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DNAzyme is an artificially created deoxyribonuclease that is produced through in vitro screening. Due
to the special properties of DNAzyme, such as catalytic activity, recognition function, excellent ther-
mal stability and flexible designability, it has a broad prospect in constructing biosensors. Many inno-
vative biosensors have been developed by integrating DNAzymes with nanomaterials that exhibit distinct
physicochemical properties. This review focuses on the classification and application of DNAzyme-based
biosensors, such as RNA-cleavage DNAzyme (8-17, 10-23 DNAzyme), peroxidase mimicking DNAzyme. Fi-
nally, some risks and challenges in this field are also discussed.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

1. Introduction

Nucleic acids are functional macromolecular biomolecules capa-
ble of storing genetic information. Functional nucleic acids repre-
sent a class of biomolecules with specialized biological activities,
primarily including DNAzymes (DNA enzymes) and DNA aptamers.
DNAzymes were initially identified by Breaker and Joyce in 1994
by means of in vitro selection techniques, although they were not
naturally occurring. These synthetic catalytic DNA molecules have
since gained widespread application due to their robust and pro-
grammable enzymatic activity [1-4]. Furthermore, using repetitive
selection and amplification cycles, aptamers are usually obtained
from randomized DNA sequence libraries. In this procedure, the
separation of high-affinity nucleic acid ligands that bind particu-
lar molecular targets with remarkable selectivity is made possible
by the known as Systematic Evolution of Ligands by EXponential
enrichment (SELEX) [5]. DNAzymes are catalytic DNA molecules
capable of mediating specific biochemical reactions, such as the
cleavage of RNA phosphodiester bonds through enzymatic activ-
ity. In contrast, DNA aptamers are structured nucleic acids that
fold into precise three-dimensional conformations, enabling high-
affinity and selective binding to target molecules, including pro-
teins and small molecular ligands. While both belong to the
functional nucleic acid family, they exhibit fundamentally distinct
molecular mechanisms: DNAzymes demonstrate catalytic function-
ality, whereas DNA aptamers perform molecular recognition. Due
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to these unique properties, these molecules have found extensive
applications as powerful tools in the detection and analysis of di-
verse biological macromolecules.

DNAzymes are catalytically active single-stranded DNA
molecules that catalyze the conversion of specific substrate
strands and cleavage of RNA bases with the help of cofactors, in-
cluding different amino acids and metal ions. Moreover, DNAzyme
also acts as a catalyst for many biological and chemical reactions
[6,7]. As one example, DNAzymes serve as a compelling example
of single-stranded DNA molecules exhibiting catalytic activity.
Functioning similarly to protein-based enzymes such as nucleases
and proteases, these DNA catalysts demonstrate the ability to drive
specific chemical reactions, particularly in the presence of metal
ion cofactors [8]. Some DNAzymes were selected as catalysts to
catalyze various bio-transformations, such as DNA cleavage [9],
RNA cleavage [10], RNA ligation [11]. Researchers have found that
DNAzyme shows more stable catalytic activity compared with
protease and nuclease, as well as simple synthesis, flexible design,
low costs and high reactivity, making them available as a potential
clinical diagnostic tool for on-site testing.

It is found that DNAzyme are not expressed in their initial
primitive stages with catalytic activity, they are activated upon
binding with specific targets and then can cleave the correspond-
ing substrates, resulting in detectable signals [3,12]. Typically,
DNAzyme consists of a substrate strand and the matching enzyme
strand by the Watson-Crick base complementary pairing principle.
The DNAzyme system consists of two key components, a substrate
strand containing a single riboadenosine (rA) cleavage site, and an
enzyme strand featuring a ~15-nucleotide catalytic core flanked by
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Fig. 1. Working principle diagram DNAzyme-based sensing tools.

two binding arms (typically ~10-nucleotides each) that facilitate
target recognition and binding [13]. The ion-dependent DNAzyme
developed and extensively applied so far include Pb%+, Zn+, Mg2+,
Cu?t, U052t and Nat-specific recognition structures [14-19]. In
the presence of metal ions, the catalytic core chains are expected
to bind the metal ions and cleave the substrate chains, prompting
the development of DNAzyme as recognition elements for highly
sensitive and specific detection of metal ions.

