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ARTICLE INFO                                          ABSTRACT
 

 

Amyotrophic lateral sclerosis (ALS), also known as “Lou Gehrig’s disease”. It is a neurodegenerative 
disease 
cord characterized by distal muscle weakness, atrophy, normal sensation, pyramidal signs and 
progressive muscular paralysis reflecting. ALS2 is a juvenile autosoma
progressive, that maps to chromosome 2q33 and is associated with mutations in the alsin gene, a 
putative GTPase regulator. In this paper we have done homology modeling of alsin2 protein using 
multiple templates (3KCI_A, 4LIM_A,
program in Schrödinger software. Structural and function analysis is done by using Prosite and 
ExPASy server that gives insight into conserved domains and motifs that can be used for protein 
classificat
structural and physical properties using sitemap program in Schrödinger software. Docking of 
Resveratrol with alsin protein evaluates the binding site and potential 
neurological disease. This paper summarizes the structural, functional, binding site, docking on alsin 
protein that gives insight into functional role of alsin protein in neurological disease this study can be 
used in drug discovery 
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INTRODUCTION 
 

Amyotrophic lateral sclerosis (ALS) is a paralytic disorder 
caused by motor neuron degeneration (Devon
Motor neurons are the cells in the brain and spinal cord which 
are responsible for conscious muscle contraction (i.e., 
function). These nerve cells are the primary target for 
degeneration in ALS (Eymard-Pierre 
The ALS2 gene provides instructions for making a protein 
called alsin. Alsin is produced in a wide range of tissues, with 
highest amounts in the brain. This protein is p
abundant in motor neurons, the specialized nerve cells in the 
brain and spinal cord that control the movement of muscles 
(Hong et al., 2012). ALS is a motor neuron disease that is 
differentiated into two type in first type of ALS there is 
progressive degeneration of motor neurons and in second type 
there is damage to upper and lower motor neurons these 
neurons receive signals from brain to spinal cord and damage 
in these neurons result in loss of muscle and hence 
disfunctioning of muscle that leads to death of neurons 
(Matthew C. Kiernan et al., 2011; Shaw, 2001
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ABSTRACT 

Amyotrophic lateral sclerosis (ALS), also known as “Lou Gehrig’s disease”. It is a neurodegenerative 
disease associated with degeneration of motor neurons in the cerebral cortex, brain stem, and spinal 
cord characterized by distal muscle weakness, atrophy, normal sensation, pyramidal signs and 
progressive muscular paralysis reflecting. ALS2 is a juvenile autosoma
progressive, that maps to chromosome 2q33 and is associated with mutations in the alsin gene, a 
putative GTPase regulator. In this paper we have done homology modeling of alsin2 protein using 
multiple templates (3KCI_A, 4LIM_A, 402W_A, 4D9S_A, and 4DNV_A) designed using the Prime 
program in Schrödinger software. Structural and function analysis is done by using Prosite and 
ExPASy server that gives insight into conserved domains and motifs that can be used for protein 
classification. Further modeled structure is used to identify effective binding sites on the basis of 
structural and physical properties using sitemap program in Schrödinger software. Docking of 
Resveratrol with alsin protein evaluates the binding site and potential 
neurological disease. This paper summarizes the structural, functional, binding site, docking on alsin 
protein that gives insight into functional role of alsin protein in neurological disease this study can be 
used in drug discovery process. 
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Amyotrophic lateral sclerosis (ALS) is a paralytic disorder 
Devon et al., 2003). 

