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Highlights

Protein-functionalized graphene-based nanocomposite to sense anti-HBcAg
Limit of detection of 3.80 ng mL™ in spiked samples

Protein-functionalized electrode is selective and specific towards anti-HBCcAg
Works on diluted human serum sample

Abstract

Hepatitis B virus core antigen (HBCAQ) is the major structural protein of hepatitis B virus
(HBV). The presence of anti-HBcAg antibody in a blood serum indicates that a person
has been exposed to HBV. This study demonstrated that the immobilization of HBCAg
onto the gold nanoparticles-decorated reduced graphene oxide (rGO-en-AuNPSs)
nanocomposite could be used as an antigen-functionalized surface to sense the
presence of anti-HBcAg. The modified rGO-en-AuNPs/HBcAg was then allowed to
undergo impedimetric detection of anti-HBcAg with anti-estradiol antibody and bovine
serum albumin as the interferences. Upon successful detection of anti-HBcAg in spiked
buffer samples, impedimetric detection of the antibody was then further carried out in
spiked human serum samples. The electrochemical response showed a linear
relationship between electron transfer resistance and the concentration of anti-HBcAg
ranging from 3.91 ng mL™ to 125.00 ng mL™ with lowest limit of detection (LOD) of 3.80
ng mL™ at 3 0 m™. This established method exhibits potential as a fast and convenient
way to detect anti-HBCAQ.



Keywords: Hepatitis B virus, antibody, impedimetric biosensor, reduced graphene oxide,
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1. Introduction

Hepatitis B virus (HBV) can be transmitted by direct contact with exposure to
infected blood and other body fluids including saliva, sweat, semen and breast milk [1].
Human become the natural host of this deadly virus, in which the viral replication takes
place in the liver. The virion is enveloped by a lipid membrane containing three different
forms of hepatitis B surface antigen (HBsAQ) [2]. Inside the envelop is the viral capsid
which is made from many copies of hepatitis B core antigen (HBcAg). The capsid
encapsidates a partially double stranded DNA genome and the DNA polymerase
containing reverse transcription activity [3].

In an acute infection, serological markers which include HBsAg and anti-HBcAg
develop in the patient’s blood. If the patient successfully recover, HBsAg will disappear
from the blood, and the production of anti-HBsAg serves as an indicator of immunity
towards the viral infection [4]. Unfortunately, about 5-10 % of healthy adults, 50 % of
young children, and 90% infants failed to develop immunity towards HBYV infection, and
will result in the development of chronic infection. For this type of infection, HBsAg and
anti-HBcAg will be present in the blood and can remain from six to seven months up to
a lifetime [3]. Unlike acute infection, chronic HBV-infected patients will not be able to
produce anti-HBsAg even after recovery [4], and they are likely to develop cirrhosis and
hepatocellular carcinoma [4,5]. Another type of HBV infection is called occult infection
which is characterized by the presence of viral HBV DNA with the absence of HBsAg in
a patient’s blood [6].

Detection of HBsAg in infected blood samples by enzyme-linked immunosorbent
assay (ELISA), and polymerase chain reaction (PCR) amplification of viral DNA are
commonly being used to detect the presence of HBV [6]. However, these methods are
insufficient as a single test for occult HBV patients as they possess HBV DNA but with
no detectable HBsAg in their blood. In the case of HBsAg being the first screening test
for HBV infection, a second PCR test on HBV DNA may still need to be carried out, or
the transmission of virus to healthy person via blood transfusions or liver transplantation
from infected patients with negative HBsAg but possessing anti-HBcAg may occur [7].
An ultra-sensitive PCR amplification with limit of detection of 10 copies of the viral DNA
for each reaction, despite being costly and time consuming, may be the only option for
detecting HBV infection in occult HBV patients [8]. Therefore, the development of
integrated systems for rapid, highly sensitive simultaneous detection of a
comprehensive panel of serological markers for HBV infection is imperative.

