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ABSTRACT

Dipeptidyl-peptidase 4 (DPP4) plays a major role in glucose metabolism. Inhibition of
dipeptidyl peptidase-4 (DPP-4) offers a new potential therapeutic approach for type 2
diabetes. Using various drug designing tools and techniques, a best fit ligand was desi gned for
the active site of the target protein (DPP4) which hinders its activity. Further phylogenetic

analysis of the target protein was performed with different model organisms to study their

phylogenetic relationship.




CHAPTER-1

INTRODUCTION:

Diabetes mellitus:

The term diabetes was coined by Aretacus of Cappadocia. Tt is derived from the
Greek that literally means "passing through," or "siphon," a reference to one of diabetes'
major symptoms—excessive urine production. In 1675 Thomas Willis added mellitus from
the Latin word for honey (Mel in the sense of "honey sweet") when he noted that the blood
and urine of a diabetic has a sweet taste. This had been noticed long before in ancient times by
the Greeks, Chinese, Egyptians, and Indians. In 1776 Matthew Dobson confirmed the sweet
taste was because of an excess of a kind of sugar in the urine and blood of people with
diabetes. The ancient Indians tested for diabetes by observing whether ants were attracted to a
person's urine, and called the ailment "sweet urine disease" (Madhumehalai).

Diabetes mellitus is a group of metabolic diseases characterized by high blood sugar
(glucose) levels, which result from defects in insulin secretion, or action, or both. Elevated
levels of blood glucose (hyperglycemia) lead to spillage of glucose into the urine, hence the
term sweet urine. While the term diabetes without a modifier usually refers to diabetes
mellitus, there is another, rare condition named diabetes insipidus (unquenchable diabetes) in
which the urine is not sweet; it can be caused by either kidney (nephrogenic DI) or pituitary
gland (central DI) damage.

Insufficient production of insulin (either absolutely or relative to the body's needs),
production of defective insulin (which is uncommon), or the inability of cells to use insulin
properly and efficiently leads to diabetes. Glucose is a type of sugar found in certain foods
such as honey and some, but not all, fruits. Glucose is used by the body to make energy.
Normally, blood glucose levels are tightly controlled by insulin, a chemical signaling
substance (hormone) that is produced by a gland near our stomach called the pancreas. Insulin
lowers the blood glucose level because it stimulates the body to make use of glucose. When
the amount of glucose in the blood increases, for example, after eating food, insulin is

released from the pancreas to normalize the glucose level. However, in patients with diabetes

mellitus, the elevated glucose levels cannot be normalized. This causes abnormally high




levels of blood glucose, which ultimately leads to the presence of glucose in the urine

(glucosuria).

Type 2 or non-insulin dependent diabetes mellitus (NIDDM):

Type 2 diabetes mellitus - previously known as adult-onset diabetes, maturity-onset

diabetes, or non-insulin dependent diabetes mellitus (NIDDM) - is due to a combination of

defective insulin secretion and defective responsiveness to insulin (often termed insulin
resistance or reduced insulin sensitivity), almost certainly involving the insulin receptor in cell
membranes. In early stages, the predominant abnormality is reduced insulin sensitivity,
characterized by elevated levels of insulin in the blood. In the early stages, hyperglycemia can
be reversed by a variety of measures and medications that improve insulin sensitivity or
reduce glucose production by the liver, but as the disease progresses the impairment of insulin
secretion worsens and therapeutic replacement of insulin often becomes necessary. There are
numerous theories as to the exact cause and mechanism for this resistance, but central obesity
(fat concentrated around the waist in relation to abdominal organs, not it seems, subcutaneous
fat) is known to predispose for insulin resistance, possibly due to its secretion of adipokines (a
group of hormones) that impair glucose tolerance. Abdominal fat is especially active
hormonally. Obesity is found in approximately 90% of developed world patients diagnosed
with type 2 diabetes. Other factors may include ageing and family history, although in the last
decade it has increasingly begun to affect children and adolescents. There is a rather stronger
inheritance pattern for type 2 diabetes. Those with first-degree relatives with type 2 have a
much higher risk of developing type 2. Concordance among monozygotic twins is close to
100%, and 25% of those with the disease have a family history of diabetes. Type 2 diabetes
may go unnoticed for years in a patient before diagnosis, since the symptoms are typically
milder (eg, lack of ketoacidotic episodes) and can be sporadic. However, severe complications
can result from unnoticed type 2 diabetes, including renal failure, vascular disease (including
coronary artery disease), vision damage, etc, Sometimes; people with Type Il diabetes don't
notice any symptoms or the symptoms are experienced gradually. These include blurry vision,
cuts or sores those are slow to heal, itchy skin, yeast infections, increased thirst, dry mouth,

need to urinate often and Leg pain. Type 2 diabetes is usually first treated by changes in

physical activity, diet (generally decrease carbohydrate intake, especially glucose generating




carbohydrates), and through weight loss. These can restore insulin sensitivity, even when the
weight loss is modest, for example, around 5 kg, most especially when it is in abdominal fat
deposits. The next step, if necessary, is treatment with oral ant diabetic drugs. As insulin
production is initially unimpaired, oral medication (often used in combination) can still be
used that improves insulin production (e.g., sulfonylurea) and regulate inappropriate release
of glucose by the liver (and attenuate insulin resistance to some extent (e.g., metformin), and
substantially attenuate insulin resistance (e.g., thiazolidinediones). If these fail, insulin therapy
will be necessary to maintain normal or near normal glucose levels. A disciplined regimen of
blood glucose checks is recommended in most cases, when most of these medications are

being taken.

Target protein:

Target protein was dipeptidyl-peptidase 4 (DPP4), which plays a major role in glucose
metabolism. It is responsible for the degradation of incretins such as GLP-1. Inhibition of
dipeptidyl peptidase-4 (DPP-4) offers a new potential therapeutic approach for type 2
diabetes.DPP4 degrades GLP-1 (glucagon-like peptide-1), an important hormone that is
released in response to the intake of food and that stimulates pancreatic beta cells to increase
the secretion of insulin and that has potential to improve beta cell function.

High Degrade low insulin

. S :
DPP IV Incretin secretion

The aliases of the target protein are CD26; ADABP; ADCP2; DPPIV; TP103. Protein
has molecular weight 88279 dalton. The sub cellular location is cell membrane. Its preferred
name is dipeptidylpeptidase4 and other designation includes Dipeptidylpeptidase 1V, T-cell
activation antigen CD26, Dipeptidylpeptidase 4 (CD26, adenosine deaminase complexing
protein 2), Dipeptidylpeptidase 1V (CD26, adenosine deaminase complexing protein 2).

CD26, or dipeptidyl peptidase 4 (DPP-4) is a membrane-associated peptidase of 738
amino acids that is widely distributed in numerous tissues. DPPIV can be considered a
moonlighting protein because it is a multifunctional protein that exerts different functions

depending on cell type and intra- or extracellular conditions in which it is expressed. This




protein acts as a costimulatory protein, receptor and also acts as a proteolytic enzyme.
Therefore, targeting of CD26/DPPIV and especially its proteolytic activity has much
therapeutic potential. On the other hand, there are homologous proteins with overlapping
proteolytic activity, which thus may prevent specific modulation of CD26/DPPIV. DPP-4 also
binds the enzyme adenosine deaminase specifically and with high affinity. The significance of
this interaction has yet to be established. It is a rather indiscriminate enzyme for which at least
62 substrates are known. Human DPP4 is ubiquitously expressed in epithelial and endothelial
cells and serves multiple functions in cleaving the penultimate positioned prolyl bonds at the
NH2 terminus of a variety of physiologically important peptides in the circulation. Recent
studies showed a linkage between DPP4 and down-regulation of certain chemokines and
mitogenic growth factors, and degradation of denatured collagens (gelatin), suggesting a role
of DPP4 in the cell invasive phenotype. DPP-4 also exists as a soluble circulating form in
plasma and significant DPP-4-like activity is detectable in plasma from humans and rodents.
This protein also has its role in apoptosis, signal transduction and in adhesion. It appears to
work as a suppressor in the development of cancer and tumours.

The CD26/DPPIV protein plays a major role in immune response. Abnormal
expression is found in the case of autoimmune diseases, HIV-related diseases and cancer.
DPP-4 (CD26) exerts its biological effects via two distinct mechanisms of action. First, as a
membrane spanning protein, it binds adenosine deaminase and when activated, conveys
intracellular signals independent of its enzymatic function via dimerization and activation of
intracellular signaling pathways. The signaling properties of membrane-associated CD26 have
been most extensively characterized in T cells. CD26 associates with several membrane
proteins, including CD45, CXCR4.

The second principal biological activity of CD26 (DPP-4) is its enzymatic function.
The enzymatic activity of CD26 is exhibited by the membrane-spanning form of the
molecule, and by the circulating soluble form. DPP-4 prefers substrates with an amino-
terminal proline or alanine at position 2, but may also cleave substrates with non-preferred
amino acids at position 2.

