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Abstract

We describe in this work the identification and the conjugal properties of two cryptic plasmids present in the strain Sinorhizobium
meliloti LPU88 isolated from an Argentine soil. One of the plasmids, pSmeLLPU88b (22 kb), could be mobilised from different S. meliloti
strains to other bacteria by conjugation only if the other plasmid, pSmeLPU88a (139 kb), was present. This latter plasmid, however, could
not be transferred via conjugation (frequency < 107 transconjugants per recipient) contrasting with the conjugal system from the
previously described strain GR4, where one plasmid is mobilisable and a second one (helper) is self-transmissible. Despite the differences
between the two systems, the conjugative helper functions present in the cryptic plasmids of strain GR4 were active in the mobilisation of
plasmid pSmeLPU88b from strain LPU88. Contrasting with this, plasmid pSmeLPU88b was not mobilised by the helper functions of the
broad-host-range plasmid RP4. Eckhardt gel analysis showed that none of the plasmids from strain GR4 were excluded in the presence of
plasmid pSmeLLPUS8b suggesting that they all belong to different incompatibility groups for replication. The small plasmid from strain
LPU8S, pSmeLPUS88b, was only able to replicate in members of the Rhizobiaceae family such as Rhizobium leguminosarum, Rhizobium
tropici and Agrobacterium tumefaciens, but not in Escherichia coli or Pseudomonas fluorescens. The observation suggests that most likely
plasmid pSmeLPU88b was not received from a phylogenetically distant bacterium.
© 2003 Published by Elsevier Science B.V. on behalf of the Federation of European Microbiological Societies.
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1. Introduction

Bacteria belonging to the genera Rhizobium, Sinorhizo-
bium, Azorhizobium, and Bradyrhizobium grow in the soil
in free-living conditions, and in symbiosis associated with
the root of legumes as nitrogen-fixing organisms. The ni-
trogen-fixing capacity of the rhizobium-legume symbioses
enables their use for the introduction of nitrogen into
agricultural soils avoiding the massive use of chemical fer-
tilisers [1,2]. One aspect that should be considered in in-
oculation programmes is the potential risk of horizontal
gene transfer from the introduced rhizobia to the native
population of bacteria. Unfortunately, at present there are
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no molecular methods to detect conjugative plasmids and
mobilisation systems in rhizobial strains. Even though
gene transfer in soils may occur by natural transforma-
tion, transduction or conjugation [3-5], the last is consid-
ered the most efficient mechanism [6,7]. Most studies con-
cerning conjugative gene transfer among rhizobia have
focused on the qualitative and/or quantitative analysis of
the genetic transfer in laboratory experiments, in the field,
and also within root nodules [8§-10]. However, there are
few studies on the molecular characterisation of the rhizo-
bial conjugal transfer systems. For this reason, little mo-
lecular information is currently available to approach the
development of specific and reliable methods for the de-
tection of transmissible plasmids in rhizobial strains of
agricultural interest.

The types of self-transmissible replicons in rhizobia in-
clude a variety of cryptic plasmids (approx. 20-500 kb),
and also symbiotic (mega)plasmids (approx. 400-1600 kb)
[11-14]. In the case of Sinorhizobium meliloti, the natural
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symbiont of Medicago spp., neither of the symbiotic plas-
mids (pSym-a and pSym-b) could be spontaneously mobi-
lised under laboratory conditions [10]. The introduction of
mobilisation genes (mob) of plasmid RP4 into pSym-a,
however, allowed its conjugative transfer to Agrobacterium
tumefaciens. Contrasting with pSym-a and pSym-b, the
occurrence of transmissible cryptic plasmids in S. meliloti
is frequent. Unfortunately, so far only few functions have
been associated with the presence of such cryptic plasmids,
which have been little characterised [15].

The cryptic plasmids of S. meliloti GR4, pRmeGR4a
and pPRmeGR4b, are the best-characterised non-symbiotic
plasmids in rhizobia [16-19]. It has been shown that plas-
mid pRmeGR4a is self-transmissible and able to mobilise
the accompanying plasmid pRmeGR4b. This latter plas-
mid carries the nodule formation efficiency genes that are
involved in the determination of the strain competitiveness
for nodulation [20,21]. S. meliloti GR4 cosmid clones con-
taining mobilisable DNA inserts from plasmids pRme-
GR4a/b have already been identified [22], but their oriT
sequences are not available yet. In addition, another nine
DNA fragments with ability to behave as oriT regions
were also recognised in strain S. meliloti GR4 [22].

The design of molecular tools for the detection of con-
jugal functions in rhizobial strains needs the isolation and
characterisation of new plasmids that represent the diver-
sity of the transfer systems towards the identification of
common elements as detection targets. Despite the re-
markable diversity of cryptic plasmids reported for S. nie-
liloti [23], the plasmids of strain GR4 are the only ones
analysed in their conjugal functions. In this paper, we
present the isolation and functional characterisation of a
binary conjugal system from S. meliloti where a small and

narrow-host-range cryptic plasmid is mobilisable by a
non-transmissible but bigger helper plasmid.

