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Single layer of graphene/Prussian blue nano-grid as the low-potential
biosensors with high electrocatalysis
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A B S T R A C T

A single-layer nanogrid of thiol graphene/Prussian blue (tG/PB) composite film was constructed to realize
the high electrocatalytic biosensing of various physiological substances under the low potential. In order
to achieve this architecture, a single layer of deformed polystyrene (PS) beads was first prepared as the
template for the PB deposition. The structure of PB film can be well controlled to build a nanogrid with
uniform 500 nm cavities by the self-assembly approach. This film can capture the thiol graphene into its
nanogrid cavities to form the composite nanostructure via a strong ionic bond between thiol group from
the graphene and Au from the substrate. Both electrocatalysis and conductivity of the as-prepared tG/PB
film can harvest the remarkable enhancements due to the synergic effects of PB and graphene. As
demonstrated, biosensors constructed by this film exhibited the high sensitivities and accuracies in the
electrocatalytic oxidation of glucose, lactate and glutamate under the very low potential �0.05 V.
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1. Introduction

Electrocatalysis of natural physiological substances takes a very
important role in the development of bio-fuel cells [1,2] and
biosensors [3]. No matter which application, challenges always
happen at the high oxidation potential and low electrocatalytic
current density of the working electrode. High overpotential will
easily damage the modified film and arouse other side reactions
from the co-existed substances [4], as well as the dissatisfied
response power from the low current density. Biosensor was then
developed to address above issue. Due to the specific oxidation of
the matching physiological substance, the onset potential can be
normally reduced with rare interference [5]. However, the applied
enzymes are always low conductive proteins which possess the
deeply wrapped redox active center (flavin adenine dinucleotide,
FAD) by the peptide molecules [6]. In this case, the electrochemical
redox electrons will be hindered for transfer, which strongly cuts
the received current signal.

Recently, various nanomaterials including carbon [7,8], con-
ducting polymers [9], metals [10–14] and metal oxides [15–20]
have been used to functionalize the working electrode by their
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high catalysis ability or good conductivity for the magnification of
the electrocatalytic signal. Large number of studies proved that the
film materials which are distributed by regularly nano- or micro-
structure usually possess much higher performance than disor-
dered structure [21,22]. Hence, the regular shape of materials in
nanoscale gradually attracted more and more attentions in the
fabrication of electrode film.

Prussian blue (PB), which is a derived porous metal-organic
frameworks (MOFs) [23], is famed by its stability and high catalysis
to H2O2 [24,25]. It is often served as a good electron transport
mediator when bioelectrocatalysis happens at a low potential.
However, on account of the fast formation rate, PB is always
difficult to self-organize the regular nanostructure. Facing this
problem, we have already developed a series of new in-situ
preparation techniques [26–29] to achieve the synthesis of various
regular nanostructured PB films. However, although these
fabricated working electrodes can function with the high electro-
catalysis at the low potential, the conductive resistance obviously
enhanced due to increasing staking gaps caused by the regular
crystals. Besides, PB is a typical semiconductor with ca. 1.42 eV
band gap [30] which cannot efficiently transfer the catalyzed
electrons to reduce its electrochemical performance.

Graphene is an excellent conductive material with high
conductivity of � 2 � 103 S/cm [31]. Importantly, it possesses the
good biocompatibility and nontoxicity [32,33] to avoid the
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pollution of enzymes or physiological substances. Some works
[34,35] have demonstrated that graphene owns the ability of direct
electron transfer from the protein FAD. However, graphene is of a
layered structure which easily self-assembles together as a very
thick film with numerous sheets. If graphene is directly
composited with PB, the surface of PB will be totally covered,
which hinders the directly contact between the target and PB to
strongly reduce the electrocatalysis of the prepared film. Therefore,
a smart combination method and structure are required to produce
the synergetic effect from the electrocatalysis of PB and
conductivity of graphene.

In this work, we self-assembled a single-layer nanogrid
structure of PB on the gold electrode for the positioning deposition
of graphene. By using the thermal treatment to deform the
polystyrene (PS) template, the formed PB grid can expose the
substrate to provide the regular binding sites. A thiol grafted
graphene (tG) was then deposited and captured into the cavity
shaped by the PB grid through the strong ionic bond between thiol
group (-SH) from the graphene and Au from the substrate. This
special film architecture can combine the high catalysis with
conductivity to bring about the high-performance in detection of
glucose, lactate and glutamate at a very low potential �0.05 V.
Furthermore, the produced current densities were still exhibited to
a high level when the addition of very low concentrations of
various physiological substances.

