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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

©Daffodil International University
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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].

©Daffodil International University
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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].

National Library of Medicine Log in &
National Center for Biotechnology Information
All Databases v Hypothetical protein of Candida auris w i
(<]
NCBI Home Welcome to NCBI Popular Resources @
Resource List (A-2) The National Center for Biotechnology Information advances science and health by providing access to PubMed
All Resources biomedical and genomic information. Bookshelf «
Chemicals & Bioassays About the NCBI | Mission | Organization | NCBI News & Blog PubMed Central
Data & Software BLAST =
" Nucleotid
DNA & RNA Submit Download Learn ueeotae
Genome +
Domains & Structures Deposit data or manuscripts Transfer NCBI data to your Find help documents, attend a
Genes & Expression into NCBI databases computer class or watch a tutorial SNP
Gene
Genetics & Medicine
Protein
Genomes & Maps
PubChem
Homology
Literature
Proteins NCBI News & Blog
Sequence Analysis dbSNP Enhances Scalability, Data a
Develop Analyze Research Diversity, and Accessibility
Taxonomy
d Identify an NCBI tool for your ("33
Training & Tutorials data analvsis task i

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].
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E)(pasy‘J ProtParam Home | Contact Q

<

ProtParam tool

ProtParam (References / Documentation) is a tool which allows the computation of various physical and chemical parameters for a given protein stored in Swiss-Prot
or TrEMBL or for a user entered protein sequence. The computed parameters include the molecular weight, theoretical pl, amino acid composition, atomic i
composition, extinction coefficient, estimated half-life, instability index, aliphatic index and grand average of hydropathicity (GRAVY) (Disclaimer).

Please note that you may only fill out one of the following fields at a time. °
Enter a Swiss-Prot/TrEMBL accession number (AC) (for example P05130) or a sequence identifier (ID) (for example KPC1_DROME): s
Or you can paste your own amino acid sequence (in one-letter code) in the box below: o
-
+

RESET = Compute parameters

Figure 2.2.1: EXPASYy 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.

PSipred

predicts subcellular [ocalization of prokaryotic proteins

SUBMISSION FORM

Name of the protein sequence [Optional]

1

Paste a protein sequence

Or Upload Sequence File: ‘ Choose File | No file chosen

Figure 2.3.1: PSLpred tool for subcellular localization prediction
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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.cai)

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.

Q,
L 4
Structure Home [ 3D Macromolecular Structures Conserved Domains &
Search for Conserved Domains within a protein or coding nucleotide sequence o
Enter protein or nucleotide query as accession, gi, or sequence in FASTA format. For multiple protein queries, use Batch
CD-Search. @
—— OPTIONS o
Search against database (#: | CDD v3.20 - 59693 PSSMs v
Expect Value @ threshold: [0.010000 | 0%
Apply low-complexity filter & (J
Composition based statistics adjustment @ w
Force live search @ [J
Rescue borderline hits () Suppress weak overlapping hits (J L]
Maximum number of hits @ 500 |
Result mode ®Concise @  OStandard OFull @ +
Submit | Help
Retrieve previous CD-search result %
Request ID: | [[Retrieve | @
n —_
Figure 2.4.1: National Center for Biotechnology Information for conserve domain analysis
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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.

National Library of Medicine
National Canter for Bilotechnology Information

BLAST ™ . blastp suite Home Recent Results Saved Strategles Help
Standard Protein BLAST
blastn | blastp | blastx thlastn thlastx
BLASTI programe search pratein databases using @ protein query. mere

Enter Query Sequence
Enter accession number(s), ai(s), or FASTA sequence(s) @ clear Query mubwanoe €

Or. upload file Choose Fille No file chosen -
Job Title
Entar & descriptive ttle for your § "
) Align two or more sequences @
Choose Search Set
[} wen (or oto): KEEEC ) Experimental databases
Databases
nr database Q
,
Compare ) Sele nentel databane @€
Standard
Database Non-redundant protein sequences (nr) ~ @
oo ccviaegikbd [ ] exclude (CAdd crganiem )
Exolude { Models (XM/XP) | Nonredundant RefSeq proteins (W) | Uncultured/environmental sample sequencos
Program Selection
Algorithm
Lookup T Accelerated BLAST)

) DELTA-BLAS
sone & BLAST

BLAST

Figure 2.5.1: NCBI BLASTYp tool for homology search
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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].

