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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 Kkits 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



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 B (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 12" SELEX cycle pool following vector-based library preparation and NovaSeq NGS for direct
sequencing of 4", 8" 12" and 15" 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 AFB;. Using AuNP-based colorimetric assay, the dissociation constants
(Kd) of the aptamer-AFB; complexes were determined, revealing robust binding affinities even at
nanomolar concentrations for AFBi. The top four aptamers with the lowest K4 values CPMAL, L1,
L2, and L3 were shortlisted for further analysis. Circular Dichroism (CD) Spectropolarimetry
demonstrated conformational changes in aptamers upon AFB; binding, indicating stable aptamer-
AFB; 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 AFB>, AFGi, AFG,, AFMy,
Ochratoxin A, Fumonisin B1, and Bovine Serum Albumin (BSA), demonstrating high specificity
towards AFB;.

Additionally, computational methods performed to analyze the binding specificity and
stability of ssDNA selected aptamers towards AFB;. 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



energy (-5.06 kcal/mol). Molecular dynamics simulations in GROMACS validated the stability
and dynamics of aptamer-AFB; 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 AFB; 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 nM and a sensitivity
range of 0.01-0.2 uM (~3—6 ppb) were achieved, indicating its suitability for detecting AFB even
at low concentrations. Successful detection of AFB; in spiked maize and groundnut samples
confirmed the assay’s practical applicability, establishing it as a sensitive, reliable, and field-

deployable tool for monitoring AFB; contamination in food and feed commodities.

Overall, this study successfully developed highly specific and sensitive DNA-based
aptamers for the detection of AFB; 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 AFB; in real spiked
samples, offering a practical solution for monitoring aflatoxin contamination in food and feed

commodities.
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STATC TR HIRIAIS ATeAid HeTaIascd &, Sl JeeiIo Faad 3k g Qfdicdeod
HID! GRISTF Id g | I HAD Upid H AMUDH T Y Il §U G R 3517 T 3R U3f &
T gt &1 TR =0 4 gfd fhar g | srmeiian T 3 g \rg a1 IR & 9a- 3§ gUeIger
THHU & Ul Tel g3 daT=iadr 3R forar RRIR SRt THwams g1 9ahd 8 | 39feng, |Me 3R
IR T STATCITRT ! GgdM 3R AT faeIoor -1 IRET 3R ey el s &1 uw
AUl Ugd 8 | SUTeliRd & Yoo # 6 gfadl §: (a) STelRi $H 3MUIfde YR ard,
R-ufoRemd® 3R AU t® TS 81 (b) ST WRIAR H 396! Jigdl 9gd HH 8Kt 8
(didiel & Fiius WR d®) | SR ®f WTe/AR § FHIW 64 &1 UTifis WHifd a8 8 fe
S axgefl &1 UgdM B S8 W Y[ §ae & fafid TWRi WR ST foham Se| aaa™ &
TSI &1 Ul @ & e &5 faf¥dl o1 IuanT fosan o g1 3, fomd 2 &
U TR ISR, BTS-IRWIHY [t eI, fAifths HIHcIIG-AR Wag kb IUT, 3R
Tiaiat-3neTid ot ol [ToTga-foias SANREC 3 R MSAZEHISR | giaifes, oA
TR P! JeTHD U T WA AR Tt fafd g, A g forsht v fafiy wHremse &
fore Tt 7161 g1 SHH T & UhTs, TRIRAT iR SRAcgeIRM &t Saxadhdl gt &, 1 g1
TS 9id HiaRd el 3R YRUMA! & @ & ot te gdt Hfarc At 39 Had Tuldd
fazeiwur & g IugnT foban Sl §1 SAfe, E-RwIH fdfhs dicw! 3R fifes
SHIHCRIT AN Wag b Ul AR (AR & IS TTId § | ST, S B3I ard,
EATT 3R FATer T YD € | AT D! TR 3R G PRI P TRUN B HaLIHdl gl g |
JUDBRN I FUTT SR TR 1 ARSHAT b 1T SR HHDT Bt SHaaha giall ¢ | 3 fafdai
TR o T Srafdies SrRiRid &1 Torsa-fiide SRANIReC S AT SR UMD
Gl PR &1 fa=av0] UG &l § 3R 39 & WR R SUAN {41 o Ahdl § | §Taliich, ELISA
fore ot AT Siaft ot 3ifes At STl § Fiifor 39 Uiaie SdTG 3R DIt TWiTg I JMHd
g

