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This study reports a sensing strategy with antibody conjugated gold nanoparticle on 

Interdigitated electrode to determine Urinary C-terminal telopeptide fragment of type 

II collagen-II. This strategy was improved the detection by attracting higher uCTX-II 
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Abstract 

Urinary C-terminal telopeptide fragment of type II collagen (uCTX-II) has been 

reported as the efficient blood-based biomarker for osteoarthritis, affects knees, 

hands, spine and hips. This study reports a sensing strategy with antibody 

conjugated gold nanoparticle (GNP) on Interdigitated electrode (IDE) to determine 

uCTX-II. GNP-antibody complex was chemically immobilized on IDE surface through 

the amine linker. uCTX-II was determined by monitoring the alteration in current 

upon interacting GNP complexed antibody. This strategy was improved the detection 

by attracting higher uCTX-II molecules and the detection limit falls in the range of 10 

to 100 pM with an acceptable regression values [y = 0.6254x - 0.4073 

R² = 0.9787].  The sensitivity of the detection was recognized at 10 pM. Additionally, 

upon increasing uCTX-II concentration, the current changes were increased in a 

linear fashion. Control detection with non-immune antibody and control protein do 

not increase the current level, confirming the specific detection of uCTX-II. This 

method of detection helps to diagnose osteoarthritis and its follow-up treatment. 
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1. Introduction 

Osteoarthritis is an age-related chronic disorder with the condition of breaking down 

of the protective tissue cartilage in the bones. It primarily affects the joint bones in 

hands, knees, hips and spine, cause the stiffness and pains [1]. Osteoarthritis mainly 

affects the aged people, identifying and treating osteoarthritis is mandatory to give a 

quality life to the older people [2]. Until now, the methods of radiographic and 

computer tomography are used to identify the damage in the cartilage and measure 
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the joint space width [3], however, this method has some limitations to identify. Blood 

based biomarker helps to detect the changes with Osteoarthritis at its earlier stages 

with more sensitivity and reliable [4]. Urinary C-terminal telopeptide fragment of type 

II collagen (uCTX-II) has been found as one of the potential biomarkers for 

osteoarthritis [5,6]. The level of uCTX-II was found to enhance with disease 

condition, in which there is elevated cartilage turnovers, such as rheumatoid arthritis 

and osteoarthritis [7,8]. This research was focused to determine and quantify the 

level of uCTX-II by conducting immunoassay with the specific antibody for uCTX-II 

on Interdigitated electrode (IDE) biosensor.   

IDE sensors have been widely recognized as the potential system, applied in 

the medical diagnosis.  IDE uses di- or tri-electrodes with the properly aligned gap 

and finger regions to be parallel or concentric.  Under bare condition (no surface 

modification), it shows a minimum electric flow on dielectrode system.  When the 

surface chemical or biological modifications occur, there will be obvious changes in 

the flow of current to be measured as the biosensor.  Biosensor is the process of 

identifying the targets through the process of interacting biomolecules into a 

readable signal  for diagnosing various kinds of diseases [9–12]. Different  sensors, 

targets and probes have been utilized to detect the small molecule to the intact 

bacteria or virus [13–15]. Electrochemical sensor is one of the well-established 

biosensors in this flow, having the higher sensitivity of identifying biomolecules by 

measuring the biological interactions and converts them into the electrical signal. For 

a high sensitive detection, optimization of electric coupling between IDE fingers and 

gaps are mandatory [16,17].  This work was used IDE to reach the maximum 
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interaction of antibody and uCTX-II. Further, for obtaining the enhanced uCTX-II 

detection, antibody was conjugated with GNP and immobilized on IDE sensor.  

The extensive application of metallic nanoparticle in biosensing purposes has 

been fortified by their low ratio of size to volume and the exceptional stability at 

extreme temperatures [18–20].  In particular, GNPs have a high amenability in terms 

of synthesis and efficiency, minimized cytotoxicity and easy detection [21,22]. 

