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Science and Technology University, Candida auris, a fungal species, has emerged as a global menace due to its drug-resistant

Noakhali-3814, BANGLADESH nature, leading to widespread invasive infections. Currently, there is no vaccine to prevent C.
auris. The study was attempted to ascertain the structure and role of an unannotated
hypothetical protein (HP) (accession no. QWW22972.1) from C. auris utilizing various
bioinformatics tools. In this study, HP was found to be stable and polar, located in the
cytoplasm. Various tools like NCBI-CD search, ScanProsite, InterPro, and SMART, identified it
as a member of the Ran family of GTP-binding nuclear proteins that involves facilitating
nucleocytoplasmic transport, including the import and export of proteins and RNAs during
the interphase of mitosis. The protein’s secondary structure analysis indicated a dominance of
the alpha helix. Its three-dimensional (3D) structure, modeled via the SWISS-MODEL server
using a template protein with a 94.15% sequence identity, was validated by PROCHECK,
QMEAN, Verify3D, and ERRAT tools. After YASARA energy reduction, a more stable 3D
structure was visible. Furthermore, protein-protein interactions were obtained from STRING
server, and active site were derived from the computed atlas of surface topography of proteins
server. However, this study may enhance understanding of the molecular foundation of the
HP and help identify potential therapeutic targets.

Keywords: Candida auris, bioinformatics tools, functional annotation, hypothetical protein, in
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Candida auris is a fungus that causes . . .
Address: Department of didiasis in h dis b ; multidrug-resistant fungus that has infected
. . candidiasis in human and is becomin ) . . .
Biotechnology and Genetic ) ) . ] 8 people in more than 30 nations, including
Engineering, Noakhali Scienceand ~ increasingly — resistant to  antifungal ) )

o . ) . the United States [9]. C. auris frequently
Technology University, Noakhali- treatments. Its high level of contagiousness cablishes itself the skin. in th
. , . establishes itself on the skin, in the

3814, BANGLADESH and the challenges associated with its ) T )
Email: casin.bge@nstu.edu.bd treatment make it a significant public health respiratory system, and within the urinary
concern [1-3]. Cases of C. auris have been
found in intensive care units and other
healthcare facilities worldwide [4, 5]. The
first instance of C. auris was detected in a
person’s ear canal in Japan [6]. It was linked
to bloodstream infections in South Korea in

tract. Additionally, it can contaminate
surfaces and equipment via fluids released
from the skin. In hospital settings, infection
transmission can occur among individuals
through direct or indirect contact [2,10].

Urgent collection of huge information
about C. auris is imperative for identifying

2011, and subsequently, it has been reported
an effective treatment. Proteins with

in more than 60 other countries [7]. It is

challenging to treat C. auris since an concealed functions or those that have not
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characterization denoted as hypothetical
proteins (HPs). They are anticipated to be
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Table 1. Tools employed for the computational characterization of the protein

Function Tools/Servers URL Reference
Sequence retrieval NCBI https://www.ncbi.nlm.nih.gov/ [15]
Physiochemical
h : . .
properties analysis EXPASy ProtParam ttps://web.expasy.org/protparam/ [17]
PSORT II https://psort.hgc.jp/form2.html [18]
Subcellular -
localization WolF PSORT https://wolfpsort.hgc.jp/ [19]
Euk-mPLoc 2.0 http://www.csbio.sjtu.edu.cn/bioinf/euk-multi-2/ [20]
Conserved domain database https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi [21]
ScanProsite https://prosite.expasy.org/scanprosite/ [22]
Functional InterPro http://www.ebi.ac.uk/interpro/ [23]
characterization P I P
SMART http://smart.embl-heidelberg.de/ [24]
PFP-FunD SeqE http://www.csbio.sjtu.edu.cn/bioinf/PFP-FunDSeqE/ [25]
sequence similarity BLASTp https://blast.ncbi.nlm.nih.gov/Blast.cgi [26]
search
PSIPRED http://bioinf.cs.ucl.ac.uk/psipred/ [27]
Secondary structure . TV — " P N
prediction SOPMA ps://npsaprabi.ibcp.fr/cgibin/npsa_automat.pl?page=/ (28]
PSA/npsa_sopma.html
;De?l:tji;t:re SWISS-MODEL http://swissmodel.expasy.org/ [29]
PROCHECK, Verify3D, & ERRAT https://saves.mbi.ucla.edu/ [30-32]
3D Structure QMEAN4 https://swissmodel.expasy.org/gmean/ [33]
validation ps: ‘expasy.ore/a
ProSA-web (Z scores) https://prosa.services.came.sbg.ac.at/prosa.php [34]
Protein-protein . .
interaction analysis STRING https://string-db.org/ [35]
Active site detection CASTp http://sts.bioe.uic.edu/castp/ [36]
Energy minimization YASARA http://www.yasara.org/minimizationserver.htm [37]

