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Aptamer-based impedimetric determination of the human blood
clotting factor IX in serum using an interdigitated electrode
modified with a ZnO nanolayer
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Abstract This article describes a sensitive impedimetric
method for the determination of human blood coagulation
factor IX protein (FIX) which is present in extremely low
concentration in serum. An interdigitated electrode (IDE)
whose surface was layered with zinc oxide was modified with
two kinds of probes. One is an antibody, the other an aptamer
against FIX. A comparative study between anti-FIX aptamer
and anti-FIX antibody showed the aptamer to possess higher
affinity for FIX. A sandwich aptamer assay was worked out

by using the FIX-binding aptamer on the surface of the IDE. It
has a detection limit as low as 10 pM which makes it 4 to 30-
fold more sensitive than any other method reported for FIX.
Moreover, to practice detection in clinical samples, FIX was
detected from the human blood serum by spiking. In our per-
ception, the sensitivity of the ZnO-modified IDE presented
here makes it a promising tool for sensing clinically relevant
analytes that are present in very low (sub-pM) concentrations.
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Introduction

Blood coagulation process is a hemostatic mechanism initiat-
ed by forming hemostatic plug to arrest bleeding from the
damaged blood vessel. There are two distinct pathways in
blood coagulation process, which are intrinsic and extrinsic.
Factors involved in these pathways are responsible for differ-
ent action during clotting [1–3]. Bleeding disease, a so-called
‘Haemophilia B’ or ‘Christmas disease’ is caused due to de-
ficiency of one of the clotting pathways. Among all clotting
factors in clotting cascade, factor IX protein (FIX) is highly
connected to most of the proteins through these two pathways
[2, 4]. The concentration of normal level of FIX in human
blood serum is 57 μg mL−1 (87 nM) [5, 6]. While other pro-
teins such as albumin exists in higher level, which is 35 to
50 mg mL−1. Similarly, another protein globulin is also exist
in higher amount in serum (25 to 30 mg mL−1) [7]. Therefore,
sensitive and specific biosensor is needed for the selective
detection of FIX in blood serum.
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Sensitivity of sensor varies with different systems. It is vital
to determine the low abundance of target with higher perfor-
mance, to be a successful sensor [8–13]. Development of use-
ful biosensor requires key characteristics, such as specificity
and sensitivity [5]. Further, two other important factors should
be taken into consideration, which are correctly orientated
immobilized biomolecules on sensing surface and minimized
non-specific biofouling [5]. In this study, immobilization of
probe on solid surface was performed, because non-specific
antigen-capturing efficiency is lower compared to in-solution-
based detection. It is due to the random orientations and steric
hindrances of the immobilized molecules on solid surfaces
[6]. While minimizing non-specific bio-fouling will lead to
the improvement in signal to noise ratio (S/N) [5]. In addition,
with the right orientation of high-dense biomolecule
immobilized on surface of sensor, the level of detection will
be improved [6]. A common approach to minimize non-
specific biofouling is by addition of right blocking agent on
the desired sensing surface.

On the other hand, choosing probe also plays an important
role for the specific and sensitive detection. Antibody has been
used as probe since the early stage of sensor development in
1967, whereby the first immobilized antibody-solid is pro-
posed by Catt and Niall [6, 14]. Later-on, enzyme-linked im-
munosorbent assay (ELISA) was discovered followed by the
usage of several antibody-sensing strategies on solid surfaces.
For antibody to bind and detect the antigen, it needs to be
specific, form an antigen-antibody complex for detection
[15]. Alternatively, in 1990 there was a substitute for antibody
was proposed, known as aptamer or Bchemical antibody^ [6].
It has similar property as antibody except it has been used to
produce mostly in vitro by systematic evolution of ligands by
exponential enrichment (SELEX) strategy [16–19]. This se-
lection process involves consecutive steps of complex forma-
tion, separation and amplification. Need to repeat these steps
for several rounds. After 10–14 iterative rounds, it will yield
high affinity molecule (aptamer) [20, 21]. Aptamers are small-
er in size, stable, cheaper and ease in modification [22].
Immobilization of aptamer onto a solid surface in a correct
manner leads to higher specific binding, as demonstrated
against the clotting factor thrombin [23–25]. This is due to
aptamer property or functionality, which is highly dependent
on the formation of three-dimensional conformation of the
aptamer [26]. A potential RNA aptamer was generated and it
appears to have higher capability to bind FIX. It also discrim-
inated other structurally similar coagulation factors by ~5,000
fold [27]. Since both aptamer and antibody are represented to
complement each other, a combination of antibody and
aptamer-sensing strategy was designed [6].

