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ABSTRACT: Candida auris is an emerging fungal pathogen that causes severe
invasive infections in healthcare facilities which are difficult to control and treat due
to its resistance to major antifungal drugs. A large fraction of C. auris proteins are
uncharacterized and hypothetical, and structural and functional characterization of
these proteins can aid in the selection of novel drug targets. The present study
involves a computational approach for the structural and functional
characterization of hypothetical proteins from Candida auris. After the sequence
retrieval, hypothetical proteins were predicted for physiochemical properties and
subcellular localization, structurally modeled using I-TASSER, quality assessed
through Verify3D, ERRAT, and PROCHECK, and functionally annotated to reveal
conserved domains and roles in pathogen pathways. Finally, the immunogenic
assessments, non-human homologous analysis, and druggability analysis reveal
three hypothetical proteins of C. auris (KND95408.2, KND95415.2, and
KND95429.2) as novel drug targets. Furthermore, the stable conformations of these
selected drug targets with the minimum root mean square deviations (RMSD) and
fluctuation (RMSF) were analyzed by MD simulations. Conclusively, the functional
annotations of these hypothetical proteins can help in understanding the disease
mechanisms at the molecular level, as well as provide new targets for drug
development against Candida auris.
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INTRODUCTION
Recently, several fungal
infections have posed

significant  health  concerns
(Almeida et al., 2019). Candida
auris is an emerging fungus that
presents a serious global health
threat causing severe illness in
hospitalized and
immunocompromised  patients
(Du et al., 2020). According to
recent statistics, C. auris infects
thousands of individuals
globally, and the infectivity rate
has gradually increased over the
last decade (Vila et al., 2020).
The pathogen is associated with
many invasive infections of the
ear, urinary system, skin, bone,
wounds, bloodstream, and lower
respiratory tract (Horton and
Nett, 2020). Since its first
isolation in 2009 from the ear
canal of an infected female in
Japan, the infectious outbreaks
of C. auris have covered 45
countries with a mortality rate
of 72% (Céandido et al., 2020;
D’Ambra, 2019; Dahiya et al.,
2020). Due to the nosocomial
origin of these infections, the
principal  sources for the
outspread of this infection
include contaminated surfaces
in hospitals and other healthcare
settings (Bandara and
Samaranayake, 2022). The
pathogen colonizes the patient’s

skin, and the mucosal surfaces,
contaminating the surroundings,
leading to rapid transmission
into the environment
(Buyuktuna et al., 2019).

The excessive use of antibiotics
and antifungal agents, a recent
history of surgery, prolonged
stay in the Intensive Care Unit
(ICU), use of indwelling lines,
central venous catheters, and
feeding tubes are the main risk
factors  associated  with C.
auris infections (Thomas-
RRddel et al., 2022). Candida
auris can also co-infect
individuals infected with other
pathogens, as in the case of
COVID-19, where infected
patients who  were on
ventilators acquired coinfection
of C. auris, complicating the
diagnosis,  treatment,  and
prognosis, and increasing
disease symptoms and mortality
(Calvo et al., 2021).

Several antifungal agents,
including echinocandins,
fluconazole, and polyenes, have
been proven effective
against C. auris. However, the
resistance of C. auristo these
agents has increased the
infection rates leading to
increased  mortalities  and
morbidities (Fang et al., 2021).
Consequently, there is a need to
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develop new treatment options
to curtail the increasing
infection rate of C. auris (Ré et
al., 2021). In several emerging
pathogens, the  molecular
functions of some proteins are
unknown, and these
uncharacterized proteins are
known as hypothetical proteins
(HPs). The functional
annotation of these
uncharacterized proteins helps
in understanding their roles in
different pathways and to
identify novel drug targets for
these pathogens
(Omeershffudin  and Kumar,
2019). Thus, in addition to the
known proteins, the
hypothetical proteins of
emerging pathogens need to be
analyzed for their potential drug
target abilities (Chirgadze et al.,
2022).

