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Abstract

Psychiatric diseases relentlessly distress the ability of work also productivity of a person’s
life. Considering the phenotypic unpredictability amongst patients, it is very hard to
understand the pathogenesis. The study aims to identify the pathways responsible for
psychiatric disease, especially for depression. Initially 62 depression associated proteins were
listed from the UniProt and then hub genes of those proteins were identified. For functional
annotation analysis, proteins UniProt IDs were submitted to the Database for Annotation,
Visualization and Integrated Discovery shortly known as DAVID. Gene ontologies, protein
domains, and pathways were analyzed using the GO enrichment and KEGG. The functional
annotation clustering identified a total of 150 GO terms clustered into 23 groups. The
pathways, identified from the clustering and KEGG, were overlapped to construct a Protein
Protein Interaction (PPI) network. Finally, the common pathways were separated and 300
selected anti-depressants drugs from 5 classes were docked with depression associated
proteins such as iGIuR DELTA-2 (PDB ID- 5KC8), Dopamine Receptor, D2 (PDB ID-
6CM4), Sodium Dependent Serotonin Transporter (PDB ID- 2KS9), Glutamate receptor
ionotropic, NMDA 2B (PDB ID- 5EWL) etc. Six anti-depressant drugs such as sertraline
carbamoyl, norethindrone, and aripiprazole had good binding affinities (-10.5, -10.4 and -9.3
respectively) with the proteins of interest. The study also revealed that biomarkers like, TRK,
BDNF, CYP2B6, POLG, PICK1 could be suitable for early detection of depression. Building
on these findings, studies could be designed to target and examine protein clusters to
understand depression and its transduction targets to identify functional biomarkers for early

diagnosis.
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Chapter One

Introduction



1. Introduction

Apparently, we are more attentive on our physical health afore our mental health. Mental health is
as essential as being physically fit. Psychiatric disorders are commonly considered as
neuropsychological and neurobehavioral abrasions, and also unable to understand complicated
information. Worldwide more than 450 million people suffer from mental disorder and 300 million
people are affected by depression (World Health Organization 2010, 2016). Women are more
affected by depression however males with this disability are more likely to have elevated risk of
cancer (brain, colorectal cancer, corpus uteri, leukemia) (Sullivan, Hussain, Threlfall, & Bittles,
2004) The incidence of depression is quite high as 20% globally with a female to male ratio of
about 5:2 (Weissman et al., 1996). Due to psychiatric diseases patient’s lives are compromised and

put huge economic pressure to the families.

It is difficult to investigate the etiopathogenesis of the diseases due to the phenotypic variability
among the patients. At the present time, bioinformatics is an effective tool for the diagnosis and

further identification of sensitive biomarkers and signaling pathways (Zhao et al., 2016).

Psychiatric illness is classified according to the Diagnostic and Statistical Manual of Mental

Disorders, 4th edition (DSM 1V). Those with the greatest impact on dentistry are:

e Anxiety disorders: Anxiety disorders are the most widespread mental health illnesses
though they are less perceptible than depression, schizophrenia, and bipolar disorder. Thus
this disorders can be assumed to account for reduced productivity, amplified morbidity and
mortality proportions, and the progress of alcohol and drug exploitation in an enormous
part of the inhabitants.

e Mood disorders: Mood disorders comprise bipolar disorder (both mania and depression),
major depression and dysthymia. Inception of mood disorders usually occurs during
adolescence. They have no single source but several issues, such as biochemical
disproportion in the brain, socio-economic and physiological factors. Unintended factors
also stimulus the correlation between physical conditions and depression. For instance,

tendency for medications for chronic diseases.

e Somatoform disorders: This disorder is characterized by several, broad medical complaints

have been defined since antiquity, when it was termed hysteria. To diagnose somatization



disorder according to DSM-1V, a pattern of pain complaints and Gl (gastrointestinal),

sexual and pseudo-neurologic symptoms is prerequisite.

e Schizophrenia and other psychotic disorders: Schizophrenia is a chronic, incapacitating
psychotic disorder that affects 1% of adults. Symptoms of the disorder are exceedingly
variable from individual to individual but then again characteristically contain “positive”
symptoms (hallucinations, thought disorganization aberrations,), “negative” symptoms
(social dysfunction, blunted affect, motivation deficiency), rational diminishing, and mood
disruption. Schizophrenia incurs colossal, economic and subjective costs.

e Substance-related disorders: This DSM category comprises a protean set of clinical
conditions, with the altered materials exerting different effects. Substance related disorders
are, substance use disorders (dependence, use) and substance reduce disorders

(intoxication, withdrawal, etc.)

e Eating disorders: Eating disorders are an imperative reason of physical and psychosocial
indisposition in pubescent girls and young grownup women. They are less recurrent in
men. The etiologies of eating disorders is composite and severely understood. There is a
genetic inclination, and certain definite conservational risk factors have been implicated.

1.1 Depression

A comprehensive range of mental health problems categorized by the negative effect, low mood
and a range of associated emotional, cognitive, physical and behavioral symptoms is referred as
depression (Abreu & Santos, 2008; Lewinsohn & Libet, 1972). To identify major depression not

only the severity that matters but persistence is also vital.

Depression is basically seen by the mass people and majority media as a neuropsychiatric illness
with a shifting way that is best labelled in disease-state terms for instance episodes, recovery,

disorder, relapse, remission, recurrence, and relapse (Frank et al., 1991)

The psychopathological state involves symptoms with depressed mood, anhedonia, and less energy
or weakness. Other signs, such as sleep and psychomotor disturbances, constant guilt, low self-
esteem, suicidal trends, in addition to autonomic and gastrointestinal disturbances are often exist
(Bondy, 2002).