The promising low-cost point-of-care clinical test systems
have been attracted in the past, make them preferred cost-
effective sensors [23, 24]. In addition, it is expected that the
sensor doesn’t need labeling, a great approach for developing a

good sensor. In this study, we used electrochemical impedance
spectroscopy with interdigitated electrodes (IDE) for biosensing
purpose [28]. This strategy benefits with ease of automation,
batch fabrication, and miniaturization. IDE is made up of series
of microband electrodes, whereby alternating microbands are
connected [11–13, 29]. The structure of IDE will provide a high
sensitivity, fast establishment of steady state, a large aspect and a
great signal-to-noise ratios [29]. Using sensitive dielectric meth-
od, IDE will detect electrical signal by biomolecular interaction
directly. This is through the analysis of resistance and capacitance
that occurs at electrode surface layered with oxide material [29].
Zinc oxide (ZnO) is a promising material among other oxide-
based materials for the construction of unique electrical and op-
tical based high-performance sensors. ZnO nanowire has been
considered widely as a preferable choice of transducer in biosen-
sors. It is due to its higher surface area to volume ratio (associated
with elevated sensitivity). In addition, ZnO owned a large bind-
ing energy and large bandgap which yield stability to the mate-
rials [13, 30]. IDEs have large surface and a short distance be-
tween anionic and cationic electrodes, which makes data collec-
tion to be effective and yields greater sensitivity [29]. As for the
biomolecule pattern on IDE, sandwich strategy is commonly
used. It is because of greater specificity and able to minimize
background signal. For this type of strategy, two probes are nec-
essarily bind two different sites on an antigen. In this study, FIX
was sandwiched between antibody and aptamer as capturing and
reporting probes, therefore, complement each other to detect FIX.

Materials and methods

Factor IX, monoclonal anti-FIX antibody produced in mouse,
human serum, ethanolamine, and (3-Aminopropyl)
triethoxysilane (APTES) were purchased from Sigma-
Aldrich, USA (http://www.sigmaaldrich.com/united-states).
Aptamer was synthesized commercially. Sensor chip
(interdigitated electrode) was purchased from Siltera
Malaysia Sdn. Bhd. (http://www.silterra.com). All reagents
are stored according to supplier recommendations. On the
fabricated sensing surface, microscopic studies and structural
analyses were carried out according the guidelines described
by Perumal et al. [11].

Surface functionalization on interdigitated electrode

IDE was initially washed with 0.5 % ethanol to clean the surface
and then it was dried. To activate amine-functionalized substrate,
ethanolic solution of (3-Aminopropyl) triethoxysilane (2 %) was
dropped on the bandgaps of the IDE for 3 h at room temperature.
After being washed with ethanol and dried, 2.5 % of glutaralde-
hyde was dropped onto amine-functionalized silicon surface for
2 h at room temperature. It forms an aldehyde-activate surface.
Phosphate buffer saline (PBS) with 2 mM CaCl2 was used to
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wash thoroughly the unbound molecules on the surface.
Figure 1a shows how the surface of silicon was modified
chemically.

Interactive analysis of anti-FIX-antibody and FIX

To analyze interaction between anti-FIX-antibody and FIX,
IDE used have bandgaps as small as 130 nm, therefore, it must
give a greater sensitivity. ZnO nanowired IDE was chemically
modified with APTES and glutaraldehyde as mentioned
above. Then, 500 nM of FIX was added as constant for 1 h.
After IDE washed by PBS, ethanolamine was passed for
30 min and washed away after immobilized on surface of
sensor. Different concentrations of anti-FIX-antibody
(10 pM to 100 nM) were applied on FIX-immobilized sur-
faces. All measurements were done using Electrochemical
Impedance Spectroscopy (EIS). PBS was used to clean the
IDE before every measurement. All experiments have been
performed under room temperature.

Interactive analysis of anti-FIX aptamer and FIX

Initially, IDE undergo same chemical modification as mentioned
above. For this study, different concentrations of aptamers
(10 pM to 100 nM) were passed onto FIX-immobilized surface
(500 nM of FIX). Ethanolamine was injected on surface for
30 min as blocking agents prior to pass the aptamer. For prepa-
ration of aptamer to be interacted with FIX, aptamer need to
undergo heating up to 90 °C for 2 min and then cooled to room
temperature for proper folding. After cooled to room tempera-
ture, aptamer was ready for series of dilution with PBS. All

measurements were done using impedance spectroscopy and
PBS was used to clean the IDE before every measurement [11].

