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ARTICLE INFO ABSTRACT

Here, a novel H,0»-based electrochemical immunosensor utilizing Pd nanoparticles functionalized three-di-
mensional wrinkly amorphous MoS, composites (Pd NPs@3D MoSy) as the platform was developed for the
determination of insulin. In this work, Pd NPs@3D MoS, prepared in the presence of CTAB possessed an ex-
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Insulin cellent catalytic activity for the reduction of H,0,. Furthermore, Pd NPs@3D MoS, with favorable biological
Pd NPs 1 1e . . . . . .
CTAB compatibility can conjugate a great many antibodies to capture insulin. Attributed to the excellent property,

electrochemical signals could be greatly amplified, contributing to improving detection sensitivity. Especially,
SEM, TEM, and XPS information further confirmed nanomaterial's surface morphology and amorphous structure.
Under the optimal conditions, the proposed immunosensor exhibited a sensitively linear relation with loga-
rithmic insulin concentrations from 0.01 to 100 ng/mL with a low detection limit of 3.0 pg/mL (S/N = 3).
Characterized by good reproducibility, specificity, and stability, the fabricated immunosensor may blaze a path

for insulin detection in a real sample.

1. Introduction

Insulin, a peptide hormone produced by pancreatic islet beta cells, is
regarded as the key anabolic hormone in vivo (Hsieh et al., 2006). It not
only promotes absorption of glucose from the blood into adipocytes,
liver and skeletal muscle cells but also regulates the metabolism of
carbohydrates, fat, and protein. For example, a high concentration of
insulin in the blood strongly inhibits the production and secretion of
hepatic glucose (Zhu et al., 2017). Meanwhile, circulating insulin can
influence proteins synthesis in widely various tissues (Saltiel and Kahn,
2001). More importantly, insulin can also affect vascular cognition and
compliance. Once insulin diffused to the human brain, learning and
memory can be promoted, especially for verbal memory (Benedict
et al., 2004). If insulin dysfunctions, it will trigger diabetes mellitus and
heighten the risk of kidney failure, myocardial infarction, obesity, and
neurodegenerative disease in patients with diabetes and hyper-
insulinemia (Schutte et al., 2015; Wang et al., 2018). Hydrogen per-
oxide (H,05) is not only of great significance in the fields of bioanalysis
as well as clinical, pharmaceutical, and environmental applications but
also playing a momentous role in regulating various biological
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processes, including vascular remodeling, immune cell activation, and
apoptosis, as a byproduct of large-scale biological processes (Wang
et al., 2013). Therefore, it is significant to propose a highly sensitive
and specific strategy for highly electrocatalytic activity toward the re-
duction of H,0, to achieve the diagnosis of insulin in clinical analysis.

As the rapid development of analytical technique, more and more
methods have been used to diagnose the insulin, such as high perfor-
mance liquid chromatography (HPLC) (Mercolini et al., 2008), enzyme-
link immunosorbent assays (ELISA) (Heyduk et al., 2010), flow injec-
tion analysis (Salimi et al., 2009), turbidimetry (Jasuja et al., 2012),
and so forth. Nonetheless, some of the analytical strategies have been
too cumbersome, time-consuming, and expensive, hindering the uni-
versal detection of insulin. Therefore, the electrochemical im-
munosensor, based on the highly antigen-antibody specific interaction,
has attracted extensive attention, due to its advantage of high sensi-
tivity and specificity, fast response, ease of operation, easy miniatur-
ization, and simple instrumentation (Han et al., 2016; Jiang et al.,
2015; Li et al., 2015).

