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Abstract: Chemically Neuronal differentiation 1 (NEUROD1) (C1741H2688N4840561S17) is a 356 amino acids protein sequence of
NeuroD family that acts as an transcription factor, which forms heterodimers with basic helix-loop-helix protein and activates
transcription of genes that contain an E-box (specific DNA sequence). It regulates expression of the insulin gene and mutations in this
gene can result in Maturity-onset diabetes of the young (truncated NEUROD1) or Type Il diabetes mellitus (argl11-to-leu). In this
examination, bioinformatics tools were used for multiple sequence alignment of an aggregate of two hundred and ninety eight
NEURODL1 protein sequences from vertebrata subphylum was done and they were studied by free to use bioinformatics softwares
available on internet. The protein properties of the sequences (molecular mass, pl, signal peptide, transmembrane helices and
conserved domains, secondary and 3D structures) were studied. The study of NEUROD1 protein sequences uncovered that there is high
identity between the NEUROD1 present in vertebrata subphylum. PROCHECK tool was used to draw Ramachandran plot of the
NEURODL protein (Gene ID: 4760) and the structure of the protein was studied. The study demonstrated that most of the residues of
the protein sequence were situated in the most preferred areas in Ramachandran plot, showing that the simulated three-dimensional
structure was authentic. Gene ontology and local synteny conservation of the NEUROD1 protein was studied. Evolutionary
investigation demonstrated that there is a relationship between the NEUROD1 proteins in species of vertebrata subphylum under study.
As indicated by the analysis, NEUROD1 ought to be derived from a common predecessor. For genomic analysis of mutations using
RFLP Restriction mapping of enzymes were done and primer designing for NEUROD1 protein sequence was done. These predictions,
however, need further work to validate reliability.
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In 1995, Naya et al studied NEUROD and discovered that
NEURODL is transcriptional activator that binds to the E-
box promoter sequence (5'-CANNTG-3) and initiates
transcriptional activation. NEUROD1 plays an important
role in regulation of various cellular pathways, such as

1. Introduction

Neuronal differentiation 1 (NEUROD1) (Gene ID- 4760),
also termed as BETAZ2, plays an role in regulation of insulin
by encoding a basic helix-loop-helix (bHLH) transcription

factor that heterodimerizes with the ubiquitous bHLH
protein E47 and binds to the E-box motif on insulin
promoter. NEUROD1 is present on the long (q) arm of
Homo sapiens chromosome 2 at position 31.3, between
181,668,295 base pairs to 181,680,665 base pairs.
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Figure 1: The Human NEUROD1 protein sequence was
visualised on chromosome using Genome decoration page of
NCBI (https://www.ncbi.nlm.nih.gov/genome/tools/gdp)
and the Human NEURODL1 protein sequence was further
analysed using 1000 genome browser of NCBI
(https://www.ncbi.nlm.nih.gov/variation/tools/1000genomes

)

initiation of pathway for formation of early retinal ganglion
cells and inner ear sensory neurons. Regulation of amacrine
cell fate specification is also regulated by NEURODI,
cerebellar cortex maintenance and morphogenesis of
dendrites also involves important role of NEUROD1
protein.
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Figure 2: Signaling network of NEUROD protein
visualized using SIGNOR (https://signor.uniroma2.it/)
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Table 1: Relations of NEURODL1 protein in various
pathways
Mechanism Target
up-regulates activity by  ==inding [NEUROD1

Regulator
HAP1

Two proteins that interact with ND, huntingtin-associated
protein 1 (HAP1) and mixed-lineage kinase 2 (MLK2).
Stimulation of NeuroD activity by huntingtin and huntingtin-

associated proteins HAP1 and MLK2
up-regulates quantity by expression
transcuiptiaagpregulation
NeuroD1 and CTCF that bind to and activate the GnT-IX
promoter, NeuroD1- and CTCF-dependent epigenetic
mechanism governs brain-specific GnT-1X expression
NEUROGS3 | up-regulates quantity by expression |[NEUROD1
transcriptigngp regulation
Ngn3 overexpression altered the expression of a number of
regulatory genes, including NEUROD1
up-regulates activity by =4 binding [NEUROD1

