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A large Sym plasmid from a fast-growing cowpea Rhizobium species was made mobilizable by cointegration
with plasmid pSUP1011, which carries the oriT region of RP4. This mobilizable Sym plasmid was transferred
to a number of Rhizobium strains, in which nodulation and nitrogen fixation functions for symbiosis with plants
of the cowpea group were expressed.

Rhizobilim sp. strain NGR234 is unusual in that it is a fast-
growing strain able to nodulate a very broad range of plants,
including Parasponia andersonii, a nonlegume (12, 13).
Strain NGR234 shares physiological characteristics with
fast-growing Rhizobiium strains from the tropical tree species
Leucaena lelucocephala and has a symbiotic host range
which overlaps slow-growing Rhizobilum species from the
cowpea group of plants.

Genetic investigations of the symbiotic relationship be-
tween legumes and rhizobia have relied largely on Rhizobi-
um trifolii, Rhizobium leguminosarum, and Rhizobium meli-
loti. It has been shown in these fast-growing rhizobia from
temperate legumes that large Sym plasmids encode genes
essential for nodulation and nitrogen fixation (2, 4, 7, 10). To
date, such Sym plasmids have not been reported in slow-
growing rhizobia of any type. Strain NGR234 has a large
Sym plasmid which carries genes for nodulation and nitrogen
fixation. Although this plasmid is not self-transmissible, it
has been mobilized at low frequency by the IncPl group
plasmid RP1::Tn5O (9).
The aim of this study was to construct a high-frequency

mobilizable Sym plasmid labeled with antibiotic resistance
markers. This plasmid was then used as a genetic tool to
determine whether fast-growing Rhizobium species, such as
R. meliloti, R. trifolii, and R. leguminosarum, could nodu-
late cowpea-type plants if they were supplied with the Sym
plasmid genes. The bacterial strains and plasmids used are
shown in Table 1.
The mobilizable Sym plasmid was constructed in vivo by

cointegration with plasmid pSUP1011, a small vector nor-
mally used for TnS mutagenesis. Plasmid pSUP1011 is a
pACYC184 derivative containing a gene for high frequency
mobilization ability (mob) and the transposon Tn5 (11).
Although this plasmid can be transferred to Rhizobium
strains, it cannot be maintained. However, the transposon
Tn5 can "escape'" by transposition to another replicon,
giving a strain which has inherited kanamycin resistance
(Kmr) coded by TnS but which has not acquired the other
markers on pSUP1011; namely, chloramphenicol resistance
(Cmr) and mobilization ability (mob). When pSUP1011 was
used for transposon mutagenesis in strain ANU240 (a strep-
tomycin-resistant derivative of strain NGR234), about 20%
of the putative Tn5 derivatives had inherited Cmr. These
strains could have arisen by cointegrative "rescue" of
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pSUP1011, since Tn5 is known to mediate cointegration
events (6). As well as rescuing Kmr and Cmr, cointegration
would result in the insertion of the mobilization gene. If such
cointegrations were in the chromosome, it could provide a
site for mobilizing the chromosome at high frequency. If the
cointegration was in the Sym plasmid, then this could create
a mobilizable Sym plasmid-pSUP1011 cointegrate.

Plasmid pSUP1011 was conjugated from the Escherichia
coli SM10-1011 to Rhizobiuim sp. strain ANU269, a rifampin-
resistant (Rif) mutant of NGR234 which also carries the
IncPl plasmid pJB3JI (3). This plasmid was used to provide
the necessary transfer functions for the mobilization of
possible cointegrates. Transconjugant ANU269 colonies
were plated on Cm-containing media to ensure that only
possible cointegrates were selected. Rifampin (Rif) was used
to select against the E. coli donor. The rate of transfer of
Cmr was 5 x 10-7. Over 3,000 Cmr ANU269 transconjugants
were subcultured three times onto selective media by replica
plating. No contamination of the E. coli donor could be
detected after this purification method was carried out.
The plant selection method of Brewin et al. (3) was used to

select for the transfer of nodulation ability (Nod') from the
purified Cmr ANU269 clones to the heat-cured Nod- mutant
ANU265. Strain ANU265 is rifampin sensitive (Rif), strep-
tomycin resistant (Smr), and spectinomycin resistant (Spr).
The mating was set up by replica plating of the Cmr ANU269
clones onto lawns of ANU265 on TY medium. Conjugation
was allowed to proceed overnight before the transfer of Kmr
and Cmr was selected in ANU265 by replica plating onto
appropriate selective media. A very high rate of transfer of
both Kmr and Cmr was found. Transconjugant ANU265
colonies were purified by replica plating onto TY medium
containing appropriate levels of Sp, Sm, and Km (Kmr was
used due to poor expression of Cmr in the presence of Sp).
After three selective subcultures, no contaminating ANU269
cells could be detected by replica plating onto TY Rif
medium. Purified Kmr ANU265 cells were washed off selec-
tive plates en masse and used to inoculate siratro (Macropti-
lium atropurpureum) plants. After 2 weeks, 14 nodules had
developed on 2 plants out of 10 that were inoculated with the
undiluted cell suspension. Nodules did not develop on plants
inoculated with diluted cell suspensions. Bacteria were
reisolated from the nodules and tested for various character-
istics. All had the distinctive colony morphology of strain
NGR234 derivatives, and their Nod' ability was stable in
subculture. These strains were able to initiate a normal
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