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Abstract

Background: Multidrug resistant Pseudomonas aeruginosa is a gram-negative bacterium that causes
opportunistic infections in human. The bacterial genome of SE5458 contains many hypothetical proteins yet to
be annotated. Annotation of these proteins might reveal new insights about this pathogenic organism; hence a
hypothetical protein WP_003111794.1 was selected in this study for comprehensive characterization by
computational approach.

Materials and Methods: Several computational tools were used in this study for characterization of the target
protein. Physicochemical properties were estimated using ProtParam tool. CELLO, LocTree3 and PSLpred
server was used for subcellular localization prediction. Functional analysis was performed using NCBI-CDD,
InterProScan5 and Pfam server. Secondary and tertiary structure (3D) of the protein was determined by
SOPMA and MODELLER server respectively. Moreover, quality of the 3D structure was validated by several
structure assessment tools. The active site of the protein was analyzed by CASTp server. Finally, protein-protein
interaction network was built using STRING database.

Results: The 94 amino acid containing protein was found as a stable protein. The protein was predicted to be a
Tsi6 family protein which neutralizes the toxic activities of integral membrane toxin Tse6 of P. aeruginosa. Tse6
inhibits growth of target bacterial cells by degrading essential NAD+ and NADP+; therefore, influences
microbial niche formation. 3D structure of the protein was successfully determined which passed all the quality
assessment tools. Active site analysis revealed several key interacting residues. Protein-protein interaction
analysis by STRING database revealed several interacting partners. Interestingly, two of them were found to be
part (like Tse6) of type VI secretion system further supporting our annotation.

Conclusion: The protein was found to be a Tsi6 family protein that neutralizes the toxic activities of Tse6. We
encourage further research and experimentations to validate our findings.
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I.  Introduction

Pseudomonas aeruginosa is a Gram-negative, rod-shaped, opportunistic bacterium that causes disease
in different species ranging from plants to animals, including humans *. The bacterium is commonly found in
soil, water, skin flora, medical equipment etc . It generally affects the immunocompromised people typically
infecting the airway, urinary tract, blood, burns, and wounds * * . P. aeruginosa infections have become a
critical issue responsible for a total of 51,000 healthcare infections in the USA per year ® " . It has been
designated as an ESKAPE pathogen (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species), a group of pathogens with a
high rate of antibiotic resistance that are responsible for the majority of nosocomial infections °. Due to
widespread resistance to many common first-line antibiotics, people are left with limited treatment options for
P. aeruginosa infections. Hence, extensive research endeavors for the discovery of novel antibiotics and drugs
against the bacterium is essential. However, the bacterial genome contains many hypothetical proteins (HPs)
whose functions are yet to be discovered. Hypothetical proteins (HPs) are those proteins of which primary
sequences are known but there exists no experimental evidence about their function in vivo *°. Exploring the
structural and functional features of these HPs may lead us to identify markers and potential therapeutic targets
10" Computational annotation of hypothetical proteins may help in determining three-dimensional (3D) structures
\ghlisch may reveal new domains and motifs, metabolic pathways and protein-protein interaction networks etc. **
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Pseudomonas aeruginosa SE5458 strain was isolated from respiratory sample of human from China in
2011. The 7.15 Mb long genome contains 6,646 proteins, of which 1,034 proteins are hypothetical (as of 20
January, 2021). Various bioinformatics resources have previously been used to annotate the functions of
hypothetical proteins in different pathogenic microorganisms ¢ ** 16 17 18 A hypothetical protein
WP_003111794.1 of P. aeruginosa SE5458 strain was chosen in this study for comprehensive structural and
functional analysis using computational approach. The protein was selected for the study as its primary
sequence is available but structural and functional information is yet to be elucidated.

