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ized Cu/Au/Pt trimetallic
nanoparticles as a novel enzyme mimic for
biosensing applications†

Pian Wu,a Ping Ding,a Xiaosheng Ye, *ab Lei Li,c Xiaoxiao Heb and Kemin Wangb

Multimetallic nanomaterials have aroused special attention owing to the unique characteristics of chemical,

optical and enhanced enzyme mimetic capabilities resulting from the synergistic effect of different metal

elements. In this work, we present a facile, gentle, fast and one-pot method for preparing Cu/Au/Pt

trimetallic nanoparticles (TNPs), which possess intrinsic and enhanced peroxidase-like activity as well as

excellent stability, sustainable catalytic activity, and robustness to harsh environments. Kinetic analysis

indicated that Cu/Au/Pt TNPs exhibited strong affinities with H2O2 and 3,3,5,5-tetramethylbenzidine

(TMB) as the substrates. To investigate the feasibility of Cu/Au/Pt TNPs-based strategy in biological

analysis, H2O2 was chosen as a model analyte and a sensitive and specific detection for H2O2 was

acquired with a detection limit of 17 nM. By coupling with glucose oxidase (GOD), this assay could also

achieve a sensitive and selective detection of glucose with a detection limit of 33 mM, indicating the

versatility of the method. In view of the potential combination with diverse enzyme-related reactions,

the Cu/Au/Pt TNPs-based strategy is promising as a universal platform for biosensors.
1. Introduction

Enzyme-based analytical strategies have aroused special atten-
tion due to advantages of low cost, easy operation, quick feed-
back, and no need of any advanced instrumentation. Articial
enzymes1 are arousing great interest because of their excellent
catalytic activity, high stability and low-cost compared with
natural enzymes which can bear some serious disadvantages
such as the catalytic activity being easily inhibited,2 time-
consuming and expensive process of preparation, purication
and storage.3 Over the past two decades, nanoparticle-based
enzyme mimics, have seen tremendous progress as a result of
the unique characteristics of nanomaterials such as large
surface-to-volume ratio, superior optical and physical proper-
ties.4 To date, many different types of enzymemimics have been
reported to catalyze a broad range of reactions for sensors,
immunoassays and biomedical applications.4,5
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Peroxidase enzymes, activating H2O2 to full a large number
of oxidation reactions in nature, have been widely applied in the
elds of clinical and bioanalytical chemistry, where it is usually
introduced for signaling or imaging by conjugating to an anti-
body as colorimetric substrates for enzymatic catalysis.
Recently, numerous nanomaterials have been found to possess
unexpected peroxidase-like activity. Yan and co-workers have
discovered that ferromagnetic nanoparticles actually display
a particular peroxidase-like activity.6 And the detection of H2O2,
glucose and thrombin was successfully achieved using Fe3O4

magnetic nanoparticles as peroxidase mimics.7,8 Since the
innovative work was reported by Yan et al.,6 a great many of
signicant research focus have been placed on developing
various nanomaterials with peroxidase activity and being in
search of the potential applications. For instance, graphene
oxide nanoparticles,9 iridium nanoparticles,10 Co3O4 nano-
particles,11 CoFe2O4 magnetic nanoparticles,12 V2O5 nano-
particles,13 Au@PO–CeO2 NPs,14 dopamine coated Fe3O4,15 CuS
concave superstructures,16 and CeO2�x NPs17 were also found
with oxidase- or peroxidase-like activity. The new discoveries
and functions make them potentially useful in the elds of
sensor and environmental chemistry. However, there are still
some deciencies needed to be improved for further biosensing
or biomedical applications, such as insufficient catalytic
activity, harsh synthesis and purication process, poor
biocompatibility, difficulty to be modied, and so on.

