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a b s t r a c t

Iron oxide based magnetic catalytic colorimetric (MCC) nanomaterials have attracted extensive atten-

tion as signal labels in lateral flow immunoassays (LFIA). However, the main challenge in this field is

its weak catalytic activity leading to relatively low color intensity. Herein, a new strategy of using the

metal-organic framework (MOF) as mediate interfacing layer for loading Pt nanoparticles (Pt NPs) on the

magnetic nanoparticles (MNPs) was proposed to obtain MCC nanomaterials with high catalytic activity.

First, Cu-Co MOF was grown in situ with MNPs as the core, and then the MOF interfacing layer facilitates

the uniform growth of Pt NPs on it. The obtained MNPs@MOF@Pt nanocomposite exhibited enhanced

color signal intensity, excellent peroxidase-like activity and strong magnetic separation ability. After in-

tegration with a dual-antibody sandwich LFIA platform, the highly sensitive detection of interleukin-6

was achieved with a detection limit of 8.3 and 2.8 pg/mL for the pre-catalytic and post-catalytic tests

respectively, which were 58-fold and 171-fold higher than that of the LFIA based on gold nanoparticles.

Moreover, it exhibited good specificity and high accuracy for detection of clinical serum samples. There-

fore, the magnetic nanozyme material proposed in this study demonstrated great potential for application

in point-of-care diseases diagnosis.

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

Medica, Chinese Academy of Medical Sciences.

As an inflammatory marker, interleukin-6 (IL-6) shows impor-

tant clinical significance in infectious diseases, autoimmune dis-

eases, tumors, and cardiovascular diseases [1–3]. Traditional detec-

tion techniques were unable to meet the requirements of point-

of-care testing (POCT). Lateral flow immunoassays (LFIA) have re-

ceived extensive attention in POCT disease diagnosis due to its

advantages of rapidity, simplicity, stability, and instrument-free

detection [4–7]. However, the color intensity of traditional gold

nanoparticles (Au NPs)-based LFIA is relatively weak, and its in-

sufficient sensitivity makes it difficult to detect low-concentration

serum markers [8–10]. Therefore, there is an urgent need to design

novel signal labels for enhancing the detection sensitivity of LFIA.

In recent years, catalytic colorimetric nanomaterials have gar-

nered increasingly widespread attention in the field of biosensing

due to their unique colorimetric properties and catalytic functions

[11–13]. The enzyme-like activity of these nanoparticles can cat-

alyze the oxidation of chromogenic substrate for colorimetric sig-

nal amplification, further improving the detection sensitivity [14–

∗ Corresponding author.

E-mail address: shuyun@yzu.edu.cn (Y. Shu).

17]. Based on the above advantages, these nanomaterials can be

used as novel signal labels for LFIA. Catalytic colorimetric nano-

materials mainly include metal-based (e.g., gold, platinum and iron

oxide), carbon-based (e.g., carbon nanotubes (CNTs) and graphene

oxide (GO)) and nanocomposites based on natural enzymes [18–

23]. Iron oxide nanoparticles (Fe3O4 NPs) were the first nanomate-

rials to be discovered with peroxidase-like activity. Their magnetic

properties, inherent color and catalytic activity features have at-

tracted widespread attention [24,25]. However, the inherent color

brightness and catalytic activity of Fe3O4 NPs are insufficient, lead-

ing to low detection sensitivity and thus limits their wide ap-

plication in the field of biosensing [26,27]. In order to enhance

the detection sensitivity of Fe3O4 NPs, many researchers have re-

ported the preparation of various multifunctional nanocomposite

materials to improve the color intensity and enzymatic activity of

Fe3O4 NPs [28,29]. Among them, noble metal nanoparticles have

attracted widespread attention due to their excellent enzyme-like

activity. However, due to the small size of precious metal nanopar-

ticles, they are prone to aggregation and cannot be effectively de-

posited on the surface of the Fe3O4 NPs [30,31]. Moreover, the

Fe3O4 NPs have a magnetic shielding effect, and direct deposition

would cause a significant decrease in their saturation magnetiza-
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Scheme 1. (A) Preparation of MNPs@MOF@Pt-Ab immunoprobes. (B) The process of capturing IL-6 by immunoprobes. (C) Schematic diagram of MNPs@MOF@Pt-based LFIA

for the detection of IL-6.

tion [32,33]. Therefore, an interfacing layer needs to be introduced

between Fe3O4 NPs and noble metal nanoparticles to glue them.

