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Seeing the Diabetes: Visual Detection of Glucose
Based on the Intrinsic Peroxidase-Like Activity of
MoS, nanosheets

Tianran Lin, Liangshuang Zhong, Liangqia Guo*, Fengfu Fu and Guonan Chen'

Molybdenum disulfide (MoS,) has attracted increasing research interest recently due to the
unique physical, optical and electrical properties correlated with its 2D ultrathin atomic
layer structure. Until now, however, great efforts have focused on the applications in lithium
ion batteries, transistors, hydrogen evolution reaction, et al. Herein, for the first time, MoS,
nanosheets are discovered to possess an intrinsic peroxidase-like activity, and can
catalytically oxidize 3,3,5,5’-tetramethylbenzidine (TMB) by H,0, to produce a color
reaction. The catalytic activity follows the typical Michaelies-Menten kinetics and is
dependent on temperature, pH, H,O, concentration, and reaction time. Based on this finding,
a highly sensitive and selective colorimetric method for H,O, and glucose detection is
developed and applied to detect glucose in serum samples. Moreover, a simple, cheap, and
portable test kit for the visual detection of glucose in normal and diabetes serum samples
with instrument-free and simple operation is constructed by utilizing agarose hydrogel as a

visual detection platform.

1. Introduction

Molybdenum disulfide (MoS,), one of the transition metal
dichalcogenides with two-dimensional (2D) layered structure
analogous to graphene, has attracted increasing research interest
recently.!® MoS, is composed of three stacked atom layers (S-
Mo-S) held together by van der Waals forces.> >’ Due to the
weak van der Waals interaction between MoS, layers, which
allows Li" ions to diffuse without a significant increase in
volume expansion, a number of different morphologies of
MoS, were studied as a cathode material used in lithium ion
batteries.® * Unlike graphene, bulk MoS, is semiconducting
with an indirect bandgap of 1.2 eV, whereas single-layer MoS,
is a direct gap semiconductor with a bandgap of 1.8 eV.'" This
transition from indirect band gap to direct band gap resulted in
giant enhancement in photoluminescence quantum yield.'" !
Single-layer MoS, at room temperature exhibits a high channel
mobility (~ 200 cm® V's™") and current ON/OFF ratio (1 x 10%)
when it was used as the channel material in a field-effect
transistor.” Large carrier mobility as well as robust mechanical
property makes MoS, an attractive material to fabricate the
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22866135

This journal is © The Royal Society of Chemistry 2014

flexible single-layer or multilayer transistors, phototransistors,
or field-effect transistors.'*?° Extensive studies on the electro-
and photoelectrocatalytic activity proved that MoS, could be a
promising candidate as the catalyst of hydrodesulfurization,?'
hydrogen evolution reaction,”*>* and biosensors.*’

Recently, colorimetric methods are particularly attractive
for point-of-use applications because they can be visually and
simply read out by the naked eyes.”® ?’ For example, Au
nanoparticles-based colorimetric assays have been widely used
for detecting DNA,2%2 protein,30’ 31 small molecules,” > metal
jons,?” 33 anions.*” Since no requirement for any sophisticated
instrumentation is needed, colorimetric methods show great
potential for portable and inexpensive daily life applications.
To this end, enzyme-mimetic inorganic nanomaterials®**' have
emerged as a new class of ideal and important tools for
colorimetric detection owing to their high stability, easy
preparation, controllable structure and composition, and tunable
catalytic activity.*® Enzyme mimetics possess many advantages
over nature enzymes such as low cost, more stable against
denature or protease digestion and have been applied in
colorimetric bioassays and medical diagnostics.** **

In this contribution, to the best of our knowledge, for the
first time, we discovered that MoS, nanosheets possessed an
intrinsic peroxidase-like catalytic activity. MoS, nanosheets
could catalyze the reaction of peroxidase substrate 3,3°,5,5’-
tetramethylbenzidine (TMB) in the presence of H,O, to
produce a blue color reaction. Based on this finding, a highly
sensitive and selective colorimetric method for H,O, and
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glucose was developed (Scheme 1) and applied to detect
glucose in human serum samples. Moreover, a simple, cheap,
and portable test kit for the visual detection of glucose in
normal and diabetes serum samples with instrument-free and
simple operation was constructed as a proof of concept by
utilizing agarose hydrogel as a visual detection platform.