Multicomponent metal nanoparticle is a kind of novel
materials with different functionalities through incorporating
three or more different elements to the alloy, which usually
This journal is © The Royal Society of Chemistry 2019
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provide novel or enhanced properties owing to various syner-
gistic effects in comparison to monometallic or bimetallic
nanoparticles.18,19 Key properties of multimetallic nano-
materials such as optical and catalytic properties could be
modied or improved by controlling their morphologies,
structures and chemical compositions, thus leading to catalyst,
sensor and medical applications.20,21 At present, there are
several popular elements in the eld of multimetallic nano-
materials, including platinum (Pt), gold (Au), and copper (Cu).
As an element with unique catalytic feature, Pt has been widely
used for important catalysis22 and electrocatalysis applica-
tions.23,24 However, considering the limited resource, difficulty
to be modied and rising cost of Pt, it is urgent to nd the
substitute for pure Pt catalysts. As a particular species of great
service, Au nanomaterials possess unique properties such as
biocompatibility, exible modication25 and catalytic effect
towards many important oxidization reactions, which make
them excellent scaffolds for the fabrication of novel sensors and
catalytic analysis.26,27 Moreover, as another coinage metal, Cu-
based semiconductor nanomaterials have been widely
explored with the properties of well dened shapes28,29 and
enhanced catalytic performance for Pt nanoparticles.30 Thus, we
envisage that the combination of Pt with Cu and Au will prob-
ably be a good method to make up the drawbacks of pure Pt
nanomaterials as well as achieve the fusion of different func-
tionalities such as good compatibility, facile modication31 and
enhanced or multiple enzyme mimetic capabilities.32

Herein, a fast, gentle and one-pot synthetic method was
utilized to fabricate Cu/Au/Pt TNPs with enhanced catalytic
performance. As a novel enzyme mimic with peroxidase-like
activity, Cu/Au/Pt TNPs could catalyze the oxidation of the
peroxidase substrate TMB by H2O2 to develop a blue color in
aqueous solution. This provided a sensitive colorimetric
detection of H2O2 which is of critical importance in the appli-
cation elds of organic synthesis, food production, paper
bleaching, pharmaceutical, clinical and environmental anal-
ysis33 as well as in many biological processes like cell
signaling.34 By coupling the catalytic oxidation reaction of
glucose by GOD, the colorimetric strategy was further applied
for quantitative detection of glucose. The strategy showed great
potentials as a universal tool for biosensing in view of the
potential combination with diverse enzyme-related reactions.35

2. Experimental
2.1. Chemicals and reagents

Horseradish peroxidase (HRP, 50–150 units per mg), glucose
oxidase (GOD, from Aspergillus niger), 30% H2O2 and K2PtCl4
(>99.9%) were obtained from Sigma-Aldrich Chemicals (St.
Louis, USA). HAuCl4$H2O (>99.5%), CuSO4$5H2O, 3,3,5,5-tet-
ramethylbenzidine (TMB), NaBH4, sodium citrate, NaClO and
NaNO2 were purchased from Ding Guo Biotech Co., Ltd. (Bei-
jing, China). Glucose, R-lactose, D-fructose and maltose were
obtained from Aladdin Industrial Inc. (Shanghai, China). All
other reagents were of the highest grade available. Deionized
water was obtained through the Nanopure Innity™ ultrapure
water system (Barnstead/Thermolyne Corp.).
This journal is © The Royal Society of Chemistry 2019
2.2. Synthesis and characterization of Cu/Au/Pt TNPs

Generally, 12 mL of 0.1 M CuSO4 and 25 mL of 0.1 M sodium
citrate were added into 10 mL of water. Aerward, 0.5 mL of
freshly prepared NaBH4 (25 mM) was rapidly injected into the
mixture above. About 15 min later, the mixed solution was
added with the mixture of 25 mL HAuCl4 (0.1 M) and 25 mL
K2PtCl4 (0.1 M) and kept stirring for 20 min. The nal Cu/Au/Pt
TNPs solution was stored at room temperature before its further
application. X-ray energy-dispersive spectroscopy (EDS) and
high-resolution transmission electron microscopy (HRTEM)
were performed on a JEOL-3010 microscope operating at an
accelerating voltage of 200 kV. The elemental mapping of Cu/
Au/Pt TNPs was analyzed on Titan G2 microscope at an accel-
erating voltage of 300 kV. All TEM samples were deposited on
Mo supporting lm and dried overnight before examination.
2.3. Study of Cu/Au/Pt TNPs catalytic performance