Recent studies have shown that metal-organic framework

(MOF), due to their high porosity, high specific surface area and

excellent stability, can provide an ideal platform for the loading

of nanoparticles [34–39]. Our previous work reported that a Zr-

MOF was used as the matrix for loading PtNi nanoparticles (PtNi

NPs), which effectively prevented the aggregation of PtNi NPs and

thereby enhanced its stability and catalytic activity [40]. Therefore,

MOF can serve as an excellent carrier to load noble metal nanopar-

ticles, thereby enhancing their stability.

In this study, MOF was used as a mediate interfacing layer for

loading Pt nanoparticles (Pt NPs) on the magnetic nanoparticles

(MNPs) to obtain a multifunctional magnetic catalytic colorimetric

nanomaterial (MNPs@MOF@Pt). And then a catalytic-colorimetric

LFIA based on MNPs@MOF@Pt was constructed for the highly sen-

sitive detection of IL-6 in serum (Scheme 1). Firstly, Cu-Co MOF

was grown in situ using MNPs as the core, and then Pt NPs was

also in situ grown on MOF surface to prepare the MNPs@MOF@Pt

nanocomposite material. Results indicated that the MOF interfac-

ing layer facilitates the uniform growth of Pt NPs on MNPs. And

the loading of Pt NPs endows the MNPs@MOF with excellent per-

oxidase activity and enhanced colorimetric signal intensity. Fur-

thermore, the obtained MNPs@MOF@Pt deserves three functions

of rapid magnetic response, increased colorimetric signal inten-

sity and excellent catalytic activity. Following integration with the

dual-antibody sandwich LFIA platform, the detection limits of IL-

6 before and after catalysis were 8.3 and 2.8 pg/mL, respectively,

representing a 58-fold and 171-fold improvement compared to Au

NPs-based LFIA. In conclusion, this study indicates that the pro-

posed multifunctional nanocomposite material can serve as a novel

signal marker for LFIA, and it shows great potential for application

in POCT.

The Fe3O4 NPs were first synthesized by a solvothermal

method according to the previously reported method [41]. Trans-

mission electron microscopy (TEM) (Fig. 1A) and scanning elec-

tron microscopy (SEM) images (Fig. S1A in Supporting informa-

tion) revealed that the synthesized MNPs with an average size

of 207±18nm. Subsequently, MNPs@MOF was prepared by in-situ

growth of a Cu-Co MOF shell using MNPs as the core. It can be ob-

served from Fig. 1B and Fig. S1B (Supporting information) that the

obtained MNPs@MOF showed a distinct core-shell structure and

the size of 259±23nm. Finally, the Pt nanoparticles with sizes of

approximately 7nm were loaded onto the MNPs@MOF, resulting

in the formation of MNPs@MOF@Pt nanocomposite materials (Fig.

1C and Fig. S1C in Supporting information). The high-resolution

TEM (HRTEM) image (Fig. 1D) of MNPs@MOF@Pt showed that the

interplanar spacing of the [111] plane of Pt NPs was 0.238nm.

The energy dispersive spectroscopy (EDS) mapping images (Fig. 1E)

and energy dispersive X-ray (EDX) spectrum (Fig. S2 in Support-

ing information), both indicated that the elements of Fe, Cu, Co,

Pt, C, N and O were uniformly distributed in the MNPs@MOF@Pt

nanocomposite. The crystal structure of the nanocomposites was

analyzed through X-ray diffraction (XRD). As illustrated in Fig. 1F,

the diffraction peaks of the MNPs@MOF@Pt nanocomposite mate-

rial match well with those of MNPs, Cu-Co MOF and Pt NPs. Specif-

ically, the main peak at 35.4° belongs to the (311) crystal plane of

MNPs (JCPDS 74–0748), the main peak at 40.2° belongs to the (111)

