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Citrus canker strains survive in biofiims on leaves and fruit

Proposal Title

Survival of Xanthomonas citri ssp. citri (Xcc) to estimate risk of citrus canker transmission by infected fruit
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12/21/11 Citrus Research and Development Foundation ’ Infection Consequences

REPORT UPDATE (500 words; summarize your accomplishments )

We developed Xcc strains that express green fluorescent protein (GFP) in two different forms to monitor bacterial survival:
the native protein, and a protein that is unstable due to a specific oligopeptide tail targeted by proteases within the
bacterium. Evaluation of protein stability confirms that strains with unstable GFP only expressed and fluoresced in
metabolically active cells, and not in dead bacteria. Fluorescence of unstable GFP strains under confocal laser scanning
microscopy (CLSM) was used to track bacterial survival and biofilm formation on leaf and fruit surfaces. After spray
inoculation, aggregates of fluorescing cells of unstable GFP strains formed biofilms on leaves and fruit. Bacterial cells that
aggregated on the surfaces only survived when protected from desiccation. To confirm the role of biofilm as a survival
strategy, viability of bacteria in aggregates was evaluated in vitro based on amplification of a specific length fragment from
gumbD gene. The amplification of the 445-bp product from gumD mRNA was demonstrated to be useful for the detection of
viable Xcc due to the instability of the long mMRNA fragment. By this approach bacterial survival in biofilm aggregates as
compared to planktonic cells was demonstrated in culture. This detection method may become a practical tool for study of
survival of Xcc. Aggregation of viable bacteria in biofilms confirmed their role in survival outside of lesions and potential for
protection from bactericide treatments in the field or in the packinghouse during the fruit disinfection process. Persistence
of viable bacteria in biofilms explains the occasional recovery of Xcc from exposed symptomless fruit after rigorous
disinfection with chlorine and sodium ortho-phenylphenate (SOPP). Aggregation and biofilm formation were confirmed for
wide (Xcc A) and limited host range strains (Xcc A* and Xcc Aw). Higher aggregation and biofilm formation was
demonstrated for Xcc A than Xcc Aw or Xcc A*. The higher biofilm formation of Xcc A was associated with greater motility
on agar (swarming) and lower motility in liquid medium (swimming) than Xcc A* strains. Moreover, differences in biofilm
structures between wide and narrow host range strains in initial stages of aggregate formation were observed by scanning
electron microscopy (SEM) and CLSM. Greater flagellation and presence of swarming cells (with high ability for
movement) in the Xcc A strains compared to Xcc Aw was observed by transmission electron microscopy and gene
expression analysis. This suggests that action of flagella-like structures may account for the difference in biofilm formation
between these strains. Differences in biofilm formation and motility among wide and limited host range strains may
account in part for their difference in virulence. Based on the SEM, Xcc A is able to aggregate and form biofilm on both
Mexican lime and grapefruit while Aw produces biofilm on lime but not grapefruit. An additional objective was to evaluate
the effect of different bactericides on biofilm formation or removal of pre-existing aggregates. Adhesion of Xcc to
borosilicate slides was measured by colorimetric assay after exposure to sublethal concentrations of NaCl, SOPP, NaClO
and CuSO4. Bactericides did not inhibit biofilm formation but sometimes increased adhesion to the surface even when
bacterial growth was not directly affected by the bactericide treatment.
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