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a b s t r a c t

A sensitive label-free amperometric immunosensor was developed based on the amine-functionalized
graphene (GR-NH2) and gold nanoparticles (AuNPs) composite modified carbon ionic liquid electrode
(CILE). CILE was fabricated by using an ionic liquid of 1-octyl-3-methylimidazolium hexafluorophosphate
as binder. The nanocomposite AuNPs/GR-NH2 had prominent biocompatibility, good electron transfer
ability, large specific surface area, and primarily excellent adsorption. The negatively charged AuNPs
could be adsorbed on the positively charged GR-NH2 modified CILE surface by electrostatic adsorption,
and then to immobilize a-fetoprotein antibody (anti-AFP) for the assay of a-fetoprotein (AFP). The
fabricated procedures and electrochemical behaviors of the immunosensor were characterized by elec-
trochemical impedance spectroscopy (EIS) and cyclic voltammetry (CV). The anti-AFP/AuNPs/GR-NH2

modified CILE was sensitive to AFP in linear relation between 1 and 250 ng mL�1 with the correlation
coefficient of 0.995, and the detection limit (S/N = 3) was 0.1 ng mL�1 under the optimal conditions. In
addition, the proposed immunosensor exhibited good sensitivity, selectivity, stability and long-term
maintenance of bioactivity and it may be used to immobilize other biomoleculars to develop biosensor
for the detection of other antigens or biocompounds.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction

Cancer biomarkers are molecules occurring in blood or tissue,
which are associated with cancer and whose measurement or iden-
tification plays an important role in patient diagnosis and clinical
research [1,2]. a-Fetoprotein (AFP) is one of the most extensively
used clinical cancer biomarkers [3]. Elevated AFP concentration
in serum may be an early indication of some cancerous diseases
such as hepatocellular cancer, liver metastasis from gastric cancer,
testicular cancer, and nasopharyngeal cancer. Thus, the detection
of AFP is absolutely necessary in clinical assay. Due to the specific
binding of antibody to its antigen, immunoassays have recently
gained increasing attention in the quantitative detection of cancer
biomarkers [4,5]. Compared with conventional immunoassay tech-
niques, immunosensors are of great interest because of their
potential utility as specific, simple, label-free and direct detection
techniques with advantages including reductions in size, cost,
and time of analysis [6]. As one type of immunosensor, electro-
chemical immunosensors have attracted considerable interest
due to their intrinsic advantages, such as high sensitivity, low cost,
ll rights reserved.
low power requirements and high compatibility with advanced
micromachining technologies [7,8]. One key area of electrochemi-
cal immunosensors research is the use of various materials with
nanoparticle like physical and chemical properties because they
provide a large surface area and improve the biocompatibility, sta-
bility, and immobilization of biomolecules on the electrode surface
[9,10].

Graphene is a flat monolayer of carbon atoms tightly packed
into a two-dimensional honeycomb lattice. Recently, it has
attracted considerable attention due to high electrical conductiv-
ity, high surface-to-volume ratio, high electron transfer rate, and
exceptional thermal stability [11–13]. Some research effort has
been made to explore its fascinating applications in fabricating
various electrical devices, such as batteries [14], field-effect tran-
sistors [15], electrochemiluminescent sensor [16], electromechan-
ical resonators [17] and electrochemical biosensors [18]. However,
many of the interesting and unique properties of graphene can
only be realized after it is integrated into more complex assemblies
[19]. A useful technique to incorporate graphene into such assem-
blies is through chemical functionalization of the graphene, which
enables chemical covalent bonding between the graphene and the
material of interest. Functionalized graphene are easier to disperse
in organic solvents and water, which can improve the dispersion
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and homogeneity of the graphene within the polymer and yield
novel types of electrically conductive nanocomposites [20,21].