This protein is also present in other organisms for example Canis Jamiliaris(dog),

Felis catus(domestic cat), Pan troglodytes, Rattus norvegicus (brown rat), Musmusciulus

(house mouse), Sus scrofa domestica (domestic pig), Bos taurus (cow), Oxvuranus




scutellatus (Australian snake), Oxyvuranus microlepidotus (Small Scaled Snake and I'ierce
Snake), Notechis scutatus (Tiger snakes), Gloydius blomhoffi brevicaudus (Japanese
mamitshi), Xenopus tropicalis (western clawed frog), Macaca mulatto (rhesus monkey) and

Gallus gallus (chicken).

Objective of the project:

The objective of present studies was to design the best fit ligand for the protein

dipeptidyl peptidase 4 in human beings which act as a receptor for diabetes mellitus type 2 in

human body and also to perform the phylogenetic analysis for the dipeptidyl peptidase 4.




CHAPTER-2

PROCEDURES:

Softwares and tools used:

Ncebi:

NCBI creates public databases, conducts research in computational biology, develops

software tools for analyzing genome data, and disseminates biomedical information, all for

the better understanding of molecular processes affecting human health and disease.

Blast:

Basic Local Alignment Search Tool, or BLAST, is an algorithm for comparing primary
biological sequence information, such as the amino-acid sequences of different proteins or the
nucleotides of DNA sequences. A BLAST search enables a researcher to compare a query
sequence with a library or database of sequences, and identify library sequences that resemble

the query sequence above a certain threshold.

Modeller:

MODELLER is used for homology or comparative modeling of protein three-
dimensional structures. The user provides an alignment of a sequence to be modeled with
known related structures and MODELLER automatically calculates a model containing all

non-hydrogen atoms.

Swiss pdb viewer:

Swiss-Pdb Viewer is an application that provides a user friendly interface allowing to
analyze several proteins at the same time. The proteins can be superimposed in order to

deduce structural alignments and compare their active sites or any other relevant parts. Amino

acid mutations, H-bonds, angles and distances between atoms are easy to obtain.




Procheck:

The aim of PROCHECK is to assess how normal, or conversely how unusual, the
geometry of the residues in a given protein structure is, as compared with stereo chemical
parameters derived from well-refined, hi gh-resolution structures. The input to PROCHECK is

a single file containing the coordinates of your protein structure.

Ligsite:
LIGSITE is a program for the automatic and time-efficient detection of pockets on the

surface of proteins that may act as binding sites for small molecule ligands.

ChemSketch:

ChemSketch is an advanced chemical drawing tool and is the accepted interface into

the industry's best NMR and molecular property predictions, nomenclature, and analytical

data handling software.

Hex 4.5:

Hex is an interactive protein docking and molecular superposition program.

Ligbuilder:

LigBuilder is a powerful multiple-purposed program written for structure-based drug
design procedure. Based on the three-dimensional structure of the target protein, it can

automatically build ligand molecules within the binding pocket and subsequently screen them.

Autodock:

AutoDock is a suite of automated docking tools. It is designed to predict how small

molecules, such as substrates or drug candidates, bind to a receptor of known 3D structure.
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Protocol:

10.

I,

12.

The lead molecule was grown with the help of LIGBUILDER.

The role of various proteins involved in regulation of insulin level was
investigated from the literature and DPP4 was selected as target protein which
plays a major role in down regulation of insulin.

The sequence of target protein was retrieved from NCBI.

BLASTP was performed to get the maximum sequence similarity.

Protein  structure was designed  through homology  modelling using

MODELLER.

The Stability of the generated target protein was checked by using

Ramachandran plot.

Procheck tool was used in structure analysis and validation server (SAVS) to

y—

check deform contacts in target protein.

The Modeled target protein was made stable by performing loop formation and

energy minimization by using SPDB viewer.

The lead molecule was chosen and designed by using chemsketch.

An online tool LIGSITE was used to find the pockets of modeled protein.

Molecular structure file convertor (MSFC) was used for file conversion.

HEX 4.5 software was used for docking of the protein and lead molecule.




13. Best fit ligand was chosen on the basis of OSIRIS property explorer.

[4. Docking of best fit ligand with target protein was performed
AUTODOCK.

using

[5. Phylogenetic analysis of target protein was performed using  SDSC
WORKBENCH.




CHAPTER-3

RESULTS AND DISCUSSIONS:

Sequence of the target protein from NCBI: Target protein (DPP4) sequence was taken

from NCBI. Given below is the fasta format of target protein sequence.

gi|1352311|sp|P27487|DPP4 HUMAN Dipeptidyl peptidase 4 (Dipeptidyl peptidase 1V)
(DPP 1V) (T-cell activation antigen CD26) (TP103) (Adenosine deaminase complexing
protein 2) (ADABP) [Contains: Dipeptidyl peptidase 4 membrane form (Dipeptidyl peptidase
IV membrane form); Dipeptidyl peptidase 4 soluble form (Dipeptidyl peptidase 1V soluble
form)]

MKTPWKVLLGLLGAAALVTIIT VPVVLLNKGTDDATADSRKTYT LTDYLKNTYRLK
LYS LRWISDHEYYKQENNILVFNAEYGNSSVFLENSTFDEFGHSIN DYSISPDGQFILLE
YNYVKQWRHSYTASYDIYDLNKRQLITEERlPNNTQWVTWS PVGHKLAYVWNNDIY
VKIEPNLPSYRITWTGKEDIITYNGITDW VYEEEVFAYSALWW SPNGTFLAYAQFNDTE
VPLIEYSFYSDESLQYPKTVRVPYPKA GAVNPTVKFFVVNTDSLSS VTNATSIQITAPA
SMLIGDHYLCDVTWATQERISLQWLRRIQNYSVMD[CDYDESSGRWNCLVARQHIE
MSTTGWVGRFRPSEPHFTLDGNSFYKIISNEEGYRHICYFQIDKKDCTFITKGTWEVIG
IEALTSDYLYY[SNEYKGMPGGRNLYKIQLSDYTKVTCLSCELNPERCQYYSVSFSKE
AKYYQLRCSGPGLPLYTLHSSVNDGLRVLEDNSALDKMLQNVQMPSKKLDFIILNET
KFWYQMILPPHFDKSKKYPLLLDVYAGPCSQKADTVRLNWATYLASTENIIVASFDG
RGSGYQGDK IMHAINRRLGTFEVEDQIEAARQFSKMGFVDNKRIAIWGSYGGYVTS
MVLGSGSGVFKCGIAVAPVSRWEYYDSVYTERYMGLPTPEDNLDHYRNSTVMSRAE
NFKEYLLIHGTADDNVHFQQSAQlSKALVDVGVDFQAMWYTDEDHGIASSTAHQHI
YTHMSHFIKQCFSLP

Blastp result: Blastp was performed to get the maximum similarity by comparing the query

sequence (i.e. target protein sequence) with a library or database of sequence. Results obtain

by performing blastp is given below.

pdb[2BGRIA Chain A, Crystal Structure of Hiv-1 Tat Derived Nonapeptides
Tat (1-9) Bound To The Active Site of Dipeptidyl Peptidase IV (Cd26)
pdb2BGRIB Chain B, Crystal Structure of Hiv-1 Tat Derived Nonapeptides

3_




Tat (1-9) Bound To the Active Site of Dipeptidyl Peptidase [V (Cd26)
Length of the target sequence is 738.Results include Score: 1513 bits (3918), Identities:
730/738 (99%), Positives: 730/738 (99%), Gaps: 0/738 (0%) and Method: Composition-based

stats.

Structure of target protein:

Modeler requires three files as an input, atom file, alignment file and python file. To
make the atom file, all the atoms information was taken from the PDB file of target protein
and by arranging the subject and query sequence alignment obtained from the blast result,
alignment file was constructed. Python file includes only coding part, which instructs the

modeller for the generation of the protein structure. Given below is the coding part:

from modeller.automodel import*
log.verbose()

env=environ()
env.io.atom files directory="J/:../2abl.atm’
a=automodel(env,
alnfile="2abl.ali',

knowns="2abl’,

sequence='query"')

starting model=1

ending model=5

make()

The three files (i.e. atom, alignment and python file) used as an input by the modeler and

generated protein structure of the target protein (shown in fig.1).
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Ramachandran plot after modelling:

Ramachandran plot (Fig. 2) was used for checking the stability of modelled target
protein. There are three regions in ramachandaran plot core region, allowed region and
disallowed region. A protein to be stable maximum number of its amino acid residues should be
in core and allowed region. Residue presents in disallowed region indicates given protein have
some level of unstability and to work on such protein, it is necessary to make a protein stable
.. all amino acid residue should be either in core or allowed region.

Structure analysis and validation (to find the deformities in target protein) was performed
using procheck tool. Result obtained (Table 1) shows that 91.1% of amino acid residues are
present in core region, 7.8% are present in allowed region, 0.4% amino acid residues are
present in gener region, 0.7% are present in disallowed region and three bad contacts are also
present. The bad contacts and the percentage of the amino acid residues present in the

disallowed region indicate the unstability of the target protein.

