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                                                          ABSTRACT 

Amyotrophic lateral sclerosis (ALS) is a type of neuro-degenerative disorder that causes muscle 

weakness, many type of disabilities and can eventually lead to death. Out of all the worldwide 

Amyotrophic lateral sclerosis cases, 5 to 10% are Familial Amyotrophic lateral sclerosis (FALS) 

cases. The involvement of superoxide dismutase (SOD1) in Familial Amyotrophic Lateral 

Sclerosis can be found in many published literatures. I tool a missense mutation of SOD1 gene 

which causes the substitution of Threonine (Thr) for Alanine (Ala) at the 5th position and 

analysed its involvement in FALS using molecular dynamics simulation technique. To serve the 

purpose we first designed the mutant protein i.e. mutant Cu/Zn superoxide dismutase (m4B3E) 

using homology modeling software SWISS MODEL and analysed stability of the same against 

the wild type protein i.e. Cu/Zn superoxide dismutase (4B3E) by using molecular dynamics 

simulation as a tool. I analysed the behavior of the mutant protein and wild type protein 

simultaneously, as the wild type protein is experimentally proven it is conceded stable. So, I 

compared the mutant protein to the wild type in the conditions similar to the in vivo environment 

as molecular dynamics simulation mimics the in vivo environment. We analysed the results in 

terms of RMSD, RMSF and radius of gyration, further visualization of the simulation was done 

using VMD (Visual Molecular Dynamics) tool.  

Keywords- Familial Amyotrophic lateral sclerosis, Cu/Zn superoxide dismutase, molecular 

dynamics simulation                                    

 

 

 

 

 

 

                                         

http://www.ks.uiuc.edu/Research/vmd/
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                                                         INTRODUCTION 

Amyotrophic lateral sclerosis is a type of neuro-degenerative disorder that causes muscle 

weakness, several type of disabilities and can eventually lead to death. It is a combination of 

motor neuron disorder, mostly comprising of lower and upper motor neuron and affects the 

cranial nerve in the pons and medulla, spinal cord and frontal cortex. The initial publication 

suggested that sequence variantion present in the Cu/Zn SOD1 gene was the causative agent of 

ALS1. Out of all the worldwide Amyotrophic lateral sclerosis cases, 5 to 10% are Familial 

Amyotrophic lateral sclerosis (FALS) cases2. The research publications on Familial inheritance 

of Amyotrophic lateral sclerosis (FALS) began back in 1800s but there was not much attention 

about the same back then. Later on in the year 1993, with the development of molecular genetic 

techniques it was found that superoxide dismutase (SOD1) is involved in the FALS.  Further 

finding proved that there are many genes involved in the FALS but most common of them was 

superoxide dismutase (SOD1)3. Although FALS is heterogeneous but most cases follow an X-

linked inheritance pattern, autosomal dominant and recessive forms. Mutation at many different 

positions on the SOD1 gene can cause FALS which can be found in the UniProt and Clinvar 

databases, one of such missense mutation in the 5th position causes the substitution of Threonine 

(Thr) for Alanine (Ala) was found in two patient from 1 Japanese family 4, The publication 

provides an insight about the instability of SOD1 gene for the this mutation and further suggests 

the involvement of this mutation in FALS. The publication also concluded the possibility of 

SOD1 mutation at 5th position (T for A) causing FALS. I took this mutation as a lead for our 

study and wanted to check the behavior of mutated Cu-Zn superoxide dismutase enzyme coded 

by this mutated SOD1 gene in the in vivo conditions using molecular dynamics simulation 

technique. 

                                    In this Project I have designed a mutated Cu-Zn superoxide dismutase 

enzyme (m4B3E) which has a missense mutation i.e. T replacing A in the 5th position (UniProt 

ID- VAR_007130). For designing this protein, I used homology modeling tool SWISS-MODEL. 

Further my aim was to prove the instability of the mutated protein inside the host which is 

causing dysfunction of the superoxide dismutase enzyme in turn causing FALS disorder. So in 

order to achieve my aim I focused on the determination of structural stability of this mutated Cu-

Zn superoxide dismutase enzyme(m4B3E) against the wild type Cu-Zn superoxide dismutase 
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enzyme(PDB Structure id- 4B3E) using Molecular Dynamics simulation software GROMACS 

and following the protein in water protocol provided in the GROMACS Tutorials 

(http://www.mdtutorials.com>gmx). I used Molecular Dynamics simulation as a tool to provide 

a virtual insight into the contribution of this mutation of SOD1 gene in causing FALS disorder 

by accessing the protein structure and function. 

