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Nanozymes based on metal-oxo clusters:
from discrete species to extended materials

Nanomaterials with enzyme-like characteristics (aka nanozymes) have gained increasing attention as
potential enzyme mimics due to their stability and unique physicochemical properties which provide
great opportunities for a rational design of catalysts. During the past decade, our group has intensively
studied water soluble polyoxometalates (POMs) as artificial metallopeptidases. POMs are a large class
of anionic metal oxo clusters typically formed by early transition metals in their highest oxidation state,
and we have shown that they can be rendered reactive by imbedding Lewis acid metal ions such as
Zr(IV) or Hf(IV) in their structures, resulting in efficient catalysts for the hydrolytic cleavage of peptide
bonds in a range of proteins. More recently we discovered that Zr-based metal-organic frameworks
(Zr-MOFs), also possess a remarkable peptidase activity, which by far surpassed the most active
metal-POM catalysts. These MOFs were also able to selectively hydrolyze peptide bonds in more
complex substrates such as proteins. In addition, UiO-66 Zr-MOF has been found to effectively
catalyze intramolecular and intermolecular peptide bond formation without any signs of epimerization
using ethanol as a solvent, a desired but uncommon green biomass-derived solvent. Ultimately, these
findings indicate that materials based on Zr(IV)- and Hf(IV)-oxo clusters have a large potential to be
developed as a novel class of nanozymes for peptide bond formation and hydrolysis.
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