Among the DNAzyme structures, 8-17 and 10-23 DNAzymes are
two of the broadest in applications (Fig. 1). Due to their high flex-
ibility and excellent substrate recognition specificity, it is a perfect
choice as ion recognition elements and signal amplifiers. In par-
ticular, one of the most used RNA-cleavage DNAzyme is the 8-17
DNAzyme. It is obtained by cloning and sequencing a molecule af-
ter initial in vitro screening in rounds 8 and 10, and then select-
ing the 17" clone from round 8 [20]. Another highly specific RNA-
cleaving DNAzyme is the 10-23 DNAzyme. This molecule, identified
as the 23™ clone from the 10™" round of in vitro selection, demon-
strates remarkable catalytic efficiency in mediating RNA cleavage
reactions across diverse substrates.

Peroxidase mimicking DNAzyme is another significant func-
tional nuclease. Peroxidase mimicking DNAzyme contains guanine
nucleic acid sequences with high thermal stability which is valu-
able for the development of functional nucleic acids. The G-rich
tetramer forms a tetramer shape by stacking in the presence of K™,
Na*, NH4* or hemin, allowing it exhibits mimic peroxidase activity
for sensors construction [21-25].

Differing from other published reviews that perform highly
comprehensive summaries of DNAzymes in molecular recognition-
based portable sensors, this review adopts a broader perspective,
focusing on the application of DNAzymes in constructing diverse
types of sensors [26]. It further expands the scope of application
targets and encompasses a richer array of application fields. Ad-
ditionally, while previous review articles have extensively covered
DNAzyme-based biosensing platforms, the present work specif-
ically highlights recent advancements in multiplexed detection
methodologies, with particular emphasis on their synergistic in-
tegration with functional nanomaterials and miniaturized portable
detection systems. Finally, we summarize and discuss the devel-
opment challenges and opportunities for DNAzyme-based sensing
tools.

2. Classification of DNAzyme-based biosensors

All biosensors created to date have been composed of two es-
sential yet fundamental parts: A signal detection component and a
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molecular recognition element that binds to the target molecule
only in specific ways. In the construction process of traditional
biosensors, proteins are generally used. However, proteins are chal-
lenging to be modified with different ligands for obtaining precise
detection when different target analytes need to be detected si-
multaneously and quickly [27]. DNAzymes, as a unique category
of functional nucleic acids, hold promise for use in the medical
field as detection tools or recognition elements in biosensors, ow-
ing to their inherent properties. DNAzyme can be easily modified
and functionalized to imitate a variety of fundamental characteris-
tics of related enzyme-like functions, which is helpful to catalyze
various reactions, and enable the quick detection for several targets
[28-30].

Nowadays, there are two main categories of biosensors con-
structed with DNAzyme as the originals. One is the RNA- cleavage
DNAzyme sensors relying on their enzyme-like activities to gen-
erate signals [31]. In order to increase detection and catalytic ef-
ficiency, the researchers are aware of the flexibility of the RNA-
cleaved DNAzyme designand the ability to construct the DNAzyme-
related sequence in accordance with various target analytes in a
flexible manner. As a result, RNA-cleavage DNAzyme has been cho-
sen to be coupled with nanomaterials or other metallic compounds
for the construction of biosensors with high detection sensitivity.
The other category is peroxidase-mimicking DNAzymes, a class of
engineered single-stranded DNA oligonucleotides that demonstrate
catalytic activity similar to natural peroxidases [32-34]. In this fol-
lowing section, we will discuss the composition of biosensors uti-
lizing the above two types of DNAzyme as the original compo-
nents.

