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Abstract

A large collection of naphthalene-degrading Pseudomonas strains isolated from pollu-
tion sites was screened for the growth parameters in the liquid medium with naphthalene, the
utilization of organic compounds (single and complex as petroleum) as the only source of
carbon and energy, the activity of key enzymes of naphthalene catabolism (naphthalene di-
oxygenase, salicylate hydroxylase, catechol-1,2-dioxygenase and of catechol-2,3-
dioxygenase). The most active strains were used as recipients of Nah-plasmids. The transfer
and inheritance of Nah-plasmids of IncP-7 and IncP-9 groups in the cells of natural naphtha-
lene utilizing bacteria and collection strains of Pseudomonas were studied. The efficiency of
naphthalene degradation by natural and genetic constructed strains bearing Nah-plasmids in
model soil system was determined. The number of microorganisms and the concentration of
naphthalene in soil samples were monitored (in presence of bacteria the concentration of
naphthalene in soil has been decreasing from 32,2 % to 100 % in 7 days). The best protective
effect was found for the collection strain P. putida KT2442, bearing Nah-plasmids from
group IncP-9 and naturals bacteria P. putida AL21, P. putida NL21, P. putida NL26, P.
putida AL1 containing combination of two Nah-plasmids. These strains can be used as a basis
for biopreparations for effective cleaning polluted soils
Key words: naphthalene, naphthalene dioxygenase, salicylate hydroxylase, catechol-1,2-
dioxygenase, catechol-2,3-dioxygenase, plasmid, model soil system.

Introduction

Polycyclic aromatic hydrocarbons drocarbons fall almost exclusively into the
(PAHs) are a class of widespread persistent incompatibility groups IncP-9, IncP-7, and
pollutants which are present in effluents IncP-2 [5, 6]. The plasmid genes of naph-
and gas exhausts of coke, gas and petro- thalene catabolism are organised into two
leum production. Naphthalene, phenan- operons that exist on a plasmid as parts of
threne, anthracene, and chrysene are com- composite transposons [7-8]. Based on this
ponents of the heavy fraction of oil, which fact, it could be expected that naphthalene
pollutes the environment as a result of oil operons to be equally distributed in Pseu-
spills. Furthermore, PAHs occur and enter domonas spp. Horizontal gene transfer
the soil, air and water due to incomplete plays an important role in evolution of bac-
combustion of some organic compounds terial populations and their adaptation to
and gas exhaust [1]. Though the concentra- environmental pollution. Numerous studies
tion of PAHs in soil can be reduced by provide circumstantial evidence that con-
abiotic processes, such as evaporation and jugative plasmids and transposons may
sorption, microbial populations play the promote the transfer of biodegradative
major role in their degradation traits within and between naturally occur-
[2,3].Various xenobiotics, including poly- ring microbial communities [9, 10]. It also
cyclic aromatic hydrocarbons (PAHs) can has been proposed that the selective pres-
be degraded by bacteria of Pseudomonas sure and active DNA recombination may
[1]. In pseudomonas genes responsible for form combinations of catabolic pathways
catabolism of PAHs including naphthalene that could ultimately increase the bioreme-
are localisation on catabolic plasmids [4]. diation potential of bacteria [11]. However,
Pseudomonas plasmids that control catabo- the question remains if certain combina-
lism of naphthalene and other aromatic hy- tions of plasmid and bacterial host increase
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the efficacy of in situ utilization of naph-
thalene or provide any selective advan-
tages to the microorganisms.The aim of
this work was to assess the efficiency of
naphthalene degradation by natures and

genetics constructed strains bearing Nah-
plasmids in model soil system. As donors
or recipients of Nah-plasmids the most ac-
tivity natural strains were used.

Materials and Methods

Bacterial strains: The 105 naphthalene-
degrading strains previously isolated from
the sites of excessive pollution with or-
ganic compounds were used. The strains P.
mendocina BKMBI1299, P. putida
KT2442, P. stutzeri B975, P. paleronii
B1328, P. aureofaciens B1393, P. putida
M from the collection of microbiology de-
partment (BSU) were also used in this
work.