One of the immune responses by the body after the HBV infection is the production
of immunoglobulin (Ig) classes G and M against the HBcAg [9]. IgG-anti-HBcAg will
remain in the patient’s blood for a lifetime, whereas IgM-anti-HBcAg will decline until it
becomes undetectable after the recovery from the infection [10]. Sensing for the
presence of anti-HBcAg IgG in individuals may provide a promising solution due to its
prevalence as a viral marker and may be essential in HBV endemic countries, since it is
the best serological marker to detect patients who have been exposed to the virus at
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any time in their lives [10,11]. It is also crucial to have a HBV screening which is time-
efficient and is portable for a faster and better screening against HBV-contaminated
blood in worldwide blood banks, thus decreasing the transmission of the virus through
blood transfusions [11]. Detection of anti-HBcAg through ELISA had been described
previously in the literature [12], but unfortunately, performing ELISA in low-resource
settings is limited by long incubation time, the need for large volumes of precious
reagents, and also well-equipped laboratories.

Enormous advancements have been achieved in the development of
electrochemical immunosensors to be applied in various fields including agriculture,
environmental and industrial monitoring, safety of foods, biomedicine, and quality
control, development and screening of drugs, forensic analysis, prevention and control
of epidemic diseases as well as point of care diagnostics, and the main challenge faced
by these methods is achieving the lowest limit of detection [13-15]. Various strategies
and architectures of electrochemical immunosensors, which include enzyme-labelled
immunosensors[16], metal nanoparticle- and quantum dot-labelled immunosensors
[17,18], capacitive [19] and impedimetric ~ immunosensor [20], and
magnetoimmunosensors [21] have been proposed [14]. Nanostructures such as
graphene oxide (GO), reduced graphene oxide (rGO), carbon nanotubes and
nonporous materials have enticed great interest among researchers due to their
excellent properties including are biocompatibility, electrically conductive, cost-effective
and ease of fabrication [22]. Recently, electrochemical detection of anti-HBcAg by the
means of high sensitivity electrochemical detection which employed carbon nanotube
as the antigen-functionalized surface had been proposed with the LOD of 0.03 ng ml*
[11].

As aforementioned, one of the nanostructures that can be used as the antigen-
functionalized surface is rGO due to its comparable characteristics with pristine
graphene sheets. These characteristics include two-dimensional carbon nanostructure
that possess high intrinsic mobility which allow faster charge transfer [23]. This rGO
nanostructure can be fabricated from GO by reducing it chemically and it has better
electrical conductivity compared to GO itself [24]. In terms of its application as a
functionalized base for the development of biosensor, rGO has been demonstrated as a
good platform for enzymes [25], DNA [26], metallic oxides [27], metallic nanopatrticles
[28] and quantum dots [29]. Herein, this study demonstrated the combination of
immunoaffinity and electrochemical concepts in order to detect anti-HBcAg via HBCAg-
immobilized gold nanoparticles-decorated rGO (rGO-en-AuNPs) nanocomposite as a
promising way to develop an anti-HBcAg biosensor with simple design, yet having high
sensitivity and specificity, also faster response, with minimal interferences.

2. Materials and Methods
2.1 Materials

Graphite powder was obtained from Ashbury Graphite Mills Inc. (New Jersey,
USA). Chloroauric acid (HAuCIl.3H,0O) was purchased from Sigma-Aldrich (Missouri,
USA). Ethanol (95%) was purchased from Systerm (Malaysia). Phosphate buffered
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solution (PBS) was prepared by mixing the stock solution of disodium hydrogen
phosphate (Na;HPO, 99%) and sodium dihydrogen phosphate (NaH,PO4, 99%);
powder purchased from Friendemann Schmidt Chemical (Australia). Mouse anti-HBcAg
monoclonal IgG and anti-estradiol were purchased from Santa Cruz Biotechnology Inc
(Texas, USA) and Abcam (Cambridge, UK) respectively. Bovine serum albumin (BSA)
was obtained from Novagen, EMD Bioscience Inc (California, USA). Screen-printed
electrode (SPE) DRP-C110 was obtained from Dropsens (Parque Technologico de
Autorias, Spain). Other chemicals used in this study were of analytical grade and used
as received without further purification. All solutions were prepared using deionized
water (dH,O) synthesized by Milli-Q Merck Millipore (Massachusets, USA) water
purification system.

