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Abstract: 

Nemaline myopathy is a disease that primarily affects 

skeletal muscles due to mutations in the Actin Protein 

family. The purpose of analysis was to determine the 

potential regions on the ACTA1 protein that have 

maximum probability of mutations. The 

identification of the disordered regions was 

performed using various tools like DISEMBL, 

GLOB PLOT and RONN. From the results of the 

disorder prediction the regions are identified which 

are further processed for the identification of sites 

within the regions that have maximum chances of 

mutability and thus termed as mutational hotspots. To 

identify the mutational hotspots RONN results were 

considered followed by the use of the tools like 

Polyphen and I Mutant. The effect of point 

substitution mutations on the stability of the protein 

was calculated using Imutant. Polyphen would 

detect the effect of the mutations on the function of 

the proteins. The complete mutational site annotation 

and structure prediction was carried out. The work 

was extended to identify the restriction sites present 

in the gene sequence of the study protein. Once the 

restriction sites were identified using Nebcutter the 

results were employed for the construction of 

Plasmid vector that can carry the mutant or wild 

peptide so as to express the activity of the peptide. 

This data can be of immense use I the application r 

DNA technology in the analysis of this protein. 

Keywords: Nemaline myopathy, Mutation Analysis, 

ACT1 Protein, ACTA1 protein, r DNA Technology. 

 

Introduction: 

Myopathy is the neuromuscular disorders in which 

the primary symptom is the muscle weakness 
[1] 

caused due to dysfunction of muscle fiber. Myopathy 

has been classified in to many disorders; they are 

Inflammatory Myopathies, Muscular dystrophies, 

Myotonic Syndromes, Congenital myopathies, 

metabolic myopathies, Endocrine myopathies, 

Endocrine myopathies etc.  Mypathic disorders 

generally produce proximal arm and leg weakness a 

so called limb girdle pattern 
[2]

. Congenital 

myopathies are muscle diseases present at birth 

(congenital) that result from genetic defects in our 

muscle development. Congenital myopathies may 

result in muscle weakness, breathing and eating 

problems. Congenital Myopathies include Central 

core disease, Centronuclear myopathies, congenital 

fiber type disproportion myopathy, Nemaline 

myopathy, Multiminicore disease, Myotubular 

myopathy. Congenital myopathies has led to the 

recognition that diverse disorders are often associated 

with the same causative gene, and is challenging 

traditional classifications 
[3]

. Missense mutations of 

the skeletal muscle alpha-actin gene (ACTA1) often 

results in the onset of Ccngenital myopathies 
[4]

. In 

view of the importance of this protein in the onset of 

the disease the current work aims to study the 

mutational hot spot regions within the ACTA1 

protein followed by the gene analysis and 

construction of suitable vector to carry the gene using 

Insilco methodology. 
 

Materials and Methods: 
 

Sequence Retrieval of ACTA1 from NCBI: 

To study the protein ACTA1 responsible for the 

functioning of the muscle cells it is essential to have 

the protein sequence that would code for the 

functioning of the protein. The NCBI Primary 

database has been used for the retrieval of the protein 

coding amino acid sequence of ACTA1 of Human 

beings.  
 

Conservation studies using BOX SHADE: 

To study the conservation pattern of the protein with 

respect to the other organisms BOX SHADE 
[5]

 tool 

ahs been employed that would align the sequences 

using Global alignment method. This tool specifically 
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performs multiple sequence alignment in order to 

identify and analyze the conservation pattern and 

evolutionary strong sites present within the 

sequences. 
 

Domain identification using SMART: 

SMART 
[6]

 is an online tool which performs the 

internal blast of the input sequence with the 

sequences in the CDD database to identify the total 

number of domain present in the given sequence 

along with the information regarding the functions of 

each domain. The tool also provides information 

about the other elements like low sequence repeats, 

signal peptides etc.  
 

