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CHAPTER 1

Introduction

A healthy human brain consists of 86 billion neurons. The points of junction where these neurons
communicate are termed as synapses[1]. Synapses transmit information from post-synaptic neuron to
pre-synaptic neuron in the form of neurotransmitters. Effectual communication can be achieved by
neurons through strengthening the molecular structure of synapses [2]. In normal brain, aging leads
to weakening of synapses by down regulating the speed of connection within neurons and
compromises with memory, decision making skills of an individual. However, in Alzheimer’s

functioning of neurons can be lost.

Alzheimer’s Disease (AD)

AD is a neurodegenerative disorder which impairs memory of an individual and is a protein
conformational disease (PCD) caused due to abnormal folding of soluble proteins present in the
brain [3], [4]. AD is marked by the presence of amyloid-beta plaques and neurofibrillary tangles in
the medial temporal lobe of the brain [5]

History

AD was first reported by Alois Alzheimer while working on a patient named Auguste Deter in
Mental Hospital of Frankfurt. Following her death, brain biopsy was conducted in order to identify
the relation between the records maintained in successive 4 years and her symptoms. He discovered
that the part of the brain which controls thinking, memory, judgment, language was severely
damaged. Formation of senile plaques and tangles were observed in neurons and nerve fibers. While
presenting in the conference of southwestern Germany, he reported the results of the brain biopsy
and symptoms. A local neurological symptom, delusion hallucinations were among the patient

symptoms [6]. In this way AD was discovered.
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Fig 1: Sample of Auguste Deter brain showing Amyloid plaques (a, b) and neurofibrillary tangles (c)

in cerebral cortex [7]

SYMPTOMS

Loss of Memory

Recognition problems

Difficulty in reading, writing and speaking
Behavioral changes

Confusion of time and place

Irritability [7]

cnnsitm of  irritability  difficultly solving
time and place simple tasks

Fig 2: Symptoms of AD
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Clinical Phases of Alzheimer’s disease

Phase 1:

Patients appear to be normal and no memory loss occurs at this stage

Phase 2:

In this stage patients tend to forget the places where the objects have been kept and may forget the
names of people

Phase 3:

Patient may find difficulty in reading or might get lost

Phase 4:

Patients tend to forget about the events in their own life and face difficulty in performing any
complicated task

Phase S:

In this phase patient needs a helping hand in order to survive. They may face difficulty in giving
correct responses when asked about their phone number, names of their grandchildren or the place of
their graduation.

Phase 6:

This phase is the middle stage of dementia. Patients at this stage face difficulty in recognizing their
own family members and require constant guidance.

Phase 7:

This is the phase of late dementia. At this stage, patients lose their ability to speak and only mumble.

They also require assistance in eating and for toileting. [§]

Statistics of AD across the world

It has been estimated that the percentage of population suffering from dementia will increase from
57.4 million (in 2019) to 152.8 million (in 2050). According to the reports of 2019, it was found that

more women were suffering from dementia than men[9]
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Tablel: This graph represents the expected increase in the number of cases from 2019-2050. In
2019, the number of cases around the globe was 57.4 million and it is expected to increase to 83.2

million by 2030, to 116 million by 2040 and 152.8 million by 2050 [9]

On comparison across different regions across the world, the smallest anticipated increase was in
high-income Asia Pacific and Western Europe where as the biggest approximate escalation were in

North-Africa and Middle east and eastern Sub-Saharan Africa [9].
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Table 2: It represents the expected increase in number of cases of dementia across different regions

of the world
Role of Single nucleotide Polymorphisms (SNPs) in AD

It has been found that SNPs play a key role in variety of human diseases such as autoimmunity,

diabetes and AD [10]
SNP

SNP may be defined as substitution of a single base-pair occurring within the coding or non-coding
part of the gene. SNPs within the gene can give rise to more than one forms of allelic RNA. The
interactions of mRNAs with different bases at SNP locations with cellular components involved in
the synthesis , maturation, transport, translation, of mRNA may differ.[11]. It has been found that the
SNP frequency differ for coding and non-coding sequences. On comparison of two chromosomes, 3-
50 SNPs were found per 10 kilobases. [12]. SNP can be present in either the coding part or the non-
coding part of the gene. SNPs within the coding region can further be classified into: Synonymous
SNP (sSNP) and non-synonymous SNP (nsSNP). sSNP do not affect the sequence of amino acid,

however may affect the rate of translation, alternative splicing and stability of m-RNA. nsSNP may

13




lead to change in the sequence of amino acid hence altering the structure and function of protein,
thereby interfering with various processes. The SNPs within the non-coding region may affect
various biological procedures. [13]. SNPs within the genes can affect the structure and function of
protein and can lead to Alzheimer’s. To identify the deleterious SNP that can probably lead to
Alzheimer’s various computational tools can be used on the basis of sequence and structure of the
gene responsible for AD. Data can be retrieved from dbSNP for SNP of a particular gene. Screening
through various sequence and structure-based tools is carried out. In this study, SERPINII gene was

taken in order to assess the effect of SNPs using computational tools.

SNP

NON-

SYNONYMOUS SNYNOYMOUS

AFFECT THE
STRUCTURE AND
FUNCTION OF
PROTEIN

DONOT AFFECT

THE FUNCTION OF
PROTEIN

Fig 3: Types of SNP

SERPINI 1 GENE

It is found in nervous system and is a serine protease inhibitor [14]. SERPINII gene is located on
chromosome 3 constituting of nine exons and encodes for a 410 amino acid protein termed as
Neuroserpin with molar —mass of 45 kDa [15] [16] [17]. Neuroserpin has a conserved serpin fold
which consists of 33-sheets and 9a-helices [18] and has a exposed reactive centre loop which
follows the process of suicide substrate inhibition [19]. This gene interacts with tissue- type
plasminogen activator and has an inhibitory effect on it. This gene plays an important role in
regulating how two neurons interact with each other, thus allowing the use and disuse of the neurons

thereby increasing the strength of the neurons[20]
SERPINI1 gene and AD

14




The interaction of Neuroserpin with amyloid-beta plaque changes its confirmation to a less toxic

form and hence reduces its toxicity.

\ 12 24
3 D,

40 30

b D,

40

Fig 4: On binding of Neuroserpin (In gray) the confirmation of amyloid-beta plaque changes and is

converted to a less toxic form[21]
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OBJECTIVES

To identify the deleterious SNPs using sequence and structure-based tools
To carry out molecular dynamic simulation of the deleterious SNPs obtained
To carry out molecular docking of Neuroserpin and Ascorbic acid

To study the effect of ascorbic acid on animal cell-lines
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CHAPTER 2

REVIEW OF LITERATURE

17

Alzheimer’s Disease (AD)

AD 1is a neurodegenerative disease that affects the brain. Dementia is a term that describes the
development and progression of cognitive and functional deterioration that occurs with age and
eventually leads to death [22]. Senile plaques and neurofibrillary tangles appear to be the key
neuropathological hallmarks of AD [23].

