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~ Molecular Structure of Deoxypentose
' Nucleic Acids
WHILE the biological properties of deoxypentose

nucleic acid suggest a molecular structure con-
taining great complexity, X-ray diffraction studies

1_:. g L, ]

Fig. 1. Fibre diagram of deoxypentose nucleic acid from B. coli.
Fibre axis vertical
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

WE wish to suggest a structure for the salt
of deoxyribose nueleic acid (D.N.A.). This
structure has novel features which are of considerable
biologieal interest.

A structure for nucleic acid has already been
proposed by Pauling and Corey!. They kindly made
their manuseript available to us in advance of
publication. Their model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on the outside. Tn our opinion,
this structure is tisfe y for two :
(1) We believe that the material which gives the
X-ray dingrama is the salt, not the free acid. Without
the acidie hydrogen atoms it is not clear what forces
would hold the strueture together, especially as the
negatively charged phosphates near the axis will
repel each other. (2) Some of the van der W
Aistenc s appear to be too small. 2

Another three-chain structure has also been sug-
gested by Fraser (in the press). Tn his model the
phosphates are on the outside and the bases on the
inside, linked together by hydrogen bonds. This
structure as described is rather ill-defined, and for

this reason we shall not eco t

NATURE
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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 same chain, so that the
structure repeats after 10 residues on each chain, that
is, after 3¢ A, The distance of a phosphorus atom
from the fibre axis is 10 A. As the phosphates are on
the outside, cations have easy access to them.

The structure is an open ons, 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 are held together by the -

purine and pyrimidine bases. The planes of the bases
are perpendicular to the fibre axis. They are joined
together in pairs, a single base from one chain being
hydrogen-bonded to a single base from the other
chain, so that the two lie side by side with identical
z-go-ordinates. One of the pair must be a purine and
the other a pyrimidine for bonding to oecur. The
hydrogen bonds are made as follows : purine position
1 to pyrimidine position 1; purine position 6 to
pyrimidine position 6.

If it is assumed that the bases only oceur in the
structure in the most plansible tautomerie forms
(that is, with the keto rather than the enol con-
figurations) it is found that only specific pairs of
bases can bond - These pairs are : adenine

T38
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Molecular Structure of Deoxypentose
i Nucleic Acids

WaILE the biological properties of deoxypentose
nucleie acid suggest a molecular strueture econ-
taining great complexity, X-ray diffraction studies
described here (cf. Astbury?) show the basie molecular
configuration has great simplicity. The purpose of
this ication is to deseribe, in a preliminary

(purine) with thymine (pyri ), and
(purine) with cytosine (pyrimidine).

In other words, if an adenine forms one member of
a pair, on either chain, then on these assumptions
the other ber must be thymine; similarly for
guanine and cytosine. The sequence of bases on a

‘single chain does not appear to be restricted in any

way. However, if only specific pairs of bases can be
formed, it follows that if the sequence of bases on
one chain is given, then the sequence on the other
chain is automatically determined.

It has been found experimentally®* that the ratio

on it.

We wish to put forward a
radically different structure for
the salt of deoxyribose nucleic
acid. This structure has two
helical chains each coiled round
the same axis (see diagram). We
have made the usual chemical

of the ts of ad to thymine, and the ratio
of guanine to cytosine, are always very close to unity
for deoxyribose nuecleic acid.

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

The previously published X-ray date® on deoxy--

ribose nucleic acid are insufficient for a rigorous test
of our structure. So far as we can tell, it is

assumptions, namely, that each
chain ists of phospt i

ester groups joining g-p-deoxy-
ribofuranose residues with 3,5
linkages. The two chains (but
not their bases) are m:ﬁd léy a
dyad perpendicular to the fibre

% axis. pl;oth chains follow right-
handed helices, but owing to

the dyad the sequences of the

e atoms in the two chains run
in opposite directions. Each
chain loosely resembles Fur-
berg's® model No. 1; that is,
the hases are on the inside of
the helix and the phospl on

¥
P with the experimental data, but it must
be regarded as unproved until it has been checked
against more exact results. Some of these are given
in the following communications. We were not aware
of the details of the results presented there when we
devised our structure, which rests mainly though not
entirely on published experimental data and stereo-
chemical arguments.

It has not escaped our notice that the specific
pairing we have postulated immediately suggests a
possible copying hanism for the g ic material.

Full details of the st , including the con-
ditions 1 in building it, together with a set

way, some of the experimental evidence for the poly-
nueleotide chain configuration being helical, and
existing in this form when in the natural state. A
fuller account of the work will be published shortly.

