P \ International Journal of Pharmacy and Pharmaceutical Sciences

o
& Q ACADEMIC SCIENCES Print ISSK: 2656-0097 | Online ISSN: 0075-1401 Vol 12, Issue 7, 2020
Knowledge to innovation

Original Article
MODELING AND STRUCTURAL ANALYSIS OF ACETYLCHOLINESTERASE ENZYME OF FISHES

PRESSY P. PRAKASIA

Department of Botany and Centre for Research, St. Teresa’s College (Autonomous), Ernakulam
Email: dearpressy@gmail.com

Received: 05 Apr 2020, Revised and Accepted: 21 May 2020

ABSTRACT

Objective: Computational studies on fish brain acetylcholinesterase were conducted, expanding our views and for a deeper understanding of the
activity of the fish acetylcholinesterase enzyme.

Methods: Physico-chemical properties of the fish acetylcholinesterase enzyme were studied. Homology model of the acetylcholinesterase enzyme
was predicted, validated its quality and active sites were predicted. The amino acid frequency in the active sites was also compared. Similarly, the
secondary structure of the sequences was predicted and compared. Phylogenetic analysis was performed by the neighbour joining tree method.

Results: Among the selected fish species stability of acetylcholinesterase was found in fish species namely Esox lucius. The negative GRAVY score value
of enzyme in all the fish species ensured better interaction and activity in the aqueous phase. It was found that the molecular weight of the
acetylcholinesterase enzyme ranged between 9113 and 15991 Da. Iso-electric (pI) of acetylcholinesterase was found to be acidic in nature. GOR IV was
used to predict the secondary structure of acetylcholinesterase, which showed that random coil was dominated. Neighbor joining tree of the enzyme
showed that fish species named Amphiprion ocellaris as the most divergent species, while the species Oreochromis niloticus is the most primitive one.

Conclusion: Acetlycholinesterase enzyme of Esox lucius was found to be the best compared to the other species, which possess a high number of

active sites with Ile, Set and Glu rich active sites.
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INTRODUCTION

Acetylcholine-mediated neurotransmission is necessary for a nervous
system function. Its sudden and unexpected blockade causes
progressive deterioration of cognitive, autonomic and neuromuscular
functions as in Alzheimer’s disease, multiple system atrophy and other
conditions. The principal biological role of acetyl cholinesterase (AChE,
acetylcholine hydrolase, EC 3.1.1.7) is the termination of impulse
transmission at cholinergic synapses by rapid hydrolysis of the
neurotransmitter acetylcholine (ACh) to yield acetic acid and choline
[1-3]. In keeping with its function, AChE possesses a remarkably high
specific activity, especially for a serine hydrolase functioning at a rate
approaching that of a diffusion-controlled reaction [4].

The distinctive biochemical properties and physiological significance
of AChE make it an interesting target for detailed structure-function
analysis. Coding sequences of AChE have been cloned from a range of
diverse evolutionary vertebrate and invertebrate species that include
insects, nematodes, fish, reptiles, birds and several mammals, the most
important among them man. The first crystal model for AChE was
determined from Torpedo californica, one of the main sources of AChE
for research. Following, crystal structures from mouse, Drosophila and
man were obtained and found to be fundamentally similar.

The crystal structure of AChE shows that the catalytic triad, which is
formed by serine, histidine and glutamate, is located at the bottom of
a narrow 20-A-deep gorge that penetrates halfway into the enzyme
and widens close to its base [5, 6]. The ligand-binding cavity is lined
with aromatic residues that account for approximately 40 percent of
the cavity surface. The entrance of the gorge is termed the
peripheral anionic site (PAS) as it was initially believed to contain
several negatively charged amino acids due to its preference of
binding cationic ligands [7]. However, the crystal structure indicates
that insufficient acidic amino acids are located close to the ligand-
binding cavity to support this hypothesis. Instead, it has been shown
that aromatic residues interact with cationic ligands [5, 8]. A similar
interaction pattern can be seen at the catalytic site (CAS), and it is
believed that AChE initially binds to the PAS and then rapidly
diffuses down to the catalytic site [9, 5].

As per the data obtained by biochemists, geneticists and neurologists
during the past few years, it is clear that the research in AChE continues
due to the vast complexity of the enzyme’s nature. Hence the enzyme
AChE enzyme needs to be characterized in all aspects to understand the
structural and functional relations. Since the 3D structures of proteins
can yield essential information about the functional mechanism, an
initiative was taken to in silico characterization and analyses of these
enzymes using molecular modeling techniques in different fish species.
Protein sequences of acetylcholinesterase retrieved from NCBI were
subjected to ProtParam to analyze physicochemical parameter,
secondary structure prediction using GOR 1V, homology modeling,
phylogenetic analysis and active site prediction.

