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IAsstract

The arbuscular mycorrhizal (AM) fungus Gigaspora margarita harbors a resident population of
endosymbiontic Burkholderia in its cytoplasm. Nothing is known about the acquisition of such
bacteria and about the molecular bases which allow colonization of the fungus. We wondered
whether the intracellular Burkholderia strain possesses genetic determinants involved in coloniza-
tion of a eukaryotic cell. Using degenerated oligonucleotide primers for vacB, a gene involved in
host cell colonization by pathogenic bacteria, an 842 bp DNA fragment was cloned, sequenced, and
identified as a part of the vacB gene in Burkholderia sp. The insert was used as a probe to screen a
fungal library that, because of the presence of intracellular Burkholderia cells, was also representative
of the bacterial genome. The complete nucleotide sequence of vacB and flanking genes was deter-
mined. The bacterial origin of this genomic region was established by PCR, using specific vacB
primers on DNA from Gigasporaceae that did or did not contain cytoplasmic Burkholderia, as well
as on DNA from other bacteria, including free-living Burkholderia. We hypothesize that the vacB
gene is part of a new genetic region acquired by a rhizospheric Burkholderia strain, which became

able to establish a symbiotic interaction with the AM fungus G. margarita.
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Introduction

The Glomales (Zygomycetes) are obligate endosymbionts of
plants which associate with the roots of 80% of land plants,
establishing the most widespread association between soil-
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borne fungi and plants. Mycorrhizal fungi also interact in
the rhizosphere with bacteria and this create a synergism
that, in addition to promoting plant growth and health, may
also be significant for rhizosphere ecology [1]. Interactions
between Glomales and bacteria range from apparently
simple association through surface attachment, to intimate
and obligatory symbiosis [23]. Bianciotto et al. [5], in fact,
have demonstrated a resident population of endosymbiotic
bacteria in the cytoplasm of the arbuscular mycorrhizal
(AM) fungus Gigaspora margarita (BEG34). Ribosome DNA
sequence analysis showed that they belong to the genus
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Burkholderia. Hosny et al. [18] have since used this probe to
reveal similar bacterial populations in two Scutellospora iso-
lates.

The presence of as many as 250,000 microbial cells in the
same fungal cell [5] raises many questions not only as to
their origin and acquisition, but also as to the cellular and
molecular basis of their colonization. Perotto and Bonfante
[23] have suggested the possibility that a rhizospheric bac-
terial strain once acquired the ability to actively invade the
fungal cytoplasm. Colonization determinants common in
pathogenic and symbiotic bacteria have been described by
Galédn and Collmer [10], who found that the so-called type
III secretion systems are present in plant and animal patho-
genic and symbiotic bacteria. Another important determi-
nant is vacB, originally described in Shigella flexneri and
enteroinvasive Escherichia coli (EIEC) as a chromosomal
gene required for the expression of virulence genes carried
on their large plasmid [35]. Altough VacB was first defined
as a virulence factor, it is currently known to be an exori-
bonuclease RNase R involved in posttranscriptional process-
ing of mRNAs [7]. It enables production of the Vir proteins
encoded by virG, ipa, region-3, region-4, and region-5 op-
erons, and so modulates the ability of bacteria to adhere and
to penetrate cells, and later spread for full virulence expres-
sion [35]. Hence, since the capacity of these enteroinvasive
bacteria to invade their host cells is dependent on the vacB
gene function, the aim of the present work was to determine
whether the endosymbiotic Burkholderia strain living in the
AMF G. margarita possesses a similar genetic colonization
determinant. Elucidation of this fact should shed further
light on the possible mechanisms leading to acquisition of
the bacterium by the fungus. However, these intracytoplas-
mic microbes are unculturable by standard culture methods
[29] and defy elucidation of their structural genome and
functions. Development of a genomic library from G. mar-
garita which was also representative of the genome of its
intracellular bacteria [37] alleviated this constraint and al-
lowed us to start an investigation of the bacterial genome
[26].