Among other metallic nanoparticles, gold nanoparticle is one of the most acceptable 

due to their unique physical and chemical features. Additionally, GNP maintained a 

good colloidal stability when submitted for re-dispersion and ultracentrifugation 

processes. Various applications of GNPs involve for the purpose as antitumor, gene-

delivery, cancer therapy, drug-delivery, catalytic, antioxidant, antimicrobial agents 

and enhancing the analytical performances. Other applications of GNP are in 

biosensor, electronic devices, conducting element, smart-paper and textiles and 

Surface-enhanced Raman Spectroscopy [23,24]. Considering all these positive 

features of GNP, antibody was attached on the surface of GNP and utilized for 

improving the determination of uCTX-II.  

2. Materials and methods 

2.1. Chemicals and biomolecules 

Phosphate Buffer Solution (pH 7.4; PBS), uCTX-II and anti-uCTX-II antibody were 

from kit bought in Immunodiagnostic Systems Inc. (UK). Gold nanoparticle was 

received from Nanocs, USA. Ethanolamine was obtained from Fisher Scientific 

(USA) and N-hydroxysuccinimide (NHS) and N-ethyl-N’-(3-

dimethylaminopropyl)carbodiimide hydrochloride (EDC) were purchased from GE 
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Healthcare (USA). 16-mercaptoundecanoic acid (16-MDA) was from Sigma Aldrich 

(USA). 

2.2. Interdigitated electrode preparation process 

Interdigitated electrode (IDE) fabrication was processed by utilizing the traditional 

wet etching method [25]. The IDE base with silica wafer was cleaned utilizing the 

solutions of RCA1 and RCA2 to reduce the unnecessary deposit on the wafer 

surface. Further the wafer was processed at 500 °C (thermal oxidation) for 1 h to 

oxidize the wafer layer and the silicon dioxide layer was formed. On the oxidized 

layer aluminium coil was used to deposit using the thermal evaporator. The 

conventional photolithography method was used to create the electrode pattern on 

the aluminium substrate. Further, UV light was exposed on the substrate to transfer 

the IDE pattern onto the photoresist. The unexposed area of IDE was eliminated by 

dipping the substrate in the photoresist developer and the moisture content was 

removed by baking the substrate at 110°C (1 min). In the final step, the unexposed 

layer of aluminium was etched by dipping IDE in etchant solution. The prepared IDE 

was cleaned with acetone, followed by distilled water and kept in the dry cabinet.  

The IDE surface profile was monitored under 3D-nanoprofiler for the confirmation. 

2.3. Conjugation of antibody and GNP 

Anti-uCTX-II was attached on GNP surface through the chemical linker, 

16-MDA (5 mM). Before this process, 16-MDA was mixed with GNP for 1 h at 

RT, and then unattached 16-MDA was removed and discarded by 

centrifugation. The 16-MDA conjugated GNP was activated and stabilized by 

EDC and NHS. And then, activated 16-MDA complex was mixed with 400 nM 

of anti-uCTX-II and kept for 1 h (RT).  The excess antibodies were separated 
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by centrifugation with the speed of 10,000xg (5 min). The excess antibodies 

with GNP conjugation were cleaned with distilled water in order to separate 

the bound antibody with GNP and kept at 4°C, then utilized whenever 

necessary.  

2.4. Biofunctionalization on IDE  

Antibody-GNP was attached on IDE through amine linker on APTES. The surface of 

IDE was initially cleaned by 1% KOH for 1 min and then washed with distilled water 

to clear the excess KOH. And then, 1% APTES was added on KOH treated IDE 

surface and rest for 2 hr. Then APTES modified surface was washed thrice with 

diluted ethanol to remove the excess APTES. The antibody-GNP conjugation was 

placed for 1 h on the APTES modified surface to get the interaction of GNP with 

APTES. Finally, antibody-GNP sensor was washed with buffer to clear the excess 

amount of antibody. Thee antibody-GNP prepared surface was utilized to identify 

and quantify the level of uCTX. 

