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Abstract An ultrasensitive enzyme-linked immunosorbent
assay (ELISA) is reported for the determination of carcinoma
embryonic antigen (CEA) in human serum. It was realized
using a microplate reader using a 384-well plate. Monoclonal
antibody (Ab) against CEA (1° Ab) acting as the capture
probe was immobilized on zinc oxide nanoparticles (ZnO-
NPs) in the form of self-assembled monolayers (SAMs).
CEA captured by 1° Ab was quantified using a sandwich
ELISA wherein a polyclonal second antibody against CEA
(2° Ab) was used for detection and quantified using an
HRP-labeled secondary antibody (3° Ab). The ZnO-NPs-
CEA capture probe was deposited on the bottom of the wells
in order to enhance capture of CEA. A 3-fold enhancement in
the chemiluminescence (CL) signal of luminol is found (com-
pared to a conventional ELISA). CEA can be quantified by
this method in concentrations as low as 1 pg·mL−1. The upper
limit of detection is 20 ng·mL−1. The use of ZnO-NPs also
imparts improved thermal stability. When stored at 4 °C in
phosphate-buffered saline of pH 7.4, the probe displays sta-
bility of up to 30 days.
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Introduction

The determination of tumor makers is one of the impor-
tant prognostic factors in clinical research and diagnosis.
Sensitive detection of the biomarkers is vitally important
for timely diagnosis and treatment of early stage can-
cers, which largely determines the survival rate of can-
cer patients [1, 2]. Immunoassay is an easy and low-cost
method in the detection of antigen or its specific anti-
body in clinical diagnostics [3]. Because of its adaptabil-
ity, simplicity and sensitivity, enzyme-linked immunosor-
bent assay (ELISA) is one of the most extensively used
analytical techniques in clinical research [4, 5]. Owing
to their high sensitivity, preclusion of radiation damage
and relatively simple instrumentation, chemilumines-
cence (CL) immunoassays have been commonly applied
in the routine clinical analysis [6]. The sensitivity of
conventional polystyrene plate ELISA for subsequent
antibody-antigen recognition and binding sometimes
have failed due to the low surface-to-volume ratio of
the plate and the random orientation of the adsorbed
Ab [7]. The concentrations of cancer bio-markers are
extremely low, i.e., ng·mL−1 or lower in vivo [8, 9].
Therefore, developing miniaturized ELISA for improved
sensitivity, lower limit of detection and reproducibility is
a paramount need in routine diagnosis. Sandwich-type
immuno-sensors and immunoassay methods were devel-
oped for detection of Ag with more than one epitope
due to the use of matched antibodies. High-affinity an-
tibodies and appropriate labels were usually employed
for the amplification of detectable signal. Nanoparticles
(NPs) have been used in sandwich-type immuno-sensors
and immunoassays as innovative and powerful novel la-
bels. Their properties can be controlled and tailored in a
very predictable manner to meet the requirements of
specific applications [4].
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Carcinoma embryonic antigen (CEA), a polysaccharide–
protein complex, is one of the most studied tumor markers
due to its association with liver, colon, colorectal and breast
cancer and existence in endoblast origin digestive system can-
cer [10]. Higher levels of CEA in serum were reported for
individuals with colorectal, gastric, pancreatic, lung, and
breast carcinomas, as well as individuals with medullary thy-
roid carcinoma than healthy individuals [11, 12]. The reported
concentrations of CEA are 2.5 ng·mL−1 for non-smokers and
5.0 ng·mL−1 for smokers, respectively [13]. Thus, accurate
determination of CEA is of significance for monitoring and
prognosis of disease recurrence. The long-term survival of
cancer patients can be improved by considering the levels of
CEA in human organism, which reflects the disease progres-
sion or regression status [14]. As a result, there is an immense
need for a sensitive immunoassay technique to detect a sub-
nanogram per milliliter level.

Recently, we have demonstrated a novel enzymatic nano-
biosensor for choline using ZnO nanorods (ZnONR) stabi-
lized using 16-phosphonohexadecanoic acid (16-PHA) [15].
Herein, we report the development of ultra-sensitive NPs
based ELISA for detection of CEA levels in human serum
using zinc oxide nanoparticles based CEA probe (ZnO-NPs-
CEA). The develop ZnO-NPs-CEA assay exhibited enhanced
signal intensity, broader linear range and thermal stability over
the conventional ELISA. A significant enhancement in sensi-
tivity (about two fold per decade) was achieved with a lower
limit of detection 1 pg·mL−1. The use of 1° Ab coupled ZnO-
NPs as affinity capture material using a miniaturized
microwell plate platform for CEA gave better efficiency of
capture and stability over reported materials (Table 1).