of 3D structure

present because of the resemblance in their sequence to other
proteins, but it is unclear how they are capable of doing.
However, HPs have an essential component of the proteome
and are present in all organisms [11]. In our investigation,
we employed multiple bioinformatics tools with diverse
algorithms to annotate the structural and functional
attributes of the targeted fungus’s HP [12].

In order to define the unknown proteome conformation,
a number of computational approaches were utilized,
sequence
alignment, secondary, tertiary structure, or/and quality
assessment. Additionally, important investigations such as
phylogeny analysis,
physiochemical characteristics was provided functional

including homology modeling, multiple

active site identification, and
annotation of HP that helps to understand its role in
metabolism, and also helps to identify new therapeutic
targets [13, 14].

The goals of this present research involve utilizing
bioinformatics tools to annotate the structural and
functional features of an HP (accession number
QWW2297.1) from C. auris. that aid in understanding the
as-yet-unknown functions of this HP. The knowledge gained

2/12 | Copyright © 2024 by Authors. Licensee Modestum DOO, Serbia. OPEN ACCESS for all.

from this research will aid in the development of new drugs
to combat this potential threat to humanity.

METHODS

Sequence Retrieval

The amino acid sequence of the HP (accession number
QWW?22972.1) originating from C. auris was obtained in
FASTA format from the NCBI protein database [15].
Various standard prediction servers were utilized to
annotate the obtained protein sequences, as detailed in Table
1[16].

Physicochemical Properties Analysis

The ExPASy ProtParam tool was employed to examine
the physicochemical attributes of the HP. This examination
encompassed parameters such as molecular weight,
theoretical isoelectric point (pI), amino acid composition,
count of positive and negative residues, instability index (II),
aliphatic index (AI), grand average of hydropathicity
(GRAVY), molecular formula, and estimated half-life [17].

www.jceionline.org
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Subcellular Localization Prediction

Sub-cellular localization of a protein is an essential for
determining for the vaccine candidate [18]. Several tools
were used for localizing the HP such as PSORT 1I [19], WolF
PSORT [20], and Euk-mPLoc 2.0 [21].

Functional Annotation

Proteins are complex molecule that perform various
functions in living organisms. They are categorized into
distinct families and superfamilies according to their
sequence attributes, domains, motifs, and functional
resemblances [22]. The target protein’s potential function
and conserved domains were determined using NCBI
conserved domain search service (CD search) [23],
ScanProsite tool [24], InterPro [25], and SMART tool [26].
The folding pattern of the protein was detected through the
utilization of the PFP-FunD SeqE method [27].

Multiple Sequences Alignment and Phylogenetic Tree
Analysis

In order to find the protein’s homologs, a BLASTp search
was executed on the NCBI website against the nonredundant
database, utilizing the default settings [29]. Following this, a
multiple sequence alignment and a phylogenetic tree were
produced using CLC Sequence Viewer version 8. The CLC
Sequence Viewer software is commonly used for sequence
analysis and visualization, aiding in the comparative analysis
of protein sequences
phylogenetic relationship.

and the construction of the

Secondary Structure Prediction

The anticipated two-dimensional arrangement of the HP
was forecasted through the application of the self-optimized
prediction method with alignment (SOPMA) [28].
Additionally, the findings from SOPMA were corroborated
using another tool called PSIPRED [30].

Homology Modeling

The SWISS-MODEL server was employed to ascertain
the three-dimensional (3D) arrangement of the target
protein via homology modeling [31]. This server
independently conducts a BLASTp search to identify
probable templates for each protein sequence. From the
search results, the template protein 2x19.1.A was selected for
homology modeling. This particular template, featuring an
X-ray diffraction model of a GTP-binding nuclear protein,
exhibited a substantial sequence identity of 94.15%, which
proved to be a reliable basis for the modeling process. The
visualization of the 3D model structure was carried out using
PyMOL v2.0.