Hallmarks of AD
Amyloid-beta (AB) plaques

AP plaques is an insoluble protein (4KDa) formed by the cleavage of amyloid precursor protein
(APP). The processing of APP is carried by two different pathways i.e. amyloidogenic (cleavage by
[B-secretase) and non-amyloidogenic (cleavage by a-secretase). The formation of AP is carried out by
two membrane bound enzymes: B-secretase and y-secretase. Upon cleavage by B-secretase, two
fragments are generated sAPPP and CTF, (a 99 amino-acid membrane anchored protein) which is
then rapidly cleaved by y-secretase to produce Af. It has been found that 80-90% of AP population
consist of 40 amino acid fragments i.e. AB40 and 5-10% population consist of 42 amino acid
fragments i.e. AP42. AP42 is the key component deposited in the brain of AD patients and is
hydrophobic and fibrillogenic in nature [24]. B-secretase which processes 10% of APP is thought to
be pace limiting step in this pathway. The remaining APP is cleaved by a-secretase leading to
production of 2 fragments sAPPa and a 83 amino-acid CTF a(Membrane tethered o terminal
fragment).The cleavage of CTF by y-secretase leads to the production of a cytosolic component

AICD which is involved in signal-transduction.[25] [26]
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Fig 5: Mechanism for formation of amyloid-beta plaques

Enzymes responsible for Ap degradation

Neprilysin: A plasma- membrane anchored metalloprotease involved in breakdown of peptides.[27]

Insulin degrading enzyme (IDE): It leads to degradation of amyloid-beta plaques[28].
AP Toxicity
The aggregation of AP is the major cause of neurotoxicity and AP oligomers are most potent form

and contribute to AD

Consequences of Af toxicity
Free radical formation: The interaction of reactive oxygen species (ROS) with lipids and protein
moieties can lead to oxidation of proteins and peroxidation of lipids which compromises with the
integrity of the membrane and reduces the activity of enzymes such as glutamine synthetase (GS)
and creatine kinase (CK), which are important for neuronal activity.
[29]. Peroxidation of lipids can lead to suppression of ion-motive ATPase, glial cell Na+ dependent
glutamate and signaling pathway disruption which can lead to death of neurons[30] [31] .
Aggregation of AP leads to oxidation of DNA, thus leading to its damage[32]
Loss of synapses by activation of innate immune system:
Aggregation of amyloid plaques can lead to activation of Toll-like receptors such as TLR6, TLR4
which are likely to phagocytose the neuronal cells. Also an inflammatory response is produced
which prevents the clearance of amyloid-beta by microglial cells and thus leading to loss of synapses

and neuronal death.[33] [34].
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3) Pathogenesis of tau

Formation of Neurofibrillary tangles leads to induction of tau protein which are hyper

phosphorylated and has an impact on late stage AD-pathogenesis.[35].
Neurofibrillary Tangles (NFTs)

NFTs are key neuropathological feature of Alzheimer’s disease. The loss of cytoskeleton
microtubules and tubulin associated proteins has been seen in NFT-bearing neurons. The tau proteins
is hyperphosphorylated in the brains of AD patients[36]. Hyperphosphorylation of specific amino
acids in tau protein leads to detachment of proteins from microtubules in patients with AD disrupting
the transport structure and resulting in cell death. Thus hyperphosphorylated tau plays a key role in

neurofibrillary alterations and the etiology of Alzheimer’s disease [37].

Tau Pathology

Tau protein is encoded by MAPT gene which comprises of an N-terminal region, proline -rich
domain, a microtubule-binding domain and a C-terminal. In human brain, six primary tau isoforms
are produced through alternate splicing [38] [39]. Tau is a microtubule-associated protein which
binds to the surface of microtubule via microtubule binding domain (MBD) and regulates the
morphology of microtubules and axoplasmic flow [40] [41]. Hyperphosphorylation prevents the
association of tau proteins with the microtubules leading to self-agglomeration of tau proteins and
instability of microtubules causing neuronal degeneration [42]. Phosphorylation in AD patients can
be carried out by various protein kinases such as proline-directed protein kinases (PDPKSs), non-
PDPKSs and tyrosine kinases which include Src family kinases (SFKs), FYN and ABL family kinases
[43] [42]. Phosphatases such as phosphatasel (PP1), PP2, PP2A, PP2B can cause
hyperphosphorylation by repression of these phosphatases.[42]. It has also been found that AP can
mediate the tau toxicity by guiding toxic tau species to dendritic spines resulting in deterioration of
dendrites and disintegration of spines [44] [45]. Mitigation of tau proteins at serine/ threonine
residues can be carried out by [-N-acetylglucosamine (GIcNAc) which is termed as O-
GlcNAcylation [46]- [47]. In AD patients, Tau O-GIlcNAcylation was lowered which lead to
increased tau hyperphosphorylation[48]. The metabolism of glucose provides Uridine diphosphate
(UDP)-GlcNAc for O-GlcNAcylation, thus any damage in glucose metabolism can lead to reduction
in level of tau O-GlcNAcylation and facilitating tau hyperphosphorylation which leads to formation
of neurofibrillary tangles [49] [50].
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Fig 6: Schematic representation of causes of tau hyperphosphorylation and its consequence

Genetics of AD

It has been found that mutations in three genes i.e., Amyloid precursor protein (APP), Presenilinl
(PSEN1) and Presenilin 2 (PSEN2) can lead to Familial AD which is dominantly inherited and
accounts for less than 5% of AD. The late-onset AD is caused due to mutations in the

Apolipoprotein E (APOE) gene [51].

Genetics of Early-onset AD

APP gene

APP gene is located on chromosome 21. It exists in three major isoforms which includes APP695,
APP751, and APP770. The isoform APP695 is present in the central nervous system (CNS)
whereas the two other major isoforms are found both in peripheral and CNS [52] [53]. This gene is
often involved in maintaining the formation of synapses and neuronal plasticity [54]. The synthesis
of APP protein occurs in the Endoplasmic reticulum and is modified post-transcriptionally in the
Golgi body which is then transported to the surface of cell by means of secretory pathway [55].
APP processing

APP processing occurs via two major pathways: amyloidogenic and non-amyloidogenic.
Amyloidogenic pathway involves the cleavage of APP by a-secretase and y-secretase leading to the
formation of non-pathogenic fragments, (sAPPa and a C-terminal fragment). In non-amyloidogenic

pathway, APP is processed via two enzymes [-secretase and y-secretase leading to production of
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AP fragments of varying length [56] . AP fragment of length 40 amino-acids are largely innocuous
whereas AP fragments of length 42 and 43 amino-acids are self-aggregating in nature and are found
to be highly toxic [57]. AP40 is the most prevalent species formed in the amyloidogenic pathway in
normal conditions with AB42 accounting barely for 10% of total Ap.

Mutations In APP gene and its role in AD
Alternative splicing of 18 exons of APP gene leads to production of proteins of varying length with
AP peptide encoded by 16 and 17" exon. Till now, 26 harmful mutations have been discovered

which are present within the AP sequence or regions surrounding it [58].

Mutations
APP duplication APP missense mutation
Domain ——
Entire sequence N -terminal AP sequence C-terminal
No. of mutations ————
26 (50%) 1 (1.‘9%} 11(21.2%) 14 ( 26.9%)

Fig 7: This figure represents the total number of pathogenic mutations within the APP gene

Mutations can occur either in N-terminal region within the B-secretase cleavage site, in C-terminal
region near to y-secretase cleavage site and near the e-secretase cleavage site, or within the A}

domain the cleavage site for a-secretase [59].
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[59].

Mutations in N-terminal region

Mutations occurs within the codon 670 and 671 located on exon 16 of APP gene lead to substitution
of lysine-to-asparagine in codon 670 and methionine to leucine on codon 671. These mutations led
to increase in the levels of AB42 and AB40 species [60].

Mutations in AB-domain

Mutations within this domain can compromise with the activity of a-secretase and hydrophobic
character of AP species increases, thus favoring the formation of amyloid fibrils. Various harmful
mutations have been reported in this region where in the formation of amyloid fibril is favored [61].
Mutations in C-terminal

Mutations within this region can lead to formation of AP species of longer length mainly Ap42
which is facilitated more towards aggregation. Mutations occur at various codons such as codon 717,
723,724 and so on. These mutations affect the activity of the various secretases present within that
regions [62].