The catalytic activity of Cu/Au/Pt TNPs for TMB–H2O2 reaction
was investigated using the following procedures: Cu/Au/Pt TNPs
(7 mg mL�1) were incubated with 250 mL of sodium acetate
buffer (0.5 M, pH 4.0) solution containing 333 mM TMB (freshly
prepared) and 10 mM H2O2. Aer the mixed solution was incu-
bated in a 30 �C water bath for 10 min, photos were taken
immediately, and the spectra or the absorbance of the oxidation
product of TMB at 650 nm were recorded using an Innite
M1000 multifunctional micro-plate reader through adding 150
mL of the resulting solution into a 96-well plate. The catalytic
activity of HRP was also determined by incubation with 20 ng
mL�1 HRP, 333 mM TMB, and 10 mM H2O2.

To investigate the inuence of incubation temperature on
the relative activity of Cu/Au/Pt TNPs and HRP, catalytic reac-
tions were performed at a range between 20–65 �C under the
same conditions with the above used. To examine the inuence
of reaction buffer pH on the relative activity of Cu/Au/Pt TNPs
and HRP, 0.5 M sodium acetate buffer solutions (pH 1.0–12.0)
were utilized. To study the stability of peroxidase-like activity,
Cu/Au/Pt TNPs and HRP were stored at room temperature, and
the catalytic activity was determined every 24 hours for
consecutive 7 days.
2.4. Kinetic analysis

Kinetic assays were carried out by recording the absorbance at
650 nm in every minute. A series of initial reaction rates with
varying concentration of TMB and a xed concentration of H2O2

or vice versa were obtained to investigate the kinetic character-
istics. In this experiment, the concentrations of H2O2 and TMB
were xed at 1.6 mM and 0.2 mM, respectively. The apparent
kinetic parameters were calculated in the light of Lineweaver–
Burk plots based on the Michaelis–Menten eqn (1):

1/v ¼ Km/Vm(1/[S]+1/Km) (1)

where v is the initial velocity, Vmax is the maximal reaction
velocity, [S] is the concentration of substrate (TMB or H2O2), Km

is the Michaelis constant.
RSC Adv., 2019, 9, 14982–14989 | 14983
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2.5. H2O2 sensing

50 mL of Cu/Au/Pt TNPs (350 mgmL�1), 7.5 mL of TMB (16.6 mM),
and 10 mL of H2O2 with various concentrations were mixed with
182.5 mL of sodium acetate buffer (0.5 M, pH 5.0) solution,
incubated in a 55 �C water bath for 10 min. Subsequently,
photos were taken immediately, and the spectra or the absor-
bance at 650 nm were recorded using an Innite M1000
multifunctional micro-plate reader through adding 150 mL of
the resulting solution into a 96-well plate.
2.6. Glucose sensing

Glucose detection was performed as follows: 45 mL of glucose
with different concentrations in 10 mM phosphate buffer
solution (pH 7.0) was mixed with 5 mL of 5.0 mg mL�1 GOD and
incubated at a 37 �C water bath for 15 min. Then, 50 mL of Cu/
Au/Pt TNPs (350 mg mL�1), 5 mL of TMB (16.6 mM), and 145 mL
of sodium acetate buffer (0.5 M, pH 5.0) solution were added to
the above 50 mL of reaction solution. Aer incubation in a 55 �C
water bath for 10 min, the absorbance of the oxidation product
of TMB at 650 nm was recorded using an Innite M1000
multifunctional micro-plate reader through adding 150 mL of
the resulting solution into a 96-well plate. The capability of
detection in complex samples was also analyzed by using fetal
bovine serum as the model. Glucose was analyzed in PBS
solution (pH 7.0) containing 4% of serum in volume.
3. Results and discussions
3.1. Synthesis and characterization of Cu/Au/Pt TNPs

