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Minjeong Park’, Yeji Jeon', Eugene L. Madsen®> and Che Ok Jeon"*

'Division of Applied Life Science, EBNCRC & PMBBRC. Gyeongsang National University, JinJu 660-701, Korea
“Department of Microbiology, Cornell University, Ithaca, NY 14853-8101, USA

Received March 19, 2007; Accepted june 8, 2007

Polaromonas naphthalenivorans CJ2, responsible for naphthalene degradation at a coal tar
contaminated site, was isolated on MSB agar media supplied with naphthalene vapor as the sole
carbon source at 10°C. The strain is not isolated under the same isolation condition using the same
soil sediment at 20°C although its optimum temperature is about 20°C. In this work we explored
the reason why strain CJ2 could not have been isolated on MSB agar with naphthalene vapor at
20°C. Dispersed CJ2 cells in PBS buffer formed colonies on MSB agar with naphthalene vapor at
10°C with low naphthalene vapor pressure, but not at 20°C with high naphthalene vapor pressure.
However, streaked cells without resuspension grew on MSB agar with naphthalene vapor at 10°C,
20°C, and even 25°C. Investigation of scanning electron microscopy showed that CJ2 cells formed
extracellular polysaccharide (EPS) capsules, which were released easily from CJ2 cells by just
dispersion. Therefore, it is concluded that strain CJ2 is able to overcome the naphthalene toxicity
by forming a capsule-type barrier around the cells although it is susceptible to naphthalene toxicity

at high temperature.

Key wor

Among the many goals of microbial ecology,
identification and understanding of the genes as well as
the microorganisms that are responsible for catalyzing
biogeochemical reactions in soils, water, and sediment are
very important to analyze the environmental processes
[Jeon et al., 2006; Madsen, 2000; Radajewski et al.,
2000]. These days techniques that focus on markers of in
situ metabolism that are specific and transient, such as
unstable metabolites and mRNA, are very popular and
can offer the possibility of measuring activity that is
taking place at the time of sampling [Wilson ez al. 1999;
Wilson and Madsen, 1996]. However, isolation of
microorganisms is still a prerequisite for understanding of
environmental processes and biotechnology in detail, but
it is not always successful due to many obstacles.

Polycyclic aromatic hydrocarbon (PAH) contamination
of the environment is of concern and numerous studies
have been conducted on PAHs degrading bacteria
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because they are toxic and carcinogenic [Zhang ef al.,
2004]. There has been extensive information on PAH
biodegradation by both gram-positive and gram-negative
bacteria, especially Pseudomonads because Pseudomonads
could be isolated and cultivated easily [Park et al., 2002;
Serdar et al., 1989; Shuttleworth and Cerniglia, 1995;
Simon et al, 1993]. Coal-tar waste containing high
concentrations of PAH was buried at our study site (site
24, NY, USA) approximately 40 years ago, which has
provided an excellent opportunity to examine the
naturally occurring microorganisms to PAH {Madsen et
al., 1991]. Therefore, previous researchers have studied
on active bacteria capable of metabolizing aromatic
hydrocarbons at a coal tar waste-contaminated site
[Bakermans and Madsen, 2002; Jeon et al., 2003; Park er
al., 2003] and isolated a variety of Gram-negative and
Gram-positive naphthalene degrading bacteria from the
site [Herrick et al., 1997; Stuart-Keil ef al., 1998].
Recently we isolated a novel Gram-negative bacterium,
Polaromonas naphthalenivorans CJ2, on MSB agar
supplied with naphthalene vapor as the sole carbon and
energy source at 10°C [Jeon et al, 2004]. However,
previous researchers could not isolate strain CJ2 on MSB
agar with naphthalene vapor from the same soil sediment
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at 20°C. The only difference between the previous
isolation conditions and our conditions was temperature.
By lowering the incubation temperature from 20°C to
10°C, we succeeded in isolating the naphthalene-degrading
bacterium. In this paper we describe in the light of
naphthalene toxicity the reasons why strain CJ2 is not
isolated on MSB media supplied with naphthalene vapor
at 20°C. This was one important achievement since
numerous previous efforts to isolate such a bacterial strain
had tumed out to be failed at the similar isolation
conditions.

