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Abstract 

 The prediction accuracy of ChooseLD, a technique for in silico screening based on a three-

dimensional structure, was remarkably improved by introducing hydrophobic interactions to 

prediction parameter. 

 Specifically, the Hc index, which optimized the coefficient, for the evaluation of 

hydrophobic interactions, was included in formula. The hydrophobic interaction was found to 

have a remarkable effect as a physical parameter. The effectiveness of the combination of an 

empirical parameter and the physical parameter is demonstrated simultaneously. 

 

1. Introduction 

 In recent years, an increasing number of interactions between drugs and proteins have been 

identified through biochemical experiments [1][2]. Consequently, the competition to discover 

compounds that inhibit target proteins has intensified among pharmaceutical companies and 

research institutions [3][4]. Numerous compounds that inhibit target proteins have been found 

through experimental screening. However, owing to the high cost needed for the experimental 

screening, in silico screening using computers is preferable. 

  In   in silico screening, the three-dimensional arrangement of target proteins can be 

determined by utilizing experimental structures deposited in the Protein Data Bank (PDB) [5], 

such as those obtained through X-ray crystallography and NMR. Alternatively, multiple aqueous 

solution structures are optimized through energy minimization and molecular dynamics 

calculations to derive the atomic coordinates of the target protein. In contrast, if the three-

dimensional structure is not registered in database, it is necessary to predict the three-

dimensional structure using protein structure prediction methods, such as homology modeling 

[6]. In either case, data obtained through experimental protein structure analysis or prediction are 

used.  

 Additionally, the number of protein–ligand complex structures registered in the PDB has 

increased in recent years. It is also common to find multiple X-ray structures within a single 

protein family, each containing ligands comprised of different atoms [1][2]. Several attempts are 

being made to evaluate whether the complex structures predicted by docking software align with 

these data.  



 

 In these attempts, existing docking software was used to dock candidate inhibitor 

compounds to target proteins from a virtual compound library for predicting the structures of 

protein–ligand complexes. After predicting structures, inhibition activities of compound are 

tested to select additional hit compounds. Additionally, calculating distances between the protein 

and ligand, classical physical energies, and extracting and re-evaluating interaction information 

from the structures of known protein–ligand complexes are assessed [7][8].  

 The ChooseLD (CHOOse biological information Semi-Empirically on the Ligand 

Docking) [9], method used in the present study, can efficiently select key information from the 

data of known protein–ligand complexes structure registered in the PDB and perform docking. It 

is also useful for detecting a large number of hit compounds. However, when performing 

homology modeling based protein structure prediction, docking results could be mis-calculated 

since citing the information of the proteins with mutations in the ligand-binding site or proteins 

sharing structural similarities, although that are strongly denied by hydrophobic interactions 

influence.  

 In this study, to improve the accuracy of the ChooseLD for predicting protein–ligand 

complexes interactions, we introduced the hydrophobic interaction evaluation function Hc 

(hydrophobic correlation) index [10], conceived by Hideaki Umeyama and Kenji Akaba to score 

calculation. 

 In recent years, there has been a notable progress in the development and release of large-

scale databases useful for drug discovery research. One such database is ChEMBL [11], which 

provides structure–activity relationship (SAR) information for pharmaceuticals and 

developmental compounds. High-quality SAR information, collected and organized by chemistry 

and biology experts, is provided free of charge. By correlating the activity information (Ki) of 

targets registered in ChEMBL, we investigated whether integrating the hydrophobic interaction 

evaluation function Hc index into the ChooseLD method could enhance the efficacy in exploring 

compound candidates as opposed to the original ChooseLD method. 

 

2. Methods 

2-1. Outline 

 

 ChooseLD is a software tool that extracts biochemical information from protein–ligand 

complexes with known interactions registered in the PDB and performs docking simulation. It 

utilizes fingerprint-based docking of unfamiliar ligand structures, incorporating partial binding 

free-energy components derived from ligands with known interactions.  

 



 

 
 

Fig. 1 Flow of docking simulation using the ChooseLD method. 

 

 An overview of the ChooseLD docking simulation is shown in Fig. 1. The ChooseLD 

method utilizes the structural information of similar protein for target protein and identifies 

ligands that bind to similar sites on these proteins. This process generates fingerprints, which are 

components retaining partial binding free energy from ligands with known interactions. 

Compounds are docked based on this fingerprint information. By performing docking based on 

ligand information from proteins with similar local structures to the target protein, it is possible 

to explore potential pharmaceutical compounds that act on the target protein.  