In the present work, a novel electrochemical immunosensor
was designed based on amino-functionalization graphene sheets
(GR-NH2) and gold nanoparticles (AuNPs) composite modified car-
bon ionic liquid electrode (CILE). AuNPs is a kind of well known
bio-nanomaterials because of their large specific surface area,
strong adsorption ability, well suitability and good conductivity
[22,23]; it can strongly interact with biomaterials and has been uti-
lized as a intermediator to immobilize antibody to efficiently retain
its activity and to enhance current response in the construction of a
sensitive amperometric immunosensor. Therefore, it has drawn
much attention in constructing electrical sensors such as DNA-
AuNPs assemblies [24], enzymes biosensors [25] and immunosen-
sors [26]. Recently, room temperature ionic liquids (RTIL) are more
and more explored as a new kind of modifier to make an ionic li-
quid modified carbon paste electrode because they can provide a
remarkable increase in the electron transfer rate of different organ-
ic and/or inorganic electroactive compounds and offer a marked
decrease in the overpotential for biomolecules and enhance the
electrochemical signal. In order to further improve the perfor-
mance of the immunosensor, AuNPs and carbon ionic liquid elec-
trode (CILE) was applied in the construction of the present
immunosensor. The preparation, characterization, optimal condi-
tions, and preliminary analysis of real samples for the detection
of AFP were investigated in detail. It showed that AuNPs/gra-
phen-NH2 nanocomposite could effectively facilitate the direct
electron transfer of FeðCNÞ3�=4�

6 to the electrode, and thus greatly
improve the sensitivity of the immunosensor. This developed bio-
sensor showed good performances, such as high sensitivity, im-
proved stability, good selectivity and wide linear range owing to
the synergic effects of graphen-NH2, AuNPs and CILE. This strategy
could be further developed for practical clinical detections of AFP
and other important tumor markers.
2. Experimental

2.1. Materials

Chloroauric acid, sodium citrate, iron chloride hexahydrate,
potassium ferricyanide graphite powder, hydrazine solution
(50 wt.%) and ammonia solution (28 wt.%) was obtained from
Shanghai Chemical Reagent Corporation (Shanghai, China). Bovine
serum albumin (BSA), SOCl2 and NH2(CH2)2NH2 were obtained from
Sigma (Saint Louis, MO, USA). Anti-AFP and AFP were purchased
from Biocell Company (Zhengzhou, China). 1-octyl-3-methylimida-
zolium hexafluorophosphate (OMIMPF6) was obtained from Chen-
gjie Chemical Co., Ltd. (Shanghai, China). Phosphate-buffered
saline (PBS, 0.01 M) at various pH values was prepared by mixing
a stockstandard solution of KH2PO4 and K2HPO4, which was used
as the measuring buffer, and then adjusting the pH with 0.1 M
KOH and H3PO4. Gold nanoparticles were produced by reducing
gold chloride tetrahydrate with citric acid at 100 �C for half an hour
[27]. The mean size of the prepared Au colloids was about 20 nm.
The AFP was stored in the frozen state, and its standard solutions
were prepared daily as in use. Serum samples provided by Xinyang
Central Hospital (Xinyang, China) were stored at 4 �C in a freezer.
All other chemicals were of analytical grade and used without fur-
ther purification. Ultrapure water (18.2 MX) was obtained from a
Milli-Q water purification system and used throughout.
2.2. Instruments

CHI660A electrochemical workstation (CH Instruments, USA)
and a standard three-electrode cell contained a platinum wire aux-
iliary electrode, a saturated calomel reference electrode (SCE) and
the modified electrode as working electrode were employed for
electrochemical studies. All potential values given below refer to
SCE. FT-IR spectroscopy was obtained using Bruker Tensor 27 Spec-
trometer (Germany). Scanning Electron Microscopy (SEM) mea-
surement was carried out by JSM-6700 F Scanning Electron
Microscope (JEOL Ltd., Japan).

2.3. Preparation of GR-NH2

Graphene oxide was prepared from graphite according to Hum-
mers and Offeman method. The graphene oxide was firstly washed
with HCl solution (5%, v/v), and then repeatedly washed with
water until the pH of filtrate was neutral. Through extremely rapid
heating and successful splitting of graphite oxide, wrinkled graph-
ene sheets functionalized with hydroxyl and carboxylic groups
were obtained. The resultant product was then chlorinated by
refluxing for 12 h with SOCl2 at 70 �C. After evaporating any
remaining SOCl2, GR-NH2 were obtained by reaction with
NH2(CH2)2NH2 in dehydrated toluene for 24 h at 70 �C. After wash-
ing with ethanol and deionized water several times, GR-NH2 pow-
der was obtained from drying at 50 �C in vacuum for 24 h.