Loop formation and energy minimization:

Loop formation and energy minimization was performed using spdb viewer to make the
target protein stable. Loop formation was performed to move residue from disallowed region to
allowed region and bad contacts were removed through energy minimization. Loop formation
(Fig.3) was performed around the amino acid residue which is present in disallowed region to
move them either in allowed or core region. During loop generation a window appear on the
screen indicating three values clash score, pp value, force value for different loops that can be

possible and among those possible loops we have to select that loop which have minimum ff

(force field) value and in case if there is same ff value for two different loops, then loop is

selected on the basis of clash score value whose clash score value is minimum,.
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Energy minimization:

Energy minimization (Fig. 4) was performed using spdb viewer to remove the bad

contacts until and unless all the bad contacts were removed from the target protein.

Ramachandran plot after removal of deformities;:

Results (Table 2) obtained after energy minimization and loop formation shows that
89.7% of amino acid residues are present in core region, 10.2% are present in allowed region,
0.2% amino acid residues are present in gener region and 0.0% are present in disallowed
region and no bad contact is present. Absence of bad contacts and the percentage of the amino

acid residues present in the disallowed region indicate that target protein is completely stable.

Lead molecule:

On the basis of the molecular structure of different i gands, which are already present
for diabetes mellitus type2 and by taking following properties into account, lead molecule was
chosen. The properties include, size should be small, No metal atom should be there,

Maximum no. of possible growing sites and should not contain any kind of unsaturation.

Pocket identification of the target modelled protein:

PDB file of the target protein was taken for pocket identification using ligsite. There
were three pockets identified by the ligsite indicated by three different colours; green, red and
orange in SPDB viewer control panel window (Fig.7). The active site at the top of the window
was taken as the main active site. An amino acid residue serinel81 present very closely to the
main active site (red colour) was located at the distance of 7.60 A from the active site. It was
chosen because it is nearest to the active site and lead molecule will be able to cover the active
site, when it will grow after binding with it. This will ultimately block the active site of the

target protein.
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Binding of lead molecule to the closest amino acid residue:

The docking (Fig.8) of the lead molecule to the closest amino acid residue was
performed using HEX 4.5 software. Lead molecule(red colour) was attached (Fig.9) to the

amino acid residue(green colour) which was present closest to the active site(yellow colour).

Growing of the lead molecule:

LIGBUILDER was used to grow the lead molecule. In this three steps were performed
pocketing, growing and processing. POCKET has two main functions: first, it analyze the
binding pocket and prepare the information necessary for running GROW and second, it
derive the key interaction sites within the binding pocket and suggest a pharmacophore
model. The major function of GROW is to construct the ligand molecules for the target
protein by applying the growing strategy. All the molecules originated from a "seed" structure
were developed and evolved with a Genetic Algorithm procedure. All resultant molecules
were collected in a file. Processing provides ability to analyze a ligbuilder LIG file, extracts
the desired molecules, and converts them to viewable mol2 files. Input files for ligbuilder are
HEX complex pdb file and lead molecule in mol2 file. Ten conformations (Fig.10a to10j) of

ligand were obtained from ligbuilder.

Selection of best fit lisand (using OSIRIS property explorer):

Best fit ligand was chosen on the basis of OSIRIS property explorer. The
molecular structures of ligands obtained from the ligbuilder were drawn on the OSIRIS
property explorer (Fig.11a to 11j) to check their properties like toxicity risks, clogp value,
solubility, molecular weight, drug likeness and drug score for each conformation. On the basis

of these properties best fit ligand which was free from mutagenicity and any kind of side

effects were chosen. The deciding parameter was maximum drug score value (Fig. 11h).




Best fit licand:

Among all ten conformations of ligand, best fit ligand (Fig.12) was chosen on the basis
of maximum drug score value having parameters clogp, solubility, molecular weight, drug

likeness and drug score with values 2.44,-2.67,297.0,-0.14 and 0.65 respectively.

Docking of best fit ligand with target protein:

Docking is a single autodock process, which carries out a number of independent
docking runs, each of which begins with the same initial conditions. After a]l the docking runs
have been completed in a given job, the cluster analysis or structure binning is performed.
This is based on positional root mean square deviation of corresponding atoms, ranking the
resulting families of docked conformations in order of increasing energy. The method for
structure binning allows for symmetry rotations. The rmsd tolerance “rmstol” and reference
structure “rmsref” filename should be specified while clustering the conformations. Typical
value for rmstol ranges from 0.5 to 1.54.

Autodock was performed for docking best fit ligand (red colour) with target protein
(green colour) (Fig.13). Autodock analysis tool compares all the docked conformations with
one another, and if two conformations have rmsd that is less than the rmstol value, they are
both stored in the same cluster (Table 4). This was repeated for all conformations, and the
clusters were ranked in order of increasing energy.

Table 3 shows the final docked energy for each conformation and the rms difference
between the lowest energy member of the cluster and cvery other member. The rms for the
lowest member of the group by definition is zero. Each conformation has a set of remark
records, one of which describes the rms difference between itself and the coordinates

specified. This can be useful to compare docked conformation and experimentally determined

position.
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Phylogenetic analysis:

Phylogenetic analysis was performed to compare the DPP4 sequences from human
being with that of Rattus norvegicus (brown rat), Musmusculus (house mouse), Felis catus
(domestic cat), Sus scrofa domestica (domestic pig), Bos Taurus (cow), Gallus gallus
(chicken), Xenopus tropicalis (western clawed frog) and Macaca mulatia (rhesus monkey). It
was  performed using SAN DIEGO SUPER COMPUTER SYSTEMS (SDSC)
WORKBENCH. Pairwise sequence alignment, multiple sequence alignment, dendrogram,

clustal distance matrix, boxshade and texshade were used for phylogenetic analysis.

Pairwise alisnment:

Sequence alignment is a way of arranging the primary sequences of DNA, RNA, or
protein and to identify regions of similarity that may be a consequence of functional,
structural, or evolutionary relationships between the sequences. Aligned sequences of
nucleotides or amino acid residues are typically represented as rows within a matrix. Gaps are
inserted between the residues so that residues with identical or similar characters are aligned
in successive columns. If two sequences in an alignment share a common ancestor,
mismatches can be interpreted as point mutations and gaps as indels (that is, insertion or
deletion mutations) introduced in one or both lineages in the time since they diverged from
one another. In protein sequence alignment, the degree of similarity between amino acids
occupying a particular position in the sequence can be interpreted as a rough measure of how
conserved a particular region or sequence motif is among lineages.

Pairwise alignment (Table 5) of protein sequences of query sequence and the model
organisms were performed. The highest alignment score (97) was between query sequence
and that of macaca mulatta which shows close phylogenetic relationship between them. The
sequence from Xenopus tropicalis is having lowest alignment score (58) with query sequence

indicating distant phylogeny.
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Multiple sequence alisnment:

*quﬁaghat. 50180

[l N

Multiple sequence alignment (MSA) is sequence alignment of three or more
biological sequences, generally protein, DNA, or RNA. In general the input set of query
Sequences are assumed to have an evolutionary relationship by which they share a lineage and
are descended from a common ancestor. Sequence homology can be inferred and
phylogenetic analysis can be conducted to assess the sequences shared evolutionary origins
from the resulting MSA. In this study multiple sequence alignment was performed between
query sequence and model organisms. The results obtained shown in table 7 in which fully
conserved residues, conservation of strong and weak groups have been represented with

different colours.

Dendrogram:

A dendrogram is a tree diagram frequently used to illustrate the arrangement of the
clusters produced by a clustering algorithm. A dendrogram is strictly defined as a binary tree
with a distinguished root, which has all the data items at its leaves. Conventionally, all the
leaves are shown at the same level of the drawing. This branching diagram shows the relative
sequence similarity between different proteins or genes. Typically, horizontal lines indicate
the degree of differences in sequences, but vertical lines are used to separate the branches,
The sequence similarity between the query sequence and model organisms have been shown
as a tree diagram in Fig.14. Tt indicates close phylogenetic relationship of query sequences
with macaca mulatta whereas Xenopus tropicalis is most distantly located in the phylogenetic

lree.

Clustal distance matrix:

This program calculates distances between sequences using a matrix. The clustal
distance (Table 6) was calculated between query sequence and model organisms. Here query

sequence is having minimum distance (0.30) with that of macaca mulatta as comparison to
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rest of the model organisms. Xenopus tropicalis is having maximum clustal distance which is

0.413 showing distant phylogenetic relationship with query protein sequence,

Boxshade:

Boxshade is a program for pretty printing of multiple sequence alignment output.
Various kinds of shadings are applied to identical and similar residues. This Result (Table 8)
represents conserved, identical, similar and different amino acid residues in green, yellow,

cyan and white colour respectively of query and model organisms protein sequence.

