
Abstract 
Background/Aim: The glycated albumin (GA), a potential biomarker for monitoring diabetes mellitus, reflects short‑
term glycemia and is not influenced by conditions that falsely alter hemoglobin A1c (HbA1c) levels. This study 
presents a comprehensive evaluation of DNA aptamer‑functionalized polydopamine nanoparticles (PDA NPs) for 
developing a stable biosensor targeting GA.  
Materials and Methods: DNA aptamers, conjugated to PDA NPs at varying aptamer concentrations (0.05, 0.5, and  
5 μM), were systematically analyzed to understand their impact on the morphological, electrochemical behavior, and 
stable responses of the biosensor.  
Results: Morphological assessments using transmission electron microscopy, scanning electron microscopy, and 
atomic force microscopy confirmed the stability of PDA NPs after conjugation with aptamers. Electrochemical 
characterization demonstrated enhanced electron transfer efficiency at an optimal aptamer concentration (0.5 μM) 
for GA detection while stability testing over 30 days indicated sustained sensor functionality.  
Conclusion: The PDA‑0.5 μM aptamer conjugations balance structural integrity, and stability, emphasizing the 
importance of aptamer concentration optimization for practical biosensor applications. 
 
Keywords: Polydopamine nanoparticles, DNA aptamer, aptamer‑functionalized nanoparticles, electrochemical 
biosensor, stability testing, glycated albumin.
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Introduction 
 
Diabetes mellitus is a widespread health concern defined 
by prolonged high blood‑sugar levels caused by either a 
lack of insulin or resistance to its effects (1). Glycated 
albumin (GA) is an important biomarker for assessing 
medium‑term glucose control, complementing short‑term 
measures like glucose level and long‑term indicators such 
as hemoglobin A1c (HbA1c) (2). GA concentration provides 
valuable information about blood‑sugar variability, 
especially in individuals experiencing rapid fluctuations or 
conditions that affect hemoglobin metabolism (3). The 
precise and consistent detection of GA is crucial for tailored 
diabetes care, highlighting the importance of advanced and 
reliable biosensor technologies. 

Functionalizing nanoparticles with DNA aptamers has 
become a prominent approach in developing highly 
sensitive and specific biosensors (4‑6). DNA aptamers are 
highly specific, high‑affinity oligonucleotides that 
outperform traditional recognition elements like antibodies 
(7‑11). Their advantages include easy synthesis, stability 
under harsh conditions, and high selectivity. DNA aptamers 
conjugated to polydopamine nanoparticles (PDA NPs) 
enhance biosensor applications due to the properties of 
polydopamine relating to biocompatibility, adhesiveness, 
and versatile bonding (12‑15). Thus, PDA is ideal for stable 
biosensors, especially for detecting GA in diabetes 
management.    

PDA, inspired by the adhesive properties of mussel foot 
proteins, presents both amine and catechol groups on its 
surface, enabling easy functionalization with a variety of 
molecules, including DNA aptamers, via covalent and non‑
covalent interactions (16‑18). These interactions 
contribute to the stability of the aptamers on the PDA 
surface, preventing desorption and ensuring that their 
bioactivity is preserved under biologically relevant 
conditions (19, 20). Several studies have demonstrated 
that the PDA NP‑aptamer conjugation enhances biosensor 
performance by maintaining aptamer functionality over 
extended periods (21‑25). For example, Cohen et al. (2021) 
reported that PDA‑aptamer conjugates improved the long‑

term stability and reproducibility of glucose biosensors 
(25), while Xu et al. (2020) showed that the incorporation 
of PDA enhanced the specificity of aptamers in detecting 
cancer biomarkers (26). However, while PDA provides a 
robust platform, optimizing its functionalization with 
aptamers is crucial for achieving the best sensor 
performance. 

DNA aptamers are synthetic oligonucleotides selected 
for their high specificity and affinity toward target 
molecules, offering advantages over antibodies due to 
their stability and ease of synthesis and modification (27, 
28). Aptamers can form unique three‑dimensional 
structures that enable selective recognition of biomarkers, 
such as GA (29, 30). When conjugated to PDA NPs, these 
aptamers can retain their structural conformation, 
enabling high target selectivity even in the presence of 
interfering molecules (31). This makes aptamer‑
functionalized PDA NPs a promising platform for sensitive, 
stable, and efficient biosensors. 

