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Abstract

Membranous proteins organize approximately 30% of the predicted proteins encoded in all the
genomes. Though, even in some fully characterized organism like E. coli, the roles of just about
half of the expected membranous proteins are not completely understood. By the usage of
genetic applications in isolating some new mutants, research laboratory has developed the
techniques for understanding the applications of some earlier uncharacterized as well as
conserved family of genes in the lipid biosynthesis in addition to cell division, the dedA family.
DedA is an inner membranous protein present in eubacteria as well as in some Archaea. Genes
for these membranous proteins are found in genomes of the few green algae. Presently, there are
approximately 1000 genes in online database marked as being dedA family or having amino acid
identity to DedA of E. coli. Till date, no role has been allocated to the DedA protein because of
the incompetence to study proteins, by means of single mutant E. coli is without any noticeable

phenotypic expression.
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Background

We isolated the dedA protein from bacteria and check its similarities with different organism

especially in green algae. To characterize the drug molecule several database like NCBI, PDB
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Tools, BLAST, and SAVES have been used. We searched NCBI site to find out the protein

sequence of dedA protein from E.coli in figure 1.
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BCT 28-JUL-2016
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KEYWORDS
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Bacteria; Protecbacteria; Gammaproteobacteria; Enterobacterales;
Enterobacteriaceae; Escherichia.

REFERENCE 1 (residues 1 to 219)

AUTHORS  Nonet,M.L., Marvel,C.C. and Tolan,D.R.

TITLE The hisT-purF region of the Escherichia coli K-12 chromosome.
Identification of additional genes of the hisT and purF operons

JOURNAL J. Biol. Chem. 262 (25), 12209-12217 (1987)

PUBMED 3840734

COMMENT Method: conceptual translation.
FEATURES Location/Qualifiers
source 1..21¢9
/organism="Escherichia coli"
/db_xref="taxon:562"
Protein 1..219
/name="dedA"
Region 1..219

/region_name="PRK10847"
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Figurel- Information of dedA [Escherichia coli] show in NCBI page
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The dedA protein contains 219 amino acid sequences. Further with the help of BlastP we select
the best similarity of dedA protein of E.coli to other organisms especially green plants in figure
2. We observed that the E.coli dedA protein was very similar to green algae and our best result
was further confirmed by E value which was shown in figure 3. In figure 4 represent the amino

acid sequence of Micractinium conductrix.

dedA [Escherichia coli]

GenBank: AAA23964.1

GenPept Identical Proteins Graphics

>AAA23964.1 dedA [Escherichia coli]
MDLIYFLIDFILHIDVHLAELVAEYGVWVYAILFLILFCETGLVVTPFLPGDSLLFVAGALASLETNDLN
VHMMVVLMLIAAIVGDAVNYTIGRLFGEKLFSNPNSKIFRRSYLDKTHQFYEKHGGKTIILARFVPIVRT
FAPFVAGMGHMSYRHFAAYNVIGALLWVLLFTYAGYFFGTIPMVQDNLKLLIVGIIVVSILPGVIEIIRH
KRAAARAAK
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Figure 2- dedA [Escherichia coli] protein show in BLASTp with higher plant organism with non-
redundant database
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@  hypothetical protein CHLNCDRAFT 12433 [Chiorella variabilis] 223 223 §9% le-73 56.41% XP 005549360.1
@ hypothetical protein VOLCADRAFT 108562 [Volvox carteri f. nagariensis] 226 226 96% 3e-72 53.52% XP 002954341.1
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Figure 3- BLASTP result show graphical summary and hit identification of dedA [Escherichia

coli] protein

= NCBI Resources ™ How To @)
Protein Protein
FASTA ~

Sign[®

v”

Advanced

family membrane [Micractinium conductrix]

GenBank: PSC73023.1

GenPept Identical Proteins

Graphics

>PSC73023.1 family membrane [Micractinium conductrix]

MATLCRLAAAQAAAGSAAGGLSGFLKSALSFVLHLDVHLAEITAQYGVKTYYILFAIVFAETGLVVTPFL
PGDSLLFATGALAALGSLNLPLLVGCYVAAATLGDAVNYAIGNYLGAAAFKSRLLKREHLAKTEQFYNKY
GGKTVVLARFVPIVRTFAPFVAGVGSMSYGQFAVYNVAGAVLWTAVCVGAGFAFGNVPAVHENFSLVVLG
IVLVSLLPIVWEMWQAKREGAAAAAATAAAPPRSVPHSTPAAAAAAVAATALPPQPPAVASAAAAAADKA

