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Molecular Configuration in Sodium
Thymonucleate

Sorrum thymonucleate fibres give two distinct
types of X-ray diagram. The first eorresponds to &
crystalline form, structure A, obtained at about
75 per cent relative humidity ; a study of this is
described in detail elsswhere'. At higher humidities
a different structure, structure B, showing a lower
degree of order, appears and persists over a wide
range of ambient humidity. The change from A to
B is reversible. The water content of structure B
fibres which undergo this reversible change may vary
from 40-50 per cent to several hundred per cent of
the dry weight. Moreover, soms fibres never show
strueture 4, and in these structure B can be obtained
with an even lower water content.

The X-ray diagram of structure B (see photograph)
shows in striking manner the features characteristic
of helical structures, first worked out in this laboratory
by Stokes (unpublished) and by Crick, Cochran and
Vand?. Btokes and Wilkins were the first to propose
such structures for nucleic acid as a result of direct
studies of nucleic acid fibres, although a helical
structure had been previously suggested by Furberg
(thesis, London, 1949) on the basis of X-ray studies
of nucleosides and nucleotides.

While the X-ray evidence cannot, at present, be
taken as direct proof that the structure is helical,
other considerations discussed helow make the
existence of a helical structure highly probable.

Structure B is derived from the crystalline structure
A when the sodjum thymonucleate fibres take up
quantities of water in excess of about 40 per cent of
their weight. The change is accompanied by an
inorease of about 30 per cent in the length of the
fibre, and by a substantial re. t of the
molecule. It therefore ssems reasonable to suppose
that in structure B the structural units of sodium
thymonucleate (molecules on groups of molecules) are
relatively free from the influence of neighbouring
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Sodlum deoxyribose nucleate from calf thymus, Structure B

molecules, each unit being shielded by a sheath of
water. Each unit is then free to take up its least-
energy configuration independently of its neighbours
and, in view of the nature of the long-chain molecules
involved, it is highly likely that the general form will
be helicald. If wo adopt the hypothesis of a helical
structure, it is immediately possible, from the X-ray
diagram of strueture B, to make certain deductions
a8 to the nature and dimensijons of the helix.

The innermost maxima on the first, second, third
and fifth layer lines lie approximately on straight
lines radiating from the origin. For a smooth single-
strand helix the strueture factor on the nth layer line
is given by :

Fp = Jn(2mrR) exp i n(¢ + 4m),

where Jy(u) is the nth-order Bessel function of u, 7 is
the radius of the helix, and B and { are the radial
and azimuthal co-ordinates in reciprocal space?; this
expression leads to an approximately linear array of
intensity maxima of the type observed, corresponding
to the first maxima in the functions J,, J,, J, ete.

If, instead of a smooth helix, we consider a series
of residues equally spaced along the helix, the trans-
form in the general ease treated by Crick, Cochran
and Vand is more complicated. But if there is a
whole number, m, of residues per turn, the form of
the transform is as for a smooth helix with the
addition, only, of the same pattern repeated with its
origin at heights mc*, 2Zme* . . . ete. (¢ is the fibre-
axis period).

In the present case the fibre-nxis period is 34 A.
and the very strong reflexion at 3-4 A. lies on the
tenth layer line. Moreover, lines of maxima. radiating
from the 3-4-A. reflexion as from the origin are
visible on the fifth and lower layer lines, having a
Js maximum coincident with that of the origin series
on the fifth layer line. (The strong outer streaks

‘which apparently radiate from the 3-4-A. maximum

are not, however, so easily explained.) This suggests
strongly that there are exactly 10 residues per turn
of the helix. If this is so, then from a measurement
of Ry the position of the first maximum on the nth
layer line (for n 5-€), the radius of the helix, can be
obtained. In the present: instance, measurements of
f&,ARg, Ry and R all lead to values of 7 of about
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Since this linear array of maxima is one of the
strongest features of the X-ray diagram, we must
conclude that a crystallographically important part
of the molecule lies on & helix of this diameter. This
can only be the phosphate groups or phosphorus
atoms.