Recently, the uncharacterized
proteins from many deadly
pathogens have been suggested
as ideal drug candidates for
controlling  their infections
(Abbasi et al., 2022). Several
computational tools are
available for the structural and
functional annotations of HPs,
physicochemical

characterization, protein
network and pathway analysis,
and  molecular interaction

exploration (Prabhu et al.,
2020). Moreover, the
computational  screening  of
uncharacterized proteins may
help in probing the potential
drug targets, followed by
measuring their affinities to
various therapeutic  agents.
Therefore, screening the
protecome of drug-resistant
pathogens for discovering novel
drug targets would be a new
strategy to cater to the
increased infectivity rates of
these pathogens (Shamsinejad
et al., 2022). The whole
genome analysis of C. auris
indicates that this pathogen
contains over 5500 genes.
Currently, 8357 proteins are
reported, out of which many
proteins are hypothetical (Jain
et al., 2022).

The present study involves a
computational strategy for the

structural and functional
characterization of the
hypothetical proteins
of Candida auris and

subsequently  screening  for
potential drug target proteins.
The selected proteins should be
essential for the survival of the
pathogen and should not be
homologous to the human
proteome. The conformational
stabilities of selected drug
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targets were determined using
molecular dynamics
simulations. This study
suggests novel drug targets for
the pathogen C. auris, which
may help in designing new and
effective  treatment options
against this deadly pathogen.
Further experimental
confirmation through wet-lab
analysis is needed.

MATERIALS AND
METHODS

Selection of HPs and their
Sequence Retrieval

The hypothetical proteins
of Candida auris and their
sequence in the FASTA format
were retrieved from the NCBI
database
(https://www.ncbi.nlm.nih.gov/)
(Schoch et al., 2020). After the
sequence retrieval, the sequence
homology analysis of hypothetical
proteins was performed using the
BLASTp server (Wu et al., 2019).
The proteins having homology
with  the  structurally  and
functionally characterized proteins
were selected for the downstream
analysis.

Physiochemical Characterization
of Selected HPs

The physicochemical parameters of
selected HPs, including molecular
weight, extinction  coefficient,

theoretical pl, instability index,
aliphatic index, and Grand Average
of Hydropathy (GRAVY), were
analyzed via the online Expasy
ProtParam
(https://www.web.expasy.org/protp
aram) (Duvaud et al., 2021).
Subcellular Localization

The cellular location of proteins
provides information about their
function and helps predict the
protein-protein interactions, which
reveals these proteins’ involvement
in various signalling pathways
(Wang and Chen, 2022). Based on
this, the subcellular localization of
selected hypothetical proteins was
assessed using the CELLO2GO
(http://cello.life.nctu.edu.twi/cello2
go/) online server. CELLO is a
computer program that uses
BLAST to find homologous
protein sequences in an in-house
database annotated with the Gene
Ontology database. It is used to
study domains of proteins as
cellular components, molecular
functions, and biological processes
(Yu et al., 2014). Furthermore, the
presence of signal peptide was
predicted by the SignallP (5.0)
server
(http://www.cbs.dtu.dk/services/Si
gnalP/) (Almagro Armenteros et
al., 2019).
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Secondary and
Structure Prediction
For secondary structure predictions
of hypothetical proteins, SOPMA

(https://npsa-
prabi.ibcp.frINPSA/npsa_sopma.ht

Tertiary

ml), GOR1V
(NPSA/npsa_gor4.html), and
PSIPRED

(http://www.bioinf.cs.ucl.ac.uk.)

were used This tool exploits a
combined approach based on the
clustering process and reports
biological and molecular functions
based on Gene Ontology dependent
similarities. Moreover, the 3D
structures of selected HPs were
constructed using the I-TASSER
server (Zhang, 2008). The quality
of protein models was evaluated

via Verify3D, ERRAT, and
PROCHECK programs of the
SAVES server

(https://saves.mbi.ucla.edu/).
Functional characterization of
HPs

The functional characterization of
hypothetical proteins was based on
the conserved domain and motif
analysis (Dhanyalakshmi et al.,
2016). For conserved domain
analysis, the NCBI CDD
(www.ncbi.nlm.nih.gov/structure/c
dd/docs/cdd) server and the online
Pfam (https://www.pfam.xfam.orq)
server were used, while motif
analysis, was performed using
InterProScan (Ebi.ac.UK/InterPro/)