Sandwich assay: antibody-FIX-aptamer

To detect FIX, antibody-FIX-aptamer type of sandwich assay
was also performed, where aptamer was passed on the
antibody-FIX immobilized surface. To prepare antibody-FIX
immobilized surface, 100 nM of anti-FIX-antibody was
dropped on glutaraldehyde-modified silica surface for 1 h at
room temperature. Remaining anti-FIX-antibody was re-
moved and washed with PBS solution. Blocking agent, 1 M
ethanolamine was dropped onto FIX immobilized surface to
minimize biofouling and washed after 30 min with PBS. To
develop antibody-FIX immobilized surface, 500 nM of FIX
was dropped onto antibody immobilized surfaced. FIX bind to
antibody and the remaining unbound FIX was washed away
with PBS. To complete sandwich assay, denatured aptamer
was dropped onto antibody and FIX complexed (antibody-
FIX) surface to amplify the response. Figure 1b shows sche-
matic diagram of sandwich assay method.

Limit of detection by sandwich assay

To determine detection limit of FIX by this sandwich assay, we
dropped different concentrations of aptamer onto the antibody-
FIX immobilized surfaces. Chemical modification on the surface
of IDE was carried out as described above. For this titration, FIX
concentration was kept constant at 500 nM and ethanolamine at
1M and titrated using different concentrations of aptamer (10 pM
to 100 nM). After attaching aptamer onto the antibody-FIX

Fig. 1 (a) IDE surface react with APTES and glutaraldehyde for
attachment of antibody (b) Schematic illustration of chemical surface
modifications on the sensing plate for FIX detection. Glutaraldehyde

was attached to the amine-modified surfaces, followed by anti-FIX-anti-
body. FIX protein (500 nM) was passed on the surface followed by
attachment of aptamer
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immobilized surface, Impedance spectroscopy was used to mea-
sure for every concentration to see the difference among them.

Detection of FIX in human serum

Initially, determination of non-specificity (bio-fouling) with
different dilution factors in human serum was performed.
These dilutions (1:10 to 1:10000) were independently passed
onto ethanolamine immobilized surface. Initially, the highest
dilution factor (1:10,000) was tested on the glutaraldehyde
and ethanolamine modified silica surface, consequently by
other lower dilutions. Dilution was halted when there are no
changes in electrical properties detected on the IDE. All other
surface chemical modifications and detection strategies were
similar as described above.

To determine the detection limit of FIX in serum, we titrat-
ed with aptamer-serum dilutions on the antibody-FIX
immobilized surface. 500 nM of FIX was mixed with human
blood serum and passed on the antibody-immobilized silica
surfaced. Aptamer-serum was prepared by diluting aptamer in
buffer, which was pre-mixed with human serum.

Results and discussion

Choice of materials

The objective of this study is to develop a high sensitive sensor
using interdigitated electrode (IDE) and we demonstrated by
electrochemical impedance spectroscopy (EIS) measurements.
The primary advantages of this sensor are label-free and liable
for real-time quantitative measurements. This IDE sensor also
have advantages of the smaller dimensional size, reliability, sim-
plicity, and economical. The fabricated IDE is less complex
which involves only a single mask and simple fabrication pro-
cess. The synthesized sensing surface with silver electrode was
modified with Zinc oxide (ZnO) nanowires. Silver electrode has
been well documented with its multifunctional actions, stability
and non-toxic nature, considered to be better than gold-based
electrode in our case. Whereas, ZnO is found to have good
optical and electrical properties as demonstrated in the sensing
applications [11, 13]. ZnO nanowire also contains high isoelec-
tric point and it facilitates the specific surface immobilization of
the negatively chargedmolecules. Further, it is ideal for chemical
functionalization and minimized biofouling than gold and
polyaniline materials. Nanowires created on this sensing surface
facilitate a wide sensing surface to capture the higher numbers of
biomolecules. IDEs used were chemically modified by APTES
and glutaraldehyde before being immobilized by biomolecules.
Blocking agent used was ethanolamine to prevent non-specific
biofouling. We wished to investigate the sensitivity that can be
obtained from sandwich method to be applied for clinical rele-
vant samples. Human coagulation FIX exists in normal human