Media: Bacteria were grown in LB broth
and liquid M9 medium [12]. The ability of
microorganisms to degrade aromatic hy-
drocarbons was tested using M9 agar or
liquid M9 mediumcontaining different
aromatic hydrocarbons as the only source
of carbon and energy (sodiumsalicylate,
sodium succinate, naphthalene, naphtha-
lene bromide, naphthylamine, phenan-
threne, anthracene, pyrene, biphenyl, chlo-
rinated bithenyl, toluene, benzole, xylene
(meta-, para-, ortho-), camphor, benzyl
alcohol, hexadecane, octane, kerosene, die-
sel fuel and petroleum in the concentration
of 0,1 - 0,2 %). Commercial preparations
of antibiotics (kanamycin, streptomycin,
chloramphenicol and nalidixic acid) were
used in the final concentrations of 25, 50,
25, and 100 pg/ml, correspondingly.
Physiological growth parameters: were
studied in batch culture with naphthalene(2
g 1) as the only source of carbon and en-
ergy according to [13].

Enzyme activity assay: The specific ac-
tivities of naphthalene dioxygenase, salicy-
late hydroxylase, catechol-1,2-dioxygenase
and of catechol-2,3-dioxygenase were
measured using procedures described in
the works [14-15]. Protein concentration
was determined by the spectrophotometric
method [16].

Transposon mutagenesis: was carried out
by the method proposed in [17].

Conjugal filter matings: The cultures of
donor and recipient bacteria from the ex-
ponential growth phase were condensed
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100-fold, mixed in a 1 : 1 ratio, and ap-
plied to nitrocellulose filters (Synpor 6,
pore size 0.45 m, Czech Republic) placed
onto the surface of complete or minimal
agarized media. Bacteria were incubated
for 3—18 h, and then the cells were washed
off with physiological saline and inocula-
tions on selective media were made from
appropriate dilutions. The results were
scored after 48-72 h of incubation at28 “C.
The frequency of transfer of plasmid
markers was determined by the ratio of the
number of transconjugates to the total
number of donor cells.

Determination of plasmid inheritance
stability: Plasmid inheritance stability was
tested by cultivation of plasmid-containing
bacteria (initial quantity 10° cells cm )
under nonselective conditions (LB broth)
to the stationary growth phase at tempera-
tures 28 ‘C followed by planting on rich
agarized medium and testing the formed
colonies for the integrity of plasmid mark-
ers.

Soil preparation: Soil model systems
were prepared from gray forest soil taken
near Minsk (Belarus).The soil was sieved
(2.0mm pore diameter), then was sterilized
three times for 30min at 121 °C under pres-
sure (101.3 kPa) with a one-day interval.
Naphthalene was added into a flask with
100 g of sterile dry soil, and then the flask
was shaken (200 rpm) for 2 h at room tem-
perature (20 "C) to distribute the naphtha-
lene. The final concentration of naphtha-
lene in the soil was about mg (g dry soil) .
Inoculation: Bacteria were grown in lig-
uid M9 medium with naphthalene as the
only source carbon and energy until the
end of the exponential growth phase (2 x
10” cells cm™). Then, using the turbidity
standard, the bacterial suspension was di-
luted with phosphate buffer (NaH,PO4 x
2H,0 — 0.04 mol dm >, Na,HPO, x 12H,0
—0.06 mol dm™) at pH 6.9 to the concen-
tration of 5 x 10® cells cm . The bacterial
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suspension was added to sterile water and
used to inoculate the soil placed into the
flask. The soil in the flask was thoroughly
mixed using by a spatula and incubated at
18-20 "C for one week.

Microbial quantification: Three to four
samples were taken from different soil
sites of each flask. These samples were
mixed to achieve the average sample (0.5
g) which was used to determine the total
number of microorganisms. The average
sample was suspended in the same phos-
phate buffer (4.5 cm’) using a Paramix 2
mixer (Juchheim Labortechnik KG, Ger-
many) for 1 min at room temperature.
Then the sample was diluted and plated on
LB-agar. The plates were incubated at 28
‘C overnight. The number of colony form-

ing units (CFU) per 1 g dry soil was
counted.

