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      A novel electrochemical immunoelectrode was fabricated for Serum Amyloid A protein (SAA) sensing using gold nanoparticles modified 

electrode. The present study reports the optimization of electrochemical deposition parameters for gold nanoparticles (AuNPs) on ITO 

(Indium-tin-oxide) surface. AuNPs were electrochemically deposited on APTES (3-Aminopropyl) triethoxysilane) modified ITO surface to 

prepare the working electrode (AuNPs/APTES/ITO). This electrode is further used to fabricate immunoelectrode SAA-

Ab/AuNPs/APTES/ITO by immobilizing SAA-specific antibodies (SAA ½ Ab) on its surface. Characterization of prepared immunoelectrode 

is done by electrochemical characterization techniques (differential pulse voltammetry, cyclic voltammetry, electrochemical impedance 

spectroscopy), scanning electron microscopy, and XRD. Sensing by electrochemical techniques revealed that fabricated immunoelectrode 

can detect SAA when 10 μl of it (from an initial concentration of 10 fg ml-1 to 105 fg ml-1) is poured on the immunoelectrode and kept for 10 

min every time. The linearity equation is obtained with the lowest used concentration of SAA biomarker 10 fg ml-1 and the limit of detection 

(LOD) has been calculated using the equation 3σ/sensitivity which comes out to be 6.867 fg ml-1. 

 

Keywords: Serum amyloid A, SAA ½ antibodies, Immunoelectrode, Differential pulse voltammetry, Cyclic voltammetry, Electrochemical 
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INTRODUCTION 
 

      Viruses can cause serious infectious diseases in the 

human body. Various health issues are being faced by 

humanity due to the COVID-19 pandemic such as effects on 

human body organs, mental health, and weak immunity. 

Inflammatory response by human innate immunity is seen 

after various viral infections in the human body by the 

production of cytokines which leads to cytokine storm [1]. 

Various protein-based biomarkers show an increase or 

decrease in their concentrations in the human body during 

cytokines/chemokines thus produced  [2]. Various viral 

infections have shown the production of Serum Amyloid-A 

(SAA), an apolipoprotein (APO) in human serum at the                       

very beginning  of  viral  infection  [3-6].  Its  concentrations  
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may start to increase within 24 h after infection. This increase 

is sometimes 1000-fold of its original concentration and 

starts decreasing very fast during the convalescent stage [5, 

7-9]. This pattern can be compared with C-Reactive Protein 

(CRP) concentration which is a good biomarker for bacterial 

infection with the same clinical symptoms in the patients 

[10]. In a viral infection, CRP concentration may or may not 

change [5,10,11]. Investigating/testing specific molecular 

alterations or biomarkers is safe, non-invasive, cost-effective, 

easy, and rapid. Findings on the production of SAA 

suggested that its synthesis in hepatocytes by the liver is 

stimulated by the production of cytokines as a result of 

inflammation which acts as a mediator in its synthesis like 

IL-1 and IL-6 etc. [5,8,12]. Enzyme immunoassay (ELISA), 

radioimmunoassay, and latex agglutination nephelometric 

immunoassay are techniques that are used to detect SAA. 

ELISA  is  a  time-consuming,  costly,  labor-intensive,  and  
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complex technique. It is a sophisticated technique in which 

material preparation and the remaining process takes 

approximately few hours. Radioimmunoassay possesses 

many challenges and is a risky technique due to the use of 

radioactive material. The short life span of radiolabelled 

substances, their disposal, and the high cost of reagents and 

equipment make it a very complicated and expensive 

technique [5,12]. Although latex agglutination nephelometric 

immunoassay is rapid and less expensive but there is 

susceptibility to false-negative reactions and reactions are at 

best semi-quantitative. Furthermore, the presence of 

inflammatory biomarkers and their clinical and radiological 

signs becomes visible only after the onset of the viral 

infection with a delay which leads to delay in treatment. Early 

detection of SAA is vital for improvement of gradual 

outcomes. In some cases, cytokines production is not enough 

to produce SAA even after viral infection and sometimes 

even in convalescent stage, its concentration remain higher 

might be due to the presence of coinfection with bacteria 

which is another challenge in the detection of SAA. There is 

a requirement for a handheld device that is capable to detect 

SAA with minimum time, cost, effort, and expertise. It can 

help to reduce the time gap between the onset of viral 

infection symptoms and detection of SAA in human serum at 

the very early stage of infection which is a pre-requisite to 

check on the spread of a viral pandemic like COVID-19. 

