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ABSTRACT 
 
Type I secretion (T1S) by Xylella fastidiosa (Xf) is required for multidrug efflux, a pump critical for survival of 
Xf in grapevines.  In Xf, T1S depends on a very limited number of genes, possibly making this system more 
vulnerable to inhibition by small molecule treatments than T1S found in most bacterial pathogens, which typically 
carry redundant T1S systems.  Xf single gene mutations in the T1S system are much more sensitive to the 
surfactant Silwet L-77 than wild type Xf.   High throughput screening assays of Xf cell viability were developed 
using fluorescence and optical density measurements both with and without 200 ppm Silwet L-77.  GFP-marked 
Xf strain Temecula1 was used to screen two Prestwick combinatorial small molecule libraries (phytochemical and 
FDA approved drugs; 1600 chemicals in total) for Xf cell growth inhibition. Significant (>50%) inhibition of 
Temecula1 growth was observed in presence of 50 µM of 215 different chemicals, 6 of which exhibited even 
higher (24% - 40%) stronger inhibition in the presence of Silwet L-77, indicating these 6 chemicals possibly 
target T1S efflux. Forty-six chemicals reduced growth >100%, indicating Xf cell lysis.  Seven chemicals, 
including four phytochemicals, reproducibly lysed Xf at 25 µM levels.  Four of these chemicals were eliminated 
from further consideration because they have pharmaceutical uses and would likely face severe regulatory 
hurdles.  Three chemicals were further evaluated as potential treatments for PD by both soil drench and spray 
applications and for phytotoxicity to grape and tobacco leaves.  One was strongly phytotoxic to grape leaves at 25 
mM levels and was eliminated from further consideration; one appears only slightly toxic at 50 mM levels, based 
on chlorophyll degradation assays.  Two chemical treatments identified in this screen showed showed significant 
potential for chemical control of PD when applied as soil drenches and/or foliar sprays, and significantly reduced 
progression of disease symptoms (54-59% compared to untreated controls) over a period of three months.  
        
LAYPERSON SUMMARY OF ACCOMPLISHMENTS 
 
 Two significant leads from the high-throughput bioassay were identified as (a) lytic at 25 µM 

concentration, (b) low cost, and (c) likely of low regulatory concern.  
 Treatment A was significantly phytotoxic to grape leaves at 25 mM concentration, but treatment B 

was only slightly phytotoxic at 50 mM levels.  
 Foliar spray treatments of both A and B resulted in only marginal phytotoxicity. Soil drench 

application had no visible phytotoxic symptoms for either treatment.  
 Treatments A and B were evaluated as potential treatments for PD applied either as soil drench or 

foliar spray. PD disease severity was reduced by approximately 40% by both treatments and both 
application methods. 
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INTRODUCTION 
 
This is a new project that is based on two discoveries made during the course of two earlier CDFA funded 
projects.  The first discovery is our demonstration that the Type I multidrug resistance (MDR) efflux system of X. 
fastidiosa (Xf) is absolutely required for both pathogenicity and even brief survival of the Pierce’s Disease (PD) 
pathogen in grape (Reddy et al., 2007).  Knockout mutations of either tolC or acrF (manuscript in preparation) 
render Xf nonpathogenic, and in addition, the tolC mutants were so highly sensitive to grape chemicals that the 
mutants are not recovered after inoculation.  Inoculation of very high titers of Xf strain Temecula tolC̅ mutants in 
grape results in rapid, 100% killing of inoculated bacteria.  These results demonstrated a critical role for Type I 
efflux in general and TolC and AcrF in particular for defensive efflux by Xf of plant antimicrobial compounds, 
such as phytoalexins.  
  
In the process of investigating the increased sensitivity of the MDR efflux mutants to plant-derived antimicrobial 
chemicals, we also discovered that even wild type Xf, with its lone MDR efflux system, is much more sensitive to 
plant-derived antimicrobial chemicals than most other plant pathogens, which carry multiple efflux systems. Both 
tolC (encoding the outer membrane and periplasmic tunnel component of Type I secretion) and acrF (encoding 
the inner membrane pump component of Type I secretion) are essential for MDR efflux in Xf, which has only one 
copy of each gene and only one such MDR efflux system.  By contrast, most plant pathogens have redundant 
MDR efflux systems and multiple tolC genes.  These results suggest that Xf should be much more vulnerable to 
chemical treatments affecting Type I efflux than other bacterial plant pathogens.    
 
