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1930's DE =
Protein dilemma

ediscrete macromolecular compounds!?
*only colloidal suspensions!?

*have fixed molecular weights!?
edefinite amino acid compositions!?
*how amino acids linked together?
esequences are random?
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1930's DE=

DNA dilemma

*How are nucleotides linked together?

sorder of bases is random?

ewhat purpose!

*how could anyone think that DNA could
be the storehouse!
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Molecular biology is essentially
the practice of biochemistry

without a license
(E. Chargaff 1963)
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key paper

X-Ray Studies of the Structure of Hair, Wool, and Related Fibres.
IL.—T7he Molecular Structure and Elastic Properties of Hair Keralin.

By W. T. AstBury and H. J. Woobs, Textile Physics Research Laboratory,
The University, Leeds.

(Communicated by Sir WiLLiAM Brace, O.M., F.R.S.)

(Received June 30, 1933.)

Phil. Trans. Roy. Soc. London (1934) A232, 333-394
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X-Ray Studies of the Structure of Hair, Wool, and Related Fibres. I. General

Author(s): W. T. Astbury and A. Street
Source: Philosophical Transactions of the Royal Society of London. Series A, Containing Papers

of a Mathematical or Physical Character, Vol. 230 (1932), pp. 75-101
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p.333 - 334

Briefly, the whole argument rests on the discoveryf that the X-ray “ fibre photo-
graph ” which appears to be common to all mammalian hairs, human hair, wool,
whalebone, nails, horn, porcupine quills, etc., and which is undoubtedly the diffraction
pattern of crystalline, or pseudo-crystalline, keratin, the common fibre substance
of all these biological growths, is changed into a quite different fibre photograph when
the hair is stretched. The change is a reversible one, recalling that previously dis-
covered by Karz] in rubber, because when the hair is returned to its initial unstretched
length, the normal keratin photograph reappears. It is clear that the X-ray effects
give a diffraction record of a reversible transformation involving not merely an internal
slipping of the fibre substance or a rotation of “ micelles ” into stricter alignment,
but a definite elastic elongation and contraction of the keratin complex itself. Tt has
been proposed, I, to call the two forms of keratin thus revealed by X-ray analysis
a-keratin and B-keratin, the former being the shorter, normal form.
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p.334

Putting aside for the moment the question of the analysis of the normal fibre photo-
graph («), it is to be noticed at once that the photograph of stretched hair {8) is closely
analogous to that always given by the protein of natural silk*, fibroin, whether un-
stretched or stretched, and there is every reason to believe{, both from X-ray and
general physical and chemical evidence, that the fibre substance of silk is for the most
part built of fully-extended polypeptide chains of the simple kind postulated by
Frscaer. 1t follows, therefore, that g-keratin is most probably also based on fully-
extended polypeptide chains, while «-keratin must be constructed out of the same
chains in some shorter, folded form. Natural silk is thus virtually non-elastic, while
mammalian hairs, on account of the inherent configurational instability of the extended
keratin complex, show long-range elasticity of a most valuable and instructive

character.
We may picture a polypeptide chain as a long series of w-amino-acid residues,
/CO\ /NH\ . '
each of the general formula C;{ — a kind of molecular centipede whose
R

legs represent the various univalent * side-chains” denoted in the general formula
by the letter R; and in a fibre such as hair, built, as X-rays show, from a system of
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p.343

knowledge of the elastic properties, we must now conclude that the whole process of
extension and recovery in the hair fibre is based on a protein chain-system which,
under the proper conditions, is capable of being stretched to twice or contracted to
half its normal length. These (approximate) limits rest on exhaustive experimental
tests of numerous actual fibres, and also find a complete quantitative interpretation
in all the available X-ray data, not only of keratin itself, but of other protein fibres
also.* The true starting-point of the line of argument is the observation that the
X-ray photograph of 8-keratin (stretched hawr) vs on all essentials analogous to that of the
Jibrowvn of natural silk, which s the same whether stretched or unstretched. From every
point of view we must assume that fibroin is built from fully-extended polypeptide
chains lying closely side by side to form long, thin crystalline ©“ bundles > or micelles,
and that the effective length of each amino-acid residue in such a system is 3-5 A.T
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p.343