Cu/Au/Pt TNPs were synthesized using a facile one-pot protocol
through the co-reduction of CuSO4, HAuCl4 and K2PtCl4 in the
presence of NaBH4 at room temperature. Subsequently, the size,
morphology and element compositions of Cu/Au/Pt TNPs were
systematically investigated. It was seen from the TEM image
(Fig. 1A) that the as-prepared Cu/Au/Pt TNPs were earthworm-
like with an average size of �20 nm. Roughly uniform distri-
bution of Cu, Au and Pt in the TNP was observed through
Fig. 1 Synthesis and characterization of Cu/Au/Pt TNPs. (A) TEM image o
STEM-EDX elemental mapping image of (C) Cu, (D) Au and (E) Pt of an indi
of Cu/Au/Pt TNPs.

14984 | RSC Adv., 2019, 9, 14982–14989
element mapping analysis of single Cu/Au/Pt TNP (Fig. 1B–F),
which was also conrmed by EDS spectrum (Fig. 1G).

To validate the peroxidase-like activity of Cu/Au/Pt TNPs, the
catalysis of a popular substrate TMB in peroxidase-based
detection systems was studied in the presence of H2O2. As
seen from Fig. 2A, it was found that TMB added with Cu/Au/Pt
TNPs and H2O2 exhibited obvious adsorption peak at around
650 nm originating from the oxidation of TMB,36,37while TMB in
the absence of Cu/Au/Pt TNPs or H2O2 showed no appearance of
the oxidation peak ranging from 500 to 800 nm. The inset of
Fig. 2A showed the color change of the corresponding samples,
and the result was in accord with the spectra variation
mentioned above evidencing that the nanomaterials could
catalyze the oxidation of TMB. And it was shown in Fig. 2B that
the catalytic activity of Cu/Au/Pt TNPs was obviously enhanced
in comparison with monometallic or bimetallic nanoparticles
under the same conditions, which mainly attributed to the
synergistic effect of three metal elements. Then, the effects of
the contents of three metal elements on the properties of Cu/Au/
Pt TNPs were also investigated (Fig. S1†), it could be found that
the contents of Cu, Au, and Pt elements had little inuence on
the peroxidase-like activity of Cu/Au/Pt TNPs. All these results
conrmed that the Cu/Au/Pt TNPs displayed an intrinsic
enhanced peroxidase-like activity.
3.2. Study of Cu/Au/Pt TNPs catalytic performance

It is well-known that the catalytic ability of enzyme mimics or
natural enzyme is affected by environment aspects.1 Thus it is
very important to study the effects of experimental conditions
on Cu/Au/Pt TNPs to gain an optimal catalytic activity. For
comparison, HRP-based method was also studied. As shown in
Fig. 3A, Cu/Au/Pt TNPs preserved a high catalytic activity from
20 to 65 �C with amaximum value at 55 �C. The thermal stability
of the nanoparticles catalytic activity can be promising for
industrial applications at high temperatures. For comparison,
the activity of HRP obviously dropped when the temperature
surpassed 30 �C, though it maintained stable catalytic activity
but 2–3 times lower than the initial activity. This suggested the
f Cu/Au/Pt TNPs. (B) STEM image of an individual Cu/Au/Pt TNP. (C–E)
vidual Cu/Au/Pt TNP. (F) Themerged image of C, D and E. (G) EDS result