 However, if mutations occur in the referenced local structures or in the ligand-binding site 

of the target protein, docking a hydrophilic ligand to a hydrophobic binding site of the target 

protein could lead to inaccurately high evaluations of the protein–ligand complex structures. 

Conversely, the same issue can occur when attempting to dock hydrophobic ligands onto 

hydrophilic binding sites. To address this, the Hc index was incorporated. 

 

2-2. Hf index 

 

 The Hc index was originally created as an indicator for assessing the status of hydrophobic 

and hydrophilic interactions between proteins and compounds, and it is derived from the Hf 

(hydrophobic field–effect) index. The Hf index is explained first.  

 The Hf index is an indicator representing the strength of hydrophobic and hydrophilic 

interactions that a compound receives from a protein. To calculate the Hf index, the surface of 



 

the compound is first divided into micro-surfaces (patches), and the calculation is performed for 

each patch using equation (1): 

 
 Hfj represents the Hf index in the j-th patch. fk is the transfer free energy per unit area of 

the 𝑘-th atom of the protein. Here, transfer free energy refers to the change in free energy when a 

molecule moves from the aqueous phase to the gas phase. This transfer free energy is closely 

associated with the hydrophobic and hydrophilic nature of the molecule, as already described by 

Ben-Naim [12]. The 𝑓 value, which quantifies transfer free energy, indicates strong 

hydrophilicity when it takes positive values and strong hydrophobicity when it takes negative 

values. These values have already been determined at the functional group level by previous 

research. [10] 

 

 

Table. 1 The 𝑓 value for the protein functional group 

 

 

 
 

𝜙 is a distance -dependent function that accounts for the attenuation of the hydrophobic 

influence of atom 𝑘 with distance. The method of calculating 𝜙 is shown in equation (2).  

Substituents 



 

𝑟𝑗𝑘 is the distance between the center of patch 𝑗 and the surface of protein atom 𝑘. Here, 𝛽 is a 

constant, -0.1312, which is taken from the Pratt-Chandler theory to reproduce a quasi-stable state 

with one water molecule between two molecules [13]. R is a value taken to reproduce the stable 

state in the protein [13]. 𝑅 represents the radius of the atom in the protein, and (𝑟𝑗𝑘−𝑅) indicates 

the distance between the surfaces of the compound and the protein atoms. Thus, the Hf index 

represents the influence received by the patch from the protein by summing the hydrophobic and 

hydrophilic strengths of each protein atom, weighted by distance. 

 

2-3. Hc Index 

 The Hc index can be obtained with following equation (3), using the Hf index: 

 

 
 

 S𝑗 represents the area of patch 𝑗. Hence, the Hc index is the sum of the hydrophobic and 

hydrophilic influences (Hfj) each patch receives from the protein multiplied by the f value of the 

patch itself and the area S𝑗 of the patch. This enables the calculation of the overall hydrophobic 

and hydrophilic correlation between the compound and the protein. However, although the 𝑓 

values of compounds have been determined by previous research, the amount of data available 

for practical use in in silico screening is limited. Therefore, in this study, we developed a method 

to determine the 𝑓 value of the compound patches themselves. 

 

2-4. 𝑓 value 

 Figure 2 shows the correlation between the partition coefficient logP in the water-n-octanol 

system and the transfer free energy 𝑓 value per unit area. 

 



 

 
Fig. 2 – Partition coefficient logP and transfer free energy 𝑓 value per unit area 

 

 Because of the negative correlation between logP and 𝑓 value, a negative sign was 

attributed to the partition coefficient logP, and it was set as the 𝑓 value of each compound atom. 

 
 

 Additionally, additivity of logP was assumed and, thus, it was determined using the 

Crippen’s method [14]. This was used as the logP per compound atom. In the Crippen’s method, 

the pattern of adjacent atoms to the atom for which logP is to be calculated is matched against 

predefined patterns in the SMARTS format. The logP of the matching pattern is used as the logP 

of each atom. An example is shown below. 

