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Abstract 

Pseudomonas aeruginosa is a clinically significant pathogen with high antibiotic resistance, 
necessitating rapid and reliable diagnostic methods. In this study, we employed a whole-cell SELEX 
strategy to select ssDNA aptamers that specifically recognize P. aeruginosa. After 10 selection rounds, 
six aptamer candidates were obtained and evaluated for affinity. To demonstrate the diagnostic 
potential, aptamer T1 was integrated into a hybrid lateral flow immunoassay (LFIA), replacing the 
traditional detection antibody. In this assay, the AuNP–aptamer complex interacts with the target 
bacteria and is captured by a specific antibody immobilized on the test line. The LFA achieved a 
visual detection limit of ~102 CFU/mL within 15 minutes, demonstrating high specificity and potential 
for point-of-care applications. This study highlights the feasibility of using aptamers as low-cost, 
rapidly synthesized recognition elements in bacterial diagnostics and lays the groundwork for 
aptamer-based biosensor development for other infectious agents. 

Keywords: Pseudomonas aeruginosa; aptamer; whole-cell SELEX; lateral flow immunoassay; gold 
nanoparticles; hybrid biosensor 
 

1. Introduction 

Pseudomonas aeruginosa is a Gram-negative, rod-shaped, motile bacterium commonly found 
in natural environments such as soil and water, as well as in artificial settings including hospitals [1]. 
Among the Pseudomonas genus, P. aeruginosa is the most clinically significant species due to its 
role as an opportunistic pathogen, particularly affecting immune-compromised individuals such as 
patients with HIV/AIDS, cancer, or severe burns. It is associated with a wide range of life-threatening 
infections, including bacteremia, pneumonia, meningitis, and urinary tract infections. Its ability to 
survive under aerobic, anaerobic, or low-oxygen conditions and its inherent resistance to multiple 
antibiotics make it especially challenging to treat and control [2]. 

Traditional diagnostic techniques for P. aeruginosa detection are often time-consuming, labor-
intensive, and require expensive instrumentation, limiting their application in low-resource settings. 
Therefore, the development of a rapid, sensitive, and cost-effective detection method is urgently 
needed for clinical diagnostics and infection control. 

Aptamers are short single-stranded DNA or RNA oligonucleotides that can bind specific targets 
including proteins, cells, small molecules, and metal ions with high affinity and specificity [3]. 
Compared to antibodies, aptamers offer several advantages such as low immunogenicity, high 
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chemical stability, ease of synthesis and modification, and lower production costs [4]. The SELEX 
(Systematic Evolution of Ligands by Exponential Enrichment) technique enables the in vitro selection 
of aptamers that recognize target molecules or cells with high selectivity [5–7]. 

In this study, we present a simple and effective whole-cell SELEX protocol for selecting aptamers 
specific to P. aeruginosa. The selection process was conducted directly in Eppendorf tubes using heat-
inactivated P. aeruginosa cells and a random ssDNA library. Unbound aptamers were removed 
through washing steps using PBS supplemented with 0.7% Tween-20, followed by centrifugation. 
Bound aptamers were eluted by heat denaturation and recovered for asymmetric PCR amplification 
and purification. Ten selection rounds were performed, including counter-selection steps using non-
target bacteria in rounds 5 and 7 to enhance specificity. In the final round, enriched aptamers were 
cloned using the TopoTM TA cloning vector system in Escherichia coli DH5α and sequenced using M13 
universal primers. Six aptamer candidates with high binding affinity and specificity toward P. 
aeruginosa were successfully selected and sequenced. The outcomes of this study have been legally 
protected under Patent Application No. 2-2025-00350.  