Materials and Methods
AM Fungi

Spores of Gigaspora margarita Becker and Hall (isolate BEG 34) and
Gigaspora rosea Nicolson and Schenck (isolates BEG 9, INVAM
185, DAOM 194) were recovered from pot cultures of Trifolium
repens L. by wet sieving [11]. Spores of Gigaspora gigantea (Nicol &
Gerd.) Gerdemann & Trappe were isolated from the Compost Uti-
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lization Trial at the Rodale Institute Experimental Farm, Kutztown
(Pennsylvania, USA). Finally, spores of a Scutellospora sp. were
collected from sand dunes in Migliarino (Pisa, Italy) by V. Bianci-
otto. All the spores were rinsed five times with sterile, filtered, and
distilled water, surface sterilized with 4% chloramine-T and 300
ppm streptomycin for 30 min, and then rinsed seven times for 1 h
(total) with sterile, filtered, and distilled water [5].

Bacterial Strains and Plasmid

Escherichia coli MRA (P2) was used as host strain for the \ gt10
cloning system. Burkholderia cepacia MC14, Burkholderia cepacia
MCI13, Burkholderia cepacia PHP7, Burkholderia vietnamensis TVV
75, Agrobacterium tumefaciens (LBA4404), Rhizobium meliloti, and
an endosymbiotic Nostoc strain [30] were used in PCR with specific
primers designed on the vacB sequence. Plasmid pGME (Promega,
Madison, WI) was used to clone the PCR products obtained with
degenerated primers.

Fungal/Bacterial DNA Isolation

Approximately 100 surface-sterilized spores were crushed with a
plastic pestle in 300 pl of lysis buffer (50 mM Tris-HCl, pH 8; 25
mM Na-EDTA, 100 mM NaCl, 1% SDS, 0.1% Triton X-100 and
0.1% B-mercaptoethanol) and then treated with proteinase K (final
concentration, 50 pg ml™) at 60°C for 1 h and with DNase-free
RNase for 30 min at 37°C. Then, 0.1 vol of potassium acetate 5 M
was added. The tube was left on ice for 10 min and then centrifuged
for 10 min at 11,000 X g The supernatant was recovered and
treated with 1 vol phenol/chloroform (1/1), followed by centrifu-
gation at 11,000 X g for 10 min. The new supernatant was collected
and the DNA precipitated with 0.1 vol of ammonium acetate (5 M)
plus 1 vol of isopropanol, followed by centrifugation for 30 min at
15,000 x g at 4°C. The DNA pellet was finally washed with 70%
ethanol, air dried, and resuspended in 20 pl of TE buffer. Extreme
care was taken to avoid any contamination. All solutions were filter
sterilized, and sterile procedures were used throughout the DNA
extraction period.

Cloning of the vacB Gene

Several stretches of conserved amino acids were apparent from the
compilations of sequences for the VacB protein in bacteria. Two
stretches were used to design degenerate oligonucleotide primers as
described by Numberg et al. [22] [Fig. 1, nucleotides 1708 to 1727,
5'"-TGG GTI GCI ATI GCI GA(T or C) GT-3'; and nucleotides
2530 to 2550, 5'-(A or G)TC IGG (A or G)TA IC(G or T) IC(G or
T) IAT IGG-3']. Using DNA from G. margarita/Burkholderia as
template, an 842 bp DNA fragment was amplified with these prim-
ers and the polymerase chain reaction (PCR). PCR were carried out
in a final volume of 50 pl containing 10 mM Tris-HCI pH 8.3, 50
mM KCl, 2.5 mM MgCl,, 0.25 mM dNTPs, 100 pmol of each
primer, and 2 units of Taqg DNA polymerase (Sigma, St. Louis, MO,
USA). A PerkinElmer/Cetus DNA Thermal Cycler (0993/8412) was
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TATCTGGAATACGATGCAATTAAAAATGAATTGCGCGCGCGGACAGGCGCACGTTATGGC TTATCCGACCGCGTGCGGGTGCAAGTCAGCCGCGTCGATCCTGATGCGCGCAAGATTGAT
D A I KNETILURARTGARYGUL SDRUVRVQV SRV DPDATRKI

YJFH
TTGCTGCTGGTTGAACGAAGCGCCTAACGTTCCGEETCCCCGCTGAATG GCCTCAAACTGTTACACGGTTTTCACGCCATCACAGCGCGGCTTAGAGCCTTTCCGGCGACGGTCAA
L L L V EUR S A * M P R L KL L HGVF HATITARTILIRATFUPATVN

TGAAGTGTGGTACGACCCGGCGCGGCAGGATGCGCGGATGCGCGCGTTTTTGCATC TTGCCGCGTCCGCGAATGCGCGCCTGATTGCCGCGGACGCATCCCGATTARACGCGCTGAGCGG
E VWY DUZPA ARG QDA ARMERATFTLUHILAASANARTILTIAADA ASU RTILNATL S G