Model Quality Assessment

The PROCHECK [32], Verify3D [33], ERRAT [34], and
modules from the SAVES server were employed to evaluate
the validity of the projected 3D structure. Furthermore, the
ExPASy server’s QMEAN programs [35] within the SWISS-
MODEL Workspace were utilized to compute the QMEAN
Z-score and appraise the model’s integrity. Additionally, the

www.jceionline.org

Table 2. Physiochemical
ProtParam tool

properties of HP calculated by

Description Value
Number of amino acids 215
Molecular weight (Da) 24,459.00
Theoretical pl 6.53
Number of positively charged residues 27
Number of negatively charged residues 28
Number of atoms 3443
Instability index 27.14
Aliphatic index 82.47
Grand average of hydropathicity (GRAVY) -0.392

ProSA-web server [36] was employed to compute Z scores
for both the template and target proteins.

Protein-Protein Interaction Analysis

STRING is a useful database that offers details on
observed and anticipated protein interactions. The database
combines data from several sources to generate vast protein
interaction networks. The genetic background, (conserved)
co-expression patterns, high throughput experimental data,
and previous understanding of protein interactions were a
few examples of these sources [37].

Active Site Determination

For pinpointing the protein’s active site, the computed
atlas of surface topography of proteins (CASTp) server was
harnessed [38]. CASTp furnishes detailed, comprehensive,
and quantifiable insights into a protein’s topographical
attributes. It facilitates the accurate detection and
measurement of active pockets located on protein surfaces as
well as within the interior of 3D structures. Consequently, it
has transformed into an indispensable tool for predicting the
regions of a protein that engage with ligands. The outcome
from CASTp was also visualized utilizing the PyMOL
software.

Energy Minimization of the Model Structure

The 3D model structure derived from the SWISS-
MODEL server underwent energy minimization with the
YASARA [39] force field minimizer. This method reduces
energy usage and imparts a more precise and stable 3D shape
to the target protein.

RESULTS

Physiochemical Properties Analysis

Using the ProtParam tool, various physicochemical
characteristics of the HP (accession no. QWW22972.1) were
assessed and tabulated (Table 2). This protein comprised 215
amino acids and had a molecular weight of 24459.00 Da.
Among its constituent amino acids, the most abundant were
Ala (13), Arg (9), Asn (10), Asp (14), Cys (3), Gln (10), Glu
(14), Gly (16), His (5), Ile (9), Leu (19), Lys (18), Met (4), Phe
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Table 3. The BLASTp outcome indicating the degree of similarity among proteins

Accession No Organisms Protein name TS Pl E-value
QWW22972.1 Candida auris Hypothetical protein

XP_024714986.1 Candida pseudohaemulonii GTP-binding nuclear protein GSP1/Ran 450 100%  le-159
XP_002618167.1 Clavispora lusitaniae ATCC 42720 GTP-binding nuclear protein GSP1/Ran 449 100% 2e-159
XP_001527056.1 Lodderomyces elongisporus NRRL YB-4239 GTP-binding nuclear protein GSP1/Ran 444 100%  4el57
KGU32723.1 Candida albicans P75063 GTP-binding nuclear protein GSP1/Ran 439  99% 2e-155
XP_018714336.1 VI€tschnikowia b’cus\"(’szg‘;;‘” - bicuspidata NRRL o 11 ding nuclear protein GSP1/Ran 437 96.28% le-154
XP_020065809.1 Suhomyces tanzawaensis NRRL Y-17324 GTP-binding nuclear protein GSP1/Ran 434 97.63% 2e-153

Note. TS: Total score & PI: Percent identity

(11), Pro (11), Ser (4), Thr (14), Trp (3), Tyr (9), and Val (19).
Calculations revealed the presence of 28 negatively charged
residues (Asp + Glu) and 27 positively charged residues (Arg
+ Lys). The protein’s isoelectric point (pI) was determined to
be 6.53. With an II of 27.14, the HP exhibited stability. The
AT of 82.47 indicated its stability across a broad temperature
range. The GRAVY score (-0.392) indicated the protein’s
hydrophilic nature, making it soluble in water. The HP had
a chemical formula of C1107H1717N2930319S7. Its
estimated half-life (HL) was calculated to be > 20 h in yeast
(in vivo), > 10 h in Escherichia coli (in vivo), and 30 h in
human reticulocytes (in vitro). The protein’s capacity to
absorb light at a specific wavelength was denoted by its
extinction coefficient value (30,035). It is posited that
deriving the molar extinction coefficient from amino acid
composition is feasible.

