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Scheme 1 (Color online) (a) Common metal-containing biomacro-
molecules in life processes; (b) metals play crucial roles in disease
diagnosis and treatment.
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Scheme 2 (Color online) Metal mediated dynamic modification of
biomacromolecules.
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Figure 1 (Color online) (a) Nickel represses E-cadherin by promoter
hypermethylation to modulate epithelial mesenchymal transition;
(b) nickel-induced gene repression facilitated by DNA hypermethyla-
tion and chromatin condensation. Reproduced with permission from
Ref. [15]. Copyright 2020, Oxford Academic.
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Figure 2 (Color online) Recoding the cancer epigenome by interven-
ing in metabolism and iron homeostasis with mitochondria targeted
rhenium(I) complexes. Reproduced with permission from Ref. [41].
Copyright 2022, American Association for the Advancement of
Science.
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Figure 3 (Color online) Workflow of cisplatin-seq to reliably detect
cisplatin—-DNA adducts in model DNA and the human whole genome:
following DNA fragmentation, cisplatin-modified DNA fragments are
enriched by domain A of HMGBI. Cisplatin-DNA adducts cause
primer extension (first strand DNA synthesis) to stop at the sites of
cisplatin crosslinking, which gives base-resolution information of
cisplatin crosslinking sites. Reproduced with permission from Ref.
[13]. Copyright 2016, Wiley.
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Figure 5 (Color online) (a) Calcium can regulate the phosphorylation
status of growth factor membrane receptors and the activity of kinase
through direct structural modification or inhibition of phosphatase
activity. Reproduced with permission from Ref. [62]. Copyright 2014,
Cambridge University Press. (b) Serine/threonine phosphatase calci-
neurin (CaN) and calmodulin (CaM) dephosphorylate the NFAT
transcription factor, which in turn activates p21, cyclin D1, CDK4, c-
myc, and cyclin A, thus regulating cell cycle progression. Reproduced
with permission from Ref. [63]. Copyright 2022, the Authors.
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Figure 6 (Color online) Pt(II)-metformin conjugates promote lysoso-
mal dependent PD-L1 degradation by regulating the phosphorylation of
AMPK-TFEB pathway. Reproduced with permission from Ref. [64].
Copyright 2024, Wiley.
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Figure 7 (Color online) The structure of zinc dependent histone
deacetylase HDAC8 complex with cyclic tetrapeptide inhibitors
determined at 1.24 A resolution (PDB 5VI6) and the catalytic
mechanism of HDACS for acetyllysine hydrolysis. Reproduced with
permission from Ref. [66]. Copyright 2019, Elsevier.
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Figure 8 (Color online) Ni ions bind to histidine His18 within the N-
terminal tail of Histone H4, inhibiting acetylation of nearby lysine
residues impacting chromatin dynamics, gene regulation, and contribut-
ing to epigenetic effects and disease susceptibility. Reproduced with
permission from Ref. [69]. Copyright 2021, Elsevier.
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Figure 9 (Color online) (a) Iron-dependent histone demethylation by
a family of JmjC domain-containing proteins. Reproduced with
permission from Ref. [72]. Copyright 2006, Nature Publishing Group.
(b) Rh(IIT) complex selectively inhibits lysine-specific demethylase SA
(KDMS5A) via inhibition of the KDMS5A-H3K4me3 interaction.
Reproduced with permission from Ref. [74]. Copyright 2018, Wiley.
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Figure 11 (Color online) (a) Rhenium(I) photosensitizer is anchored
to carbonic anhydrase IX by binding to zinc ion active centers and
inhibiting its activity, achieving hypoxic photodynamic immunotherapy.
Reproduced with permission from Ref. [85]. Copyright 2022, Wiley.
(b) Pt(IV)-trithiophene complex regulates intracellular zinc homeostasis
and the structure and activity of zinc binding proteins through dynamic
binding with zinc ions, thereby activating cell pyroptosis and anti-tumor
immunity. Reproduced with permission from Ref. [86]. Copyright 2023,
Wiley.
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Metal-mediated dynamic modification of biomacromolecules
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Abstract: Metal-mediated dynamic modification of biomacromolecules is involved in important physiological
processes such as biological signal transduction, energy conversion, and metabolic regulation. It is the basis for cell
survival and plays a crucial role in the occurrence, development, diagnosis, and treatment of major human diseases. On
the one hand, the binding of metal biomolecules has dynamic, multivalent, and three-dimensional characteristics, which
is a unique form of dynamic modification of biomolecules and can directly affect the structure, conformation, and
function of nucleic acids and proteins; on the other hand, endogenous metal ions, including cofactors such as zinc, iron,
and copper, as well as exogenous metals and their complexes, can intricately affect the modification profile of
biomolecules, causing changes in their phosphorylation, acetylation, ubiquitination, glycosylation, methylation, and
other modification states, thereby dynamically shaping cellular responses. This article reviews the studies on dynamic
modification of biomacromolecules mediated by endogenous metal homeostasis and exogenous metal intervention in
recent years, and summarizes their modification mechanisms and functional regulation. It is hoped that this article can
provide new research basis and inspiration for the development of dynamic modification strategies of
biomacromolecules in the future.

Keywords: metal-biomacromolecule interactions, epigenetic modifications, posttranslational modifications, metal
complex, dynamic regulation
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