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An Electrochemical Biosensor Based on
AuNP-Modified Gold Electrodes for Selective
Determination of Serum Levels of Osteocalcin
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Abstract— This paper reports a step-wise protocol to immo-
bilize corresponding antibody on gold electrodes for electro-
chemical measurement of Osteocalcin (Oc), a bone turnover
marker, levels in human serum. To our knowledge this is the
first such sensor developed for Oc measurement. The magnitude
of electrochemical response current was linearly dependent on Oc
concentration with an R square of 0.99. The detection limit was
calculated to be 0.65 ng/mL. The sensor was capable to assess
antigen levels of 2.5−90 ng/mL. The correlation between our
sensor results and that of electrochemiluminescence (ECLIA), the
current state-of-art, was also investigated and the results showed
a high correlation (slope of 0.97 and R2 of 0.98) between the two
systems. This is while the total assay time for the Oc sensor is
about 5 min and ECLIA needs several hours to be performed.

Index Terms— Osteocalcin, osteoporosis, biosensor, electro-
chemistry.

I. INTRODUCTION

THE concept of using immunological components as sens-
ing agents was first described within an immunoassay in

1959 [1]. Since then, biomarker detection by antibody (Ab)
conjugates has been a widely used disease diagnostic tool,
with enzyme-linked immunosorbent assay (ELISA) being a
gold standard even for comparison against all newly developed
immunoassays and immunosensors [2]. The widespread use of
Abs regardless of their high cost, variable affinity, and short
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shelf life arises from their exceptional specificity and sensitiv-
ity toward their binding partners, i.e.the antigens (Ag) [3].

While immunoassays have an extensive application in clini-
cal and research areas, the immunosensor concept is yet to be
implemented in routine diagnostics [4], [5]. There are certain
issues in this regard, the most important of which is the
coupling chemistry of proteins on surfaces, which is critical for
optimal functioning. In other words, the optimal orientation of
Ab molecules on the surface is of great importance for selec-
tive and sensitive detection ofAg in a reproducible way [6].

Immobilization methods vary largely based on the surface
and protein properties. Ideally, as mentioned earlier, the pro-
tein conformation should remain intact during the immobiliza-
tion process so that the protein retains its function. Moreover,
the active sites of Ab should be accessible to reaction partners
in order to have a high-performance, reproducible assay [7].

As for specialized detection methods such as electrochemi-
cal analysis, the protein is mainly immobilized on noble metal
surfaces [8], [9]. One of the most commonly used surfaces in
this regard is gold [10]. Gold nanoparticles are widely recog-
nized as ideal supports for the fabrication of electrochemical
sensors, mainly owing to their superior stability, high surface-
to-volume ratio, its protein-friendly environment, capacity for
surface modification and complete recovery in biochemical
redox processes [11].

This article reports our experiments on immobilizing cor-
responding antibody on gold electrodes for electrochemical
measurement of Osteocalcin (Oc), a bone turnover marker,
levels in human serum. A step-wise protocol to develop the
sensor is also included.

A. Osteocalcin

Oc or bone gamma-carboxyglutamic acid-containing pro-
tein (BGLAP), is the most abundant non-collagenous protein
in bone [12]. The small 44-aa long protein (5.8 kDa), exclu-
sively synthesized by osteoblasts (and odontoblasts), com-
prises 1–2% of the total protein content. When Oc is exposed
to calcium ions, these active sites (3 Gla residue and 1 Asp)
chelate to the ions, resulting in the folding of Oc to a special
structure.

Oc is released into the circulation from the matrix during
bone resorption and, thus is considered a bone turnover
marker [13]. Serum Oc levels are therefore useful in
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monitoring bone changes prior to them becoming visible in
bone mineral density (BMD) measurements [14], [15].

In other words, Oc is a specific, sensitive and promising
marker to be used for assessing osteoporosis risk and for
monitoring responses to anti-resorptive therapy [16]. It should
be added that osteoporosis is currently considered as a serious
global public health concern, with over 200 million people
suffering from the disease worldwide [17], [18]. By 2050, the
global incidence of osteoporotic hip fracture is projected to
increase by 240% in women and 310% in men, even if age-
adjusted incidence rates remain stable [19].

