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ABSRACT 

 
In this work, a total of 189 xanthone derivatives were selected for molecular screening. These 

molecules are selected based on a literature research on natural compounds with inhibitory activity against 
alpha-glucosidase. Molecular docking analysis was carried out, using Molegro Virtual Docker to screen the 189 
xanthone derivatives into active site of NtMGAM obtained from X-ray crystal structure 3w4l.PDB. It revealed 
that a number of sulfonamide xanthone derivatives have presented better energy values than the co-
crystallized ligand “Miglitol”, and can interact with catalytic residues, thus making them, possible catalytic 
inhibitors against NtMGAM. 
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INTRODUCTION 
 

Inhibition of alpha glucosidase in the digestive tract constitutes a promising therapeutic class against 
diabetic disease (Type II), by reducing the rate of glucose absorption, and consequently suppresses the levels 
of postprandial blood glucose and insulin.[1]  
 

Bioactive components isolated from medicinal plants that are used in traditional medicine often 
provide the lead structures for modern drug research and development strategies. Therefore, much effort has 
been expended in the search for effective and safe based on natural materials for use as antidiabetic agents.[2, 
3] All α-glucosidase inhibitors marketed as antidiabetic drugs are sugar mimics such as acarbose, miglitol and 
voglibose .[4] (Scheme 1) 
 

 
Scheme 1. Structures of sugar mimics α-glucosidase inhibitors currently used as anti-hyperglycemic drugs: acarbose; 

miglitol and voglibose 

 
More attention is devoted to develop new a-glucosidase inhibitors based on non-sugar mimic 

scaffolds.[5]  Recently, xanthone and its derivatives, readily isolated from some medicinal plants, have 
demonstrated their potential to become a lead drug candidate due to their multiple pharmacological 
proprieties including antiinflamatory, antithrombotic, antitumor effects.[6-9] 

 
Due to their unique structural features with a tricyclic scaffold, several computational and 

experimental studies have been conducted and present xanthone derivatives as promising α-glucosidase 
inhibitors.[10-16] In the present work, docking-based screening protocol for xanthone-based library toward α-
glucosidase is presented. We postulated that ligand docking could be complemented with additional binding 
site information derived from enzyme-ligand interaction. The screening is followed by ranking of the in-house 
xanthone library and the analysis of the residues-xanthone derivatives interactions. 
 

MATERIALS AND METHODS 
 
Target Enzyme  
 

Human Maltase Glucoamylase intestinal from Humosepien (MGAM) was selected as α-glucosidase 
target enzyme. The crystal structure of the target MGAM was retired from the Protein Data Bank (PDB) at the 
Research Collaborator for Structural Bioinformatics (www.rcsb.org). The selected Pdb (ID:3L4W) represent the 
crystal structure of MGAM in complex with the potent inhibitor miglitol with a resolution of 1.90Å, while the 
miglitol ,which was identified as one of the potent inhibitors of α-glucosidase  [17].  

 
Preparing the library of xanthone derivatives 
 

As mentioned above, we have selected the natural product xanthone as scaffold, thus a library in size 
of 189 xanthone derivatives was collected from the literature. In order to ensure the presence of the different 
interactions (hydrophobicity, nucleophilicity, Van Der Waals, steric interactions) in the complex xanthone 
derivative – α-glucosidase enzyme (binding site), the in-house library is rich in terms of function diversity on 
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the structure of the xanthone scaffold. The molecular structures in the set were crocked and optimized using 
hyperchem 8.0. The whole 3D structures of dataset are presented in the "supplementary data materials". 

 
Molecular docking simulation    
 

We have adopted the molecular docking approach to exploit the effect of structure – relationship of 
xanthone derivatives on the inhibition of α-glucosidase enzyme and consequently to interpret the different 
interactions types resulted from the process of inhibition. Therefore, this approach allows us ranking the 
whole xanthone derivatives according to their energies of interactions with the target binding site.  

