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Background One neurodegenerative disorder that is caused by a mutation in the hSOD1 gene is Amyotrophic lateral 
sclerosis (ALS).
Objectives: The current study was developed in order to evaluate the effect exerted by two ALS-associated point mutations, 
L67P and D76Y are located in the metal-binding loop, on structural characterization of hSOD1 protein using molecular 
dynamics (MD) simulations and computational predictions.
Materials and Methods: In this study, GROMACS was utilized to perform molecular dynamics simulations along with 9 
different algorithms such as Predict SNP, PhD-SNP, MAPP, PolyPhen-1, Polyphen-2, SNP, SIFT, SNP&GO, and PMUT 
for predicting and also evaluating the mutational effect on the structural and conformational characterization of hSOD1.
Results: Our study was done by several programs predicting the destabilizing and harmful effect exerted by mutant 
hSOD1. The deleterious effect of L67P mutation was predicted by MAPP and PhD-SNP algorithms, and D76Y mutation 
was predicted by 9 algorithms. Comparative studies that were conducted on mutants and wild-type indicated the altar in 
flexibility and protein conformational stability influenced the metal-binding loop’s conformation. The outcomes of the MD 
exhibited an increase and decrease of flexibility for D76Y and L67P mutants compared to the wild type, respectively. On 
the other hand, analysis of the gyration radius indicated lower and higher compactness for D76Y and L67P, respectively, 
suggesting that replacing amino acid at the metal-binding loop can alter the protein compactness compared with the 
protein the wild type. 
Conclusions: Overall, these findings provided insight into the effect of mutations on the hSOD1, which leads to 
neurodegeneration disorders in humans. The results show that the mutations of L67P and D76Y influence the stability of 
protein conformational and flexibility associated with ALS disease. Thus, results of such mutations are can be a prerequisite 
to achieve a thorough understanding of ALS pathogenicity.
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The disease affects both the upper and the lower motor 
neurons and leads to muscular paralysis (3). Depending 
on the family history of the disease or its absence, 
ALS occurs in sporadic and familial forms. About 10 

1. Background
One neurodegenerative disease caused by a single gene 
mutation is known as Amyotrophic lateral sclerosis 
(ALS) that is also known as Lou Gehrig’s disease (1, 2). 
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percent of ALS is familial, caused by mutations that 
are genetic, that is passed on by a family member (2). 
About 90% of ALS cases are sporadic ALS, probably 
due to environmental and genetic risk factors. Among 
the known genes related to ALS, hSOD1 (Human Cu/
Zn Superoxide Dismutase) gene is still a significant 
causing fALS and this gene has been studied widely. 
The hSOD1 was the first mutated gene linked to fALS, 
and the ALS genetic form was mostly passed on and 
linked to 21q22.11, in which the hSOD1 gene is located 
(4-6). The hSOD1 is an important antioxidant defense 
enzyme at the forefront of superoxide disintegration in 
nearly all living cells (7). The hSOD1 is a 153 amino 
acid protein in each subunit (16 kDa), forming 32 kDa 
(8). Each hSOD1 monomer consists of zinc, copper, and 
two metal ions, and they have a catalytic and structural 
role in the enzyme. Zinc has some dual role in keeping 
the catalytic activity and structural integrity of hSOD1. 
Each monomer consists of an and electrostatic loop 
and some metal bonding loop (loop IV, 50-83) (loop 
VII, residues 121–142) (9). The copper ion is bound 
to four histidine’s 46, 48, 63, and 120, and Zinc ion is 
bound to three histidine’s 63, 71, 80, and aspartate 83 
that are in the zinc loop are linked by an intra-subunit 
disulfide bridge to the β-barrel (10). The Copper and 
zinc coordinating sites are linked by His63 and, along 
with the three other histidine residues, maintain the very 
copper that is in a distorted square planar geometry. 
The copper ion operates as a redox partner for  and it 
is solvent-exposed. In contrast, interestingly the zinc 
ion is completely embedded in the β-barrel and it is 
crucial to stabilize its structure. Thus, both intersubunit 
disulfide bonds and Cu/Zn metalation are considered to 
be important to keep hSOD1 structural integrity (4, 11, 
12). Some new missense was reported by Grande et al. 
for the first time (203T >C) in exon 3 of the hSOD1 
gene, which causes leucine to be replaced by proline 
(L67P) (13). Krieger et al. made the second report 
concerning missense mutation in 203T > C exon 3 of 
the hSOD1 gene in an ALS patient (14). The D76Y is 
another missense mutation (230 G>T) that also occurs 
in exon 3. The D76Y mutation was previously reported 
in a Danish family and was found in sporadic and 
familial ALS cases in England and New Zealand (15). 
The Zn-subloop contains D76 and it is a highly preserved 
residue in various organisms. More than 60% of hSOD1 
mutations are found at exons 4 and 5. Though there is 
only a limited number of mutations reported in exon 3. 

