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The docking algorithm is based on the Tensor Train (TT) decomposition [1] and the TT-CROSS method [2] for

multidimensional arrays (tensors), the novel TT-CROSS-based global optimization method [3] and the local

energy optimization by the simplex method with respect to ligand atoms as well as some target-protein atoms.

There is no the preliminary calculated grid of the ligand probe atoms energies in the field of the target protein

atoms and the energy of the protein-ligand complex is calculated directly in the frame of MMFF94 force field for

any complex conformation. The conformation space of the system coordinates is formed by translations and

rotations of the ligand as a whole, by the ligand torsions and also by Cartesian coordinates of selected

target-protein atoms. Low energy minima of the protein-ligand complex including the global minimum are found

as a result of the SOL-P docking program performance. The parallel MPI (message passing interface) based

SOL-P program is written on C++ with usage of BLAS and LAPACK libraries, and its main parameters are: the

maximal rank rmax of the matrix cross approximation method, the power m of the discretization degree of the

search space (the initial grid size is equal to 2

m
) and the number of iterations ni. The initial grid is introduced in

the d-dimensional search space to transform the continuous global optimization problem to the discrete one:

finding the maximal in magnitude element of a d-dimensional tensor. The discrete problem is solved by a

technique based on the TT-cross interpolation machinery applied cleverly, although heuristically, to selected

submatrices in the unfolding matrices of the given tensor. The docking algorithm performance has been

validated by comparing the revealed low energy minima with those found by the exhaustive supercomputer low

energy minima search for a set of 30 protein-ligand complexes in the frame of rigid protein approximation and

fully flexible ligands [4].  It was shown that SOL-P for the rigid target-protein was able to find the global

minimum for 50% of investigated protein-ligand complexes. The moveable protein atoms are determined by the

ligand poses and by the radius defining spheres with centers at the ligand atoms: all protein atoms inside the

spheres are considered moveable. Mobility of protein and ligand atoms is taken into account in the docking

process simultaneously and equally. The dependence of the docking time on the number of the protein moveable

atoms is linear up to at least 60 atoms (200 degrees of freedom of the protein-ligand complex). It is shown that

SOL-P is able to dock ligands with several torsions and several dozen moveable protein atoms over a reasonable

time, e.g. for rmax=4, m=8 and ni=10 the docking time of the native ligand (7 torsions) into the target protein

(PDB ID 3CEN) is 100 minutes at 256 computational cores of Lomonosov supercomputer [5]. The Dependence

of docking positioning quality is investigated as a function of the docking algorithm parameters as well as the

number of moveable protein atoms. Ability to reproduce with docking calculations experimental values of the

protein-ligand binding energy is investigated as a function of the number of moveable protein atoms.

Acceleration and efficiency of the docking procedure as function of the number of computational cores is

investigated. The work was financially supported by the Russian Science Foundation, Agreement no.

15-11-00025.
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