2.2 Instrumentation

All cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS)
analyses were carried out using the Princeton VersaSTAT 3 (Ametek Scientific
Instruments, Pennsylvania, USA) potentiostat that was controlled by the VersaStudio
version 2.52 (Ametek Scientific Instruments, Pennsylvania, USA) as the computer
interface.

2.3 Synthesis of rGO-en-AuNPs nanocomposite

The rGO was originated from graphene oxide(GO) that was earlier fabricated
through simplified Hummer’'s method as previously described [30], where 3 ml of 9.48
mg mI™* GO was allowed to be reduced by 25 ml of 0.1 M ethylenediamine by refluxing
for 3 hours at temperature of 70 °C by stirring. Then, 3 ml of 0.1 % (w/v) HAuCl4.3H,0
was added to the previous mixture and further be refluxed for 30 minutes at the same
temperature with continuous stirring. Next, 6 ml of 1 % w/v sodium citrate was added
drop wise in to the reaction system and allowed for further refluxing for 30 minutes at
the same temperature. Final reflux solution was cooled down and centrifuged twice at
4000 rpm for 10 minutes and be washed with dH,O for several times. In order to
produce a homogenous solution, 20 ml of dH,O was added to the precipitate layer and
was ultrasonicated for 1 hour. The process of fabricating rGO-en-AuNPs
nanocomposite was based on the reduction of two oxygen-containing functional groups
(epoxy and carboxyl groups) of original GO by ethylenediamine through refluxing
process, which then coupled electrostatically with chloroauric anion (AuCly) with
protonated amino groups of ethylenediamine. Then, AuCl, was reduced to gold
nanoparticles (AuNPs) by sodium citrate as reducing agent.

2.4 Preparation of rGO-en-AuNPs-functionalized SPE

The surface of SPE was rinsed twice with dH,O and allowed to be air dried.
About 1 ml of the homogenous nanocomposite was mixed with 3 ml of
dimethylformamide (DMF) and ultrasonicated for 15 minutes to produce a homogenous
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suspension. About 10 pl of the latter was drop casted on the surface of working
electrode of SPE (SPE/rGO-en-AuNPs), and air dried to evaporate and eventually to
remove the DMF.

2.5 Preparation of HBcAg-functionalized electrode

Escherichia coli harbouring plasmid pR1-11E was used in the production of the
recombinant HBcAg as described previously [31]. The purified HBcAg (500 ng of HBcAg
in 50 mM PBS) was immobilized on SPE/rGO-en-AuNPs. The electrode was incubated
at 4 °C for 15 hours. After the incubation, the electrode was rinsed with 5 ml of dH,O
and the resulting solution was tested using the Bradford assay [32] to determine the
percentage of HBcAg immobilized on the nanocomposites. Then, the electrode was
incubated with 3 % BSA to block free and empty spaces for protein binding. The
electrode at this stage is referred as SPE/rGO-en-AuNPs/HBCcAg/BSA. Characterization
of this electrode was done by running CV analysis at the scan rate of 50 mV in the
potential window of -1.0 V to 1.0 V, and EIS with the sweep frequency from 100 kHz to
0.01 Hz and amplitude of 5 mV RMS in electrolyte solution comprises of 5 mM
potassium hexacyanoferrate (KsFe(CN)g) as redox probe and 0.1 M potassium chloride
(KCI) as supporting electrolyte. The integrated Ag electrode on the SPE was used as
the reference electrode.

2.6 Sensing of anti-HBcAg in spiked buffer samples

Adapting from previous study [33], the anti-HBcAg detection was carried out with
five different concentrations ranging from 3.91 ng mL™ to 125.00 ng mL™ that were
prepared in 50 mM PBS and incubated on SPE/rGO-en-AuNPs/HBcAgQ/BSA separately,
at 4 °C for two hours. Finally, each electrode was subjected for EIS analyses by using a
potentiostat with the sweep frequency from 100 kHz to 0.01 Hz and amplitude of 5 mV
RMS in electrolyte solution comprises of 5 mM K3Fe(CN)g as redox probe and 0.1 M
KCI as supporting electrolyte.

