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Coronary heart disease, coronary syndrome and other cardiovascular diseases are globally predominant 

fatal conditions, although they can be prevented to a large extent. The determination of proper 

therapeutic options can be facilitated by copeptin level detection. A nanocomposite of reduced 

graphene oxide (RGO) and titania (TiO2) was employed to fabricate a tag-free biosensor in this 

contribution. To specifically recognize and detect copeptin, this RGO-TiO2 nanocomposite was 

functionalized with antibodies that are conjugated by protein (horseradish peroxidase). This biosensor 

exhibits enhanced biosensing traits for copeptin determination. Small-scale diagnostic equipment could 

be developed on the basis of this Ab-copeptin/RGO–TiO2/ITO immunoelectrode. 
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1. INTRODUCTION 

Globally, cardiovascular diseases are primary fatal conditions, although they can be prevented 

to a large extent. Increased blood cholesterol concentration, namely, hypercholesterolemia, is among 

the top significant causes of increased cardiac arrest and cardiovascular disease occurrence, and thus, 

in clinical applications, it is essential to estimate blood cholesterol levels. It is clinically significant for 

patients with symptoms indicative of an acute coronary syndrome to be evaluated at an early stage. In 

these cases, possibly misguiding patient histories and/or electrocardiographic results can be 

increasingly complemented by biomarker determination. Since cardiac troponin can facilitate the 

therapeutic options and features convenient detection and myocardial tissue specificity, it is regarded 

as the exclusive marker and is normally employed in this case. However, it may also be useful for the 
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levels of copeptin and other markers specific to non-myocardial tissue to be determined. In 1972, 

Holwerda illustrated copeptin (arginine vasopressin (AVP)-associated glycopeptide) for the first time 

[1]. Containing a leucine-rich core segment, it is glycosylated and composed of 39 amino acids. A 

signal peptide (AVP), neurophysin II and copeptin make up preprovasopressin (a 164-amino acid 

precursor), from which copeptin is derived, similarly to AVP, and hence, copeptin is regarded as the 

C-terminal part of pro-AVP (CT-proAVP). For a long time, there has been no clear information about 

the physiologic function of copeptin, while AVP transfer (hypothalamus-neurohypophysis) is achieved 

by neurophysin II as a carrier protein. A possible prolactin-releasing factor role of copeptin was 

implicated by earlier studies [2], but this was later disproven [3]. In recent years, copeptin has been 

implied to help achieve the correct structural formation of the AVP precursor, as a basis for its 

effective proteolytic maturation [4]. It is most likely that an interaction between the calnexin–

calreticulin system and copeptin occurs [5, 6]. Featuring protein-folding monitoring, this system 

interacts to a great extent with glycosylated proteins, leading to an increase in active hormone 

production and a decline in inactive hormone generation. Therefore, the pathogenesis of central 

diabetes insipidus can possibly be attributed to unproductive monomer folding without copeptin. 

Copeptin existing in a steadier oxytocin precursor is likely to be attributable to this supposition.  

Two polyclonal antibodies to the amino acid sequence 132–164 of preprovasopressin are 

employed in the precursor’s C-terminal domain, constituting a sandwich immunoluminometric assay 

for copeptin assessment that has been proposed in recent years  [7]. Significant dynamics and precision 

are achieved by one antibody being tagged with acridinium ester for the determination of 

chemiluminescence, with the other bound to polystyrene tubes. This assay has remarkable potential to 

achieve mature AVP measurement.  

The fields of food safety, environmental surveillance and global health are witnessing rising 

interest in point-of-care diagnostic equipment design with the improvements in nanotechnology and 

nanoscience in recent years [8]. The selective and sensitive determination of aptamers, PNA, smRNA, 

pathogens, etc. can be achieved by multifunctional nanomaterials [9, 10]. In terms of biosensor 

preparation, biomolecule or protein conjugation can be boosted by the existence of carboxyl, carbonyl, 

epoxide, hydroxyl and other accessible functional species on the basal edges/planes of a GO sheet [11-

14].  