crystal plane of Pt NPs (JCPDS No 87–0647), the diffraction peaks

at 43.3°, 50.4° and 74.1° correspond to the (111), (200) and (220)

crystal planes of the MOF (JCPDS No 85–1326), respectively. As

shown in the Fourier transform infrared (FT-IR) spectra of Fig. 1G,

the absorption peaks at 1632 and 1406 cm-1 were ascribed to the

stretching vibrations of C=O and C–O bonds in carboxylate groups

respectively, whereas the peak at 619 cm-1 was associated with the

stretching vibrations of Fe-O bonds.
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Fig. 1. TEM images of (A) MNPs, (B) MNPs@MOF, and (C) MNPs@MOF@Pt. (D) HRTEM images of MNPs@MOF@Pt. (E) EDS mapping images of MNPs@MOF@Pt including the

elements of Fe, Cu, Co, Pt, C, N, and O. (F) XRD spectra of MNPs, MNPs@MOF, and MNPs@MOF@Pt. (G) FT-IR spectra of MNPs, MNPs@MOF, and MNPs@MOF@Pt. (H) The

high-resolution XPS spectra of Pt 4f for MNPs@MOF@Pt. (I) Magnetic hysteresis loops.

Furthermore, the X-ray photoelectron spectroscopy (XPS) analy-

sis (Fig. S3 in Supporting information) showed that the surface of

the nanocomposite materials contained Fe, Cu, Co, Pt, C, N and O

elements, which was consistent with previous results of EDS map-

ping and EDX analysis. The high-resolution Fe 2p spectrum were

exhibited in Fig. S4A (Supporting information), the peaks at 710.60

and 724.30 eV are assigned to Fe2+ in the Fe 2p3/2 and Fe 2p1/2 or-

bitals, respectively, whereas the peaks at 712.20 and 726.36 eV cor-

respond to Fe3+ in the Fe 2p3/2 and Fe 2p1/2 orbitals, respectively.

The satellite peak at 718.69 eV can be attributed to the coexis-

tence of Fe2+and Fe3+. The peaks at 931.85 and 951.87 eV (Fig. S4B

in Supporting information) were assigned to the Cu 2p3/2 and Cu

2p1/2 states of Cu, respectively, confirming the presence of Cu2+.
The high-resolution Co 2p spectra (Fig. S4C in Supporting infor-

mation) revealed a binding energy of 782.79 eV for Co 2p3/2. In

the Pt 4f spectra (Fig. 1H), two peaks corresponding to Pt 4f7/2
(71.14 eV) and Pt 4f5/2 (74.55 eV) were observed. Compared with

the individual Pt NPs, the platinum peak shifts towards the high

binding energy direction and undergoes electron transfer [42]. The

high-resolution C 1s spectra (Fig. S5A in Supporting information)

showed four peaks at 284.8, 286.1, 287.9 and 288.6 eV, which cor-

responded to the bond of C–C, C–O, C=O and O–C=O, respectively.

The high-resolution N 1s spectra (Fig. S5B in Supporting informa-

tion) showed a peak at 399.8 eV, which corresponded to the bond

of N–H. The two peaks of O 1s spectra (Fig. S5C in Supporting in-

formation) located at 530.0 and 531.5 eV, which were attributed

to the bond of Fe-O and C–O, respectively. In conclusion, all the

aforementioned results collectively confirmed the successful prepa-

ration of the MNPs@MOF@Pt nanocomposite. In addition, the su-

perparamagnetism of the nanocomposite materials were studied

and results were showed in Fig. 1I, in which the saturation mag-

netization values of MNPs, MNPs@MOF and MNPs@MOF@Pt were

58.5, 44.6 and 28.3 emu/g, respectively. Magnetic recovery effi-

ciency was a key indicator for evaluating the practical application

value of MNPs@MOF@Pt nanocomposites. As shown in Fig. S6A

(Supporting information), there was a linear correlation between

the concentration of MNPs@MOF@Pt nanocomposites and its ab-

sorbance at 450nm. The absorbance of MNPs@MOF@Pt and its su-

pernatant after magnetic separation was recorded respectively (Fig.

