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ABSTRACT

Amyotrophic Lateral Sclerosis (ALS) is a commonly occurring fatal neurological disorder. It is of two
types: familial ALS (fALS), which is hereditary and sporadic ALS (sALS) for which the cause is unknown. Recent
research identified scattered mutations in Cu/Zn superoxide dismutase (SOD1), resulting in the accumulation
of misfolded SOD1 over the motor neuron, as the primary cause of ALS. Literature survey sourced 104
mutations in the SOD1 protein, but the causative mechanism of these mutations is still uncertain. Every
mutated form of the protein was modelled using the Mutate & Solvate server. Secondary structure and
accessibility information was obtained for modelled proteins using the programs Stride and NAccess
respectively. Mutation-induced changes were calculated and their effects were analyzed based on definitive
physiochemical, energetic and conformational properties of the amino acids. The calculated properties for
each of the mutation alone did not provide a clear idea as to show the causative agent for the disease. Hence
we clustered the mutations based on amino acids involved and the combined effect of the aforementioned
properties were also analyzed, characterizing the mechanisms that lead to the mutation-induced disease
effects. Finally a Mutation Browser fALSdb was developed to better understand Amyotrophic Lateral Sclerosis
(ALS) from the perspective of mutations in SOD1 protein. F ALSdb web interface can freely be accessed at the
URL: http://www.bioindians.org/falsDB
Keywords: Amyotrophic Lateral Sclerosis (ALS); Mutations; SOD1; Secondary Structure Elements (SSE);
Clustering.
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INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease indicated by a progressive
muscular paralysis due to the decay of motor neurons. Causative agents of ALS are mostly sporadic, but 5-10%
of the cases are familial, and 20% of the cases are caused due to a mutation on the SOD1 gene [1]. Mutations
occurring in the SOD1 protein lead to its misfolding, thereby inducing the aggregation of motor neurons,
causing neurodegenerative disorders whose mechanisms are yet to be established. The precursor protein of
ALS SOD1 is a stable and perfectly soluble metalloenzyme that needs to be in its unfolded state either locally
or globally to acquire pathologic function [2].Cu and Zn ions plays a major role in the catalytic degradation of
superoxide radicals has increased the attention towards the susceptibility of SOD1 protein [3]. Destroying
these free superoxide radicals in the body by converting them to molecular oxygen and hydrogen is a major
requirement. Oxidation reactions can produce free radicals which in turn start the chain reaction. Antioxidants
terminate these chain reactions by removing the free radicals.

07 + 2H* — H,0,+ 0, — (1)

The Cu-Zn SOD1 is a homodimer of molecular weight 32,500Da. It is an eight— stranded “Greek Key”
B—Barrel. The two subunits are tightly joined by hydrophobic and electrostatic interactions. A total of 104
mutations have been identified so far in the SOD1 protein and it is distributed throughout the three
dimensional structure of the protein [4]. These mutations are observed to highly disrupt the 3D architecture of
the protein [5] and leads to misfolding of SOD1 enzyme. These misfolded enzymes aggregate and deposit over
healthy motor neurons, rendering them functionally inefficient. Although it has been established that
mutations in the SOD1 protein lead to ALS and it has been difficult to ascertain the underlying mechanism.

METHODOLOGY

We collected a list of 104 mutations for the SOD1 protein from various literatures which are listed in
table 1. It is quite complex to identify the mechanism of these mutations involved in ALS disease. In this study
we analyzed the effect of these scattered mutations of SOD1 protein by using various standalone tools and
online web servers and we developed an integrated application fALSDB that provides the possible mutational
information of SOD1 protein. Using these information one can better understand the mutation roles in
causing ALS disease. Firstly, the above reported 104 mutations are modeled using the servers Mutate and
Solvate[6] which creates a single point mutations on the given PDB(7) structure; then the whole energy of the
protein structure is minimized and further amino acid based property calculations were carried out for the
identification of disease causing mutations.