Keeping this in view, an electrochemical immunoelectrode is 

prepared and presented in this manuscript which works on 

the principle of a biosensor. 

      Biosensors are gaining importance in medical diagnostics 

due to their wide sensing applications as they are non-

invasive, rapid, cheap, and easy to use to detect various 

biomarkers [13]. As direct handling of viral elements is not 

safe so fabrication of biosensors is required. Electrochemical 

biosensors are highly sensitive, selective, stable, 

reproducible, reliable, and low-cost in clinical diagnosis. 

Electrode surfaces modified with AuNPs help to enhance 

specificity and sensitivity and act as an interface for the 

electrocatalysis of redox processes between molecules of 

bulk electrode material and redox proteins by facilitating 

electron transfer between them [14]. For this reason, AuNPs 

deposited electrodes are often used as desired 

immunoelectrodes.   But   as  they   have   high   background  

 

 

current, their signal-to-background ratio is high. So, their 

combination with ITO is favorable and has low background 

current [14]. Electrochemical deposition of noble metal 

nanoparticles on conductive surfaces has many advantages 

such as easy-to-control nanoparticles size, rapid deposition 

rate, and low cost. 

      SAA electrochemical immunoassay was reported by Xia 

et al. [12] to detect SAA as a chronic inflammatory 

biomarker by using carboxy-endcaped polypyrrole-modified 

GCE and multiwalled carbon nanotubes supported by 

chitosan and ionic liquid. Lee et al. reported the detection of 

SAA 1 as a lung cancer biomarker by fabricating an AAO 

(Anodic Aluminium Oxide) chip-based nano biosensor 

worked on the principle of localized surface plasma 

resonance and interferometry. SAA-specific antibodies 

identified SAA antigen on gold modified surface of the AAO 

chip [15]. Timucin et al. developed an antibody array-based 

immunosensor to detect SAA as a marker for cardiovascular 

disease [16]. A.L. Pastore et al. reported SAA as a biomarker 

for Renal Cell Carcinoma [17]. Iva Soric Hosman et al. 

reported SAA as an inflammatory rheumatic disease 

biomarker [9] and E. Malle et al. reported SAA as a 

prominent acute phase reactant for allograft rejection [18].  

      In the present manuscript, the electrochemical technique 

is used, first to optimize the electrochemical deposition 

parameters for gold nanoparticles (AuNPs) on the ITO 

surface. Secondly, for the characterization of fabricated 

immunoelectrode and then for biosensing to detect SAA 

biomarker with the help of fabricated immunoelectrode. This 

technique is a proven efficacious tool for biosensing owing 

to its cost-effectiveness, rapid detection time, accuracy, 

biocompatibility, and convenience [19] [20]. 

Electrochemical sensors are used to detect a large number of 

biomolecules without any harm to human body cells [21] 

[22]. In the present work, the ITO surface is hydrolyzed 

before modification with SAM (self-assembled monolayer) 

of APTES on it. This modified ITO is further modified with 

electrochemical deposition of gold nanoparticles & 

immobilization of SAA-specific antibodies and this 

fabricated immunoelectrode is used to detect SAA               

biomarker by immobilized SAA-specific antibodies on 

AuNPs/APTES/ITO surface (Scheme 1).  
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EXPERIMENTAL  
 

Chemical and Reagents 
      Hydrogen   tetrachloroaurate (III)   (HAuCl4.3H2O)   was  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

purchased from CDH and APTES (3-Aminopropyl) 

triethoxysilane) is Himedia make, SAA 1/2 antibodies (SAA 

½ Ab, IgG polyclonal) purchased from Affinity Biosciences 

and Serum Amyloid A (APO-SAA) protein is Prospec make  

 

 

 
Scheme 1. Schematic representation of fabrication of immunoelectrode 
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which is prepared in triple distilled water. All other 

analytical-grade chemicals were used without any further 

purification. To prepare buffer solutions, de-ionized water 

was used.  