S6B in Supporting information), the concentration of the material

before and after magnetic separation was calculated according to

the above linear regression equation. Then the magnetic recovery

efficiency of MNPs@MOF@Pt nanocomposites was calculated to be

about 95%.

The peroxidase-like activity of the nanomaterials was inves-

tigated by monitoring the changes of the color and absorbance

using 3,3′,5, 5′-tetrame-thylbenzidine (TMB) as chromogenic sub-

strate under the presence of H2O2. The peroxidase-like activities

of MNPs, MNPs@Cu-MOF, MNPs@Cu-Co MOF, MNPs@Cu-MOF@Pt

and MNPs@Cu-Co MOF@Pt were compared under the same con-

ditions. As shown in Fig. 2A, the MNPs displayed relatively weak

catalytic activity. With a bimetallic Cu-Co MOF coating, the overall

catalytic activity enhanced, and the catalytic activity of bimetallic

MNPs@Cu-Co MOF exhibited 4-fold higher activity than MNPs@Cu-

MOF. Moreover, after loading Pt NPs on MOF, the overall catalytic

activity significantly enhanced. The reason may be that an electron

transfer occurred between Pt NPs and MNPs@Cu-Co MOF which

proved by previous XPS analysis, thereby enhancing the peroxi-
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Fig. 2. (A) The UV–vis absorption spectra of TMB oxidized by (a) MNPs, (b)

MNPs@Cu-MOF, (c) MNPs@Cu-Co MOF, (d) MNPs@Cu-MOF@Pt, and (e) MNPs@Cu-

Co MOF@Pt catalyzing H2O2. Inset shows the digital images of solutions. (B) EPR

spectra of MNPs@MOF@Pt in DMPO system. Steady-state kinetic assay of MNPs,

MNPs@MOF and MNPs@MOF@Pt by varying H2O2 concentration (C) and TMB con-

centration (D).

dase activity. The catalytic activity of MNPs@Cu-Co MOF@Pt was

also higher than that of MNPs@Cu-MOF@Pt. It indicated that Cu-

Co MOF can be a good matrix to load Pt NPs.

Subsequently, free radicals generated during the catalytic pro-

cess were analyzed by electron paramagnetic resonance (EPR)

technique. As illustrated in Fig. 2B, when 5, 5-dimethyl-1-

pyrroline-N-oxide (DMPO) was used as the spin trapping agent,

the obvious DMPO–H characteristic signal was observed in the ab-

sence of H2O2. This phenomenon indicated that the hydroxyl in

nanocomposite was first catalyzed by Pt NPs to generate H•. The

amount of generated H• was reduced after the addition of H2O2.

It is speculated that OH• might have been produced but there was

no obvious intensity value of 1:2:2:1 quadruple peak, which might

be due to the overlapping of the OH• peak with the H• peak [43].

In addition, in order to further investigate the catalytic activ-

ity of nanozymes, steady-state kinetic analysis was conducted for

MNPs, MNPs@MOF and MNPs@MOF@Pt, respectively. The values

of Michaelis–Menten constant (Km) and maximum initial veloc-

ity (Vmax) under different concentrations of H2O2 and TMB were

calculated by the Lineweaver-Burk equation (Eqs. 1 and 2), which

were used to evaluate the catalytic ability of the nanozyme.

V = Vmax[S]

Km + [S]
(1)

1

V
= Km

Vmax[S]
+ 1

Vmax
(2)

According to the above equation, the MNPs@MOF@Pt demon-

strated the smallest value of Km (0.07mmol/L) and maximal value

Vmax (16.7×10−7 mol L-1s-1) under different concentrations of

H2O2, compared with the other two types of nanomaterials (Fig.

2C, Figs. S7-S9 and S13A in Supporting information); the val-

ues of Km and Vmax for MNPs@MOF@Pt were determined to be

1.16mmol/L and 2.96×10−7 mol L-1s-1, respectively, under differ-

ent concentrations of TMB (Fig. 2D, Figs. S10-S12 and S13B in

Supporting information). Furthermore, compared with the previ-

ously reported nanozymes and nature enzyme (Table S1 in Sup-

porting information), the Km value of the MNPs@MOF@Pt was

lower and the Vmax was higher. These results all indicated that the

MNPs@MOF@Pt nanozymes possess excellent substrate affinity and

relatively high peroxidase-like activity.

