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Species-specific geneticmarkers are crucial to develop faithful and sensitivemolecularmethods for the detection
and identification of Pseudomonas aeruginosa (Pa).Wehave previously set up a PCR-RFLP protocol targeting oprF,
the gene encoding the genus-specific outermembrane porin F, whose strong conservation andmarked sequence
diversity alloweddetection and differentiation of environmental isolates (Agaras et al., 2012). Here,we evaluated
the ability of the PCR-RFLP assay to genotype clinical isolates previously identified as Pa by conventional micro-
biological methods within a collection of 62 presumptive Pa isolates from different pediatric clinical samples and
different sections of the Hospital de Niños “Sor María Ludovica” from La Plata, Argentina. All isolates, but one,
gave an oprF amplicon consistentwith that from reference Pa strains. The sequence of the smaller-sized amplicon
revealed that the isolate was in fact amendocina Pseudomonas strain. The oprF RFLP pattern generated with TaqI
orHaeIII nucleases matched those of reference Pa strains for 59 isolates (96%). The other two Pa isolates (4%) re-
vealed a different RFLP pattern based onHaeIII digestion, although oprF sequencing confirmed that Pa identifica-
tionwas correct.We next tested the effectiveness of the PCR-RFLP to detect pseudomonads on clinical samples of
pediatric fibrocystic patients directly without sample cultivation. The expected amplicon and its cognate RFLP
profile were obtained for all samples in which Pa was previously detected by cultivation-dependent methods.
Altogether, these results provide the basis for the application of the oprF PCR-RFLP protocol to directly detect
and identify Pa and other non-Pa pseudomonads in fibrocystic clinical samples.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Pseudomonas aeruginosa (Pa) is an opportunistic human pathogen
considered as a major causative agent of nosocomial infections. Pa is
commonly isolated from patients with skin and soft tissue infections,
hospital-acquired pneumonia, urinary tract and bloodstream infections,
organ transplantations, and in particular it is among the most frequent
pathogens found in the airways of patientswith the genetic disease cystic
fibrosis (Lyczak et al., 2000; Obritsch et al., 2005; Veesenmeyer et al.,
2009). Because of the severity and unfavorable prognosis of Pa infections
of the lower respiratory tract of fibrocystic pediatric patients, an early
detection and identification of the microorganism is especially relevant
for a successful antimicrobial treatment before the infection becomes
chronically established as a multidrug-resistant biofilm (Folkesson
et al., 2012; Hoiby, 2011). It is well known that Pa has virulence factors
LP, polymerase chain reaction-
and adaptive mechanisms to evade host defense and to resist antimicro-
bial treatments, thus allowing its survival over decades in the respiratory
tract of the fibrocystic patients (Folkesson et al., 2012; Oliver, 2010;
Tummler and Kiewitz, 1999). Although Pseudomonas spp. other than
aeruginosa are of lower clinical relevance than Pa in fibrocystic patients,
recently publishedworks have pointed out the role of non-Pa pseudomo-
nads, such as Pseudomonas putida, as clinical and environmental reser-
voirs of antimicrobial resistance genes that can be transferred to Pa
clones (Docquier et al., 2003; Gilarranz et al., 2013; Juan et al., 2010;
Juan and Oliver, 2010; Viedma et al., 2014). These authors underline
the importance of establishing an active parallel surveillance of other
pseudomonads than aeruginosa and of taking special care to design de-
tection methods aiming to reduce misidentification of non-Pa as Pa.

Molecularmethods are sensitive, specific and rapid for the detection
and genotyping of microorganisms, thus representing a powerful com-
plementary approach to classical microbiological methods based on
sample culturing. In order to develop protocols aiming at the detection
and identification of pseudomonads, specific and robust genetic
markers are required. We have already tested the utility of the oprF
gene, encoding a non-specific outer membrane porin, to specifically
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monitor Pseudomonas populations in soil and plant root samples
(Agaras et al., 2012). Although oprF is conserved in the genus Pseudomo-
nas, its sequence shows enough diversity to be used as a genetic marker
to explore its allelic variation among different species (Bodilis and
Barray, 2006; Bodilis et al., 2004; Bodilis et al., 2006). Based on this,
Table 1
Collection of Pseudomonas aeruginosa isolates from the Hospital de Niños of La Plata (Buenos A