The concentration of DNA aptamers on the PDA surface 
plays a critical role in determining the performance of the 
resulting biosensor (32). Several studies have addressed 
the impact of aptamer concentration on sensor sensitivity 
and stability (33, 34). For instance, White et al. (2008) 
demonstrated that increasing aptamer density improved 
the sensor’s sensitivity to target molecules (33). However, 
excessive aptamer concentration led to steric hindrance, 
which impaired electron‑transfer efficiency. Similarly, Hu 
et al. (2023) found that a lower aptamer concentration on 
PDA surfaces reduced binding sites, diminishing sensor 
sensitivity (34). These findings underscore the importance 
of optimizing aptamer concentration to balance the 
sensor’s sensitivity and stability. However, as the aptamer 
concentration increases, issues such as aggregation, non‑
specific binding, and reduced stability may arise, 
potentially compromising the sensor’s performance (35). 

Despite the promising advantages of PDA NP‑aptamer 
conjugates, several limitations exist that can hinder the 
practical application of these biosensors. One limitation is 
the potential for non‑specific binding due to the adhesive 
nature of PDA, which could lead to a decrease in biosensor 



1442

Zaw et al: Optimizing DNA Aptamer Concentration for Stable PDA‑based Electrochemical Biosensors

specificity (36). Additionally, aptamers may aggregate at 
high concentrations resulting in the loss of aptamer 
flexibility and binding efficiency, which can decrease the 
overall performance of the biosensor (37). Furthermore, 
while PDA is biocompatible, the stability of the PDA NP‑
aptamer conjugates can be influenced by environmental 
factors such as pH, ionic strength, and temperature (38). 
These limitations highlight the need for further optimization 
in the functionalization process to ensure the consistent 
performance of PDA NP‑aptamer based biosensors. 

This study evaluates the effects of different DNA aptamer 
concentrations (0.05, 0.5, and 5 μM) on the morphology, 
electrochemical properties, and stability of PDA‑aptamer 
conjugates for designing an optimized PDA‑based biosensor. 
Surface morphology and structural integrity were analyzed 
using transmission electron microscopy (TEM), scanning 
electron microscopy (SEM), and atomic force microscopy 
(AFM). Electrochemical measurements were performed to 
investigate the effect of scan rate on the electrochemical 
response and to evaluate the detection of GA using a PDA 
NP‑aptamer‑based electrochemical biosensor at different 
aptamer concentrations. A 30‑day stability test examined 
long‑term functionality. Results identified the optimal 
aptamer concentration for maximizing stability, and 
electrochemical measurements, contributing to advances in 
GA detection. The insights gained from this study are 
anticipated to have broad implications for the development 
of next‑generation biosensors that prioritize stability, and 
adaptability, paving the way for more effective and accessible 
diagnostic tools in the future. 

 
Materials and Methods 
 
Materials. All chemicals and reagents used in this study 
were of analytical grade. Dopamine hydrochloride 
(MW=189.6), and ethanolamine were purchased from 
Sigma‑Aldrich (St. Louis, MO, USA). Tris base (MW=121.14) 
was obtained from Promega Corporation (Madison, WI, 
USA). An amine‑modified aptamer with a 23‑base 
sequence, 5’‑NH2‑TGC GGT TGT AGT ACT CGT GGC CG‑3’ 
(39), was custom‑synthesized by Integrated DNA 

Technologies Pte. Ltd., Singapore Science Park II, Singapore. 
Screen‑printed carbon electrodes (SPCEs) were obtained 
from Quasense (Bangkok, Thailand). Deionized water (DI 
water) was used for rinsing steps. 