To detect biomarkers, immunosensors demand a highly conductive
and catalytic substrate by an easily constructed protocol. Recently,
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considerable attention has been drawn to Molybdenum disulfide (MoS,)
as the typical representatives of transition metal dichalcogenides in the
field of nanoelectronics (Radisavljevic and Kis, 2013), because of its
fantastic electronic and physical properties and promising applications
in electrocatalysis, photocatalysis, supercapacitors, lithium-ion bat-
teries, and chemical sensors (Maitra et al., 2013; Wang et al., 2013).
The previous study demonstrated that the basal plane of MoS, was
catalytically inert. Whereas, there was covered with catalytically active
sites in the edge plane with high surface energy (Tan et al., 2015).
Thanks to highly electrocatalytic activity and binding energy with
atomic hydrogen, MoS, was considered as a potential ideal replacement
for platinum group catalysts (Karunadasa et al., 2012). Furthermore,
many researchers reported that MoS, could effectively combine with
other nanomaterials to achieve excellent catalytic activity (F. Li et al.,
2018; Xu et al., 2015). And, amorphous molybdenum sulfide (MoSy)
with an optimized structure and morphology exposed more active edge
sites for electrocatalytic activity (Ting et al., 2016). In addition, the
intrinsically abundant defect sites in MoSy were presented throughout
the entire surface of the catalyst and readily available for catalytic re-
actions (Laursen et al., 2013; F. Li et al., 2018). As is known, MoS, by a
cost-effective method have been widely applied to oxygen reduction
reaction (ORR) (Ahmed and Gerischer, 1979) and hydrogen evolution
reaction (HER) (Hinnemann et al., 2005). Meanwhile, surfactants
aroused researchers’ particular interest in electrochemistry, owing to
surface active and amphiphilic molecules (Wu et al., 2006). More im-
portantly, the participation of polar surfactant in the solution may
improve the aqueous solubility of nanomaterials, resulting in significant
change in redox properties and electroanalytical properties (Rather and
De Wael, 2012). Among these positive strategies, cetyl-
trimethylammonium bromide (CTAB) as a cationic surfactant played a
crucial role in adjusting the surface structures of nanomaterial and
ensuring effective and stable dispersion, such as promoting the electron
transfer process. As has been reported, noble metal nanoparticles,
especially palladium nanoparticles (Pd NPs), have sparked extensive
concerns thanks to superior biocompatibility (Wang et al., 2014). The
Pd NPs could effectively improve the conductivity of amorphous MoS;,
couple a great many antibodies by Pd-N bond, and enhance the cata-
lytic activity to enlarge the detection signal (Liu et al., 2016).

A label-free immunosensor was fabricated in this work for insulin
detection. Three-dimensional wrinkly amorphous MoS; (3D MoS,),
with the high accessible surface area and more active probes and do-
mains, was modified by CTAB. Furthermore, a simple method was ap-
plied to synthesize Pd NPs functionalized 3D wrinkly amorphous MoS,
(Pd NPs@3D MoS,). Crucially, the Pd NPs integrated on 3D MoS, can
not only provide a suitable platform for immobilizing the biomolecules
via the Pd-N bond but also further promote the catalytic properties of
the catalyst towards the reduction of H,O, by synergetic effects.
Remarkably, 3D MoS,, as the less expensive nanomaterial, efficaciously
reduced the consumption of Pd-group material and achieved an ex-
cellent performance in signal amplification.

2. Experimental section
2.1. Materials

Insulin antigen and antibody were obtained from Shanghai Linc-Bio
Science Co. Ltd. (Shanghai, China). Polyvinylpyrrolidone (PVP, K30),
ammonium molybdate tetrahydrate ((NH4)¢Mo,024-4H>0), and bovine
serum albumin (BSA, 96-99%) were purchased from Sigma-Aldrich
(Beijing, China). Palladium (II) chloride (PdCl,, A.R.), thiourea
(NH,CSNHy), cetyltrimethylammonium bromide (CTAB), and ascorbic
acid (AA) were obtained from Macklin Biochemical Co., Ltd. (Shanghai,
China). The level of involved reagents was of analytical grade and used
without further purification. Deionized water (18.25 MQ cm) was used
in all the experimental processes.
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2.2. Apparatus

Scanning electron microscopy (SEM) was performed by the FEI
QUANTA FEG250 coupled to an INCA Energy X-MAX-50. TEM and
HRTEM images were characterized by The JEOL MODEL JEM-2100F
transmission electron microscope (TEM). X-ray photoelectron spectro-
scopy (XPS) measurements were performed by ESCALAB 250 XI with a
monochromatic Al Ka source. And X-ray diffraction (XRD) patterns
were completed by the D8 focus diffractometer. The electrochemical
measurements were performed on CHI760E workstation (Chenhua
Instrument Shanghai Co., Ltd, China) using a three-electrode system
including a glassy carbon electrode (GCE, ® = 4 mm) as the working
electrode, a platinum wire as the counter electrode, and a saturated
calomel electrode (SCE) as the reference electrode.