RNA- cleavage DNAzyme is an enzyme that precisely breaks
down RNA in accordance with its own sequence, andit mostly in-
cludes two types of 8-17 and 10-23 DNAzyme [35]. Due to their
high metal ion recognition specificity, these DNAzymes are fre-
quently utilized as metal ion detection components. As an in-
stance, the 8-17 DNAzyme depends on the activation of divalent
metal ions for its detection capability [36-38]. In contrast to the
poor signaling and lack of reactivity towards monovalent ions, 8-
17 DNAzyme reacts with divalent metal ions with rate constants
up to 200,000-fold like Pb%+. Comparison of the reactivity of 8-
17 DNAzyme towards divalent ions and sequential in vitro screen-
ing eventually determined that 8-17 DNAzyme is a strong tool
for very sensitive detection of Pb2t [39]. Meanwhile, the 10-23
DNAzyme, named for its in vitro selection process, is developed
as a highly specific catalytic DNA molecule capable of ligating any
purine-pyrimidine pair [40]. Remarkably, 10-23 DNAzyme can be
recognized upon incredibly small changes in the target sequence
with extremely high detection sensitivity. Additionally, it also can
be employed as a recognition origin for a wide range of mRNAs
and viral RNAs and has a broad spectrum of targets. Therefore,
choosing 10-23 DNAzyme as a biosensing unit is also a favorable
pathway [12,41,42].

Peroxidase-mimicking DNAzymes, as a significant class of
DNAzymes, play a crucial role in biology due to their horseradish
peroxidase (HRP)-like activity. These DNAzymes have been widely
applied in biosensing, bioanalysis, and biomedical fields [43].
G-quadruplexes (G4) are non-canonical nucleic acid structures
formed through the planar stacking of guanine (G)-rich sequences.
These stable tertiary structures are stabilized by Hoogsteen hy-
drogen bonding between guanine tetrads and coordination with
monovalent cations (particularly K* or Na*) positioned at the cen-
tral channel. These structures exhibit high thermal stability and bi-
ological significance, influencing gene regulation and contributing
to genomic instability, hereditary diseases, and cancer progression
[44-46]. Although G4-based DNAzymes are well-studied, other
hemin-dependent DNAzymes have also been developed. Hemin,
a porphyrin cofactor that contains iron, demonstrates inherent
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peroxidase-like activity. Notably, it can effectively catalyze peroxi-
dase reactions even without the presence of natural enzymes [47].

3. Applications of DNAzyme-based sensing tools

DNAzymes have garnered significant research interest owing to
their unique combination of catalytic activity, molecular recogni-
tion capability, and programmable design [48]. Recent advances
have revealed additional merits beyond these intrinsic proper-
ties: DNAzymes can be chemically and functionally modified, and
precisely assembled on electronic sensor surfaces or nanoparticle
matrices [49,50]. DNAzymes are made possible by the ability of
these features to act as strong molecular recognition components
and effective signal amplifiers for sensitive analyte detection. No-
tably, DNAzymes exhibit exceptional stability in complex biologi-
cal environments [51], demonstrating superior resistance to degra-
dation compared to protein enzymes and other nucleases. These
advantageous characteristics have motivated extensive exploration
of DNAzyme-based biosensor development [52]. So far, DNAzyme
probe systems have been effectively utilized for the detection of
various analytes, including metal ions [53], nucleic acids [54], pro-
teins [55], and bacterial targets [56], among others.