RGO is prepared by tuning the electrical conductivity of GO with chemical reduction. High-

speed heterogeneous electron shifts in RGO might be because its edge-plane-like defects are highly 

sensitive and it has extensive surface area, which lead to convenient functionalization with 

biomolecules, remarkable charge carrier mobility and boosted electrochemical traits in contrast to GO 

[15-23]. Furthermore, photodetectors, photovoltaics, field-effect transistors, biosensors and many other 

applications may be realized since RGO is mechanically flexible, inexpensive to synthesize and simple 

to prepare. Featuring non-toxicity, biocompatibility, low cost, strong oxidizing power and long-term 

stability, TiO2 is regarded as another attractive material [24-26]. In addition, effective electron shift 

coordination between electrode and protein molecules as well as favored protein adsorption can be 

accomplished by TiO2 nanoparticles. Many studies have examined the preparation of a TiO2 

nanocomposite and RGO platform for electrochemical immunosensor fabrication. van der Waals 

interactions between the oxygen moieties and the graphene basal plane on the surface of TiO2 might be 
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achieved by integrating RGO with TiO2 via straight self-assembly. The electrochemical performance 

might be boosted because TiO2 nanoparticles are uniformly distributed onto multilayered RGO. TiO2 

and RGO nanocomposite synthesis has been performed by Shen and co-workers.  

To determine copeptin, we propose an electrochemical tag-free immunosensor in this work. 

The research results are presented herein. Horseradish peroxidase (HRP)-conjugated antibodies that 

are specific to copeptin are immobilized by the electrophoretic deposition of the prepared TiO2–RGO 

composite onto a glass substrate that is coated with indium tin oxide (ITO). An extensive detection 

range and enhanced selectivity are realized through a desirably directed sensing platform offered by 

the HRP-conjugated antibodies on the TiO2–RGO nanocomposite. To the best of our knowledge, this 

is the first time that an TiO2–RGO composite has been employed for fabricating an electrochemical 

immunosensor for copeptin determination. 

 

 

 

2. EXPERIMENTS 

2.1. Chemicals 

Sigma-Aldrich was the material source for N-hydroxysuccinimide (NHS), N-ethyl-N-(3-

dimethylaminopropyl) carbodiimide (EDC), poly(diallyl dimethyl ammonium chloride) (PDDA, 20 

wt.%), titanium butoxide, ascorbic acid and acetic acid. M/s Genetix Biotech, Asia Pvt. Ltd. (India) 

was the material source for copeptin, bovine serum albumin (BSA) and protein (HRP)-conjugated 

antibodies specific to copeptin. JCNANO, INC was the material source for the graphene oxide powder. 

All other reagents were of analytical grade and were employed without further purification. A solution 

of 0.1 M KH2PO4 and K2HPO4 was mixed to obtain a proper pH value to prepare phosphate buffer 

solution (PBS). All experiments were performed with 18.2 MΩ cm Milli-Q water.   

 

2.2. Preparation of RGO-TiO2 nanocomposite 

A convenient hydrothermal technique was employed to prepare the TiO2 nanoballs. First, a 

mixture of acetic acid (20 mL) with added titanium butoxide (2 mL) was stirred for 0.5 h and added to 

a Teflon-lined stainless steel autoclave (50 mL), followed by 10 h of oven heating at a temperature of 

150 °C and natural cooling to ambient temperature. Centrifugation was used to collect the sediment, 

which was then washed. Subsequently, the TiO2 nanoballs were generated as the product upon heating 

to 500 °C. The synthesis of the RGO-TiO2 nanocomposite was achieved as follows. Sonication was 

used to disperse the TiO2 nanoballs (100 mg) in water (20 mL), which was subsequently mixed with 

PDDA (2 mL) with stirring for 2 h. Centrifugation was used to collect the PDDA-functionalized TiO2 

with water washing, followed by its dispersion in water (20 mL) for an additional period. 

Subsequently, PDDA-functionalized TiO2 was added to a GO dispersion (2 mL, 1 mg/mL). After being 

stirred for 1 h, the dispersion was mixed with ammonia solution (2 mL) and placed into a Teflon-lined 

stainless steel autoclave (50 mL), followed by 2 h of heating to 120 °C. Centrifugation was employed 

to collect the RGO-TiO2 nanocomposite. 
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2.3. Characterization 

An X-ray diffractometer (D8 Advance XRD, Bruker, Germany) with Cu Kα radiation was 

employed for the characterization of the crystal framework of as-prepared specimens. An Autolab 

potentiostat/galvanostat with a triple-electrode system (reference, auxiliary and working electrodes) in 

PBS (pH 7.0, 0.9% NaCl) containing 5 mM [Fe(CN)6]
3−/4−

 as the redox probe was used for the 

electrochemical analysis. The reference and auxiliary electrodes were Ag/AgCl (3 M KCl) and 

platinum wire, respectively. The surface functional species of the specimens were characterized via 

Fourier transform infrared spectrometry (FT-IR, PerkinElmer, and Spectrum BX II). 