Clustal Omega

Ingit S ] 4 20 BlotionTsyacs Took FAG |

7-.'.;,!". -I\“l;(-m Sex

Multiple Sequence Alignment

Tl Oty w8 vaew ninthpbe seguesce sgrmsed progranm el esus seeded guess Uses gl MM proile prolie echinaguss 1o gemsas skyiesnls Letvesn theee

or more meguences For the shgnmeet of b segueccis phigae vetead use 04
Impartant note: Ths el ce abyn oo (0 4000 ssgqueesios (0 8 st b sew of 4 08
STEP 1 - Erfer yuus nipul secustiins

Eivhe w pasie 2 52t of

PROTZIN

st nres i sy supprted for st

D1, apbcwl A Ne S O

ETEP 7 - St your sarameless

CUIRUT ZOHNAT
el wil (raracir counis

NF& NN IKFLT 250 SNCFR NAFMU XF CHNRTERN MU INETREF MEETU T M RTERGNG ITERATYN NIMBER of SOWEINEN ITERATINR
L L T T L N L R e T R e e R R N T TR TR TR T R R

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

Submission details

Protein Sequence

>GBL47790.1 hypothetical protein CAJCM15448 00640 [[Candida] auris]
MAKFIKSGRVAIVTRGRFAGKKVVVVRPHDEGTKAHSFPHAVVVGIERGPQRITKAHDAKKVAKRTRVKP
FVKAINYNHLMPTRYSLDVESFKNAITTDALAEPSQKEEAKKVVRKALEEKHQAGKNKWFFQKLNF

Help...
If you wish to test these services follow this link to retrieve a test fasta sequence.

Job name

GBL47790.1

Email (optional)

Email (optional)

Lo Loomt

Figure 2.7.1: PSIPRED tool for predicting secondary structure

= PRABI-GERLAND
ra b 'l RHONE-ALPES BIOINFORMATIC POLE GERLAND SITE
Q o Institute of Biology and Protein Chemistry

# Home " Teaching 8] Publications

¢/> Links ¢ Contact

SOPMA SECONDARY STRUCTURE PREDICTION METHOD

[Abstract] [NPS@ help] [Original server]

Sequence name (optional) :

Paste a protein sequence below : help

>GBL47790.1 hypothetical protein CAJCM15448_00640 [[Candida] auris
MAKFIKSGRVAIVTRGRFAGKKVVVVRPHDEGTKAHSFPHAVVVGIERGP
QRITKAHDAKKVAKRTRVKP
FVKAINYNHLMPTRYSLDVESFKNAITTDALAEPSQKEEAKKVVRKALEEK
HQAGKNKWFFQKLNF

Output width:| 70

[ suBmiT || cLear

Figure 2.7.2: SOPMA tool for predicting secondary structure

10
©Daffodil International University


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

In Silico Structural and Functional Annotation of Hypothetical Protein from Candida auris

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.

[ +d BIOZENTRUM . =
7‘_,..,‘.\, Basel SWlSS-MODEL Modelling Repository Tools Documentation Login Create Account
Start a New Modelling Project @
Target £ Target INEIRSGRVATTRGREAGKRVVVVRPHDEGTKAHS FPHAVVVGT ERGPQR T TKAHDAKKVAKRTRVKPFVKAINYNHLMPTRYSLDVESFKNA  ©5 Supported Inputs @
Sequence(s): Target TTTDALAEPSQKEEAKKVWRKAL EEKHQAGKNKWFEQRIENE 136
(Format must be Sequence(s) -

FASTA, Clustal,

plam string, or a vaiid Target-Template Alignment  ~

UniFrotB AC) User Template -
Add Hetero Target 2 Reset
DeepView Project -
Project Title: Untitled Project
Email:

Optional

Search For Templates Build Model

By using the SWISS-MODEL server, you agree to comply with the following terms of use and to cite the corresponding articles.

