Microchimica Acta
https://doi.org/10.1007/s00604-017-2532-5

ORIGINAL PAPER

@ CrossMark

Electrochemical immunosensor for the breast cancer marker CA 15-3
based on the catalytic activity of a CuS/reduced graphene oxide
nanocomposite towards the electrooxidation of catechol

Jafar Amani’ - Alireza Khoshroo' - Mehdi Rahimi-Nasrabadi?

Received: 23 June 2017 /Accepted: 9 November 2017
© Springer-Verlag GmbH Austria, part of Springer Nature 2017

Abstract

The authors report on an electrochemical immunosensor for the tumor marker carbohydrate antigen 15-3 (CA15-3). It is based
on the use of a composite consisting of reduced graphene oxide (RGO) and copper sulfide (CuS) that was placed on a screen-
printed graphite electrode. The electrode shows excellent activity towards the oxidation of catechol acting as an electrochemical
probe, best at a working potential of 0.16 V. The electrode was modified with antibody against CA15-3. Once the analyte
(CA15-3) binds to the surface of the electrode, the response to catechol is reduced. The assay has a linear response in the 1.0—
150 UmL™" CA15-3 concentration range, with a 0.3 UmL ™" lower detection limit and a sensitivity of 1.88 pA uM ' cm 2. The
immunosensor also shows good reproducibility (2.7%), stability (95% of the initial values after storing for four weeks). The
method was successfully applied to the determination of CA15-3 in serum samples, and results were found to compare well to
those obtained by an ELISA. Conceivably, this nanocomposite based detection scheme has a wider scope and may be applied to
numerous other immunoassays.

Keywords Screen-printed electrode - Copper sulfide - Carbohydrate antigen 15-3 - Tumor biomarkers - Immunosensors -

Electrochemistry - Biosensor

Introduction

Carbohydrate antigen 15-3 (CA15-3) is a tumor marker that
plays an important role in the diagnosis and screening for
breast cancer. The serum CA15-3 level is below 30 U mL™"
for healthy individuals. Also, when the concentration of
CA15-3 is over 100 U mL ", the patients can be considered
to suffer from breast cancer [1]. The concentration of CA15-3
provides valuable information for monitoring the therapy. It
can also early detection of recurrence of breast cancer after
curative surgery [2]. Therefore, sensitive and selective deter-
mination of CA15-3 has a very important significance in
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clinical diagnoses. Some analytical methods, like chemilumi-
nescence immunoassay [3], optical immunoassay [4],
enzyme-linked immunosorption assay [5], sandwich-type
immunosensor [6], have been developed for detection of
CA15-3. However, these methods require complicated
operations, expensive and complex equipment, and
time-consuming pretreatment steps. Accordingly, electro-
chemical immunosensor has the advantages of high sensitiv-
ity, fast response, low cost and specific recognition and
therefore, have been widely applied in the detection of tumor
markers [7-10]. Ruo Yuan and coworkers constructed a
mediator-less immunosensors based on the direct electro-
chemistry of glucose oxidase [11]. Wang et al. prepared a
multi-labeled immunosensor for simultaneous detection of
CA19-9 and CA15-3 [6]. Nonenzymatic electrochemical
immunosensors improve the limited stability of the process.
Enzyme is attached to a secondary antibody with a time-con-
suming, costly labeling process that often leads to
denaturization of the biomolecules [12]. Qin Wei et al. con-
structed a FePt biosensor for the determination of CA15-3 on
nonenzymatic immunosensor [13]. He Li et al. prepared a
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Cd**-functionalized nanoporous TiO, as labels for nonenzy-
matic determination of CA15-3 [14]. Turner et al. reported N-
doped graphene sheets modified electrode for high sensitive
determination of CA15-3 [15]. Among the above successful
examples, lable-free immunosensor has drawn significant at-
tention, which is based on the inhibiting the direct electron
transfer generated from the redox probe to the electrode.
This is due to the nonconductive immunocomplex from the
specific immunological reaction [15].

Development of high sensitive and selective methods has
become one of the most attractive topics in electrochemical
sensors [16-20]. Many strategies based on nanomaterials have
been applied in the electrochemical sensors due to the excel-
lent performance [21]. To date, many nanomaterials have been
widely used to develop immunosensor, owing to their perfect
catalytic performance, such as carbon based nanomaterials
[7], metal oxides nanoparticles [22], metal nitride nanoparti-
cles [23] and noble metal nanoparticles [24].