In ALS patients, the missense substitutions that are at 
surface residues D76, N86, D90, D101, and N139 have 
been detected thus far. It was predicted that a subset of 
some known substitutions at these residues, like D76Y, 
and D101N diminish critical hydrogen salt bridges or 
bonds between the residues in some different elements 
of the very protein (16-19). Leucine 67 supports the salt 
bridge between arginine 69 and glutamate 77 at the Zinc 
binding region, but at the outside edge of the stack, the 
region precludes an electrostatic interaction. One of the 
features that is vital to the membrane-anchoring role of 
Zn-binding loop is the proximity of the hydrophobic 
Leu67 side chain and positively charged Arg69 side 
chain (20, 21).  ALS-associated hSOD1 may affect 
protein structure and properties, leading to protein 
folding and dysfunction, as previously reported in vitro. 
(22). 
On the other hand, mutations reported in exon regions 
of the hSOD1 gene showed that their toxic effects result 
from protein dysfunction with increased oxidative 
stress (23). Previously, more than 120 single nucleotide 
variants (SNVs) related to ALS have been described for 
hSOD1. All fALS-hSOD1 mutations cause almost the 
same disease, and result, the rate of disease progression 
varies significantly between mutations (24, 25).  The 
biophysical properties of the protein can be affected 
by the mutations that occurred in a long distance from 
the active site and the mutations near the metal-binding 
site, which eventually results in protein aggregation 
and misfolding (26, 27). The accumulation tendency in 
mentioned mutant proteins can assist other researchers 
with anticipating their aggregations in the laboratory. 
Despite the laboratory methods, computer simulations 
can assess procedures at the atomic and molecular 
levels quickly and at a lower cost and obtain valuable 
information about optimizing experimental operations 
(28). Computer simulations, commonly referred to as in 
silico analysis, became an effective method in studying 
disease-causing mutations and their effects on the 
structure of proteins. Therefore, computational tools 
have become essential as an experimental method for 
studying SNVs (29). 

2. Objectives
This study focused on the possible effects of L67P and 
D76Y mutations in the metal-binding loop on parameters 
that are structural like flexibility and stability, and also 
their comparison with the wild-type by molecular 
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dynamics simulation. Zn ion is very significant to 
maintain the structure of hSOD1, and its loss disrupts 
loop function (loop IV). The important is that Zn has a 
lower affinity to hSOD1 than Cu, implying that hSOD1 
may be more prone to losing Zn ions. Removing Zn 
ions in hSOD1 can cause ALS through altering the 
pattern of protein folding and affecting catalytic activity 
(30,31). Thus, molecular dynamics simulation has been 
widely utilized in studying the stability of protein, 
conformational change. Molecular dynamics simulation 
aims to calculate the trajectories of proteins and examine 
their actual behavior over time. The exact information 
on protein conformational fluctuations and changes can 
be applied to assess some structural parameters like 
flexibility and stability during this process (32,33). This 
study discusses the dynamic features of these mutants 
and their connection with protein aggregation at the 
molecular level. The results and discoveries of this 
study might be helpful as a diagnostic and/or predictive 
instrument to analyze the impact of mutations by 
connecting the critical stages of disease development 
to changes in the stability of hSOD1. These changes 
may negatively affect hSOD1 and illustrate their 
association with FALS. Comprehension of the effects 
exerted by hSOD1 mutations on the structure of protein 
and function can shed light on the design of further 
experiments and provide relevant information on the 
molecular mechanism of FALS.

3. Materials and Methods

3.1. Structure Data and Sequence
The sequence of hSOD1 sequence ID: P00441 that 
was extracted from the UniProt Knowledgebase (9). 
Retrieval and geometry optimization native hSOD1 
structure was gained from PDB (PDB ID: 2C9V) 
at the high resolution of 1.07 Å, and mutations were 
performed in UniProt Knowledgebase (UniProtKB) 
(34,35).