NEUROD1 MGATSB

MAP3K10

*Direct binding= = Indirect Binding= == ==p

In 2004, Yan and Wang were the first to use
oligonucleotides and small interfering RNA to study the
expression and function of neuroD in retinas of chicken
embryos. For studying neuroD, Yan and Wang used
retrovirus to infect chick embryos, the infected embryos
expressed an active repression construct which showed
severe photoreceptor deficits. Anti-neuroD antibody which
was specifically labelled to the nuclei of the outer nuclear
layer was used as marker. The retinal cells were laminated
and the results indicated that the outer nuclear retinal layer
had become fragmented with areas that had low or no
photoreceptor cells. Thus this indicated that repression of
neuroD in chick embryos had affected gene related of
photoreceptor.
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Figure 3:“52&h&?éy of Maturity Onset Diabetes of the young
and Type Il Diabetes mellitus studied using Kegg Pathway

(https://www.genome.jp/kegg/pathway.html)

The data suggested a specific and essential role for neuroD
in photoreceptor formation in the chick retina. In 2011 Pang
et al experimentally discovered that foetal and postnatal

human fibroblasts can be converted into induced neuronal
cells by combining NEUROD1 protein with POU3F2,
ASCL1, and MYTI1L genes. Thus, Pangconcluded that
lineage-determining transcription factors can help in
converting non-neuronal human somatic cells, and
pluripotent stem cells into neurons.
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Figure 4: Graphical representation for relation of
NEURODL1 protein to various disease associated with it,
visualized using OMIM database.

In 1999 Malecki identified two 2 heterozygous mutations
(Fig 3, 4) in NEURODL that lead to development of type Il
diabetes. First mutation was missense mutation (arg111-to-
leu), which disrupted the DNA-binding domain and
inhibited the NEURODL1 activity of binding to E-box. The
second mutation, (206+C), gives rise to a shortened protein
which lacked the C-terminal transactivation domain.
Malecki discovered that patients with the second type of
mutation (shortened NEUROD1 protein) had more severe
and suggestive case of Maturity-onset diabetes of the young
(MODY), whereas that patients with first type of mutation
(arg111-to-leu mutation) had more typical of type Il diabetes
mellitus. In 2001 Fajans et al termed the diabetes due to
mutation due to truncated NEUROD1 protein as maturity-
onset diabetes of the young type 6. MODY (onset before 25
years of age), is an autosomal dominant inheritant defect,
due to absence of B-cell autoimmunity, and sustained
pancreatic B-cell function.

Fibure 5: The species of vertebrata subphylum whose
protein sequences were studied in this research retrieved
from NCBI.
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2. Materials and techniques

Free to use internet based bioinformatics tools and softwares
were used for examinations of NEUROD1 protein in
Vertebrata subphylum

Retrieval of NEUROD1protein sequence

Entirety of protein sequences of NEUROD1 of subphylum
Vertebrata (Total Two hundred and ninety-eight protein
sequences) were retrieved from protein database of NCBI:
(http://www.ncbi.nlm.nih.gov; accessed on September 2020)
as recorded in Fig-5.