 

2.4. Biosensing platform fabrication  

Prior to the covalent immobilization of antibodies (Ab-copeptin), the COOH group of the 

RGO/ITO electrode was activated using EDC as the coupling agent and NHS as the activator. A 1 

ng/mL antibody solution was freshly prepared in phosphate buffer (PBS, pH 7.4). Ten microliters of 

this solution was uniformly spread on the EDC/NHS-activated RGO-TiO2/ITO electrode surface, 

which was then incubated in a humid chamber for approximately 4 h at room temperature. A 

significant amide (CO–NH) bond could be yielded between the amine species of HRP-conjugated Ab-

copeptin and the carboxyl species of RGO via covalent interaction. Furthermore, this interaction could 

be boosted by HRP, which naturally interacts with TiO2 nanoparticles and RGO in an electrostatic 

fashion. The as-prepared immunoelectrode was rinsed with PB (pH 7.0) to remove free Ab-copeptin. 

To block non-specific sites, this Ab-copeptin/RGO-TiO2/ITO immunoelectrode was treated with a 1 

mg/mL BSA solution for approximately 4 h. The terminal BSA/Ab-copeptin/RGO–TiO2/ITO 

immunoelectrode product was stored at 4 °C storage when not in use.   

 

 

 

3. RESULTS AND DISCUSSION 

RGO and RGO-TiO2 are characterized via XRD (Figure 1). Since the interlayer distance 

becomes narrower and the RGO sheets are packed more tightly after the GO oxide species and 

intercalated water molecules are removed, GO reduction occurs, as revealed by the (002) reflection 

plane coinciding with the wide and predominant 23.5° (3.41 Å) peak [27]. TiO2 anatase phase is 

revealed by diffraction from the (101) and (200) planes coinciding with the 2θ = 24.8° and 48.2° 

peaks, which are significant in terms of the RGO–TiO2 nanohybrid. That anatase phase is present in 

the TiO2 is indicated by the (204), (211), (004) and (105) (JCPDS 894921) diffraction planes. The 

whole set of TiO2-related peaks are observed for the TiO2 nanoparticles. Nevertheless, the separation 

of the monitored RGO layers with the nanoparticle spacers and the absence of stacking are revealed by 

the (101) peak coinciding with an insignificant peak shown by the (200) diffraction plane in the RGO–

TiO2 composite, indicating that the observed RGO layers are separated by nanoparticles acting as 

spacers and are not stacked together [28]. A disordered framework of the graphene sheets is denoted 

by the absence of obvious graphite-related diffraction peaks.  
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Figure 1. Powder X-ray diffraction profiles of RGO and RGO–TiO2. 

 

As indicated in Figure 2A, RGO-TiO2 nanohybrid and RGO synthesis was verified via Raman 

spectroscopy studies. The atoms of carbon vibrate with the sp
3
 electronic configuration of disordered 

graphene, and thus, a D band occurs, as revealed by the 1345 cm
−1

 absorption peak in the inset. The in-

plane vibration of the sp
2
-bonded carbon atoms is related to the G band-linked 1585 cm

−1
 peak. The 

peaks associated with the anatase phase Eg (634 cm
−1

), A1g (511 cm
−1

) and B1g (397 cm
−1

) modes in the 

low-frequency domain are revealed in the Raman spectrum for RGO-TiO2. As indicated in the inset, in 

contrast to RGO, RGO-TiO2 exhibits lowered intensity in the D band (1347 cm
−1

). That the RGO-TiO2 

nanohybrid is formed is revealed by an insignificant lower shift in wavenumber. Since the average size 

of the sp
2
 region increases and defects are present in the RGO, the D/G intensity ratio of RGO-TiO2 is 

as low as 0.94 in contrast to the 1.31 obtained for RGO. After GO is reduced, there is an increase in 

graphene sheet defects, as denoted by a decreased D/G intensity ratio of the GO sheets. 

The 577 cm
−1 

peak reflecting absorption corresponding to Ti–O bonding is observed for the 

RGO–TiO2/ITO film, as indicated in its FT-IR spectra in Figure 3. The C–H stretching vibration on the 

surface of the nanocomposite is reflected by the 959 cm
−1

 peak. That GO sheets are present in the 

RGO–TiO2/ITO film is revealed by 1748 cm
−1

, 1661 cm
−1

, 1221 cm
−1 

and 1050 cm
−1

 peaks. The C=O 

stretching vibrations of COOH species were reflected by the first peak [29], C=C aromatic vibrations 

by the second, and C–O stretching vibrations by the last two. 