Table 1: List of 104 mutations of SOD1 protein

Residue | Position Mutation | Residue | Position | Mutation | Residue | Position Mutation | Residue | Position | Mutation
45 o0 113
46 90 113
47 93 114
48 93 115
48 93 116
49 93 118
54 93 124
57 93 124
59 95 125
65 96 126
67 97 134
72 100 139
72 100 139
76 101 140
76 101 141
80 101 144
g4 101 144
g4 104 145
85 105 145
85 106 146
86 106 147
86 108 148
86 109 148
87 111 149
89 112 151
89 112 151
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SECONDARY STRUCTURE ASSIGNMENT

The secondary structure for each of the modeled proteins (along with SOD1) are obtained using the
program STRIDE(8). It uses an empirically derived hydrogen bond energy and 6 — W torsion angle to assign to
the secondary structural elements (SSE). SSEs of the mutated model and the wild variant are compared to
resolve the disease causing mechanism of mutations. Studying these analogies, we can sum up a conclusion
stating the mutations that occur in places other than those mentioned are the causative agents of ALS disease
which is listed in Table 2. After observing the effect of all the mutations in secondary structure residues, the
mutations mentioned in the Table 3 highly influence the secondary structure change. This change can be the
cause for occurrence of ALS in following mutation cases.

Table 2: Secondary structures which was identified by SOD1 due to mutations at respective positions for amino
acids (Table shows only 10 mutations for 10 amino acid positions).

Residue A T K A \' C \' L K G
Res no 1 2 3 4 5 6 7 8 9 10
SOD1 (o E E E E E E E E C
A4S C B E B E E E E E C
A4T C E E E E E E E E C
- A4V C E E E E E E E E C
g C6F C E E E E E E E E C
E C6G C E E E E E E E E C
'5 V7E C E E E E E E E E C
S L8V C E E E E E E E E C
L8Q C E E E E E E E E C
G1ov C B E B E E E E E C
Table 3 Mutational induced changes observed in secondary structure.
Mutation Position Before Mutation After Mutation

G41D 90 T E

H48R 83,84 E C

D124G 83,84 E C

G147R 90 T E

IDENTIFICATION OF ACCESSIBILITY

Accessible surface area (ASA)[9] is defined as the surface area of a macro molecule available for the
solvent to access easily. Accessibility of residues in each of the modeled proteins and SOD1 protein was
identified using the program Naccess [10], a standalone program based upon the Lee and Richard’s method.
This is done to identify the changes in the accessibility of SOD1 residues before and after mutation.
Furthermore, we performed a comparative study between the mutant and wild-strain ASAs, in that we
observed changes in the accessible surface area which are the sources of abnormalities in the SOD1 protein
[11]. Identification of these abnormally occurring mutations along with the accessible surface area leads us to
lock down on potential changes that eventually lead to ALS disease. (Table 4 shows only 10 mutations for 10
amino acid positions). After observing the effect of all mutations in the accessible residues, those mutations
mentioned in the Table 5 are highly influencing the accessibility change. This change can be the cause for
occurrence of ALS in the following mutation cases.
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Table 4: Analysis of Accessibility Surface Area for various mutations in SOD1. The row depicts the exposure of amino
acids prior to mutations. While the remaining rows depicts the mutated amino acids exposure.

Res No 1 2 3 4 5 6 7 8 9 10
SOD1 E PB PB B B B B B E B

A4S PB PB PB B PB B PB B E B

AAT PB PB PB B PB B PB B E B

A4V PB PB PB B PB B PB B E B

2 C6F PB PB PB B PB B PB B E B
g C6G PB PB PB B PB B PB B E B
= V7E PB PB PB B B B PB B E B
g L8V PB PB PB B PB B PB B E B
L8Q PB PB PB B PB B PB B E B

G10v PB PB PB B PB B PB B E PB

G10R PB PB PB B PB B PB B E PB

Table 5: Mutational induced changes observed in accessibility

Mutation Position Before Mutation After Mutation
G12R 144 E PB
G37R 13 E PB
L144F 13 E PB
R115G 50 B E
T116R 50 B E
V148G 51 B PB

CALCULATION OF AMINO ACID PROPERTIES

To study the effect of mutations through changes in amino acid properties, we calculated 49

definitive properties for each of the 104 mutations and SOD1 protein (of the 20 standard amino acids listed in
Table 6) which includes the physiochemical properties and conformational energies before and after the
mutation. The formula used for property calculation is:

AP; =Pyjiig-Pmut ﬂP: = Pwﬂd - Pmtit

- (2

If AP; is positive, the mutation is considered to decrease the corresponding property, else the

mutation is considered to increase the corresponding property. We studied the post-mutational changes in the
protein for all the 104 mutations of SOD1 with the known normalized values of properties of all the 20 amino
acids and calculations are done with respect to these properties. Since the effect of each mutation on each of
the properties has been observed, it is difficult to conclude which of these changes play a critical role in the
initiation of ALS disease.