Texshade:

Texshade is TEX-based alignment shading software featuring standard identity and
similarity shading. The Result (Table 9) shows non conserved (black colour), similar (pink
colour), and conserved (sky blue colour) and matched (dark blue colour) amino acid residues

in different colours of query sequence and model organisms.
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CONCLUSION
The best fit ligand was designed for the target protem 2PP4 which specifically binds to

its active site and blocks its activity. As DPP4 is involved in down regulation of insulin so this

could be the first step directed towards the designing and development of 1 therapeutic drug

for the diabetes mellitus type 2. Phylogenetic analysis concludes that human DPP4 sequence

has maximum sequence similarity with that of macaca mulatta and shares the closest

evolutionary relationship whereas DPP4 sequences from Xenopus tropicalis showed lowest

similarity with it among all model organisms tested.
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FIGURES

Fig.1 Structure of modeled target protein
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Fig. 2 Ramachandran plot after modeling
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Fig. 3 Loop formation performed for attaining stability in protein
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/ 1mplementation of Swiss-PdbViewer. ]
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ASP 13 1.873 1.779 ~45.09 =2.31 0.0000 s/ K= ~49.282 |
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THR Z4 0. 386 0.621 -25.83 -22.21 0.0000 s/ E= -44.731 ]
TYR zs 3.399 1.596 =50.73 =-37.12 0.0000 // E= =80.308 []
ARG 26 5.539 2.062 -31.24 -256.06 0.0000 f/ K= =275.65% 0
LRV 27 7.695 0.901 =27.94 1.9%0 0.0000 // K= ~15.654 0l
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Fig. 4 Energy minimization
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Fig. 5 Ramachandran plot after removal of deformities

Fig. 6 Structure of lead molecule
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Fig. 7 Pocket identification of the target modelled protein
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Fig. 8 Binding of lead molecule to the closest amino acid residue
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Fig. 9 lead molecule (red colour) get attached to the closest
amino acid residue (green colour)
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Ten conformations of ligands as results of lighuilder:

Fig. 10a

32




f
|
F
'
|
|
|
33
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Fig. 10d

Fig. 10e
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Fig. 10f
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Fig. 10h

Fig. 10i
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Fig. 10j

OSIRIS result (ligands molecular structure drawn on OSIRIS property explorer):

Fig. 11a
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Fig. 11b
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Fig. 11d
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Fig. 11e

Fig. 11f
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Fig. 11g

Fig. 11h Best fit ligand having maximum drug score
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Fig. 11i
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Fig. 11j r

Fig.12 structure of best fit ligand
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Fig.13 Docking of best fit ligand (blue colour) with target protein (green colour)
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query sequence

Macaca mulatta

Xenopus tropicalis

Gallus gallus

— rattus norvegicus

— musmusculus !
Felis catus )

p=—"cLlS Scrofd

— Hos taurus

Fig.14 Dendrogram
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TABULAR RESULTS

Table 1 Procheck summary before modelling:

Ramachandran plot: 91.1% core  7.8% allow 0.4% gener 0.7% disall
All Ramachandrans: 12 labeled residues (out of 736)

Chil-chi2 plots: 3 labeled residues (out of 476)

Main-chain params: 6 better 0 inside 0 worse

Side-chain params: 5 better 0 inside 0 worse

Residue properties: Max.deviation: 4.1 Bad contacts: 3
Bond len/angle: 6.5 Morrisetalclass: 1 1 2

cis-peptides

G-factors Dihedrals: 0.00 Covalent: -0.14 Overall: -0.05
M/c bond lengths: 99.7% within limits 0.3% highlighted

M/c bond angles: 93.6% within limits 6.4% highlighted

Planar groups: 100.0% within limits 0.0% highlighted

Table 2 Procheck summary after modelling:

Ramachandran plot: 89.7% core 10.2% allow 0.2% gener 0.0% disall
All Ramachandrans: 13 labeled residues (out of 714)

Chil-chi2 plots: 2 labeled residues (out of 476)

Main-chain params: 6 better 0 inside 0 worse

Side-chain params: 5 better 0 inside 0 worse

Residue properties: Max.deviation: 6.2 Bad contacts: 0
Bond length/angle: 6.1 Morrisetalclass: 1 1 2

3 cis-peptides

G-factors Dihedrals: -0.17 Covalent: 0.28 Overall: 0.02

M/c bond lengths:100.0% within limits 0.0% highlighted

M/c bond angles: 97.7% within limits 2.3% highlighted

Planar groups:  75.6% within limits 24.4% highlighted 13 off graph

—

-
=
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Table 3 Clustering histogram:

Cluster Lowest docked Run | Mean docked energy Number in

rank energy cluster

1 -2.87 10 -2.87 1

2 -2.43 1 -2.43 1

3 -1.63 3 -1.63 1

4 -1.59 8 -1.59 1

5 -1.50 2 -1.50 1

6 -1.35 6 -1.35 1

1 -1.25 9 -1.25 1

8 -1.05 5 -1.05 1

9 -1.03 4 -1.03 1

10 -1.00 7 -100 1

Table 4 RMSD table:
Rank Sub Run Docked Cluster RMSD Reference
rank energy RMSD

1 1 10 -2.87 0.00 5.43
2 | 1 -2.43 0.00 5.60
3 1 3 -1.63 0.00 3.90
4 1 8 -1.59 0.00 4,75
5 1 2 -1.50 0.00 4.39
6 1 6 -1.35 0.00 4.71
7 1 9 -1.25 0.00 5.26
8 | 5 -1.05 0.00 4.55
9 1 4 -1.03 0.00 3.09
10 1 7 -1.00 0.00 5.60




Table S Pairwise alignment:

Sequence type explicitly set to Protein
Sequence format is Pearson:

Sequence 1: query sequence 759 aa
Sequence 2: Xenopus_tropicalis 751 aa

‘ Sequence 3: sus_scrofa 766 aa

i Sequence 4: Macaca mulatta 766 aa
Sequence 5: Gallus gallus 759 aa |
Sequence 6: Felis catus 765 aa :
Sequence 7: Bos_taurus 765 aa i
f Sequence 8: rattus_norvegicus 767 aa
| Sequence 9: musmusculus 760 aa

Start of Pairwise alignments
Aligning...

Sequences (1:2) Aligned. Score: 58
Sequences (1:3) Aligned. Score: 88

' Sequences (1:4) Aligned. Score: 97
Sequences (1:5) Aligned. Score: 63
Sequences (1:6) Aligned. Score: 88
Sequences (1:7) Aligned. Score: 88
Sequences (1:8) Aligned. Score: 84
Sequences (1:9) Aligned. Score: 84
Sequences (2:3) Aligned. Score: 59
Sequences (2:4) Aligned. Score: 59
Sequences (2:5) Aligned. Score: 61
Sequences (2:6) Aligned. Score: 59
Sequences (2:7) Aligned. Score: 59
Sequences (2:8) Aligned. Score: 59
Sequences (2:9) Aligned. Score: 58
Sequences (3:4) Aligned. Score: 87
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Sequences (3:5) Aligned. Score: 64
Sequences (3:6) Aligned. Score: 86
Sequences (3:7) Aligned. Score: 90
| Sequences (3:8) Aligned. Score: 82
Sequences (3:9) Aligned. Score: 82
Sequences (4:5) Aligned. Score: 64
Sequences (4:6) Aligned. Score: 87
Sequences (4:7) Aligned. Score: 88
Sequences (4:8) Aligned. Score: 84
Sequences (4:9) Aligned. Score: 84
Sequences (5:6) Aligned. Score: 63
Sequences (5:7) Aligned. Score: 63
Sequences (5:8) Aligned. Score: 63
Sequences (5:9) Aligned. Score: 63

Sequences (6:7) Aligned. Score: 86 [z
Sequences (6:8) Aligned. Score: 83
Sequences (6:9) Aligned. Score: 82 | (

Sequences (7:8) Aligned. Score: 83 f
Sequences (7:9) Aligned. Score: 83 |
Sequences (8:9) Aligned. Score: 91

Table 6 Clustal distance matrix:

(1) 01e(2) L (GF) =) (d) () Bl 0B) 1 (/) A8) e 11 )

query_sequence (1) [ 0.00 |0.030 | 0.123 | 0.120 [ 0.124 | 0.153 | 0.154 | 0.360 | 0.413
Macaca mulatta (2) | 0.030 | 0.000 | 0.124 | 0.118 | 0.127 | 0.148 | 0.151 | 0.362 | 0.411
sus_scrofa (3) [ 0.123 ] 0.124 | 0.000 | 0.092 | 0.135 | 0.174 | 0.175 | 0.362 | 0.408
Bos_taurus (4) [0.120 | 0.118 | 0.092 | 0.000 | 0.135 | 0.168 | 0.166 | 0.371 | 0.407 |
Felis_catus (5) [0.124 [ 0.127 | 0.135 | 0.135 [ 0.000 | 0.160 | 0.171 | 0.370 | 0.410 |
rattus norvegicus | (6) |0.153 |0.148 | 0.174 | 0.168 | 0.160 | 0.000 | 0.082 | 0.368 | 0.409
musmusculus (7) | 0.154 [ 0.151 | 0.175 | 0.166 | 0.171 | 0.082 | 0.000 | 0.368 | 0.412
Gallus_gallus (8) | 0.360 | 0.362 | 0.362 | 0.371 | 0.370 | 0.368 | 0.368 | 0.000 | 0.384

