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Summary: The gingerol presents the starting point of our work which aims to discover new inhibitors of 

the tyrosinase enzyme. Therefore, we have studied the activity of gingerol derivatives as inhibitors against 

mushroom tyrosinase based on the molecular docking. 

Molecular docking studies were performed on a series of gingerol analogues retrieved from Zinc database 

(with 70% as similarity threshold). The gingerol analogues were docked within the active site region of 

mushroom tyrosinase (PDB: 2Y9X) using Molegro Virtual Docker V.5.0. 

The results of molecular docking studies revealed that some analogues of gingerol have higher Moldock 

score (in terms of negative energy) than gingerol and the experimentally known inhibitors of tyrosinase, 

and showed favourable molecular interactions exhibiting common molecular interaction with Ala323, 

Met280 and Asn260 residues of tyrosinase. Furthermore, the top docked compounds used in this work do 

not violate the Lipinsky rule of five. 
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Introduction 
 

Since antiquity, nature has been a source of the 

majority of medicines, cosmetics and bioactive 

compounds [1, 2]. Until now, plants play a vital role in 

the pharmacological, agricultural and food industry [3]. 

Among these famous plants ginger scientifically known 

as (Zingiber officinale roscoe) that is largely used for 

food spicing [4], this plant is endowed with antioxidant 

[5,6], inflammatory [7], antimicrobial [8], anticoagulant 

[9] and others pharmacological activities proven in the 

literature [10,11].  
 

The medicinal benefits of ginger are mainly 
due to the presence of gingerol which is one of the 

bioactive molecules recognized for these 

pharmacological activities [12, 13] such as anti-oxidant 

[14], anti-inflammatory [15], and anti-cancer properties 

[16]. Moreover, an inhibition of melanogenesis was 

reported in vitro by gingerol as an effective depigment 

agent [17, 18]. Tyrosinase is the enzyme responsible for 

the production of melanin [19], natural substance 

responsible for the pigmentation of the skin [20]. The 

Gingerol presents the starting point of our work which 

aims to discover new inhibitors of the enzyme 
tyrosinase. In this study, we have realized a virtual 

screening based on molecular docking of 1280 

analogues of gingerol as inhibitors against the 

mushroom tyrosinase. The aim of this work is to 

identify the binding mode of the active molecules and to 

predict the affinity of ligand and protein using Moldock 

scoring function installed in the MVD program. 
 

Experimental 
 

Target Enzyme 
 

The Tyrosinase, from Agaricus bisporus 
mushroom, was selected as the target enzyme. The three  

dimensional structure of the target enzyme was 

taken from the Protein Data Bank (PDB ID: 2Y9X) 

[21]. The selected target (ID: 2Y9X) represents the 

L4H4 octamer (four L-H dimer) crystal structures of 

tyrosinase from Agaricus Bisporus mushroom [22] with 

a resolution of 2.78 Å. The tyrosinase domain 

represented by the H1 subunit and containing the 

binuclear copper binding site is selected to perform the 

molecular docking studies [23]. The active site 

complexed with the reference inhibitor tropolone is 

conserved with the binuclear copper atoms. The water 
molecules are removed from the binding site and the 

enzyme was prepared with Molegro Virtual Docker by 

adding hydrogen atoms, and all atoms types and bond 

orders were corrected. 

 

Ligands dataset: chemical similarity searching 

 

The three-dimensional structure of gingerol 

(ZINC1531846) and those of its analogues were 

retrieved from the public free ZINC database [24]. We 

have adopted the tanimito coefficient as search 

parameters with 70% as similarity threshold. All 
obtained structures are saved as "mol2" files for our 

docking studies. The library is prepared then with MVD 

program. 

 

Molecular docking  

 

The binding affinity between ligand and 

enzyme, when the three dimensional structure is known, 

is treated with molecular docking. Here the molecular 

docking studies were performed with the program  
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Molegro Virtual Docker. The program is based on three 

principal algorithms: Moldock scoring function, 

conformational search algorithm and cavity prediction 

algorithm, represented as follow: 

 
MolDock Scoring Function: proposed by 

Gelhaar et al. [25] and is composed of two terms 

representing respectively the intramolecular energy (the 

interaction between atoms of the same ligand) and 

external interaction energy (ligand–protein). The pose 

energy (enzyme–ligand) is represented by the sum of 

these two energy terms and their expressions are defined 

as follow: 

 

 
 

where: 

 

   and    are the ligand–protein energy 

interaction and the ligand internal energy respectively. 

