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a b s t r a c t

Traditional enzyme-nanozymes cascade assays for glucose detection are usually limited by pH incom-

patibility and operational complexity. Herein, we present a strategy based on hollow mesoporous Prus-

sian blue (HMPB) nanozymes for one-step, dual-modal glucose sensing under neutral conditions. The ra-

tionally designed HMPB nanozymes exhibit intrinsic peroxidase-like activity at physiological pH (∼7.4),

inherent chromogenic properties and superior photothermal conversion efficiency. These features di-

rectly enable integration with glucose oxidase (GOx) for one-step glucose detection without interme-

diate pH adjustment. Additionally, the catalytic coupling of 4-aminoantipyrine/phenol oxidation prod-

ucts, enhanced by the intrinsic blue coloration of HMPB, generates vivid multicolorimetric responses

for smartphone-based quantitative analysis. To enhance signal reliability, the photothermal properties of

HMPB nanozymes are further ingeniously coupled with the thermal-responsive characteristics of oxidized

3,3′ ,5,5′-tetramethylbenzidine (oxTMB), establishing a dual-amplified thermal imaging platform through

portable infrared thermal imager detection. HMPB nanozymes serve as both a catalytic activator and

an intrinsic signal reporter, establish a new platform in dual-modal glucose monitoring. The platform

demonstrates remarkable clinical adaptability through its smartphone-compatible colorimetric readout

and portable thermal imaging capabilities, achieving a detection limit of 1.39 μmol/L (multicolorimet-

ric modal) and 3.05 μmol/L (photothermometric modal) for glucose with robust reliability in human

serum samples. This research overcomes the pH mismatch barrier in enzyme-nanozymes cascade system,

and providing a cost-effective, instrument-flexible detection strategy that bridges laboratory research and

point-of-care diagnostics.

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Glucose monitoring is indispensable in clinical diagnostics and

chronic disease management, where enzymatic cascade systems

based on glucose oxidase (GOx) and horseradish peroxidase (HRP)

long serving as the gold standard [1,2]. However, the intrinsic limi-

tations of natural enzymes, such as poor thermal stability, stringent

storage requirements, and high production costs, impede their scal-

ability for point-of-care testing (POCT) [3,4]. Therefore, nanozymes

with peroxidase (POD)-like activity have emerged as promising al-
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ternatives due to their robust stability, tunable catalytic proper-

ties, and cost-effectiveness, to fabricate enzyme-nanozymes cas-

cade systems for glucose detection for addressing the limitations

of natural enzymes based cascade systems [5,6]. Unfortunately,

most existing enzyme-nanozymes cascade systems for glucose de-

tection remain constrained by a fundamental incompatibility: The

acidic pH optimum (pH 3–4) of most POD-like nanozymes clashes

with the neutral physiological pH (∼7.4) required for GOx activ-

ity [7,8]. This mismatch necessitates laborious multi-step pH ad-

justments during assays [9–11], leading to operational complex-

ity and dilution-induced inaccuracies that critically undermine the

simplicity and reliability required for POCT.

https://doi.org/10.1016/j.cclet.2025.111496
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Scheme 1. (A) The synthetic flow of the proposed HMPB nanozymes. (B) One-step

and dual-modal glucose detection based on multifunctional HMPB nanozymes sys-

tem under neutral conditions.

Yet, efficient, one-pot multi-step catalytic reactions are still

quite rare due to compatibility of the reaction conditions of dif-

ferent steps [12–14]. It therefore is essential to employ nanozymes

with high intrinsic activity under neutral conditions. For example,

Liu et al. demonstrate an effective bio-nanozyme cascade formed

by GOx and in situ-generated nanoceria, which can be used for

one-pot detection of glucose in serum under physiological condi-

tions [12]. Despite recent advancements, most existing enzyme-

nanozymes cascade platforms rely on single-signal outputs (e.g.,

colorimetric, fluorometric or surface-enhanced Raman scatting),

which are inherently vulnerable to environmental interferences

or instrumental variability. This signal singularity raises concerns

about false-positive/negative readings, particularly in complex bio-

logical matrices like serum, where coexisting substances may per-

turb detection specificity. It therefore is worth noting that the

introduction of multifunctional nanozymes holds promise for re-

liable dual/multi-modal glucose detection [15,16]. For instance,

Wu’s group developed a dual-modal (colorimetric and fluoromet-

ric) detection method for the detection of glucose based on the

multifunctional iron-doped carbon dots nanozymes [15]. Although

this dual-modal strategy improved detection reliability, but their

widespread application is hindered due to the lack of signal en-

hancement strategies and the difficulty in synchronously enhanc-

ing multiple signals.