Table 6: List of amino acid properties

Ko Compressibility [12] Br Buriedness [25]
H: Thermodynamic transfer hydrophobicity Ra Solvent accessible reduction ratio [26]
Vo Partial-specific volume [13] Ns Average number of surrounding residues
Py Alpha-helical tendency Nm Average medium-range contacts
o Power to be at th:ell\il)—(termlnal of alpha N, Average long-range contacts [27]
Power to be at the C-terminal of alpha Combined surrounding hydrophobicity (globular
O . Hgm
helix and membrane) [28]
Power to be at the middle of alpha helix Solvent accessible surface area for denatured
Om ASAD .
[14] protein
H surrounding hydrophobicity [15] AASA Solvent accessible surface area for protein
o g hydrop ¥ unfolding [29]
P Polarity ASAy Solvent accessible surface area for native protein
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[30]
m e aite el 5] AGH Gibbs free energy chan.ge of hydration for
unfolding
, Equilibrium constant with reference to the Gibbs free energy change of hydration for
pK C Ghp .
ionization property of COOH group denatured protein
B, Bulkiness [17] Gin Gibbs free energy change 9f hydration for native
protein
My Molecular weight AHh Unfolding enthalpy change of hydration
R¢ Chromatographic index -TASh Unfolding entropy change of hydration
Mu Refractive index [18] ACph Unfolding hydration heat capacity change
Hne Normalized consensus hydrophobicity [19] AG. Unfolding Gibbs free energy change of chain
Esm short and medium range non-bonded AH Unfolding enthalpy change of chain
energy

E Long-range non-bonded energy -ASc Unfolding entropy change of chain

E¢ Total non-bonded energy [20] DGc Unfolding Gibbs free energy change

Pg Beta-helical tendency AH. Unfolding enthalpy change

Pc Coil tendency [21] -TAS Unfolding entropy change [31]

P, Turn tendency [22] v Volume (number of non-hydrogen side chain

atoms)
Ca Helical contact area [23] S Shape (position of branch point in a side-chain)
F Mean rms fluctuational displacement [24] F Flexibility (number of side-chain dihedral angles)
Pf-s Backbone dihedral probability
CLUSTERING:

The data obtained by calculating the properties for each mutation alone did not provide a clear idea
to understand the ALS disease. So we clustered the mutations based on the residues involved in mutation i.e.,
clustering the same wild type residues and the same mutant type residues. E.g.: The mutations in the wild type
A cluster will be A>G, A=>S, A>T and AV, while the mutations in the mutant type F cluster will be C>F,
V-F, L2>F and |>F. After clustering, 15 wild type clusters and 18 mutant type clusters were obtained. The
number of mutations in each cluster is calculated. It was identified that the number of mutations out of the
total number of mutations in each cluster has a decreasing property value which is shown in Table 7. Then the
decreasing effect is calculated by finding out the percentage. Since a single mutation provides insufficient data
regarding the causative mechanism of ALS, we clustered all the mutations. Using this approach, we analyzed
the overall effect of the mutations in a cluster along with each property. The degree to which each mutation in
a cluster decreases each property is represented as a percentage as in Table 8.