KEKLAAAAAADPLEQQRVAECEQDPSSPDCRVYDD

Send to: .
Change region shown

Analyze this sequence
Run BLAST

Identify Conserved Domains
Highlight Sequence Features

Find in this Sequence

Dalatad infarmatinn

Figure 4- Amino acid sequence of Micractinium conductrix
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Figure 5-BLAST2 show Micractinium conductrix and dedA [Escherichia coli]
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Figure 6-BLAST?2 result show Micractinium conductrix and dedA [Escherichia coli] graphical
summary with hit identification
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In figure 5, show the next step we have followed similarity check of dedA protein of E.coli with
Micractinium conductrix, a green algae which showed higher similarity after Blastp.
Micractinium conductrix has 315 amino acid proteins. We used BLAST?2 program to check the
similarity of dedA protein in both the organism (The result shown in above figure). Result shows
the 57.7 percent similarity in both the protein and was shown in graphical representation in
figure 6. The 7 figure show alignment of Micractinium conductrix and dedA [Escherichia coli]

protein.

In Figure 8, the dot matrix plot view shows regions of similarity based upon the BLAST
results. The query sequence is represented on the X-axis and the numbers represent the
bases/residues of the query. The subject is represented on the Y-axis and again the numbers
represent the bases/residues of the subject. Alignments are shown in the plot as lines. Plus strand
and protein matches are slanted from the bottom left to the upper right corner, minus strand
matches are slanted from the upper left to the lower right. The number of lines shown in the plot

is the same as the number of alignments found by BLAST.
National Center for Biotechnology Information (NCBI)

The NCBI houses a series of databases including GenBank for DNA sequences, NCBI
Epigenomics database and PubMed, a bibliographic database for the biomedical literature. It is

an important resource for bioinformatics tools and services.
BIOINORMATICS TOOL FOR PROTEIN STRUCTURE PREDICTION AND ANALYSIS

BLAST (https://blast.nchi.nim.nih.gov/Blast.cqi)

BLAST is a service of the National Center for Biotechnology Information (NCBI). A nucleotide
or protein sequence sent to the BLAST server is compared against databases at the NCBI and a
summary of matches is returned to the user. The www BLAST server can be accessed through
the home page of the NCBI at www.ncbi.nlm.nih.gov. The program compares nucleotide or

protein sequences to sequence databases and calculates the statistical significance of matches.
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BLAST can be used to infer functional and evolutionary relationships between sequences as well
as help identify members of gene families.

BLAST P (https://blast.ncbi.nlm.nih.gov/Blast.cqgi?PAGE=Proteins)

It is one of the most widely used bioinformatics programs because it addresses a fundamental
problem and the heuristic algorithm it uses is much faster than calculating an optimal alignment.
This emphasis on speed is vital to making the algorithm practical on the huge genome database
currently available; although subsequent algorithm can be even faster. It is available on the web
on the NCBI website protein blast or blastp, Compares an amino acid query sequence against a
protein sequence database.

BLAST2
METHODOLOGY

Collection for of 5-HT (Serotonin receptor) Protein retrieval from NCBI

Access NCBI Home Page

Search dedA Proteinvfrom E.coli in NCBI
Take dedA prgtein Sequence
Search the protein dat;)ase by using BLASTp
Enter dedA Prote;] Query sequence
Choose Non-Redundvant Protein Database
Search database Non-redunvdant protein sequences (nr)
v

Choose organism higher plants (taxid: 3193)

Methodology for BLAST 2 for sequence similarity of both proteins
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Access Home page of BLAST
Choose Align two orrvnore sequences option
Enter query sequence dvedA [Escherichia coli]
Enter subj(;t sequence
Enter BLAST [shovw in new window]

RESULTS AND DISCUSSION

3D structure of a protein is constructing by using homology modeling. 3D structure of the Mus
musculus5-HT Receptor was completed based on experimentally solved structural homologues.
An amino acid sequence of 5-HT Receptor of Mus musculus was retrieved from NCBI. On the
basis of BLAST result we predict template against target, in graphical summary of blast result
red colour represented above 200% similarity between query and subject show best result. The
BLAST analyses is was accepted on the base of E-value, query coverage Table I, and identities
of query and subject. We choose as a template 41ARA against target 5-HT receptor protein on

the bases of that result shown in below table (Table I).