Among these, the CDD compares a
query sequence against position-
specific score matrices using RPS-
BLAST (Reverse Position Specific
BLAST), resulting in the alignment
of these proteins with conserved
domains  present in  CDD
(Marchler-Bauer et al., 2015). The
Pfam is a protein family database
with annotations and multiple
sequence alignments based on
Hidden Markov Models (Bateman
et al., 2004). Motifs are highly
conserved secondary structural
elements present in protein families
that define the functions of these
proteins (Ser¢inoglu and Ozbek,
2020). For  motif  analysis,
InterProScan  combines  various
methods for recognizing the
protein footprints from the InterPro
consortium (Paysan-Lafosse et al.,
2022). After domain and motif
analysis, hypothetical proteins'
possible molecular and biological
functions were assessed using the
Argot 2.5
database (http://www.medcomp.me
dicina.unipd.it/Argot2-5/help.php).
This tool predicts the function of
the protein by its amino acid
sequence in a significant manner
by using a neural network
approach. This combined approach
is based on clustering and reports
biological and molecular functions
based on Gene Ontology-
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dependent similarities. (Reijnders,
2022).

Antigenicity Predictions

VaxiJen server
(http://www.jenner.ac.uk/VVaxiJen9
-) was used to check the
antigenicity of hypothetical
proteins. The potential antigenic
fungal proteins were selected at the
VaxiJen score greater than 0.5
(Zaharieva et al., 2019).

Screening for Non-human
Homologous HPs

To avoid the possibility of
autoimmune reactions, the drug-
target proteins of C. auris should
not be homologous to the host
proteins. Therefore, only non-
human homologous proteins were
considered for further analysis
(Khan et al., 2022). For the
homology analysis, the
hypothetical proteins of C. auris,
the BLASTp analysis against
humans was performed and
proteins homologous to the human
proteome were excluded from the
analysis.

Eessentiality Analysis of Selected
Non-Human Homologous Hps
Essential genes are those that are
crucial for the survival of
organisms. For essential gene
analysis, the protein sequences of
hypothetical proteins were
subjected to the Database of
Essential Genes (DEG), followed
by the screening of proteins

encoded by the essential genes at
an e-value threshold of 0.0001
(Luo et al., 2021).
Druggability
Essential
Homologous HPs
The essential and non-human
homologous hypothetical proteins
were screened against the drug
bank database
(https://go.drugbank.com/stats) to
identify  the  potential  drug
candidates that can bind with
selected drug targets. The drug
bank database contains 14624
drugs, including 4243 approved
drugs, 2687 biotechnology drugs,
2725 approved small molecular
drugs, and 6677 experimental
drugs. The matching of a
hypothetical protein to a drug
molecule in the drug bank database
indicates its druggable properties,
while the proteins not matching the
existing drugs might be the novel
drug targets (Murugan et al., 2020).
Molecular Dynamics Simulations
Molecular Dynamic (MD)
simulations were performed using
GROMACS software through the
LINUX interface (Gomes et al.,
2022). The simulations were
carried out at 100ns production
phase. The trajectory analysis was
based on the Root Mean Square
Deviations (RMSD), Root Mean
Square  Fluctuation  (RMSF),
Solubility Accessible Area, Radius

Analysis of
Non-human
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of gyration (Rg), and hydrogen
bonds. These parameters helped in
assessing  the  conformational
stabilities of the candidate proteins.
RESULTS
Protein Selection and Sequence
Retrieval
Initially, fifty hypothetical proteins
of Candida auris were selected for
analysis.  After the sequence
homology analysis by BLASTDp,
twelve out of fifty proteins,
showing significant homology to
already characterized proteins and
having a percentage identity score
of greater than 50 were selected for
further analysis (Table 1).
Physiochemical Characterization
of HPs
The physicochemical
characterization of HPs by Expasy
ProtParam revealed different
parameters, including molecular

weight, pl, instability index,
aliphatic index, and GRAVY value
(Table 1). Among all twelve

proteins, the KND95425.2 showed
the highest molecular weight of
76374.50 Da. The isoelectric points
of six HPs were above 7, while the
remaining six had pl values less
than 7. The instability index
determines the stability of proteins,
and the GRAVY value describes
the hydrophobicity of proteins
(Guruprasad et al., 1990; Kyte and
Doolittle, 1982). The instability
index value of eight HPs was
greater than 40, indicating the
unstable nature of these proteins,
while four proteins were found to
be stable with values less than 40.
The GRAVY values of HPs were
negative, indicating the hydrophilic
nature of these proteins (Table 1).