Table 7: Number of mutations decreasing kO in each of the wild type cluster

WT Cluster Total mutations in cluster
A 4 4

Number of Mutations decreasing ko %

100
50
17

71
50
25
40
75

100
100
71
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Table 8: The percentage of decrease in amino acid properties of the WT cluster and MT cluster.

| Ko | Ht hp p phi pK MW BI RF MU
WT Cluster
A(4) | 100 75 75 50 100 100 25 50 75 100
c@) | so 50 100 75 0 0 25 25 0 100
D(6) | 166 | 333 0 83 0 16.6 66.6 33.3 0 16.6
E(2) 0 50 50 100 0 50 100 50 0 50
F(1) 0 100 0 0 100 100 100 100 100 0
G(7) | 714 | 142 | 428 29 85.7 100 0 0 57 0
H(2) | 50 100 100 50 50 50 50 0 50 50
I(4) 25 100 100 0 100 0 50 100 75 50
L(5) | 40 80 80 20 80 100 40 80 80 60
N@4) | 75 25 75 25 25 50 25 50 50 50
Q(1) 0 0 0 100 0 0 100 0 0 0
R(1) | 100 100 100 100 100 0 100 100 0 100
S(3) | 100 | 333 0 67 333 66.6 0 0 33 0
T(1) 0 0 0 0 0 100 0 100 100 0
v(7) | 714 | 571 85.7 57 85.7 57.1 28.5 100 43 14.3
MT Cluster

A(3) 0 333 333 100 66.7 333 66.7 66.7 33 0
c2) | so0 50 0 0 100 100 50 50 100 0
D(2) | 100 0 100 0 100 100 0 50 100 50
E(2) | 100 50 100 0 100 100 0 50 100 0
F4) | 100 25 100 25 75 50 0 75 0 25
G(6) | 333 | 100 66.7 100 50 16.7 100 100 33 100
H2) | 50 0 0 0 0 100 0 0 0 0
I(2) | 100 0 0 100 0 100 0 50 0 0
K(2) | 50 0 100 50 0 50 50 0 50 0
L3) | 66.7 0 33.3 100 33.3 0 33.3 33.3 0 0
M(2) | 50 100 100 0 100 50 0 100 50 0
N(2) | 50 100 0 50 50 50 50 0 50 0
Q(2) | 100 100 100 50 100 50 50 50 50 100
R(5) 0 60 60 0 0 80 0 40 80 20
s(5) | 40 100 100 20 80 60 60 80 60 80
T2) | 50 100 100 0 100 50 50 50 100 100
V@) | 50 25 0 100 75 75 50 0 25 50
Y(2) | 100 0 50 100 0 0 0 0 0 50

MUTATION BROWSER IMPLEMENTATION

fALSdb mutation browser was developed for SOD1 protein mutations implemented using open source
WAMP server wherein PHP was used for the development of web interface. Mutations analyzed so far were
integrated into MySQL database system and employed AJAX, JQuery web technologies to provide excellent
navigation. Figure 1 depicts the various modules deployed in the mutation browser. The user can access the
application textually by giving the wild type and mutated residues at the key positions to obtain the details.
JMol plugins were incorporated to display the user specified mutations of the SOD1 protein 3%, Furthermore,
characteristic information about the mutation such as the exon number, class, coverage, codon change, onset,
stability, reference, structure and exposure can also be retrieved.
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Figurel: Modules in fALSd Mutation Browser
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Figure2: Pictorial depiction of the graphical browser in fALSdb.(A) Homepage of falsDB mutation browser. (B)
Visualization of A4S mutation in SOD1. (C) Effect of a SOD1 (A4S) mutation on secondary structure of residues. (D) Effect
of a SOD1 (A4S) mutation on accessibility of residues.(E) Effect of a SOD1 (A4S) mutation on amino acid properties.(F)
Decreasing effect on properties when glycine residues are mutated (G) Decreasing effect on properties when SOD1
residues are mutated to serine

January - February 2017 RJPBCS 8(1) Page No. 1190



ISSN: 0975-8585

CONCLUSIONS

fALSdb is an online mutational server to better understand Amyotrophic Lateral Sclerosis (ALS)

disease from the perspective of mutations in SOD1 protein. Each of its graphical modules enables the user to
visualize and analyze the effect of a given mutation on SOD1 protein. Changes in the amino acid properties
before and after the mutation have been quantified and analyzed by the server, thereby providing the user a
transparent view on the mechanism of a particular mutation that leads to ALS disease. Further, the server
provides links to access the complete details of the mutation, sequence and structure. Also, this can act as a
gateway for studying several important amino acid properties, thereby enabling a better understanding of
mutational diseases. Development of fALSdb turns to be a new leaf in understanding the disease causing
mechanism with respect to each mutation.
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