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Evaluation of the virulence role of selected vaccine candidates

PAO0328 arginine-specific autotransporter AaaA
AaaA plays a key role in the establishment of the infections as it releases arginine (from
the aminoterminus of di and tripeptides) that can be used as a nutrient for growth (1)

and it is able to promote chronic skin wound infections in murine models (2).

PA1178 outer membrane protein OprH precursor

The function of OprH is to stabilise the outer membrane (OM) (3), and it is under the
regulation of the PhoP-PhoQ system (4), and it has been identified as a component of
the Outer Membrane Vescicoles (OMVSs) produced by PAO1 both in planktonic and
sessile lifestyle (5) (6). The OprH-PhoP-PhoQ system, induced upon Mg2+ starvation,

is involved in the resistance to the polycationic antibiotic polymyxin B (7).

PA1248 outer membrane protein AprF precursor
AprF is a secreted proteases and virulence determinant induced by the AlgU-dependent

conversion to mucoidy (8) (9).

PA2407 FpvC

The periplasmic protein FpvC, belonging to the FpvCDEF operon (an ABC transporter
involved in pyoverdine-Fe uptake), acts as a Fe2+ chelator (10).

Defects in the operon affect neither the growth nor pyoverdine production under iron-
limited environment conditions in PAO1L (11). However, the deletion of the complex
formed by fpvyWXYZCDEF in PAOL1 results in defective growth, increased H202

sensitivity and decreased virulence (12).

PA3526 outer membrane protein precursor MotY

MotY is a probable OM protein involved in flagellar motility (13). The deletion of
motY in PAO1 or PAK backgrounds severely affects swimming motility in semisolid
motility plates (14). MotY is required for the proper flagellar function, mutations in
motY combined with others in motAB and motCD dramatically reduce the swimming

motility or render the cells nonmotile (14).



PA4082 adhesive protein CupB5

CupB5 nonchaperone-usher gene product involved in the assembling adhesive pili on
the bacterial surface (14).

Overexpression of CupBS5, in the absence of its chaperone, promotes the conversion to
a mucoid phenotype through the AlgU stress-response pathway and a CupB5 peptide
plays a key role in the cleavage of MucA by AlgW (15).

PA4765 outer membrane lipoprotein OmlA precursor

Even if the precise function is unclear, OmlA is putative involved in (i) maintaining the
cell envelope integrity and (ii) antibiotic susceptibility: an OmIA mutant showed
increased susceptibility to several antibiotics (including nalidixic acid, rifampin,
novobiocin, and chloramphenicol) belonging to different classes and it was found to be

hypersusceptible to anionic detergents (16).

PA5112 esterase EstA

EstA is an autotransporter protein present in the OM and OMVs (17).

Inactivation of the estA gene results in rhamnolipid deficiency as well as defect in
motility and biofilm formation (18). EstA is able to induce nitric oxide and pro-
inflammatory cytokines in macrophages (19) and it is required for full virulence in a

rat model of chronic lung infection (20).

METHODS

Gene sequencing and analysis. PCR genes amplification was carried out using the
following list of primers: PA1178: For-TAGAAAGCCTAGACCCTACTTG, Rev-
TCTTCCACTACCAGCAGTTT,; PA1248: For- CTGCTCAATTACCTGTTCAAG,

Rev- AAGACAAACTACCGAAGACACT,; PA5112: For-
CTGATCGAGCGCGACAATAC, Rev-GTGTCGTCCTCGTACTCACG; pa0328:
For-ATGAAACGGTCCGCATCCTG Rev-CGAGCCGAACCTGTTCTACGT;,
PA2407: For- CATTGATCGCACATCGACTC, Rev-
GTCTTGACCAGCGAACTCTTG; PA3526: For-
GATACATCCTTCGTATTTGGAC, Rev-  CATTCGGGAAATTACAGAGG;
PA4082: For- CAGAGAGATACCCGTAGGAGTT, Rev-
CTCATGGAACTCTCCAAGATT; PA4765: For-



GAAGTTCGCTATTTTCAACCAT, Rev- GTATCTTCGGCAAGCTCCTG;
PA5047: For-GTATCTGGCTGGAGATGGAC, rev-
TTTATTGCTTGTTGGACAGAC; PA5340: For- CTCGAGTAAGCCGGATGTTC,
Rev- GCGGACTGTACTTCCTCTGG.

The amplified DNA samples were sequenced by standard automated DNA sequence
technology. The sequence results were compared within P. aeruginosa clonal lineages
with BioEdit v7.0.5 (http://www.mbio.ncsu.edu/BioEdit/bioedit.html) to determine the

occurrence of sequence variants within the selected genes and identify the amino acids.