1.2 Classification, prevalence, and course of depression

Depression is a composite phenomenon. The symptoms, etiology and occurrence are not specific,
it differs from slight to severe symptoms with or without psychotic features and might interact

between psychiatric and somatic diseases.

According to Diagnostic and Statistical Manual of Mental Health, Fourth Edition (DSM-1V) to
diagnose appropriately, five out of the nine following DSM-IV symptoms must be present

constantly for at least 2-week period (Bondy, 2002).

0] Depressed mood;

(i) Loss of interest or pleasure;

(iii)  Significant weight or appetite alteration;

(iv)  Insomnia or hyposomnia;

(V) Psychomotor agitation or retardation;

(vi)  Fatigue or loss of energy;

(vii)  Feelings of worthlessness;

(viii) Diminished ability to think or concentrate or indecisiveness;

(ix)  Suicidal ideation.

There have been many considerations on the origin and grouping on depression. At the beginning

of 20" century there were two opposite perceptions,

a) Emil Kraepelin’s formulation of depression as a disease and

b) Sigmund Freud’s assessment of depression as an expression of suppressed rage and loss.

The recent publications of DSM-IV1and the International Statistical Classification of Diseases,
10th Revision (ICD-10) (World Health Organization; 1992) distinguish unipolar (depression) from
bipolar (manic depressive) disorder (Gurland, 1976; Katz, Secunda, Hirschfeld, & Koslow, 2015).

Few studies have shown that depression rises the risk of coronary artery disease, and deteriorates

the prospects after myocardial infarction (Musselman, Evans, & Nemeroff, 2014).



Interestingly, it has high comorbidity rate with other psychiatric disorders. Anxiety, panic

disorders are similarly associated with depression.

Depressive disorder comes in different forms, just as many other disorders. Seven of the most

common types consist of the following (lyer & Khan, 2012) .

(i) Major Depressive Disorder (MDD): Itis a mood disorder characterized by a number of
important features, i.e. changes in weight, sleep variations, depressed mood, lack of interest
in regular activities, difficulty concentrating, fatigue, low self-esteem, suicidal
etc. Depression can be labelled as mild, moderate or severe (melancholic or psychotic).

(ii) Persistent Depressive Disorder: Previously it was known as ‘dysthymia’; denotes to a type
of chronic depression exist for long-term, that do not inactivate, however it doesn’t aid at
feeling good. This type can be mild, moderate or severe.

(iii) Bipolar Disorder: It is not closely as widespread as other forms of depressive disorders.
Characterized by phases of unusually elevated mood identified as mania. These periods of
mania can be mild (hypomania) or they can be so life. A range of physical and emotional
signs which may comprise:

e Insomnia, fatigue and lethargy

e Inexplicable aches, and psychomotor distress
e Hopelessness and low self-esteem

e Irritability and nervousness

e Hesitancy and inefficiency

(iv) Premenstrual Dysphoric Disorder (PMDD): Produces similar symptoms as premenstrual
syndrome (PMS), e.g. fatigue, moodiness, irritability, anxiety, increased appetite, bloating,
aches, food cravings, and breast tenderness.

(v) Postpartum Depression: Pregnancy can carry significant hormonal adaptations that can
often distress a woman's temperaments. Depression can devour its commencement during
pregnancy or after the birth of a child. It can sort from untiring lethargy and sadness that
necessitates medical usage all up to postpartum psychosis. Psychosis is the mood which is
convoyed by delusions, hallucinations and confusion.

(vi) Seasonal Affective Disorder (SAD): It is presently called major depressive disorder,

having recurrent pattern. Triggered by a disruption in the usual circadian phase of the body.



Light inflowing through the eyes effects this rhythm, and any regular variation in night/day

array can cause an interference leading to depression.

(vii) Atypical Depression: A type of depression that does not track what was supposed to be

the "typical appearance of the condition. It is characterized by a specific set of signs listed
below,

o Excessive eating or weight gain

o Excessive sleep

o Fatigue, weakness, and feeling "weighed down"

. Intense sensitivity to rejection

. Strongly reactive moods

1.3 Risk factors for depression

The influence of life occasions:

Life events forgoing depression are capricious and are possibly unrelated to the sign
pattern, meaning that there is no alterations in the existence of occasions aggravating the
commencement of non-endogenous or endogenous depression (Brown, Harris, &
Hepworth, 1994). There is constant discussion on the control of trials on depressive upshot,
as positive events were conveyed to progress outcome, though stressful occasions were
displayed to lower improvement and upsurge the prospect of deterioration (Paykel, Cooper,
Ramana, & Hayhurst, 1996).

Genetic influences:

Evidence for genetic influence for bipolar disorder is very strong and estimated as 80%
(Berrettini, 2001). Genetic mechanism which mainly focus on the interaction of different
genes are not sufficient enough to know about the etiology leading to disease. As a result
of complications in determining the clinical phenotype, further issues arises regarding the
diagnosis. To understand pathophysiological mechanism further, molecular genetic studies
offer to recognize the genes accountable for hereditary (Craddock, Khodel, Van
Eerdewegh, & Reich, 1995).



1.4 Literature review

1.4.1 Biochemical root of depression

The significance of neuroscience is undeniable particularly in the field of biological investigations
starting molecular studies of cell and gene functions to brain-imaging technologies (Kandeland &
Squire, 2000). Julius Axelrod, Arvid Carlsson, and few other Nobel Prize winners has helped us
to understand the function of brain and whereas research on psychiatric diseases are done solely

based in basic neuroscience (Bondy, 2002).
1.4.2 Synaptic transmission

The required steps for chemical transmission are, neurotransmitter synthesis, storage of
neurotransmitter in the vesicles, release into synaptic cleft as well as transmission of the action

and initiation of the cellular process leading to signal transduction cascade.
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Figurel: Diagram of synapse and schematically shown the steps of chemical transmission.
Amino acid precursors are being transported into brain via blood (A) precursor converted
into transmitter through enzymatic procedure and stored (B) released into synaptic cleft (C)
they can react with presynaptic or post synaptic auto receptors and regulate synthesis and
release or induce signal transduction cascade (E) MAO = Monoamine Oxidase (Kuhar,
Roth, & Aghajanian, 1972).