Prussian blue analogs (PBAs) present a unique solution to these

challenges through their intrinsic multifunctionality [17]. Beyond

demonstrating excellent POD-like activity, PBAs exhibit distinctive

chromogenic properties and exceptional photothermal conversion

efficiency [18,19]. Capitalizing on these characteristics, we synthe-

sized and engineered a hollow mesoporous Prussian blue (HMPB)

nanocubes based system for one-step and dual-modal sensing glu-

cose under neutral conditions. The HMPB nanocubes were fabri-

cated based on a simple hydrothermal method by etching meso-

porous Prussian blue with hydrochloric acid (Scheme 1A). Specif-

ically, as shown in Scheme 1B, the system operates via one-step

enzyme-nanozymes cascade system: (1) GOx-generated H2O2 ac-

tivates HMPB’s POD-like activity under neutral conditions to cat-

alyze 4-AAP/phenol oxidation, generating red quinone dyes that

synergize with HMPB’s intrinsic blue coloration for establishing

a self-chromogenic multicolorimetric response readout. (2) HMPB-

catalyzed TMB oxidation and integrating the intrinsic photothermal

properties of HMPB nanozymes generating an enhanced photother-

Fig. 1. Characterization of the synthesized HMPB. (A) TEM image, (B) HRTEM im-

age, (C) DLS measurements, (D) XRD spectra, (E) XPS survey spectra, (F) UV–vis

absorption spectra and the photo of the solution (inset).

mometric response readout. By eliminating pH adjustments and

integrating dual signal modalities, this platform overcomes tradi-

tional enzyme-nanozymes cascade limitations of multi-step oper-

ations and physiological incompatibility. This work establishes a

new biosensing paradigm where HMPB multifunctional nanozymes

serve dual roles both as a catalytic activator and an intrinsic signal

reporter, bridging laboratory research to point-of-care diagnostics

through instrument-flexible smartphone and thermal camera read-

outs.

HMPB nanozymes were synthesized through hydrothermal

etching of mesoporous Prussian blue (MPB) precursors. Transmis-

sion electron microscopy (TEM) analysis (Fig. 1A, Figs. S1B and C

in Supporting information) revealed morphological evolution dur-

ing the etching process. The critical parameters in the synthesis

process of HMPB, such as HCl concentration, PVP amount, and hy-

drothermal time, were briefly discussed in terms of how they in-

fluence nanozyme activity and morphology (Fig. S2 in Supporting

information). It was ultimately determined that with an HCl con-

centration of 0.8mmol/L, a PVP amount of 100mg, and an etching

time of 4h, HMPB maintains its cubic morphology while display-

ing a distinct hollow structure with substantial internal cavities af-

ter etching (Fig. 1B). Dynamic light scattering (DLS) measurements

confirmed favorable colloidal stability with an average hydrody-

namic diameter of 122nm (Fig. 1C). Crystalline structure analysis

via X-ray diffraction (XRD) exhibited characteristic HMPB diffrac-

tion peaks at 17.5°, 24.4°, 34.8°, and 39.2°, attributed to the (200),

(220), (400), and (420) diffraction planes of PB crystals (JCPDS

PDF #52–1907) (Fig. 1D). The chemical functionalization was sys-

tematically verified through FTIR spectral interrogation (Fig. S3 in

Supporting information). Two characteristic absorption bands were

identified: The cyanide bridging ligand’s C≡N stretching mode

(2082 cm-1) and the amide carbonyl (C=O) stretching vibration

from polyvinylpyrrolidone (PVP) macromolecules (1646 cm-1) [20].

This evidence conclusively demonstrates successful PVP encapsu-

lation on the HMPB nanozymes surface. X-ray photoelectron spec-

troscopy (XPS) survey scan (Fig. 1E) identified Fe, C, N, and O con-

stituents, with high-resolution Fe 2p spectrum resolving two pairs

of doublets identified as Fe 2p1/2 and 2p3/2. Further peak decon-

volution indicates that distinct peaks at 708.5 eV and 721.5 eV are

attributed to Fe2+, whereas the less intense peaks at 712.7 eV and

725.0 eV correspond to Fe3+, signifying the presence of Fe2+/Fe3+

species on the surface of the HMPB nanozymes (Fig. S4 in Support-

ing information) [21]. Optical characterization showed broad NIR

absorption (750nm peak) (Fig. 1F). HMPB nanozymes maintained

good solution stability and enzyme-like activity under different so-

lution and humidity conditions (Figs. S5 and S6 in Supporting in-
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Fig. 2. (A) UV–vis spectra of HMPB nanozymes system with different components. Steady-state kinetic assay of HMPB nanozymes with H2O2 (B) and TMB (C) as substrates.

