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Abstract: Nanozymes are nanomaterials with intrinsic enzyme-like activities, which can convert specific substrates
to products and catalyze biochemical reactions as natural enzymes, with the similar reaction dynamics and catalytic

mechanisms. Since the discovery of the intrinsic peroxidase activity of Fe,O, nanoparticles, thousands of nanozymes
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have been developed, and extensively applied in many fields, such as biomedicine, biosensor/biodetection and
bioremediation. Recently, one type of nanozymes based on gene editing or genetic recombination technology was
developed. Compared to other nanozymes, this kind of nanozymes was fabricated based on the key techniques of
synthetic biology. Herein, we term them as synthetic biological nanozymes. The main characteristic of synthetic
biological nanozymes is the utilization of artificially or de novo designed protein as scaffolds. Furthermore, the amino
acids or domains of the scaffolds with metal ion binding ability can be used for synthesizing metal nanoparticles. This
characteristic of synthetic biological nanozymes integrates the function of proteins and the catalytic activity of metal
nanoparticles together. In this review, we comment the progress of nanozymes and their advantages in biomedicine
applications, and highlight the synthesis principle of natural protein scaffold-based nanozymes and their applications in
nanomedicine. We also introduce the gene editing or genetic recombination protein scaffolds for nanomaterials
preparation and the superiorities of this kind of scaffolds for inorganic nanoparticles synthesis. Through such an
overview, we elaborate the definition of synthetic biological nanozymes, and explain their essential connotation and
finally take ferritin-based nanozymes as an example to demonstrate their design and applications. In the future,
synthetic biological nanozymes may integrate technological innovations of many fields including computational
biology, structural biology, protein engineering, genetic engineering, chemistry, etc., which would make the design of
nanozymes more rational, their functions more diverse, and integration of synthetic biology and nanobiology more

profound.
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Fig. 1 Design for nanozyme-strips

[24]

(a) Colloidal gold strips; (b) Nanozyme-strips. Probe with nanozyme activity generates a color reaction with substrates,

which significantly enhances the signal so that it can be visualized by naked-eyes
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Fig.2 Crystal structure of HSA ™
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sHsp Ferritin

Natural structure-based nanocage

Virus like particle-based nanocage
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Fig.3 Schematic diagrams and TEM images of structures of various protein-based nanocages™

(Scale bar: 50 nm. Upper images show natural structure-based nanocages, and lower images show virus-like particles.)
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Fig. 4 Hybrid ferritin nanozyme (Mito-Fenozyme) protects mitochondrial functions

[88]

a) Schematic diagram for the preparation of Mito-Fenozyme. TEM images of the FTn protein shell (negative staining with 1% uranyl acetate) (b),
g

MnO, nanoparticles inside the FTn shell (c), and Mito-Fenozyme (d). Scale bar: 20 nm. (¢) Schematic diagram for the intracellular conversion of free

radicals to non-cytotoxic molecules under the catalysis of Mito-Fenozyme. (f) Confocal images (top) and quantitative analysis (bottom) for the effect

of Mito-Fenozyme on mitochondrial oxidative damage. (g) Mito-Fenozyme reduced intracellular free radical levels in oxidatively damaged cells.

Scale bar: 10 pm
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(a) Schematic illustration for the preparation of FTn-Ner via a two-step self-assembly/post-assembly approach. The uniform FTn as motifs were
obtained by the self-assembly of 24 FTn subunits expressed in E. coli. Subsequently, purified FTn motifs were further assembled to form different

FTn-Ner by using two-armed PEG. (b) Representative TEM images of various assembled nanostructures. Scale bar: 20 nm
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