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Abstract

In this work, a new label free electrochemical immunosensor was designed to detect Newcastle disease virus (NDV). The
immunosensor was constructed by modification of a glassy carbon electrode surface with multi wall carbon nanotubes,
gold nanoparticles (AuNPs), 11-Mercapto Undecanoic acid (MUA) and 3-Mercapto Propionic acid. Then, it was stabi-
lized by self-assembly and protein G (PrG) immobilized using 1-ethyl3-(3-dimethylaminopropyl) carbodiimide (EDC) and
N-Hydroxy Succinimide to oriented fixation of the antibody. The quantitative measurement of NDV was evaluated by square
wave voltammetry method. The determination step was based on the formation of immunocomplex between the antigen
and oriented antibody, which caused current decreased in [Fe(CN)¢]/K,[Fe(CN),] redox reaction. The response value was
directly proportional to the concentrations of NDV. Scanning electron microscope, XRD, UV and FTIR methods were used
to characterize the electrode surface. Also, the electrochemical electrode surface behavior at each step of modification was
evaluated by cyclic voltammetry and electrochemical impedance spectroscopy methods. The parameters affecting the perfor-
mance of the immunosensor such as amount of MWCNT, electrodeposition time of AuNPs, concentration and loading time
of PrG, the antibody concentration and antigen incubation time were optimized. The biosensor showed detection limit of
1.6 EIDsoml_1 and linear range of 10 to 10° EID50ml_'. The proposed immunosensor showed adequate reproducibility (RSD
6%) and stability (up to one month), which showed that it could be used as a sensitive device for agriculture applications.

Keywords Newcastle disease virus - Label free electrochemical immunosensors - Antibody-oriented immobilization -
Protein G

Introduction

Newcastle disease virus (NDV) is one of the most important
herd-breeding birds diseases, which was first diagnosed in
Newcastle’s, England, in 1926. The disease, which is conta-
gious and fatal, has a viral agent and affects many chickens
if not vaccinated (Li et al. 2019). NDV is a single-stranded
negative-sense RNA virus, which belongs to the genus
Rubulavirus of the family Paramyxoviridae. Considering
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high prevalence of the disease and the rapid spread of poul-
try and other bird species, it is a serious threat to the poultry
industry worldwide (Dhar et al. 2018; Wang et al. 2019). For
this reason, many efforts have been made for its detection
at the golden time.

So far, various qualitative and quantitative techniques
such as different types of polymerase chain reaction
(PCR) (Chen et al. 2008, 2018; Cong et al. 2018; Fel-
lahi et al. 2016; Laamiri et al. 2018; Mirzaei et al. 2018,
2020; Sutton et al. 2019; Wang et al. 2017; Yao et al.
2019; Zhang et al. 2020, 2019), hemagglutination inhibi-
tion (HI) (Chaka et al. 2015), agar Gel precipitation (De
Wit et al. 1992), Latex agglutination tests (Thirumurugan
et al. 1997), enzyme-linked immunosorbent assay (ELISA)
(Garnier et al. 2017; Zhang et al. 2017), immunofluores-
cence test (Kothlow et al. 2008) and immunochromato-
graphic strip (Li et al. 2019) have been employed to deter-
mine NDV. Although these techniques have been widely
used for the determination of NDV in infected samples
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and even some of them are highly sensitive (such as RT-
PCR), but they are costly and severely time consuming and
also require advanced equipment and professional tech-
nicians (Thinh et al. 2018). Therefore, electrochemical
immunosensors have been considered for such detection
applications due to their high measuring speed, simplicity
and sensitivity.

In recent years, electrochemical immunosensors have
been used to detect antigens for clinical purposes (Ghanavati
et al. 2020; Mollarasouli et al. 2018; Wang et al. 2018), envi-
ronmental monitoring (Fan et al. 2012; Gonzilez-Martinez
et al. 1998) and food industry (Alves et al. 2017; Taghdisi
et al. 2018). These immunosensors are simple, fast, highly
sensitive, accurate, portable and economical (Hosu et al.
2017). The electrochemical immunosensors could be divided
into labeled (Huang et al. 2020) and label free groups (Wei
et al. 2020), where the antibodies bind to the surface of the
transducer as recognition element and interact directly with
their respective antigen and produces electrochemical signal.
Label free electrochemical immunosensors compared with
the labeled types have simpler design and do not require sec-
ondary antibody and complex labeling steps as well (Ebra-
himi et al. 2019; Haji-Hashemi et al. 2017, 2018, 2019).