2. Materials and methods
2.1. Bacterial strains and plasmids

The strains and plasmid used in this work are listed in
Table 1. S. meliloti isolates were obtained in the laborato-
ry using soil samples collected at INTA Castelar (Buenos
Aires, Argentina) and Medicago sativa cv. CUF101 as
trapping plant. Escherichia coli strains were grown at
37°C on LB medium [24]. Rhizobia and A. tumefaciens
were grown at 28°C on TY medium [25] or YEM [26]
medium. For the solid media 15 g of agar per liter of
medium was added. The final concentrations of antibiotics
per milliliter medium were 10 pg gentamicin and 6 ug
tetracycline (Tc) for E. coli; and 400 pg streptomycin
(Sm), 50 pug gentamicin, and 6 pg tetracycline for S. meli-
loti.

2.2. Bacterial matings

Bacterial matings were performed as described by Si-
mon et al. [28]. Briefly, liquid cultures were grown to early
exponential phase for donor cells (optical density at
600 nm 0.1-0.2) and late exponential phase for recipient
cells. Donor and recipient were mixed in a microcentrifuge
tube in a ratio of 1:1. The mating mixture was concen-
trated by 8 min centrifugation at 640X g. The pellet was
finally suspended in 50 pl of the same medium and loaded
onto a Millipore filter (0.2 mm pore size). Filter mating

Table 1
Bacterial strains and plasmids used in this work
Strain or plasmid Description Source
Bacterial strains
E. coli S 17-1 E. coli 294 RP4-2-Tc::Mu-Km::Tn7 integrated into the chromosome [28]
. meliloti 2011-Sp Sp* derivative of strain 2011 Sm" Nod™, Fix™ This work
. meliloti GR4 Wild-type strain [41]
. meliloti GRM6 GR4 cured of plasmid pRmeGR4b [16]
. meliloti LPU86 Wild-type isolate from Argentina This work
. meliloti LPU88 Wild-type isolate from Argentina This work

. meliloti 20MP6

. tropici CIAT 899

. etli CE3

. leguminosarum bv. viciae VF39
. tumefaciens UBAPF2

P. fluorescens bv 11 LP19

A muaunnnn

Plasmid-free, Rif"
Wild-type isolate

Derivative of S. meliloti 2011, Sm*, Tc", GFP [38]
Wild-type, symbiont of Phaseolus vulgaris

Symbiont of P. vulgaris. Sm" derivative of strain CFN42
Wild-type, symbiont of Pisum sativum

P. van Berkum
E. Martinez
U. Priefer

[42]

G. Favelukes

Plasmids

pRK2013 RK2 conjugal functions, Km" [43]
pSUP1021 pSUP102 carrying a TnJ insertion [31]
pSUP102::Tn5-B13 pSUPI102 carrying a Tc-mob Tn5 derivative [32]

RP4 IncPo plasmid, Km" Ap" Tc" [44]
pSmeLPU88a Cryptic plasmid from strain S. meliloti LPU88 (139 kb) This work
pSmeLPU88b Cryptic plasmid from strain S. meliloti LPU88 (22 kb) This work
pSmeLPU88a::Tn5-B13 pSmeLPU88a carrying a Tn5-B13 This work
pSmeLPU88b::Tns pSmeLPUS88D carrying a TnS This work
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mixtures were placed on TY agar plates and incubated
overnight at 28°C.

2.3. DNA manipulation

Plasmid DNA preparation, restriction enzyme analysis,
cloning procedures, and E. coli transformation were per-
formed according to previously established techniques
[27].

2.4. Plasmid profiles — Eckhardt gels

Cells were grown in TY medium to mid-exponential
phase. One hundred microliters of culture were collected
in a microcentrifuge tube and mixed with 500 ul 0.3%
Sarcosyl in TBE buffer. The cell suspension was centri-
fuged for 30 s at 14000 X g and the supernatant discarded.
The cell pellet was resuspended in 40 pl of loading buffer
(10% sucrose, 0.01 mg ml~! ribonuclease A, and 1 mg
ml~! lysozyme) and applied to a 0.7% agarose gel contain-
ing 1% sodium dodecyl sulfate in TBE buffer. Electropho-
resis was run during 6 h at 80 V and 10°C. Plasmid bands
were observed under UV illumination after staining of the
gel with 0.5-1 pg ml~! ethidium bromide [29,30].

2.5. Tn5 plasmid tagging for conjugal transfer detection

First, Tn5 from plasmid pSUP1021 [31] was randomly
introduced by conjugation into strain LPUS88 selecting for
streptomycin and neomycin resistance. The transconju-
gants were then used en masse as donors in mating with
strain 2011-Sp. Transfer of neomycin resistance to the re-
cipient strain 2011-Sp was indicative of conjugal transfer.