Table 1. Physicochemical characterization, subcellular localization, and signal
peptide prediction by using EXPASY ProtParam, CELLO2GO, and Signal IP
6.0 respectively for selected hypothetical proteins of Candida auris

. . Subcellular
Physicochemical parameters o
Sr. Accession localization
No Instability | Aliphatic | Gravy Signal
Ids MW Pl Index Index value CELLO2GO IP 6.0
1 | KND95391.2 | 16848.78 | 9.98 43.18 81.70 -0.387 | Mitochondrial No
2 | KND95421.2 | 9751.54 1%'8 37.3 70.00 -1.106 Nuclear No
3 | KND95408.2 58138.2 | 6.15 32.11 107.11 -0.365 Plasma NG
membrane
75853.51 8.55 54.40 80.94 -0.419
4 | KND95415.2 ' ' ' ' Nuclear No
LGU. J. Life Sci 8(3): LGUJLS MS.ID- 231 (2024)
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& | knDosas o | 7637450 | 8.98 44.05 88.19 -0.404 Nuclear No

6 | KND95429 2 25758.28 | 6.03 42.18 89.69 -0.539 Nuclear No

7 | KND95462.2 64704.18 | 6.01 27.01 8525 -0.345 Mitochondrial No
23986.09 -0.764

8 | KND95435.2 518 41.05 7411 Nuclear No

o | kNDos434.2 52689.61 | 5.05 53.86 74.63 -0.375 Nuclear No
-0.965

10 | KND9sa7L 2 | 4192746 | 9.50 46.55 68.27 Nuclear No
-0.833

11 | KND95a63.o | 1514827 | 9.68 48.89 71.88 Nuclear No

89.39
12 | KND9544g2 | 69670-96 | 6.97 39.76 0196 | \ritochondrial No

Subcellular localization

Table 1 demonstrates the results of
subcellular localization and signal
peptide prediction of selected HPs.
Three  proteins, KND95462.3,
KND95448.2, and KND95391.2,
have scored for the mitochondrial
location, while KND95408.2 was

Periplasmic: 1 - 8.3%

Nucloar: 8 - 66.7% 4

Bl Mitochondrial

B Nuclear

found to be associated with the
plasma membrane. All remaining
proteins were localized in the
nuclear region (Fig. 1). SignallP
v.6.0 tool revealed that none of
these proteins had signal peptides
(Table 1).

Mitochondrial: 3 - 25.0%

Periplasmic

Fig. 1. Subcellular localization prediction of twelve HPs of Candida auris
using CELLO2GO program
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Structure
validation
The secondary structure predictions
through SOPMA, GOR1V, and P

SIPRED reveal the percentage of
alpha-helix, beta-sheet, and

modeling and

90
80
70
60
50

coils/loops in these proteins
(Geourjon and Deleage, 1995;
McGuffin et al., 2000; Sen et al.,
2005). All these servers heralded
that the HPs have a higher
percentage of alpha helix and loops
than the B-sheets (Fig. 2).

30
20
: ||I||I|I
0

'\/ ’\/ : °) '» ") b\
A c)v c)v\’ %v” (,)Q P S O 2 c,)v“’ o)v
g § ¢ ¢ § ¢ ¢ ¢ ¢ ¢ e@"’ &
A A A A AS © L A AN A L AS
B Alpha helix W Beta sheets Coils/loops

Fig. 2. Secondary structure prediction of HPS. The blue color indicates the
alpha helix, the red color shows the percentage of beta-sheet, and the green

color indicates coils/loops

For 3D structure modeling of
HPs, an |-TASSER server was
used that employs sequence-to-
structure  matching and then
structure-to-function homology
matching, thus predicting the
structure and functions of the
protein (Yang et al., 2015). The
selection of accurate protein
models was based on their C-score
and TM-score. C-score is a
confidence score for assessing the

quality of predicted models that
range from -5 to -2. Likewise, the
TM score >0.5 indicates a good
quality model (Steyerberg et al.,
2010). Out of all protein models
generated by [I-TASSER, the
protein model with a high C-score
and TM-score was considered
accurate. The 3D structures of HPs
were visualized using the PyMOL
server and are displayed in (Fig. 3).
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Fig. 3. Visualization of 3D models of HPs constructed by I-TASSER by using
PYMOL and along conserved domain present in each HPs are named and
highlighted in different colors in the models

