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Abstract

Deinococcus radiodurans, an extremophile bacterium renowned for its exceptional resistance to radiation,
serves as a model organism for studying DNA repair mechanisms. This study focuses on the hypothetical protein
DR_0423 (accession AAF10011) from D. radiodurans, aiming to elucidate its structural and functional
characteristics through bioinformatics analysis. The sequence of DR_0423 was retrieved and analyzed using
BLASTDp, revealing significant homology with single-stranded DNA-binding proteins, particularly DdrA proteins
involved in DNA damage response. Multiple sequence alignment and phylogenetic analysis confirmed its close
relationship with DNA repair proteins across different Deinococcus species. Physicochemical analysis indicated a
cytoplasmic localization with a molecular weight of 23,002.15 Da and a theoretical pI of 6.17, suggesting stability
under varying conditions. Secondary structure predictions showed a mix of alpha helices, beta strands, and
random coils, while 3D modeling based on homologous templates (e.g., Rad52 protein). Validation of the model
using PROCHECK and other quality assessment tools confirmed its reliability, and CASTp analysis identified a
key active site involved in DNA binding. The findings highlight DR_0423's potential role in DNA repair,
reinforcing the importance of further experimental studies to validate these computational predictions and

explore its applications in biotechnology and bacterial genetics.
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Introduction

Deinococcus radiodurans is an extremophile
bacterium and one of the most radiation-resistant
microorganisms. The genus Deinococcus is a member
of the family Deinococcaceae of the phylum
Deinococcus thermus. In the members of this genus,
cells are aerobic, non-motile, non-spore-forming, red
or pink in color, coccoid or rod-shaped (Zhang et al.,
2007). The cell envelope of D. radioduransis very
close to the cell walls of Gram-negative organisms
but Deinococcusy often stains-Gram positive because
of their thick cell wall that consist of peptidoglycan
(Brooks et al., 1980). These species have been isolated
from various environments such as soils air activated
sludge, marine fish, termite gut, car air-conditioning
system, rhizosphere, water, sewage, hot spring, and
Antarctic environments (Kim et al.,, 2018). The
bacterium  can  survive

world's toughest

cold, dehydration, vacuum, andacid (Cox and
Battista, 2005). They have the capability to withstand
5 kGy radiation doses that are lethal to other bacteria
which makes them especially important. Treatment of
D. radiodurans with high levels of ionizing radiation
can produce hundreds of genomic double-strand
breaks, but the genome is reassembled and repaired
accurately before initiation of the next cycle of cell
division (Mohseni et al., 2014). The extraordinary
capacity of Deinococcus spp. to reconstitute their
genomes has inspired researchers on the investigation
of the genome information. In August 2020, scientists
Earth,

particularly Deinococcus radiodurans bacteria, were

reported that bacteria from
found to survive for three years in outer space, based
on studies conducted on the International Space
Station (ISS). These findings support the notion of
panspermia, the hypothesis that life exists throughout
the Universe, distributed in various ways, including
space dust, meteoroids, asteroids, comets, planetoids,

or contaminated (Ott et al., 2020).

In Deinococcus family, D. radiodurans R1 is the best
characterized. The complete DNA sequence of D.
radiodurans was published in 1999 by the Institute
for Genomic Research (TIGR, 2004). The D.

radiodurans chromosome is 3.28 Mb, with a GC
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content of 66.6%. The genome is segmented and 4 -
10 genome copies per cell (Lin et al, 1999).
Experimental evidence indicates that the recovery of
D. radiodurans from substantial DNA damage relies
on both features of Deinococcus physiology and a
robust complement of repair enzymes (Dulermo et
al., 2015). Among these, most of the gene are
identical and encode proteins of unknown function.
Thus,

important role in predicting and analyzing various

bioinformatics approaches can play an
forms of structure of those hypothetical proteins,
their biological functions as well as protein-protein
interactions. With the advancement of in-silico
analysis, it became easier to annotate function to a
hypothetical protein using various bioinformatics
tools. The purpose of this study was to assign
structural and biological function to the hypothetical
protein DR_0423 (accession, AAF10011) of D.
Additionally,
techniques were attempted to build a high-quality
model of the DR_0423. This is the first study to

radiodurans. homology modeling

computationally analyze a putative protein from D.

radiodurans, a radiation-resistant bacterium.

Materials and methods

Sequence retrieval and similarity identification

The sequence information of the hypothetical protein
(DR_0423) of D. radiodurans was retrieved from the
National center for Biotechnology Information
(NCBI) database. The sequence was then collected as
a FASTA format sequence. To get the initial
prediction about the function of the targeted
hypothetical protein, similarity search was performed
with the NCBI protein Database against non-
redundant and SwissProt database (Boeckmann et al.,
2003) by using BLASTp program (Jhonson et al.,
2008).