MATERIALS AND METHODS
Sequence retrieval and alignment

Protein sequence of acetylcholinesterase of 6 different fish species
was retrieved from the National Centre for Biotechnology (NCBI)
and made as the query sequence for the structure, properties
prediction and molecular modeling.

Phylogenetic tree construction

A phylogenetic tree was constructed to find the evolutionary relationship
between the different species. The relationship was analysed based on
the neighbor-joining method on MEGA X software [10].

Physicochemical characterization

The sequences obtained were analyzed using various software's
available in the ExPASy server [11]. The physiochemical
characterization such as molecular weight, pH, aliphatic index,
Grand average of hydropathicity (GRAVY) and instability index was
analyzed using ProtParam software. Percentage of amino acid
occurrence was compared in these sequences.

Secondary structure prediction

The secondary structures of the sequences were predicted using the
GOR IV prediction method [12]. It was performed to understand the



presence of helices, beta turns and coils in the protein chain. To
obtain the graphical representation of the secondary structure of the
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protein data obtained from the GOR IV prediction method, PSIPRED
software was used.

Table 1: The organism and accession number of fishes understudy

Organism

Accession number

Salveinus alpinus
Oreochromis niloticus
Amphiprion ocellaris
Serioli dumerili
Monopterus albus
Esox lucius

XP_023826535.1
XP_003458443.2
XP_023119368.1
XP_022603603.1
XP_020450658.1
XP_010898117.1

Homology modeling of acetyl cholinesterase

Homology modeling was done using SWISS-MODEL homology
modeling server [13].

Structural quality analysis

The quality of protein structure obtained from SWISS model was
analyzed using ProSA web [14].

Active site prediction

Active sites of the predicted models were analyzed using CASTp
[15]. Amino acid compositions of all the cavities and frequency of
amino acid occurrence in the cavities of each model were analyzed.

RESULTS
Phylogenetic tree construction

The evolutionary history was inferred using the Neighbor-Joining
method. The tree is drawn to scale with branch lengths in the same unit
as those of the evolutionary distances used to infer the phylogenetic tree.
The evolutionary distances were computed using the Poisson correction
method and are in the units of the number of amino acid substitutions
per site. This analysis involved six acetylcholinesterase protein
sequences. All ambiguous positions were removed for each sequence
pair. The organism with accession number XP 023119368.1 is the most
divergent species, while the organism with accession number XP
003458443.2 is the most primitive one (fig. 1).

1,

XP 023119368.1 acetylcholinesterase

P 020450658.1 acetylcholinesterase

—— XP 022603603.1 acetylcholinesterase
[ XP 023826535.1 acetylcholinesterase
XP 010898117.1 PREDICTED: acetylcholinesterase

XP 003458443 .2 acetylcholinesterase

Fig. 1: Neighbour joining tree showing evolutionary relationship between various AChE sequences

Physico-chemical parameters of selected proteins

The number of amino acid in the selected fish species showed
variation (table 2). It ranges from 81(Esox lucius) to 959 (Serioli
dumerili). The molecular weight of acetylcholinesterase showed a
range from 9113.31 dalton to 117687.15 dalton. Serioli dumerili was
found to be the organism with the highest molecular weight, while
Esox lucius had the lowest molecular weight for acetylcholinesterase.

The data revealed that all the fish species under study belong to
acidic nature. The aliphatic index reveals that only Esox lucius is
thermostable. Serioli dumerili was found to be the most hydrophilic
in nature, analyzing the GRAVY index. It was also found to show high
catalytic activity. Based on the instability index parameter, the
stability of the enzyme was predicted. Only Esox lucius was a stable
enzyme. According to the data, Ile (Isoleucine) was the dominant
amino acid residue with a percentage of 14.7 (table 3).

Table 2: Protparam analysis of acetylcholinesterase sequences

S. Name of Accession No. of Molecular Pi Aliphatic Gravy Instability Stability
No. organism no. amino weight index index analysis
acids

1 Salveinus alpinus XP_023826535.1 139 15991.85 4.58 76.62 -0.491 43.55 unstable

2 Oreochromis XP_003458443.2 136 15541.31 4.50 78.31 -0.466 44.88 unstable
niloticus

3 Amphiprion XP_023119368.1 139 15991.85 4.58 76.62 -0.491 43.55 unstable
ocellaris

4 Serioli dumerili XP_022603603.1 959 117687.15 4.57 67.85 -0.279 53.38 unstable

5 Monopterus albus XP_020450658.1 139 15991.85 4,58 76.62 -0.491 43.55 unstable

6 Esox lucius XP_010898117.1 81 9113.31 4.63 88.02 -0.621 38.26 stable
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Table 3: Amino acid residue frequency of acetylcholinesterase (Highlighted are the highest amino acid frequencies)