Neurotransmitter molecules induce a series of reactions by their initial binding to the receptors on
the surface of the postsynaptic membrane; which are frequently combined to G proteins (guanine
nucleotide binding proteins). These G proteins control several effector systems such as
phospholipases, adenylylcyclases and the phosphoinositide mediated system inside the cells and
thus symbolize crucial regulatory components in transmembrane signaling (R. S. Duman,
Heninger, & Nestler, 1997). This events of signal transduction force for instance, intracellular Ca?*
ions concentration increase or secondary messengers (CAMP) cause phosphorylation of protein
kinase. This initiate a pathway which regulates many biological response and control brain
functions via neuronal ion channel regulation, release of neurotransmitter, receptor modulation
and eventually synaptic potentiation and neuronal endurance (Battaini, 2001; Popoli, Brunello,
Perez, & Racagni, 2000). In the process of chemical transmission, if any function in any steps are
disrupted; it seems an essential mechanism causing depression. However, these mechanisms are

now established as targets for antidepressants action.

» Monoamine hypothesis: About 30 years ago, a hypothesis was proposed mentioning the
main symptom of depression and that is lack of functioning brain monoaminergic
norepinephrine (NE), 5-HT, and/or dopamine (Coppen, 1967; Matussek, 1972;
Schildkraut, 1965). This particular hypothesis has been developed from the animal
experiments and clinical observations; reserpine is an anti-depressants drug that causes
diminution of norepinephrine, 5-HT, dopamine in the presynaptic store. However, few
patients being treated with iproniazid, gave effects of euphoria and hyperactivity that
increases the concentration of above neurotransmitters. Considering the origin of neurons
and its projections into many zones of the brain, monoaminergic systems are responsible
for the symptoms of abnormal behaviors; such as mood disorder, vigilance, fatigue,
psychomotor nervousness or retardation. Alteration in the synthesis, storage or release in
the neurotransmitters along with the distribution of the receptors or subcellular messenger
tasks may be the reasons for behavioral consequences of depression (Stahl, 1998).

a) Neurotransmitter concentration: By measuring neurotransmitters and their metabolites
in the brain tissue, body fluids (CSF, blood, urine), it was found that the metabolite -
methoxy-4-hydroxyphenylglycol (MHPG) of NE showed decreased level in the brain
signifying turnover of NE; thus supporting the hypothesis of lacking noradrenergic



system (Potter et al., 1985). However, the data results were inconsistent (Salomon,
Miller, Krystal, Heninger, & Charney, 1997).

Likewise, the outcomes also suggested that reduced 5-HT function may not be exist in
every depressed patient. The data from the experiment shows a minor importance of
transmitter synthesis. So, no conclusive abnormalities were found in MAO activity
degradation (Leonard, 2000). Amusingly, lessening of monoamines did not prompt or
worsen the symptoms of depression in unmediated patients, meaning that monoamine
deficiency only is not adequate for the clinical syndrome. Conversely, in patients
getting drug treatment, the response of antidepressants is dependent on the class of
antidepressants (Lesch, Wolozin, Murphy, & Reiderer, 1993). That result signifies that
pathophysiology of depression may not be only enlightened by a solitary monoamine
associated mechanism, however it involves an intact monoamine scheme for

therapeutic action (Owens & Nemeroff, 1994).

Presynaptic serotonin neuron

Postsynaptic neuron
(dopamine, glutamate, etc.)




Figure 2: The serotonin synapse. Serotonin with the help of enzyme tryptophan hydroxylase; is

synthesized from tryptophan, then packaged into vesicles and released from the synaptic cleft.

This release cause multiple actions. (i) the serotonin neurons are stimulated after activation of

postsynaptic receptors where serotonin binds. (ii) serotonin also binds to presynaptic receptors

which further provide feedback and controls plasticity of the neuron. (iii) serotonin transporter

cause reuptake of serotonin into the pre synaptic serotonin neurons. Furthermore, it is recycled

for later or broken down into monoamine oxidase and excreted in the urine. Photo by: Lianne

Friesen and Nicholas Woolridge (Rot, Mathew, & Charney, 2009)

b) Transporters for neurotransmitter reuptake: In monoaminergic transmission, the

1.4.3

transport proteins decrease the convenience of neurotransmitters in the synaptic cleft
hence terminate the possessions of neurotransmitters on pre and postsynaptic receptors
(Van der Does, 2001). Few studies have been conducted to measure the reuptake of
NE. However, the postmortem samples gave controversial results signifying no liaison

to genetic deviations of NE transporters (Hadley et al., 1995; Klimek et al., 1997).

Neurotransmitter receptors: The findings from studies in peripheral cell prototypical
system and/or finding G-proteins alterations at multiple sites of cAMP and on protein
kinase in postmortem report of brain tissue (Coull, Lowther, Katona, & Horton, 2000;
Ronald S. Duman, Malberg, & Thome, 1999; Perry, n.d.; Yatham, Srisurapanont, Zis,
& Kusumakar, 1997). All these outcomes have led to molecular and cellular hypothesis
of depression stating the position of signal transduction pathway is pivotal and also

affect the balance of numerous neurotransmitter system and physiological processes.

Endocrine process in depression

Noradrenergic stimulation responding to hormones, provided useful information about the

potential role of NE and adrenal hormone and pituitary secretion in depression. The measurement

of the responses directly or indirectly control noradrenergic activity. Growth Hormone (GH)

release is encouraged by catecholamine mechanisms. Recurrent major depression Patients exhibit

10



blunted GH response which inferred as either decreased DA receptor or oz-adrenoceptor sensitivity
(Bondy, 2002).