2.5. Detection of uCTX-II on antibody-GNP immobilized IDE 

uCTX was detected on antibody-GNP modified IDE surface. Prior to this experiment, 

the uncovered IDE was covered with 1 M of diluted ethanolamine. After the blocking, 

1 µM of uCTX was interacted and the current changes were noted before and after 

the addition of uCTX. The difference in current was considered as the interaction of 

antibody with uCTX.  

2.6. Detection limit of uCTX-II on antibody-GNP modified IDE 

To evaluate the limit of uCTX interaction with its antibody, various concentrations (10 

pM to 100 nM) was diluted in PBS buffer and interacted individually on antibody-

GNP modified IDE. For each concentration of uCTX, the current changes were 
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registered before and after interaction. The difference in current changes was plotted 

in an excel sheet to calculate the sensitivity and the limit of detection.  

2.7. Control experiment on antibody-GNP modified IDE surface 

Control experiment was conducted on IDE to identify the specific detection of uCTX. 

Two experiments namely, (i) non-immune antibody instead of anti-uCTX antibody; (ii) 

control protein (albumin) instead of uCTX, are conducted on IDE surface. The 

changes in current were registered before and after immobilization of the 

biomolecules.  

3. Results and discussion 

Figure 1 indicates the schematic presentation of uCTX detection on antibody-GNP 

immobilized IDE. The fabricated surface was monitored under 3D-nanoprofiler and 

confirmed the uniformly fabricated finger and gap regions (Figure 1; inset). Initially, 

the surface of IDE was converted into amine through APTES chemical linker. Before 

this process IDE surface was hydroxylated by using 1% KOH. APTES is perfectly 

adsorbing on -OH terminated sensing substrate, a complete area of coverage can be 

obtained for AuNPs. Under this process, each Si bond from APTES will be bonded 

covalently to the oxygen on the SiO2 to form a tripod fashion with increased amino 

groups oriented from the surface to be bonded with GNPs [26]. In this work, higher 

antibody-GNP conjugation was populated on IDE through the APTES linker. On 

these antibodies modified surfaces, the target of uCTX was added. Depends on the 

interaction of uCTX with its antibodies, the current flow has been changed. The 

changes in current flow were recorded to detect and quantify the levels of uCTX. 

3.1. Surface functionalization with antibody-GNP on IDE 
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Surface functionalization of antibody-GNP was performed on IDE through the 

APTES linker to detect uCTX. The current changes for each immobilization process 

were recoded to confirm the binding of biomolecules. As shown in figure 2a, bare OH 

treated IDE displays the current level as 1.6 E-08 A, after adding APTES, the current 

response was enhanced to 4.31E-07 A. This current change attested the binding of 

APTES on OH-modified IDE sensor surface. After that, when antibody-GNP 

conjugation was added, the current was further enhanced to 2.49E-05 A. The 

difference in current of before and after antibody immobilization was found as 24.5 

E-06 A (Figure 2b). This higher difference in current changes was due to the higher 

number of antibody-GNP immobilizations on APTES modified IDE surface. Further, 

the excess surface was covered by ethanolamine to be blocker. Only a small current 

change was registered after adding the ethanolamine due to the occupation of 

antibody-GNP on IDE surface, indicating only small portion left for ethanolamine 

coverage.  

 

3.2. Detection of uCTX by GNP-conjugated antibody 

uCTX was detected on IDE surface by using the interaction of uCTX and antibody-

GNP. Initially, 1 µM of uCTX was placed on ethanolamine blocked surfaces. The 

current was enhanced from 2.49 E-05 to 6.55 E-05 A (Figure 3a). This current 

alteration was attested the interaction of uCTX with its antibody. Since higher 

numbers of antibodies were attached on the surface of the GNP, it provides more 

opportunities to attract larger numbers of uCTX. This improves the detection strategy 

for uCTX identification.  
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3.3. Limit of detection of uCTX by GNP-conjugated antibody 