Isolate ID Sectiona Sample typeb Growth on S1 Colony

Y806 1 CV BS + 1
Y1123 2 CV TS + 1
Y699 3 NEO NP + 1
Y1071 4 NEO TS + 1
Y773 (V) 5 NEO TS + 1
Y773 (N) 6 NEO TS + 1
Y711 7 NUT NP + 1
Y1127 8 CLIN FA + 1
P229 9 CLIN HE + (poor) 1
Q175 10 BURN SB + 1
Y731 11 CLIN TS + 1
Y863 12 ICU NP + 1
Y800 13 ICU TS + 1
Y851 14 ICU ES + 1
P812 (V) 15 ICU HE + 1
Y787 16 ICU TS + 1
U767 17 ICU UC + 1
P812 (N) 18 ICU HE + 1
Y788 19 CLIN NP + 1
Y846 20 CLIN TS + 1
Y1053 21 CLIN TS + 1
Y1125 22 EXT BS + 1
FQ8373.1 23 PNE BS + 1
FQ8374 24 PNE BS + (poor) 1
FQ8371 (1) 25 PNE BS + 2
FQ8371 (2) 26 PNE +
FQ8373.2 27 PNE BS + 1
FQ8388 28 PNE BS + 1
FQ8396 29 PNE BS + 1
FQ8375 (1) 30 PNE BS + 2
FQ8375 (2) 31 PNE +
FQ8382 32 PNE BS + 1
D170 33 CV CT + 1
D199 34 CV CT + 1
L330 35 NEO CRF + 1
P1951 36 NEO HE + 1
P2943-1 37 NEO HE + 1
P2943-2 38 NEO HE + 1
P2968 39 NEO HE + 1
P1138 40 CLIN HE + 1
P2984 41 CLIN HE + 1
P2946 42 CLIN HE + 1
P2652 43 HEM HE + 1
Y1471 44 TRAU A + 1
P2942 45 ICU HE + 1
Y1258 46 ICU TS + 1
Y1268 47 ICU TS + 1
Y1312 48 ICU BS + 1
U831 49 EXT UC + 1
FQ8396 50 PNE BS + 1
FQ8399 51 PNE BS + 1
FQ8415 52 PNE BS + 1
FQ8417 53 PNE BS + 1
FQ8418 54 PNE BS + 1
FQ8418 m 55 PNE BS + 1
FQ8433 56 PNE BS + 1
FQ8438 57 PNE BS + 1
FQ8470 58 PNE BS + 1
FQ8471 m 59 PNE BS + 1
FQ8472 m 60 PNE BS + 1
FQ8472 nm 61 PNE BS + 1
FQ8514 p.r. 62 PNE BS + (poor) 1

a CV, Cardiovascular; NEO, Neonatology; NUT, Nutrition; CLIN, General Clinics; BURN, Burns U
Traumatology.

b BS, bronchial secretion; TS, tracheal secretion; NP, nasopharyngeal aspirate; FA, foot absce
cephalorachidian fluid; A, abscess.

c lg, light green; lb, light brown; ly, light yellow; g, green; dg, dark green; y, yellow; gy, green
very light green; db, dark brown; lyg, light yellowish green.
we have developed a PCR-RFLP protocol targeting the oprF gene that al-
lows species level differentiation in environmental pseudomonad iso-
lates (Agaras et al., 2012).

Here, we evaluated the robustness of the oprF PCR-RFLP protocol for
detection and species identification of pseudomonad isolates from
ires, Argentina) that were used in this study.