Experimental

The materials and apparatus used are described in the Elec-
tronic Supplementary Material (ESM).

Preparation of buffers and samples

For coating purpose, a 50 mM carbonate buffer (CB) was
prepared. The pH was adjusted to 9.6. As CB can change
the composition over time, it was made fresh each time.
10 mM phosphate-buffered saline (PBS, pH 7.4) containing
137 mMNaCl, 2 mMKCl was used for incubation and wash-
ing purpose. Another washing buffer (PBST) was made by
adding 0.05 % Tween 20 (v/v) in PBS. All buffer solutions
were stored at 4 °C when not in use. The blocking solution
was prepared by adding 2.5 % (w/v) BSA to PBS.

The stock 1° Ab (2 mg·mL−1) was diluted in 10 mM PBS
to the final concentration (0.2 μg·mL−1). The stock 2° Ab
(2 mg ·mL−1) specifically to 1° Ab was diluted to
0.5 μg mL−1 as indicated by manufacturer’s protocol. 1 μL

of the stock solution of 3° Ab-HRP (2 mg·mL−1) was diluted
with 50 μL of de-ionized water. From the 1:50 dilution, work-
ing 3° Ab-HRP solution was prepared prior to the experiment
by diluting 1:100, 1:500 and so on in PBS. The standard
serum was used without any further dilution. CEA spiked
serum solutions were prepared by standard addition method
in the range 20–0.001 ng·mL−1.

CEA analysis using conventional ELISA

All liquid pipetting was performed using Eppendorf multi-
channel pipette in automatic mode. Conventional sandwich
ELISAwas performed in 384 microwell plate. An optimized
1° Ab was diluted to 0.2 μg·mL−1 in CB. Diluted 1° Ab
(40 μL) was coated in each microwell. The plate was covered
and kept at room temperature for 3 h. Each microwell was
washed three times with 60 μL PBS. The remaining protein
binding sites in the coated wells were blocked by adding
20 μL of 2.5 % BSA blocking solution for 1 h at room tem-
perature. The plate was washed with 50 μL PBST. Following
this step, CEA spiked serum samples in the range 20–
0.001 ng·mL−1 were added as 20 μL in each well. The plate
was incubated for about 2 h at room temperature. The un-
bound CEA antigen was removed bywashing three times with
60 μL PBS. Then 1:1 mixture of optimized 2° Ab and 3° Ab-
HRPwas prepared. The excess label was removed bywashing
PBS. The final solution was added as 30 μL in each well. The
plate was kept for 2 h at room temperature. The excess label
was removed by washing three times with 60 μL PBS. The
chemiluminescence (CL) substrate (1 μL of 0.05 M H2O2+
4 μL of 0.5 mM luminol) was added. The signal intensity was
kinetically measured at the steady state and stability was found
after 30 min.

Construction of ZnO-NPs – CEA capture probe

Surface modification The development of CEA capture
probe was based on the efficient immobilization of very spe-
cific anti-CEA 1° Ab through carboxy terminated SAMs on
ZnO-NPs. The glass container used for monolayer preparation
was cleaned with Piranha solution (a mixture of 98 % H2SO4

and 30 % H2O2, 7:3, v/v; caution: piranha solution reacts exo-
thermally and strongly reacts with organics) for 1 h and rinsed
exhaustively with de-ionized (DI) water and ethanol. 16-PHA
modified ZnO-NPs were prepared as described in our previ-
ous report [15]. Briefly, 3 mg of ZnO-NPs was dispersed in
0.5 mM ethanolic solution of 16-PHA. The resulted suspen-
sion of particles was mechanically stirred for 72 h for SAMs
formation.

Covalent coupling of 1° Ab onto ZnO-NPs For antibody
immobilization, the carboxylic acid-terminated SAMs were
modified using an aqueous equimolar solution of 100 mM
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EDC /100 mM NHS for 2 h at room temperature. The resul-
tant NHS ester monolayers were reacted in room temperature
for 3 h in 1:1 solution of 1° Ab (0.2 μg·mL−1) and CB. The 1°
Ab coated ZnO-NPs (1° Ab-ZnO-NPs) were washed with
PBS.