After the 3D structure modeling,
protein structures were validated
through SAVES server version 6.0
using verify 3D, ERRAT, and
PROCHECK (Dym et al., 2012;
Eisenberg et al., 1997; Laskowski
et al, 1993). The Verify 3D
determines the compatibility of the
protein model with its amino acid
sequence providing a 3D-1D score.
Protein models with a 3D-1D score
greater than 0.2 were considered
more compatible with  their
sequence (Eisenberg et al., 1997).
ERRAT determines the overall
quality factor of protein models
considering all non-bonded atomic

interactions. The higher ERRAT
score indicates higher quality, and
the generally accepted threshold
for a high-quality protein model is
>50 (Dym et al., 2012). Likewise,
the Ramachandran plot depicts the
statistical distributions of amino
residues, based on their torsion
angles, in the allowed and the
favorable portions of the plot,
giving insight into the
conformation of the protein model.
Based on these parameters, the
protein models of all HPs were
found to be accurate and of good
quality (Laskowski et al., 1993)

(Fig. 4).
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Conserved domain analysis and
functional assessments

NCBI conserved domain database
(CDD), Pfam, and InterProScan
were used to identify the conserved
domains in the hypothetical
proteins of C. auris (Bateman et
al., 2004; Marchler-Bauer et al.,
2015; Paysan-Lafosse et al., 2022).
Several domains including,
transposase-20- superfamily,
DUF2462  superfamily, major
facilitator ~ superfamily  (MFS),
BRCT family, mannosyl
transferase, chromosome
segregation protein, Spc25
(Spindle —Spc25, D-lactate
dehydrogenase [cytochrome], FAD
linked oxidases, C-terminal
domain, FAD-binding domain,
RNA polymerase Il subunit,
Peptidase_C54, RNA recognition
motif, oxaloacetate, and
decarboxylating malate
dehydrogenase, were identified in
the HPs. The respective domains in
these HPs are highlighted in their

35 d psp Sl
G | e LAY
. o = .

80 35 90 45 0 45 %0 a3 w0 -0 35 90 s

3D structures (Fig. 3). After the
conserved domain analysis, the
functional annotation of
hypothetical proteins was carried
out using Argotv2.5, where the cut-
off value of > 200 indicates the
significant involvement of the
protein in the predicted function
(Torres et al, 2021). The
functional annotation of HPs
asserted their significant
involvement in diverse biological
pathways, including the catalysis of
transposition, oxidoreductase
activity, transmembrane transporter
activity, = DNA-directed = DNA
polymerase activity, nucleotide
transferase activity, Flavin adenine
dinucleotide  activity, malate
dehydrogenase, nucleic  acid
binding, hydrolase, and peptidase
activity.

Antigenicity prediction

The antigenicity analysis marked
six of the twelve proteins as
potentially  antigenic with a
VaxiJen score greater than 0.5 (Fig.

LGU. J. Life Sci 8(3): LGUILS MS.ID- 231 (2024)
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5). The six proteins predicted as
non-antigenic were excluded from
the further analysis because these

proteins could not be the drug
targets.

KNI e————i0R
KNDosi632
. i
KNDIS 4 ——Td

KND9s435.2 |

Accession IDs

KND9ss622 |
KND95420.2
KNDos2s2 |

KND9S15.2 .
KNDos0s.2 |
KDosi212

KNDIs3OL2

0 0.1 0.2

0.4 0.5 0.6 0.7 0.8

Antigenicity score

Fig. 5. Antigenicity prediction of HPs by using the VaxiJen server. The six
proteins highlighted in red are marked as antigenic with a VaxiJen score
greater than 0.5, while the blue-labeled proteins are non-antigenic

Screening of non-human
homologous proteins

A notable feature of the drug
candidate is that it should not be
homologous to the host proteome
to avoid cross-reactivity in hosts
(Pourhajibagher and  Bahador,
2016). Therefore, the homology
analysis of selected immunogenic
proteins  against the human
proteome was performed using
BLASTp. The results revealed that
three proteins have significant
homology with human proteome
(Fig. 6). The three human
homologous proteins were
excluded from analysis, and three

non-human homologous HPs were
further analyzed to probe the
potential drug targets.