 ALS which is the abbreviation for amyotrophic lateral sclerosis is also called as Lou Gehrig’s 

disease; it is a neurodegenerative disorder and is progressive in nature which means it worsens 

with time. It majorly affect the Nerve cells which control the voluntary muscle movement 

involving activities like talking and walking5 etc. As the ALS belongs to the motor neuron 

disorder it causes the degeneration of nerve cell gradually and eventually lead to the Motor 

neuron death, due to the same motor neuron stop sending neuronal messages from brain to the 

muscles which eventually weaken the muscles initially and in the later stages it stops function as 

the brain can no longer initiate the control over voluntary muscles6. Most of the ALS and 5 to 

10% of FALS disease are caused by either mutation in the SOD1 gene or mutation in the 

TARBP gene7.   

The first step towards understanding biology is to understand the structure of the macromolecule 

and its related molecular interaction, as the interaction governs the function of the 

macromolecule and even influence the structure. Considering the early days of the determination 

of macromolecular structures back in 50s, we have come a long way searching for new structure 

as our knowledge and discovery of macromolecules including proteins and nucleic acids is also 

growing at a fastidious rate day by day. There are numerous new structures added on to the 

Protein Data Bank (PDB) with each passing year. As of now total number of entries available on 

PDB are more than 1,70,000. Although the PDB entries started back in 1976, there is an 

exponential growth in the addition of annual entries ever since and after the year 2017, more than 

11000 entries per year can be observed. This gives us an idea of growing knowledge about the 

macromolecules in biology, but this knowledge is very basic like biological phenomenon 

involved in membrane transportation, enzyme regulation, ribosomal structure building and so on. 

The reason behind considering structural knowledge as basic is that, by only knowing the 

structure we cannot predict the actual behavior of the macromolecule in vivo. It is true that the 

3D structure of the macromolecule has helped in designing the docking states and also aided in 

http://www.mdtutorials.com/
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structure based drug designing, but it is only one aspect of molecular behavior considering it has 

to be validated experimentally in wet labs. But the knowledge of dynamics and energetic of a 

molecule helps us to determine the behavior of the macro molecule in real environmental 

conditions i.e. in vivo. With this we can achieve the favorable state of the macromolecule. 

Further, macromolecules can exhibit allosteric conformation in which it can exist in a state of 

comparable stability or transition state this is where Molecular dynamics simulation comes into 

play.   

Protein undergoes many conformational changes and rearrangements during its functioning, 

these rearrangement can facilitate in changing the active site conformation which in turn will 

change the function of the protein or the entity as a whole, with respect to its environment. There 

are examples of proteins with small conformational changes in their structure without any 

changes in their Overall fold, this type of small changes are undetectable by the docking 

algorithms but there are also evidences of proteins having large conformational changes in their 

structure. Furthermore, the protein dynamics analysis is important in discovering the transit 

phenomena in the cavities, alongside proteins nucleic acids also show conformational changes 

but that is not of our interest as far as this experiment is concerned. To understand the 

conformational changes, it is important to take energetics/forcefield and dynamics of the 

molecule into consideration which helps in predicting its behavior in the in vivo environment. 

This conformational ensemble analysis can be achieved by molecular dynamic simulations 

approach using several parameters which are defined in the later parts of this report. 

 The use of M D Simulation in this project is to check the stability to the mutant protein i.e. 

m4B3E in order to justify the fact that the mutation of SOD1 gene at 5th position (T for A) is a 

strong causative factor of FALS as the mutation makes the protein unstable in the dynamic 

condition which implies that it works similarly in the in vivo condition. Although this M D 

Simulation supports the above stated fact in the computational way but it is not necessary that the 

protein will behave exactly the same in the wet lab conditions or say real life scenario, but it has 

been proven that the M D Simulation is the closest technique to mimic the in vivo environmental 

conditions, so keeping this thing in mind I conducted the experiment with M D Simulation as a 

tool to detect the stability of the designed mutant protein.  
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 Further Considering the situation where not much homology is available for a protein structure 

prediction, ab-initio methods are used for prediction with tools like I-TASSER and Rosetta but 

the accuracy of these tools are not very good and reliable so, the predicted structure is considered 

to be verified using molecular dynamics simulation in order to get nearby the crystal structure or 

experimental structure but in this case the homology was good and verified it using BLAST, as 

the homology was good it was better to go with homology modeling as it is more reliable and 

accurate because of the availability of template structure. For the same reason I chose SWISS 