Il.  Materials and Methods
Primary sequence retrieval: There are 5,662 genomes of Pseudomonas aeruginosa available in NCBI
database (https://www.ncbi.nim.nih.gov/) *°. We browsed the NCBI protein database and searched for
hypothetical proteins of Pseudomonas aeruginosa SE5458. A hypothetical protein (Accession No.:
WP_003111794.1) consisting of 94 amino acids was chosen for detailed structural and functional exploration.
The sequence was stored as FASTA format for subsequent analysis.
Determination of physicochemical properties: Physiochemical properties of the protein were analyzed using
ProtParam (http://web.expasy.org/protparam/) %° tool of ExPASy server. This tool utilizes primary sequence of
the protein to estimate physical and chemical properties. Various parameters including the amino acid
composition, molecular weight, extinction coefficient, estimated half-life, theoretical pl, instability index,
aliphatic index and grand average of hydropathicity (GRAVY) were determined.
Subcellular localization prediction: Identifying protein’s cellular location is crucial step toward understanding
its cellular function. CELLO (http://cello.life.nctu.edu.tw/) ?*, LocTree3 (https://rostlab.org/services/loctree3/) %
and PSLpred (http://crdd.osdd.net/raghava/pslpred/) * tools were used to predict subcellular localization of the
hypothetical protein WP_003111794.1.
Functional annotation: NCBI Conserved Domain Search Service (CD Search)
(https://mww.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi), Pfam (https://pfam.xfam.org/) and InterProScan5
(http:/lwww.ebi.ac.uk/Tools/services/web/ toolform.ebi?tool=iprscan5) was used to annotate the protein based
on domain analysis. CD Search compares a query protein sequence by performing RPS-BLAST (Reverse
Position-Specific BLAST) against position-specific score matrices resulting from conserved domain alignments
present in the Conserved Domain Database (CDD) ?*. Pfam is a protein family database that includes
annotations and multiple sequence alignments generated using Hidden Markov models (HMMs) .
InterProScan5 provides functional analysis of proteins by classifying them into families and predicting domains
and important sites °.
Structure determination: Secondary structure of the protein was predicted by using the self optimized
prediction method with alignment (SOPMA) (https://npsa-prabi.ibcp.fr/cgi-
bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html) 2 and PSIPRED (http://bioinf.cs.ucl.ac.uk/psipred/) 2
servers.
MODELLER through HHpred tools of the Max Planck Institute for Developmental Biology *® was used to
develop the three dimensional (3D) structure of the protein based on homology modeling. The server performs
BLASTp search to fetch templates for each protein sequence given in FASTA format. The template protein
4ZV0_B (PDB ID: 4ZV0) was selected to initiate modeling. This is an X-ray diffraction model of Tse6/Tsi6
complex from Pseudomonas aeruginosa PAOL. BIOVIA Discovery Studio Visualizer (version 20.1.0.19295)
was used to view the 3D structure.
Structure quality assessment: PROCHECK *, Verify3aD * and ERRAT ** programs through structure
validation server SAVES version 6.0 (https://saves.mbi.ucla.edu/) was used to assess the quality of the
developed 3D structure. QMEAN4 value was determined by QMEAN program of EXPASYy server of SWISS-
MODEL Workspace (https://swissmodel.expasy.org/qmean/) **. The value is used to assess whether the
developed structure is in good agreement with the experimental structures of similar size. The Z score for
template and target protein was also determined by ProSA-web server **.
Active site  prediction: Computed Atlas of Surface Topography of proteins (CASTp)
(http://sts.bioe.uic.edu/castp/) server was used to determine the active site of the protein. The developed 3D
structure in PDB format was uploaded in the server. CASTp locates all pockets and voids on a protein structure
and measures the volume and area of each pocket and void analytically *.
Comparative genomics approach: A BLASTp search
(https://blast.nchi.nim.nih.gov/Blast.cgi?PAGE=Proteins) *® between Homo sapiens proteome and our target
protein was performed to test if our target protein has any human resemblance. Protein sequence was given as
FASTA format with default parameters.
Protein-protein interaction network: STRING (https://string-db.org/cgi/input.pl) database was used to build
protein-protein interaction network (PPI) of the target hypothetical protein. It is a database of known and
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predicted protein-protein interactions which include both direct (physical) and indirect (functional) associations
derived from computational prediction, knowledge transfer and curation of other primary databases ¥,

I11.  Results
Physicochemical properties: Various physicochemical properties of the hypothetical protein WP_003111794.1
were estimated by ProtParam tool (Table 1). The protein contains 94 amino acid residues, possess a molecular
weight of 10465.23, theoretical pl of 8.89 and grand average of hydropathicity (GRAVY) of -0.018. The
instability index (I1) of the target protein was found to be 36.06 indicating the protein as stable one.