Subcellular Localization Prediction

Automated forecasting of protein subcellular localization
is a vital technique in protein examination and annotation,
as it offers insights into the role of a protein within an
organism. Identification of the location of the protein within
a cell is known as subcellular localization. The location of
proteins within cells has a significant impact on how those
proteins function. This data can also be utilized for the
development of a medication aimed at the specific protein.
Our target protein’s subcellular location was predicted by the
PSORT II, WolF PSORT algorithm to be “cytoplasmic.” The
protein was similarly identified as a cytoplasmic one by the
Euk-mPLoc 2.0 protein subcellular localization server.

Functional Annotation

The protein’s domain was estimated using a number of
annotation tools, including NCBI-CD Search, ScanProsite,
InterPro, and SMART. All the methods were indicated the
presence of a domain from the nuclear superfamily of GTP-
binding proteins known as the Ran family, which is a GTPase
involved in importing and exporting proteins and RNAs
from nucleus. The Ran family GTP-binding nuclear
superfamily area was found in the protein sequence from
amino acid positions 4 to 212, according to an investigation
by the NCBI-CD search server. The E-value for this detection
was 1.08¢-162, indicate that there was a very strong match to
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this domain. The Ran family GTP-binding nuclear
superfamily domain was found in the protein sequence,
more precisely in the area starting at amino acid position 2
and ending at amino acid position 166, as predicted by
ScanProsite. A domain in the protein with an E-value of
8.98e-154 that resembles the Ran family GTP-binding
nuclear superfamily was identified by SMART analysis in a
similar manner. This domain was located at position 14-212.
These investigations demonstrated that the protein has a
domain that belongs to the Ran family GTP-binding nuclear
superfamily. The homogeneity across various prediction
techniques further supports the existence of this domain in
the protein sequence. The utilization of the PFP-FunDSeqE
tool for recognizing fold patterns exposed the existence of a
“P-loop” fold within the protein sequence. The P-loop-fold
domain exhibits a three-layer afa sandwich structure, with
the P-loop being notably recognized for its occurrence in
ATP- and GTP-binding proteins. Moreover, it’'s also
identified in a range of proteins associated with
phosphorylated substrates.

Multiple Sequence Alignment and Phylogenetic Tree
Analysis

A BLASTp search conducted on the non-redundant
database unveiled homology, with sequence similarities of
up to 96%, between the protein in question and several
established GTP-binding nuclear proteins. This includes
well-known proteins like GSP1/Ran from various organisms
(Table 3).

To discern the shared and distinct residues among these
homologs, multiple sequence alignments were carried out
for a selected subset of proteins based on the outcomes of the
BLASTYp analysis (Figure 1).

Using the identical data, a phylogenetic tree was formed
(Figure 2). The target protein appears to have a common
ancestor  with other proteins
pseudohaemulonii and Clavispora lusitaniae ATCC 42720.
The line segment with the number (0.010) on it represents
how much genetic change has occurred as estimated by the

from Candida

two

scale bar.
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Figure 1. Multiple sequence alignments among different GTP-binding nuclear proteins using CLC Sequence Viewer version 8 (Top row-
target protein, row 2-Candida pseudohaemulonii, row 3-Clavispora lusitaniae ATCC 42720, row 4-Lodderomyces elongisporus NRRL YB-
4239, row 5-Candida albicans P75063, row 6-Suhomyces tanzawaensis NRRL Y-17324, and row 7-Metschnikowia bicuspidata var.
bicuspidata NRRL YB-4993) (Source: Authors’ own elaboration; organism names are obtained from Blast Result; and MSA obtained by
CLC sequence viewer version 8)

lic lN=PlllCGN KUBURE
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® XP_018714336.1

8 KGU32723.1

0 XP_001527056.1

® XP_020065809.1
I XP_024714986.1
QWW22972.1

o XP_002618167.1

0.010

Figure 1. A phylogenetic tree was constructed to depict evolutionary connection between target protein & other GTP-binding nuclear
proteins (This tree was generated using CLC Sequence Viewer version 8, scale bar provides an estimation of sequence divergence, &
extent of genetic variation is symbolized by the line segment along with its corresponding value [0.010]) (Source: Authors’ own
elaboration)

