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Abstract 

Aflatoxins are the carcinogenic secondary metabolites produced by fungi such as 

Aspergillus flavus and A. parasiticus. These fungi are widely spread in nature and have severely 

contaminated food supplies for humans and animals. Consuming food or feed contaminated with 

aflatoxins can lead to hepatocellular carcinoma, immunosuppression, growth retardation, acute 

hepatic toxicity, reproductive toxicity, malnutrition, and increased susceptibility to infections and 

liver cirrhosis. Therefore, the detection and quantification of aflatoxins in foods and feeds are critical 

aspects of safety and health concerns. The challenges are (a) Aflatoxins are low molecular weight, 

non-immunogenic, monoepitopic antigens, and (b) Their concentration in contaminated food/feed 

is very low (ppb to ppm). The primary strategy to eliminate Aflatoxin from food/feed is to eliminate 

the contaminated commodities through detection at various levels of the food supply chain. Several 

methods are currently being used to detect Aflatoxin in food/feeds, which include Thin Layer 

Chromatography (TLC), High-performance liquid chromatography (HPLC), Liquid 

chromatography  Mass spectroscopy (LC-MS) and Antibody-based techniques [Enzyme-linked 

immunosorbent assay (ELISA) and Radioimmunoassay (RIA)]. Though TLC is a comparatively 

simpler and cheaper method, it is not specific to anyone analyte. It required sample cleaning, 

processing, and derivatization, as well as a precise mobile phase and a UV cabinet to visualize the 

results and is referred for only qualitative analysis. Hence, HPLC and LC-MS are more accurate in 

quantitative analysis. However, their initial investment, maintenance and running costs are high. 

Requires sample preparation and purification stages. Skilled labour is required to handle the 

instrument and interpret the results. HPLC and LC-MS are highly recommended to laboratories. 

ELISA is both quantitative and qualitative in nature and can be used at the field level. However, the 

cost of the ELISA kits is still considered higher as they involve antibody production and a cold 

supply chain.  

In the recent past, DNA-based aptamers have been gaining attention in the area of biosensors. 

Aptamers are short oligonucleotides of 20  80 bases. They function similarly to antibodies by 

forming a three-dimensional structure, enabling specific and highly sensitive interactions with the 

target analyte. Once the aptamer generated against a target analyte through the systemic evolution 

of ligands by exponential enrichment (SELEX) process, they can be easily reproduced. Moreover, 

as DNA based aptamers are stable at high temperatures, aptamers-based kits can be stored and 

transported at room temperature. In addition, these aptamers are highly versatile and robust, which 
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can be used to develop various types of assays and kits without compromising sensitivity and 

specificity. 

 In this regard, the present study focused on developing aflatoxin-specific aptamers with high 

affinity and specificity. In the first phase of the study, AuNPs-based SELEX procedure performed 

to screen and evaluate aptamers specific to Aflatoxin B1 (AFB1). The SELEX cycles involved 

systematic optimization of ssDNA library enrichment using AuNP-based colorimetric assays for 

real-time monitoring.  

Following this, next-generation sequencing (NGS) was performed to analyze aptamer 

pools enriched through AuNP-based SELEX. Two methodologies were employed: MiSeq NGS for 

the 12th SELEX cycle pool following vector-based library preparation and NovaSeq NGS for direct 

sequencing of 4th, 8th, 12th, and 15th cycle pools. The raw reads quality control analysis, merging 

reads, and adapter removal, were conducted using FastQC, Trimmomatic, and AptaSUITE tools. 

MiSeq sequencing identified clusters of aptamer sequences, while NovaSeq revealed 22 motifs. 

Motif analysis using MEME and MAST further refined aptamer selection. 

Further, the sensitivity, specificity, and binding characteristics of top 17 DNA aptamers 

were evaluated against AFB1. Using AuNP-based colorimetric assay, the dissociation constants 

(Kd) of the aptamer-AFB1 complexes were determined, revealing robust binding affinities even at 

nanomolar concentrations for AFB1. The top four aptamers with the lowest Kd values CPMA1, L1, 

L2, and L3 were shortlisted for further analysis. Circular Dichroism (CD) Spectropolarimetry 

demonstrated conformational changes in aptamers upon AFB1 binding, indicating stable aptamer-

AFB1 complex formation. Fluorescence-based assays, including a SyBr Green-I label-free 

approach and a graphene oxide (GO) and FAM-labelled aptamer assay, further confirmed the strong 

binding kinetics of these aptamers. Specificity and cross-reactivity studies using AuNPs-based 

assay revealed minimal binding to non-target analytes, including AFB2, AFG1, AFG2, AFM1, 

Ochratoxin A, Fumonisin B1, and Bovine Serum Albumin (BSA), demonstrating high specificity 

towards AFB1.  

Additionally, computational methods performed to analyze the binding specificity and 

stability of ssDNA selected aptamers towards AFB1. Secondary structures of aptamers were 

predicted using the MFold webserver, revealing diverse folding patterns. The tertiary structures were 

modeled with RNA Composer and refined to DNA-like configurations. Molecular docking with 

AutoDock tools demonstrated strong binding affinities, with aptamer L1 showing the lowest binding 
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energy (-5.06 kcal/mol). Molecular dynamics simulations in GROMACS validated the stability 

and dynamics of aptamer-AFB1 complexes over 100 ns, with RMSD, RMSF, Rg, SASA, and 

hydrogen bond analyses confirming equilibrium and interaction stability. 

 In the final objective, a rapid, on-site, and cost-effective lateral flow assay (LFA) was 

developed for the detection of AFB1 using the L2 aptamer and complementary cDNA-thiol-gold 

nanoparticles (cDNA-SH-AuNPs) as colorimetric probes, with poly (diallyl dimethylammonium 

chloride) (PDDA) incorporated at the control line. The assay followed a dual-line detection format: 

in the absence of AFB1, cDNA-SH-AuNPs hybridize with the biotinylated aptamer at the test line 

and bind at the PDDA control line, resulting in visible signals at both lines. In the presence of AFB1, 

its specific binding to the aptamer disrupts the aptamer-cDNA interaction, preventing capture at the 

test line and allowing the cDNA-SH-AuNPs to migrate and bind only at the control line, producing 

a single visible signal. This design provides an internal validation mechanism, ensuring proper 

sample migration and reagent functionality. The assay exhibited high specificity with negligible 

cross-reactivity to other mycotoxins. A limit of detection (LOD) of 0.648 µM and a sensitivity 

range of 0.01 0.2 µM (~3 6 ppb) were achieved, indicating its suitability for detecting AFB1 even 

at low concentrations. Successful detection of AFB1 in spiked maize and groundnut samples 

-

deployable tool for monitoring AFB1 contamination in food and feed commodities. 

 Overall, this study successfully developed highly specific and sensitive DNA-based 

aptamers for the detection of AFB1 using a combination of AuNP-based SELEX, next-generation 

sequencing, and computational analysis. The resulting aptamers were applied to create a rapid and 

cost-effective LFA, which demonstrated robust performance in detecting AFB1 in real spiked 

samples, offering a practical solution for monitoring aflatoxin contamination in food and feed 

commodities. 
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AFB1                                        Aflatoxin B1 
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NGS                                          Next generation sequencing 
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ml                                              Microliter 
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