Metal sulfides find extensive potential application in the
field of signal amplification due to its catalytic activity
[25-27]. Among these materials, copper sulfide enjoyed sig-
nificant recent attention due to their excellent optical, electron-
ic, physical and chemical properties which revealed potential
application as catalysts in electrochemistry [28, 29].

To enhance the electrochemical performance, various strat-
egies have been used to improve the catalytic activity of cop-
per sulfide, such as employing carbon-based material as the
support matrix [30, 31]. Graphene, a flat monolayer of carbon
atoms tightly packed in to a 2D honeycomb lattice, is an ex-
cellent substrate for loading copper sulfide due to its excellent
electronic conductivity, large surface area, good chemical sta-
bility and wide potential windows [32—35]. In this composite,
reduced graphene oxide act as linker to improve the electrical
connection between copper sulfides particles. Therefore, it is
expected the reduced graphene oxide as anchoring matrix can
enhance the electrochemical and catalytic performance of the
copper sulfides. Based on these expectance, several papers
shows intensive interests on the synthesis of copper sulfides
with graphene composites for application in supercapacitor
[36], lithium-ion batteries [31] and photocatalytic application
[37].

Although several reports have been reported to the above
applications, to the best of our knowledge, no study has been
published so far reporting the copper sulfides with reduced
graphene oxide (CuS-RGO) nanocomposites in
immunosensor applications. Therefore, a novel electrochemi-
cal sensing platform for development of label free
immunosensor for determination of CA15-3 biomarker was
fabricated based on CuS-RGO nanocomposites (CuS-RGO)
modified screen printed electrode (SPE). CuS-RGO nano-
composite shows excellent electrocatalytic activity towards
catechol oxidation as probe in label free immunosensor.
Therefore, quantitative detection of CA15-3 biomarker was
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successfully achieved. Because of the sensitive, reliable and
specific nature of this method, the immunosensor can be ex-
tended to the detection of other biomarkers. In addition,
immunosensors suffers greatly from stability. One of the most
important components in biosensor is the bio-recognition mol-
ecule. Delicate handlings of antibodies are required to keep its
reactivity such as low storage temperature, moisture control
and light protection environment.

Experimental
Apparatus

Electrochemical data were collected with an Autolab
potentiostat/galvanostat (PGSTAT-302 N, Eco Chemie,
Netherlands, www.metrohm-autolab.com). The morphology
of nanomaterial was characterized using scanning electron
microscopy (SEM, Hitachi S-4160, www.hitachi-hightech.
com) and transmission electron microscopy (TEM) (Philips
EM208, www.philips.com). EIS measurements were carried
out in the presence of 1.0 mM [Fe(CN)s]> "+ redox probe
prepared in 0.1 M KCl, in a frequency range from 0.01 Hz
to 100 kHz at a dc potential of 120 mV. Differential pulse
voltammetry (DPV) was recorded within the potential range
0f 0.0 to 0.3 V under modulation amplitude of 50 mV (in 1.
0 mM catechol prepared in 0.1 M phosphate buffer (pH 7.4)).

Materials and chemicals

Graphite powder, potassium chloride, catechol, phosphate
salt, hydrochloric acid, sodium hydroxide, solvents and re-
agents were of pro-analysis grade from Merck (Darmstadt,
Germany, www.merck.com). CuSQO,4.5H,0, thiourea and 1-
pyrenebutyric acid N-hydroxysuccinimide ester (PANHS)
were reagent grade from Sigma Aldrich (www.sigmaaldrich.
com). CA15-3 antibody (Ab) and CA15-3 protein (Ag) were
purchased from Abcam (Cambridge, UK, www.abcam.com).

Synthesis of the CuS-RGO nanocomposite

Graphene oxide (GO) was synthesized according to the mod-
ified Hummer’s method [38]. In the synthesis of CuS-RGO,
graphene oxide was dispersed in 40 mL deionized water via
sonication for 2 h to form a homogeneous yellow-brown so-
lution. CuSO4.5H,0 (1 mmol) and thiourea (2 mmol) was
then added to the above suspension and was further sonicated
for 60 min. The solution was transferred to a Teflon-lined
autoclave and maintained at 180 °C for 24 h. The black pre-
cipitate was centrifuged and washed repeatedly with deion-
ized water and alcohol to obtain composite. The product was
dried at 60 °C for 24 h under vacuum.
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Preparation of electrochemical immunosensor

First, 2 mg of CuS-RGO nanocomposite was dispersed in
1.0 mL ethanol by sonication for 1 h. 4 uL of nanocomposite
suspension was coated onto the working electrode surface by
micropipette and dried at room temperature to form a nano-
composite film at the working electrode and prepare a CuS-
RGO-modified SPE (CuS-RGO/SPE). After, the electrodes
were rinsed with deionized water.