 

Experimental Instrument 
      Advanced potentiostat/Galvanostat 204, an 

electrochemical analyzer with three electrodes (reference and 

counter electrodes used were Ag/AgCl and platinum wire 

respectively) was used. The electrochemical deposition was 

done by using this instrument with cyclic voltammetry (CV) 

technique and electrochemical characterization was done 

with the help of CV, electrochemical impedance 

spectroscopy (EIS), and differential pulse voltammetry 

(DPV) techniques. 

 

Fabrication of AuNPs/ITO and AuNPs/APTES/ITO 
Electrodes by Electrochemical Deposition and 
Checking the Stability of Both the AuNPs-modified 
Electrodes 
      For electrochemical deposition of AuNPs, the solution 

was prepared with 0.01 M Na2SO4, 0.01 M H2SO4, and 1mM 

HAuCl4.3H2O [23]. Two bare ITO electrodes (of 2 cm × 1 cm 

length and breadth) were first cleaned with acetone, ethanol, 

and distilled water for 10 min each time and then                   

dried ultrasonically. AuNPs were directly deposited 

electrochemically on bare ITO by CV technique using a 

potential range of -0.01 to 1.3 V and 100 mV s-1 scan rate for 

60 cycles. Another dried bare ITO is hydrolyzed with 

NH4OH:H2O2:distilled H2O (1:1:5 v/v) for 1 h. After drying 

it for 30 min, the ITO surface was modified with 2% APTES 

in ethanol for 1.5 h and then washed with ethanol to remove 

excess APTES from the ITO surface [14]. Fabricated 

APTES/ITO was modified with gold nanoparticles 

electrochemically by CV technique at a potential range of            

-0.6 to 1.5 V using a 100 mV s-1 scan rate for 60 cycles.  

      AuNPs were electrochemically deposited for 60 cycles as 

after running 60 cycles, only slight changes were observed in 

the increase in redox peak currents in both electrodes. The 

potential bonding of AuNPs with APTES depends on the free 

terminal amine groups of APTES away from the 

hydroxylated  surface  of  ITO. The availability of more free  

 

 

amine groups leads to more attachment of AuNPs on 

modified ITO which further affects the surface-wetting 

properties of ITO [24,25]. It could be the reason for increased 

redox peak currents in the case of electrochemical deposition 

of AuNPs on APTES/ITO as compared to direct 

electrochemical deposition on ITO. The stability of both the 

fabricated electrodes was observed during characterization in 

PBS buffer solution (pH 7.4) containing 5 mM [Fe (CN)6]3−/4− 

and it was analyzed that AuNPs/APTES/ITO electrode is 

comparatively more stable than AuNPs/ITO hence it was 

further modified for biosensing purpose.  

   

Immobilisation of SAA-specific Antibodies by SAM 
onto AuNPs/APTES/ITO  
      A 10 μg ml-1 concentration of SAA 1/2 antibodies solution 

was prepared in 100 mM PBS buffer solution (pH 7.4 with 

0.02% sodium azide, 150 mM NaCl and 50% glycerol). 20 μl 

of this solution was dispersed on AuNPs/APTES/ITO 

electrode and kept for one day for immobilization of 

antibodies by self-assembled monolayer (SAM) formation. 

This fabricated electrode (SAA-Ab/AuNPs/APTES/ITO) 

was then used for the detection of SAA biomarker by 

different electrochemical methods. 

 

Characterization 
      Field emission scanning electron microscope (JEOL FE-

SEM JSM-7610FPlus equipped with EDX analysis tool)                

was used for morphological characterization of 

AuNPs/APTES/ITO and SAA-Ab/AuNPs/APTES/ITO. 

