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What is collagen ?

Collagen 1is the main
structural protein in the extracellular
matrix of the connective tissues of
many animals. It 1s the most
abundant protein 1n
mammals, making up 25% to 35%
of protein content. Amino acids are
bound together to form a triple
helix of elongated fibril known as
a collagen helix. It 1s mostly found
in cartilage, bones, tendons, ligamen
ts, and skin. Vitamin C 1s vital for
collagen synthesis.




A peETarLED X-ray study of collagen fibres obtained
from different sources (namely, shark ray, rat tail
tendon and kangaroo tail tendon) and a re-examina-
tion of the published wide-angle patterns indicate
that the unit cell of collagen is hexagonal with
a = 12-16 A. and ¢ = 9-5-9 A., the actual values
depending on the moisture content. The essential
difference of this indexing from those raported
earlier'-? is that the 2-86-A. meridional arc is here
interpreted not as a true meridional reflexion, but
as arising from the superposition of two close non-
meridional refiexions. A calculation of the angular
spread of the arc, using the tilt of the c-axis deduced
from the spread of the equatorial reflexions, confirms
this interpretation. Table 1 shows the good agree-
ment between the calculated and observed spacings
of an amr-dried and a wet specimen from kangaroo
tail tendon.
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A structure has been obtained (I'ig. 1) which fits
the above unit cell and which appears to be in good
agreement with infra-red, X-ray and chemical data
for collagen. It consists of nine amino-acid residues
per unit cell, which corresponds to the observed
density. These are linked together to form cylindrical
rods, which occur in a hexagonal array. All the
residues have the trans configuration, and the latest
values of Corey and Pauling* for the dimensions of
the amide group were used for the calculations. The
residues are arranged In the form of three helical
chains, each of pitch 9:5 A. (= ¢) and containing
three residues per turn, with the symmetry 3;. The
three helixes are also arranged with a 3, symmetry
about the c-axis, and they are held together by means
of hydrogen bonds to form the cylindrical rods. Two
of the three NH groups in each turn of a chain are
linked by hydrogen bonds to an oxygen of each of
the other two chains, the NH ... O distance being
2-80 A. The third NH group points outward from
the cylinder, and the nitrogen atom forms part of a
proline ring. Of the three «-carbon atoms per
turn, a hydrogen attached to one of them (R, Fig. 1)
could be revlaced bv a general R group to form an
amino-acid residue such as arginine or lysine;
another (P) takes part in forming the proline ring,
while the third (&) is in such a position that there is
no space for either of its hydrogens to be replaced
by any other group, so that it could only form part
of a glycine residue. These features of the structure
could explain the observed range of amino-acid com-
position for collagen.

Fig. 1. Diagram showing one of the three-chain cylindrical rods

of the structure. The dotted lines indicate the positions of the

hydrogen bridges. Only one proline ring is shown, and all hydrogen

atoms except those in the NH groups are omitted. The thin
lines indicate the directions of the crystal axes



The NH- and CO-bonds are almost exactly per-
pendicular to the fibre axis, the angle made with
the c-axis being about 85° in both cases. This agrees
with the observed large infra-red dichroism?®. Struc-
ture-factor calculations show fairly good agreement
with observation. The individual helixes are un-
stable, and the stability of the cylindrical rods arises
from the hydrogen bonds between the helixes. If
these are broken, for example, by heating, the
structure would crumble down, which would explain
the thermal contraction of collagen. The structure
could, however, re-form on cooling, as the chain of
amino-acid residues in a single helix need not be
ruptured In this process.

It may be mentioned that this structure is essen-
tially different from the three-chain structure of
Pauling and Corey?. The value ¢ = 9:5 A. is not
critical, and a wvariation of about 15 per cent 18
permissible without affecting the main features of
the structure.

A detailed paper, containing also a discussion of
other features of this structure and a critical com-
parison with previously proposed sgtructures, will be
published elsewhere.
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