The structure of deoxypentose nucleic acid is the
same in all species (although the nitrogen base ratios
alter considerably) in nueleoprotein, extracted or in
cells, and in purified nucleate. The same linear group
of polynucleotide chains may pack together parallel
in different ways to give crystalling'-?, semi-crystalline
or parscrystalline material. In all cases the X-ray
diffraction photograph consists of two regions, one
determined largely by the regular spacing of nusleo-
tides along the chain, and the other by the longer
spacings of the chain configuration. The sequence of
different nitrogen bases along the chain is not made
visible.

Oriented paracrystalline deoxypentose nucleic acid
('structure B’ in the following communication by
Franklin and Gosling) gives a fibre diagram as shown
in Fig. 1 (ef. ref. 4). Astbury suggested that the
strong 3-4-A. reflexion corresponded to the inter-
nucleotide repeat along the fibro axis. The ~ 34 A.
layer lines, however, are not due to a repeat of a
polynucleotide eomposition, but to the chain eon-
figuration repeat, which causes strong diffraction as
the nucleotide chains have higher density than the
interstitial water. The absence of reflexions on or
near the meridian immediately suggests a helical
structure with axis parallel to fibre length.

Diffraction by Helices
It may be shown® (also Stokes, unpublished) that

o|f co-ordinates for the atoms, will be publist

This m“ctcj.,'l‘ oiay  the outside. The configuration
ribl symbolize the ©Of the sugar and the atoms
two Phosphate—sugal  near it is close to Furberg’s
m&s the pairs of ‘standg;d configuration’, the
bases ng the chains sugar ing ruughly Pem
108 i the e sl cular to the attached base.

We are much indebted to Dr. Jerry Donohue for
constant advice and criticism, especially on inter-
atomic distances. Weo have also been stimulated by
a knowledge of the gensral nature of the un i
experimental results and ideas of Dr. M. H. F.
Wilkins, Dr. R. E. Franklin and their co-workers at

the in ity distribution in the diffraction pattern
of & series of points equally spaced along a helix is
given by the squares of Bessel functions, A

NATURE
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Flg. 1. Flbre diagram of deoxypentose nutcleic acid from B, coli,
bre axis vertical

the innermost maxima of ecach Bessel function and
the origin. The angle this line makes with the equator
is roughly equal to the angle between an element of
the helix and the helix axis. If a unit repeats n times
along the helix there will be a meridional refloxion
(%) on the nth layer line. The helical configuration
produces side-bands on this fundamental frequency,
the effect® being to reproduce the intensity distribution
about the origin around the new origin, on the nth
layer line, corresponding to €' in Fig. 2.

We will now briefly analyse in physical terms some
of the effects of the shape and size of the repeat unit
or nucleotide on the diffraction pattern. First, if the
nucleotide consists of a unit having circular symmetry
about an axis parallel to the helix axis, the whole
diff; 160 patt is lified by the form factor of
the nucleotide. Second, if the nucleotide consists of
a series of points on a radius at right-angles to the
helix axis, the phases of radiation scattered by the
helices of different .dinmeter passing through each
point are the same. S tion of the corresponding
Bessel functions gives reinforeement for the inner-

continuous helix gives a series of layer lines of spacing
corresponding to the helix pitch, the intensity dis-
tribution along the nth layer lino being proportional
to the square of Jy, the nth order Bessel function.
A straight line may be drawn approximately through

I P
: 2y A
c N Al A s
— e Al A e
—_— AR B |
— 0 7 B B
— 4 h B P~
)
s
Fig. 2. Dilfraction pattern of system of helices corresponding to

atructure of deoxypeéntose nuclele acld, The =quares of Besscl

functions are plotted about 0 on the equator and on the first,

el » third and fifth layer lines for half of the nucleotide mass

at 20 A. diameter and remainder distributed along a radlus, the

mass at & given rulius being proportional to the radiue, About

© on the tenth layer line sinl:{lar funetions are plotted for an outer
dinmeter of 12 AL
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Overlaid Measurement Method

to gain a better statistics for higher angle data

E.Nishibori

Higher Angle Data: D,
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*K.D.M. Harris. Giacovazzo51UCr2008fth
Cardiff Univ. _
Method : GA An example of D.M. failure:

Prednisolone succinate (Nishibori et al.,2008)

*Peter W. Stephens Biisidikanmenons Chemical Formula: € 25 H 32 0 8
NSLS YR . g,
. T =2 Asymmetric unit: £ 50 H 64 O 16 (66 non-H)
Methoq :(Simulated e Resolution: 1.675 A
Annealing) SA Lo TR e it
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To see hydrogen in hydrogenated Mg

Hydrogen Storage Technology
Hydrogen Fuel Battery for Automobile

M+H,=MH,+Q Q: heat of reaction

Metal Hydride
MgH,, TiH,, LiH, CaH
LaNizH,, TiFeH,,

So far
Neutron Diffraction experiment of MgD, D position

>

Can high brilliance X-ray of SPring-8 see hydrogen in Mg?

