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            Abstract
The passive elasticity of muscle is largely governed by the I-band part of the giant muscle protein titin1,2,3,4, a complex molecular spring composed of a series of individually folded immunoglobulin-like domains as well as largely unstructured unique sequences5. These mechanical elements have distinct mechanical properties, and when combined, they provide the desired passive elastic properties of muscle6,7,8,9,10,11, which are a unique combination of strength, extensibility and resilience. Single-molecule atomic force microscopy (AFM) studies demonstrated that the macroscopic behaviour of titin in intact myofibrils can be reconstituted by combining the mechanical properties of these mechanical elements measured at the single-molecule level8. Here we report artificial elastomeric proteins that mimic the molecular architecture of titin through the combination of well-characterized protein domains GB112 and resilin13. We show that these artificial elastomeric proteins can be photochemically crosslinked and cast into solid biomaterials. These biomaterials behave as rubber-like materials showing high resilience at low strain and as shock-absorber-like materials at high strain by effectively dissipating energy. These properties are comparable to the passive elastic properties of muscles within the physiological range of sarcomere length14 and so these materials represent a new muscle-mimetic biomaterial. The mechanical properties of these biomaterials can be fine-tuned by adjusting the composition of the elastomeric proteins, providing the opportunity to develop biomaterials that are mimetic of different types of muscles. We anticipate that these biomaterials will find applications in tissue engineering15 as scaffold and matrix for artificial muscles.
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                        Forceâ€“extension curves of two polyproteins.
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Figure 2: 
                        Mechanical properties of (Gâ€“R)
                        
                        4
                         and GRG
                        
                        5
                        RG
                        
                        4
                        R-based biomaterials.
                      [image: ]


Figure 3: 
                        GB1â€“resilin-based biomaterials exhibit pronounced stress relaxation behaviours.
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Figure 4: 
                        The macroscopic mechanical properties of GB1â€“resilin-based biomaterials can be fine-tuned by controlling the nanomechanical properties of the constituting elastomeric proteins at the single-molecule level.
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Muscle mimicry
Shanshan Lv et al. have combined the well-characterized artificial elastomeric protein GB1 with resilin, a protein found in insects, to produce artificial proteins that mimic the molecular architecture of titin, the protein that largely governs the passive elastic properties of muscle. These new artificial proteins combine structured and unstructured domains and can be crosslinked into a solid. The resulting biomaterial is resilient at low strains, and extensible and tough at high strains, mimicking the passive properties of muscle, and making it potentially suitable for use in tissue engineering as a scaffold and matrix for artificial muscles. This is an example of tailoring the macroscopic properties of a material through engineering at the single molecule level.
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