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ABSTRACT

Xylella fastidiosa is a phytopathogen bacterium that produces exopolysaccharides (EPSs) that are closely
linked to the production of biofilms and contribute to xylem vessel blockage in the host. Although its genome
has been completely sequenced, there is little information about the functions of its genes. This work
investigates the function of rpf (regulation of pathogenicity factors) genes and their connection to EPS
production. The rpfA and rpfB mutants of X. fastidiosa Temecula strain (DSMZ6030) were generated using
the Tn-5 transposon. Results from SEM (scanning electron microscopy) of rpfA and rpfB mutants showed an
increase in the virulence and aggregation capacity compared with the wild type. The wild type cells showed
a lower capacity to attack the host and were more dispersed than those of the mutants. In vitro analysis also
showed an increase in surface attachment for the mutants compared with the wild type. These data suggest
that the rpf genes interfere with the biofilm formation process or other pathways might be able to supplement
in the absence of these gene products.
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Introduction

Xylella fastidiosa is a Gram-negative plant pathogenic bacterium that colonizes the xylem vessels of
various plant hosts and causes diseases, such as grapevine Pierce’s disease (PD) and citrus variegated chlorosis
(CVC) that are responsible for substantial economic losses worldwide (Hopkins, D.L., 1989; Wells et al.,
1987). Several aspects of its biology and pathogenicity are still unknown, but it is clear that X. fastidiosa is
capable of growth both in vitro and in vivo, on plant or insect hosts (Li et al., 2007; Marques et al., 2002;
Wulff et al., 2008), in which the cells aggregate and form biofilms that obstruct the xylem vessels. Such
biofilms protect microbial communities from dehydration, antibiotics, host defenses, and other stresses while
contributing to adhesion and virulence and exposing the plants to osmotic stress (Hopkins, D.L., 1989; Barber
et al., 1997; da Silva Neto et al., 2008).

Distinct factors can interact to induce X. fastidiosa cells to self-aggregate and form a biofilm (Wulff et
al., 2008). Among these factors, the extracellular polysaccharides constitute an important structural component
of the biofilm that play a large role in its stability and structure (Branda et al., 2005; Sutherland, I., 2001).
Many phytopathogenic bacteria produce EPSs that are involved in virulence and contribute to vascular
blockage, and X. fastidiosa might use the same methods to cause the vascular occlusion observed in its plant
hosts (Marques et al., 2002; Leigh and Coplin, 1992). The X. fastidiosa EPS named fastidian gum is similar
to xanthan gum produced by Xanthomonas campestris Silva et al., (2001). In X. campestris pv. campestris,
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the production of extracellular proteins and EPS is regulated by a cluster of genes designated the rpf cluster
(for regulation of pathogenicity factors). Some of the rpf genes have been characterized in detail, such as the
rpfA gene, which is thought to be a regulator of EPS production. The rpfA mutant showed reduced production
of extracellular enzymes (the polygalacturonate lyase PGL and the endoglucanase EngXCA) and extracellular
polysaccharide. The rpfA mutant also resulted in low levels of virulence in X. campestris Wilson et al., (1998).
Also in X. campestris, the rpfB gene is involved in the synthesis of a small diffusible signal factor (DSF)
molecule, which is important for communication among the bacteria during quorum sensing perception
(Gudesblat et al., 2009; Slater et al., 2000). The rpfB mutants show a reduction in synthesis of extracellular
enzymes and EPS production (Poplawsky et al., 1998). Other X. campestris pv. campestris mutants (rpfA, rpfB,
rpfE, rpfH, and rpfI) did not form aggregates in growth medium and grew in a dispersed fashion Dow et al.,
(2003).

Xanthomonas is the closest genus to X. fastidiosa and both share a high number of orthologs, so rpfA and
rpfB might have similar roles in X. fastidiosa. 

The aim of this work was understand more clearly the pathogenic mechanisms of these genes in X.
fastidiosa and to compare aggregation of the rpf mutants with the wild type.

