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The Vascular Endothelial Growth Factor 1,2,3 (VEGFR 1,2,3) protein
sequences from various species like Mus musculus (Mouse), Rattus
norvegicus (Rat) and Homo sapiens (Human) were retrieved from
SWISS PROT database and compared for their homology and
variability. DNAMAN Software was used to create multiple sequence
alignment and in assessment of the homology and variability. The
results of the phylogenetic tree assessment for VEGFRL1, 2, 3 depicts
that the sequences from Mus musculus (Mouse) and Rattus norvegicus
(Rat) showed high homology when compared with the sequences of the

Sequences. Homo sapiens (Human). The intra sequence homology within the

humanVEGFR1,2,3 protein predicted and analyzed for secondary
structure show a characteristic variability in the amino acid positions on
the random coils, alpha confirmationsand extended strands without
significant variation in the length.

Copy Right, 1JAR, 2016,. All rights reserved.

Introduction:-

Stem cells are totipotent primordial cells capable to differentiate into any known adult cell types with its typical
physiological functions (Louveau | et al., 2016).The first stem cells originate within the developing embryo
(blastocyst) and have two important characteristics that distinguish them from other types of cells. First, they are
unspecialized cells that renew themselves for long periods through cell division. The second is that, under
physiologic or experimental conditions, they can be induced to become cells with special functions such as the
beating cells of the heart muscle or the insulin-producing cells of the pancreas (Adel Alhadlag and Jeremy J. Mao,
2004).Stem Cells reside as resident population at various organs and can be isolated from variety of tissues like
adipose tissue, bone marrow, embryos, olfactory ensheathing cells, peripheral blood, skin and umbilical cord
blood.Further stem cells or progenitor cells can be mobilized form bone marrow upon signaling from the infracted
or damages tissues.

There are different types of stem cells like embryonic stem cells, endothelial stem cells, mesenchymal or stromal
stem cells, hematopoietic progenitors, cardiac, cancer and neuronal stem cells, induced pluripotent stem cells
etc (Choudhery MS et al., 2015). All these have been isolated, banked or used for research with few successful
clinical applications. However identification of these cell with their characteristic phenotypic or genotypic
markers are more difficult and challenging today. There are surface markers common for these cells with few
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exceptions like common leucocyte markers like CD45 which is mostly observed only in the cells of the
hematopoietic origin (Kobolak et al., 2016). Further many progenitor stem cells usually shares surface
markers making it difficult to isolate or characterize as functional lineages, though these markers are very
particular for some discrete functional adult differentiated cells. Therefore the identification and
characterization of the stem cells with the available markers or cluster of differentiation (CD) on the surface of these
naive cells becomes more difficult and generalized rather than specific. Therefore it becomes necessary to eliminate
such older cells based on the other markers characteristic to the anatomical site of the cells or type of the cells. The
best example of these cases isVascular Endothelial Growth Factor(VEGFR) group of the markers which are
very specific to endothelial progenitors or endothelial cells (Igarashi Y et al., 2016). The presence of VEGFR
has been well characterized in the mesenchymal stem cells too (Totsugawa T et al., 2002), though MSCs
functions are much varied.The VEGFRfamily consists of three members, Vascular Endothelial Growth Factor
Receptor -1 (FIt-1), Vascular Endothelial Growth Factor Receptor -2 (KDR/FIk-1) and Vascular Endothelial Growth
Factor Receptor -3 (FIt-4), all of which belong to the receptor type tyrosine kinase superfamily (Matthias Clauss, et
al., 1996, Kasper G et al., 2007,). In the current investigation we intended to examine the variability of
VEGFR1,2 and 3 among the experimental animals and human origin. We tend to investigate the degree of
identity among human and animals and within animal groups. The VEGFR 1,2 and 3 amino acid sequences
from human origin and from the murine origin (Mouse and Rat) were assessed for the homogeneity and
difference in their protein confirmation. This will the give the information on the degree of the cross
reactivity of the VEGFR antibodies against VEGFR 1,2,3 and species cross reactivity with murine origin.