To enable visual detection, the aptamers with the highest molecular docking scores indicating 
the strongest predicted interactions with the bacterial target was selected for conjugation with gold 
nanoparticles (AuNPs) via physical adsorption to form aptamer-AuNP probes for colorimetric 
detection [8]. These probes were incorporated into a lateral flow immunoassay (LFIA) strip. In the 
LFIA design, the test line (T) contains antibodies against P. aeruginosa to capture the aptamer–AuNP–
bacteria complex, while the control line (C) contains anti-mouse IgG antibodies to bind AuNP–mouse 
IgG conjugates from the conjugate pad. Upon sample application, capillary action drives the sample 
along the nitrocellulose membrane. If P. aeruginosa is present, a red line appears at the T-line due to 
the accumulation of the complex. A second red line at the C-line confirms proper assay function. This 
aptamer-based LFIA enables visual detection of P. aeruginosa within 15 minutes with a detection limit 
of 102 CFU/mL, offering a promising tool for rapid, point-of-care diagnostics and environmental 
surveillance. 

2. Materials and Methods 

2.1. Materials and Reagents 

All chemicals and biological reagents used in this study were of analytical grade. Taq PCR 
Master Mix (2×), GeneRuler 100 bp DNA Ladder (M100), GeneRuler 25 bp DNA Ladder (M25), and 
6× DNA loading dye were purchased from Thermo Scientific (USA). RedSafe Nucleic Acid Staining 
Solution was obtained from INtRON Biotechnology (Korea). Agarose, 10× TBE buffer, and Tween-20 
were acquired from Sigma-Aldrich (USA). The Quick Gel Extraction Kit was obtained from 
Invitrogen (USA). 

The initial single-stranded DNA (ssDNA) library and primers were synthesized by Integrated 
DNA Technologies (IDT, USA). The sequence of the forward primer (Aptamer F-primer) was 5′-ATC 
CGT CAC ACC TGC TCT-3′, and the reverse primer (Aptamer R-primer) was 5′-ATA CGG GAG 
CCA ACA CCA-3′. 

Inactivated bacterial strains of Pseudomonas aeruginosa (VTCC 12273) and Klebsiella 
pneumoniae (VTCC 12018) were kindly provided by the Institute of Microbiology and 
Biotechnology, Vietnam National University, Hanoi. 

Mouse IgG antibodies used for comparative assays were purchased from Invitrogen (USA). 
Materials for lateral flow assay (LFA) strip fabrication, including nitrocellulose membranes, sample 
pads, conjugate pads, and absorbent pads, were obtained from Merck (Germany). 

For cloning experiments, the TOPO TA Cloning® Kit and chemically competent Escherichia 
coli DH5α cells were purchased from Invitrogen (USA). 
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2.2. Methods 

2.2.1. SELEX Procedure 

Preparation and Denaturation of Aptamer Library 

A synthetic ssDNA library consisting of 91 nucleotides (5′-ATCCGTCACACCTGCTCT–(N)55–
TGGTGTTGGCTCCCGTAT-3′) was used, with a 55-nucleotide randomized central region flanked 
by fixed primer-binding sites. The library was diluted in 1× PBS to 100 μM, denatured at 95 °C for 5 
min, and rapidly cooled on ice for 10 min to enable proper folding [6]. 

Target Binding and Washing 

Fifty microliters of the folded ssDNA library were incubated with 100 μL of heat-inactivated 
Pseudomonas aeruginosa (108 CFU/mL) at room temperature for 180 minutes under gentle 
agitation. After incubation, cells were pelleted by centrifugation (6,000 rpm, 5 min) and washed 3–5 
times with PBS 1X containing 0.7% Tween-20. A final rinse was performed with sterile distilled water 
[7]. 

Elution and Amplification 

Bound aptamers were eluted by heating at 95 °C for 10 min, followed by centrifugation (12.000 
rpm, 5 min). The supernatant containing aptamers was used as a template for PCR amplification 
using the following primers: 

Forward: 5′-ATC CGT CAC ACC TGC TCT-3′ 
Reverse: 5′-ATA CGG GAG CCA ACA CCA-3′ 
PCR was carried out with an initial denaturation at 95 °C for 3 min, followed by 10 cycles of 

95 °C for 30 s, 56 °C for 30 s, 72 °C for 30 s, and a final extension at 72 °C for 5 min. PCR products were 
verified via 2.5% agarose gel electrophoresis. 