2. Experimental

2.1. Reagents and apparatus

Thiol graphene (2.5 mg/ml, dispersing in deionized water) were
purchased from Henqiu Tech. Inc. Polystyrene latex microspheres
(PS, 500 nm, 2.5 wt%) were purchased from Alfa-Aesar company.
Uric acid and ascorbic acid were received from Sinopharm
Chemical Reagent Co. Ltd. (China). FeCl3�6H2O (Sigma-Aldrich),
K4[Fe(CN)6]�3H2O (Sigma-Aldrich), sodium n-dodecyl sulfate
(Alfa-Aesar), (3-glycidyloxypropyl) trimethoxysilane (Sigma-
Aldrich), glucose (Sinopharm Chemical Reagent Co., Ltd, China),
L-glutamic acid monosodium salt monohydrate (Alfa-Aesar),
sodium L-lactate (Alfa-Aesar), were all analytical grade purity
and used without further purification.

5 mg glucose oxidase (GOD, EC 1.1.3.4, 168800 units per g, from
Aspergillus niger, Sigma-Aldrich) was dispersed in 1 mL of 0.05 M
phosphate buffer solution with 0.1 M KCl (PBS, pH = 6.5) and was
sufficient for preparation of five electrodes. 1 unit glutamate
oxidase (GMOD, EC 1.4.3.11, 5 units per mg, from Streptomyces sp.,
Sigma-Aldrich) was mixed into 100 mL PBS. 5 mg lactate oxidase
(LOD, EC 1.13.12.4, 20 units per mg, from Pediococcus sp., Sigma-
Aldrich) was dispersed in 2 mL PBS and separated into 20 separate
vials (5 units per 100 mL). All solutions were prepared with
deionized water.

Scanning electron microscopy employed a JEOL JSM-6390LV
with a SC7620 Mini Sputter Coater from Quorum Technologies.
Online monitoring of graphene coverage was fulfilled by quartz
crystal microbalance. (QCM200, Stanford Research Systems, Inc.,
USA). The electrochemical properties were studied using an
electrochemical workstation (CHI 660E, (Shanghai Chenhua,
China)). Amperometry characterization experiments were operat-
ed in PBS at room temperature. Electrochemical impedance
spectroscopy (EIS) measurements were performed in the presence
of a stationary 5 mM K3[Fe(CN)6]/K4[Fe(CN)6] (1:1) mixture as a
redox probe in 0.1 M KCl solution with the frequency changed from
0.1 Hz to 1000 kHz with signal amplitude of 5 mV at the 0.05 V
potential. A Pt wire and Ag/AgCl (saturated KCl) were used as the
counter and reference electrodes, respectively. The scan rate in
cyclic voltammetry was 50 mV s�1.
2.2. Preparation of a PB single-layer grid

The Au disk electrodes (geometrical area ca. 3.14 mm2) were
polished with 1.0, 0.3 and 0.05 micron size alumina powder, and
then the electrodes were sonicated in deionized water for 10 min
and in ethanol for 10 min. Finally, the cleaned electrodes were
dried at 60 �C.

After the above pre-treatment step, firstly, one or two drops of
PS beads were added on the electrode surface in order to cover the
whole Au area. The electrode was held stationary for 1 min in order
to enable dispersion of the beads on the Au surface. Secondly, the
substrate was slowly immersed into deionized water and one or
two droplets of 2% sodium n-dodecyl sulfate were dropped into
this water in order to change the surface tension. At this stage, the
PS beads were dispersed and the single layer suspended on the
water. Afterwards, the prepared single layer of PS modified
electrode was lifted out of the trough and dried in the oven at
110 �C for 60 min in order to deform and fix the beads to the
surface.