! Xenopus_tropicalis | (9) | 0413 | 0.411 | 0.408 | 0.407 | 0.410 | 0.409 | 0.412 | 0.384 | 0.000
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Table 7 CLUSTAL W (1.81) multiple sequence alignment:

Consensus key

* - single, fully conserved residue

: - conservation of strong groups

. - Conservation of weak groups

- No consensus

query_sequence
Macaca mulatta
sus_scrofa
Bos_taurus
Felis_catus
rattus_norvegicus
musmusculus
Gallus_gallus
Xenopus_tropicalis

query sequence
Macaca mulatta
sus_scrofa
Bos_taurus

Felis catus
rattus_norvegicus
musmusculus
Gallus_gallus
Xenopus_tropicalis

query_sequence
Macaca_mulatta
sus_scrofa
Bos_taurus

Felis catus
rattus_norvegicus
musmusculus
Gallus_gallus
Xenopus_tropicalis

query_sequence
Macaca_mulatta
sus_scrofa
Bos_taurus
Felis_catus
rattus_norvegicus
musmusculus
Gallus_gallus
Xenopus_tropicalis

MKTPWKVLLGLLGAAALVTIITVPVVLLNKGTDDA'I’ADSRKTYTLTDYLKNTYRLKLYSL
MKTAWKVLLGLLGAAALVT]ITVPVVLLNKGTDDATADSRKTY]LTDYLKNTYRLKLYS[,
MKTPWKVLLGLLGI AALVTVITVPVVLLNKGTDDAAADSRRTYTLTDYLKSTFRVKFYTI,
MKTPWKVLLGLLAIAALVTVITVPVVLLTK-GNDASTDSRRTYTLADYLKNTF RMKFYNL
MKTPWKVLLGLLGLAALITIITVPVVLLN KG-NDAAADSRRTYTLTDYLKNTFRVKFYSL
MKTPWKVLLGLLGVAALVTIITVPVVLLNK--DEAAADSRRTYTLADYLKNTFRVKSYSL
MKTPWKVLLGLLGVAALVTIITVPIVLLSK--DEAAADSRRTYSLADYLKSTFRVKSYSL
MKTLLKWLLGLVGVAVVITVIAVPLALLTG-ESIPESDSRSTYTLENYLNN DYVYKTHNL
MKTWLKWLLGILMGAVVVTVVAVPVALLATKGKE---DTRKTFTLEDYFGDEYRAKSF GL

¥kk ok kkk.. ¥k ..*-..**:.** kek ko k ok . %k %k

RWISDHEY YK-QEN-NILVFNAEYGNSSVFLENSTFDEFGHSIN DYSISPDGQFILLEYN
RWISDHEYLYKQEN-NILVFNAEYGNSSVF LENSTFDEFGHSINDYSISPDGQFILLEYN
QWISDHEYLYKQEN-NILLFNAEYGNSSIFLENSTF DELGYSTNDYSVSPDRQFILFEYN
RWVSDHEYLYKQEN-N]LLFNAEYGNSSIFLENSTFDEFGHSINDYSVSPDRQYILFEYN
RWVSDHDYLYKQDN-NILLFNAEYGNSSIFLENSTFDEF EHSINDYSVSPDGQFILLEYN
RWVSDSEYLYKQEN-NILLFNAEHGNSSIFLENSTFEIFGDSISDYSVSPDRLFVLLEYN
WWVSDFEYLYKQEN-NILLLNAEHGNSSIFLENSTFESFG----YHSVSPDRLFVLLEYN
QWISGNQYLHETSNGNILRFDAETGTS SVVLLNTTISIH--EATTAILSPDQRFALLQYK
KWVSENEFLFRTKD-NVLIYNVDNEKTTEMISNTTIYNSN~-SSFYTLSDNRNYALLQYN

ke » Kok o0 ae b ok ok . . *:.*.

YVKQWRHSYTASYDIYDLNKRQLITEERIPNNTQWVTWSPVGHKLAYVWNNDIYVKIEPN
YVKQWRHSYTASYDIYDLNKRQLITEERIPNNTQWVTWSPVGHKLAY VWNNDIY VKIEPN
YVKQWRHSYTASYDIYDLNKRQLITEERIPNNTQWITWSPVGHKLAY VWNNDIYVKNEPN
YVKQWRHSYTASYDIYDLNKRQLITEERIPNNTQWITWSSVGHKLAYVWNNDIY VKNEPN
YVKQWRHSYTASYDIYDLNKRQLITEEKIPNNTQWITWSPEGHKLAY VWKNDVYVKNEPN
YVKQWRHSYTASYSIYDLN KRQLITEEKIPNNTQWITWSQEGHKLAY VWKNDIY VKIEPH
YVKQWRHSYTASYNIYDVNKRQLITEEKIPNNTQWITWSPEGHKLAYVWKNDIYVK VEPH
YEKLWRHSYTASYHIYDFNTSSILDDALLPNDTQYISWSPVGHKLAYVWNNNIYIKASPT
YEKLWRHSYTASYHIYDTVKGEIVTANVLPNQIQYITWSPVGNKLAYVWENNIYIKETPG

* ok deokokkokokokokok skokok - .**: Kook *-******:*..*.* *

LPSYRITWTGKEDIITYNGITDWVYEEEVF-AYSALWWSPNGTF LAYAQFNDTEVPLIEYS
LPGHRITSTGKEDMIYNGITDWVYEEEVFSAYSALWWSPNGT FLAYAQFNDTEVPLIEYS
LSSQRITWTGKENVIYNGVTDWVYEEEVFSAY SALWWSPNGTFLAYAQFNDTEVPLIEYS
SPSQRITWTGKKDVIYNGITDWVYEEEVFSAYSALWWSPNSTF LAYAQFNDTEVPLIEYS
SSSHRITWTGEENAIYNGIADWV YEEEIFSAYSALWWSPKGTF LAYAQFNDTQVPLIEYS
LPSHRITSTGKENVIFNGINDWVYEEEIFGAYSALWWSPNGTFLAYAQFNDTGVPLIEYS
LPSHRITSTGEENVIYNGITDWVYEEEVFGAYSALWWSPNNTFLAYAQFNDTGVPLIEYS
AAPVQITSNGEENKIFNGIPDWVYEEEMFGSHSALWWSPNGNFVAYAAFNDTEVPVIEYS
GSSIQITTNGEHNKILNGIPDW VYEEEMFSTNY ALWWSPDAASLAYVEFNDTDVPAIEYS

Ak k. . ok ok, dokodokdokkok . kskokokokok kk kkdkok ok dkokokok
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query_sequence
Macaca_mulatta
sus_scrofa
Bos_taurus
Felis_catus
rattus_norvegicus
musmusculus
Gallus_gallus
Xenopus_tropicalis

query_sequence
Macaca_mulatta
sus_scrofa

Bos taurus
Felis_catus
rattus_norvegicus
musmusculus
Gallus_gallus
Xenopus_tropicalis

query_sequence
Macaca mulatta
sus_scrofa
Bos_taurus
Felis_catus
rattus_norvegicus
musmusculus
Gallus_gallus
Xenopus_tropicalis

query_sequence
Macaca_mulatta
sus_scrofa
Bos_taurus
Felis_catus
rattus_norvegicus
musmusculus
Gallus_gallus
Xenopus_tropicalis

query sequence
Macaca_mulatta
sus_scrofa

Bos taurus
Felis_catus
rattus_norvegicus
musmusculus
Gallus_gallus
Xenopus_tropicalis

FYSDESLQYPKTVRVPYPKAGAVNPTVKFFVVNTDSLSSVTNATSIQITAPASMLIGDHY
FYSDESLQYPKTVQVPYPKAGAVNPTVKFFVVNTDSLSSATNATSIQITAPASMLIGDHY
FYSDESLQYPKTVRIPYPKAGAENPTVKFFVVDTRTLSPNASVTSYQIVPPASVLIGDHY
FYSDESLQYPKTVKIPYPKAGAVNPTIKFFVVNISSLSPNINATSQQIVPPGSVLIGDHY
FYSDESLQYPMTMRIPYPK AGAANPTVKLFVIKTDNLNPNTNATSVEITPPAAMLTGDYY
FYSDESLQYPKTVWIPYPKAGAVNPTVKFFIVNTDSLSSTTTTIPMQITAPASVITGDHY
FYSDESLQYPKTVWIPYPKAGAVNPTVKFFIVNIDSLSSSSSAAPIQIPAPASVARGDHY
FYSEDTLQYPKTIRIPYPKAGAKNPTVKFFIVDIQMLPDFN---STEISPPAEIK SGDHY
FYGEDSDQYPKTVVIPYPKAGAKNPTVRLFVVNTASLPAFN---SVEIPPPAELRTIDYY