Asymmetric PCR and Iterative Selection 

Asymmetric PCR (A-PCR) was performed to generate ssDNA for subsequent SELEX rounds. A 
total of 10 SELEX rounds were conducted, with increasing selection pressure achieved by gradually 
reducing incubation time (the incubation time in each successive round was reduced to two-thirds of 
that in the previous round, while the concentrations of both the bacterial cells and the ssDNA library 
were kept constant).  

Counter-selection was conducted in rounds 5 and 7 using Escherichia coli and Klebsiella 
pneumoniae to eliminate non-specific aptamers [6,7]. 

2.3. Cloning and Sequence Analysis 

After the final round, aptamer pools were cloned into the TOPO TA vector and transformed into 
chemically competent E. coli DH5α cells. Colonies were screened on LB agar containing kanamycin 
and X-gal. 16 Positive colonies were identified via colony PCR using universal M13 primers and 
sequenced by the Sanger method. Six unique aptamer sequences were selected. 

2.4. Docking and Structure Modeling 

The secondary structures of selected aptamers were predicted using RNAfold. Tertiary 
structures were modeled by RNAComposer. The 3D model of the P. aeruginosa lipopolysaccharide 
(LPS) antigen was constructed using the Glycam web server, and docking was simulated via the 
HDOCK platform [9–11]. 
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2.5. Synthesis and Characterization of AuNPs 

Spherical AuNPs (12–15 nm) were synthesized via citrate reduction [12]. Gold nanoparticles 
(AuNPs) were comprehensively characterized in terms of their physicochemical properties, the zeta 
potential of the AuNPs to be approximately –38.38 mV, indicating high colloidal stability due to 
strong electrostatic repulsion among negatively charged particles (Figure 1A(a). Figure 1A(b) 
presents the particle size distribution obtained via dynamic light scattering (DLS), demonstrating a 
narrow and uniform size distribution, which confirms good dispersibility of the synthesized 
nanoparticles. Figure 1A(c) displays the UV–Vis absorption spectrum, revealing a characteristic 
surface plasmon resonance (SPR) peak at around 520 nm, consistent with spherical AuNPs of 
approximately 15–20 nm in diameter. High-resolution TEM images clearly show nearly spherical 
shapes and well-defined crystalline structures of individual particles. The average particle size was 
found to be in the range of 12–15 nm, in good agreement with the DLS results. Lower-magnification 
TEM images revealed well-dispersed particles with a high degree of monodispersity and no obvious 
aggregation, confirming the stability and high quality of the synthesized AuNPs (Figure 1B). The 
gold nanoparticle synthesis protocol has been registered for patent (Application No.: 2-2024-00075). 

 

Figure 1. The physico-chemical characteristics of the synthesized AuNPs. (A) Optical characteristics and size 
distribution of gold nanoparticles (AuNPs): (a) Zeta potential distribution; (b) Particle size distribution 
determined by dynamic light scattering (DLS); (c) UV–Vis absorption spectrum of AuNPs. (B) High-resolution 
transmission electron microscopy (HR-TEM) images illustrating the morphology and size distribution of the 
AuNPs. 

Aptamer–AuNP Conjugation 

A mixture of 1 vol of AuNPs and 0.06 vol of 2.8 mg/mL aptamer solution was incubated at 60 °C 
for 1 h to allow electrostatic adsorption. 