Secondary Structure Prediction Tertiary Structure (3D) Prediction and Model Quality
The structure of a protein largely preserves its function.  Assessment
A notable segment of the protein’s secondary structure The tertiary structure of the target protein was acquired

consists of helices, sheets, turns, and coils. The secondary  through the utilization of the template 2x19.1.A, sourced
structure of the HP, as assessed by the SOPMA server, from the SWISS-MODEL platform, showcasing a high
displayed an alpha helix content of 55.16%, random coil of  sequence similarity (94.15%) with the target protein. PyMOL
33.41%, extended strand of 7.17%, and beta-turn of 4.26% 2.0 was employed to visually depict the protein’s 3D

(Figure 3). This outcome was corroborated by a similar  arrangement (Figure 5).
result obtained from the PSIPRED server (Figure 4).
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Figure 3. Secondary structure predicted by the SOPMA server (Source: Authors’ own elaboration)
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Figure 4. Anticipated secondary structure of target protein was determined through utilization of PSI-PRED server (There are four
distinct sections in this graphical illustration: the first section consists of bars with different heights, the confidence score is proportional
to the bar height’s length, the alpha helix, beta sheets or strands, and coils are represented in the second section by the colors pink,
yellow, and gray, respectively, a coil links a certain alpha helix to a specific set of beta sheets, the secondary structure of a protein is
shown in the third part using an alphabetic form, here, beta sheets, alpha helixes, and coils are represented by letters E, H, and C,
respectively, & organization of amino acids is shown in alphabetical order in the last section) (Source: Authors’ own elaboration)

Figure 5. The projected three-dimensional structure of the target
protein was obtained using the SWISS-MODEL server and then
visualized using PyMOL software (Source: Authors’ own
elaboration)
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The fidelity of the 3D model was assessed employing
various evaluation tools, including PROCHECK, Verify3D,
ERRAT, and QMEAN. The PROCHECK results
demonstrated that a substantial 90.5% of amino acid residues
resided within the most favored region of the Ramachandran
plot, substantiating the model’s sound quality (Table 4 and
part A in Figure 6).

In terms of the 3D plot verification, it was determined
that 86.55% of the residues exhibited an average 3D-1D score
> 0.2. The ERRAT assessment confirmed the model’s high
quality, boasting an overall quality factor of 94.410 (part B in
Figure 6). The QMEAN4 score of -0.51 was attributed to the
model, placing it in the dark grey region of the QMEAN
analysis (part C in Figure 6), indicating an acceptable level
of quality. The model’s Z score was employed to assess its
overall quality, checking if the input structure fell within the
score range typical for native proteins of comparable size.
Both the template and model Z-scores from the ProSA

www.jceionline.org
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Figure 6. Assessment of model quality: (A) validation of the model structure was performed using the PROCHECK server, and the
resulting Ramachandran plot indicated that 90.5% of amino acid residues were situated within the most favored regions [A, B, L], (B)
the ERRAT output yielded a quality factor of 94.410, the two lines on the error axis indicate the threshold for rejecting areas that surpass
the error value, & (C) a graphical representation of the QMEAN analysis for the model structure revealed a Z score of -0.51 (this Z score
signifies a strong concordance between the model’s structure and experimental structures of similar size) (Source: Authors’ own
elaboration)
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Figure 7. Z-scores were computed for both target protein (A) and template protein (B) using ProSA server (notably, both structures
were situated within the range commonly observed for native proteins of similar size, including those determined through experimental

techniques such as NMR & X-ray) (Source: Authors’ own elaboration)

analysis were recorded as -5.36 (part A and part B in Figure Protein-Protein Interaction Analysis
The STRING tool was predicted the interaction of

selected HP with 10 proteins. AOA2H1A6Z0 was the most

7), signifying homology between the template and the model.
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Figure 8. The interaction network between proteins for the
hypothetical protein was generated using the STRING server
(Source: Authors’ own elaboration)

query protein. The recognized functional associates
accompanied by their corresponding scores were
AOA2HO0ZD64 (0.999) which encodes a ubiquitin-like
protein SMT3, AOA2HOZDMO (0.999) that encodes an
exportin-T family protein, AOA2HO0ZIS9 (0.999) that
encodes an elongation factor 1-alpha protein, AOA2HO0ZPZ5
(0.999), A0A2HOZUS85 (0.999), AOA2H1A443 (0.999),
AOA2H1A402 (0.996) that encodes an uncharacterized
protein, AGA2HOZUE7 (0.999) that encodes a nuclear
transport factor 2 protein, AOA2H1A1S4 (0.999) that
encodes Xpol  domain-containing  protein, and
A0A2H1A616 (0.996) that encodes MIF4G domain-
containing protein (Figure 8).