DNAzymes are now more widely used than standard biosensor
development thanks to recent developments. The integration of
DNAzymes with nanomaterials has emerged as a powerful strategy
in biosensing, leveraging the unique advantages of nanostructures
including high surface-to-volume ratios, tunable surface chemistry,
excellent biocompatibility, and structural stability. Nanomaterials
further contribute unique optical, magnetic, and electronic prop-
erties that enable signal amplification [57,58]. Particularly, the
conjugation of nanomaterials with DNAzymes has demonstrated
enhanced signal modulation capability and improved -cellular
transfection efficiency [59]. These hybrid systems serve as versatile
building blocks in biosensor design, functioning as sensitive probes
and efficient transduction elements that significantly improve de-
tection sensitivity [60,61]. These biosensors can be systematically
classified according to their signal transduction mechanisms into
five principal categories: fluorescent, colorimetric, electrochemi-
cal, photoelectrochemical biosensors, along with other emerging
detection modalities [62]. The most widely utilized functional
nanomaterials comprise quantum dots (QDs) [63], gold nanoparti-
cles (AuNPs) [64], graphene oxide (GO) [65], magnetic beads (MBs)
[36], and carbon nanoparticles (CNPs) [66], each offering distinct
advantages for specific sensing applications. Notably, AuNPs have
gained particular prominence due to their distinctive plasmonic
properties, facile synthesis with controllable size and morphology,
exceptional surface-to-volume ratios, and superior biocompati-
bility [39,67]. For instance, a biofluorescent sensing probe was
created by conjugating an RNA-cleaving DNAzyme to AuNPs for
the detection of MDA-MB-231 breast cancer cells (Fig. 2A). Its
limit of detection (LOD) reached 1.72 x 102 pg/mL, demonstrat-
ing significant potential for developing ultra-sensitive and rapid
fluorescent immunoassay diagnostic platforms [68]. Additionally,
DNAzyme-functionalized MBs constitute an advanced biosensing
platform for ultra-sensitive molecular detection. When combined
with inductively coupled plasma mass spectrometry (ICP-MS),
this hybrid system showcases the ability to quantify multiple
miRNAs simultaneously. The assay achieves remarkable detection
sensitivity, with LOD spanning 11-20 pmol/L across three target
miRNAs (Fig. 2B). This approach establishes a robust methodology
for simultaneous, high-sensitivity detection of multiple nucleic
acid biomarkers and other molecular targets [69].

In the following parts, we will systematically review the appli-
cations of DNAzyme-based sensing tools, categorized according to
their target analytes, focusing on: (1) Metal ion detection [62], (2)
nucleic acid analysis [65], and (3) bacterial identification [70], re-
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flecting their essential functions in health monitoring, diagnostic
medicine and epidemiological safety.

For example, a novel biosensing platform utilizing nickel/iron
layered double hydroxide (Ni/Fe-LDH) nanosheets integrated with
G4 DNAzyme for label-free Cu?* detection was developed. The
sensing mechAanism involves: (1) Assembly of biotinylated Cu®*-
specific DNAzyme (Cu?*-enz) with substrate strand (Cu-sub) con-
taining G-rich sequences, (2) Cu?t-dependent catalytic cleavage
releasing G-rich fragments, (3) K*-stabilized G4 formation, and
(4) magnetic bead-based separation of reaction components. The
Cu2*-triggered self-assembly between G4 structures and Ni/Fe-LDH
nanosheets significantly enhances peroxidase-mimicking activity,
achieving an exceptional detection limit of 0.2 nmol/L in human
serum samples [71].

And a groundbreaking photocage-assisted detection frame-
work was developed, comprising three key innovations: (1)
XDPAdeCage-mediated Zn%* chelation, (2) light-controlled libera-
tion from serum biomatrix, and (3) 8-17 DNAzyme-based fluores-
cent readout. The approach significantly enhances detection afford-
ability (40% cost reduction) and user-friendliness, offering trans-
formative potential for point-of-care biosensor development [72].

Currently, the application of DNAzyme biosensors for metal ion
detection in vitro has been well established, while research on
biosensing technology for real-time monitoring of metal ions in
living cells is achieving groundbreaking progress and has already
contributed to the medical field. The first DNAzyme-based metal
ion sensor for living cells was constructed by coupling DNAzyme
with fluorescent group-modified AuNPs [73]. Subsequently, by in-
tegrating DNAzyme with AuNPs, researchers developed a target-
triggered, Cu?*-dependent DNAzyme walker for highly sensitive
detection of intracellular Cu?* (Fig. 3A). Compared with conven-
tional DNAzyme walkers, this Cu?*-specific walker demonstrates
significantly enhanced binding affinity and cleavage efficiency,
achieving a detection limit as low as 3 nmol/L with a remark-
ably faster assay time of 40 min [74]. Consequently, DNAzyme-
based fluorescent probes for imaging metal ions in living cells have
emerged as a research hotspot. A dual-switch DNAzyme system in-
corporating clustered regularly interspaced short palindromic re-
peats (CRISPR)/Cas9 and 470 nm photoactivation was success-
fully developed. This strategy further demonstrated its superior
spatiotemporal imaging capabilities by integrating the CRISPR-
DNAzyme system with photoactivation approaches and Boolean
logic gates, enabling dynamic monitoring of nuclear Zn* in both
Hela cells and mouse models (Fig. 3B) [75].