ZnO-NPs based ELISA The ZnO-NPs-CEA capture probe
was coated in the bottom of the 384 well plates for enhanced
capture of CEA antigen. The remaining protein binding sites
in the ZnO-NPs were blocked by adding 20 μL of 2.5 % BSA
blocking solution for about 1 h at room temperature. After
washing step by PBST, CEA spiked serum samples (20 μL
in each well) were incubated for 2 h at room temperature. The
particles were washed again with 50 μL PBS to remove un-
bound CEA. The 2° Ab (15 μL) was incubated at room tem-
perature for 2 h with the particles. Finally, for CL measure-
ments, 15 μL of 3° Ab-HRP (1:2000) was incubated at room
temperature for 1 h with the particles. The excess label was
removed by washing with PBS. The CL substrate (1 μL of
0.05 M H2O2+4 μL of 0.5 mM luminol) was added. The
signal intensity was kinetically measured at the steady state,
and stability was found after 25 min.

The hybrid- immuno assay was realized in 384 micro well
plates using anti CEA- monoclonal antibody (1° Ab)
immobilized on ZnO-NPs via self-assembled monolayer as
capture probes. The captured antigen was quantified using
sandwich ELISA wherein a polyclonal anti CEA 2° Ab was
used for detection and quantified using an enzyme labeled
secondary antibody 3° Ab. The schematic of the detection
procedure is shown in Fig. 1.

Results and discussions

Choice of materials

Bio-sensing techniques commonly rely upon the use of bio-
functionalized NPs, inorganic-biological hybrid NPs, and sig-
nal tag-doped NPs [16]. The enormous signal enhancement
associated to the use of NPs labels, and with the formation of
nanoparticle-antibody-antigen assemblies provides the basis
for sensitive detection of disease-related proteins or biomole-
cules [17]. Hybrid approaches involve noble metal NPs, car-
bon NPs, semiconductor NPs, metal oxide nano-structures,
and hybrid nano-structures. Nano-structured metal oxides of
zirconium, titanium, cerium, tin and zinc have gained much
attention in bio-sensor and immuno-sensor application owing
to their large surface to volume ratio, high surface reaction
activity, high catalytic efficiency, and strong adsorption
ability.

Choice of nano-structured oxide materials is crucial for
immobilization of the desired biomolecule. The interface
formed due to binding between an oxide nano-material and aT
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biomolecule can influence the performance of an immuno-
sensor. The formation and properties of a nano – bio interface
depends upon the nature of nano-structure parameters like
surface charge, valence/conductance states, functional groups,
physical states and hygroscopic nature [16].

Among the other reported metal oxide nano-structures,
ZnO is well known for its biocompatibility, high specific
surface area, chemical and photochemical stability, excellent
light transmission, strong electrochemical and electron com-
munication response and lack of toxicity [18]. Owing to its
non-toxicity, good bio-compatibility and high chemical sta-
bility, ZnO was used widely in construction of bio-sensors
[19]. The high isoelectric point of ZnO, which is about 9.5,
plays an important role in biological pH [20]. Due to low-
ering of isoelectric point in biological pH, the surface of
ZnO has a positive charge; protein with a low isoelectric
point (in case of CEA is 4.7) can be immobilized on it by
an electrostatic force [21]. Furthermore, it was observed that
ZnO-NPs based luminol-H2O2 system can also enhance the
CL signals. The CL enhancement of ZnO-NPs may be at-
tributed to the catalysis of ZnO-NPs on the radical genera-
tion and electron-transfer processes during the luminol CL
reaction [22]. These observations indicate that the ZnO-NPs
promote electron transport and thus improved the sensitivity
and selectivity as compared to conventional ELISA.