Then 8 pL of PANHS solution (1 pmol L") was dropped
on the surface of modified electrode overnight in a saturated
chamber with DMF vapor. For immobilization of anti-CA 15—
3 to the electrode surface, 8 puL of anti-CA15-3 solution
(50 ppm) was pipetted on the modified electrode for 90 min
at 4 °C and then washed with phosphate buffer (pH=7.4) to
remove unspecific physically adsorption. The remaining non-
specific active sites on working electrode were blocked by
ethanolamine solution (8 pL, 10 mM) for 30 min. The
immunosensor (designed as CuS-RGO/Ab/SPE) was used
for detection of CA15-3 biomarker during the experiment.
The prepared immunosensor was stored at 4 °C for further
use. The fabrication process of the electrochemical
immunosensor is illustrated in Fig. 1.

Analytical procedure

For the determination of CA15-3 biomarker, the
immunosensor (CuS-RGO/Ab/SPE) incubated with a differ-
ent concentration of CA15-3 for 3 h at4 °C, and subsequently
the immunosensor was rinsed with water to eliminate possible

Fig. 1 Schematic exhibition of
fabrication process of the
immunosensor

RGO

unstable adsorbed CA15-3 from the electrode surface.
Electrochemical measurements of this immunosensor toward
CA15-3 samples were carried out by 1.0 mM catechol in
0.1 M phosphate buffer (pH = 7.4). After adding CA15-3 an-
tigen, it will form complexes with antibody; therefore, cov-
ered the surface of CuS-RGO/Ab/SPE and blocked the catal-
ysis effect of CuS-RGO to the oxidation of catechol. The
current response in differential pulse voltammetry (DPV) de-
creased with the increase of CA15-3 concentration. The de-
crease of DPV peak current is proportion to the increasing
concentrations of CA15-3, which will use to determination
of CA15-3.

Results and discussion
Characterization of the nanocomposite

SEM and TEM was used to characterize the structure and
morphology of the CuS-RGO nanocomposite. Fig. 2a, b clear-
ly shows the product contains CuS nanoparticles uniformly
are decorated on the surface of the RGO nanosheet, evidenc-
ing the successful formation of composite. This can be attrib-
uted to oxygen-containing functional groups such as hydrox-
yl, epoxide and carboxylic groups uniformly distributed on
the RGO sheets. Those oxygen-containing groups on the
sheets provide multiple binding sites for the reaction between
Cu”* ions and GO and inhibited aggregation. When RGO was
absence, CuS nanoparticles (Fig. 2¢) were severely agglomer-
ated. This is due to the fact that the large surface-to-volume
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Fig. 2 TEM image of CuS-RGO
nanocomposite (a, b) and CuS
particle (¢). d SEM image of
RGO
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ratio of CuS nanoparticles, which lead them to tend to self-
agglomerate during their re-dispersion in water. Such differ-
ences suggested that CuS nanoparticles supported on RGO
sheets possessed a much better dispersibility, which would
yield better catalytic activity. As shown in Fig. 2d, the RGO
exhibited a morphology consisting of a thin wrinkling paper-
like structure. In addition, for preparation of TEM specimen,
resulting CuS-RGO composite added into alcohol and sub-
jected the suspension to ultrasonication, but the CuS nanopar-
ticles are still well dispersed on RGO, indicating the strong
interaction between CuS nanoparticles and RGO.

The electrochemical characterization of the modified
electrodes

A label-free immunosensor for the detection of CA15-3 anti-
gen was prepared by modified SPE with the CuS-RGO nano-
composite. CuS-RGO offers numerous possibilities for cou-
pling of antibody under reaction conditions. The antibody-
coated electrode then was used to capture CA15-3 from the
CA15-3-containing solution. This assay was characterized by
cyclic voltammetry (CV) and electrochemical impedance
spectroscopy EIS.