Thinh et al. for the first time in 2019 used a label free
electrochemical immunosensor to detect NDV. In which,
they stabilized the chicken egg yolk antibodies (IgY) with
a random orientation on a layer of alkane thiols that self-
assembled on their gold surface to detect NDV (Garnier
et al. 2017). In the design of electrochemical immunosen-
sors the layers configuration at the electrode surface is very
important, because it could strongly affect the performance
of the immunosensor (Thinh et al. 2018). As a consequence,
the modification of the electrode surface with nanomateri-
als has drawn intense attention since it can help to improve
the surface properties of the electrode toward the analyte
detection. Among them, MWCNTSs (Eissa et al. 2018b;
Martinez Rojas 2020) and AuNPs (Tang et al. 2018; Xiao
et al. 2020) are the most widely used nanomaterials, due to
their excellent properties such as ease of preparation, excel-
lent electrical properties, good biocompatibility and large
surface-to-mass ratio (Paiva et al. 2017). Furthermore, gold
surface decoration using self-assembled monolayers for
bioaccumulation is one of the most applicable and popular
strategies on this approach. In this method, molecules such
as alkane thiols, which have sulfur terminals, can spontane-
ously be accumulated on the gold electrode surface. On the
other side of these molecules, functional groups could be
placed, which could be activated and being used for covalent
binding to proteins (Mackiewicz et al. 2018). In the case of
carboxylic acid, the activation is usually performed through
single step using 1-ethyl3-(3-dimethylaminopropyl) carbo-
diimide (EDC) and N-Hydroxy Succinimide(NHS) (Eissa
et al. 2018a).
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Also, one of the most important steps in the design of
electrochemical immunosensors is the antibody stabilization
on the surface of electrode. Although, the antibodies could
be readily stabilized by various procedures such as physical
adsorption (Haji-Hashemi et al. 2018) or covalent bonding
of amino groups to modified electrode surfaces (Afkhami
et al. 2017), the efficiency of immunocomplex formation
by these methods is low, which could be due to the random
orientation of antibodies, denaturation and sterile hindrance.
For this purpose, antibody binding proteins, such as protein
G (PrG) could be used. This protein can bind specifically
to the non-antigenic region of many mammalian immuno-
globulins and make antigen binding sites well accessible
and with minimal sterile hindrance (Berto et al. 2019). It has
been found that oriented and appropriate antibody immobili-
zation on the surface immunosensor could increase the bind-
ing capacity of the antigen by approximately 2 to 8 times
compared to random immobilization, which could increase
sensitivity, linearity and reduce the detection limit (Lin et al.
2019). Random orientation of the antibodies are known to be
responsible for having less binding capacities, thus having
the appropriate antibody immobilization method would be
essential for immunosensors design and fabrication. About
the oriented type of antibodies immobilization, the main
advantage is that the active binding sites would be more
effectively accessible. Moreover, using disulfide bridges for
having oriented immobilization is simple, quick and cost-
effective (Baniukevic et al. 2013; Kausaite-Minkstimiene
et al. 2010; Makaraviciute et al. 2014).

In this work, antibody-oriented stabilization was chosen
by PrG to detect NDV. To reach this goal, the glassy carbon
electrode (GCE) surface was first coated with MWCNT and
t with AuNPs simultaneously. Then, by adding 11-Mercapto
Undecanoic acid (MUA) and 3-Mercapto Propionic acid
(MPA) self-assembled monolayers was formed on the sur-
face. Subsequently, PrG was linked to MUA and MPA car-
boxyl groups, which were previously activated by the EDC
and NHS. Finally, the anti-NDV antibody, as the bioreceptor
with the appropriate orientation was stabilized on the PrG,
so its antigenic sites were accessible for further interactions.
For characterization of the modified electrode surface, scan-
ning electron microscope (SEM), XRD, UV and FTIR meth-
ods were used. In addition, the fabrication process of the
immunosensor was characterized with cyclic voltammetry
(CV) and electrochemical impedance spectroscopy (EIS).