2.4. Fabrication of the immunosensor

The CILE was fabricated with the following procedures: graphite
powder and OMIMPF6 (4:1, w/w) were mixed in a mortar until a
homogeneous paste was obtained. The prepared carbon paste
was tightly packed into a PVC tube (internal diameter of 3 mm)
and a cope wire was introduced into the other end for electrical
contact. Prior to use, the surface of the electrode was smoothed
with a weighing paper. For electrode preparation, 1 mg of GR-NH2

was dispersed in 1 mL of water using an ultrasonic bath to give a
black suspension. After carefully washed with water, the CILE
was treated by dropping 10 lL of GR-NH2 suspension and then
dried in air. The prepared GR-NH2/CILE was immersed in AuNPs
solution and left for 10 h to adsorb a layer of AuNPs on electrode
surface. After rinsed with water, the immobilization of anti-AFP
to AuNPs was accomplished by immersing the resultant electrode
in anti-AFP solution at 4 �C for 12 h, and then the antibody-modi-
fied electrode was thoroughly washed with PBS. At last the result-
ing electrode was incubated in BSA solution (w/w, 0.25%) for 2 h in
order to block possible remaining active sites and avoid the non-
specific adsorption. After the modified electrode was washed care-
fully with PBS, an immunosensor was fabricated and stored at 4 �C
when not in use. Schematic illustration of the stepwise preparation
process of the immunosensor was shown in Scheme 1.

2.5. Electrochemical measurements

Electrochemical impedance spectroscopy measurements were
carried out in the presence of 5 mM FeðCNÞ3�=4�

6 as a redox probe
in PBS (pH 7.0). The alternative voltage was 5 mV and the fre-
quency range is 0.1–10 kHz.

The electrochemical characteristics of the modified electrode
were characterized by cyclic voltammetry (CV). Electrochemical
measurements were done in a conventional electrochemical cell.
CV scans were taken from �0.2 to 0.6 V (versus SCE) with a scan
rate of 50 mV s�1 in 5 mL PBS (pH 7.0). The amperometric detec-
tion was based on the variation of current response before and
after immunoreaction. When the background current was stabi-
lized, the current response was recorded as I0. Due to the immuno-
complex restraining the electron transfer, the current response of
the immunosensor decreased to a minimum after the immunore-
action and was recorded as I. Therefore, the immunosensor current
shift (DI) was given by DI = I0 � I.



Scheme 1. The stepwise fabrication process of the immunosensor.
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3. Results and discussion

3.1. Morphological characterization of GR-NH2–AuNPs composite

In this paper, the electrochemical immunosensor was fabricated
using the AuNPs/GR-NH2 composite film as matrix. Addition of
GR-NH2 was expected to improve the conductivity and enhance
the immobilized capacity toward biomolecules of the base elec-
trode, which was favor to electron communication between the
biomolecules and the base electrode. So the as-prepared GR-NH2

and AuNPs/GR-NH2 composite should be characterized.
The surface morphologies of GR-NH2 and AuNPs/GR-NH2 com-

posite were examined by SEM observation. The top views of
GR-NH2 clearly illustrated the typically flakelike with slightly
scrolled edges shapes (Fig. 1a). Fig. 1b presented the SEM image
of AuNPs/GR-NH2 composite. It was obviously showed that a layer
of compact AuNPs was formed on the GR-NH2 surface. AuNPs were
compactly embedded on the GR-NH2 substrate. It was worth notice
that, as shown in the SEM images, the as-prepared GR-NH2 nano-
particles exhibited considerable edge plane defect structures. These
edge plane defects have shown to be essentially responsible for the
high electron transfer kinetics and the electrocatalytic activity of
graphene which contributes significantly to the electrochemical
property of the present GR-NH2 nanocomposite as well [28,29].