 
This study was performed using Molegro Vrtual Docker (MVD 2012.5.5.0, Molegro ApS), which is 

based on heuristic search alghorithm that combines differential evoluation with the cavity prediction algorithm 
which has been succefully applied to molecular docking simulation [18, 19]. MVD program exhibits superior 
overall performance in comparison with other popular programs like Autodock, Superflex, Flex and Gold.[20-
23] After molecular docking simulation process, results are stored and visualized with PyMol molecular 
visualization tool. [24]             

                
Molecular docking work-space preparation 
 

For our target complex (PDB ID:3L4W), water molecules were excluded; the rotatable bonds of the 
ligands were set to be free; the enzyme was considered as a rigid body; hydrogen atoms were added and MDV 
default charges were assigned; molecular cavities were detected using the grid-based prediction algorithm and 
all atoms types and bond orders were corrected to both ligand and enzyme using MVD automatic preparation 
functions [20].  

 
Protocol validation test 
 

This procedure called "re-docking" is a validation method in order to determines the ability of docking 
algorithm to recover the crystallographic position using docking simulation, the best binary complex is the one 
which has a geometric conformation  closer to the crystallographic structure. For that reason, we have used 
the root-mean-square deviation (RMSD) calculation, which is calculated between two sets of atomic 
coordinates (xcrystal, ycrystal, zcrystal: crystallographic structure atomic coordinates; xposes, yposes, zposes: predicted 
model atomic coordinates; N: atoms being compared) in order to determine the distance from the docking-
generated solution (pose) to the original crystallographic structure (equation 1). It is expected that the best 
docking results generate RMSD values less than 2.0 Å compared with original crystallographic structures.[25] 

 
 

             (1) 

 
 

To validate our protocol, we used the MGAM crystallographic structure with a PDB ID: 3L4W, we 
performed a docking protocol into the active site of MGAM and compared the docked pose with the original 
structure.  
 

During the research process, the docking applied protocol was carried out in a search space at 
coordinates: x=45.21, y=92.20, z=34.87 and a docking sphere radius of 15Å (Figure 1). All water molecules 
were deleted from original PDB file. There for, the search space covered all the amino acid residues in 
considered active site.   
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Figure 1. Search space sphere (green) used for molecular docking simulation 

 
MDV presents biological inspired algorithm to perform positional searches in docking procedure. For 

our protocol we used the Moldock Optimizer as search algorithm which is based on a GDEA (Guided 
differential evaluation algorithm) and MolDock Score [Grid] as scoring function in order to cluster best binding 
energy solutions. 
 
Docking-based virtual screening protocol 
 

Once the docking protocol is chosen and validate ( RMSD < 2Å obtained from re-docking step),  a 
typical docking simulation was performed for each ligand present in our xanthone derivatives in-house library 
using MolDock Optimizer as search algorithm and MolDock Score as scoring function.     

 
The MolDock Optimizer search algorithm used in MVD is inspired by Darwinian evolution theory. 

Compared to more widely known EA-based techniques (e.g. genetic algorithms, evolutionary programming, 
and evolution strategies), MolDock Optimizer search algorithm is a guided differential evolution algorithm (DE) 
which uses a different approach to select and modify candidate solutions (individuals). The main innovative 
idea in DE is to create offspring from a weighted difference of parent solutions.[20]           

            
During docking simulation several poses ( binding orientations and conformations ) can be obtained 

for each ligand, here we select the best poses from the lowest binding energy solutions clustered by  MolDock 
Score [Grid]  as a grid-based score function precalculates potential-energy values on an evenly spaced cubic 
grid in order to speed up calculations. This scoring function which is derived from PLP scoring functions 
originally proposed by Gehlhaar et al [26, 27]. and later extended by Yang et al[28, 29].  

 
The MolDock Score docking scoring function, E MolDock Score, is defined by the following energy terms: 
 

.                                               (2) 

 
Where the Einter is the enzyme–ligand interaction energy: 
 

                     (3) 

 
Where:  

- : Piecewise linear potential. 

- The electrostatic interactions between charged atoms are described by the second term. 
- The numerical value of 332.0 fixes the units of the electrostatic energy in kcal/mol. 
 