If ten phosphorus atoms lie on one turn of a helix
of radius 10 A., the distance hetween neighbouring
phosphorus atoms in a molecule is 7-1 A. This cor-
responds to the P .. . P distance in a fully extended
molecule, and therefore provides a further indication
that the phosphates lie on the outside of the structural
unit.

Thus, our conclusions differ from those of Pauling
and Corey?, who proposed for the nucleic acids a
helical structure in which the phosphate groups form
a dense core.

We must now consider briefly the equatorial
reflexions. For a single helix the series of equatorial
maxima should correspond to the maxima in
Jo(2nrR). The maxima on our photograph do mnot,
however, fit this function for the value of r deduced
above. There is a very strong reflexion at about
24 A. and then only a faint sharp reflexion at 9-0 A,
and two diffuse bands around 5-5 A. and 4-0 A.
This lack of agreement is, however, to be expected,
for we know that the helix so far considered can only
be the most important member of a series of coaxial
helices of different radii ; the non-phosphate parts of
the molecule will lie on inner co-axial helices, and it
can be shown that, whereas these will not appreciably
influence the innermost maxima on the layer lines,
they may have the effect of destroying or shifting
both the equatorial maxima and the outer maxima
on other layer lines.

Thus, if the struciure 1s helical, we find that the
phosphate groups or phosphorus atoms lie on & helix
of diameter about 20 A., and the sugar and base
groups must accordingly be turned inwards towards
the helical axis.

Considerations of density show, however, that a
cylindrical repeat unit of height 34 A. and diameter
20 A. must contain many more than ten nucleotides.

Since structure B often exists in fibres with low
water content, it seems that the density of the helical
unit cannot differ greatly from that of dry sodium
thymonucleate, 1-63 gm./cm.? %5, the water in fibres
of high water-content being situated outside the
struetural unit. On this basis we find that a cylinder
of radius 10 A. and height 34 A. would contain
thirty-iwo  nucleotides. However, there might
possibly be some slight inter-penctration of the
cylindrical units in the dry state making their
effective radius rather less. It is therefore difficult
to decide, on the basis of denmsity measurements
alone, whether one repeating unit contains ten
nueleotides on each of two or on each of three
co-axial molecules. (If the effective radius wero 8 Al
the eylinder would contain twenty nucleotides.) Two
other arguments, however, make it highly probable
that there are only two co-axial molecules.

First, a study of the Patterson functi_on _of structure
A, using superposition methods, has indicated® that
there are only two chains passing through a primitive
unit cell in this structure. Since the 4 < B trans-
formation ig readily reversible, it seems very unhke]y
that the molecules would be grouped in threes in
structure B. Secondly, from measurements on the
X-ray diagram of structure B it can readily be shown
that, whether the number of chains per unit is two
or three, the chains are not equally spaced along the
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fibre axis. For example, three equally spaced chaing
would mean that the nth layer line depended on J s
and would lead to & helix of diamoter abo
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The press did not pick up the news of the Nature paper.
However, a talk by Bragg on 14 May at Guy's Hospital in London
prompted an article by Ritchie Calder in the News Chronicle the
following day with the heading, "Why You Are You: Nearer the
Secret of Life". A similar story appeared in the New York

Times on the same day. It ran in an early edition but was then
pulled.
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Eu nao fui o Unico a abandonar medicine

John Keats



London Bridge




“Desfazendo o arco-iris” — John Keats e Isaac Newton

Lamia

Do not all charms fly

At the mere touch of cold philosophy?
There was an awful rainbow once in heaven:
We know her woof, her texture; she is given
In the dull catalogue of common things.
Philosophy will clip an Angel's wings,
Conquer all mysteries by rule and line,
Empty the haunted air, and gnomed mine—
Unweave a rainbow, as it erewhile made

The tender-person'd Lamia melt into a shade.
John Keats
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