Multiple sequence alignment and phylogeny analysis
The EBI's MUSCLE server (Madeira et al.,, 2019)
(https://www.ebi.ac.uk/Tools/msa/muscle/) was
used for multiple sequence alignment, and CLC
Sequence Viewer 7.0.2 (http://www.clcbio.com) was
used to view the results. MEGA (Tamura et al., 2011)

was the tool used for the phylogeny study.
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Physiochemical properties analysis

The ProtParam (http://web.expasy.org/protparam/)
(Gasteiger et al., 2003) tool of ExPASy performed the
physical and chemical properties, such as molecular
weight, theoretical pI, amino acid composition,
atomic composition, extinction coefficient, estimated
half-life, total number of negatively charged residues
(Asp + Glu), total number of positively charged
residues (Arg + Lys), instability index, aliphatic index,
and grand average of hydrophilicity (GRAVY)

predictions, among other things.

Subcellular localization analysis

CELLO predicted subcellular localization (Yu et al.,
2006). The subcellular localization predictions from
PSLpred (Bhasin et al., 2005), PSORTb (Yu et al.,
2010) and SOSUIGramN (Imai et al., 2008) were also
cross-checked with the results. For the topology
prediction, TMHMM (Moller et al., 2001), HMMTOP
(Tusnady et al., 2001), and CCTOP (Dobson et al.,

2015) were employed.

Conserved domain, motif, fold, coil, family, and
superfamily identification

A conserved domain search was conducted at the
NCBI's conserved domain database (accessible at
CDD) (Marchler et al., 2005). The Motif (Genome
Net) service was used to search for protein motif
(Kanehisa et al., 2002). The Pfam and SuperFamily
(Wilson et al., 2007) databases were searched in
order to determine the evolutionary relationships of
the protein. The COILS server (Lupas et al., 1991) was
used to identify the protein's coiled-coil structure.
The functional study of the protein was conducted
using the InterProScan protein sequence analysis and
classification system (Hunter et al., 2009). Using the
PFP-FunD SeqE server, protein folding pattern
recognition was accomplished. Additionally, a search
using STRING 10.0 (Szklarczyk et al, 2015) was
conducted to find a potential functional interaction

network for the protein.

Secondary structure prediction
The secondary structure of the proteins was
using PSI-blast based

predicted secondary
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structure prediction (PSIPRED) (McGuffin et al.,
2000) and self-optimized prediction method with
(SOPMA)
Deleage, 1995).

alignment servers (Geourjon and

Three-dimensional structure prediction

Based on the pairwise comparison profile of hidden
Markov models (HMMs), the Max Planck Institute
for Developmental Biology, Tiibingen's HHpred
server
/tools/hhpred)

predicted the three-dimensional structure. The

(https://toolkit.tuebingen.mpg.de
(Zimmermann et al., 2018)
best scoring template was used to forecast the 3D
structure in order to increase accuracy. Afterwards,
the YASARA energy minimization server was used

to refine the 3D structure (Krieger et al., 2009).

Model quality assessment

Finally, PROCHECK
(https://servicesn.mbi.ucla.edu/PROCHECK/)
(Laskowski et al, 1993), Verify3D

(http://nihserver.mbi.ucla.edu/Verify_3D/) (Eisenberg
et al., 1997), and ERRAT Structure Evaluation server
(https:// servicesn.mbi.ucla.edu/ERRAT/) (Colovos
and Yeates, 1993) were used for quality assessment of

the predicted three dimensional structure.

Active site detection
The Computed Atlas of Surface Topography of Protein
(CASTp)  (http://sts.bio /castp/)

(Dundas et al., 2006) is an online resource that finds,

engr.uic.edu

defines, and measures concave surface regions on
three-dimensional protein structures. It was used to

locate the protein's active site.

Results and discussion

Sequence and similarity information

The BLASTp result against non-redundant and
SwissProt database showed homology with other
single-stranded = DNA-binding DdrA
(Table 1). Phylogenetic tree was
constructed based on the alignment and BLAST

protein

proteins

result which gives the similar concept about the

protein (Fig. 1).
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Table 1. Similar protein obtained from non-redundant SwissProt KB sequences

Protein ID Protein Name Organism Identity %
QoRXo92 Single-stranded DNA-binding protein Deinococcus radiodurans 100
A0A6G7H5S4 Single-stranded DNA-binding protein Deinococcus wulumugiensis 94
H8GY45 DNA damage response protein DdrA Deinococcus gobiensis 83
AO0AOF7JNA6 Single-stranded DNA-binding protein Deinococcus soli 80
A0A100HKH2 DNA damage response protein DdrA Deinococcus grandis 78

100 | Deinococcus wulumugiensis
0.03 I Deinococcus gobiensis
0.12 ; .
e Deinococcus radiodurans
100 | Deinococcus soli
l 0.00 _ .
0.11 o Deinococcus grandis

Fig. 1. Phylogenic trees with true distance of different DNA binding proteins
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Fig. 2. Secondary structure of hypothetical protein

Physicochemical features

The protein consists of 208 amino acids. The calculated
molecular weight was 23002.15 Da and theoretical plI
was 6.17 indicating the protein to be negatively charged
and stable one. Aliphatic index was 78.34 which give an
indication of proteins’ stability over a wide temperature
range. Protein half-life computed was found to be 30 h
(in vivo). And the molecular formula of protein was

identified as C1020H1600N2960298S7.