Detection limit for uCTX interaction with its antibody was calculated by titrating 

different concentrations of uCTX and added individually on antibody-GNP modified 

surfaces. As indicated in figure 3b, after adding 10 pM of uCTX, the current was 

enhanced from 2.49 E-05 to 3.01E-05 A. There is not much difference was noted 

after adding 10 pM of uCTX. Increasing uCTX concentration to 100 pM, current was 

increased to 3.51E-05 A. Further increment in the concentration of uCTX to 1 nM, 10 

nM, and 100 nM, the current levels were gradually increased to 4.24 E-05, 5.19 E-

05, and 5.59 E-05 A, respectively (Figure 4a). The differences in current of before 

and after adding uCTX for 10 pM, 100 pM, 1 nM, 10 nM and 100 nM were calculated 

as 0.21, 0.71, 1.44, 2.39 and 2.79 E-05 A, respectively. The limit of detection was 

calculated with the lowest concentration of uCTX on the calibration line versus the 

background signal (standard deviation of the baseline + 3σ). The sensitivity falls with 

the apparent difference between lower concentrations. From the linear regression 

graph, the detection limit of uCTX was measured as in the range of 10 to 100 pM by 

considering 3σ estimation (n=3) (Figure 4b).  From the obtained results, the 

sensitivity was predicted to be 10 pM.   

3.4. Selective detection of uCTX on IDE surface 

Two different control experiments were conducted namely, (i) with non-immune 

antibody instead of uCTX antibody and (ii) control protein (albumin) instead of uCTX. 

As shown in figure 5, control experiments were failed to increase the current 

changes, while the specific experiment was clearly displayed the changes of current. 

This result indicates the selective determination of uCTX on antibody-GNP modified 

IDE sensing surface. 
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4. Conclusion 

Diagnosing osteoarthritis by a suitable biomarker is necessary to yield the proper 

treatment with the fast recovery. uCTX has been found to be a potential biomarker 

for osteoarthritis, this research was focused to estimate the level of osteoarthritis 

severity by using the interdigitated electrode sensor (IDE). Antibody-conjugated gold 

nanoparticle (GNP) was immobilized on IDE surface to enhance the detection of 

uCTX. The detection limit of uCTX was found in the range between 10 and 100 pM. 

Apart from that the current response was gradually enhanced when increase the 

concentration of uCTX. Control experiments with non-immune antibody and albumin 

do not show any specific response, indicating the specific detection of uCTX. This 

antibody-GNP conjugated electrochemical sensor helps to diagnose the 

osteoarthritis.  
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FIG. 1 Schematic illustration of detection of uCTX on IDE sensing surface. Antibody-

conjugated GNP was immobilized on IDE surface though APTES as amine linker and 

determined the uCTX level. 3D nanoprofiling image is shown as inset. 

 

 

FIG. 2 (a) Immobilization process of antibody-GNP on IDE surface. GNP-conjugated 

antibody was immobilized on KOH-modified IDE surface through amine with APTES linker. 

Figure inset display the diagrammatic representation. (b) Current changes with antibody-GNP 

immobilization. Big difference of current changes was noted after immobilizing the antibody. 

Averaged the values by triplicates (n=3). 
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FIG. 3 Detection of uCTX on GNP-antibody modified surface. 1 μM of uCTX shows the 

clear difference in current increment indicating the interaction of uCTX with its antibody. 

Figure inset display the diagrammatic representation. (b) Detection limit of uCTX. uCTX 

concentrations from 10 pM to 100 nM were interacted independently on antibody-GNP 

modified surface. Clear current changes were noticed. 

 

 

FIG. 4 (a) Current levels with different concentrations of uCTX with its antibody. With 

increasing the concentrations of uCTX, the current levels also were gradually increased. (b) 

Linear regression analysis with uCTX interaction with antibody. From the regression curve, 

the limit of detection was calculated in between the range of 10 and 100 pM. 
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FIG. 5 Control experiments for specific detection of uCTX. Control experiment was 

performed with nonimmune antibody and albumin. Both experiments did not show any 

specific responses of current changes, indicating the specific detection of uCTX. Averaged 

the values by triplicates (n=3). 

 

 

 

 

 

 

 

 

 

 

 