When the deposition of the PS single layer was finished, the
electrode was modified with PB using a self-assembly approach.
Two solutions were prepared for the deposition of PB films:
solution 1 (S1): 0.01 M K4[Fe(CN)6] + 0.1 M KCl + 0.1 M HCl and
solution 2 (S2): 0.01 M FeCl3 + 0.1 M KCl + 0.1 M HCl. The electrode
was dipped into the solutions in the following order: (1) S1 for 60 s;
(2) deionized water for 15 s � 3 times for cleaning; (3) S2 for 60 s;
and (4) deionized water for 15 s � 3 times. The above steps can be
repeated in order to control the amount of PB on the electrode
surface. The self-assembly time and operation were controlled
accurately using a Dip-Robot (DR-3, Riegler & Kirstein GmbH,
Germany) for the whole process. After the film was prepared, the
electrode was washed and dried at 60 �C for 30 min. Finally, the
prepared electrode was immersed in toluene for 36 h to remove the
PS template and obtain a single layer of PB grid.

2.3. Deposition of thiol graphene

5 ml thiol graphene solution was added into 45 ml deionized
water to form graphene deposition source. In order to uniform
disperse the graphene sheets, this graphene dispersion was then
vibrated by a probe-type sonicator (KBS-650, Kunshan Shumei,
China) with a 20 KHz of ultrasonic frequency for 30 min.
Subsequently, the modified electrode was vertically suspended
to immerse the graphene source. After 250 seconds, the graphene
film has been already modified on Au surface.

2.4. Immobilization of enzyme

The electrode was dipped into 2% (3-glycidyloxypropyl)
trimethoxysilane (GS) at 60 �C for 1 h. The excess liquid was
removed from the electrode surface and allowed to dry at 60 �C for
30 min. Finally, the electrode was immersed into the enzyme
solution in order to allow enzyme binding (GOD for 3 h, GMOD and
LOD overnight). Finally the electrode was washed using deionised
water and stored in 4 �C.

3. Results and discussion

3.1. Formation of the PB grid

PB is a stable metal coordination complex without any active
group to combine with graphene. The routine deposition method
of PB and graphene could cause the masking of PB surface by
graphene sheet to obviously reduce the catalysis, as well as the
weak stability during the electrochemical tests because of the
weak interaction between PB and graphene. Therefore, as shown in
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Fig. 1, we proposed a single layer of PB bottom-cutting grid
nanostructure to realize the uniform and firm deposition of
graphene into the cavities surrounded by PB walls. In order to
realize the nanostructured lattice of PB, a single layer of PS colloids
was served as the shaping template (Fig.1a). Normally, using the PS
template, the desired material will totally cover the substrate after
the template removal [36]. Here, an extra thermal treatment
strategy was introduced to shape the bottom-cutting structure of
grid for the exposure of gold substrate at the cavity bottom. The
glass transition temperature of PS is 100 �C. We were gradually
heating the PS loaded substrate to 110 �C, which controlled the
deformation morphology. Because of the side by side distribution
of each PS beads, the deformation occurring at top and bottom is
much easier than other parts. Therefore, the bottom of PS layer
turned flat and closely adhered on the substrate (Fig. 1b). Then we
applied a self-assembly approach to grow a PB continuous layer
surrounding each PS colloid by the exact control of the deposition
cycles. After the 40 cycles of assembly, in Fig.1c, we can find that all
PS colloids were covered by the PB coating, but the profile of the PS
Fig. 2. (a) is the EDX image of gold element in the PB grid film, (b) and (c) are the structu
250 s, (d) is the frequency and mass change of quartz crystal line graphene deposition

Fig. 1. The preparation process of a PB grid based biosensor. (a–d) illustrate the formation
electrode surface.
layer was still clear and distinguished. This is very important for
the construction of the grid structure. If the further deposition of
PB is worked, a thicker PB film will bury the template. This will
cause the difficult removal of PS layer which hinders the formation
of cavities for the grid morphology. Finally, after the erase of the
template, a uniform nanogrid of PB film (Fig. 1d) was constructed
on the Au substrate.

3.2. Deposition of thiol graphene

The key to realize the deposition of graphene into the formed
cavities is the exposure of Au surface at the bottom of PB grid.
Therefore, the EDX image was described by the scanning of the
prepared PB film. As shown in Fig. 2a, by using the red dots to
represent the distribution of Au element, the density of Au element
at the mid site of each cavity is always much higher than other
locations. Moreover, according to the FESEM image in Fig. 2b, it can
be clearly found that the film have produced the round deficiencies
at the mid sites. Consequently, we can conclude that there was rare
re evolution of the process of graphene adsorption respectively prepared under 0 s,
 process by QCM monitor.

 scheme of the PB single layer grid. SEM images show the evolution of the prepared
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PB coverage at the bottom of grid layer to reveal the substrate
material.

