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Recent advances in biotechnology have led to the
development of genetically engineered microorgan-
isms (GEMs) with potential agricultural, environmental
and industrial applications. However, the environmen-
tal release of GEMs has potential adverse effects on
the public health and structure and/or function of nat-
ural ecosystems. These potential risks are related to
the dispersal and expression of the recombinant DNA
(Morrissey et al., 2002). Therefore, for risk assessment
related to the use of GEMs, knowledge on the transfer-
ability of recombinant DNA in the environment is
needed.

Conjugative functions such as tra and mob genes
are usually deleted from recombinant plasmids in
order to limit their dispersal in the environment. Never-
theless, transfer can occur via conjugation-mediated
mobilization or cointegration if the host of nonconjuga-
tive mobilizable (Tra� Mob�) or nonmobilizable (Tra�

Mob�) plasmids receives a conjugative plasmid from
indigenous bacteria (Davison, 1999). Therefore, the
transfer of recombinant plasmids in the environment
would considerably depend on the distribution and

characteristics of mobilizers bearing conjugative plas-
mids. Although several studies have been made on
the isolation of bacteria with conjugative plasmids from
environmental samples, few have compared the distri-
bution and characteristics of plasmid mobilizers in vari-
ous environments (Top et al., 1994).

Recently, Disqué-Kochem et al. (2001) designed
universal PCR primers to detect the traG- and trbB-like
genes in the tra region, and demonstrated that they
could detect bacteria with plasmids capable of mobiliz-
ing a Tra� plasmid from an agricultural soil sample.
Their detection system is useful for screening mobiliz-
ers from various environmental samples because of
the high sensitivity of PCR and wide detection range of
their universal primers. Here, we screened putative
mobilizers from aquatic and soil environments and ac-
tivated sludge using their PCR-based detection sys-
tem, and qualitatively assessed the distribution of mo-
bilizers in the environment. In addition, we taxonomi-
cally classified isolated mobilizers and determined the
approximate sizes and the incompatibility (Inc) groups
of their plasmids.

Aquatic, activated sludge and soil samples were
subjected to the screening of mobilizers. Nine aquatic
samples were collected from rivers, lake and ponds in
Hyogo, Osaka or Shiga. Four activated sludge sam-
ples were obtained from 2 municipal wastewater treat-
ment plants in Osaka and Hyogo. Ten soil samples
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were taken from a 0–30 cm depth of agricultural and
forest fields in Fukuoka, Kagoshima, Kumamoto,
Osaka, Yamaguchi or Yamanashi. In addition, 2 soil
samples were obtained from oil-contaminated sites.
Predominant heterotrophic bacteria were first obtained
from aquatic, activated sludge and soil samples using
Yoshikura 0.05 medium (Soda et al., 1998) or 1/10
CGY medium (Pike et al., 1972), CGY medium (Pike
et al., 1972) and PYG medium (Soda et al., 1998) or
R2A medium, respectively. Then, colonies used for
screening mobilizers were randomly chosen consider-
ing their morphology.

Screening of mobilizers was carried out by colony
PCR (Joshi et al., 1991) targeting trbB-like DNA se-
quences by using a universal primer set [B-1, B-2]
(Disqué-Kochem et al., 2001). PCR amplifications
were performed by the thermal profile of Disqué-
Kochem et al. (2001) in a Mastercycler Standard (Ep-
pendorf). Aliquots (5 ml) of PCR products were ana-
lyzed by electrophoresis on a 1.5% agarose gel
stained with 0.5 mg/ml of ethidium bromide solution. A
colony which showed the fragment of anticipated size
(ca. 370 bp) was defined as a putative mobilizer.

Isolated putative mobilizers were taxonomically clas-
sified using a diagnostic table of bacteria (Cowan and
Steel, 1974) and API20NE (BioMerieux Japan). Plas-
mid DNA of isolated putative mobilizers was extracted
by a slightly modified method of Birnboim and Doly
(1979). Aliquots (5 ml) of extracted plasmid DNA were
electrophoresed on a 0.6% agarose gel stained with
0.5 mg/ml of ethidium bromide solution, and the plas-
mid size was measured. If needed, plasmid DNA was
digested with the restriction enzyme SacII or KpnI
(TaKaRa). Plasmid DNA of mobilizers was also sub-
jected to PCR amplification specific for plasmids be-
longing to the Inc groups IncP, IncN, IncW and IncA/C
to assign to known Inc groups. PCR amplification of
partial sequences of IncP, IncN, IncW and IncA/C plas-
mids was performed using the primers designed previ-
ously (Götz et al., 1996; Llanes et al., 1996) according
to the thermal profile of Götz et al. (1996) with the an-
nealing temperature of 57, 55, 58 and 51°C, respec-
tively.