The as-prepared GO, GR and GR-NH2 was characterized with
FT-IR spectroscopy, as shown in Fig. 2. In the FT-IR spectrum of
GO (Fig. 1c), we observe a strong and broad absorption at
3421 cm�1 due to OAH stretching vibration. The C@O stretching
of COOH groups situated at edges of GO sheets is observed at
1722 cm�1. The absorptions due to the OAH bending vibration,
epoxide groups and skeletal ring vibrations are observed around
1626 cm�1. The absorption at 1384 cm�1 may be attributed to ter-
tiary CAOH groups. The IR spectrum in Fig. 1d confirms reduction of
GO sheets. Here the absorption due to the C@O group (1722 cm�1)
is decreased very much in intensity and absorptions at 1626 and
1384 cm�1 are absent, suggesting the considerable deoxygenation
by the chemical reduction process. Fig. 1e showed the IR spectrum
of GR-NH2. A corresponding appearance of a band with lower fre-
quency (1638 cm�1) assigned to the amide carbonyl (C@O) stretch.
The NH2 stretch band appears at 3395 cm�1. The small 3296 cm�1

peak may be due to the NH2 symmetric stretch of the amine group.
In addition, the presence of new bands at 1594 and 1280 cm�1, cor-
responding to NAH in-plane and CAN bond stretching, respectively,
further confirms the presence of the amide functional group.

3.2. Electrochemical characterization of the immunosensor

All electrochemical measurements were performed in PBS (pH
7.0) containing 0.1 M KCl and 5 mM FeðCNÞ3�=4�

6 . The CV of ferricy-
anide was chosen as a marker to investigate the changes of the elec-
trode behavior before and after each assembly step. Fig. 2 shows the
CV of FeðCNÞ3�=4�

6 at the AuNPs/GR-NH2/CILE (curve a), GR-NH2/
CILE (curve b), bare CILE (curve c), AFP/AuNPs/GR-NH2/CILE (curve
d), BSA/anti-AFP/AuNPs/GR-NH2/CILE (curve e), and AFP/BSA/anti-
AFP/AuNPs/GR-NH2/CILE (curve f), respectively. As shown in
Fig. 2A, it was observed that the peak current of GR-NH2/CILE
greatly increased after the modification of GR-NH2. Obviously, the
GR-NH2 film increased the conductivity and stability of GR-NH2/
CILE. Modification of AuNPs increases the conductivity of the GR-
NH2/CILE film, resulting in the increase of the anodic peak and
cathodic peak currents as AuNPs acts as a conducting wire or an
electron communication relay, which increased the electron-trans-
fer efficiency [30]. When the modified electrode was incubated
with anti-AFP, the redox peak currents decreased significantly, be-
cause the immobilized protein acted as insulator blocking the elec-
tron communication of the probe with the electrode. Peak current
decreased in the same way after BSA was used to block non-specific
sites. After AFP molecules specifically recognized with the immobi-
lized antibody, the redox peak currents of FeðCNÞ4�=3�

6 decreased
further, indicating the formed immunocomplex might further hin-
der the electron-transfer pathway of the ferricyanide.

Electrochemical impedance spectroscopy (EIS) can give the
information about the stepwise assembly of the immunosensor
based on the impedance changes of the electrode surface. In EIS,
the semicircle diameter equals the electron-transfer resistance
(Ret). Fig. 3 shows the impedance spectra corresponding to the
stepwise modification processes. The data can be fitted with a
modified Randles equivalent circuit (inset in Fig. 3). It was ob-
served that the EIS of the CILE (curve a), GR-NH2/CILE (curve b)
and AuNPs/GR-NH2/CILE (curve c) displayed an almost straight line
in the Nyquist plot of impedance spectroscopy, characteristics of a
diffusion-limited electron-transfer process. Especially, the elec-
tron-transfer resistance (Ret) of the GR-NH2/CILE and AuNPs/GR-
NH2/CILE showed more little value than that of CILE, indicating
that the conductivity of the GR-NH2 and AuNPs mediator were
essentially beneficial to the electron transfer. However, when
anti-AFP (curve d) and BSA (curve e) were immobilized onto AuN-
Ps/GR-NH2/CILE, the resistances for the modified electrode in-
creased gradually, which were caused by the nonconductive
properties of anti-AFP and BSA which acted as an inert electron
layer and retarded the electron transfer. After the prepared immu-
nosensor was incubated with AFP antigen solution (curve f), a lar-
ger increase of the resistance was shown.