Materials and Methods:-

Retrieval of sequences:-

The amino acid sequences of the surface marker Vascular Endothelial Growth Factor Receptor (VEGFR) was
retrieved using NCBI and SWISS-PROT. Sequences of all three receptors, namely, VEGFR1, VEGFR2 and
VEGFRS3 from different species such as Homo sapiens (Human), Mus musculus (Mouse) and Rattus norvegicus
(Rat) were used for this study.

SWISS-PROT (http://www.expasy.org/sprot/)(Amos Bairoch and Rolf Apweiler, 2000) Swiss-Prot is a curated
biological database of protein sequences from different species created in 1986 by Amos Bairoch during his doctoral
work and developed by the Swiss Institute of Bioinformatics and the European Bioinformatics Institute. It strives to
provide a high level of annotation (such as the description of the function of a protein, its domains structure, post-
translational modifications, variants, etc.), a minimal level of redundancy and high level of integration with other
databases.Now funded by the NIH, Swiss-Prot and its automatically curated supplement TrEMBL have joined with
the PIR to produce the UniProt Knowledgebase, the world's most comprehensive catalogue of information on
proteins. It is a central repository of protein sequence and function created by joining the information contained in
Swiss-Prot, TFTEMBL, and PIR.

NCBI-ENTREZ (http://www.ncbi.nlm.nih.gov/) (Sayers EW and Karsch-Mizrachi I, 2016)

Established in 1988 as a national resource for molecular biology information, 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.

The Entrez system can provide views of gene and protein sequences and chromosome maps. Entrez can efficiently
retrieve related sequences, structures, and references. Some textbooks are also available online through the Entrez
system. Entrez Global Query is an integrated search and retrieval system that provides access to all databases
simultaneously.

The sequences of the surface markers VEGFR 1, 2 and 3 were retrieved in FASTA format.
VEGFR 1
Source: Homo sapiens (Human)

Primary accession number P17948
Source: Mus musculus (Mouse)
Primary accession number P35969
Source: Rattus norvegicus (Rat)
Primary accession number P53767
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VEGFR 2

Source: Homo sapiens (Human)

Primary accession number P35968

Source: Mus musculus (Mouse).

Primary accession number P35918

Source: Rattus norvegicus (Rat).

Primary accession number 008775
V EGF 3

Source: Homo sapiens (Human)

Primary accession number P35916

Source: Mus musculus (Mouse).

Primary accession number P35917

Source: Rattus norvegicus (Rat)

Primary accession number Q917T1

Multiple sequence Alignment:-

The retrieved sequences were aligned using DNAMAN Software.

DNAMAN Software. DNAMAN carries out multiple sequence alignment, designing PCR primers, protein sequence
analysis or drawing plasmids. DNAMAN's speed, flexibility, accuracy and high quality presentations make it one of
the fundamental tools used extensively in molecular biology. We used the Multiple Alignment Sequence Editor of
DNAMAN (MASED) as an efficient tool for multiple sequence editing. The result of a multiple alignment is loaded
directly into MASED. MASED can recognize DNAMAN multiple sequence format (MSD format), GCG/MSF
format, Clustal format and GDE format. DNAMAN can open MSD file directly into MASED, other format files
must be opened with the File | Open Special | Multiple Alignment command. The multiple alignment editor can
output an alignment in different formats: GCG/MSF, CLUSTAL, NBRF/PIR, and GDE. The multiple input and out
put capacity of DNAMAN makes it compatible with major sequence analysis software.

Producing Trees:-

MASED can produce multiple alignment trees. It calculates the homology matrix and establishes related distances
between all pairs of sequences. Bootstrapping of a phylogenetic tree.Bootstrap test can be carried out for the
confidence values on the phylogenetic tree. DNAMAN calculates the homology matrix and establishes related
distances between all pairs of sequences. Consequently, DNAMAN can output a distance matrix of multiple
alignment, and draw phylogenetic trees or homology trees. Bootstrapping tests can be carried out for the confidence
value of a phylogenetic tree.

Secondary structure prediction for proteins:-

Secondary Structure Prediction was performed for the human VEGFR sequences using HNN - Hierarchical Neural
Network method (Guermeur, 1997).Expression provides an interface to a large range of sophisticated secondary
structure prediction algorithms. Protein Expression presently supports nine different secondary structure prediction
algorithms. All computations are performed via the Network Protein Sequence Analysis server (PBIL, France). In
this study, the prediction method followed was The HNN (Hierarchical Neural Network) prediction method.