Characterization of ZnO-NPs – CEA probe

Affinity analysis of ZnO-NPs – CEA capture probe

Real time binding analysis using QCM was performed to con-
firm the CEA binding on the 16-PHA modified ZnO surface.
The functionalized quartz crystal ZnO-16PHA (10 MHz, non-
bonded) was placed in a plexiglass flow cell in static mode,
sandwiched between two O-rings and connected to the
frequency-measuring unit. The direct mass change was record-
ed using Voltascan 5 software. The data was plotted and pre-
sented as Fig. 2a. The 16-PHA modified ZnO quartz crystals
were prepared for the QCM study as described earlier. The
binding of 1° Ab, CEA, 2° Ab and 3° Ab-HRPwere performed
in static mode using the optimized condition as earlier. The
mass change was recorded after each step. The increasing
change in mass confirms the stepwise binding of (i) 1° Ab
(anti-CEA), (ii) CEA-Ag, (iii) 2° Ab and (iv) 3° Ab-HRP.
The 1° Ab attached on SAMs modified ZnO crystal showed
the initial mass of 121 ng. Subsequent mass changes of 91 ng,
303 ng, 331 ng and 223 ng were observed for the attachment of
1° Ab, CEA, 2° Ab and 3° Ab-HRP respectively as shown in
Fig. 2a. Upon using 2° Ab for CEA recognition, a mass change
of 28 ng was observed. Whereas, with the 3° Ab as recognition
probe, a negligible mass change (0.048563 ng).was observed.

CL Substrate
CL Detector

CL Substrate
hν

: 16-PHA modified ZnONPs : Anti-CEA mAb (1° Ab)

: CEA

: 2° Ab
: Enzyme labelled 

pAb (3° Ab-HRP)

: microwell of polystyrene 384 microtiter plate

hν

Fig. 1 Schematic representation
of the CEA recognition process

1646 S. Pal, S. Bhand



Thus, it can be concluded that 2° Ab was working as recogni-
tion of CEA. Further, the significant mass change observed for
CEA capture using the ZnO-16PHA-anti CEA provided a
strong evidence of the enhanced surface to volume ratio avail-
able for successful construction of a ZnO-NPs based immuno-
sensor.

Fluorescence binding studies of 3° probe

The specificity of the 3° Ab was further confirmed by fluores-
cence microscopy. Microscopy slides were prepared as (a)
reference 1° Ab-ZnO-NPs without 3° Ab-FITC, (b) sample
1° Ab-ZnO-NPs directly coupled with labelled 3° Ab (3°
Ab-FITC) and (c) sample 1° Ab-ZnO-NPs coupled with
unlabelled 2° Ab and 3° Ab-FITC. During measurement,
suspended 1° Ab-ZnO-NPs (3 μL) were spotted onto three
glass slide that were dried by keeping in a humidity chamber
at room temperature. One of the spotted 1° Ab-ZnO-NPs glass
microscopy slides was named as reference (1° Ab-ZnO-NPs
without 3° Ab-FITC). Another glass slide among the three
was incubated with 3° Ab-FITC (1:8000) for 2 h at room
temperature in dark. This slide was designated as sample (1°
Ab-ZnO-NPs directly coupled with labelled 3° Ab). The re-
maining glass slide was incubated with 2° Ab (15 μL) at room
temperature for 2 h. Finally, for fluorescence measurements,
15 μL of 3° Ab-FITC (1:8000) was incubated at room tem-
perature for 2 h in dark. This slide was also assigned as sample
(1° Ab-ZnO-NPs coupled with unlabelled 2° Ab and 3° Ab-

FITC). Before excitation the sample slides were rinsed with
10 mM PBS to remove unbound 3° Ab-FITC. The reference
1° Ab-ZnO-NPs without 3° Ab-FITC and sample 1° Ab-ZnO-
NPs directly coupled with labeled 3° Ab (3° Ab-FITC)
showed negligible fluorescence signal as the binding is non-
specific (Fig. 2b and c). The binding between 1° Ab on ZnO-
NPs and 1° Ab specific unlabelled 2° Ab, 3° Ab-FITC were
demonstrated by a bright fluorescence signal from the ag-
glomerated spots (Fig. 2d). These observations proved that
the 1° Ab on ZnO-NPs preserved the excellent biological rec-
ognition of antibody to their targets.

Development of immunoassay

Optimization of experimental conditions

The optimum results for the ionic strength and pH of PBS
were found at 10 mM, pH 7.4 (Supplementary Figure S1
and S2). It was found that a 3° Ab-HRP dilution of 1:2000
produced better signal intensity against 1° Ab (0.2 μg·mL−1)
(Supplementary Figure S3). Further, the amount of ZnO-NPs
– CEA probe particles was also optimized as 2 mg·mL−1,
having maximum signal intensity (Supplementary Figure S4).