In order to ensure the accuracy and reproducibility of

MNPs@MOF@Pt nanomaterials during the testing process, its sta-

bility under different media and temperatures was further stud-

ied. First, the UV–vis absorption spectra of MNPs, MNPs@MOF

and MNPs@MOF@Pt were recorded (Fig. S14A in Supporting infor-

mation), the absorbance of MNPs@MOF@Pt showed strongest at

450nm. Therefore, the absorbance at 450nm was monitored to

study the storage stability of MNPs@MOF@Pt in PBS buffer solu-

tion and serum. The MNPs@MOF@Pt nanocomposites were stored

in PBS buffer and serum at room temperature for 10 days, respec-

tively (Fig. S14B in Supporting information). It is observed that

the absorbance value at 450nm remained at 89.5 % and 93.1% of

the original value respectively, indicating that it has good stor-

age stability in different medium. Subsequently, the changes in

absorbance intensity of MNPs@MOF@Pt after incubation at 60 °C
for 12h and its peroxidase-like catalytic ability for TMB were

recorded respectively to study its thermal stability. The absorbance

of MNPs@MOF@Pt at 450nm was 81.9% of the original value (Fig.

S14C in Supporting information), and the absorbance of the oxi-

dation product TMBox at 652nm remains at 75.1% of the origi-

nal value (Fig. S14D in Supporting information) after incubation of

MNPs@MOF@Pt at 60 °C for 12h. In summary, the MNPs@MOF@Pt

showed excellent stability.

In addition, the stability of MNPs@MOF@Pt on the test strips

was also investigated in order to facilitate its better application in

LFIA. First of all, the MNPs, MNPs@MOF and MNPs@MOF@Pt of the

same concentration were sprayed onto the test strips at the same

flow rate respectively, and it was observed that the signal inten-

sity of the bands gradually increased (Fig. 3A). The results sug-

gested that the incorporation of Pt NPs not only improved the cat-

alytic activity but also amplified the colorimetric signal intensity.

The MNPs@MOF@Pt was sprayed onto the test strip and stored at

4 °C for 8 d. The color intensity of the band and the catalytic ox-

idation ability of 3-amino-9-ethylcarbazole (AEC) were measured

every two days (Fig. 3B), The band intensity of the three paral-

lel experiments showed almost no change. These results indicated

that MNPs@MOF@Pt could serve as an excellent colored probe.

In this study, the MNPs@MOF@Pt-Ab probe was prepared by

the method of electrostatic adsorption. Subsequently, the immuno-

probes were analyzed via zeta potential and dynamic light scat-

tering (DLS) measurements. As depicted in Fig. 3C, the zeta po-

tential of MNPs shifted from −20.70mV to −9.06mV after load-

ing MOF, and then further changed to −26.70mV after Pt NPs

loading. After being conjugated with antibodies, the zeta poten-

tial of MNPs@MOF@Pt was transformed into −3.16mV. Fig. 3D dis-

plays that the hydrodynamic diameter of MNPs@MOF@Pt-Ab was

larger than that of MNPs@MOF@Pt. And it can be also observed

that the hydrodynamic diameter of MNPs@MOF@Pt, MNPs@MOF

and MNPs is in the order of MNPs@MOF@Pt>MNPs@MOF>MNPs.

All above results further demonstrated the successful prepa-

ration of MNPs@MOF@Pt and immunoprobes. In addition, the

MNPs@MOF@Pt-Ab was used as a signal label for construction of

dual-readout LFIA platform for the detection of IL-6. Fig. 3E illus-

trates the detection principle of the MNPs@MOF@Pt-based dual-

antibody sandwich LFIA for IL-6. The target IL-6 was present in

the sample and first captured by immunoprobes. Through capillary

effect, the immunocomplexes were captured by the IL-6 capture

antibodies on the T line to form a sandwich structure. Excessive

probes were captured by goat anti-mouse IgG immobilized on the

C line. When there was no target object present, the probe was di-

rectly captured by IgG on the C line. Subsequently, the test strip

was immersed in AEC chromogenic substrate solution for reaction.