Motor neurons are the cells in the brain and spinal cord which 
are responsible for conscious muscle contraction (i.e., 

rve cells are the primary target for 
 et al., 2002). 

gene provides instructions for making a protein 
called alsin. Alsin is produced in a wide range of tissues, with 
highest amounts in the brain. This protein is particularly 
abundant in motor neurons, the specialized nerve cells in the 
brain and spinal cord that control the movement of muscles 

ALS is a motor neuron disease that is 
differentiated into two type in first type of ALS there is 

ressive degeneration of motor neurons and in second type 
there is damage to upper and lower motor neurons these 
neurons receive signals from brain to spinal cord and damage 
in these neurons result in loss of muscle and hence 
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Mutation in ALS2 gene cause neurological disease but function 
how loss of alsin protein is involved in amyotrophic lateral 
sclerosis is not well understood .Current research interest are in 
to signify the role of alsin protein in neurological diseases 
(Mintchev et al., 2009). 
 
Alsin Protein 
 
Alsin protein is highly present in motor neurons but its function 
is not clearly known (Cronin 
shows that alsin protein is involved in regulation of survival 
and growth of spinal motoneurons
regulator (Fallis and Hardiman
involved in neurological diseases mutation in alsin protein 
result in amyotrophic lateral sclerosis 2 (ALS2), juvenile 
primary lateral sclerosis (JPLS), infantile
spastic paralysis (IAHSP) (Ringel 
 
Amyotrophic Lateral Sclerosis (ALS)

 
Amyotrophic Lateral Sclerosis is also known as Lou Gehrig's 
disease the cause of this disease is due to mutation in ALS2 
gene .Alsin protein is encoded by ALS2 gene which is highly 
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Amyotrophic lateral sclerosis (ALS), also known as “Lou Gehrig’s disease”. It is a neurodegenerative 
associated with degeneration of motor neurons in the cerebral cortex, brain stem, and spinal 

cord characterized by distal muscle weakness, atrophy, normal sensation, pyramidal signs and 
progressive muscular paralysis reflecting. ALS2 is a juvenile autosomal recessive disorder, slowly 
progressive, that maps to chromosome 2q33 and is associated with mutations in the alsin gene, a 
putative GTPase regulator. In this paper we have done homology modeling of alsin2 protein using 

402W_A, 4D9S_A, and 4DNV_A) designed using the Prime 
program in Schrödinger software. Structural and function analysis is done by using Prosite and 
ExPASy server that gives insight into conserved domains and motifs that can be used for protein 
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structural and physical properties using sitemap program in Schrödinger software. Docking of 
Resveratrol with alsin protein evaluates the binding site and potential role of antioxidant in 
neurological disease. This paper summarizes the structural, functional, binding site, docking on alsin 
protein that gives insight into functional role of alsin protein in neurological disease this study can be 
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Mutation in ALS2 gene cause neurological disease but function 
how loss of alsin protein is involved in amyotrophic lateral 
sclerosis is not well understood .Current research interest are in 
to signify the role of alsin protein in neurological diseases 

Alsin protein is highly present in motor neurons but its function 
 et al., 2007). Homology study 

shows that alsin protein is involved in regulation of survival 
and growth of spinal motoneurons and have role in GTPase 

Hardiman, 2009). Alsin protein is 
involved in neurological diseases mutation in alsin protein 

t in amyotrophic lateral sclerosis 2 (ALS2), juvenile 
primary lateral sclerosis (JPLS), infantile-onset ascending 

Ringel et al., 1993). 
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Amyotrophic Lateral Sclerosis is also known as Lou Gehrig's 
disease the cause of this disease is due to mutation in ALS2 
gene .Alsin protein is encoded by ALS2 gene which is highly 
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expressed in brain cells and in cells of motor neurons, nerve 
cells in spinal cord and functions mainly in regulation of 
muscle movement by passing signal from brain to muscle 
(Leigh et al., 2003). Mutation in this gene leads to abnormal 
production of alsin protein that is deformed and very unstable 
due to which it is easily degraded. Loss of alsin protein in 
nerve cells leads to severe neurological disorders (Neumann et 
al., 2006). ALS is not curable and progressive degenerative 
neurological disorder the actual mechanism underlying 
Amyotrophic Lateral Sclerosis is under study. Major difference 
between ALS and other sclerosis is that in ALS only 
voluntarily moved muscles are impaired such as mouth, arm, 
tongue and does not affect other involuntarily movement such 
as heart beating, digestion it does not affect the patients 
memory and senses of taste, smell, hearing capabilities remains 
same (Lomen-Hoerth et al., 2002; Bian et al., 2014; 
Choudhary et al., 2009; Rigbolt et al., 2011) 