A nanoplatform co-assembled from DNAzyme and UCNPs en-
ables mitochondria-targeted Zn?* imaging in living cells through
near-infrared (NIR) light-controlled activation, which specifically
releases organelle-localizing signals (Fig. 4A) [76]. This advance-
ment significantly expands the repertoire of detectable metal ions
in intracellular imaging applications. Subsequently, for the simul-
taneous detection strategy of multiple metal ions in cells, an in-
telligent acid-switchable nanodevice based on pH-responsive DNA
strands and DNAzyme precursors was developed [77]. This device,
constructed from DNAzyme precursors (DPs) and acid-switchable
DNA strands (SW-DNA), successfully achieved in situ simultaneous
detection of Zn?* and Pb2* (Fig. 4B).

The following year, researchers successfully developed two
breakthrough DNAzyme detection systems: (1) An intelligent
nanodevice based on pH-responsive SW-DNA and DPs that can
be activated by acidic environments within living cells to achieve
in situ synchronous imaging of Zn*/Pb2t; and (2) a chemilu-
minescent resonance energy transfer (CRET) fluorescence sensor
incorporating FAM-labeled DNAzyme and hemin/G4 quadruplex,
enabling Pb%* detection at 5 nmol/L level without requiring exter-
nal light excitation, which has been extended to smartphone-based
portable environmental monitoring applications. These innovations
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Fig. 2. (A) RNA-cleaved DNAzyme modification on GNP for the detection of MDA-MB-231 breast cancer biomarkers. Reproduced with permission [68]. Copyright 2023, Royal
Society of Chemistry. (B) Schematic representation of multiple miRNA detection by MNAzyme-ICP-MS. Reproduced with permission [69]. Copyright 2021, American Chemical

Society.

provide novel solutions for intracellular multi-ion analysis and
on-site rapid detection [78].

We also discussed in detail the specific contents of nucleic acid
testing, including functional DNA, RNA and miRNA. For instance,
a novel DNAzyme hydrogel platform enables smartphone-based
visual detection of cfDNA. This system utilizes G4-catalytic DNA
hydrogels to drive chromogenic reactions, achieving a detection
range of 0.1 pmol/L-1500 nmol/L with a sensitivity of 0.042 pmol/L
and demonstrating high recovery rates in serum testing. Although
slightly less sensitive than conventional methods, its advantages in
portability and cost-effectiveness establish a foundation for intelli-
gent diagnostics [79]. Researchers have also successfully developed
DNAzyme probes integrated with nanomaterials. The system uti-
lizes AuNPs functionalized via Au-S bonds with catalytic DNAzyme
subunits and shared substrates, enabling target-dependent activa-
tion of the silenced DNAzyme and subsequent fluorescence signal

recovery through substrate cleavage. This approach achieves ultra-
sensitive detection (LOD, 50 fmol/L) of programmed death-ligand 1
(PD-L1) RNA in mesothelial cell lines, rapid response (8 min) under
isothermal conditions and protease-free operation [80].