Glucose D . H,0,
Gl id <
ucose ac GO 01 HZO
Scheme 1. Schematic illustration of colorimetric detection of glucose by
using glucose oxidase (GOx) and MoS; nanosheets-catalyzed reactions.

]
/]

MoS, nanosheets

2. Results and Discussion

2.1 Characterization of MoS, nanosheets

Fig.S1(A) showed TEM image of layered MoS, nanosheets.
The HRTEM image (Fig.S1(B) showed the periodic atom
arrangement of the MoS, nanosheets with a layer separation
about 0.62 nm. TEM-based EDX analysis (Fig.S1(C)) revealed
there was no other metal impurity in the sample. Two typical
peaks at 627 nm and 672 nm, which can be attributed to the
characteristic A1 and B1 direct excitonic transitions of MoS,
with the energy split from the valence band spin-orbital
coupling,” were observed in the UV-visible absorption
spectrum of diluted MoS, nanosheets dispersion (Fig.S1(D)).
The XPS Mo 3d core-level spectrum (Fig.S1(E)) showed two
peaks at 229.1 and 232.1 eV, attributed to the doublet Mo 3ds),
and Mo 3ds,, respectively.* ' The peaks at 163.2 and 161.9 eV
in the XPS S 2p core-level spectrum (Fig.SI1(F)) were
corresponding to the S 2p;, and S 2ps, orbits of divalent
sulfide ions (S*).*'" A typical AFM image and height profiles
of MoS, nanosheets with sizes ranging from tens to hundreds of
nanometers and thickness of 3 ~ 4 nanometers due to the
overlap of multilayer MoS, nanosheets® '* were showed in
Fig.S1(G, H, I). SEM-based EDX analysis (Fig.S1(J))
confirmed the component and stoichiometry of MoS,
nanosheets with a Mo/S atomic ratio of ~ 1:2.

2.2 Peroxidase-like activity of MoS, nanosheets

The peroxidase-like activity of MoS, nanosheets was firstly
evaluated by the catalytic oxidation of peroxidase substrate
TMB in the presence of H,O,. As shown in Fig.1A, only
addition of H,O, or MoS, nanosheets to TMB solution the
absorbance at 652 nm displayed negligible change, indicating
no oxidation reaction occurred. However, upon addition of
MoS, nanosheets and H,0, to TMB solution, the color of the
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Fig.1 (A) Time-dependent absorbance changes at 652 nm of TMB solution
in different reaction systems. (a) TMB + H,0,, (b) MoS; nanosheets +
TMB, and (c) MoS;, nanosheets + TMB + H;O;. Inset are the photos of
reaction system (a), (b), and (¢), respectively. (B) The UV-visible absorption
spectra change in the system of MoS; nanosheets + TMB + H»,O, with the
reaction time. Concentration of MoS, nanosheets, TMB, and H,O, were 1.8
pgmL™', 1.2 mmol L™, 0.04 mmol L™', respectively.
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mixture solution was turning from pale yellow to yellow-green,
blue-green, blue (Fig.S2) and the absorbance at 652 nm was
increasing with the reaction time, which indicated MoS,
nanosheets could catalyze the oxidation of TMB by H,O, to
produce a typical deep-blue color, and the solution exhibited
intense characteristic absorbance at 369 and 652 nm (Fig.1B),
which are ascribed to the charge-transfer complexes derived
from the one-electron oxidation of TMB (oxTMB).***! This
color reaction is also quenched by adding H,SO,** After
catalytic reaction the morphology of MoS, nanosheets almost
unchanged according to TEM image (Fig.S3(A)), HRTEM
image (Fig.S3(B)), AFM image (Fig.S3(F)) and AFM height
profiles (Fig.S3(G, H)), SEM image and S and Mo mapping
(Inset of Fig.S3(I)). The XPS analyses (Fig.S3(D, E)) showed
the valence state of Mo and S remained +4 and -2, respectively.
TEM-based and SEM-based EDX analyses (Fig.S3(C) and
S3(1)) demonstrated the component and stoichiometry of MoS,
nanosheets remained unchanged. These results indicated MoS,
nanosheets exhibited an intrinsic peroxidase-like activity and
both MoS, nanosheets and H,O, were required for the reaction,
as is the case for horseradish peroxidase (HRP). The
peroxidase-like activity of MoS, nanosheets was further
confirmed by the catalytic oxidation of other peroxidase
substrates such as 2,2’-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS) and O-
phenylenediamine (OPD) in the presence of H,0,. Fig.S4
showed that MoS, nanosheets could catalyze ABTS to give a
green color and catalyze OPD to give an orange color.