Secondary structure analysis

The PSIPRED secondary structure prediction server
analysis revealed the proportions of alpha helix,
extended strand and the random coil of protein as

33.89%, 20.87%, and 40.13%, respectively (Fig. 2).

Subcellular localization nature
Subcellular localization analysis was predicted by

CELLO and validated by PSORTb and PSLpred.

The subcellular localization of the hypothetical
protein was predicted to be a cytoplasmic protein

(Table 2).

Table 2. Subcellular localization analysis

SL Analysis Result

CELLO 2.5  Cytoplasmic localization

PSORTb Cytoplasmic localization

PSLpred Cytoplasmic protein

TMHMM 2.0 No transmembrane helices present
HMMTOP  No transmembrane helices present
CCTOP Not transmembrane protein

NG |h N =

Absent of transmembrane helices predicted by
THMM and HMMTOP also emphasizes the result
of being a cytoplasmic protein. Also, CCTOP server
predicted that the query protein was not a
transmembrane protein. All these results

summarize the protein as a cytoplasmic one.
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Fig. 3. Functional annoataion of protein by CDD

Functional annotation of hypothetical protein

The conserved domain search tool revealed that this
hypothetical protein sequence was found to have only
one domain (accession No. COG4712). The result was
also checked by two other domain searching tools
namely InterProScan and Pfam. Helix- Hairpin -Helix
(HHH) motif like domain, was also found by Motif
server. Superfamily search revealed DdrA superfamily
like Rad43, Rad22, RecT family which are ssDNA
annealing protein (Harris et al., 2004). DdrA is
involved in replication, recombination and repair of
DNA, (Fig. 3). Fold pattern recognition by PFP-
FunDSeqE tool revealed the presence of a ‘(TIM)-
barrel’ fold within the protein sequence. (TIM)-barrel

structure is generally eight stranded a/f barrel.

Fig. 4. String network analysis of the hypothetical

protein

STRING 10.0 searches was carried out for the
identification of possible functional interaction network
of the protein. Our target hypothetical protein was
identified as ddrA in STRING database. Of them, ddrB is
a ssDNA-binding protein protein. The others are one
oxidoreductase

proteins, one chaperonins, and

remaining hypothetical protein (Fig. 4).

Three-dimensional structure analysis
Prediction of 3D structure was done by HHpred server.
The server predicted 3D structure of the protein with

99% identity with the highest scoring template (PDB ID:
5JRB_F). 5JRB_F is the crystal structure of the Rads2
in the

recombination repair of DNA double-strand breaks.

protein that is involved homologous
Validation of the predicted three-dimensional model was
assessed by PROCHECK through Ramachandran plot

analysis (Table 3, Fig. 5&6).

Table 3. Ramachandran plot statistics of the

hypothetical protein

Ramachandran plot statistics No. (%)
Residues in most favoured regions

[AB.L] 134 (88.2)
Residues in additional allowed regions

[a.b.Lp] 13 (8.6)
Residues in generously allowed regions 2(1.3)
[~a,~b,~1,~p] 3
Residues in disallowed regions 3(2)
Nuplber of non-glycine and non-proline 152 (100)
residues

Number of end-residues (excl. Gly and )
Pro)

Number of glycine residues (shown as 5
triangles) 4
Number of proline residues 8
Total number of residues 185

Fig. 5. Predicted three-dimensional structure of the

hypothetical protein

Active site of the hypothetical protein
The predicted active site of the protein found that 28
amino acids are involved in active site (Fig. 7). Among

17 pockets, the best active site was found in areas with
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613.075 and a volume of 608.774 amino acids which
are ssDNA specific.
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Fig. 6. Ramachandran plot of modelled structure
validated by PROCHECK program

Fig. 7. Three dimensional structures of hypothetical

protein and active site (Red color)

Conclusion

The identification of protein functions is fundamental
for the understanding of biological processes. The
identified protein revealed several characteristics
such as cytoplasmic nature, DNA binding enzymes
containing domain presence and DNA repair activity
emphasize the significance of this protein. DdrA has
at least two activities: DdrA contributes to genome
restitution following irradiation and purified DdrA
binds the 3’ ends of single-stranded DNA and protects
those ends from digestion by exonucleases. So,

extended in-vitro research has to be carried out to

2024

experimentally validate the possibilities shown here

and to find out the proteins’ role in biotechnology.
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