IgG–AuNP Conjugation 

AuNPs were modified with 0.1 mM MUA (Mercaptosuccinic acid) and activated with 0.1 M 
NHS and 0.2 M EDC. Goat anti-mouse IgG (1 mg/mL) was added and incubated for 1h at room 
temperature. BSA was used for blocking nonspecific sites. 
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2.7. Fabrication of LFIA 

The LFIA strip consisted of a sample pad, conjugate pad, nitrocellulose (NC) membrane, and 
absorbent pad [13]. Pads were pretreated with 10 mM HEPES buffer (pH 7.4) containing 1% BSA, 1% 
sucrose, 0.5% Tween-20, and 0.05% sodium azide. The NC membrane was coated with polyclonal 
rabbit anti-Pseudomonas antibodies (1 mg/mL) on the test line (T) and anti-mouse IgG on the control 
line (C). AuNP–IgG conjugates were applied to the conjugate pad. After drying, all components were 
assembled, and strips were cut into 3 mm widths. In the test strip design, the conjugate pad was pre-
loaded with AuNPs–Mouse IgG complexes, serving as the internal control signal. The test line (T) 
was immobilized with an antibody specific to Pseudomonas aeruginosa (capture antibody), enabling 
the capture of the AuNPs–aptamer–bacterium complex via bacterial surface antigens. The control 
line (C) was coated with anti-Mouse IgG antibodies to capture the AuNPs–Mouse IgG complex from 
the conjugate pad. Upon sample application to the sample pad, the mixture migrated along the 
nitrocellulose membrane by capillary action. In the presence of the target bacterium, the AuNPs–
aptamer–bacterium complex was retained at the test line, resulting in the appearance of a red band 
at this location. Simultaneously, the AuNPs–Mouse IgG control conjugate interacted with the anti-
Mouse IgG at the control line, generating a red band that confirmed the proper functioning of the 
assay (Figure 2) 

 
Figure 2. LFIA strip design and detection mechanism. 
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2.8. Sample Detection Procedure 

Samples containing P. aeruginosa at concentrations ranging from 10¹ to 109 CFU/mL were mixed 
with AuNP–aptamer conjugates at a 1:0.03 (v/v) ratio and incubated at 60 °C for 30 minutes. The 
resulting mixtures were applied to the sample pad of the LFIA strip. In positive samples, a red band 
appeared at the test line due to accumulation of AuNP–aptamer–bacteria complexes, while a red 
band at the control line confirmed assay validity. Negative controls included bacteria-free samples 
(blank) and samples containing Escherichia coli or Klebsiella pneumonia (103 CFU/mL), which did not 
produce a visible test line. 

3. Results and Discussion 

3.1. Aptamer Enrichment and Characterization 

The concentration of single-stranded DNA (ssDNA) recovered after each round of SELEX 
increased gradually, indicating an enrichment of sequences with higher binding affinity to P. 
aeruginosa. (Figure 3). 

 

Figure 3. Illustration of the ssDNA concentrations across SELEX rounds. (ssDNA concentrations obtained after 
each round of whole-cell SELEX against P. aeruginosa, measured by NanoDrop spectrophotometry. The gradual 
increase indicates progressive enrichment of high-affinity sequences). 

After ten rounds of whole-cell SELEX and counter-selection with Escherichia coli and 
Klebsiella pneumoniae to eliminate non-specific binders, the enriched aptamer pool was cloned 
using the TOPO TA Cloning® Kit. Sixteen white colonies were selected and subjected to plasmid 
extraction and Sanger sequencing using universal M13 primers. Sequence analysis revealed that six 
aptamer sequences were predominant, suggesting a convergence towards specific binding motifs. 

These six representative sequences were further analyzed for secondary structure (via Mfold) 
[9,14] and molecular docking affinity (via HDOCK) [11,15] with the lipopolysaccharide (LPS) region 
on the surface of P. aeruginosa. Details of the aptamer selection process including docking scores, 
2D/3D structure models, and docking interaction images are provided in the Table 1. 
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Table 1. Characteristics of the six selected Aptamers. (Including: the nucleotide sequences, Docking score, 
predicted Minimum Free Energy (ΔG), Frequency (%), Diversity score, the corresponding two-dimensional (2D) 
and three-dimensional (3D) structural configurations based on the MFE model of the six selected aptamers). 