blood stream in low amount, therefore, chosen as model analyte
in this study. A sensitive sensor was demonstrated by antibody-
FIX-aptamer sandwich strategy. Aptamer and protein sizes are
10.9 and 150 kDa, respectively, make the size ratio of 1:137
(Aptamer:Antibody). The stability of this 33-mer aptamer
(2’Fluoro-modified with cytosine and uracil; Supplementary
Figure S3) is quite strong as evidenced by Rusconi et al. [31]
and Lakshmipriya et al. [6], with the experiments involve serum
samples. The potential of this anti-factor IX aptamer has been
evidenced by phase 2 clinical trials [32–34].

Field-emission scanning electron microscopy (FESEM)

Surface morphology of ZnO nanostructure was characterized
via FESEM. FESEM image as presented in supplementary
figure S1 reveals the synthesized ZnO in a spot like crystal
structures spread on the surface of IDE. A higher magnifica-
tion of FESEM image is shown in Fig. 2 revealed the flower-
like ZnO nanostructure. From this analysis, it was obvious that
there is a clear grown nanowires on the sensing surface used.
Further, these nanostructures are uniform in sizes and distri-
bution and facilitate the larger surface area to capture higher
number of biomolecules.

Determination of greater affinity on FIX
between antibody and aptamer

To determine which probe has higher affinity, a constant
500 nM of FIX was immobilized on surface of two similar

Fig. 2 FESEM image of low and high magnification demonstrate crystal
ZnO nanostructure
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IDEs. To make sure, there was no non-specific (bio-fouling)
present, ethanolamine was used as a blocking agent. On IDE,
anti-FIX antibody (100 nM) was passed on FIX immobilized
surface and in another case, aptamer was used instead with
similar concentration. To ensure specific binding between
anti-FIX aptamer and FIX, calcium ion was amended in the
PBS as reported elsewhere [31, 35]. Measurements by EIS
were taken before and after probe and analyte have been
passed on the sensing surface. Nyquist plot of AC impedance
spectroscopy spectra obtained were shown in Fig. 3.

The curve shown in the diagram represents interfacial
charge transfer resistance, Rct. As shown in Fig. 3a–d, anti-
body exhibit smaller resistance charge transfer (Rct) value
(~2.12Ω) while aptamer exhibit larger Rct value (~5.6Ω).
The greater differences show there were more dielectric re-
sponse changes on aptamer-FIX complexed surface than
antibody-FIX complex. Based on this finding, we were able
to determine which probe to be used for surface immobiliza-
tion for sandwich assay. Since anti-FIX-antibody showed less
affinity it will be used as surface capturing. While aptamer
will be used on top of FIX to amplify (reporter) the reading
for greater sensitivity level.

Concentration-dependent analysis – comparison
between aptamer and antibody on FIX

To make sure about the above results, serial dilutions (10 pM
to 100 nM) of anti-FIX aptamer and antibody were used to
analyze on FIX using IDE. Measurements of EIS were taken
for every concentration applied on FIX-immobilized surface
and PBS with calcium ion was used to clean the surface of
IDE before being measured. Figure 3a and b showed Nyquist
plots for both anti-FIX-antibody and anti-FIX aptamer on
FIX, using IDE. Both figures show that the Rct for anti-FIX-
antibody is lower compared to the Rct for anti-FIX-aptamer.
As seen also in Fig. 3e the average differences in Rct value
(~0.25 Ω) with different concentrations of anti-FIX-antibody
were less distinctive compared to Rct value differences (~0.40
Ω) as shown in Fig. 3f (with the concentrations of anti-FIX
aptamer), which showed clear distinct reading. This reveals
that the aptamer has a better sensitivity. From this result, we
concluded that aptamer is suitable to be used on top of FIX as
a reporter. Therefore, antibody-FIX-aptamer sandwich strate-
gy was designed. The theory behind is the decrease in resis-
tance upon immobilization when the voltage and current is

Fig. 3 (a) Impedance spectra of
FIX with different concentrations
of antibody (10 pM-100 nM) (b)
Impedance spectra of FIX with
different concentrations of
aptamer (10 pM-100 nM) (c)
Impedance spectra of FIX and
anti-FIX-antibody (d) Impedance
spectra of FIX and anti-FIX-
aptamer (e) Impedance spectra on
different concentrations of anti-
body (10 pM-100 nM) on FIX (f)
Impedance spectra on different
concentrations of aptamer
(10 pM-100 nM) on FIX
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passing on IDE (Fig. 4a). In which electron transfer from one
gap to another is through two ways; direct and through the
fringes. Upon immobilizations, the electron transfer was at a
greater rate since positively charge attitude on protein, which
explained the decrease in resistance.