EDX spectrum was obtained by using an operation voltage of 

20 kV over a collection period of 164 s. An X-Ray diffraction 

analyzer (XRD, Rigaku Smart Lab Studio II, Cu K-Alpha 

radiation, ʎ = 0.1541 nm) was used to determine the 

crystalline structures of the deposits. The electrochemical 

characterization was done on instrument Potentiostat/ 

Galvanostat (Autolab 204) before and after each step 

modifications of ITO (Bare ITO, APTES/ITO, 

AuNPs/APTES/ITO, and SAA-ab/AuNPs/APTES/ITO) as 

working electrodes, reference, and counter electrodes used 

were Ag/AgCl and platinum wire respectively, in 100mM 

PBS buffer solution (pH 7.4) with 0.9% NaCl and 5 mM                  

[Fe(CN)6]3−/4−. 
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RESULTS AND DISCUSSION 
 

Field Emission Scanning Electron Microscopic (FE-
SEM), EDX (along with Elemental X-Ray Mapping) 
and XRD Studies 
      FESEM surface morphological studies were conducted 

for AuNPs/APTES/ITO electrode and SAA-

ab/AuNPs/APTES/ITO immunoelectrodes. AuNPs can be 

seen as scattered individuals as well as aggregated spherical-

shaped nanoparticles on APTES-modified ITO surface         

(Figs. 1a and b) while after immobilization of SAA 

antibodies on AuNPs modified surface (Fig. 1c), a dark rough 

surface can be seen in the background of immobilized 

antibodies which was least visible after AuNPs deposition. 

From the FESEM image (Fig. 1b), 18 particle sizes were 

considered to calculate the average size of the particles which 

comes out to be 81.66 nm. The particle size range was 30 nm 

to 120 nm with most of the particles having a size range 

between 30 nm to 70 nm. EDX provides the elemental 

composition of electrode AuNPs/APTES/IT (Fig. 1d). XRD 

diffraction pattern acquired for AuNPs/APTES/ITO 

electrodes shows different peaks for AuNPs and ITO              

(Fig. 1e). These distinctive peaks for AuNPs are at 38.18°, 

44.36°, 64.60° and 77.61° in the 2θ range of 10° to 80° and 

their crystallographic planes are indexed as (111), (200), 

(220), and (311) respectively. Comparison of peaks in the 

XRD pattern with the standard database (GI-ICDD PDF card 

number 00-001-1172) confirmed the face-centered cubic 

(fcc) crystalline gold phase and as per Scherrer equation                      

(D = kλ/βcosθ), crystallite size is 11.06 nm and average 

crystallite size for four AuNPs peaks is 16.82 nm. Elemental 

X-Ray mapping of AuNPs/APTES/ITO (Fig. 1f) shows the 

pattern of distribution of various elements on the electrode 

surface.  

 

Electrochemical Characterisation  
      Electrochemical measurements by CV, DPV, and EIS 

have been used to define the properties of modified ITO 

surfaces. Quasireversible CV profiles of bare ITO and                    

each modified surface in a mixture of 100 mM PBS buffer                 

solution (pH 7.4) with 0.9% NaCl and anionic probe                        

5 mM  [Fe(CN)6]3−/4−  (in -0.5 to 0.7 V  potential  range  and                         

 

 

50 mV s-1 scan rate ), have shown variations in peak current 

and peak potential differences (Fig. 2a) which indicates that 

electron transfer resistance & other electron exchange rate 

constants vary with each modification of ITO. 5 mM 

[Fe(CN)6]3−/4−  redox probe is used for investigation of surface 

properties of electrode surface before and after its every 

modification [26,27]. CV of bare ITO exhibits a peak-to-peak 

potential difference of 0.27 V with oxidation and reduction 

peak potentials at 0.26 V and -0.02 V respectively with a peak 

current difference (between oxidation and reduction currents, 

ΔIp) of 1078.68 μA. A decreased value of  ΔIp was observed 

to be 775.21 μA after modification of ITO with SAM of 

APTES with an increased peak potential difference (ΔEp) 

value of 0.59 V. This decreasing peak current can be ascribed 

due to electron transfer inhibition between redox probe [Fe 

(CN)6]3−/4− to the electrode surface which also indicates the 

formation of SAM of APTES. Further, an increase in redox 

current (ΔIp 1029.30 μA) was seen with the peak potential 

difference of 0.36 V upon modification of this electrode 

(APTES/ITO) with gold nanoparticles (AuNPs/APTES/ITO) 

by using cyclic voltammetry. The reason might be the large 

surface area of conducting AuNPs helps in faster electron 

transfer between the modified electrode and redox probe and 

also indicates electrochemical deposition of AuNPs on 

APTES-modified ITO. A decrease in redox current (ΔIp 

1009.89 μA) and an increase in peak potential difference 

(ΔEp 0.71V, with redox potential peaks at -0.32 V and 0.39 V 

respectively) between redox waves was observed when 

AuNPs modified electrode was further modified by 

immobilizing SAA biomarker specific antibodies  (SAA-

Ab/AuNPs/APTES/ITO) which might be due to formation of 

insulating layer after immobilization at the surface of 

electrode which hinders electron transfer between redox 

probe and immunoelectrode considerably showing covalent 

bonding between AuNPs and immobilized antibodies [28, 

29]. Similar results were obtained with a DPV scan (Fig. 2b) 

of the same electrodes (in the -0.3 to 0.7 V potential range). 