MODEL to build my model as it available online and free of cost and it also finds the template 

by its own. The detailed and stepwise process of the experiment is defined in the method portion 

of this report and the flowchart view of the same is represented in fig. 5. The detailed study about 

the Molecular dynamics simulation and Amyotrophic lateral sclerosis disorder with its 

symptoms, factors involved, treatment can be found in the published literature which is discussed 

in the next section of this report  i.e. review of literature 
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                                  REVIEW OF LITERATURE 

ALS is a neurodegenerative disorder and is progressive in nature mostly affecting the Nerve cells 

which control the voluntary muscle movement. The most used Diagnostic method for ALS was 

electromyography8 but the further development of technology and study of the disease provided 

more opportunities to assess the disorder by the introduction of Diagnostic criteria like ‘El 

Escorial’ in the year 19949 and ‘Airlie House’ criteria in the year 200010 which helped in 

classifying the patients for different drug trials and Research studies and further classified them 

into several groups of definite and probable classes11.The incidents of SALS and FALS shows an 

increasing ratio since the year 1990 and there is also changes in the male to female ratio 

gradually12,13. 

                         The symptoms of this disorder includes muscle atrophy with the involvement of 

lower and upper motor neuron dysfunctioning14, further it also contributes to pathological 

syndrome and more complex clinical features which were defined in the published literature15-20. 

The most common initial signal of this disorder includes muscle twitching, specially the 

involuntary muscles are involved after which cramps can be observed with weakness in muscles 

and gradual development of dysfunctioning atrophic limbs, sensory organs, multiple organ 

disorders and finally leads to parkinsonism featuring dementia. In some patients respiratory 

symptoms are more prevalent than the limb symptoms21,22.  

                         There are many factors involved in this neurodegenerative disorder which 

includes genetic factors23, oxidative stress24-27, neurofilament and protein aggregation28-31 and 

many more. The targeted treatment of ALS or SALS or FALS is not present at the moment, 

although many studies were done in the past and is still going on to achieve the same. The proper 

management of the patient’s health is the only way to extend the tenure of life for these patients, 

this managements include symptomatic treatments6 (like pain, depression, cramp and anxiety 

management), nutritional diet management32,33 and in critical cases (especially with the 

individual having respiratory symptoms) there is a ventilatory management34-39. 

Molecular Dynamics simulation also called as M D Simulation is not a very old science 

procedure, considering the fact its development has not even touched 100 years. In the year 
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1964, Aneesur Rahman who is widely recognized as the ‘father of molecular dynamics’ used the 

Newtonian motion equation in order to perform dynamics simulation of a liquid system40 and 

later on, Watts and Barker came with a different approach for simulation of water41 called as 

Monte Carlo. In the late 70s in the MD simulations of proteins were carried out42. After that 

simulation of other biomolecules were done using free energy calculations43, force field 

calculation and protein-ligand docking calculations44 etc. Since then, the technique has moved a 

long way and with the advancement of computers this computer intensive technique has reached 

new heights and is expected to grow further in the coming years. Molecular dynamics simulation 

approach is accepted worldwide because of the simplicity of its algorithm. New and advanced 

strategies are being developed nowadays to carry out long MD simulations and to calculate the 

dynamics of the protein and nucleic acid with high atomic number. During the initial days 

simulations were carried out for several hundred of atoms but with its course of development 

now simulation can be carried out for more than 10,00,000 of atoms. With the development high 

efficiency computing systems having high end processors, advanced graphics processing units 

(GPUs), multi-core CPU and high memory it is now possible to run MD simulation in 

microsecond instead of nanoseconds45. 