**_--- dkk ko odkokkdkokkk skokk...k.. * ok *. . ¥k

LCDVTWATQERISLQWLRRIQNYSVMDICDYDESSGRWNCLVARQHIEMSTTGW VGRFRP
LCDVTWATQERISLQWLRRIQNYSVMDICDYDESSGRWNCLVARQHIETSTTGWVGRFRP
LCGVTWVTEERISLQWIRRAQNYSIIDICDYDESTGRWISSVARQHIEISTTGWVGRFRP
LCDVTWVTEERISLQWLRRIQNY SIMDICDYDRSTGRWISSVGRQHIEISTTGWVGRFRP
LCDVTWANEERISLQWLRRIQNYSVMDIRDYNNSTGK WISSAAQEHIEMSTTGWVGRFRP
LCDVAWYVSEDRISLQWLRRIQNYSVMAICDYDKTTLVWNCPTTQEHIETSATGWCGRFRP
LCDVVWATEERISLQWLRRIQNYSVMAICDYDKINLTWNCPSEQQHVEMSTTGWVGRFRP
LSVVTWVTDERICLQWLRRIQNYSVLTICDFESATGNWTCHR-KNNFWKKVQLAGWQISA
INGMNWVTNGKMAVQWLRRIQNVSLLTVCDFAAPAWNCQPP——--VYEQSTTGWVGYFQP

¥ . sk ok ok ok,

SEPHFTLDGNSFYKIISNEEGYRHICYFQIDKKD---CTFITKGTWEVIGIEALTSDYLY
SEPHFTSDGNSFYKIISNEEGYRHICYFQINKKN---CTFITKGAWEVIGIEALTSDYLY
AEPHFTSDGNSFYKIISNEEGYKHICHFQTDKSN---CTFITKGAWEVIGIEALTSDYLY
AEPHFTSDGNSFYKIISNEEGYKHICHFQTDKRN---CTFITKGAWEVIGIEALTSDYLY
AEPHFTSDGRNFYKIISNEDGYKHICRFQIDKK D---CTFITKGAWEVIGIEALTTDYLY
AEPHFTSDGSSFYKIVSDKDGYKHICQFQKDRKPEQVCTFITKGAWEVISIEALTSDYLY
AEPHFTSDGSSFYKIISDKDGYKHICHFPKDKKD---CTFITKGAWEVISIEALTSDYLY
ICPLFAPDNTTYYKVFSNTEGYKHIHYINGTEAP----VPITEGKWEVISIAAVTKYFLY
SSPYFTQDGQKY YKVISNKEGYKHIHLFEGAKEP----VAITSGKWEVTSITTVASNLLY

YISNEYKGMPGGRNLYKIQLSDYTK-VTCLSCELNPERCQY YSVSFSKEAKYYQLRCSGP
YISNEYKGMPGGRNLYKIQLSDYTK-VTCLSCELNPERCQY YSVSFSKEAKYYQLRCSGP
YISNEHKGMPGGRNLYRIQLNDY TK-VTCLSCELNPERCQY YSASFSNKAKYYQLRCFGP
YISNEYKGMPGARNLYKIQLNDYTK-VTCLSCELNPDRCQY YSVSFSQEAKYYQLRCSGP
YISNEYKGMPGGRNLYKIQLNDYTK-VACLSCELKPERCQY YSVSFSKEAKY YQLRCSGP
YISNEYKEMPGGRNLYKIQLTDHTN-KKCLSCDLNPERCQY YSVSLSKEAKYYQLGCRGP
YISNQYKEMPGGRNLYKIQLTDHTN-VKCLSCDLNPERCQY YAVSFSKEAKYYQLGCWGP
YISNQNGEMPGGRNLYKMLLESSPKSTQCVSCDLNQERCQY YSASFSKDAQYYQLNCLGP
YISNE--GFPGRRQLYKIRLDGGSNSAQCVTCNIRQERCQQYSAYFSKDSKYYALNCNGP

Fokodkoke  okk kokk.. k¥ Lor ek ok k. k. ook ok ok Kk

GLPLYTLHSSVNDG-LRVLEDNSALDKMLQNVQMPSKKLDFIILNETKFWYQMILPPHFD
GLPLYTLHSSVNDKGPRVLEDNSALDKMLQNVQMPSK TLDFIILNETKFWYQMILPPHFD
GLPLYTLHSSSSDKELRVLEDNSALDKMLQDVQMPSKKLDVINLHGTKFWYQMILPPHFD
GLPLYTLHNSNNDKELRVLENNSDLDQVLQDVQMPSKKLDFIHLHGTKFWYQMILPPHFD
GLPLYTLHRSSNDEELRVLEDNSALDKMLQEVQMPSKKLDFIILNETKFWYQMILPPHFD
GLPLYTLHRSTDQKELRVLEDNSALDKMLQDVQMPSKKLDFIVLNETRFWYQMILPPHFD
GLPLYTLHRSTDHKELRVLEDNSALDRMLQDVQMPSKKLDFIVLNETRFWYQMILPPHFD
GLPMSTLHRSSDDQVLRYLENNTELENSLKDIQMPSKKLGSITVGGYNLWYQMILPPHLD
GVPIYTLYNSSNDKEMHIMEDNEELKLLLDEVQMPTK ENKSIIIDGFELWYQLTLPPNFD

¥k kk. k akek kK Lodokkok k. Aok, ook, ok
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query_sequence
Macaca mulatta
sus_scrofa

Bos taurus

Felis catus
rattus_norvegicus
musmusculus
Gallus_gallus
Xenopus_tropicalis

query_sequence
Macaca_mulatta
sus_scrofa

Bos taurus
Felis_catus
rattus_norvegicus
musmusculus
Gallus_gallus
Xenopus tropicalis

query_sequence
Macaca mulatta
sus_scrofa
Bos_taurus
Felis_catus
rattus_norvegicus
musmusculus
Gallus_gallus
Xenopus_tropicalis

query_sequence
Macaca_mulatta
sus_scrofa
Bos_taurus
Felis_catus
rattus_norvegicus
musmusculus
Gallus_gallus
Xenopus_tropicalis

skekskodokok skokok kool dokdok

KSKKYPLLLDVYAGPCSQKADTVR-LNWATYLASTENIIVASFDGRGSGY QGDKIMHAIN
KSKKYPLLLDVYAGPCSQKADAVFRLNWATYLASTENIIVASFDGRGSGYQGDKIMHAIN
KSKKYPLLIEVY AGPCSQKVDTVFRLSWATYLASTENIIVASFDGRGSGYQGDKIMHAIN
KSKKYPLLLEVYAGPCSQKADAIFRLNWATYLASTENIIVASFDGRGSGYQGDKIMHAIN
TSKKYPLLIDVYAGPCSQKADAIFRLNWATYLASTENIIVASFDGRGSGYQGDKIMHAVN
KSKKYPLLIDVYAGPCSQKADAAFRLNWATYLASTENIIVASFDGRGSGYQGDKIMHAIN
KSKKYPLLLDVYAGPCSQKADASFRLNWATYLASTENIIVASFDGRGSGYQGDKIMHAIN
SSKKYPLLLEVYAGPCSQKVDHVFRINWATYLASTEQIIVASFDGRGSGYQGDEIMHAIN
KSKKYPLLIDVYGGPCSQKVDQYFRLNWATYLASTEKIIVASFDGRGSGYQGDKIMHQLY

sokskeokokskok. dkok skokokskoksk ok -.*********-******#*********-*** .