Based on the created Au combination sites, we adopted the thiol
grafted graphene as the deposition material due to the strong
interaction between thiol group and Au. For avoiding of the over-
deposition of graphene, the whole deposition process was
monitored by the QCM technique. Fig. 2d recorded the continuous
evolutions of quartz crystal frequency and graphene mass during
the deposition. Obviously, the whole deposition process has
happened two adsorption stages: periods before and after 250 s.
In the time period before 250 s, the mass of loaded graphene on the
crystal was increasing obviously. During this period, the increase
rate tended to slowing with the time elapse, which indicated the
gradual saturation of graphene adsorption into the cavities. After
250 s, the growth of graphene amount turned very slow. This stage
may be attributed to the layer by layer aggregation of graphene
sheets due to the already filling of exposed Au surface. The
assembly between each graphene sheet is depended on the van der
Waals force, however, Au-SH force is much stronger. In this case,
the mass increase at the initial stage was much faster than the after.
We stopped the deposition at 250 s and characterized this sample
by FESEM. The result (Fig. 2c) showed that the cavities were filled
by the graphene sheets, but the structure of PB grid can be still
distinguished instead of the excessive coverage by the thick
graphene layer.

As our design, the construction of graphene layer is aimed to
greatly enhance the conductivity of PB film. The EIS character-
izations were applied to detect the resistance of PB nanogrid film
and graphene/PB composite film (tG/PB). Fig. 3 shows the EIS
diagrams of the PB/Au (red line) and tG/PB/Au electrodes (blue
line) in 5 mM [Fe(CN)6]4�/3� (1:1) containing 0.1 M KCl solution
across the frequency range from 10 kHz to 100 mHz. The linear part
at low frequencies represented the mass transfer of probe species
from bulk solution to the interface region, while the semicircle part
was probed by high frequencies corresponding to the electron
transfer kinetics of redox species at the electrode surface. The
semicircle diameter equaled to the electron-transfer resistance,
Rct. The charge transfer resistance Rct was obtained by using the
Classical Randles circuit (Fig. 3 inset b). The charge transfer
Fig. 3. EIS of PB/Au and tG/PB/Au electrodes in 5 mM [Fe(CN)6]4�/3� (1:1) containing 0.1
magnification of the blue solid line region; inset (b) is the equivalent circuit. Cdl is the dou
and film interface. Rs is the ohmic resistance of a solution plus a substrate. Zw is the w
resistance Rct values were calculated as 4583.69 and 299.09 ohm
for the PB/Au and tG/PB/Au electrodes, respectively. According to
above comparison, after the deposition of graphene layer, the
resistance was decreased more than ten times, which demonstrat-
ed this specially designed composite nanostructure of PB and
graphene can be beneficial for the great enhancement of film
conductivity.

3.3. Biosensing performance for various analytes

Hydrogen peroxide is the common product of the most oxidase
reactions. Due to the high catalysis to H2O2, in our previous work
[26–29], we have demonstrated the versatile biosensing ability of
PB film for the detections of various physiologic analytes.
Therefore, in order to investigate the electroanalytic behavior of
the designed film, different enzymes were immobilized on the tG/
PB/Au electrodes by the GS cross-linker for the electrocatalytic
oxidations of the glucose, glutamate and lactate, respectively. The
electrochemical redox and catalysis properties of the biosensors
were examined by cyclic voltammetry characterizations. Fig. 4a to
c showed the CVs of the electrodes recorded in the absence (red
line) and presence (black line) of the target responses in 0.05 M PBS
(pH = 6.5). All the enzyme loaded tG/PB films presented a pair of
reversible redox peaks at ca. 0.22 and 0.15 V, which were produced
by the electrochemical reaction of high-spin ferric ions (Fe2+/Fe3+

transition) in PB unit cell [37,38]. These results can illustrate that
the coverage of enzymes will not reduce the electrochemical
activity of the composite film. After the matched targets were
added, the three prepared biosensors all showed the obvious
increase of reduction peak current and the decrease of oxidation
peak, which demonstrated the versatile electrocatalysis of the tG/
PB film to the oxidation reactions of various enzymes. The reaction
mechanism can be illustrated as the following equations:

A þ O2 !OxidaseA
A oxð Þ þ H2O2 ð1Þ

PB þ e� ! PW ð2Þ
 M KCl solution across the frequency range from 1000 kHz to 0.1 Hz. Inset (a) is the
ble layer capacitance. Rct is the charge transfer resistance at the substrate electrode
ar burg impedance due to the mass transfer of redox probe to the electrode.