                

                       There are many force fields used in M D simulation and mainly are of two types 

i.e. additive or not additive but the more generalized is additive. Force field is used to predict 

molecular enthalpies, vibration spectra and structures. There are various force fields for 

biological systems46, OPLS47, ReaxFF48, AMOEBA49, GROMAS50, CHARMM51, AMBER52 are 

popularly used force fields in MD simulations. Futher the system preparation in which 3D 

structure generated from experimental techniques or homology modeling or ab initio modeling is 

taken and its energy minimization is achieved using conjugate-gradient and hybrid steepest-

descent technique. A periodic box is setup to cover the minimized structure followed by addition 

water molecule to the periodic box. Initially MD simulation is run for a short period of time with 

only water molecules after which the full molecular system having both water and biomolecule is 

run for MD simulation53. MD simulations algorithm has iterations of numerical integration to 

calculate atomic movements along with conserved energy present within the system by using 

Newtonian mechanics equation. Further an ensemble is used to adjust within the system. Several 

ensembles are used in MD simulations including canonical/NVT ensemble, isobaric-
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isoenthalpic/NPH ensemble, isobaric-isothermal/NPT ensemble, grand canonical/µVT ensemble, 

microcanonical/ NVE ensemble. Here, (N) stands for fixed number of atoms , (P) stands for 

fixed pressure, (T) stands for fixed temperature, (V) for fixed volume , (H) for fixed enthalpy, 

(μ) represents fixed chemical potential and (E) represents fixed energy of the system53.  

 

A number of popular software packages for MD simulations are GROMACS54,  AMBER55, 

NAMD56, CHARMM57, DESMOND58, TINKER59, DL_POLY60 out of all this packages 

GROMCS is the most widely used as it is its license in open source. M D simulation mimics the 

actual environmental conditions inside the body of the host so it is used in order to optimize 

protein models designed using homology modeling61 and also to determine the stability of the 

protein. With the advancement of computational capabilities, now it’s promising to perform 

high-end MD simulations in biological systems. The software packages widely used to perform 

MD simulations have different functions and different ways of calculating MD simulation 

trajectory. The most interesting part is, every software package has its own way of solving the 

problem and each package has some advantage over the other. This different software packages 

can use different force field and are compatible with advanced interfaces, one of which is 

Message Passing Interface (MPI)62 that aids in use of multiple computer core at the same time in 

order to trim down computational time plus  making the simulation process more time efficient 

than before.  

                    A modern day addition to the technique includes division of different segments of 

simulation among processors in order to make the process faster, this strategy is often regarded 

as spatial decomposition. With the advancement of GPUs and high performance processor, MD 

simulation core performance has also improved. ACEMD63 is MD simulation software packages 

specifically developed to be used on GPUs. Further, the combination of GPUs and MPI can be 

employed to perform high throughput MD simulation. Molecular dynamic simulation can be 

performed for 10-100 nanoseconds with water molecule as solvent to detect the environment64. 

The main advantage of molecular dynamics simulation over classic technique is that it is less 

time consuming as compared to the experimental wet lab techniques and it also shows the 

activity of the macromolecules inside the body, like the tension on the macromolecules in actual 

in vivo environment, the behavior of the macromolecule in the presence of solvent or any 

charged molecule like sodium, potassium and likes. 
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                         We explore one M D Simulation application in this project, although Molecular 

Dynamic simulation finds its application in many fields of science including chemistry, physics 

and biology. In the recent years with the advancements in the computational biological 

techniques, it is now possible to design a drug with the help of computer which is called as 

Computer Aided Drug Designing (CADD). The CADD has its advantage over traditional 

techniques like high throughput screening and in fact it can produce high hit rate in case of novel 

drug discovery. MD simulation is used to validate the newly predicted proteins structure built 

using either homology modeling64 or ab initio modeling65 and furthermore, MD simulation 

techniques can be combined with traditional experimental structure visualization techniques such 

NMR and FRET to increase its resolution and quality as discussed earlier53.Molecular dynamics 

simulation can be used to solve complex drug discovery issues, for instance issues related with 

protein ligand interaction stabilities66-68,  process involved in binding69-71 and the kinetics of 

binding72-74. Further protein ligand interactions can be understood in real life environment or in 

vivo conditions with the aid of M D simulation. Within few recent years, researchers have 

discovered the application of molecular dynamics in in various medicinal chemistry fields and 

use it as a tool for druggable site challenges75.MD simulation is used for refinement of predicted 

structures either it be a homology modeled structure or ab initio predicted structure62. 