Experimental

Materials

NDV Bl virus protein (NDV-B1), NDV LaSota virus pro-
tein (10° EIDs,ml™" (50 percent Embryo Infectious Dose))
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and anti-NDV (1 mgml~") against it were obtained from
Razi Vaccine and Serum Research Institute, Karaj, Iran. All
chemicals; protein G (PrG), bovine serum albumin (BSA),
Gold (III) chloride hydrate (HAuCl,-4H,0, 99%), 3-Mer-
capto Propionic acid (MPA) 99%, 11-Mercapto Undecanoic
acid (MUA) 95%, 1-ethyl3-(3-dimethylaminopropyl) carbo-
diimide-HCL (EDC), N-Hydroxy Succinimide (NHS) 98%,
potassium ferricyanide (K;Fe(CN)y), potassium ferrocyanide
(K,Fe(CN)) and potassium chloride (KCl) were purchased
from Sigma-Aldrich, and used without further purification.
Multiwall carbon nanotube (MWCNT) were purchased from
Iran’s Research Institute of Petroleum Industry (synthesized
by chemical vapor deposition (CVD)) with the purity of 95%
and the average wall thickness and length were about 40 nm
and several micrometers, respectively). 0.01 M phosphate
buffered solution (PBS) at pH 7.4 and 6.4 were prepared
using distilled water.

Instrumentation

All electrochemical experiments were performed by using
three-electrode in a cell containing a working electrode, Ag/
AgCl electrode as the reference electrode and a Pt electrode
as the counter at room temperature. Also, PalmSens4 poten-
tiostat device (Palm Instrument BV, the Netherlands) with
PS-Trace 5 software was used for all measurements includ-
ing CV, SWV and EIS.

Methods

For all electrochemical measurements, 5 mM
[Fe(CN)6]3_/4_ prepared in 0.1 M KCI solution was used as
the probe. CV and EIS methods were used to investigate the
surface properties at each step of the electrode modification.
Also, SWV method was applied for determination of target
antigen as well. CV measurements were performed in the
potential range of —0.1 to 0.6 V with scan rate of 0.1 Vs™!
and SWV measurements were also performed in the same
potential range, with amplitude of 0.025 V at frequency of
25 Hz. The EIS measurements were performed over a fre-
quency range of 1 Hz to 1 MHz at DC potential of 0.2 V
with AC amplitude of 0.01 V.

Preparation of the immunosensor

The GCE (2 mm in diameter) was polished with 0.3 and
0.05 pM alumina slurry, respectively. Then, it was washed
with distilled water and dried at room temperature to obtain
a mirror-like surface. Then, 2 pl of MWCNT solution (0.4
mgml~! in DMF) was casted onto the electrode surface and
dried for 1 h at room temperature. At that time, MWCNT/
GCE was used for deposition of AuNPs on the electrode
surface via placing it in the electrochemical cell containing

solution of 10 mgml™! HAuCl, in 0.1 M KNO;, and then,
potential step of -0.4 V was applied to it, for 10 s. After
removing the electrode from the cell, it was washed with
distilled water and dried at room temperature. To form
SAMs, AuNPs/MWCNT/GC electrode was placed over-
night in MUA-MPA solution. The next day, the electrode
was rinsed by PBS solution to remove the unbounded mol-
ecules, and then, it was immersed in EDC-NHS solution for
1 h, to activate the carboxyl groups, for further binding to the
protein amine groups. Then, it was washed again with PBS
(pH="7.4) solution and dried at room temperature.

The antibody immobilization and the antigen
detection

Immobilization of the antibody was done through two steps.
First, 5 ul of PrG solution (300 ugml~!) in PBS (pH=7.4)
was casted onto AuNPs/MWCNT/GC electrode surface, and
then, incubated at 37 °C for 1 h. After washing the electrode,
5 ul of the antibody solution (600ugml™") in PBS (pH=6.4)
(Akerstrom and Bjorck 1986) was added to the electrode sur-
face and incubated overnight, which was, followed by wash-
ing with buffer to remove the probable excessive molecules.

Finally, to prevent non-specific bindings and blocking of
unreacted sites, the prepared immunosensor was incubated
with 5 pl of BSA in PBS (pH=7.4) solution for 30 min.
The electrode was thoroughly washed with PBS (pH="7.4)
and dried before the detection step. To detect the antigen,
the prepared immunosensor was incubated for 50 min with
standard solutions of NDV in PBS (pH="7.4) (Armstrong
2008) in the concentration range of 10 to 10> EIDsyml~". The
steps of electrode preparation are schematically illustrated
as scheme 1.

