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Early cancer diagnosis is critical for the prevention of metastasis. However, simple and efficient methods
are needed to improve the diagnosis and evaluation of cancer. Here, we propose a reusable biosensor
based on a magnetic graphene oxide (MGO)-modified Au electrode to detect vascular endothelial growth
factor (VEGF) in human plasma for cancer diagnosis. In this biosensor, Avastin is used as the specific
biorecognition element, and MGO is used as the carrier for Avastin loading. The use of MGO enables rapid
purification due to its magnetic properties, which prevents the loss of bioactivity. Moreover, the
biosensor can be constructed quickly, without requiring a drying process, which is convenient for
proceeding to detection. Our reusable biosensor provides the appropriate sensitivity for clinical
diagnostics and has a wide range of linear detection, from 31.25–2000 pg mL�1, compared to ELISA
analysis. In addition, in experiments with 100% serum from clinical samples, readouts from the sensor
and an ELISA for VEGF showed good correlation within the limits of the ELISA kit. The relative standard
deviation (RSD) of the change in current (ΔC) for reproducibility of the Au biosensor was 2.36% (n¼50),
indicating that it can be reused with high reproducibility. Furthermore, the advantages of the Avastin-
MGO-modified biosensor for VEGF detection are that it provides an efficient detection strategy that not
only improves the detection ability but also reduces the cost and decreases the response time by 10-fold,
indicating its potential as a diagnosis product.

& 2014 Elsevier B.V. All rights reserved.
1. Introduction

Angiogenesis is closely related to tumor growth and metastasis
(Carmeliet and Jain, 2000; Hanahan and Folkman, 1996). Vascular
endothelial growth factor (VEGF) is an important growth factor
that regulates the progression angiogenesis, both physiologically
and pathologically (Ferrara et al., 2003; Jain, 2003; Laguens et al.,
2006). In addition, VEGF overexpression appears in many human
cancers, such as brain tumors (Bando et al., 2004; Cheng et al.,
1996), lung cancer (Kaya et al., 2004), breast cancer (Carmeliet and
Jain, 2000; Hanahan and Folkman, 1996), gastrointestinal cancer
(Aoyagi et al., 2005) and urinary tract tumors (Wu et al., 2003).
(H.-W. Yang),

.
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Avastin is a potential candidate for the development of anti-
angiogenic drugs against VEGF (Wu et al., 2008), which is also a
humanized anti-VEGF antibody (Wang et al., 2004). Thus, it is
recognized as an extremely potent angiogenesis inhibitor instead
of VEGF-antibody due to its specificity for VEGF (Hsu et al., 2014).
It is a critical and challenging task to develop faster, selective and
sensitive methods for the detection of VEGF in the serum of
patients for early disease diagnosis and efficient therapeutic
monitoring strategies.

Electrochemical biosensors convert chemical signals into a
measurable amperometric signal using potentiometric, ampero-
metric and impedimetric transducers to simultaneously detect and
analyze a specific compound of interest. In 1962, the first enzyme
electrode was introduced using glucose oxidase immobilization
(Clark and Lyons, 1962). Currently, various biosensor devices have
been developed and are commercially produced for a wide range
of applications, with blood glucose detection being especially
important for diabetes. Enzyme-based electrochemical biosensors
nics (2014), http://dx.doi.org/10.1016/j.bios.2014.08.080i
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can be used as labels bound to antibodies, antigens or oligonu-
cleotides with a specific sequence, providing affinity-based sen-
sors (Jain, 2003) for the monitoring of clinically important meta-
bolites. The most common enzyme labels for electrochemical
affinity biosensors are peroxidase and alkaline phosphatase
(Kauffmann and Guilbault, 1991). Recently, various biomarkers
have been used in electrochemical affinity biosensors, including
emerging cancer biomarkers. Gang-Il Kim reported VEGF as a
cancer-related biomarker for monitoring angiogenesis and metas-
tasis with gold nanoparticles (Au-NPs), which were self-assembled
onto an indium tin oxide (ITO) electrode to prepare a modified
sandwich-type electrochemical immunoassay platform. In this
sensor, the amperometric signal was measured by the differential
pulse voltammetry (DPV), which increased almost linearly from
1.27�10�4 to 4.17�10�4 A with increasing concentrations of
VEGF from 100 to 600 pg mL�1 (Kim et al., 2010). A high-
performance VEGF biosensor using p-type field-effect transistor
(FET) sensor was reported (Kwon et al., 2010). This FET biosensor
could display near 400 fM of VEGF concentration in real-time by
investigated current–voltage (I–V) curve. Feasibility for the detec-
tion of VEGF in the serum of patients has been reported. VEGF can
be directly detected in 50% blood serum, and the lowest detection
limit reached was 190 pg mL�1 (Zhao et al., 2011). Furthermore,
biosensors have the potential to provide a rapid, selective, sensi-
tive, lower cost and simplified measurement technology in the
clinic compared to the ELISA method.