types Pigmentc UV fluoresc. Features

lg + –

lg + –

lb − Almost transparent colonies
ly + –

g + Mixed colonies
dg + –

g + –

g + –

y + Small and transparent colonies
– − –

g − –

– − –

gy + –

b/g + –

g + Mixed colonies
g + –

g + –

g + –

– + –

bg + –

lg + –

gy + –

ly − –

gy + Small colonies
lg + Mixed colonies (some mucoid)
lg +
lg + Mucoid colonies
g + –

g + –

ly + Mixed colonies
ly +
ly + Hypermucoid
lg + –

lg − Transparent colonies
lg + Rough colonies
yg + Radiated rough colonies
lg + –

lg + Mucoid colonies
lyg + –

lg + Mucoid colonies
yg + –

lg + –

lyg + Mucoid colonies
lg + Slightly mucoid colonies
lg + –

lg + –

yg + Slightly mucoid colonies
lg + Mucoid colonies
lg − Mucoid colonies
g − –

db − Mucoid colonies
lg − –

lg + Rough colonies
vlg − Small, rough and transparent colonies
bg − Mucoid colonies
g − Small colonies
ly − Small transparent colonies
lg + Large and rough colonies
vlb − Mucoid colonies
vlb − –

bg − Mucoid colonies
lb − Tiny colonies

nit; ICU, Intensive Care Unit; EXT, External; PNE, Pneumology; HEM, Hemotherapy; TRAU,

ss; HE, hemoculture; SB, skin burn; ES, eschar; UC, uroculture; CT, catheter tip; CRL,

ish yellow; b, brown; yg, yellowish green; bg, brownish green; vlb, very light brown; vlg,



Table 2
Collection of sputa sampled from fibrocystic pediatric patients from the Hospital de Niños
of La Plata (Buenos Aires, Argentina).

Sample
IDa

Microorganism(s) isolated by classical cultivation-
based approaches

S1 Staphylococcus aureus, P. aeruginosa

S2 mucoid P. aeruginosa

S3 S. aureus

S4 S. aureus, Stenotrophomonas maltophilia

S5 S. aureus, Aspergillus sp.

S6 Mixed flora

S7 S. aureus, Serratia sp.

S8 Burkholderia cepacia complex

S9 S. aureus, P.aeruginosa

S10 mucoid P. aeruginosa

S11 S. aureus

S12 S. aureus, S. maltophilia

S13 S. aureus

S14 S. aureus, mucoid and non-mucoid P. aeruginosa

S15 S. aureus, Achromobacter sp.

a Samples from which Pa could be isolated are highlighted in gray.
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hospitalized pediatric patients, and we tested the effectiveness of the
oprF PCR-RFLP when applied directly on clinical samples of the respira-
tory tract of infected fibrocystic patients.

2. Materials and methods

2.1. Strains and clinical isolates

A collection of sixty two isolates from the Central Laboratory of
Hospital de Niños de La Plata “Sor María Ludovica” (La Plata, Buenos
Aires, Argentina) was generated (Table 1). All isolates had been identi-
fied as Pa by classic microbiological and biochemical tests, namely, not
fermenting in TSI, oxidase positive and able to grow at 42 °C (Mac
Faddin, 2000), and later confirmed by the Vitek-2 automated system
(bioMérieux, France). Until transported to our lab, isolates were
conserved at 4 °C as aqueous suspensions. Once in the lab, isolates
were first streaked on the Pseudomonas-selective medium Gould's S1
(Gould et al., 1985) and incubated at 37 °C for 72 h. Isolated colonies
were re-streaked onto nutrient agar plates (NA; tryptone soy agar
4% w/v, yeast extract 0.5% w/v).

2.2. DNA preparation from isolates and PCR assay targeting the oprF gene

Template DNA was obtained from fresh colonies developed on NA
plates. One single colony (1–2 mm in diameter) was resuspended in
100 μl of deionizedwater and treated at 100 °C for 10min. After centrifu-
gation 1 min at 12,000 ×g, the supernatant containing the template DNA
was recovered and conserved at−20 °C. PCR reactions were carried out
in a total volume of 20 μl containing 1 μl of template DNA, 200 μM of
each dNTP, 20 pmol of each oligonucleotide, 2.5 mM of MgCl2, 1× Taq
buffer and 1 U of recombinant Taq DNA polymerase (Taq Pegasus;
PB-L). The cycling program consisted in an initial denaturation step of
2 min at 95 °C, followed by 30 cycles of 1 min at 95 °C, 1 min at 57 °C
and 1 min at 72 °C, and a final elongation step of 2 min at 72 °C. The
oligonucleotides oprFf (5′-ATYGGYTACTTCCTKACCGA-3′) and oprFr
(5′-GACAGYTTYTGGTTGTAAGCGTC-3′) were designed upon alignment
of the oprF sequences from all the pseudomonad species that were
available in GenBank (NCBI) in February 2009. With this primer combi-
nation, the expected size of the oprF amplicon is 635 bp for Pseudomo-
nas protegens strain CHA0 (Crespo and Valverde, 2009; Stutz et al.,
1986) and 710 bp for Pa strain PAO1 (Holloway, 1969). Such polymor-
phism among pseudomonad groups is due to an internal deletion of
15–25 residues within the cysteine-rich motif present in the central
linker region of the protein (Bodilis et al., 2006). The Pa isolates PAO1
(Holloway, 1969), Hex1T (Pezza et al., 2002) and MPAO1 (Luján et al.,
2007) were included as positive controls. Deionized water was utilized
as negative control for PCR reactions.