Results and Discussion:-
Multiple Sequence Alignment of the retrieved sequences was obtained using DNAMAN Software. The VEGFR
sequences within each class were compared for homology between the sequences from different origins.

Vascular endothelial growth factor receptor 1:-
The VEGFR 1 sequences from Homo sapiens (Human), Mus musculus (Mouse), Rattus norvegicus (Rat) were
aligned as follows.

FILE 1: Multiple_Sequence_Alignment

PROJECT:

NUMBER: 3

MAXLENGTH: 1710

NAMES: P17948-VEGFR1-human P35969-VEGFR1-mouse P53767-VEGFR1-rat
MAXNAMELEN: 18
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ORIGIN (Only representative portions)

P17948-VEGFR1-human DCTYPEHTMLPUBLICWCDTDHTMLTRANSITINALENSA 40
P35969-VEGFR1-mouse DCTYPEHTMLPUBLICWCDTDHTMLTRANSITINALENSA 40
P53767-VEGFR1-rat DCTYPEHTMLPUBLICWCDTDHTMLTRANSITINALENSA 40
Consensus dctypehtmlpublicwcedtdhtmitransitinalensa

P17948-VEGFR1-human .MVSYWDTGVLLCALLSCLLLTGSSSGSKLKDPELSLKGT 381
P35969-VEGFR1-mouse eMVScWDTaVLpyALLgCLLLTGygSGSKLKVPELSLKGT 340
P53767-VEGFR1-rat .MVScWDTaVLpCALLgCLLLTGycSGSKLKgPELSLKGT 321
Consensus mvs wdt vl all cllitg sgsklk pelslkgt

Table 1:- For VEGFR1 sequences, the Identity Percentage between Homo sapiens (Human), Mus musculus (Mouse)
nd Rattus norvegicus (Rat) was found to be 87.58%.

SEQUENCE COMPARED ORIGIN HOMOLOGY
PERCENTAGE
Vascular Endothelial Growth Factor | Homo sapiens (Human) 87.58%
Receptor 1 Mus musculus (Mouse)
Rattus norvegicus (Rat)

Table 2:- On comparison of the individual VEGFR1 sequences with each other it was found that the homology
between sequences from rat and mouse was greater (91.57%), when compared to the homology between human and
mouse sequences (80.92%) and the homology between human and rat sequences (81.129%b).

SEQUENCE COMPARED ORIGIN HOMOLOGY

PERCENTAGE
Vascular Endothelial Growth Factor | Homo sapiens (Human) and Mus | 80.92%
Receptor 1 musculus (Mouse)

Mus musculus (Mouse) and Rattus | 91.57%
norvegicus (Rat)

Rattus norvegicus (Rat) and Homo | 81.12%
sapiens (Human)

Vascular endothelial growth factor receptor 2:-
The VEGFR 2 sequences from Homo sapiens (Human), Mus musculus (Mouse), Rattus norvegicus (Rat) were
aligned as follows.

FILE 2: Multiple_Sequence_Alignment

PROJECT:

NUMBER: 3

MAXLENGTH: 1708

NAMES: P35968-VEGFR2-human P35918-VEGFR2-mouse O08775-VEGFR2-rat
MAXNAMELEN: 18

ORIGIN (Only representative portions)

P35968-VEGFR2-human DCTYPEHTMLPUBLICWCDTDHTMLTRANSITINALENSA 40
P35918-VEGFR2-mouse DCTYPEHTMLPUBLICWCDTDHTMLTRANSITINALENSA 40
008775-VEGFR2-rat DCTYPEHTMLPUBLICWCDTDHTMLTRANSITINALENSA 40
Consensus dctypehtmlpublicwcdtdhtmltransitinalensa

P35968-VEGFR2-human VEVTECSDGL..FCKTLTIPKVIGNDTGAYKCFYRETDLA 421
P35918-VEGFR2-mouse VIVTECggGdsiFCKTLTIPrVVGNDTGAYKCsYRdvDIA 415
008775-VEGFR2-rat VIVTECG..dsiFCKTLTvPrVVGNDTGAYKCFYRdATDvs 404
Consensus vvtec  fcktlt p v gndtgayke yr d
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Table 3:- For VEGFR 2 sequences, the Identity Percentage between Homo sapiens (Human), Mus musculus
(Mouse) and Rattus norvegicus (Rat) was found to be 90.14%

