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Collagen as Hopf’s fibration
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The shape of many biomolecules is similar to the Coxeter-Boerdijk (CB) helix, made of tetrahedra placed next
to each other in such a way that the tetrahedrons are adjacent to each other with their faces. The helix CB
is the solution to the maximum packing task. In the collagen helix, every third amino acid is glycine (Gly),
and the entire chain contains primarily proline (Pro). Half of the Pro groups are hydroxyproline (Hyp). Each
collagen chain contains the repeating components of Gly-X-Y, with X or Y being almost always Pro or Hyp.
That is why a single chain of collagen itself is called proline. Proline is also found in biomolecules other than
collagen. In collagen, the 3 proline (left-handed) helices fold into one right-handed helix.

The chain of tetrahedra of the CB helix can be detected in a polytope (3, 3, 5). It is the regular structure similar
to the S3 hypersphere built of 600 tetrahedra. The 600-cell can be decomposed over 25 overlapping 24-cells.
The vertices of this structure, numbering 120, are arranged 10 on the 12 non-intersecting great circles of the
hypersphere. These great circles are Hopf S3 fibration fibers, each fiber having 10 vertices.

While the structure of biological molecules seems complicated, their topology turns out to be simple thanks to
spatial considerations, as a result of which it turns out that mathematical helices have geometrical properties
of biological helices.
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