An aliquot of 4 μl from each PCR reaction was analyzed by aga-
rose gel electrophoresis (1% w/v) for 60 min at constant voltage
(5 V/cm). The rest of the positive PCR reactions were kept
at −20 °C for further treatment with restriction endonucleases.
Gels were stained with ethidium bromide (50 μg/ml), destained
by immersion in deionized water and visualized on a UV transillu-
minator. Images were captured with a Kodak Electrophoresis
Documentation and Analysis System-DC 120 (Eastman Kodak
Company, Rochester, NY).

2.3. RFLP analysis of oprF amplicons from isolates

Each amplicon was restricted separately with the endonucleases
TaqI (Promega) and HaeIII (Fermentas). These enzymes were chosen
based on their ability to generate distinguishable RFLP patterns for
different pseudomonad strains (Agaras et al., 2012). Each restriction re-
action was carried out in a final volume of 20 μl containing 7 μl of PCR
product, 1× buffer and 2 U of the corresponding restriction enzyme.
Reactions were incubated overnight at 37 °C for HaeIII or at 62 °C for
TaqI. The restriction reaction time can be reduced to 3 hwithout changes
in the restriction profile. The digestion productswere separated in 2%w/v
agarose gels for 120 min at 5 V/cm. Gels were processed as described
above for image documentation.

2.4. DNA sequencing of 16S rDNA and oprF PCR products from isolates

The 16S rDNA gene of the chosen isolates was PCR amplified with
primers P0 and P6 (Picard et al., 2000). Partial DNA sequencing was
carried out by Macrogen Inc. (Seoul, Korea) with primers P0 and P6
for 16S rDNA amplicons, and with primers oprFf and oprFr for oprF
amplicons. The set of partial 16S rDNA and oprF sequences has
been deposited in GenBank under Accession codes KJ721166 to
KJ721172. Partial 16S rDNA sequences were used to query the
Seqmatch tool of the Ribosomal database project II (Cole et al.,
2009). Partial oprF sequences were analyzed with the BlastN tool in
the NCBI database.