Active Site Determination

The active site analysis of the developed 3D model
structure was performed using the CASTp server. A
depiction of the amino acid residues comprising the active
site is presented in part A and part B in Figure 9.

B ChainA

Analysis of the protein’s predicted active site revealed the
participation of 15 distinct amino acids forming a potent
active site region. One of the biggest pockets, with a total
volume of 128.648 amino acids and 155.344 solvent
accessible (SA) surface area that contained the most active
site. ASP', THR®, ALA®, GLY®*, GLN¥, GLU®%, GLY"},
ARG™, ASP”, TYR”, TYR?™, ASN%, ASN™', TRP'”’, and
ASP'™ were the important active residues that were
predicted from the pocket. The recognition and detailed
characterization of these active site residues constitute a
pivotal stage in the process of designing drugs or inhibitors.

Energy Minimization Result

The YASARA force field minimizer was employed to
optimize the energy of the protein’s 3D structure. Using the
YASARA energy minimization server, the energy of the
model protein structure was reduced from -80,417.4 kJ/mol
to -108,599.6 k]/mol (as shown in Figure 10). After energy
reduction, the final score was changed to -0.54, suggesting a
more stable shape, from the original value of -1.20.

DISCUSSION

C. auris is an emerging yeast that exhibits antibiotic
resistance and is associated with invasive infections,
presenting a substantial global health issue due to its high
mortality rate [40]. Till to date, there is no vaccine for C.
auris [41]. Though research on HPs has not yet kept up with
the rapid development of low-cost sequencing technology,
there is now an enormous quantity of genomic and
proteomic data available [42]. HPs make up a large
percentage of genomes and frequently lack thorough
functional characterization or annotation. Researchers or
scientists can gain a deeper understanding of cellular
operations by carefully annotating HPs to reveal their
significance in diverse biological processes and pathways
[43]. The characterization of HPs helps to explore the

EVPTFKLVLVGDGGTGKTTFVKRHLTGEFEKKYIATLGVEVHPLGFHTNYG

ELKFOVWOTAGQEKFGGLRDGYYINGQCGIIMFOVTSRITYKNVPNWHRDL

VRVCENIPIVLCGNKVDVKERKVKARTITFHRKKNLQYYDISAKSNYNFEK

PFLWLARKLVGNPQLEFYV

Figure 9. Identification of active site using CASTp server (A) (the largest active site was found in the areas with 155.344 and a volume
of 128.648 amino acids) & active amino acid residues are highlighted in (B) (Source: Authors’ own elaboration)
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Figure 10. Energy minimization of model (YASARA energy minimized server) & result is visualized (YASARA View software) (Source:

Authors’ own elaboration)

knowledge of organisms® metabolic routes, the
understanding of disease advancement, the advancement of
pharmaceuticals, and the formulation of strategies for
disease management [42].

In this research, several highly effective bioinformatic
tools and databases were employed to characterize the HP
(accession no. QWW22972.1) of C. auris from structural and
functional perspectives. With a GRAVY score of -0.392 and
an IT of 27.14, the protein was determined to have 215 amino
acids based on physiochemical data, indicating that it is polar
and stable (Table 2). The predictions of PSORT II, WolF
PSORT, and Euk-mPLoc 2.0 servers indicated that the
protein was localized in the cytoplasm.

The CD Search and ScanProsite, InterPro, and SMART
studies were unveiled that the HP belonged to the nuclear
superfamily of Ran family GTP-binding proteins, according
to domain and motif analysis. Ran, a small nuclear GTPase,
strictly regulates the movement of large molecules between
the nuclei and cytosol. Due to the substantial remodelling,
the nucleus goes through for proper chromosomal
segregation during mitosis, the protein is particularly
important for sustaining the nucleus [44]. Additionally, Ran
plays a crucial role in tasks such as the construction of the
mitotic spindle, regulation of nuclear envelope dynamics,
and precise coordination of cell cycle transitions [45-47].
However, these processes shed light on the temporal and
spatial changes in cellular structure that take place during the
cell division cycle, particularly during interphase [48]. Ran
GTP, which was served as a chemical signal, also points to
the location of the nucleus. Importins and exportins were
transport molecules that operate as Ran’s effectors. They
facilitate the movement of cargo between the nucleus and
cytoplasm [49]. As a result, Ran GTP accurately and
effectively regulates how importins and exportins interact
with their respective cargoes, ensuring that the cargoes are
transported in the desired direction [50]. Performing a
BLASTp search against the non-redundant database
unveiled a sequence similarity of up to 96% with other GTP-
binding nuclear proteins, notably including the GSP1/Ran
protein from various organisms (Table 3). To see the
conserved and different residues among the homologs,
multiple sequence alignments of a chosen few proteins were

www.jceionline.org

performed using the BLASTp findings (Figure 1). Lastly, the
gathered data was utilized to construct a phylogenetic tree
(Figure 2).

