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Collagens, particularly type I collagen, are important proteins that impart structure, 

viscoelasticity, and bioactivity to the extracellular matrix (ECM) with variance between organs 

and between healthy and diseased states. Synthetic mimics of collagen-rich tissues remain a need 

in applications, from biological studies to regenerative medicine, for parsing and controlling 

these properties. In this dissertation, I address this need using assembling peptides to incorporate 

synthetic collagen-like fibrillar structure into well-defined hydrogel matrices and introduce 

structural, physical, and bioactive complexity found in the native ECM while affording tunable 

control over assembly and matrix properties.  

First, I designed multifunctional collagen mimetic (mfCMPs) that self-assemble into 

triple helices and fibrils and contain integrin binding motifs: GFOGER, a binding site within 

intact collagen I, and RGD, a cryptic binding site available within denatured collagen I. These 

mfCMPs are incorporated into hydrogel-based synthetic ECMs to impart collagen-like 

hierarchical structures, viscoelasticity, and bioactivity with modularity. I established innovative 

methods for imaging the resulting nano- and micro-structures within the hydrogel using super-

resolution microscopy. The physically assembled mfCMPs impart tunable, concentration-
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dependent viscoelasticity within otherwise elastic, covalently cross-linked hydrogels, exhibiting 

relaxation half times over orders of magnitude and similar to soft tissues. Notably, breast cancer 

cells encapsulated and cultured in synthetic ECMs with a bioactive fibrillar structure and 

viscoelastic properties formed large, growing spheroids.  

Next, I designed mfCMPs that assemble into a triple helix and functionalized them with 

thiomaleimide reactive handles. Using these thiomaleimide-mfCMPs, I developed an innovative 

strategy for fast and tunable stabilization of an mfCMP triple helix in buffered conditions with 

application of cytocompatible wavelength and doses of UV light via thiomaleimide self-

crosslinking. I demonstrated that by increasing the light dose, stability of the triple helix can be 

tuned until complete consumption of the free thiomaleimide, resulting in an increased melting 

temperature. Additionally, I have designed supramolecular, pure-mfCMP hydrogels stabilized by 

UV light using thiomaleimide chemistry for both intra- and interhelical crosslinking.  

Finally, I demonstrated that mfCMPs can influence not only the nanostructure of 

synthetic hydrogel ECM mimics, but also the microstructure. When incorporated into 

polyethylene glycol (PEG)-peptide hydrogel matrices at high concentrations, bioactive mfCMPs 

impart phase separation, resulting in condensate phases rich in mfCMP within a continuous 

PEG-rich bulk phase. Encapsulated macrophages are localized within the mfCMP condensate 

phases, thereby influencing their differentiation into an anti-inflammatory, pro-regenerative 

phenotype. 

Overall, these modular building blocks are innovative tools for creating fully synthetic 

surrogates of collagen-rich microenvironments, aiding both fundamental and translational 

biological studies and providing a framework to imbue tunable viscoelasticity, bioactivity, rapid 

stabilization, and hierarchical structure to synthetic ECMs. 