 
Juvenile Primary Lateral Sclerosis (JPLS) 
 
Juvenile primary lateral sclerosis is also called as primary 
lateral sclerosis, is rare disorder, caused by damage in motor 
neurons which functions signal transport from brain to spinal 
cord and in muscle movement (Rigbolt et al., 2011). JPLS 
occurs in childhood and progresses with age symptom of JPLS 
in stiffness in muscles of many parts of body including face, 
leg and arms as diseases  progresses there is weakness  in 
muscle that continues with age and finally death of motor 
neurons .studies reported that any Mutations in the ALS2 gene 
(2q33-q35) encoding alsin protein causes this disease but 
function of alsin protein is still under study (Mayya et al., 
2009; Cantin et al., 2008). 
 
Infantile-Onset Ascending Spastic Paralysis (IAHSP) 
 
Infantile-Onset Ascending Spastic Paralysis (IAHSP) is 
hereditary neurological disorder characterized by progressive 
spasticity and weakness of limbs (Eymard-Pierre et al., 2002). 
It is also known as hereditary spastic paraplegias. Infantine 
spastic paralysis is because of degeneration in motor neurons 
condition called as atrophy, these motor neurons function as 
signal transport from brain to muscle loss of these neurons 
result in paralysis (The MGC Project Team, 2004). Hereditary 
spastic paraplegias are of two types in one form that is called as 
pure IAHSP there is paralysis only in lower limbs due to loss of 
motor neurons while in complicated IAHSP there is loss of 
motor neurons in various body organs including arms, legs, 
face (Nakajima et al., 2002). Studies reported that infantile-
onset ascending hereditary spastic paralysis is caused by 
mutations in the ALS2 gene. Due to loss of alsin protein there 
is loss in GTPase functions and hence degradation in 
development of axons and dendrite that leads to loss of motor 
neurons and result in atrophy. Still it is very unclear how alsin 
protein is involved in Infantile-Onset Ascending Spastic 
Paralysis (Aiken et al., 2011) 
 

MATERIALS AND METHODS 
 

[1]Alsin protein sequence is retrieved from UniProt database 
with id Q96Q42 (http://www.uniprot.org/uniprot/Q96Q42). 
Fig.1 shows the query sequence of alsin protein that was 

modeled using Schrödinger software using prime tool 
(Halgren, 2007) colored region in fig1 shows the position of 
sequence that was modeled. Since sequence similarity of alsin 
sequence is less that 30% for homology modeling 
Multitemplate homology modeling is used .Five templates 
were selected to build consensus model based on selected 
template table 1 shows the list of templates that are used to 
build consensus model and Prime STA method (Bell et al., 
2012) is chosen for alignment between query sequence and 
template sequence because sequence similarity ranges from 
28-35 %. Fig 2 shows the alignment of alsin sequence with 
template sequence colored regions represent the alignment 
between residues of query sequence and template sequence. 
Functional analysis of alsin protein is done using Scan Prosite 
tool at expasy (http://prosite.expasy.org/scanprosite/) and motif 
is mapped to secondary structure of alsin protein. For docking 
studies modeled protein structure Alsin_A is used since it is 
more reliable and binding site identification is done using 
sitemap tool of Schrödinger software, these sites are evaluated 
using docking of Resveratrol with Alsin_A protein using Glide 
dock tool in Schrödinger software (Friesner et al., 2006; 
Halgren et al., 2004) 
 

RESULTS AND DISCUSSION 
 
Homology Modeling 
 
Multitemplate homology modeling is done using prime 
program in Schrödinger software two structures were modeled 
designated as Alsin_A and Alsin_B 
 

 
 