(D) The absorbance intensity at 652nm of HMPB nanozymes system with different ROS scavengers. The absorption spectra of HMPB nanozymes system with different

concentrations of (E) p-benzoquinone and (F) NaN3. Data are presented as mean ± SD (n=3).

formation). All these observations collectively validate the success-

ful fabrication of HMPB nanozymes.

To substantiate the enzyme-mimetic activity of the synthesized

HMPB nanozymes, a chromogenic assay system was established

using TMB as prototypical peroxidase substrate [22]. As demon-

strated in Fig. 2A, the characteristic absorption at 652nm, indica-

tive of oxidized TMB (oxTMB) formation, emerged exclusively in

the presence of both HMPB nanozymes and H2O2. Control experi-

ments revealed no detectable chromogenic conversion when H2O2

was omitted from the reaction system. This confirms the H2O2-

dependent POD activity of HMPB nanozymes. To elucidate the cat-

alytic kinetic mechanism of HMPB nanozymes, steady-state kinet-

ics were conducted using the common nanozymes substrates TMB

and H2O2 at varying concentrations [23]. The obtained data aligned

well with the Michaelis-Menten equation, allowing for the calcu-

lation of the Michaelis-Menten constant (Km) and maximum re-

action velocity (Vmax) (Figs. 2B and C). The Km and Vmax values

indicate the substrate affinity for the enzyme and the enzyme’s

turnover number, respectively [24]. As well known, lower Km and

higher Vmax indicate a higher affinity and conversion efficiency of

enzyme for the substrate. The Km values were in this tested sys-

tem determined to be 1.32mmol/L for H2O2 and TMB, suggesting

that HMPB nanozymes possess high affinity for both substrates.

The Vmax values were recorded as 2.98×10−7 mol L-1 s−1 for H2O2

and 3.39×10−7 mol L−1 s−1 for TMB, which exceed those of sev-

eral previously studied nanozymes [25,26], strongly supporting an

excellent enzyme-mimetic activity of the prepared nanozymes. To

elucidate the reactive species involved in the HMPB nanozymes-

catalyzed reaction, a systematic scavenger study was conducted

using specific quenchers (Fig. 2D): Mannitol and t-butanol for

hydroxyl radicals (•OH), p-benzoquinone for superoxide radicals

(O2
•-), and sodium azide (NaN3) for singlet oxygen (1O2) [27].

Dose-dependent suppression (Figs. 2E and F) showed progressive

activity reduction with increasing p-benzoquinone (0–2mmol/L)

and NaN3 (0–2mmol/L) concentrations, while hydroxyl radical

scavengers (mannitol/t-butanol) exhibited negligible effects. These

results conclusively demonstrate O2
•- and 1O2 as dominant reactive

oxygen species governing the nanozyme’s catalytic mechanism.