These mutations led to increase in the level of AB42 species prone to aggregation and are the

hallmarks of properties associated with AD which includes neuronal death, formation of tangles.
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Presenilinl gene (PSEN1)

The PSENTI gene is present on chromosome 14 and encodes for presenilin 1 protein and is involved
in break-down of amyloid 3 precursor[63]. The presenilin 1 protein formed complexes with the y-
secretase and carries out the proteolysis of the proteins wherein the presenilin 1 is often called the
proteolytic subunit of y-secretase. The complex formed leads to breakdown of APP into small
peptides which includes sAPP and various other varied length amyloid-beta precursor [64].
Mutations in PSEN1 gene

Mutations within the PSEN1 gene leads to production of amyloid species of longer lengths (Ap42)
[65]. Around 176 mutations have been discovered within the PSEN 1 gene which decreases the
activity of y-secretase and increases the AB42/ AB40 ratio [66]. Mutations such as N135S in the
PSENT gene have been associated with loss of memory , Notch signaling and other
neurodegenerative changes which lead to AD [67] . PSENI gene is often mutated among the three

genes responsible for dominant pattern and occurs at a young age i.e. within 30-50 years [68].

Presenilin2 gene (PSEN2)

This gene is located on chromosome 1,consisting of 17 exons and encodes for presenilin2 protein
composed of 448 amino-acids and shares sequence homology with PSEN1 gene[68]. The protein
formed consists of nine-transmembrane domains. However, it differs from PSEN1 at N-terminal and
the hydrophilic loop where in the hydrophobic region is highly conserved [69]. This gene also
complexes with the y-secretase and is responsible for proteolysis of A [71].

Function:

It complexes with y-secretase and is responsible for breakdown of APP to produce varying lengths
of AP. Mutations within the PSEN2 gene can increase the activity of y-secretase and thus increased
production of aggregated AP42. Also mutations in PSEN2 gene can lead to apoptosis [70].
Mutations in PSEN2 gene

A point mutation was identified in PSEN2 gene which lead to substitution of asparagine to
isoleucine. These mutations were associated with increase in the level of AB42 production and
initiated the events for AD [72]. Probable damaging mutations in PSEN 2 gene discovered are
A85V, T122P/R, K155Efx10,N1411, M239V/I, T430M [73].

Genetics of Late-onset AD




Most of the AD cases develop later in life at an age of more than 65 years and is termed as Late-
onset AD (LOAD). ApolipoproteinE (ApoE) acts as a strongest genetic factor for LOAD [74].

ApoE

Apolipoprotein is made of 299 amino acids with a molecular mass of 34 kDa. ApoE exists in three
isoforms: ApoE3, ApoE2, ApoE4. ApoE3 is the most usual form and differs from other two
isoforms by single amino acid change at position 112 (for ApoE2) and 158 (for ApoE4). The allelic
form E4 is often involved in development of AD [75]. The difference in the single positions of
amino acids in these allelic forms affects the structure in such a way that their binding ability to

lipids, receptors and A is modified [76] [13].

Isoforms
E4 E3 E2
Disorders associated ——
Alzheimer's Normal Type Il Hyperlipoproteinemia

Fig 9: This figure represents the isoforms of lipoprotein and its associated disorders

Functions
It is often involved in transport of lipids and is produced by liver and macrophages. Within the CNS
it is often involved in transport of cholesterol with the help of ApoE receptors to neurons [77] [78].
The ApoE is often involved in transport of lipids and is produced at higher concentration in response
to injury of nerves and plays an important role in regeneration of neurons by distributing lipids to
injured neurons [79].

ApoE4 in AD
The allelic form of apolipoprotein E4 is often involved in the pathogenesis of AD. In the aetiology of
AD, ApoE4 confers harmful effects on neuronal activity.
Consequences of formation of allelic form E4 of Apolipoprotein

1) Hyperphosphorylated tau
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The truncated form of ApoE4 produced in response to any stress or injury may lead to
phosphorylation of tau which is neuron dependent and leads to development of neurofibrillary
tangles, disruption of cytoskeleton, and impaired functioning of mitochondria [80].

Abnormal lipid metabolism

Cholesterol is important for formation of synapses, growth of axon, a key event necessary for
formation of memory, repair of neurons and learning. ApoE4 carriers may have difficulty in
transporting cholesterol thus disrupting the homeostasis of cholesterol and can lead to AD [81] [74].
Impaired Synaptic plasticity and integrity of spines

The ApoE4 allele contributes to decrease spine density within the hippocampus, thus might affect
the integrity of neurons and can increase the risk for dementia. Individuals carrying ApoE4 allele
may have impaired functioning of glutamate receptor and trafficking as well as signaling thus may
compromise the functions of learning [82].

In this way mutations within any of these genes can increase the risk to AD.

SNP (Single Nucleotide Polymorphism)

Difference in a single genetic code is termed as Single Nucleotide Polymorphism. A point mutation
is considered to be SNP if it occurs in more than 1 percent population[83]. Nearly 10 million SNPs
are found in the human genome and occur within the DNA contained in the genes. Due to their wide
spread frequency, accessibility of analysis, inexpensive genotyping costs and ability to conduct
association studies using statistical and bioinformatics techniques, SNPs are regarded as an
important biomarkers for illness diagnosis [84]. Sequencing the same genomic area in various

groups identifies and characterizes SNPs.

[ccaaTccaTccgecaa |

A\ 4

GCAATCAATCGCAA

A 4

IGCAATCCATCGCAAI

Fig 10: Schematic representation of SNP
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SNP classification

SNPs can be found in the gene’s coding sequence, non-coding section or within the gene (Intergenic
region). SNPs within the coding part are further classified into synonymous and non-synonymous
SNPs. Synonymous SNPs have no effect on sequence of amino acid or on the function of protein.
Non-synonymous SNPs are further classified into missense and nonsense. For a missense SNP,
change in single nucleotide can lead to production of different amino acid hence affecting the
function of protein whereas nonsense SNP may be defined as premature termination by stop codon
which produces a non-functional protein. SNPs within the coding region of the gene can lead to

degradation of m-RNA, may influence gene splicing[85].

N ON-SENSE

MISSENSE
NON-
< SYNONYMOUS

SYNONYMOUS

Fig 11: SNP classification

Impact of mutations on structure and functions of gene
SNPs occur after every 100-300 base-pairs and can affect the structure and function of protein.

Mutations can affect the expression of gene on the basis of their location.

Table 3: This table represents the location and effect of mutations [86]
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Location Effect
Transcriptionally regulatory elements Alter the expression of m-RNA
Within genes Affect RNA-splicing, translation,
stability




27

Within the coding region

Modification in the activity of protein

Premature termination

Can lead to formation of truncated

protein and may lead to nonsense

phenotype

SERPINI1 GENE

Over 550 genes in human genome encode for proteases, while 150 code for protease inhibitor [87].
coding genes have been found in humans and classified into nine subfamilies i.e.

SERPINA, SERPINC, SERPINB, SERPINI [88] [15]. SERPNI1 gene belongs to a family of

protease inhibitor which encodes for Neuroserpin and is involved in repression of tissue-type
plasminogen activator (tPa) [14]. The protein formed is axonally secreted. It plays an important role
in neuronal development and growth of axons. Presence of mutant polymers of Neuroserpin, can
result in familial encephalopathy and epilepsy due to mutation in SERPINI1 gene and is expressed in
brain on long arm of chromosome 3 with an exon count of 9 (3q26.1) and encodes for a protein

having length of 410 amino acids and molar mass of 46,427 Da[89] [90]
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Fig 12: Sequence of Neuroserpin[56]

Structure of Neuroserpin

Monomers of human Neuroserpin can exist in three different confirmations i.e., native, latent or

cleaved.

1) Native Neuroserpin
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2) Cleaved Neuroserpin

3) Latent Neuroserpin

Native Neuroserpin

Neuroserpin has a serpin fold which consists of three 3-sheets, nine a-helices and RCL. In order for
the substrate to bind, native Neuroserpin has an omega-loop connecting 1 and 2 strands in - sheet
with glycine residues present at 231,236 and 237 positions of the protein. The presence of the
glycine residues at these positions provides flexibility to the molecule which is important for
substrate binding. The amino acid substitutions at specific base pairs in helix F and strand 1 of -
sheet decreases the firmness of helix F allowing it to fold into latent confirmation [91] [92]. Changes

in the F region may affect the inhibitory activity and may lead to polymerization[93].