2.3. Preparation of 3D MoS,

Typically, 14 mmol NH,CSNH,, 1 mmol (NH4)¢Mo,0,4-4H50, and
surfactant PVP were dissolved gradually in 35mL deionized water
under sonication. Following that, the solution was heated at 220 °C for
18 h. After cooling to room temperature, the obtained precipitate was
centrifuged and washed with water several times. The final product was
freeze-dried. For the synthesis of 3D radially oriented MoS, nano-
spheres (3DR-MoS,), the protocol was essentially carried out according
to the former report (Zhang et al., 2015). The defect-rich MoS, ultrathin
nanosheets (defect-rich MoS,) was synthesized according to the pre-
vious literature (Xie et al., 2013).

2.4. Preparation of Pd NPs@3D MoS,

In a typical reaction, 2 mg 3D MoS, was dissolved into an aqueous
solution (8 mL) containing 0.05 mM CTAB under sonication for 20 min,
and then the solution was centrifuged at 8000 rpm for 5min and sub-
sequently dispersed in 10 mL to minimize residual surfactants. After
that, 20 mL 1 mM H,PdCl, aqueous solution was injected into the sus-
pension under ultra-sonication for another 10 min. Followed by the
rapid injection of 1mL of 1mmol/mL AA aqueous solution as re-
ductant, the suspension continuously was shaken for several minutes,
and then left undisturbed for at least 6h. Finally, the black-brown
precipitate was obtained by consecutive washing cycles for several
times with ethanol and water twice and then was freeze-dried.

2.5. Preparation of electrochemical immunosensor

The fabrication process of the immunosensor was illustrated in
Fig. 1. The bare GCE was polished by alumina slurries to a mirror and
sequentially washed with deionized water. Following that, the GCE was
modified with 6 pL of the Pd NPs@3D MoS, solution and dried at room
temperature. Following that, 6 uL. of antibody (10pg/mL) was in-
cubated on the GCE overnight at 4°C. After washing the modified
electrode with the PBS (pH 7.4), 3 uL of BSA (1%) was dropped on the
modified GCE to block the nonspecific binding sites and washed thor-
oughly with the PBS (pH 7.4). At last, the fabricated electrode was
stored at 4 °C for further research.

2.6. Insulin detection

Above all, the fabricated immunosensor was incubated with insulin
for 1h and then washed with PBS to remove the unbounded insulin.
Subsequently, the electrochemical measurements were carried out by
amperometric i-t measurement. The potential of —0.4V was chosen as
scanning potential so as to reduce the background current and minimize
the common interference responses. After the baseline was stabilizing,
10uL 5.0 mol/mL H,0O, was injected into the PBS (10 mL) under
moderately stirring and then the current was recorded by the am-
perometric i-t current curve.
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Fig. 1. Illustration of the fabricated immunosensor for insulin detection (B), the fabrication of Pd NPs@3D MoS; (B).
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Fig. 2. The XRD pattern of different materials (A); SEM image of: 3D MoSy (B), 3DR-MoS, (C), defect-rich MoS, (D), and Pd NPs@3D MoS, (E); TEM imagine of Pd
NPs@3D MoS, (inset, HETEM) (F).
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3. Results and discussion
3.1. Material characterization

Fig. 2B illustrated the SEM image of the 3D MoS,. Obviously, the as-
prepared MoS, exhibited a sphere-like structure with the rough surface,
continuous ripples, and abundant crumpled edge. The 3DR-MoS,
(shown in Fig. 2C) exhibited large thickness, compared to the 3D MoS,.
Fig. 2D clearly revealed the irregular nanosheet morphology with ap-
proximately 200nm in lateral size. To further explore the crystal-
lographic structures of amorphous MoSy, the different samples were
characterized by X-ray diffraction (XRD). As demonstrated in Fig. 2A,
all of the identified peaks can be indexed precisely to the standard
pattern of hexagonal MoS, (JCPDS card No.37-1492). Significantly,
compared to the bulk MoS, powder (shown in Fig. S1), the 20 of dif-
fraction peak (002) for 3D MoS,, 3DR-MoS,, and defect-rich MoS, was
transferred from the standard angle (14.378°) to the lower angle of
14.038°, 12.48°, and 14.084°, revealing larger interlayer distance of
6.3 A, 7.1A and 6.3 A, respectively. Meanwhile, 3D MoS; presented
broader peaks in intensity and better crystal structure. The results were
also proved that involvement of PVP had little influence in the structure
of 3D MoS,.