Numerical values for average redox peak potentials, average 

redox peak current difference of CVs, and average charge 

transfer resistance (Ret) along with their standard deviations 

before and after each modification of ITO has been presented 

in Table 1 for the total number of experiments performed. 
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Fig. 1. FESEM images of AuNPs/APTES/ITO (a and b), SAA-Ab/AuNPs/APTES/ITO (c). EDX analysis (d), XRD for the 

fabricated electrode (e), and elemental X-Ray mapping of AuNPs/APTES/ITO (f). 

 
Table 1. Average Redox Peak Potentials, Average Redox Peak Current Difference of CVs, and Average Charge Transfer 
Resistance (Ret) along with their Standard Deviations (before and after each Modification of ITO) for the Total Number of 
Experiments Performed 
 

Electrode type No. of 
Experiments 

(n) 

Average 
ΔEp (V) 

(+) 
Standard 

deviation of 
average ΔEp 

Average 
ΔIp (µA) 

 

(+) 
Standard 
deviation 
of average 

ΔIp 

Average 
charge 
transfer 

resistance 
Ret (Ohm) 

(+) 
Standard 
deviation 
of average 
Ret (Ohm) 

ITO 8 0.271 0.008 1078.155 1.785 677.038 4.077 
APTES/ITO 8 0.590 0.011 775.096 3.070 1728.372 4.084 
AuNPs/APTES/ITO 8 0.364 0.005 1029.137 2.336 258.106 2.422 
SAA-
Ab/AuNPs/APTES/ITO 

8 0.712 0.007 1009.090 1.133 1121.043 2.662 
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Fig.2. (a) CV, (b) DPV & (c) EIS of ITO, APTES/ITO, 

AuNPs/APTES/ITO & SAA-Ab/AuNPs/APTES/ITO 

electrodes in 100mM PBS buffer solution (pH 7.4) with 0.9% 

NaCl and 5 mM [Fe (CN)6] 3−/4−. 

 

 

      Bare ITO & each modification step of ITO to fabricate 

SAA-Ab/AuNPs/APTES/ITO were further characterized 

with electrochemical impedance spectra (EIS) which can 

qualitatively & quantitatively characterize the decorated 

electrodes. The Nyquist plots obtained with Zre (real part of 

impedance) and -Zim (imaginary part of impedance) after EIS 

measurements, indicated the hindrance offered by electrode 

surface in charge transfer from the electrolyte solution to 

electrode thus change in Ret (charge transfer resistance), can 

be correlated with modification of ITO surface. The 

semicircle region of the impedance spectrum corresponds to 

the Faradaic electron transfer process (seen at higher 

frequencies) while the linear region of this spectrum 

corresponds to the diffusion-related step of the 

electrochemical process (at lower frequencies). In the 

Nyquist plot, Ret of the well-conducting substrate is 

represented by the diameter of the semicircle which is used 

to study the modified electrode’s interfacial properties [29-

32]. Nyquist plots for bare ITO and its modifications at each 

step are obtained and are shown in Fig. 2c. The semicircle 

region of bare ITO is much smaller than APTES/ITO which 

indicates modification of ITO with SAM of APTES. 

Corresponding Ret values of ITO and APTES/ITO (677.14 & 

1728.64 Ω respectively) are also indicating less conductivity 

of APTES/ITO as compared with ITO. The obtained 

decreased Ret value after modification of APTES/ITO with 

AuNPs is 258.65 Ω which may be due to the good 

conductivity of gold nanoparticles which act as electron relay 

and also confirms electrochemical deposition of AuNPs on 

APTES-modified ITO surface. Ret value further increased to 

1121.62 Ω when SAA-specific antibodies were immobilized 

on the surface of AuNPs/APTES/ITO which shows less 

conductivity of this modified electrode (SAA-

Ab/AuNPs/APTES/ITO) due to formation of insulating layer 

after immobilization of antibodies onto AuNPs at the 

electrode surface resulting in impedance of mass and charge 

exchange due to protein molecule’s insulation property. 