The T line and C line were covered with a large amount of insol-

uble reddish-brown precipitates. The colorimetric signal enhance-

ment leads to an improvement in the detection sensitivity of LFIA.

Fig. 3F showed the results of the MNPs@MOF@Pt-based LFIA for
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Fig. 3. (A) Comparison of the grayscale values of MNPs, MNPs@MOF, and MNPs@MOF@Pt on the test strips at identical concentrations. (B) The comparison of colorimetric

and catalytic intensities of MNPs@MOF@Pt sprayed on the test strips after storage for 8 d All tests were repeated three times. The zeta potential (C) and DLS (D) analysis of

MNPs, MNPs@MOF, MNPs@MOF@Pt and MNPs@MOF@Pt-Ab immunoprobes. (E) Detection principle of MNPs@MOF@Pt-based LFIA for IL-6. (F) The test result.

the detection of IL-6, which were consistent with the design prin-

ciple. In conclusion, this method for detecting of IL-6 is feasible.

To achieve best detection performances, the MNPs@MOF@Pt-

based LFIA were systematically optimized. Firstly, the concentra-

tion of the IL-6 detection antibodies coupled to MNPs@MOF@Pt

was optimized. Fig. S15A (Supporting information) showed that the

T line intensity was the highest when the antibody concentration

was 17μg/mL. Therefore, the optimal antibody concentration was

determined to be 17μg/mL. As illustrated in Fig. S15B (Support-

ing information), the highest T line intensity was achieved when

the volume of the immunoprobes was 5μL, so it was selected as

the optimal amount of volume of probe. Blocking solution can re-

duce background interference and enhance the specificity of the

detection signal. When the final concentration of bovine serum al-

bumin (BSA) was 1.1 %, the sealing effect was the best (Fig. S15C

in Supporting information). Furthermore, MNPs@MOF@Pt exhibited

excellent peroxidase-like activity, it was necessary to study the re-

action time and substrate concentration of the catalyzed reaction.

The catalytic reaction conditions were optimal when the catalytic

time was 10min and the concentration of AEC was 0.04% (Figs.

S16A and B in Supporting information).

Under the aforementioned optimal detection conditions, stan-

dard samples of IL-6 with different concentrations were tested by

the MNPs@MOF@Pt-based LFIA. The color of the T lines before

and after catalysis gradually darkened with increasing IL-6 con-

centration (Fig. 4A). Figs. 4B and C indicated that the intensity of

the T lines before and after catalysis had a good linear relation-

ship within the concentration range of IL-6 (0–50ng/mL). The lin-

ear regression equation before catalysis was y=0.1807x+4.4555

(R2 =0.978), with a limit of detection (LOD) of 8.3 pg/mL. The

linear regression equation after catalysis was y=0.2115x+4.8841

(R2 =0.991), with a LOD of 2.8 pg/mL. As shown in Fig. S17 (Sup-

porting information), the MNPs@MOF@Pt-based LFIA outperformed

the Au NPs-based LFIA (LOD=0.48ng/mL) for IL-6 detection. Com-

pared with other methods for detecting IL-6 (Table S2 in Sup-

porting information), this method demonstrates excellent analyti-

cal performance in the aspect of detection. These results suggest

that MNPs@MOF@Pt-Ab can serve as an excellent signal probe for

detecting IL-6 to improve detection sensitivity.