Notably, the disordered atomic arrangement attributed to the for-
mation of additional edges. From SEM in Fig. 2E, the Pd NPs was
uniformly distributed in 3D MoS;, with the average size of 20 nm. The
TEM image in Fig. 2F suggested the orientations of individual (002)
planes in 3D MoS, were highly multifarious, and apparent corrugation
can be observed. Besides, the thickness was composed of less than five
S-Mo-S layers (inset of Fig. 2F), verifying the preservation of the ul-
trathin nanosheet structure. Remarkably, the correspondingly dis-
ordered basal-surface atomic arrangement generated considerably ad-
ditional active edge sites. Furthermore, the HRTEM image of the
nanoparticle with a lattice spacing of 0.236 nm, which attributed to the
(111) lattice of Pd NPs. And high-angle annular dark-field scanning
TEM (shown in Fig. S2) was also performed to investigate the spatial
distribution of different elements. The highly homogeneous distribution
of Pd elements was clearly visualized in energy-dispersive X-ray map-
ping of the selected regions, confirming Pd NPs was successfully in-
corporated into the MoSy structure. And the atomic S/Mo ratio was
approximately 3:1, indicating sulfur atoms were unsaturated.

The chemical state and composition of 3D MoS, were confirmed by
XPS measurement. To reduce the charge effect of the samples, the
binding energy was calibrated by reference to the C 1s peak (284.6 eV).
The XPS survey spectrum in Fig. 3A indicated the presence of Mo, C, O
and S elements. The atomic S/Mo ratio was approximately 3:1, in-
dicating sulfur atoms were unsaturated. And the S 2p spectrum in
Fig. 3B further verified the existence of the unsaturated sulfur atoms
(S527). The S 2p doublet at 161.6 eV can be considered as the bridged
S,2~ or apical S?~. The S 2p doublet at 162.7 eV can be considered as
the basal plane S~ or terminal S,2~ (Dubouis et al., 2018).

Fig. 3C displayed detailed XPS scans for the binding energy of Mo
element. The binding energies of 228.4 and 231.5 eV were respectively
attributed to Mo 3ds,, and Mo 3ds,», which can be relevant to Mo™ and
MoV (Chang et al., 2013). The peak at 225.9 eV can be indexed as S 2s.
The peak at 235.3 eV was associated with Mo"", suggesting that the
sample may contain a set number of amorphous MoS; (Benck et al.,
2012). There are two strong peaks at 232.1 eV and 228.9 eV, which can
be ascribed to MoS, and MoSs3, respectively (Merki et al., 2011).

3.2. Electrocatalytic activity towards H,0, reduction

The performance of electrodes modified with different composite
was investigated through amperometric i-t methods. As illustrated in
Fig. S3A, the current response of different electrodes followed the
order: 3D MoS, /GCE > defect-rich MoS,/GCE > bulk MoS, sheets/
GCE > 3DR-MoS,/GCE. That might be ascribed to the large surface
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area, continuous ripples, and abundant wrinkled active edge of 3D
MoS,.

In order to investigate the effect of CTAB, the amperometric i-t test
was further carried out. As shown in Fig. S3B, there was a larger current
response appeared in the presence of CTAB, compared to the absence of
CTAB. For the dispersion obtained in the presence of CTAB, it imparted
positive charge to absorb anions, due to -N(CH3)3 and -(CH,);, protons
of CTAB (Gupta et al., 2015), when there was absence of CTAB, it is
negative (Pandit et al., 2016). Therefore, more PdCl,* ions can be well
absorbed on amorphous MoS, by interparticle electrostatic attraction,
and subsequently reduced uniformly on amorphous MoSy composites
by weak reductant AA at room temperature. Thus, CTAB can not only
ensure effective and stable dispersion but also promote tremendously
the synergetic effects of amorphous MoS, composites and Pd NPs.

3.3. Mechanism of hydrogen peroxide decomposition on Pd NPs

The new study revealed that the decomposition of hydrogen per-
oxide on Pd NPs occurred via the peroxide-oxide mechanism (Serra-
Maia et al., 2018). Firstly, H>O, reacted with the surface of Pd NPs to
form Pd (O) state, releasing one molecule of H,O. Next, anther molecule
of Hy0, reduced Pd (O) to metallic Pd, producing H,O and O,. More Pd
(O) incorporated at the surface possessed a faster decomposition rate of
H,0, due to skipping the rate-limiting step of the reaction (the first
cycle). The catalytic activity was enhanced for larger Pd NPs due to
their lower work function, which increased the rate at which surface Pd
atoms reacted with H,O, to form Pd(O) (rate-limiting step).