Graphene is a multi-functional material that has been modified
and widely used in biomedical applications, including drug deliv-
ery (Lu et al., 2012), cancer therapy (Yang et al., 2013b, 2013c), and
biosensors (Li et al., 2013). Kuila overviewed the recent advances
in graphene-based electrochemical biosensors (Kuila et al., 2011)
and summarized their many advantages, which include a large
surface area, excellent electrical conductivity, rapid electron trans-
fer and selective biomolecule detection. However, graphene has
rarely been applied in the cancer biomarker field. Although Zhang
et al. investigated the feasibility of graphene films as flexible VEGF
biosensor had capable of detecting VEGF as low as 1 pg/mL by
measured the resistance changes curve (Zhang et al., 2013), but
there were not enough electrochemical data to evaluate the
potential of detection used real sample. Besides, graphene based
sensors has been mainly used for the detection of glucose,
cytochrome c, nicotinamide adenine dinucleotide, hemoglobin,
cholesterol, ascorbic acid (AA), uric acid (UA), dopamine (DA),
and hydrogen peroxide (H2O2). Magnetic graphene oxide (MGO) is
prepared through the in situ generation and deposition of Fe3O4

nanoparticles onto the surface of graphene oxide. Teymourian
investigated the synergistic integration of these two nano-materi-
als on the electrocatalytic behavior of different important electro-
active compounds (Teymourian et al., 2013). Additionally, a simple,
cheap, stable, reusable, highly selective and sensitive ampero-
metric assay to detect H2O2 and glucose in buffer solution and
diluted blood samples has been reported (Yang et al., 2013a). Both
of these studies demonstrate that the excellent electrocatalytic
activity of MGO could be promising for the development of
electrochemical biosensors.

Here, we developed a rapid, simple and reusable strategy for
detecting the VEGF concentration in human serum using an
Avastin-MGO-modified Au electrode. First, Avastin, which contains
VEGF antibody fragments, was conjugated onto the surface of
MGO by EDC/NHS chemistry to form an Avastin-MGO stock
solution. Second, the Avastin-MGO stock solution was drop-de-
posited firmly to the sensing area of a Au electrode under a
magnetic field during VEGF detection. The amperometric signal
was measured by differential pulse voltammetry (DPV) to quantify
the VEGF concentration. Finally, the practical utility of the pro-
posed biosensor was evaluated by determining the VEGF levels in
Please cite this article as: Lin, C.-W., et al., Biosensors and Bioelectro
human serum samples from both healthy people and patients with
brain tumors. The developed reusable biosensor is simple, sensi-
tive, specific, fast and stable for the detection of VEGF, a pre-
dominant biomarker of cancer angiogenesis.
2. Materials and methods

2.1. Synthesis of Avastin-MGO

The synthesis procedure is described in Scheme 1A. GO was
prepared from nano-graphite platelets (NGPs) powders by the
modified Hummers' method (Stankovich et al., 2006, 2007). MGO
composites were synthesized by coprecipitation of FeCl3 �6H2O
and FeCl2 �4H2O in the presence of GO powder. An aqueous
suspension of MGO was sonicated for approximately 15 min to
prepare Avastin-MGO, which was subsequently used to cover the
Au electrode in this study. Twenty-seven milligrams of sulfo-NHS
and 24 mg of EDC �HCl were dissolved in 2 mL of 0.5 M MES buffer
(pH¼6.3) in the dark. A 0.1 mL aliquot of this solution was mixed
with 0.05 mL of MGO (10 mg mL�1) at 25 °C and reacted for
30 min in the dark to activate the carboxyl groups of MGO.
Activated MGO was separated, washed with 0.8 mL of 0.1 M MES
buffer, resuspended in 150 μL of MES buffer, and then mixed with
500 μg mL�1 of Avastin at 25 °C by vortexing for 1 h followed by
sonication for 1 h. The primary amino groups of Avastin reacted
with the active ester, resulting in covalent conjugation of Avastin
to the surface of MGO. The Avastin-MGO was then separated from
the solution, washed with DI water to remove the MES buffer and
unbound Avastin, and dispersed in 0.1 mL of DI water. The binding
capacity was analyzed by Ultraviolet–visible spectroscopy (UV–vis,
Heliosα, Thermo) at 279 nm.