Determination of sensitivity using sandwich assay

Knowing that anti-FIX-antibody will be used for surface im-
mobilization, 100 nM anti-FIX antibody was immobilized on
a glutaraldehyde-modified surface and measured by EIS.
After anti-FIX-antibody was immobilized, ethanolamine
was used to block and make sure there is no biofouling
followed by attachment of 500 nM of FIX on anti-FIX-anti-
body. Then, the lowest concentration (10 pM) of aptamer was
attached to the surface. Followed by different concentrations
of aptamer were passed on the antibody-FIX complexed sur-
face. As shown in Fig. 4b, the Rct values for FIX and anti-
FIX antibody are little compared to the amplification by
aptamer. Sandwich assay also showed a better and distinct
difference among the concentrations of aptamer (~0.53 Ω)
(Fig. 4c and d), proved that sandwich assay yielded a greater
sensitivity. Detection limit obtained was down to 10 pM, the

lowest concentration of aptamer applied on the IDE. We can
relate that the detection limit of FIX was equal to lowest
concentration of aptamer, which showed clear and distinct
difference in electrical properties upon passed on FIX.
Further, the value obtained from the lowest concentration
was 3 fold higher than basic value obtained (3σ method).
Usually, the limit of detection is controlled by two factors,
one is performance of device and another one is due to orig-
inal affinity between molecules. With FIX and anti-FIX
aptamer, previously it was reported that the affinity is in
picomolar ranges [5, 31, 35]. The sandwich assay shown by
Lakshmipriya et al. [6] has a 38 pM detection limit. With our
study, we achieved 4 fold higher than previous report,
displayed the success of sandwich method.

Detection of FIX in the presence of human serum
by sandwich assay: spiking experiments

For the application of human serum to detect FIX, different
dilution factors (1:10 to 1:10,000) of serum were tested.
Different dilution factors were injected on ethanolamine
blocked IDE surface. To identify the suitable dilution factor,
all dilution factors were plotted on Nyquist plot. As shown in

Fig. 4 (a) Schematics of IDE
without and with immobilization.
Impedance spectra on; (b)
antibody-FIX-aptamer assay, (c)
antibody-FIX-aptamer sandwich
assay whereby series of aptamer
dilutions (10 pM-100 pM) were
used, (d) different concentrations
of aptamer (10 pM-100 nM) on
antibody-FIX immobilized sur-
face (enlarged), (e) different dilu-
tions of human serum on etha-
nolamine blocked sensing sur-
face, (f) antibody-FIX-aptamer
sandwich assay whereby FIX and
series of aptamer dilutions
(10 pM-100 nM) were mixed
with human serum
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Fig. 4e, dilution factor 1:10 showed a distinct change, means
there are presence of other interferences in serum when
attaching on ethanolamine. In this case, 1:100 was the most
suitable dilution factor, since 1:10 dilution factor showed dif-
ference in dielectric properties compared to ethanolamine sur-
face. From the finding we obtained, 1 μl of human serum was
diluted with 99 μl of 500 nM of FIX is suitable to analyze.
Then, FIX-containing human serum was passed on the
antibody-immobilized surface IDE. PBS containing serum
(1 μL of serum: 99 μl of PBS) and calcium ions (2 mM) were
used to dilute aptamer. Figure 4f was showed the attachment
of FIX mixed with human serum showed a greater value of
Rct (~1.87 Ω) compared to the sample without human serum
(~0.7 Ω) (Fig. 4c). Aptamer-serum amplification was also
showed much Rct value (~3.63 Ω) compared to the value
without serum (~2.7 Ω). This is due to cumulative effect al-
ready existing FIX in the serum. This experiment is also

anchored that our experimental set-up is stable with serum.
This study proved that IDE sensor is applicable for clinical
sample and has greater sensitivity. Usually, higher sensitivity
is primarily depends on interactive molecules. Our study with
sandwich assay, improved further and reached the sensitivity
to the level of 10 pM, confirmed the high-performance of IDE
sensor. The attainment of this sensitivity is found to be better
compared to the previous achievements with other sensors.
The current work displays 10–50,000 fold higher sensitivity
than others and ~12 times lesser than the sensitivity shown by
Lakshmipriya et al. [6] (Table 1). The sensing materials are
displayed in Table 1 includes gold and silica. Among these
two materials as shown in these studies, gold was assisted by
polymer in order to reduce the non-specificity. Whereas, silica
is considered as good as ZnO in terms of non-fouling for
immobilizing factor IX. These studies are mainly involved
the optical sensing systems. Whereas the study shown here