Table 1: Physicochemical properties of the hypothetical protein

Properties Value
No. of amino acids 94
Molecular weight 10465.23
Theoretical pl 8.89
Negatively charged residues (Asp + Glu) 12
Positively charged residues (Arg + Lys) 14
Extinction coefficients (M-1 cm-1) 4470
Estimated half-life (in vitro) 30 hours
Instability index (I1) 36.06
Aliphatic index 111.06
Grand average of hydropathicity (GRAVY) -0.018

Subcellular localization: The subcellular location of our target hypothetical protein was predicted by three
different tools like CELLO, LocTree3 and PSLpred. The protein was predicted as cytoplasmic protein by all the
tools with high confidence. Cellular location of a hypothetical protein can give us insights about cellular
function which can also be utilized to design a therapeutic against a desired protein *.
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Figure 1: Secondary structure of the target protein obtained from PSIPRED server.

Functional annotation result: Several web-based annotation tools were used to identify conserved domains of
our target protein. According to predictions made by NCBI-CD Search, Pfam and InterProScan5, the target
protein was suggested as Tsi6 family proteins with high confidence. NCBI-CDD server predicted the Tsi6
domain at 2-84 amino acid residues with an E-value (expected value) of 9.88e-34. Pfam also predicted the Tsi6
domain at same position with an E-value of 2.4e-28. The result was also consistent (3-83 amino acids position)
with InterProScan 5 with an E-value of 1.4e-28.

Figure 2: Three dimensional structure of the target protein developed through MODELLER (visualized by BIOVIA
Discovery Studio Visualizer).
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Table 2: Ramachandran plot statistics of the target protein

Ramachandran Plot Statistics Number of a.a residues Percentage (%)

Residues in most favored regions [A, B, L] 80 97.6%

Residues in additional allowed regions [a, b, I, p] 2 2.4%

Residues in generously allowed regions [~a, ~b, ~I, ~p] 0 0.0%

0,

Residues in disallowed regions 0 0.0%

Number of non-glycine and non-proline residues 82 100%
Number of end-residues (excl. Gly and Pro) 1
Number of glycine residues (shown as triangles) 7
Number of proline residues 4
Total number of residues 94

Secondary and tertiary structure analysis: The secondary structure of the target protein was primarily
predicted by the SOPMA server. Alpha helix predominates (64.89%) in secondary structure types followed by
random coil (17.02%), extended strand (10.64%) and beta turn (7.45%). Similar results were also observed in
PSIPRED prediction (Figure 1). Tertiary structure (3D) of the protein was obtained from MODELLER server
using the template 42V0_B (PDB ID: 4ZV/0). The template protein is an X-ray diffraction model of Tse6/Tsi6
complex from Pseudomonas aeruginosa PAO1 further strengthening our annotation. The 3D structure derived
from MODELLER is shown in Figure 2.

3D structure quality assessment result: According to PROCHECK, 97.6% amino acid residues fell within the
most favored region in “Ramachandran plot” (Table 2 and Figure 3A). The model structure successfully passed
the Verify 3D server where 98.94% of the residues have averaged 3D-1D score >= 0.2. QMEAN4 value
generated through QMEAN program was -0.83 which indicates that the structure is compliant with the
experimental structures of similar size (Figure 3B). ERRAT also predicted the protein structure to be of good
quality with a quality factor of 94.186.

The Z score generated from ProSA was -5.51 for the template (Figure 4A) and -5.45 for the model (Figure 4B)
proposing homology between them. It implies that the input structure is within the range of scores usually found
for native proteins of similar size *.
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Figure 3: Quality assessment of the developed 3D structure. (A) Ramachandran plot of the target protein. (B) Graphical output of QMEAN
result.