Naphthalene assay in soil: Soil samples
(1 g) were extracted in a Soxhlet device
(40 cm® methanol) for 30min at 65 “C. The
extract was adjusted by methanol to 50
cm’ in a measuring flask. High pressure
liquid chromatography (HPLC) of assaying
naphthalene in soil was used. The metha-
nol extract of soil samples free of me-
chanical admixtures was loaded into a col-
umn and analyzed by LCMS-QP8000a
(Shimadzu, Japan) under the following
conditions: column, Restec Allure C18 (5
pm; 4,6 mm x 150 mm); flow rate, 0.5 cm’
min_'; eluent, 85 % (v/v) methanol and 0,1
% (v/v) acetic acid.

Results and Discussion

The biological treatment of soils con-
taminated with PAH should be an efficient,
economic, and alternative to physico-
chemical treatment, because it offers po-
tential advantages such as the complete
destruction of the pollutants, lower treat-
ment cost, greater safety, and less envi-
ronmental disturbance. Therefore, many
researchers have been focusing on the bio-
degradation of PAHs. One of the ways to
create effective technologies of cleaning
environment from polycyclic aromatic hy-
drocarbons is utilization of active degrad-
ing strains, containing catabolic plasmids
[18]. The transposon organization of cata-
bolic operons, localized in conjugation
plasmids, causes horizontal biodegrading
genes transfer between natural bacterial
populations [9]. The plasmid-containing
bacteria, introduced in polluted soil, are the
source of distribution of catabolic genes,
which provide selective advantage to mi-
croorganisms containing them in stressful
environmental conditions. In the soil,
where microbial community is established,
bacteria-destructors will remain or gradu-
ally eliminate. In both cases, thanks to ap-
pearance of the new combinations of plas-
mid and chromosomal origin, the
intensification of processes of soil biore-
mediation can be observed. At the same
time, the horizontal gene transfer can go in
any direction, therefore new plasmids-
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containing strains appear, arising as on the
basis of introduced and resident bacteria
[19-20].In the work in question the effi-
ciency of naphthalene degradation in
model soil systems, when bacteria, repre-
senting various combinations "plasmid-
host", are introduced in, was studied to
modeling processes, occurring in natural
environment. We assumed that it will al-
low us to reveal the most active strains-
destructors, which can serve as a basis for
creation biological products for bioreme-
diation of polluted soils.Earlier 105 strains
of gram-negative naphthalene-utilizing
bacteria, which after primary identification
were referred to the genus Pseudomonas,
were extracted from 363 samples of soil
from territory of Belarus, Ukraine and Iraq.
Ability of the isolated bacteria to grow on
intermediate products of naphthalene deg-
radation and presence of catechol-2,3-
dioxygenase have allowed to establish that
salicylate, which then oxidizes via meta-
pathway, is an intermediate product of
naphthalene degradation for all investi-
gated bacteria [21]. Selection of the most
active strains-destructors (for utilizing
them as recipients in D-plasmid transfer)
and search of the plasmids possessing ef-
fective systems of biodegradation (for their
transfer to cells of natural and collection
bacteria Pseudomonas) were carried out
among natural bacteria.At the first stage
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the growth rate of bacteria in the medium
with naphthalene was defined. It was as-
sumed, that the given index can be directly
or indirectly connected with physiological
peculiarities of the isolated microorgan-
isms, in particular, can depend on time of
cell cycle in which reduplication and dis-
tribution of genetic material occur, and on
ability of biodegrading genes to express in
one or another genetic environment.Time,
which is necessary for bacterial population
to reach stationary phase, served as an in-
dicator of growth rate in the medium with
naphthalene (initial concentration of bacte-
ria was10’ cells cm ™). On grounds of ob-
tained data natural naphthalene-utilizing
bacteria have been approximately divided
into three groups: bacteria from the first
group reached stationary growth phase in
48 h of cultivation (60 strains), from the
second group — in 72 h (21 strains) and
from the third group — in 96 h (24 strains).
It should be mentioned that established
growth rate is rather low. It is caused by
small concentration of brought bacteria,
which did not provide fast accumulation of
intermediate product of metabolism of
naphthalene (salicylate), necessary for in-
duction of nah-genes’ expression. Never-
theless, the obtained data, certainly, is use-
ful for the primary description of the
bacteria, capable to use naphthalene as a
source of carbon and energy.lt is well-
known that bacteria of genus Pseudomonas
utilize a wide range of organic substrata
[1]. As investigated microorganisms are
extracted from polluted soils, it is possible
to assume that for successful existence in
such conditions they should contain biode-
grading genes. Besides, the naphthalene-
1,2-dioxigenaze, which carries out the first
stage of naphthalene oxidation, also par-
ticipate in decomposing of other polycyclic
aromatic hydrocarbons, phenanthrene, for
example. For the majority of gram-
negative bacteria the degradation way of
phenathrene is a modification of the naph-
