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Fig. 1. The physical and mechanical properties of self-assembling biomolecular soft matter nanomaterials based on amino acids are
affected by stacking mode, hydrogen bonding and chirality: (a) Chemical structures, crystal structures and packing of phenylala-
nine (L-Phe), tyrosine (L-Tyr) and dopa (L-DOPE)!*; (b) chemical structures, scanning electron microscope (SEM) images (top)
and Young’s modulus (middle) measured by atomic force microscope (AFM) of valine (Val), leucine (Leu), and methionine (Met);
the calculated dielectric constants and piezoelectric constants of Leu and Met (bottom)®®; (c) schematic diagram of regulating the
crystal assembling models of 1, 2-bis(4-pyridyl)ethylene (BPE) and different chirality of acetylated alanine (either L-AcA or D-AcA)

to prepare crystal materials with macroscopic tunable physical properties!!”.
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Fig. 2. Self-assembling biomolecular soft nanomaterials with different modified component: (a) Schematic diagram and SEM image

of MCpP-FF nanofibers aggregated into porous microspheres after toluene evaporation®); (b) illustration and SEM image of supra-

molecular framework composed of the superhelix conformation formed by the self-assembly of dipeptide nucleic acid®; (c) chemical

structures (top) and supramolecular packing diagram (bottom) of taurine, ACES and CHESP; (d) fluorescence images of short pep-

tide crystals with polyphenyl structures (top), thermogravimetric analysis, and mechanical strength (bottom)™.
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Fig. 3. Applications of self-assembling biomolecular soft nanomaterials based on short peptides and their derivatives assemblies:
(a) Schematic diagram of an integrated artificial photosynthesis system based on Fmoc-G-PNA conjugate®; (b) schematic diagram
(top) and optical images (bottom) of cell capture and release of nanofibers containing Dopa under pH regulation®”; (c) schematic
diagram of threonine-containing self-assembling peptide mimicking the structure of antifreeze protein (upper left). Chemical struc-
ture of three peptides (lower left) and growth rate of ice crystals under different peptide concentration and supercooling tempera-
ture (right)[©l.
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Fig. 4. Self-assembling biomolecular hydrogels based on peptides and their derivatives assemblies: (a) Schematic diagram of enhan-

)l

cing mechanical stability of hydrogel by photo-cross-linking strategy of tyrosine dimerization catalyzed by ruthenium complex!6?;
(b) schematic diagram of photo-responsive hydrogels formation based on Dronpal45NI[®; (c) design (top), electro-response proper-
ties (middle), and drug release applications (bottom) of a supramolecular peptide hydrogel actuator based on the reversible electro-
chemical redox properties of dopa-containing short peptides!l.
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Fig. 5. Fabricating self-assembling biomolecular soft matter composite materials by constructing double networks or introducing so-

lid nanomaterials: (a) Schematic diagram of polymer-supramolecular double network hydrogels containing self-assembled nanofibers

or nanoribbons(™; (b) schematic diagram of the gelation principle (top) and preparation process demonstration (lower left) of

graphene hybrid hydrogel, as well as demonstration of its injectability (lower right)(™); (c) structural and equivalent circuit diagram

of traditional “sandwich” gel and peptide-coated graphene hydrogel (top), strain-responsive capacitance sensing (middle), and 3D

printing characteristics (bottom)??.
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Fig. 6. Fabricating self-assembling biomolecular soft matter composite materials through biomolecular-ion chelation: (a) Schematic
diagram of molecular mechanism and state model of single ligand and multiple-ligand metal ion coordination with single binding
sites and tandem multiple-ligand coordination with double binding sites/™; (b) magnetic resonance imaging images over time of in-
tratumor or subcutaneous injection (SC) by hydrogels or gadolinium ion solutions™; (c) schematic diagram of strong, tough hydro-
gel with hierarchical structure. Compared with traditional double network hydrogel by physical crosslinking (upper left), this hydro-
gel’s hierarchical structure of self-assembling peptide-coordination copper ion-hidden flexible polymer both dissipates energy and im-

proves mechanical strength!™!.
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Abstract

Self-assembling biomolecular soft materials are a novel type of soft matter formed through the self-assembly
process by using biomolecules or biomolecular building blocks. The characteristics of bio-sourced origin and
assembly driven by weak interactions endow these materials with advantages such as high biocompatibility,
reversible assembly, dynamic responsiveness, and controllable microstructures. These properties offer immense
potential for development in fields such as biomedicine, tissue engineering, and flexible sensing. This paper
concisely reviews the fundamental construction principles of self-assembling biomolecular soft materials and
discusses three categories, i.e. nanomaterials, gel materials, and composite materials, by using amino acids and
peptides as examples of assembly units. The specific self-assembly molecular mechanisms, material construction
strategies, and functional application scenarios of these materials are elucidated. We anticipate that the research
on self-assembling soft matter biomolecular materials will evolve from exploring structural units and measuring
properties to customizing multifunctional properties and integrating advanced applications. This will lead to the
development of novel composite intelligent biomolecular soft matter materials, and further promoting their

applications in biomedicine, organic semiconductors, and soft robotics.
Keywords: soft matter, biomolecule, self-assembling peptide, hydrogel, mechanical properties
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