Cleaved Neuroserpin

In cleaved Neuroserpin, the RCL integrates in B-sheet A and forms a six-stranded B-sheet wherein
the RCL remains exposed. The C-terminal portion within the RCL is equilibrated by interaction with
B-sheet A [94] [18].

Latent Neuroserpin
The structure is found to be similar to that of PAI-1 (Plasminogen activator inhibitorl) which

consists of RCL present within the B-sheet A and the shift to this structure is an auto-regulated [95]
[60].

Fig 13: Structure of Neuroserpin (Q99574) [56]
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Inhibitory role of Neuroserpin

On studying Neuroserpin it was discovered that it acts as an inhibitor of trypsin-like proteases [14].
Due to presence of arginine and methionine within the P1 and P1’° regions of RCL it was believed
that it would target serine-like proteases and was found that upon complex formation with tPA it
leads to inhibition of tPA and other serine-like proteases[97] [98] [99]. tPA contributes to
degeneration of neurons and can lead to injury by the modulation of permeability of neurovascular
section and its level decreases with increased level of Neuroserpin. It was found that upon

administering Neuroserpin proliferation of cells, plasticity was affected [100] [101] [102].

Mechanisms by which tPA may lead to neuronal death

Breakdown of extracellular matrix by the action of plasmin [103] [104] [105]

Increase in the concentration of Calcium within the cells can lead to death of neurons via the NMDA
receptor [106] [107]

Affecting the signaling pathway through LRP receptor [103].

SERPINI1 Gene and AD

It has been found that Neuroserpin can interact with Ap. It combines in the stoichiometric ratio of
1:1 to form AB: Neuroserpin complex. Af interacts with p—sheet A of Neuroserpin and a complex
is formed which is unable to inhibit tPA. Interaction of Neuroserpin with A} occurs via N-terminal
fragments and middle parts of Af. Upon Ap-interaction Neuroserpin leads to change in structure of
toxic amyloid Peta to less toxic form. It has been found that once the inhibition of tPA has been
blocked, tPA may lead to activation of plasmin via plasminogen and plasmin is involved in
breakdown of pro-BDNF to m-BDNF thus playing important role in synaptic plasticity[21].
However increase in concentration of Neuroserpin may reduce the levels of plasmin and thus
reduces the clearance of Neuroserpin-Af complex despite of its role in protecting the CNS by

forming complex with AB [108].
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Fig 15: On binding of Neuroserpin to AP the complex formed is resistant to plasmin action hence

reducing the clearance of this complex (A) whereas when Neuroserpin complexes with plasmin it does

not allow the action of plasmin to remove Af} plaques(B) [109].

These hypotheses led to involvement of Neuroserpin in AD
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Ascorbic acid

Ascorbic acid is also known as Vitamin C. It is an electron-donating molecule which is produced
by several kinds excluding fishes, birds and higher order primates. Inactive form of i-gulonolactone
oxidase developed due to mutations or deletions makes it difficult for these species to synthesize ascorbic

acid and in turn have to depend on their diet in order to get Vitamin C [110].

Functions of Vitamin C

» Acts as a cofactor

* Acts as an antioxidant thereby
preventing impairment caused
by free radicals

* Involved in Iron absorption
¢ Involved in healing of wounds

FUIlCtiOIlS * Also acts as water-soluble

reducing agent

* Regulates various oxidases such
as NADPH oxidases

* It is also invloed in synthesis of
neurotransmitter

Fig 16: This figure represents the biological functions of Ascorbic acid [111]

Ascorbic acid Inadequacy
Inadequacy of this Vitamin can lead to difficulty in healing of wounds, degeneration of muscles, scurvy,

anemia, development of cholesterol plaques , depression, delicate bones [112].

Vitamin C and AD

AP accumulation can induce oxidative stress and leads to formation of reactive oxygen species
(ROS). Oxidative stress leads to increase in the activity of B-secretase thus leads to formation of A
peptide and compromises with the synaptic plasticity [113]. Metals are also involved in affecting the

morphology of AP. Ascorbic acid provides protection from oxidative stress as it acts as an anti-oxidant
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which in turn is responsible for generation of other anti-oxidants such as catalase and vitamin E [114]. It
was found that amount of Ascorbic acid was decreased in the AD patients having mutations in
APP/PSENI gene and thus decreasing the transport of Vitamin C across the brain[115]. Administration
of Ascorbic acid reduced the symptoms of AD such as amyloid plaques reduction, which in turn lead to
reduction of blood-brain barrier disarrangement and halting of unusual mitochondrial morphology thus

reducing the risk of AD [116].

Mtt assay

This assay was first reported by Mosmann. It is a calorimetric assay used to measure the viability of cell,
its proliferation and loss of viable cells. It is based on the principle that the yellow-colored tetrazolium
salt (3-(4,5-deimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) often called as MTT is reduced to
purple colored formazan by the cells which are metabolically active thus leading to differentiation
between viable and non-viable cells. The NADPH-dependent oxidoreductase enzymes are responsible for
this reduction. The quantification can be carried out by taking the absorbance at 500-600nm with the help

of spectrophotometer. Dark colored solution represents higher viable and active cells

NADPH-
dependent
oxidoreductase

MTT Formazan
(Yellow colored) {purple colored)

Figl7: MTT reaction
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METHODOLOGY

3.1 Data Retrieval

Data for SNPs was collected from dbSNP (https://www.ncbi.nlm.nih.gov/snp). National centre of
Biotechnology Information created the dbSNP database in order to address the large-scale sampling
design, for mapping of genes and evolutionary biology [117]. Data for SNP was collected from
dbSNP in order to screen those mutations. For SERPINII gene, a total of 33,072 SNPs was found
out of which 337 missense SNPs were taken for further screening.[75]. The sequence of this gene

was obtained from UniProt with UniProt ID Q99574. Structure was retrieved from Protein Data

bank (PDB)

dbSNP
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Fig 18: 337 missense SNPs were obtained from dbSNP database
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3.2 Deleterious SNP identification using Sequence Based Tools

The changes in amino acid sequence and structure of protein were detected using various sequence-
based tools such as PROVEAN, PANTHER, Poly-Phen2, Meta-SNP, PredictSNP1, SusPect, PMut,
SNAP2, SNPs&GO.

PROVEAN (http://provean.jcvi.org/index.php)

Protein Variation Effect Analyzer is a tool that predicts if change in the sequence of amino acid has
any effect on the protein function. PROVEAN is a novel tool that uses alignment-based scoring
technique.[119]. PROVEAN can predict substitutions in single as well as multiple amino acids by
using similar-scoring technique. It collects information about homologous sequences from NCBI and
an alignment score is designated to both query and mutant and a score is specified which is the
difference between the mean alignment score for query and mutant protein. The SNPs in this tool is
categorized as deleterious and neutral. The threshold value was set to be -2.5 in which variants

having a score of -2.5 or less -2.5 were considered to be deleterious [120].

PANTHER (http://www.pantherdb.org/tools)
Protein Analysis Through Evolutionary Relationship. PANTHER usually works on the principle of

how long an amino acid has been preserved in a lineage which leads to formation of protein. More
the time of preservation more chances of functional impact on the protein. This mode of
determination is known as PANTHER-PSEP (position-specific evolutionary preservation).
PANTHER-PSEP plays an important role in identification of SNPs involved in genetic variation
which can lead to human disease[121]. Using curated databases of the protein families, PANTHER
identifies the function of the proteins, a product of a gene[122]. PANTHER often asses the function
of protein using an evolutionary model which predicts the consequences of genetic diversity. [123].
PANTHER currently consist of trees of 5000 protein families which is further classified into 30000
[124].

PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/)

It predicts the effect of amino acid substitutions on the functioning and structure of protein. The
identification of probably damaging SNPs are characterized on basis of sequence number, phylogeny

and structural features which characterize the substitutions [125]
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Meta-SNP (http://snps.biofold.org/meta-snp)

Meta-predictor of Disease-causing variants. Meta-SNP requires an input of protein which can either
be FASTA format or the sequence of protein. It also requires the list of mutations which are
separated by commas. Scoring System can be classified as:

For PANTHER: If the score is greater than 0.5 the mutation is predicted to be deleterious

For PhD-SNP: If the score is greater than 0.5, the mutation is found to be deleterious

For SIFT: A positive value with a score greater than 0.05, the mutation is found to be neutral

For SNAP: The score greater than 0.5 is found to have deleterious effect and leads to diseased
condition

Meta-SNP: If the score is greater than 0.5 it is predicted to have deleterious effect [126]

Predict SNP1 (http://loschmidt.chemi.muni.cz/predictsnp)

Predict SNP runs multiple programs used to identify the effect of mutation on the function of
protein. Combination of results from Predict SNP, MAPP, PhD-SNP, Polypehn-1, PANTHER are
studied [127]. The scoring system is used to identify whether the mutation is deleterious or neutral.
If the value lies between (-1,0), the consequences of mutations are said to be neutral. If the value lies
between (0,1) the mutations are found to be deleterious. The larger the gap between the Predict SNP

score and zero, the more harmful the mutations are.[128].

SusPect http://www.sbg.bio.ic.ac.uk/suspect/about.html)

SuSPect predicts the phenotypic implications of missense mutations based on sequencing, structure,
and systems biology factors. A score of 0-100 is depicted for diseased and neutral conditions Color
coding depicts the nature of mutants (blue=neutral, red=disease). On clicking the score parameter,

details of the variant such as its projected solvent accessibility , degree of conservation at that

residue [129].

PMut (http://mmb2.pcb.ub.es:8080/PMut/)

PMut predicts the deleterious nature of single nucleotide variations using neural networks. PMUT
operates on two levels:

It obtains data from local databases for mutational hotspots

It evaluates a given SNP in a protein [130]
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SNAP2 (https://rostlab.org/owiki/index.php/Snap2)

Evolutionary information extracted from multiple sequence alignment is crucial input signal for the
prediction. Distinction between synonymous and non-synonymous is made by taking various
sequences and its features. Score prediction is made in the range of -100 to +100 ( -100 represents

strong neutrality and +100 represents the diseased condition[88].

SNPs& GO (https://snps.biofold.org/snps-and-go/snps-and-go.html)
It uses a SVM-based classifier in order to identify the deleterious SNPs [122].

3.3 Structure-based tools to identify deleterious SNPs

Six Structure based tools were used to identify which missense SNPs were found to deleterious

I-Mutant

It predicts the stability of protein upon single nucleotide variation. I-Mutant completes following
tasks:

How single point mutation affects the direction of protein stability when the tertiary structure is
known.

A4G can be calculated from the given tertiary structure

To determine the direction of protein stability from the sequence of protein.

A4G can be calculated using the sequence of protein

For 414G more than 0 indicates the stability of protein whereas the value of 44G in negative

indicates that mutation is destabilizing. Once A44G value is calculated, RI can also be predicted

[132].

DUET

DUET is a bioinformatics tools that predicts the stability of protein due to missense SNPs. DUET
predicts the effect of missense mutations by combining the results of SDM and mCSM. SDM
calculates the free energy change by comparison between the folded and unfolded state of both wild-

type and mutants. mCSM depicts the properties of wild-type residue in the form of graph [133].
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CUPSAT

In order to predict 44G value, CUPSAT utilizes torsional angle and specific atom potentials wherein
the output gives information about any change in the stability of protein and features such as

secondary structure, torsional strain in the mutated region[134].

MUpro

A machine learning program used to identify the effect of substitution on the stability of protein. The
advantage of this tool is that even if the structure of protein is not known, the sequence can be used
to predict the consequences of SNPs. The accuracy obtained from both sequence and structure-based

information 1s 84.2% and 84.5%.

DynaMut

It is a tool used to critically evaluate the changes in dynamics of protein in order to properly

comprehend the molecular repercussions of mutation[135].

Align-GVGD

It is a tool that uses Multiple Sequence Alignment in order to describe the biochemical properties.
Method of disease prediction:

The difference in the biochemical property at each alignment place is translated into Granthan
Variation score (GV)

Then a Grantham difference score is generated on the basis of difference in the properties to that of
substituted amino acids

A spectrum is formed which gives idea whether the mutation will affect the biological function of
protein. A range of spectrum from (C0,C15,C25,C35,C45,C55,C65) is given with C65 being the
most deleterious whereas CO the least likely to effect the biological function[136].

3.4 Conserved regions identification of SERPINI1 gene

Identification the conserved regions is governed by a bioinformatics tool called ConSurf which
identifies the conserved regions within the nucleic acid or amino acids based on phylogenetic
relationships between homologous sequences. This leads to identification of regions which are
crucial for structure and functioning of protein. In order to build an evolutionary relationship, a

multiple sequence alignment is carried out for the query sequence and a phylogenetic tree is
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constructed. This information is then used to identify the rate of evolution of each position within the
sequence [137]. Conservation scores are calculated in order to identify the rate of evolution. The
sites which evolve slowly are termed as conserved regions whereas some evolve at a faster rate and
are termed as variable regions. The evolutionary rate is calculated by two methods i.e. Bayesian and
Maximum Likelihood method. Lower the conservation score, highly conserved the region is and

higher the conservation score, the sequence is less likely to be conserved [138]

3.5 Analysis of interactions of SERPINI1 gene using STRING

A database which is used to predict the interaction of the query protein with other proteins. This
database contains information about 5090 organisms and 24.6 million proteins. Physical interaction
is not required for the two proteins to be associated with each other, instead they can share some
functions and contribute to the same pathway. However, the interactions must be precise enough in
order to develop a functional map. The association of two proteins is expressed in the form of

interaction scores which gives a confidence score whether the association is true or not[139].

3.6 Molecular dynamic simulation (MDS)

MDS was carried out for monomeric structure of SERPINI1 gene using GROMACS version 2019.4.
Development of protein framework was done using gromos54a7 force field. Gmxeditconf tool was
used to develop the cubic simulation box. Gmx solvate tool was used to carry out solvation using
point-charge water model. Electro-neutralization of the complex was carried out using gmxgenion
tool. Optimization of structure by minimizing the energy of the molecule and removal of steric
clashes was carried out. Equilibrium of the system was set by heating the system up to 300K and
maintaining the pressure and density of the system. The structures obtained from NPT equilibration

phase were subjected to a simulation time of 100 ns [122].

3.7 Orientation analysis

GROMACS analysis tool was used to in order to determine the trajectory of the molecules. Root
mean square deviation (RMSD) and root-mean square fluctuations were determined for the wild and
mutant proteins using gmxrms and gmxrmsf tools. Inter-particle hydrogen bonding, solvent-
accessible surface area (SASA) and radius of gyration of the protein was calculated. Investigation of

secondary structure was done with the help of do_dssp tool [140].
3.8 Molecular docking
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1)

2)

3)
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A computational tool which is used for understanding the interactions between protein and ligand.
Here the protein taken was Neuroserpin and the ligand was ascorbic acid. Docking helps in
understanding the confirmation and the binding free energy of the interacting molecules [141]. In
order to calculate the ligand binding confirmation auto dock makes use of semi-empirical free
energy force. Preparation of ligand and protein was carried out. Hydrogen atoms and atomic charge

was added to the structure [142].