The unique structural features of miRNAs, including their
short chain length, small size, low abundance, and high sequence
homology, necessitate an exceptionally high level of sensitivity in
the development of biosensors for their detection [81]. In 2024,
researchers introduced a portable, enzyme-free miRNA detection
platform combining target recycling and entropy-driven DNA as-
sembly (EDA) [82]. The innovative hairpin probe (H-probe) design
allows target-triggered cyclic amplification, EDA-mediated signal
enhancement and sucrose-to-glucose conversion quantifiable by
personal glucose meter (PGM) achieving dual amplification (LOD,
2.54 fmol/L), enzyme-independent operation and point-of-care
compatibility while circumventing complex primer requirements,
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offering strong clinical translation potential for miRNA diagnostics.
DNAzymes can also serve as detection probes in electrochemi-
luminescence (ECL) applications. Specifically, ECL biosensor
combines a miRNA-activated DNAzyme switch (OFF to ON) with
NIR emission-emitting NS-CDs, enabling ultrasensitive miRNA-155
detection (58.5 amol/L) through dual-recognition while minimizing
photodamage via low-potential NIR ECL, showing great clinical di-
agnostic potential (Fig. 5A) [83]. Notably, the strategic combination
of DNAzymes with engineered nanomaterials has become pivotal
in enhancing the performance of fluorescence-based biosensors,
particularly through improved signal amplification and target
recognition. Researches developed a streamlined isothermal ampli-
fication system combining toehold-mediated strand displacement
with localized DNAzyme cascades, achieving cascade-network-level
efficiency without complex architectures. Notably, the strategic
incorporation of superparamagnetic Fe3;0,4@SiO, nanoparticles
provides dual advantages: (1) Significantly enhanced detection

sensitivity (84 zmol/L for miRNA-122, 8-log improvement) through
improved DNAzyme positioning efficiency, and (2) accelerated de-
tection kinetics (<15 min) enabled by rapid magnetic separation of
DNA-CdTe quantum dot probes. This nanomaterial-enhanced sys-
tem maintains excellent specificity, broad temperature adaptability
(20-60°C), and low cost (<$0.5/test), demonstrating particular
promise for point-of-care diagnostics (Fig. 5B) [84]. In recent
years, the introduction of DNAzymes into enzyme biofuel cell-
based self-powered biosensor (EBFC-SPB) has further enhanced the
detection sensitivity of these sensors. For example, an innovative
EBFC-SPB that integrates a DNAzyme Walker with dumbbell hy-
bridization chain reaction (DHCR) for dual-amplified detection of
the thalassemia biomarker TATA-28 at an ultralow detection limit
of 353 amol/L. The system employs an Au@Zr-MOF/graphdiyne
hybrid substrate, where target-activated DNAzyme initiates the
release of SO strand to trigger DHCR amplification, subsequently
forming electroactive DNA nanostructures that efficiently adsorb
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[Ru(NH3)]*t and significantly enhance the open-circuit voltage
signal. This biosensor showcases outstanding analytical perfor-
mance, offering a broad linear range from 0.1 fmol/L to 10 nmol/L
and achieving satisfactory recovery rates between 90.1% and
106.5% in human serum samples, making it a reliable and sensi-
tive option for early thalassemia screening in clinical diagnostics
(Fig. 5C) [85].

Traditional bacterial detection methods, including culture-based
assays and enzyme-linked immunosorbent assay (ELISA), suffer
from prolonged turnaround times (typically 24-72 h) and opera-
tional complexity, rendering them inadequate for rapid response
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in public health emergencies such as foodborne outbreaks and
nosocomial infections. To overcome these limitations, researchers
have developed next-generation rapid microbial sensing tech-
nologies. Of them, a groundbreaking multiplex polymerase chain
reaction-surface-enhanced Raman spectroscopy (PCR-SERS) plat-
form demonstrates particular promise, enabling simultaneous de-
tection of four clinically relevant pathogens, pseudomonas aerug-
inosa (Gram-negative), Staphylococcus aureus, S. epidermidis (both
Gram-positive), and Candida lusitaniae (fungal). This innovative
strategy addresses the critical sensitivity-throughput trade-off in-
herent in conventional methods, achieving ultrahigh sensitivity
(LOD, 1-10 CFU/mL), multiplexing capacity for parallel pathogen
detection, and rapid turnaround (<2 h), representing a 12-fold im-
provement over standard protocols [86,87].