SEQUENCE COMPARED ORIGIN HOMOLOGY
PERCENTAGE
Vascular Endothelial Growth Factor Receptor 2 Homo sapiens (Human) 90.14%

Mus musculus (Mouse)
Rattus norvegicus (Rat)

Table 4:- On comparison of the individual VEGFR 2 sequences with each other it was found that the homology
between sequences from rat and mouse was greater (92.44%), when compared to the homology between human and
mouse sequences (83.36%) and the homology between human and rat sequences (82.85%)

SEQUENCE COMPARED ORIGIN HOMOLOGY

PERCENTAGE
Vascular Endothelial Growth Factor | Homo sapiens (Human) and Mus | 83.36%
Receptor 2 musculus (Mouse)

Mus musculus (Mouse) and Rattus | 92.44%
norvegicus (Rat)

Rattus norvegicus (Rat) and Homo | 82.85%
sapiens (Human)

vascular endothelial growth factor receptor 3:-
The VEGFR 3 sequences from Homo sapiens (Human), Mus musculus (Mouse), Rattus norvegicus (Rat) were
aligned as follows.

FILE 3: Multiple_Sequence_Alignment

PROJECT:

NUMBER: 3

MAXLENGTH: 1657

NAMES: P35916-VEGFR3-human P35917-VEGFR3-mouse Q91ZT1-VEGFR3-rat
MAXNAMELEN: 18

ORIGIN (Only representative portions)

P35916-VEGFR3-human DCTYPEHTMLPUBLICWCDTDHTMLTRANSITINALENSA 40
P35917-VEGFR3-mouse DCTYPEHTMLPUBLICWCDTDHTMLTRANSITINALENSA 40
Q91ZT1-VEGFR3-rat DCTYPEHTMLPUBLICWCDTDHTMLTRANSITINALENSA 40
Consensus dctypehtmlpublicwcdtdhtmltransitinalensa

P35916-VEGFR3-human RGRFRAMVELARLDRRRPGSSDRVLFARFSKTEGGARRAS 1273
P35917-VEGFR3-mouse RrRFRAMVEgAkaDRRRPGSSDRaLFtRFImgkGSARRAp 1273
Q91ZT1-VEGFR3-rat RrRFRAMVEgAkaDRRRIGStDRaLFtRFImgkGSARRAp 1279
Consensus r rframve a drrr gsdr Ifrf garra

Table 5:- For VEGFR 3 sequences, the Identity Percentage between Homo sapiens (Human), Mus musculus
(Mouse) and Rattus norvegicus (Rat) was found to be 93.24%.

SEQUENCE COMPARED ORIGIN HOMOLOGY
PERCENTAGE
Vascular Endothelial Growth Factor Receptor 3 | Homo sapiens (Human) 93.24%

Mus musculus (Mouse)
Rattus norvegicus (Rat)
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Table 6:- On comparison of the individual VEGFR3 sequences with each other it was found that the homology
between sequences from rat and mouse was greater (95.78%b), when compared to the homology between human and
mouse sequences (85.46%) and the homology between human and rat sequences (84.60%6).

SEQUENCE COMPARED ORIGIN HOMOLOGY

PERCENTAGE
Vascular Endothelial Growth Factor | Homo sapiens (Human) and Mus | 85.46%
Receptor 3 musculus (Mouse)

Mus musculus (Mouse) and Rattus | 95.78%
norvegicus (Rat)

Rattus norvegicus (Rat) and Homo | 84.60%
sapiens (Human)

Phylogenetic Analysis:-
The phylogeny between the VEGFR sequences retrieved from various sources was established by plotting trees and
the results were obtained as follows.