3.2. SNP Analysis
In fact, the most common genetic variation found in the 
human genome is the Single nucleotide polymorphisms 
(SNPs) are. There are many computational algorithms 
that are used in predicting the effects exerted by of 
amino acid substitution on the function the structure of 
protein. These different algorithms are in fact designed 
with the aim of predicting if a particular substitution 

proves to be deleterious or neutral according to some 
different parameters obtained from the structural, 
Physico-chemical, or evolutionary characteristics. 
(36-39). The effects of mutations (L67P and D76Y) 
on the function of hSOD1 protein were analyzed by 
Predict SNP integrated server (https://loschmidt.chemi.
muni.cz/predictsnp/). PREDICT SNP is a consensus 
classification that combines the 9 algorithms (Predict 
SNP, MAPP, PolyPhen-1, Polyphen-2, SIFT, SNP&GO, 
PMUT, SNAP, and PhD-SNP), for precise prediction 
together with predictive score (40). Interestingly, we 
carried out an in silico analysis through six stability 
predictor algorithms ( I-mutant2 PDB, AUTO-MUTE 
SVM, AUTO-MUTE RF, DUET, mCSM, and ENCoM) 
on hSOD1(35). Thus, we collected the WT-hSOD1 
and mutants of hSOD1 as for in silico analysis, that is 
able to determine if the mentioned variants affect the 
stability of protein of its three-dimensional structure. 

3.3. Molecular Dynamics
The mutants (L67P and D76Y) and hSOD1 wild type 
(PDB ID: 2C9V) Using the GROMACS Package 
version 5.1 and Pymol software (http://www.pymol.
org), were generated on the 2C9V file (41). Each 
molecular simulation lasted for 50000 ps at 1 fs 
per step. The MD trajectories were analyzed using 
parameters:, root-mean-square fluctuation (RMSF), 
hydrogen bonds (H-bond),  root-mean-square deviation 
(RMSD), and the radius of gyration (Rg) (42-44). The 
MD simulations for hSOD1 mutants and wild-ype 
with force field GROMOS9643 a1 and SPC216 as 
the water was applied so as to solvate the structures 
that is in a cubic box. The addition of ions to make 
the simulation system that is electrically neutral was 
done through adding two sodium ions and one sodium 
ion for the D76Y and L67P mutations, respectively. 
After minimization, three steps were conducted in the 
MD simulation. The NVT (volume, temperature, and 
constant number), and also NPT (temperature, constant 
number, pressure) ensemble was carried out at 298 K 
and 1 atm for 2000 ps. In fact, the MD simulations 
were conducted at 298 K and pH=7.4 for 50 ns for the 
hSOD1 mutants and wild-type. 

3.4. Evaluation of Structural and Conformational 
Changes in the Mutated Protein
One program for the analysis of molecular structures, 
the interactive visualization and related data is UCSF 
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Chimera (https://www.cgl.ucsf.edu/chimera/download.
html) which provides the access to numerous settings of 
parameters via graphical interfaces. Chimera (version 
1.12) was used to generate the mutated 3D model of 
each human SOD1 protein. The (PDB ID: 2C9V) 
was obtained in National Center for Biotechnology 
Information (NCBI). The sequence in the chain was 
presented, the region of mutations was selected and 
colored. The structural model of the protein was 
obtained.

4. Results

 4.1. Analysis of SNP
The analysis of the impact exerted by mutations on 
hSOD1 protein was performed by 9 algorithms, PMUT, 
SNP&GO, SIFT, SNP, MAPP, PolyPhen-1, PolyPhen-2 
of Predict SNP, PhD-SNP (Table 1). The results of 
PREDICT-SNP analysis for the D76Y mutation showed 
that 9 algorithms evaluated this mutation as destructive. 
In contrast, the L67P mutation was predicted as 
deleterious by 4 algorithms and was predicted as neutral 
by 5 algorithms. The impact exerted by the mutations 
on hSOD1 stability and structure was further evaluated 
using ΔΔG calculation with web servers including 

I-mutant2 PDB, AUTO-MUTE SVM, AUTO-MUTE 
RF, DUET, mCSM and ENCoM (Table 2). The results 
of protein stability analysis for the L67P and D76Y 
mutations exhibit destabilizing effects on the stability 
of the WT-hSOD1 structure. The use of multiple 
algorithms provides greater reliability. 