Table 1 shows the proportion of colonies with the
trbB-like DNA sequences, i.e. putative mobilizers,
among culturable heterotrophic bacteria in various en-
vironments. Putative mobilizers were detected in all
environments: aquatic, soil, and activated sludge.
Among a total of 542 bacterial colonies, 9 colonies

(1.7%) were determined as putative mobilizers. Puta-
tive mobilizers were detected in nearly half of the sam-
ples obtained from both aquatic environments and ac-
tivated sludge. In contrast, among 12 soil samples, a
putative mobilizer was detected in only one forest soil
sample obtained in Yamaguchi Prefecture. Contrary to
our expectations, no putative mobilizer was detected in
oil-contaminated soil samples. These results suggest
that plasmid mobilizers would be locally predominant
in the environment, and that the localization would be
higher in soil environments than in aquatic environ-
ments or activated sludge.

Taxonomical classification showed that all but
Moraxella sp. MR-6 belonged to pseudomonads irre-
spective of their source (Table 2). This suggests that
pseudomonads may be one of the representative mo-
bilizer groups in the environment.

Plasmids with approximately 100 kb were observed
in some putative mobilizer strains (Table 2). On the
other hand, in Chryseomonas luteola IU-7, the visible
plasmids were smaller than the 30 kb needed for en-
coding the conjugative function (Rochelle et al., 1989).
In this strain, plasmids with the conjugative function
may be present on non-visible plasmids or megaplas-
mids (Disqué-Kochem et al., 2001), which are difficult
to detect by the method employed in this study.

PCR amplification with primers specific for several
Inc groups revealed that all the putative mobilizers
tested had IncP plasmids (Table 2). In addition, C. lute-
ola IU-7, Ochrobactrum anthropi MR-18 and Sphin-
gomonas paucimobilis YF-1 made fragments of the
anticipated sizes specific for IncN, IncA/C and IncN, W
and A/C plasmids in PCR, respectively (Table 2). Al-
though two plasmids were observed in S. paucimobilis
IM-2, an amplification product was detected only in
IncP-specific PCR. The other plasmid in this strain
would belong to the Inc group which were not exam-
ined in the present study. Götz et al. (1996) indicated
that IncP plasmids were more prevalent than other
broad-host-range conjugative Inc group plasmids such
as IncN and IncW plasmids in soil samples. Other
studies have shown that conjugative plasmids isolated
from soil and activated sludge samples mainly be-
longed to IncP (Dröge et al., 2000; Top et al., 1994).
Therefore, it is suggested that IncP plasmids may be
the representative mobilizing plasmids in the environ-
ment.

Our results suggest the local predominance of plas-
mid mobilizers in the environment. This implies that
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the introduction of exogenous bacterium with a
degradative mobilizable plasmid to enhance the
biodegradation capability for a specific contaminant

can be a feasible bioaugmentation strategy (i.e. gene
bioaugmentation (Pepper et al., 2002)) in some contam-
inated environments. In particular, it seems possible to
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Table 2. Characteristics of isolated mobilizers.

Environment Strain
Sample source Taxonomical Approximate 

Inc group
(Sampling location) classification plasmid size (kb)

Aquatic IM-2 Ina River (Osaka) Sphingomonas paucimobilis 95, 25 P
IM-48 Ina River (Osaka) S. paucimobilis —b P
IU-7 Ina River (Osaka) Chryseomonas luteola 15 P, N
LB-15 Lake Biwa (Shiga) Brevundimonas vesicularis — P
RU-33 Yodo River (Kyoto) B. vesicularis — P

Activated sludge M1-9 Plant A (Osaka) Lossa — —
MR-6 Plant A (Osaka) Moraxella sp. — P
MR-18 Plant A (Osaka) Ochrobactrum anthropi 98, 12 P, A/C

Soil YF-1 Forest soil (Yamaguchi) S. paucimobilis 97 P, W, A/C

a A mobilizer strain, M1-9, was lost during experiments.
b —, not tested.

Table 1. Relative abundance of bacteria bearing the trbB-like DNA sequences in the environment.

Environment Sample source Sampling location
No. No. colonies No. putative % putative 

sample tested mobilizer mobilizer

Aquatic Ina River Hyogo, Osaka 3 123 3 2.4
Yodo River Kyoto, Osaka 2 55 1 1.8
Kizu River Kyoto 1 19 0 0
Lake Biwa Shiga 1 25 1 4.0
Zuion Pond Osaka 1 20 0 0
Inukai Pond Osaka 1 21 0 0
Total 9 263 5 1.9

Activated sludge Plant A Osaka 3a 51 3 5.9
Plant B Osaka 1 17 0 0
Total 4 68 3 4.4

Soil Forest soil Fukuoka 1 17 0 0
Kagoshima 1 15 0 0
Kumamoto 2 31 0 0
Osaka 1 23 0 0
Yamaguchi 1 11 1 9.1
Yamanashi 1 13 0 0

Agricultural soil Kumamoto 1 22 0 0
Osaka 2 53 0 0

Oil-contaminated soil Kumamoto 2 26 0 0
Total 12 211 1 0.47

Total 25 542 9 1.7

a Activated sludge samples in plant A were obtained on different dates or from different treatment processes.



apply gene bioaugmentation to the biological waste-
water treatment facility because unintentional dissemi-
nation of introduced plasmids into the natural environ-
ment can be avoided by disinfection before discharg-
ing treated water. Our results also suggest that IncP
plasmids may be used as an indicator for judging the
implementation of gene bioaugmentation in the target
environment.
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