Disorder Analysis using Insilco tools: 

Disorder analysis was performed using several tools 

like DISEMBL 
[7]

, GLOBPLOT 
[8]

 and RONN 
[9]

. 

The first two tools will enable the user to select or 

identify the regions of high mutability or disorderness 

based up on the input sequence. RONN will not only 

specify the regions of mutability but it also provides 

the disorder probability for each residue based upon 

which the main target site having maximum 

mutability can be selected. 
 

Analysis effect of Mutations on the stability and 

Functionality of the proteins: 

The tools like I Mutant 
[10]

 and Poly Phen 
[11]

 were 

employed to analyze the effect of the substitutions of 

wild type amino acid with the new amino acid. One 

tool would study the functional effect whereas the 

other is useful to calculate the effect of substitution 

mutations on the energy and stability of the protein 

sequence. Based upon the results of the disorder 

prediction tools mentioned above the regions of 

mutability were identified followed by the selection 

of the sites responsible for major mutations. Once the 

sites are identified the effect of substitution of these 

sites with any of the other 19 amino acids was 

studied by the I mutant and Poly Phen tools. 
 

Identification of Binding sites in the Structure: 

To identify the pockets/cavities present in the user 

provided structure CAST P 
[12] 

has been used. This 

tool would provide the information about the total 

number of pockets present in the given structure and  

also the details like the total number of amino acids 

involved in the formation of the pocket, pocket area 

and volume etc. This tool also provides a direct 

access to the JMOL visualization of the protein 

structure. 
 

Construction of the peptides using ARGUS LAB: 

The selected peptides are constructed in the ARGUS 

LAB software. Here the peptides are constructed 

based on the known sequence of the amino acids. The 

constructed peptides are further made stable by the 

process of optimization. Once the optimization is 

performed the energy evaluation is performed. 
 

Reverse translation of the protein to DNA 

sequence: 

The protein sequence obtained from the NCBI is 

reverse translated to DNA sequence using the online 

tool Reverse Translate. This tool accepts a protein 

sequence as input and uses a codon usage table to 

generate a DNA sequence representing the most 

likely non-degenerate coding sequence. A consensus 

sequence derived from all the possible codons for 

each amino acid is also returned. 
 

Identification of Restriction sites using 

NEBCUTTER 

The tool is used to identify the restriction sites and 

the recognition regions within the given sequence for 

a specified restriction enzyme. By default, only 

enzymes available from NEB 
[13] 

are used, but other 

sets may be chosen. Just enter sequence and 

"submit". Further options will appear with the 

output. The maximum size of the input file is 1 

MByte, and the maximum sequence length is 300 

KBases. 
 

Construction of a suitable Vector to carry the 

gene of interest: 

Once the reinstruction sites are identified the 

information can be used to construct the suitable 

carrier vector to carry the gene of interest. 

PlasMapper 
[14]

 can be used for this purpose, which is 

an automatic vector designer than can provide the 

carrier vector for the given sequence. 
 

Results and Discussion: 

The protein sequence of ACTA1 of Homo sapiens 

has been retrieved from the NCBI data base using the 

selected Boolean operator search. The length of the 

sequence was found to be 376 amino acids.  
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Fig 1: Conservation study using BOXSHADE 

 
From the Fig 1 of BOX SHADE analysis it can be concluded that all the sequence of the ACTA1 protein among the 

selected organisms has been conserved and they show maximum identity 

 

 

Functional analysis using SMART: 

Based on the results of smart it can be observed that 

there is only one functional domain named ACTIN 

extending from 7 to 376 positions in the amino acid 

sequence. The major function of this ACTIN domain 

is the formation of filaments which are the major 

components of the cytoskeleton. 

 

 

 
 

 

 

Fig 2: Picture showing the domain region of the 

ACTA1 protein as displayed by SMART tool 
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Disorder analysis using DISEMBL, GLOBPLOT 

and RONN: 

From the results of the above mentioned tools the  

Region 1- 72 was found to be common among the 

regions shown by all the tools and has been selected 

for further analysis. 
 

