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Abstract: 

Candida auris is fungal pathogen that grow as yeast in the family of Saccharomycetaceae.  It is 

worldwide outbound as a multidrug resistant fungal pathogen. This fungi can cause any type of 

diseases and can also spread easily among people and environment. The infection of this fungi can 

effect brain, blood, heart and can cause bloodstream infection and even death. So the main objective 

of this study is to find a structure and function of a hypothetical protein (GBL47790) that is important 

for Candida auris by using in silico method. Many computational tools has been used to identify 

domain family and function, secondary structure, 3D model and the overall quality of this protein is 

also checked by computational tools. Functional annotation reveal that this cytoplasmic protein is 

required for proper rRNA processing and maturation of 28s and 5.8s rRNA and catalyze the formation 

of peptide bond. This function seems quite important for the cell of Candida auris.  

So further study about this protein can lead to design an antifungal medication that will treat  diseases 

caused by Candida auris. 

 

Keyword: Multidrug resistant, hypothetical protein, computational tools, functional annotation, 

antifungal medication. 
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                                                Introduction: 

 

There are some proteins in an organisms whose functions are predicted but a lack of experimental 

evidence of their existence, is known as hypothetical protein[1]. The sequence of this proteins are 

known but no experimental studies has been done to express their function. Though their functions 

are not characterized but these proteins play important role in biological and physiological 

pathway, to find new structure and functions, biomarkers and physiological targets, early detection 

for proteomic and genomic study and pharmacological target for drug design. The experimental 

study of hypothetical proteins showed effective functions in microbes, particularly in pathogens 

that are associated with human disease[2]. 

Hypothetical proteins are predicted by nucleic acid sequence and characterized by low identity to 

known, annotated proteins. Recently several bioinformatic database and tools such as BLASTp, 

UNIPORT, ProtParam, CELLO, Clustal Omega, PSIPRED, SOMPA, SWISS-Model, 

PROCHECK, ProSa-web are used to predict effective functions of hypothetical protein in 

microorganisms[3]. 

Fungi are eukaryotic organism that include yeast, molds and mushrooms. In current study estimate 

that, only 200 of the 150,000 fungul species are infectious to human. Most harmful fungi such as 

Cryptococcus, Aspergillus, Candida auris, Candida albicans etc cause lung infection, skin 

infection, allergic bronchopulmonary mycoses, Ringworm, Athlete’s foot etc. But antifungal drugs 

are also discover to treat this disease such as clotrimazole, terbinafine, butenafine, miconazole, 

voriconazole etc. 

 

Candidemia, a fungal infection is caused by some types of Candida auris.  Candida auris was first 

isolated in Japan, 2009. It is responsible for 30 to 60% bloodstream infection. A recent study 

reported that more than 30 countries are infected by Candida auris. 

Candida auris can easily cause nosocomial outbreak in five continent. This fungi has an ability to 

survive on humans and inert objects[4]. This fungi cause infection in respiratory and urine 
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specimens but it’s lung and bladder infection is still unclear. This fungi cause many disease such 

as bloodstream infection, wound infection, ear infection etc. 

It is a great concern for all of us because this fungi is multidrug resistant, mode and pace of 

transmission, hard to identify in laboratory. Some strain of this fungi can resistant all three class 

of antifungal drugs[5]. Many clinical and public health labs' testing tools use reference datasets 

that don't fully include C. auris, leading to misdiagnosis[6]. 

Candida auris has cause major healthcare epidermis because it can transmitted directly from person 

to person[7].  Contaminated surfaces, medical gadgets, and tools can spread this fungi quickly. In 

2009, Candida auris, a fluconazole-resistant strain, was discovered in East Asia[8]. 
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                                Material and methods:  

2.1 Sequence retrieval and similarity identification:  

Recently 136 genomes assembly and annotation reports of Candida auris are available in NCBI 

(https://www.ncbi.nlm.nih.gov/) database. All of the hypothetical proteins are obtained from 

various functional annotation sources for the biological functional classification[9]. 

In this study, the sequence of hypothetical protein of Candida auris ( accession no: GBL47790.1) 

contacting 136 amino acid residues. For further research, the protein’s primary sequence was 

obtained in FASTA format[10]. 