Material and methods

Transposon insertion:

X. fastidiosa strain Temecula (DSMZ6030) Wells et al., (1987), was used for this experiments.
EZ::TN transposon system <Kan-2> kit (Epicentre) was directionally inserted into rpfA (PD0513) and rpfB

(PD0233) genes through their isolation by PCR using Platinum Taq DNA Polymerase High Fidelity
(Invitrogen).

The plasmids containing the mutated inserts were sequenced after transformation into the proper bacterial
host by electroporation. DNA sequencing was carried out to identify the transposon insertion sites using the
unlabeled forward and reverse transposon-specific primers provided with the kit and gene-specific primers for
rpfA (rpfAR-5’CACGACGCGGTAGACTAGTTGT3’ and rpfAF-
5’ATGCGCGATTCGTTCTCCACC3’) and rpfB (rpfBR-
5’GTAGTTGGTGTAAGTGTCGAGTTGGGT3’ and rpfBF-
5’CAAACACGTCCTTGGCTGCAACACTATC3’).

Stability of Xylella fastidiosa Tn-5 mutants:

The stability of mutagenesis in X. fastidiosa was confirmed by growing the rpfA and rpfB mutants in
liquid BCYE medium Weels et al., (1981), pH 6.8, containing kanamycin (30 µg/mL) for 7 days and then
plating to solid BCYE selective medium plates. These passages were repeated 10 times.

Xylella fastidiosa aggregation:

To determine the aggregation capacities, the cells were grown in glass tubes. The starting culture with an
initial OD600 = 2.0 was diluted in 20 mL of BCYE medium, pH 6.8, which was then distributed into four glass
tubes and incubated with constant shaking (200 rpm) at 28°C for 40 days. One glass tube was photographed
after 10, 20, 30, and 40 days of growth to show the aggregation capacity.

This experiment was repeated twice. 

Scanning electron microscopy:

To evaluate the attack capacity and the aggressiveness towards the host of the mutants compared to wild
type, grapevine (Vitis vinifera L.) plants were grown under greenhouse conditions at the FCAV/UNESP
Jaboticabal. Two cuts were made in the plants, one at 30 cm from the base and another 10 cm higher. These
stem pieces were divided into four parts and put into tubes that were then autoclaved. After sterilization, the
tubes containing the grape wood sticks were added to bacterial cultures so that the lower part of the sticks was
submerged.

Every 10 days, a sample from each stick was removed and cut into three parts, to evaluate the top, the
middle and the bottom of each, and then cut diagonally. Each sample was fixed with glutaraldehyde for 2 h
and osmium tetroxide for 12 h and washed. The fixed sticks were dehydrated with increasing concentrations
of ethanol, dried to a critical point and then covered with a thin layer of gold. The obtained materials were
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then analyzed by scanning electron microscopy (SEM).

Results and discussion

Transposon insertion:

The strategy based on “in vitro” transposon insertions at plasmid or chromosome sites have been widely
employed to mutate individual genes. These mutations have then been used to identify the function of each
gene and associate genes with certain cellular processes.

In this work the transposon insertion sites were confirmed by DNA sequencing and the inserted sequences
were specifically located between 2,027 and 2,028 basepair of the coding sequence of rpfA gene and between
1,285 and 1,286  basepair of the 1,710 bp rpfB gene. The plasmids with the transposon insertions in the rpfA
and rpfB genes were named pTnA and pTnB, respectively (Fig. 1a and Fig. 1b). 

Fig. 1: Mapping of the Tn-5 transposon insertion site in the rpfA (a) and rpfB (b) genes from Xylella
fastidiosa.  Shown are the  primer locations for DNA sequencing (rpfF and rpfR –– and Tn-5 – Δ
primers), the transposon insertion – Tn, the putative origin of replication – ori, the reporter gene –
lacZ, the kanamycin – kanr  and  the ampicillin - ampr resistance markers

Analysis of cell aggregation:

The analysis of X. fastidiosa aggregation was based on adhesion in glass tubes. In the mutant tubes, the
cells aggregated with heavy clump formation was observed when compared with the wild type. There was an
increase in surface attachment for the mutants compared with the wild type; in conditions when the mutants
were able adhere to the tube, this adhesion was reduced or non-existent in the wild type (Fig. 2). 

