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Abstract

The bacterium Pseudomonas aeruginosa (T223_00295 —
T223_00380) was annotated using the collaborative genome
annotation website GENI-ACT. The Genbank proposed gene
productname for each gene was assessed in terms of the
general genomic information, amino acid sequence-based
similarity data, structure-based evidence from the amino acid
sequence and cellular localization data. The numerous
mutations and adaptability of this gene intrigues researchers
to investigate the gene’s amino acid sequence. The
Genbank proposed gene product was supported by the
proposed gene annotation in all but one gene in the group
and as such, overall, the genes appear to be correctly
annotated by the database.

Introduction

Pseudomonas aeruginosa is a gram-negative bacterium
from the Pseudomonadaceae family that grows in soil,
coastal marine habitats as well as plant and animal tissue.
This organism is an omnipresent environmental bacterium
that is a leading cause of opportunistic human infections and,
due to its larger genome size and adaptability, resists
antimicrobial therapy. There are over 1,200 mutations of the
cystic fibrosis gene causing diagnosis and treatment to be
difficult. Pseudomonas aeruginosa is a significant bacterium
since it is the predominant cause of mortality in cystic fibrosis
patients. Because of their abnormal airway epithelia, long-
term colonization of Pseudomonas aeruginosa is allowed.
Biofilm-growing mucoid strains in the lungs of patients with
cystic fibrosis allowing for chronic Pseudomonas aeruginosa
infections thus leading to respiratory failure (Friedrich, 2016).
Only a very few successful antibiotics for the P. aeruginosa
bacterium have been found definitively because of its high
adaptability. Because cystic fibrosis has no known cure,
researchers are interested in analyzing the Pseudomonas
aeruginosa gene.
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Figure 1. The locus tags and relative position of the genes under
investigation in this research
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Methods

Modules of the GENI-ACT (http://www.geni-act.org/) were
used to complete Pseudomonas aeruginosa genome
annotation . The modules are described below:

Modules Activities Questions Investigated
Module 1- Basic Information  DNA Coordinates and What is the sequence of my
Module Sequence, Protein Sequence gene and protein? Where is

it located in the genome?

Module 2- Sequence-Based
Similarity Data

Blast, CDD, T-Coffee,
WebLogo

Is my sequence similar to
other sequences in
Genbank?

Is my protein in the
cytoplasm, secreted or
embedded in the
membrane?

Has the amino acid
sequence of my protein been
called correctly by the
computer?

Module 3- Cellular
Localization Data

Gram Stain, TMHMM,
SignalP, PSORT, Phobius

Module 4- Alternative Open
Reading Frame

IMG Sequence Viewer For
Alternate ORF Search

Results

T223_00295:

The leading proposed product of this gene by GENI-ACT
was a transcriptional regulator. The top BLAST hits for the
amino acid sequence indicate well-curated protein functional
domains within the amino acid sequence present, and the
cellular location of the sequence support this gene product.
As such, the proposed annotation is a transcriptional
regulator. The database used was the non-redundant
protein sequence database. The score of the hit was 416
bits and the e-value was 9e-144, thus proving the hit was
significant. Refer to figure 2.

T223_00330:

The initial proposed product of this gene was an amino acid
sequence hit was an organism called Enterobacter Cloacae
(aminopeptidase).The e-value was zero indicating a
significant match. There was only one major gap in the
WebLogo sequence between 2 to 126, but otherwise the
sequence was conserved throughout. Using sites such as :
TMHMM, SignalP, LipoP, PSORT-B, and Phobius, it was
indicated that T223_ 00330 could be located in the
cytoplasm. When searching about the enzymatic function of
the sequence no hit could be found on TIGRFAM, while one
hit was found on Pfam. The Pfam hit had multiple
predominant upper case letters. Another website used was
PDB, which came up with a result identical to our first blast
hit, Structure of glycosylated human aminopeptidase N,
indicating the strong connection between T223_00330 and
aminopeptidase.