Three dimensional structures find out dedA protein [E. coli] using I-TASSER server:

Prediction of 3-dimensional protein structures from amino acid sequences represents one of the
most important problems in computational structural biology. I-TASSER (lterative Threading
ASSEmbly Refinement) is a hierarchical approach to protein structure and function prediction. It
first identifies structural templates from the PDB by multiple threading approach LOMETS, with
full-length atomic models constructed by iterative template-based fragment assembly
simulations. https://zhanglab.ccmb.med.umich.edu/I-TASSER/ LOMETS (Local Meta-Threading

Server) is meta-threading method for template-based protein structure prediction.
(https://zhanglab.ccmb.med.umich.edu/I-TASSER/)
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It detects structure templates from the Protein Data Bank by a technique called fold
recognition (or threading). The full-length structure models are constructed by reassembling
structural fragments from threading templates using replica exchange Monte Carlo simulations.
I-TASSER has been extended for structure-based protein function predictions, which provides
annotations on ligand binding site, gene ontology and enzyme commission by structurally
matching structural models of the target protein to the known proteins in protein function
databases (Roy A, Yang J, Zhang Y, 2012; Zhang C, Freddolino PL, Zhang Y, 2017).

Generate structure and function of dedA protein using I-TASSER

The input to the I-TASSER server is the primary amino acid sequence of the query protein (dedA E. coli)
protein. When user submits an amino acid sequence, the server first tries to retrieve template
proteins of similar folds (or super-secondary structures) from the PDB library by LOMETS, a
locally installed meta-threading approach.

In the second step, the continuous fragments excised from the PDB templates are reassembled
into full-length models by replica-exchange Monte Carlo simulations with the threading
unaligned regions (mainly loops) built by ab initio modeling. In cases where no appropriate
template is identified by LOMETS, I-TASSER will build the whole structures by ab initio
modeling. The low free-energy states are identified by SPICKER through clustering the

simulation decoys.

In the third step, the fragment assembly simulation is performed again starting from the
SPICKER cluster centroids, where the spatial restrains collected from both the LOMETS
templates and the PDB structures by TM-align are used to guide the simulations. The purpose of
the second iteration is to remove the steric clash as well as to refine the global topology of the
cluster centroids. The decoys generated in the second simulations are then clustered and the
lowest energy structures are selected. The final full-atomic models are obtained by REMO which
builds the atomic details from the selected I-TASSER decoys through the optimization of the

hydrogen-bonding network (see Figure 1).
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For predicting the biological function of the protein (the last column at Figure 1), the I-TASSER
server matches the predicted 3D models to the proteins in 3 independent libraries which consist
of proteins of known enzyme classification (EC) number, gene ontology (GO) vocabulary, and
ligand-binding sites. The final results of function predictions are deduced from the consensus of
top structural matches with the function scores calculated based on the confidence score of the I-
TASSER structural models, the structural similarity between model and templates as evaluated
by TM-score, and the sequence identity in the structurally aligned regions.
https://zhanglab.ccmb.med.umich.edu/I-TASSER/about.html
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Threading templates Full-length models Function annotations Z;

Figure 9 step wise protocol of I-TASSER server

Output
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Submitted Sequence in

rseq
HDLTYFLIDFILHIIVHLAELVAEYGVINYATLFLILFCETGLVWTPFLPGDSLLFVAGA
LASLETNDLNVHIVYLRLTAATVGDAVNY TIGRLFGEKLF SNPNSKIFRRSYLDKTHGF
YEKHGGKTIILARFYPTVATFAPFVAGHGHHSYRRF ARYINIGAL LIVLLFTYAGYFFET
IPHVGONLKLLIVGIIVVSILPGVIETTRHKRAAARALK

Predicted Secondary Sfrucfure

0 48 ] a8 18 128 14 168 188 bl ]

Sequence  HDLTYFL DR ILHOVHLAE LAY A LF LT LFCE oLV TR L PGS L FYAGAL LT LI L AL TV AV YT R FGELLFSHNSH F AR Y DK THOF VEkHGGHT L ILARF VR TVRT A FAGHGHS VRHFAAYN TGAL LVLLF TYAGYFFGTIPHUOONLKLLIVTIVYSTLPGVIET IRAKRAMARAK
P ctom CHHE A R 5 S i A
Conf. Score 4183932020020 0080320 0047143 200399008 43 3278 T4 L33 0800 389305 19300503003 0000 35030200343 080 103 G150 164233003902 0300309 300 675473 206 887 599303672 0300003008 09503803 0300249 77829309032 3009024980989303 00807120055

H:Helix; 5:5trand; C:(oil

Predicted Solvent Accessinilty

0 48 ] a8 18 128 14 168 188 bl ]