4.2. Evaluation of Structural and Conformational 
Changes in the Mutated Protein
Using Chimera software version 1.12 (PDB ID: 2C9V), 
the general schematic of hSOD1 and the location 
of the investigated mutants (L67P and D76Y) are 
indicated in Figure 1A. We have observed alterations 
in the interaction of adjacent amino acids and structural 
alterations in wild-type and mutants L67P and D76Y 
(Fig. 1B-G). The results showed that the size of amino 
acids changed compared to the wild type.. For L67P 
and D76Y, the two probabilities of simultaneous 
rotation with the probability coefficient were examined, 
respectively. These alterations can affect protein 
conformation and thus lead to misfolding. In other 
words, it can be said that these mutations could be 
related to the possible accumulation of hSOD1 and, 
consequently ALS. 

L67P D76Y

Predict SNP Neutral Predict SNP Deleterious

MAPP Deleterious MAPP Deleterious

PhD-SNP Deleterious PhD-SNP Deleterious

PolyPhen-1 Neutral PolyPhen-1 Deleterious

Polyphen-2 Neutral Polyphen-2 Deleterious

SIFT Neutral SIFT Deleterious

SNP&GO Deleterious SNP&GO Deleterious

PMUT Deleterious PMUT Deleterious

SNAP Neutral SNAP Deleterious

Table 1. Functional prediction of hSOD1 variants by nine SNP prediction algorithms

The SNP prediction were performed pH=7.4 at 25 °C for the hSOD1 wild-type (PDB ID: 2C9V) and mutants 
(L67P and D76Y). Abbreviations: SNP, single-nucleotide polymorphism; hSOD1, human superoxide dismutase-1.
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4.3. Molecular Dynamics
In fact, as asserted in the materials and methods 
section, the simulation by molecular dynamics (MD) 
is done through using the GROMACS Software were 
performed. In addition, MD trajectories of hSOD1 
WT and L67P and D76Y as its variants were applied 
to make a backbone RMSD plot. The calculation of 
root-mean-square deviation (RMSD) was made by the 
total number of conformations that were made over a 
50 ns simulation (Fig. 2). The results of RMSD both 
L67P and D76Y variants exhibit an initial increase and 
up to 29 nm a stable and convergent structure. Then, a 
sudden rise in RMSD values was seen between 30 and 
35 ns for the D76Y variant. After 35 ns, all relevant 
structures seem to float a stable conformation. The 
RMSF values show that the D76Y mutant has some 
greater fluctuations compared to the L67P mutant and 
wild-type (Fig. 3). In wild-type and L67P mutant, 
all residues make an almost equal contribution to its 
fluctuation. However, in the D76Y mutant, a higher 
fluctuation was detected at residue 61 to 71, indicating 
an increase in flexibility in relation to the wild-type. In 
order to study information over the relative compactness 
of the protein structure, the radius of gyration was 
investigated. From the outset of the trajectories to 50 
ns, the WT hSOD1 and L67P mutant decreased their 
Rg values compared to the D76Y mutant, indicating 
higher protein compactness (Fig. 4). Furthermore, to 

Programs
D76Y L67P

Results
∆∆G (Kcal.moL-1) ∆∆G (Kcal.moL-1)

I-mutant2.0 PDB -0.32 -0.96 Decreases

AUTO-MUTE SVM -0.1 -1.17 Decreases

AUTO-MUTE RF -1.65 -1.38 Decreases

DUET -0.181 -0.529 Destabilizing

mCSM -0.22 -0.180 Destabilizing

ENCoM -0.215 -0.428 Destabilizing

The protein stability was performed pH=7.4 at 25 °C for the hSOD1 wild-type (PDB ID: 2C9V) and 
mutants (L67P and D76Y).

Table 2. Performance effect of mutation on protein stability in silico analysis of hSOD1 mutants

estimate protein stability, hydrogen bond numbers 
were analyzed in D76Y and L67P mutants compared to 
wild-type hSOD1. According to (Fig. 5), the average 
hydrogen bond for wild-type, L67P, and D76Y were 
100, 106, and 96, respectively. 