Materials and Methods

Bacterial strains, plasmids, and growth conditions.
Polaromonas naphthalenivorans strainCJ2 and Pseudomonas
putida NCIB 9816-4 have been described previously
[Jeon et al., 2003; 2004; 2006; Simon ef al., 1993; Stuart-
Keil et al., 1998; Park er al, 2002; 2004]. P
naphthalenovorans CJ2 was grown and maintained on
mineral salts basal medium (MSB) [Stanier ef al., 1966]
with either naphthalene vapor as the sole carbon source or
a complex medium R2A agar. Naphthalene was supplied
as vapor in a closed chamber. Other culture media were
prepared according to the procedures described previously
[Stuart-Keil ef al., 1998].

Toxicity tests of P naphthalenivorans CJ2 to naphthalene.
Toxicity tests of P naphthalenivorans CJ2 were performed
following the procedure that was used for strain CJ2
isolation [Jeon et al., 2004]. Strain CJ2 colonies grown on
R2A agar (Difco) were resuspended in PBS (phosphate
buffered saline; 0.01 M sodium phosphate, 0.9% (w/v)
NaCl, pH 7.2) buffer. The resuspended cells were spread
on MSB agar supplied with naphthalene vapor or R2A
agar, respectively. The agar plates were incubated at 10,
20, and 25 °C and colony formation was checked after 10
days. Toxicity tests of unsuspended P. naphthalenivorans
CJ2 were also carried out. Strain CJ2 colonies grown on
R2A agar were transferred on MSB agar supplied with
naphthalene vapor or R2A agar by just streaking and
incubated at 10°C and 20°C and 25°C, respectively. Growth
was checked after 10 days. Our experimental design for
toxicity tests included an archetype naphthalene degrader,
P, putida NCIB 9816-4 as a reference test.

Measurement of naphthalene vapor pressure. To measure
naphthalene vapor pressure at different temperatures,
crystals of naphthalene were added into empty serum
bottles and stored at 10, 20, and 25°C. Headspace
sampling (250 pl gas-tight syringe) occurred 3 times after
two days, naphthalene vapor contents in the serum bottles
were measured using a Hewlett Packard 6890 GC
equipped with an HP-SMS column (crosslinked 5% PH

ME Siloxane) coupled to an HP 5973 MSD (mass
selective detector) according to the method described
previously [Jeon et al., 2004].

Observation of extracellular polysaccharide from
strain CJ2. For SEM, CJ2 cells were fixed with 3%
glutaraldehyde and 1% osmium tetroxide and dehydrated
in an ethanol series (20, 40, 60, 80%) for 10 min at each
gradation followed by three times in 100% ethanol for 10
min. The dehydrated samples were dried with a critical
point dryer using liquid carbon dioxide as the transition
fluid. A piece of the dried membrane was attached to an
SEM stub with double-sided tape, then coated with ~40
nm of gold-palladium in a sputter coater under vacuum.
The coated samples were viewed in a Hitachi 4500 field
emission scanning electron microscope operated at 5.0
kV at the Cornell Integrated Microscopy Centet.

Results

Isolation background of Polaromonas naphthalenivorans
CX2. P. naphthalenivorans strain CJ2, responsible for
naphthalene degradation at a coal-tar contaminated site
(site 24, NY, USA), was isolated on MSB media supplied
with naphthalene vapor at 10°C [Jeon et al., 2003, 2004].
However, strain CJ2 is not isolated from the same soil
sediment that was used for CJ2 isolation on MSB media
supplied with naphthalene vapor at 20°C although its
optimum temperature is approximately 20°C [Jeon et al.,
2004]. Previous researchers also could not isolate strain
CJ2 or its relatives at 20°C. Most of the previous isolates
were just traditional naphthalene degraders such as
Pseudomonas,  Burkholderia,  Paenibacillus, and
Rhodococcus from the site at 20°C [Wilson et al., 2003].
The sole difference between success and failure of strain
CJ2 isolation was just incubation temperature.