 
Instruments and apparatus. Electrochemical measurements, 
including cyclic voltammetry (CV) and differential pulse 
voltammetry (DPV), were conducted using a PalmSens4 
potentiostat system (PalmSens BV Co., Ltd., Utrecht, the 
Netherlands) with PS trace 5.6 software. A three‑electrode 
system comprising a silver/silver chloride (Ag/AgCl) 
reference electrode, a 2.5 mm diameter carbon working 
electrode, and a carbon counter electrode was employed. 
The morphological characteristics of the PDA NPs, including 
structure and surface topography, were assessed using 
transmission electron microscopy (TEM, FEI, TECNAI G2 
20, Thermo Fisher Scientific, Waltham, MA, USA), scanning 
electron microscopy (SEM, FEI, Helios NanoLab G3 CX, 
Thermo Fisher Scientific) and atomic force microscopy 
(AFM, XE‑120, Park System Corporation, Suwon, Gyeonggi‑
do, Republic of Korea) to investigate both the PDA NPs  
and the PDA NP‑aptamer conjugates. The size and 
polydispersity index (PDI) measurements of the PDA NPs 
and PDA NP‑aptamer conjugates were measured by a 
Zetasizer Nano ZS instrument (Malvern Panalytical, 
Malvern, Worcestershire, UK). A redox indicator was 
prepared using 5 mM potassium ferricyanide (K3[Fe (CN)6]) 
in 0.1 M potassium chloride (KCl) with phosphate‑buffered 
saline (PBS) (1X, pH 7.4). 
 
Preparation of PDA NP‐aptamer conjugates on SPCEs. PDA 
NPs were synthesized and PDA NP‑aptamer‑modified 
SPCEs were made. To prepare PDA NPs, dopamine 
hydrochloride (0.5 mg ml–1) was dissolved in 10 mM Tris 
buffer (pH 10.5) and stirred for 20 h at room temperature. 
The nanoparticles were then centrifuged at 16,100×g and 
washed twice with Tris buffer to remove unreacted 
dopamine. To fabricate PDA NPs/aptamer/ethanolamine‑
modified SPCEs, the purified PDA NPs were then 
functionalized with DNA aptamers at three concentrations 
(0.05, 0.5, and 5 μM). The mixture was incubated at room 



temperature for 45 min to enable the amine‑catechol 
interaction between PDA NPs and aptamer amine groups. 
Seven μl of the conjugates were deposited on the working 
carbon electrode and incubated for 30 min, followed by 
washing with PBS (0.01 M, pH 7.4). To minimize non‑
specific binding, the PDA NP‑aptamer conjugates were 
treated with ethanolamine. Following immobilization, the 
particles were incubated with ethanolamine (0.1 M) 
solution for 30 min to block any remaining reactive sites 
on the PDA surface. This step was followed by washing 
with DI water to remove excess ethanolamine.  

 
TEM study. TEM was used to examine the morphology of 
PDA NPs and PDA NP‑aptamer conjugates. For TEM 
imaging, a 20 μl drop of each PDA NP‑aptamer suspension 
was placed onto a carbon‑coated copper grid and allowed 
to air dry, forming a uniform, thin film on the grid surface. 
This preparation enabled clear visualization of the PDA 
NPs before and after aptamer conjugation, providing 
insights into any structural changes associated with 
different aptamer concentrations. 
 
SEM study. SEM was utilized to examine the surface 
morphology of PDA NPs and PDA NP‑aptamer conjugates 
at various aptamer concentrations. For SEM sample 
preparation, a 7 μl drop of each conjugate suspension was 
carefully applied onto a SPCE and allowed to air dry, 
creating a stable, uniform film on the electrode surface for 
imaging. SEM images were captured at an accelerating 
voltage of 10 kV to visualize morphological differences 
between bare PDA NPs and PDA NP‑aptamer conjugates 
at different concentrations, providing insights into the 
effect of aptamer loading on nanoparticle structure and 
surface features. 
 
AFM study. AFM was used to measure the surface 
topography of bare SPCE, SPCEs coated with PDA NPs, and 
SPCEs coated with PDA NP‑aptamer conjugates at various 
aptamer concentrations. Seven μl of each sample were 
deposited on SPCEs and allowed to dry. Imaging was 
conducted in tapping mode with a silicon cantilever. The 

AFM data, scanned at 256×256 pixels resolution over 10 
μm×10 μm areas at 0.5 Hz, were analyzed for surface 
roughness and structural changes attributed to varying 
aptamer concentrations. XEI software (Park System 
Corporation) was used for image processing and 
quantitative analysis. 
 