3.3. Influence of the scan rate

Typical CV curves of the AFP/BSA/anti-AFP/AuNPs/GR-NH2/CILE
in 0.1 M PBS at different scan rates were shown in Fig. 4. It can be
seen that a pair of roughly symmetric anodic and cathodic peaks
appeared with almost equal peak currents in the scan rate range



Fig. 1. (a) SEM images of GR-NH2. (b) SEM images of AuNPs/GR-NH2. (c) FT-IR spectra of GO. (d) FT-IR spectra of GR. (e) FT-IR spectra of GR-NH2.
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from 0.05 to 0.50 V s�1. The peak-to-peak separation also increased
with the scan rate. A good linear relationship was found for the
peak current and scan rate, with the results shown in Fig. 4 (upper
right inset). The reduction and oxidation peak currents rise linearly
with the linear egression equations as ipc = 1.127m1/2 � 9.066
(R = 0.994), ipa = �7.589m1/2 � 4.358 (R = 0.989), respectively, sug-
gesting that the reaction is quasi-reversible diffusion-controlled
behavior with an electron transfer process.

3.4. Optimization of experimental conditions

The experimental conditions, which can affect the amperomet-
ric determination of AFP, including the pH of supporting electro-
lyte, the incubation temperature and time of immunoreaction,
were optimized.

The pH of the measuring solution may affect the immunosensor
response signals. Because unsuitable pH not only may cause
protein denaturalization, but also affect the affinity between the
protein and the electrode surface. The effect of pH on the immuno-
sensor in the pH range of 4.0–9.0 was evaluated. The results
showed the current response reached the minimum at pH 7.0,
and then the current response increased if the pH higher or lower
than this value. The reason may be that, the higher and lower pH
may damage the protein and affect the lifetime of the immunosen-
sor. So, the pH 7.0 was used for further experiments.

The effect of the temperature is important on the activity of the
antigen and antibody. The effect of the temperature was studied
from 10 to 50 �C. It was found that the current response decreased
with the increasing temperature up to 37 �C. However, tempera-
tures over 40 �C caused irreversible behavior (denaturation of pro-
teins) involved in the process. Thus, 37 �C was employed as the
optimum incubation temperature.

The immunochemical incubation time was another influence
condition of the immunosensor. When the analyte antigens



Fig. 2. Cyclic voltammograms of different modified electrodes in pH 7.0 PBS
containing 0.1 M KCl: (a) AuNPs/GR-NH2/CILE, (b) GR-NH2/CILE, (c) bare CILE, (d)
AFP/AuNPs/GR-NH2/CILE, (e) BSA/anti-AFP/AuNPs/GR-NH2/CILE, and (f) AFP/BSA/
anti-AFP/AuNPs/GR-NH2/CILE.

Fig. 3. Nyquist plots of the different electrodes in a PBS solution containing 0.1 M
KCl and 5.0 mM FeðCNÞ4�=3�

6 : (a) CILE, (b) GR-NH2/CILE, (c) AuNPs/GR-NH2/CILE, (d)
anti-AFP/AuNPs/GR-NH2/CILE, (e) BSA/anti-AFP/AuNPs/GR-NH2/CILE, (e) BSA–
anti-HIgG/AuNPs/APS/PB/CILE, and (f) AFP/BSA/anti-AFP/AuNPs/GR-NH2/CILE. The
frequency range was from 0.1 to 100,000 Hz with perturbation amplitude of 5 mV.
Inset: equivalent circuit for fitting the plots. Rs: solution resistance; Rct: charge-
transfer resistance; CPE: constant phase element, which is a complex of various
elements.

Fig. 4. CVs of the immunosensor in pH 7.0 PBS containing 0.1 M KCl and 5.0 mM
FeðCNÞ4�=3�

6 at the different scan rate of (from inner to outer): 50, 100, 150, 200, 250,
300, 350, 400, 450, 500 mV s�1. The inset shows the linear relationship between the
peak currents and the square root of scan rate.

Fig. 5. DPV curves of the immunosensor after incubating with various concentra-
tions of AFP: (a) blank solution, curves b–i represent 8, 24, 35, 70, 94, 140, 218, and
250 ng mL�1 AFP (from top to bottom). Inset: calibration curve of the immunosen-
sor for AFP determination.
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reached the antibodies modified on the surface of the immunosen-
sor, it would take some time for the contracting species to form
immunocomplexes. The influence of the immunochemical incuba-
tion time of the immunosensor on the response signals was inves-
tigated in the range of 10–60 min. With increasing of the
incubation time, the peak current rapidly decreased and after
30 min the current reached a steady state, indicating the antigen
molecules in the solution were completely captured by the immo-
bilized antibody molecules. Therefore, the incubation time of
30 min was used in the subsequent work.