2.5. DNA extraction from clinical samples, PCR amplification and RFLP
analysis of oprF amplicons

A set of fifteen sputa from infected and non-infected patients (listed
in Table 2) was collected and stored at −20 °C. 100 μl of each of the
samples were initially treated for 20 min at 90 °C with 1 volume of
the inactivation/digestion solution (SDS 2%, NaOH 0.2 M, NaCl 2 M).
Total DNA was prepared from the pre-treated samples by a phenol–
chloroform extraction and subsequent nucleic acid precipitation with
isopropanol (Sambrook, 1989). The DNA pellets were resuspended in
25 μl of deionized water. PCR reactions were carried out each in a total
volume of 20 μl containing 1 μl of template DNA (either undiluted, or as
5- or 50-fold dilutions), 200 μMof each dNTP, 20 pmol of each oligonucle-
otide, 1.25 mM of MgCl2, 1× Taq buffer and 1 U of recombinant Taq DNA
polymerase (Taq Pegasus; PB-L). The cycling program consisted in an ini-
tial denaturation step of 2 min at 95 °C, followed by 35 cycles of 1 min at
95 °C, 30 s at 59 °C and 1min at 72 °C, and a final elongation step of 2min
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Fig. 1.Overview of the pseudomonad collection from pediatric patients isolated at the Central Laboratory of theHospital de Niños of La Plata (Buenos Aires, Argentina). The corresponding
sample IDs (see Table 1) are indicated at the upper left corner of each plate. Isolates were grown in Gould's S1 selective medium for 72 h at 37 °C. All isolates had been firstly identified as
P. aeruginosa based on microbiological and biochemical criteria.
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at 72 °C. The PCR reaction products were analyzed by agarose gel electro-
phoresis (1%w/v) for 60min at constant voltage (5 V/cm). For each sam-
ple, the best performing dilution of the template DNA was chosen to
Fig. 2. Agarose gel electrophoresis analysis of the PCR reaction targeting an internal fragmen
Table 1. Each number refers to the corresponding isolate ID as shown in Table 1. M, P. aerugino
to a 100 bp-ladder (PB-L, Argentina) covering the range 100–1000bp,with twoadditional band
the expected size were obtained for isolates 38, 50 and 52 after a second amplification attemp
repeat the PCR for amplicon restriction analyses with the endonuclease
TaqI (Promega) or HaeIII (Fermentas). Each restriction reaction was
carried out in a final volume of 20 μl containing 10 μl of PCR product,
t of the Pseudomonas marker gene oprF, applied to the collection of isolates described in
saMPAO1; H, P. aeruginosaHex1T; P, P. aeruginosa PAO1. The reference bands correspond
s of 1500 and 2080 bp, being the stronger band that of 500 bp (white arrows). Amplicons of
t (not shown).



  41 TACGAAACCGGCAACAAGAAGGTCCACGGCAACCTGACCTCTCTGGACGCCATCTACCAC 106
PAO1 TACGAAACCGGCAACAAGAAGGTCCACGGCAACCTGACCTCCCTGGACGCCATCTACCAC 300
  29 TACGAAACCGGCAACAAGAAGGTCCACGGCAACCTGACCTCTCTGGACGCCATCTACCAC 90
     ***************************************** ****************** 

  41 TCCGACTCCGACAACGACGGCGTTTGCGACAACGTCGACAAGTGCCCGGATACCCCGGCT 466
PAO1 TCCGACTCCGACAACGACGGCGTTTGCGACAACGTCGACAAGTGCCCGGATACCCCGGCC 660
  29 TCCGACTCCGACAACGACGGCGTTTGCGACAACGTCGACAAGTGCCCGGATACCCCGGCT 450
     ***********************************************************

  41 GACTCCGTCGGCACCGTCGCTTAC------------------------------------ 670
PAO1 GACTCCGTCGGCACCGACGCTTACAACCAGAAGCTGTCCGAGCGTCGTGCCAACGCCGTT 900
  29 GACTCCGTCGGCACCGTCGCTTACAACC-------------------------------- 658
     **************** *******                                     

Fig. 5. Single nucleotide polymorphisms detected within the oprF PCR products of isolates 29 and 41 (Table 1). The figure shows the alignment of oprF sequences from isolates 29 and 41
together with that of reference strain PAO1. Only those sequence segments bearing nucleotide replacements are shown; the rest of the amplified sequenceswere identical to that of PAO1.
The substitutedpositions are highlighted in bold. Nucleotides shadowed in graywithin PAO1 sequence point to aHaeIII recognition site that is lost in isolates 29 and 41, and that results in a
distinct PCR-RFLP profile (Fig. 4). The numbers at the right margin correspond to the nucleotide position of the oprF gene of strain PAO1, and to the first nucleotide of the sequenced PCR
fragment of isolates 29 and 41.

Fig. 4. RFLP pattern of the oprF amplicons (Fig. 2) after treatment with HaeIII endonuclease. Each number refers to the corresponding isolate ID as shown in Table 1. M, P. aeruginosa
MPAO1; H, P. aeruginosa Hex1T; P, P. aeruginosa PAO1. The reference bands correspond to a 50 bp-plus ladder (PB-L, Argentina) covering the range 50–500 bp, with two additional
bands of 750 and 1000 bp, being the stronger band that of 250 bp (white arrows).