                           MD simulation is a confirmatory step in the refinement of models76 having new 

amino acid sequences. Simulation also ensures the quality, stability and dynamic balance of the 

designed model in the in vivo environment. Allostery of the protein can be explored using MD 

simulation, allostery is use for the study of conformational changes happening in protein at 

different environmental conditions such as the existence of protein in tensed and relaxed state 

inside the body. Allostery explains the rearrangement of protein structure in a timely period, 

collectively called as conformational change77. Monod model is one of such model which 

explains the conformational shift. Understanding the conformational shift is crucial in order to 

understand the protein’s structure as well as function inside the body, because the conformational 

changes can influence the protein function. So as to understand and analyze the conformational 

shift efficiently, short simulation can be run instead of large simulation experiments78. With the 

advancements in computational technology many science fields have gained speed and accuracy 

in their analysis, two of such fields are nanotechnology and toxicology. Toxicology prediction 

has now become easier with the help of computational techniques79 and it is also used in drug 
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designing80. Toxicological analyses are important in order to test the toxicity of drugs inside 

host’s body. Normally toxicology measurements take time but it is important to consider these 

measurements while analyzing newly designed drugs. Nowadays with the help of computational 

toxicology analysis, the prediction of these measurements has become a lot easier and faster. 

Further in the recent times, MD simulation is integrated with computational toxicology analysis 

for detailed study in the field of toxicology53. 

                          Prediction of peptide structure is also done using molecular dynamics simulation 

and is reliable source for it as a molecular dynamics simulation consider the configuration 

entropy and solvent effect which are important to for determining peptide conformations81,82. 

Peptide act as a bridging link between proteins and drug molecule83 so, right prediction of 

peptide structure aids in determination of its function and inturn designing of accurate peptide 

based drugs. The structure of peptide predicted by REMD simulations using implicit solvent84,85 

had high resemblance to the native structure84 as explained by Dill and co-workers. Further, the 

cyclic peptide are considered better in structure prediction as compared to the linear peptides as 

the linear peptide cyclization source very low confirmation flexibility86,87 REMD simulation in 

combination with quantum mechanical refinement using GAFF i.e. Generalized AMBER Force 

Field88 along with implicit solvation has precisely predicted the X-ray crystallographic structure 

of cyclic peptoid nonamer as well as N-aryl peptoid trimer with high accuracy89. 

                              The model refinement and ab initio method of structure prediction has a 

common issue associated with low knowledge of conformational changes and selection of  

inappropriate force field, this problem can be resolved using limited and accurate amount of 

structural information so as to increase the precision of the molecular dynamically predicted 

structure and inturn molecular dynamics simulation. A limited supply of structural knowledge 

will take less time and also lower the cost of the experiment, bioinformatic tools have also been 

used with the aim of predicting secondary structure using data assisted modeling for the after the 

year 2014, when the eleventh experiment on Critical Assessment for protein Structure Prediction 

(CASPl1) was initiated data-assisted modeling became a vital part of the CASP experiment90. 

Use of experimentally known protein data for MD based structure prediction is not new it has 

been in use since 1989, when “Associated Memory Hamiltonians” (AMH) was proposed91, the 

structural data obtained from homologous protein is use for learning and creating a memory set 
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which is helpful in the prediction of new structure which nearly resembles the native structure 

and all this is achieved by molecular dynamics based simulation annealing92.  
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                                                             METHOD 

1. The first step is preparation of protein structure for MD simulation in both the cases of 

wild type and mutant protein. The wild type protein structure was available in Protein 

Data Bank, so we extracted it directly from there in .pdb format, PDB id of the wild type 

protein was 4B3E i.e. structure of copper-zinc superoxide dismutase complexed with 

bicarbonate (fig.1). The structure 4B3E was having 8 chains, out of which A and F were 

in close proximity so we took A chain and F chain for our study. 

 

 

 

 

 

 

 

 

                                      

 

 

   

                                                       Fig.1. Structure of 4B3E 

The structure of mutant protein or say mutant Cu-Zn superoxide dismutase enzyme was 

not available in the PDB. So, we started designing the mutant protein for which we first 

took the PDB structure of 4B3E, used its fasta format and made change at the fifth 

position substituting T for A.There were 154 amino acids in each chain, as it is a complex 

it will exist in 2 chains i.e. A chain and B chain. After substitution the fasta format was 

used to search for templates in the SWISS-MODEL which can found in the website 

https://swissmodel.expasy.org and is a homology modeling software/tool. After the 

search was complete, 37 templates were found out of which 2 were having good GMQE 

and QMEAN scores, so we selected those templates to build our model (fig.2).  The 2nd 

model build from the temple 2zkx.1.A was having z-score less than 1 (fig.3) and a z-

https://swissmodel.expasy.org/


20  

score of less than 1 represents a well predicted model as per the SWISS-MODEL 

guidelines.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                       
                                           Fig.2. Model with GMQE and QMEAN scores 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
                                              Fig.3. Z score of the new model 
 



21  

So, the 2nd model was selected as the mutant protein for our further studies. In order to 

distinguish mutant and wild-type protein we named the mutant protein as m4B3E (fig.4). 