Electrochemical measurements for scan rate study. 
Electrochemical studies were performed to assess the 
impact of aptamer concentration on the electron transfer 
properties of the SPCEs modified with PDA NP‑aptamer 
conjugates. Each SPCE was modified by depositing 7 μl of 
the PDA NP‑aptamer suspension and allowing it to dry. CV 
was conducted using a potentiostat with 5 mM K3[Fe 
(CN)6] and 0.1 M KCl in PBS (1X, pH 7.4). Scan rates varied 
from 10 to 300 mVs–1, and CV responses were recorded. 
The data were analyzed to determine the peak current and 
electron transfer rate for each concentration, providing 
insights into how aptamer concentration affects 
electrochemical performance.  
 
Electrochemical measurements for GA detection. 
Electrochemical measurements were conducted to 
evaluate the performance of the PDA NP‑aptamer modified 
electrodes for GA detection. PDA NP/aptamer/ 
ethanolamine‑modified SPCEs were fabricated by 
conjugating PDA NPs with varying aptamer concentrations 
(0.05, 0.5, and 5 μM) for 45 min. Seven μL of the conjugates 
were drop‑coated onto SPCEs and incubated for 30 min. 
After washing with PBS, 0.1 M ethanolamine was used for 
30 min to block non‑specific binding. Following another 
PBS wash, the modified electrodes were exposed to a 1000 
μg ml–1 solution of GA, and incubated for 60 min to ensure 
binding. Following this step, a redox indicator was 
introduced to the electrode system, and DPV was 
conducted from −0.015 to 0.6 V at 100 mVs−1 to monitor 
the electrochemical response. The peak current 
corresponding to the redox activity of the GA was analyzed 
to quantify the binding interactions and evaluate the 
sensor’s performance. The flow diagram of the proposed 
electrochemical aptasensor is illustrated in Figure 1. 
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Stability testing. The stability of PDA NP‑aptamer 
conjugates on SPCEs was evaluated over a 30‑day period. 
Each sensor was stored at room temperature and tested 
at intervals of 0, 7, 14, 21, and 30 days. The three aptamer 
concentrations used were 0.05, 0.5, and 5 μM. At each time 
point, the electrochemical response of each sensor was 
recorded using DPV, and the current response was 
calculated as a percentage of the initial response (day 0). 
Comparisons were made across the three aptamer 
concentrations to assess the influence of aptamer loading 
on sensor longevity. 

 
Results  
 
TEM, SEM and DLS studies. The images of TEM (Figure 2A‑
D) and SEM (Figure 3A‑D) reveal the detailed morphology 
of PDA NPs and their modification at varying DNA 
aptamer concentrations 0.05, 0.5, and 5 μM. The initial, 
unmodified PDA NPs (Figure 2A) exhibited a spherical 
morphology with uniform size, averaging around 200 nm 
in diameter. The well‑dispersed state of these 

nanoparticles suggests the favorable colloidal stability in 
aqueous media. Following functionalization with DNA 
aptamers at concentrations of 0.05, 0.5, and 5 μM, TEM 
images (Figure 2B‑D) showed that the overall morphology 
and size of the PDA NPs remained relatively unchanged. 
Subsequently, SEM analyses indicated that the conjugation 
of PDA NPs with varying aptamer concentrations (0.05, 
0.5, and 5 μM) had minimal impact on the overall size and 
surface morphology of the nanoparticles (Figure 3B‑D) 
compared to unmodified PDA NPs (Figure 3A). The results 
obtained from a Zetasizer show that the particle size of 
PDA NPs increased from 153.37±0.61 nm with a narrow 
PDI to 319.0±53.95 nm upon aptamer conjugation. Higher 
aptamer concentrations led to larger particle sizes and 
higher PDI values, indicating increased surface 
modification (Table I). 