2.6. Forced mobilisation of rhizobial plasmids using
transposon Tn5-B13, a mob-containing Tn5 derivative

Rhizobia carrying the plasmid to be mobilised were
mutagenised with the transposon Tn5-B13 (Tc-mob) [32].
The Tn5-B13-containing rhizobia were then used en masse
as donors in a triparental mating with S. meliloti 2011-Sp
(recipient strain) and E. coli DH50 (pRK2013) that pro-
vided the helper plasmid. Transconjugants were first de-
tected according to their expected Tc" Sm" phenotype. The
presence of mobilised plasmids in the transconjugants
from the donor rhizobia was finally evaluated by analysis
in Eckhardt gels.

2.7. Oligonucleotide primers and PCR conditions

2.7.1. DNA amplification fingerprints

Total DNA amplification fingerprints were performed
using primer MBOREPI1 as previously described [33,34].
The sequence of the primer is as follows: 3’-CCG CCG
TTG CCG CCG TTG CCG CCG-5'. The deoxyoligonu-
cleotide primers were synthesised by DNAgency (Malvern,

PA, USA). Polymerase chain reactions (PCR) of 25 ul
contained: 50 mM Tris, pH 8.3; 500 mg ml~' bovine
serum albumin (BSA); 3 mM MgCl,; 200 uM dNTPs;
1 U Taq polymerase (Promega); 10 pM primer MBOR-
EP1; and 10 pl of template DNA, previously obtained by
heating a freshly isolated bacterial colony in 50 ul of dis-
tilled water to 100°C for 15 min. The amplifications were
carried out in capillary tubes in an Idaho 1605 Air Ther-
mo Cycler (ATC, Idaho Technology). The cycling condi-
tions were as follows: 94°C for 7 min, 30 cycles of 94°C
for 10 s, 52°C for 10 s, 72°C for 2 min, and a final ex-
tension at 72°C for 2 min. After the reaction, 10 ul of the
PCR products were separated in 1% agarose gels contain-
ing 0.5-1 pug ml™! ethidium bromide, and photographed
using Polaroid 667 film.

2.7.2. Amplification of nptll sequences from Tn5

A 400-bp DNA fragment of the Tn5 neomycin phos-
photransferase (nptIl) gene was PCR-amplified using the
following primers: nptll-f, 5'-TGG GCA CAA CAG
ACA ATC-3'; nptll-r, 5-CCC CTG ATG CTC TTC
GT-3’. PCR mixtures of 25 ml contained: 50 mM Tris,
pH 8.3; 500 mg ml~! BSA; 3 mM MgCl,; 200 mM de-
oxynucleoside triphosphates; 1 U Taq polymerase (Prom-
ega); 0.5 uM concentration of each primer; and 10 ml of
template DNA. Cycling conditions were as follows: 94°C
for 15 s, followed by 35 cycles of 94°C for 10 s, 53°C for
10 s, 72°C for 20 s, and 72°C for 1 min. Amplification
products were visualised in agar gels with ethidium bro-
mide as described above.

2.8. Plant nodulation assays

M. sativa seeds (alfalfa, cv. CUF101, obtained from the
Instituto Nacional de Tecnologia Agropecuaria, La Pam-
pa, Argentina) were surface-sterilised for 10 min with com-
mercial bleach 20% v/v (NaClO concentration equivalent
to 55 g active Cl, 17!) followed by six washes with sterile
distilled water. Surface-sterilised seeds were germinated on
water-agar (1.5%, w/v). For competition studies 2-day-old
seedlings were transferred to y-irradiated sterilised plastic
growth pouches (Mega Minneapolis International, Minne-
apolis, MN, USA) containing 10 ml of nitrogen-free Jen-
sen mineral solution, pH 6.7 [35]. Three days later, roots
were co-inoculated with a mixture of two microbial strains
(10% cfu per 100 pl inoculant each) by dripping 100 pl of
the bacterial suspension onto the root from the tip to-
wards the base. The rhizobia were obtained from exponen-
tial-phase YEM cultures. The plants were cultured in a
growth chamber at 22°C and a 16-h photoperiod. The
CFU contained in the inocula were estimated by plate
counts.

Since one of the inoculated rhizobia bears a chromo-
somal gfp (see Table 1), nodule occupancy was observed
for 4 weeks by examination of plant roots under a Carl
Zeiss-Jena fluorescent microscope either with visible light
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or with UV with a filter set for fluorescence. In that case a
470-490-nm excitation filter and a 520-560-nm barrier fil-
ter were used. In addition nodules from the same experi-
ments were removed from the roots, surface-sterilised with
30 vol. H,O; for 10 min followed by washing with abun-
dant sterile water, and crushed in 10 pl of sterile isotonic
solution. Appropriate dilutions were plated on YEM Petri
dishes with or without the appropriate antibiotic.