2.2. VEGF detection by the Avastin-MGO-modified Au electrode

Scheme 1B shows the process of electrochemical detection by
the Avastin-MGO-modified Au electrode in 1 mM (K3[Fe(CN)6])/
(K4[Fe(CN)6]), and 0.1 M KCl solution was to establish the baseline
current before any samples were measured. For the VEGF standard
curve, 15 μL of various concentrations of VEGF solution was
pipetted onto the surface of the Avastin-MGO-modified Au elec-
trode and incubated for 30 min. The plasma samples were pre-
pared from human as follows: the plasma was collected from a
whole blood sample (10 mL) using heparin as an anticoagulant
and centrifuged for 15 min at 3500 rpm and 4 °C for 15 min, and
the supernatant (plasma) was collected for VEGF detection. This
study was approval by institutional review board (IRB: CGMH 101-
0430C). The concentrations of VEGF were calculated using the
respective calibration curves for the electrochemical sensing and
ELISA assays.
3. Results and discussion

3.1. Characterization of GO and MGO

The average sheet sizes of GO and MGO were approximately
1.5 and 3 μm (Fig. 1A), as determined by transmission electron
microscopy (TEM). Closer examination revealed that Fe3O4 was
attached to the surface of MGO sheets and exhibited a sphere-like
morphology with an approximate size of 7–12 nm (Fig. 1A). Atom-
ic force microscopy (AFM) images showed that the thicknesses and
roughness of GO and MGO (Fig. S1A and B). X-ray photoelectron
spectroscopy (XPS). The GO sample showed C1s and O1s peaks at
285 eV and 532 eV, respectively (Fig. S2A and B). Additionally, XPS
(C1s) of GO was used to characterize the main functional groups
nics (2014), http://dx.doi.org/10.1016/j.bios.2014.08.080i
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Fig. 1. (A) TEM images showing the morphologies of GO (top) and MGO (middle). An enlarged image of the red area from MGO is also shown (bottom). (B) XPS C 1s peaks of
GO. (C) XPS Fe 2p peaks of MGO. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Scheme 1. (A) Synthesis of Avastin-MGO. (B) Electrochemical detection by Avastin-MGO/Au. (C) Electrochemical detection of VEGF in samples using the Avastin-MGO/Au
sensor.
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on GO. The peaks observed at 284.2, 284.8, 286.1, 286.6, 287.4, and
288.6 eV were assigned to carbon atoms in C¼C, C–C, C–OH, C–O–
C, C¼O and O–C¼O, respectively (Fig. 1B) (Yang et al., 2011). The
Fe 2p peaks of MGO located at 711 and 724.8 eV corresponded to
Fe 2p3/2 and Fe 2p1/2 (Liu et al., 2009), respectively (Fig. 1C), and
their presence confirmed that the oxide in the sample was Fe3O4

(Missana et al., 2003). Thermogravimetric analysis (TGA) with a
heating rate of 10 °C min�1 in N2 was used to investigate the
deposition of Fe3O4 onto the surface of the GO platelets. The
Please cite this article as: Lin, C.-W., et al., Biosensors and Bioelectro
quantity of Fe3O4 deposited was determined based on the thermal
stripping of oxygen-containing groups in the 200–500 °C tem-
perature range (Fig. S2C) (Zhan et al., 2011). The quantity of Fe3O4

in MGO was approximately 25 wt%. The presence of Fe3O4 was also
confirmed by Fourier transform infrared (FT-IR) spectroscopy (Fig.
S2D). A characteristic peak for Fe3O4 was observed at 580 cm�1

and was attributed to the stretching mode of Fe–O (Zhan et al.,
2011). X-ray diffraction patterns of NGPs, GO, Fe3O4 and MGO are
shown in Fig. S3A and B (Liu et al., 2009). The introduction of
nics (2014), http://dx.doi.org/10.1016/j.bios.2014.08.080i
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Fe3O4 resulted in XRD-detection of Fe3O4 peaks within MGO. The
magnetization of MGO was 31 emu g�1, compared to 0 emu g�1

for GO, as measured by a superconducting quantum interference
device (SQUID) (Fig. S3C). This value was lower than the magne-
tization of 65 emu g�1 for pure Fe3O4 due to the proportional
decrease in Fe3O4 per unit weight (Yang et al., 2013a). The
magnetization of MGO was sufficient to avoid escape from the
submerged electrode. It also allowed for the separation/isolation of
plasma and the rapid construction of the sensor for electrochemi-
cal sensing in a magnetic field (Scheme 1B and C).