Apt 
nam

e 

Aptamer DNA 
sequence 

Docki
ng 

score 
 

MFE 
(kcal/
mol) 

 

Freque
ncy (%) 

Divers
ity 

score 

Predicted Secondary 
Structure (2D) Based 

on MFE Model 
 

Predicted Tertiary 
Structure (3D) Based on 

MFE Model 
 

T1 

ATCCGTCACA
CCTGCTCTGT

AAACACCTAC
GGTCTTAGCA
TACGGTATAA
GCCGTAACCG
GTTTTACCTA
AACTGGTGTT
GGCTCCCGTA

T 

 
 
 
 

-453.85 

 
 
 
 
-

27.10 

24.98 4.64 

 
 

T2 

ATCCGTCACA
CCTGCTCTCA
AAGGTCATAG
GGGCTTCTTG
GCAGCGTAAT
GCCTTGCTCG
CATTTTTCCCT
CATGGTGTTG
GCTCCCGTAT 

 
 
 
 
 
 

-366.23 

 
 
 
 
 
 
-

22,11 

3.82 28.74 

 

 

T3 

ATCCGTCACA
CCTGCTCTCA
TCATGCCCGC
GTTCTAATAA
CTGCTATATC

CTTTATCGCCT
CTATCCCTCC
GTTGGTGTTG
GCTCCCGTAT 

 
 
 
 
 
 

-409.72 

 
 
 
 
 
 
-

12.20 

8.83 13.74 

  

T4 

ATCCGTCACA
CCTGCTCTGA
GACTAGCAGT
TTTTAACCAG
AGTAAATAAC
TCCCCTCTTCC
TAAAATTTCC
CCTGGTGTTG
GCTCCCGTAT 

 
 
 
 
 

-427.08 

 
 
 
 
 
-

15.86 

 
 

21.23 

 
 

8.54 
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T5 

ATCCGTCACA
CCTGCTCTCG
GTGGTCAGCA
TCTCACTTGC

CTTCTGTCCTG
ACCTATCCAT
CCCTCGTCGT
CATGGTGTTG
GCTCCCGTAT 

 
 
 
 
 

-373.65 

 
 
 
 
 
-

18.11 

1.15 19.52 

 
 

T6 

ATCCGTCACA
CCTGCTCTCA
GTATACACCC
GTTCTCCGTCT
GGTCTACAGT
CCCCCGGCTG
AGCCCCTATT
CGTGGTGTTG
GCTCCCGTAT 

 
 
 
 
 
 
 

-378.06 

 
 
 
 
 
 
 
-

18,83 

5.12 22.07 

 

Note: Structures were predicted using RNAfold (for 2D) and RNAComposer (for 3D) based on the MFE model. 

MFE (Minimum Free Energy (ΔG)): refers to the lowest predicted free energy value. The MFE 
model represents a two-dimensional (2D) secondary structure of the aptamer, generated by 
maximizing the number of complementary base pairings to achieve the minimum free energy. 

Frequency: indicates the percentage of a particular aptamer conformation present in the 
environment. For instance, the MFE conformation of aptamer T1 appears with a frequency of 24.98%, 
meaning that approximately 25 out of every 100 aptamer molecules adopt this structure at any given 
time. 

Diversity score: is calculated based on the entropy distribution of each aptamer sequence. Higher 
entropy values reflect greater structural instability and consequently higher diversity. This score 
represents the overall structural variability of all predicted conformations associated with a single 
aptamer sequence. 

Docking score: represents the binding energy loss when the aptamer interacts with the LPS 
molecule [16–19]. Among the six selected aptamers, aptamer T1 was the most frequently occurring 
sequence (identified in 4 out of 16 colonies). It also exhibited exhibited the highest MFE conformation 
frequency and the lowest diversity score among all candidates. Notably, T1 also achieved the most 
favorable docking score when interacting with the LPS of P. aeruginosa, highlighting its strong 
potential as a biological recognition probe. Moreover, T1 sequences predominantly formed classical 
stem-loop structures—motifs commonly associated with enhanced target affinity and structural 
stability [17], therefore, aptamer T1 was selected for further evaluation of its ability to bind gold 
nanoparticles and recognize Pseudomonas aeruginosa. 