CV was used for investigated the electrocatalytic activity of
the CuS-RGO modified SPE toward oxidation of catechol
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(Fig. 3a). A pair of well-defined redox peaks is observed at
the bare SPE (Fig. 3a, curve a). After modified of bare SPE,
the peak current increased obviously (curve c) due to the elec-
trocatalytic effect of CuS-RGO for oxidation of catechol (peak
potential: 0.15 V), This can be ascribed to the fact that CuS-
RGO can significantly enhance the effective surface area and
facilitate the electron transfer. To investigate the roles of CuS
in CuS-RGO nanocomposite in the peak current, the CVs of
catechol at the CuS-RGO/SPE (curve ¢) and RGO/SPE (curve
b) were recorded. The results indicated that the presence of
CusS on the RGO sheets improved the oxidation peak current
for catechol. The excellent physical and chemical properties of
RGO and the unique properties of CuS were helpful for pro-
moting the electrochemical response. When anti-CA15-3 was
induced onto the surface of the electrode (curve b, Fig. 3b), the
peak current decreased. This is due to the formation of insu-
lating layers of proteins, perturbs the interfacial electron trans-
fer considerably and prevents the electrocatalytic oxidation of
catechol. Subsequently, when non-electroactive ethanolamine
was used to block nonspecific sites, the peak current further
decreased (curve c, Fig. 3b). After CA15-3 antigen was
immobilized on the electrode, there is another decrease of
peak current (curve d, Fig. 4b). This can be attributed to the
formation of immunocomplexes between antibody and anti-
gen acted as the electron-transfer insulating layer, which
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Fig. 3 a Cyclic voltammograms a

of bare SPE (a), RGO/SPE (b) —a
and CuS-RGO/SPE (c) in 1501
phosphate buffer (pH =7.4)

containing 1.0 mM catechol. b —c
Cyclic voltammograms of CuS- 501
RGO/SPE (a), CuS-RGO/Ab/
SPE (b) and CuS-RGO/Ab/Ag/
SPE (c) in phosphate buffer -50
(pH=7.4) containing 1.0 mM

catechol

-b
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perturbed the reaction of catechol on the electrode surface.
Therefore, this change in the CVs during the fabrication pro-
cess of the immunosensor, indicates an efficient bonding of
them over the CuS-RGO surface.

In order to further investigate the assembly process of the
immunosensor, EIS techniques were also employed. Fig. 4a
shows the impedance spectra demonstrate as Nyquist plots for
bare SPE (a), RGO/SPE (b) and CuS-RGO/SPE (c) in 1.0 mM
Fe(CN)(,3 A containing 0.1 M KCl solution. The semicircle
diameter in the impedance spectrum equals to the charge-
transfer resistance (R.). It can be seen that on the CuS-
RGO/SPE (curve ¢, R =42 k) the value of R, is smaller
than to RGO/SPE (curve b, R, =216 k2) and bare SPE (curve
a, R =270 k). This is due to the excellent electrical property
of CuS-RGO nanocomposite that formed a high electron con-
duction pathway between the electrode and electroactive indi-
cator. Subsequently, when the antibody, CA15-3, was conju-
gated onto CuS-RGO/SPE surface, the resistance was in-
creased (Fig. 4a, curve b, R =130 k(2), suggesting that an-
ti-CA15-3 was successfully immobilized on the surface of the
electrode and generated a barrier for electron-transfer.
Similarly, R, further increased with the assembled of
CA15-3 antigen (curve ¢, R =220 k2) on the immunosensor
above, because the formed antigen—antibody complex

0.15 0.7
E/V

0.15 0.7 o4
E/V

between the antigens and the antibodies on the CuS-RGO/
AD/SPE serve as an insulated layer, and perturbed the electron
transfer. The result indicated that the hydrophobic layer of the
protein (antibody and antigen) on the modified electrode gen-
erated a barrier for electron-transfer, which was similar to the
previous report [39]. The changes of the charge-transfer resis-
tance (R.¢) during the fabrication process of the immunosensor
are another convincing proof for the successful fabrication of
this immunosensor.