B. Oc Sensor

An ELISA, which is widely used in clinical analysis, is
usually fabricated based on protein adsorption on polystyrene
surfaces. Apart from analytical variability, ELISA is expensive,
time consuming, and not always available. Biosensors, on the
other hand, can help determine reaction kinetics of marker
interaction in real time more rapidly. The technique needs only
one-step (incubation) and can thus be used for point of care
screening [20], [21].

A critical step in the development of biosensors is effective
protein immobilization. The relative lack of long-term stability
of biological molecules is the most serious limitation in com-
mercializing biosensors. To our knowledge, an electrochemical
biosensor to assess serum levels of Oc has not been developed
before. Chung et al., however, have recently developed a
fluorescent probe comprising fluorescent protein (FP)-fused
antibody variable region fragments to detect Oc using Förster
resonance energy transfer (FRET), based on the open sandwich
fluoroimmunoassay principle [22]. They claimed their probe
could be used to image BGP produced from live osteoblast
cells. In the following, a step-wise protocol to develop an
electrochemical biosensor in this regard is explained. It should
be stressed that to our knowledge this is the first sensor
developed to measure serum levels of Oc.

II. EXPERIMENTAL PROCEDURES

A. Chemicals and Materials

All solutions were prepared using deionized water (DI) and
chemicals of analytical grade were used as received without
further purification. Bovine Serum Albumins (BSA),
Tween 20, b-1-ethyl-3-(3-dimethylamonipropyl)
carbodiimide (EDC), sulfo- N-Hydroxysuccinimide (NHS),
L-Glutathione reduced (GSH), and Potassium
hexacyanoferrate (III) (K3Fe(CN)6) were purchased from
Sigma-Aldrich. Oc Ab (ab13418) and its full-length protein
(ab152231) were purchased from Abcam Systems, Cambridge,
UK. These two components were reconstituted in phosphate
buffered saline (PBS). The latter was purchased in powder
form from Sigma-Aldrich, and was used to prepare a solution
of 0.01 M phosphate buffer (10 mM, NaCl 0.138M, KCl
0.0027, pH 7.4, 25°C). Tween 20 0.05 M was also prepared
in PBS solution. EDC and sulfo-NHS were dissolved in
water at 0.4 M and 0.1 M concentrations, divided into small
aliquots, and stored at −20 °C. All solutions, including Ab

conjugates, sulfo-NHS and EDC, were used within 24 hrs. of
preparation.

Patient serum samples used for comparing the sensor
results with that of electrochemiluminescence immunoassay
was collected from the laboratory of the Endocrinology and
Metabolism Research Institute of Tehran University of Med-
ical Sciences, Iran.

B. Instruments and Measurements

All electrochemical experiments were performed using a
computer-controlled Dropsense STAT 400 (Dropsense, Spain).
They were carried out in a beaker, at room tempera-
ture (23 °C), using a three-electrode configuration fabricated
in our laboratory according to the procedure described else-
where [23].

Cyclic voltammogram (CV) and differential pulse voltam-
mogram (DPV) were performed to confirm surface modifica-
tion changes and to quantify the target molecule concentration
at the sample surface. The CV cycles were performed in
0.1 mM K3[Fe(CN)6], containing 0.01 M NaCl solution from
0.0 V to +1.2 V, at 0.1 V/s scan rate. The DPV measurements
were performed in K3[Fe(CN)6] applying following parame-
ters: 0.025 V modulation amplitude, 0.05 s modulation time,
0.005 step potential and voltage range from 0.5 to 1.1 V.

Electrochemical impedance spectroscopy (EIS) was also
used to characterize surface modifications and detect binding
events on the transducer surface [24]. The assembly of the
layers on the gold electrode surface and the loading of gold
nanoparticles (AuNP) were confirmed by EIS measurements.

Next, in order to validate the sensor performance, a con-
centration gradient against the read current was developed
to determine parameters such as lower/upper limits of detec-
tion (LLD/ULD), limit of detection (LoD) and limit of quan-
tification (LoQ), sensitivity (slope) and the tightness of fit
(R-square of trend line applied) and its behavior (linear, non-
linear, etc.).

Scanning transmission electron microscopy (STEM), Jeol
- JEM-2200FS FEG (S)TEM) operated under high tension
of 200 kV was used for visualization of the prepared gold
nanoparticles and to test their ability to bind with the proteins.
High angle annular dark field (HAADF) detector was used to
distinguish the smallest and dispersed prepared gold nanopar-
ticles from porous gold substrate. Bright field detector (BF)
was used to visualize larger prepared nanoparticles.