Figure 6: Multiple sequence alignment of the two hundred
and ninety eight neuronal differentiation 1 (NEUROD1)
protein sequences.(Mentioned in Fig 5)

Bioinformatics examinations

Characteristic features of NEUROD1 gene

SIGnaling  Network  Open  Resource  (SIGNOR)
(https://signor.uniroma?2.it/) tool was used to study the
pathway of NEURODL1 at cellular level. Kegg Database was
used for studying the role of NEUROD1 in MODY disease
in humans (Fig 3).The NEUROD1 gene in human was
visualized using 1000 genome browser tool available on
NCBI. Online Mendelian Inheritance in Man (OMIM)
(https://www.omim.org/) catalog was used to study the
diseases caused by NEUROD1 mutation. ProtParam
(https://web.expasy.org/protparam/) was used to predict
physical and chemical properties of Human NEUROD1
protein. For predicting of presence and location of signal
peptide cleavage sites in NEURODL protein sequences from
different organisms SignalP tool
(http://www.cbs.dtu.dk/services/SignalP/) was used.

Figure 7: Phylogenetic tree of the two hundred and ninety
eight sequences of NEURODL protein generated using
Neighbour joining method by MEGA-X software.

Multiple sequence alignment

The homology and analogy of nucleotide and protein
sequence of Neuronal differentiation 1 (NEUROD1) gene
with the already reported sequences was checked through
BLASTn and BLASTp(NCBI) and related or similar
NEUROD1 gene sequences were aligned by using Clustal
Omega utilizing CLUSTAL-W (with character counts)
method with default setting.(Fig 6)

Phylogenetic analysis

OMA browser was used to study local synteny of the
aligned genes.The desktop version of Jalview was usedfor
the generation of phylogenetic tree from aligned sequences
of NEUROD1 gene. NeighborJoining (NJ) strategy and
blossum62 were used for planning the evolutionary tree (Fig
7). NCBI Tree viewer tool with NeighborJoining (NJ)
method and blossum62 parameters were used to generate
phylogenetic tree of the species with highest homology with
human NEURODL (Fig 8).

Visualization of Motifs

The protein sequences of NEUROD1 were analyzedusing
Multiple Em for Motif Elicitation tool (MEME; adaptation
5.1.1) for discovering the sequence specific motifs.
(http://meme-suite.org/tools/meme). MEME analysis was
done using default settings and the motifs to find was
increased to 10 motif per protein sequence.(Fig 9, 10)

Figure 8: Phylogenetic tree of NEUROD1 protein
sequences with highest identity with Human NEUROD1,
generated by NCBI Tree viewer tool.
(https://www.ncbi.nlm.nih.gov/blast/treeview/treeView.cgi)
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Figure 9: Motifs found in the NEUROD1 protein sequence,

10 motif were found in NEUROD1 sequence, discovered
using MEME suite tools (http://meme-
suite.org/tools/meme).

Secondary structure prediction

A secondary structure prediction method based on the
homologue method SOPMA (Self-Optimized Prediction
Method with Alignment) ( https://npsa-prabi.ibcp.fr/cqi-
bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html)  was
used for human NEUROD1 protein. For prediction of
transmembrane helices in proteins of Homo sapiens
NEUROD1 protein, TMpred tool (https://embnet.vital-
it.ch/software/TMPRED _form.html).

3-D Structure prediction
Sequences retrieval to predict 3D structure

NEURODL1 Protein from Homo sapiens (NP_002491.3)
was used as a template to construct a 3D model.

Model building by homology modelling.

To predict 3-D structure of NEUROD1, homology modeling
was used that is the most suitable method for building
protein models. The SWISS-MODEL (Fig 14) Homology
Modelling Report (https://swissmodel.expasy.org/) (PDB ID
2QL2) bioinformatics tool was used for generating fully
automated protein structure homology-model of NEUROD1
protein. The Human NEURODL1 protein structure was
studied for evolutionary relationships of protein domain
using CATH Protein Structure Classification database
(https://www.cathdb.info/).Rasmol software was used for
3D structure visualization. Relative Spatial arrangement of
atoms (stereochemistry) of 3D model was studied using
EMBL-EBI powered PROCHECK tool,
(https://servicesn.mbi.ucla.edu/PROCHECK/) which helped
in making the Ramachandran plot.

|
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Flgure 10: Motlfs |dent|f|ed by MEME tool for NEUROD1
proteins. Differentcolored rectangles represent the sequence
specific MEME motifs.