Results and discussion

Morphological characterization
of the immunosensor

The surface morphology of the modified electrode was
investigated using SEM. Figure la and b show the SEM
images of the GCE after modification with MWCNTs (GCE/
MWCNT) and AuNPs (GCE/MWCNT/AuNPs), respec-
tively. As shown in Fig. 1a, MWCNTs have adequately cov-
ered the surface. Since, it has been distributed uniformly
on the electrode penetrable and homogeneous surface has
been reached.

Figure 1b displays the electrodeposited AuNPs on the
surface of MWCNTSs/GCE. The amount and size of the gold
particles, which could be affected by the electrodeposition
time, have relatively uniform distribution with approxi-
mately size of 50 to 100 nm (with average size of 73 nm).

@ Springer
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Schemel The immunosensor
fabrication steps

This could provide a large and efficient surface for adsorp-
tion of MUA-MPA and formation SAMs layer on the elec-
trode surface.

For the materials characterization which are used in the
electrode modification, FTIR spectra of MWCNTs were
recorded as shown in the Fig. 1c. As seen, in the range of
1590-1650 cm™', in which the stretching vibration mode
appeared for the C=0 group. Figure 1d demonstrates the
UV-vis spectra of MWCNTs (a), which shows a prominent

@ Springer

peak at 545 nm attributed to n—x" transitions of aromatic
C=C bonds, and spectra of MWCNTs/AuNPs solution (b),
which has two prominent peaks at 530 nm and 260 attributed
to the characteristic Plasmon resonance band for AuNPs.
Figure le shows the XRD pattern of MWCNT/AuNPs,
which contains diffraction a peak at 20 of 31.5° due to the
carbon atoms of MWCNT and four diffraction peaks at
the 20 angles of 38.5°, 44.6°, 64.8° and 77.9°, which were
recognized (based on JCPDS, card no. 04-0784) for the
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Fig.1 SEM images of the electrode after modification with a MWCNTs and b AuNPs/ MWCNTs, ¢ FTIR image of MWCNT, d UV-Vis
absorption spectra of (a) MWCNTs and (b) AuNPs /MWCNTs solution and e XRD pattern of AuNPs loaded on MWCNTs

face-centered cubic structure (111), (200), (220) and (311)
of the formed AuNPs, respectively.

Electrochemical characterization
of the immunosensor

As stated, CV and EIS techniques were used to evalu-
ate electrode surface characterization at each step of

modification. Figures 2 and 3 show CVs and Nyquist
curves of the bare GCE, GCE/MWCNT, GCE/MWCNT/
AuNPs, GCE/MWCNT/ AuNPs/MUA-MPA, GCE/
MWCNT/AuNPs/MUA-MPA/PrG, GCE/MWCNT/
AuNPs/MUA-MPA/PrG/Anti-NDV and GCE/MWCNT/
AuNPs/MUA-MPA/PrG/Anti-NDV/NDV electrodes in the
probe solution (5 mM [Fe(CN)6]3_/4_ and 0.1 M KCl at pH
7.4) at a scan rate of 100 mV. As shown in Fig. 2, after

@ Springer



Chemical Papers (2021) 75:3061-3072

3066
Bare
MWCNT
MUA-NPA . ’- 40
b - 20
\ Fo g
Anti-NDV =
- -20
- -40

.00.10.20.3 0.40.50.6
E(V)

0

Fig.2 Cyclic voltammograms of modification steps in PBS solu-
tion, pH 7.4, containing 5 mM [Fe(CN)]*"*~ prepared in 0.1 M KCI
solution and the scan rate of 0.1 Vs~! in the potential range of -0.1
to+0.6' V

casting of MWCNTs (curve b) and AuNPs (curve c¢) on the
bare GCE (curve a), the redox peak current significantly
increased due to the surface enhancement and electrical
conductivity of the electrode materials. As expected, the

Fig. 3 a Nyquist plots of differ-
ent modification steps in PBS
solution, pH 7.4, containing

5 mM [Fe(CN)6]3‘/4‘ prepared
in 0.1 M KCl solution at a DC
potential of 0.2 V with AC
amplitude of 0.01 V over a fre-
quency range of 1 Hz to 1 MHz
and b The equivalent circuit for
the fabricated immunosensor
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peak current decreased with the consecutive addition of
MUA-MPA (curve d), PrG (curve e), antibody (curve f),
and BSA (curve g), which is an indication of formation a
larger mass transfer barriers toward the probe diffusion at
the interface region, which could limit the electron transfer
at the electrode surface. Eventually, the redox peak current
diminution is a good sign of the successfulness of the fab-
rication processes. Finally, after NDV trapping, the peak
current decreased sharply (curve h), which is due to the
fact that the immunocomplex was formed at the electrode
surface and made the probe diffusion much more difficult.