This journal is © The Royal Society of Chemistry 2019
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Fig. 2 (A) Typical absorption spectra of TMB–H2O2mixed solution in the absence and presence of Cu/Au/Pt TNPs: (a) TMB + Cu/Au/Pt TNPs, (b)
TMB + H2O2, (c) TMB + H2O2 + Cu/Au/Pt TNPs. Inset shows the photograph of the solutions. (B) Catalytic activity of Cu/Au/Pt TNPs for TMB–
H2O2 reaction compared with other kinds of nanoparticles prepared with different chemicals added in the same reaction system.
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catalytic activity of Cu/Au/Pt TNPs was less susceptible to
temperature changes than HPR. At this temperature, we also
investigated the catalytic activity of Cu/Au/Pt TNPs and HRP at
various pH, respectively. As shown in Fig. 3B, the catalytic
activity of Cu/Au/Pt TNPs and HRP both increased with the
rising pH from 3.0 to 7.0, and then decreased. The optimal pH
values of two methods were both 5.0. Accordingly, all of the
results evidenced that the catalytic activity of Cu/Au/Pt TNPs
kept stable between wide temperature changes under certain
pH ranges comparing with HRP.

Furthermore, it is very essential to test the storage stability of
nanozyme, which is an important factor to be considered in
practical applications. Therefore, in order to study the ability of
Cu/Au/Pt TNPs to maintain the activity over a long period of
time, the same batch of Cu/Au/Pt TNPs was determined based
on the same analytical treatment over 7 days. HRP, stored at
room temperature when not in use, was used as control enzyme.
As indicated from Fig. 3C, the peroxidase-like activity of Cu/Au/
Pt TNPs remained excellent without damage over 7 days,
showing excellent stability. In contrast, the activity of HRP
decreased obviously a day later, which is in accordance with the
fact that HRP has low stability and is easy to be inactive in
circumjacent environments. Thus, Cu/Au/Pt TNPs, as peroxi-
dase mimics, exhibited insensitivity to surrounding conditions
and could maintain high catalytic activity over a long period of
time. Compared with HRP, Cu/Au/Pt TNPs show several merits,
such as increased stability, sustainable catalytic property, and
robustness to rigorous environments. These will promote the
analytical and biomedical applications of Cu/Au/Pt TNPs in view
of the modication of targeting molecules on the surface of
nanoparticles by “Au–S” interaction.25,31
3.3. Kinetic analysis

The catalytic activities of Cu/Au/Pt TNPs were studied by steady-
state kinetics. The typical Michaelis–Menten curves could be
acquired with the concentration of one substrate xed and the
other varied (Fig. 4A and B), and the enzyme kinetic parameters
of hyperbola were shown in Table 1. Km was considered as
a specic reection of enzyme affinity to substrates and a low
Km value indicated a strong affinity.38 The results in Table 1
This journal is © The Royal Society of Chemistry 2019
indicated that the Km value of Cu/Au/Pt TNPs with both H2O2

and TMB is much lower compared to natural enzyme HRP and
other reported nanomaterials with peroxidase-like activities,
suggesting that Cu/Au/Pt TNPs have a much higher affinity for
two substrates.
3.4. H2O2 sensing

Development of novel biosensors is crucial in the elds of food
production, environmental analysis, diseases diagnostics and
so on. H2O2 was chosen as a model analyte due to its critical
applications in organic synthesis, paper bleaching, pharma-
ceutical and many biological processes.33,34 Utilizing the catal-
ysis of Cu/Au/Pt TNPs upon TMB–H2O2 reaction and the
dependence of colorimetric signal output on the concentration
of H2O2 to construct a Cu/Au/Pt TNPs-based biosensing plat-
form. The concentration dependence of H2O2 was rstly eval-
uated by the TMB–H2O2 reaction in the presence of Cu/Au/Pt
TNPs, it was shown in Fig. S2† that the absorbances at
650 nm were different under various H2O2 concentrations and
increased with the increasing of reaction time except in the
absence of H2O2, which were attributed to the charge-transfer
complexes derived from the one-electron oxidation of TMB.
To achieve an optimized detection, optimization of Cu/Au/Pt
TNPs concentrations and response time towards H2O2