Restriction Mapping & Primer Designing

The restriction enzymes for NEUROD1 protein sequence in
human were mapped using restriction mapper tool
(http://www.restrictionmapper.org/). Primer designing for
Human NEUROD1 nucleotide sequence was done using
Primer-BLAST tool provided by NCBI
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/).

3. Results and Discussion

NEURODL1 are very important transcription factors required
in regulation of insulin gene and mutation in these genes can
cause MODY and Type Il diabetes mellitus thus they play
an important role in organisms. Hence to reveal the
important factors about NEUROD1, | have analyzed and
compared NEUORD gene sequence of Homo sapiens.

Ramachandran Plot
3311989

green

Figuréulll: Ramchandran plot of the Human Neuronal
differentiation 1 (NEURODZ1) protein structure.

Diagnosis of NEUROD1 mutation by RFLP

For detection of NEUROD1 mutations in Homo sapiens by
RFLP,online bioinformatics software and tools were used to
find appropriate restriction enzymes that cleave the
NEUROD1 protein and primers were also designed for
amplification of NEUROD21 gene.l mapped restriction
enzymes with sites in the protein sequence of NEUROD1
and also designed Primers for RFLP (Fig 14, 15). 63
Restriction enzymes were mapped which have restriction
enzymes in the NEUROD1 protein sequence. Primer
designing was performed and Primer pair with

5 GACCCAGAAGCTGAGCAAGA 3’ and

3> TCGTGGAAGATGGCGTTCAG 5’ and Product length
of 669 base pairs was considered to be acceptable.

Alignment of NEUROD1 gene
Basic Local Alignment Search Tool (BLAST) the most
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significance  of  nucleotide  query  sequence  of
NEUROD1.Multiple sequence alignment (fig 6) of two
hundred and ninety-eight NEUROD1 protein sequences
belonging to vertebrata subphylum (referenced in table 1),
was done by Clustal Omega using CLUSTAL-W (with word
counts) method and a similarity/identity matrices graph was
generated (Fig 7). The study of multiple sequence
alignments and similarity/identitygraph (Fig 7) demonstrated
high homology in the protein sequences of vertebrate
subphylum.

Table 2: Organisms with highest protein homology with
Human NEURODL1 protein

Organism Percentage similarity with Homo
sapiens Neuronal differentiation
1 (NEUROD1) protein

Halichoerus grypus 99.72%
Papio anubis 99.72%
Pan paniscus 99.72%
Gorilla gorilla gorilla 99.72%
Saimiri boliviensis boliviensis 99.72%
Macaca mulatta 99.72%
Pan troglodytes 99.72%
Pongo abelii 99.72%
Callithrix jacchus 99.72%
Theropithecus gelada 99.72%
Rhinopithecus bieti 99.72%
Hylobates moloch 99.72%
Sapajus paella 99.72%
Rhinopithecus roxellana 99.72%
Macaca fascicularis 99.72%
Cebus capucinus imitator 99.72%
Mandrillus leucophaeus 99.72%
Cercocebus atys 99.72%

Phylogenetic analysis of NEUROD1 gene

For studying the evolutionary relationship, protein
sequences of NEURODL1 protein in vertebrata subphylum
were used and a phylogenetic tree was generated. The
evolutionary tree was generated using the NeighbourJoining
method. The analysis involved 298 protein sequences (Fig
5).The outcome demonstrated that NEURODL1 protein come
from one precursor gene and formed into various branches.
As indicated by the phylogenetic tree NEUROD1 protein
have relationship with one another (Fig. 7).

Sequence Homology

The pairwise alignment of the samples under study showed
that HumanNEUROD1 protein sequence showed 99.72%
similarity with 18 protein sequences (Table 2) of vertebrata
subphylum. A phylogenetic tree for these sequences was
made to study the phylogenetic relationship between the
sequences with most homology (Fig 8).