Sequence  NOLIYFLIDFILHIOVHLAELVAEYGVWYATLFLILFCETGLVTRFLAGDS LLFVAGALASLE THDLNVHIHY LML L AATVGDAVNY TI GRL FGEK LF SNANSK IFRRSYLDKTH FYE KHGGKT TILARF VP IVRTF APFYAGH GHNSYRHFALYNV IGAL LV LLFTY AGYFFGTIPMVODNLEL LIVGIIVYSILPGVIETIRHKRAMRAAK
Prediction 43383308309221342023804433131112002181211223333333331 762 200006024 3340102 11230022091 191 360810033213301633333204361141035886431] 200020333133 0031 833007 148433201 3881 1113131 2328238231 12429352021 1812183313322 021268232 33546678

Valuss range fron @ (buried residue) to 9 (highly ewposed residuz)

Predicted normalized B-factor

(Bfactor s avalue o indicate the extent of the ieheren thenpa] by of esidtes afoens i proteine In TASSER, thi value s dedured o threadies template proteies o the PIB in conehinetion with the sequence profles derved Tomn sequence datebesas. The reparted B-factor proil: i the fizare belawr correspands tothe novmalined B-frtor of the
tarzet provei, defined by BB ) s, mbare B s the raw B-dachor value, wand s ave respctively the rosen and standard deviation ofthe raw B-factors along the sequance. Click hare to raad mors about predicted nomnalized 3-factar

Nornalized B-factor —— lielik ¥ Strand W Coil ¢

Figure 10 - Illustration of submitted sequence and predicted local structure feature in the I-
TASSER server output- Amino acid sequence in FASTA format, predicted secondary structure
showing Helix, Strand and Coils, predicted solvent accessibility, and predicted normalized B-

factor.

For each submission, one unique job ID and one URL are assigned to track its modeling status.
The user will be notified by email when the modeling has completed, and the resulting data are
reported on a webpage at the URL assigned. An example output page is available at: http:
//zhanglab.ccmb.med.umich.edu/I-TASSER/example. The output data include: (i) a summary of

Page | 13679 Copyright © 2019Authors



Our Heritage

ISSN: 0474-9030

Vol-68-Issue-1-January-2020

the submitted sequence and local structural feature prediction, (ii) the top 10 threading templates
used, (iii) the top-ranked 3D structure models with global and local accuracy estimations, (iv) the
top 10 proteins with similar structures to the query and structure-based function annotations on
ligand-binding site, EC number and GO terms. The modeling results are kept on the server for 90
days and will be deleted after that to save disc space in our system. All the modeling results
listed on the result page are collected together in a tar ball file, which is provided for download
on the same page. Users are encouraged to download this file to their computer to store the
results permanently. A graphical explanation of the I-TASSER output is provided at the results
annotation page: http:// zhanglab.ccmb.med.umich.edu/I-TASSER/annotation.

Submitted sequence and predicted structural features.

The first four sections of the I-TASSER result page summarize the submitted amino acid
sequence and the predicted local structure features including secondary structure, solvent
accessibility and normalized B-factor, which are illustrated in Figure 10. In general, positive B-
factor values indicate that the residues are more flexible in the structure, while negative values
suggest that the residues are relatively more stable. The predicted secondary structure is also
shown in the B-factor plot. Residues located in loop or tail regions tend to have higher predicted
B-factor values, as they are usually less stable compared with residues located at other regular
secondary structure regions. The user-specified restraints, including template alignments and

secondary structure restraints, are also listed in these sections when provided.

Top 10 templates used by I-TASSER. With the current set of 14 threading programs in LOMETS
(Wu, S. and Zhang, Y., 2007), up to 140 templates are used by I-TASSER to extract distance
restraints. However, the top 10 templates ranked by LOMETS are the most relevant ones because
they are given a higher weight in restraints collection and are used as the starting models in the
low-temperature replicas in replica-exchange Monte Carlo simulations. The information of these
tem-plates is listed in the fifth section of the results page, which includes: (i) the template PDB
IDs, (ii) normalized threading Z-scores, (iii) coverage of alignments, (iv) sequence identities and
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(v) alignments between the query and the tem-plates. While the Z-score corresponds to the

difference be-tween the raw alignment score and the mean in units of standard deviation, a

normalized Z-score is defined as the Z-score divided by the program-specific Z-score cutoff.

A normalized Z-score >1 indicates a confident alignment. The query protein is classified as an
‘Easy’ target if there are on average at least one template per threading program having the

normalized Z-score >1; otherwise, it is considered a ‘Hard’ target.
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Figure 11 - Top five final model predicted by I-TASSER With estimated TM-score and RMSD
value
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Figure 12 -Top five model predicted by I-TASSER.