You are currently not logged in - to take advantage of the workspace, please log in or create an account.

(There is no requirement to create an account to use any part of SWISS-MODEL, however you will gain the benefit of seeing a list of your previous modelling projects here.)

Modelling Projects in Session Saturday, April 1, 2023

-

Figure 2.8.1: SWISS_MODEL for predicting 3D structure
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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 Verify3aD which are evaluated by using PROCHECK

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

UCLA-DOE LAB — SAVES v6.0

To run any or all programs:
upload your structure, in PDB format only

UCLA

| Choose File |No file chosen

Run programs

References

ERRAT

« Reference: Verification of protein structures: patterns of nonbonded atomic interactions, Colovos C and Yeates TO,
1993

« C++ software

VERIFY 3D

Figure 2.9.1: PROCHECK server check stereochemical quality of protein structure
ProSA-
Protein Structure Analysis

Please upload a structure in PDB format
| Choose File | No file chosen

Alternalively you can specify a structure by entering its PDB code,
chain identifier and NMR model number-

PDB copE:

]

PDB cHain 1D

PDB MODEL NUMBER ‘

If you leave the fields for chain id or model number blank,
the first chain of the first model found in the PDB file will be analysed.

| Analyse |

Results

Overall model quality
No protain structurs specifisd

Local model quality

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

12
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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 (1) is 23.83 which classify the protein as stable.

No. of | Molecular | Estimated | Theoretical | Asp | Arg | Aliphatic | Instability | Grand average
amino | weight half life pH + + index index: of

Acid Glu | Lys hydropathicity
no (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)

14
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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 Il and SOSUIGRAMN tool are also given below.

PSLpred result:

Score of Different Subcellular Location
Localization Score
Cytoplasm -0.46327099
Extracellular -0.62137649
Inner-membrane | -0.64448712
Outer-membrane |—0.6986693?
[Periplasmic [-0.48862994

Predicted Subcellular Localization

Cytoplasmic Protein

PSORT 11 result:

66.9 %: cytoplasmic
26.1 %: nuclear

8.7 %: mitochondrial
4.3 %: peroxisomal

>> prediction for QUERY is cyt (k=23)

SOSUIGRAMN result:

SOSUlGramn Result

subcellular

No.  seg.Length Localization site D

0001 | 13Ga.a. C (cytoplasmic) GBL47790.1 hypothetical protein CAJCM15448_00640 [[Candida] auris]

15
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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.

Conserved domains on [lcl|seqsig_MAKFI_868c6dee8alcf49970403fba214b76f2] View B
GBL47790.1 hypothetical protein CAJCM15448_00640 [[Candida] auris]
Protein Classification ?

60S ribosomal protein L27( domain architecture ID 10149631)
60S ribosomal protein L27 is a component of the large ribosomal subunit

Graphical summary [BFZSHRCREEEIAEE] show extra options »

1 15 30 4|5 ﬁlll % a0 105 120 136

[ [ [ [ [ R L P R [ [
Query seq, MAKFIKSGRYAIVTRGRFAGKKYVVYYRPHDOEGTKAHSFPHAVYYGIERGPORITKAHD AKKYAKRTRYKPFYRATINYNHLMPTRYSLOVESFKNATTTOALAEPSOKEEAKKYVRKALEEKHOAGKNKWFFOKLNF
RNA binding site JAAAA4GAL 4 AAAAAAAA AAAALA LA A  AAA 'y
Specific hits

KOW_RPL27

Ribosomal _L27e

Superfanilies KOW superfamily
| KOW superfamily
] 3
[Search for simiar domain architectures | @ [Refine search | @

List of domain hits .
Name Accession Description Interval  E-value
[+ KOW_RPL27 ¢d06090 KOW motif of eukaryotic Ribosomal Protein L27; RPL27e has a KOW motif atits N terminal. KOW ... 6-88 1.86e-39
[+] Ribosomal_L27e pfam01777 Ribosomal L27e protein family; The N-terminal region of the eukaryotic ribosomal L27 has the ... 52-136 4.58e-38