 

          Figure 2.1.1: National Center for Biotechnology Information is used for sequence retrieval  

2.2 Analysis of physiochemical properties:  

Physiochemical properties of this protein sequence such as number of amino acid, molecular 

weight, theoretical pH, amino acid composition, atomic composition, estimated half life ( should 

be more than 10 hours, in vivo), instability index ( protein is stable if this score is 40 or more than 

40),  aliphatic index, GRAVY, isoelectric point were determined by using ExPASy ProtParam tool 

(https://web.expasy.org/protparam/)[11].  

https://www.ncbi.nlm.nih.gov/
https://web.expasy.org/protparam/
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                                  Figure 2.2.1: ExPASy ProtParam tool 

2.3 Subcellular localization: 

For subcellular localization, PSLpred tool (https://webs.iiitd.edu.in/raghava/pslpred/submit.html) 

was used to predict the exact position of (GBL47790.1) in a cell. PSLpred can accurately predict 

the location of protein in membrane, extracellular, cytoplasm, mitochondria[12]. 

CELLO, PSORT II, SOSUI tools were also used to check the result accurately and to calculate the 

solubility of the protein.  

 

                           Figure 2.3.1: PSLpred tool for subcellular localization prediction 

 

https://webs.iiitd.edu.in/raghava/pslpred/submit.html
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2.4. Function prediction by conserved domain analysis:  

NCBI conserved domain search service (https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) 

was used for function prediction. This confirm the presence of conserve domain in the protein 

sequence. Pfam (https://pfam.xfam.org/), InterProscan 

(http://www.ebi.ac.uk/Tools/services/web/toolform.ebi?tool=iprscan5) was also used for domain 

analysis and function prediction. 

 

           Figure 2.4.1: National Center for Biotechnology Information for conserve domain analysis 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
https://pfam.xfam.org/
http://www.ebi.ac.uk/Tools/services/web/toolform.ebi?tool=iprscan5
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2.5 Homology Search:  

Homology search was done to find homologues sequence of the protein. For this, BLASTp search 

tool of NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi) was used against nonredundant database to 

discover homologues sequence. 

 

                       Figure 2.5.1: NCBI BLASTp tool for homology search 

 

 

 

 

 

 

 

 

 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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2.6. Multiple sequence alignment and phylogenetic tree prediction:  

For multiple sequence alignment and phylogenetic tree, clustal omega 

https://www.ebi.ac.uk/Tools/msa/clustalo/) was used. Clustal Omega is a multiple sequence 

alignment software that can accurately and efficiently match numerous sequences together using 

a computer's processing power. It deal with large number of protein sequence for calculating 

phylogenetic tree[13].    

 

 

 

 

 

 

 

 

 

 

 

 

 

    Figure 2.6.1: Clustal omega tool for Multiple sequence alignment and phytogenic tree 

 

 

 

 

 

 

https://www.ebi.ac.uk/Tools/msa/clustalo/
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2.7 Secondary Structure Determination:  

Secondary structure was predicted by using PSIPRED (http://bioinf.cs.ucl.ac.uk/psipred/) ( 

predicted from amino acid sequence) and SOPMA (https://npsa-prabi.ibcp.fr/cgi-

bin/npsa_automat.pl?page=%2FNPSA%2Fnpsa_sopma.html) . Hypothetical protein 

GBL47790.1 was input on FASTA format in PSIPRED and SOPMA. 

 

                          Figure 2.7.1: PSIPRED tool for predicting secondary structure 

 

                       Figure 2.7.2: SOPMA tool for predicting secondary structure  

 

 

http://bioinf.cs.ucl.ac.uk/psipred/
https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=%2FNPSA%2Fnpsa_sopma.html
https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=%2FNPSA%2Fnpsa_sopma.html
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2.8 Tertiary Structure Prediction:  

The 3D structure of hypothetical protein (GBL47790.1) was predicted by using SWISS-MODEL 

(https://swissmodel.expasy.org/interactive) server that depend on the similarity between the target 

protein and available template structure options.  