AFM study. The AFM images in Figure 4 illustrate the 3D 
surface topography changes of SPCEs modified with PDA NPs 
with different aptamer concentrations. The average surface 
roughness (Ra) and root mean square surface roughness (Rq) 
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Figure 1. Schematic diagram of the proposed polydopamine nanoparticle (PDA NP) functionalized electrochemical aptasensor for detection of 
glycated albumin (GA). (A) Synthesis of PDA NPs, (B) conjugation of aptamer‐ NH2 to PDA NPs, (C) drop coating PDA NPs functionalized with aptamer 
onto screen‐printed carbon electrodes (SPCEs), (D) blocking with ethanolamine, (E) incubation with GA and (F) voltammetric measurements using 
5 mM [Fe (CN)6]4–/3– as a redox indicator.



are summarized in Table II. The bare SPCE (Figure 4A) 
displayed Ra and Rq values of 0.16±0.1 μm and 0.21±0.12 μm, 
respectively. The SPCE modified with PDA NPs showed 
minimal changes in surface roughness (Figure 4B). After 
modification with different aptamer concentrations (Figure 
4C‑E), higher surface roughness was observed compared to 
bare SPCE and PDA NPs (Figure 4A‑B). Table II demonstrates 
that increasing aptamer concentrations on PDA‑modified 
SPCEs significantly enhanced surface roughness, indicating 
improved aptamer binding, denser surface coverage, and 
concordance with the AFM images. 
 
Scan rate study. The scan rate‑dependent CV analysis 
provided insights into the electrochemical behavior of bare 

SPCEs and SPCEs modified with PDA NP‑aptamer conjugates 
functionalized with aptamer concentrations of 0.05, 0.5, and 
5 μM. Figure 5A‑D illustrates the CV profiles obtained at 
varying scan rates, whereas Figure 5E‑H demonstrate the 
linear relationships between the peak current (Ipa and Ipc) 
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Figure 2. Transmission electron microscopy (TEM) images of (A) polydopamine nanoparticles (PDA NPs), and PDA NPs conjugated with aptamer 
concentrations at (B) 0.05 μM, (C) 0.5 μM, (D) 5 μM.

Figure 3. Scanning electron microscopy (SEM) images of (A) polydopamine nanoparticles (PDA NPs) and PDA NPs conjugated with different aptamer 
concentrations (B) 0.05 μM, (C) 0.5 μM, (D) 5 μM.

Table I. The size and polydispersity index (PDI) measurement of 
polydopamine nanoparticles (PDA NPs) and PDA NP‐aptamer 
conjugates. 
 
Sample                                                 Particle size (nm)                    PDI 
 
Bare PDA NPs                                         153.37±0.61                  0.01±0.00 
PDA NPs+0.05 μM aptamer                213.10±2.92                  0.28±0.03 
PDA NPs+0.5 μM aptamer                  226.73±3.66                  0.29±0.03 
PDA NPs+5 μM aptamer                      319.0±53.95                  0.42±0.03



and the square root of the scan rate. These linear 
dependencies confirm that the electron transfer process is 
diffusion‑controlled across all electrode configurations. The 
R2 values for the linear regression analysis of peak current 
versus the square root of the scan rate were 0.9987 for bare 
SPCE, and 0.9985, 0.9995, and 0.9987 for SPCEs modified 
with PDA NP‑aptamer conjugates at 0.05, 0.5, and 5 μM 
aptamer concentrations, respectively. The 0.5 μM aptamer‑
modified SPCE exhibited the highest correlation, indicating 
consistent diffusion‑controlled behavior and optimal 
conditions for electrochemical performance. 

 
Electrochemical measurements for GA detection. The 
biosensors for GA detection were tested using DPV at 
aptamer concentrations of 0.05, 0.5, and 5 μM, as shown 
in Figure 6A, which displays the DPV curves for bare SPCE, 
PDA NP‑aptamer/SPCE, and GA/PDA NP‑aptamer/SPCE. 
The results demonstrate a progressive decrease in peak 
current upon aptamer immobilization and subsequent GA 
binding. This decline is attributed to the hindrance of 

electron transfer caused by the PDA NP‑aptamer coating 
and further reduction upon GA binding, indicating 
effective immobilization and high affinity between GA and 
the aptamer.  