2.7 Specificity study

A non-related antibody, anti-estradiol at the concentration ranging from 3.91 ng
mL™? to 125.00 ng mL™ was incubated separately on SPE/rGO-en-AuNPs/HBcAg/BSA
at 4 °C for two hours. Then, EIS analyses were carried out as described above.

2.8 Selectivity study

Adapting from previous study [34], the prepared SPE/rGO-en-
AuNPs/HBCcAQ/BSA was reacted in a mixed solution containing anti-HBcAg and anti-
estradiol of the same concentration ranging from 3.91 ng mL™ to 125.00 ng mL™, and
100 ng mL™* BSA in 50 mM PBS. Incubation lasted for two hours at 4 °C. Then, EIS
analyses were carried out as described above.



2.9 Detection of anti-HBCcAg in human serum samples

The prepared SPE/rGO-en-AuNPs/HBCAgQ/BSA was allowed to be reacted in
1:1000 diluted human serum samples containing anti-HBcAg with concentration ranging
from 3.91 ng mL™ to 125.00 ng mL™. Incubation lasted for two hours at 4 °C. Then, EIS
analyses were carried out as described above.

3. Results and Discussions
3.1 Antigen functionalization and characterization of electrode

Addition of the nanocomposite onto the working electrode surface of SPE enhanced
the conductivity and the electroactive areas of the system [30,35] and decrement of
conductivity upon addition of biomolecules, HBcAg and BSA, can be seen due to the
obstruction of electron transfer flow of Fe(CNg)®* through the electrolyte [34]. The latter
changes of electrical properties of the electrode also can be seen as the increment of
resistivity which confirmed the existence of biomolecules on the nanocomposite or they
had successfully been immobilized on the nanocomposite [36]. Electrochemical analysis
by means of CV and EIS had been carried out to characterize the SPE/fGO-en-
AuUNPs/HBcAg/BSA (Figure 1).
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Figure 1. HBcAg-functionalized SPE characterization. CV characterization in 5 mM KzFe(CNg) and 0.1 M KCI (A),
Nyquist plot of EIS characterization in 5 mM KsFe(CNsg) and 0.1 M KCI (B). bare SPE (CV: black line; EIS: black square),
SPE/rGO-en-AuNPs (CV: red line; EIS: red circle), SPE/rGO-en-AuNPs/HBcAg (CV: green line; EIS: green triangle), and
SPE/rGO-en-AuNPs/HBCcAQ/BSA (CV: blue line; EIS: blue diamond).



Figure 1(A) shows the cyclic voltammogram profiles of HBcAg-functionalized
electrode. Upon modification with the nanocomposites, the cathodic and anodic peaks
increased greatly for about 175.91 % and 66.25 % respectively after bare SPE was
modified using the nanocomposites due to the enhancement of conductivity by the
nanocomposite [35]. After the immobilization of HBcAg, the cathodic and anodic peaks
were reduced for about 27.15 % and 24.81 % respectively, and both of the peaks
further reduced for about 27.37 % and 36.71 % respectively after the free and empty
spaces of nhanocomposites for protein binding had been blocked with BSA. Decrement
of those peaks was due to the formation of insulation layer by the protein on the surface
of nanocomposite which reduced the electron transfer flow between electrode and
electrolyte [34].

EIS analysis investigates the electron transfer that occur between electrode and the
electrolyte. Its profile commonly comprises two main parts which are the high frequency
part (semi-circular shaped) and the low frequency part (linear shaped). The diameter of
semi-circular shaped depicts the R of the electrode, while the linear part relates to the
diffusion of electron transfer process [30]. Figure 1(B) shows the Nyquist plot of
electrode functionalization by HBcAg in terms of resistivity that is on par with the CV
profiles. Upon madification of electrode with the nanocomposite, the R of the electrode
decreased tremendously from 40.41 kQ for bare SPE to 9.93 kQ for nanocomposite-
modified SPE (SPE/rGO-en-AuNPs) indicating that the nanocomposite enhanced the
conductivity and electron transfer between the Fe(CNg)®¥* and the electrode [30].
Previously, this fabricated nanocomposite had shown better conductivity when
compared to unreduced graphene oxide, and the AUNPs was proven to accelerate the
electron transfer process [30]. After the immobilization of HBcAg on top of the
nanocomposite, R¢; showing an increment to 12.32 kQ), and further increase to 30.95 kQ
after the application of BSA due to obstruction of the electron flow by the biomolecule
[34]. It is crucial to apply BSA as to prevent non-specific binding of the biomolecule of
interest to the nanocomposite [37] which will give a false positive result of bioreceptor
recognition. Through both CV and EIS characterizations, it was found that the electrode
was successfully functionalized by HBCcAg.