AGAGAAGCGCCATCAGGGCGTTGTTGCGCGCGTGACGGAGGCGACGCGCGCGCATTCGCTGGAGACGCTGCTTGATACCATTGAAGGCCAGCCCTTACTGCTCGCGCTTGATGGCGTGAC
K R HQ GV VARUVTEATH RAHKSTLETULILUDTTIESGQ Q?PLILTILATLUDTGUVT

CGATCCGCATAACCTCGGCGCGTGTCTGCGGGTGGCCGATGGCGCGGGCGCGCATGCGGTGATTGCCCCCCGGCGGCGCGCGGCTGGATTGACAGCGGCCGCGGCAARAGCGGCCAACGG
P HNL GACULURUVAD GAGA AHA AV IAUPIRI RIRAAGTLTAAAATIKAANG

CGCGGCAGARACGGTCCCGTATCTGACTGTGATCAATCTCGCGCGTGCGTTGCGCGCATTGAARAACGCCGGCATACAGGTGATTGGCACCGCGGACGACGCAACGACCTCTTTGTTCGA
A A ETV?PYLTVINILARALIRALIKNAGTIOVTIGTADUDA ATTS L F D
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Fig. 1. Nucleotide sequence of
the vacB region from Burkhold-
eria sp. (top line). The second
lines show the deduced amino
acid sequences for the ORFs. An
asterisk indicates stop codon. A
possible promoter before ksgA
origin is in bold. Bold, under-
lined GGs preceding the first
amino acid of a protein may be
part of a putative RBS. Sequences
corresponding to degenerated
PCR primers are double under-
lined and those from specific
primers are single underlined.

employed with the following values: initial denaturation at 95°C for QIAEX II Gel Extraction Kit (Qiagen), then cloned into pGME
5 min, followed by 35 denaturation cycles at 95°C for 1 min, an- plasmid (Promega, Madison, WI) and recombinant plasmids were
nealing at 55°C for 1 min, elongation at 72°C for 1 min, and a final used to transform competent E. coil XL1-Blue cells. Positive clones
elongation at 72°C for 5 min. The amplified DNA was purified screened by PCR [14] were subcultured and plasmid DNA isolated
following electrophoresis throughout a 1.2% agarose gel with the according to Sambrook et al. [27]. Sequencing was performed by
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the dideoxy-sequencing method [28] using fluorescent dye-linked
universal primers (T7 and SP6) and an Applied Biosystems model
370A DNA sequencer (Genome Express Society, Grenoble, France).

Screening of the Genomic Library

A genomic library constructed for G. margarita and proven to be
also representative of the bacterial genome [37] was used in this
study. Approximately 10* \ bacteriophage particles were plated on
the host E. coli MRA (strain P2). After incubation for 7 to 8 h at 37
°C, the colonies were produced and the petri plates placed at 4°C
for 1 h to harden the top agarose. They were then overlaid with a
Hybond-N" nylon membrane (Amersham, UK) and left for 2 min
at room temperature, or for 4 min in the case of duplicate filters.
DNA was denatured and fixed by autoclaving the filter for 5 min at
120°C. The filters were then hybridized with a probe consisting of
the 842 bp DNA fragment, which was labelled using a chemilumi-
niscent detection system (ECL Direct DNA Labelling and Detection
System, Amersham, UK). Hybridization was performed overnight
at 42°C using the buffer supplied with the labelling system, and in
accordance with manufacturer’s instructions. The filters were then
washed twice (10 min each) at 55°C with 0.5 x SSC + 0.4% SDS,
and twice (5 min each) with 2 x SSC at room temperature. An
X-ray film (Hyperfilm ECL, Amersham, UK) was exposed to the
membrane for 3 h and developed as recommended by the manu-
facturer. Positive areas giving hybridization signal with the Burk-
holderia sp.-vacB probe were secondary and tertiary screened [27].
For that, they were recovered from the plates with an inverted
yellow tip, put into 1 ml SM buffer + 20 ul chloroform, and left at
4°C and gently shaken overnight. Dilutions 10~ and 10 were
plated with the appropriate host bacteria and then used to obtain
duplicate filters (as described above) for a new hybridization with
the Burkholderia sp.—vacB probe. The positive areas obtained were
recovered from the new plates with an inverted yellow tip and put
into 1 ml of SM buffer + 20 pl chloroform. After incubation over-
night, the dilutions 107* and 10°° were used to obtain new filters for
hybridization. On these filters, single positive areas could be iden-
tified and used for phage DNA extraction (Qiagen) and subsequent
sequencing.