 

                      Figure 2.8.1: SWISS_MODEL for predicting 3D structure  

 

 

 

 

 

 

 

 

 

https://swissmodel.expasy.org/interactive
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2.9 Tertiary Structure Validation:  

Tertiary structure validation was done by analyzing Ramachandran plot, Z score ( should be more 

than -5), ERRAT and Verify3D which are evaluated by using PROCHECK 

(https://saves.mbi.ucla.edu/) and ProSa-web (https://prosa.services.came.sbg.ac.at/prosa.php) 

 

              Figure 2.9.1: PROCHECK server check stereochemical quality of protein structure 

 

                Figure 2.9.2: ProSA-web used for recognizing error in tertiary structure of a protein 

 

https://saves.mbi.ucla.edu/
https://prosa.services.came.sbg.ac.at/prosa.php
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                                                  Result: 

Sequence retrieval:  

The hypothetical protein (GBL47790.1)of Candida auris has been obtain from National Center 

for Biotechnology Information (NCBI) and get a protein sequence in FASTA format which is 

given below: 

>GBL47790.1 hypothetical protein CAJCM15448_00640 [[Candida] auris] 

MAKFIKSGRVAIVTRGRFAGKKVVVVRPHDEGTKAHSFPHAVVVGIERGPQRITKAHD

AKKVAKRTRVKP 

FVKAINYNHLMPTRYSLDVESFKNAITTDALAEPSQKEEAKKVVRKALEEKHQAGKNK

WFFQKLNF 

This protein does not have any 3D structure but by using many bioinformatic database and tools 

this protein sequence was selected which has effective functional properties[14].  

3.1 Analysis of physiochemical properties: 

The hypothetical protein (GBL47790.1) of Candida auris has many physiochemical properties 

which were evaluated by ProtParam tool that are mentioned in the table below. The predicted 

value of the amino acid is 136, molecular weight of 15418.02, pH value 10.50, Aliphatic index 

is 74.56, grand average of hydropathicity (GRAVY) of -0.576 so the protein is not water soluble 

and The instability index (II) is 23.83 which classify the protein as stable.  

 

No. of 

amino 

Acid 

no 

Molecular 

weight 

Estimated 

half life 

Theoretical 

pH  

Asp 

+ 

Glu 

 

Arg 

+ 

Lys 

 

Aliphatic 

index 

 

Instability 

index: 

 

Grand average 

of 

hydropathicity 

(GRAVY) 

 

136 15418.02 30 hours 10.50 12 30 74.56 23.83 -0.576 

       Table 3.1.1: Physiochemical properties of hypothetical protein (GBL47790.1) 
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3.2 Subcellular localization:   

 

Subcellular localization is important for showing their function and used in drug design against 

target protein. Subcellular localization of this target protein was predicted as “Cytoplasmic” by 

PSLpred. The result of PSORT II and SOSUIGRAMN tool are also given below. 

 

PSLpred result:  

 

 
 

PSORT II result:  
 

 
 

SOSUIGRAMN result:  
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3.3 Function prediction :  

The conserve domain and effective function of this protein is predicted by NCBI-CD. The 

predicted function is 60S ribosomal protein L27 with an E value of 1.86e-39 and interval 6-88.  

 

60S ribosomal protein L27 is a protein that are encoded by RPL27 gene. This protein are 

component of the large ribosomal subunit which is required for proper rRNA processing and 

maturation of 28s and 5.8s rRNA (by similarity). This protein contain ribosomal catalytic site 

termed the peptidyl transferase center, that catalyze the formation of peptide bond.  

 

 
 

This experiment also done by pfam and InterPro server which show same result.  

 

InterPro result: 
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3.4 Homology searching:  

Homology searching was done to find homologues sequence of hypothetical protein by using 

BLASTp tool from NCBI.  Top 10 results of homology searching is shown in the table given 

below. 

 

            Figure 3.4.1: Top 10 result of homology search by using BLASTp tool 
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3.5 Multiple sequence alignment and Phylogenetic Tree Prediction:  

For multiple sequence alignment and phylogenetic tree, clustal omega online tool was used. Top 

10 multiple sequence alignment is shown in the figure 3.6.1. 

Through phylogenetic tree analysis, we get a protein XP_028891315.1_1-136 0 which is more 

similar to our target protein GBL47790.1  

 

     Figure 3.5.1: Top 10 multiple sequence alignment get by using Clustal omega 

 

               Figure 3.5.2: Phylogenetic tree prediction 
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3.6 Secondary Structure determination: 

SOPMA analysis of the hypothetical protein (GBL47790.1) reveled the percentage of alpha 

helix (40.44), extended strand (22.79%), and beta turn (7.35%), and random coil (29.41%). 

