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Nanozymes represent a new generation of artificial enzymes that
provide a way to perform biological catalysis using nanomateri-
als. In 2007, Yan and co-workers discovered for the first time that
ferromagnetic nanoparticles exhibited peroxidase-like activity,!!!
which paved the way for the development of nanozymes. In 2013,
Wei and Wang used the term “nanozymes” to define nanoma-
terials with enzyme-like properties as next generation artificial
enzymes.[?) Owing to their unique features, including high ac-
tivity, high stability, tunability of activity, multifunctionality, and
low cost for scale-up, nanozymes have attracted great attention
compared to enzymes, traditional enzyme mimics, and common
nanomaterials.

In the past 16 years, nanozymes have become an emerg-
ing interdisciplinary field of nanotechnology, catalysis and
biomedicine. To date, more than 420 laboratories from 42 coun-
tries have reported over 1200 types of nanozymes and published
over 10 000 papersl®! (see Figure 1). Now, nanozymes can be ra-
tionally designed instead of being produced by trial-and-error. Ex-
citingly, some nanozymes show comparable or even better cat-
alytic performance compared to their nature counterparts. Con-
sequently, nanozymes have shown great potential in the fields of
functional nanomaterials, biomedicine, new energy, green syn-
thesis, environmental treatment, etc. Nanozymes were selected
in the Top Ten Emerging Technologies in Chemistry by the In-
ternational Union of Pure and Applied Chemistry (IUPAC) in
2022.14]
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This special issue brings some of the most advanced progress
in the field of nanozymes. There are 25 papers, including 9
Reviews, 4 Perspectives, and 12 Research Articles, with topics cover-
ing from rational design and modulation to mechanisms and po-
tential applications. We believe that such a special issue will not
only accelerate the development of the nanozyme field but also
attract more researchers to explore the hidden talents of nanoma-
terials for broad applications.

Prof. Juewen Liu from University of Waterloo has contributed
a perspective introducing the evolution of nanozyme definition
and how to determine the activity (article number 2211041). Prof.
Xingfa Gao from National Center for Nanoscience and Tech-
nology, Chinese Academy of Sciences (CAS), discusses the re-
action mechanisms and kinetics of nanozymes, especially from
the theoretical calculations (article number 2211151). In addi-
tion, unique features of nanozymes are summarized. For in-
stance, Prof. Ning Gu and Prof. Yu Zhang from Southeast
University summarize the progress of multienzyme-like fea-
tures of nanozymes (article number 2211210). Interestingly, Prof.
Lianbing Zhang from Northwestern Polytechnical University
presents a manganese-based nanozyme with cold-adaptability
to catalyze the reaction under low temperature (article number
2206421).

The engineering, improvement and optimization of catalytic
performances regarding the activity and selectivity are impor-
tant for the field of nanozymes, which connects the fundamen-
tal research and translational applications. Prof. Xinglu Huang
from Nankai University presents a promising machine-learning
assisted strategy for the rational design of new nanozymes (ar-
ticle number 2210848). Meanwhile, Prof. Xiaogang Qu from
Changchun Institute of Applied Chemistry, CAS presents
biosystem-inspired strategies for nanozymes design by leverag-
ing the structure of active center of natural enzymes, simulating
the behavior changes of natural enzymes in the catalytic process
or mimicking the specific biological processes or living organ-
isms (article number 2211147). Prof. Yuehe Lin from Washing-
ton State University present a strategy using phosphorus mod-
ulation to optimize iron single-atom nanozymes (article num-
ber 2209633). In addition, surface engineering is also an impor-
tant route to improve the nanozyme performance. Prof. Sudipta
Seal from University of Central Florida presents the fundamen-
tal surface chemistry processes and their implications in re-
ducible metal oxide nanozymes (rNZs) (article number 2211261).
Prof. Lizeng Gao from Institute of Biophysics, CAS presents a
surface-ligand-engineered ruthenium nanozyme with high activ-
ity superior to horseradish peroxidase (article number 2300387).
Prof. Paolo Scrimin and Prof. Fabrizio Mancin from Univer-
sity of Padova reveal that amines contribute to the stability of
nanozymes (article number 2211624). Aptamer modification can
also improve the performance of nanozymes, which is presented
in a perspective by Prof. Itamar Willner from the Hebrew Uni-