1.4.4 Structural changes in the depressed brain

Depression patients presenting clinical signs of diminution may present with obstinate
neurobiological abnormalities. These abnormalities may deteriorate over time, and some may
develop chronically depressed. structural neuroimaging studies indicate that individuals with
persistent major depressive occurrences may have comparatively insignificant hippocampi even
throughout phases of clinical diminution. This also clarifies the memory glitches of some
individuals as well as other symptoms of the disorder. Patients might show volumetric
abnormalities in other brain regions, such as in subcortical regions includes ventral striatum and
amygdala and in cortical regions include orbitofrontal, cingulate and prefrontal cortex (Hajek,
Kozeny, Kopecek, Alda, & Hdschl, 2008; Konarski et al., 2008).
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Figure 3: Structural and functional brain idiosyncrasies in patients with major depressive disorder,
and the site of action of neurostimulation techniques with antidepressant potential. The anterior

cingulate cortex specially subgenual cingulate show volume reduction. Other sub region parts as
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prefrontal and orbitofrontal cortex also show the same. In the subcortical region, as in amygdala,
hippocampus and ventral striatum; the volume is also decreased. Site of actions are, (A)
Transcranial magnetic stimulation (B) Deep-brain stimulation (C) Vagus nerve stimulation. Image

by: Lianne Friesen and Nicholas Woolridge (Rot et al., 2009)

Below the site of action of new neurostimulation techniques with antidepressants potential are

listed from figure 3,

A. Transcranial magnetic stimulation of prefrontal cortex
B. Deep-brain stimulation of subgenual cingulate
C. Vagus nerve stimulation have effects on locus coeruleus (a zone in the brain stem from

which NE originates) that might show slight antidepressants activity.

Changes in metabolic activity is linked to structural brain abnormalities in depression patients.
These are directly proportional to the severity of the diseases (Hasler, Drevets, Manji, &
Charney, 2004).

1.4.5 Bioinformatics and depression

The pathophysiology of depression is an exceptional experiment. Not only the symptoms are
unrelated but also the etiologies diverse. The symptoms and clinical data provide perception into
the neurobiology of depression. This molecular, behavioral and electrophysiological techniques
divulge certain sides of depression cause from stress prompted neuroplastic changes in certain

neural circuits (Krishnan & Nestler, 2008).

With the encroachment of bioinformatics tools, it is easier to get further insights into the
pathophysiology of depression. Bioinformatics is a combination of various subject which has
further developed methods for storage, retrieval and analyses of biological data. To process
biological data more rapidly, it has become an indispensable part of biological science with
databases and informatics (Aamer Mehmood, Sehar, & Ahmad, 2014). Computational tools are
usually used for gene characterization, identification of proteins’ structural and physicochemical
properties, phylogenetic studies, and carrying out simulation study interaction of biomolecules in
a living cell. Moreover, the in silico analyses can assist to reach a well-versed decision for

conducting expensive experiments (Dibyajyoti, Talha Bin, & Swati, 2013).
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Figure 4: Application of bioinformatics tools in different areas of biological science (Aamer
Mehmood et al., 2014)

Proteins hardly carry out their function in isolation, and consequently interact with other
molecules all the time to complete a certain process. Experimental or bioinformatics
approaches have become one of the most followed research area. These approaches aids in
understanding how biomolecules interrelate with other molecules, e.g. drug design, protein
folding and purification techniques (Wang, Huang, Yang, & Yang, 2010). Also essential to
explicate the biological roles of a molecule by understanding molecular interactions, for
instance, PPI (protein-protein interactions) is important in cellular activities, e.g. homeostasis,
cellular metabolism, signaling transportation, and various biochemical processes (Vinayagam
etal., 2014).
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Chapter Two

Methodology
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2. Methods

This paper was designed to understand the fundamental concepts and computational tools in
bioinformatics and their application in psychotic disorder, i.e. depression. The bioinformatics
approaches on depression were extensively studied to understand the underlying mechanisms of
action followed by searching several databases (subsection 2.1). Initially, all the proteins
associated with depression were listed (table 3) and screened in DAVID (The Database for
Annotation, Visualization and Integrated Discovery). From DAVID, Functional Annotation
Clustering was performed and GO term enrichment was analyzed; their pathways and mechanism
were generated using KEGG (Kyoto Encyclopedia of Genes and Genomes)(Chen et al., 2015).
The pathways and mechanisms are required to define category of drug molecules based on their

targets.

In order to detect depression at early stage biomarkers are significant. In this study, biomarkers
are acknowledged through hub genes identification. To determine the hub genes, PPI network was
constructed (figure 5). Number of nodes in the network signifies number of proteins; and their

interaction with another protein within the same network.

Furthermore, from five classes of anti-depressants, randomly 300 drugs were selected to dock
with proteins that match the targets of the KEGG pathways and the best results were shown in
table 7. The proteins were visualized and curated in PyMOL and the drugs were downloaded as
SDF (Structure Data File); ultimately docked using PyRx. The binding affinity of the drugs with

target proteins indicates better therapeutic value of the drugs.

A flow chart is given bellow to explain the methodology concisely.
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Figure 5. Assemble study and perception of network building for depression

2.1 Databases for the study

Using the bioinformatics databases, the comparison of the proteins was done exclusively.

(1) The UniProt (Release 2011_10, http://www.uniprot.org) was used to screen depression
associated proteins. All human proteins were extracted. Then the linked proteins were

additionally filtrated manually from the downloaded data (Dogan et al., 2016).
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(2) Protein IDs were submitted to DAVID (http://david.abcc.ncifcrf.gv/), for functional
analysis, for example GO terms, pathways and protein domains. The GO groups includes
biological process (BP), molecular function (MF), and cellular component (CC). GO terms
were well-thought-out significance with P value <0.01, and KEGG pathways with <0.05.