UV-Vis studies were conducted on the ant-TiO2 and RGO–ant-TiO2 from 200 to 700 nm. The 

absorption peak found at 265 nm is due to the quantum confinement effect of the ant-TiO2. The direct 

band gap (Eg) of ant-TiO2 was estimated to be 3.8 eV, which is higher than that of the bulk material. It 

can be seen that distinct peaks appear at 334 nm and 250 nm, corresponding to the π–π* transition of 

the aromatic C–C bonds of RGO modified with ant-TiO2 [30, 31].  
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Figure 2. (A) Raman spectra of the RGO-TiO2 nanohybrid and Raman spectra of RGO (inset) and (B) 

the plot of (αhν)
2
 vs. band energy (eV). 

 

The vibrations in non-oxidized graphitic regions account for the intensive peaks in the vicinity 

of the 1598 cm
−1

 peak. After BSA and Ab-copeptin are immobilized, amide bonds can form, thus 

increasing the intensity of the 1598 cm
−1

 peak. Since Ab-copeptin and then BSA are incorporated onto 

the RGO–TiO2/ITO nanohybrid surface, there is a peak transfer in the fingerprint domain ranging from 

500 to 600 cm
−1

. The surface functionalization by BSA and Ab-copeptin is indicated by extra peaks, 

namely, the 3199, 2027 and 1045 cm
−1 

peaks. 

 

 
Figure 3. FT-IR spectra of the RGO-TiO2/ITO nanohybrid and the BSA/Ab-copeptin/RGO-TiO2/ITO 

immunoelectrode. 
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As indicated in Figure 4, the original ITO electrode, RGO–TiO2/ITO nanohybrid, Ab-

copeptin/RGO–TiO2/ITO immunoelectrode and BSA/Ab-copeptin/RGO-TiO2/ITO immunoelectrode 

were characterized in PBS containing 5 mM [Fe(CN)6]
3−/4−

 via cyclic voltammetry (CV) profiles at a 

scan rate of 20 mV/s. Since the electrons are transported at a high speed between the electrolyte and 

electrode, the oxidation current for RGO–TiO2/ITO electrode shifts to a more elevated potential in 

contrast to the original ITO, with an approximately 4-fold rise in the current magnitude of the former. 

This may be attributed to the heterogeneous electron transfer in the graphene sheet and oxygen-

containing groups at the edges of the graphene sheets. Additionally, the excellent electrocatalytic 

ability of the TiO2 embedded in the RGO results in faster electron transfer between the electrode and 

electrolyte. The protein molecules’ insulating nature causes a decline in current with an insignificant 

shift to a lower potential, where the electron flow declined, which was attributed to the 

functionalization of the RGO–TiO2/ITO electrode by the Ab-copeptin that was conjugated with the 

macromolecular protein. The current magnitude declines due to the impeded electron shift between the 

electrode and the medium, because the Ab-copeptin/RGO–TiO2/ITO electrode was modified by BSA, 

which is insulating. 

 

 
 

Figure 4. CV spectra of ITO, RGO-TiO2/ITO nanohybrid, Ab-copeptin/RGO-TiO2/ITO 

immunoelectrode and BSA/Ab-copeptin/RGO-TiO2/ITO bioelectrode. 

 

Amperometric immunosensors are commonly fabricated for target molecule determination. 

However, in a label-free immunoassay process, amperometric immunosensors are not suitable for the 

detection of non-active immunocomplexes. EIS can monitor the target substance directly without 
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labeling, and thus, it is expected that a direct immunosensor analysis method can be developed based 

on EIS. The impedance values of the BSA/Ab-copeptin/RGO–TiO2/ITO were recorded at different 

concentrations of copeptin [32]. As indicated in Figure 5, the BSA/Ab-copeptin/RGO–TiO2/ITO 

immunoelectrode was characterized via its impedimetric response as a function of copeptin 

concentration (10–500 ng/mL) with 5 min incubation in PBS containing [Fe(CN)6]
3−/4−

. As the 

concentration of copeptin rises, the capacitance declines, possibly because of variation of the 

dielectric/blocking traits of the electrolyte–electrode interface caused by the interaction between the 

antigen and antibody. Since Ab-copeptin interacts with copeptin, it is predictable that the capacitance 

would decline because of the increased electrolyte–electrode distance. Furthermore, because a 

decreasing number of polar copeptin protein molecules substitute water molecules on the surface of the 

electrode, the capacitance decline results from copeptin and Ab-copeptin interaction. The plotted 

variation in capacitance vs. the analyte (antigen) concentration could be employed for the calibration of 

the capacitive immunosensor, with 10–500 ng/mL obtained as the linear relationship range. In similar 

circumstances, the capacitance variation as a function of copeptin concentration was also recorded for 

the BSA/Ab-copeptin/RGO–TiO2/ITO immunoelectrode. The obtained linear regression coefficient 