Active site analysis: The active site of the developed 3D structure was determined using the CASTp server
(Figure 5). The best active site was found to be a pocket with solvent-accessible (SA) surface area of 53.311 and
volume of 31.999. Key active residues predicted from CASTp are Arg"’, Arg®, His?, Cys*, Leu?’, Phe®, Thr®
and Asp®. Identification of active site amino acids is the key step toward the design of a drug or an inhibitor.
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Figure 4: Z scores of the proteins determined by ProSA server (A: template protein, B: target protein).
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Figure 5: Active site of the protein predicted by CASTp server. The red sphere indicates the active site (upper)
and the highlighted residues indicate amino acids of that active site (below).

Comparative genomics: A BLASTp search against the human proteome did not reveal any homology to any
known human protein. Hence, the protein was identified as a unique protein of Pseudomonas aeruginosa.
Bacterial proteins that are non-homologous to human proteins might be potential candidates in terms of
developing drug or vaccine.

DRY7_3049

Figure 6: Protein-protein interaction network from STRING database (DR97_3049 denotes target protein).

DOI: 10.9790/3008-1601042127 www.iosrjournals.org 25 | Page



Computational Annotation of a Hypothetical Protein from Pseudomonas aeruginosa ..

Protein-protein interaction: Different interacting partners of our target protein were predicted using STRING
database (Figure 6). The interacting proteins included RhsB, InaZ, DR97_3051, DR97_3053, DR97_3054 and
DR97_3055. RhsB is a PAAR motif-containing protein located in cell membrane. Ice nucleation protein, InaZ is
a member protein of Type VI secretion system (T6SS). Rests of the interacting partners are uncharacterized
proteins of Pseudomonas aeruginosa.

IV. Discussion

About 15% of the proteins of Pseudomonas aeruginosa SE5458 strain are hypothetical. Annotation of
these proteins is essential in order to better understand its pathogenicity and disease progression. In this study,
we chose the hypothetical protein WP_003111794.1 for characterization by various bioinformatics resources.
The 94 amino acids containing protein was found as a stable protein with a molecular weight of 10465.23,
theoretical pl of 8.89 and grand average of hydropathicity (GRAVY) of -0.018 (Table 1). The protein was
predicted as a cytoplasmic protein by CELLO, LocTree3 and PSLpred tools. Secondary structure types include
alpha helix (64.89%), random coil (17.02%), extended strand (10.64%) and beta turn (7.45%) (Figure 1). The
protein was found to be a Tsi6 superfamily protein according to consistent prediction made by NCBI CD search,
Pfam and InterProScan 5 tools with high confidence. Tsi6 neutralize the toxic activities of Tse6, a T6S integral
membrane toxin from Pseudomonas aeruginosa. Tse6 influences the composition of microbial communities
through the delivery of toxins between neighboring bacterial cells. It acts on target cells by degrading the
universally essential dinucleotides NAD+ and NADP+. Tsi6 interacts with the putative NAD+ binding pocket of
Tse6, suggesting its importance for the toxic activity of Tse6 > *°. We also developed 3D structure of the
protein through MODELLER server (Figure 2) which successfully passed several quality assessment tools like
PROCHECK, Verify 3D, QMEAN and ERRAT. The active site and interacting amino acids were determined
through CASTp (Figure 5). From STRING database, several interacting partners of our target protein were
identified. Among them, InaZ and RhsB are parts (like Tse6) of type VI secretion system ***? further supporting
our annotation. Finally, the protein was found to be a unique protein of P. aeruginosa non-homologous to
human through comparative genomics approach. Further experimental validations are needed to confirm our
findings. We underscore the importance of continued research on this crucial protein to understand bacterial
pathogenesis and to decipher its role in interbacterial competition.

V. Conclusion
The hypothetical protein was successfully annotated from both structural and functional aspects. It was found to
be a Tsi6 family protein that neutralizes the toxic activities of Tse6.
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