The Eintra is the internal energy of the ligand: 
 

    

(4) 
Where: 
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- The first term calculates all the energies involving pairs of atoms of the ligand, except those 
connected by two bonds. 
- The second term refers to the torsional energy with θ is the torsional angle of the bond 

- : assigns a penalty of 1000 if the distance between two heavy atoms is smaller than 2.0 A°. 

The optimized parameters for our docking simulation are the following: 
- search space coordinates : x=45.21, y=92.20, z=34.87 , docking sphere radius of 15Å 
- Search algorithm: MolDock Optimizer 
- Scoring function :MolDock Score [Grid] 
- Number of  runs: 100 
- Max population size :  150 
- Max iterations : 2000 
- Scaling Factor : 0.5 
- Crossover rate : 0.9 
 

RESULTS AND DISCUSSION 
 

Our virtual screening is based on the crystallographic structure information of the target α-
glucosidase (MGAM: EC 3.2.1.20) which make part of the glycosyl hydrolase family 31 (GH31) and operate 
through a configuration-retention catalytic mechanism via the  classical Kosland hydrolyse mechanisminvolving 
a nucleophilic attack and a base-catalyzed hydrolysis by a catalytic nuclephil residue and an acid/base catalyst 
residue respectively, resulting in the release and net retention of the anomeric configuration of the 
product.[30]                           
                                                         

Mutagenesis studies on NtMGAM along with substrate trapping studies and sequence alignments on 
GH31 members

 
have identified Asp443 as the catalytic nucleophile and the Asp542 as the acid/base catalytic 

residues.[31, 32] according to those studies, crystallographic studies of MGAM  in complex with potent 
inhibitors like acarbose and miglitol have been reported in order to take a closer look into the inhibition 
mechanism.[33, 34] It is reported that these selective inhibitor of ntMGAM interacts through hydrogen 
bonding interactions with Asp327, His600, Asp542 and the catalytic nucleophile Asp443. In this work, we 
selected the MGAM as a target enzyme in complex with miglitol (PDB Id: 3L4W)  

 
Re-docking validation step 
 

The re-docking step which represents the first step in the virtual screening protocol, is realized using 
the structure of NtMGAM in complex with Miglitol (3L4W). The re-docking simulation generated an RMSD of 
0.3 Å, this result indicated that the present docking protocol was successful and can be applied for next steps.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. The superposition of the best docked pose of Miglitol (colored by red) with the corresponding to the X-ray 
original conformation (colored by blue), RMSD =0.3Å 

 
Taking a closer look into the residues in interaction with the docked pose (Figure 3), we could note 

that this pose interacts likely with the same manner as the original crystallographic ligand, through hydrogen 
bonds with the residues: Asp 327, His 600, Arg526, the catalytic nucleophile Asp 443 and the acid/base catalyst 
Asp542. 
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Figure 3.  Miglitol original x-ray binding mode with neighboring residues (a).  Miglitol best docking-generated solution 
(pose) binding mode with neighboring residues (b). 

 
Molecular-based Virtual screening 
 

Application of the previously described docking protocol to our in-house database with 189 xanthone 
derivatives returns a set of 20 top-scoring compounds (Scheme 2) starting from their most promising docking 
poses obtained from 100 independent docking runs within the defined binding site. Therefore, ligand–protein 
interaction energies were calculated in order to get a better understanding about the binding mode for each 
selected compound with binding site neighboring residues. 

 
Table 1. MolDock Score, Hbond Score and VDW contacts binding energies estimate of miglitol and the twenty top-

scoring xanthone derivatives obtained from molecular docking simulaton. 