It follows therefore that if the postulated analogy between B-keratin and fibroin is
sound, the characteristic meridian spacing of B-keratin, I, 3-4 A (approximately),
corresponds to the average length of an amino-acid residue in the fully-extended keratin
chains, so that to explain the occurrence of the normal «-form of hair, we have to
decide on a method of folding these chains which will satisfy both the quantitative require-
ments of the a-photograph and the 100%, extension revealed by the generalized load/extension
curve. In addition, the molecular model must give, at least, a qualitative interpreta-
tion of the main physico-chemical differences between «- and 8-keratin, and also promise
a basis for a quantitative treatment of the super-contraction phenomenon. The type
of intramolecular transformation which best satisfies all these various requirements
is shown diagrammatically as follows :—
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p.344

The B-form is thus represented by fully-extended peptide chaing in which each
amino-acid residue takes up, on the average, a length along the fibre-axis of 3-4 A,
while the a-form is represented by a series of pseudo-diketopiperazine rings which
follow each other according to a pattern of length 51 A. The unfolding of the rings
is clearly accompanied by an elongation of 100%,, and the suggested pattern offers an
explanation of both the characteristic meridian reflection of the a-form (5-1 A) and
of the decrease of resistance of the p-form, as compared with the e-form, to the action

of reagents such as steam, etc.
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p.371

repetition of pattern parallel to the fibre axis. For silk the period in this direction is
about 7 A.,* while for p-keratin it is rather less, something between 67 and 6-8 At
(for the detailed description of the two keratin photographs, see I). It is not at ali
probable—for keratin at least (see above)—that lengths such as these represent the true
period along a polypeptide chain-system, but are rather an expression of the fact that
in the simplest formulation of the fully-extended general chain :—

R' R”l
l }
0., CH. NH. (0. CH ©NH CO
VAN N N \
NET oo (3;1/ N

&,

—~ -
D C

D &K
fA;
&

gl
i

’t\‘\

38

<, INURTFRENMBOCY > eBEiLET S

FEEAERBICHEEFI NS, ZORRBIFH7ZAE L

INNRZATWSDIESD



p.372

chains. In silk fibroin the apparent cell given by the X-ray photographs (¢ = 9-68 A.,
b="T70A., ¢c=8-80A., p =175 50") is associated with a weight equivalent to
four glycine residues and four alanine residues,* from which the simplest conclusion
seems to be that the chains are for the most part built out of alternate glycine and
alanine residues, thust -

G A G A

CO CH, NH, €O, CH, NH €O

7N 2, N N
NHY co” CP/ NH o clH" NH”
CH CH
<A:—3 ‘‘‘‘‘‘‘‘‘‘ 7 A------------ > 3
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The X-ray photograph of 8-keratin, I, is most conveniently referred to an orthogonal
cell of dimensions,!a = 9-3 A., bi=6-7-6-8 A, and ¢ = 9-8 A! (see footnotef, p. 371),
of which b is the most prominent period along the molecular chains, while ¢ and ¢ are
““ side-spacings.” With regard to the latter two points emerge, (i) that the equatorial
“ Spat ”” nearer the centre which gives the c-spacing is preserved more or less unchanged
when the o-photograph is transformed to the g-photograph, and (ii) that the trans-
formation calls into existence on the equator a very strong spot of spacing a/2, i.e.,
4-65 A. From a study of existing X-ray data on proteins§ the interpretation of these
results seems clear, that, in fact, the spacing 9-8 A. common to both «- and B-photographs
arises from the lateral extension of the side-chains (the R-groups of the general
formula given above), while the spacing 4-65 A.|| represents the distance of approach
of the main-chains on those sides free from side-chains, The controlling factor
in this closest approach of neighbouring “ backbones” is most probably attraction
between (= NH) and (= CO) groups, * 1 I, whereby the chains are grouped in
pairs, thus :—
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The X-ray photograph of 8-keratin, I, is most conveniently referred to an orthogonal
cell of dimensions,fa = 9-3 A., bi=6-7-6-8 A, and ¢ = 9-8 Al (see footnotef, p. 371),
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p.344

The B-form is thus represented by fully-extended peptide chains in which each
amino-acid residue takes up, on the average, a length along the fibre-axis of 3-4 A,
while the a-form is represented by a series of pseudo-diketopiperazine rings which
follow each other according to a pattern of length 5-1 A. The unfolding of the rings
is clearly accompanied by an elongation of 100%,, and the suggested pattern offers an
explanation of both the characteristic meridian reflection of the a-form (5-1 A) and
of the decrease of resistance of the p-form, as compared with the e-form, to the action

of reagents such as steam, etc.
!
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