Fig. 1. Alsin (Q96Q42) sequence for homology modeling yellow 
colored region show position of modelled structure 

 
Two structures were modeled from position 1-218 and 419-
785. These regions represent the highest similarity in PDB 
database. Templates from PDB database was selected on the 
basis of identity percentage and query cover .Homology studies 
reveals that conserved region belongs to RCC_1domain as it 
share similarity with RLD and RCC domain of HERC2 with 
PDB ID: 3KCI, 4L1M, 402W, and can have function similar to 
RCC domain .Function of alsin protein is further studied and 
evaluated using detailed analysis of motif and domains. 
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Fig. 2. Alignment between template and alsin sequence 
 
Prime STA method  is used for alignment of query alsin 
sequence with template sequence this method is used for low 
sequence similarity fig 2 shows the selection of template on the 
basis of query coverage and identity percentage and fig 3 
shows the secondary structure assessment to query alsin 
sequence on the basis of template secondary structure  
 
Alsin_A (1-218 position)  
 
Alsin_A structure is modeled from position 1-218 and 
evaluation is done using ramachandran plot Fig 4 shows the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Alsin_A structure and Fig 5 shows the ramachandran plot that 
shows this structure is more reliable as compare to Alsin_B. 
This structure is further used for binding site identification and 
docking studies 
 

 
 

Fig. 3. Secondary structure alignment of template and alsin 
sequence 

 

Rmachandran plot analysis is done using rampage tool (Lovell, 
et al., 2002),(http://mordred.bioc.cam.ac.uk/~rapper/rampage. 
php) shows that percentage of residues in favoured region  is 

Table 1. List of templates selected for Multitemplate homology modeling 

 
S.No Template id    Description  Identity (%)  Query cover (%)  

1 3KCI_A 3rd RLD domain of HERC2 35  26  
2 4L1M_A 1st RCC-1 like domain of HERC2 31  20  
3 402W_A 3rd RCC domain of HERC1 28  23  
4 4D9S_A crystal structure of Arabidopsis thaliana Uvr8 31  31  
5 4DNV_A Crystal Structure Of The W285f Mutant Of Uvb-resistance Protein Uvr8 31  31  

 
Table 2. Motif and domain analysis of alsin protein 

 
S.No POSITIONS  PROFILE  MOTIF  DESCRIPTION  

1 60 - 109  REPEAT  β turn  RCC1_1  Regulator of chromosome condensation (RCC1) repeat profile  
2 110 - 168  REPEAT  β turn, β hairpin  RCC1_2   Regulator of chromosome condensation (RCC1) repeat profile  
3 169 - 219  REPEAT  β turn, β hairpin  RCC1_3   Regulator of chromosome condensation (RCC1) repeat profile  
4 526 - 577  REPEAT  β turn, β hairpin  RCC1_4   Regulator of chromosome condensation (RCC1) repeat profile  
5 578 – 628  REPEAT  β γ turn  RCC1_5   Regulator of chromosome condensation (RCC1) repeat profile  
6 690 - 885  DOMAIN  β turn, β hairpin  Dbl homology (DH) domain profile  
7 1513 - 1657  DOMAIN  Unmodelled  VPS9 domain profile  

 
Table 3. List of binding sites predicted in alsin_A modeled protein 

 
Site Map  Site Score  Dscore  Volume  Residues  

sitemap_1_site_1 0.950439 0.802679 179.389 Chain A: 
24,72,73,74,76,77,52,79,132,133,134,80,81,82,84,16,85,115,17,86,87,64,
65,66,67,68,69 

sitemap_1_site_3 0.93561 0.698928 89.866 Chain A: 
146,147,137,148,138,139,192,150,172,140,141,152,174,164,143,144,145 

sitemap_1_site_2 0.928715 0.961163 160.867 Chain A: 
193,195,196,197,173,198,174,175,177,178,179,212,213,180,214,181,215
,182,183,161,163,189 

sitemap_1_site_5 0.900671 0.737503 98.441 Chain A: 51,53,1,54,55,33,35,10,36,8,9,83,18,63,64,65,41,44,45,20,46 
sitemap_1_site_4 0.617906 0.557547 67.571 Chain A: 68,69,116,117,70,71,72,130,73,131,74,132 
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86.1% and percentage of residues in allowed region  9.7% and 
in outlier region is 4.2% this suggest that modeled structure is 
good as compared to Alsin_B structure. 
 