Zeta potential was measured by dynamic light scattering
DLS (MALVERN Instrument MAL1001767 UK), at the tem-
perature of 25 °C and pH 7.4.

In order to check the accuracy of the sensor, the
electrochemiluminescence immunoassay (ECLIA, Elecsys
2010 autoanalyzer, Roche Diagnostics GmbH, Germany)
was used to measure the serum osteocalcin levels (intra
and inter assay coefficients of variation of 1.2-4.0% and
1.7-6.5%,respectively).

III. SENSOR FABRICATION

A. Electrode Fabrication

The first step in sensor fabrication is the electrode prepa-
ration. The method used to develop gold electrodes and
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Fig. 1. Flow chart depicting experimental design for immobilizing antibody on the electrode.

Fig. 2. STEM micrographs of (a) AuNP-modified gold TEM grid by BF
contrast and (b) Ab functionalized gold TEM grid by BF contrast. (the black
dots represent AuNP and Ab-functionalized AuNP, respectively).

cover it with gold nanoparticles is explained elsewhere in
an article recently published by our group [23]. Briefly,
CV-electrodeposition technique was used to develop a gold
nanoparticle layer on top of the electrodes that would allow
Ab molecules to immobilize on the surface in later steps.
The electrodes were then analyzed using SEM, AFM and CV
analysis to ensure the presence of gold nanoparticles on the
surface.

B. Antibody Immobilization

Controlled experiments against the standards were per-
formed for verification of the best method and conditions for
immobilization of Oc on our gold electrodes. The applied
protocols are shown in the flowchart in figure 1.

Herein, the most complex process (protocol 3), with the
maximum number of steps is explained. The same parameters
were used in other protocols, skipping the non-mentioned
materials.

In protocol 3, 3 μl of a 10 mM solution of GSH, a thiol-
containing amino-acid with high affinity towards gold nanopar-
ticles through the formation of Au-S bond, was deposited on

the gold surface and left to dry at room temperature for an
hour [25]. GSH attaches to gold through the formation of an
Au-S bond, and provides carboxylate groups needed to react
with the additional layers. A mixture of EDC/sulfo-NHS was
used to facilitate the conversion of the carboxylic acid groups
of the monolayer to amine groups needed for subsequent Ab
attachment. In this regard, a freshly prepared EDC and sulfo-
NHS solution was mixed with a volume ratio of 1:1 and
incubated for 20 min. Appropriate amount of Ab was then
added to the solution and incubated for 60 min. After gently
rinsing the prepared surface with distilled water, appropriate
amount of EDC/sulfo-NHS/Ab solution was deposited to cover
the electrode surface and incubated for another 180 min at
room temperature.

In order to remove non-adsorbed proteins, the surface was
gently rinsed. Then the unreacted active functional groups
were blocked by adding 20 μl of 0.2% BSA solution in PBS
buffer and left to react for 1 hr. The electrode was then rinsed
for 3 min with 0.1 M PBS (Coupling Buffer) and 0.1 M Tween
20 (Washing Buffer) to eliminate non-specific binding. The
electrodes were then shaken to remove excess water.

In order to maintain the integrity of the electrode surface
and prevent detachment of the conjugates, the rinsing reagents
(DI water and PBS), which are both inert, were applied with
care.

C. Storage

The gold electrodes were dried using N2 and refrigerated at
4 °C until use.

D. Antibody-Antigen Reaction

The Ab-Ag reaction was then tested by the introduction of
Ag solution using a fine pipette. In this regard, each time
a higher concentration of Ag was added to the previously
tested surface. A gentle wash between each step guaranteed
the surface being ready for the next test. In order to optimize
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Fig. 3. CV measurements of bare, AuNP-modified and Ab-functionalized
electrodes.

Fig. 4. EIS results for each modification step (Purple circles (o) = Gold
electrode with gold nanoparticles capped with GSH, Pink triangles (�) =
Gold electrode with antibody conjugated gold nanoparticles, Blue pluses (+)
= sensor + Ag).

the reaction time, the coupling procedure was repeated with
a shorter reaction time until the signal change was too low
to be detected. The optimized reaction time was reported to
be 80 s. An identical procedure was repeated for different Ag
concentrations, ranging from 2.5 to 75 ng/mL.