concentrations were rst conducted, revealing a signal plateaus
achieved when the Cu/Au/Pt TNPs concentration was 0.07 mg
mL�1 and the response time was 10 min (Fig. S3†). Thus, on the
basis of the conditions optimization described above, colori-
metric detection of H2O2 was conducted in sodium acetate
buffer (pH 5.0) at 55 �C with a nanoparticle concentration of
0.07 mg mL�1 and reaction time of 10 min. It was found from
Fig. 5A that the solution color changed from light blue to dark
blue as the concentration of H2O2 increased and a concentra-
tion of 50 nM H2O2 could even be distinguished by the naked
eye. The corresponding absorbance spectra change was also
recorded presenting in Fig. 5B, in agreement with the result of
Fig. 5A. Subsequently, the absorbance at 650 nm was collected
for quantitative detection of H2O2. As shown in Fig. 5C, it was
revealed that the absorbance intensity at 650 nm rose with
increasing H2O2 concentration from 0.05 to 10 mM, implying
RSC Adv., 2019, 9, 14982–14989 | 14985
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Fig. 3 Stability comparison between Cu/Au/Pt TNPs and HRP.
Peroxidase activities of Cu/Au/Pt TNPs and HRP were measured at (A)
20–65 �C or (B) pH 1–12 under standard conditions. (C) Long-term
stability of Cu/Au/Pt TNPs and HRP stored at room temperature. The
maximum point in each curve (A–C) was set as 100%. The maximum
point in each curve (A–C) was set as 100%.

Fig. 4 Steady-state kinetic assay by the Michaelis–Menten model and
Lineweaver–Burk model for (A) Cu/Au/Pt TNPs with 0.2 mM TMB and
varied concentration of H2O2. (B) Cu/Au/Pt TNPs with 1.6 mM H2O2

and varied concentration of TMB.

Table 1 The comparison of Cu/Au/Pt TNPs with other reported
enzyme mimics and HRP in kinetic parameters

Enzyme mimics Substrate Km (mM) Vmax (10
�7 M s�1) Ref.

Cu/Au/Pt TNPs H2O2 2.34 136.5 This work
TMB 0.15 7.33

HRP H2O2 3.70 0.87 7
TMB 0.43 1.00

Au NPs H2O2 45.83 1.07 39
TMB 0.74 1.22

Fe3O4 H2O2 1175.30 0.24 40
TMB 0.49 0.56

Fe3O4@Pt H2O2 702.6 7.14 40
TMB 0.15 0.71

GO–AuNCs H2O2 142.39 38
TMB 0.16

Ft–Pt NPs H2O2 187.25 3200 41
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a relatively broad response range based on this catalytic reac-
tion system. There was a good linear correlation between the
absorbance intensity and H2O2 concentration in the range of 0–
1000 nM (R2 ¼ 0.9921), with a detection limit of 17 nM (LOD is
equal to 3 times standard deviation of the blank sample divided
by slope of the analytical calibration), which provided a lower
14986 | RSC Adv., 2019, 9, 14982–14989
detection limit than the previous reported colorimetric method
(Table S1†). In addition, Cu/Au/Pt TNPs exhibited good speci-
city to H2O2 (Fig. S4†).
3.5. Glucose sensing

To verify the versatility of the Cu/Au/Pt TNPs-based biosensing
platform, a quantitative analysis of glucose was further
TMB 0.22 5.58

This journal is © The Royal Society of Chemistry 2019
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Fig. 5 Detection of H2O2 with different concentrations using Cu/Au/Pt TNPs-based biosensing strategy. (A) Photographs and (B) absorption
spectra (from a to k: 0, 0.05, 0.1, 0.3, 0.5, 0.7, 0.9, 1, 3, 5, and 10 mM). (C) Dependence of the absorbance at 650 nm on the concentration of H2O2

in the range from 0 to 10 mM. Inset shows the corresponding linear calibration plots.