HBCcAg protein was immobilized on the nanocomposites by attachment to AuNPs
via weak metal-protein interactions [38] with no application of crosslinkers and labels.
This will reduce time for the protein to bind to the nanocomposites as additional time is
needed for the application of crosslinkers. Furthermore, laborious step of using labels
and expensive instruments can be avoided [39] just to confirm the immobilization of the
antigen. Through the Bradford assay [32], it was found that approximately 86.00 %
HBcAg was successfully immobilized on the nanocomposite.

3.2 Impedimetric detection of anti-HBcAg

Figure 2(A) shows the impedimetric spectra of proposed immunosensor in 5 mM
KsFe(CNg) and 0.1 M KCI after the incubation of HBcAg-functionalized electrode with
different concentrations of anti-HBcAg for two hours. As expected, the R increases
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along the increment of concentration of anti-HBcAg. The corresponding calibration
curve (Figure 2(B)) clearly indicates the linearity relationship of both measured R¢ and
the concentration of anti-HBcAg over a range of 3.91 ng mL™ to 125.00 ng mL™* with a
linear regression equation of AR = 0.0261[anti-HBcAg] + 6.421 and regression
coefficient of 0.982. The increment of the resistivity was due to the electrically insulating
nature of protein which hindered the electron transfer flow [11] after the
immunocomplex formation between HBcAg and anti-HBcAQg.

The proposed method of this immunosensor exhibit LOD of 3.80 ng mL™” (at3om’
1, while the clinically significant level of anti-HBcAg is around 2.00 ng mL™ to 5.00 ng
mL™ [11]. This indicates the immunosensor has a few advantages over previously
reported sensor. The advantages include simplicity in terms of preparing the HBcAg-
functionalized surface without any chemical modification using crosslinkers prior to
bioreceptor immobilization and a laborious setup of a conventional three-electrode
system can also be avoided.
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Figure 2. Impedimetric detection of anti-HBcAg. Nyquist plot of impedimetric analysis in 5 mM KzFe(CNg) and 0.1 M
KCI (A), calibration curve showing relationship of ARy (changes in resistance after immunocomplex formation) and the
varying concentration of anti-HBcAg incubated on HBcAg-functionalized electrode (B). HBcAg-functionalized SPE (black
square), and HBcAg-functionalized SPE that was incubated with anti-HBcAg with the concentration of 3.91 ng mL™ (red
circle), 7.81 ng mL™ (green triangle), 15.63 ng mL™ (blue diamond), 31.25 ng mL™ (cyan hexagon), 62.50 ng mL™
(magenta star), 125.00 ng mL™ (yellow pentagon).
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3.3 Specificity of the immunosensor

Evaluation of the proposed immunosensor in terms of specificity of the
immobilized HBcAg as the bioreceptor towards the anti-HBcAg was done by reacting
the HBcAg-functionalized electrode with a non-related antibody. Interestingly, there was
no apparent increment of Ri even when the concentration of anti-estradiol was
increased up to 125.00 ng mL™* (Figure 3). These denote that the HBcAg epitope
specifically formed the immunocomplex with the paratope of the anti-HBcAg, indicating
high immunospecificity of the immunosensor towards anti-HBCAg with no apparent
cross-reaction with the non-related antibody tested. In addition, this study also
confirmed that the HBcAg-functionalized electrode was successfully blocked by BSA as
there was no increment of R which could have occurred, should there be an unspecific
binding of anti-estradiol to the nanocomposite.
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Figure 3: Nyquist plot of impedimetric study of HBcAg-functionalized electrode
with anti-estradiol in 5 mM K3Fe(CNg) and 0.1 M KCI. HBcAg-functionalized SPE
(black square), and HBcAg-functionalized SPE that was incubated with anti-estradiol
with the concentration of 3.91 ng mL™ (red circle), 7.81 ng mL™ (green triangle), 15.63
ng mL™ (blue diamond), 31.25 ng mL™ (cyan hexagon), 62.50 ng mL™ (magenta star),
125.00 ng mL™ (yellow pentagon).