thalene degradation pathway only [21,
22].For studying metabolic potential of the
isolated bacteria their ability to use mono-
cyclic aromatic hydrocarbons (camphor,
benzol, toluene, xylene and their deriva-
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tives), polycyclic aromatic hydrocarbons
(phenanthrene and anthracene, pyrene, bi-
phenyl, chlorinated biphenyl, naphthalene
bromide), acyclic hydrocarbons (hexadec-
ane, octane), oil and products of its proc-
essing (diesel fuel, kerosene) as the only
source of carbon and energy was defined.
As a result of studying 9 strains, capable to
use from six to thirteen various organic
substrata as the only source of carbon and
energy, were revealed. Other strains util-
ized from one to five compounds, and 7
strains did not possess additional biodeg-
radation possibilities. Strains P. putida
NL21, P. putida NL26, P. putida AL21
were characterized by the widest spectrum
of utilized substrata. In particular, strain P.
putida NL26 has grown in the medium
with naphthalene bromide, naphthalene,
phenanthrene, anthracene, biphenyl, chlo-
rinated biphenyl, meta- and para-xylene,
octane, hexadecane, kerosene, diesel fluel,
and strain P. putida AL21, besides these
compounds also utilized camphor. It
should be mentioned that these strains
were characterized by relatively high
growth rate in the medium with naphtha-
lene (are referred to I group). No one of
investigated strains possessed the ability to
utilize oil.Genes, determining synthesis of
enzymes involved in the conversion of
naphthalene, which provide naphthalene
utilisation, form a part of two operons [21].
It was established that the "upper" operon
is conservative enough and, as a rule, has
plasmid localisation. The first gene of the
"upper" operon determines synthesis of
naphthalene-1,2-dioxygenase (NO) — an
enzyme with a wide substratum specificity.
Salicylic acid is a product of naphthalene
oxidation, which is determined by genes of
the " upper " operon. Further splitting of
salicylic acid is determined via the "lower"
operon. The first gene of the "lower" op-
eron also determines synthesis of enzymes
with wide substratum specificity — salicy-
late hydroxygenase (SH), providing trans-
formation of salicylate into catechol. Cate-
chol-2,3-dioxygenase (C2,30) and
catechol-1,2-dioxygenase (C1,20) provide
splitting of catechol via meta- and ortho-
cleavage pathway, correspondingly. It has
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been established that meta- cleavage path-
way is always coded by plasmid genes, and
ortho- cleavage pathway of catechol me-
tabolism is defined by chromosomal de-
terminants and rare by plasmid genes
[21].Regulation of nah-operons expression
is carried out with participation of regula-
tory proteins and demands presence of an
inductor in the medium. Primary or inter-
mediate metabolism products act as such
inductors. Addition of salicylate (or naph-
thalene, which can be slowly metabolized
into salicylate) to the medium leads to ac-
tivation of biodegrading genes’ transcrip-
tion, mediated by nahR gene product. Pre-
sumably, NahR protein binds with
salicylate or salicylic aldehyde and accord-
ing to the model of positive regulation
passes to active form, providing activation
of a transcription of nah-operons [21]. Ac-
tivity of key enzymes of naphthalene ca-
tabolism, namely, naphthalene dioxy-
genase, salicilate hydroxigenase, catechol-
2,3-dioxygenase and catechol-1,2-
dioxygenase characterizes efficiency of
naphthalene degradation. Besides, studying
of the named enzymes allows to immedi-
ately characterize genes of plasmid (NO,
SH, C2,30) and chromosomal (C1,20)
origins that can further provide purposeful
designing of effective strains-destructors,
containing definite combinations of chro-
mosomal and extrachromosomal genetic
determinants.It has been established that
all investigated strains possessed induced
system of nah-genes expression, namely,
activity of key enzymes (NO and SH) de-
pended on presence of inductors, which are
salicylate or naphthalene. There was no
difference between actions of salicylate
and naphthalene as inductors, that is sali-
cylate was used in this capacity.From the
analysis of key enzymes’ activities of
naphthalene metabolism (tab. 1) it is pos-
sible to draw some conclusions. Activity of
key enzymes of naphthalene metabolism
doesn't correlate with growth rate of bacte-
ria in the medium with naphthalene in the
capacity of the only source of carbon and
energy. For example, activity NO in strains
of I group varies from 13,8 to 170,0
nm/min/mg of protein, in strains of II and
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III groups — from 22,7 to 172,9 nm/min/mg
of protein. The same picture is observed
for SH which activity in strains of I group
is in the range from 2,5 to 79,3 nm/min/mg
of protein and in strains of II and III
groups — 3,2 to 103,3 nm/min/mg of pro-
tein. The obtained data allows to assume
that physiological parameters of bacteria
growth in the medium with naphthalene
depend on features of the cell cycle (speed
of cell fission) for the most part and aren't
connected with efficiency of naphthalene
metabolism genes’expression. Neverthe-
less, it could be preferable to use bacteria
of I group in capacity of strains-
destructors. Namely these bacteria are ca-
pable to utilize a wide range of organic
substrata and, in comparison with other