Amino Accession number
acid XP_023826535.1 XP_003458443.2 XP_023119368.1 XP_022603603.1 XP_020450658.1 XP_010898117.1
residue Organism

S. alpinus O. niloticus A. ocellaris S. dumerili M. albus E. lucius
Ala 6.5% 6.6% 6.5% 6.8% 6.5% 6.2%
Arg 5.0% 4.4% 5.0% 5.3% 5.0% 4.9%
Asn 4.3% 4.4% 4.3% 6.5% 4.3% 3.7%
Asp 4.3% 4.4% 4.3% 3.0% 4.3% 4.9%
Cys 2.2% 2.2% 2.2% 5.2% 2.2% 0.0%
Gln 0.0% 0.0% 0.0% 0.3% 0.0% 0.0%
Glu 11.5% 11.8% 11.5% 11.3% 11.5% 13.6%
Gly 4.3% 3.7% 4.3% 2.2% 4.3% 4.9%
His 5.0% 5.1% 5.0% 3.4% 5.0% 7.4%
Ile 14.4% 14.7% 14.4% 10.4% 14.4% 16.0%
Leu 3.6% 3.7% 3.6% 4.4% 3.6% 4.9%
Lys 0.0% 0.0% 0.0% 0.1% 0.0% 0.0%
Met 1.4% 1.5% 1.4% 3.2% 1.4% 0.0%
Phe 0.0% 0.0% 0.0% 2.5% 0.0% 0.0%
Pro 1.4% 1.5% 1.4% 2.4% 1.4% 2.5%
Ser 12.9% 13.2% 12.9% 7.7% 12.9% 8.6%
Thr 8.6% 8.8% 8.6% 8.6% 8.6% 8.6%
Trp 0.0% 0.0% 0.0% 0.4% 0.0% 0.0%
Tyr 0.0% 0.0% 0.0% 2.2% 0.0% 0.0%
Val 0.0% 0.0% 0.0% 1.1% 0.0% 0.0%
Pyl 4.3% 3.7% 4.3% 6.9% 4.3% 1.2%
Sec 2.2% 2.2% 2.2% 3.3% 2.2% 1.2%

Percentage of amino acid sequence forming secondary
structure in GOR IV and PSIPRED

The secondary structure of the protein was predicted using GOR IV.
The data reveal the percentage of alpha helix, beta-helix, extended
strands and random coils of the AChE enzyme under study (table 4).
Based on the random coils, the dominant ones are selected.
Monopterus albus and Esox lucius has the highest number of alpha

helixes. Oreochromis niloticus has the lowest number of alpha
helixes. Salveins alpinus have the lowest number of extended strand
and Serioli dumerili has the highest number of extended strands.
Serioli dumerili has the lowest number of random coils and Salveins
alpinus has the highest number of random coils. The graphical
representation of the data was predicted using PSIPRED. In
PSIPRED, the data of the GOR IV are represented using symbols for
helix, strands and coils.
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2. Oreochromis niloticus
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5. Monopterus albus
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Fig. 2: Graphical representation of the data obtained from GOR IV visualized using Psipred

Table 4: Percentage of amino acid sequence forming secondary structure in GOR IV (Highlighted in yellow show the highest percentage in

each category)
S. No. Name of organism Accession no. GorlVv
Alpha helix % Extended strand %  Random coils %

1 Salveins alpinus >XP_023826535.1 23.33% 20.79% 55.87%
2 Oreochromis niloticus >XP_003458443.2 22.66% 22.19% 55.16%
3 Amphiprion ocellaris >XP_023119368.1 24.08% 21.99% 53.93%
4 Serioli dumerili >XP_022603603.1 23.56% 24.36% 52.08%
5 Monopterus albus >XP_020450658.1 25.40% 21.88% 52.72%
6 Esox lucicus >XP_010898117.1 25.40% 21.88% 52.72%

Analysis of the structural quality using ProSA Web

The quality of the predicted structure was analyzed using ProSA
Webby NMR and Xray method. The results are shown in fig. 3.

Prediction of an active site using CASTp

The active sites of the enzyme were analyzed using CASTp tool to
find out the sites for ligand attachment. The blue highlighted amino
acids are the active sites for binding the ligands (fig. 4).
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Fig. 3: NMR and X ray data images of the sequences visualized using Pro SA web
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Fig. 4: The predicted active sites of each species enzyme in 3D and sequence form

DISCUSSION

AChE has long been of academic and industrial interest and studied
extensively at the biochemical, biophysical, and molecular because
this enzyme is a target of palliative Alzheimer drugs, nerve agents,
and insecticides [16]. The evolutionary history of the tree
constructed from nucleotide sequences of the AChE gene of six fish
species was inferred using the Neighbor-Joining method in MEGA X
software. A phylogenetic tree or evolutionary tree is a branching
diagram or tree showing the evolutionary relationships among
various biological species. The phylogenyis based upon the
similarities and differences in their physical or genetic
characteristics. Phylogenetics enriches the understanding of the
evolution of genes, genomes and species [17]. In the present study,
the evolutionary analyses reveal that the fish species with accession
number XP 023119368.1 (Amphiprion ocellaris) is the most
divergent species, while fish species with accession number XP
003458443.2 (Oreochromis niloticus) is the most primitive one.