Mg powder (purity: 99%)
7MPa hydrogen pressure, 573K — > MgH,



The fitting result of Rietveld analysis of MgH,
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TwoTheta (deg.)

P4,/mnm No.136 a=4.5180(6) A, c=3.0211(4) A
Fractional coordinate of H atom x=0.303(3)
Isotropic thermal parameter By,=0.79(3) A2, B,=2.0(7) A2
Inter-atomic distance Mg-H : 1.94(2) A apical
Mg-H : 1.97(2) A equatorial
H-H :2.52(4) A



Charge Density of MgH,

MEM Density
Appl. Phys. Lett. Vol. 81 (2002) 2008



Cytidine Structure

S.Furberg,Acta Cryst.(1950).3,325
@ S.Furberg,Cherry S. Petersen,Chr.Remming,Acta Cryst.(1965).18,313
@Q Donald L. Ward,Acta Cryst.(1993).C49,1789-1792
O Lirong Chen, B.M.Craven, Acta Cryst.(1995).B51.1081-1097

C9H13N305
QC ON @0 oH



O.\\ Model refinement

Model 1 %'Q

no hydrogen
Model 3

with all hydrogens

Model 2 \ ‘Q

without hydrogen bond
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Rietveld refinement
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MEM Charge Densities
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o

Model 1 Model 2 Model 3
Equi- contour 0.75[e/A3]



T—AERIDOEEED R LA
WhBhy T 7y T BERDEIR
SPring-8 Wb UVSOR,KEK-PF~

( Mon Ma}r 24 ) SPring—8 Operation Status 090624

Modé: Nt TuE o Sl )

Current stability 0.1% — L —
InViSible InjeCtion! " Shift Iead#ﬂ}

Beamline Message st Way 24 2004 T:-TZAM st
BLEE | RS
Bl Toban: Fass - ;

SR Message #t Apr 20 2004 172.03PM

izt il 1 | | o
2004.Jan.30th ggoomA 100 R
] IR 150 3
100 1 | | ! 12%° B - 60 - &
- £ 1100 E
< 80 4 150 E tern = 40 =
£ i | 2
= 60 ) <. O 59 150 2
5 | 1 00 . \ Interrupt
£ 40 ] £ 0 0
-, Qo | 05/23 05/23 05/24 05/24
O 20 50 5 s t5/24 1200 18:00 0000 ©06:00
0 0

0129 0129 01/30 01/30
1200 1800 00:.00 06.00

ARXBRET=4—HRFEIZ
RFEROBMERERINXBE—LORERZL-0T
FoARBROBETHINLGLT—420EEER L
F/E—LDREYFERIZER



Top-up Operation® A1)vk
T—RAOBERME-EEGE

0.14
0.13
0.12
0.11
0.10

—— first scan
—— second scan

0.14
0.13

[
—
—

Normalized intensity, /I,

P(a:éfl').

With Top-up

35

Without Top-up 35

36 37 38 39 40 41 42 43 44 45
260 () vs. 61.6 keV

1.0

—— without top-up operation
—— with top-up operation

Time (hour)

Without Top-up /7

—

] ] ] ] ] \ ] 1 ] |

1] 5 w 15 W 325 30\ 35 40 45 /50
~

~ =

Higher angle region

-

Difference in
h Reproducibility of
Intensity measurement

55 6



Top-up Operation® A1)k
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MEM/CLBEEENR T+ /L D AT #E1E

Phys. Rev. B, 74 (2006)172105

ProE Hifoi anaka
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Application to Manganites

Direct Observation of

T — 300
Orbital Order = o NSO | o
S 4 S
in Manganite N ‘ o0 2
by MEM/Rietveld Method 4 e ———e——Lg

Temperature (K)
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Paramagnetic state = Anti-ferromagnetic state
The MEM Charge Densities of NdSr.Mn207

M.Takata et al. JPSJ Lett. 68(1999)2190




Application to Manganites m

> Flnd!ng Charge_ Order d.
Dr. K.Kato In Manganite Prof. Y.Moritomo

CE-type (Ndy5SrgsMnO;)
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Half-doped Manganite: Nd, ;,Sr;,,MnO;

10°
| |

Resistivity vs. Temp. g o

E Eom
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