Examination of Sequence Specific Motifs

| further performed motif examinations of these sequences
by Multiple EM for Motif Elicitation software for
identification of motif specific in NEUROD1 protein of
vertebrata subphylum. | found 10 conserved motifs (Fig 9,
10) in the Protein sequences of NEUROD1, which are
shown in Table 3.

Table 3: Sequence specific motifs found in NEUROD1
protein sequences
Motif Name
RRMKANARERNRMHGLNAALDNLRKY
VPCYSKTQKLSKIETLRLAKNYIW
ALSEILRSGKSPDLVSFVQTLCKGLSQPTT]
NLVAGCLQLNPRTFLPEQNQ
EEDEDLEEEEEEEEEDDDQKPKRRG
CEIPIDNJMSFDSHSHHERVM
PPLSINGNFSFKHEPSAEFEKNYAFTMHY
PAA
YQSPGLPSPPYGTMDSSHVFH
MTKSYSESGLMGEPQPQGPPSWTDECLS
SQDE
PKKKKMTKARLERFK
VKPPPHAYSAALEPFFESPLTDCTSPSFD
EHEADKKEDDLEAMNAEEDSL

E-value | Sites

3.5e-16050| 295

1.4e-14879| 293

3.6e-6676 | 224
1.8e-4615 | 268

2.7e-6565 | 221
1.0e-5204 | 280
6.2e-6150 | 209

1.5e-3868 | 289
6.6e-3732 | 141
1.6e-3043 | 210

By study of the results of Table 3, motif 1-
RRMKANARERNRMHGLNAALDNLRKVVPCYSKTQK
LSKIETLRLAKNYIW was found to be conserved more
than other 9 motifs of vertebrata subphylum.By further
analysis and characterization of the NEURODL1 protein
using pfam tool (https://pfam.xfam.org/ ), it was found out
that the motif -
RRMKANARERNRMHGLNAALDNLRKVVPCYSKTQK
LSKIETLRLAKNYIW is a domain for (Basic Helix-loop-
helix) bHLH. bHLH is among the largest family of
dimerizing transcriptional factor, they are very important
factors required for cell development.

Figure 12: 3D model of the Neuronal differentiation 1
(NEURODL) protein (colored by chain and viewed from the
front.) by PDBe
(https://www.ebi.ac.uk/pdbe/entry/pdb/2ql2)the protein
contains:

2 copies of Transcription factor E2-alpha,2 copies of
Neurogenic differentiation factor 1, 2 copies of DNA (5'-
D(*DTP*DAP*DGP*DGP*DCP*DCP*DAP*DTP*DCP*D
TP*DGP*DGP*DTP*DCP*DCP*DT)-3"), 2 copies of DNA
(5-
D(*DAP*DGP*DGP*DAP*DCP*DCP*DAP*DGP*DAP*
DTP*DGP*DGP*DCP*DCP*DTP*DA)-3")
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4. Structural and Characteristic Analysis

Table 4: Chemical properties of NEUROD1 protein
analyzed using ExPASy-ProtParam tool

Sr.No Chemical Property Value

1 Number of amino acids 356

2 Molecular weight 39920.42

3 Theoretical pl 5.19

4 Total number of negatively charged 57
residues (Asp + Glu)

5 Total number of positively charged 38
residues (Arg + Lys)

6 Formula C1741H2688N4840561S17

7 Estimated half-life((mammalian 30 hours
reticulocytes, in vitro)

8 Instability index 74.57

9 Aliphatic index 57.08

10 Grand average of hydropathicity -0.839

(GRAVY)

Chemical properties of Human NEURODL1 are shown in the
table 4. On the amino acid level, Human NEUROD1 protein
is similar to numerous different NEUROD1 proteins present
in vertebrata subphylum under study. For prediction of the
presence of signal peptides and the location of their cleavage
sites in proteins sequence, NEUROD1 protein was further
examined by SignalP tool
(http://www.cbs.dtu.dk/administrations/SignalP/) and the
results predicted that there is 0.002 probability of presence
of Sec signal peptide (Sec/SPI) signal peptide protein
sequence.