The peroxidase-like activity of MoS, nanosheets was
further investigated by selecting the substrates TMB and H,0,
as a model reaction system. Fig.S5 showed the time-dependent
absorbance changes against concentrations of MoS, nanosheets.
The increasing concentration of MoS, nanosheets could
improve the reaction rate. Similar to HRP, the catalytic activity
of MoS, nanosheets was found to be dependent on temperature,
pH, H,O, concentration, and reaction time (Fig.S6). MoS,
nanosheets showed a high catalytic activity over a wide pH
(2.0-7.5), which is wider than that of other peroxidase
mimetics, such as MIL-SS(Fe),38 C0;0,,* TiO, nanotubes,”
Fe;0, NPs,** Pt nanotubes,”” Fe-Co alloy NPs,** ZnFe,0,
NPs,*’ graphene oxide,*® carbon nanodots,* carbon nitride
dots,”® SWCNT.*! The wide pH range should be beneficial for

the application of MoS, nanosheets. The optimal pH,
temperature, H,0O, concentration, reaction time were
approximately 6.9, 30 °C, 150 mmol L' and 30 min,
respectively.

The peroxidase-like catalytic property of MoS, nanosheets
was further investigated using steady-state kinetics. The
apparent kinetic data were obtained by varying the
concentration of TMB or H,O, while keeping the other one
constant. A series of steady-state reaction rates were calculated
and applied to the Lineweaver-Burk plot, 1/v=(K,,/ V)< (1/[S])
+ 1/V,0» Where v is the initial velocity, K, is the Michaelies-
Menten constant, ¥, is the maximal reaction velocity and [S]
is the concentration of the substrate.®*" *4° The K,, and V.
were listed in Table S1. The results indicated the oxidation
reaction catalyzed by MoS, nanosheets followed the typical
Michaelies-Menten behavior®® 4% 41- 444349 towards both
substrates, TMB and H,O, (Fig.2). The double-reciprocal plots
revealed the characteristic parallel lines of a ping-pong
mechanism*' #* 4%4% and implied that, like HRP, MoS,
nanosheets bound and reacted with the first substrate and then
released the first product before reacting with the second
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substrate. To compare the catalytic activity of MoS, nanosheets
with HRP, the steady-state kinetic assay of HRP were also
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Fig.2 Steady-state kinetic assay and catalytic mechanism of MoS,
nanosheets (A-D). The velocity (v) of the reaction was measured using
MoS; nanosheets (1.8 pg mL™") in 0.5 mL Tris-HCI buffer (10 mmol L, pH
6.9) at 30°C. The error bars represent the standard error derived from three
repeated measurements. (A) The concentration of TMB was 1.2 mmol L™
and H,O, concentration was varied. (B) The concentration of HO, was 0.08
mmol L™ and TMB concentration was varied. (C, D) Double reciprocal plots
of activity of MoS, nanosheets with the concentration of one substrate
(TMB or H,0,) fixed and the other varied.

performed (Fig.S7), the K,, and V,,,, for HRP were listed in
Table S1. From Table S1, the apparent K, value of MoS,
nanosheets with H,O, as the substrate was significantly lower
than that of HRP, indicating that MoS, nanosheets has a higher
activity to H,O, than HRP. The apparent K,, value of MoS,
nanosheets with TMB as the substrate was higher than that of
HRP, consistent with the observation that a higher TMB
concentration was needed to obtain the max activity of MoS,
nanosheets.

Absorption spectra of TMB, MoS, nanosheets, and a fixed
concentration of TMB (1.2 mmol L) interacting with different
concentrations of MoS, nanosheets were shown in Fig.S8.
Pristine TMB exhibits almost no absorption at wavelength
larger than 350 nm. As a result of interaction with the MoS,
nanosheets, the absorption band at 385 nm shifts to 392 nm,
accompanied by the hyperchromic effect at around 440 nm
band. This result indicates charge-transfer interaction occurs
between TMB and MoS, nanosheets, which is similar with the
case between Few-Layer MoS, and Tetrathiafulvalene.*
Charge transfer from TMB to MoS, nanosheets is substantial
and is partially associated with the p-type nature of few-layer
MoS, material.?? It is thought that MoS, nanosheets could
facilitate the electron transfer between TMB and H,O, in the
oxidation of TMB catalyzed by MoS, nanosheets. In this
process, TMB molecules are absorbed on the surface of MoS,
nanosheets and donate lone-pair electrons from the amino
groups to MoS, nanosheets, which results in an increase in
electron density and mobility in MoS; nanosheets. This would
accelerate the electron transfer from MoS, nanosheets to H,O,,
resulting in the reduction of H,O, to H,O in acid media and the
increase of the reaction rate of TMB oxidation by H,0,.

