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Abstract. We have developed a rapid, reliable and sensitiegéhod to analyze, detect and
trace dissemination of pathogenic and spoildggidomonas species in foods and environments. The
molecular identification oPseudomonas species was achieved using a PCR-based assapnvitar
sets specific for 16S ribosomal DNA ag@B genes. This PCR assay was found to provide highly
genus-specific detection and could be successfudlgd to identifyPseudomonas in microbial
consortia where these bacteria were not abundgntoBpling the PCR assay for 16S rDNA gene to a
T-RFLP technique, identification d?seudomonas strains at species level could be obtained without
cultivation. PCR with a combination of two targetgsences (multiplex PCR) appeared to be the
optimum choice for discriminating betweBseudomonas and closely related genera.

Keywor ds: Pseudomonas speciesPseudomonas aeruginosa, molecular typing, PCR,
T-RFLP, 16S ribosomal DNdyrB gene.

INTRODUCTION

Pseudomonas is one of the most diverse bacterial genus, conmgrigver sixty validly
described species with multiple biovars (Aneaial., 2000). Members of this genus are
aerobic or facultative anaerobic gram-negative aienganotrophs, able to grow in sail,
marshes, and marine habitats, as well as on pt@haaimal tissues. This genus includes plant
growth promoting species (Mardt al., 2006; Weller, 2007) and some species that can be
opportunistic pathogens to plants, humans, andalsithyczaket al., 2000).

Identification of these species may be problemdtie to the marked phenotypic
variability demonstrated by isolates from cliniGald environmental sources. The current
strategy of bacterial identification is biochemitedting, consisting of primary detection with
various standard culture media and identificatieimg commercial identification systems,
such as Vitek system (bioMerieux, Hazelwood, MOdwidver, these identification methods
may misidentify fluorescent pseudomonads, such. @&ruginosa (Qin et al., 2003; Saiman
et al., 2003). Molecular method based on the detectfamuoleic acids hold the promise the
rapid detection and identification. Several PCResoings, targeting several gene sequences
(toxA, gyrB, oprl, oprL, fliC, ecfX) or the ribosomal operon, have been developed for
identification and characterization @&. aeruginosa providing evidences that molecular
techniques are superior over conventional phenotyigthods (Atzélet al., 2008).

The aim of the current study was to develop a rapid sensitive culture-independent
method for analysis oPseudomonas populations in environmental and clinical samples,
capable of distinguishing different fluorescent@ps and of identifyindP. aeruginosa strains
at species level.



MATERIALS AND METHODS

Total genomic DNA from pure cultured strains andviemmental samples was
extracted using DNeasy Blood & Tissue Kit (Qiagemjcording to manufacturer’s
instructions. Experimental specificity of PCR primetargeting the 16S rDNA of
Pseudomonas species was tested using genomic DNA from laboyattvains and DNA from
environmental samples. PCR reactions were perfoimedtotal volume of 50 pl containing
0.2 mM of each dNTP (Fermentas, Lithuania), 0.2 pfdach primer, 1 pl DNA template, 5
ul of 10x PCR buffer and 2.5 U of enzyme. A variefyTaq polymerases from a number of
different suppliers were used successfully. Theskided Tagq DNA polymerase from Qiagen
and Biolabs, MasterAmp from Epicentre, MasterTagmfrEppendorf and AmpliTag Gold
from Perkin Elmer. Details of the primers and PCéhditions are available elsewhere
(http://dspace.unitus.it/handle/2067/587). Negatoantrols without template DNA were
included for each PCR experiment. PCR products werédied by electrophoresis in 1%
(w/v) agarose gel stained with ethidium bromide.

Terminal Restriction Fragment Length Polymorphism-RFLP) analysis was
performed on DNA from several environmental samplé®se included DNA from bacterial
populations from spent mushroom compost (SMC),ienitrsolution from closed hydroponic
systems (NS; Pagliacciat al., 2008) and a packed-bed reactor for aerobic Qicib
treatment of olive mill wastewater (SB; Berteh al., 2006). Fluorescently labeled PCR
products (100 ng) were purified and digested witldamucleaséHhal (Roche) andMispl
(Roche) in separate reactions. Each digestion wdermqmed at 37°C for at least 4 h. Aliquots
(1 pl) were mixed with 19,5 ul of deionized formaaiand 0,5 pl of ROX-labeled GS500
internal size standard (Applied Biosystems). Gemes:1 software was used to quantify the
electropherogram output by setting the peak hetgheshold of 100 fluorescent units.
Replicate T-RF profiles gave reproducible fingansi

RESULTS AND DISCUSSION

The design of genus-specific primer pairs for tekective amplification of the 16S
rRNA regions of the genuBseudomonas were based on the search for conserved sequences
within this genus. Three regions were found to heugh conserved among the different
species of the genus and two genus-specific pnoaes were designed.

The specificity of the two primer pairs (named FBldhd P2-P3, respectively) was
experimentally verified by PCR using genomic DNAr 62 pure cultures. The cultures
analyzed included 4Pseudomonas and 21 norPseudomonas strains. PCR assays employing
each primer pair generated a DNA product of theeetedl size only when DNA extracted
from Pseudomonas strains was used as a template (Table 1). Thidtrewlicated that the
sensitivity and specificity of each PCR assay wa8%. The results were reproducible and
comparable for all of the Taqg DNA polymerases usdtiis work.

To further evaluate the specificity of the PCR pool, metagenomic DNA extracted
from three different environmental samples was wsed complex source for 16S rRNA gene
amplification targets of culturable and noncultdealnicroorganisms. A product of the
expected size was obtained from each metagenome.athuracy of the amplification
protocol was evaluated by restriction pattern agialgnd sequencing of representative clones
derived from the amplified region of the 16S rRNéng. The results of these experiments are
summarized in Table 2.