3.9 MTT assay

Procedure:

Chemicals and equipments

Gibco Dulbecco’s Modified Eagle’s Media (DMEM), 0.05% Trypsin-EDTA and Penstrep
(Penicillin Streptomycin), MTT, Dimethyl sulphoxide, Phosphate saline buffer, Fetal bovine serum
(FBS), Ascorbic Acid and were purchased from Thermo-Fisher Scientific, India .

Cell-culture and Viability test

Neuro 2A (N2A) cell line was procured from National Centre of Cell Sciences, Pune, India. N2A cell
line is derived from the neural crest cells of mouse, has neuronal and amoeboid stem cell morphology
that has been extensively used to study neuronal differentiation, axonal growth and signaling pathways.
Cell lines were maintained in DMEM with 10% (v/v) FBS and 1% Penstrep antibiotic at 5%

COz concentration and 37 °C temperature in an incubator.

MTT assay

The MTT assay is used to measure cellular metabolic activity as an indicator of cell viability,
proliferation and cytotoxicity. This colorimetric assay is based on the reduction of a yellow
tetrazolium salt (3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide or MTT) to purple
formazan crystals by metabolically active cells. The viable cells contain NAD(P)H-dependent
oxidoreductase enzymes which reduce the MTT to formazan. The insoluble formazan crystals are
dissolved using a solubilization solution and the resulting-colored solution is quantified by
measuring absorbance at 500-600 nanometers using a multi-well spectrophotometer. It is a
quantitative assay that allows rapid and convenient handling of a high number of samples.
Approximately 1 x 10° mL ™! cells in their exponential growth phase were seeded in a flat-bottomed
96-well plate and were incubated for 24 hours at 37°C in a CO2 incubator. After 24 hours of
incubation Ascorbic acid at varied concentrations of 25, 50,75,100 ug/ml was added and cells were
incubated for 24 hours at in a 5% CO-. After 24 hours of incubation,10 pL of MTT reagent was

added to each well and was further incubated for 4 hours. Cell viability was measured after




recording the absorbance at 570 nm with a Multiskan Thermo Fisher Microplate Spectrophotometer

reader
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CHAPTER 4

RESULTS AND DISCUSSION

1) SNPs for SERPINI1 GENE in dbSNP
A total of 33,072 SNPs were obtained from dbSNP, out of which 337 missense SNPs were selected
for screening in order to identify the deleterious SNPs associated with disease. Missense SNPs are

the SNPs present in coding-regions which effect the structure and function of protein

Table 4: No and types of SNP retrieved from dbSNP

Types of SNP No of SNPs

1) Inframe del 2

2) Inframe deletion 2

3) Intron 31830
4) Missense 337
5) Synonymous 125

2) Screening using sequence-based tools
337 missense SNPs were taken and screened using sequence-based tools: PROVEAN, PANTHER,
Poly-Phen2, Meta-SNP, PredictSNP1, SusPect, PMut, SNAP2, SNPs&GO. The SNPs were screened

in order to identify the deleterious nature of SNPs




Table 5: This table represents the total number of SNPs in various sequence-based servers

TOTAL NO. OF DELETERTIOUS
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SNPs
Provean 102
Panther 129
Poly-Phen2 142
Meta-SNP 110
Predict SNP1 98
SusPect 66
PMut 130
Snap2 101
SNPs& GO 101

1)

2)

3)

Parameters which identified the SNPs to be deleterious:

Provean: BLAST is performed by clustering of 30 closely related sequences which is used to
generate the alignment score and an average is set in order to develop the final threshold score for
Provean. The threshold score is -2.5 and a score equal to or less than -2.5 is found to be deleterious.
Panther: On the basis of the score of position-specific evolutionary preservation Panther identifies
whether the mutation is damaging or not. Three different parameters are set on the basis of which the
SNPs are classified as deleterious i.e.

Probably damaging: If preservation time is more than 450 million years with a false positive rate of
0.2

Possibly damaging: If the preservation time is between 450my to 250my with a false positive rate
of 0.4

Probably benign: If the preservation time is less than 200 my.[143]

Poly-phen2: It determines the probability of a deleterious mutation using the model of 5%/10%
False positive rate (FPR) for HumDiv model and FPR score for HumVar model.




4)

5)

6)

7

8)

9)

Mutations are considered to be probably damaging if the probability score are below the first FPR

value.
Mutations are considered probably damaging if the probability score is below the second FPR value

Mutations are said to be benign if FPR value is above the second higher value[144]

Meta-SNP: A threshold score is calculated which identifies the SNP to be deleterious or not. A

threshold score greater than 0.5 confirms a SNP to be deleterious [145]
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Predict-SNP1: A confidence score was set for the SNP to be deleterious. If the score was 0.5 then the

mutation was deleterious|[128]

PMut: It classifies the SNP to be deleterious or neutral on the basis of a prediction score set between 0 to

1. Mutations in the scoring parameter of 0 to 0.5 are classified as neutral and in the range of 0.5 to 1 are

considered deleterious.[130]

SusPect: It produces a color-coding system (Blue represents neutrality and red represents disease
causing SNP) in order to identify the deleterious SNPs and a scoring system table from a score of 0-
100 is also produced wherein the value of 50 is considered as threshold value above which a variant

is associated to cause disease

Snap2: A scoring system is developed which classifies the SNP to be deleterious. Scoring from -100
to +100 is produced wherein all the predictions above 0 are deleterious and all the predictions below
or equal to 0 are neutral

SNPs&GO: Reliability index is used for prediction of disease associated SNPs. If the probability is
greater than 0.5 then the SNP is found to be deleterious[146].

On the basis of these scoring parameters various structure-based tools predict a SNP to be

deleterious or neutral

Table 6: This table represents the SNPs which were found to be deleterious in all nine sequence-

based servers

ID Mutation | PROV- | PANTHER | Poly- Meta- Predict | SusPect | Pmut SNAP2 | SNPs&
EAN Phen2 SNP SNP1 GO
rs121909051 | S49P Delete- | Probably Probably | Disease | Disease | Disease | Disease | Effect Disease

rious damaging damaging
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rs779089806

rs1252549703

rs1373128074

rs1439828732

rs1448356396

rs1711681549

rs1727417409
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rs1727465744

G392E

G392R

NI152K

L257P

S52R
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rs1727656927

rs1727659223

rs1560020646

rs1727575153

rs61761892

rs1712452015

L267P

P293S

1380T

Y225C
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R381G

rious damaging damaging
Delete- | Probably Probably
rious damaging damaging
Delete- | Probably Probably
rious damaging damaging
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rious damaging damaging
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rious damaging damaging
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Disease | Disease
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RESULT: Out of 337 SNPs, only 23 were found to be deleterious in all nine-sequence based

servers. These SNPs were then further screened using structure-based tools.

3) Screening using structure-based tools
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Disease

Disease

Disease

Disease

Disease

Disease

The 23 SNPs were further screened using structure-based tools. Prediction was carried out using 6

structure-based tools i.e. [-Mutant, MUpro, DynaMut, Align-GVGD, CUPSAT, DUET. Out of 23

SNPs only 7 SNPs were found to be deleterious in all six servers.