(3) STRING database is a search tool to evaluate protein—protein interactions data. The
protein networks were statistics and the important nodes are known as hub genes (von Mering
et al., 2003).

(4) esyN (http://www.esyn.org/) is a network tool that permits the building of two separate
sorts of networks, Graphs and Petri nets. In this study, graphs network was used to signify the

nodes and edges of the protein-protein interaction.
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Figure 6. Snapshot of biologic tools.
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2.2 Software for the study

To accomplish the binding affinity from molecular docking many software are required.

From visualizing the proteins to check for the alignment, software listed below (table 2) were used

in this study,

Software used Versions References

PyRX 0.8 (Dallakyan & Olson, 2015)

PyMOL 2.0.4 (DeLano, 2002)

Swiss PDB Viewer | 4.1 (Guex & Peitsch, 1997)

MEGA 6 6.06 (Tamura, K., Stecher, G., Peterson, D.,
Filipski, A. and Kumar, 2013)

Open Babel 24.1 (O’Boyle et al., 2011)

Cluster Omega 1.2.4 (Robinson, Mistry, Mcwilliam, Lopez,
& Marsh, 2009)

Table 1. Software used in this study
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Chapter Three

Results
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3.1 Depression associated proteins were screened

From the UniProt (Release 2011_10, http://www.uniprot.org) database we have screened and

collected 62 human proteins associated with depression (table 2).

(1) Glutamate receptor ionotropic, delta-2

(32)Coiled-coil and C2 domain-containing
protein 1A

(2)Cerebellin-1

(33)Cannabinoid receptor 2

(3)Dynactin subunit 1

(34)Cytochrome P450 2B6

(4)PRKCA-binding protein

(35)5-hydroxytryptamine receptor 3A

(5)Sodium-dependent serotonin
transporter

(36)5-hydroxytryptamine receptor 3B

(6) Tryptophan 5-hydroxylase 2

(37)ADP translocase 1

(7)ADP-ribosylation factor 1

(38)Muscarinic acetylcholine receptor M2

(8)Sarcoplasmic reticulum calcium
ATPase 2

(39)Sodium/potassium/calcium exchanger
1

(9)Serine protein kinase PLK2

(40)Sodium/potassium/calcium exchanger
2

(10)SH3 and multiple ankyrin repeat
domains protein 3

(41)Progressive external ophthalmoplegia
1 protein

(11)Neurabin-1

(42)PDZ and LIM domain protein 5

(12)Ribonucleoside-diphosphate reductase
subunit M2 B

(43)Leukocyte immunoglobulin-like
receptor subfamily B member 2

(13)SH3 and multiple ankyrin repeat
domains protein 2

(44)Phosphatidylinositol 3,4,5-
trisphosphate 3-phosphatase and dual-
specificity protein phosphatase PTEN

(14)Serum response factor

(45)Leucine-rich repeat-containing protein
7

(15)Syntaxin-binding protein 1

(46)Glutamate receptor ionotropic,
NMDA 2B

(16)SH3 and multiple ankyrin repeat
domains protein 3

(47)Phosphatidylinositol 3-kinase
regulatory subunit alpha

(17)Potassium voltage-gated channel
subfamily B member 1

(48) Paired box protein Pax-6

(18)Brain-derived neurotrophic factor

(49)Adenosine receptor Al

(19)Glycine N-acyltransferase

(50)CDGSH iron-sulfur domain-
containing protein 2

(20)Metabotropic glutamate receptor 1

(51)Wolframin

(21) Glutamate receptor 1

(52)Transient receptor potential cation
channel subfamily V member 1
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(22)Synaptic functional regulator FMR1 (53)Tax-responsive element-binding

protein 5

(23)Protein-tyrosine kinase 2-beta (54)Advanced glycosylation end product-
specific receptor

(24)DB dopamine receptor (55)Monoacylglycerol lipase ABHD6

(25)Diacylglycerol kinase iota (56)Glycine N-acyltransferase-like protein
2

(26)DNA polymerase subunit gamma-2, (57)Phosphatase and tensin-like protein
mitochondrial
(27)D1dopamine receptor (58)Serum response factor

(28)Dendritic cell nuclear protein 1 (59)Complexin-2
(29)DNA (cytosine-5)-methyltransferase 1 | (60)ADP-ribosylation factor 1
(30)DNA polymerase subunit gamma-1 (61)Glycine N-acyltransferase-like protein

1
(31)ADP-ribosyl cyclic ADP-ribose (62)Putative sodium-coupled neutral
hydrolase 1 amino acid transporter 8

Table 2. List of screened proteins associated with depression.

3.2 Signaling pathways of associated proteins were identified by bioinformatics

analysis

For functional analysis, protein IDs were submitted to The Database for Annotation, Visualization
and Integrated Discovery (DAVID) (http://david.abcc.ncifcrf.gv/). Gene ontologies, protein
domains, and pathways were also found. Since we only worked with depression, after the
functional annotation clustering there were a total of 150 GO terms clustered into 23 groups if the
stringency is medium. If the stringency is medium we get 13 clusters. Consequently, higher the
stringency, more enriched values. The enrichment analysis of GO categories consists of biological

process (BP), molecular function (MF), and cellular component (CC).