3

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

InterPro result:

Title GBL47790.1 hypothetical protein CAJCM15448_00640 [[Candida] auris] 7
JobID @ iprscan5-R20230402-073738-0613-67832272-pTm &

Length 136 amino acids

Actions u A

Status + finished

Expires @ Sun Apr 09 2023

Protein family membership

E Ribosomal protein L27e (1PR001141)
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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.
Graphic Summary Alignments Taxonomy
Sequences producing significant alighments Download Select columns ¥ Show | 10 ¥ | @
select all 10 sequences selected GenPept Graphics Distance free of results ~ Mulfiple alignment MSA Viewer
Desorpton Sl Sow Sewe Cover vae | lden Lon  Aoosson
hd v hd hd hd A
60S_ribosomal_protein_L 27 [[Candida] auris] [Candida] auris 276 276 100% 2e-93 100.00% 136 XP_028891315.1
60S ribosomal protein L27 [[Candida] pseudohaemulonii] [Candida) pseudohaemulonii 264 264 100% 1e-88 9265% 136 XP_024713202.1
608 ribosomal protein L27 [[Candida] auris] [Candida] auris 257 257 100% 8e-86 94.12% 135 QEL58046.1
hypothetical protein FT662_01981 [[Candida) haemuloni var., vulneris] [Candida] haemuloni var. vulneris 256 256 100% 2e-85 89.71% 136 KAF3990924
608 ribosomal protein L27 [Clavispora lusitaniae] Clavispora lusitaniae 254 254 100% 7e-85 88.97% 136 KAF5209478.1
608 ribosomal protein L27 [Clavispora lusitaniae] Clavispora lusitaniae 248 248 100% De-82 83.45% 145 KAF7581492.1
CIC11C00000004600 [[Candida] intermedia] [Candida] intermedia 247 247 100% 6e-82 8529% 136 SGZ50284.1
hypothetical protein JCM33374_g5772 [Metschnikowia sp. JCM 33374 Metschnikowia sp. JCM 33374 240 240 100% 4e-79 82.35% 136 GEQ72086.1
hypothetical protein CA7TLBN_000066 [[Candida] auris] [Candida] auris 263 263 96% 1e-78 96.95% 1233 QWW21320.1
hypathelical protein HF325_001866 [Metschnikowia persimmonesis] Metschnikowia persimmonesis 238 238 100% 3e-78 81.62% 136 KAF8004418.1