Fig. 4. (a)–(c) are the CVs of different enzymatic electrodes recorded without (red line) and with (black line) the 0.1 mM glucose, glutamate and lactate, respectively. The scan
rate in cyclic voltammetry was 50 mV s�1. The insets are the magnifications of the blue dashed regions. (d)–(f) are the amperometry results of above three electrodes with the
successive additions of glucose, glutamate and lactate, respectively. The operation potential all kept �0.05 V vs. Ag/AgCl (sat. KCl). The insets are calibration curves of the
response current density vs. target concentration. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

214 L. Li et al. / Electrochimica Acta 217 (2016) 210–217
PW þ H2O2 ! PB þ 2OH� ð3Þ
which A represents one of the targets, including glucose, lactate
and glutamate; Oxidase A represents the matched oxidase of target
A; A(ox) represents the oxidized substance of A; PW is the reduced
substance of PB.
According to Eqs. (1)–(3), the electrocatalysis of the prepared
tG/PB films to the different three targets are depended on the
electrochemical reduction of H2O2 produced from the enzyme
oxidation reaction. Here, glucose, lactate and glutamate were
immediately oxidized to produce H2O2 after the continuous
additions into the detection system. Under the certain potential,
the Fe(III) element of PB gets the electron to compose the Prussian



Fig. 5. The interference of AA and UA on the responses of the glucose, glutamate
and lactate biosensors in 0.05 M PBS containing 0.1 M KCl.
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White (PW) which is of the high reduction activity. Then, the H2O2

is reduced to OH� by PW, and PW is oxidized to PB again. Due to the
reversible electrochemical redox ability of PB, PB is served as the
renewable catalyst during the whole electrochemical process.

The continuously electrocatalytic performance of the as-
prepared films were tested by the amperometry. The amperomet-
ric responses of the three different biosensors were online
recorded with the successive injections of the matched targets
at �0.05 V, respectively. As shown in Fig. 5d to f, the current steps
were immediately produced after the each addition of the target,
and after the several additions, the steps of each electrode can also
be clearly distinguished. For clarity, according to above data, we
have fitted the calibration curves of the three fabricated electrodes
for the electrocatalysis of glucose, glutamate and lactate (insets of
Fig. 5d to f). The sensitivities were calculated to be around 162, 93
and 70 mA mM�1 cm�2 for the electrochemical oxidation of
glucose, glutamate and lactate, respectively. In addition, wide line
Table 1
Performance comparisons of our glucose, lactate and glutamate biosensors with those

Analytes Modifiers Potential (V vs. Ag/AgCl) 

Glucose GOD/tG/PB/Au �0.05 

pCoTTP-SWNTs-Nafion-GOx/GCE �0.2 

Pt/PB/GA-GOD �0.05 

GOx/Chi/IL/PB/Pt �0.05 

Au cypress/PB grid �0.05 

PB/GS �0.1 

3-D/Ni–Fe 0.65 

AuNPs/MWCNTs/PVA �0.4 

GOx-PtNPs-PAni 0.56 

GC–GNs–Th–GOx 0.86 

Glutamate GMOD/tG/PB/Au �0.05 

PB/GS �0.1 

PPy/MWCNT 1.1 

GDH/Ni-Pd-PAM/GCE – 

Pt/ta-C/APTES/GlOx 0.6 

GluOx/cMWCNT/AuNP/CHIT/Au 0.135 

Lactate LOD/tG/PB/Au �0.05 

Au NPs/ZnO NRs 0.6 

PB/GS �0.1 

FcMe2-LPEI/LOx 0.57 (vs. SCE) 