3.2. Studies of Avastin loading and optimal conditions

The loading efficiency of Avastin onto MGO was determined by
colorimetric detection at a wavelength of 279 nm, which was
chosen based on the absorption spectrum of unbound Avastin. The
supernatants were measured after reacting MGO with various
concentrations of Avastin. The optimal amount of Avastin immo-
bilized on MGO was approximately 139.9 μg Avastin per mg of
MGO (the grafting ratio was approximately 93.27%) (Fig. S4A).
Optimal concentration of Avastin loading was 500 μg mL�1 (Fig.
S4B). We further investigated the effect of the volume of Avastin-
MGO pipetted onto the Au electrode (Fig. S4C). Finally, we
investigated the effect of incubation time of VEGF (750 μg mL�1)
with the Avastin-MGO-modified Au electrode to determine the
optimum time for producing a higher change in current (Fig. S4D).
An increase in the VGEF incubation period resulted in an increase
in the peak currents, which could be seen in the cyclic voltammo-
grams. However, according to the results, there was no significant
difference between the 30 and 120 min incubation periods
(ΔI¼4.82 μA and 5.08 μA for 30 and 120 min, respectively). Thus,
Fig. 2. (A) Cyclic voltammetry of Au (black), an Avastin-MGO-modified Au electrode (b
VEGF (red). (B) Change in the current of various interference species (n¼5). (C) DPV sho
samples with various concentrations of VEGF. (D) Calibration curve for the change in
modified Au biosensor (n¼5). (For interpretation of the references to color in this figur

Please cite this article as: Lin, C.-W., et al., Biosensors and Bioelectro
to decrease the time for total VEGF immobilization and maintain
the activity of VEGF, a 30 min incubation period was chosen. In
summary, 15 μL Avastin-MGO (139.9 μg Avastin/mg MGO) was
pipetted onto the Au electrode under a magnetic field to form the
biosensor immediately, without requiring a drying step, and the
sensor was incubated with VEGF for 30 min. The entire procedure
was faster and more convenient than ELISA. The response time
was reduced 10-fold compared with the ELISA method, which
typically requires 5–5.5 h (Al-Ameen and Ghosh, 2013).

3.3. Electrochemical characterization of the Avastin-MGO-modified
Au electrode

The electrochemical behavior of the Avastin-MGO-modified Au
electrode was studied by cyclic voltammetry (CV) and differential
pulse voltammetry (DPV) in a 1 mM (K3[Fe(CN)6])/(K4[Fe(CN)6])
/0.1 M KCl solution. The pH was maintained at 7.0 because the pH
of blood samples was usually neutral, and all measurements were
made at room temperature. In this study, using K4[Fe(CN)6]/K3

[Fe(CN)6] as the electro-active molecules provided a convenient
and valuable approach for analyzing the electron transfer between
the solution and the electrode surface, which occurs by tunneling
through either the barrier of the interfaces or through defects in
the barrier (Prabhulkar et al., 2009). We activate the Au electrode
until two obvious peaks appeared at 0.55 and 0.78 V before a new
electrode was used (Fig. S5). The cyclic voltammetry results
showed almost completely reversible behavior on the bare Au
electrode, the Avastin-MGO-modified Au electrode, and the Avas-
tin-MGO-modified Au electrode treated with 1000 μg mL�1 VEGF
from �0.2–0.6 V at a scan rate of 40 mV s�1 (Fig. 2A). However,
the change observed in the voltammetric signal can be attributed
lue) and an Avastin-MGO-modified Au electrode combined with 1000 pg/mL�1 of
wing the increase in the electrochemical signal upon incubation of the electrode in
current (DPV) at different VEGF concentrations, measured by the Avastin-MGO-
e legend, the reader is referred to the web version of this article.)

