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The TOL plasmid, pWWO, conjugally transferred from Pseudomonas putida mt-2 was dissociated
into TOL* and TOL 4 in P. putide PpG1 carrying CAM plasmid. The TOL* was integrated into the
CAM plasmid, and the resulting plasmid was designated as CAM::TOL*. The introduction of NAH plas-
mid, belonging to Inc P9 incompatibility group, into P. putida CST3A carrying CAM::TOL* plasmid
and TOL A plasmid did not affect m-toluate catabolism, but resulted in expelling the TOL » plasmid.

TOL plasmids are a class of large Pseudomonas
plasmids which carry the genes for the catabolism of
toluene, and m-and p-xylenes, and thus support the
growth of host strains on these compounds as sole
sources of carbon and energy. A particularly interest-
ing feature is that TOL plasmid undergoes structural
change in the plasmid DNA in which large regions
carrying structural gene for m-toluate degradation
are deleted as result of various physiological changes
and thus the strains carrying the deleted plasmid lose
the ablity to grow on m-toluate (1-4).

In a transconjugant (P. putidaCST3A) resulting
from conjugal transfer of the TOL plasmid, pWWO,
into P. putida PpG1 carrying CAM plasmid, which
confers the degradative potential for camphor, we find
that TOL plasmid undergoes the structural change.
However, the transconjugant retains the ability to grow
on the TOL substrate, m-toluate.

In this paper, we resolve this conflict by present-
ing the evidence that m-toluate degrading gene frag-
ment of pWWO is present in the CAM plasmid of P.
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putida PpGl.
Materials and Methods

Bacterial strain and plasmid
The bacterial strains and their carrying plasmids
used in this experiment are shown in Table 1.

Media and cultivation

Basal minimal salt agar medium described previ-
ously was used (5). Carbon sources were provided as
vapor by placing naphthalene and camphor crystal on
inside of petri-dish cover. m-Toluate was directly ad-
ded to basal minimal salt agar medium. Cultures were
incubated at 30°C. When required, antibiotics were
added to the medium at a concentration of 100ug/
m/ for streptomycin and kanamycin sulfate.

Transfer and detection of plasmid

Conjugation was carried out by mixing the saline
suspended donor and recipient cells with ratio of 1:10,
standing the mixture overnight at 30°C, and plating
the mixture on the selective agar media for the selec-
tion of transconjugant (6). Plasmids of parent strain
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Table 1. The bacterial strains and their degradative

plasmids .

Strain Plasmid Sources

P. putida mt-2 TOL ATCC 33015
P. putida PpGl ~ CAM ATCC 17453
P. putida alk NCIB 9571
KCTC 2405

P. putida NAH NICB 8859
KCTC 2403

P. putida CAM:TOL®*, TOL &  this work
CST3A

P. putida 3S CAM:. TOL*, NAH this work

P. putida SK CAM:.'TOL*, alk this work

P. putida SK &  TOL a, alk this work

TOL* represents nonconjugative, excisable segments
specifying all activities required for toluene degradation
of TOL plasmid.

TOL4i1s a deleted TOL plasmid remained after excision
of TOL* from TOL plasmid.

and transconjugant were detected by the procedure of
Kado and Liu (7).

Results

Conjugal transfer of TOL plasmid into P.putida
PpG1 harbouring CAM plasmid

A streptomycin resistant strain was derived from
P.putida PpGl harbouring CAM plasmid by spontane-
ous mutation. We performed the conjugation experi-
ment in which this streptomycin resistant strain was
used as recipient cell and P. putida mt-2 carrying TOL
plasmid, pWWQO, as donor cell. A streptomycin resis-
tant and m-toluate utilizing strain was selected as
transconjugant and named P. putida CST3A. This
transconjugant could utilize m-toluate or camphor as
sole sources of carbon and energy. As shown in Fig.
1, the transconjugant CST3A harboured two piasmids:
L(large) and S(small) plasmids. It was assumed that
the L plasmid might be CAM plasmid intrinsically
existed in P. putida PpGl and the S plasmid might
be generated from pWWQO after undergoing the same
deletion as the pWWOQO of P. putida mt-2 grown on
the benzoate medium (2). The fact that P. putidd
CST3A carrying the deleted TOL plasmid retains the
capability to grow on m-toltuate as a sole carbon so-
urce reflects the presence of the gene for the degra-
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Fig. 1. Agarose gel (0.6%) electrophoretic pattern of
plasmids in P. putida PpG1 (lane 1), mt-2 (lane 2) and
CST3A (lane 3).

dation of m-toluate, tol/, on the genome of this strain,
probably chromosome or CAM plasmid.

Transfer of the degradative potential for camphor
and m-toluate of P. putida CST3A

If tol in P. putida CST3A existed in the CAM plas-
mid, it could be cotransferred with CAM plasmid by
conjugation, To test this point, we performed the plate
mating in which P. putida CST3A was used as a donor
cell and kanamycin resistant P. putida KCTC2405 as
a recipient cell. After two strains were mixed, the mix-
ture was plated on the selective media containing
kanamycin and camphor (BKC media). The colonies
formed on the BKC media were toothpicked onto the
media containing kanamycin and m-toluate (BK'T me-
dia). All the bacterial strains {P.putida SK) capable of
growing on the BKC media were able to grow on the
BKT media. This fact indicates that the fo/ in P. puti-
da CST3A can be conjugally cotransferred with CAM
plasmid into P. putida KCTC2405.