Essentiality analysis of selected
non-human homologous HPs
After the homology analysis with
the  human  proteome, the
essentiality analysis reveals that
three  non-human  homologous
proteins are also crucial for the
survival of Candida auris thus,
these three HPs were selected as
the drug targets for C. auris and
were subjected to druggability
analysis (Fig. 6).
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Antigenicity analysis

Number of HPs

Immunogenic HPs

Non-Human Hom ologous HPs

Homology analysis with human proteome

E ssentiality analysis

E ssential Non-Human Homologous HPs

Fig. 6: The immunogenic, non-human homologous and essential hypothetical proteins of

Candida auris

Druggability Analysis of
Essential Non-Homologous
Hypothetical Proteins

The druggability analysis of three
selected non-human homologous
and essential proteins marked them

as novel drug targets having no
affinity with the already available
drug molecules (Table 2).

Table 2: Druggability analysis of essential non-homologous hypothetical

proteins by Drug Bank.

Sr.No | Protein Accession Druggability analysis
ID
1 KND95408.2 Novel
2 KND95415.2 Novel
3 KND95429.2 Novel

Molecular dynamics simulations
MD simulations of the three
selected drug target proteins
showed in (Fig. 7). The combined
analysis of Root Mean Square
Deviations (RMSD), Root Mean
Square  Fluctuation  (RMSF),
Surface Accessible Area, Radius of
gyration (Rg), and the hydrogen
bonds shows the stable
conformations of three proteins

with the different fluctuations over
time. The protein KND95408.2
remains compact with the least
fluctuations, while the proteins
KND95415.2 and KND95429.2
show marginal deviations without
undergoing any drastic changes in
confirmations.

MD simulations depict that the
selected candidates are the best
potent drug targets depending on

LGU. J. Life Sci 8(3): LGUILS MS.ID- 231 (2024)
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the nature of the proteins
determined by multiple sequence
alignment after detecting their
homologs. As KND95408.2 is a
membrane transporter having a
compact nature it showed less
variation and fluctuations in its
structure and remained stable over
time. While  the protein,
KND95415.2 has a significant role
in DNA damage repair, cell cycle
regulation, and checkpoint control
so, the fluctuation and
conformational changes in its
structure depict its nature and give

confidence about the promising
results. Respectively, KND95429.2
proteins despite their small size
have  high  fluctuation and
conformational ~ changes  that
synchronize with their functional
characterization as it  has
significant importance in cell
division, maintenance of genome
stability, and repair of double-
stranded DNA breaks. The nature
of proteins along with their
function  co-relate  with  the
conformational changes detected
by MD simulations.
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Fig. 7: Simulation analysis of hypothetical

proteins of Candida auris using GROMACS.

(A) RMSD at 100ns shows significant conformational changes in Red and Green proteins, while Blue
remains more stable (B) Solubility Accessible Area reflects protein stability with hydrophobic core
exposure (C) RMSF at 100ns indicates higher flexibility in Red and Green proteins, with Blue being less
flexible (D) Number of Hydrogen Bonds indicates greater compactness in the larger Red protein (E)
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Radius of Gyration shows Green protein is short and flexible with a large radius, while Blue is compact
with a small radius. Red protein is the largest and most flexible

DISCUSSION
Candida auris cause infections,
collectively known as candidiasis
(Du et al., 2020), and due to its
resistance to antifungal drugs and
high mortality rate, the Center for
Disease Control and Prevention
(CDC) has declared this pathogen a
superbug (D’Ambra, 2019). The
emergence of drug resistance in C.
auris demands the exploration of
new treatment options to combat
this pathogen (Jain et al., 2022).
The structural and functional
characterization of hypothetical
proteins can pave the way, to
identify new potential drug targets
facilitating  drug  development
(Prabhu et al., 2020). Many novel
drug targets have been identified
for various pathogens from their
uncharacterized proteins (Ahamed
et al.,, 2021; Aragjo et al., 2020;
Hafsa et al., 2022; Pranavathiyani
et al., 2020). Since a large portion
of the proteome of C.
auris remains structurally and
functionally uncharacterized, the
structural and functional
annotations of these proteins would
help to determine the novel
therapeutic targets of this pathogen
(Rossato and Colombo, 2018). The
present study employs various
computational ~ algorithms  to
characterize hypothetical proteins