3. Results

3.1. Isolation of a transmissible cryptic plasmid from the
strain S. meliloti LPUSS

For the purpose of investigating the presence of trans-
missible plasmids in local S. meliloti strains we constructed
a collection of 60 isolates recovered from neutral soils of
the central area of Argentina. By analysis of plasmid pro-
files and MBOREP PCR fingerprints we detected that two
isolates recovered from a same soil, LPU86 and LPUSS,
had indistinguishable DNA fingerprints but different plas-
mid contents. Isolate LPUS8 had a small plasmid, desig-
nated pSmeLPU88b (22 kb), that was absent in isolate
LPUS6 (Fig. 1A). To assess if this plasmid was transmis-
sible we used the strategy previously described by Merca-

A

o

2011-Sp (pSmeLPU88b::Tn5)

LPU8S
LPU86

kb kb
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Fig. 1. Plasmid profiles of S. meliloti strains in Eckhardt-like gels.
A: Agarose gel plasmid profiles of the wild-type strains S. meliloti
LPUS88 and S. meliloti LPU86. B: Plasmid profiles of transconjugants
obtained in mating S. meliloti LPUS88::Tn5 (en masse) X S. meliloti
2011-Sp. The size of plasmids was estimated by comparison with previ-
ously reported plasmids from strain S. meliloti MVII-1 [45].
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Fig. 2. PCR amplification of nptII sequences to assess the presence of
TnJ5 in rhizobial strains and plasmid DNA samples. PCR amplifications
were carried out using primers ntpII-f and ntpIl-r as indicated in Section
2. A: Amplification using as template total DNA of the indicated
strains. B: Amplification using as template plasmid DNA extracted
from the region of agarose gels that corresponded to plasmids pSyma/b
and the cryptic plasmid mobilised to strain 2011-Sp. Negative controls
corresponded to PCR reactions of the material extracted from gel por-
tions where no plasmid material was present.

do-Blanco and Olivares [16]. Strain LPUS8 bearing the
differential plasmid was mutagenised with Tn5 and used
en masse as putative donor of the Tn5 neomycin resistance
to the recipient strain S. meliloti 2011-Sp (see Section 2).
Several neomycin-resistant 2011-Sp transconjugants were
obtained and their plasmid content analysed as shown in
the example in lane 1 of Fig. 1B. In addition to the sym-
biotic megaplasmids, transconjugants presented a small
plasmid with a molecular mass of about 28 kb. According
to the mobilisation strategy, this observation is compatible
with the presence of a TnJ insertion in pSmeLPUS88b
(22 kb) and the subsequent mobilisation of the plasmid
to strain S. meliloti 2011-Sp. In support of this, an internal
sequence from the Tn5 nptll gene could be amplified by
PCR using specific primers and template DNA from the
neomycin-resistant transconjugants (Fig. 2A). Positive am-
plification was also obtained when DNA from the 28-kb
plasmid was extracted from the agarose gel and used as
template for the same PCR reactions (Fig. 2B).

We analysed over 30 neomycin-resistant transconju-
gants and no transfer of the 139-kb pSmeLPUS88a was
detected indicating that either the plasmid was non-trans-
missible or it was transmissible at very low frequency.

3.2. Mobilisation properties of plasmid pSmeLPUS8b

In order to determine whether plasmid pSmeLPU88b
was self-transmissible (conjugative) or needed helper func-
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tions present in trans (mobilisable plasmid), conjugation
tests were carried out using strain S. meliloti 2011-Sp
(pSmeLPU88b::Tnj5) as donor and A. tumefaciens
UBAPF2 as recipient strain. Since no transconjugants
were obtained (frequency < 107° transconjugants per
recipient) we concluded that most likely plasmid pSme-
LPU88b was not self-transmissible in the genomic
background of strain S. meliloti 2011-Sp. As expected
plasmid pSmeLPUS88b::Tn5 could be mobilised to differ-
ent bacteria from the original strain LPUS8 (frequency
6x 1073 transconjugants per recipient). These results sug-
gest that strain LPU88 carries conjugative helper functions
that are not present in strain 2011-Sp.

Since the presence of helper functions in trans had al-
ready been described for strain S. meliloti GR4 [19], we
investigated if the conjugal functions required to mobilise
plasmid pSmeLPUS88b were present in the accompanying
plasmid pSmeL.PU88a. Upon construction of strain S. me-
liloti 2011-Sp (pSmeLPUS88a::Tn5-B13, pSmeLPUS8SDL::
Tn5) the smaller plasmid could be efficiently transferred
to A. tumefaciens UBAPF2. The collected evidence dem-
onstrated that plasmid pSmeLPU88a was necessary to
support the conjugal transfer of plasmid pSmeLPU88b.