On the other hand, when the mixed cell suspen-
sion was plated on the BKT media the colonies of
kanamycin resistant and m-toluate utilizing cells were
formed with occurrence of Iarge colonies at the fre-
quency of 10-2, which represents the number of large
colony per the number of total colonies formed on the
BKT media. The colonies formed on the BKT media
except the large colony could grow on the BCT me-
dia. The cotransfer of the degradative potential for
camphor and m-toluate of P. putida CST3A reflects
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Fig. 2. Agarose gel (0.6%) electrophoretic pattern of
plasmids in P. putida mt-2 (lane 1), CST3A (lane 2),

SK & (lane 3), SK (lane 4) and KCTC 2405 (lane 5).

that ro! of this strain exists in the conjugative repli-
con, CAM plasmid. The plasmid for the degradation
of camphor and m-toluate was designed as
CAM:: TOL*. The large colony forming strain (P. put-
ida SK &) on the BKT media harboured a plasmid, whi-
ch was larger than the deleted TOL plasmid, TOL A,
but smaller than the archetype TOL plasmid (Fig. 2).
This plasmid might be the replicon for m-toluate de-
gradation since it was generated by the conjugation
between P. putida KCTC2405 harbouring no plasmid, re-
cipient cell, and P. putida KCTC2405 harbouring TOL &
and CAM::TOL*, donor cell. This plasmid may be
formed by the illegitimate rescue of rof gene from
CAM::TOL* plasmid by TOL A during conjugation.

Transfer of NAH plasmid into P. putidaCST3A

The NAH plasmid of P. putida KCTC2403 and the
TOL plasmid of P. putida mt-2 belong to the same
incompatibility group, Inc P9(8). Two plasmids of same
incompatibility group can not coexist in a strain. If
the gene for m-toluate degradation was integrated into
the CAM plasmid which belongs to Inc P2 incom-
patibility group (8), the introduction of NAH plasmid
into P. putida CST3A did not affect the degradative
potential for m-toluate of P. putida CST3A. Plate mat-
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Fig. 3. Agarose gel (0.6%) electrophoretic pattern of
plasmids in P. putida CST3A (lane 1), KCTC 2403 (lane
2} , and 3S (lane 3).

ing in which P. putida CST3A was used as recipient
cell and P. putida KCTC2403 containing NAH pla-
smid as donor cell was performed. The mixture of
two strains was plated on the media containing na-
phthalene as a sole carbon source and streptomycin.
A transconjugant P. putida 3S was obtained. This
transconjugant could utilize naphthalene or m-toluate
as a sole carbon source and harboured CAM:: TOL*
and NAH (Fig. 3). The fact that TOL 4 plasmid does
not exist in P. putida 3S indicates that this plasmid
encoded the incompatibility system, but did not en-
code genes for m-toluate degradation.

Discussion

The fate of TOL plasmid in P. putida PpG1 car-
rying CAM plasmid was investigated. The large dele-
tion of TOL plasmid was observed in a transconjugant
constructed by conjugal transfer of TOL plasmid into
P. putida PpG1 carrying CAM plasmid. However, this
large deletion does not affect the m-toluate catabolism
of transconjugant P. putida CST3A. The possible lo-
cation of the genes for m-toluate degradaticon was as-
sumed to be the deleted TOL plasmid, CAM plasmid
or chromosome. The deletion, integration and exision
of the gene for m-toluate degradation of pWWO in
a transconjugant constructed by transfer of TOL plas-
mid into 3-chlorobenzoate-degrading Pseudomonas sp.
strain B 13 was reported (9, 10). In this experiment,
we demonstrated that the genes for m-toluate degra-
dation was present in CAM plasmid. Qur conclusion
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was based on the following evidences, each strongly
suggesting plasmid rearrangement. 1) The ability to
grow on m-toluate could be simultaneously transferred
by conjugation with the ability to grow on camphor
from P, putidaCST3A to P. putida KCTC2405. 2) In-
troduction of NAH plasmid, belonging to Inc P9 in-
compatibility group, into P. putida CST3A resulted
in expelling the deleted TOL plasmid, but did not af-
fect the m-toluate catabolism of P. putida CST3A.
The possibility that the genes for m-toluate degrada-
tion were located on the chromosome, and mobilized by
CAM plasmid (6), was completely excluded at the ba-
sis on the fact that the transfer frequency of CAM
phenotype and TOL phenotype was identical.
Chakrabarty ef al. examined the behavior of TOL
in P. geruginosa PAO. TOL frequently underwent a
specific dissociation event that resulted in two smaller
plasmids designated TOL* and TOL &. The 28 Md
nonconjugative TOL* plasmid specified all activities
required for the dissimilation of toluene. TOL* was
nonconjugative but was mobilized for transfer by K,
CAM, and TOL a. TOL* formed 105 Md TOL*-K
and 74 kd TOL*-TOL 4 cointegrates, no cointegrate
was observed between CAM and TOL* in P. aerugi-
nosa PAO (1). Our result that CAM and TOL* were
cointegratd in P. putida PpGl indicates that cointegra-
tion between CAM and TOL* relies on the host strain.
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