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Abstract
Inorganic nanoparticles have been actively applied to the bio-medical field by utilizing their physical properties derived from
the nanometer size regime, such as optical and magnetic properties. In recent years, diagnostic detection methods have been
developed by employing chemical activity, particularly enzyme-mimetic activities, as well as physical properties of inorganic
nanoparticles. After the initial study of verifying the enzyme-mimetic activities, the scope of research has been expanded
to the direct use of therapeutic effects with active control of activity through understanding of the catalytic mechanism. This
review summarizes recent research works on the active control of the enzyme-mimetic activities and newly demonstrated ap-
plications on the diagnosis and treatment of diseases, focusing on inorganic nanoparticles, so-called “nanozyme”. It is expected
that the enzyme-mimetic activity of inorganic nanoparticles will be combined with their inherent physical properties, leading

to the development of new diagnostic and therapeutic methods.
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Table 1. Summary of Inorganic Nanoparticles with Enzyme-Mimetic Activities and Their Applications

Activity Nanoparticle Application Ref.

C0304 Ascorbic acid detection [16]

PtPd H,0, and glucose detection [17]

Peroxidase-like RuSe, H,0, and glucose detection [18]

FeS, Hydrogen peroxide detection [19]

Au Peroxidase-like activity [20]

Co304 GSH detection [21]

Ce,05/Ce0, Antioxidant [23]

Catalase-like Ce,03 Insulin drug delivery [24]

Au Reactive oxygen species removal [25]

Pd@Pt Sonodynamic therapy adjuvant [26]

Cu,0 Cytochrome ¢ oxidizing agent [27]

Pt Isoniazid detection [28]

Oxidase-like Pd As®" detection [29]

Ce Acetylcholinesterase and urease detection [30]

Fe-N-C Humic acid removal [31]

Au@CeO, core/shell Catalase/peroxidase/superoxide dismutase-like activity [32]

AgPt Peroxidase/catalase-like activity [33]

Multienzyme-like Co,V,0, H,0, and glucose detection [34]

MoOs— Tumor treatment [35]

Ru-Te hollow nanorod Tumor treatment [36]
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Figure 1. Schematic illustrations of colorimetric detection using pe-
roxidase-like nanoparticles. a) Detection of ascorbic acid by Co;Os@
B-CD NPs[16]. b) The preparation of T-MIP-PtPd NFs (up) and
colorimetric detection of H,O, (down)[17]. ¢) Detection of heparin
and heparinase using Au NCs[20]. Reprinted with permission from
refs. [16,17,20].
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Figure 2. Therapeutic applications of catalase-like nanoparticles. (a)
Schematic illustration of the glucose-responsive chitosan microgel
encapsulating nanoceria-loaded MCF and protein drugs[24]. (b) Action
mechanism of Pd@Pt-T790-mediated SDT (left) and bacterial viability
of with or without ultrasound imradiation by Pd@Pt, T790, and
Pd@Pt-T790 (right)[26]. Reprinted with permission from refs. [24,26].
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Figure 3. Detection of urease and acetylcholinesterase by proton-de-
pendent regulatory mechanisms of nanoceria[30]. Reprinted with per-
mission from ref. [30].
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Figure 4. (a) Schematic illustrations of activity-tunable MoO;y NUs
and tumor specific therapy[35]. (b) Generation of oxygen and ROSs
by simultaneous nanozymatic activities of Ru-Te hollow nanorods and
effect in PDT[36]. Reprinted with permission from refs. [35,36].
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