These terms were considered to be significant with P value less than 0.01 besides P value was
calculated by right-sided hyper geometric tests. And the top 5 pathways significantly involved in
GO terms were, long term synaptic depression, protein binding, postsynaptic membrane, glycine

N-acyltransferase activity and neurotransmitter receptor activity.
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Description Enrichment value Count P value

Membrane 2.98 45 3.3E-8
Plasma membrane 2.98 32 2.1E-6
Transmembrane helix 2.98 31 3.4E-4
Cell membrane 15.47 28 1.2E-7
Transmembrane region 2.98 27 2.9E-3
Glycoprotein 2.98 26 9.4E-4
Integral component of membrane 2.98 25 5.0E-2
Topological domain: Cytoplasmic 2.98 23 4.2E-4
Glycosylation site: N-linked 2.98 22 1.3E-2
(GlcNAc....)

Postsynaptic membrane 15.47 21 4.4E-24

Table 3 Functional annotation clustering and GO function enrichment analysis.

Here the GO description terms validate the predetermined clusters of genes. The count number
here represents the enrichment value of genes that validate stringency. Stringency signifies the
tight binding and exact number of cluster and number of genes in the cluster. Low stringency

causes mismatch between the nucleic acids.

Term Description Count P value
KEGG:04080 Neuroactive-ligand-receptor interaction 10 5.8E-5
KEGG:04020  Calcium signaling pathway 8 1.4E-4
KEGG:04024  cAMP signaling pathway 8 2.6E-4
KEGG:04724  Glutamatergic synapse 6 8.1E-4
KEGG:05030 Cocaine addiction 4 3.9E-3
KEGG:05031  Amphetamine addiction 4 8.9E-3
KEGG:04022  cGMP-PKG signaling pathway 5 2.2E-2
KEGG:04726 Serotonergic synapse 4 3.5E-2
KEGG:05016 Huntington's disease 5 3.5E-2
KEGG:04728 Dopaminergic synapse 4 5.0E-2
KEGG:04068 FoxO signaling pathway 4 5.6E-2
KEGG:04730 Long-term depression 3 5.8E-2
KEGG:04720 Long-term potentiation 3 6.8E-2

Table 4. The enriched KEGG pathway of depression. Term= Enriched term associated with gene

list; Count= Genes involved in the term; P value= the smaller the more enriched

22



Most of the proteins can be categorized into various functional clusters and thus they participate
in different biological actions of brain. Ontological analysis as functional clustering analysis
implies that those proteins were pointedly related to specific five GO terms, among them

transmission of nerve impulse is more enriched with depression.

Thirteen Significant KEGG pathways with a P value less than 0.05 associated with long term

depression were listed in Table 4.

Neuroactive ligand receptor has count number 10 meaning 10 genes are involved in this term and
it is enriched predominately by HRAS (Harvey rat sarcoma viral oncogene homolog), which
participates in 18 significant pathways and plays a role as psychiatric disease marker (Schwartz et
al., 2013). This ligand-receptor interaction also leads to mMTOR pathway which is a serine-
threonine kinase enzyme and underlying intracellular pathways (Kabir, Siam, Kabir, Khan, &
Rajib, 2017) .

Significant KEGG pathways for Calcium signaling pathway (KEGG: 04020) and Long-term
depression (KEGG: 04730) are shown.
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Figure 7. KEGG pathway map (04730) for Long Term Depression. This process comprises in
decreasing synaptic strength amongst parallel fiber (PF) and Purkinje cells (PCs). Multiple
signal transduction pathways are involved in this process (M Kanehisa & Goto, 2000; Minoru
Kanehisa, Furumichi, Tanabe, Sato, & Morishima, 2017; Minoru Kanehisa, Sato, Kawashima,
Furumichi, & Tanabe, 2016)
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Figure 8. KEGG pathway map (04020) for Calcium Signaling Pathway.The main source of
signal Ca?* is the Ca2+ that enters from outside. The entry is determined by a large
electrochemical gradient transversely the plasma membrane. The voltage channels are found on
cells that are being excited and therefore generate rapid Ca?* fluctuations. This cause’s rapid
increase in concentration in cytoplasmic membrane thus causes signal transduction (M Kanehisa
& Goto, 2000; Minoru Kanehisa et al., 2017, 2016).
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From table 5, we have seen that only two of the pathways are discussed here, one with the large
count number and another with least count number. This is to compare both the pathways and
their targets. We have selected 13 pathways just to add the Long Term Depression for
understanding the depression pathway better. Many pathways follow the 5SHTR pathway. For
instance, calcium signaling pathway initiate through GPCR (G protein coupled receptor)

followed by cAMP pathway and further proliferation of signaling neurotransmitters.

3.3 PPI network construction and hub genes identification:

In evolving biology, it is a challenge to disentangle how frequent genes are temporally stimulated
within networks so as to complete specific purposes and regulate developing fate diversity (Boone,
Bussey, & Andrews, 2007). These processes are regulated through complicated intracellular
signaling network (Arbeitman et al., 2002; Freeman, 2000). To extract suitable information from
the enormous data sets that are generated, an overall network map can be formed by organizing
the different inputs and outputs among genes contained by a network. The network map offers
testable extrapolations and new intuition into the gene program (Oliveri, Tu, & Davidson, 2008;
Stathopoulos & Levine, 2005).

The STRING database, a Search Tool to pre-compute global resource and evaluate protein—protein
interactions (PPI1) information (von Mering et al., 2003) was used to construct PPl networks. There
were 48 nodes and 48 edges based on STRING database (table 6). These hub proteins and the

associated PPI networks were shown in Figure 8.

Table 5: Summary of constructed PPl network

Number of nodes: 48 Avg. local clustering coefficient:
0.367

Number of edges: 48 Expected number of edges: 10

Average node degree: 2 PPI enrichment p-value: < 1.0e-16
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Figure 9. The constructed PPI network of depression, Nodes represent proteins, edges represent
interaction between proteins. Local clustering is the tendency of nodes clustering together, the
average value is .367 because lower transitivity. PPl enrichment value shows that nodes are not
random. Analysis for PPl network was performed using esyN (http://www.esyn.org/) (Bean et
al., 2014).