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

GEQ72086.1:1-136 MVKFIKSGKV--------- AIVTRGRFAGKKVVVVRPHDDGTKSHSFSHAIVVGVERGPL 51
KAF8004418.1:1-136 MAKFIKSGKV-- -AIVTRGRFAGKKVVVVRPHDDGTKSHSFSHATVVGVERAPL 51
5G750284.1:1-136 MAKFIKSGKV--------- AIVTRGRFAGKKVVVVRPHDDGTKSHSFPHAVVWGIERGPL 51
KAF5209478.1:1-136 MAKFIKSGKV--------- AIVTRGRFAGKKVVVVRPHDDGTKSHSFPHAVVVGIERGPL 51
KAF7581492.1:1-145 MAKFIKSGKWLTFILTSLAIVTRGRFAGKKVVVVRPHDDGTKSHSFPHAVVWGIERGPL 66
XP_024713202.1:1-136 MAKFIKSGKV--------- AIVTRGRFAGKKVVVVRPHDDGTKAHSFPHALVVGIERGPQ 51
KAF39908924.1:1-136 MAKFIKSGKV-- -AIVTRGRFAGKKVVVVRPQDDGTKGHSFPHALVVGIERGPQ 51
QEL58046.1:1-135 MAKFIKSGRV-- -AIVTRGRFAGKKVVVVRPHDEGTKAHSFPTSWLS-ALRGPQ 5@
GBL47790.1 MAKFIKSGRV-- -AIVTRGRFAGKKVVVVRPHDEGTKAHSFPHAVVWWGIERGPQ 51
XP_028891315.1:1-136 MAKFIKSGRV-- -AIVTRGRFAGKKVVVVRPHDEGTKAHSFPHAVVVGIERGPQ 51
QWW21320.1:1103-1233 - -- QSSSN--------- AIVTRGRFAGKKVVVVRPHDEGTKAHSFPHAVWWGIERGPQ 46
o, FERRERLEREOOOOE | K HRE XRE ® x
GEQ72086.1:1-136 KVTKAHSAKQLAKRTKVKPFVKLVNYNHLMPTRYSLDVESFKNVVTPETLKEPTQKEEAK 111
KAF8004418.1:1-136 KVTKAHSAKQLAKRTKVKPFVKLVNYNHMMPTRYSLDVESFKNAVTPETLKEPTQKEEAK 111
5G750284.1:1-136 KVTRAHDEKKVAKRTKIKPFVKLVNYNHLMPTRYSLDVESFKNVVTPDSLNEPSQREEAK 111
KAF5209478.1:1-136 KVTKAHDAKKVAKRTRIKPFVKLVNYNHLMPTRYSLDVESFKNAVTPDSLNEPSQREEAK 111
KAF7581492.1:1-145 KVTKAHDAKKVAKRTRIKPFVKLVNYNHLMPTRYSLDVESFKNAVTPDSLNEPSQREEAK 120
XP_024713202.1:1-136 RITKAHDAKKIAQRTRVKPFVKVINYNHLMPTRYSLDVESFKNAVTSDALNEPSQREEAK 111
KAF3990924.1:1-136 RITKAHDAKKIAQRTKVKPFVKVINYNHLMPTRYSLDVESFKNAVTSDALNEPSQRVEAK 111
QEL58046.1:1-135 RITKAHDAKKVAKRTRVKPFVKAINYNHLMPTRYSLDVESFKNAITTDALAEPSQKEEAK 110
GBL47790.1 RITKAHDAKKVAKRTRVKPFVKAINYNHLMPTRYSLDVESFKNAITTDALAEPSQKEEAK 111
XP_028891315.1:1-136 RITKAHDAKKVAKRTRVKPFVKAINYNHLMPTRYSLDVESFKNAITTDALAEPSQKEEAK 111
QWW21320.1:1103-1233 RITKAHDAKKVAKRTRVKPFVKAINYNHLMPTRYSLDVESFKNAITTDALAEPSQKEEAK 106
DoEpER | kG oRuRR SRRRER g RRRE  RRRRROERRRRREE LK Lk kR R, RRK

GEQ72086.1:1-136 KVVRKALEEKHQAGKNKWFFSKLNF 136

KAF8004418.1:1-136 KVVRKALEEKHQAGKNKWFFSKLHF 136

5G750284.1:1-136 KVVKKALEEKHQAGKNKWFFTKLNF 136

KAF5209478.1:1-136 KVVRKALEEKHQAGKNKWFFTKLNF 136

KAF7581492.1:1-145 KVVRKALEEKHQAGKNKWFFTKLNF 145

XP_024713202.1:1-136 KVVRKALEEKHQAGKNKWFFQKLNF 136

KAF3990924.1:1-136 KVWRKALEEKHQAGKNKWFFQKLNF 136

QEL58046.1:1-135 KVVRKALEEKHQAGKNKWFFQKLNF 135

GBL47790.1 KVWRKALEEKHQAGKNKWFFQKLNF 136

XP_028891315.1:1-136 KVVRKALEEKHQAGKNKWFFQKLNF 136

QWW21320.1:1103-1233 KVVRKALEEKHQAGKNKWFFQKLNF 131

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

Phylogenetic Tree

This is a Neighbour-joining tree without distance corrections.

Branch length: @ Cladogram O Real

—: GEQ72086.1_1-136 0.01345
KAF8004418.1_1-136 0.02332

§GZ50284.1_1-136 0.03426
_E KAF5209478.1_1-136 0
KAF7581492.1_1-1450

XP_024713202.1_1-136 0.0017
: KAF3990924.1_1-136 0.02771

QEL58046.1_1-135 0.04963
QWW21320.1_1103-1233 0.0301

GBL47790.10

XP_028891315.1_1-136 0

Figure 3.5.2: Phylogenetic tree prediction

©Daffodil International University

18



In Silico Structural and Functional Annotation of Hypothetical Protein from Candida auris

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.