 

Ligand Moldock  Score (Kcal/mol) Hbond Score  (Kcal/mol) VDW (Kcal/mol) 

Miglitol -81.747 -17.684 -24.123 

X170 -151.543 -21.8045 -39.408 

X117 -149.164 -6.3648 -53.0356 

X103 -143.448 -7.63514 -48.5584 

X138 -140.546 -6.87024 -54.0503 

X120 -138.459 -3.51585 -17.657 

X156 -136.894 -17.0098 -15.9694 

X47 -136.033 -8.82717 -45.187 

X111 -135.549 -5.95684 -17.7255 

X113 -135.197 -8.62535 -51.6191 

X161 -134.515 -19.0537 -34.748 

X108 -133.964 -6.80362 -49.0377 

X112 -133.583 -11.0071 -53.647 

X110 -133.411 -5.08771 -50.5477 

X105 -132.543 -6.15226 -47.8284 

X107 -128.99 -7.89712 -44.7367 

X102 -128.323 -4.98946 -47.9053 

X109 -127.288 -7.77745 -42.9553 

X114 -126.51 -5.28926 -44.4706 

X168 -124.736 -19.1923 -12.2206 

X155 -124.574 -19.9812 -31.3819 
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According to Moldock Score values (Table1), we can observe clearly that all 20 top-scoring xanthone 
derivatives show a good ligand-enzyme affinity with binding energy values ranging from  -151.543 kcal/mol to -
124.574 kcal/mol, while the miglitol moldock score is equal to -81.747, which can enable these molecules to be 
energetically competitive to miglitol. Another interesting founding that out the twenty top-scoring ligands, 
eighteen compounds are xanthone sulfonamides derivatives which may represent a new class of α-glucosidase 
inhibitors. For our best knowledge, no studies have been reported previously their inhibitory activity toward 
the target enzyme NtMGAM. 
 

Docking simulation results exhibit that the two top scored poses x170 and x117 are xanthone 
sulfonamide derivatives,  showed good binding energy (Moldock score) of  -151.543 and -149.164 Kcal mol

-1
 

respectively.  
 

Interestingly, significant H-bonding interactions  were detected in X170- NtMGAM complex ( H-bond 
score of -21.80 Kcal mol

-1
) , where X170 hydroxyl groups have been obviously involved (Figure 4): X170−O4 

with Gln603−carbonyl backbone and Gln603−NH  (O−O: d= 2.3 Å and O−N: d= 2.8 Å respectively); X170−O3 and 
Gln603−carbonyl backbone (O−O: d= 2.6 Å);  X170−O5 and Thr205−OH (O−O: d= 2.7 Å);  X170−O6 and 
Asp203−CO2H  (O−O: d= 2.0 Å);  X170−O7 (sulfonamide group) and Arg526−NH2 (O−N: d= 2.1 Å ) . Van der 
Waals contacts were also present between the X170 and Trp406, Tyr605, Ala576 residues. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. X170 H-bonding interactions with neighboring binding site residues Arg526, Asp203, Thr205 and Gln603. 

 
In X117-MGAM complex, three putative H-bonding interactions were detected (Figure5): X117−O4 

and Trp406−NH (O−N: d= 2.5 Å); X117−O7 (sulfonamide group) and Thr205−OH (O−O: d= 2.3 Å); X117−N1 
(sulfonamide group) and catalyticAsp542−CO2H (N−O: d= 1.8 Å). Van der Waals contacts were less present in 
X117- NtMGAM complex: Phe450 and Phe575.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. X170 H-bonding interactions with neighboring binding site residues Arg526, Asp203, Thr205 and Gln603.
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Table 2. Intermolecular interactions for the 20 top-scoring ligands selected from the molecular docking simulation. HBond and VDW mean hydrogen bonds and means Van der Waals 

contacts respectively. 

 

 
 
 
 

Note. The presence of an X indicat Note. The presence of an X indicates that the interaction occurs, while an XX indicates that the ligand have more than one Hydrogen bond 

with the same residue 
 
 
 