3.3. Functional complementation between the helper
Sfunctions of S. meliloti plasmids from different
geographic origins: plasmid pRmeGR4a from the
European strain GR4 is able to mobilise plasmid
pSmeLPUSSH from the local strain LPUSS

During the construction of the genotypes presented
above, we observed that the conjugal functions of the
widely characterised plasmid RP4 (incPo group) did not
promote the mobilisation of plasmid pSmeLPU88a/b, and
vice versa. To get further insight into the functional rela-
tionship between the helper functions of different S. meli-
loti plasmids, we analysed the ability of plasmids from the
European strain GR4 to promote the mobilisation of plas-
mid pSmeLPUS88b. For this purpose we constructed strain
S. meliloti GR4 (pSmeLPUS88b::Tn5) which was assessed
as donor of the received plasmid to A. tumefaciens
UBAPF2. Eckhardt gel analysis showed that replication
of plasmid pSmeLPU88b was compatible with the pres-
ence of plasmids pRmeGR4a and pRmeGR4b. Plasmid
pSmeLPU88b was transferred from strain GR4 to strain

Table 2

Mobilisation of plasmid pSmeLPU88b::Tnj

Donor strain Transfer

frequency?®

LPU88 (pSmeLPU88b::Tns) 6x1073
2011-Sp (pSmeLPUS88a::Tn5-B13, pSmeLPU88b::Tn5) 5%x107*
GR4 (pSmeLPU88b::Tn5) 3x1077
GRM6 (pSmeLPU88b::TnS) 2% 1074

2All conjugations were made using A. tumefaciens UBAPF2 as recipient
strain. Results are given as the ratio of transconjugants to recipient.

UBAPF2 though with less efficiency than from strain
LPUS8S. Interestingly, the use of strain GRM®6 (a deriva-
tive cured of plasmid pRmeGR4b) instead of GR4 im-
proved transfer efficiency of plasmid pSmeLPU88b::Tn5
(Table 2).

3.4. Replication host range of the 22-kb plasmid
pSmeLPUSSDH

Plasmid pSmeLPU88b::Tn5 was transferred by conju-
gation from S. meliloti to different bacterial species and
the neomycin-resistant transconjugants analysed in Eck-
hardt gels to confirm plasmid transfer (and to discard
transposition). Plasmid replication was observed in Rhi-
zobium tropici, Rhizobium etli, Rhizobium leguminosarum,
and A. tumefaciens. The plasmid did not replicate either in
E. coli or in Pseudomonas fluorescens. Results suggest that
replication of plasmid pSmeLLPU88b is possibly restricted
to bacteria of the Rhizobiaceae family. Anyhow, it cannot
be discarded that the Tn5 insertion could affect the repli-
cation of the plasmid in certain bacterial species.

3.5. Nodulation competitiveness of S. meliloti 2011 carrying
plasmid pSmeLPU88a or plasmid pSmeLPUS8b

It was previously shown that one of the cryptic plasmids
present in strain GR4 modulates strain competitiveness for
the nodulation of alfalfa [20,21,36]. Furthermore, previous
evidence has shown that non-symbiotic cryptic plasmids
may be involved in the biosynthesis of bacteriocins that
can modulate competitiveness [11,37]. In order to assess
whether the presence of any of the cryptic plasmids of
strain LPUS88 was associated with changes in nodulation
competitiveness, strain S. meliloti 2011-Sp (pSmeLPU88a)
and strain S. meliloti 2011-Sp (pSmeLPU88b) were sepa-
rately co-inoculated with strain S. meliloti 20PM6 [38] on
alfalfa roots. The nodule occupancy of each rhizobium
was scored after a month as indicated in Section 2. No
major differences between any of the bacterial genotypes
were observed indicating that none of the plasmids signifi-
cantly affected competitiveness.

4. Discussion

In this paper we describe the isolation and transmissi-
bility properties of two cryptic plasmids from the strain
S. meliloti LPU88. One of the plasmids, pSmeLPU88b
(22 kb), appeared to be mobilisable if helper functions
were supplied by the accompanying plasmid pSmeLPU88a
(binary conjugal system). This latter plasmid behaved as
non-transmissible via conjugation. It is unlikely that the
non-transmissible phenotype of plasmid pSmLPUS88a was
due either to inappropriate quorum-sensing effects or to
the lack of unknown host—plant factors: the plasmid Tra
functions were functional in mobilising the accompanying
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replicon pSmeLPU88b. According to these results plas-
mids pSmeL.PU88a/b may have arisen from the resolution
of an ancestral cointegrate with splitting of the ¢ra and the
mob regions into plasmid pSmeLPUS88a and plasmid
pSmeLPU88b, respectively. Alternatively, both plasmids
may have separately entered strain LPUSS in independent
conjugal events. If this is the case, the oriT from plasmid
pSmeLLPU88a must have been lost after the transfer.