nics (2014), http://dx.doi.org/10.1016/j.bios.2014.08.080i
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Fig. 3. Plasma VEGF concentrations measured by the Avastin-MGO-modified Au
biosensor and an ELISA (n¼3).
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to the effects of both steric blockage and charge repulsion/attrac-
tion effects (de la Escosura-Muñiz et al., 2013; Rodriguez et al.,
2005). The increase in the voltammetric signal can be explained by
considering the charge attraction effect. Avastin and VEGF are
positively charged (Kaja et al., 2011; Vlckova et al., 2008), which
produces an attraction to the negative charge of the Fe(CN)6�4

ions contained in the redox indicator. Thus, the ion diffusion to the
electrode increased, and oxidation consequently increased, as
shown in the inset of Fig. 2A. In this case, the charge effect
between the redox indicator and the Avastin or VEGF was most
likely a more important factor than steric blockage, which was
minimal due to the relatively small size of the [Fe(CN)6]4� ions
diffusing to the electrode (de la Escosura-Muñiz et al., 2013). To
further investigate the optimization of electrochemical, DPV scan-
ning from �0.1 V to þ0.4 V was performed to evaluate the
oxidation signal of [Fe(CN)6]4� to [Fe(CN)6]3� at approximately
þ0.15 V.

3.4. Interference and performance of the Avastin-MGO-modified Au
electrode

In the interference study, we incubated with typical interfering
species in human plasma with the Avastin-MGO-modified Au
electrode. The following interfering species were use: immuno-
globulin G (IgG, 1000 ng dL�1), immunoglobulin M (IgM,
192.5 mg dL�1), glucose (5 mM), ascorbic acid (AA, 4.3 μg mL�1),
and uric acid (UA, 0.295 mM) (Khan et al., 2011; Marquette et al.,
2003). The results were evaluated based on the change in current
with the addition of VEGF. Additional washing with DI water was
performed after hybridization, prior to measurement, to eliminate
the influence of free VEGF and other interfering species in the
serum (Fig. 2B). No significant current changes were detected for
the addition of the typical interfering species (0.5970.10 μA).
Furthermore, the change in current after the addition of VEGF in
the presence of the interfering species (1.06570.19 μA for
62.5 pg mL�1) was not different compared to treatment with
62.5 pg mL�1 VEGF alone (1.070.17 μA). Thus, the Avastin-MGO-
modified Au sensor resisted interference well.

The change in current (ΔC) generated by ferricyanide
([Fe(CN)6]3� /4�) was also measured by differential pulse voltam-
metry (DPV), which eliminates capacitive and non-Faradaic cur-
rents in the scan, thus increasing sensitivity (Moscovici et al.,
2013). Before VEGF capture, the sensor displayed a peak current of
42.7 μA at 0.14 V, which corresponded to the redox reaction
between [Fe(CN)6]3�/4� and the sensor surface. The current
signals measured for VEGF target proteins at various concentra-
tions (31.25, 62.5, 125, 250, 500, 1000, 2000 pg mL�1) using the
fabricated electrochemical immunosensor were obtained under
optimized conditions (Fig. 2C). The current increased with increas-
ing VEGF concentration, presumably due to depletion of charge
carriers in the Au electrode as more positively charged VEGF
molecules bound to the Avastin-functionalized surface
(Rodriguez et al., 2005; Vlckova et al., 2008). The change in the
oxidation peak current as a function of VEGF concentration is
shown in the inset of Fig. 2C. Here, ΔC increased linearly with
increasing VEGF concentrations from 31.25 pg mL�1 to
2000 pg mL�1, indicating that the response was the direct result
of VEGF binding to the Avastin-MGO through antigen–antibody
recognition (Fig. 2D). Furthermore, various VEGF concentrations
were evaluated in the presence of the interfering species described
above. Although these values reflected the presence of interfering
species, the variations were insignificant. The lowest VEGF con-
centration (31.25 pg mL�1) produced a 0.7670.10 μA current
change, which was differentiated from the noise level (a
0.2070.06 μA current change, n¼6) resulting from the fetal
bovine serum (FBS). From this result, the limit of detection
Please cite this article as: Lin, C.-W., et al., Biosensors and Bioelectro
(L.O.D) was found to be 31.25 pg mL�1. This level is slightly higher
than the value measured by ELISA (6.4 pg mL�1) (Al-Ameen and
Ghosh, 2013). However, it is still better than for other reported
electrochemical (Kim et al., 2010; Prabhulkar et al., 2009; Zhao
et al., 2011) and optical biosensors for VEGF (Al-Ameen and Ghosh,
2013; Chen et al., 2013) because of the lower L.O.D and wider
detection range. In addition, these clinically relevant levels of
VEGF which already were reported were inside in our detection
range (Kut et al., 2007). In summary, these results suggest that our
detection system can provide a simple, cheap, stable, reusable, fast,
highly selective and sensitive amperometric assay platform for
future clinical diagnosis.