To have more conformation about the obtained CV data,
EIS could be considered as of complementary and effec-
tive technique. Theoretically, the semicircular diameter
at low frequencies, in the spectra of EIS implies that the
electron transfer resistance (R,) increases by the forma-
tion of a new layer on the electrode surface because of
the pathway blockages for the redox probe accessibility
toward the surface.

As can be seen in Fig. 3, initially the value of R, in
curve a (related to the bare GCE) was 620 Q, which
reduced to 460 Q after the modification of the electrode
surface with MWCNTs (curve b) and after AuNPs depo-
sition (curve c¢) reached to 140 Q. This indicates that the
charge transfer greatly reduced after formation of AuNPs/
MWCNT/GCE due to existence of the martial with higher
conductivity on the surface.

Whereas, as shown in other curves in Fig. 3, after modi-
fication of the surface with MUA-MPA (curve d), then
with PrG (curve e), antibody (curve f) and BSA (curve
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g), the diameter of the semicircle increased as well as R
changes to 1270 Q, 1625 Q, 1750 Q and 1845 Q, respec-
tively. This confirms the CV data and points to the fact that
the electrode impedance (R, has grew proportionally with
the diffusion limitation for the probe at each step.

Finally, in the incubation of GCE/MWCNT/AuNPs/
MUA-MPA/PrG/Anti-NDV with NDV (curve h), the
charge transfer (R, increased sharply to 2182 Q, which
shows lower diffusion rate of the redox probe and less
current due to the formation of immunocomplex at the
electrode surface.

This was observed as a decline in the peak current of
the voltammograms. Based on the obtained results, the
data was in acceptable harmony with the equivalent circuit
(Fig. 3b).

Optimization of effective parameters
on immunosensor efficiency

From analytical point of view, in order to reach to maximum
performance of GCE/MWCNT/AuNP/MUA-MPA/PrG/
Anti-NDV/NDV (immunosensor), it is required to optimize
the important parameters, such as MWCNT concentration,
electrodeposition time of AuNPs, concentration and loading
time of PrG, antibody concentration and antigen incubation
time.

In the modification of the electrode, the amount of
MWCNT and AuNPs are very important parameters,
because the surface area and conductivity of the immu-
nosensor is highly dependent to them. To obtain the proper

Fig.4 The SWYV response of
the immunosensor (incubated
with 10° EIDsyml~! NDV)

in 5 mM [Fe(CN),>7*~ and
0.01 M PB at pH 7.4, the
potential range of —0.1 t0 0.6 V,
for different times of AuNPs
electrodeposition and different
concentrations of MWCNT
solution (range of 200 to 800

pgml~")

Reponse (UA)

amount of MWCNT in the modified layer, the effect of
casted MWCNT concentration in the range of 200 to 800
pgml~! was examined. In this direction, several SW vol-
tammograms of the immunosensor in solution of to 10
EIDs,ml~! NDV and 5 mM Fe(CN)¢]*~*~ and 0.01 M Phos-
phate buffered solution (PBS) at pH 7.4, were reordered in
the potential range of — 0.1 to 0.6 V. As displayed in Fig. 4,
the best response for the immunosensors for concentration
of 400 pgml~" of MWCNT.

The main reasons for the enhancement of the response
before the optimized value could be the electrode surface
improvement. However, at higher concentrations than 400
pgml~!, the decline in the response could be related to the
lower conductivity of the surface. Under the same condi-
tions, the effect of the time of AuNPs electrodeposition on
the immunosensor response was studied in the time range of
5to 30 s. As shown in Fig. 4, the optimum electrodeposition
time was 20 s.

The response of GCE/MWCNT/AuNPs/MUA-MPA/
PrG/Anti-NDV to 10° EIDsyml~' NDV was evaluated by
varying the concentration of antibody in range of 200 to
1000 pgml~" and PrG concentration in range of 100 to 400
pgml~! in 5 mM [Fe(CN)]*~ and 0.01 M Phosphate buff-
ered (PBS) at pH 7.4.