The inherent strong blue coloration of HMPB nanozymes pro-

vides a unique optical reference for constructing multicolorimet-

ric sensing systems, significantly enhancing visual resolution in

point-of-care testing (POCT) applications [28]. Initial attempts in

this study to integrate green chromogenic components through

ABTS oxidation proved ineffective, as HMPB nanozymes exhibited

negligible oxidative capacity toward ABTS under neutral to near-

neutral conditions (pH 6.5–7.4), with only marginal activity ob-

served at pH 5.5 (Fig. S7 in Supporting information). This limi-

tation prompted exploration of alternative chromatic systems. In-

spiration from classical phenol-4-aminoantipyrine (4-AAP) chem-

istry revealed a viable pathway for red chromophore generation

[29,30]. While traditional methods employ potassium ferricyanide

as the oxidant (Fig. S8 in Supporting information), we success-

fully substituted this with enzymatically generated H2O2 through

a cascade reaction involving glucose oxidase (GOx)-mediated glu-

cose hydrolysis [31]. As illustrated in Fig. 3A, this innovation en-

abled a one-step detection platform where HMPB nanozymes cat-

alyze H2O2-driven oxidative coupling of 4-AAP and phenol, produc-

ing a distinct chromatic transition from blue to purple and sub-

sequently to magenta. Critical optimization studies demonstrated

exceptional pH adaptability, with maximum colorimetric response

at physiological pH (7.0) and sustained high efficiency under al-

kaline conditions (Fig. 3B). This represents a significant advance-

ment over conventional quinoneimine-based systems that typically

require acidic environments [32]. Although complementary color

theory suggested potential utility of orange chromophores via o-

phenylenediamine (OPD) oxidation, practical implementation re-

vealed background interference from spontaneous HMPB-mediated

OPD oxidation in the absence of H2O2 (Fig. S9 in Supporting in-

formation), precluding reliable target quantification. The developed

platform synergistically combines HMPB’s intrinsic optical proper-

ties with rationally designed chromatic transitions, achieving en-

hanced visual discrimination while maintaining operational sim-

plicity critical for resource-limited settings.

The analytical performance of the H2O2 sensing system was

systematically optimized by investigating key reaction parame-

ters (Fig. S10 in Supporting information). Under optimal con-

ditions, the sensor exhibited dual linear detection ranges of

0.01–0.05mmol/L (A506 =6.314C+0.284, R2 =0.994) and 0.05–

0.7mmol/L (A506 =2.434C+0.529, R2 =0.998), with detection lim-

its of 1.87 μmol/L and 4.85 μmol/L (3σ /k, σ represents the stan-

dard deviation of 20 blank samples, and k represents the slope

of the standard curve), respectively. The chromatic transition from

blue to magenta provided intuitive visual confirmation of H2O2

quantification (Fig. S11A in Supporting information). The interfer-

ence of amino acids, reducing agents, and ions was investigated

(Figs. S12 and S13 in Supporting information). Under the presence

of masking agents, the robustness of the system in complex biolog-

ical samples was confirmed (Fig. S14 in Supporting information).

The multicolorimetric detection system (Fig. 3A) functions via

a dual-enzymatic cascade: GOx first converts glucose to glu-

conic acid with H2O2 generation, followed by HMPB nanozymes-

catalyzed oxidative coupling of phenol and 4-AAP to produce

3
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Fig. 3. (A) Schematic diagram of the one-pot multicolorimetric method for the detection of H2O2 and glucose. (B) The catalytic activity of HMPB nanozymes for 4-

AAP/phenol oxidation at different pH. (C) glucose detection feasibility analyses corresponding to UV–vis spectra. (D) The absorption spectra of glucose at concentrations

of 0–0.8mmol/L were present. (E) Correlation between A506 and glucose concentration. (F) Selectivity experiment for detecting glucose (Glu: 200 μmol/L, Interferents:

2mmol/L). (G) Schematic diagram of glucose concentration detection by smartphone. (H) plot of G value vs. the concentration of glucose. Data are presented as mean ± SD

(n=3).

red quinoneimine chromophores. This process induces glucose

concentration-dependent chromatic transitions from HMPB’s in-

trinsic blue to purple hues, with visual gradients correlating

to analyte levels. Control experiments (Fig. 3C) verified system

specificity—no chromogenic response occurred with isolated GOx

or glucose alone. Distinct 506nm absorbance and purple coloration

emerged exclusively in complete systems containing both enzymes

and glucose, confirming H2O2’s essential role as a signaling media-

tor. This cascade design ensures selective glucose detection by cou-

pling enzymatic specificity to nanozyme activity, effectively miti-

gating interference from biological matrix components.

To achieve optimal detection performance of glucose, system-

atic optimization of enzymatic parameters was conducted (Fig. S15

in Supporting information). The system exhibited distinct chro-

matic transitions from blue to purple and ultimately magenta

across increasing glucose concentrations (0–0.8mmol/L), as illus-

trated in Fig. 3D inset. Quantitative analysis revealed a linear cor-

relation (A506 =2.325CGlu +0.339, R2 =0.998) across the clinically

relevant 0.01–0.8mmol/L range (Fig. 3E). The calculated limit of

detection (1.39 μmol/L, 3σ /k) address critical needs for early-stage

hyperglycemia identification and precise glycemic control. Con-

trol experiments with 2000 μmol/L interfering saccharides (lac-

tose, maltose, sucrose, fructose) versus 200 μmol/L glucose revealed

selective 506nm absorbance enhancement exclusively in glucose

samples (Fig. 3F), demonstrating the platform’s excellent selectiv-

ity for glucose detection against structurally similar saccharides.