Sequencing the Clone DNA and Analyses

Sequencing was performed as described above. Sequences were
analyzed with the PC/gene software (IntelliGenetics, Inc. Mountain
View, CA, USA) and similarity searches were carried out in the
EMBL databank, using the FASTA program from the Wisconsin
Package 8 (Genetics Computer Group, WI, USA) or the BLAST
software available through the National Center for Biotechnology
Information (NCBI). Sequence alignments were performed using
the program package Clustal W, also available through the NCBI.
After sequence alignments, a phylogenetic tree was constructed
using the Neighbour-Joining method from the program package
ClustalX.

Design of Specific Primers, PCR, and Southern Blot

The PCR-Plan program from PC/gene software was employed to
design the following specific primers on the Burkholderia sp.—vacB
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Table 1. Comparison of the Burkholderia sp. and E. coli gene
products
No. of amino acids in deduced
protein sequences

Protein % identity Burkholderia sp. E. coli
KsgA 48 277 273
VacB 41 822 813
YjfH 47 247 243
RpiA 49° 122* 219

# Partial sequence.

gene: forward, nucleotides 1848 to 1870; 5-CTCATTGAATC-
CAGAGGTGGACC-3’, reverse, nucleotides 2222 to 2243; 5’-
AAATCGGCGGCGCAGACATTGG-3’. Fasta analysis on these
primers did not reveal any significant homology with other known
sequences. PCR with these primers, with universal eukaryotic 18S
rDNA primers NSI1/NS2 [9], or with universal prokaryotic 16S
rDNA primers 704f/1495r [21] was carried out as described by
Hosny et al. [18] with annealing temperatures of 60 or 55°C, re-
spectively. PCR products obtained with specific vacB primers were
transferred to nylon membranes by capillarity [27], and Southern
blot hybridization was carried out as previously described for the
screening of the library.

Nucleotide Sequence Accession Number

The nucleotide sequence shown in Fig. 1 has been deposited in the
EMBL database under accession number AJ242786.

Results and Discussion
Cloning and Sequencing of the vacB Region

Using DNA from the Burkholderia-containing G. margarita
spores as template, and the degenerated oligo primers men-
tioned above, an 842 bp DNA fragment of vacB gene was
amplified by PCR and then cloned. Negative control reac-
tions with DNA from G. rosea did not lead to any amplifi-
cation. This suggested a possible bacterial origin of the am-
plified DNA fragment on the G. margarita/Burkholderia
DNA template. The insert was sequenced, identified as a part
of the vacB gene, and then used as a probe for the screening
of the above-mentioned genomic library [37]. The complete
nucleotide sequence of the vacB gene in Burkholderia sp. of
G. margarita was obtained. Sequencing was extended to de-
termine the flanking genes (Fig. 1). Four open reading
frames (ORF) were detected in the sequenced region. All of
them were identified on the basis of their amino acid se-
quence similarity to known E. coli gene products (Table 1).



vacB Gene in Intracellular Burkholderia sp.

ORF1 encodes a protein of 277 amino acids similar (48%
identity) to Kasugamycin dimethyltransferase (KsgA) in E.
coli [36]. The predicted molecular weight of KsgA protein is
30.6 kDa. ORF2 encodes a protein of 822 amino acids and
predicted molecular weight of 91.9 kDa, similar (41% iden-
tity) to VacB in EIEC [7, 35]. The third ORF encodes a
protein of 247 amino acids and predicted molecular weight
of 26.1 kDa, similar (47% identity) to YjfH, a rRNA/tRNA-
methyltransferase in E. coli [6]. Finally, the partial sequence
of a protein similar (49% identity) to a ribose-5-phosphate
isomerase A (RpiA) in E. coli [19] was detected in ORF4.