As shown in Fig. 5, the highest peak currents were
observed for 600 pgml~! of antibody. This indicates that
increasing the antibody concentration up to 600 pgml~! on
the electrode surface could have enhanced the active sites

for the adsorption the NDV species. However, at higher con-
centrations of the antibody, NDV could not be attached to
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Fig.5 The SWV response of
the immunosensor (incubated
with 10° EIDsyml~! NDV)

in 5 mM [Fe(CN),>”*~ and
0.01 M PB at pH 7.4, the
potential range of — 0.1 to 0.6 V
for the antibody concentration
range of (200 to 1000 pgml™")
and PrG concentration in the
range of (100 to 400 pgml™!)

Response (UA)

Fig.6 The SWYV response of
the immunosensor in 5 mM
[Fe(CN)¢]>*~ and 0.01 M PB
at pH 7.4 (after incubated with
10° EIDsoml~! NDV), the
potential range of —0.1 t0 0.6 V,
at different PrG incubation

time values (10 to 70 min) and
antigen loading times (10 to

60 min)

response (WA)

the surface (and/or washed out). For the same reason at con-
centrations of PrG up to 300 ugml~! the response increased.
However, at concentrations higher than 300 pgml~! for PrG,
the signal was almost constant. Therefore, 300 pgml~! were
selected as the optimum concentration of PrG.

Another important factor in the detection system was the
incubation time of PrG and antigen. At this stage, the SWV
response of the immunosensor to the 10° EIDs;ml™! NDV
was measured after incubation of PrG from 10 to 70 min.

@ Springer

The results are shown in Fig. 6, which indicated that up to
50 min, the immunosensor response increased by the time,
but at that time the response decreased slightly. This means
that the incubation process at 60 min reached to equilibrium,
therefore, the time was selected as optimum value.

In order to obtain maximum efficiency, the incubation
time of the analyte should be optimized. Therefore, the
SWYV response of the immunosensor in various antigen
incubation time values (10 to 60 min) was evaluated (using
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10° EIDs;ml™! NDV,) in 5 mM [Fe(CN)]* ™~ and 0.01 M
PBS at pH 7.4). As can be seen in Fig. 6, by increasing
the interaction time between antigen and GCE/MWCNT/
AuNPs/MUA-MPA/PrG/Anti-NDV up to 50 min, the peak
current continuously increased. But, at longer times there
was no noticeable change in the immunosensor response on
account of saturation of the electrode surface. Consequently,
the incubation time of 50 min was chosen as the optimal
value for the incubation time.

Performance of the immunosensor
Calibration curve

As described in Scheme 1, the formation of the immu-
nocomplex, on the surface of GCE/MWCNT/AuNPs/
MUA-MPA/PrG/ Anti-NDV could limit the redox probe
access to the surface and cause decline in the peak current.
Therefore, in this detection method, the value of current
reduction amplified with NDV concentration. The pre-
pared immunosensor was incubated under optimal condi-
tions in the concentration range of 10 to 10° EIDsyml™".
As shown in Fig. 7, the recorded SW voltammograms of
the immunosensor after incubated with NDV samples in
5 mM [Fe(CN)4]*~*~ and 0.01 M PB at pH 7.4 solution)
were recorded, and in the potential range from — 0.1 to
0.6 V and amplitude of 0.025 V at a frequency of 25 Hz
and antigen incubation time of 50 min.

The immunosensor response AIp, was calculated based
on this equation;

(pA)

Fig.7 The SW voltammograms of prepared immunosensor in solu-
tions containing 5 mM [Fe(CN)¢]>”*~ and 0.1 M KCI after incu-
bation with 10, 102, 10°, 10* and 10° EIDSOml_] NDV, amplitude
0.025 V, frequency of 25 Hz in the potential range of —0.1 to 0.6 V
and amplitude of 0.025 V at a frequency of 25 Hz and antigen incu-
bation time of 50 min
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Fig.8 The immunosensor response against NDV concentration in the
range of 10 to 10° EIDsymlI~! in 5 mM [Fe(CN)4]*~*~ solution pre-
pared in 0.1 M KCl and 0.01 M PB at pH 7.4 (amplitude of 0.025 V,
frequency of 25 Hz in the potential range of —0.1 to 0.6 V)