(r
2
) was 0.989 for the BSA/Ab-copeptin/RGO–TiO2/ITO immunosensor. Possibly since the 

nanocomposite of RGO–TiO2 possesses extended surface area and functional traits, the as-prepared 

biosensor is more sensitive. Enhanced biosensor efficiency might be attributed to the rise in loading 

capacity for antibody molecules possibly induced by the existence of available functional species on 

the RGO–TiO2. Through calculation via 3σb/m criteria, 0.148 ng/mL is obtained as the detection value 

(lower) for the as-prepared immunosensor. The sensing performance of the proposed sensor was 

compared with recently reported sensors, as shown in Table 1. 

 

 
Figure 5. Electrochemical impedance response studies of the BSA/Ab-copeptin/RGO–TiO2/ITO 

immunoelectrode as a function of copeptin concentration (10–450 ng/mL). 
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Table 1. Performance comparison of the BSA/Ab-copeptin/RGO–TiO2/ITO and other copeptin 

determination methods. 

 

Method Linear range Detection limit Reference 

Enzyme-linked immunosorbent assay 15-500 ng/mL 1.4 ng/mL [33] 

ELISA 40-200 ng/mL 10 ng/mL [34] 

ELISA 17-400 ng/mL ― [35] 

Elecsys® troponin T high-sensitive system ― 14 pg/mL [36] 

BSA/Ab-copeptin/RGO–TiO2/ITO 10–500 ng/mL 0.148 ng/mL This work 

 

The specificity of the BSA/Ab-copeptin/RGO–TiO2/ITO immunoelectrode was tested with 300 

ng/mL copeptin, 5 mM ascorbic acid, 5 mM uric acid and 5 mM glucose. The immunoelectrode was 

incubated with the above pathogens and metabolites (15 μL). As indicated in Figure 6, after the 

immunoelectrode was mixed with the above pathogens, no obvious electrochemical response variation 

was monitored in the assessments. Moreover, the effects of trace levels of metal ions (1 μM) such as 

Zn
2+

, Cu
2+

, Hg
2+

 and Cd
2+

 were also investigated, with less than a 5% change of impedance value 

recorded, revealing the probe’s specificity to copeptin. 

 

 
Figure 6. Interference studies of BSA/Ab-copeptin/RGO–TiO2/ITO immunoelectrode with glucose 

(Glu), ascorbic acid (AA) and uric acid (UA); the histogram plot with all interferents indicated 

in the inset. 

 

Ten successive CV sweeps between 0.0 and 0.5 V at 50 mV/s in a buffer of NH3·H2O–NH4Cl 

(0.1 M, pH 9.3) were used to remove any adsorbents after each detection. Copeptin (300 ng/mL) was 

tested with multiple electrodes to investigate the reproducibility of the immunoelectrode, where the 
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current magnitude variations were monitored. Desirable precision was revealed by no obvious current 

value variation, as seen in Figure 7A. As indicated in Figure 7B, CV profiles at 10-day intervals over 

approximately 30 days were used to characterize the immunoelectrode storage stability. For as long as 

30 days, no clear variation in current was observed, followed by a 4% current variation from to the 

primary current value. Therefore, for as long as 30 days, excellent storage stability can be obtained for 

BSA/Ab-copeptin/RGO–TiO2/ITO immunoelectrodes. 

 

 
Figure 7. (A) Reproducibility study of the BSA/Ab-copeptin/RGO–TiO2/ITO immunoelectrode with 

copeptin (300 ng/mL). (B) The stability profile of the BSA/Ab-copeptin/RGO–TiO2/ITO 

immunoelectrode (300 ng/mL) over 30 days. 

 

4. CONCLUSION 

Copeptin detection on the basis of interactions between its antibody and antigen was achieved 

by fabricating the RGO-TiO2 nanohybrid-based tag-free immunosensor discussed in this contribution. 

The sensor is stable for a long period and is significantly sensitive, with a desirably low limit of 

detection, as indicated in the studies concerning the electrochemical response of the BSA/Ab-

copeptin/RGO–TiO2/ITO immunoelectrode as a function of copeptin concentration. The RGO–TiO2-

based immunosensor can feasibly be applied in medical diagnosis due to its remarkable sensing 

(supercapacitive) behavior.  
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