Residues Top-scoring Ligands 

HBond X170 X117 X103 X138 X120 X156 X47 X111 X113 X161 X108 X112 X110 X105 X107 X102 X109 X114 X168 X155 

Asp327    XX   XX              

His600       X              

Asp542  X  X X XX  X  X X    X  X X XX  

Asp443              X       

Arg526 X   X   X     X         

Trp406  X  X   X        X  X X   

Thr205 X X X  X X  X X X X X X XX X X X X XX XX 

Gln603 XX  X  X XX  X  XX         X XX 

Asp203 X                    

Tyr605   X   X   XX XX  X X      XX XX 

Tyr299   X   X X X X XX  X       XX XX 

Tyr214           X    X X X    

Arg202              X       

VDW                     

Trp406 X  X X X  X X X X X X      X  X 

Met444   X X  X  X             

Phe450  X     X    X    X  X X   

Phe575  X X  X X  X  X         X X 

Thr205   X   X      X X X  X     

Tyr605 X  X X X X    X         X X 

Ala576 X     X    X   X      X  

Tyr299      X  X             

Ser448       X              

Trp441       X X X          X  

Tyr214           X  X        
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It is nowteworthy that coumpounds X170 and X117 have different binding modes although their 
stucture similarity. On the contrary, the abscense of hydroxyl groups in X117  did not prevent H-bonding 
interactions to occur, due to the presence of sulfonamide groupe which perform two interisting intermolecular 
hydrogen bonds with Thr205 and catalytic residue Asp542, indicating that sulfonamide group have obviously 
attributed to establish good binding affinity in the complex. 

 

 
Figure 6.  Detected X138 H-Bonds with neighboring residues (a).  Detected X47 H-Bonds with neighboring residues (b). 

 
As mentioned previously, out the twenty top-scoring ligands, only two compounds are non xanthone 

sulfonamides derivatives X138 and X47. Comparing H-bonding interactions in X138-NtMGAM and X47- 
NtMGAM complexes (Figure 6), binding site residues Asp327, Trp406 and Arg526 were found in interaction 
with both ligands X138 and X47. It is noticeable that X138 and X47 form H-bonds with catalytic key residues 
Asp542 and His600 respectively.  Van der Waals contacts have also been detected in both complexes (Table 2). 
Intermolecular interactions for all twenty to-scoring xanthone derivatives all are clustered  in Table 2. 
 

Concerning the other top-scoring xanthone sulfonamide derivatives in complex with NtMGAM, similar 
behaviors were observed due to the occurrences of some interactions in common (Table 2). Analyzing H-
bonding interactions, ten ligands perform interisting intermolecular H-bond with catalytic residue Asp542, 
while H-bond interaction with Thr205 occurs in all the complexes. In addition, H-bon interactions with Tyr299, 
Tyr605 and Gln603  residues take place in the majority of complexes. Furthermore, interesting VDW cantacts 
with catalytic site residues were found which contributed to establish  good binding affinity in all complexes. 
Therefore, the binding of top-scoring xanthone derivatives with binding site residues would further the 
blockage of  the binding site (Figure 7).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.  20-top scoring docking poses relative to NtMGAM binding site surface 
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Scheme 2.  The twenty top-scoring xanthone derivatives 2D structures given in screening order 
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CONCLUSION 
 

Molecular docking simulation approaches are commonly used in modern drug design process to take 
a closer look into ligand-receptor binding mode and provide guidance for future studies. In this aim, we have 
carried out a docking-based virtual screening on an in-house database of 189 xanthone derivatives to provide 
insights into the binding mechanism at molecular level toward NtMGAM based on crystallographic structure 
information. This study was performed using Molegro Vrtual Docker (MDV) with a combination of MolDock 
Optimizer as a differential evolution algorithm and MolDock Score scoring function, this combination was 
validated with Re-docking simulation (RMSD of 0.3 Å).  

 
Binding mode Analysis of each selected 20 top-scoring xanthone derivative against NtMGAM defined 

binding site revealed that: xanthone derivatives showed favorable binding affinity in comparison with miglitol; 
key catalytic residues occur significant H-bonding interactions with xanthone derivatives and interesting VDW 
cantacts with catalytic site residues contributed to establish  good binding affinity. Thus, similar binding 
behaviors were observed due to the occurrence of some important H-bonding interactions and VDW contacts 
in common with NtMGAM binding site residues.  

 
Furthermore, the present work revealed xanthone sulfonamides derivatives as a promising class of α-

glucosidase inhibitors, for our best knowledge, no studies have been reported previously their inhibitory 
activity toward NtMGAM, which is currently under investigation in our laboratory.  
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