Table 7: This table represents the mutations which were destabilizing in all six structure-based

SETVers
Variant ID Mutation | I-Mutant DUET CUPSAT MUpro DynaMut Align-
GVGD
rs121909053 | G392E DECREASE DECREASE Class
C65
DESTABILIZING | DESTABILIZING DESTABILIZING
rs121909054 | G392R DECREASE DECREASE Class
DESTABILIZING | DESTABILIZING DESTABILIZING | C65
rs1466251791 | L257P DECREASE DECREASE Class
DESTABILIZING | DESTABILIZING DESTABILIZING | C65
rs140384336 | L307S DECREASE DECREASE Class
DESTABILIZING | DESTABILIZING DESTABILIZING | C65




rs1373128074 | T199S DECREASE DECREASE Class
DESTABILIZING | DESTABILIZING DESTABILIZING | C65

rs1727465744 | A109T DECREASE DECREASE
Class
DESTABILIZING | DESTABILIZING DESTABILIZING | C65
rs1712452015 | R381G DECREASE DECREASE Class
DESTABILIZING | DESTABILIZING DESTABILIZING | C65

)]

2)

3)

4)

5)

6)

4)

Parameters which identified the SNP to be destabilizing

I-Mutant: It predicts the effect of single nucleotide variation on the stability of protein and
mutations are classified as:

Neutral mutation: A score between —0.5 < DDG < 0.5

Large decrease: A score of <—0.5

Large Increase: A score of >0.5[147]

MUpro: A confidence score is used to identify the stability of protein. Confidence score less than
zero decreases the stability of protein and a confidence score more than 0 leads to increase in the
stability of protein

DynaMut: The value of difference in binding affinity of mutant and wild type protein complex is
defined as 44G. If this value is less than 0 then the mutation is thought to be destabilizing and if the
value is above zero the mutation is stabilizing.[135]

Align-GVGD: Spectrum is developed with a range of (CO, C15, C25, C35, C45, C55, C65) where
C65 is found to most deleterious and CO is least deleterious

CUPSAT: 44G values predicts the stability of protein

DUET: Change in folding free energy upon mutation is calculated. A Positive value indicates the

mutation to be destabilizing and negative value indicates the mutation to be stabilizing

Identification of conserved residues using ConSurf

The seven SNPs obtained from structure-based tools were screened for evolutionary regions and it

was discovered that all seven SNPs were highly conserved.




Variable

Conserved

Fig 19: This figure represents the conservation analysis of chain A of SERPINII gene

In this figure, the score of 1 denotes the least conserved residue whereas the score of 9 denotes the

most conserved residue. ConSurf developed a scoring table for the 7 SNPs which were selected in

structure-based tools and it was found that all SNPs were evolutionary conserved. Conservation was

found at these residues
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5) Multiple sequence alignment to identify the conservation of deleterious SNPs

001 Input pdb SEQRES A inrEERLEI AL ELEENc e sE EIRHSMGY D
002 UniRef90 M3W7B6 17 400 ILrERYLEv T F EL{¥NC ¢ s[4 EIRHSMGY D/
003 UniRef90 AOABC5KIUZ 13 400 ILFERYdLElI A L E LEEFNo ¢ s 4 IHHSMGY D,
004 UniRef90 UPTO01B3530CE 18 399 I L FERALEIT A T EL[®No ¢ s [d ETIRHSMCGCYEN
005 UniRef90 F7CJI66 19 399 s Al s b b s BF-Ns EL G sp IRHSLCYDJ
006 UniRef90 AOASCBVNY4 19 400 iLrERdLEFraT EL H G spd EIRHOSLGYD/
007 UniRef90 AOA2DAHFV3 13 400 1z rERdLlE AT EL HG s [ IQHSMGYE|
008 UniRef90 AOA226NATY 19 405 ILFERdLE I AT EL H G TLd IRHSLGEFD/
009 UniRef90 A2VDBY 18 400 T rERYLEiTA T AT EL R G S IRHVLGYD
010 UniRef90 AOATJBAGM6 8 298 ---BE-B----------B8- - -B-- - - - - - - -
011 UniRef90 W5MEMO 20 399 ITYERAVEIIVVALGMVEL R G P |3 2 IRQAVGY G
012 UniRef90 UPI001402035C 25 399 I FYERAFEITIATALGMIE L AGThY I IQRVMGSN|I
013 UniRef90 B3DJI9 22 405 11 rERALEvALALGMYVEL R G s IRQAVGY S|
014 UniRef90 AOAGT2GUQL 28 408 I rERdLElvAvVALGMVEL R G A EIRQTVCF S|
015 UniRef90 AOABC5F3J9 28 409 IIFERILEVAVALGMMETL R G A IRQAVGFE S
016 UniRef90 AOA3Q3CK99 25 405 I FERdLElVvAVALGMVEL R G A EIRQAVGF S|
017 UniRef90 UPIODICFDICIA 18 294 I LFERALEII AT AMGMVE L HG s [ IRHAMGYE
018 UniRef90 UPIO01B85F717 26 406 IV FERYLEILAFALGMVE L R G E [ IRQAICGFD]
019 UniRef90 AOAO9ILRH6 19 291 ILFPERILE I VIAMGMVET H G TS - FHSTLGFDfI
020 UniRef90 AOAONBIXX7 21 357 ivrERdLElve LA L cLVEL R G S [ EIRRAVCY G
021 UniRef90 AOA3PBZRP3 32 403 I T FERALEVALALGMVEL R G A [ it rRoaLcF s
022 UniRef90 UPIO01126A3B5 38 408 IV YERATII YLLLGMV QL K G K[ ) IRETLNL Q|
023 UniRef90 UPIO0145AE275 28 404 IV FENALEIV T LALGMV G L KE T [ ) IRKAIKDN,|
024 UniRef90 H3AUJB 23 402 ivyERdTElvTLAL GV L OL KGT I IRKAMKFE|
025 UniRef90 AOA1S3F558 39 405 IvFERALIEA T VL L GMV QL KGEK | IRQTLKEL P
026 UniRef90 K7F673 31 402 rrafERdLfETAL L LGMI QL KGK EIRHALNELOQN
027 UniRef90 AOATJIBAC52 37 403 rrrfERdifEdrrniLeMv oL KGEK IRQTLEKYVQ/
028 UniRef9%0 AOAGP3RAV1 28 394 IIrFERdLErTLVLGEGMVOL K G K I IRQTLKFOQ|
029 UMiRafI0 (3ITARAN 28 396 vrriBArEr o nancMy o .IEBNR ¢ kI TROTT KT RA

Fig 20: This figure represents the results of Multiple sequence alignment

Multiple sequence alignment is carried out in order to check the conservation of residues. Gaps or —
indicates insertion or deletion at that point. Here the regions S, P, S G, A represent the conserved

regions.

6) Interaction analysis of SERPINI1 gene using STRING database

Information in the form of nodes and edges is represented where in the network nodes represent the

proteins and edges represent its association with other proteins.

No of Nodes 11

No of edges 12

Table 8: This table represents total number of nodes and edges found upon analysis
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they are physically binding to each other.

Fig 21: This figure represents the interaction network of SERPINI1 gene using STRING database

Upon analysis it was found that 10 protein-coding genes were in association with SERPINI 1 gene and

were its predicted functional partners depending upon the scoring system.




Table 9: This table gives information about all the functional partners of SERPINI1 gene

Functional
Partner

Score

Description

PLAT

0.965

Encodes for tissue type plasminogen activator
and is involved in conversion of inactive
plasminogen to plasmin thereby playing an
important role in degradation, neuronal
migration

PLG

0.783

It encodes for plasminogen which in turn is
further converted to plasmin upon the action of
various plasminogen activators which dissolves

the fibrin involved in blood clots. It is also

involved in development of embryo, tissue
remodeling, tumor invasion

PDCDI10

0.720

Encodes for programmed cell death protein 10
which is involved in proliferation of cell,
regulates apoptotic pathways, cell-migration and
assembly of Golgi body, required for normal
angiogenesis, vasculogenesis

CPLX3

0.692

It is involved in the regulation of step involved
in synaptic vesicle exocytosis

KCTD4

0.667

Potassium channel tetramerization domain
containing 4

PI15

0.653

Peptidase inhibitor 15 is a serine protease
inhibitor and weakly inhibits trypsin

PSD3

0.638

It encodes for Pleckstrin and Sec7 domain-
containing protein 3

Clorf56

0.626

Chromosome 1 open reading frame 56 encodes
for MENT protein which is involved in cellular
proliferation

ZCCHC2

0.608

Zinc finger cchc domain-containing protein 2
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HABP2