Besides signaling over the tyrosine kinase receptors (TRK A, TRK B, and TRK C), the developed
neurotrophins NGF, BDNF, and NT3/4 signal through their shared receptor p7SNTR. When NGF
binds to p75NTR triggers few downstream signaling actions controlling decease, persistence,
propagation, and axon creation, consistent with the cellular context. p75NTR receptor is deprived
of any enzymatic action, however enlists other proteins to its individual intracellular domain (Pang
etal., 2004). An individuality of p75NTR is the aptitude to bore the pro-neurotrophins, i.e. proNGF
and proBDNF (Teng et al., 2005). The biological exploit of neurotrophins is hence controlled by
proteolytic cleavage, with preforms favorably stimulating p75NTR, facilitating apoptosis, and

advanced forms initiating TRK receptors, to uphold survival (Matsumoto et al., 2008).
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Hub genes list is given further down. Here, proBDNF-p75NTR signaling facilitates LTD, long

term depression, in the hippocampus (Woo et al., 2005) (while BDNF-TRKB signaling promotes

LTP, long term potentiation).

Gene Full name Function Reference
TRK Tyrosine Kinase Receptor Neurotrophins receptors; regulates (Nakagawara,
growth and differentiation of Azar, Scavarda,
nerve cell & Brodeur, 1994)
BDNF Brain-Derived Neurotrophic ~ Neurotransmitter modulator; (Bathina & Das,
Factor participates in neural plasticity ~ 2015)
(important for learning and
memory)
CYP2B6 Cytochrome P450 2B6 Metabolize drugs including (Zanger & Klein,
ketamine, methadone in human  2013)
liver
POLG Polymerase gamma Encodes pol y and replicates (Stumpf, Saneto,
mitochondrial genome( mtDNA) & Copeland,
2013)
PICK1 Protein Interacting with C Only proteins containing PDZ and (L1, Zhang,

kinase

BAR domains that helps to controlWang, Shen, &

neurotransmitter trafficking

Table 6: Hub genes associated with long-term depression

Wang, 2016)

Above mentioned hub genes have multidirectional physiological activities in brain; can be used as

biomarkers and might diagnose depression.in a more effective way. PPI network gives us the total

indication about the hub genes and the interactions between the proteins and their enhancement.

A special connection of hub genes in the network is they represent the biological significance of

the PPI network. Hub nodes have more complex interactions with mental diseases than with other

proteins. In accordance, they also play a vital part in mental conditions. Consequently,

identification of the hub proteins may enrich the valuation of disorders advancement,

neurodevelopment status, and therapeutic tactics (Potter et al., 1985).
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3.4 Molecular Docking with established antidepressants drug

The aim of ligand-protein docking is to calculate the predominant binding type(s) of a ligand with
a protein of identified three-dimensional assembly. Effective docking methods practice a scoring
function that correctly ranks contestant dockings. Docking can also be used to accomplish
computer-generated screening on enormous collections of compounds, rank the results, and advise
structural hypotheses of inhibition of the target by the ligand (Morris & Lim-Wilby, 2008).
Docking is done in both flexible and rigid approaches. Flexible allows movement of molecule as
torsions are not fixed, however torsions are fixed in rigid docking (Siam, Hossain, Kabir, & Rajib,
2017) . From five different classes of antidepressants a total of 300 drugs and ligands from
different classes were chosen to dock with each protein which are more enriched. Drugs having

the best results are given.

Among all the 62 proteins, only the proteins that were overlapped within PPI network and KEGG
pathways are chosen, and docked with the established drugs. Most drugs did not give results as
expected because of the poor binding affinity. Best 5 drugs are here given in table along with
ketamine to compare the study for better therapeutic effects. Drugs which gave the best results are

tightly bound to the receptors and therefore more therapeutic value.
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Figure 10. 2D structure of the established drugs
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S/ Established Protein Protein Protei Protein Protein Protein Protein

No Drugs 1 2 3 4 5 6 7
i Sertraline -10.5 -10.2 -10.4 -10.1 -9.7 -9.9 -10.1
Carbamoyl
2 Norethindro -10.4 -8.9 -8.1 -10.3 10.2 -9.6 8.5
ne
3 Fluoxetine -9.7 -8.4 -8.4 -8.1 -7.6 8.2 -9.2
4 Dapoxetine -9.5 -9.2 -9.1 -8.4 -8.9 -8.4 -8.8
5  Aripirazole -9.3 -9.3 -8.5 9.1 9.1 -8.7 -8.1
6 Ketamine -1.2 -6.9 -6.3 -7.1 -6.2 -6.1 -5.4

Table 7. Best docking results of proteins with established antidepressants

Here,

e Protein 1- Glutamate Receptor lonotropic, delta 2

e Protein 2 - 5-hydroxytryptamine receptor 3A

e Protein 3 - Glutamate receptor ionotropic, NMDA 2B
e Protein 4 Dopamine Receptor, D2

e Protein 5 — Tachykinin Receptor Activity(TACR2)

e Protein 6 - Sodium-dependent serotonin transporter

e Protein 7- DNA polymerase subunit gamma-, y

The results from table 7, the drug Sertraline Carbamoyl-O-glucuronide showed the maximum
binding affinity with Glutamate Receptor lonotropic, delta 2 (-10.5), this binds with a signaling
receptor that further provides better therapeutic activity. This drug can also be a target choice for

therapeutic actions. Although with other proteins the affinity varies due to their bonding.
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(a) Glutamate receptor

ionotropic, delta 2 (b) 5 Hydroxytryptamine (c) Dopamine Receptor, D2
PDB ID- 5KC8 receptor, 3A PDB ID- 6CM4
PDB ID- 5HTR

