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Fig.1 The genetic algorithm—based in silico maturation strategy combined with molecular docking to obtain

progesterone—binding aptamer with improved affinity
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Table 1 Candidate aptamers and their complementary

sequences

Name Sequence (5'-3")

P4S-0 GATTAACATTAGCCCACCGCCCACC
FDNA, FAM-CTAATGTTAATC

BDNA, GTGGGCGGTGGG-BHQ1
P4Gl1-14 GGTTAACATAAGCTAACCGACCTCC
FDNA, FAM-CTTATGTTAACC

BDNA, GAGGTCGGTTAG-BHQ1
P4G2-20 GATTAACAGACGGCCCTCGACCTCC
FDNA, FAM-CGTCTGTTAATC
BDNA, GAGGTCGAGGGC-BHQI
P4G1-6 GATTAACATAAGCTAACCGCCGTCC
FDNA, FAM-CTTATGTTAATC

BDNA, GACGGCGGTTAG-BHQI
P4G1-7 GATTAACATAAGCACACCGCCGTCC
FDNA, FAM-CTTATGTTAAGC
BDNA, GACGGCGGTGTG-BHQ1
P4G2-14 GGTTAACATGAGCTAACCGCCGTCC
FDNA, FAM-CTCATGTTAACC
BDNA, GACGGCGGTTAG-BHQI1
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Fig. 2 The schematic for the evaluation of candidate aptamer based on colorimetric method
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Fig.3 The schematic for the evaluation of candidate aptamer based on FRET and the aptamer structure switch
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Fig. 5 Insilico prediction of secondary structure with the minimum free energy of the selected aptamers
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Fig. 6 Alignment of the 3D structures predicted by our pipeline (yellow) and the corresponding experimental ones obtained
from PDB (green) for the 24 ssDNA
The PDB ID and RMSD values (A) are presented as label and in parenthesis, respectively.
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Fig. 8 Saturation curve of candidate aptamers binding to P4

Table 2 The K, value of aptamer was measured by
fluorescence detection method based on the
structure switch of aptamer and compared with the

docking score

Aptamer K, /(nmol- L™) Score/(kcal- mol™)
P4S-0 14.17 -4.63
P4Gl1-14 4.457 -7.48
P4G2-20 6.432 -6.95
P4G1-6 8.582 -6.90
P4G1-7 10.45 -6.86
P4G2-14 11.34 -6.76
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F, represented the fluorescence of solution containing aptamer, FNDA,

BDNA and P4, F, represented the fluorescence of solution containing
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Optimization of Progesterone Aptamers in silico Based on Genetic Algorithm”

TANG Chun-Hua, JIANG Han-Bing, YANG lJie, LU Xiao-Ling, CHEN Mei-Lun,

WEI Zheng, Liu Yi-Jie, YU Peng™
(College of Pharmaceutical Sciences, Central South University, Changsha 410013, China)

Abstract Objective The purpose of this study is to improve the affinity and selectivity of aptamers of
progesterone (P4). Methods The computer-aided optimization strategy (in silico maturation, ISM) based on
genetic algorithm (GA) was used. The 4 rounds of GA (including crossover mutation, single point mutation and
double point mutation operations) were performed to construct the initial library and G1, G2 and G3 generation
ssDNA oligonucleotides as new candidate aptamer libraries. The candidate aptamers were isolated and analyzed
by molecular docking, and continuously optimized using an iterative strategy. In addition, a new strategy is
proposed to predict the tertiary structure of sSDNA more accurately. Their secondary and tertiary structures were
modeled by Mfold and RNA composer respectively. Output PDB files were modified from RNA to DNA in the
Discovery Studio software. Finally, the structure is energy minimized by Molecular Operating Environment.
Results In the second generation, P4S-0 sequence was optimized in the local search space, and P4G1-14, P4G2-
20, P4G1-6, P4G1-7 and P4G2-14 were selected as the best aptamers for P4. AuNPs colorimetric method was
applied to verify the affinity of the optimized aptamer. And then a fluorescence method based on the structure
switch of the aptamer was constructed to determine the dissociation constant (K;) of the aptamer, and the
selectivity of the aptamer (for bisphenol A, estradiol, testosterone and cortisol) was evaluated. Conclusion The
aptamer optimized by ISM has a greater affinity for P4 than the original aptamer, and still retains the selectivity

for recognizing molecules with similar structure.
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