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Abstract 

Progressive myoclonic epilepsies (PME) is a syndrome that is collection of disease which 

include neurological disorders due to defects in neurons development involving central nervous 

system disorders, ataxia, progressive myoclonus (muscle contractions), cognitive defects, these 

symptoms increases with due course of time. There are different classes of PME on the basis of 

symptoms and proteins involved major types include EPM1 (Unverricht-Lundborgdisease), 

EMP2 (myoclonic epilepsy of Lafora).Research has been done to identify potential inhibitor and 

drug target involved in PME. Genes involved in these diseases include mutation in CSTB gene, 

EPM2A gene or NHLRC1 gene. In this research we have focused on Lafora disease that is 

characterized by Lafora bodies caused by growth of polyglucosan inclusion majorly in cytoplasm 

and accumulation in central nervous system. An advance in Lafora disease has identifies 

mutation in Laforin protein as major cause of progressive myoclonic epilepsies.Docking studies 

has been done to identify potential inhibitor of Laforin protein. In this work we have emphasized 

on role of antioxidants against Laforin protein. Total 10 ligands namely Lidocaine, Epipropidine, 

Res 2664, Resveratrol, Maximol A, Polydatin, Pinostilbine, Res-1149-1, Gnetin C, Pterostilbene 

is used from pubchem database against Laforin protein.PDB structures of Laforin protein (PDB 

ID: 4RKK) is used as drug target to find potential inhibitor. Docking is done by Schrodinger 

software using Glide program.Result shows that ligand RES2664 have best interaction with 

Laforin protein having glide energy -3.529.Ligand –protein interaction map shows interaction in 

two positions PRO234 andTRP196.This study can be used further for drug designing and drug 

development process. 
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INTRODUCTION  

A group of diseases known as Progressive myoclonic epilepsies (PME) is a compilation of 10 or 

more rare types of epilepsy that are progressive in nature. Over time, the patients are seen to face 

a severe but gradual decline in cognitive abilities, sense of balance, and also a reduction in motor 
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skills. Stimulus-induced and often unprompted muscle jerks indicated by Myoclonus are frequent 

in the patients accompanied by convulsive seizures at times. The chances of patients being male 

or female are equal. Till the onset of seizures, children and youngsters are completely normal. 

The onset of seizures begins generally at the age between 6 to 16 years and might mimic 

different other syndromes of epilepsy at first. A physician can detect the chances of PME by 

noticing any slowing of the background on an EEG (1). 

Lafora epilepsy, progressive myoclonus 2, and EPM2A are all the names of a major type of PME 

known as Lafora disease (LD). The main character of this disease is that there is an accumulation 

of carbohydrate particles called Lafora bodies. They are found in the brain and spinal cord cells 

as well as also found in the cells of skin and muscles. Even though we know that Lafora epilepsy 

generally begins at the age of 12 to 15 years, during the adolescent years, yet there is a form of 

Lafora epilepsy that has its onset at the young age of 5. The patient suffering from this disease 

experiences all the symptoms of PME as discussed before besides loss of ability to think 

properly, eyesight, etc. differing from the symptoms of EPM1, whose initial symptom is motor 

decline. Patients suffering from this LD have a reduced life span with a gradual decline in being 

able to do basic life activities like brushing teeth, combing hair, and picking up utensils on the 

daily basis (2, 3).  

The main cause for up to 80 percent of cases of LD is mutations (about 36 found mutations) in 

the EPM2A gene at 6q24 which encodes a dual-specificity phosphatase called Laforin protein. 

Recognized mutations comprise homozygous deletions, frameshift, nonsense, and missense 

mutations, signifying the deactivation of both copies leading to LD development (4-9). The 

mutations are found to be expanding all over the coding region, but mutations of exon 1 seem to 

be the reasons behind the early encounter of cognitive deficit sub-phenotype of LD (9). The 

Laforin protein is a 331-amino acid protein encoded by the 500 kb long region composing at 

least 4 exons making the EPM2A gene and this protein is the main factor that is playing a role in 

causing LD (10). 

There is no complete treatment available for the PME (Progressive Myoclonic Epilepsy) and 

only limited and supportive treatments are present. These treatments are temporary and usually 

stay active for only a few months and years. Hence there is no proper cure available currently for 

PME. PME patients are kept stable by giving them several medications for seizures and complete 

rehabilitation treatment. Therefore, this study is focused on finding the antioxidant-based drug 
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molecules which can be used effectively against Laforin protein hence blocking its activity and 

curing LD, and reducing the other symptoms and problems that come with it. 

