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The structure of collagen has recently been reviewed by Jﬁar.IJ

Since then, Dr. P,M, Cowan and her co-workers In Frofessor J.T. Ran-
dall's Laboratory at King's College, London, have ocbtained an im=
proved wide-angle A-ray diffraction photograph, which strongly sug-
gests that the structure is helical. (This photograph was shown in
March, 1953, at a Faraday Soclety Meeting. The details of it are
not available to me). In spite of this Important advance, no satis-

factory structure has yet been proposed.
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Bear” has argued that the bands and interbands of collagen seen

in the electron microscope may have different amino acld compositions,
gnd in particular that the more ordered interbands may contaln preé=
dominantly the shorter amino acids. If this were so, then it would

be possible in the interbands to accommodate four resldues in every
stretch of 2.9 E in the fibre direction, instead of the three nor-
mally assumed, The medel proposed here has been constructed on this
basls, and therefore applies only to part of the collagen molecule.

The model consists of two polypeptide chains wound helically
round a common axlis. The backbones of these chalns are related by
a diad coinciding with the flbre axis. The asymmetric unit consists
of two resldues, which will be called A and B,

All the peptide links have the cis configuration. The planes
of successive peptide links on either chaln are alternately perpen=-
dicular and parallel (approximately) to the fibre axis, as shown
in figs 1 and 2 respectively. The two chalns are held together
by hydrogen bonds perpendicular to the fibre axis, and passing quite
clese to it (fig. 1). The pairs of peptide groups thus linked to-
gutheg form sheets of atoms perpendicular to the fibre axis and
2+95 A apart, and they therefore contribute strongly to the merid-
lonal reflections. These sheets are ilinked by the other, alternate,
peptide groups of the polypeptide chalns, as shown in Tig. Z£.

There are no distinct structures of this general type. One has
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& right-handed helix, and has a close van der Waals contact between
Ca (B) and N(A). The other has & left-handed helix, and has a close
contact between Ca (A) and O (B). The latter accommodates proline
more easily, and ls the one for which details are given here. The
left-handed screw axis of the helix has been glven a transzlation of
£+95 i and r rotation of 55°. This represents a slightly extended

: . ; i1
form of the molecule. The wide-angle X-ray diagram normally obserwved

probably corresponds to & somewhat distorted helix.

Approximate cylindrical cocrdinates for the structure are glwven
in Table 1. They should not be regarded as final. Because of the
short van der Waals contact, several of the angles have been distorted
by a few degrees from thelr most likely wvalues.

The model [mposes certaln restrictions on the slde-chains. Resl-
dues of type B cannot be proline or hydroxyproline; those of type A
maey be. There is a close approach between the P carbon atom of & rese
idue of type B on one chain and that of the nearest residue of type
A on the other chain, which suggests that one member of any such peir
will be glycine. This would account for the high glycine content of
collagen.

The structure appears to be in gqualitative agreement with the X-
rey data, but Iin view of {ts unusuagl features it must be considered
tentative until g more careful comparison has been made with experiment.

i should like te thank Dr. Thmmas Furnasg, Jr., for allowing me
to study his unpublished X-ray photographs of collagen, and my col-
leagues at the Protein 3tructure Project for helpful discussion.
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"R.5, Hear, | y Protein Chem. Vel, VII, 1952, fcademic Press,

659=1560.




LEGENDS amd FIGURES
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Fig. 1. A of the structure perpendicular to the fibre axis
g3 the <8, A and B denote the two types of residue,

Hydrogen bonds are shown dotted. DOWN and UP show the general run

of the polypeptide chains. The arrow represents the direction of the

proJection shown in fig.2.

Fig. 2. - the structure, perpen—
dieular to the flibre-gxdep—add In the direction shown by the arrow in

fig. 1. The vertical arrow ls the fibre axis. The small arrow repre-

sents general run of the helix., The twoe horlzontal lines represent
[=]

nes of atoms, separated by 2.8 s of the type shown In

residue of type A haes been shown as prolline; that of type




Aprroximate cylindrical co-crdinates
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