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approach (Structure based) for the treatment of Schizophrenia
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Abstract:

Neuregulin-1 (NRG-1) is a gene that helps
regulate synaptic plasticity and mutations in NRG-
1 have been found in patients with schizophrenia.
Researchers have found that the prefrontal cortex
expresses much higher levels of NRG-1 in humans
with schizophrenia. Researchers have found that
the mice grown with over expression of NRG-1 had
schizophrenia like symptoms which  were
controlled once the level was brought back to
normal using the drug doxycycline. With the
importance of the NGR-1 protein in nerve
regeneration and functionality the current work
involves the annotation and analysis of the protein.
The work also includes targeting of the same
protein to the screened chemicals for docking, a
means to eradicate the symptoms of schizophrenia.
The analysis includes the proteins physicochemical
characterization using protparam, SMART and
Prosite for domain analysis, SOPMA, CPH,
PHYRE, etc for structure analysis. The proteins
phylogeny was established by retrieving the related
sequences from the other organisms using BLAST
and establishing their relation based on CLUSTAL
W dendrogram. The Protein structure was
downloaded and optimized using Argus Lab for
further docking studies. The chemicals capable of
resolving the symptoms of neurological problems
have been screened and selected from the
PUBCHEM database. Once the selection of the
chemicals was once after proper screening for Drug
likeliness, Ambiguity and Toxicity the chemicals
were also optimized. The optimized chemicals
were used to dock with the receptor protein and the
results were analyzed. Based on the lowest binding
energy and high docking affinity the best chemicals
were selected as the potential drugs for the receptor
in the treatment of the disorder.

Keywords:  Schizophrenia, NRG-1, Docking,
Phylogeny, Domain Analysis.

Introduction:

Schizophrenia is a chronic, severe and

disabling brain disease. People with schizophrenia
often suffer terrifying symptoms such as hearing
internal voices not heard by others, or believing
that other people are reading their minds,
controlling their thoughts, or plotting to harm them.
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It is a neurological disorder with several protein
and metabolic causes. One of the protein having its
vital functional in neuronal development is
Neuregulin the product of NRG-1 gene. The
concentration of this protein in the brain is
responsible for the proper functioning of the
nervous system. An imbalance in its concentrations
leads to the onset of disorders, one of which is
schizophrenia. The symptoms of the disorder
includes Alogia, Affective flattening, Avolition,
disorganized thinking, slow thinking, difficulty
understanding, poor concentration, poor memory,
difficulty expressing thoughts and difficulty
integrating thoughts, feelings and behavior.

There are three major subtypes of schizophrenia,
each classified by their most prominent symptom:
paranoid schizophrenia, disorganized
schizophrenia, catatonic schizophrenia.

Neuregulin 1 or NRG1 is a protein that in humans
is encoded by the NRG1 gene. NRGL1 is one of
four proteins in the neuregulin family that act on
the EGFR family of receptors. Neuregulin 1 is
produced in  numerous isoforms by alternative
splicing, which allows it to perform a wide variety
of functions. It is essential for the normal
development of the nervous system and the heart.
The alterations in the concentration or the
functionality of this proteins leads to the onset of
various neuregulinnal disabilities, one of which is
the Schizophrenia. The treatment for the disease
would be the alteration in the concentration of the
protein.

Materials and Methods:

Collection of the sequence from the Databases:
The protein sequence of the NRG-1 of Homo
Sapiens is retrieved from the Gene Cards database
for further analysis. Gene cards are a secondary
database specific for the human proteins and their
annotation. The length of the sequence was found
to be 640amino acids.

Phylogenetic Analysis:

To trace back the evolutionary history of the
protein all the related sequences were collected
using the BLAST tool of NCBI. Once the similar
sequences are collected they were subjected for
multiple sequence alignment using Clustal W tool
followed by the construction of dendrogram/
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Phylogenetic tree. Based on the grouping pattern in
the dendrogram the evolutionary history of the
protein can be traced and the annotation of the
protein based on the other related sequences can be
established. Clustal Distance Matrix was also
constructed using the Clustal Dist tool from SDSC
biology workbench. The matrix would perfectly
show the evolutionary distances among the
selected organisms in light units.

STRING Analysis:

The tool is an online access to a database of
proteins and their interactions. The tool would
provide a clear picture of the total proteins having
their interaction with the query protein. Based on
the results of the tool a network of the protein can
be traced.

Physicochemical Analysis:

ProtParam is an online tool from the Expasy
server. The tool specifically provides an insight
into the inherent properties of the protein. It would
provide the basic characters of the protein like
Molecular weight, Stability, Polarity, Half life etc.
All the properties provided here are theoretical and
calculated based in the protein’s composition.

Structural Analysis and Visualization:

The protein structure prediction in terms of its
secondary conformation and tertiary arrangement
has been done based on the results of CPH
(Primary structurl Confirmation) HHPred and
Phyre. Based on the above tool results one best
PDB id for representing the protein structure has
been selected. The selected structure can be
visualized using RASMOL software.

Target Site Selection for Docking:

Since the protein is having a sequence of amino
acids that are less compared to the bond donors in
a chemical, specific sites called active binding sites
have to be identified on the target receptor. To
select the correct target binding site several series
of analysis was undertaken. Initially SMART was
done to detect the Functional Domain within the
sequence; RONN analysis was performed to
identify the disorder regions within the Domain
region. Once the Disorder region is selected
CASTP was used to detect the presence of this site
in the binding site. By analyzing and summarizing
all the results best target site was selected for
docking

Chemical Analysis and Ligand Selection:

Once the protein study is done the next step is to
identify and screen the chemicals that are good for
docking with the selected receptor. The chemicals
were collected from the PubChem Database and
the screening was performed in different stages.
Drug likeliness was screened using Lipinski Rule
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parameters. Secondary screening for Toxicity was
performed using Mobyle ADME server. Tertiary
screening was done to check for the ambiguity
using Dundee ProDrg server. Those chemicals that
have passed all the above screening steps are
finally selected fro docking step.