Fig. 3.RFLP pattern of the oprF amplicons (Fig. 2) after treatmentwith TaqI endonuclease. Each number refers to the corresponding isolate ID as shown in Table 1. M, P. aeruginosaMPAO1;
H, P. aeruginosaHex1T; P, P. aeruginosa PAO1. The reference bands correspond to a 50 bp-plus ladder (PB-L, Argentina) covering the range 50–500 bp, with two additional bands of 750 and
1000 bp, being the stronger band that of 250 bp (white arrows).
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1× buffer and 2 U of the corresponding restriction enzyme. Reactions
were incubated overnight at 37 °C for HaeIII or at 62 °C for TaqI.
The digestion products were separated in 2% w/v agarose gels for
120 min at 5 V/cm. Gels were processed as described above for image
documentation.

The integrity and amplificability of the DNA samples were veri-
fied via PCR targeting a partial sequence of the human β-globin
gene, with primers GH20/PC04 (Bauer et al., 1991). PCR reactions
were carried out in a total volume of 20 μl containing 1 μl of
template DNA, 200 μM of each dNTP, 20 pmol of each oligonucleo-
tide, 2.5 mM of MgCl2, 1× Taq buffer and 1 U of recombinant Taq
DNA polymerase (Taq Pegasus; PB-L). An initial denaturation step
was performed at 94 °C for 2 min, followed by 40 cycles of 30 s at
94 °C, 30 s at 55 °C and 30 s at 72 °C, and a final elongation step at
72 °C for 5 min. PCR products were run in a 1.5% agarose gel electro-
phoresis. Gel staining and image acquisition were performed as
described before.
Fig. 6.Agarose gel electrophoresis analysis of the PCR reaction targeting an internal fragment of
clinical samples. For each sample, the PCR reaction results using as template the undiluted DNA p
sponding sample ID as shown in Table 2. B, blank (negative control). The reference bands correspo
bands of 1500 and 2080 bp, being the stronger band that of 500 bp (white arrows). All the samp
integrity and amplificability (data not shown).
3. Results

3.1. Collection of clinical isolates from pediatric patients identified as
P. aeruginosa

A collection of isolates identified as Pawas compiled aiming to cover
a broad range of clinical origins. Sixty two isolates were provided by the
Central Laboratory of the Hospital de Niños “Sor María Ludovica” from
La Plata (Buenos Aires, Argentina), from both internal and external
patients. Isolates were derived from different pediatric sections at the
Hospital, i.e. Pneumology (37%), Intensive Care (18%) and Neonatology
(14%), among others (Table 1). Most of the isolates were obtained from
bronchial secretions (42%), followed by those from nasopharyngeal
aspirates (20%) and tracheal secretions (18%) (Table 1). Once at our
lab, all isolates were streaked onto pseudomonads-selective medium
Gould's S1. The growth on S1 plates served to analyze the diversity of
colony features and pigment production (Table 1). Non-mucoid isolates
the pseudomonadsmarker gene oprF, applied to total DNA extracts directly prepared from
reparation and their 5-fold and 50-fold dilutions are shown. The numbers refer to the corre-
nd to a 100 bp-ladder (PB-L, Argentina) covering the range 100–1000 bp,with two additional
les gave an expected amplicon for the PCR targeting the human β-globin gene, proving their
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were dominant (79%), followed bymucoid (19%) ones; only one isolate
was hypermucoid. With regard to pigment production, most isolates
produced diffusible pigments (92%); moreover, 71% of the compounds
were fluorescent under UV light. The wide phenotypic diversity of the
collection is shown in Fig. 1.

3.2. Successful detection of the genus-specific oprF amplicon in all
presumptive P. aeruginosa isolates

Fresh colonies suspended in deionized water were lysed by thermal
treatment to provide a source of DNA for PCR reactions targeting an in-
ternal fragment of the Pseudomonas-specific gene oprF. Reference Pa
strains produced an amplicon with the expected size (710 bp) (Fig. 2).
The size of the PCR products from 61 out of 62 isolates was indistin-
guishable from that of the reference strains (Fig. 2). Notably, isolate 3
produced an amplicon of smaller size (ca. 650 bp) (Fig. 2). DNA se-
quencing of both oprF and 16S rDNA amplicons confirmed that isolate
3was actually a Pseudomonasmendocina strain, bearing a deletionwith-
in the OprF central linker domain, a trait described for a selected group
of pseudomonad taxa (Bodilis et al., 2004). Although no specific
amplicon was obtained for isolates 38, 50 and 52 at the first amplifica-
tion attempt, the expected PCR product was observed after repeating
the reaction (data not shown).

