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Filamentous biopolymer networks are ubiquitous in biology. Collagen fibers form
much of the extracellular matrix, the cytoskeleton controls cell mechanics, and
chromatin fibers span the volume of the nucleus. The mechanical properties of
biopolymer fibers, the way in which the fibers link into networks, the
reorganization of network structure by enzymes and molecular motors, and the
types of cells within the network all affect the way in which these materials
respond to mechanical stress. One of the most striking characteristics of stiff or
semiflexible polymer networks is their non-linear rheology, characterized by a
high degree of stiffening in shear deformation that does not occur in gels or
elastomers formed by flexible polymers (1). When sparsely connected fibrous
networks such as the cytoskeleton or the extracellular matrix are deformed in
shear, only a small fraction of the fibers carries most of the load, and remodeling
enzymes can preferentially react with either the tensed or the slack fibers to
remodel the network to optimize its response to mechanical stresses (2).

When particles larger than the network mesh size are present, several of the
nonlinear responses of biopolymer networks are qualitatively altered: fibrous
networks switch from compression-softening to compression-stiffening but lose
their strain stiffening in response to shear or extension (3). Reproducing these
nonlinear mechanical responses in synthetic polymeric materials is essential for
creation of improved materials for tissue engineering and other applications.
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