BT & auf §, STT-3MTUTRT TR ST & &7 # IRy e sneffa o | gl
TUTR 20-80 99 dd B ffer-gfaaaerzgd gid & | 3 UeIalal & JHM &1 HRd &, Fiid d
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TS -t Ua1 §1d §, S 7163 TATamse o A fafkiy ok orcafiie Hag-iia Sevarm
D! F&H I ¢ | Sfd Th 8 TATAISE & RIATh TPIR 61 Sdled Riedfesd iz 3t
oy ST TRTuHRd TAREHE (SELEX) WihdT & Arend  fohdl il &, o 36 S 9
O: ITGd haT ST Gohdl 8 | SHD AT, SITT-SUTRT TR 3 dioHH IR fRRR 384 8,
T8 TPR-3MTRA fhey &1 HHR & dT9HH R TUgId 3R Uiag- fordn o 9l g | 9T g,
Y TR i Sgqu! IR #9igd B1d 8, forg A GbR & Tiamil $fR fohel &l fabRd
B o forT IUAIT oo o1 waval &, a8 it dag=itardn iR fafRrydn & wwgiar foee fomm|

39 Yoo §, gdAM 3remd o1 I I UTHIROT SR fARydr & 1y srareiio -
fafRry TprR faeRa &A1 UT1 31e0gH & Ugdl TR H, SUdTeIaa By (AFB;) & ol TPTR &l
TP 3R JediahT B o [T AuNPs-3TeTRd SELEX Wfehadl &1 @1 foodl 771 SELEX Tshi
B AuNP-3MTHTRA HARICACE assays BT SUINT HRD ssDNA THABIGT DI THUT U J T
AT IR IRafad I § AR & fod 39 Srgpad o1 Ufshar i ot

P 916, AuNP-STUTRA SELEX & H1e0H ¥ TG foh T 7T TPTR Y& o1 [aRaur kel
P T AR -SRI R (NGS) fbar 1| &1 ugfadl o1 IudT fadm T-1: MiSeq NGS &1
JUANT 129 SELEX b Jdl o forg foram 7, Fors darex-SuTid TRadh e daRt &1 re faar
AT 3R NovaSeq NGS &I SUINT 44, 84, 129 3R 153 gk T4 HI W8 HArebfiT o forg foman
T H! Ugls ! TUrad] =07 fa=avor, UeTs &l f[dad, 3R PR §eM &l B FastQC,
Trimmomatic, 3R AptaSUITE JUHRUI BT SUART HReh fhal Tl MiSeq HehiaiT o PR
3fIhHl & TR UG, S NovaSeq = 22 HIfCHI &1 G fdaT| MEME 3R MAST &1
SUINT P HIfCW [AReAT0T 4 TEIER T8 B SR aRepd o

b Srelral, WY 17 ST TueHy &1 Haa=iterdr, fafkmydr sk srEfS fawarst &1
i AFB, & RATTh {531 T | AuNP-STHTRT DHeAlAC D TR BT IUINT HRd §U, TUCHR-
AFB, UREOSH & feaqaifue fRRI® (kd) Ruiid fou e, St AFB, & fore A9\ er Iigar
IR off Aord SEfET Tftefd @l exifd € 1 99 &9 Kd A1 aTdl S IR TIe™d CPMAL, LI,
L2, 3R L3 P 31 Bt fIRyr & ferd 1 77| peR SIEehIgold (CD) W UIRAC 4 AFB,
TS W ey & WRadd uRad G, S fRR T9erR-AFB1 URIASH T3 &I
Johfad FRd &1 TaRIg-3ena T, ORIH SyBr Green-1 ddd-fed DI 3R IHH
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3MTRITZS (GO) 3R FAM-TITd T 71T TUerR T =MAE §, 3 39 Tuermy &! Avied agiS
DHISATCHT BTGB DT | AuNPs-SHTUTRA TR BT IGANTT B [ARITar 3R Hi9-Rufdefad sremm
7 TR-A&7 fa=AWON, S AFB,, AFG), AFG,, AFM), Ochratoxin A, Fumonisin B1, 31X Bovine
Serum Albumin (BSA) & ¢ g SIEf&T &1 gxifan, St AFB, & ufd 3= falkiyar & wefRfa
IRAT