.-

(f) DNA Polymerase
Subunit gamma 1
PDB ID- 3IKM

(d) Tackykinin Receptor (e) Sodium Dependent Seratonin
Activity Transporter
PDB ID- 4M48 PDB ID- 2KS9

(9): Glutamate receptor ionotropic, NMDA 2B
PDB ID- SEWL
Figure 11. Structures of seven selected proteins for docking are given from RCSB PDB
(www.rcsb.org) (H. M. Berman et al., 2000).
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Chapter Four

Discussion and Conclusion
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To diagnose depression or other psychiatric diseases there has always been lack of proper standard.
The phenotypic variability has always been a barrier. Bioinformatics has overcome this situation
with tools to identify their signaling pathway and explore the biomarkers in the field of
neuropsychiatry and drug abuse (Stahl, 1998). The neurobiology underlying this melancholy has
not well-known, but is understood to result from molecular and cellular aberrations that interrelate
with genetic and environmental factors (Zhao et al., 2016). As an advanced tool bioinformatics has
helped to explore the proteins in different progression level. We collect information about proteins
from enriched databases where even the tiniest information is conserved. The work here is to

provide new insights in diagnosis of depression and underlying mechanism of it.

In our study, we have total 62 proteins associated with depression and we have screened them and
done functional annotation analysis to identify the GO terms. The GO terms are the result of
ontological studies representing the clusters and their connection of enrichment of the gene.
Among the most five GO terms two most important was transmission of nerve impulse and neural
projection (Cook-Snyder, Jones, & Reijmers, 2015). These proteins also involved in mental and

cellular processes of brain.

Over the exploration of the KEGG pathway thirteen significant pathways are found. They are also
two types’ neural pathways and cancer pathways. The neural signal transduction pathway contains
neuro active ligand-receptor inter-action pathway which is the most important and also smeared
into depression assessment and model analysis. It may alter the pathological condition of disease
(Adkins et al., 2012; Kong et al., 2015).
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Figure 12. Chronic anti-depressants pathways OF 5HT (SSRI) (Ronald S. Duman, Li, Liu, Duric,
& Aghajanian, 2012)

The above pathways are regulated by chronic anti-depressants pathways. 5-hydroxytryptamine (5-
HT) is a typical selective serotonin reuptake inhibitors antibiotic which block monoamine reuptake
with the help of 5-HT transporter (SERT). It leads to G protein-coupled receptors (postsynaptic)
regulation also includes cAMP protein kinase A pathway (R. S. Duman et al., 1997; Krishnan &
Nestler, 2008). This process excites the neurons via inotropic receptors as AMPA and NMDA

following depolarization and rapid intracellular signaling (Ronald S. Duman & Monteggia, 2006).

With DAVID database we have done functional annotation clustering and found 150 GO terms.
Besides, from KEGG pathway we have got 13 significant pathways. According to our reference
paper®! they chose 10 significant pathways, we chosel3 to include the long term depression
pathway which is also significant and many anti-depressants follow that pathway. After the
common pathways have been selected, we chose proteins that were expressed in those pathways

to dock with 300 random drugs from 5 classes of anti-depressants.

Docking results are focused to comprehend whether the drug is sufficient for activating the

signaling pathways. Sertraline Carbamoyl-O-glucuronide showed highest binding affinity (table
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7) to glutamate receptor, that specify sufficient binding for activating cascade reaction followed
by GPCR and cAMP pathway succeeding Ca?* fluctuation (figure 8), neurotransmitters releasing
to the brain. From the data all proteins are highly expressed in the brain, so the drugs following
the pathways are more inclined to bind with target receptors. When the proteins cannot convey
suitably, the binding affinity tend to be poor between the drugs and proteins and become

nonfunctional. Moreover, the proteins can be targeted for discovering better antidepressants.

One more view of this study shows the effects of ketamine as anti-depressants (Hijazi & Boulieu,
2002). From the result we have seen ketamine is docked against proteins but having very low
binding affinity (table 7). the noncompetitive NMDA receptor blocker ketamine provides
significant improvement to patients suffering from depression nevertheless its mechanistic
pathways are not wholly understood (Kostandy Shenoda, 2014). Ketamine is unigue in providing

acute response in depressed patients (Dowben, Grant, & Keltner, 2013).

Current clinical studies provide new experimental medications where address limitations of many
anti-depressants (Willner, 2005). Specifically, ketamine which has a low dose of NMDA receptor
antagonist produce a prompt antidepressant response within hours (R. M. Berman et al., 2000;
Zarate, Singh, & Manji, 2006), ketamine provide rapid action to the patients who are resistant to

two or more typical antidepressants (Trivedi et al., 2006)
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Conclusion

To Comprehend the biology of depression is an inspiring scientific delinquent with massive
clinical and sociological consequence. The innovation of antidepressant medications and the
exploration of their appliance of action has reformed our indulgent of neuronal functioning and
the likely appliances underlying depression. This paper studied depression associated proteins
from the appraised database to comprehend the molecular mechanisms of the disease by different
bioinformatics methods (Gene Ontology, KEGG, and Protein-protein Interaction Network
analysis). The paper suggested that drugs like Sertraline Carbamoyl-O-glucuronide,
norethindrone, which targets the depression associated signaling receptor, can be proved to be
used as antipsychotic drug for better therapeutic action. In addition to that the hub proteins TRK,
BDNF, CYP2B6, POLG, PICK1 have potential and can be targeted as biomarkers for the

diagnosis and treatment of psychiatric disease.

Building on these findings, studies could be designed to target and examine the protein clusters
commonly associated with depression, it’s associated genes, and cross-references to understand
psychiatric disease i.e. depression and its transduction targets to design functional biomarkers for

early diagnosis.
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