Change in Ret value of this electrode also confirms 

immobilization of antibodies. Impedance spectra thus 

obtained confirms successful immobilizations of modified 

materials on electrode surface after every step of 

modification and also in conformity with obtained CV 

measurements pattern.  
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      Electron transfer behavior of redox probe 5 mM                 

[Fe(CN)6]3−/4−) at APTES/ITO, AuNPs/APTES/ITO 

electrodes & SAA-Ab/AuNPs/APTES/ITO  

immunoelectrode was studied at scan rates in the range of 10 

to 200 mV s-1 (Figs. 3a, c and e respectively). An increase in 

redox current peaks was observed with an increase in scan 

rates. The ratio of peak oxidation current (Ipa) & peak 

reduction current (Ipc) is close to one which indicates the 

quasi-reversible nature of CV obtained and quasi-reversible 

electron transfer kinetics which is further confirmed by the 

increasing value of peak potential difference (ΔEp) with 

oxidation peak shifting towards higher potential and 

reduction peak shifting towards lower potential when scan 

rates are increased [33,34]. Linear plots shown for all these 

three modified electrodes at different scan rates (Figs. 3b, d, 

and f respectively) describe the relationship between scan 

rates square roots and redox peak currents (Ipa & Ipc) [27]. 

These plots show linear increasing redox peak currents (Ipa 

and Ipc) with respect to scan rates square root from 10 to                 

200 mV s-1 with R2 (regression coefficient) values for 

APTES/ITO as 0.98 and 0.99 (respectively), for 

AuNPs/APTES/ITO as 0.99 and 0.99 (respectively) and 

SAA-Ab/AuNPs/APTES/ITO as 0.96 and 0.99 

(respectively).  

 

Electrochemical Response Studies 
      SAA biomarker was prepared in 100 μl triple distilled 

water to make a stock solution with 100 μg ml-1 concentration 

which was further used to make other lower concentrations 

of  SAA.  In  the  investigation   of   electrochemical  current  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

response with the use of the DPV technique (potential range 

from -0.3 V to 0.7 V) for SAA-Ab/AuNPs/APTES/ITO 

immunoelectrode as a function of SAA concentration, 

currents in recorded DPVs were found to decrease starting 

from no SAA antigen present in redox probe and then on 

pouring 10 μl of  SAA (concentrations of 10 fg ml-1,                  

102 fg ml-1, 103 fg ml-1, 104 fg ml-1 and 105 fg ml-1) on SAA-

Ab/AuNPs/APTES/ITO immunoelectrode (Fig. 4a) 

[27,35,36]. DPVs were recorded by pouring 10 μl of each 

concentration on immunoelectrode and keeping it for 10 min. 

A decrease in DPV current can be ascribed due to the 

formation of the SAA/SAA-Ab complex which might offer 

resistance in the electron transfer process. The obtained 

calibration plot (Fig. 4b) indicated a linear relationship 

between peak current values in each recorded DPV and SAA 

concentration. The linearity Eq. (1) is as follows: 

 

I (μA) = -10.96193 X (μA/log(fg ml-1) [logSAA (fg ml-1)] + 
106.57353 μA                                                        (1) 

  

The regression coefficient for the linearity equation is (R2) 

0.98. The limit of detection (LOD) has been calculated by 

applying the 3σ/sensitivity equation. The slope of the 

linearity curve has determined the sensitivity of fabricated 

bioelectrode. The standard deviation of the blank electrode 

has been taken into consideration for calculation [38-40]. 

Using this formula, the LOD is found to be 6.867 fg ml-1. 

      The results of present studies have been compared with 

results obtained by different techniques reported in the 

literature for the detection of SAA biomarker (Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Comparisons of Fabricated Immunoelectrode with other Biosensors Prepared by Different Techniques Reported in 

the Literature for the Detection of SAA Biomarker 

 

Technique Substrate type Sample type Detection limit Linear range Ref. 

