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based on principle of uniform design

A molecular docking conformational search strategy of adaptive clonal selection algorithm
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Abstract: A conformational search strategy of adaptively clonal selection algorithm based on the principle of uniform design
principle is designed and realized in molecular docking for improving the accuracy and speed of molecular docking. Firstly,
the antibody concentration is introduced into the strategy, and the antibody quality is evaluated by antibody concentration and
minimum binding free energy. Then, the principle of uniform design is used to design the combination of various parameters

for clonal selection algorithm. Finally, adaptive clonal selection, adaptive mutation, adaptive recombination are applied to

replace clonal selection, mutation, recombination. For verifying the performance of the proposed algorithm, tests are
conducted on 6 kinds of protein-ligands complex from Brookhaven PDB protein database, and the proposed algorithm is also

compared with Lamarckian genetic algorithm, simulated annealing algorithm, immune genetic algorithm and clonal selection
algorithm. The results show that the proposed algorithm is faster in convergence and has better searching ability.
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Tab.1 Scheme of uniform design

Group 1 2 3 4 5 6
1 1 2 3 5 7 10
2 2 4 6 10 3 9
3 3 6 9 4 10 8
4 4 8 1 9 6 7
5 5 10 4 3 2 6
6 6 1 7 8 9 5
7 7 3 10 2 5 4
8 8 5 2 7 1 3
9 9 7 5 1 8 2
10 10 9 8 6 4 1
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Tab.2 Scheme of uniform experiment

Group 1 2 3 4 5 6

1 30 28 0.12 0.14 040 0.19
2 32 44 0.15 0.20  0.18
3 34 60 0.18 0.13 055 0.17
4 36 76 0.10 0.18 035 0.16
5 38 92 0.13 012 015 0.15
6 40 20 016 0.17 050 0.14
7 42 36 0.19  0.11 030  0.13
8 44 52 0.11 0.16 010 0.12
9 46 68 0.14 0.10 045 0.11
10 48 84 0.17 0.5 025 0.10
11 50 100 020 020 0.60 0.0
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Fig.1 Molecular structure of ligand
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Tab.3 Results of molecular docking based on different algorithms

PDB code  Algorithm Energy/kcal-mol' RMSD/A t/s
3ptb SA -8.03 0.39 130.93
GASW -8.16 0.32 25.13
GAIM -8.16 0.31 21.68
CLONE -8.15 0.29 12.59
ACASP -8.62 0.21 12.33
2cpp SA -6.40 1.21 12.98
GASW -7.36 1.76 24.94
GAIM -7.38 1.75 20.10
CLONE -7.37 1.76 10.56
ACASP -7.97 1.72 10.23
2mcep SA -1.22 9.47 23.21
GASW -5.20 0.99 42.26
GAIM -5.27 0.89 33.74
CLONE -5.47 0.97 10.59
ACASP -5.96 0.72 12.70
Istp SA -0.99 12.10 3.50
GASW -10.96 0.58 56.68
GAIM -10.61 0.51 49.52
CLONE -10.49 0.57 20.47
ACASP -10.88 0.52 19.43
lhvr SA -3.41 7.10 722.51
GASW -21.41 0.62 1217.02
GAIM -21.39 0.66 113991
CLONE -20.84 0.84 92.09
ACASP -24.93 0.73 98.27
4hmg SA -0.7 10.33 27.25
GASW -7.55 0.89 62.40
GAIM -8.01 0.86 47.52
CLONE -7.75 0.72 49.52
ACASP -10.38 0.51 46.26

SA: Simulated annealing; GASW: Lamarckian genetic algorithm; GAIM:
Immune genetic algorithm; CLONE: Clonal selection algorithm; ACASP:

Adaptive clonal selection algorithm; RMSD: Root-mean-square deviation
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