Table 1: Summarized Results of Disorder prediction 

TOOLS POSITION 

RONN 

27-31,  37-59 

107-117, 226-245 

 

 

DISEMBL 

1-84, 95-118 

149-174, 229-308 

321-340, 361-376 

 

GLOBPLOT 54-72, 190-203 

337-346 

 

The maximum probability of disorder was found to 

be in the region MGQKDSY from 49- 55 positions. 

 

Table 2: Hydropathicity and Disorder probability 

for the selected region 49-55 

 
 

 

Effect of Substitution mutations at 54 positions on 

Function and Stability of the protein: 

Using the online tools like I Mutant and PolyPhen the 

effect of the substitutions on the Stability and 

Functionality has been calculated. 

 

 

 

Table 3: Effect of substitutions on stability and 

function 

 
 

Fig 3: Showing the Mutable site (hot spot site) on 

the 3d structure of the ACTA1 protein 
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Fig 4: Construction of Mutant and Wild peptides 

using Argus Lab:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All the alternative peptides with the position 54 

replaced by the other amino acids were constructed in 

Argus lab and the energies were calculated. The 

energy obtained for the peptide with wild type amino 

acid is 53.67 where as all the other amino acids in 

that position gave a high increase in the energy value. 

This indicated that the mutant peptides have low 

stability than the wild type amino acid 
 

Protein to DNA Reverse Translate: 

The online tool name Reverse Translate has been 

used to convert the given Protein sequence into 

Nucleic acid sequence so as to identify the restriction 

sites present in the given sequence. 

 

Fig 5: NEB CUTTER to identify the restriction site 

and Recognition regions: 

 

 

 

 

 

 

 

 

The above figure shows the total restriction sites 

along with the restriction enzyme for cutting the 

ACTA1 gene. This information can further be used to 

design the suitable carrier for carrying this gene in 

case of genetic transformations.  
 

PLASMAPPER to construct the carrier vector to 

carry the ACTA1 gene: 

PLASMAPPER an online automated tool has been 

used to construct the carrier for the selected gene. 

The results can be further employed in undertaking 

the gene transformation experiments with the query 

gene. 
 

Fig 6: Showing the carrier vector for the ACTA1 

gene 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The above figure 6 shows the total restriction site, 

enzymes and other related information along with the 

Vector designed to carry the gene ACTA1 in case of 

transformational experiments. 

 

Conclusion: 

The current study aimed to analyze the complete 

protein of ACTA1 mutations in which results in the 

nemaline myopathy. The work involves the analysis 

of the normal sequence structure and functional 

properties of the protein from Homo sapiens. Once 

the properties of the native proteins were studied the 

work focused on the identification of the probable 

mutational regions present in the sequence based on 

the tools like GLOB PLOT, DISEMBL. Once the 

region was identified the study was extended to select 

the specific sites base on the tools like RONN and 

parameters like hydropathicity and mutation 

probability. The site 54 has been identified as the 

mutational hot spot for the ACTA1 protein from 

Homo sapiens. The effect of substitution of wild 

amino acid by any of the other 19 possible amino 
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acids at the potion 54 was analyzed using various 

tools.  Io mutant was used to analyze the effect on the 

stability of the protein where as Polyphen was used to 

analyze the effect on the functionality o the protein. 

Finally the protein was reverse translated to obtain 

the corresponding gene sequence which was used to 

assess the restriction sites in the gene. The results of 

neb cutter for restriction site identification were used 

to design the vector for carrying the ACTA1 gene. 

This was done using the tool PLASMAPPER. The 

final out come of the work is the identification of the 

mutational hot spot and study the effect of mutation 

in this site. This was followed by designing a suitable 

vector that can act as a carrier for the query gene 

sequence. 
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