Both the mutated protein and wild type protein simulation where carried out in two 

workstations simultaneously 

 

2. After protein models were prepared, both molecular dynamics simulation were carried 

out using two work systems with similar configuration. The works systems were having 

Intel i5 processer, 16GB RAM with inbuilt GPU and LINUX operating system.  

                               

 

 

 

 

 

 

 

 

 

 

 

 

 

          Fig.4. Mutant protein (m4B3E) model build using homology modeling 

 

3. The first step of M D simulation starts with cleaning the raw data and removal of 

heteroatom from the .pdb file format followed by addition of water and selection of force 

field, there are about 15 force fields in GROMACS to choose from, we opted the 15th one 

which was the OPLS-AA/L all atom force field after which topology file was generated 

for the protein in both the workstations. 
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4. After the generation of topology we added dimension box in order to cover the whole 

protein inside it after which solvation was added to both the systems by GROMACS. For 

the mutant protein added solvation was 22166 and for the wild type it was 22434. 

 

5. The next step is addition of ions to the solvated system, in case of mutated protein the 

system added 12 sodium ions where as is in the case of wild type protein it added 10 

sodium ions. The ions were added in order balance the system. 

 

6. After the creation of initial states, it was time for energy minimization so in order to carry 

out the energy minimization we used the command as per the MD tutorials. Energy 

minimization is done to find the minimum energy point at which the configuration of the 

system is most stable. For energy minimization it is not required that the system will run 

all the steps as per the command instead it will stop at the step with lowest energy 

coordinates. We Ran the energy minimization for 1000000 steps i.e. 2000 picoseconds 

but the system stop the process at 1531 steps for mutated protein and at 753 steps for 

wild-type protein. Further the energy minimizations were analysed using graphs to 

understand either the system’s energy is minimized or not. We selected the potential plot 

(Energy against time plot) for both the protein systems and visualized the graph in 

GRACE software, full analysis of the combined graph can be seen in the results. 

 

7. Once the energy of system was minimized it was time to equilibrate the system using 

ensembles, the two most common ensembles in use are NVT ensemble which has 

constant Number of particles, Volume, and Temperature also called as canonical 

ensemble and NPT ensemble which has constant Number of particles, Pressure, and 

Temperature also called as isothermal-isobaric ensemble. The NVT ensemble is used for 

stabilizing the system’s temperature, so in order to do the same we used the NVT 

commands, ran it for 1 nanosecond and represented in the form of a temperature plot 

using software GRACE. Similarly NPT ensemble is used for stabilizing the pressure of 

the system for which we used the NPT commands, also run it for 1 nanosecond and 

represented it using a pressure plot, the analysis of which is given in the results. 
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                                                            Fig..5. Methodology flowchart 

 

Preparing both proteins for M D Simulation

Extracting wild-type protein structure from PDB

Designing mutant protein structure using SWISS-MODEL

Addition of ions to the solvated system

Addition of box and solvation to the system 

Generating topolgy for proteins

Molecular Dynamics production run

Equilibration of the system

Energy minimization of the system

Result Analysis
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8. All the above steps were used to stabilize the system and to prepare it for the main M D 

production run which is the last step of molecular dynamics simulation. To begin the 

process we provided the M D production Run commands and set the n-steps to 

45,000,000 i.e. 90 nanoseconds. It took about 13 hours to complete the process in both 

the workstations. The results produced from M D Simulations were analysed using 

RMSD, RMSF and radius of gyration plots. The analyses of these graphs are provided in 

the result section of this paper. Further, in order to visualize the behavior of the simulated 

protein in 3 dimensions, we used the tool VMD (Visual Molecular Dynamics) refer to fig. 

11, 12,13 and 14. 
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                                                       RESULTS 

1. ENERGY MINIMIZATION ANALYSIS- . Energy minimization is done to find the 

minimum energy point at which the configuration of the system is most stable. Energy of the 

system is considered minimized as the graph show descending plot which means the energy 

is decreasing gradually. The energy minimization was carried out for 1000000 steps i.e. 2000 

picoseconds but the system stop the process at 1531 steps for mutant protein and at 753 steps 

for wild-type protein which implies that at 1531th step the energy of the system was 

minimum for mutant protein and at 753th step the energy of the system was minimum for 

wild-type protein. Potential plot was generated for both the systems in GRACE software and 

the value of potential energy was -1.2531200e+06 for mutant protein and -1.2498100e+06 

for wild type protein. The values of potential are evident that the energy of both systems is 

good to move forward with the experiment. A combined potential graph is shown in fig.5 in 

which the curve in black color represents potential energy of mutant protein and the curve in 

red color indicates potential energy of wild type protein. 

