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It is shown that the global energy minimum of a protein-ligand complex, when the energy

is calculated by the PM7 quantum-chemical semiempirical method with the COSMO implicit

solvent model, can be determined as follows. First, the low energy minima are found by a docking

program when the protein-ligand energy is calculated with the MMFF94 force field in vacuum.

Second, energies of all these minima are recalculated with the PM7 method and the COSMO

implicit solvent model. Third, among these recalculated energies the minimal energy is determined

and the respective minimum is the global energy minimum when the energy is calculated with

the PM7 method and the COSMO implicit solvent model. The optimal width of the spectrum of

low energy minima found with MMFF94 in vacuum is determined to perform minimal quantity

of quantum-chemical recalculations. The proposed approach allows to perform docking in solvent

with the quantum-chemical method and to increase the docking positioning accuracy.
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Introduction

Docking is the most demanded software for the development of new medicine. Docking

performs positioning of ligands (small molecules) in protein and computes the protein-ligand

binding energy. For the effective application of docking to the drug discovery, the docking accu-

racy must be improved. The satisfactory positioning accuracy demonstrated by many docking

programs is insufficient to obtain the high enough accuracy of the binding energy calculation.

To overcome this problem, supercomputer docking programs have been recently devel-

oped [4, 9]. These programs do not use most simplifications worsening the accuracy of many

existing docking programs, and they are based on the docking paradigm [4] assuming that the

global minimum (GM) of the energy of the protein-ligand complex corresponds to the exper-

imentally detected ligand pose in the protein. The docking accuracy depends on the energy

calculation method, and best results [8] are obtained with the PM7 quantum-chemical semiem-

pirical method [7] and the COSMO implicit solvent model [3]. Unfortunately the PM7 method

demands much larger computational resources than classical force fields, as well as docking in

vacuum is faster than docking in solvent. Nevertheless, docking with PM7 can be realized using

the quasi-docking procedure [8] when a sufficiently broad spectrum of low energy minima is

found using a force field, and then energies of all these minima are recalculated with PM7 and

COSMO. By this procedure we are able to identify the ligand pose corresponding to the global

energy minimum for PM7 with solvent, and the goal of docking is reached. The quasi-docking

procedure saves a great deal of computational resources because it is necessary to fulfil many

hundreds of thousands of local optimizations for the reliable detection of low energy minima [4],

but for the energy recalculation several thousand low energy minima found with the force field

are enough for the detection of the global minimum with the PM7+COSMO energy [8]. How-

ever, for practical application of the quasi-docking procedure we should answer the following

question. How many low energy minima found with a given force field must be saved and then
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recalculated with PM7 to detect the global PM7 energy minimum? The answer is found, and

respective results are presented below.

1. Materials and Methods

The FLM docking program [4] is used to search for low energy minima of protein-ligand

complexes. FLM-0.05 utilizes the MMFF94 force field [2] in vacuum, and docking is performed

by randomly tossing the ligand into the protein followed by the local optimization of the energy

of the protein-ligand system with variations of Cartesian coordinates of all ligand atoms and

keeping fixed all protein atoms. FLM finds and saves a pool of a given number of unique low

energy minima. This pool consists of the global minimum and every successive minimum above

it. FLM performs parallel processing until the set of low energy minima stops to get renewed.

FLM-0.10 selects low energy minima on the base of their MMFF94 energy in water with the

PCM implicit solvent model [10]. FLM-0.05 is much faster than FLM-0.10 because the latter

consumes additional computing resources for PCM computations. Energy calculations by the

PM7 method with the COSMO solvent model [3] are performed by the MOPAC program [6]. 16

protein-ligand complexes [8] with good structures taken from Protein Data Bank [1] are utilized.

2. Results

The quasi-docking procedure is performed on the base of 8192 low energy minima found

by FLM-0.10 for every test protein-ligand complex [8]. This set of minima is designated as

{2}MMFF94+PCM. Then, energies of all these minima are recalculated with PM7+COSMO.