Fig. 2: Xylella fastidiosa aggregation in glass tubes of the wild type, rpfA mutant and rpfB mutant
respectively at a – 10 days, b – 20 days, c – 30 days, and d - 40 days
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Scanning electron microscopy:

Scanning electron microscopy was used to evaluate the aggregation capacity of rpfA and rpfB biofilm-
related genes.

Even though the cultures were inoculated at the same OD600, the images generated by the SEM showed
that the wild type cells presented a lower capacity to attack the host and were more dispersed than those of
the mutants.

By day 20, the mutants had already formed aggregates of large clusters with abundant numbers of cells,
while the wild type presented a considerable number of cells starting at day 30, and growth continued to
decline up to day 40 (Fig. 4).

Fig. 3: Xylella fastidiosa  aggregation in grape wood sticks. a – 10 days, b – 20 days , c – 30 days, and d -
40 days; column I – wild type, column II – rpfA mutant, and column III – rpfB mutant

Discussion:

Analysis by Scanning Electron Microscopy and by Transmission Electron Microscopy  has previously
demonstrated that X. fastidiosa is able to form biofilms  and that the main component of this structure, the
EPS, might also possibly be involved in the pathogenicity process (Marques et al., 2002; da Silva et al., 2008).
The EPSs have beneficial characteristics for the cells and diseases caused by X. fastidiosa greatly impact
important crops, such as grapevine and sweet oranges.

The analyses of cell adhesion onto glass tubes confirmed that the X. fastidiosa rpf genes play a role in
cell aggregation.  When these genes were inactivated by transposon insertions, the cells had a greater capacity
to attach in in vitro conditions, showing the larger clump formation compared to wild type.

Aggregation and biofilm formation are influenced by pH, and these properties have been observed on glass
tubes or wood sticks imbedded in medium at pH 6.8 Marques et al., (2002), possibly due to an increase in
the transcription of genes involved in aggregation and biofilm formation at pH above 6.4 Wulff et al., (2008).
However, even at pH 6.8, the rpfA and rpfB mutants were much more virulent in relation to the ability to
aggregate and attach to the host compared to wild type, with pronounced increases in ability to adhere onto
glass tubes and wood sticks. Increases in biofilm formation capacity have also been observed in other X.
fastidiosa mutants de Souza et al., (2006).

Multiple hypotheses can explain this result; it is possible that many genes are involved in bacterial cell
aggregation and this process might be accomplished by another pathway. It is possible that a great number of
genes must be mutated to generate a strain with an impaired ability to form aggregates, such as the fimA and
fimH Feil et al., (2003), hxfA Guilhabert, M.R. and B.C. Kirkpatrick, (2005), gumB and gumF de Souza et
al., (2006); and the absence of one gene can not be compensated by the over expression of other similar genes
to fill such mutation. Another hypothesis is that these gene products act as negative regulators in the
aggregation process, and in their absence, the genes regulated by the rpf cluster are expressed at a higher level,
especially with regard to the DSF-related genes as rpfC and rpfF (Gudesblat et al., 2009; Slater et al., 2000).
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Therefore, the mutations are produced on nucleotide sequences that code for an inhibitor or antagonistic
molecule, thereby removing it from the pathway.

It is not possible to exclude the fact that the transposons might have been inserted more frequently near
the stop codon than near the start codon of the analyzed genes. This situation might have allowed the bacteria
to produce proteins that were only somewhat different from the wild type, and due to the importance of these
particular proteins, their functions may have been retained.

Nevertheless, considering the observed data, it is clear that the rpf genes are also directly related to the
process of cell aggregation in X. fastidiosa. Because this process is a possible key element in the pathogenicity
process, inference with the rpf genes is a possible method to control diseases caused by bacteria with intense
degrees of cell aggregation.
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