AL(uA) = 1), — 1, (D

where L, is the peak current value in the absence of the
analyte and I, is the peak current for various concentra-
tions of NDV. The calibration curve for the mentioned
concentrations vs. AIp, is shown in Fig. 8. (in which for
each point three measurements were performed). As
seen, there was linear relationship between the electrode
response and NDV concentration logarithm with regres-
sion of 0.993;

AL (uA) = 2.809 (log CNDV (EIDs,/ml)) + 8.662 (2)

The calculated LOQ was 10 EIDs;ml~" and the calcu-
lated value of the LOD (S/N = 3) was 1.6 EIDs,;m1~". Also,
the obtained RSD was less than 4.8%.

F u
IBDV

0 |

NDV NDV B1

Fig.9 The SWYV response of the immunosensor (incubated with
10® EIDsymlI~! NDV, 10* EIDsyml~! NDV-B1 and IBDV) in 5 mM
[Fe(CN)6]3"/4‘ solution prepared in 0.1 M KCI and 0.01 M PB at pH
7.4, the potential range of —0.1 t0 0.6 V
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Table1 Immunosensor results in spiked samples

Added Found (EID5y/ml) Recovery (%) RSD (%)
(EIDs/ml)

0 _ — —

10 9.6 96.0 45

103 945.0 94.5 3.1

10° 910,333.3 92.0 1.1
Selectivity

The biosensor selectivity was assessed by measuring its
SWYV responses to 10° EIDsy;ml~! NDV, 10* EIDs;m1~! B1
strains NDV (NDV-B1) and IBDV (Gambro disease virus)
under the optimum condition.

Figure 9 illustrates measured SWYV response of the
immunosensor response at amplitude 0.025 V and fre-
quency of 25 Hz in the potential range of —0.1 t0 0.6 V, in
5 mM [Fe(CN)4]*~*~ and 0.1 M KCl of the samples. As
seen, the immunosensor response to IBDV was very low
compared to response of NDV-B1, which indicated a poor
interaction between the antibody and IBDV (antigen was
related to Gambro disease). However, the largest response
belonged to NDV, which confirmed the immunosensor
adequate selectivity.

Reproducibility and stability

The immunosensor reproducibility was evaluated by meas-
uring the response (Al using 5 similar modified electrodes
(incubated with 10° EIDs;m1~! NDV) in the probe (5 mM
[Fe(CN)g]* ") and 0.1 M KCl solution. The obtained RSD
of the electrodes was 6%.

Under the same experimental condition, the stability of
three immunosensors was also assessed over a one-month
period of time, in which during the measurements the elec-
trodes were stored in the refrigerator at 4 °C. The meas-
urements were taken every 10 days, and the results showed
that after 10, 20 and 30 days, the initial response remained
constant with percentages of 95, 92 and 90%, respectively.

Real sample analysis

The analytical measurements of chicken blood samples were
performed to evaluate the immunosensor performance in
real samples. On this purpose, 10, 10* and 10° EIDs,ml™"!
of standard antigen solutions was added to poultry serum
(50 times diluted) and was incubated on the surface of the
immunosensor, respectively. Then, they were immersed
in the probe solution and their SW voltammograms were
recorded. The results are presented in Table 1. As it is
shown, the relative recoveries corresponding to the actual
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values had acceptable standard deviations. The small dif-
ference in the founded and actual values could be due to the
matrix influence. These results confirmed that the proposed
immunosensor had sufficient accuracy and precision in the
real samples analysis.

Conclusion

Herein, a novel sensitive method for early detection of
Newcastle disease by stepwise modification of a label free
electrochemical immunosensor was introduced. In this
method, the antibodies were immobilized on the surface
in an orientated manner, so that they could be more effec-
tively stabilized on the surface and exposed to the analyte.
To achieve this purpose, PrG fixed on alkane thiols SAMs
were used. The parameters affecting the analyte measure-
ment were optimized and the immunosensor showed linear
range of response toward the concentration from10 to 10
EIDs,ml™" with LOD of 1.6 EIDs;ml™" under optimal condi-
tions. Also, the immunosensor had adequate performance to
detect NDV in the biological real samples. This method was
simple, low cost, quick and unlike other reported methods
did not require the probe labeling process, thus it could be
effectively used for detecting and controlling the diseases in
portable devices.
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