 
Fig. 4. Modeled structure Alsin_A from 1

 

 

Fig. 5. Ramachandran plot of Alsin_A
 

Alsin_B (419-785position) 
 

Alsin_B structure is modeled from position 419
shows the modeled structure visualized in Schrödinger and 
protein structure evaluation is done using rmachandran plot that 
shows the quality of modeled structure in Fig 7.
 

 
Fig. 6. Modeled structure Alsin_B from 419
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86.1% and percentage of residues in allowed region  9.7% and 
in outlier region is 4.2% this suggest that modeled structure is 

 

Modeled structure Alsin_A from 1-218 position 

 

Ramachandran plot of Alsin_A 

Alsin_B structure is modeled from position 419-785 fig 6 
shows the modeled structure visualized in Schrödinger and 
protein structure evaluation is done using rmachandran plot that 

he quality of modeled structure in Fig 7. 

 

Modeled structure Alsin_B from 419-785position 

Fig. 7. Ramachandran plot of Alsin_B

 
Rmachandran plot study shows that 86.6 % residues lies in 
favoured region, 7.7% in allowed region and 5.7% in 
region which is higher than Alsin_A structure.
Alsin_A and Alsin_B suggest that alsin _a structure is more 
reliable as compared to Alsin_B structure on this basis alsin_A 
structure is used for further analysis and docking studies
 
Structure –Function Relationship
 
Functional analysis is done using Scan Prosite tool at expasy 
fig 8 shows the motif and domains identified in alsin sequence 
detailed analysis is shown in table 2 that shows motif that is 
present is alsin sequence is RCC1_1,
RCC1_4, RCC1_5, that have a function in regulation of 
chromosome condensation .Probable function of alsin protein 
can be regulation of muscle condensation in spinal cord or in 
brain. 
 

 
Fig. 8. Motif and domain analysis using scanprosite 

 
Predicted motif and domain are mapped to secondary structure 
of alsin protein table2 shows the positions of conserved motif, 
structure of motif and function of motif .Functional analysis 
suggest that alsin protein belongs to RCC family and
similar function. Motifs and domain are mapped to topology of 
modeled structure that shows the position of RCC1 in 
secondary structure fig 9 shows the mapped motif to secondary 
structure that shows the protein structure and function 
relationship. 
 
Binding Site Prediction 
 
Alsin_A structure is used for docking analysis binding sites are 
identified using sitemap tool of Schrödinger software 
et al., 2004; Zhu et al., 2014) five binding sites were predicted 
and further used as binding sites i

Structural, functional insights of alsin protein using homology modeling and docking studies

 
 

Ramachandran plot of Alsin_B 

Rmachandran plot study shows that 86.6 % residues lies in 
favoured region, 7.7% in allowed region and 5.7% in outlier 
region which is higher than Alsin_A structure. Evaluation of 
Alsin_A and Alsin_B suggest that alsin _a structure is more 
reliable as compared to Alsin_B structure on this basis alsin_A 
structure is used for further analysis and docking studies 

Function Relationship 

Functional analysis is done using Scan Prosite tool at expasy 
fig 8 shows the motif and domains identified in alsin sequence 
detailed analysis is shown in table 2 that shows motif that is 
present is alsin sequence is RCC1_1, RCC1_2, RCC1_3, 
RCC1_4, RCC1_5, that have a function in regulation of 
chromosome condensation .Probable function of alsin protein 
can be regulation of muscle condensation in spinal cord or in 

 