from C. auristo discover novel
therapeutic targets from these
uncharacterized proteins. Initially,
fifty hypothetical proteins of C.
auris were retrieved from the
NCBI database. The hypothetical
proteins  showing  significant
sequence similarity to the already
characterized proteins were
screened through BLASTp analysis
because the structurally and
functionally characterized proteins
having homology  with  the
uncharacterized proteins  might
help to infer the structure and
function of hypothetical proteins
(Ahmed et al., 2018). Out of fifty
hypothetical ~ proteins,  twelve
homolog proteins were considered
for  further analysis, whose
physicochemical characterization
provides insights into the chemical
nature, stability, and molecular
attributes (Panda and Chandra,
2012). The Expasy ProtParam tool
revealed that one hypothetical
protein (KND95425.2) has the
highest molecular weight of 76
kDa, and the GRAVY values of all
twelve hypothetical proteins were
negative, indicating the non-polar
nature of these proteins (Table 1).
As the function of a protein is
directly or indirectly related to its
subcellular  localization, which
indicates that two proteins are
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mitochondrial, one protein is the
plasma membrane protein, and all
remaining proteins are nuclear.
None of these hypothetical proteins
shows the presence of signal
peptide as predicted by the
SignallP (6.0) server (Table 1 and
Fig. 1). Structure modeling of the
proteins is crucial to evaluate their
molecular and biological functions
in cells, thus assisting in drug
target identification (Zhang, 2009).
The secondary structural modeling
of HPs reveals the significant
presence of alpha-helix and
coils/loops, then beta-sheets (Fig.
2). After the 2D structure
predictions, the tertiary structures
of proteins were modeled using I-
TASSER, followed by the quality
assessment of protein structures.
The protein structure validation
through these programs revealed
that the selected models have
minimum steric hindrance with
most of their amino acid residues
in favorable and allowed regions of
the Ramachandran plot (Fig. 4).
The functional annotation of the
hypothetical protein is a
prerequisite for a better
understanding of biological
processes and finding potential
drug targets from them
(Loewenstein et al., 2009). NCBI
conserved domain database, Pfam,
and InterProScan revealed the
presence of evolutionarily

conserved domains in these
proteins; moreover, the Argot 2.5
server revealed the involvement of
all hypothetical proteins in the
crucial biological pathways (Fig.
3).

The pathogenic  proteins  of
microbes play a pivotal role in the
initial  interaction between the
pathogen and the host.
Consequently, these proteins are
frequently prioritized as suitable
drug targets. In addition to their
immunogenic nature, a drug target
protein must also be crucial for the
survival of the  pathogen.
Furthermore, these proteins should
not have similarities with the host
proteins, which otherwise may
cause the cross  reactivity.
Considering these points the
selected hypothetical proteins were
analyzed for their immunogenic
nature, homology with the human
proteome, and their essentiality in
the survival of pathogen (Qureshi
et al., 2021; Sauna et al., 2020).
The immunogenic  predictions
through the Vaxilen  server
revealed six proteins as antigenic
(Fig. 5). The homology analysis
marked three among the six
antigenic proteins as non-human
homologous, and  essentiality
analysis indicated that three non-
human homologous proteins are
also essential for the survival
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of C. auris (Fig. 6). Therefore, the
three immunogenic, non-human
homologous, and essential proteins
were declared as the potential drug
target proteins for C. auris (Table
2). Finally, the similarity search
against the Drug Bank database
showed that all three immunogenic,
essential, and non-human
homologous hypothetical proteins
have no significant similarity with
compounds in the Drug Bank
database; therefore, these proteins
are novel drug targets (Table 2).

The Molecular dynamic
simulations show the
thermodynamically stable

conformation of the selected
hypothetical ~ proteins,  thereby
validating their suitability as
promising drug targets (Fig. 7).
Based on this in silico screening,
characterization, and simulation
analysis KND95408.2,
KND95415.2, and KND95429.2
are potential drug targets, but they
need further wet-lab
characterization to confirm their
suitability as drug targets.

CONCLUSION

The structural and functional
characterization of hypothetical
proteins IS crucial for
understanding  their role in
biochemical/physiological

pathways and screening novel

therapeutic targets. The present
study employs an in-
silico approach to identify novel
drug targets from hypothetical
proteins of Candida auris that are
found to be essential for this
pathogen and are non-human
homologous.  However, these
proteins need further wet lab
characterization before their use in
drug designing.
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