 

 
 

where:  

 

-    : is piecewise linear potential function; 

- qi and qj: are the electrical charges of the atoms i 

and j; 

- rij: is the distance between the two aotms iand j (i 

is ligand atom, and j is protein atom). 

 

 
 

where: 

- The first term calculates all the energies involving 

pairs of atoms of the ligand, except those connected 

by two bonds;  

- The last two terms represent respectively the 

torsional energy and a penalty of 1000 kcal/mol if 
the distance between two heavy atoms is less than 

2.0Å. 

 

MolDock Optimizer 

 

Moldock Optimizer, used as a search algorithm 

by the MVD program, is an iterative optimization 

technique inspired from the evolution theory of Darwin. 

The Moldock algorithm randomly generates the first 

population. Then, the poor solutions are weeded out and 

the good candidate solutions are selected and modified 

using crossover and mutation operations between the 
candidate solutions (poses) [25]. 

 

Cavity prediction 

 

The program Molegro Virtual Docker uses 

grid–based prediction algorithm in order to determine 

the binding site. This algorithm divides the protein space 

into a discrete grid with a resolution of 0.8Å and at each 

point of the grid is placed a sphere of radius 1.4Å. The 

detected cavities are ranked according to their volume. 

 
The binding site was detected, selected as 

search space and centred on the co-crystallized troplone 

with a radius of 14Å. During the docking simulation, the 

program generates several poses for each ligand using 

the Moldock scoring function and Moldock optimizer 

algorithms. The parameters of the last algorithm: the 

population size, maximum iterations, scaling factor, and 

crossover rate were set to 100; 9000; 0.50 and 0.90 

respectively. For each complex, the molecular docking 

simulation was executed 100 runs while each run 

returns one pose. The resulting poses were visualized in 

Table 1. 
 

Table-1: Docking score for the top ten ranked hits and known experimentally tyrosinase inhibitors. 

Compound ID 
E-Inter (cof - lig)a 

(kcal.mol-1) 

E-Inter (pro - lig)b 

(kcal.mol-1) 

E-Inter totalc 

(kcal.mol-1) 

MolDock score 

(kcal.mol-1) 

H-bond energyd  

(kcal.mol-1) 

ZINC13377891 -3.93 -164.30 -168.23 -157.15 -8.12 

ZINC13377888 -4.81 -162.68 -167.49 -155.86 -4.55 

ZINC31169866 -5.14 -157.80 -162.94 -150.75 -15.09 

ZINC13377906 -5.077 -158.57 -163.65 -149.68 -16.16 

ZINC04649679 -2.47 -153.36 -155.83 -142.06 -7.87 

ZINC31169874 -4.38 -149.35 -153.73 -141.75 -10.62 

ZINC13130926 -4.79 -146.99 -151.78 -139.13 -6.20 

ZINC01681526 -3.39 -142.74 -146.13 -137.53 -3.06 

ZINC15112765 -4.42 -155.01 -159.43 -137.49 -6.80 

ZINC31159224 -4.37 -150.55 -154.93 -135.97 -11.83 

Gingerol -4.18 -130.67 -134.85 -130.67 -1.43 

Kojic acid -1.85 -81.91 -81.76 -81.26 -4.63 

Hydroquinone -3.09 -63.70 -65.87 -58.25 -4.28 

tropolone -2.18 -75.94 -79.04 -77.09 -3.11 
a: The total ligand-cofactor interaction energy. 
b: The total pose-protein interaction energy. 
c: The total interaction energy. 
d: Hydrogen bonding energy. 
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Results and Discussions 

 

The protein structure complex of the 

inhibitor of reference with tyrosinase enzyme (PDB 

ID: 2Y9X) was obtained from the Protein database. 

The potential ligand binding cavity was predicted 

using Molegro Virtual Docker for the mushroom 

tyrosinase which has a volume of 50.69Å3 and a 

surface area of 197.12Å2 (Fig 1). 

 

 
 

Fig. 1: The binding cavity of tyrosinase enzyme 

with residues Phe264, Phe90, His94, 

His244, Phe292, Ala286, Val283, Gly281, 

Met280, Asn260, Ser282, His85, His61, 

His263, His259, His296 and copper ions 

represented by two silver balls. 
 

Molecular docking was carried out and the 

top poses docked at the active site region of 

tyrosinase were ranked according to the MolDock 

score energy (Table 1).  According to th obtained 

docking result, we notice that the gingerol analogues 

(zinc13377891, zinc13377888, zinc31169866, 

zinc13377906, zinc04649679, zinc31169874, 

zinc13130926, zinc01681526, zinc15112765, 

zinc31159224) have higher MolDock scores (in term 

of negative energy) than gingerol and the 
experimentally known tyrosinase inhibitors. 