strains, can possess selective advantage in
the medium, containing polycyclic aro-
matic hydrocarbons. Rapid increase in
number of the bacterial population, caused
by peculiarities of cell cycle and wide
metabolic possibilities, can provide given
bacteria with high competitiveness in
struggle for existence in the developed mi-
crobial communities. In our opinion, it is
more optimal to use fast-growing bacteria
(I group), which are capable to utilize a
wide range of organic compounds and pos-
sess relatively high activities of key en-
zymes of naphthalene metabolism, as
strains-destructors (strains P. putida AL21,
P. putida NL26,P. putida NL21). Rather
high activity of key enzymes of naphtha-
lene metabolism of plasmid origin (NO,
SH, C2,30) is characteristic for bacteria P.
putida NL4,P. fluorescens NL61 and P.
putida AL1, containing D-plasmids of
IncP-9 and IncP-7 groups. Plasmids from
these strains were used for their transfer to
the cells of various bacterial hosts in order
to find strains-destructors, containing an
optimum combination of determinants of
plasmid and a chromosomal origin. Be-
sides strains P. putida AL21,P. putida
NL21, P. putida NL26, utilizing a wide
range of organic compounds, bacteria, on
basis of which biological stimulators of
plants’ growth are made (P. mendocina
BKMB1299, P. putida M), were used as
recipients for D-plasmids’ transfer. Also
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some collection bacteria Pseudomonas,
which represent soil microflora (P. putida
KT2442,P. aureofaciens B1393, P. stutzeri
B975, P. paleronii B1328), and, hence,
represent potential hosts of biodegrading
plasmids, were used for these purposes.It is
known that the property of naphthalene
utilization does not always express effec-
tively in the bacteria, which differ from
natural hosts, and absence of well diag-
nosed selective markers doesn't allow to
study their inheritance in foreign bacteria
cells. Because of this transposons mini-
TnS, determining resistance to kanamycin
or streptomycin, have been introduced into
plasmid replicons. As a result of conjuga-
tional crossings of transposon-containing
plasmids have been transferred to the cells
of all investigated bacteria. The transfer
frequency of plasmids varied in big enough
intervals. For example, the plasmid pAL1
was transferred with frequency 2,9 x 107
in bacteria P. putida KT2442 and with fre-
quency 1,5 x 10® in bacteria P. putida
NL26. The plasmid pNL4 was transferred
with frequency 1,7 x 107 in bacteria P.
mendocina BKMBI1299 and with fre-
quency 2,7 x 10° in bacteria P. putida
AL1. The plasmid pNL61 was transferred
with frequency 7,4 x 107 in bacteria P.
putida M and with frequency 1,3 x 10 in
bacteria P. putida AL1 (tab. 2).The analy-
sis of plasmids’ inheritance has shown that
all of them are maintained stably in foreign
hosts’ cells and, hence, received plasmid-
containing strains can be used for analysis
of their biodegrading abilities in soil (tab.
2).The dynamics of growth and efficiency
of utilizing naphthalene by plasmid-
containing bacteria, when they are intro-
duced in model soil system, has been stud-
ied. Samples of soil with naphthalene and
without bacteria served as a positive con-
trol, allowing to define natural evaporation
of naphthalene, and samples of soil with-
out naphthalene served as negative con-
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trol.As a result of conducted experiments
has been established that introduced in soil
naphthalene utilizing bacteria in concentra-
tion 10° - 10’ CFU (g dry soil) ' has pro-
vided increase of their number at the aver-
age to 10° CFU (g dry soil) ' in 7 days.
And genetically constructed strains pos-
sessed the highest efficiency of naphtha-
lene degradation in soil (tab. 3). In particu-
lar, high efficiency of naphthalene
degradation is peculiarity for strainP.
putida KT2442, containing plasmid pNL61
(IncP-9 group). At the same time, combi-
nations of two plasmids of IncP-9, IncP-7
groups and IncP-2, IncP-7 groups in the
cells of natural strains P. putida AL21, P.
putida NL21, P. putida NL26 and P.
putida AL1 have authentically increased
their biodegrading potential (concentration
of naphthalene has been decreased to nega-
tive control level). The lowest degradation
of naphthalene occurred, when bacteria of
strain P. paleronii B1328, containing a
plasmid pNL4, were brought in soil (IncP-
9 groups).Thus, as a result of the con-
ducted research it has been established that
plasmids of InP-7 and InP-9 groups are
transferred by conjugation in bacteria of
genus Pseudomonas effectively enough,
demonstrating stability of inheritance in
foreign hosts’ cells. This fact gives
grounds to assume that, when effective
bacteria-destructors,  containing  Nah-
plasmids of given classification groups, are
introduced in soil, horizontal biodegrading
genes transfer between naturally occurring
microbial communities, which will provide
increase in their adaptive abilities, will be
observed. In the capacity of effective
strains-destructors the bacteria, capable to
utilize a wide range of organic compounds
as a source of carbon and energy and con-
taining plasmid of biodegradation in cells
(in particular, P.putida AL21, P.putida
NL21, P.putida NL26), can be used.
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Table 1.The activity of key enzymes of naphthalene catabolism in the cells of naphthalene-