The binary system pSmeLPU88a/b characterised in this
work differs from the previous observation of strain
S. meliloti GR4 [16,19]. While the helper plasmid pRme-
GR4a is self-transmissible, the helper plasmid pSmelL-
PU88a from strain LPUS88 is not. Another distinctive fea-
ture of the system characterised herein is the small size of
plasmid pSmeLPU88b and its high mobilisation frequency
(1073 transconjugants per receptor) compared to the mo-
bilisation frequency of plasmid pRmeGR4b from strain
GR4 (107 transconjugants per receptor) [19]. Besides,
we have not observed any effect of the cryptic plasmids
from strain LPU88 on the nodulation competitiveness of
S. meliloti.

Despite the differences between the two systems, we
have observed that the conjugative functions of strain
S. meliloti GR4 are active in the mobilisation of plasmid
pSmeLPUS88b of the local strain S. meliloti LPU8S. Note-
worthy, the GR4 derivative strain cured from plasmid
pRmeGR4b mobilised plasmid pSmeLPU88b 1000 times
more efficiently than the wild-type strain GR4. An expla-
nation for this observation is through the possible exis-
tence of competition phenomena between the transfer ori-
gin (oriT) of plasmid pRmeGR4b and the oriT of plasmid
pSmeLPU88b for the interaction with specific Tra-like
proteins during conjugal events. Contrasting with this,
no strong effects of the RP4-specific oriT on the mobilisa-
tion of plasmid pSmeLPUS88b were observed. At the same
time, conjugal functions of plasmid RP4 were unable to
mobilise the S. meliloti plasmid pSmeLPU88b. Non-over-
lapped DNA regions bearing functional origins of transfer
could be isolated from strain GR4 [22]. However, neither
oriTs nor traltrb-like sequences have been obtained yet in
S. meliloti GR4 for their comparison to the conjugal genes
from other related bacteria where several components of
the DNA transfer and replication system and the mating
pair formation complex have been identified [39]. Re-
cently, putative oriT regions were identified within both
megaplasmids of strain S. meliloti 1021 by sequence anal-
ysis [40]. The close functional characteristics between the
cryptic plasmids present in the European strain GR4 and
the local strain LPU88 make them a suitable target of
analysis to get further insight into the genetic structure
of conserved conjugal functions in S. meliloti. A better
knowledge of the rhizobial conjugal systems should help
to elucidate at the molecular level the evolutionary mech-
anisms through which very diverse chromosome genotypes
acquired the traits that allow them to associate with le-
gumes.

Acknowledgements

The research was supported by Grants PEI98-377,
PIP2000-2681 (CONICET), PICT 2000-08-09834 (ANP-
CyT-FONCyT), and FONTAGRO-BID-FTG/RF-01-03-
RG. A.L. is a Research Career member of CONICET.
M.P. and M.F.D.P. were supported by fellowships of
CONICET.

References

[1] Peoples, M.B. and Herridge, D.F. (1990) Nitrogen fixation by le-
gumes in tropical and sub-tropical agriculture. Adv. Agron. 44,
155-224.

[2] Peoples, M.B. and Craswell, E.T. (1992) Biological nitrogen fixation:
Investments, expectations and actual contributions to agriculture.
Plant Soil 141, 13-39.

[3] Dreiseikelmann, B. (1994) Translocation of DNA across bacterial
membranes. Microbiol. Rev. 58, 293-316.

[4] Lorenz, M.G. and Wackernagel, W. (1994) Bacterial gene transfer by
natural genetic transformation in the environment. Microbiol. Rev.
58, 563-602.

[5] Syvanen, M. (1994) Horizontal gene transfer: Evidence and possible
consequences. Annu. Rev. Genet. 28, 237-261.

[6] Fry, J.C. and Day, M.J. (Eds). (1990) Bacterial Genetics in Natural
Environments. Chapman and Hall, London.

[7]1 Amabile-Cuevas, C.F. and Chicurel, M.E. (1993) Horizontal gene
transfer. Am. Sci. 81, 332-342.

[8] Richaume, A., Angle, J.S. and Sadowsky, M.J. (1989) Influence of
soil variables on in situ plasmid transfer from Escherichia coli to
Rhizobium fredii. Appl. Environ. Microbiol. 55, 1730-1734.

[9] Kinkle, B.K. and Schmidt, E.L. (1991) Transfer of the pea symbiotic
plasmid pJBSJI in nonsterile soil. Appl. Environ. Microbiol. 57,
3264-3269.

[10] Pretorius-Guth, I., Pihler, A. and Simon, R. (1990) Conjugal transfer
of megaplasmid 2 between Rhizobium meliloti strains in alfalfa nod-
ules. Appl. Environ. Microbiol. 56, 2354-2359.

[11] Johnston, A.W.B., Hombrecher, G., Brewin, N.J. and Cooper, M.C.
(1982) Two transmissible plasmids in Rhizobium leguminosarum strain
300. J. Gen. Microbiol. 128, 85-93.