3.3. The oprF PCR-RFLP is useful for species identification of Pseudomonas
spp. clinical isolates

In order to explore the diversity contained within the oprF amplicon
from the isolate collection, oprF PCR products were treated with the
restriction endonuclease TaqI or HaeIII, which are commonly used in
molecular fingerprinting methods. Most of the isolates showed the
same RFLP pattern with either nuclease, with 4 bands of approx. 80, a
doublet of 100, 140 and 270 bp for TaqI (Fig. 3), and 3 bands of approx.
60 (doublet), 130 and 220 bp (doublet) forHaeIII (Fig. 4). These patterns
coincided with those of the reference strains, as expected from the
available oprF sequence. In contrast, isolate 3 produced different RFLP
profiles with both enzymes, which is also consistent with the smaller
size detected for the oprF amplicon (Fig. 2). Interestingly, in spite of
having an oprF PCR product of comparable size to those from the rest
a b
S1 S2 S9 S10 S14 S1 S2 S

Fig. 7. RFLP pattern of the oprF amplicons from DNA extracts of samples without cultivation, (a
corresponding isolate ID as shown in Table 2. The reference bands correspond to a 50 bp-plus lad
1000 bp, being the stronger band that of 250 bp (white arrowheads).
of the isolates, isolates 29 and 41 generated a differential HaeIII RFLP
profile with three bands of approx. 70, 220 and 350 bp (Fig. 4). This sug-
gested that these two isolates had nucleotide changes within a HaeIII
site that in most isolates allows cleavage of the 350 bp-fragment into
the 220 bp- and 130 bp-bands (Fig. 4). Thiswas confirmed by sequencing
the oprF amplicon of isolates 29 and 41, which revealed a C → T silent
transition in the third position of the 220th codon encoding alanine,
thus resulting in the loss of a HaeIII restriction site (Fig. 5). Moreover, se-
quencing of the oprF amplicon allowed detection of two additional single
nucleotide polymorphisms (SNPs) (Fig. 5). These observations suggest
that there are at least two different oprF HaeIII-RFLP profiles indicative
of the presence of Pa in samples from pediatric patients.

3.4. The oprF-targeted PCR-RFLP allows detection and identification of Pa in
clinical samples without cultivation

Upon demonstration of the robustness of the PCR-RFLP assay for the
identification of clinical isolates of Pa, we next evaluated the perfor-
mance of the assay when applied directly to clinical samples without
strain isolation. A set of 15 clinical samples from fibrocystic pediatric
patients were analyzed (Table 2). The expected oprF PCR product was
obtained for all samples in which Pa had been previously isolated by
culture-based microbiological assays (S1, S2, S9, S10 and S14; shown
in Fig. 6). Furthermore, the TaqI and HaeIII-based RFLP analyses per-
formed on the PCR products obtained directly from the clinical samples
confirmed the presence of Pa strains (Fig. 7).

4. Discussion

The PCR protocol reported here allowed amplification of an internal
fragment of approx. 710 bp corresponding to the Pseudomonas oprF
gene in 61 out of 62 tested clinical isolates. The application of restriction
endonucleases TaqI and HaeIII on the oprF amplicons resulted in highly
prevalent RFLP patterns (over 94%). Moreover, in a previous work, none
of the Pa RFLP profiles coincided with those registered for other pseudo-
monad species (Agaras et al., 2012). This observation supports the appli-
cation of this RFLP protocol for identification Pa strains present in clinical
samples.
c
9 S10 S14 S1 S2 S9 S10 S14