IV. RESULTS

A. Surface Modification Verification

1) STEM: Successful electrodeposition of gold nanoparti-
cles on the surface and immobilization of antibody on the
modified surface was verified by STEM (Fig 2).

2) CV: The electrochemical behavior of the electrode was
assessed in different fabrication steps. According to Fig 3,
the magnitude of the response current increased by 7.5 folds
following the electrodeposition, which is suggestive of suc-
cessful formation of gold nanoparticles on the surface. After
the immobilization of the Abs on the surface, on the other
hand, a considerable decrease in the current was measured
due to the reduction of the conductive area of the working
area secondary to the resistant nature of the antibodies.

3) EIS: Fig. 4 shows a Nyquist plot of impedance for the
stepwise modification process of the gold electrode. The data
was obtained by using 0.1 mM K3[Fe(CN)6] as redox label
and upon application of the biasing potential of 0.17 V and
5 mV amplitude in the frequency range of 0.1 Hz to 100 kHz.

The impedance spectra illustrate a semicircle portion at
higher frequencies relating to the electron transfer and a
linear section at lower frequencies corresponding to diffusion.

Fig. 5. DPV results of current measured on baseline (Ab-functionalized
electrode), and after exposing the surface to Ag.

The diameter of the semicircles shows the charge transfer
resistance rate.

As can be seen from the figure 4, the bare electrode
produces an almost straight line in the Nyquist plot with no
semicircle domain, implying a diffusion-limited electrochem-
ical process of the redox coupling at the electrode surface.
After adding additional layers, the semicircle becomes visi-
ble, indicating the increase of the interfacial charge transfer
resistance rate.

B. Calibration Curve and Optimization

The potential versus current of different Ag concentrations
in DPV analysis for each protocol was recorded. Figure 5
shows a significant current drop resulted in due to an increase
in the double layer capacitance after exposing the electrode to
the Ag and hence reduced electrochemical behavior of tests
solution proportional to the concentration of the Ag. In case
a non-corresponding Ag was introduced to the surface, no
significant decrease was noted in the peak. This showed that
the sensor was specific for the Ag.

In a general three-electrode electrochemical cell, reference
electrodes are relied on to maintain a constant voltage offset
from the working electrode in any given solution. As for
sensors using quasi-reference electrodes, such as ours, how-
ever, each sensor has a slightly different potential and offsets
between the working and reference electrodes; as a result, we
averaged the peaks for each of the studied electrodes.

Ag concentration against current read during DPV analysis
in each protocol was used to calculate and plot linear and
logarithmic fit R-squares (degree of fit). The average of 10
current readings was used for each Ag concentration to plot
the calibration curve both to reduce the influence of the quasi-
electrodes and possible difference in baseline current read of
the bare electrodes.

The expected decreasing trend suggestive of inverse corre-
lation between current and Ag concentration and the highest
R-square and Akaike Information Criterion (AIC) indicated
that the immobilization was most effective when using sulfo-
NHS as cross linker. This monotonous decreasing trend with
the highest power of polynomial assumption was only seen
when protocol 4 was applied.

The stability of the immobilization process was studied by
washing the electrodes with PBS for four consecutive times.
And again electrodes prepared using protocol 4 showed the
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Fig. 6. Sensor responses to varying Ag concentrations (2.5-90 ng/mL) using
protocol 4.

best results, whereas the electrodes fabricated using other
methods lost more than 80% of their activity following these
washings.

Taking into account these findings, the results presented in
the following sections only correspond to that of protocol 4,
when GSH and only sulfo-NHS were used to immobilize the
antibody. Fig. 6 illustrates the calibration curve plotting the
average current read against ten different Oc Ag concentrations
as target. The magnitude of electrochemical response current
was linearly dependent on Oc concentration with an R square
of 0.99. LoD was calculated using the standard deviation of
the responses (0.148) and the slope of the calibration curve
(0.75), and was estimated to be 0.65 ng/mL. The device had
an LoQ of 1.97 ng/mL with a correlation coefficient of 0.99.
The sensor was capable to assess Ag levels of 2.5-90 ng/mL.

Factors such as the concentration of GSH and Ab as well
as the sulfo-NHS:EDC concentration and ratio were studied
by a grid experiment where a series of concentrations were
tested against each other to obtain the largest signal to noise
ratio from the assay. Best results were achieved by GSH
concentration of 10 mM, sulfo-NHS concentration of 100 mM
and Ab concentration of 2 mg/mL.