ProtParam is a Bioinformatics tool which allows the computation of
various physical and chemical parameters for a given protein. The
computed parameters include the molecular weight, theoretical pl,
amino acid composition, atomic composition, extinction coefficient,
estimated half-life, instability index, aliphatic index and grand
average of hydropathicity (GRAVY). Instability index provides an
estimate of the stability of the protein. Based on the instability index,
the stability of the AChE enzyme retrieved from six different fish
species was predicted. A protein whose instability index is smaller
than 40 is predicted as stable, a value above 40 predicts that the
protein may be unstable. And it was found that the AChE enzyme of
Esox lucius was stable enzyme and other AChE enzyme fish species
are unstable. The Aliphatic index of a protein is defined as the
relative volume occupied by aliphatic side chains (alanine, valine,

isoleucine, and leucine). It may be regarded as a positive factor for
the increase of the thermostability of globular proteins [18]. GRAVY
(Grand Average of Hydropathy) value for a peptide or protein is
calculated as the sum of hydropathy value of all the amino acids
divided by the number of residues in the sequence [19]. In the
present study, it was found that the GRAVY value was negative in all
species studied. Theoretical pl of proteinsis defined as the pH at
which a protein has no net charge. When the pH>pl, a protein has a
net negative charge and when the pH<pl, a protein has a net positive
charge. In the present study, pl value showed that the enzyme is
acidic in nature. Generally, it was observed that towards acidic pl
values, the GRAVY tends to be low.

The secondary structure of the protein was predicted using GOR IV
and PSIPRED. The method is based on information theory and an
assumption that the information function of a protein chain can be
approximated by a sum of information from single residues and
pairs of residues. The analysis of the frequencies of occurrence of
secondary structure for singlets and doublets of residues in a
protein database enables prediction of secondary structure for new
amino acid sequences. It analyses sequences to predict alpha helix,
beta-sheet, turn, or random coil secondary structure at each position
based on 17-amino-acid sequence windows. AChE enzyme from
Monopterus albus and Esox lucicus had the highest number of alpha-
helices while Oreo chromis niloticus had the lowest. AChE enzyme of
Serioli dumerili had the highest number of extended strands and
Salveins alpinus had the lowest. AChE enzyme of Salvinus alpinus had
the highest number of random coils.

Homology modeling, also known as comparative modeling of a
protein refers to constructing an atomic-resolution model of the
target protein from its amino acid sequence and an experimental
three-dimensional structure of a related homologous protein.
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Homology modeling relies on the identification of one or more
known protein structures likely to resemble the structure of the
query sequence, and on the production of an alignment that maps
residues in the query sequence to residues in the template sequence.
It has been shown that protein structures are more conserved than
protein sequences amongst homologues, but sequences falling below
a 20% sequence identity can have very different structures [20].
Among the six species, Esox lucis had the highest Z score. The result
indicates the quality of the enzyme from Esox lucis to be best among
the rest of the species.

The active site of the enzyme was predicted using CASTp. The active
site is the region of an enzyme where substrate molecules bind and
undergo a chemical reaction. The active site consists of residues that
form temporary bonds with the substrate (binding site) and
residues that catalyse a reaction of that substrate (catalytic site). In
the active site, amino acids of the enzyme protein will bind to the
substrate. The active sites and the dominant amino acids were
studied from the structure and sequence. In the present study, the
number of active sites was calculated to be the highest in the Serioli
dumerili (XP_022603603.1) acetylcholinesterase enzyme compared
to the rest of the species.

CONCLUSION

The study provides a better insight of the enzyme
acetylcholinesterase in fishes. The acetylcholinesterase enzyme was
found to be Ile, Ser and Glu rich protein with mostly acidic pl value.
It was classified stable only in Esox lucius and also it was with high
aliphatic index and least GRAVY value, ensuring its best activity in a
wide range of temperatures and better aqueous interactions. The
quality prediction affirmed AChE of Esox lucius to be of high quality.
It was found to be rich in ligand-protein complex sites and contains
many dominant amino acid active sites. Evolutionary divergence
was also exhibited by some variation in secondary structure features
and differences in overall amino acid sequences.

Encompassing within the range of taxa, the present structural
analysis provides an evolutionary perspective on the
acetylcholinesterase enzyme. Focusing on the common core
containing the catalytic site of the enzyme, this analysis is beneficial
for future molecular modeling strategies and structural analysis of
fish acetylcholinesterase enzyme models.
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