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Introducing truncated DNA aptamer as a new molecular probe for
aflatoxin B1 detection using computational simulation techniques
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Abstract

Single strand DNA or RNA known as aptamers, are able to detect the target molecule with specificity at the
monoclonal antibody level. However, the placement of mycotoxins in small molecule groups and their high
molecular weight differences with aptamers have become a serious challenge in introducing aptameric
probes for them. In the present study, in order to achieve a new and shorter aptameric sequence for aflatoxin
Bi (AFB)), an initial oligonucleotide library (Lib;) was designed based on the sequence of a known AFB;
aptamer (named Aptl, 50 bp) using the genetic algorithm. The best aptamer from the Lib; library was
selected based on the molecular docking results and has been modified to create a new library (Lib2) using
the truncating strategy. Virtual screening of the Lib, library in terms of their binding affinity over AFB;
molecule led to obtain the truncated aptamer, C52-T, with 19 bp in length. Type of interaction and stability
of C52-T-AFB; complex were investigated using molecular dynamics simulations (MD) and MM-PBSA
method. The affinity constant of C52, C52-T and Aptl aptamers over AFB; were estimated through
unmodified gold nanoparticle-based colorimetric assay. The experimentally founding and in silico results
were completely consistent. It seems that the computational techniques have the great potential to introduce
sensitive molecular probes to design specific mycotoxins aptasensors.
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Fig 1. Comparison of three-dimensional structure of C52 and C52-T aptamers in complex with aflatoxin B
molecule in terms of binding sites, type and number of interactions.
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Table 1. Principal interactions between residues of C52 and C52-T aptamers with AFB; .

Aptamer  Carbone and conventional hydrogen binding Hydrophobic interaction Electrostatic interaction
H-Donor-H-Acceptor Pi-Orbitals- / ¢ /alkyl Negative-Pi-Orbitals
C52-T G5:H1 - AFB1:05 G15 - AFBI1
G5:H1 - AFB1:06 G15 - AFBI1
AFBI1:C3 - T14:0P2 G15 -AFBI
AFBI1:C17 -C9:02 G15 - AFBI1
AFBI1:C17 - C13:02
C52 G6:H21 - AFB1:05 G6:C2' -AFBI1 C7:0P1 -AFBI1
G39:H21 - AFB1:06 G39 - AFBI1
C7:C4' - AFB1:04 G39 - AFB1
AFB1:C17 - C40:03' G39 - AFB1

AFBI1:C17 - T41:0P1

Colw slaug 228 5 sluws (Keal/mol)Jlas! g5, pwlwl p Libz 6luls 3 oad obsS g ol sla JIg KiSTs jlael .Y gk

AT Jsby B g1y 50 Lol T Sl sled ¢ Jluas!

Table 2. Docking score of the truncated aptamers in the library Lib: based on binding energy (kcal/mol), the
number of nucleotides in the binding site, the number of aptamer interaction with aflatoxin B: molecule and

aptamer length.

Aptamer Binding energy binding pocket Interaction with AFB1 Length Docking Score
(Kcal/mol) (Num.) (bp)
C52-10-5 -4.75 A2,C8,G3 8 10 3.12
C52-20-5 -4.95 G9,T11,C10,T6 7 20 2.78
C52-30-5 -5.24 G19,C20,T16 5 30 2.32
C52-40-5 -5.03 G29,C30,T26 5 40 2.19
C52-19-5 -4.58 G12,C4,C3 6 19 2.46
C52-18-5 -4.45 C13,T5,T4,A10,G11 8 18 3.02
C52-17-5 -4.51 C12,G10,A9 4 17 2.36
C52-16-5 -4.02 A8,T16,T7 8 16 2.61
C52-15-5 -5.11 G8,C14,T15,C10 5 15 2.83
C52-10-3 -4.79 G5,A8,G6 3 10 2.74
C52-20-3 -4.47 G10,T11,C13,G12 7 20 2.69
C52-30-3 -4.55 G25,A8, 6 30 2.06
C52-40-3 -4.93 G6,C7,C33,A8 6 40 2.45
C52-19-3 -5.02 G5,T14,C9,C13,G15 9 19 3.18
C52-18-3 -4.38 G15,T16,C17,G4 6 18 2.65
C52-17-3 -4.62 T11,C13,G10,G12 7 17 2.81
C52-16-3 -4.56 T11,G12,C13, 4 16 2.40
C52-15-3 -4.55 G15,G4,T3 7 15 2.67
C52-5-3 -4.44 (G29,C30,T26,C28 13 30 2.98
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Fig 2. RMSD plots of the lone C52-T (Blue) and C52-T in complex with aflatoxin B: (Red), the lone C52
(Green) and C52 in complex with aflatoxin B:1 (Purple), during the simulation time.
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Table 3. Hydrogen bond interactions and occupancy of C52- aflatoxin B: and C52-T - aflatoxin B: complexes

during 50ns of MD simulations.

Aptamer Donor Acceptor Occupancy (%) Number (meantSD)
C52-T 12DG (H21) AFB1(O¢ ) 9.3 0.154+0.37
12DG (Ha1) AFB1(0Os) 0.4
12DG (Ha1) AFB1(02) 1.7
12DG (Ha1) AFB1(0,) 2.4
10DG (Ha21) AFB1(0,) 0.4
9DC (Ha1) AFB1(0s) 0.4
C52 G6 (Hz1) AFB1(0Os) 10.9 0.83+0.51
G5 (Ha1) AFB1(04) 6.3
G5 (Ha) AFB1(03) 65.3
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Table 4. Hydrogen bond interactions and occupancy of the binding pocket —water molecules and aflatoxin Bi-
waret molecules (mean +SD) in C52 and C52-T complexes during 50ns of MD simulations.

Hydrogen bonding Hydrogen bonding
Aptamer Binding pocket-water molecules Aflatoxin B;- water molecules
Number (meantSD) Occupancy range (%) Number (mean+SD) Occupancy range (%)
C52-T 46.5 +4.48 0.1-34.8 3.28 +£1.21 0.1-1
C52 71.27 £4.7 1-6.3 2.11£1.25 1.1-5.9
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Table 5. Comparison of free binding energy components of C52 and C52-T complexes obtained from MM-PBSA
method given in kcal/mol.

Aptamel‘ AE van der Waals AE clectrostatic AG polar AG non-polar AG binding
C52-T -24.63+3.09 -10.87+5.40 10.44+5.95 -2.47+0.27 -27.53
C52 -42.06+4.07 -9.30+8.13 1.294£27.75 -9.44+6.37 -59.51
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Fig 3. Analysis of the free binding energy components for C52-T residues interacting with aflatoxin B1 through
MM-PBSA method during SOns of MD simulation .
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Table 6. Binding affinity (K.) values (nM) for C52,
C52-T and Aptl aptamers calculated using
unmodified AuNPs-based colorimetric assay and
comparison with the in silico approach.

Aptamer Colorimetric assay In silico score R?

C52 3.15E-05 3.02 0.99
C52-T 1.75E-05 2.713 0.99
Aptl 1.30E-05 2.209 0.98
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