The ligand pose corresponding to the global PM7+COSMO energy minimum is near the crys-

tallized native ligand pose for almost all test complexes [8], and therefore, the docking paradigm

is fulfilled for them.

Is it possible to accelerate the quasi-docking procedure and to find the pool of low energy

minima with MMFF94 in vacuum using the much faster FLM-0.05 program? In order to answer

this question, pools of 8192 low energy minima are found (we designate them as {1}MMFF94) by

the FLM-0.05 program. Next, for every complex we perform the search in {1}MMFF94 for the

minimum corresponding to the ligand pose which is closest (by RMSD) to the pose corresponding

to the global minimum of PM7+COSMO energy in {2}MMFF94+PCM. Values of such minimal

RMSD are presented in Fig. 1. The PDB id is the identification of the 3D-structure from Protein

Data Bank [1]. Values in bars are differences of PM7+COSMO energies in respective minima.

As we can see, for 10 complexes (out of 16) among {1}MMFF94 minima it is possible to

identify a minimum which corresponds to the ligand pose in the close proximity of the ligand pose

corresponding to the global minimum of PM7+COSMO energy from the {2}MMFF94+PCM

set. It can also be seen that the close proximity can be defined by the condition RMSD <

0.1Å, because the respective difference in PM7+COSMO energies is sufficiently small less than

0.5 kcal/mol. However, for other 6 complexes the respective global minimum of PM7+COSMO

energy is not revealed among {1}MMFF94 minima: for these complexes RMSD > 0.1Å, and the

respective difference of PM7+COSMO energies is larger than 1 kcal/mol. One reason for this

can be related to the insufficient quantity of low energy minima stored by FLM-0.05.

To support this explanation, the MMFF94 in vacuum energy bands are presented in Fig. 2:

the energy band (green) occupied by 4096 unique low energy minima from the {1}MMFF94 set

and the energy band (beige) between the energy of the ligand pose corresponding to the global
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Figure 1. The minimal RMSD of the

PM7+COSMO GM from MMFF94 minima

Figure 2. Energy bands calculated with

MMFF94 in vacuum

PM7+COSMO energy minimum (from the {2}MMFF94+PCM set) and the energy of the global

minimum from the {1}MMFF94 set.

As we can see for four complexes (1TOM, 1VJ9, 1VJA and 4FV6), the beige bars are

higher than the green ones. This means that the energy bands occupied by minima found by

FLM-0.05 with MMFF94 in vacuum do not cover the energy range needed to detect the global

PM7+COSMO energy minimum from the {2}MMFF94+PCM set. For all these 4 complexes

RMSD > 0.1Å in Fig. 1 and the global minimum of PM7+COSMO energy is not detected by

FLM-0.05. For the remaining two complexes (1O3P, 4FV5) with RMSD > 0.1Å in Fig. 1 the

possible reason can be related to incompleteness of the low energy minima set found by the

FLM-0.05 program due to casual nature of the minima search algorithm. It is worth to note

that for three complexes (1C5Y, 1SQO and 3CEN) the global minimum of the energy computed

with MMFF94 in vacuum coincides with the global minimum of the PM7+COSMO energy, and

the respective energy band is zero.

Conclusion

The presented results show that the quasi-docking procedure with the PM7 quantum-

chemical method in solvent described by the COSMO model can be performed on the base

of low energy minima found by docking when the energy is calculated with the MMFF94 force

field in vacuum. For reliable finding of the global minimum of the protein-ligand energy calcu-

lated with PM7 and COSMO methods, sufficiently large number of unique low energy minima

computed with the MMFF94 force field in vacuum must be identified and stored by docking.

This number is specific for a given complex, it is determined by the energy band occupied by

these minima, and this number is less than 4096 for most of test complexes. The energy band

(MMFF94 in vacuum) occupied by these minima can reach several dozen kcal/mol for some

complexes.
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