© 2024 Wiley-VCH GmbH


http://www.advmat.de
mailto:gaolizeng@ibp.ac.cn
mailto:yanxy@ibp.ac.cn
mailto:weihui@nju.edu.cn
mailto:dongsj@ciac.ac.cn
https://doi.org/10.1002/adma.202305249
https://doi.org/10.1002/adma.202211041
https://doi.org/10.1002/adma.202211151
https://doi.org/10.1002/adma.202211210
https://doi.org/10.1002/adma.202206421
https://doi.org/10.1002/adma.202210848
https://doi.org/10.1002/adma.202211147
https://doi.org/10.1002/adma.202209633
https://doi.org/10.1002/adma.202211261
https://doi.org/10.1002/adma.202300387
https://doi.org/10.1002/adma.202211624
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fadma.202305249&domain=pdf&date_stamp=2024-03-06

ADVANCED
SCIENCE NEWS

ADVANCED
MATERIALS

www.advancedsciencenews.com

3000

25004

20004

1500

1000 A

Publications

5001

2007 2010 2013 2016 2019 2022
Year

Figure 1. Number of articles versus year published in the field of
nanozymes. The data are from Google Scholar on May 26, 2023.

versity of Jerusalem (article number 2210885). Defect engineer-
ing is also demonstrated to improve nanozyme performance by
Prof. Yanli Zhao from Nanyang Technological University (article
number 2206401). Importantly, Prof. J. Justin Gooding and Prof.
Richard D. Tilley from University of New South Wales present
a perspective about the approaches to improve the selectivity of
nanozymes (article number 2211288), which may be helpful to
further improve catalytic performance.

Several typical nanozymes are presented with specific appli-
cations. Prof. Erkang Wang and Prof. Jing Li from Changchun
Institute of Applied Chemistry, CAS summarize the current
advances on single-atom nanozymes and their biological ap-
plications (article number 2211724). Prof. Vincent M. Rotello
from University of Massachusetts Amherst highlights the unique
features of biorthogonal nanozymes in biomedical applications
(article number 2300943). Prof. Xiue Jiang, who is also from
Changchun Institute of Applied Chemistry, CAS, presents the
progress on regulation of cellular metabolism using nanozymes
to achieve therapeutic effects (article number 2301810). Specif-
ically, Prof. Molly M. Stevens from Imperial College London
presents the current understanding of nanozymes for disease di-
agnostics and biosensing applications and the unmet challenges
(article number 2300184). Prof. Taeghwan Hyeon from Seoul Na-
tional University presents the progress of ceria-based nanozymes
as therapeutic antioxidants in biomedical field (article number
2210819).
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Nanozymes with specific applications are also demonstrated
in this special issue. Prof. James M. Tour from Rice Univer-
sity reports a coconut-derived oxidized activated charcoal (cOAC)
nanozyme with superoxide dismutase (SOD)-like activity to treat
traumatic brain injury (article number 2211239). Prof. Kelong
Fan and Prof. Xiyun Yan from Institute of Biophysics, CAS re-
port a peptide-templated nanozyme with responsibility to throm-
bin for remedying ischemic stroke (article number 2210144).
Prof. Thomas Kent from Texax A&M University present a car-
bon nanozyme with H,S oxidation activity that can be used for
the treatment of Down syndrome (article number 2211241). Prof.
Omar K. Farha from Northwestern University reports a fibrous
zirconium-based metal-organic framework (Z{-MOF) nanozyme
aerogel to hydrolyze organophosphate toxins (article number
2300951). Prof. Liguang Xu from Jiangnan University reports
a chiral MoSe, nanozyme for ultrasensitive monitoring of reac-
tive oxygen species (ROS) in vivo (article number 2208037). Prof.
Hyun Koo from University of Pennsylvania reports nanozyme-
based robotics for targeted fungi eradication (article number
2300320). Prof. Minmin Liang from Beijing Institute of Technol-
ogy reports an insect-inspired hierarchical nanozyme for antibac-
terial treatment (article number 2210455).
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