3P faf¥ad, AFB; & Ufd ssDNA Tafd tuer iy &t aEfe fafrydr sik fRRar &1
fIRAOr B & e HuETES faftdr ot 715 | Ter ™ ot fgdiad AN MFold da¥aR &1
I dxep Hfasaroh ot 7€, St fafay wifET T guidt §1 Idiae Txammst & Rva
Composer & 1Y Aied forar T SR DNA-WWﬁWmWI AutoDock SUBRUI
& Y STUMAD ST = Tolad arsfet UthiAc! &1 UgRH foar, fod tuemR L1 A 999 HH
SEFET HoAl (-5.06 keal/mol) G/ | GROMACS & SMUTfa® SATHET RIS A 100 ns &
HidR TIeTR-AFB1 UREAISHI Bt RRAT 3R SAHE & A= fohd, S8 RMSD, RMSF,
Rg, SASA, 3R gTESIoH a8 AUl 7 Ta 3R SevarM &f fRRaT &1 g Bl

3ifeTH IERT & d8d, AFB1 & YR & fog T <fig, SfiF-913e SR fwhred dexd vt
T (LFA) o Ria forar ma, foRd L2 TPR 8IR R cDNA-REd-TMee A diédhed (cDNA-
SH-AuNPs) B HaRAlCH Sid & U T IUTRT foam 711, T 801 161 W Uiclt (Sruferd
SRUUTSANMIH FRISS) (PDDA) & UMH fohdT 1471 I8 T qgl-34] UgdH YRSy &l
SIIRRUT IRl §: AFB1 1 SIARUT T, cDNA-SH-AuNPs Irlfefcic s ToTR ¥ Tiamr v
(T TMST) TR AHRUI B § 3R PDDA 01 @1 (@hetd ) R i a2 81 8, fore gl
31T R THM Tohd 3 8Id 6 | AFB1 3T SURITT H, IHT [ART Y J TR ¥ 44
TUTHR-cDNA & YRR b &1 S1fid Har g, ford oiefur a1 iR uhs Fal §at 3R
¢DNA-SH-AuNPs UaIfgd g1 dad (R0 3@ IR 158 BId &, forgd uRumasy odd U
TR Aohd 41 ¢ | T8 FETIgA SHiake A1=iar dF Ua™ &Rl 8, S A9 Ha 3R NG H®]
&1 BRI B GAYT BT 81 39 T A I falkiwar weflRfa @1 oiR o= A dieliary &
gfa 0 Hig-Rufaefadt fearg | S8 0.648 ARHHAIR (M) P YAdH TgdH I (LOD)
3R 0.01-0.2 pM (~3—6 ppb) P AN THHT YT BT, ST AFB1 B AT Figdl W Ht




IHd UgdH &1 SR BT ¢ | W3H fhY T Hahl 3R Ghell & Al § AFB1 &I IHd
U5 A 59 T & AIGgIRS SUAIRTA ®1 R o, o a8 @y iR aRT a¥gell § AFBI

TGO &1 R & ot U Hae=id, oy SR &= TR IR TR i IUSHR0I & =0
T R1fUd gail

S (AR, 3T T 7 AuNP-3TUTRT SELEX, 3Ta Uig! & S HUT 3R WIS
fI=ReIT0T & TSI BT ST ISP AFB, & Tdl AT o o4 3o fafRIgT $iR Hag-=iadr ara
DNA-3TYTRT THerTY &l Ihadyde® [demRid fhar aRumesy, 39 Tdemy &1 3uanT
PP U ARd R ANTA-HA LFA F1S 718, TS arafad Wse T 0 751 & AFB, &I
Tl ST & Hoted U= feaman, fore @mer oiR ary Irafiat & sroreia gy &t fRmt
& foTT Tep SHTagTRe FHIYH Uar fbar
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