degrading Pseudomonas
Substratum | Growth rate Enzyme activity, nM/min/mg protein
Strain utlllS?d, with naphtha- NO SH C2.30 C1.20
quantity lene, group
AL21 13 31,36 79,3 19,11 103,89
NL26 12 73,44 30,18 193,73 59,98
NL21 10 67,90 50,51 2231,14 39,01
NL3 6 49,7 33,1 158,4 6,1
AL30 5 19,7 2,5 231,4 12,7
ALl 5 I 109,76 60,87 1177,29 124,91
NL1 5 36,1 14,2 6,5 4,7
AL32 4 28,5 4,2 793,7 31,6
NL42 4 15,9 15,9 2,7 53
AL38 1 13,8 13,8 55,0 0
NL61 1 117,0 60,9 1333,6 31,7
AL37 1 20,7 27,6 88,1 0
NL4 6 I 172,9 83,6 1171,9 113,5
ALll 4 49,0 63,7 0,9 27,0
NL49 4 50,6 4,5 229,0 11,8
NL5 4 1 90,6 103,3 617,49 35,77
AL35 3 22,7 3,2 501,1 19,4
NL9 3 170,0 34,0 3,6 23,5

Notes: Activity of NO — naphthalene dioxygenase, SH — salicylate hydroxylase, C2,30 - catechol -2,3-
dioxygenase, C1,20 - catechol -1,2-dioxygenase was determined by adding salicilate as inductor.

