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1. Introduction

Pseudomonas aeruginosa is an opportunistic pathogen, causing serious nosocomial
infections in immunocompromised hosts, such as cystic fibrosis patients. It has also
been isolated from various natural environments, including fresh water, soil, plants and
animals. In 1995, Tanoue et al. reported the wide distribution of a porin corresponding
to OprP of this bacterium as a dissolved protein in the ocean. This finding raised an
intriguing hypothesis that P aeruginosa may be commonly present in the ocean.
Recently, we succeeded to isolate P aeruginosa repeatedly from several stations in open
ocean in the Pacific Ocean (Khan et al. in press). The question of this work was to clarify
the phylogenetic relationship among strains of P aeruginosa of various origins. I
sequenced several genes (16S rDNA, 23S rDNA, ITS1, gyrB, mexB, oprD, and fiC)

among strains from fresh water, clinical, dolphin and marine environments.

2. Materials and Methods

Strains of Pseudomonas aeruginosa were isolated from stations in the Pacific Ocean
during the cruise of R/V Tansei-Maru (KT-04-9). The sea water samples were filtrated
through Nucleopore filter (pore size, 0.22pm), which was cultured on selective media.
After identification by 16S rDNA sequence, the DNA was extracted from the isolates by
using DNeasy kit (Quiagen) and PCR amplification targeting 16S rDNA, 23S rDNA,
ITS1, gyrB, mexB, oprD, fliC genes, were carried out. The PCR products were purified
by Exo-SAP (USB) and reacted with Big Dye Terminator v. 3.1 Cycle Sequencing Kit
(Applied Biosystems) for dye termination. After that, the reactants were sequenced by
ABI 3130 Auto sequencer (Applied Biosystems) and sequence data were analyzed by
Mega v3.1. Phylogenetic trees were constructed with the Neighbor-Joining method.
Bootstrap values were calculated for 1,000 trees. In addition, isolates from fresh water,
clinical, dolphin and Tokyo bay were analyzed. The number of synonymous nucleotide
substitutions per 100 synonymous sites (d.s), the number of non-synonymous nucleotide
substitutions per 100 non-synonymous sites (dn), and the portion of dy/ds (%) were

calculated by using Mega v3.1.



3. Results

From the trees based on 16S, 23S rDNA, the group of marine strains was formed but
the scores of bootstrap were low totally and the trees lacked the reliability. Marine and
Tokyo bay strains The mixed group of marine and Tokyo bay strains was formed in the
tree based on ITS1. As for the tree based on gyrB, the group of marine strains (Group.
I, Group.II) was separated from the groups of fresh water and clinical, while the mixed
group of fresh water, clinical, marine strain was formed. The clades of G. 1 and G.1I
were formed in consensus tree based on conservative genes (16S, 23S rDNA, ITS1,
gvrB), which correspond to the tree based on gyrB. The groups of fresh water and
clinical strains were also formed in this tree. No clades were appeared in the tree based
on mexB. The clade of G.II was appeared and separated from the clades of fresh water
and clinical strains in the tree based oprD and the mixed clades of various strains were
also formed. The marine strains and fresh water strains formed the clades separately,
but the reliability of the internal branch was low due to the low scores of bootstrap in
the tree based on #7iC. The phylogenetic differences between the marine strains from
other strains were appeared in the consensus tree of functional genes (mexB, oprD, and
f1i0). The estimations of d.s, da; the portion of d/d.s and Mean nucleotide substitution
(%) between strains revealed the suitability of the gene for the phylogenetic analysis
and the results were gyrB and oprD for the analysis. The tree based on gyrB and oprD
was constructed and the 2 groups (G. I & G.II) of marine strains were formed under the

high scores of bootstrap, which correspond to the groups of the trees above-mentioned.

4. Discussion

The isolation of P aeruginosa from marine environments implies that this bacterium
may be present in every part of the Earth. Then how did this bacterium spread into new
environments? How functionally diverse do they during the process of evolution? What
makes it possible for this bacterium to have such wide habitats? This work was
intended to answer these questions.

First, the phylogenetic analyses using multiple genes indicate the presence of two
distinct clusters (G.I & G.II) among marine isolates. Therefore, it is concluded that
there are group of strains uniquely present in marine environments. The two groups are
composed of strains isolated from S1, S2 in the Pacific Ocean from the different cruises.
Other strains from freshwater, dolphin and clinical sources also tended to make unique
clusters, indicating that phylogenetically slightly different strains had appeared in each
habitat during the course of evolution. Further detailed works will clarify the details of

the evolutionally process of this unique bacterium.