) after treatment with TaqI (b) or HaeIII (c) endonucleases. Each sample code refers to the
der (PB-L, Argentina) covering the range 50–500 bp,with two additional bands of 750 and
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Unlike reported PCR assays that target other Pa-specific genetic
markers as algP, gyrB and groES (Clarke et al., 2003; da Silva Filho et al.,
1999; Deschaght et al., 2011; Motoshima et al., 2007), the oprF PCR-
RFLP assay reported here is — to our knowledge — the first genus-
specific PCR-RFLP assay that allows identification of pseudomonads at
the species level, provided both the PCR reaction and the RFLP profiling
proved useful to detect and differentiate strains present in environmental
(Agaras et al., 2012) and clinical samples (Figs. 2–4). Although there is no
clear clinical relevance yet for the presence of infrequent non-Pa pseudo-
monads in patients with cystic fibrosis, the epidemiological meaning of
detecting non-Pa Pseudomonas has started to be a focus of study upon
recognition of environmental strains as reservoirs of antimicrobial resis-
tance determinants (Docquier et al., 2003; Gilarranz et al., 2013; Juan
et al., 2010, Juan and Oliver, 2010; Viedma et al., 2014). In this context,
we propose that the application of the PCR-RFLP assay reported here to
monitor the presence of non-Pa pseudomonads in clinical samples
(even if not originated in the respiratory tract of fibrocystic patients),
will be useful for the epidemiologic surveillance of Pseudomonas spp.
populations in the hospital environment. Classical microbiological prac-
tices based on culturing methods and characterization of biochemical
properties of the isolates could eventually lead to misidentification of
non-Pa Pseudomonas strains (Figs. 2–4). The method presented here
would help to overcome this issue.

Moreover, we provide evidence that the oprF-targeted PCR assay is
able to detect pseudomonads in DNA extracts from samples of fibrocystic
pediatric patients without sample cultivation (Fig. 6). In addition, the
RFLP analysis of the oprF amplicons generated from DNA extracts from
clinical samples, revealed the characteristic banding profile of Pa in all
samples thatwere also positive for Pa uponmicrobiological and biochem-
ical characterizations (Fig. 7). Thus, the oprF PCR-RFLP is able to detect Pa
in clinical pediatric samples without cultivation.We observed that detec-
tion of the expected oprF amplicon required some samples to be diluted
before the PCR reaction (Fig. 6), possibly due to the co-extraction of inhib-
itory substances present in the clinical sample. For this reason,we suggest
assaying different dilutions of the same sampleDNAextract. A positive re-
sult for the oprF PCR-RFLP on sample DNA extracts is particularly relevant
because detecting the presence of the pathogen through its DNAwithout
its isolation at first attempt, may prompt the laboratory to focus on isola-
tion of the strain from new collected samples without major delay.

In addition to Pa, there are other pathogens associated to cystic fibro-
sis, i.e. species of the Burkholderia cepacia complex (Martina et al., 2013),
Achromobacter xylosoxidans (Liu et al., 2002) and Stenotrophomonas
maltophilia (Gallo et al., 2013; Pinot et al., 2011; Roscetto et al., 2008),
for which molecular detection methods are available. It would be worth
trying to consider setting up a multiplex PCR-RFLP assay targeting the
parallel detection and identification of these microorganisms.

As reported elsewhere (Deschaght et al., 2009; Deschaght et al.,
2011), a wide variety of methods have been used so far to extract
DNA from respiratory tract samples, from those based on nucleic acid
organic extraction to those silica-based commercial extraction kits. Con-
sidering the macroscopic heterogeneity of the sputum samples that we
have processed, we selected the phenol-chloroform extraction as the
gold standard technique to be used for the downstream application of
the oprF PCR-RFLP procedure. We are currently working to develop a
cheaper, easily accessible, non-commercial protocol for DNA template
preparation from clinical samples that does not require organic extrac-
tion but retains the high effectiveness for the detection.

5. Conclusions

Altogether, our results support the use of the PCR-RFLP protocol
targeting oprF for the detection and species identification of Pa strains
present in clinical samples from fibrocystic pediatric patients with
high effectiveness and,more importantly,without cultivation. In addition,
the oprF PCR-RFLP assay proved useful to detect the presence of other less
frequent pseudomonads of increasing epidemiological relevance. Their
surveillancewill hopefully contribute to the understanding of the dynam-
ics of pseudomonad population diversity in a clinical niche and their con-
tribution to the clinical evolution of fibrocystic patients. For the reasons
exposed above, the oprF PCR-RFLP assay represents an excellent, simple
and cheap complement to the conventional microbiological methods for
rapid and early diagnosis of Pa infection and for detection on non-Pa
strains in fibrocystic patients.
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