3.4 Selectivity of the immunosensor

In order to evaluate the selectivity of this anti-HBcAg detection by the HBcAg-
functionalized electrode in an environment with an increased complexity, interferences
were introduced to the system in which the detection of anti-HBcAg was carried out in a
mixed solution consisting of anti-HBcAg and anti-estradiol of the same concentration,
and 100 ng mL™ BSA in 50 mM PBS. This testing was then compared with the detection
of anti-HBCAg in a pure anti-HBcAg solution.
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Figure 4 (A) shows the impedimetric spectra of proposed immunosensor in 5 mM
KsFe(CNg) and 0.1 M KCI after the incubation of HBcAg-functionalized electrode in the
mixed solution of antibodies and BSA for two hours. As expected, the R increases
along the increment of concentration of anti-HBcAg in a mixed solution. The
corresponding calibration curve (Figure 4(B)) clearly indicates the linearity relationship
of both measured R and the concentration of anti-HBcAg over a range of 3.91 ng mL™
to 125.00 ng mL™ with a linear regression equation of ARy = 0.0315[anti-HBcAg] +
6.309 and regression coefficient of 0.971.
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Figure 4. Impedimetric profile of HBcAg-functionalized electrode showing the detection of anti-HBcAg from a
mixed solution. Nyquist plot of impedimetric analysis in 5 mM KsFe(CNg) and 0.1 M KCI (A), calibration curve showing
relationship of AR (changes in resistance after immunocomplex formation) and the varying concentration of anti-HBCcAg
in mixed solution incubated on HBcAg-functionalized electrode (B). HBcAg-functionalized SPE (black square), and
HBcAg-functionalized SPE that was incubated with mixed protein solution containing anti-HBcAg with the concentration of
3.91 ng mL™ (red circle), 7.81 ng mL™ (green triangle), 15.63 ng mL™ (blue diamond), 31.25 ng mL™ (cyan hexagon),

62.50 ng mL™ (magenta star), 125.00 ng mL™ (yellow pentagon).
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Through this selectivity study, it was found that the immunosensor is able to
detect the anti-HBcAg within the concentration of 3.91 ng mL™ to 125.00 ng mL'1, with
LOD of 3.88 ng mL™ at 3 0 m™. The variation of of R produced by detection of pure
anti-HBCAg (as in 3.2 Impedimetric detection of anti-HBcAg) and anti-HBcAg in mixed
solution can be compared by calculating the relative standard deviation (RSD) to see
the accurateness and precision of Ry produced by detection of anti-HBCcAg in mixed
solution. It was found that RSD values to be 1.68 %, 0.85 %, 2.48 %, 1.41 %, 0.18 %
and 4.82 % for the comparison between 3.91 ng mL*, 7.81 ng mL*, 15.63 ng mL™,
31.25 ng mL™, 62.50 ng mL™, and 125.00 ng mL™ of pure and mixed solutions of anti-
HBCcAg. After successful blocking of free and empty spaces of the nanocomposite by 3
% BSA, no immunocomplex formation towards anti-estradiol as in the specificity study,
and also lower RSD value, this demonstrates that anti-HBcAg was detected efficiently
by HBcAg-functionalized electrodes even in the mixed solution containing other
proteins.

3.5 Detection of anti-HBcAg in human serum samples

The ability of the immunosensor to detect anti-HBcAg in real human serum
solution was evaluated by the incubation of HBcAg-functionalized electrode with the
anti-HBcAg ranging from 3.91 ng mL™ to 125.00 ng mL™ spiked in 1:1000 diluted
human serum. The result was then compared with the detection of anti-HBCcAg in a pure
anti-HBcAg solution.