[12] Johnston, A.W.B., Beynon, J.L., Buchanan-Wollaston, A.V., Set-
chell, S.M., Hirsch, P.R. and Beringer, J.E. (1978) High frequency
transfer of nodulating ability between strains and species of Rhi-
zobium. Nature 276, 634-636.

[13] Hooykaas, P.J.J., Snijdewint, F.GM. and Schilperoort, R.A. (1982)
Identification of the Sym plasmid of Rhizobium leguminosarum strain
1001 and its transfer to an expression in other rhizobia and Agro-
bacterium tumefaciens. Plasmid 8, 73-82.

[14] Brom, S., Girard, L., Garcia-de los Santos, A., Sanjuan-Pinilla, J.M.,

Olivares, J. and Sanjuan, J. (2002) Conservation of plasmid-encoded

traits among bean-nodulating Rhizobium species. Appl. Environ. Mi-

crobiol. 68, 2555-2561.

Mercado-Blanco, J. and Toro, N. (1996) Plasmids in Rhizobia: the

role of nonsymbiotic plasmids. Mol. Plant-Microbe Interact. 9, 535—

545.

Mercado-Blanco, J. and Olivares, J. (1993) Stability and transmissi-

bility of the cryptic plasmids of Rhizobium meliloti GR4: Their pos-

sible use in the construction of cloning vectors for rhizobia. Arch.

Microbiol. 160, 477-485.

[17] Mercado-Blanco, J. and Olivares, J. (1994) A protein involved in
stabilization of a large non-symbiotic plasmid of Rhizobium meliloti
shows homology to eukaryotic cytoskeletal proteins and DNA-bind-
ing proteins. Gene 139, 133-134.

[15

[16

610 1990}00 €0 U0 15aNB Aq /L9ZGGH/S L/ L/STZM0BISE-a[oIe/a|SWa)/Woo dno-olwapede//:sdny Wwolj papeojumoq



M. Pistorio et al.| FEMS Microbiology Letters 225 (2003) 15-21 21

[18] Mercado-Blanco, J. and Olivares, J. (1994) The large non-symbiotic
plasmid pRmeGR4a of Rhizobium meliloti GR4 encodes a protein
involved in replication that has homology with the RepC protein
of Agrobacterium plasmids. Plasmid 32, 75-79.

Herrera-Cervera, J.A., Olivares, J. and Sanjuan, J. (1996) Ammonia

inhibition of plasmid pRmeGR4a conjugal transfer between Rhi-

zobium meliloti strains. Appl. Environ. Microbiol. 62, 1145-1150.

Sanjuan, J. and Olivares, J. (1989) Implication of nifA in regulation

of genes located on a Rhizobium meliloti cryptic plasmid that affect

nodulation efficiency. J. Bacteriol. 171, 4154-4161.

Soto, M.J., Zorzano, A., Mercado-Blanco, J., Lepek, V., Olivares, J.

and Toro, N. (1993) Nucleotide sequence and characterization of

Rhizobium meliloti nodulation competitiveness genes nfe. J. Mol.

Biol. 229, 570-576.

Herrera-Cervera, J.A., Sanjuan-Pinilla, J.M., Olivares, J. and San-

juan, J. (1998) Cloning and identification of conjugative transfer ori-

gins in Rhizobium meliloti genome. J. Bacteriol. 180, 4583-4590.

Kosier, B., Piihler, A. and Simon, R. (1993) Monitoring the diversity

of Rhizobium meliloti field and microcosm isolates with a novel rapid

genotyping method using insertion elements. Mol. Ecol. 2, 35—

46.

Miller, J.H. (1971) Experiments in Molecular Genetics. Cold Spring

Harbor Laboratory, Cold Spring Harbor, NY.

[25] Beringer, J.E. (1974) R. factor transfer in Rhizobium leguminosarum.
J. Gen. Microbiol. 84, 188-198.

[26] Vincent, J.M. (1970) A Manual for the Practical Study of the Root-
Nodule Bacteria. IBP Handbook No. 15, Blackwell Scientific, Ox-
ford.

[27] Sambrook, J., Fristsch, E.F. and Maniatis, T. (1989) Molecular Clon-
ing: A Laboratory Manual. Cold Spring Harbor Laboratory, Cold
Spring Harbor, NY.

[28] Simon, R., Priefer, U. and Piihler, A. (1983) A broad host range
mobilization system for in vivo genetic engineering: transposon mu-
tagenesis in gram negative bacteria. BioTechnology 1, 784-791.

[29] Eckhardt, T. (1978) A rapid method for identification of plasmid
desoxyribonucleic acid in bacteria. Plasmid 1, 584-588.

[30] Wheatcroft, R., McRae, D.G. and Miller, R.W. (1990) Changes in
the Rhizobium meliloti genome and the ability to detect supercoiled
plasmids during bacteroid development. Mol. Plant-Microbe Interact.
3, 9-17.