MATERIALS AND METHODS 

The current work was emphasized on role of antioxidants against Laforin protein. The 3D 

structure  of Laforin protein was retrieved from PDB database (https://www.rcsb.org/ ) with PDB 

ID: 4RKK. The identified ligands molecules were retrieved from PubChem database 

(https://pubchem.ncbi.nlm.nih.gov/ ). The molecular docking studies were done to identify 

potential inhibitor of Laforin protein. The molecular docking was done by Schrodinger software 

using Glide program [11]. Further the ligand-protein interaction analysis was done for the 

identification of potential inhibitorwith the Laforin protein.The methodology adopted for this 

research has been demonstrated in Figure 1. 

 

Figure 1: Flow Chart of methodology used for the molecular docking interaction between 

ligand and target protein Laforin 

 

Drug Target: Laforin Protein (PDB ID: 4RKK)  

Laforin protein with PDB ID: 4RKK was studied using PRIME tool [12] and all the protein 

refinement was done was done using Protein preparation tool using Schrodinger software. The 

binding site prediction was done using Site Map tool and the binding site with highest score and 

volume was used for Grid Generation. Grid was made on binding site using Glide Grid tool [13] 

as mentioned in Schrodinger Software [14]. The ligand preparation was also done before docking 
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was performed. 

Ligands 

The total 10 ligands were identified from the PubChem database for the molecular docking 

interaction against Laforin protein as a potential inhibitor.The identified ligands were Lidocaine, 

Epipropidine, Res 2664, Resveratrol, Maximol A, Polydatin, Pinostilbine, Res-1149-1, Gnetin C, 

Pterostilbene as mentioned in table 1 along with the Pubchem ID and molecular formula. Ligand 

preparation was also done for all the ligands as mentioned in table 1 to perform docking study.  

 

Table 1: List of Ligand used for the molecular docking 

Series 

No 

PUBCHEM-

ID 

LIGAND NAME MOLECULAR 

FORMULA 

1 3676 LIDOCAINE C14H22N2O 

2 21910 EPIPROPIDINE C16H28N2O2 

3 53510 RES 2664 C25H22BrNO 

4 445154 RESVERATROL C14H12O3 

5 637098 MAXIMOL A C28H22O6 

6 5281718 POLYDATIN C20H22O8 

7 5473050 PINOSTILBINE C15H14O3 

8 10475251 RES-1149-1 C23H30O5 

9 100920621 GNETIN C C28H22O6 

10 100944900 PTEROSTILBENE C32H30O6 

 

The structures of 10 drug molecules identified for the molecular docking interaction against 

Laforin protein are shown in figure 2. All the molecules are having aromatic benzene ring in 

their structure.        
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Figure 2: The molecular structure of Ligand identified for molecular docking 

 

RESULT AND DISCUSSION  

To identify potential inhibitor for Laforin protein 4RKK, the molecular docking 

interaction study of 10 selected drugswas done against target protein 4RKK. The molecular 

docking study analyzed the binding capacity and efficiency of identified drug against target 

protein [15]. The molecular docking for protein-ligand interaction study was done by using 

Schrödinger software suit. 
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Glide Docking of Lafora Protein (

Advancement in Lafora disease has identified the 

major cause of progressive myoclonic epilepsies. In this work we have emphasized on role of 

antioxidants against Laforin protein

4RKK) is used as drug target to find potential inhibitor

done by Schrodinger software using Glide program. 

bodies caused by growth of polyglucosan inclusion majorly

central nervous system. 

Figure 3: Molecular docking interaction of Laforin protein

The molecular docking interaction between Laforin protein

in figure 3 and the binding sites are properly visible.

Figure 4: Molecular docking interaction of Laforin protein with 

Glide Docking of Lafora Protein (PDB ID:4RKK) with Ligands 

Advancement in Lafora disease has identified the mutation in Laforin protein

progressive myoclonic epilepsies. In this work we have emphasized on role of 

antioxidants against Laforin protein 4RKK.The PDB structures of Laforin prote

4RKK) is used as drug target to find potential inhibitor as shown in Figure 3. The docking was 

done by Schrodinger software using Glide program. Lafora disease is characterized by Lafora 

bodies caused by growth of polyglucosan inclusion majorly in cytoplasm and accumulation in 

 

Figure 3: Molecular docking interaction of Laforin protein 4RKK with Polydatin 

he molecular docking interaction between Laforin protein 4RKK and Polydatin drug

in figure 3 and the binding sites are properly visible. 

Figure 4: Molecular docking interaction of Laforin protein with Resveratrol

Schrödinger software suite 
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The PDB structures of Laforin protein (PDB ID: 

. The docking was 
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The figure 4 shows the molecular docking interactionof 

resveratrol drug. 

