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Abstract: Metalloproteins, characterized by the binding of various metal ions, play a pivotal role in a broad
range of biological processes. Understanding the metal-binding sites and the coordination bonds formed be-
tween metal ions and protein ligands can not only helpfully analyze their biological functions, but also provide
theoretical basis for the designing of novel metalloproteins. In the past decade, atomic force microscopy based
single-molecule force spectroscopy (AFM-SMFS) has emerged as a powerful tool for investigating metallopro-
teins, particularly for quantifying the strength of metal-ligand bonds. By mechanically unfolding proteins along
their peptide backbone, AFM-SMFS enables the disruption and measurement of metal clusters and metal-
ligand bonds. Recent advancements in enzymatic, site-specific protein conjugation and immobilization tech-
niques for SMFS have significantly enhanced the precision and efficiency of these measurements. These devel-
opments have facilitated comparative studies of metal-ligand bond strengths across various metalloproteins, re-
vealing trends such as the robust Fe C [l ) —ligand bonds found in iron-binding proteins. Looking forward,
AFM-SMFS may give some insight into the general principles of the selective binding of proteins to metal ions.
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Figure 1 Schematic diagram of AFM-SMFS working principle
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Figure 2 Abiotic Systems Characterized by AFM-SMFS
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Figure 5 Representative metal-binding proteins show

enhanced mechanical stability revealed by AFM-SMFS!*!
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