Pd+H,0,—~H,0+Pd (0O) (€9)]

3.4. Characterization of the immunosensor

The EIS was utilized to evaluate the assembly process of the im-
munosensor (Feng et al., 2018). The Nyquist plots of A.C. impedance
were recorded from 1 to 10° Hz at 0.22V in an electrolyte containing
2.5mM [Fe(CN)e]>*. In the Nyquist plot, semicircle portion reflected
the restricted diffusion of the redox probe at the electrode interface,
responding to the charge transfer resistance (R.J), and the Randles
equivalent circuit as shown in the inset. Obviously, R., was suitable to
reflect the interfacial properties of the prepared immunosenor (F. Li
et al., 2018; M. Li et al. 2018). As illustrated in Fig. 4A, the bare GCE
exhibited the R, value was 56.07 Q. With the successful assembly of Pd
NPs@3D MoS, onto the GCE, the R value decreased to 32.67 Q, ver-
ifying that Pd NPs@3D MoS;, can effectively accelerate electron transfer
rate. After the modified electrode was assembled by the antibody, BSA,
and insulin, the resistance increased gradually (79, 160.9 Q, and
194 Q, respectively), due to the formed insulated immunocomplex as
the blocking layer hindering the electron diffusion. EIS information
confirmed that the immunosensor was successfully developed.

Besides, the influence of scan rate on the redox peak current of Fe?*
and Fe** was evaluated using Pd NPs@3D MoS, modified GCE at dif-
ferent scan rates. As demonstrated in Fig. 4B, both of anodic and
cathodic peak currents became larger with the increase of scan rate.
The linear proportion to the peak current of CVs and the square root of
the scan rate in Fig. 4C indicated that the electron transfer of Pd NPs@
3D MoS, surface was diffusion-controlled (Yi et al., 2015).

3.5. Optimization of experimental conditions

To achieve an ideal performance of the proposed immunosensor,
experimental conditions (with 1ng/mL insulin) including the con-
centration of Pd NPs@3D MoS, and the pH value were evaluated in this
experiment. The pH of PBS was firstly investigated in this work. As
illustrated in Fig. S4A, the optimal value of the signal response occurred
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within the range of 5.8-8.0 in 7.4. Furthermore, antibody and antigen
could maintain their activity in the neutral environment (Gao et al.,
2018; Shi et al., 2017). Thus, pH 7.4 was selected as the optimal pH
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Fig. 3. XPS survey spectrum (A) and XPS high-resolution spectra of S 2p (B) and Mo 3d (C) of 3D MoS.
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studied in this study. As demonstrated in Fig. S4B, the optimal value
appeared in 2 mg/mL within the range from 0.5 to 2.5 mg/mL. Thus,
2 mg/mL was chosen as the optimal concentration in this work.

Fig. 4. (A) EIS responses: (a) bare GCE,
(b) Pd NPs@3D MoS,/GCE, (c) anti-
body/Pd NPs@3D MoS,/GCE, (d) BSA/
antibody/Pd NPs@3D MoS,/GCE, (e)
insulin/BSA/antibody/ Pd NPs@3D
MoS,/GCE; (B) CVs of the Pd NPs@3D
MoS, modified GCE at different scan
rates of 20, 40, 60, 80, 100, 120, 140,
160, 180, and 200mV/s (a—j), re-
spectively. (C) The relationship be-
tween the peak currents with the
cathodic and anodic peak current and
the square root of the scan rate (5 mM
[Fe(CN)6]®).
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Fig. 5. (A), (B) The signal responses of the proposed immunosensor of different insulin concentration; (C) Calibration curve of the proposed electrochemical
immunosensors incubated with a series of concentrations of insulin from 0.01 ng/mL to 100 ng/mL; (D) Reproducibility of the proposed immunosensor with 1 ng/mL
insulin; (E) Signal response of the immunosensor to Blank (1), Blank + 50 ng/mL IgG (2), Blank + 50 ng/mL PSA (3), Blank + 50 ng/mL CEA (4), 1 ng/mL insulin
(5), 1 ng/mL insulin + 50 ng/mL IgG (6), 1 ng/mL insulin + 50 ng/mL PSA (7), 1 ng/mL insulin + 50 ng/mL CEA (8).; (F) Stability of the proposed immunosensor

under successive CV scans for 60 cycles. Error bars = SD (n = 3).