The peak current changes (ΔI) observed by the 
GA/PDA NP‑aptamer/SPCE at different aptamer 
concentrations are presented in Figure 6B. The biosensor 
exhibited the highest current response with a minimal 
error bar at 0.5 μM aptamer concentration (3 replicates), 
suggesting optimal aptamer coverage and binding activity. 
At lower aptamer concentrations, a reduction in ΔI was 
observed, which can be attributed to a lower number of 
binding sites on the sensor surface, leading to decreased 
sensor performance. High aptamer concentrations likely 
caused steric hindrance due to excessive surface coverage, 
which restricted target molecules from accessing binding 
sites and reduced ΔI.  

 
Stability testing. Figure 7 presents the stability of PDA NP‑
aptamer conjugate biosensors over 30 days that were 
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Figure 4. Three‐dimensional atomic force microscopy (AFM) microscale surface images of (A) bare screen‐printed carbon electrode (SPCE), (B) SPCE 
modified with polydopamine nanoparticles (PDA NPs), and SPCEs modified with PDA NP‐aptamer conjugates at different aptamer concentrations 
(C) 0.05, (D) 0.5, (E) 5 μM.

Table II. Evaluation of surface parameters using atomic force microscopy micrographs obtained from a 10×10 μm scan size. 
 
Parameter Bare SPCE PDA NPs/SPCE PDA NP‑aptamer/SPCE at different aptamer concentrations (μM) 
analysis 

0.05 0.5 5  
 
Ra (μm) 0.16±0.10 0.22±0.18 86.95±29.43 137.38±31.48 159.73±31.22 
Rq (μm) 0.21±0.12 0.26±0.2 113.24±34.22 171.14±35.33 203.29±37.95 
 
SPCEs: Screen‑printed carbon electrodes; PDA: polydopamine; NPs: nanoparticles. 



evaluated across three aptamer concentrations: 0.05, 0.5, 
and 5 μM. Stability was quantified by measuring the 
current response to GA. At 0.05 μM, the biosensor 
exhibited a significant drop in current response, retaining 
less than 85% of its initial response by day 14, due to 
insufficient aptamer density and weak binding 
interactions. This instability limited its long‑term 
performance. In contrast, the 0.5 μM concentration 
demonstrated excellent stability, maintaining over 90% of 
its initial current response for 30 days. The optimal 
aptamer coverage at this concentration ensured stable 
binding interactions and minimized desorption, 
supporting the biosensor’s long‑term structural integrity 
and reliability for sustained applications. At 5 μM, the 
biosensor exhibited a moderate decline in stability over 
time, retaining approximately 85% of its initial current 

response by day 30. Although the initial performance at 
this concentration was stable, the excessive aptamer 
coverage might lead to steric hindrance and aggregation, 
slightly impairing the electron transfer and the stability of 
binding interactions. This suggests that densely packed 
aptamers at 5 μM can hinder long‑term functionality. 

 
Discussion 
 
The primary objective of this study was to optimize the 
aptamer concentration in PDA NP‑aptamer conjugates 
modified on SPCEs for GA detection, aiming to achieve a 
balance between electrochemical efficiency and long‑term 
stability. The findings suggest that an aptamer 
concentration of 0.5 μM provides the optimal condition for 
both properties. 
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Figure 5. Scan rate studies of cyclic voltammetry (CV) response. (A), (B), (C) and (D) CV obtained for different scan rates (10‐300 mV/s), (E), (F), (G) 
and (H) the calibration plots of anodic peak current versus scan rate (10‐300 mV/s) for different electrodes of bare screen printed carbon electrode 
(SPCE) and polydopamine nanoparticle (PDA NP)‐aptamer/SPCE at different aptamer concentrations (0.05, 0.5, and 5 μM), respectively.