Docking:

The selected chemicals were docked with the
receptor using docking softwares. Based on the
docking energy values the best ligand-receptor pair
can be finalized. The docking software employed
here is Patch Dock server.

Results and Discussion:

Sequence Retrieval:

The protein sequence has been retrieved from gene
cards database. The sequence length was found to
be 1,125,739 bases, present on the 8"
chromosome, p arm 12 position. The sequence is
further used for annotation.

Domains identified in the sequence:

There are a total of 5 important domains found in
the sequence. They are Ig_sub2, Ig_sub2,
Neuregulin_1_C, EG-like_dom, Ig_l-set. The
cytoplasmic domain may be involved in the
regulation of trafficking and proteolytic processing
ERBB receptor binding is elicited entirely by the
EGF-like domain.

Fig 1: Phylogenetic Analysis using CLUSTALW:

gl Sus scrafa
gl Hormo sapiens
gl Oryctolagus cuniculus

gl Rattus noervegicus

gi  kMus musculus
gl Gallus gallus
|—g'|' Fan troglodytes
I—gi Bos taurus

g [Sus serofa
gl [Homo sapiens|
dOmomsm
o [Rattus norvegic 4

2 [Gallus galtus

a [Bos taums]

moe @e6e6nae

(1) 0.000 0.056 0.106 0.141 0.157 0.3% 0.586 0.5%
(2) 0.056 0.000 0.111 0.152 0.172 0364 0.5 0.596

3) 0.106 0.1110.000 0.197 0.167 0338 0621 0631
) 0.1410.152 0.197 0.000 0.081 0384 0.59 0.608

g [Mus musculus]  (5) 0.157 0.172 0.167 0.081 0.000 0.369 0621 0.631
(6) 0.374 0.364 0338 0.384 039 0.000 0.672 0.682
(7) 0.586 .58 0.621 0.596 0.621 0.672 0.000 0.141
(8) 0.596 0.59 0.631 0.606 0.631 0682 0.141 0.000

From the above phylogenetic analysis it can be
concluded that the query protein is showing
evolutionary close relation to the protein from Sus
scrofa. The Evolutionary distance between them is
0.526.
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Protein Network Study wusing STRING
Analysis:
Fig:2 Showing the results of STRING showing
the protein network with the other related
proteins
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Structural Analysis of the protein:

This was performed and the Primary
characterization, secondary conformation and
tertiary structure have been studied. Once the
structure of the protein is retrieved than the PDB id
of the protein was used to detect the Disorder site
within the domain region using RONN and the
region was also checked for the presence of binding
sites. The result of Q Site finder , Pocket Finder &
CAST P server are matched and evaluated for a
common site of mutation that partially confirms the
target site subject to validation by IBM pattern
discovery which is MET 22 position.

The above figure shows the optimization of the
protein structure in Argus Lab

Chemical Analysis:

Once the Target site has been selected to be MET
22 the search for the chemicals has been
performed. The chemicals were screened and
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finalized as mentioned above. The chemicals
selected after screening were:

e Dicarbine - (CID 65684)

e 3,4,4a,10b-tetrahydro-4-propyl-2H,5H-
(1)benzopyrano(4,3-b)-1,4-oxazin-9-ol -
Compound Summary (CID 115107)-

e DN 1417 - (CID 115199)

e  Piflutixol - (CID 5477380)

Fig 4: Cleaning and optimization of ligands in
Argus lab:

The 4 chemicals selected after the screening are
optimized for the energy minimization using Argus
Software.

Once all the selected 4 chemicals and the receptor
protein are optimized they are further used for
docking analysis.

Docking of the Selected Chemicals with the
Receptor in PATCHDOCK Server:

All the chemicals were used to dock to the selected
receptor on the selected binding site and the
following docking scores were obtained:

Table 1: The comparison of the Docking scores of
the 4 selected ligands

S.No | Compound | Compound | Docking
Name 1D Score
1 Dicarbine 65684 2786
2 3,4,4a,10b- 115107 3280
tetrahydro-
4-propyl
3 DN 115199 3240
4 Piflutixol 5477380 4232

From the above figure it can be concluded that all
the selected chemicals had the efficiency to dock to
the receptor. However based on the highest docking
score the chemical piflutixol can be finalized as the
best ligand.
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The above figure shows the docking of the
chemical piflutixol with the query protein.

Conclusion:

NRG1 being a cause for schizophrenia has been
selected in the current study. The Protein
annotation and evolutionary study was performed.
Using several tools the structural characterization
was performed and the structure was collected from
the PDB Database. Based on the structure binding
site selection were performed using disorder
prediction tools, Binding site and domain
identification tools etc. The final site selected was
MET22 position. Pubchem was used to select the
chemicals and then were screened based on the
various parameters like Drug likeliness, Toxicity,
Ambiguity etc. Finally 4 chemicals listed above
were selected and were docked with the receptor
using PATCH DOCK software. Based on the
docking scores the best chemical selected was
piflutixol with the docking score of 4232. Thus it
can be concluded that the chemical piflutixol can
be used as a best drug against treating the
symptoms of schizophrenia.
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