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Supporting Text
Cubic lattice model of mucus

[image: image1]Definitions:
b = bundle diameter

ξ = mesh spacing

v = volume of each bundle

c = fiber volume concentration

d = cube length

l = length of bundle

We model mucus as a simple cubic lattice.  The 12 edges of a single cubic unit of the lattice are composed of segments of mucin fiber bundles, with ¼ of each bundle’s volume contained within the cube.  The volume of the fiber bundles can therefore be related to the fiber volume concentration and the volume of the cube by 12(v/4) = cd3.

Each bundle’s volume is given by v = π(b/2)2l, where l = d and d = b + ξ in the case of a single cubic unit.  By substituting these equations and rearranging, we obtain the following quadratic:

ξ2 + 2bξ + (1-¾π/c) b2 = 0.

Solving for the mesh spacing gives the following equation, where mesh spacing must be positive:
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If we consider single mucin fibers that are not bundled, then b = 7 nm, the approximate diameter of individual mucin fibers based on biochemical analysis [1].  We also estimate a mucin fiber concentration of c = 2.5 % v/v, which is on the lower end of the typical range of mucin concentrations [2] (higher concentrations would lead to an even smaller mesh spacing).  These values yield a mesh spacing estimate of ~60 nm.


For comparison, we can also estimate the average mesh spacing by assuming that the mucin mesh is a flexible polymer network.  In a good solvent, the mesh size, ξ, of a flexible polymer network is described by:
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where Rg is the radius of gyration, c is the polymer concentration, and c* is defined by:
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where Mw is the molecular weight of the polymer and Na is Avogadro’s number [3].  Using published values of Mw and Rg for human cervical mucus glycoproteins [4], and a mucin fiber concentration of 2.5%, we estimate that the mesh spacing for a flexible mucin network is ~25 nm, which is in good agreement with the above estimate.
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