SWCNT 0.6 

Polysulfone/carbon nanotubes 0.6 

pCoTTP: poly[meso-tetrakis(2-thienyl)porphyrinato]cobalt(II); SWNTs: single-walled CN
chitosan; IL: ionic liquid; NPs: nanoparticles; MWNTs: multi-walled nanotubes; PVA: Pol
thionine; PPy: polypyrrole; GDH: glutamate dehydrogenase; PAM: polyacrylamide; ta
glutamate oxidase; GluOx: glutamate oxidase; cMWCNT: carboxylated multi walled ca
linear poly(ethylenimine); LOx: lactate oxidase.
arranges from 0.01 to 0.8 mM for glucose, 0.01 to 0.2 mM for
glutamate and 0.01 to 0.09 mM for lactate were obtained. The
performance of the prepared tG/PB nanogrid based biosensors was
significantly higher than those reported in literature listed in
Table 1. For the glucose response, the sensitivity of our prepared
tG/PB film is superior in most reported films. Although the 3-D/Ni–
Fe film [39] was confirmed to possess much better value, the
extremely high operation potential 0.65 V could generate the
strong interference caused by the extra oxidation of other co-
existed substances. The same results were also exhibited in the
detections of glutamate and lactate. Besides, it should be noticed
that, compared with our previous work which only adopted PB grid
as the film material, the introduction of graphene layer showed the
strong promotion of the performance. This is mainly attributed to
the excellent conductivity of graphene and the architecture
construction of the graphene embedded PB grid structure. As
above mentioned, this designed structure can avoid the burial of PB
wall by the over-aggregation of graphene sheets. Meanwhile, the
graphene layer surrounded by the PB wall can effectively
accelerate the transfer of electrons produced by the PB reaction
with H2O2 to produce the high current density.

3.4. Anti-interference ability of the enzyme immobilized tG/PB/Au
electrodes

The employment of electrocatalytic material in biological
system, such as biosensor and bio-fuel cell, will face the challenge
of much interference during the electrochemical reaction due to
the plenty of co-existed substances. Therefore, the anti-interfer-
ence or selectivity ability of the prepared film is an essential
character for the practical application. As the most common
electrochemical interfering species, ascorbic acid (AA) and uric
acid (UA) were introduced to investigate this ability of prepared tG/
PB nanogrid based biosensors. As shown in Fig. 5, the current
responses showed no obvious changes when 0.1 mM AA and
0.1 mM UA were added into the detection system during the
catalytic process of the targets, which were mainly attributed to
 reported in the literature.

Sensitivity (mAmM�1 cm�2) Linear range (mM) Reference

162 0.01–0.8 This work
16.57 0–1 [7]
80 � 4 0.01–1.00 [26]
37.8 0.01–4.2 [27]
74.3 – [28]
30.63 – [29]
790 5 �10�5–2 � 10�1 [39]
16.6 0.5–8 [40]
96.1 0.01–8 [41]
43.2 0.5–6.0 [42]

93 0.01–0.09 This work
12.36 – [29]
384 3 � 10�4–1.4 �10�1 [43]
4.768 1 �10�4–5 �10�1 [44]
2.9 0.01–0.5 [45]
155 5 �10�4–5 �10�1 [46]

70 0.01–0.2 This work
24.56 0.01–0.6 [19]
4.5 – [29]
45 0–5 [47]
9.4 3 � 10�3–1.8 � 10�1 [48]
10.47 5 �10�4–5 �10�1 [49]

Ts; GCE: glass carbon electrode; GOx: glucose oxidase; GA: glutaraldehyde; Chi:
yvinyl alcohol; PAni: polyaniline; GC: glassy carbon; GNs: graphene nanosheets; Th:
-C: tetrahedral amorphous carbon; APTES: (3-aminopropyl)triethoxysilane; GlOx:
rbon nanotubes; CHIT: chitosan; NRs: nanorods; FcMe2-LPEI: ferrocene-modified
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the low operation potential of �0.05 V (vs. Ag/AgCl) and the barrier
effect of the enzyme layer.

4. Conclusions

In this work, we have constructed a PB nanogrid on Au substrate
to capture the graphene into its uniform 500 nm cavities. With the
exact control, graphene can fill the cavities of grid due to the strong
Au-SH interaction instead of the burial of the PB layer by the over-
aggregation. This special composite nanostructure can efficiently
arouse the synergic effects of high electrocatalysis of PB and
excellent conductivity of graphene. After the immobilizations of
different oxidases, under the very low potential �0.05 V, the tG/PB
nanogrid based biosensors can respectively fulfill the ultrasensi-
tive detection of glucose, lactate and glutamate with the high
current density and outstanding anti-interference ability. This
designed nanostructure can provide a new inspiration of the
strategy in the advanced composite of two or more materials, and
the high electrocatalytic tG/PB film can be promising in the trace
analysis of various physiological substances and in the bio-fuel cell
construction for the cathode material.
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