5. Discussion
The disease-related mutations and the consequences 
of these mutations in protein structures have been 
effectively understood by computer simulations, 
also known as computer analysis, have effectively 
understood (25). In this study, the PREDICT SNP 
integrated server was investigated to predict the 
possible effects of mutant proteins on enzyme activity. 
The MAPP and PhD-SNP were algorithms that 
evaluated the effect of this mutation as destructive. The 
MAPP algorithm take into consideration the difference 
in physicochemical properties between mutant residues 
and wild-type (36). The MAPP uses quantitative scales 
to measure six physicochemical properties: polarity, 
hydropathy,  volume free energy, and charge in α-helix 
and also β-strand conformations to evaluate missense 
variants (45). At the same time, PhD-SNP is optimized 
to predict whether specific protein point mutations can 
be classified as disease-related polymorphisms (46). 
Therefore, the results of these two algorithms confirm 
the association between the destructive effects of the 
L67P mutation with fALS disease. 
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Figure 1.  A). General schematic of hSOD1 and location of the investigated mutations (L67P and D76Y), (PDB ID: 
2C9V). The figure (B-G) was build using the software UCSF Chimera. According analysis in the D76Y variant, the 
wild-type residue forms a hydrogen bond with: Glycine at position 73 and also the wild-type residue forms a salt 
bridge with: Arginine at position 79 and Lysine at position 128. The substitution of Asp 76 by Tyr leads to decreased 
H-bonds. In the L67P variant, the wild-type residue forms a hydrogen bond with: Histidine at position 110. The 
substitution of Leu 67 by Pro leads to increased hydrophobic bonds with: Arginine at position 69 and Valin 81 and 
Van Der Waals bond with Asparagine at position 65. For more details, see section results.

A)

C)B) D)

E) F) G)
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Figure 2.  RMSD as a function of time. The RMSD for the backbone atoms of the hSOD1 wild-type and the mutants 
are shown as a function of time. Wild-type is represented in green, the mutant L67P in blue, and the mutant D76Y 
in yellow. RMSD, root-mean-square deviation; hSOD1, human superoxide dismutase-1.

Figure 3.  RMSF for each residue of hSOD1. Root-mean-square fluctuation for each residue of hSOD1. The wild-
type is represented in Green, the L67P variant in blue and the D76Y variant in yellow. RMSF, root-mean-square 
fluctuation; hSOD1, human Superoxide dismutase-1

These results are consistent with studies by Grande et 
al. (2011) and Krieger et al. (2011) on the association of 
the L67P mutation with ALS disease (13, 15). Also, the 
results of the D76Y mutation prove to be consistent 
with what Forsberg et al. (2019) provided as findings 
which confirmed that the D76Y mutation is unstable 
and destructive (47). Single nucleotide mutations can 
affect structural stability through changes in free energy 

(ΔG or dG). This is if the difference between the free 
energy change of the wild-type and mutant (ΔΔG or 
ddG (samples is often taken as the coefficient of 
influence changes in protein stability(48). Some stable 
3D conformation of the protein in the folding process in 
fact corresponds to the minimum level of the Gibbs free 
energy (ΔG) in the protein-environment system. ΔG of 
folding constitutes both the entropic contributions 
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(protein configurations and hydrophobic effect) and the 
interaction energies in the protein (hydrogen, and 
electrostatic bonding, hydrophobic interactions etc.) 
and (49). In fact, the effects exerted by non-synonymous 
variants on the stability of protein are quantified through 
using the Gibbs free energy produced by unfolding 
(ΔG) difference. According to the experimental 
perspective, the criterion for interest is the difference in 

Figure 4.  Radius of gyration as a function of time. The radius of gyration of the wild-type and the mutants during 
the MD trajectory is shown. Wild-type is represented in green, the mutant L67P in blue, and the mutant D76Y in 
yellow. MD, molecular dynamics.

Figure 5.  Hydrogen bonds (H bond) function of time. The hydrogen bonds of the wild-type and the mutants during 
the MD trajectory is shown. Wild-type is represented in green, the mutant L67P in blue, and the mutant D76Y in 
yellow. MD, molecular dynamics. (          Linear Wild-type), ( -------  Linear L67P), ( ....... Linear D76Y).      