T223_00350:

The initial product of this gene by GENI-ACT amino acid
sequence was the top hit from Swiss-prot was with the
organism Oligopeptidase A. With a score of 809 the hit was
significant. The TMHMM hits for this gene showed there
were no predicted transmembrane helices. No
transmembrane helices indicates this protein is not an
integral protein, as shown in figure 5. This gene also had no
indication of Signal peptide from the prediction number of
0.097. To have a Signal peptide prediction the number has
to be above 0.450.
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Figure 2 — The top hit using the nr database is shown above. This figure
shows the significance of the gene and the proposed transcriptional
regulator.

HORLTATRVEVEVIDSGSQTAMERLOMSRAMVSRYLAELEEWVGARLLIRSTRRLSLTD 60
DRL A +VFVE TAAA+ LDMSRAMVSRYLAELEEWVGARL HR+TR+LSLT
HORLVAMQVFVEVADRGSLT AAADHL DHSRAMVSRY LAEL EEWVGARLFHRTTRKLSLTS 60

AGAELLPOCRENLAVADANQATGQTRROSPRGTLRITSSLSFAQAML TRAMAAEVERYPS 120
ASL =
AGSOTLPRERQL LDMAGDTQSSARTPENAPRCTLRL TCSHSLGQAYLAPLLARFLKRYPE 120

TAIDLQVNSQUYNLVEERIDLALRIANQLOPNL IARRLGECRSVICAAPDYLRRHGTPRR | 180
T+ % UNL+EER 4 Vs YL+ H
TAVSMLLVDRAVNL TEERVDLAIRI TNSLDPNL TARKLAVCRSVVCASPOYLQEHGTPKK 180

PEDLALHNCLTYSYEGRSL SANESTVLLEAAN pL 240
DLALHNCLTYSYFG*SLW: P +VPVGG++SANES+VLLEAA +GAGI+
AEDLALHNCLTYSYT CKSLWEF EKDGVPVAVPVECNNSANESSVLLEARVSCAGTTHGPY 240

YSAPLIRSGRLVALLPENSPOVLGIHAVYASRRONPPALRALLOFLVERAADPHMD 298
Y+AA L4RSGHL VYASRRQMP LRA*LDFLVE _+ADP W+
YAAKLLRSCKLRALL YASRRQMPATLRAMLDFLY

1155 0s(2989) 0.0 Composiionsl matrix sajst. 565/370(09%) 568/570(09%) 0/370(0%)
J—_
st 1
qwery &1
st e

HFERATLPLALGACLAT AN AAECOSPONPYPLADOUALPLPCCGEIFRAVTVLAEGA 60
HFEXATLPLAL GACLAF AAPANAE GOSPONPKPLADDVALPL PCGGENVER)
NFEXATLPLAL CACLA AAPAMAECOSPONPKPLADOVALPLPCCCEMFRAVIVIAECA 60

LDOREVNLGYAFNEGEAG YOS ISGYRRDTVNGOF SLADLAPAWIOKL SASLPKPAAGT 120
UDDREVIL GYAFNEGEAG TGOS 156 TRRDTVNGAF SUADLAPAWIQKL SASLPKPAAGT

LDOREVILGTAFNEGEAGTGUSF 156 TRRDTVNGQF SLADLAPAWGUKL SASLPKPAAGT 120
P ITLGIYEVTARGTAAVSOMAL SCOGEAPACTAPDGUARLPIVILSRFOAER 160
PLKPMLYF LGKYEVTARGYAAVIS JGE_ PACDVPOGHAARL PKVNL SRFOAER

SBICt 121 PLRPHLYFLGKYEVIARGYAAVHSOAAL SCUGEVPACOVPOGRAARL PKVNL SRFOAER 180
Query 181
sojet 181
query 241
sbjct 241

FGAVYSAMLLKNHPEL LPVSGRGKNPEDGGIGFVRLPTEVEWEF ARGGOAVSROELEGS 240
FEAVY SAMLLKNHPEL L PVSGRGKNPEDGG IGFVRL PTEVEWEF ARGGUAVSAQELECK
FGAVYSAMLLKNHPEL LPVSGRGKNPEDGG IGFVRL PTEVEWEF ARGGOAVSRQELEGR 240
LFPRKVEGSOQEGPLGOWAVYNVAGGTGOMRLLPVGHKRPNPLGLFOVIGNAAENVE 300
LFPRKVECSOGEGPL COWAVYNGVAGGTGQAARL L PVCHKRPNPL GLFOVIGAAENVOE
UFPRKVEGSOUEGPL GOWAVYNQVAGGTGOAARL LPVGHKRPNPL GLFOVIGNAAEMVGE 300
Query 301 SEOUMAGAROGTYGPVIGCYLEGENTLFTGNRAETPLFAKDGSEQRAETTGERVAL 360
VMAGRRGG TYGGFVVKGGNYLE GENTL FTGHRRE TPL FAADGSE QRNE TTGFRVAT
SDICt 301 SOLVHACRRGTTCEPVRCANY LECENTLFT CHRREVPLF AKGCSEQRNETTCFRVAT 360
query 361
sojct 361
Query 4
sojet 421
Query 481
sojct 481