To enhance field applicability, we developed a smartphone-

integrated detection platform combining chromatic signal capture

with computational analysis. The system features a standardized

imaging chamber (Fig. 3G) that minimizes environmental interfer-

ence. Smartphone-captured RGB analysis of the HMPB-phenol-4-

AAP system revealed concentration-dependent chromatic shifts (0–

0.8mmol/L glucose), with green (G) and blue (B) channels showing

significant decreases (Fig. S16 in Supporting information). The G

channel demonstrated superior linearity (R2 =0.994) in the 0.01–

0.3mmol/L range (G=150.084 - 498.028CGlu), achieving a detec-

tion limit of 2.51 μmol/L (Fig. 3H). Complementary B channel anal-

ysis showed linear response up to 0.6mmol/L (Fig. S17 in Support-

ing information). This integration of smartphone technology with

nanozyme-based detection enables precise, equipment-free glucose

quantification suitable for resource-limited settings.

During the investigation of the multicolorimetric sensing plat-

form, we observed notable alterations in the characteristic UV–vis

absorption peak of HMPB nanozymes at 750nm (Fig. 3D and Fig.

S8). Specifically, these ROS participate not only in substrate oxida-

tion but also undergo self-redox reactions mediated by the multi-

valent iron centers (Fe2+/Fe3+) within the HMPB crystalline frame-

work [17]. To validate the universality of this phenomenon, we em-

ployed o-phenylenediamine (OPD) as an alternative enzymatic sub-

strate. As depicted in Fig. S18 (Supporting information), progressive

elevation of glucose concentrations induced concurrent enhance-

ment of absorption peaks at 420nm (corresponding to OPD ox-

idation products, oxOPD) and 750nm, demonstrating similar be-

havior to the 4-AAP/phenol-based oxidation system. This observa-

tion aligns with previous reports regarding the redox reversibil-

ity of HMPB-based nanosystems [17]. The reversible transition be-

tween PB and its reduced form (Prussian white, PW) was medi-

ated by ascorbic acid (AA) as a reductant and potassium perman-

ganate as an oxidant, respectively (Fig. S19A in Supporting infor-

mation). Given the strong near-infrared (NIR) absorption of HMPB

nanozymes, we explored their potential for photothermal sensing

applications. Under NIR irradiation, the nanozymes induced a sig-

nificant temperature increase of 8.2 °C, which was modulated by

redox interactions. AA-mediated reduction lowered the tempera-

ture increment to 5.2 °C, corresponding to decreased absorption

at 750nm. The HMPB framework demonstrated multi-stage re-

dox transitions, including conversions among PB, PW, Berlin green

(BG), and Prussian yellow (PY) under oxidative conditions (Fig. 4A).

The introduction of permanganate restored both NIR absorption

and photothermal response, confirming the system’s reversibil-

ity (Fig. S19 in Supporting information). While the intrinsic pho-

tothermal properties of HMPB enable temperature-based detec-

tion, the limited signal dynamic range may constrain sensitivity

for trace analyte detection. Remarkably, the oxidation product of

TMB (oxTMB) exhibits dual advantages as a chromogenic probe

and photothermal transducer, demonstrating prominent absorption
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Fig. 4. Schematic diagram of (A) the conversion of Prussian blue materials containing different valence states of Fe. and (B) integrating a dual thermal signal platform based

on HMPB nanozymes. (C) UV–vis absorption spectra and (D) bar plot of temperature changes of AA/KMnO4 added to HMPB nanozymes system. (E) Infrared image of the

system containing different concentrations of glucose irradiated by 808nm laser with power density of 4W/cm2 for 240 s. (F) Corresponding calibration curves. Data are

presented as mean ± SD (n=3).

peaks at 650nm and 894nm. This discovery prompts us to pro-

pose an optimized sensing paradigm that synergistically integrates

the photothermal properties of HMPB nanozymes with the thermal

responsiveness of oxTMB, establishing a dual-amplified thermal

imaging platform with enhanced signal reliability through portable

infrared thermal imager detection (Fig. 4B). The actual detection

process is shown schematically in Fig. S20 (Supporting informa-

tion).