[31] Simon, R., O’Connell, M., Labes, M. and Piihler, A. (1986) Plasmid
vectors for the genetic analysis and manipulation of rhizobia and
other Gram-negative bacteria. Methods Enzymol. 118, 640-659.

[32] Simon, R., Quandt, J. and Klipp, W. (1989) New derivatives of trans-
poson TnJ suitable for mobilization of replicons, generation of oper-

[19

[20

21

[22

23

[24

on fusions and induction of genes in Gram-negative bacteria. Gene
80, 161-169.

[33] Versalovic, J., Koeuth, T. and Lupski, J.R. (1991) Distribution of
repetitive DNA sequences in eubacteria and application of finger-
printing of bacterial genomes. Nucleic Acids Res. 19, 6823-6831.

[34] Versalovic, J., Schnieder, M., de Bruijn, F.J. and Lupski, J.R. (1994)
Genomic fingerprinting of bacteria using repetive sequence-based
polymerase chain reactions. Methods Mol. Cell. Biol. 5, 25-40.

[35] Jensen, H.L. (1942) Nitrogen fixation in leguminous plants. I. Gen-
eral characters of root nodule bacteria isolated from species of
Medicago and Trifolium in Australia. Proc. Linn. Soc. N.S.W. 66,
98-108.

[36] Toro, N. and Olivares, J. (1986) Characterization of a large plasmid
of Rhizobium meliloti involved in enhancing nodulation. Mol. Gen.
Genet. 202, 259-268.

[37] Hirsch, P.R. (1979) Plasmid determined bacteriocin production by
Rhizobium leguminosarum. J. Gen. Microbiol. 113, 219-228.

[38] Pistorio, M., Balagué, L.J., Del Papa, M.F., Pich-Otero, A., Hozbor,
D.F. and Lagares, A. (2002) Construction of a Sinorhizobium meliloti
strain carrying a stable and non-transmissible chromosomal single
copy of the green fluorescent protein GFP-P64L/S65T. FEMS Lett.
214, 165-170.

[39] Farrand, S.K. (1996) Conjugal plasmids and their transfer. In: The
Rhizobiaceae (Spanik, H.P., Kondorosi, A. and Hooykaas, P.J.J.,
Eds.), pp. 199-233. Kluwer Academic, Dordrecht.

[40] Turner, S.L., Kerry, A.L., Knight, J. and Young, P.W. (2002) Iden-
tification and analysis of rhizobial plasmid origins of transfer. FEMS
Microbiol. Ecol. 42, 227-234.

[41] Casadesus, J. and Olivares, J. (1979) Rough and fine linkage mapping
of the Rhizobium meliloti chromosome. Mol. Gen. Genet. 174, 203—
209.

[42] Hynes, M.F., Simon, R. and Piihler, A. (1985) The development of
plasmid-free strains of Agrobacterium tumefaciens by using incompat-
ibility with a Rhizobium meliloti plasmid to eliminate pAtC58. Plas-
mid 13, 99-105.

[43] Figurski, D.H. and Delinski, D.R. (1979) Replication of an origin-
containing derivative of plasmid RK2 dependent on a plasmid func-
tion provided in trans. Proc. Natl. Acad. Sci. USA 76, 1648-1652.

[44] Saunders, J.R. and Grinsted, J. (1972) Properties of RP4, an R factor
which originated in Pseudomonas aeruginosa S8. J. Bacteriol. 112,
690-696.

[45] Kosier, B., Piihler, A. and Simon, R. (1993) Monitoring the diversity
of Rhizobium meliloti field and microcosm isolates with the novel
rapid genotyping method using insertion elements. Mol. Ecol. 2,
35-46.

6102 4890100 €0 U0 150nB Aq /L.9ZGSGY/S |/1/STZ/I0BISGB-O[ILE/R|SW)/L0D dNO"0lWapEDE//:SARY WOl POPEO|UMOQ



	Identification of a transmissible plasmid from an Argentine Sinorhizobium meliloti strain which can be mobilised by conjug...
	Introduction
	Materials and methods
	Bacterial strains and plasmids
	Bacterial matings
	DNA manipulation
	Plasmid profiles - Eckhardt gels
	Tn5 plasmid tagging for conjugal transfer detection
	Forced mobilisation of rhizobial plasmids using transposon Tn5-B13, a mob-containing Tn5 derivative
	Oligonucleotide primers and PCR conditions
	DNA amplification fingerprints
	Amplification of nptII sequences from Tn5

	Plant nodulation assays

	Results
	Isolation of a transmissible cryptic plasmid from the strain S. meliloti LPU88
	Mobilisation properties of plasmid pSmeLPU88b
	Functional complementation between the helper functions of S. meliloti plasmids from different geographic origins: plasmid...
	Replication host range of the 22-kb plasmid pSmeLPU88b
	Nodulation competitiveness of S. meliloti 2011 carrying plasmid pSmeLPU88a or plasmid pSmeLPU88b

	Discussion
	Acknowledgements
	References