The relationship between aptamer concentration and 
sensor performance has been widely discussed in the 
literature (40‑42). Our study supports the notion that both 
low (0.05 μM) and high (5 μM) aptamer concentrations 
have their drawbacks. At lower concentrations, the 
coverage of PDA NPs by aptamers is insufficient, which can 
lead to weaker molecular interactions and reduced sensor 
sensitivity. However, higher concentrations, while 
providing dense aptamer coverage, can result in steric 
effects that hinder efficient electron transfer and may 
reduce binding efficiency. This is consistent with a prior 
study, where excessive aptamer loading was shown to 
affect both the electrochemical behavior and the stability 
of aptamer‑functionalized sensors (43). 

The 0.5 μM concentration, as observed in this study, 
seems to strike the optimal balance and provide enough 
binding sites for target molecules. This intermediate 
concentration appears to promote effective electrochemical 

performance while maintaining the stability of the sensor 
over time. Table III shows the comparison of stability 
duration of aptasensors at different aptamer concentrations 
for GA detection. This study explored the highest stability 
of electrochemical based aptasensors for GA detection 
compared to previous studies (44‑46).  

The effects of complex biological samples on sensor 
performance warrant further investigation. In this 
study, the biosensor was evaluated in controlled buffer 
solutions; however, in actual clinical settings, sensors 
will need to perform reliably in more complex matrices, 
such as blood serum or plasma. The presence of 
proteins, salts, and other biomolecules could interfere 
with the sensor’s performance. Future studies should 
assess the robustness of the PDA NP‑aptamer conjugate 
biosensors in the presence of such interfering 
substances, ensuring its applicability in real‑world 
diagnostic environments. 
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Figure 6. Electrochemical measurements of glycated albumin (GA) detection. (A) Differential pulse voltammetry (DPV) curves for bare screen‐printed 
carbon electrode (SPCE), polydopamine nanoparticle (PDA NP)‐aptamer/SPCE, and GA/PDA NP‐aptamer/SPCE and (B) bar graph illustrating the 
peak current change (ΔI) observed by the proposed biosensor at different aptamer concentrations (0.05, 0.5, and 5 μM).



Another avenue for future work lies in exploring the 
use of nanomaterials, such as gold nanoparticles or carbon 
nanotubes, in combination with PDA NP‑aptamer 
conjugates. These materials have been shown to enhance 
the electrical conductivity of biosensors, which could 
further improve the sensitivity and speed of detection. 
Integrating these materials with PDA NP‑based sensors 
might lead to even more efficient and reliable biosensors 
for biomarker detection. 

Conclusion 
 
These findings underscore the importance of aptamer 
concentration in optimizing biosensor stability. At 0.5 μM 
aptamer concentration, the proposed PDA NP‑aptamer‑
based biosensor is achieving the optimal balance of surface 
coverage, binding stability, and structural durability. This 
concentration can be used in future studies to provide 
essential insights for developing stable, high‑performance 
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Figure 7. Stability of aptasensors at three different aptamer concentrations (0.05, 0.5, and 5 μM) for 0, 7, 14, 21, and 30 days. 

Table III. Comparison of stability durations of electrochemical based aptasensors for GA detection. 
 
Type of aptasensor                                          Aptamer sequence                                                Aptamer                    Current response (%)                   Ref. 
                                                                                                                                                             concentration                        after 30 days 
 
BElectrochemical                  5’ ‑NH2‑TGC GGT TGT AGT ACT CGT GGC CG‑3’                          1 μM                                         84%                                   (44) 
 GO‑aptasensor 
Electrochemical                              5′‑TGCGGTTCGTGCGGTTGTAGTAC‑3′                                   2 μM                                         60%                                   (45) 
 GO‑aptasensor 
Electrochemical                              5’‑TGCGGTTGTAGTACTCGTGGCCG‑3’                                  1 μM                                         87%                                   (46) 
 aptasensor                                                        (5del11 & 3del15) 
Electrochemical                     5’‑NH2‑TGC GGT TGT AGT ACT CGT GGC CG‑3’                        0.5 μM                                       94%                              This work 
 PDA NP‑aptasensor 



aptamer‑based biosensors for reliable GA detection. 
However, future research should focus on expanding the 
sensor’s applicability, improving selectivity, and optimizing 
its performance in complex biological samples to meet the 
demands of real‑world diagnostic applications. 
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