The docking interaction models of aptamers T1 with the LPS target is shown in Figure 4. 
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Figure 4. Docking interaction of aptamer T1 with LPS target on the surface of P. aeruginos.. 

3.2. Aptamer–AuNP Conjugation and Optimization 

Optimizing the concentration of aptamer is a critical step to ensure efficient conjugation with 
gold nanoparticles (AuNPs) via physical adsorption, while also enhancing the stability of the 
nanoparticle system under high-ionic-strength conditions – a common requirement in lateral flow 
immunoassay (LFIA) applications. 

In this study, the conjugation and stabilization capacity of the AuNPs–aptamer complex were 
evaluated by incubating AuNPs with various volumes (0, 5, 10, 15, 20, and 25 μL) of an aptamer stock 
solution (2.8 mg/mL), corresponding to final concentrations of 0, 0.47, 0.80, 1.05, 1.25, and 
1.40 mg/mL, respectively. The mixtures were incubated in borate buffer (pH 9) at 60 °C for 1 hour. 
Subsequently, 10 μL of 10% NaCl solution was added to each mixture to assess salt-induced 
aggregation – an indirect indicator of surface coverage and nanoparticle stability. 

Visual observations indicated that at low aptamer concentrations (≤ 0.80 mg/mL), the color of 
the solution changed from the characteristic ruby red of stable AuNPs to gray or pale purple upon 
salt addition, indicating aggregation due to insufficient aptamer coverage. UV–Vis spectra confirmed 
this, showing a significant decrease or red-shift in the plasmon peak near ~520 nm. In contrast, at 
higher aptamer concentrations (≥ 1.05 mg/mL), the solution retained its red color, and the UV–Vis 
spectra maintained a strong plasmon resonance peak between 520–525 nm, indicating stable, non-
aggregated nanoparticles. Notably, increasing the aptamer concentration beyond 1.05 mg/mL did not 
significantly enhance stability, suggesting surface saturation of the AuNPs. 

Therefore, a final concentration of 1.05 mg/mL was selected as the optimal condition for 
subsequent conjugation processes. The use of borate buffer at pH 9 and incubation at 60 °C likely 
promoted efficient physical adsorption of aptamers onto the AuNP surface, leading to a more 
uniform and stable coating. This optimization not only ensures effective aptamer loading but also 
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enhances the sensitivity and long-term stability of the biosensor system, particularly in microbial 
diagnostics such as Pseudomonas aeruginosa detection (Figure 5). 

 

Figure 5. UV–vis absorption spectra of aptamer–AuNP complexes at different Pseudomonas aeruginosa-specific 
aptamer concentrations. 

3.3. Performance of the Hybrid LFIA Strip 

The performance of the developed LFIA strip using aptamer T1 was evaluated by testing its 
ability to detect Pseudomonas aeruginosa in spiked samples (samples containing varying 
concentrations of P. aeruginosa (from 10¹ to 109 CFU/mL)). The AuNPs–aptamer T1 conjugate was 
mixed with each sample and incubated at room temperature for 30 minutes to facilitate target 
recognition and complex formation (AuNP–aptamer–bacteria). The mixture was then applied to the 
sample pad of the test strip, and results were observed after 10 -15 minutes. 

In positive samples containing P. aeruginosa (from 101 to 10⁹ CFU/mL), both the C and T lines 
were observed, with the intensity of the T line varying depending on bacterial concentration (Figure 
6). At high concentrations (10⁹–10⁷ CFU/mL), the T line was clearly visible and sharp, indicating 
effective capture of the AuNP–aptamer–bacteria complex at the test zone. As the bacterial 
concentration decreased to 10⁵–10² CFU/mL, the T line became gradually fainter but remained 
visually detectable. At 10¹ CFU/mL, the T line was barely visible or undetectable to the naked eye, 
suggesting a visual detection limit of approximately 10²–10³ CFU/mL (Figure 6). 
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Figure 6. LFIA strip response at varying P. aeruginosa concentrations. 