Electrochemical immunoassay GCE Synthetic 0.3 pg ml-1 0.001-900 ng ml-1 [12] 

LSPR (coupled with 

interferometry) based optical 

biosensor 

AAO Chip Synthetic 100 ag ml-1 10 ag ml-1 to  

1 μg ml-1 

[15] 

MIP-based electrochemical 

biosensor 

Screen printed 

electrode 

Synthetic 0.01 pM 0.01 pM to 1 μM [37] 

Electrochemical ITO Synthetic 6.87 fg ml-1 10 to 105 fg ml-1 Present work 
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Fig. 3. CV plots at scan rates from 10 mV to 200 mV & linear plots of reduction & oxidation peak currents (Ipc & Ipa) against 

scan rates square roots for APTES/ITO (a & b), AuNPs/APTES/ITO (c & d), SAA-Ab/AuNPs/APTES/ITO (e & f) electrodes 

in PBS (pH 7.4, 100 mM & 0.9% NaCl) with 5 mM [Fe(CN)6]3−/4−. Slopes and intercepts along with R2 values are also shown 

for respective Ipc and Ipa in linear plots b, d, and f. 
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Effect of Interferents on SAA-
Ab/AuNPs/APTES/ITO Immunoelectrode 
      Fabricated immunoelectrode was tested for different 

interferents in the sample like urea (1 mM), uric acid (0.1 

mM), glucose (5 mM), ascorbic acid (0.5 mM), and their 

mixtures (1 mM) using 105 fg ml-1 concentration solution of 

SAA in 1:1 ratio. The first bar for SAA in Fig. 5, represents 

the current obtained when 10 μl of SAA of concentration                  

105 fg ml-1 was poured and kept on the immunoelectrode 

surface for 10 min. The remaining bars represent the current 

for the mixture of SAA with other interferents in a 1:1 ratio. 

The result of maximum interference was 7.32% for uric acid 

which may be due to its acidic nature. The interference 

percentage was calculated by using below equation: 

 
      % interference = [ISAA-IInter]                                   (2)
             ISAA                                 

Here, ISAA is the current obtained for SAA concentration             

105 fg ml-1 and IInter is the current obtained for the mixture of 

SAA and other interferents in a 1:1 ratio.  

 
CONCLUSION 
 

      A     cost-effective,     sensitive,     and     rapid-response 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. Effect of different interferents onto SAA-

Ab/AuNPs/APTES/ITO immunoelectrode. 

 

 

electrochemical immunoelectrode has been fabricated by 

attaching antibodies on AuNPs modified surface of 

APTES/ITO. The prepared SAA-Ab/AuNPs/APTES/ITO 

immunoelectrode is capable to detect SAA antigen in the 

linear range of 10 fg ml-1 to 105 fg ml-1 with the lowest used 

concentration of SAA 10 fg ml-1 and LOD 6.867 fg ml-1. 

Fabricating a viral infection-specific biomarker 

immunoelectron has an advantage over the detection of virus  

 
Fig. 4. a) DPVs recorded for immunoelectrode SAA-Ab/AuNPs/APTES/ITO upon increasing concentration of                     

SAA starting from 0 to10 fg ml-1, 102 fg ml-1, 103 fg ml-1, 104 fg ml-1 and 105 fg ml-1) b) Calibration plot of decreasing                    

peak current values in each recorded DPV as a function of the logarithm of SAA concentrations from 10 fg ml-1,                            

102 fg ml-1, 103 fg ml-1, 104 fg ml-1, and 105 fg ml-1). 
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in the sample as the latter is evolving entity with mutations 

in its structure and its detection becomes difficult with 

existing techniques. The proposed immunoelectrode is 

capable of early detection of viral biomarker with less sample 

requirement which further minimizes the risk of infection. 

The fabricated immunoelectrode under optimized conditions 

has wide potential and can be used in various fields like 

environment and medical diagnosis. As the proposed 

immunosensor is AuNPs-based which tends to aggregate 

with the span of time, thus their electrocatalytic properties 

hence their sensing behavior may vary with increasing shelf 

life. We are working towards the stabilization of gold 

nanoparticles by making their stable composites with suitable 

materials. 
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