To further probe the -catalytic mechanism of MoS,
nanosheets, the catalytic reaction was further investigated at the
presence of difference radical scavengers. As illustrated in Fig.
S9, the absorbance was not effectively decreased at the
presence of sodium azide (NaN3) and superoxide dismutase
(SOD), which were used as scavengers for 'O, ** and 0, 4

This journal is © The Royal Society of Chemistry 2014
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respectively. However, the absorbance was decreased greatly at
the presence of ascorbic acid (AA) and thiourea, which were
widely accepted as effective active oxygen free radical (-OH
and O,”) *° and -OH °® scavengers, respectively. These results
revealed that -OH originated from the decomposition of H,0,
was produced in the reaction solution and contributed to the
oxidation of TMB to form a blue product.

Based on the above, it is believed that MoS, nanosheets
would facilitate the electron transfer between TMB and H,0O,
and catalyze the decomposition of H,O, in acid media into -OH,
which oxidizes TMB to form a blue product.

2.3 Detection of H,0O, and glucose

On these bases, a colorimetric method for the detection of
H,0, and glucose was developed by using the MoS,
nanosheets-TMB-H,0, system. Fig.3A showed a typical H,O,
concentration-response curve under optimal conditions. The
linear range (Fig.3B) was from 5 to 100 umol L' (R?>=0.9961)
with a detection limit of 1.5 umol L. Furthermore, the color
variation for H,O, response was also obvious by visual
observation to as low as 5 umol L™'. In addition, other reactive
oxygen species (ROS) were challenged for this catalytic
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reaction. As shown in Fig. S10, this method might be applied
to the detection of hydroxyl radical (-OH), hypochlorite (C107).
Fig.3 (A) A dose-response curve for H,O, detection and (B) the linear
calibration plot for H>O,. Inset of Fig.3(A) were images of colored products
for different concentrations of H>O, before (top) and after (down) adding of
10 uL 20% (V/V) sulfuric acid. H,O, concentration (umol L™, from left to
right): 0, 5, 20, 40, 60, 80, 100, 150

Hydrogen peroxide is the main product of GOx-catalyzed
reaction. When combined with glucose oxidase (GOx), the
proposed colorimetric method could be used for the
determination of glucose, which is an important indicator for
the diagnosis of diabetes in clinical medicine.*”* GOx
catalyzed the oxidation of glucose to gluconic acid in Tris-HCl
buffer solution and oxygen in solution was converted to H,O,,
which would oxidize TMB to produce a blue-color product via
the catalysis of MoS, nanosheets (Scheme 1). Fig.4A showed a
typical glucose concentration-response curve. The linear range
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(Fig.4B) was from 5 to 150 umol L™ (R?=0.9992) with the limit
of detection of 1.2 pmol L™,

Fig.4 (A) A dose-response curve for glucose detection and (B) the linear
calibration plot for glucose. The error bars represent the standard deviation
of three measurements. Inset of Fig.4(A) were images of colored products
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for different concentrations of glucose before (top) and after (down) adding
of 10 pL 20% (V/V) sulfuric acid. Glucose concentration (umol L™, from
left to right): 0, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90.

Furthermore, the color variation from yellow to blue was
obvious on visual observation (Inset in Fig.4A), offering a
convenient approach to detect glucose by the naked eyes even
at low concentrations. The proposed method was applied to
detect glucose in human serum samples (Fig.5), and the results
agreed well with those obtained using the conventional
enzymatic method (Table S2). Fructose, lactose, and maltose
were used to investigate the selectivity of this method. The
results (Fig.S11) demonstrated that the sensing system has a
high selectivity for glucose detection.
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Fig.5 (A) The glucose concentration for diluted serum samples (1-3).
Images of colored production for blank (0) and diluted serum samples (1-3)
before (B) and after (C) adding of 10 uL 20% (V/V) sulfuric acid. Glucose
concentration for serum samples: (1) 5.00 mmol L™, (2) 6.67 mmol L™, (3)
8.33 mmol L™
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2.4 Visual detection of glucose using portable test kits