3.4. Specificity Evaluation 

Negative samples including: bacteria-free (blank), E.coli 103 CFU/mL, K. pneumoniae 103 
CFU/mL samples and positive samples containing P. aeruginosa 103 CFU/mL were prepared. In 
negative samples, with the samples do not contain bacteria, only the control line (C line) appeared, 
while the test line (T line) was absent (Figure 7A). This result confirms the absence of false-positive 
signals, indicating that the aptamer did not exhibit nonspecific interactions with sample matrix 
components, and that the AuNPs were not retained nonspecifically at the test line. This high 
selectivity is essential for reliable use in real-world diagnostic settings. 

When tested with samples containing E. coli, K. pneumoniae, and P. aeruginosa at the same 
concentration of 10³ CFU/mL, only the test strip for P. aeruginosa sample showed two distinct bands 
at both test (T) line and control (C) lines, whereas the strips for E. coli and K. pneumoniae displayed 
only a single band at the control line, with no visible band at the test line (Figure 7B) 

 
Figure 7. Specificity evaluation with blank, E. coli, K. pneumonia and P. aeruginos samples. (A): Images of test 
strips after testing with a blank sample (no bacteria) (B): Images of test strips after testing with E. coli, K. 
pneumonia and P. aeruginosa samples at the same concentration of 10³ CFU/mL. 
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These findings demonstrate that the selected aptamer T1 exhibited strong binding specificity to 
P. aeruginosa, functioning effectively both in solution and within the LFIA format. The ability of 
the aptamer to specifically capture the target bacteria and facilitate signal generation on the test strip 
provides a strong foundation for further development of aptamer-based rapid diagnostic platforms 
targeting bacterial pathogens. 

3.5. Advantages and Perspectives of Aptamer-Based LFIA 

The concept that nucleic acids can function as ligands and regulate the activity of target proteins 
originated from studies on HIV. HIV encodes small RNA molecules that bind to intracellular 
proteins, facilitating viral replication or suppressing host antiviral responses. In a pioneering study, 
Sullenger et al. (1990) demonstrated that an RNA aptamer designed to bind viral proteins could 
inhibit HIV replication by competitively interacting with the trans-activating response (TAR) element 
[20]. This marked a turning point in biomedical research, highlighting the potential of aptamers as 
versatile molecular tools with broad applications in diagnostics and therapeutics. 

Aptamers offer several advantages over traditional antibodies, including high chemical stability, 
ease of chemical synthesis, low immunogenicity, and the ability to undergo structural modifications 
to enhance bioavailability. Aptamers can bind specifically and tightly to a wide range of targets, such 
as proteins, cells, and small molecules, making them powerful tools for molecular recognition and 
biomedical applications [21] 

In diagnostics, aptamers have been widely employed in biosensors to detect disease-associated 
biomarkers, including those related to cancer, infectious diseases, and cardiovascular disorders. 
Aptamer-based biosensors have shown strong potential for detecting pathogens or toxins in clinical 
specimens [7]. Therapeutically, aptamers function similarly to antibodies. Pegaptanib (Macugen), the 
first aptamer approved by the U.S. FDA, is used for the treatment of age-related macular 
degeneration. Aptamers are also being investigated as inhibitors of cancer-related and autoimmune-
associated proteins [22]. Additionally, aptamers play an important role in molecular biology assays, 
protein purification, and studies of molecular interactions within cells [16]. 