3.5. Analytical performance

Under the optimization of experimental conditions, the devel-
oped immunosensor was exposed to various concentrations of
AFP solutions. After the antigen reacted with the antibody immobi-
lized on the electrode, a DPV curve was collected (Fig. 5). As
expected, the current response signal decreased with increase in
AFP concentration. It could be understood that more AFP could
bind to the immobilized antibodies at higher concentrations of
antigens, and the antigen–antibody complex acted as an inert ki-
netic barrier for the electron-transfer of the mediator of ferricya-
nide. As a result, the amperometric response decreased with
increase of the AFP concentration. As presented in Fig. 5, the
amperometric response increased with the increase of AFP concen-
tration from 1 to 250 ng mL�1 with a correlation coefficient of
0.995. The regression equation was Y = 3.435X + 0.014 (Y is the
change in current response signal before and after the antigen–
antibody reactions). The detection limit was estimated to be
0.1 ng mL�1 based on a signal to noise ratio of 3. The detection lim-
it of this immunosensor was better than those of previously re-
ported AFP immunosensors based on carbon nanotube/gold
nanoparticle doped chitosan film (0.6 ng mL�1) [31], CdS nanopar-
ticles and thionine bilayer films (0.12 ng mL�1) [32], and phenylbo-
ronic acid monolayer on gold (40 ng mL�1) [33].



Table 1
Comparison of AFP levels determined using proposed method and ELISA.

Serum samples 1 2 3 4 5

Immunosensor (ng mL�1, n = 6) 15.2 34.1 56.5 102.8 138.6
ELISA (ng mL�1, n = 6) 14.3 32.1 59.8 111.3 131.0
Relative deviation (%) 6.3 6.2 �5.5 �7.6 5.8
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3.6. Precision, selectivity and stability

The precision of the immunosensors was investigated by using
the variation coefficients (CVs) of intra- and inter-assays. The
intra-assay precision of the analytical method was evaluated by
analyzing four concentration levels six times per run. The CVs of
intra-assay were 4.6%, 4.4%, 5.1% and 4.5% at 1, 10, 100, and
250 ng mL�1 of AFP, respectively. Similarly, the CVs of the inter-as-
say were 5.6, 6.1, 6.4, and 5.2% at 1, 10, 100, and 250 ng mL�1 of
AFP, respectively. Thus, the precision and reproducibility of the
immunosensors was acceptable.

To monitor the differences in response of the immunosensor to
interference degree or crossing recognition level, carcinoembry-
onic antigen, low density lipoprotein and prostate-specific antigen
with various concentrations were added into the detection system,
respectively. The interference degree of variability between
different proteins was 3.2–6.5%. Therefore, the selectivity of the
developed immunosensor was acceptable.

The stability of the developed immunosensor was examined.
When not in use, they could be stored in pH 7.0 PBS at 4 �C for
at least 2 weeks without obvious signal change (signal change be-
low 5%). Moreover, it retained 93.4% of its initial response after a
storage period of 20 days. We speculate that the slow decrease of
response mainly attributed to the gradual deactivation of the
immobilized biomolecules on the surface of the nanoparticles.

3.7. Real sample analysis

To monitor the analytical reliability and possible application of
the developed immunosensor, five serum samples were assayed
using the developed immunosensor, and the results were then
compared with the reference values obtained by the standard ELI-
SA. The results are summarized in Table 1. It showed that both re-
sults were in acceptable agreement. The absolute value of relative
errors of the results acquired by two methods was lower than 8.0%.
So, the developed immunosensor provides a possible application
for the detection of AFP in clinical diagnostics.

4. Conclusions

In the present work, a novel strategy of an amperometric immu-
nosensor for AFP has been proposed based on the antigen adsorbed
in AuNPs/GR-NH2/CILE. The immunosensor could be used for
determining the serum AFP level indirectly. The combination of
the good conductivity of RTIL and GR-NH2, and the advantages of
the AuNPs, including biocompatibility and amplification, enhanced
the sensitivity of the immunosensor significantly. The biosensor
possesses good bioactivity, comparable detection limit and linear
range, and acceptable storage stability. The results showed that
the method was simple and sensitive enough for determination
of AFP in human serum samples with good precision and accuracy.
This flexible immunosensor could be extended to the application of
other antigens or other bioactive molecules.
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