RRLGTFEVEDQIEAARQFSKMGFVDNKRIAIWGS-YGGYVTSMVLGSGSGVFKCGIAVAP
RRLGTFEVEDQIEAARQFSKMGFVDNKRIAIWGWSYGGYVTSMVLGSGSGVFKCGIAVAP
RRLGTFEVEDQIEATRQFSKMGFVDDKRIAIWGWSYGGYVTSMVLGAGSGVFKCGIAVAP
RRLGTFEVEDQIEATRQFSKMGFVDDKRIAIWGWSYGGYVTSMVLGAGSGVFKCGIAVAP
RRLGTFEVEDQIEAARQFSKMGFVDDKRIAIWGWSYGGY VISMVLGAGSGVFKCGIAVAP
KRLGTLEVEDQIEAARQFLKMGFVDSKRVAIWGWSYGGY VISMVLGSGSGVFKCGIAVAP
RRLGTLEVEDQIEAARQFVKMGFVDSKRVAIWGWSYGGYVTSMVLGSGSGVFKCGIAVAP
RRLGTYEVEDQISAARTFSEMSFVDKDRIAIWGWSYGGY VISMVLGSGSGVFKCGIAVAP
HKLGTLEVQDQIAAARYFITLGFVDPKRIAIWGWSYGGY VISMVLGSGSGLFKCGIAVAP

cokokok kokodokk kok k. dkkok kokskokk skkskokskokokskok ok, kokok, ok kb ok kkok ok

VSRWEYYDSVYTERYMGLPTPEDNLDHYRNSTVMSRAENFK--EYLLIHGTADDNVHFQQ
VSRWEYYDSVYTERYMGLPTPEDNLDHYRNSTVMSRAENFKQVEYLLIHGTADDNVHFQQ ;
VSKWEYYDSVYTERYMGLPTPEDNLDY YRNSTVMSRAENFKQVEYLLIHGTADDNVHFQQ
VSKWEYYDSVYTERYMGLPTPEDNLDSYRNSTVMSRAENFKQVEYLLIHGTADDNVHFQQ lﬁh
VSRWEYYDSVYTERYMGLPTPQDNLDY YKNSTVMSRAENFKQVEYLLIHGTADDNVHFQQ '
VSRWEYYDSVYTERYMGLPTPEDNLDHYRNSTVMSRAENFKQVEYLLIHGTADDNVHFQQ }
VSRWEYYDSVYTERYMGLPIPEDNLDHYRNSTVMSRAEHFKQVEYLLIHGTADDNVHFQQ
VSRWQYYDSIYTERYMGLPTESDNLRNYNSSTVMARAEKFKEVEYLLIHGTADDNVHFQQ
VSSWEYYDSIYTERYMGLPTPEDNLENYLSSTVMARAQKFKDVEYLLIHGTADDNVHFQQ

¥k kodkckkckokokkdokskokakok  skoksk sk dokddokokoka sk okokokoskok skokok ok skokokokokok ok

SAQISKALVDVGVDFQAMWYTDEDHGIASSTAHQHIY THMSHFIKQCFSLP
SAQISKALVDAGVDFQAMWYTDEDHGIASSTAHQHTY THMSHFIKQCFSLP
SAQLSKALVDAGVDFQTMWY TDEDHGIASNMAHQHIY THMSHFLKQCFSLP
SAQISKALVDAGVDFQSMWYTDEDHGIASSTAHQHIY THMSHFLKQCFSLL
SAQISKALVDAGVDFQAMWY TDEDHGIASGPAHQHIY THMSHFIKQCFSLP
SAQISKALVDAGVDFQAMWYTDEDHGIASSTAHQHIYSHMSHFLQQCFSLR
SAQISKALVDAGVDFQAMWY TDEDHGIASSTAHQHIY SHMSHFLQQCFSLH
AAQISKALVDAEVDFQAMWY TDKDHGISG-QAHKHIY THMSHFIK QCFSLP
AAHISK ALVDAQVDFDTMWY TDKDHGIG-GTANRHIY THMSHYLKQCFNIQ

ook ko kok koK. kKK
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Table 8 Boxshade:

query._sequence
Macaca_sulatta
sue_scre fa
Bows_taurus
Felis_catus
rattus_norvegic
musmusculus
Gallus_gallus
Xenopues_tropica
conmensues

query_sequence
Hacaca_mulatta
sus_secrofa
Bows_taurus
Felis_catus
rattue_nervegic
musmusculue
Gallus_gallus
Xenopus_tropica
conmensus

query_sequenae
Macaca_mulatta
sus_scrofa
Bos_taurus
Felis_catus
rattus_mneorvegic
musnusculus
Gallus_gallus
Xenopus_tropica
conmensus

uery_sequence LPSYR
a-c:{n_ng?nttn LPGRR

sus_sereo fa LSSQR
Bos_taurus SPSQR
Felis_catuns SSSHR
rattues_norvegic LPSRR

musmusculue LPSER
Gallue_gallus AARVQ
Xenopus_tropieca
conmensus

query_sequence
Hacaca_mulatta
sus_mcrxofa
Bom_taurus
Felim_catus
rattus_norvegica
musmusculus
Gallus_gallus
Xenopue_tropica
conmensus

uery_sequence

acaca_mulatta
sum_scrofa
Bos_taurus
Feliw_catue
rattus_norvegie
musmueculus
Gallus_gallus
Xenopus_tropica
consensus
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query_sequence
Macaca_aulatta
sus_scrofa
Bos_taurus
Felis_catus
rattus_norvegic
musnusculus
Gallus_galluas
Xenopue_tropica
conmensus

query._esequence
Hacaca_mulatta
sun_pscro fa
BEom_taurus
Felis_catus
rattus_norvegic
musausculue
Gallue_gallus
Xenopus_tropica
conmEeEnsus

query_sequence
Macaca_mulatta
sus_mearofa
Bom_taurus
Felim_catus
rattus_norvegia
musmusculus
Gallus_gallus
Xenopus_tropica
conmensus

query_sequence
Macaca_mulatta
sus_scrofa
Bom_taurus
Felis_catus
rattus_norvegic
mnusmusculus
Gallus_gallus
Xenopuwe_tropica
conEensus

uery_sequence
&nczzn_-zratta
suns_mcrofa
Boms_taurus
Felim_catus
rattus_norvegic
musmusculus
Gallus_gallus
Xenopus_tropica
conmensus

query_sequenae
Hacaca_amulatta
sus_scrofa
Boe_taurus
Felis_catus
rattus_nervegic
musmusculue
Gallue_gallus
Xenopus_tropica
conEeEnsue

query_esequence
Hacaca_amulatta
sus_mscrofa
Bowm_taurus
Felis_catus
rattus_nervegic
musmusculus
Gallus_gallus
Xenopus_tropica
conesensus
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Table 9 Texshade:

M ETPWEVLLGLLGIA A query_sequ

S M E TTW R V1. LGLLGS A Hacaca_mul

N TPYEYLLGLLG AY 8 3 sue_scrofa

| N TPYEYLLGLL A A F Boe_taurus

N HETPWEYLLGLLG A j F Felis_catu

| NETPYEVLLOLLG AF. A rattus_nor

1 mussusculu

1 Gallus_gal

1 Ienopus_tr

coneensus
™ m s m 1o 120

61 . : query_saqu

81 . Macaca_mul
81 . % pus_scrofa K
80 BN ILLFEAEYGESSIFLENSTFDEFGISINDYSYSPDRQ TLIGEY Boe_taurus .“
80 ‘ ZH: wn‘rsvwn{z IOAN:AS Felis_catu {!

58 . : /| rattus_nor
59 BiILLAHAE:GESSIFLERSTE = H /| musmusculu “l

80 HudILIF (AE A Gallus_gal
58 By L H F lenopus_txr (|
r\'vﬁdha ylykqe n—liLlfnae,gnn eifleNeTidefg—n indyuvﬁpdrqtll.lafn cOnEensus Hi

. ; . . 120

IS BT YEQWRHSYTASYDIYDLEERQLITEE /| query._sequ

IV B TYEQWEHS YTASYDIYDLEERQLITEE | MWacaca_mul

V. R TYEQWRHSYTASTDIVDLEERQLITEE ! ! /| sus_scrofa

IS T YEQWEHSYTASTDITDLEERQLITEE IPHETQ¥ITYSJVGHELAYVWEEDIYYHL (I Boe_taurus

IS L B TYEQWRHSTYTASYDIVDLEERQLITEE IPENTQWITWSPIC HKLATVHEHI} WMy Felie_catu

ISR Y VEQWRHS Y TASTII YDLHHCKQI.ITEE IPHETOQYITWS HKI.ATYH’HHDIWK rattus_nor

114 IPENTOQWITWS PIAGHELATYWIL(FDI TYEJEP) S LTI R

118 )JF : F iny : Gallus_gal

115 H ETHG Xenopus_tr

YvEqQWRHESYTASYd !‘lDlnh’qli teeriPEntQuwi tH’SvahlLAY‘i'I‘nldin!—ePn coneensus
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u A uery_sequ
IT_TGEE IVEGITDWVYEEEVFSAYSALYWSPHGTFLATAQFNDTEVPLIEYS Ean:{u:ll
[THTGKEH ITHG TDWVYEEEVFSATSALWWSPEGTFLATAQFEDTEVPLIEYSEEENCITS S |
RITUTGEL  ITHGITOWYVTEEEYFSATSALYWSPEITFLATAQrHDTEVPLIEY SEp il '
R I T TOEERNIYRGIDDWVYEEE FSATSALWYSPIGTFLATAQFEDT | VPLIETSESZ EUMEIN ‘
(RIT TGHEN 1 HGILOWVYEEE a:‘rsu,wspmwumqnn GURAAEY rattus_nor [

: |

YSALYYSPHUTFLAYAQFEDTLVPL IE TSI a i
: Gallue_gal
lenopus_tr
cCOnEaEnsue

P ‘h"f‘l'}:.I'_.L

FYSDESLQTPETY . PYPEAGAVEPTVEFFYYETDSLS V] YATS QI NTERA TR query_sequ
FYSDESLOQYPETYY PTPEAGA‘EHFT‘EKFF?YETDSIS- ETC L AL TR AT DAl Macaca_mul

