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The Construction and Application of Unnatural

Biomacromolecular Metamaterials
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Biomedical and Protective Materials Hubei Engineering Research Center , Wuhan 430074, China)

Abstract: Unnatural biomacromolecule metamaterials are materials with unique chemical structure and functional
properties, whose functions can surpass biomacromolecules in nature. It is a new research frontier in the field of
polymer science. Such materials can be artificially engineered and modified through (dynamic) chemical modifi-
cation, genetic engineering, and supramolecular self-assembly, resulting in exceptional optical, electronic, and
mechanical properties, as well as excellent flexibility, responsiveness, controllability, and diversity. Therefore,
unnatural biomacromolecular metamaterials have broad application prospects in the fields of biology, medicine
and materials. Based on the above, this review narrates the design and synthesis methods of unnatural biomacro-
molecule metamaterials, and summarizes their applications in biosensing, catalysis, medicine, nanomaterials
and other fields, emphasizing their importance in solving complex problems in different fields.
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Figure 1 Constructing strategies and applications of unnatural biomacromolecule metamaterials
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Figure 2

(a) Three general biological orthogonality cycladdition reaction methods (Reprinted with permis-

sion from Ref. [13]; Copyright 2020 Cell Press); (b) Enzymatic labeling of proteins: techniques and approa-

ches (Reprinted with permission from Ref. [14]; Copyright 2013 American Chemical Society)
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Figure 3 Chemistry for covalent modification of endogenous/native proteins: {rom test tubes to complex bio-

logical systems (Reprinted with permission from Ref. [21]; Copyright 2018 American Chemical Society)
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Figure 4 Schematic representation of the major uses of genetically encoded UAA side chains. including se-
lectively reactive groups, spectroscopic probes, natural post-translational modifications or mimics and photo-
reactive-groups ( photo-crosslinkers and photo-caged amino acids) (Reprinted with permission from Ref.

[25]; Copyright 2015 The Royal Society of Chemistry)
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Figure 5 Chemical structure of common unnatural base pairs (Reprinted with permission from Ref. [29];

Copyright 2020 The Royal Society of Chemistry)
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Figure 6
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agenome data greatly increased fraction of structures that can be accurately modeled (Reprinted with permission

from Ref. [37]; Copyright 2017 Science) ;

(b) Top-down design of protein achitectures with reinforcement learn-

ing (Reprinted with permission from Ref. [38]; Copyright 2023 Science)
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Figure 7

(a) Supramolecular self-assembly process based on peptide amphiphiles (Reprinted with permission from Ref.

[43]; Copyright 2017 American Chemical Society); (b) Shape control of conductive polymers on a planar DNA template

(Reprinted with permission from Ref. [61]; Copyright 2013 American Chemical Society); (c¢) Calcium phosphat-DNA

nanocomposites were prepared by bottom-up self-assembly (Reprinted with permission from Ref. [64]; Copyright 2021

American Chemical Society)
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Figure 8 (a) The absorption of light energy by photosensitive proteins containing unnatural amino acids can
drive the hydroxylation dehalogenation of halogenated aromatic hydrocarbons (Reprinted with permission
from Ref. [75]; Copyright 2023 American Chemical Society); (b) “ On/Off ” switchable sequential light-

harvesting systems based on controllable protein nanosheets for regulation of photocatalysis (Reprinted with

permission from Ref. [77]; Copyright 2022 American Chemical Society)
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(a) Long sequence covalent branched nucleic acid structure can achieve rapid in situ gluing in vivo

and can be used to inhibit postoperative tumor recurrence (Reprinted with permission from Ref. [79]; Copy-

right 2023 Chinese Chemical Society) ;

(b) A multicomponent XNAzyme-based nucleic acid detection system

for SARS-CoV-2 (Reprinted with permission from Ref. [87]; Copyright 2021 American Chemical Society)
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(a) Cyclodextrin modulated type I collagen self-assembly to engineer biomimetic cornea implants

(b) Supramolecular recognition-media-

ted layer-by-layer self-assembled gold nanoparticles for customized sensitivity in paper-based strip nanobio-

sensors (Reprinted with permission from Ref. [92]; Copyright 2019 Wiley)
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