free energy of unfolding between both wild-type and 
mutated proteins (ΔΔGu). Thus, the equation ΔΔGu = 
ΔGu mutant- ΔGu wild-type holds, indicating the difference in 
unfolding free energy between the wild-type and 
mutated proteins (Table 2). The sign ΔΔG indicates the 
stability of protein whether the variation decreases 
(ΔΔGu<0) or increases (ΔΔGu>0) the protein stability. 
Our results exhibit destabilizing effects of L67P and 
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D76Y mutations on the stability of the WT-hSOD1 
structure. This indicates that there is some correlation 
between the decrease in hSOD1 stability and FALS 
development. Chimera software was utilized to examine 
structural changes. This study exhibited that substituting 
amino acids in the zinc-binding loop causes the removal 
of previous bonds and the formation of new bonds. 
Hence, possible rotations of the proline in the L67P 
mutant and tyrosine in the D76Y mutant caused 
structural changes. Therefore, these changes may lead 
to rearrangement of hydrogen bonds and, consequently, 
changes in enzyme flexibility. Also, changes in bonds 
due to mutations can affect the proper binding of metals 
to the appropriate amino acids and, consequently, the 
correct activity of the enzyme. Moreover, many ALS-
related mutations have been shown to be readily 
misfolded and facilitate interactions in terms of binding 
both with themselves as well as some other molecules 
so as to form some aggregates (50-52). In WT hSOD1, 
leucine 67 contacts with histidine 110 as the distance 
between the atoms is 3.56 Å (Fig. 1B). However, 
substituting leucine to proline in this position (L67P) 
cases two rotation probability coefficients. In the first 
rotation, with rotation probability coefficient 0.0034, 
proline residue contacts with Val 81 and pro 66 at a 
distance of 3.7 Å (Fig. 1C).  In the second rotation, with 
rotation probability coefficient 0. 99, proline contacts 
with Asn 65, Pro 66, and Val 81 (Fig. 1D). The structure 
of the D76Y mutant is presented in Figure 1 E-G, using 
the software UCSF Chimera, where atoms are numbered 
following the UCSF Chimera numbering system. In 
WT hSOD1, the Asp 76 contacts Glu 77, 78, and Gly 
73, and the mean distance between the atoms is 3.37 Å 
(Fig. 1E). However, substituting Asp to Tyr in this 
position (D76Y) cases two rotation probability 
coefficients. In the first rotation, with rotation probability 
coefficient 0.022, Tyr 76 contacts with His 80, Arg 79, 
Asp 83, and Gly 72 (Fig. 1F). In the second rotation, 
with rotation probability coefficient 0. 099, Tyr 76 
contacts with His 71, Arg 72, Glu 78, and Gly 72,73 
(Fig. 1G). Molecular dynamics is one of the physical 
branches of computing. In this method, the interactions 
between atoms and molecules at intervals of time are 
simulated by a computer, where the location and 
velocities of each atom are accurately calculated over 
time (53). This study was designed to evaluate protein’s 
structural characterization and the conformational 
preferences of fALS-linked hSOD1 Mutations and 

wild-type (L67P and D76Y) using fALS-linked hSOD1 
Mutations and simulations of molecular dynamics. In 
fact, the previous report showed the replacement of 
leucine by proline at position 67 (L67P) located in the 
exon 3 hSOD1 gene is associated with the predominant 
symptoms of lower motor neurons and incomplete 
penetration (13). Some mutations, like D76Y and 
G127X,  in VII hSOD1 and longer loops IV and, could 
change their flexibility and also affect the conformation 
observed in the metal-binding residues (54). However, 
to further investigate, we carried out an analysis of the 
influence exerted by two mutations, L67P and D76Y, 
on the structural stability and molecular dynamics of 
the hSOD1 through applying some parameters like Rg, 
RMSF, Rg, hydrogen bonds and RMSD. The RMSD is 
used to evaluate the stability of the protein structure and 
characterize the degree of protein structure change (55). 
In fact, we use RMSD as a helpful parameter to evaluate 
when the protein converges to achieve some stable 
position and exhibits the structure stability between 
mutant hSOD1 and wild-type (9, 40). The results also 
showed that compared to the wild-type, the D76Y 
mutant shows some higher (RMSD) than the L67P 
mutant. The average RMSD of wild-type, L67P, and 
D76Y were 0.29 ± 0.011 nm, 0.26 ± 0.0081 nm, and 
0.34 ± 0.0084 nm, respectively (Fig. 2), indicating 
alteration of the enzyme backbone to some extent. The 
smaller the numerical value of the RMSD, the more 
stable the simulated system. Thus, it can be said that the 
L67P variant had a more stable conformation than 
D76Y and wild type, which indicates the role of 
substituted amino acids in reducing structural 
fluctuations in this mutant compared to D76Y and wild 
type. In other words, the RMSD values of the D76Y 
mutant is higher than L67P mutant for all of the period 
of simulation, suggesting that folding compactness is 
has improved in L67P mutant in relation to D76Y 
mutant. These results are consistent with the report of 
Srinivasan and Rajasekaran (2017) on the structural 
change of hSOD1 protein due to point mutations (40). 
In fact, RMSF is measured while considered to be a 
root mean-square-average distance between an atom or 
some atoms and the average position it takes in any 
given structure and it is also defined concerning the 
displacement of a particular atom or group of atoms 
(56). We calculated root mean squared fluctuation 
(RMSF) in order to analyze 153 residues flexibility that 
are in the structure of mutants and wild type (Fig. 3). 