Tab. 1

Inclusivity and exclusivity data for the two 16SNB PCR assays

Bacterial species (N° of isolates tested)

PCR product

P1-P3
(1081 bp)

P2-P3
(860bp)

Pseudomonas aeruginosa (24)
Pseudomonas avellanae (1)
Pseudomonas chlororaphis (1)
Pseudomonas fluorescens (4)
Pseudomonas putida (4)
Pseudomonas oleovorans (1)
Pseudomonas savastanoi (4)
Pseudomonas syringae (1)
Pseudomonas stutzeri (1)
Acinetobacter baylyi (1)
Acinetobacter baumannii (1)
Aeromonas hydrophila (1)
Agrobacterium tumefaciens (1)
Bacillus subtilis (1)

Brenneria quercina (1)
Burkholderia terricola (1)
Clostridium spp. (1)
Enterococcus faecalis (1)
Erwinia amylovora (1)
Escherichia coli (1)
Halomonas spp. (1)
Marinomonas spp. (2)
Paracoccus denitrificans (1)
Pseudoalteromonas spp. (3)
Rhizobium spp. (1)
Salmonella typhimurium (1)

Senotrophomonas maltophila (1)

+

I+ + + + 4+ + + +

+

I+ + + + 4+ + + +

Note: + presence, — absence

Tab. 2

Specificity of the PCR protocol on metagenomic DNA

Metagenome Primer pair T-RF lenght (bp) Clone ttistion (%)*
Spent mushroom compost P1-P3 398(>600)7115 P. fluorescens (100)
(SMC) P2-P3 233621°/307 P. fluorescens (100)
Nutrient solution from closed P1-P3 398552/115° P. putida (100)
hydroponic systems (NS: ) P2-P3 2387/307 P. putida (100)
SB reactor for the aerobic P1-P3 398115 Pseudomonas spp. (100)
biological treatment of olive P2-P3 233/(>500¥/307 Pseudomonas spp. (60)
mill wastewater (SB) 2341187111 Dokdonella spp. (40)

Note: * The clone distribution was based on thausege of 16S rRNA genes recovered.

! Mspl, ?Rsal, *Hhal



ﬂ '3EI .BD ?D l'ZCI It g0 I!SIZI ?TG :’:‘40 '270 '300 I33'3 LSBEF ’33‘3 :420 :150 :130 'EID :540 .5-?'0 :

1200
600 - '!‘,1 15£0.07 bp
0] L

1B :h148/1,/08 /hi

600 ] !!-‘(398i0.04 bp

2E :i1*9/1/08 /i1
v

| [« p

b

Fig. 1. T-RF profiles derived from enzyme digestiith Hhal (upper panel) oMspl (lower panel)
of amplicons from NS metagenome generated with@ripair P1-P3.

TRF patterns derived from enzyme digestion viRtal, Hhal and Mspl of amplicons
generated with primer pair P1-P3 and P2-P3 revehlegresence of 16S rDNA sequences
belonging to fluorescemseudomonas strains in all of the metagenomic DNA sampleseigst

An example of TRF patterns produced after digestadnamplicons from NS
metagenome is showed in Fig. 1.

Based on the T-RF lengths (Table 2), we could destnate thaP. fluorescens strains
are present in SMC and SB communities, while thedd®munity includes strains ¢f.
putida. Sequence data from clone libraries of 16S rRNAegegenerated from the same
environmental samples were in agreement with T-RFl&a. Fingerprints from SB
metagenome produced bihal and Rsal digestion of amplicons generated with primer pair
P2-P3 generated two different profiles, one of Wwhaoes not match any the expected
fingerprints (Table 2).

Comparative analysis of bacterial 16S rRNA genaiseges from SB clone library
with the sequences present in the RDP databaseeghsignificant similarity with the 16S
rDNA from Dokdonella, a gram-negative bacterium belonging to the famdy
Xhantomonadaceae. These data indicated that, whetagenomic DNA was used as a
template, primer pair P2-P3 generated an ampli¢dheoexpected size also with 16S rDNA
of some norPseudomonas strains (i.e bacteria closely relatedtokdonella group) (Table 2).
On the contrary, when primer pair P1-P3 was usedvas obtained an amplicon of the
expected size only when 16S rDNA deudomonas strains was present. Taken together, the
data confirm the selectivity of the primer pair P3; as well as of the PCR protocol for the
identification of fluorescerPseudomonas at genus and species level.

For accurate identification d®. aeruginosa we have also developed a Multiplex-T-
RFLP assay. The molecular assay was based onnthétaneous amplification of two target
sequences (16S rRNA amgyrB sequence) and on the analysis of the PCR prodhycis
RFLP. The assay was validated on total genomic DdfA24 different strains ofP.
aeruginosa isolated from environmental and clinical sampBsth target genes used in the
multiplex-PCR were detected and T-RFs of expectee@ svere obtained from alP.
aeruginosa strains tested, confirming the specificity andestVity of this assay for the
identification ofP. aeruginosa isolates at species level.

CONCLUSIONS



We present here a significantly improved DNA finganting assay for rapid and
accurate identification of fluorescePseudomonas.

By coupling the PCR assay for 16S rDNA gene to RFLP technique, identification
of Pseudomonas strains at species level could be obtained witlalitvation.

Simultaneous amplification of 16S rDNA angyrB followed by digestion of
amplicons, which are then separated by multicolpilary electrophoresis, allowed rapid
and accurate identification & aeruginosa isolates at species level.
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