Figure 13: Predicted Protein-protein interaction networks of
NEURODL with other proteins generated using STRING
Database.

NEUROD1 protein was examined using TMpred tool
(http://www.cbs.dtu.dk/administrationssy TMHMM) and the
results indicated presence of 1 transmembrane helice, which
is inside to outside helices, the helice is between acid amine
298 to 551.SOPMA examination of Human NEUROD1

protein was performed for studying the secondary structure
of NEURODL1 protein sequence and the results stated that
the peptide of Human Neuronal differentiation 1
(NEUROD1) protein had 39.89% of alpha helices, 3.37% of
beta turns, 3.97% of extended strands, and 52.81 % of
random coil. SOPMA results indicate that extended strand
had values lower than alpha helices and random coil in
Human NEUROD1 protein. PROCHECK tool was used to
study the quality of stereochemistry of Human NEUROD1
protein by generating the Ramachandran plot (Fig. 11),
which suggested Human NEUROD1protein had 98.3%
residues in the most favoredregion, thus stating that it has
good and stable stereochemistry.
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Figure 14: Graphical representation of Primer pairs
generated through Primer-BLAST NCBI database.

Homology modeling

SWISS-MODEL Homology Modelling Report tool was
used (https://swissmodel.expasy.org/) for prediction of 3D
structure of Human NEURODL1 protein, and the predicted
model was visualized using PROCHECK and PDBe
(https://www.ebi.ac.uk/pdbe/entry/pdb/2q12) (Fig 12).

E47 homo- and heterodimers of the peotein structure are
stabilized by two bonds of hydrogen and due to favorable
interactions during packing. Instability of class |l
homodimers favors heterodimerization.

DNA specific contacts by E47 are possible due to
orientation of E47-NeuroD1 heterodimer on DNA.

Arghl10 contiguity to purine base N7 opposite the
pyrimidine in position 3 is possible because of binding of
CA(C/T) half sites toE47.NeuroD1 is prevented from
forming this DNA contact by HisH1.1 blocks the shift in
phosphate backbone binding, which inhibits the NEUROD1
to form DNA contact. Without HisH1.1 Argh10 would bind
the DNA in a specific conformation. E47-NeuroD1
heterodimer should be oriented, as it may be beneficial for
regulating other transcription factors, initiating formation of
an active pre-initiation complex. Further studies of bHLH
mutations and complexes with interacting transcription
factors are required to know how the bHLH domain is once
it binds to the E-box.

Volume 9 Issue 10, October 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR201004155452