Mouse model. Mice were kept in pathogen-free conditions and tested as previously
described (21-24). For infection experiments, mice were anesthetized by intraperitoneal
injection of a solution of Avertin (2,2,2-tribromethanol, 97%) in 0.9% NaCl, at a
volume of 0.015 ml/g body weight. The mice were positioned supine. The trachea was
directly visualized by ventral midline, exposed and intubated with a sterile, flexible 22-
g cannula attached to a 1 ml syringe. An inoculum of 60 ul of bacterial suspension was
implanted in the lung via the cannula. After inoculation, all incisions were sutured. All
mice were kept under specific pathogen-free conditions in sterile cages placed in a
ventilated isolator. Fluorescent lights were cycled 12h on/12h off; ambient temperature
(23+1°C) and relative humidity (40-60%) were regulated. The mice were fed with
standard rodent autoclaved chow and autoclaved tap water.

The mice were monitored twice-a-day for scruffy coat, inactivity, loss of appetite, poor

locomotion and painful posture.

Western Blot (WB). Recombinant proteins were solubilized in sample buffer and
separated by 12% sodium dodecyl sulphate (SDS)-PAGE. Proteins were electro-
transferred onto nitrocellulose membranes (0.45um) using a mini trans blotter (Bio-
Rad) according to the manufacturer’s instructions. The membranes were blocked 1 hour
at RT in blocking buffer. Pools of sera from each group of immunized mice, collected
at day 49, were incubated O/N at 4°C. Specific antibodies were detected with
polyclonal rabbit anti-mouse (Dako). Whole cell lysates of the homologous strain
PAO1 and the clinical isolate RP73, both in stationary and exponential growth phases,
were separated by SDS-PAGE, and WB was performed as described.

Immunofluorescence microscopy. Protein localization was performed on PAO1


http://www.mbio.ncsu.edu/BioEdit/bioedit.html

growth spread on a coated slide. After fixation with 4% PFA, samples were washed
three times with 0,1% tween20 in PBS. Bacteria incubation in blocking buffer (3%
BSA 10% swine serum in PBS)was followed by incubation with primary antibodies,
mouse anti sera (1:50) and specific rabbit anti P. aeruginosa cell wall antibodies (1:800),
kindly provided by Dr. Gerald Pier, in 0,1% tween20 in PBS. Primary antibodies were
labelled with anti-mouse Fab-Jackson (1:200) and Texas Red-labelled goat anti-rabbit
(1:2000). Next, samples were washed with PBS and Daco Fluorescent Mounting
Medium was use to cover the slides. Immunofluorescence images were recorded with
an EM-CCD Hamamatsu C9100 camera (Hamamatsu Photonics, Hamamatsu City,
Japan) mounted on an UltraVIEW Spinning Disk Confocal Microscope (Perkin Elmer,
Waltham, MA, USA).

Virulence factors screening. The shortlisted 52 vaccine candidates were compared
with the P. aeruginosa virulence factors present in the Virulence Factor Database
(VFDB) (25) in order to identify the antigens with a known role in the pathogenesis of
the bacterium.



Table S1. Top line vaccine candidates of P. aeruginosa.

Subcellular localization was predicted with Psot server (http://psortl.hgc.jp/form.html).
@ OM = outer membrane; IM =inner membrane; P=periplasmic; C = cytoplasmic.
®)Comparison with the virulence factors present in Virulence Factors Database

(VFDB).
Locus_ Protein length Predicted Role in Expression
tag annotation (aa) localization virulence®
@

PA0041 hemagglutinin 3535 oM no
PA0044  exoenzyme T 457 C TTSS no
(exoT) translocated

effectors
PAQ077 IcmF1 1101 IM Hcp secretion no
island-1
encoded type VI
secretion system
(H-T6SS)
PA0126  hypothetical 206 oM yes
protein
PA0151 putative TonB- 795 oM no
dependent
receptor
PAO0189 putative porin 452 oM yes
PA0274  hypothetical 256 P yes
protein
PA0328  hypothetical 647 oM yes
protein
PA0537  hypothetical 202 oM yes
protein
PA0595 organic solvent 924 oM yes
tolerance OstA
precursor
PA0690  hypothetical 4180 IM no
protein
PA0692 hypothetical 544 oM no
protein
PA0696  hypothetical 568 oM no
protein
PAQ737 hypothetical 151 oM yes
protein
PA0958 outer 443 oM no
membrane
porin OprD
precursor
PA1011 outer 396 oM no
membrane
protein
assembly


http://psort1.hgc.jp/form.html

PA1048

PA1086

PA1106

PA1148

PA1178

PA1248

PA1324

PA1578

PA1716

PA1777

PA1812

PA1952

PA1954

PA2130

PA2407

PA2793

PA3115

BamC
precursor
probable outer
membrane
protein
flagellar hook-
associated
protein FIgK
hypothetical
protein
exotoxin A
precursor
outer
membrane
protein OprH
precursor
outer
membrane
protein AprF
precursor
hypothetical
protein
hypothetical
protein
outer
membrane
protein PscC
precursor
outer
membrane
porin OprF
precursor
membrane-
bound lytic
murein
transglycosylas
e D precursor
hypothetical
protein
hypothetical
protein
usher CupA3
protein
putative
adhesion
protein FpvC
hypothetical
protein
motility
protein FimV