In addition, the selectivity and anti-interference of the

MNPs@MOF@Pt-based LFIA was investigated by detecting sev-

eral potential interfering proteins, including BSA, alpha-fetoprotein

(AFP), carcinoembryonic antigen (CEA) and human IgG (all at

10ng/mL). Figs. 4D-F displays that the significant signal response

was observed for IL-6 (10ng/mL), and the blank control and

other interfering substances showed no obvious response. IL-6 was

added together with these interferents to investigate the anti-

interference performance, respectively. As shown in Fig. S18 (Sup-

porting information), the interferents had little impact on IL-6 de-

tection. These findings confirmed the excellent selectivity and anti-

interference capability of the proposed method. To further inves-

tigate the reproducibility of the LFIA, we conducted parallel test

by using five individual IL-6 (10ng/mL) test strips. As illustrated in

Fig. S19 (Supporting information), the relative standard deviations

(RSD) before and after catalysis for five test strips were 2.4 % and

7.4% respectively, which indicated that this detection method dis-

played good reproducibility. The test strips coated with IL-6 cap-

ture antibodies were stored at 4 °C. Then the test strips were used

to detect IL-6 every five days to verify the stability of this method.

The intensity of the T lines was 93.7% and 94.4% of the colorimet-

ric and catalytic origin values respectively after stored for 30 days

(Fig. S20 in Supporting information). It indicated that this LFIA pos-

sessed excellent stability.

The practicability of the MNPs@MOF@Pt-based LFIA was further

evaluated by testing 12 clinical human serum samples, including 2

healthy individuals (numbers 11–12) and 10 patients (numbers 1–

10). The human serum samples were obtained from Subei People’s

Hospital in Jiangsu Province. Ethical approval for the use of these

samples was granted by the Ethics Committee of Yangzhou Univer-

sity (Approval No. YXYLL-2023–104). Detection results were com-

pared with the results measured by the standard method in hospi-

tal. Figs. 4G and H reveals that the colorimetric and catalytic sig-

nals can correctly distinguish all patient and healthy human serum

samples without false negative or false positive results. Moreover,

the results before and after catalysis were highly correlated with

the standard results (Figs. 4I and J, correlation coefficient of 0.998

and 0.999, respectively). Finally, different concentrations of IL-6

antigen (10, 50, 250 pg/mL) were separately added to two serum

samples for the determination of recovery rates. The results indi-

cated that the average recovery rate ranged from 97.7%−100.2% by

colorimetric method and 92.6%−100.0% by catalytic method (Table

S3 in Supporting information). In conclusion, this MNPs@MOF@Pt-

based LFIA showed great potential for application in clinical diag-

nosis.

In summary, this study reported a multifunctional

MNPs@MOF@Pt magnetic nanozyme that integrates colorimet-
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Fig. 4. (A) Results of MNPs@MOF@Pt-based LFIA strips in response to various concentrations of IL-6. The standard curves of the LFIA strips for colorimetric (B) and catalytic

(C) analysis of IL-6. (D) Selectivity of MNPs@MOF@Pt-based LFIA strips. The colorimetric (E) and catalytic (F) intensity change of T line in the presence of IL-6 or other

interferents, respectively. (G) Detection results of MNPs@MOF@Pt-based LFIA strips for IL-6 in human serum samples. (H) The heat map analysis of clinical samples. (I)

Correlation analysis between the colorimetric assay results and the standard values. (J) Correlation analysis between catalytic assay results and standard values. All tests

were repeated three times.

ric, catalytic and magnetic properties, and it was applied to a

LFIA platform for the highly sensitive detection of IL-6 in human

serum. The experimental findings indicated that the prepared

MNPs@MOF@Pt composite materials displayed the following ad-

vantages: (1) The magnetic properties of this material effectively

reduced the matrix interference in sample analysis, achieved the

enrichment of the target substance, and enhanced the detection

sensitivity; (2) The MOF shell provided a stable loading platform

for Pt NPs and generated an efficient synergistic catalytic effect,

significantly enhancing the catalytic activity of the nanomaterials;

(3) The MNPs@MOF@Pt composite material showed excellent

biocompatibility. When coupled with antibodies, it can protect the

high activity of the antibodies and reduce the interference caused

by non-specific adsorption. Based on the above advantages, the

MNPs@MOF@Pt-based LFIA platform successfully achieved highly

sensitive detection of IL-6 (2.8 pg/mL). This study demonstrated

that the prepared MNPs@MOF@Pt multifunctional magnetic

nanozyme can serve as a novel label for the LFIA platform and

hold great application potential in POCT disease diagnosis.
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