To validate the feasibility of this photothermal sensing, we first

conducted proof-of-concept experiments (Figs. 4C and D). While

the POD-like activity of HMPB nanozymes induced significant UV–

vis absorption enhancement upon interaction with TMB and H2O2,

quantitative integration of absorbance data for enhanced sensing

proved unfeasible due to spectral incompatibility. By synergisti-

cally combining the photothermal properties of HMPB nanozymes

and the thermal response of oxTMB, we established a photother-

mal detection platform with dual thermal signals amplified read-

out. As shown in Fig. 4D, the HMPB nanozymes-TMB-H2O2 system

achieved a remarkable 24.0 °C temperature elevation under NIR

irradiation, demonstrating superior photothermal conversion effi-

ciency. AA introduction reduced this increment to 13.2 °C, substan-
tially greater than HMPB’s standalone response. These results con-

firm that target-induced modulation of HMPB nanozymes’s POD-

like activity can be amplified through dual photothermal signal in-

tegration, thereby enabling the construction of a highly responsive

temperature-based sensing platform.

To optimize the photothermal sensing performance, we in-

vestigated the NIR-driven photothermal characteristics of HMPB

nanozymes and optimized the concentration of the substrate TMB

(Fig. S21 in Supporting information). The quantitative analytical

performance was evaluated using thermal imaging as signal read-

out with varying glucose concentrations (0.01–0.7mmol/L). Ther-

mal images exhibited progressive color transition from yellow

through red to white (Fig. 4E), corresponding to concentration-

dependent temperature increments. As shown in Fig. 4F, quantita-

tive analysis revealed an exponential relationship between �T and

glucose concentration: �T(°C)=27.786CGlu
0.308 (R2 =0.994). This

system achieved a detection limit of 3.05 μmol/L (3σ /k). Compara-

tive analysis with established glucose detection methods (Table S1)

confirmed the high sensitivity of our multicolorimetric and pho-

tothermometric methods, while maintaining operational simplicity.

To validate the clinical applicability of this method, multi-

colorimetric and photothermometric glucose detection in human

serum samples were conducted. Undiluted serum aliquots (10μL)

were directly introduced into the reaction system without any

pretreatment, simulating clinical testing conditions. As summa-

rized in Table S2 (Supporting information), both detection modals

demonstrate excellent diagnostic reliability, with measured glu-

cose levels for five clinical samples, showing excellent concordance

with commercial glucometer readings. The methodologies exhib-

ited good consistency, yielding relative standard deviations (RSD)

below 5.56% across all serum analyses. These results underscore

the applicability, accuracy and feasibility of the one-step assay for

clinical use. Furthermore, the repeatability and stability of the pro-

posed dual-modal glucose sensing platform was demonstrated (Fig.

S22 in Supporting information). In summary, the demonstrated

sensitivity, accuracy, and operational simplicity affirm the potential

of this detection platform for practical clinical diagnostics, particu-

larly for POCT requiring reliable and user-friendly glucose monitor-

ing.

In summary, we have successfully developed a dual-modal glu-

cose sensing platform utilizing HMPB multifunctional nanozymes,

effectively addressing the long-standing issues of pH incompatibil-

ity and operational complexity in traditional enzyme-nanozymes

cascade systems. The HMPB nanozymes, with their synergistic

functionalities of POD-like activity, intrinsic blue coloration and

photothermal properties, serve dual roles as both a catalytic

activator and an intrinsic signal reporter. Specifically, the pH-

independent POD-like activity of HMPB nanozymes enables di-

rect integration with GOx without intermediate pH adjustment,

thereby facilitating one-step glucose detection and representing

a significant advancement over conventional multi-step protocols.

Meanwhile, the intrinsic blue coloration and photothermal prop-

erties of HMPB nanozymes support dual-modal signal readout

5



M. Luo, X. Xue, K. Zhang et al. Chinese Chemical Letters 37 (2026) 111496

with enhanced performance. The self-chromogenic feature, com-

bined with the intrinsic blue coloration, promotes the genera-

tion of vivid multicolorimetric responses through the catalytic cou-

pling of 4-AAP and phenol oxidation products, providing an en-

hanced colorimetric readout suitable for smartphone-based quan-

titative analysis. Additionally, the photothermal properties of the

HMPB nanozymes, coupled with the thermal responsiveness of

oxTMB, establish a dual-amplified photothermal readout for quan-

titative analysis based on near-infrared imaging. This dual-modal

glucose sensing platform is proven to be simple, efficient, practi-

cal, and user-friendly, offering a simple POCT solution based on the

enzyme-nanozymes cascade system.
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