Although there are commercial instrument-based products
for fast detection of serum glucose, the requirement of electric
power and electronic read-out circuits makes the design
complexity and the detection cost to increase. To facilitate the
detection of serum glucose, a portable test kit for the visual
detection of glucose was designed as a proof of concept by
utilizing agarose hydrogel as a visual detection platform.
Hydrogel is particularly suitable to design the visual detection
platform due to its negligible background color and
fluorescence emission, as well as large loading capacity and
controllable shapeZ All components of the test kit, including
polypropylene microcentrifuge tubes, agarose, MoS,
nanosheets, GOx, and water, are inexpensive, and the
fabrication procedure is under ambient condition. The portable
test kit was applied to evaluate glucose in the serum samples
from normal persons and diabetes persons provided by the local

Scheme 2. Procedure for the detection of glucose in serum samples by a
portable test kit. (A) opening the snap cap of test kit (pale yellow color in
the hydrogel), (B) adding diluted serum sample solution to the test kit, (C)
closing the snap cap and turning the test kit upside down before incubation
at 37 °C for 60 min, (D) turning the test kit upside down again and opening

4| J. Name., 2014, XX, XX-XX

the snap cap to observe the color change of hydrogel (blue color in the
hydrogel)

hospital. 30 pL of serum sample was diluted 30-fold with Tris-
HCI buffer (10 mmol L™, pH 6.9). The detection procedure and
the results were shown in Scheme 2 and Fig.6, respectively.
The colors of hydrogel turned from pale yellow (blank) to
yellow-green (< 8 mmol L™ glucose in normal serum samples)
or blue-green (> 8 mmol L' glucose in diabets serum samples).
The higher of the concentration of serum glucose, the deeper of
the color of hydrogel. The general range of blood glucose
concentration in healthy and diabetic persons is about 3-8 mmol
L' and 9-40 mmol L™, respectively.*®*® Thus, the portable test
kit is applicable for instrument-free visual detection of glucose

in real serum samples.

Fig.6 (A) Standard colorimetric card for serum glucose (mmol L) (from
left to right: 0, 3, 5, 7, 9, 12) and photos of the hydrogel with different
concentrations of serum glucose when opening the snap cap of the test kit
(B) and closing the snap cap of the test kit (C). The concentration of glucose
(mmol L) in serum samples: (a) blank, (b) 5.00, (c) 5.31, (d) 6.98, (e) 7.2,
() 8.49, (g) 11.88.

3. Conclusions

In summary, we have demonstrated that MoS, nanosheets
possess an intrinsic peroxidase-like catalytic activity, which
follows the typical Michaelies-Menten kinetics. MoS,
nanosheets show a high catalytic activity over a wide pH (2.0-
7.5). Tt is believed that MoS, nanosheets would facilitate the
electron transfer between TMB and H,0, and catalyse the
decomposition of H,O, in acid media into -OH, which
contributes to the oxidation of TMB to form a blue product.
Using the catalytic activity of MoS, nanosheets and glucose
oxidase (GOx), a highly selective and sensitive colorimetric
assay for H,O, and glucose was developed and a simple, cheap,
portable test kit for serum glucose was constructed. Due to the
observable color change from pale yellow to blue by the naked
eyes, the visual detection of glucose in serum samples can be
realized without any instrumentation or complicated designs.
Only 30 pL of serum samples and simple dilution are needed,
one can ‘“see” the diabetes. It is anticipated that our study
should facilitate applications of MoS, nanosheets in
biotechnology and clinical diagnosis as peroxidase mimetic.