293

683

237

638

200

481

170

251

600

350

534

250

340

872

317

344

919

oM

Flagella
oM
P Exototoxin-A

(ETA)
oM

oM,
lipoprotein
P
P
TTSS

oM

oM

oM
oM

oM

oM,
lipoprotein
oM Type 1V pili
biosynthesis

no

yes

yes
no

yes

yes

yes
no

no

yes

no

no

yes

no

yes

yes

no



PA3239

PA3526

PA3535

PA3647

PA3648

PA3692

PA4058

PA4082

PA4221

PA4370

PA4578

PA4667

PA4710

PA4735

PA4765

hypothetical
protein
outer
membrane
protein
precursor
putative serine
protease
periplasmic
chaterone
HIpA
outer
membrane
protein Opr86
OmpA family
protein
hypothetical
protein
adhesive
protein CupB5
Fe(l11)-
pyochelin
outer
membrane
receptor
precursor
metalloprotein
ase outer
membrane
protein
precursor
hypothetical
protein
hypothetical
protein
heme/hemeogl
obin uptake
outer
membrane
receptor PhuR
precursor
OmpA family
protein
Outer
membrane
lipoprotein
OmlA
precursor

267

321

995

168

797

261

156

1018

720

446

162

590

764

1088

176

oM

oM

oM

oM,
lipoprotein
oM
IM

oM

oM

oM
oM

oM

oM

oM

Flagella

Pyochelin
receptor

no

yes

yes

yes

no

yes

no

yes

no

yes

yes

yes

yes

yes

yes



PA5047

PA5112
PAS5340

PA5441

putative Zn-
dependent
protease
esterase EStA

hypothetical
protein

hypothetical
protein

479

646
243

733

oM,
lipoprotein

oM

oM,
lipoprotein
P

yes

yes

yes

no



Table S2: Amino acid substitution between PAO1 and a collection of P. aeruginosa clinical isolates.
& Amino acid present in the reference strain PAO1 (and position of the amino acid) — amino acid substitution clinical isolates specified in °.

Recombinant aa P. aeruginosa clinical isolates P
proteins Mutation 2
PA1178 -
PA1248 Qs3-M AA2, AA43, AA44
P4s0-Q
P23g-A MF1, MF51
Tg2-A SG1, SG57, AA2, AA43, AA44
Fes-L TR1, TR66, TR67, KK1, KK71, KK72, BST2, BST44
S478-G AA2, AA43, AA44, MF1, MF51
PA5112 Asa-V MF1, MF51
Na37-D TR1, TR66, TR67, KK1, KK71, BST2
Ts534-S AA2, AA43, AA44, TR1, TR66, TR67 MF1, MF51, KK1, KK71, BST2
PA0328 N195-S AA2, AA43, AA44, BT2, BT73, AA2, AA43, AA44, BST2, BST44, KK1, MF1, MF51, TR1, TR66, TR67
Kss-E SG1, SG57, SG58, BT2, BT73, AA2, AA43, AA44, BST2, BST44, KK1, MF1, MF51, TR1, TR66, TR67
Qa14-L
Hs16-R SG1, SG57, SG58, BT2, BT73
Dsso-E
Leoo-1
Tsgs-| BST2, BST44, KK1
Ra16-S BST44
Asge-T
Ds3s-E
Veoo-E
PA2407 -
PA3526 D1eo-E BT72, BT73
S111-N TR1, TR66, TR67
S241-N MF51
PA4082 S23-C SG1, SG57, SG58
N293-S
V3e7-L
N74s-Y

10




Eges-K

Hog2-R BT2, BT72, BT73
N74s-D BT72
N748-Y BT73
N1g7-Q KK1
Sago-T MF1
K292-S
H1s7-Q MF1, BST 44
N31s-K BT2, BT72, BT73, TR1, TR67
V39.A SG1, SG57, SG58, BT2, BT72, BT73, TR1, TR67,
Se29-N SG1, SG57, SG58, BT2, BT72, BT73, KK1, BST44
Agsz3-T
Gea3-A
Gro0-A
M7o1-T
Tgo1-M SG1, SG57, SG58, BT2,BT72,BT73, KK1
Se18-G SG1, SG57, SG58, BT2, BT72, BT73
Vgrs-F
No1s-S
Aggo-T TR1, TR67, MF1
Go16-S
So17-G SG1, SG57, SG58, BT2, BT72, BT73, TR1, TR67, MF1
Nao3-S SG1, SG57,SG58, BT2, BT71, BT72, TR1, TR67, MF1, KK1, BST44
Loss-V
PALTES Aw-E | SGL, SG57, SG58, BT2, BT72, BT73, MFL, MF51
PA5047 Asn-T MF1, MF51
PA5340 S142-C SG1, SG57,SG58
T12-A BT2,BT72, BT73
E104-C TR1, TR66, TR67
S110-N MF1, MF51
E114-D AA2, AA43, AA44, KK1, KK71, KK72
S128-N SG1, SG57,SG58, BT2, BT71, AA2, AA43, AA44, TR1, TR66, TR67, MF1,MF51, KK1, KK71, KK72,

BST?2

11
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