FYSDESLQYPETY IPYPEAGAANPTYEFFYY HEE p @ sus_pcrofa 0

FYSDESLQYPETY IPYPEAGAYEPT EFFYVEIEGSLSIZ S Boe_taurus il

FYSDESLQYP(IT  IPYPEAGAMEPTIVERFY INTDEILIDg i Felis_catu ;'l
TRTTIPH I EHACRTT )il rattus_nor

TAPIMPAII AR O  musmusculu l'

TR PP PRSI Gallus_gal i

EfE lanopus_tx I

consaneus '|,‘

3an

258 query_sequ
300 : EKISLQH‘LREIQHTS‘EHDICDTDMS G ¥ O 3 Macaca_mul
kKT L Y TY VTEERISLOY EERFQEYS EDIBDTD'-STB 1SS sus_scrofa
299 Boe_taurus
299 LBD‘ETHmEERISLQH‘LKRIQHYS‘IKDIEDT JSTG IS5 A Felis_catn
298 ¥ E RISLQVLEERIQEYSVMICDYDLC TIAN O 2 C rattus_nor
284 P susmusculu
285 Gallus_gal
292 . F Ienopus_tr
lcdﬂ:'l‘vtearillQHlRl:QlySvldi :DJd—utgnnc——arqhie-uttgngrf rp CONEENBUE
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-ﬁ T ™

uexry._sequ

caca mul
sue_gcrofa
Boe_taurus
Felie_catu
TRITEGAYEVIRIEALTSDYL YR st s
TFI T]IGA‘H’EV IS TEALTSDYL TR L] T4 kT

Gallue_gal
Xenopus_txr
coneansue
bice 0 b
CLSCELFPERCQYTSYSFSEEARTTQLEC: query_sequ
TISHETEGKPGOERLYEIQLAD CLSCELNPERCQYTSYSFSEEAKTYVQLREC: Macaca_mul
TISHECEGKPGORNELY IQLI(D CLSCELEPERCQYTSISFSITAAR Y YQLEC) sus_scrofa
; CLSCELEP RCQYTSYSFSIEAKTTQLROS Bos_taurus
OLSCELIPERCQYTSYSFSEEAKTTQLEC: Felie_catu
ACLSC LEPEECQYTSYSIRSEEAEYYQL Tjo: rattus_nor
V) «CLSC  LEPERCQYY YSFSEEAKYTQL! msuemusculu [
TISH !-"-'KPGGRHLTK LAY G SC U LEVERCQYTSHISFSE LC‘I’YL‘ Gallue_gal |
0% 0.9 (RIFD O G EN S A QL EE| 4 | AIRE Xenapus_tr ?

TI Sll'aykglPGnLTk: L—dyt k-v-0leCelnpeRGQyTeveiSka ak‘l"qurU-GP coneensus -‘a.||

474 8 . query._sequ J

476 g yBYLEDNSALDENLY YQHPSENLDFI LHEI‘KFYYQII[ILP‘PHF Macaca_mul i

478 35 FDEELRYLFDNSALDEKLOQDVQNPSEELDIIE EFWTQNILPPHF DI TVEMCTA o5 2 ‘ﬂl

475 TLH.S{EDEELRVLE NSILI(}]LQDVQKPSKELDF I):i EFWTQKILPPHF DL AN T fi

475 "L HY: EDEELRVLEDHSALDKHLQ YQRPSEKLDF X LHEI‘KF'I’YQKILPPHF Felis_catu |

aT7 B % rattus_nor ‘

470 TLH: H QDYQRPSEELDF I LEET FY¥YQRILPPHF DR U7 iTTA0 A1

470 ; AL TN GGYHL YQI'(ILPPE'I Gallus_gal

482 E Ianopus_tr
Dlmy'ﬂ.h—s:ndkalrledIlaLdk.I.qvalPaIkld:E 1ilnetkiWYQm :LPPhiD coneensus

3
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w0 50 s70 =0 i ton
ESEEYPLLLDVYAGPOSQEADY i LEWATTLASTERI IVASFOGRGSGTQGDEINHALN
ESEETPLLLDVYAGPCSQEKADA FRLEWATYLASTENIIVASFDGRGSOYQOGDEINHATE
ESKEYPLL - VYAGPCSQELD FRLEWATYLASTENIIVASFIGROSGYQGDEIKEALR
ESERYPLLL -VTAGPCSQEADA FRLEWATTLASTERIIVASFDORGSGYQGDEINEATR
SEEYPLL DVVAGPUSQEADA FRLEWATTLASTENIIVASFDGRGSGYQGDEIKEA
ESEEYPLL (DVYAGPCSQEADANFRLEWATYLASTERI IVASFDGRGSGTQGDEINHALE
ESEEYPLLLDVTAGPCSQEADASFRLEWATYLASTERI IVASFIGRGSGYOGDEIKEATE
SERTPLLL -¥YAGPCSQEfIG] FR HWATYLASTE II¥ASFDORGSGTQODEIMEALR
KSERTPLL DYY GPOSQENDIMFRLEVATYLASTHAIIVASFIGROSGYQGDEINET) Lf
kSEETPLL1dVYaGP0SQEalavEirloWATTLASTEn] IVASFDGREGSGYQRDEINEain

&0 em &0 e ea0
RRLGTFEVEDQIEAARQFSENGFY I ERIAIWGEM YOO TVTSHY LOSOSOYFECGIAVAT
RELGTFEYEDQIEAARQFSENGFYINERIAINGYS YOO TVISHY LOGSOSOYFECOIAVAT
ERLGTFEVEDNQIEANRQFSENGFYMLERTAIWOWSYOOTYTSHYLG BSGYFECGIAVAP
ERLGTFEYEDQIEANNRQFSEMGF YN ERTA INGYSTOOTYTSHYLG GSGYFECOIAVAP
RRLOTFEYEDQIEAARQFSENGF YN ERIAIVGYSYOOTVTSHYLG OGSGYFECOIAVA

RLGTEEVEDQ IEAARQRIPEMGFVYILER AIWGYSTOOYVTSHYLOGSOSOYFECGIAYAT
RRLGTIREYEDQIEAARQ

l'!'ll 850 Tm o 20
YSRYETYDSYYTERYHGLPTPEDELD:
VSRYETTDSYTTERYHGLPTPEDN LIN:
VS YEYTDSY¥TTERYMGLPTIPEDELD
¥S WETYDSYYTERYNGLPTPEDELD:
VSEYEYTDSYYTERYKGLPTE  DFLD
YSRYEYYDSVTTERYMOLPTPEDELIN:
YSRYEYYDSYTTERTHGLPLPEDNLI:
VSRY  YTDS TTERYHOLPTAI0N LIV s A
WETYDS (YTIERYMOLPTPEDHL | (FETVEYLLIHGTADDNYHFQQ
VSr¥eYYDSYYTERTHGLPtpeDELAd-VrnSTVHeRAenFEqvEYLLIEGTADDEVEFQQ

TRESTVHSRAENFEQYEYLLIHGTADDEYHFQQ
TRESTYMSRAENFEQYEYLLIHGTADDNYHFQQ

query_saqu
Macaca_msul
sus_gcrofa
Boe_taurue
Falis_catn
rattus_nor
muemusculu
Gallus_gal
Ianopus_tr
COnBEnsus

query_saqu
Macaca mul
sue_gcrofa
Boe_taurus
Felie_catu
rattus_nor
sussusculu
Gallus_gal
lenopus_tr
CONBEensus

query_sequ
Hacaca mul
sue_escrofa
Boe_taurus
Felie_catu
rattus_nor
susmusculu
Gallue_gal
Xenopus_tr
coneensus
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T09
718
718
7158
Ti8
17
Ti0
T10
T2

7™ 40 7= 780 ¥m
SAQISEALVDYGYDFQANY YTDEDEG I ASSTAEQHEIYTENSEF. EKQCFSLE
SAQISKALVDAGYDFQAKWYTDEDHG I ASSTARQERTTHKSHF EQCFSLP
SAQ SEALVDAGYDFQEMWYTDEDHGIASITHABQHI TTEKSHFLEQUFSLE
SAQISEALYDAGVDFQ MWYTDEDHGIASSTAHQHITTHKSHEFLEQCFSLIM
SAQISKALVDAGYDFQANWYTDEDEGIASTJAHQHI YTHKSHF EQUFSLE
SAQISKALVDAGYDFQANMYTDEDHEGIASSTAHQEIT HNSHF qch R
SAQISKAL?D&G?DFQAKHTTDEDEGIﬁSSThHIHIY HHSHF

query_saqu
Macaca mul
sus_gcrofa
Boe_taurus
Felie_catu
rattus_nor
muemusculu
Gallue_gal
Xenapus_txr
congeneus
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