Thermal stability of ZnO-NPs – CEA probe

The thermal stability was compared for the 1° Ab coupled of
ZnO-NPs and 1° Ab immobilized on the microwell plate. The

Fig. 2 a Stepwise mass change
response on SAMs modified ZnO
crystal after the attachment of (i)
1° Ab (anti-CEA); (ii) CEA-Ag;
(iii) 2° Ab, and (iv) 3° Ab-HRP;
Fluorescence image of b
reference 1° Ab-ZnO-NPs
without 3° Ab-FITC, c sample 1°
Ab-ZnO-NPs directly coupled
with labelled 3° Ab (3° Ab-
FITC), d sample 1° Ab-ZnO-NPs
coupled with unlabelled 2° Ab
and 3° Ab-FITC at 20×
magnification; incubated with 3°
Ab-FITC (1:8000) (λex 480 nm /
λem 520 nm)
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effect of temperature on the immunoassay was evaluated in
the range 20 °C to 50 °C and presented as Fig. 3. In both cases
i.e., 1° Ab immobilized on plate and 1° Ab immobilized on
ZnO-NPs showed similar behavior. However, enhance signal
intensity was found in the range 26 °C to 35 °C for the 1° Ab-
ZnO-NPs over the 1° Ab immobilized on plate. Above 40 °C,
the signal intensity was decreased and reached to the blank
value i.e., signal intensity without any pAb-HRP. Thus, all
experiments were carried out at 30 °C. So, the 1° Ab on mod-
ified ZnO-NPs exhibited good thermal stability compared to
the 1° Ab immobilized on polystyrene plate.

Effect of surface modification

The performance of the 1° Ab coupled to the ZnO-NPs was
evaluated as against the 1° Ab immobilized onmicrowell plate
using optimized condition. The kinetic intensity profile of the

resulting signal intensity was recorded as Fig. 4. The signal
reached a stable value (95 % of the steady state) after 25 min
for 1° Ab-ZnO-NPs. The stable signal intensity was found at
30 min in case of 1° Ab coated on plate. The covalently at-
tached 1° Ab showed significantly higher signal intensity over
the 1° Ab coated on microwells. The order of the stable signal
intensity recorded in absence of CEA for 1° Ab functionalized
ZnO-NPs was found to be 20600 ADU (via phosphonation)
and 6230 ADU for 1° Ab coated on microwells (i.e., non-
specifically adsorbed 1° Ab) respectively (n=5) (Inset of
Fig. 4). The signal intensities were found to 3 fold higher for
phosphonated ZnO-NPs against 1° Ab coated on microwells.
These observations were also found true for the inhibition
studies. The control over bio-molecule’s surface orientation
suggests that SAMs played an important role for the construc-
tion of immuno recognition surfaces.

Immunoassay for CEA in serum

To evaluate the analytical performance of sensor, calibration
was obtained for CEA spiked serum samples under optimized
conditions. The inhibition curve for CEAwas obtained at dif-
ferent concentrations of CEA in the range 0.001 – 20 ng·mL−1

using CL technique. The calibration curves were fitted by
using Origin Pro 8 SR0 software. Percentage inhibition (%I)
was calculated as described by Arduini et al., [23] in presence
and absence of analyte.

I % ¼ I0−IA
I0

� 100 ð1Þ

Where, I0=Signal Intensity of blank; IA=Signal Intensity
of spiked sample

Fig. 3 Comparison of signal intensity for thermal stability of developed
immunosensor

Fig. 4 Comparison of signal
intensity under optimized
condition between ZnO-NPs-
CEA ELISA and conventional
microwell plate ELISA for CEA
in the range 0.001 – 20 ng mL−1.
(Inset: kinetics plot for the both
method in absence of CEA)
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The percentage of inhibited activity that results after expo-
sure to the CEA is quantitatively related with the inhibitor
concentration according to the equation. The limit of detection
(LOD) was defined as the lowest concentration of analyte that
exhibits a signal of 15 % inhibition [24].