Fig. 6 Detection of glucose with different concentrations using Cu/
Au/Pt TNPs-based biosensing strategy. Inset shows the corresponding
linear calibration plots.
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performed by combining the Cu/Au/Pt TNPs-catalyzed TMB–
H2O2 system with the oxidation of glucose by GOD. Since the
catalytic activity of GOD is not the best at pH 5.0 and 55 �C,
Fig. 7 (A) Determination of the selectivity of glucose detection with no
glucose. (B) Detection of glucose in diluted serum samples using Cu/Au

This journal is © The Royal Society of Chemistry 2019
glucose determination was carried out in two separated steps.
Glucose and GOD were rst reacted to produce gluconic acid
and H2O2 in PBS (pH 7.0) at 37 �C for 15 min. Subsequently, the
resulted H2O2 was detected using the TMB–Cu/Au/Pt TNPs
reaction system at pH 5.0 and 55 �C. As seen from Fig. 6, the
absorbance intensity (650 nm) increased with increasing
glucose concentration from 0 to 4 mM with a detectable
minimum concentration of 0.05 mM. There was a good linear
response range between 0–1 mM (the inset of Fig. 6), with
a detection limit of 33 mM. Because the glucose concentration of
diabetes patients is at a level $7 mM,42 the detection ability of
this assay can meet the need for clinical application.

Selectivity is another major aspect to be considered in
analysis. And we chose fructose, lactose and maltose as control
samples. As shown in Fig. 7A, glucose displayed obvious
absorbance at 650 nmwhile no detectable signals were obtained
for other control samples even though the concentrations of
samples were tenfold higher (5 mM) than that of glucose,
indicating high selectivity of this strategy toward glucose
detection. To further evaluate the feasibility of this method in
real sample, a primary application was facilitated by using 4%
of serum (fetal bovine serum) in volume to prepare samples. As
saccharide, 5 mM lactose, 5 mM maltose, 5 mM fructose and 0.5 mM
/Pt TNPs as peroxidase mimic-based method.
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shown in Fig. 7B, the absorption signals induced by glucose
were much higher than blank group, implying that the Cu/Au/Pt
TNPs-based analytical platform could satisfy the analysis of
glucose in the blood samples of diabetic patients.
4. Conclusion

In conclusion, we reported a facile, gentle, fast and one-pot
method for preparing Cu/Au/Pt TNPs based on the co-
reduction of CuSO4, HAuCl4 and K2PtCl4 in the presence of
NaBH4. The results showed that Cu/Au/Pt TNPs possessed
intrinsic peroxidase-like activity as well as increased stability,
sustainable catalytic activity, and robustness to harsh envi-
ronments. Kinetic analysis indicated that Cu/Au/Pt TNPs
exhibited strong affinities with H2O2 and TMB as the
substrates. Cu/Au/Pt TNPs as a peroxidase mimic provided
a sensitive colorimetric assay for specic detection of H2O2

with a detection limit of 17 nM. By coupling with GOD, Cu/Au/
Pt TNPs-based strategy could also achieve a selective and
sensitive detection of glucose with a detection limit of 33 mM.
In view of the potential combination with diverse enzyme-
related reactions, Cu/Au/Pt TNPs as a novel enzyme mimic
showed a great potential as a universal platform for applica-
tions in biosensors.35
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A. Zoabi, R. Abu-Reziq and I. Willner, Nano Lett., 2017, 17,
2043–2048.

10 M. Cui, J. Zhou, Y. Zhao and Q. Song, Sens. Actuators, B, 2017,
243, 203–210.
14988 | RSC Adv., 2019, 9, 14982–14989
11 H. Jia, D. Yang, X. Han, J. Cai, H. Liu and W. He, Nanoscale,
2016, 8, 5938–5945.

12 W. Shi, X. Zhang, S. He and Y. Huang, Chem. Commun., 2011,
47, 10785–10787.
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