LRI |TEXIANT LR, BRI T EFiirTe Z &
MNTEHEIICL, BELTWAEBEBFIZL TRz FBMALNTZD, BT,
MRz - TITE £,

ESHlAIZ7 7 A R A REWIFHDEH S E ICM EWHFIATEET, 2O ICM D
oA HLER#E L CESHIlAZEY £9, ZD5EIZ ICM O o&FI o Fic
PGC OHRH O, Znndmnd LitEtA,
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TIXESHIIIZ EZ Do T DD TL X 22 I IRIEE DI T2 —2EH - T,
HHEZRDH L, BFORREICLET, ZOR, ZRINEME > FXTEEHA, BODOT
HOMIL &V D T T, BT L 9, ZORXIEE R EOERMROEE W
T, 7o—VRaEY, TRANHZALTES HilaRA TE £, ZhNEAEERICCH
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