A calibration curve for various CEA concentration (0.001–
20 ng·mL−1) is presented as Fig. 5. The calibration was found
to be linear in the range 0.001–20 ng·mL−1 (R2=0.982, n=5)
with a relative standard deviation (RSD) of 3.21 %±0.83 for
the 1° Ab attached through 16-PHA modified ZnO-NPs
(Fig. 5). The linear equation was y=7.1574×(ng·mL−1)+
40.65317. Limit of detection (LOD) was 0.001 ng·mL−1 and
limit of quantitation (LOQ) was 0.001 ng·mL−1 by analyzing
replicate sets of modified ZnO-NPs with good sensitivity
about 7.86 %. Whereas for conventional polystyrene plate
ELISA, the linearity was found in the range 0.01 – 10 ng·
mL−1 (R2=0.9692, n=5) with an RSD of 5.17 %±0.69
(Fig. 5). The linear equation was y=4.08864×(ng·mL−1)+
23.85789. LOD and LOQ were determined as 0.01 ng·mL−1

by analyzing replicate sets with very low sensitivity about
3.7 %. Lower LOD, LOQ value, R2 and sensitivity indicate
that a surface-active head group which binds strongly to a
substrate, an alkyl chain giving stability to the assembly that
plays an important role in terms of coupling of biomolecules
to self assembled monolayers. Although the developed immu-
noassay comprises of three antibodies, however, in view of
prognosis of cancer, this method could be a better choice over
conventional microplate ELISA (Table 1).

Selectivity, recovery and real sample analysis

The developed immunosensor was studied for its selectivity in
the incubation solution with 0.2, 2 and 20 ng·mL−1 CEA. The

Fig. 5 Calibration curve for various [CEA] using 1° Ab immobilized
through 16-PHA SAMs on ZnO-NPs and 1° Ab coated on polystyrene
microwell plate under optimized condition (Inset: linear calibration
curve) T
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% I was calculated from the signal intensity values in the
presence of the interference and without interference
(Supplementary Figure S5, S6 and S7). The results showed
that the interferences of relatively high concentrations only
posed negligible effects on CEA detection, indicating that
the selectivity of the developed immunosensor was
acceptable.

The stability of 1° Ab immobilized on ZnO-NPs was
assessed over one month period at storage condition 4 °C in
10 mM PBS (pH 7.4). No significant loss in the 1° Ab func-
tional activity was observed even after four weeks (Supple-
mentary Figure S8). The response was found to be superior
over microplate sandwich ELISA technique.

Recovery experiments were conducted to evaluate the ac-
curacy and precision of the ZnO-NPs – CEA immunoassay.
Known amounts of CEAwere spiked to seven serum samples
in triplicate. Recovery experiments were performed for both
formats. CEAwas fortified at levels of 0.01, 0.05, 1, 2.5, 10,
15 and 20 ng·mL−1; the recoveries of CEA were found in
range 97 to 100 % for ZnO-NPs – CEA immunoassay and
90 to 104% for microplate ELISA. The results of the accuracy
and precision test are listed in Supplementary Table S1.

Further, to demonstrate the applicability of the ZnO-NPs –
CEA CL ELISA for the determination of CEA in real serum
samples, eight different serum samples were collected. The
serum samples were diluted in distilled water (3:7). The results
were obtained using both ZnO-NPs – CEA ELISA and mi-
croplate ELISA. We found that the results of the ZnO-NPs –
CEA ELISA method correlated well with those of the micro-
plate ELISA as shown in Table 2, showing that the ZnO-NPs –
CEAELISA can detect the presence of CEA in serum samples
both qualitatively and quantitatively. The correlation between
the developed method and the conventional ELISAwas plot-
ted. The correlation coefficient (r) was obtained from the
graph and as well as calculated theoretically i.e., 0.99998
and 0.999965 respectively (Supplementary Figure S9, S10).
This indicates that both methods are highly correlated.

Conclusions

In this endeavor, we have demonstrated an ultrasensitive hy-
brid sandwich-immunoassay for the determination of CEA in
human serum based on functionalized ZnO-NPs. The immu-
noassay exhibits an excellent analytical performance in terms
of linearity, enhanced selectivity over polystyrene microwell-
plate conventional ELISA. ZnO-NPs facilitated the catalysis
during H2O2-luminol reaction, and also the 16-PHA modified
ZnO-NPs exhibited an enhanced thermal stability (1.39 fold).
The enhancement in CL intensities facilitated improved assay
performance in sensitivity and stability. Moreover, the higher
isoelectric point of ZnO-NPs than CEA allows toward novel
bio – nano interface by immobilizing high amount of capture

probes. The developed method showed better selectivity in
presence of other interfering elements. The most promising
feature of ZnO-NPs – ELISA is the low-cost and high capture
efficiency over other reported materials.
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