Figure 5(A) shows the impedimetric spectra of proposed immunosensor in 5 mM
KsFe(CNg) and 0.1 M KCI after the incubation of HBcAg-functionalized electrode in the
diluted serum containing designated anti-HBcAg concentration for two hours. As
expected, the R increases along the increment of concentration of anti-HBCAg in a
mixed solution. The corresponding calibration curve (Figure 5(B)) clearly indicates the
linearity relationship of both measured R and the concentration of anti-HBCcAg over a
range of 3.91 ng mL™? to 125.00 ng mL™ with a linear regression equation of ARy =
0.0345[anti-HBcAg] + 6.467 and regression coefficient of 0.961.
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Figure 5. Impedimetric profile of HBcAg-functionalized electrode showing the detection of anti-HBcAg from
diluted human serum. Nyquist plot of impedimetric analysis in 5 mM K3Fe(CNg) and 0.1 M KCI (A), calibration curve
showing relationship of AR (changes in resistance after immunocomplex formation) and the varying concentration of anti-
HBcAg in diluted human serum solution incubated on HBcAg-functionalized electrode (B). HBcAg-functionalized SPE
(black square), and HBcAg-functionalized SPE that was incubated with unspiked serum (negative control) (red circle),
3.91 ng mL™ anti-HBcAg in diluted serum (green triangle), 7.81 ng mL™ anti-HBcAg in diluted serum (blue diamond),
15.63 ng mL™ anti-HBcAg in diluted serum (cyan haxagon), 31.25 ng mL™ anti-HBcAg in diluted serum (magenta star),
61.25 ng mL™ anti-HBcAg in diluted serum (yellow pentagon), and 125.00 ng mL™ anti-HBcAg in diluted serum (violet
hollow star).
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Based on the result obtained, the immunosensor was able to detect the anti-HBcAg
within the concentration of 3.91 ng mL™to 125.00 ng mL1, with LOD of 5.60 ng mL™ at
3 o m'. There is 17.77% increment of Rct compared to SPE/rGO-en-
AuUNPs/HBCAgQ/BSA in the case of unspiked serum, and this might be contributed by the
non-specific binding of some protein inside the serum to the HBcAg-functionalized
surface [40].The value of RSD for each R produced was calculated to compare
between the R produced by detection of pure anti-HBcAg (as in 3.2 Impedimetric
detection of anti-HBcAQ) and anti-HBcAg in the diluted human serum solution in order to
evaluate the accurateness and precision of R¢ produced to detect anti-HBCcAg in the
diluted human serum solution. It was found that RSD values to be 1.99 %, 0.57 %, 0.54
%, 4.59 %, 6.71 % and 6.90 % for the comparison between 3.91 ng mL™, 7.81 ng mL™,
15.63 ng mL™, 31.25 ng mL™, 62.50 ng mL™?, and 125.00 ng mL™" of pure anti-HBcAg
and anti-HBcAg in the diluted human serum. It was discovered that the HBCAg-
functionalized electrodes detected efficiently the anti-HBcAg in the diluted human serum
solution.

4. Conclusion

A protein-based antigen-functionalized SPE using rGO-en-AuNPs nanocomposite
targeting anti-HBcAg was developed. This anti-HBcAg immunosensor is able to detect
anti-HBcAg within clinically significant levels. Anti-HBcAg is a serological marker which
indicates the exposure of an individual to HBV. Hence, one of the potential applications
of this sensor is for the blood screening of anti-HBcAg prior to blood transfusion or
organ transplantation to healthy recipients. Since the usage of SPE is on a disposable
basis, this anti-HBcAg sensor will ease the clinical routine for anti-HBCcAg screening as
there will be no need for cleaning the electrode. This label-free anti-HBCAg
immunosensor employed the immunoaffinity concept for an enhanced sensitivity and
specificity for the biorecognition of anti-HBcAg. In addition, further miniaturization work
for the development of a total integrated system is possible in view of the chosen
method of electrochemistry.
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