Secondary structure of this protein is also predicted by PSIPRED, which show similar result.  

Predicted secondary structure of this hypothetical protein is given below. 

 

                 Figure 3.6.1 Secondary structure of hypothetical protein 
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 Figure 3.6.2: Individual parts of secondary structure is shown by using PSIPRED 

3.7 Tertiary structure prediction: 

The 3D structure of hypothetical protein (GBL47790.1) was predicted by using SWISS-MODEL, 

which show 79.41% sequence identity with the target protein. The predicted 3D structure is given 

below. 

 

               Figure 3.7.1: 3D structure of hypothetic protein  
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3.8 Tertiary Structure Validation:  

PROCHECK, ERRAT, Verify3D evaluated the quality of 3D structure. According to PROCHECK 

analysis, in Ramachandran plot show 92.5% residues in the most favoured region. In verify 3D 

tool show 89.63% of the residues have averaged 3D-1Dscore >= 0.1 . ERRAT value of this protein 

was 98.374% that also predict the quality of 3D structure.  Z score measure the total energy and 

overall model quality of the 3D structure. The predicted value of Z score is -7.24 by using ProSA-

web. 

 

                   Figure 3.8.1 Ramachandran Plot Statistic  
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Figure 3.8.2: ERRAT valur is 98.37, yellow color indicate less problematic region, red color indicate problematic 

region and grey color indicate non problematic region. 

 

 

Figure 3.8.3: z-score prediction where HP shows in black dots  
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                                      Discussion: 

In hypothetical protein (GBL47790) of Candida auris analysis, one or more server was used for 

each prediction such as ExPASy's ProtParam for physiochemical properties that was estimate to 

contain 136 amino acid, pH value is 10.50, Aliphatic index is 74.56, grand average of 

hydropathicity (GRAVY) of -0.576 so the protein is not water soluble and the instability index (II) 

is 23.83 which classify the protein as stable. The hypothetical protein sequence was obtain from 

NCBI server. PSLpred serve predict this water insoluble protein that was found in Cytoplasm.  

 

Functional study of this hypothetical protein include protein domain and function prediction. By 

using NCBI CD, predicted function is 60S ribosomal protein L27 which is required for proper 

rRNA processing and maturation of 28s and 5.8s rRNA (by similarity) and catalyze the formation 

of peptide bond with an E value of 1.86e-39 and interval 6-88. 

 

 Clustal omega online tool was used for multiple sequence alignment and phylogenetic tree and 

the target protein GBL47790 got a similar protein XP_028891315.1_1-136 0 so the function can 

be similar also. 

SOPMA and PSIPRED was used to predict the secondary structure of the hypothetical protein.  

SWISS MODEL was first completely automated homological server that predict 3D structure[15]. 

SWISS MODEL predict 3d structure with 79.41% sequence identical with the target protein. The 

3D model quality was validated by using PROCHECK and ProSA-web.  

 

According to PROCHECK analysis, Ramachandran plot show 92.5% residues in the most favored 

region which rated as reliable and good. In verify 3D tool show 89.63% of the residues have 

averaged 3D-1Dscore >= 0.1 which indicate that the model was high quality[16.17]. ERRAT  

value was 98.374 which indicate that the model has good high resolution [18] . Z score measure 

the total energy and overall model quality of the 3D structure. The predicted value of Z score is -

7.24 which means the score was found within the range. 

So by analyzing the hypothetical protein (GBL47790) of Candida auris, we get to know that it 

has good quality and function. 
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                                      Conclusion: 

 

 

The purpose of the analysis of hypothetical protein (GBL47790) of Candida auris, prediction of 

similar function and determine a 3D structure. The prediction of physiochemical properties and 

subcellular localization helps to understand the character and location of this protein. The predicted 

function of this protein was 60s ribosomal proteinL27 that helps rRNS processing and maturation 

and also catalyze the formation of peptide bond which seems very important for cells. If we can 

conceal the activity of this function in the cell then the cell growth will be inhibited and the cell 

will die. Further study about this protein’s function can help to invent a new anti-fungal drug. 
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