DOI: 10.21275/SR201004155452

356



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2019): 7.583

Nancutters: Antll, Absl, Accl, Acll AR Agel. Ajul, AT, Alol, Apol, Arsl, Ascl, Asull, Avrll, Tael 4252020 PsaliriMapgn Culiast
BamH1, Barl. Begl, Baavl, Bell, Bdal, Bl Balll, Bpll, BsaX1, BsePl, Bsml, Bsp14071, Bsrl. BarD], BstEIL Site
BigZl, Bicl, Bisl, Clal, CpC Dralll, Dadl, Eam 11051, Ecil, Ecod 7111, Ecoll, EcoRY, Esp3l, Fall, Fsel, Name Sequence Lenzth Cverbang | Frequency Cut Pasitions
Fep Al HaelV, Hzal, Hirdl, Hindll, HindIT1, Hgal, Kpal, MauB1, Mfel, Mlol, Mmel, Mell, Ndel, Nhel, |
Maotl, Wrul, il Pacl, PEML Prol, Plel, Pmel, Ppil, PshalL Psil, PI-Pepl, PapXIL Psel, Poul, Rsell, Sacl, 1ol ROCGOY 6 five prime 2 533, 923
Sacll, Sall, SanDI, Sapl, Scal. PI-Scel, Sfil. Sa2f1, SarAl, SgrDl. Smal. Smll, SnaB1, Spel, Sphl, S, e p— I . m N 3 T
Ssc83871, Sspl, Stul, Swal, Tatl, Tl Tsol, Tsp431, TspGWI, TspRI, Tstl, TI11L Vspl, Xbal, Xhol, Xmnt || 22034 | gorene )L o | fiveprime] 2 124, 31
Fik GOATG i | five prime 2 321,351
Name Sequence L:l'III;Lh Chverhang || Fregquency Cut Positimns Bgubdl RGGWOCY 7 five_prime 2 192, 578
== T | AT ACCWGET 7 five_prime 2 401, 545
Ball TGHUCA & Bluitt 1 436 :
i ] CCWWGH L] five_prime 2 275, 608
Hsafil GATMNNNNATC “ Elur 1 B Sid - P
Xhol RGATCY 6 | five prime 3 46, HED
Aaul CACCTGC 7 || hive_prime 1 526 L e
— | o Assl TTSAA 5 |lehree prime 2 297,855
Aoyl GROGYC o five_prime 1 029
- — - — Alw CAGNNNCTG B three_prime 2 08, 513
Afl ACRYGT 6 | five prime 1 713 |
= = f EBell GUCNNNNNGGT 6 three_prime 2 32,012
Apald GTGUAL i five prime 1 46
T 1 5 GIGCAG 6 ||three prime 2 526, 774
Aval CYOGRG 6 || five_prime 1 549 Hsel | 2 :
it At COANNMNMNTOGG 6 three_prime 2 46, 545
Bl Cl COTCAGT 7 five_prime 1 30 - P
= = enST) CTGAAG 6 three_prime 2 831, 936
BapHI TCATGA [ five_prime 1 008 -
— = KmeAlll GOCGAG 6 [[thee_prime 2 168, 897
Banil ACCTGL 6 || five_primz 1 626 = " I :
i | gl 11 ATGAA 5 |lehiee_prime 2 151,328
EcoP151 CAGCAG 6 | five_prime 1 735 - e
T 1 Pull CAGCTG 6 blunt 3 G2, 367, 1047
Faul COOGC 5 five prime 1 D18 - ! L
o 1 Avall GOGWCC 5 five_prime 3 65, 192, 578
‘Marl GGUGEC 6 | five prime 1 29 o | =3
— - Hecl COATC 5 five_prime 3 24, 594, 1063
Neal CCATGG o five_prime 1 638 -
\ YGGCCR 6 | five 3 434, 551,923
Pasl | COOWGGG 7| five_prime I Fr | : P :
i | EcoMl COTNNNNNAGG 6 | five prime 3 199,373, 517
Napl | RCATGY 6 |[shree_prime|| 1 509 . e prme = =
Sfak GCATC 5 five_prima 3 329 B42, 956
Pal CTGOAG 6 |ihree_prime 1 546 - - =
i i GOGOCC 6 three_prime 3 35, 286, 450
BsiA YAUGTR o Bluitt 2 714, 723 Apal | ] s L]
Hghl GGTGA 3 hrec_prime 3 507, 88K, 1044
Bachl CCaCTC 6 Blunt 2 13, 4% = = i LS i
) COGWCG E; three_prime 3 , 811
Nael GOCGGE 3 lumt 2 535,027 Eon2a) | > - I
- | - Nenl |COANNNNMMNNNIGG| 6 [[three prime 3 X
Fmall CACGTG 0 Bt 2 T4, 723 S -
— - - | - i CTOGAG B three_prime 4 14%, 217, 307, 778
BsmaAl GICTC 3 five prime 2 124, 415 - -
o y Taqll GACCGA 6 [[ehree_prime] 4 56, 82,773, 799
! ) Si _ . . = !
Name Sedquence Length | Overtany (Frequency Cat Pasitions = GLAGC N | five prime | 3 5, 344, 570, 710, 936
5] §2 192 251 253 4531 522 Ise GUWGE 5 five prime 5 83, 357, 564, T07, 944
Dl RGGNCCY 6 | five_prime B [[PS% 1% 20k 25, 4555, Lul ! L P
J | - | [ses GRGOMC 6 ||three_prime 5 55, 256, 386, 456, 650
Taul GUSGC 5 |thres prime [ 8 26,170, 358, 479, 734, 916, Haell RGOGEY 6 |[three prime| s 635, 752, 872, 932, 1043
f | —— ’ ki L L) CCTNAGE 6 | five_prime [ 79, 301, 457, 526, 817, 829
B CTCAG s lwree rime| 11 0, 145, 292, 361, 400, 415, = L - L — L
Al - reR_fHin 448, 4600, 517, R0, 820 Byl COCAGE [ J five prich 6 41,58, 679, 799, 8305, 1043
41, 55, 101, 256, 386, 456, 487 FeaSTMI | TGRAG [ 6 i 6 | 148,217, 307, 778, 831, 936 |
. GDGCHE 6 three_prime 13 41, 55, I_Ill_ 256, 38R, l_\_ 487, CTGRAG | |thrtc pnr1e| | 148, 217, 307, . 831, |
! 650, 670, Tad, T8, 813, E6s i i B Do e iren o oo
47,86, 125, 194, 2 . Pl GIAAGA b three_prime T T esn
EcoRll COWGG 5 | five prime | 14 491, 545, 574, 399,155,920, | et s i
109, 160, 187, 190, 214, 217,
Bssll GAGGAG 4 |thres prime 15 220, 236, 229, 232, 235,
261, 318, 456