0.605

Encodes for Hyaluronan-binding protein 2 which
is involved in activation of coagulation factor
VII. It also functions as tumor suppressor

STRING database also gives idea about the various biological processes SERPINI1 gene is involved in

with information about various associated proteins

Table 10: This table represents the processes in which SERPINI1 gene is involved in and its interaction

partners
GO accession Biological Gene count Strength False Matching
Process discovery rate proteins in
network
G0:0042730 Fibrinolysis 6 245 2.02E-09 PLAT,
SERPINEI,
HRG, PLG,
PLAUR,
ANXA2
GO:1903034 Regulation of 8 1.64 4.49E-08 PLAT,
response to SERPINEI,
wounding HRG, LRPI,
PLG, PLAUR,
ANXA2,
STK24
G0:0045861 Negative 8 1.32 2.54E-06 PLAT,
regulation of SERPINEI,
proteolysis HRG, LRP1,
PI15,
SERPINII,
PLAUR,
ANXA2
GO:0010466 Negative 7 1.41 7.70E-06 SERPINEI,
regulation of HRG, LRP1,
peptidase PI15,
activity SERPINII,
PLAUR,
ANXA2
GO:0051918 Negative 3 2.45 0.00028 SERPINEI,
regulation of HRG, PLG
fibrinolysis
GO:0001568 Blood vessel 7 1.12 0.00046 SERPINE1,
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response to
oxidative stress

development HRG, LRP1,
PLG, ANXA2,
CCM2,
PDCDI10
GO:0080134 Regulation of 10 0.81 0.0005 PLAT,
response to SERPINEI,
stress HRG, LRP1,
PLG, STK25,
PLAUR,
ANXA2,
STK?24,
PDCD10
GO:1903036 Positive 4 1.73 0.00059 SERPINEI,
regulation of HRG, LRP1,
response to PLG
wounding
GO:0008631 Intrinsic 3 2.22 0.00067 STK25,
apoptotic STK?24,
signaling PDCDI10
pathway in

7) Molecular dynamics simulation

Simulation was carried out in order to determine the confirmational difference between the wild-type and
mutant proteins. MDS was carried out for wild-type protein, G392E, G392R, L257P, L307S, T199S,
A109T, R381G for 100ns using GROMACS.

7.1 Analysis of Stability

In order to determine the stability of wild-type and mutant proteins RMSD was carried out. The stability

can be predicted by deviations of RMSD produced through MDS. The protein is found to be more stable

if the RMSD deviations are small. To identify the discrepancy in the structural confirmation, RMSD of

backbone of protein atoms was plotted against time The average RMSD value of wild type protein was
0.426. Also, the values for mutants were as follows: A109T (0.295), T199S (0.343), L257P (0.335),
L307S (0.446), R381G 0.2922, G392E (0.414), G392R (0.5133). It was found that mutants G392R and
L307S had higher average values and thus are less stable than wild type. Mutant G392E had no effect on




the stability of protein. Mutants such as A109T, T199S, L257P, R381G were more stable than the wild-

type since their average values are less than that of wild-type.
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Fig 22: MDS simulation for wild type and mutants (RMSD)

7.2 Flexibility Analysis

Flexibility of the molecules can be calculated using RMSF values. More the RMSF value more is the

flexibility of the wild-type and mutants within MDS. For wild type protein the average value was 0.
135nm.The average values for mutants were found to be A109T (0.122), T199S (0.143), L257P (0.127),

L307S (0.135), R381G (0.112), G392E (0.143), G392R (0.130). It was found that mutants T199S and

G392E were more flexible than wild-type since their average values are more than wild-type.

53




54

1.8

1.6 1
1.4 1
12

1.0

RMSF (nm)

004— "
0 100

| |
200 300
Residue index

Fig 23: MDS for wild and mutants (RMSF)

7.3 Analysis of compactness

The distance between the two atoms of a protein from the axis of rotation is termed as radius of gyration
(Rg). More the value of Rg, less compact and flexible the protein is. For wild type protein the average
value was 2.304 whereas for mutants the values were A109T (2.25), T199S (2.28), L257P (2.261),
L307S (2.312), R381G (2.28), G392E (2.296, G392R (2.281) nm. Since mutant L307S had more Rg

value hence it is highly compact and flexible.
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Fig 24: MDS for wild and mutant type (Rg)

7.4 Hydrogen-bond analysis

Hydrogen bonds are a key factor involved in stability of the protein. More the number of hydrogen bonds
more stable the protein is and vice-versa. For wild type protein the average number of hydrogen bonds
were found to be 327.86. For mutants the number of hydrogen bonds were as follows: A109T (330.78),
T199S (319.93) L257P (329.91), L307S (329.62), R381G (325.12), G392E (325.152), G392R (327.68).
Mutants R381G and G392R were found to be less stable than wild-type
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7.5 Solvent accessible surface area analysis (SASA)

This factor explains the accessibility of residue of protein to water solvent. More the SASA value more
stable the protein is and vice-versa. The average value of wild-type protein is 197.01 and that of the
mutants were A109T (197.01), T199S (195.22), L257P (192.07), L307S (195.31), R381G (194.06),
G392E (196.68), G392R (191.99).
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Fig 26: RMSD for wild and mutant type protein (SASA)
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Table 11: This table represents the values of different parameters obtained from simulation
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Mutations RMSD RMSF gyration Hydrogen SASA
bond
Wild-type 0.426 0.135 2.304 327.86 197.01
A109T 0.295 0.122 2.25 330.78 191.22
T199S 0.343 0.143 2.28 319.93 195.25
L257P 0.335 0.127 2.261 329.91 192.07
L307S 0.446 0.135 2312 329.62 195.31
R381G 0.292 0.112 2.28 325.12 194.06
G392E 0.414 0.143 2.296 325.152 196.68
G392R 0.513 0.130 2.281 327.68 191.99
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The flexibility of structure is reduced and rigidity is increased in the following three mutations (A109T,
L257P, R381G) hence these mutations were found to be lethal

8) Molecular docking

Upon docking it was found that the binding energy of the complex was -3.89 kcal/mol and inhibition
constant was 1.41mM. Also, it was found that ascorbic acid binds at Glutamic acid 101, Lysinel07,

Valine97, Methionine 106 of Neuroserpin indicating the interactions among them

\
MET 106.A
,\\ —\ |
;" \GLU 101.A
| VAL 97.A ‘\ 7
. P

LYS 107.A

Fig 27: Molecular docking of Neuroserpin (protein) and ascorbic acid (ligand)

9) MTT Assay

From our results (Fig 28 and table 12), after treatment of ascorbic acid, significant viability enhancement
effects were observed in Neuro 2A cell lines at 25, 50, 75, 100 ug/ml with proliferation rate of 60.5%,
82.9%, 95.3% and 109%.
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Table 12: The effect of ascorbic acid on Neuro2A cells

Concentration % Cell Proliferation
25 60.511
50 82.95
75 95.31
100 109.80
120
100
=
-% 80
&
S 60
o
T
S a0
g
E 20
]
75 50 75 100
Concentration (pg/ml)

Fig 28: This graph represents the rate of proliferation at varied concentrations

Our in vitro studies demonstrated that ascorbic acid significantly enhanced neuro cells proliferation.
Ascorbic acid was involved in promoting neuronal growth. Thus, it could be concluded that ascorbic acid

could interact with SERPINI1 gene and downregulate AD.
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CONCLUSION

Out of 337 missense SNPs, 23 were found to be deleterious in all nine sequence-based servers.

These 23 SNPs were further screened using structure-based tools out of which seven SNPs were found
to be destabilizing Further simulation was carried out and three mutations (A109T, L257P, R381G) were
found to be lethal. Molecular docking revealed binding of Ascorbic acid to Neuroserpin. MTT assay was

carried out in order to determine the cell-viability and proliferative effects were seen on Neuro 2A cells.
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