Vascular endothelial growth factor receptor 1:-
P17948-VEGFR1-human: 0.12358
P35969-VEGFR1-mouse: 0.03837
P53767-VEGFR1-rat: 0.03183

124
P17948-VGFR1-human: 0.124

—P35969-VGFR1-mouse: 0.038
0.038

mP53767-VGFR1-rat: 0.032
Figure 1:- Phylogenetic tree of VEGFR 1

Vascular endothelial growth factor receptor 2;-
P35968-VEGFR2-human: 0.10447
P35918-VEGFR2-mouse: 0.02910

008775-VEGFR2-rat: 0.02315
0.05

| I

104
P35968-VGFR2-human: 0.104

mPSSQl&VGFRZ-mouse: 0.029

EOOSY?S-VGFRZ-rat: 0.023
Figure 2:- Phylogenetic tree of VEGFR 2

0

VASCULAR ENDOTHELIAL GROWTH FACTOR RECEPTOR 3
P35916-VEGFR3-human: 0.09399

P35917-VEGFR3-mouse: 0.01550

Q91ZT1-VEGFR3-rat: 0.02210
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94
P35916-VGFR3-human: 0.094

EP35917-VGFR3-mouse: 0.015

, = QIIZT1-VGFR3-rat: 0.022
Figure 3:- Phylogenetic tree of VEGFR 3

The phylogenetic tree for VEGFRL1 depicts that the sequences from Mus musculus (Mouse) and Rattus norvegicus
(Rat) display greater similarity than with each of the sequences in comparison with Homo sapiens (Human) VEGFR
1 sequence. Similar results were obtained in case of phylogenetic tree generated between VEGFR2 as well as
VEGFR 3 sequences of Homo sapiens (Human), Mus musculus (Mouse) and Rattus norvegicus (Rat).

Secondary structure prediction for human vegfr:-
Secondary structure prediction was done for the Human VEGFR sequences using HNN Secondary Structure
Prediction Method and the results were obtained as follows.

__ Date Set 1:- Human vegfr1: Hierarchical Neural Network result for: UNK_129930

v
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Date Set 1. Using HNN for VEGFR 1 sequence, the length of the sequence was found to be 1338. The protein is
chiefly folded into random coils (50.07%) and also consists of alpha helix (29.07%) and extended strand (20.85%).
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Date Set 2:- HUMAN VEGFR2: Hierarchical Neural Network result for : UNK_145240

1m 20 30 dl'l 5D ED 70
| | I | I I
WWWWINILTIWIW

Sequenc:e length: 1356

j\lpha helix (Hh) s 332 is
24.48%

Sho..pelix (Ggy 0 is
0.00%

Pi helix (Ii), i 0 is
0.00%

Beta bridge (Bk) ..b 0 i=s
0.00%

Extended strand (Eg) @ 318 1is
23.45%

@ 208 Ll 0] L] laes 1200

laae 1288

Data Set 2.Using HNN for VEGFR 2 sequence, the length of the sequence was found to be 1356. The protein is
chiefly folded into random coils (52.06%) and also consists of alpha helix (24.48%) and extended strand (23.45%).
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Data Set 3. HUMAN VEGFR3: Hierarchical Neural Network result for: UNK_154230
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20 3o

| | | | | | |
R AL LA LWL L L L LY S SN T F T LN I TEE S EV I DT CD S L I S CRCOH T LEWAWDCADEATAT
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S NV T T T T R R S L L S W T AT PR BV TR RO Y R SRR T RS

G DI R SRR e R RARARARRAR s AR e
m_qmm mrm!mcmlmm:m:smm:mrmx

Sequenc:\e length: 1293
Mpha helix (Hh)...5 384 1is
Amkmlmmmﬂwﬂmﬂmm}mrmlmx 29,58%
Emmm%u%m&?ﬁ*mw G : 0 is
e 0.00%
iEAEE T ST Pi helix (Ii),..5 0 is=
nne RIS TR SIRRIIRREI oA RARRRAL Los e kiR Rcsas | 0.00%
mmlvxmmnmlmnmlmmummlmmuw
BARREE, BEART, 5 Beta bridge (Eb),..i 0 is
0.00%
Extended atrand (Eg)..: 252 1is
19.41%
Beta turn (TL)..5 0 is

L

] ca 409 L

Data Set 3. Using HNN for VEGFR sequence, the length of the sequence was found to be 1298. The protein is
chiefly folded into random coils (51.00%) and also consists of alpha helix (29.58%) and extended strand (19.41%).