Motif and domain analysis using scanprosite tool at expasy 

Predicted motif and domain are mapped to secondary structure 
of alsin protein table2 shows the positions of conserved motif, 
structure of motif and function of motif .Functional analysis 
suggest that alsin protein belongs to RCC family and have 

Motifs and domain are mapped to topology of 
modeled structure that shows the position of RCC1 in 
secondary structure fig 9 shows the mapped motif to secondary 
structure that shows the protein structure and function 

Alsin_A structure is used for docking analysis binding sites are 
identified using sitemap tool of Schrödinger software (Friesner 

five binding sites were predicted 
and further used as binding sites in docking. 

Structural, functional insights of alsin protein using homology modeling and docking studies 



 
Fig. 9. Topological information of motif

 

 

Fig. 10. Five binding sites predicted on Alsin_A protein
 

Table 3 shows the summarized list of binding sites ordered on 
the basis of site score and position in protein structure. These 
sites were verified and evaluated using docking studies.
 

Docking Result 
 

Docking of Resveratrol (PubChem ID: 445154) 
(https://pubchem.ncbi.nlm.nih.gov/compound/445154
alsin_A structure is done. Five binding sites were studied using 
docking. Only sitemap_1_site_2 shows 
Resveratrol ligand .Fig 11 shows the generation of grid on the 
basis of site_2 and fig 12 shows the interaction of Resveratrol 
ligand with alsin_A protein in two positions serine 213 and 
leucine 180. Binding site_2 surface is studied fig 
ligand surface region along with  protein and fig 14 shows the 
surface of binding site_2 and  interaction with alsin_A protein 
ligand –protein interaction analysis is done using Schrodinger 
software(31)-(32) fig 15 shows the Resveratrol and al
protein interaction .Interaction plot shows two hydrogen bond 
with two residues LEU 180 and SER  213 position. 
result shows the binding sites on modeled alsin protein and 
verified positions for ligand docking. 
 

Conclusion  
 

Alsin protein is important protein under study to understand the 
cause of  neurological disorders .Protein structure and function 
plays a crucial role to uncover the mechanism of disease 
progression and its preventive measures. 
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Five binding sites predicted on Alsin_A protein 

Table 3 shows the summarized list of binding sites ordered on 
the basis of site score and position in protein structure. These 

evaluated using docking studies. 

Docking of Resveratrol (PubChem ID: 445154) 
https://pubchem.ncbi.nlm.nih.gov/compound/445154) with 

Five binding sites were studied using 
docking. Only sitemap_1_site_2 shows interaction with 

11 shows the generation of grid on the 
basis of site_2 and fig 12 shows the interaction of Resveratrol 
ligand with alsin_A protein in two positions serine 213 and 

Binding site_2 surface is studied fig 13 shows the 
ligand surface region along with  protein and fig 14 shows the 

nteraction with alsin_A protein 
protein interaction analysis is done using Schrodinger 

fig 15 shows the Resveratrol and alsin_A 
protein interaction .Interaction plot shows two hydrogen bond 

s LEU 180 and SER  213 position. Docking 
result shows the binding sites on modeled alsin protein and 

important protein under study to understand the 
cause of  neurological disorders .Protein structure and function 
plays a crucial role to uncover the mechanism of disease 

Fig. 11. Grid generation on site_2 of Alsin_A

 

Fig. 12. Interaction of Resveratrol with alsin_A yellow dotted line 
represent the hydrogen bond between ligand and prote

 

 

Fig. 13. Docking result showing ligand surfac
 

This paper describes the structure ,function 
capability of alsin protein with chemical compound this study 
will help researchers working in field of amyotrophic lateral 
sclerosis and other neurological disease for better perceptive of 
neurological diseases mechanism and to identify po
for cure of neurological diseases.
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Fig. 14. Docking result showing binding site_2  region along with 

ligand 
  

 
Fig. 15. Ligand –protein interaction map showing hydrogen bond 

between two residues LEU 180 and SER 213
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