 

 

 

 

 

 

 

 

 

 

                 Fig.6. Combined potential graph of mutant (black) and wild type (red) protein 
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2. ANALYSIS OF SYSTEM EQUILIBRATION- The two most common ensembles used for 

system equilibration are NVT ensemble/canonical ensemble and NPT ensemble/isothermal-

isobaric ensemble. 

 

a) NVT ensemble/canonical ensemble- NVT stands for constant Number of particles, 

Volume, and Temperature. The NVT ensemble is used for stabilizing the temperature of 

the system. In this case we ran the NVT for 1ns in both the workstations and the 

temperature graph was plotted. In both the graphs the temperature fluctuation was 

between 294 and 305 which is very much considerable with this much simulation time. 

The temperature fluctuations of both the proteins were very close and stable. A 

combined graph of temperature is shown in Fig.6 in which the fluctuating black line 

indicates the temperature of mutant protein and red line indicates the temperature of wild 

type protein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              Fig.7. Combined temperature graph of mutant (black) and wild type (red) protein  

b) NPT ensemble/ isothermal-isobaric ensemble- NPT stands for constant Number of 

particles, Pressure, and Temperature. It is used for stabilizing the system’s pressure. In 
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this case we ran the NPT for 1ns in both the workstations and the pressure graph was 

plotted. In both the graphs the pressure fluctuation was between (–) 400 and (+) 400 

which is very much considerable with this much simulation time. The pressure 

fluctuations of both the proteins were very close and stable. A combined graph of 

pressure is shown in Fig.7 in which the black line represents the pressure of mutant 

protein and red line represents the pressure of wild type protein. 

 

 

 

 

 

 

 

 

 

 

                   Fig.8. Combined pressure graph of mutant (black) and wild type (red) protein 

3. RMSD ANALYSIS- RMSD is the abbreviation  for Root Mean Square Deviation, which 

is used to measure the correctness of the model or to compare two conformations of a 

model at atomic level, in simple words it comprises  value of average distance measured 

amongs the atoms of the protein model. RMSD can be calculated for protein backbone or 

for the whole protein, here the GROMACS has calculated the RMSD for protein 

backbone. A combined graph of RMSD is shown in Fig.8. in which the fluctuating black 

line indicates the mutant protein and red line indicates the wild type or experimentally 

verified protein. Considering the fact that the 4B3E protein’s (wild type) structure is 

experimentally proven and fully stable as it was taken from PDB. So, the red line implies 
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the stable wild type protein RMSD values and while comparing it to the mutant protein 

RMSD values it can be observed that till 50ns the mutant structure was pretty much 

stable as the black line was overlapping red line (it shows the predicted mutant protein 

structure was right ) but as the simulation was continued for long time the mutant protein 

structure became unstable which represents the fact the mutant protein is unstable for 

long run and is also expected to lose its function as it happened in the case of FALS. 

 

 

 

 

 

 

 

 

 

            

Fig.9. RMSD plot of mutant (black) and wild type (red) protein 

 

4. RMSF ANALYSIS- RMSF is the abbreviation for Root Mean Square Fluctuations which 

can be expressed as a measure of deviation between position of particle and time 

averaged reference position. A RMSF graph was plotted using GRACE in both the 

workstations and later on combined for analysis. The combined RMSF plot is shown in 

Fig.9. which support the fact that mutant protein is unstable. From the graph we can 

observe that the black line is not overlapping the red line (experimentally verified 4B3E 

protein) this implies that the standard deviation of mutant protein (m4B3E) is not similar 

to the wild type (4B3E) protein and hence the stability is also not the same i.e. mutant 

protein is unstable.   
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5. RADIUS OF GYRATION ANALYSIS- Radius of gyration a measurement method used 

for measuring protein’s compactness. A steady value of Rg (radius of gyration) 

represents a stably folded protein or vice-versa. For the graph shown in Fig.10. it is 

clearly observable that the black line (m4B3E) is less steady as compared to the 

 

 

 

 

 

 

 

 

 

 

                  Fig.10. RMSF plot of mutant (black) and wild type (red) protein 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Fig.11. Radius of gyration plot of mutant (black) and wild type (red) protein 
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red line (4B3E) which implies that the m4B3E protein is not stably folded and hence, is 

losing its stability during the course of simulation. Similar to RMSD plot, in Rg plot the 

unsteadiness of the mutant protein became more relevant and observable after 50ns which 

means the protein became unstable after 50ns.  