4. Experimental Section

4.1 Chemicals and Materials

MoS, nanosheets solution (18 mg/L, 1-8 monolayers, >99%
purity in dry phase), which were prepared by solution-based
exfoliation, were purchased from Nanjing XFNANO Materials
Tech Co., Ltd (China). Tris(hydroxymethyl)metyl
aminomethane (Tris), H,0O,, thiourea, fructose and maltose
were purchased from Sinopharm Chemical Reagent Co., Ltd.
(China). Horseradish peroxidase (HRP, >150 U/mg), glucose
oxidase (GOx), superoxide dismutase (SOD, 1750 U mg),

This journal is © The Royal Society of Chemistry 2014
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glucose and lactose were obtained from Shanghai Sangon
Biological Engineering Technology & Services Co., Ltd
(China). 3,3’,5,5’-tetramethylbenzidine (TMB), 2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS) were bought from Bio Basic Inc (Canada). Agarose
was bought from Shanghai Donghai Pharmaceutical Co., Ltd
(China). O-phenylenediamine (OPD) and 0.5 mL clear
polypropylene microcentrifuge tubes with snap caps were
bought from Fuzhou DingGuo Biotechnology Co. Ltd (China).
Sodium azide (NaN3;) and ascorbic acid (AA) were bought from
Tianjin Fuchen and Xi'an chemical reagents factory (China),
respectively.

4.2 Characterization of MoS, nanosheets

High-resolution  transmission  electron  microscopy
(HRTEM) images and TEM-based energy-dispersive X-ray
(EDX) measurements were performed with an FEI Tecnai
G2F20 transmission electron microscope. Field emission
scanning electron microscopy (FE-SEM) and SEM-based EDX
measurements were performed with an FEI Nova NanoSEM
230 field-emission scanning electron microscopy. All samples
for FE-SEM and TEM measurements were deposited on a
carbon film supported by copper grids. Atomic force
microscopy (AFM) images were performed on a Multimode
NanoScope IIId scanning probe microscopy system (Bruker,
USA). Samples for AFM imaging were prepared by depositing
ethanol suspensions of MoS, nanosheets on a freshly cleaved
mica surface. X-ray photoelectron spectroscopy (XPS) data
were collected by a Thermo Scientific ESCALAB 250 with an
Al Ka source (1486.6 eV). Before XPS measurements the
samples were deposited on a clean sheet of copper. Absorption
spectra and kinetic measurements were carried out on a Lamda
750 UV-Vis-NIR spectrophotometer (PE, USA)

4.3 Detection of H,0O, and glucose

H,0, detection was carried out as follows: 50 uL MoS,
nanosheets (18 pg mL™"), 50 uL TMB (12 mmol L) and 200
uL Tris-HCI buffer (10 mmol L', pH 6.9) were mixed. Then,
200 pL H,O, with different concentrations was added and the
mixture was further incubated at 30 °C for 30 min. Finally, 10
uL H,SO, (20%, v v'') was added into the mixture to stop the
reaction and the absorbance of the mixture was recorded at 450
nm.

Glucose detection was realized as follows: 20 uL. GOx (10
mg mL™") was added into 180 pL Tris-HCI buffer (10 mmol L™,
pH 6.9) containing different concentrations of glucose, and the
mixture was incubated at 37 °C for 30 min to produce H,0,.
The other detection procedure was the same as that of H,O,.

Before the detection of glucose in serum samples, the
proteins in serum samples were removed by precipitation. 30
puL of serum sample was diluted with 20 pL water, and then 500
uL Ba(OH), (0.11 mol L") and 500 uL ZnSO, (0.0765 mol L™
were added. After centrifugation at 3880 rpm for 10 min, 200
pL of supernatant solution was taken and diluted with Tris-HCl
buffer (10 mmol L™, pH 6.9) to 1000 pL. The other detection
procedure was the same as that of glucose.

4.4 Preparation of portable test kits and visual detection of
glucose in serum samples

A portable test kit for serum glucose was prepared as
follows: agarose (20 mg) was completely dissolved in boiling
water (2 mL) with stirring. When the solution was cooled down
to 40 °C, 200 uL MoS, nanosheets (18 pg mL™), 300 uL TMB
(12 mmol L), and 100 uL GOx (10 mg mL™") were added.

This journal is © The Royal Society of Chemistry 2014
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After blended uniformly, the mixture solution (150 pL) was
transferred into the cap of microcentrifuge tube. The hydrogel
was shaped after drying in ambient temperature for 5 min and
the test kit was stored in the refrigerator at 4 °C before use. The
test kits were stable at least for two weeks.

For the detection of glucose in serum samples, 30 pL of
serum sample was diluted with Tris-HCI buffer (10 mmol L™,
pH 6.9) to 300 puL and then added into the test kit. After closing
the cap, the test kit was turned upside down to allow the
infiltration of the sample solution into the hydrogel and
incubated at 37 °C for 60 min. The color of the hydrogel turned
from pale yellow to blue, which was dependence of the
concentration of serum glucose.
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