Baziyar P et al.



35Iran. J. Biotechnol. October 2022;20(4): e3178

Higher RMSF values are often seen in the loops and 
smaller values in α-helices (57). Another significant 
parameter for measuring the compactness of the protein 
is the radius of gyration (Rg) that usually defined in fact 
as the mass-weighted root mean square distance of a 
certain group of atoms from their shared center of mass 
(5, 24).  The average values of Rg for wild-type, L67P, 
and D76Y were 1.42 ± 0.009, 1.40 ± 0.012, 1.45 ± 0.01 
Å, respectively (Fig. 4). since the difference observed 
in Rg is just ~0.2 Å, the smaller deviation observed 
over the simulation for L67P mutant compared to wild-
type is negligible (Fig. 4). We also observed a steady 
behavior in the Rg values from the beginning of the 
trajectories in the D76Y mutant followed by a sudden 
Rg value, suggesting replacing aspartic acid with 
tyrosine at position 76 (D76Y) could affect the protein 
compactness. Therefore, analysis of Rg exhibited lower 
compactness in the D76Y mutant and some higher 
compactness in L67P mutant (Fig. 4), suggesting that 
replacing amino acid at these positions is able to make 
change in protein compactness relative to the WT 
protein. We calculated the H-bond number for both 
mutations to further scrutinize the influence of mutation 
on the hSOD1 compactness (Fig. 5). According to the 
results H-bond, the L67P mutation increased the 
number of hydrogen bonds in relation to the wild-type, 
suggesting reduced flexibility and thus increasing 
stability, which corresponds to our RMSF. On the other 
hand, a decrease in the number of hydrogen bond D76Y 
mutant indicates a decrease in instability and increased 
protein flexibility. The formation of a hydrogen bond is 
one of the signs of strengthening the bond and stabilizing 
any chemical structure. As is well known, hydrogen 
bonds play a significant role in stabilizing protein 
structure (58,59). The impact of mutations in hSOD1 
on its conformational properties related to amyotrophic 
lateral sclerosis and the role of occupancy of 
intramolecular hydrogen bonds between resides using 
molecular dynamics (MD) simulations were reported 
by Alemasov et al.  Hence, the protein residual flexibility 
results were consistent with the results of studies on 
structural conformation.

6. Conclusion
The mutations scrutinized were found to be positioned 
in some metal-binding loop region that was highly 
conserved, making the protein to be structurally 
instable. First, hSOD1 protein function is predicted 

by predicting the SNP integrated server and the ∆∆G 
value change single point mutations by applying 
multiple programs. Further, we analyzed the effect 
exerted by the substitution mutation on hSOD1 by MD 
simulations. In fact, our simulations established that 
D76Y mutation could change the protein conformation 
significantly thereby leading to some early unfolding. 
Different parameters that are used in our study showed 
that L67P mutation on metal-binding loop IV of hSOD1 
has completely changed the conformation flexibility 
and stability. Then, the intermolecular hydrogen bonds 
created in the protein were significantly increased 
following the mutation thereby increasing protein 
stability and compactness. Further, Zn binding loop may 
form intermolecular interactions in hSOD1, leading 
form intermolecular interactions in hSOD1, which leads 
to preservation structural and dynamic, affecting mainly 
the Zn binding loop. It is important to mention that when 
hSOD1 loses Zn ion, it induces oxidative damage and 
leads to protein aggregation. Therefore, the parameters 
we have used in this study showed that the mutation 
on the Zn binding loop of hSOD1 has fundamentally 
changed the flexibility and stability of conformation. 
Eventually, our research findings provided insight into 
the effect of mutations on the hSOD1 protein, which in 
turn leads to neurodegeneration disorders in humans. 
As a result, this study facilitates understanding the 
theoretical mechanism associated with the D76Y and 
L67P mutations in hSOD1 and their subsequent effect 
on FALS.
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