An excerpt of the predicted structure model with global and local accuracy estimations

The structure is visualized in rainbow cartoon by the JSmol applet on the left panel. The
estimated local accuracy is shown as a plot on the right panel, which indicates that the N-
terminal and the residues between 40 and 50, 130 and 140 have relatively higher modeling error
while most of other regions are accurate with estimated distance to native smaller than 2 A° in

this example.

In figure 11, show top five models predicted by I-TASSER. Up to five full-length structural
models, together with the estimated global and local accuracy, are reported in the sixth section of
the result page. In the event that the modeling simulations converge, there may be less than five
models reported, which is usually an indication that the models have a relatively high
confidence. Figure 12, shows the first I-TASSER model of an example protein; it has a global C-
score of 0.9, and the estimated TM-score and RMSD are 0.84 and 2.4 A, respectively. Users can
download the PDB-formatted structure file of the model to their own computers in order to
visualize the structure locally. The data file for the residue-specific local accuracy estimation and
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the predicted B-factor values are also available for download by clicking the link ‘Estimated

local accuracy of models’ provided on the webpage.

Protein Structure close to the target in the PDB (as identified by TM-align)

Top 10 Identified stuctoral analogs in FDB

Click
to view

Rank PDE Hit TM-score HMED“ IDEN® Cow Alignrment
0.7 3.28 DUQ"‘DQ:HD\ nload

385 D.135 D845

22 D.000 D.045
g D.120 D.O50
i D CI_'Q D.054
.87 0110 D.o45
382 D 1D9 0.831 nload
380 0.081 D.845 D‘\.'Ica

E:rasm_ twral 3 JgE:lI played uBINg backn rae

-align.

Feset to initial onentation Spin On/'Of

Figure 13 -The top 10 PDB proteins that are structurally close to the example protein. The query
structure and the PDB proteins are shown in cartoon and backbone, respectively. Each of the

structural alignments can be visualized interactively by clicking the corresponding radio buttons.

Structure analogs in PDB

The first I-TASSER model is searched against the PDB library by TM-align (Zhang, Y. and
Skolnick, J., 2005) to find the analogs that are structurally similar to the query proteins. Figure
13, shows an example of the searching results. The structural alignments between the query and
the 10 closest proteins are ranked by TM-score (Zhang, Y. and Skolnick, J., 2004). The table
provides the numerical details of the structural alignments, including the TM-score, alignment
coverage, RMSD and the sequence identity in the structurally aligned region. The links for
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downloading the coordinate files of the superimposed structures are provided in the same table.
Note that the proteins listed in this section can be different from those listed at the section ‘Top
10 threading templates used by I-TASSER’ because they are detected by different methods. The
former is detected by structural alignment based on the first I-TASSER model, while the latter is

found by threading from query sequence.

Predicted function using COFACTOR and COACH

ohiek Rank C-seare Cluster FDB - Lig mﬁf Ligand Einding Sit= Residues
s 3
2 oM 2
1 0l 2
4 D@ oz

0 and datzlied M ELETIMary

Reset to inifial onentation | Swin On/OF

Figure 14 -lllustration of the predicted ligand-binding site, enzyme commission number and

active site. The query structure is shown in gray cartoon.

The predicted ligand-binding site

The figure 14 shows, predicted binding ligands and ligand-binding residues are highlighted in
yellow-green spheres and blue ball-and-sticks, respectively. For each prediction, two types of
complex structures are provided for download, one containing a representative ligand (i.e. the
‘Rep’ link) and the other containing multiple ligands (i.e., the ‘Mult’ link), respectively.
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Figure 15 -The predicted EC number and active site residues are shown in colored ball-and-
sticks.

Structure-based function annotation by COACH

The first I-TASSER model, which in general has the highest confidence score, is submitted to
COACH (Yang, J., Roy, A. and Zhang, Y., 2013) to predict its biological function, including
ligand-binding site, EC number and GO terms in figure 15. . The predicted GO terms are
available in the last section of the results page, which are presented in two parts. The first part
lists the top 10 ranked template proteins that are annotated with GO terms. As the template
proteins may have additional functional domains, the most frequently-occurring GO terms in
each of the three functional aspects (molecular function, biological process and cellular
component) are reconciled from the top five homologs, with the resulting consensus GO terms

presented in the second part.

CONCLUSIONS
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On the basis of BLAST result we predict the similarity of dedA protein of E.coli with
Micractinium conductrix and it represent approximately 200 similarities with dedA of E. coli. On
the bases of that result we have predict blast 2 graphical summary on both the species. We
further recommend that because both the species matches great similarity so we can use

Micractinium conductrix as an alternative source to isolate dedA protein
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