Table 2.Inheritance of IncP-7 and IncP-9 groups Nah-plasmids in the cells of Pseudomonas

bacteria
Strain-recipient Res1dqnt Transfer.ed plas- Frequency of Stability of
(Incpll?;cl)fp) « (Inclgl-l ;oup) plasmid transfer | inheritance, %
P. putida AL21 IncP-9 1,8x10™ 100
P. putida NL21 IncP-9 1,9x10° 100
P. putida NL26 IncP-2 1,5x10° 100
P. putida NL4 TncP-9 (11;/215_17) 13x10° 100
P.mendocina BKMB1299 not 42x10° 100
P.putida KT2442 not 2,9x1072 100
P.stutzeri B975 not 1,1x10* 100
P. putida AL1 IncP-7 2,7x10° 100
P. putida NL26 IncP-2 7,2x10°° 100
P.putida KT2442 not (11:11:}1;_‘;) 7,0x10° 100
P.mendocina BKMB1299 not 1,7x107 100
P.paleronii B1328 not 7,2x10° 100
P. putida AL1 IncP-7 1,3x10" 100
P.mendocina BKMB1299 not 1,1x10° 100
P.putida M not (%111};?91) 7,4x107 100
P.aureofaciens B1393 not 1,5x10* 100
P.putida KT2442 not 7,4x107 100

Notes:*— plasmids were detected and characterised by the restriction analysis of rep-gene amplification

products.
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Table 3.Efficiency of naphthalene degradation by Pseudomonas bearing Nah-plasmids in

model soil system

Number of bacteria in Naphthalene
Strain Plasmid (IncP group) soil, CFU (g dry soil)f1 cc.)ncer‘ltr.ation
Initial In 7 days in soil in 7
resident transferred days, %

P. putida AL1 Inc-7 not 6,3x10’ 3,0x10° 1,5

P. putida AL21 IncP-9 2,9x10’ 8,0x10° 0

P. putida NL21 IncP-9 5,1x107 3,9x10° 0

P. putida NL26 IncP-2 ALL 1,1x10’ 8,0x10° 0

P. putida NL10 IncP-9 (1131 cP-7) 1,3x10’ 5,0x10’ 32
P.mendocina BKMB1299 not 3,7x10° 7,8 x10° 6,9
P.putida KT2442 not 2,2 x10° 2,3 x10° 0,1
P.stutzeri B975 not 2,0 x10° 3,0 x10’ 0,1

P. putida NL4 IncP-9 not 2,6 x10° 1,3x10° 0,2

P. putida AL1 IncP-7 3,6x107 4,0x10° 0,1

P. putida NL26 IncP-2 NLA 1,0x10° 2,6x10° 0,1
P.mendocina BKMB1299 not (11; cP.9) 3,5 x10° 1,6 x10° 1,1
P.putida KT2442 not 2,5 x10° 1,7 x10° 0,1
P.paleronii B1328 not 3,6 x10° 2,3x10° 67,8

P. fluorescens NL61 IncP-9 not 3,7 x10° 7,1 x10° 0,1

P. putida AL1 IncP-7 1,5x107 1,0x10° 0
P.mendocina BKMB1299 not NL61 3.4 x10° 1,4 x10° 21,3
P.putida M not (Ifncp_g) 32x10° | 2,0xI10° 0.1
P.aureofaciens B1393 not 2,9 x10° 2,0 x10° 0,1
P.putida KT2442 not 1,2x10° 1,1x10° 0

P. putida NL26 IncP-2 not 2,7 x10° 1,9 x108 0,3

P. putida AL21 IncP-9 not 3,2x10° 2,8 x10° 0,2

P. putida NL21 IncP-9 not 3,1x10° 1,4 x10° 0,3

Notes: naphthalene concentration in soil was determined taking into account its natural evaporation
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Pseudomonas
Nah-PLASMIDS

Pseudomonas

()

(naphthalene dioxygenase, salicylate hydroxylase, :
catechol-1,2-dioxygenase and catechol-2,3-dioxygenase).

Nah-plasmids recipients
) . IncP-9  IncP-7
. Pseudomonas (
% 32.2 )
, P.putida KT2442 . 7 % 100

P. putida AL21, P. putida NL21, P. putida NL26, P. putida AL1
.Nah-plasmids
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