As mentioned in the literature, environmental factors such
as temperature and pH play an important role in the immo-
bilization efficiency. The thermal optimum depends on the
chemical nature of the protein, as hydrogen bonds are more
stable at low temperature and at the same time the strength of
the hydrophobic bonds increase with temperature [26]. Ab-Ag
reactions are also expected to stabilize at lower temperatures.
According to our results, however, no significant change
was reported when the incubation and Ag-Ab reactions were
performed at different temperatures (4°C – room temperature).
As a result, to simplify the process, all the tests were per-
formed at room temperature and the optimized incubation time
for this temperature was calculated to be 2.5 hours.

The pH plays an important role in the immobilization pro-
cedure. The optimal reaction rate of NHS chemistry proceeds
around pH 4.5 – 7.2. However, the higher the pH, NHS-
esters hydrolyze faster [27]. The reaction is more efficient at
lower pH; though below pH 3.5 no reaction will take place.

Fig. 7. Statistical analysis comparing ECLIA vs. osteocalcin sensor
immunoassay (a) Correlation plot and (b) Bland and Altman plot.

As for GSH, the best results would be achieved by adjusting
the pH at which carboxylic groups are in their protonated form.
This is best when GSH is as a zwitterion (pH = 3-7) [28].
Moreover, extreme pH values induce marked conformational
changes in the Ab molecule that probably may affect its
complementarity with the Ag. On the other hand, since the
Ab has an Isoelectric point (pI) of 4.4, at lower pH it
carries more positive charge and thus positively influenced the
electrostatic attraction between the oppositely charged surface
carboxyl anions and the protonated amino group of the ligand.
As a result, no attempts were made to change the negative pH
of the sulfo-NHS solution.

C. Specificity and Cross-Reactivity

The cross-reactivity of the Oc-conjugates was also evalu-
ated. The interaction experiments were repeated with two other
Abs. The sensor showed a minimum change from baseline
value (<3%) with respects to serum collagen type 1 cross-
linked C-telopeptide (CTX) (100 ng/mL) and parathyroid
hormone (PTH) (100 ng/mL) as interferents, indicating that
the sensor did not interact with CTX and PTH to an appre-
ciable degree over a wide concentration range, which can be
attributed to efficient blocking of nonspecific binding sites on
gold.

D. ECLIA Verification

Concentration gradients of serum Oc levels were tested
using ECLIA and run against the number read by the sensor
for verification. In this regard, the serum of eight patients
whose osteocalcin levels were recently measured using ECLIA
was used. Using the trend function in Excel and based on the
calibration curve, the concentration of Oc in the tested samples
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Fig. 8. Flow chart depicting the reactions happening on the electrode in protocol 4.

were calculated according to the obtained current through a
single reading. The results were then compared.

According to the results, the coefficients of variation for the
ECLIA and Oc sensor were calculated to be 4.4% and 4.48%,
respectively. This indicates that the Oc sensor provides sensi-
tive and specific results of Oc levels in serum (Fig. 7) [29].

The correlation between our results and that of ECLIA was
also investigated through the correlation and Bland and Altman
plots. As illustrated in Fig. 7, there was a strong correlation
(correlation plot: slope = 0.97 and R2 = 0.98; and Bland and
Altman plot: mean difference = 1.06 ng/mL and 2s limits of
the standard deviation (2SD) = 3.03 ng/mL) between these
results.

V. DISCUSSION

The final goal of immobilization strategies is to improve
assay sensitivity, specificity, reproducibility, and even appli-
cation. In this regard, different techniques were modified
to form stable and strong bonds between the protein and
the immobilization surface, minimize nonspecific adsorption
of bio-macromolecules, keep the proteins in an active state,
and finally orient proteins for unhindered access of binding
partners. Consequently, various combinations of these immo-
bilization mechanisms are frequently used.

Experimental aspects of preparing gold nanoparticles with
various biomolecules to immobilize them on an electrode sur-
face for sensing purposes are vastly discussed in literature [30].
This could happen in a number of ways (Table 1), each have
their advantages and setbacks.

In this study several immobilization protocols and tech-
niques were compared to optimize a method to immobilize
serum Oc on a carboxyl-functionalized gold nanoparticle-
modified surface, while ensuring proper functionality of the
biosensor. The first two protocols were based on physisorp-
tion immobilization, whereas covalent attraction between con-
stituents using different combination of cross-linkers was
applied in the other ones.