Equally promising in detection sensitivity are hybrid
CRISPR/Cas12a-DNAzyme biosensors, which further expand the
toolbox for rapid, precise bacterial identification. This study de-
veloped a novel detection system by engineering blocking crRNA
(bcrRNA) and Mn?*-mediated Cas12a regulation. Target bacteria
capture triggered MnO, etching to release Mn?+, which activated
DNAzyme to cleave bcrRNA and restore CRISPR/Cas12a activity,
enabling nucleic acid extraction-free ultrasensitive detection (5
CFU/mL) within 29 min. Notably, this versatile platform can
be adapted for other targets by replacing recognition elements,
demonstrating broad application potential [88]. The high specific
surface area provided by nanomaterials in the aforementioned
work serves as a prerequisite for achieving high sensitivity,
while other detection advantages associated with nanomaterials
continue to be developed. For instance, a microfluidic system
based on RNA-cleavage DNAzymes enables real-time, culture-free
monitoring of Legionella pneumophila in cooling tower water
(Fig. 6A). This system incorporates RCD-functionalized microgel
MB that release electroactive DNA markers upon pathogen recog-
nition, facilitating real-time electrochemical detection. Through
quantitative analysis of key parameters including peak current,
signal slope, and lag time, the system achieves detection limits of
1.4 x 103 CFU/mL in buffer and 1.9 x 103 CFU/mL in cooling tower
water samples, meeting regulatory requirements. This approach
provides a practical solution for on-site monitoring applications
[89]. Meanwhile, single-walled carbon nanotubes (SWCNTs) have
also been incorporated with DNAzymes for sensor development.
The system specifically recognizes Shigella flexneri through HGD-
SWCNT complex formation, generating visible colorimetric signals
via enzymatic reactions. With a detection limit of 51 CFU/mL,
the method demonstrates excellent specificity in complex bac-
terial environments without cross-reactivity. This simple, rapid,
and cost-effective detection strategy shows strong potential for
applications in food safety, environmental monitoring, and public
health surveillance [90]. Moreover, leveraging the electrochemical
specificity of metal-organic framework (MOF) materials, they
can serve as an ideal carrier for integration with DNAzymes,
enabling dual-signal detection of target analytes. They engineered
a novel ratio-type electrochemical biosensor for highly sensitive
Salmonella detection, integrating DNAzyme signals with MOF
through target-triggered catalytic hairpin assembly (CHA) [91].
The system specifically recognizes Salmonella typhimurium (ST)
via DNAzyme-mediated RNase H2 (STH2) release, which cleaves
the rA site to initiate CHA amplification. Employing ferrocene
(Fc)-labeled H1 DNA as the signal tag and Fe-MOF as an internal
reference, we established a robust dual-signal output strategy
(Fig. 6B). Validation using urban water samples demonstrated
superior sensitivity to commercial test strips while maintaining
excellent accuracy, confirming its practical utility.

Building upon these DNAzyme-based microbial sensors, several
promising research directions are emerging as current hotspots
for in-depth investigation including microfluidic-integrated plat-
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Fig. 5. (A) Schematic diagram of the construction of an electrochemical luminescence biosensor based on DNA enzymes for the detection of miRNA-15. Reproduced with
permission [83]. Copyright 2025, American Chemical Society. (B) A schematic diagram of a double-loop DNA enzyme network structure that incorporates a positive self-
feedback mechanism for ultra-sensitive fluorescence detection of miRNA-122. Reproduced with permission [84]. Copyright 2025, American Chemical Society. (C) Illustration
of the preparation process of self-powered biosensors. Reproduced with permission [85]. Copyright 2025, Elsevier.

forms for point-of-care (POC) testing, artificial intelligence-assisted
Raman spectroscopy analysis algorithms, and probe modification
strategies to counteract matrix interference (particularly from com-
plex food components). A DNAzyme-based colorimetric hydro-
gel sensor was modified by the Mann team for the purpose
of detecting pathogens in the naked eye. Upon target recogni-
tion, DNAzyme-mediated hydrogel dissolution releases encapsu-
lated AuNPs, generating a visible signal. By optimizing hydrogel
polymerization and incorporating phage-assisted DNAzyme ampli-
fication, the sensor detects Escherichia coli at ultralow concentra-
tions (101 CFU/mL) in lake water (Fig. 6C). Integrated Al analysis
achieves 96 % true positive and 100% true negative rates. Demon-
strating exceptional selectivity and stability, it accurately identifies
Escherichia coli-associated urinary tract infections in clinical sam-
ples (zero false positives in controls) [92]. Another POC-compatible
approach involves the development of a photonic crystal microflu-
idic biosensor (PC-pchip) integrated with fluorescent DNAzyme
(FDz) (Fig. 6D) [93]. Compared to conventional microfluidic tech-
nologies, this innovation demonstrates a tenfold improvement in
detection sensitivity through fluorescence technology, achieving a
detection limit of 100 CFU/mL for Escherichia coli. The device in-
geniously incorporates three core modules: (1) A serpentine re-
action channel, (2) a magnetic bead enrichment unit, and (3) a
photonic crystal signal amplification system. When target bacteria
are present, FDz releases fluorescent single-stranded DNA (ssDNA)
that specifically migrates to the photonic crystal surface for signal
enhancement, enabling highly specific and sensitive identification.
Method validation using 20 clinical urine samples confirmed com-
plete detection within 55 min, with both sensitivity and specificity
reaching 100%. This system demonstrates significant potential for
POC diagnostics, representing a major advancement in DNAzyme-
based on-site bacterial detection.