According to the inspection of its secondary structure,
the protein has a random coil, beta-turn, alpha helix, and
extended strand. The alpha helix was the most predominant
of these elements (Figure 3 and Figure 4). In addition, the
3D structure of the protein depicted from SWISS-MODEL
server successfully passed the tools used to evaluate quality,
demonstrating that the overall level of quality was good. The
model’s amino acid environment was examined using the
VERIFY 3D program, and it was discovered that 86.55% of
the residues had an average 3D-1D score of 0.1, suggesting
an ambient environment, for non-bonded atomic
interactions. Additionally, the ERRAT total quality factor of
94.410 indicated a high-quality model (part B in Figure 6).
Interestingly, the Ramachandran plot was represented most
of the amino acid residues (90.5%) in its favored region and
zero percentage of disallowed region that indicates the
validity of the model’s quality (Table 4 and part A in Figure
6). It is generally acknowledged that a 3D model is credible
if more than 90% of the residues are in the regions that are
preferred [51]. The QMEAN4 server’s output showed that
the predicted model’s Z-score was -0.51, which likewise
indicates a high-quality model (part C in Figure 6). The Z-
score serves as an indicator of the overall quality of the model
and is utilized to verify whether the input structure falls
within the range of scores typically associated with native
proteins of similar size [36]. Additionally, the Z-score for
both the model and the template, as obtained from ProSA,
was -5.36 (part A and part B in Figure 7), suggesting a
homologous relationship between the template and the
model.

At the same time, the protein-protein interaction
network explored some neighboring proteins that was
mostly uncharacterized (Figure 8). The proteins having a
score of 0.996 and 0.999 meaning that all the proteins were
close to the target protein. Most importantly, ubiquitin-like
protein SMT3, elongation factor 1-alpha protein, and
nuclear transport factor 2 protein was the predominant but
only MIF4G domain-containing protein was regulated in
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Table 4. Ramachandran plot statistics of the target protein

Statistics Number of AA residues Percentage (%)
Residues in the most favored region [ A, B, L] 133 90.5%
Residues in the additional allowed regions [a, b,l,p] 14 9.5%
Residues in the generously allowed regions [ ~ a, ~b, ~I,~p] 0 0.0%
Residues in disallowed regions 0 0.0% (Total = 100%)
Number of non-glycine and non-proline residues 147

Number of end-residues (excl. Gly & Pro) 3

Number of glycine residues 16

Number of Proline residues 6

Total number of residues 172

p27-dependent cell proliferation in host cell at least
functional activity [52].

The location of the active site on a protein holds
significant importance for several purposes, such as
identifying structural features, comparing functional sites,
conducting molecular docking, and even designing new
drugs [53]. During the CASTp analysis, the projected active
site of the protein revealed the involvement of 15 amino acids
in a potent active site. Within this context, one notably large
pocket was identified as an active site, featuring an SA surface
area of 155.344 and a volume encompassing 128.648 amino
acids (part A and part B in Figure 9). Following the YASARA
energy minimization process, the 3D structure of the target
protein achieved increased stability, leading to a score of -
0.54 (Figure 10). Importantly, these investigations into the
annotation of this HP have facilitated the development of
potent drugs and vaccines against pathogens of this nature.

CONCLUSION

Several bioinformatics methods were employed in this
work to analyze a HP from the fungus C. auris. Our research
has implications for enhancing the target protein’s
functioning and raising resource usage effectiveness. Future
research aims to experimentally test our results and generate
novel ligands for medication development using structural
and functional data. Future treatment plans must be
improved by continued study of target proteins and their
effectors in C. auris and other species. We may learn more
from this work about investigating the structural and
functional studies of proteins with unidentified activities. In
the future, other researchers may use the results of this study
to conduct their own in-silico research.
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