Analysis of the vacB Region

The guanine-plus-cytosine content of the sequence was 61%.
A possible RNA polymerase binding sequence (TANNNT),
known as Pribnow box [16, 25], can be found from nucleo-
tides 19 to 24, in the region preceding the translational start
point of ksgA gene (Fig. 1). In addition, several GG motifs
are found in this region, and all the four genes are preceded
by GG 1 to 18 nt in front of the initiating ATG codon. This
nucleotide pair is thought to be part of a ribosome binding
site [31]. The stop codon usage is TAA or TGA indistinctly,
and there was an overlapping region of 323 nucleotides be-
tween the ksgA and vacB genes. No promoter sequence was
evident immediately before the vacB gene or between vacB
and yjfH. The only possible promoter is found upstream
from ksgA. Also, no transcriptional terminator was seen
downstream from vacB. If these predictions are confirmed,
together with the fact that the four genes are transcribed in
a common direction, this would indicate that vacB is part of
an operon together with the adjacent genes. This possibility
was previously proposed by Cheng et al. [7], who also found
that, in E. coli, vacB was followed by yjfH gene, with a similar
organization in the region. In fact, three of the proteins have
a function in RNA processing. ksgA and yjfH genes are
rRNA- and rRNA/tRNA-methyltransferases [6, 36], respec-
tively, and vacB is a exoribonuclease RNase R [7] involved in
rRNA methylation and mRNA posttranscriptional process-
ing. Using PC/gene software, KsgA and VacB have been
classified as integral proteins with one predicted transmem-
brane region each. In contrast, YjfH seems to be a peripheral
protein. RPIA could not be analyzed since only a partial
sequence is available.

Assessment of the Bacterial Origin of the vacB Region

We cloned the vacB gene described here after PCR with
degenerated primers on DNA from the fungus/bacterium
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complex. The genomic library used for sequencing the vacB
region also contained representatives of the two genomes
[37]. Therefore, vacB could be derived from the genome of
either of the partners. The lack of introns, characteristic of
eukaryotic genes, which give discontinuous ORFs, itself sug-
gests a bacterial origin for these genes. However, to demon-
strate that the vacB gene belongs to the intracellular Burk-
holderia genome, specific primers were designed on the basis
of the nucleotide sequence of the Burkholderia sp.—vacB
gene. When these primers were used in PCR (Fig. 2), they
successfully amplified the expected fragment from DNA ex-
tracted from G. margarita spores containing the intracellular
Burkholderia and from a Scutellospora sp. Scutellospora is a
member of the Gigasporaceae, and the isolate used possesses
similar intracellular Burkholderia to G. margarita (Bianciotto
et al., in preparation). In contrast, no amplification occurred
on DNA from three different isolates of the related species G.
rosea or from Gigaspora gigantea [3], which are devoid of
intracellular bacteria. Positive reactions carried out with the
same DNA and primers NS1/NS2 [9] successfully amplified
on DNA from all the fungal species tested (data not shown).

PCR with the same vacB-specific primers was also per-
formed using DNA of different free-living Burkholderia spe-
cies and from other bacteria able to invade eukaryotic cells
during their life cycle. As shown in Fig. 2, two out of three
B. cepacia isolates led to a successful amplification of the
expected DNA fragment. No amplification occurred with B.
vietnamensis, with B. cepacia PHP7, or with any of the other
isolates. This lack of amplification may be due to the absence
of such a gene in their genome or to a higher degree of
genetic divergence with respect to Burkholderia sp. from G.
margarita than those of the two B. cepacia species that am-
plified. Positive reactions were carried out with the same
DNA template and universal ribosomic prokaryotic primers
704£/1495r [21], and all the species tested successfully am-
plified the expected DNA fragment (data not shown).

Southern blot hybridization of the PCR products ob-
tained with the vacB-specific primers stated above, using the
842 bp Burkholderia-vacB fragment as a probe, confirmed
the identity of the amplified DNA in G. margarita, in Scute-
llospora sp., and also in B. cepacia MCl4 and B. cepacia
MCI13 (Fig. 2). The same results were obtained by Southern
blot with PCR products obtained with the degenerated
primers for vacB (data not shown).