 

The top ranked gingerol analogues present a 

high level of ligand-protein interaction energy 

compared to gingerol and experimentally tyrosinase 

inhibitors like Kojic acid [26], hydroquinone [27] and 

tropolone [28]. The correlation between the hydrogen 

bonding energy and molecular weight for the top 

ranked compounds is calculated and depicted in Fig 

2. A low value of determination coefficient (0.049) 

was obtained, which indicates that the predicted 

hydrogen bonding energy was mainly because of 

structure features and not because of its molecular 

size. 
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Fig. 2: Fitted line plot of the correlation between 

interaction energy and molecular weight. 

 

In order to have a deep structural insight for 
the interaction between the selected top ten 

compounds and our target, further analysis based on 

both electrostatic and hydrogen bonds is carried out 

(Table-2). 

 

Table-2 lists all the major predicted 

interactions between the top ten hits and the 

tyrosinase active site residues, exhibiting the 

interaction energy ligand-protein, the present residues 

and the interaction distances. The binding modes of 

the top hits reveal that these latter were found to be 
docked into the binding site of tyrosinase (Fig 3). 

 

According to the different binding modes of 

the top ten hits, it is observed that the interactions 

with the amino acids Met28 and Asn260 of the 

tyrosinase active site are the most predominant 

among the top hits. It is also observed that the top 

two hits Zinc13377891 and Zinc13377888 have a 

common ineraction with the Met280, Ala323 and 

Asn260 residues of tyrosinase. 
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Table-2: Ligand structure, present residues, ligand-protein interaction energy and interaction distances for the 

top hits. 
Compound 

ID 
Structure Residue 

Interaction distance 

(Å) 

Interaction energy (kcal.mol-

1) 

Zinc13377891 

HO

O

OH OH

OH

O

 

Ala323 

Asn260 

His240 

His240 

Met280 

2.86 

2.95 

3.39 

2.74 

2.99 

-0.64 

-1.46 

-1.03 

-2.50 

-2.50 

Zinc13377888 

HO

O

OH O

OH

O

 

Ala323 

Asn260 

Asn260 

His85 

Met280 

Ser282 

3.05 

2.96 

3.40 

3.49 

2.60 

3.57 

-2.50 

-1.17 

-0.99 

-0.54 

-2.50 

-0.02 

Zinc31169866 

HO

HO

O

OH

OH

OH

 

Glu322 

Glu322 

Glu322 

Thr84 

Asn320 

Val283 

Met280 

Asn260 

Glu256 

3.01 

3.11 

3.23 

3.53 

2.60 

3.20 

2.77 

3.20 

3.09 

-2.30 

-2.19 

-1.48 

-0.11 

-0.59 

-2.00 

-2.50 

-1.42 

-2.50 

Zinc13377906 

HO

HO

OH

OH

O

OH  

Val283 

Met280 

Asn260 

His244 

His244 

Cys83 

His85 

3.20 

2.72 

2.89 

3.00 

2.86 

2.60 

3.04 

-1.99 

-2.50 

-1.82 

-2.46 

-2.50 

-2.38 

-2.50 

Zinc04649679 

HO

HO

O

OH

O

O  

Asn260 

Cys83 

His85 

Met280 

2.87 

2.75 

3.05 

2.99 

-0.37 

-2.50 

-2.50 

-2.50 

Zinc31169874 

HO

HO

O

OH

O

OH

 

Asn260 

Val283 

Asn81 

Cys83 

Cys83 

Met280 

2.98 

3.56 

3.06 

2.60 

3.33 

2.76 

-0.83 

-0.19 

-2.50 

-2.50 

-1.37 

-2.08 

Zinc13130926 

OH

OH

O

O

 

Asn260 

Asn260 

Met280 

Ser282 

3.07 

2.77 

2.60 

3.55 

-1.18 

-2.50 

-2.50 

-0.02 

Zinc01681526 

O

O

O

OH

 

Asn260 

Ser282 

Val283 

2.91 

3.41 

2.92 

-0.93 

-0.93 

-2.13 

Zinc15112765 

OH

OH

OH

O

 

His244 

Asn260 

Met280 

Glu256 

Ser282 

3.10 

3.10 

2.60 

2.99 

3.52 

-2.50 

-1.79 

-2.46 

-0.04 

-0.02 

Zinc31159224 

O

OH

OH

HO

HO

 

Gly245 

Asn260 

His244 

Met280 

Met280 

3.05 

3.01 

2.98 

3.09 

2.60 

-2.50 

-1.85 

-2.50 

-2.50 

-2.47 

Gingerol 

O

OH

OH

O

 

Met280 3.28 -1.59 
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Fig. 3: (a) Top ten hits docked into the active site of tyrosinase and b) electrostatic surface view of tyrosinase 

showing the top ten docking hits inside the binding site. 