3.5. Determination of VEGF in human plasma

VEGF is an important biomarker for cancer growth and is often
overexpressed in tumors (Barton et al., 1997; Kido et al., 2001).
Furthermore, patients with various tumors typically have higher
VEGF concentrations in their plasma than healthy individuals
(Kaya et al., 2004; Kido et al., 2001; Poon et al., 2003; Ugurel
et al., 2001). A high concentration of VEGF in the serum and tumor
tissue of brain tumor patients was previously reported (Takano
et al., 1996). Increased VEGF concentration also has a high
correlation with tumor progression and survival in malignant
melanoma patients (Ugurel et al., 2001). In this study, serum
samples were collected from healthy people (n¼2) and patients
(n¼4) diagnosed with low stages of brain tumor to assess the
utility of the Avastin-MGO-modified Au electrode-based VEGF
biosensor for clinical analysis. We compared our sensing system
to the conventional detection of VEGF by ELISA using the human
serum samples. The concentrations of VEGF were calculated using
calibration curves for the electrochemical sensing and ELISA assays
(Figs. 2D and S6). The concentrations of VEGF in the serum of
healthy people measured by our electrochemical biosensor were
relatively low (49.8172.55 pg mL�1 and 64.25717.64 pg mL�1)
compared to the brain tumor patients' serum samples (167.587
18.33 pg mL�1, 143.69712.62 pg mL�1, 177.03730.75 pg mL�1

and 196.47722.19 pg mL�1) (Fig. 3B). These raw data were
showed and compared with the result by ELISA method in Table
S1. According to past researches (Li et al., 2004), VEGF level of
healthy people usually is defined lower 100 pg/mL, and VEGF
levels are obviously increase by progress of clinical stage (stage I–II
nics (2014), http://dx.doi.org/10.1016/j.bios.2014.08.080i
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Fig. 4. Reusability of the Avastin-MGO-modified Au biosensor. The sensor showed
no decrease in function after 50 times of reconstruction (RSD¼2.36%).
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198 pg mL�1; stage III–IV 955 pg mL�1) in ovarian cancer. Besides,
similar VEGF values were reported by another research team
(Sciacca et al., 2004), indicating that VEGF is overexpressed in
patients suffering brain tumors. Meanwhile, the values obtained
with our electrochemical biosensor were not significantly different
from those measured by ELISA. This result suggests that our
biosensor was capable of reliable, highly selective, rapid and
accurate detection of VEGF in human serum for cancer diagnosis.

3.6. Reusability and reproducibility

Another advantage of this platform is that the sensor can be
quickly reconstructed by washing out the deposited Avastin-MGO
and pipetting additional Avastin-MGO solution (15 μL) onto the
detection area of the same magnetic Au electrode (Scheme 1B)
under optimized conditions. After reconstructing the sensor 50
times by depositing the same amount of Avastin-MGO solution,
the current remained in the range of 59.24–65.03 μA (Fig. 4). This
result confirmed the good reusability of the Au electrode and the
stable covering process of the Avastin-MGO solution. The relative
responses indicated a good relative standard deviation (RSD) of
2.36%. Therefore, the reusability of the sensor was also tested to
show that the Pt electrode could be reused. Thus, the result proved
the Au electrode could be reused at least 50 times.
4. Conclusion

In summary, we developed a simple method using DPV for the
detection of VEGF isolated on an Avastin-MGO-modified Au
biosensor. This biosensor can be used to detect VEGF in plasma
samples. Furthermore, the Avastin-MGO solution can be drop-
deposited onto the surface of a Au electrode in a magnetic field to
quickly fabricate the biosensor for subsequent catalytically based
detection of VEGF, and the biosensor showed good stability
(RSD¼2.36%, n¼50). The lowest detectable concentration of VEGF
was 31.25 pg mL�1, and the amount of VEGF detected was close to
that measured by an ELISA. Our study provides a broad and
suitable working range that is comparable to ELISA methods. In
addition, it simultaneously provides high specificity, re-usability,
stability, and low cost, as well as a 10-fold reduction in the
response time for the rapid detection of VEGF in cancer diagnosis.
Thus, this study presents the groundwork for the utilization of
MGO and Avastin in medical diagnostics and biotechnology.
Please cite this article as: Lin, C.-W., et al., Biosensors and Bioelectro
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