Figure 15: Restriction enzymes that have restriction sites in the NEURODL protein sequence. Restriction Mapper tool was
used to map the restriction enzymes

Prediction of protein interactions

STRING database (https://string-db.org/) (Fig 13) was used
to predict physical and functional protein-protein association
networks of human NEUROD1 protein with other proteins
of the family. The neural networks (fig 13) showed the
interaction of NEURODL1 protein with other proteins of
Hominidae family. There are different lines which have the
results of curated databases, experimentally determined data,
gene neighbourhood, gene fusions, gene co-occurrence, text
mining, co-expression, and protein homology. Small nodes
presented that they have low interaction with NEUROD1
protein sequence and large nodes showed high interaction
with query protein. Protein-protein interactions are very
important in various biological processes including cell
development and communication, gene expression,
metabolism and immune responses. CATH databasewas
used to study the evolutionary relationships of protein
domains and it was found that NEUROD1 belongs to super
family of helix-loop-helix DNA binding domain.

5. Conclusion

Studying of NEUROD1 gene can help in understanding
onset of type Il diabetes mellitus and Maturity-onset
diabetes of the young, study of NEUROD1 can help in
preimplantation genetic diagnosis of the NEUROD1

mutations. In this investigation | have effectively annotated
the full sequence of NEUROD1 protein and uncovered data
about protein-protein  association. The examination
additionally gave insights about physicochemical nature of
NEUROD1, secondary structure of NEUROD1 was
predicted through different bioinformatics tools, and
examination of the consensus sequence in NEUROD1 was
done. Gene ontology and sequence specific motif study was
also done and a phylogenetic investigation of NEUROD1
protein was executed.

The knowledge of bioinformatics is beneficial to understand
the nature of pathways associated with Neuronal
differentiation 1 (NEURODZ1), viz. Regulation of gene
expression in beta cells and regulation of gene expression in
endocrine-committed (NEUROG3+) progenitor cells have
been studied and the proteins associated with it are
identified. The characterization of proteins have helped in
biological understanding of MODY®6 and NIDDM.
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