 

 
 

Table. 2 – logP per compound atom



 

 
 

 In the compound shown above Table 2, even for carbon atoms that form the same aromatic 

ring, the carbon atom bonded to the hydroxyl group (type: C23) has a higher logP. Thus, the logP 

per atom was determined by the adjacent atoms, and the value is multiplied by a sign to calculate 

the 𝑓 value of the compound. By incorporating this method, the final Hc Index can be expressed 

as equation (5) below: 

 

 
 

2-5. Determining the criterion value of coefficient k 

 

 Since the systems differ between the FPAScore calculated by the ChooseLD method and 

the Hc index, the final score was obtained as the Hc index multiplied by the coefficient k added 

to the FPAScore, result in including hydrophobic interaction evaluation function Hc index. The 

equation is shown below (Equation (6)):

 

 
  

 To determine the value that serves as the criterion for coefficient 𝑘, all target sequences 

registered in ChEMBL (ChEMBL20) were used to construct three-dimensional structures and an 

FP Library. Additionally, targets with a sufficient number of compounds in the same assay were 

identified. Next, ChooseLD was applied to these targets to obtain FPAScores, and the structure 

with the highest FPAScore output by ChooseLD was identified. The Hc index for this structure 

was then calculated. Finally, the variance of each of these scores was calculated, and the ratio of 

these variances was used as the criterion value for the coefficient 𝑘. 



 

 The FPAScore was found to be 565.5944 ± 415.2728, and the Hc index was 0.3959617 ± 

12.76401. Owing to the significant difference in the range of variances, we centered around 𝑘 = 

32.5 and varied the value of 𝑘, correlating it with experimental values (Ki) registered in 

ChEMBL (ChEMBL20). Through this process, the optimal coefficient 𝑘 was determined. 

 

3. Results and discussion 

3-1. Determining the optimal coefficient k 

 

 Out of the 5,569 targets registered in ChEMBL (ChEMBL20), 4,348 targets were 

successfully constructed using LigandFAMS. Among these, 596 targets had the necessary assay 

information and Ki data required for correlating the calculated scores with experimental values. 

Of these, ChooseLD was successfully executed on 273 targets. The information obtained for 

each target was compiled according to the assay ID, as experimental conditions and values such 

as Ki can differ among assays even for the same compound.  

 To verify the improvement in accuracy, two types of correlations were conducted: one 

between Ki and the scores calculated by the original ChooseLD program, and the other between 

Ki and the scores calculated by the ChooseLD program including the Hc index. In the analysis of 

these correlation, Spearman’s rank correlation was used.  

 To compare the correlation between Ki and the original ChooseLD scores, and the 

correlation between Ki and the scores including the Hc index, a null hypothesis stating “there is 

no difference in the rank correlation coefficient ρ” was formulated, and a t-test was performed. 

The results of these tests for each 𝑘 are shown in Table 3: 

 

 

 

 

 

. 

 

Table 3. Test results of correlation analysis for each k 

 



 

 
 

Based on the test results shown in Table 3, the optimal 𝑘 was determined as 30.5. The correlation 

coefficient from the original ChooseLD is denoted as “original,” and the correlation coefficient 

from the improved ChooseLD, which includes the hydrophobic interaction evaluation function 

Hc index, is denoted as “improved.” The test results for 𝑘 = 30.5 are explained as follows:

 

① Two-tailed test 

The null hypothesis was set as “there is no difference between the original and improved 

correlation coefficients.” The test yielded the following result: 

  

p-value = 0.02849 

 

Two-tailed test One-tailed test (less) One-tailed test (greater) 



 

This low value indicates that it is reasonable to reject the null hypothesis. Therefore, it is 

demonstrated that there is a significant difference between the original and improved correlation 

coefficient. 

 

② One-tailed test 

A one-tailed test was conducted to compare the magnitude of the values between the original and 

improved ChooseLD. 

1. Null Hypothesis: “The original is not smaller than the improved.” The result:  

 

p-value = 0.9858 

 

This very high p-value indicates that the null hypothesis is accepted with a probability of 

0.9858.  

 

 Null Hypothesis: “The original is not larger than the improved.” The result:  

 

p-value = 0.01425, a very low value.  

 

Based on these results, it is concluded that including the hydrophobic interaction evaluation 

function Hc index in ChooseLD is most effective in improving prediction accuracy when 𝑘 = 

30.5. 

 

4. Conclusions 

 An improvement in the predictive accuracy of the in silico screening method ChooseLD, 

which is based on three-dimensional structures, has been observed by taking into account 

hydrophobic interactions. Specifically, the hydrophobic interaction evaluation function Hc index 

was included and optimized for the coefficient. The results demonstrated that hydrophobic 

interactions play a crucial role as a physical parameter. The effectiveness of combining empirical 

parameters with physical parameters was also comprehensively demonstrated. 
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