10 20 3e 4@ 58 ] 7e
| I | | | |
MAKF IXSCRVAIVIRGRF AGKKVVVVRAHDEG THXARSFPHAVVWGIERGPQRI TKAHDAXK VAXRTRVKP

hhha::tteseeeet < cttoceeeeee heseae hihnhhh: - - hhahhhhhhh
FVKAINYNHLMPTRYSLDVESFKNAITTOALAEPSQK EEAKKVVRIAL EEXHOAGKNKHF FQK LNF
secoe ttt eeee hbhhh: - hhhhhhhhhhhhhhhhhihhhhbhhhhtt o ceeeehhhh
Sequence length : 138
SOPMA
Alpha helix () : 55 4 DORED
310 helix (Gg) : 8 is e.0n
Pi helix (If) : 0is 0.0
Bata bridge (Bb) : @iz 9.ee%
Extended strand (Ee) : 31 is 22.79%
Beta turn (Te) ¢ 10 is 7.35%
Bend region (52) : 8 is o.eex
Random coil (Ce) ¢ 40 is 29.4:%
Ambiguous states (?) 8 is e.eax
Other states : @iz o0
| | | H
|
}1 \H i I
20 40 60 80 100 120
Helix
Sheet
\ $ Tum
Y A 7 Coil
- | \ ¥ < A \ 7’ Yo'
3 ] \ J
{ ¥ \ PG A )
/ \ t \ Y Y "| oo \ £ # o,
/ ;I "‘- v A y X '\~‘
o~ —~—
20 40 60 80 100 120

Figure 3.6.1 Secondary structure of hypothetical protein
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10 20 30 40 50
1T MAKFI KSGRVAI VTRGRFAGKKVVVVRPHDEGTHKAHSFPHAVVVGI ERGP 50

51 @RI TIKAHDAKKVAKRITRVKPFVKAI NYNHLMPTRYSLDVESFKNAI T[TDA 100
w LaePsekEERAKKVVRKALEEKHQAGKNKWFFQKLNEF 136

10 20 30 40 50
Strand I Helix Coil [ ]pisordered
D Disordered, protein binding Putative Domain Boundary Membrane Interaction Transmembrane Helix
Extracellular . Re-entrant Helix Cytoplasmic Signal Peptide

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-

PROCHECK
—] ~b :
¥ b
~1
- B
w2 3 s
g _
— —_—
&b .
) ]
~
7
(a9
-135° - | = |
st o
3 P ~b
. | | A |
T |
-180 -135 -90 -45 0 45 90 135 180
Phi (degrees)
Plot statistics
Residues in most favoured regions [A.B.L] 111 92.5%
Residues in additional allowed regions [a.b.Lp] 9 7.5%
Residues in generously allowed regions [~a,~b.~1.~p] 0 0.0%
Residues in disallowed regions 0 0.0%
Number of non-glycine and non-proline residues 120 100.0%
Number of end-residues (excl. Gly and Pro) 2
Number of glycine residues (shown as triangles) 7§
Number of proline residues 6
Total number of residues 135
Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms
and R-factor no greater than 20%, a good quality model would be expected
to have over 90% in the most favoured regions.

Figure 3.8.1 Ramachandran Plot Statistic
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Program: ERRAT2

File: model_01.pdb

Chain#:A

Overall quality factor**: 98.374

©
©
&

©
o
&

Error value*

20 40 60 80 100 120
Residue # (window center)

“On the error axis, two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.

“*Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit. Good high resolution
structures generally Kroduce values around 95% or higher. For lower
resolutions (2.5 to 3A) the average overall quality factor is around 91%.

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.

Overall model quality

Z-Score: =-1.24

10

X-ray
N NMR
54
04
g
& =
~N
.
-10 '
]
-15
-20
[+] 200 400 €00 800 1000

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 (I1)
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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