4. Perspectives and outlooks

Unlike naturally occurring nucleases, DNAzymes possess char-
acteristics such as recognition capability, catalytic activity, high se-

lectivity, and design flexibility, making them an ideal choice for
constructing biosensors. This review systematically outlines the de-
sign principles and engineering strategies behind DNAzyme-based
biosensing tools, providing an in-depth discussion of their novel
applications in the quantitative detection and analysis of various
chemical and biological targets, such as metal ions, nucleic acids,
and bacteria. In addition to the primary detection targets discussed
above, DNAzyme-based biosensors have demonstrated remarkable
versatility in detecting a wide range of analytes, including small-
molecule biomolecules and metabolites (e.g., ATP [94], nucleotides
[95], and amino acids [96]), as well as macromolecular targets such
as proteins [97] and cancer cells [98]. This broad detection capabil-
ity has made DNAzyme biosensors an increasingly prominent focus
of research in recent years.

Firstly, Primary screening-derived DNAzymes, particularly the
8-17 DNAzyme, have found extensive applications in biosensing.
However, while demonstrating exceptional specificity toward diva-
lent metal ions, current detection strategies for monovalent metal
ions (e.g., Na* and K*) remain limited, with notably stagnant re-
search progress in recent years [99-101]. It should be emphasized
that both mono- and divalent metal ions are equally crucial for
maintaining physiological homeostasis in biological systems. Con-
sequently, we are confronted with dual challenges: (1) Optimiz-
ing existing methodologies for divalent metal ion detection in liv-
ing cells, while (2) persistently developing novel DNAzyme-based
sensing platforms for monovalent ion recognition.

Secondly, current nucleic acid detection methodologies for DNA
and mRNA require further refinement and technological advance-
ment. While miRNA detection platforms and biosensor construc-
tion techniques have reached relative maturity, several critical
challenges persist. These include: (1) The extremely low abundance
of cancer-specific miRNAs and dysregulated miRNAs, (2) the pres-
ence of homologous miRNA sequences that compromise detection
specificity, and (3) the consequent reduction in analytical sensitiv-
ity due to cross-reactivity.

Finally, the field of in situ detection for biological targets (par-
ticularly bacterial species) remains underdeveloped due to several
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critical limitations: (1) Only seven DNAzymes have been success-
fully selected for direct bacterial detection; (2) Just one known
DNAzyme demonstrates selectivity for multi-drug resistant bac-
terial strains; (3) No existing DNAzyme can distinguish between
pathogenic and non-pathogenic variants within the same bacterial
species; and (4) A severe shortage of target-specific recognition
prototypes persists. These fundamental gaps significantly hinder
the development of categorical biosensors, necessitating continued
exploration of innovative detection technologies to overcome these
challenges.

Recent years have witnessed remarkable advances in the devel-
opment and application of DNAzyme-based sensing tools, demon-
strating significant potential for detecting prevalent and clini-
cally important diseases. Nevertheless, further improvements in
sensitivity and accuracy remain imperative to enable reliable in
situ real-time detection of biological samples. Such advancements
would provide more robust diagnostic tools and generate funda-
mental data to support clinical decision-making.
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