Optimization of experimental conditions

In order to achieve better experimental results, the exper-
imental conditions need to be optimized, including the
antibody concentration, incubation time of anti-CA15-3
and incubation time of antigen [40—44]. The effect of
the incubation time of anti-CA15-3 time was studied.
Based on the results, with the increasing the incubation
time of antibody from 30 to 180 min, R, increased and
then decreased (Fig. 5a), with the maximum R at 90 min.
This may be due to the full coverage of the electrode
surface by the anti-CA15-3 after 90 min. Therefore, an
incubation time of 90 min was selected for subsequent
studies. In immunosensors, increasing the immobilization

Fig. 4 a Nyquist plots of bare a 600 b 500
SPE (a), RGO/SPE (b) and CuS- 300
RGO/SPE (c) in 0.1 M KCI and 200 ¢
1.0 mM [Fe(CN)s] > . b 5001 5 . 400
Nyquist plots of CuS-RGO/SPE 100
(a), CuS-RGO/ADb/SPE (b) and 400 0 - -
CuS-RGO/Ab/Ag/SPE (c) in <) & \4«, & e & 3001
0.1 MKCland 1.0 mM [Fe(CN)] = L L e * g
3-/4 N 3004 < L, .. N
o . s
R B 200
200 . e va
* e
Y - b 100
PRSI TN +* * 4
KR *e, R
1001 e, o S
0 T T 0 T T
0 200 400 600 0 200 400
z @) z ()
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Fig. 5 Optimization of: a incubation time and (b) the concentration of antibody, (¢) incubation time of CA15-3 antigen. EIS responses were performed

in 0.1 M KCl and 1.0 mM [Fe(CN)g] >

amount of antibodies would markedly enhance the detec-
tion ability of sensor. Therefore, different concentrations
of anti-CA15-3 solution (20, 40, 60 and 80 ppm) were
used to optimize the anti-CA15-3 concentration (Fig. 5b).
With increasing anti-CA15-3 concentration, the response
increased gradually up to 60 ppm and then reached a
constant level. Therefore, 60 ppm was used for the con-
centration of CA153 in this study. Similarly, the effect of
the incubation times of CA15-3 antigen on sensitivity of
immunosensor were also investigated and optimum times
of 3 h was adopted (Fig. 5c¢).

Performance of the immunosensor

Under optimum conditions, DPV techniques were applied for
determination of different CA15-3 antigen concentrations by
fabricated immunosensor. With increasing concentrations of
CA15-3 antigen, DPV responses decreased due to formation
of immunocomplexes between antibody and antigen (Fig. 6).
These observations represent less electron transfer following
CA15-3 antigen captured by immunosensor. This is due to the
above mentioned facts: the insulating protein CA15-3 antigen
blocked the interfacial electron transfer considerably and pre-
vents the electrocatalytic oxidation of probe and thereby re-
sulted in the decrease of DPV current. The immunosensor
exhibited a good linear relationship with the CA15-3 antigen
concentration from 1.0 to 150.0 U mL™". The detection limit
(LOD) for the CA15-3 antigen based on 3sp/m (where s, is
the standard deviation of a blank solution and m is the slope of
the calibration curve) was estimated to be 0.3 U mL ', The
results indicate that the linear range (1.0-150.0 U mL ™), de-
tection limit (0.3 U mL™") and sensitivity of 1.88 pA
uM ! cm™? obtained in this work are suitable for detection
of CA15-3 antigen. The results of the immunosensor are com-
parable with other CA15-3 sensors that were displayed in
Table 1. This confirms that the presented immunosensor
shows better analytical performances to than other techniques
[4, 6, 11, 4547].
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Recognition of differences between the targets antigen
from others is obviously an important factor to check it for
the immunoassay method. So, the specificity of the
immunosensor was investigated by using CEA, BSA and
TNF-« antigens (inset of Fig. 6). The immunosensors were
separately incubated in two kinds of 25 U mL™' CA15-3
antigen incubating solution: one solution with the interferent
and the other without. These results showed that the
immunosensor satisfied selectivity for CA15-3 antigen under
the experimental conditions.