Due to their high specificity, chemical robustness, reusability, and ability to penetrate tissues 
effectively, aptamers are highly promising for the development of cost-effective, sensitive, and 
specific bioanalytical platforms. Traditional aptamer selection methods often rely on purified 
proteins or peptides as targets, which may not accurately represent the native conformation of surface 
molecules on intact cells or bacteria. As a result, selected aptamers may fail to recognize the natural 
structure of the targets. To address this limitation, Song et al. (2017) introduced the toggle-cell SELEX 
method, which involves alternating target species during selection rounds to generate aptamers with 
broader recognition profiles [7]. 

Building on this concept, our study implemented a modified SELEX protocol using inactivated 
whole bacterial cells of Pseudomonas aeruginosa incubated directly with the aptamer library in 
Eppendorf tubes. This approach reduced procedural complexity, improved safety, and allowed a 
higher number of bacterial cells to be screened compared to traditional microtiter plate-based 
protocols. Whole-cell selection enhances the likelihood of obtaining aptamers with strong affinity and 
specificity for the native surface of P. aeruginosa. To further improve selectivity, counter-selection 
against Escherichia coli and Klebsiella pneumoniae was performed during the 5th and 7th rounds, 
eliminating non-specific aptamers. 

After 10 rounds of selection, six aptamers with high binding affinity to P. aeruginosa were 
identified. Molecular docking analysis revealed that aptamers T1 and T4 exhibited stable secondary 
structures and superior binding performance. These two aptamers were integrated into a lateral flow 
immunoassay (LFIA) system, replacing the conventional detection antibody. The detection 
mechanism involves the formation of an AuNP–aptamer complex via physical adsorption, which 
binds to the target bacteria if present in the sample. This complex is captured at the test line (T) by 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 July 2025 doi:10.20944/preprints202507.1320.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.1320.v1
http://creativecommons.org/licenses/by/4.0/


 13 of 15 

 

immobilized capture antibodies, producing a red signal due to the intrinsic color of gold 
nanoparticles. 

Experimental results demonstrated T1 aptamers specifically detected P. aeruginosa with a 
detection limit of 10² CFU/mL within 15 minutes. The developed LFIA strip offers multiple 
advantages, including rapid response time, low cost, ease of use, and no need for specialized 
equipment. Moreover, the dry-storage capability at room temperature makes this platform highly 
suitable for point-of-care testing (POCT), especially in resource-limited settings. 

4. Conclusions 

This study successfully established an improved whole-cell SELEX protocol utilizing inactivated 
Pseudomonas aeruginosa cells, combined with in silico evaluation based on thermodynamic 
stability and molecular docking analysis. Six high-affinity aptamers were identified, among which 
T1 and T4 demonstrated superior structural stability and binding performance. These aptamers were 
effectively conjugated to gold nanoparticles and incorporated into a hybrid lateral flow immunoassay 
(LFIA), replacing conventional detection antibodies. The resulting platform enabled rapid, visual 
detection of P. aeruginosa with high specificity and a detection limit as low as 10² CFU/mL, without 
the need for specialized instrumentation. 

Importantly, the methodology described here offers broad adaptability for future applications. 
The use of whole-cell SELEX allows aptamer selection directly against intact microbial cells, 
circumventing the need for purified antigens and enabling the recognition of native surface epitopes. 
Moreover, the hybrid LFIA format, which combines aptamer detection with antibody-based capture, 
provides a robust and flexible architecture that can be easily tailored to other bacterial or viral targets 
simply by replacing the aptamer component. 

Given their chemical stability, low production cost, and high specificity, aptamers hold strong 
potential as alternatives to antibodies in diagnostic assays. The platform developed in this study 
serves as a proof-of-concept for a new generation of aptamer-based diagnostics that are rapid, 
scalable, and suitable for point-of-care use, especially in resource-limited settings. Future research 
may extend this approach to clinically and epidemiologically important pathogens such as 
Salmonella spp., Mycobacterium tuberculosis, and multidrug-resistant Acinetobacter 
baumannii, contributing to enhanced infectious disease surveillance, outbreak preparedness, and 
global health response. 

Supplementary Materials: The following supporting information can be downloaded at the website 
of this paper posted on Preprints.org. 
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