AL ARSI A GRLAAL TOATOONOP TS LAATRDPgRQAQLGIY 420
A RSP AN GRLAAL TOA DOMOPTXGLDel LAATADIG
GALSAPRSRYPEL FAQWIKEGRLAAL TOAIDOAGOP TKGLDGT IAATRDPGN
EELKRNVSL IARQREEAAGHL IQSAALVAETTNNYNIRL THLKKDREKAVAARDGATAQL 480
EELKRIVSLIARGREEAAGNL IGSAALVAET INNTNIRL TNLKKDREFAVAARDOATAGL
EELKRIVSL IARGREEAAGHL ISAALVAETINNYNIRL TNLKKOREKAVAARDGATAGL 480

iy 420

VAGATANGRSALDGALATYIONLATGTRYTDAVIQAQFQRIQEELNRNEVLGKSLVKRAT 540
VAGALANGRSALDGALATY IONLATG TRYTOAVIQAQF QRIGEELNRNPVLGKSL VKRAT
VAGATANGRSALDGALATY IONLATGTRYTOAYIQAQF QRIGEELNRNPVL GKSLVKRAT 540
Query 541 LPVKMVGOYROQWRAEPEAVLKELLASSGR 570
LFVKIVGOYRGJHRAEPEAVL KEL LASSGI

R
SHiCt 541 LFVKMVGOYRGUHRAEPEAVLKELLASSGR 570

Figure 3 — T223_00370 Alignment of top nr database hit and query
sequence for insignificant secretion protein with E-value of 0.0. ( Refer

to T223_00370 under Results section)
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Figure 4 — T223_00380 A portion of the well-curated functional
domains from 129-224 (WEbLogo).
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Figure 5 - As shown by the highlighted part there are no predicted
transmembrane helices.

T223_00370:

The initial proposed product of this gene by GENI-ACT was a
secretion protein. However the hits in the non-redundant
database for this gene were either non-significant with an E-
value of 0.0 or hypothetical proteins; this gene product proposal
was not supported by the top BLAST hits for the amino acid
sequence. As such, the proposed annotation was not supported
by the non-redundant blast. The score of the top hit, which was
a secretion protein was 1155 and the E-value was 0.0 and non-
significant. Thus indicating no other sequence has homology to
this protein because the insignificant E-value.

T223_00380:

The initial proposed product of this gene by GENI-ACT was an
ATP binding protein. This gene product was supported by the
top BLAST hits for the amino acid sequence in the Swiss-Prot,
the enzymatic function of the amino acid sequence, and the
location of the sequence. The e- value 1e-35 and the score was
129 bits, which validates the significance of the hit. Furthermore,
the data found using the top hit in T-Coffee and WebLogo
supports that T223_00380 is a well preserved and well-curated
protein. See Figure 4.

Conclusion

The GENI-ACT proposed gene product supported the proposed gene
annotation for all but one of the genes in the group. T223_00370 had a
GENI-ACT gene product of a secretion protein, but a secretion protein
doesn’'t resemble pseudomonas. Overall, the genes appear to be
correctly annotated by the database.

Locus Geni-Act Gene Proposed Annotation | Number of modules
Product completed
T223_00295 Transcriptional Transcriptional 2
Regulator Regulator
T223_00330 Aminopeptidase Aminopeptidase 4
223 00350 Oigopeptidase A | Oligopeptidase A |4
T223_00370 Secretion Protein | Secretion Protein |2
doesn't resemble
pseudomonas
T223_00380 ATP Binding protein | ATP Binding protein | 4

Marcus Friedrich, 2016.
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