Toxicity tests of P naphthalenivorans CJ2 to naphthalene.
To investigate the reasons that strain CJ2 had not been
isolated from the coal tar contaminated site at 20°C
although its optimum temperature is 20°C, growth tests
were performed using already isolated strain CJ2. The
resuspended cells of strain CJ2 in PBS buffer were spread
on MSB agar and incubated under naphthalene vapor at
10, 20, and 25°C, respectively. As the results, they formed
colonies at 10°C, but not at 20°C or 25°C, whereas they
formed colonies at all temperatures on R2A agar (Table
1). On the other hand when the strain CJ2 cells were
transferred on fresh MSB agar by streaking method
without resuspension, which can keep the EPS capsules
on the cells, and incubated under naphthalene vapor at 10,
20, and 25°C. As the result, the streaked CJ2 cells grew
well on MSB agar with naphthalene vapor at all
temperatures (Table 1). For the reference experiment, the
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Table 1. Growths of dispersed and streaked cells of strain CJ2 on MSB agar supplied with naphthalene vapor or

MSB agar with pyruvate

Media
MSB with naphthalene vapor MSB with pyruvate
Temperature, °C Temperature, °C
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Fig. 1. Naphthalene vapor pressure in serum bottles at
different temperatures.

growth tests of P putida NCIB 9816-4, a well-known
naphthalene degrader, showed that the resuspended cells
of strain NCIB 9816-4 formed colonies on MSB agar
with naphthalene vapor at all temperatures (Data not
shown).

Naphthalene vapor pressure at different temperatures.
Because naphthalene as a sole carbon source was supplied
with vapor form by sublimation from naphthalene pellets,
its vapor pressure is closely related to temperature of
incubation chambers. As shown in Fig. 1, naphthalene
vapor pressure increased sharply according the temperature
increase. The amount of vaporized naphthalene at 20°C
was three times higher than that at 10°C, suggesting that
the vulnerability of strain CJ2 on naphthalene vapor at the
elevated temperature may be related to the increased
amount naphthalene in the vapor.

Observation of extracellular polysaccharide produced
by strain CJ2. To examine the differences between
resuspended cells and undispersed cells of strain CJ2,
resuspended and undispersed CJ2 cells were investigated
using a SEM. Undispersed CJ2 cells that were prepared
in the conventional way for SEM (i.e. fixation by
glutaraldehyde, ethanol dehydration, critical point drying
and gold-palladium coating) showed that CJ2 cells were
surrounded by dense EPS capsules (Fig. 2a). However,

kled surface by releasing EPS material in SEM image.

the SEM image of the resuspended CJ2 cells showed that
the cells lost their EPS capsules, indicating that the EPS
capsules were released easily from the cells just by
dispersion. Similarly, bacterial EPS was known to be
released from cells easily by blending [Kachlany et al.,
2001].

Discussion

It is generally considered that naphthalene is toxic to
human and insects as well as microorganisms. However,
pollutant-degrading bacteria are considered to be tolerant
to pollutant toxicity at any rate due to their degrading
ability [Park et al., 2004; Park and Madsen, 2004]. P
naphthalenivorans strain CJ2 was isolated from a coal tar
contaminated site on MSB media supplied with naphthalene
vapor at 10°C, not at 20°C [Jeon et al., 2003; 2004]. In
this work the reason that strain CJ2 is not isolated on
MSB agar with naphthalene vapor at 20°C was investigated.
Our results showed that resupended CJ2 cells without
EPS capsules formed colonies on MSB agar supplied
with naphthalene vapor at 10°C with low naphthalene
vapor pressure, but not at 20°C with high naphthalene
vapor pressure. On the contrary, streaked cells with EPS
capsules grew on MSB agar supplied with naphthalene
vapor at 10°C, 20°C, and even 25°C. Therefore, it is
concluded that EPS materials can protect strain CJ2 cells
from the naphthalene toxicity by forming capsules that
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can be a diffusion barrier of naphthalene vapor. The
toxicity tests of P putida NCIB 9816-4 revealed that
strain NCIB 9816-4 is more tolerant than strain CJ2 to
naphthalene toxicity and can grow well on MSB agar
with high naphthalene vapor pressure without capsules.
Thus, these results partially can explain why Pseudomonads
have been isolated dominantly from the coal tar-
contaminated site (site 24) in which strain CJ2 is responsible
for naphthalene degradation [Jeon et al., 2003]. Pollutant-
degrading bacteria can be sensitive at the concentrations
of pollutants generally used for bacteria isolation at
laboratory. Therefore, the results reported here suggest
that uncultured pollutant-degrading bacteria can be
isolated just by decreasing pollutant toxicity.
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