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I. Introduction 

Bioinformatics includes several computationally demanding problems that are based on modeling 

and simulation of biochemical processes. One of these is the molecular docking, whose aim is to 

simulate the interaction of two given protein molecules and to predict if they can bind to each other.  

The common drawback of the existing docking algorithms and softwares is their low speed. That 

is why the possibility of an FPGA-based implementation of molecular docking is worth 

investigating. The purpose of this short paper is to introduce and evaluate such an implementation, 

which mimics a popular and well-known docking software called AutoDock 4, as well as to suggest 

possible future improvements of the implemented algorithm. 

II. The Docking Algorithm 

The two molecules that are involved in the docking problem are called the receptor and the ligand. 

During the docking algorithm the receptor is fixed in space while the ligand can be moved and 

rotated, and the aim is to find the energetically most favorable position of the ligand relative to the 

receptor. A scoring function is used to estimate the free energy of the different arrangements and to 

evaluate them. If the free energy is sufficiently negative for the ideal position of the molecules, they 

might be able to bind to each other in reality as well. 

Molecular docking can be considered as a global optimization problem, where the ideal 

arrangement of the molecules, that is, the global minimum of the scoring function has to be found. 

The parameters of the problem are the three translational and the three rotational degrees of freedom 

describing the ligand’s position and orientation. Besides, the ligand is often treated flexible, which 

means that it includes rotatable bonds whose torsional angle can change. Each of these bonds 

represents an additional parameter, thus the degrees of freedom of the problem can easily be 15-20 

depending on the size of the ligand. Optimization methods used for solving the docking problem 

include simulated annealing, swarm-based optimization algorithms and genetic algorithms. 

A. The Implementation 

The implementation has a pipelined structure where different stages are responsible for 

implementing the optimization algorithm, calculating the coordinates of the ligand in the current 

position and for evaluating the scoring function. The implementation uses the AutoDock 4 scoring 

function and applies a simple genetic algorithm, which is quite different from the one used in 

AutoDock 4. These differences are that the implemented algorithm is steady state [1] and not 

generational, it uses a totally random parent selection instead of a proportional one, and it does not 

include a genetic operator for local search. These simplifications seem to be reasonable considering 

that the algorithm is implemented on FPGA [1], however, their influence on the efficiency of the 

algorithm is to be investigated.  

B. Evaluation of the Implementation 

When evaluating the implementation, two aspects have to be taken into account: the speed and the 

rate of successful dockings. A docking is considered successful if the position of the docked ligand is 
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sufficiently close to the expected one, that is, the root mean square deviation of the two structures is 

below 2 Angström.  

For two medium size ligands, the XK263 and the sialic acid, a flexible docking consisting of 

500.000 energy evaluations lasts 5,72s and 2,26s in the FPGA, respectively. Running AutoDock 4 on 

a standard PC with a 2.4 GHz Intel Core2 Duo CPU, the same task requires 45,65s and 32,16s, thus 

the FPGA implementation has a speedup factor of ×8 and ×14 over the CPU for these molecules. 

Further significant speedup could be achieved with improving the implementation. 

If XK263 and sialic acid are treated as rigid, the rate of successful dockings is 77% and 47%, 

respectively. Since the molecules have 10 and 11 rotatable bonds, treating them as flexible makes the 

problem significantly harder. In this case the rate of successful dockings decreases to 3% and 16%, 

which suggests that the implemented steady state genetic algorithm cannot deal with too many 

degrees of freedom. This is confirmed by the fact that AutoDock 4 can find the proper docking 

position for both the flexible XK263 and the flexible sialic acid in about 30% of the cases.  

III. Possible Improvement of the Genetic Algorithm 

AutoDock 4 uses a hybrid search method, which includes an ordinary genetic algorithm extended by 

a genetic operator for local search, that is, with a certain probability the generated offspring are 

subjected to local search after crossover and mutation. This method proved to be quite successful, 

improving the accuracy of docking in the case of AutoDock 4 [2]. 

The applied local search is a hill climbing method, where in each iteration step the current value of 

the parameters is altered by adding a normally distributed random variable v with mean b and 

deviation ρ to it. If the new solution is better, the movement is considered to be a success, if not, a 

failure. Value of b for the next step is the weighted sum of the current b and the current v, and ρ is 

altered adaptively after a certain number of consecutive successes or failures. 

The whole docking algorithm was implemented in C as well, along with the local search method 

described above. When using the steady state genetic algorithm extended with the local search, the 

rate of successful dockings increased from 3% and 16% to 21% and 41%, respectively, for the 

flexible XK263 and sialic acid. These values are quite close to the 30% success rate of AutoDock 4. 

The rate of successful dockings in different cases can be seen in Table 1. Since the local search is 

quite simple and clearly improves the efficiency of the algorithm, adopting it in the FPGA seems to 

be a reasonable decision. 

 

Table 1: Efficiency of the steady state genetic algorithm 

Rate of successful dockings Molecule Degrees of 
freedom Without local search With local search 

Rigid 6 77% 97% XK263 
Flexible 16 3% 21% 

Rigid 6 47% 82% Sialic 
acid Flexible 17 16% 41% 
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