Phylogenetic Analysis

The nucleotide sequence of the Burkholderia vacB gene was
compared with that of a number of bacteria. As shown in
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Fig. 2.
1.2% agarose gel for PCR products

(A) Electrophoresis on

obtained with specific primers de-
signed on Burkholderia sp.—vacB
gene. (B) Southern blot hybridiza-
tion using the 842 bp Burkholderia
sp—vacB insert as a probe. M, A
marker; lane 1, G. margarita/
Burkholderia; lane 2, G. rosea (BEG
9); lane 3, G. rosea (INVAM 185);
lane 4, G. rosea (DAOM 194); lane
5, G. gigantea; lane 6, Scutellospora

12 13 14 1516 17

sp./Burkholderia; lane 7, plasmid
containing vacB gene; lane 8, no-
DNA control; lane 9, G. margarita/
Burkholderia; lane 10, Burkholderia
cepacia CMI4; lane 11, Burkhold-
eria cepacia PHP7; lane 12, Burk-
holderia cepacia MCI13; lane 13,
Burkholderia vietnamensis TVV75;
lane 14, Agrobacterium tumefa-
ciens; lane 15, Rhizobium meliloti;
lane 16, Nostoc 1-26; lane 17, plas-
mid containing vacB gene; lane 18,

Fig. 3, Burkholderia sp. is clustered with bootstrap values of
100 in a group comprising Haemophilus influenzae, E. coli,
and S. flexneri. The vacB gene seems to be widespread not
only in enteroinvasive bacteria, but also in pathogens from
the genus Streptococcus, Helicobacter, Chlamydia, or Myco-
plasma, which have different target cells. However, two clus-
ters can be distinguished in the tree. Chlamydia, Myco-
plasma, and Helicobacter seem to have a high divergence
degree with respect to the group comprising Burkholderia
sp., as shown by the tracheotomy in the tree.

From an evolutionary point of view, it is of interest to
understand how G. margarita acquired its cytoplasmic bac-
terial population. It has been proposed recently that Burk-
holderia spp. are versatile bacteria which can behave as op-
portunistic pathogens and invade eukaryotic cells [17, 20,
33, 34]. Bacterial cells are continuously undergoing genetic
alterations that enable them to face various environmental
conditions and colonize new ecological niches. These pro-
cesses are a key step in their evolution and can convert
environmental strains to strains able to form close associa-
tions with eukaryotic hosts [15, 32]. Selective pressure then
decides whether a specific feature is maintained in the popu-
lation [24]. The impact of horizontal gene transfer on mi-
crobial evolution has become apparent from recent molecu-
lar analyses [2, 8, 13]. For example, the SPI-1 pathogenicity

no-DNA control.

island was probably acquired very early in the evolution of
Salmonella and enabled that genus to invade epithelial cells
[2]. In the same way, Sullivan and Ronson [32] reported the
evolution of nonsymbiotic rhizobia to symbiotic strains by
acquisition of a symbiotic island. They also proposed that
this island should contain both genes necessary for its spe-
cific function (N, fixation), and others contributing to the
success of the host—microbe interaction.

We hypothesize that the vacB region described here is
part of a genetic region acquired by a rhizospheric Burkhol-
deria strain, which, together with other genes, enabled this
strain to establish a symbiotic interaction with the AM fun-
gus G. margarita. The vacB gene could fall into the above-
mentioned category of genes which contribute to the success
of the host-microbe interaction [32], being involved in the
initial colonization of the fungal cytoplasm.

Interestingly, specific primers for vacB also amplified the
expected DNA fragment in two free-living B. cepacia strains,
but not in B. vietnamensis. Although all the Burkholderia
strains used were isolated from the rhizosphere of maize [4,
33], members of the B. cepacia branch have been described
as opportunistic pathogens that can colonize epithelial eu-
karyotic cells [17, 20, 33, 34]. In contrast, B. vietnamensis is
a rhizospheric bacterium [12], so far not related with patho-
genicity. These results also support our hypothesis of a pos-
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quences from Burkholderia sp. and other bacteria. Scale represents

Phylogenetic tree constructed after alignment of vacB se-

estimated number of nucleotide substitutions per sequence posi-
tion. Accession numbers of sequences used to construct the tree are
as follows: Aquifex aeolicus AE000769; Burkholderia sp. AJ242786;
Chlamydia trachomatis AE001313; Chlamydia pneumoniae
AE001635; Escherichia coli AE000490; Haemophilus influenzae
U32767; Helicobacter pylori AE000630; Mycoplasma genitalum
U39691; Mycoplasma pneumoniae AE000057; Shigella flexneri
D11024; and Streptococcus pneumoniae AF052209.

sible role of the vacB gene described in Burkholderia sp. in
the initial bacterial colonization of the fungal cytoplasm.
Then, the presence of other genes—i.e., nif genes reported by
Minerdi et al. (in preparation)—in the bacterial genome
could have accounted for the establishment of the symbiotic
association between the bacteria and the fungus.
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