1980 1200

Discussion:-

Multiple sequence Alignment predicted the degree of variation of VEGFR 1 at genus levels:-

Multiple sequence alignment (MSA) is an indispensable tool for studying the difference and homology of the
macromolecules. There are many studies which compare with the protein sequence among different genus and
species (Ramu Chenna et al., 2003). Therefore MSA becomes useful to know the difference in the amino acid
composition which further gives the details of protein confirmation necessary for the functions like binding,
activation etc. The current information of the VEGFR sequences retrieved from each species were assessed for
homology using DNAMAN Software. The secondary protein structure further predicted showed the variations
among each of the VEFG1, 2, and 3 subtypes. More over the results are mostly from consistency-based programs
with higher accuracy determined the reliability of the results. TheVEGFR1 sequences showed an identity percentage
of 87.58%between humans, mouse and rat (Table 1). On comparison of the individual VEGFR1 sequences among
the species, we observed the homology between sequences from rat and mouse was 91.57% compared to the
80.92%homology between human and mouse and 81.12% homology between human and rat sequences respectively
(Table 2).
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In the case of VEGFR2 sequences, the indent percentage was found to be 90.14%. (Table 3)among human, mouse
and rat. The individual comparison VEGFR2sequences homology between rat and mouse was 92.44%, compared to
the 83.36%homology between human and mouse and 82.85% homology between human and rat sequences (Table
4). The overall homology percentage for VEGFR 3 among the human, mouse and rat was 93.24% (Table 5). The
sequence homology between rat and mouse is 95.78% compared to 85.46% human and mouse and 84.60% human
and rat (Table 6). The homology between the VEGFR 1, 2 and 3 sequences from mouse and rat were more
homogenous compared to humans showing the higher percent of variation with highly evolved vertebrate (Higgins
DG et al 1996).

Phylogenetic analysis of VEGFR 1,2 &3 reveals the evolutionary relationship between humans and murine
species:-

Phylogenetic trees were drawn using DNAMAN Software to establish the homology of the sequences from different
sources. The algorithm and results were in compliance with the previous published works (Xin-Rong Liu et al.,
2004) on evolutionary relationships and similarities among proteins.The phylogenetic tree for VEGFR1 depicts that
the sequences from mouse and rat display greater similarity than with each of the sequences in comparison with
humans (Figurel) Similar results were obtained in case of phylogenetic tree generated between VEGFR2 (Figure
2) as well as VEGFR 3 (Figure 3) sequences of human, mouse and rat (Hernandez-Garcia et al.,2015).

Secondary structure of VEFG prediction shows the variation on the protein confirmation across species:-
Secondary Structure prediction for human VEGFR sequences using Hierarchical Neural Network Secondary
Structure Prediction Method was on par with the previous studies (Guermeur Y, 1997, Chandrasekaran V et al.,
2007) and the their proposed this algorithm for secondary structure for proteins.Using HNN for VEGFR 1 sequence,
the length of the sequence was found to be 1338. The50.07% protein is chiefly folded into random coils with
29.07%o0f alpha helix and20.85% as extended strand (Data set 1).The length of the VEGFR 2 sequence was 1356.
52.06%protein is chiefly folded into random coils with 24.48% of alpha helix and 23,45% of extended strand (Data
set 2). The length if the VEGFR 3 sequence was 1928. 51.00% protein is chiefly folded into random coils with
29.58% as alpha helix (29.58%) and 19.41% extended strand (Data set3). Thus, secondary structure prediction
reveals the structural similarity between the classes of VEGFR sequences. All classes of VEGFRs reveal that large
regions of their secondary structure consist of random coils and the remainder is folded into alpha helix (Wu G et
al.,2013).

Conclusion:-

The MSCs VEGFR 1, 2 and 3 show homology and identity upon multiple sequence alignment. The sequences
retrieved from Mus musculus (Mouse) and Rattus norvegicus (Rat) show greater homology in comparison with
Homo sapiens (Human). The Phylogenetic Tree asserts the similarity and homology among VEGFR sequences from
different species. Secondary structure prediction of the VEGFR sequences from Homo sapiens (Human) revealed
that all the three receptors, i.e., VEGFR1, VEGFR2 and VEGFR3 show about 50% similarities in their secondary
structure in random coils while remaining regions exist either as alpha helices or as extended strands.
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