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RESEARCH ARTICLE 

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

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. 
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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 
properties analysis 

ExPASy ProtParam https://web.expasy.org/protparam/  [17] 

Subcellular 
localization 

PSORTⅡ https://psort.hgc.jp/form2.html  [18] 

WolF PSORT https://wolfpsort.hgc.jp/  [19] 

Euk-mPLoc 2.0 http://www.csbio.sjtu.edu.cn/bioinf/euk-multi-2/  [20] 

Functional 
characterization 

Conserved domain database https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi  [21] 

ScanProsite https://prosite.expasy.org/scanprosite/  [22] 

InterPro http://www.ebi.ac.uk/interpro/  [23] 

SMART http://smart.embl-heidelberg.de/  [24] 

PFP-FunD SeqE http://www.csbio.sjtu.edu.cn/bioinf/PFP-FunDSeqE/  [25] 

Sequence similarity 
search 

BLASTp https://blast.ncbi.nlm.nih.gov/Blast.cgi  [26] 

Secondary structure 
prediction 

PSIPRED http://bioinf.cs.ucl.ac.uk/psipred/  [27] 

SOPMA 
https://npsaprabi.ibcp.fr/cgibin/npsa_automat.pl?page=/N

PSA/npsa_sopma.html  
[28] 

3D Structure 
prediction 

SWISS-MODEL http://swissmodel.expasy.org/  [29] 

3D Structure 
validation 

PROCHECK, Verify3D, & ERRAT https://saves.mbi.ucla.edu/  [30-32] 

QMEAN4 https://swissmodel.expasy.org/qmean/  [33] 

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 
of 3D structure 

YASARA http://www.yasara.org/minimizationserver.htm  [37] 
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Ⅱ

Table 2. Physiochemical properties of HP calculated by 
ProtParam tool 

Description  Value  

Number of amino acids  215 

Molecular weight (Da) 24,459.00 

Theoretical pI  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 
 

http://www.jceionline.org/
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Table 3. The BLASTp outcome indicating the degree of similarity among proteins 

Accession No Organisms Protein name TS PI E-value 

QWW22972.1 Candida auris Hypothetical protein    

XP_024714986.1 Candida pseudohaemulonii GTP-binding nuclear protein GSP1/Ran 450 100% 1e-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% 4e157 

KGU32723.1 Candida albicans P75063 GTP-binding nuclear protein GSP1/Ran 439 99% 2e-155 

XP_018714336.1 
Metschnikowia bicuspidata var. bicuspidata NRRL 

YB-4993 
GTP-binding nuclear protein GSP1/Ran 437 96.28% 1e-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 

http://www.jceionline.org/
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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) 

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) 

http://www.jceionline.org/
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Figure 3. Secondary structure predicted by the SOPMA server (Source:  Authors’ own elaboration) 

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) 

http://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) 

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) 

http://www.jceionline.org/
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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) 

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) 

http://www.jceionline.org/
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Figure 10. Energy minimization of model (YASARA energy minimized server) & result is visualized (YASARA View software) (Source:  
Authors’ own elaboration) 

http://www.jceionline.org/
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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, ~l,~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  
 

http://www.jceionline.org/
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