 

 
 

Fig. 4: Predicted H-bond interactions (blow dashed lines) linking ZINC13377891 (red) with Ala323, His244, 
Asn260, Met280 residues of tyrosinase enzyme. 

 

 
 

Fig. 5: Predicted H-bond interactions (blow dashed lines) between ZINC13377888 (red) and Ala323, His85, 

Asn260, Met280 residues of tyrosinase enzyme. 
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The top-scored pose Zinc13377891 forms 

five hydrogen bonds with four amino acid residues 

(Fig 4). The oxygen atom (ID 28) of hydroxyl group 

mediated a hydrogen bond with N atom (ID 2129) of 

Asn260 at distance of 2.59Å. The same atom of top-
scored pose is also involved in a hydrogen bonding 

interaction with nitrogen atom (ID 2018) of His244 at 

distance of 2.74Å. The oxygen atom (ID 27) of 

hydroxyl group formed a hydrogen bond with the 

nitrogen atom (ID 2018) of His244 at distance of 

3.39Å. Finally, two hydrogen bonds were formed 

between the oxygen atoms (ID 8 and ID 26) oxygen 

atoms of carbonyl groups (ID 2635 and ID 2228) of 

Ala323 and Met280 respectively. The positions in the 

active site of tyrosinase and the binding modes of the 

top two compounds (ZINC13377891 and 

ZINC13377888) and gingerol are shown in Fig 4, Fig 
5 and Fig 6 respectively. The comparison between 

binding modes of these compounds reveals that the 

binding affinity of ZINC13377891 and 

ZINC13377888 with the active site residues of 

tyrosinase is more favorable than that of gingerol. 

 

 
 

Fig. 6: Predicted H-bond interactions (blow dashed 

lines) between gingerol (red) and Met280 

residue of tyrosinase enzyme. 

 

The rule of five, described by Lipinski et al 

[29,30], states that most drug-like molecules have 

values of LogP (the logarithm of octanol/water 

partition coefficient) < 5, MW (molecular weight) < 

500, HBA (number of hydrogen bond acceptors) < 10 

and HBD (number of hydrogen bond donors) < 5. 
Molecules do not respect these rules may have 

problem with bioavailability [31]. 

 

Table3 represents the parameters values of 

the rule of five for the top ranked hits, gingerol and 

the experimentally known tyrosinase inhibitors. 

According to the values showed in table 3, all the top 

ranked hits used in this work abide by the Lipinski 

rule and may be active compounds. 

 

Table-3: Parameters values of the Lipinski rule for 
the top hits and gingerol.  

Compound ID LogPa MWb HBAc HBDd TPSAe ROT-Bf 

ZINC13377891 2.05 376.443 6 4 99.38 10 

ZINC13377888 1.97 374.428 6 3 96.22 10 

ZINC31169866 1.52 346.374 6 5 118.22 8 

ZINC13377906 1.83 362.417 6 5 110.38 9 

ZINC04649679 4.16 372.412 4 2 66.76 10 

ZINC31169874 1.89 360.401 6 2 93.06 9 

ZINC13130926 1.75 328.402 6 4 107.22 9 

ZINC01681526 2.77 374.429 4 2 66.76 8 

ZINC15112765 2.85 330.418 4 3 69.92 9 

ZINC31159224 3.21 330.375 4 1 55.76 8 

gingerol 3.23 294.386 4 2 66.00 10 
a: The logarithm of octanol/water partition coefficient. 
b:  The molecular weight. 
c: The number of hydrogen bond acceptors. 
d: The number of hydrogen bond donors. 
e: The topological polar surface area. 
f: The number of rotatable bonds. 

 

Conclusion 

 

In this work, molecular docking studies were 

performed on gingerol analogues retrieved from the 

ZINC database. The results obtained from docking 

indicate that some analogues showed a higher 

Moldock score (in terms of negative energy) 

compared to gingerol and the experimentally known 

tyrosinase inhibitors. The top ten ranked hits showed 
better interaction than gingerol, showing a common 

molecular interaction with the Met280 and Asn260 

residues of the tyrosinase enzyme. Furthermore, these 

ten docked hits abide by Lipinski's rule of five, 

stating that these molecules have no problem with 

bioavailability. In perspective, the best ranked 

molecular docking compounds will be tested 

experimentally and optimized in order to enrich the 

therapeutic class of tyrosinase inhibitors 
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