Figure 5: Molecular i

The molecular structure of Polydatin and Laforin protein 4RKK showing docking 

interaction is shown in figure 5. The drug molecule is in the vicinity of target protein 4RKK and 

showing ligand protein interaction against selected drug Polydatin. 

showing maximum interaction with the glide g score 

maximum H bond (side chain) interaction was observed with amino acid at positions THR143, 

PO4 401, ASP 235, Asp 197 and ASN 267 was also showing H bond (Si

with OH group present on benzene ring.

and side chains. 

figure 4 shows the molecular docking interactionof Laforin protein 4RKK 

 

interaction of Polydatin and Laforin protein 4RKK

The molecular structure of Polydatin and Laforin protein 4RKK showing docking 

interaction is shown in figure 5. The drug molecule is in the vicinity of target protein 4RKK and 

showing ligand protein interaction against selected drug Polydatin. The Polydati

with the glide g score -7.054kcal/mol. The Polydatin drug the 

maximum H bond (side chain) interaction was observed with amino acid at positions THR143, 

401, ASP 235, Asp 197 and ASN 267 was also showing H bond (Side chain) interaction 

with OH group present on benzene ring. Solvent Exposure was also observed in benzene ring

 

Laforin protein 4RKK against 

 

Laforin protein 4RKK 

The molecular structure of Polydatin and Laforin protein 4RKK showing docking 

interaction is shown in figure 5. The drug molecule is in the vicinity of target protein 4RKK and 

olydatin drug was 

olydatin drug the 

maximum H bond (side chain) interaction was observed with amino acid at positions THR143, 

de chain) interaction 

Solvent Exposure was also observed in benzene ring 
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Figure 6: Molecular interaction of Resveratrol and Laforin protein 4RKK 

Similarly the molecular docking interaction of Laforin protein 4RKK against Resveratrol 

is shown in figure 6. The drug molecule is in the vicinity of target protein 4RKK and 

showingligand protein interaction against selected drug Resveratrol. The result shows that ligand 

Resveratrol is also showing good interaction with Laforin protein with the glide g score-

6.308Kcal/mol. Ligand –protein interaction map also shows H bond (side chain) interaction on 

two positionsPO4 401 and THR143 of amino acids of Laforin protein 4RKK. The solvent 

exposure was also observed on benzene ring and OH group attached to the ring. This study can 

be used further for drug designing and drug development process. 

 

Table 2: List of ligand and their docking energy 

S.No LIGAND Title RMS Derivative-

OPLS-2005 

Glide gscore Glide hbond 

1 5281718 0.014 -7.054 -0.485 

2 445154 0.002 -6.308 -0.43 

3 637098 0.034 -5.642 -0.372 

4 5473050 0.039 -5.561 -0.16 

5 1.01E+08 0.036 -5.155 -0.469 

6 3676 0.005 -5.016 -0.329 

7 1.01E+08 0.013 -4.985 -0.316 

8 21910 0.032 -4.744 0 

9 21910 0.026 -4.744 0 

10 21910 0.007 -4.299 -0.26 

11 21910 0.043 -4.15 -0.207 

12 53510 0.024 -3.529 -0.16 

13 21910 0.014 -5.557 -0.441 

14 21910 0.031 -4.525 -0.421 

15 3676 0.004 -3.914 -0.098 

 

The ligand Polydatin and Resveratrol were showing best interaction with Laforin protein 

4RKKwith the glide energy -7.05kcal/mol and -6.30kcal/mol respectively, as the result shown in 

the table 2.  

 

Conclusion  

The Laforin protein is major cause of progressive myoclonic epilepsies known as Lafora 

disease. Laforin interacts with proteins known to be involved in glycogen metabolism and act as 

potential substrates [16]. The Laforin displays strong phosphatase activity against a 
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phosphorylated complex carbohydrate and this activity is unique to Laforin, since several other 

phosphatases are unable to dephosphorylate polysaccharides [17]. This lead to hypothesize that 

Laforin is unique in its ability to utilize a phosphorylated complex carbohydrate as a substrate 

and that this function may be necessary for the maintenance of normal cellular glycogen [18]. 

Lafora disease is difficult to distinguish from idiopathic generalized epilepsies at the time of 

onset. The seizures are initially controlled with antiepileptic drugs (AEDs), when apparently 

healthy older children or teenagers start having seizures. It is very important identify the 

potential drug against Laforin protein to treat Lafora disease. The molecular docking studies 

were done to identify potential inhibitor of Laforin protein 4RKK. The 10 antioxidant drugs were 

selected to identify the potential inhibitor of Laforin protein. All the other drugs were also 

showing docking interaction with the Laforin protein. The best molecular docking interaction 

was observed for the Polydatin and Resveratrol drug with the docking glide energy of -

7.05kcal/mol and -6.30kcal/mol respectively. These identified drugs could be a potential 

inhibitor against Laforin protein 4RKK. The antioxidant-based drug molecules can be very 

effectively against Laforin protein. These antioxidant-based drugs can help in blocking its 

activity and curing Lafora disease. This study can be used further for drug designing and drug 

development process. 
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