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Abstract: Biomaterials, derived from high-performance structural proteins such as elastin, spidroin, and resilin,
exhibit broad applications in high-tech fields from wearable devices, biomedicine to military scenarios. Advanced
synthetic biology tools including genetic recombination, site-directed mutagenesis, and metabolic pathway
optimization enable the generation of recombinant structural proteins with customized properties. Additionally, such
recombinant proteins could further assemble into disordered aggregates or ordered hierarchies to fulfill multiple
functionalities. In particular, two or more independently natural structure proteins have been connected to produce
recombinant proteins as scaffolds with superior mechanical properties. The mechanical performance has surpassed
chemically synthesized polymers. By harnessing the power of metabolic pathway optimization, engineered microbes
could enable the large production of high-molecular-weight proteins as renewable materials. Furthermore, through the

integration of synthetic biology and materials science, programmable materials with multiple composition and
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sophisticated spatial organization have been fabricated, with diverse functionalities including self-repair, information

storage, impact resistance, wound healing, efc. The protein-based materials established a new niche for current material

systems. Despite recent advances, there are still huge challenges to be addressed in rational design, scalable production,

and systematic integration for recombinant proteins. Synthetic biology, coupling with advanced techniques in materials

science, provides a feasible route to tackle the aforementioned challenges and promote the innovation in bioinspired

protein materials. In this review, we outline key advances in the design and fabrication of biosynthetic protein-based

materials. First, we highlight the achievements in protein design, structural reconstruction and programmable assembly

of novel biomaterials. Next, we discuss the developments of typical advanced protein materials, including biofibers and

bioadhesives. Finally, we envision the ideal biosynthetic platforms, which would enable the rational de novo design and

mass production for protein-based materials in the future.
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Fig. 2 Dynamic covalent interactions-mediated assembly of the recombinant structural proteins
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Fig. 3 Non-covalent interactions-mediated assembly of the recombinant structural proteins

(a) Protein self-assembly induced by both C-terminal domain and internal actions among secondary structural elements”";

(b) Composite assembly of recombinant structural proteins and DNA molecules'");

(c~d) Composite assembly of supercharged recombinant structural proteins and surfactant molecules!’>”*!
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Tab.1 Properties of high-performance protein fibers and adhesives
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(a) Suturing application of fibers spun from globular proteins®”!
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(b) Cellular mechanobiology application of protein organofibers!®!
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(¢) In vivo application of the unfolded protein RS24-GA fibers for abdominal hernias repair’®!!
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Fig. 4 Applications of high-performance protein fibers in vivo
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Fig. 5 Applications of high-performance protein fibers for impact resistance (a)* and information storage (b)“”
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Fig. 6 Applications of high-performance protein adhesives in vivo

(a~Db) Supercharged ELPs-based adhesive and the applications in hemostasis and wound repair'
(c) Fabrication of the engineered protein adhesive as a conjoined network and applications in cartilage repair!
(d) Fabrication of protein photothermal bioplaster (protein-SDBS-GNRs) and non-invasive skin tumor therapy
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