6. VISUALIZATION OF PROTEIN- The visualization was done using VMD (Visual 

Molecular Dynamics) tool. As discussed earlier the mutant protein and wild type protein 

both were stable till 50ns which can be observed in Fig.11 and 12. During further course 

of simulation i.e. after 50ns, the mutant protein became unstable and got unfolded/ 

refolded few times. The simulation visuals of both the proteins  at time 75ns is shown in 

Fig.13 and 14. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              Fig.12. Wild type protein at time 45ns                Fig.13. Mutant  protein at time 45ns 
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      Fig.14. Wild type protein at time 75ns                 Fig.15. Mutant protein at time 75ns 
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                                        DISCUSSION 
 
We started with a published literature4 which provided the information that a missense mutation 

of SOD1 gene at 5th position (substitution of T for A) was discovered in two patients of FALS 

belonging to one family. The published literature also concluded the possibility of involvement 

of this missense mutation of SOD1 gene in causing FALS. We wanted to support the statement 

by studying the behavior of the mutant protein in Molecular dynamics simulation which mimics 

the in vivo environmental conditions. As we predicted the mutant protein (m4B3E)  using 

homology modeling software SWISS MODEL, the z-score suggested that the predicted is good 

and further to prove the stability of the predicted structure we carried out energy minimization 

and equilibration steps which also suggested that the model is stable. During the course of 

Molecular dynamics production run it was observed that the mutant protein structure was stable 

till 50nanoseconds which suggests the fact that there was nothing wrong in the predicted 

structure but as we moved further with our M D simulation it was observed that the after 

50nanoseconds the structure became unstable till the final time i.e. 90nanoseconds which proved 

the fact that the mutant structure is actually unstable and may behave the same inside human 

body causing disorders as FALS. In the results section we have analysed each graph and came to 

a conclusion that the mutant structure is unstable in the long run, we also visualized the whole 

simulation process using VMD tool which also shows that the mutant protein structure became 

unstable after 50ns and also unfolded few times.  This research article proves the fact that the 

missense mutation of SOD1 gene at 5th position in which A is substituted by T makes the 

superoxide dismutase enzyme unstable and malfunctioning which causes FALS.  
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                                          FUTURE PROSPECTS 

A lot is to be explored in terms of the FALS causes. The missense mutation discussed earlier i.e.  

missense mutation of SOD1 gene substituting Threonine (Thr) for Alanine (Ala) at the 5th 

position can be assessed further to bring more association of this mutation to other neuro-

degenerative diseases and also to provide more evidences of its association to ALS and FALS in 

the wet lab experiments. In terms of dry lab experiment of the same, the mutant protein stability 

can be checked for further long time duration using Supercomputers in order to understand the 

behavior of the protein in long run and it will also give an idea about the progression of the 

disease according to the age of the patients, which can be very fruitful in real life scenario.         

As far as the M D Simulation is concerned, it’s future is growing spontaneously and is expected 

to grow further more in the coming 25 years or so. MD simulation has its role in biological and 

chemical research sectors including drug designing, conformation identification, structure 

validation, model refinement, nanoscience etc. and is expected to become a vital part of these 

fields in the near future. Especially MD simulation is expected to bring massive growth in the 

drug discovery industry. As of now, the problems faced by the pharmaceutical industries in drug 

discovery are linked to the ever changing conformation of the proteins, target binging of the drug 

and validation of the drug in in-vivo conditions, all of these problems can be sorted out using 

MD simulation in the coming future which will further ensure its accuracy of mimicking in vivo 

conditions. MD simulation is a computer intensive procedure so, with the advancement of 

computer processer and GPUs, simulation will become more time efficient then what it is now.  

In the coming future more force fields are expected to be discovered in order to analyze more 

complex molecules. MD simulation is still in its initial phase as it’s only about 60 years old, and 

there is a lot to explore further in terms of research and development in various sectors of science 

with a particular emphasis on biological and chemical studies. 
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