In the first protocol, Ab was deposited on gold via native
thiol groups. The absence of the inverse correlation between
Ag concentration and current was expected, as passive absorp-
tion does not provide permanent attachment as coating mole-
cules may desorb from the surface overtime. Proteins may
also lose their properties after being absorbed to the surface,
because of changes in tertiary structure of the protein or bind-
ing of active/Ag to the gold surface rendering it inaccessible.

As for other protocols, covalent coupling using different
combinations of EDC and sulfo-NHS solution was applied.
These reactions are specific and controllable; the number of
covalent bonds between the surface and Ab could also be
optimized in order to help maintain the tertiary structure
of the protein. According to the results, the immobilization
was most effective when sulfo-NHS activation was used.
In other words, the best results were achieved when carboxy-
lates (-COOH) groups, developed on the surface of the gold
electrode after GSH deposition, reacted with Sulfo-NHS. NHS
ester was then reacted with primary amines (-NH2) of the
antibody to form amide crosslinks. It should be added that we
used sulfo-NHS over NHS as it is more water soluble while
showing similar reactivity and specificity [31].

As for protocols 3 and 5, the absence of the inverse
monotonous correlation between current and Ag concentration
suggested that the Ab might have lost its function in the
presence of EDC. Protocols 2 did not provide any stable
bonding and the final results were similar to that of the bare
electrode.

Protocol 4, the only process which led to the stable immobi-
lization of the Oc on the electrode in this study, sulfo-NHs was
used as crosslinker. As it can be seen in Fig. 8,1 the addition of
sulfo-NHS resulted in the development of activated acids with
a good leaving groups on the surface. These NHS esters later

1“Marvin was used for drawing, displaying and characterizing chemical
structures, substructures and reactions, Marvin 17.2.27.0, 2017, ChemAxon
(http://www.chemaxon.com)”
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on covalently bond with the amine group of the Ab, resulting
in a stable amide bond.

As there is no information on any biosensor developed to
measure Oc levels, our results were compared with ECLIA,
the current state-of-art. Our results showed that the devel-
oped sensor was sensitive and specific for serum Oc and
could detect serum levels of the marker within the range of
2.5-75 ng/mL. This is while the normal reference of the marker
is 9-42 ng/mL, suggesting that the sensor can acceptably detect
Oc. The sensitivity of our sensor is 0.89 ng/mL. According to
the ECLIA kit’s manual, the kit measures the range between
0.500 and 300 ng/mL, with a sensitivity of 0.5 ng/mL.

The total assay time for the Oc sensor is about 5 min
(loading of antigen, incubation time, flushing with PBS and
testing), while ECLIA needs several hours to be performed.
On the other hand, while serum Oc measurement using
traditional techniques needs extra attention (For accurate mea-
surement of serum Oc, blood samples should be collected
at a temperature between 20 and 25 °C, then centrifuged
within 90 minutes; serum may be stored at −20 °C in plastic
tubes for up to 26 weeks. Serum may be thawed and refrozen
up to 5 times without significant change in measured serum
Oc concentration [32]), the current sensor could overcome
these concerns. Similar to the kit, our sensor showed no
cross-reactivity for b-Cross Laps and parathyroid hormone.
The good correlation between the ECLIA and the Oc sensor
showed that our sensor can be used in the clinically relevant
range and other macromolecules available in serum do not
affect our results. However, the fact that the osteocalcin Ag
used to develop our calibration curve was a full-length protein,
while ECLIA was designed to measure N-mid Oc may have
affected our results.

VI. CONCLUSION AND OUTLOOK

It could be concluded that the current immunosensor has an
acceptable sensitivity and specificity compared with ECLIA,
the current state of the art. However, the advantages such
as the fact that it has overcome the Oc measurement timing
issue, reduced the measurement time significantly, and lowered
the need for trained personnel for the tests along with the
fact that its commercialized version is probably portable and
cheaper suggests that it could be a promising alternative
for ECLIA/ELISA in near future. This is specially of great
importance in the developing countries and rural areas, where
ECLIA/ELISA is not available everywhere particularly due to
its high price.

As a result, to improve the efficacy of our sensor we are
looking forward to develop a microfluidic system based on
a similar protocol to be used to measure serum levels of
osteocalcin.
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