180
160 -
a
120 -
< gp
135 ] 280
b
40
0 , , , .
1 0 50 100 150 200
< Conc. of CA15-3 (U mL")
3 90
-~ 180
- b
8 120
60
45
CA153 CA153+ CA15-3 + CA15-3 +
CEA TNF-a BSA
0 .
0 0.25 0.5
E/V

Fig. 6 DPV responses of the immunosensor to 1.0 mM catechol
in phosphate buffer (pH=7.4) at different concentrations of CA15-3
antigen. The numbers of 1-8 correspond to: 150.0, 100.0, 75.0, 50.0,
25.0, 10.0, 5.0, and 1.0 U mL™', respectively. The inset is the
calibration curve (data obtained at the E=0.17 V)
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Table 1 A comparison of the performance of several immunosensors for the detection of CA15-3
Detection methods Material Linear range  Detection limit ~ Reproducibility =~ Ref.
(UmL ™) (UmL") (%)
Electrochemiluminescence ZnO porous 0.05-120 0.014 39 [4]
Electrochemical immunoassay TiO, nanoparticles 1-100 0.3 1.1-2.2 [6]
Surface plasmon resonance gold/zinc oxide 140 0.025 - [45]
The kinetic-exclusion analytical technology Polymethylmethacrylate 0.3-20 0.21 52-74 [46]
Sandwich-type electrochemical immunosensors  IL functionalized reduced 0.02-60 0.008 39 [14]
graphene oxide
Non enzymatic immunosensor nanoporous PtFe alloy 0.002—40 3x1074 2.3-3.7 [13]
Enzyme-linked immunosensor Organosilica @ chitosan 0.1-160 0.04 5.4-6.7 [11]
Scanning electrochemical microscopy horseradish peroxidase 15-250 2.5 - [47]
Enzyme-free electrochemical immunosensor CuS-RGO nanocomposite ~ 0.1-150 0.03 24-2.7 This work

Stability and reproducibility of the immunosensor

Stability plays a crucial role in their application and develop-
ment of the immunosensor for the detection of CA15-3.
Therefore, the storage stability of the immunoassay system
was examined. When the immunosensor was stored at 4 °C
in refrigerator, it retained more than about 95% of the initial
values after storing for four weeks, which indicated that the
immunosensor had acceptable stability. The reason might be
the fact that the CuS-RGO nanocomposite provided a favor-
able microenvironment for anti-CA 15-3 biomolecules on the
surface. To evaluate the fabrication reproducibility of this
immunosensor, a series of seven different modified electrodes
were used for the detection of same concentration of CA15-3
antigen. The RSD of the measurements were 2.9%, 2.6%,
2.4% and 2.7% for the detection of 130, 50, 20 U mL ! and
10 U mL ™" of CA15-3 antigen, respectively, which suggested
that the reproducibility of the immunosensor was acceptable.

Application of the immunosensor in human serum

In order to assess the analytical application of this method for
clinical diagnosis, the detection of CA15-3 antigen in the
human serum samples (obtained from local hospital) was per-
formed. The serum samples were diluted 10-fold with

phosphate buffer (pH 7.4). The CA15-3 antigen contents of
these samples were assayed using the immunosensor and the
ELISA method as the referenced method. Statistical compar-
ison of the experimental results is summarized in Table 2. As
seen, the results by the immunosensor are in satisfactory
agreement, within the experimental errors presented, with
those reported using the corresponding commercially avail-
able ELISA Kit. t tests indicated no significant differences
between the immunosensor and the commercial ELISA meth-
od at a confidence level of 95% (t.aiculated < ttheoretical)- LHiS
result implied that the immunosensor was a potential tool for
the analytical application in clinical analysis.

Conclusions

In this work, a label-free electrochemical immunosensor was
constructed for determination of CA15-3 antigen based on
CuS-RGO nanocomposites as the efficient platform and
electrocatalyst. The immunosensor presented some advan-
tages, including a rapid method for protein detection, avoided
the need of enzyme, good selectivity, sensitive, wide linear
range and low detection limit, satisfactory reproducibility
and stability. The determination of CA15-3 in human serum
samples with satisfactory results was obtained. CuS-RGO

Table 2 CA15-3 concentration

(UmL™") in human serum Serum sample no. Immunosensor, (n=3) ELISA method (n=3) Relative error (%) t-test

samples obtained by the

immunosensor and ELISA 1 38.2+0.4 37.1+0.3 3.0 3.8

method 2 40.3+0.5 38.9+0.6 3.6 2.6
3 48.6+0.6 49.7+0.8 —22 1.9
4 99.4+0.9 98.0+0.7 1.4 2.1
5 121.1+0.8 123.2+0.9 1.7 3.0

# Tabulated t-values, at P =0.05, are 4.3
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nanocomposites can be anchored with various antibodies, so
this immunosensor holds great potential for detection of all
other biomarkers in clinical diagnostics.
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