Table 1
Results for the detection of insulin in serum samples.

Initial insulin in the diabetic sample (ng/mL) Addition content (ng/mL) The detection content (ng/mL) RSD (%) Recovery (%)
1.07 1.00 1.97, 1.89, 1.93, 1.96, 2.11 4.21 95.3

2.00 3.15, 3.17, 3.21, 3.13, 3.11 1.22 102.8

5.00 6.13, 5.96, 5.96, 5.86, 5.89 1.76 98.19

3.6. Performance of the developed immunosensor

The developed immunosensors incubated with various concentra-
tions of insulin were investigated based on the optimal conditions. As
illustrated in Fig. 5A, the signal response was declining with the in-
creasing concentration of insulin. Nevertheless, as shown in Fig. 5B, the
current changed rapidly at the lower concentration of insulin, due to
the fast change of steric hindrance. And signal responses tended to
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flatten out at higher concentration, due to the large steric hindrance
and the limited binding sites. Thus, the linear relationship between the
logarithmic concentration value of insulin and the current response was
illustrated in Fig. 5C. It revealed that the signal response decreased, as
the increase in insulin concentration from 0.01 to 100.0 ng/mL. The
regression equation was I = 134.17 — 34.68 lgc (ng/mL), with a cor-
relation coefficient of 0.997. And the limit of detection was 3.0 pg/mL
(S/N = 3). This may attribute to the admirable properties of the 3D
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MoSy, which played the significant part in demonstrating satisfactory
detection result with a better linear range and lower limit of detection.
Compared to the reported work (Table S1), the proposed immunosensor
exhibited a low limit of detection and wide linear range for insulin
detection.

3.7. Reproducibility, specificity, and stability of immunosensor

The excellent reproducibility was regarded as one of the most sig-
nificant factors for evaluating the precision of the prepared im-
munosensor. In Fig. 5D, six replicative immunosensors for insulin de-
tection (1 ng/mL) were investigated in 10 mL PBS (pH 7.4). The relative
standard deviation (RSD) of six repeated measurements with this
method was 1.9%, implying that the designed immunosensor displayed
a favorable reproducibility.

The specificity of the proposed immunosensor for insulin detection
was utilized to demonstrate its feasibility (Feng et al., 2017). Prostate-
specific antigen (PSA), immunoglobulin G (IgG) and carcinoembryonic
antigen (CEA) were considered as diverse interfering species (50 ng/
mL) and mixed with 1 ng/mL of insulin. As illustrated in Fig. 5E, no
distinct change of current signal was produced when the interferent was
added, and the relevant variation was less than 5%, exhibiting negli-
gible fluctuation. The result further showed that the proposed im-
munosensor for insulin detection possessed superior specificity.

Furthermore, the stability was an essential analytical parameter to
monitor the performance of the proposed immunosensor. As shown in
Fig. 5F, successive cyclic voltammetry scans for 60 cycles were carried
out after incubated with 5ng/mL insulin, and the current change was
less than 5%, demonstrating an acceptable stability of the proposed
immunosensor. Significantly, as shown in Fig. S5, the long-term storage
stability of the proposed immunosensor was further investigated after
storage at 4 °C, and the current still remained 89.7% after 18 days. The
results above testified that the proposed immunosensor possessed po-
tential practical value.

3.8. Real sample analysis

For the sake of evaluating the reliability of the immunosensor in the
practical application, the human serum was diluted adequately with
PBS (neutral) previous to detecting. As illustrated in Table 1, the re-
covery range from 95.3% to 102.8% and RSD from 1.22% to 4.21%
indicated that the designed immunosensor had acceptable sensitivity
and accuracy, which suggested immunosensor had promising potential
for insulin detection in the biological samples.

4. Conclusion

In short, an effective label-free immunosensor was fabricated for
insulin detection based on Pd NPs@3D MoS, via in-situ reduction at
room temperature. Pd NPs could evenly coordinate with 3D MoS,,
which not only provided better conductivity and excellent biocompat-
ibility but also allowed a new perspective for the reduction of H,0,.
The designed immunoassay could provide repaid signal responses for
insulin detection, making it an effective modality for detection.
Moreover, this approach probably provided a promising opportunity for
real diagnosis.
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