Table 1 Comparison of recently described schemes for detection of factor IX

Sensor type/Method Surface Probe Equilibrium Constant (kD)/Limit
of detection (LOD)

Ref.

Radio isotope labeling Solution Aptamer 580 pM (kD) [31]

Waveguide SiO2 Aptamer 500 nM (LOD) [8]

Baicore (SPR) Gold+polymer Aptamer 37 pM (kD) [6]

Biacore (SPR) Gold+polymer Antibody 48 nM (kD) [6]

Biacore (SPR) Gold+polymer Aptamer+Antibody 800 fM (LOD) [6]

Biacore (SPR) Streptavidin Aptamer 365 pM (kD) [35]

BioDVD Gold Aptamer 1 nM (LOD) 365 nM (kD) [9]

Impedance Spectroscopy Zinc oxide Aptamer & Antibody 10 pM (LOD) Current work

Fig. 5 (a) The bar diagram
shows selectivity of the IDE
sensor towards detection of FIX
and other proteins. (b) Linear
regression curve for different
concentrations of FIX with
different methods of
immobilization. (c) The
reproducibility curve shown with
3 different measurements under
same process conditions. (d)
Showing the stability of FIX
biosensor. Inset shows Nyquist
plot of 100 nM aptamer on
antibody-FIX complexed surface
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involves electrochemical sensor, having several advantages
over optical system, such as easy to operate, low sample con-
sumption, ideal sensing surface, suitable for point-of-care and
cheaper. Original concentration of FIX in human serum is
57 μg mL−1 (87 nM) (with 1:100 dilution, it is equivalent to
870 pM). Current detection limit is 10 pM, so that, FIX in the
serum dilution used for present study is 87 times higher than
sensitivity attained. It proved the suitability of current sensor
for clinical assessments with serum samples. On the other
hand, FIX and anti-FIX aptamer interactions, originally was
shown with the dissociation constant of 0.65 ± 0.2 nM [31].
Later Gopinath et al. [35] and Lakshmipriya et al. [6] have
determined the dissociation constant to be 418 pM and 37 pM,
respectively.

Analytical performance on FIX biosensor

Analytical performance of FIX biosensor was tested as shown
in Fig. 5a–d. TheΔRct value of FIX at 87 nM was ~0.235 Ω,
which was nearly 7.8 times larger than that of albumin (~0.03
Ω) at the same concentration existed in human serum. It is
proving that the FIX biosensor has a great specificity towards
FIX protein compare to other proteins present in blood
(Fig. 5a). Figure 5b showed that FIX biosensor have good
linearity and detection limit of 10 pM was predicted using S/
N ratio and less than 3σ. The reproducibility graph (Fig. 5c) of
FIX biosensor has a relative standard deviation (RSD) of
1.5 % with 3 parallel measurements prepared under similar
processing conditions. The stability results (Fig. 5d) showed
that prepared dielectrode is very stable and maintain at 77 %
of its activity even after 6 weeks.

Conclusion

In this study, using IDE and electrochemical impedance
spectroscopy, a sensitive sensor for the detection of FIX
protein was demonstrated. The main advantage of the sensor
in this study is detection with lower amount of target, highly
stable surface and suitable for surface functionalization with
appealing analytical high-performances [11, 13, 30]. IDE
has advantages over conventional electrode as it displays
higher sensitivity and it can be obtained from with similar
surface area. A sensitive sensor is shown with the assistance
of antibody-FIX-aptamer sandwich pattern of sensing strate-
gy. Results obtained showed a significant increase in sensi-
tivity, whereby the limit of detection was attained to 10 pM,
even in the presence of other serum proteins. The strategy
proposed in this study using antibody-FIX-aptamer sand-
wich pattern able to detect specifically FIX in a mixed sam-
ple, which will be a great cost-effective biosensor for finding
clotting deficiencies in human serum.
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