MDR efflux mutants in other systems have provided proven, highly sensitive and quantitative screening methods 
for antimicrobial chemicals (Tegos et al., 2002).   The goal of this project is to exploit the increased vulnerability 
of Xf and our knowledge of particular chemicals that require efflux in a high throughput assay that screens small 
molecule combinatorial libraries and Xf-resistant grapevines for chemicals that may disable Type I secretion 
directly or indirectly.  A highly sensitive live cell assay that is well suited for high throughput screening was 
developed and used for this screening.   
 
OBJECTIVES  
 
The specific objectives of this one year proposal are: 
1.   Screen two Prestwick combinatorial libraries for chemicals affecting Type I efflux from Xf. 
2.   Screen sap and crude extracts from V. vinifera grape plants subjected to freezing treatments (sufficient to cure 
PD) for potential effects on Type I efflux from Xf.  
3.  Determine if sap and crude extracts from PD resistant Muscadinia rotundifolia contain more and/or more 
effective chemicals affecting Type I efflux from Xf than susceptible V. vinifera plants.  
 
RESULTS AND DISCUSSION 
  
Objective 1:  Screen two Prestwick combinatorial libraries for chemicals affecting Type I efflux from Xf.   
 

Initial experiments focused on Xf culturing conditions (starting optical density and cell volumes) that 
would be adequate to obtain reproducible results in a chemical screen for Xf growth using a 96 well microtiter 
plate format.  Two day old cultures of GFP-marked Temecula1 cells (OD600= 0.25) were diluted to starting 
OD=0.05 and used for seeding 96-well microtiter plates for high throughput screening of the chemical libraries.   
Cell volumes of 100, 150, and 200 µl / well were tested at 28° C.  Overall, 150 µl / well volumes were determined 
to be practical and reproducible for observing growth (refer Fig. 1).  Bacterial growth was measured at 48 hours 
after inoculation, both as (correlated) increase in optical density (OD600) and GFP fluorescence (excitation at 
485/20 nm and emission at 528/20 nm) (Steff et al., 2001).    
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Fig 2. Screening of the Prestwick Phytochemical Library of 320 compounds for growth inhibition of Xf, both with and 
without Silwet L-77.  Growth of PDT in the presence of 320 chemicals (numbered along the horizontal axis) both with 
(orange dots) and without (blue dots) 200 ppm Silwet L-77.  Both OD and GFP fluorescence were measured.  Plates were 
incubated at 28° C for two days, and both OD and GFP fluorescence again measured.  Growth inhibition was calculated as 
the difference between the change in OD (not shown) or GFP fluorescence between treatments and the respective untreated 
control. Chemicals exhibiting at least 50% of growth inhibition relative to the respective untreated control were selected for 
additional screening at different concentrations (dose effect).     
 

 
 
Fig 3. Screening of the Prestwick Chemical Library of 1,280 compounds for growth inhibition of Xf, both with and 
without Silwet L-77.    Legend as in Fig. 2. 
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 Following inoculation, plants were immediately treated either by soil drench using between 200-250 ml 
of indicated chemical per treatment, or by spray until runoff of indicated chemical per treatment.   PD symptoms 
appeared after about a month in the leaves of the lowest inoculated nodes.   
 
 Chemical treatments were repeated again at the end of the first and second month post-inoculation, for a 
total of three treatments.  Disease severity was quantified by counting the total number of diseased leaves 
(symptomatic leaves, including bare petioles and bare nodes) and expressed as a % of total number of leaves 
(symptomatic and asymptomatic) (refer Zhang et al. 2015).  The effect of chemical A and B treatments (soil 
drench and foliar spray) on the disease progression over a period of three months is summarized in Fig. 7. 
 

 
Fig. 7: Effect of chemical (A & B) treatments (soil drench or foliar spray) on progression of PD symptoms on 
grapevines (V. vinifera cv. Carignane) over a three-month period. The chemical treatments were applied immediately 
after Xf inoculations, and repeated twice at monthly intervals. The bars represent average  SD for 5 replicates for 
the treatment controls and 3 replicates for each of the chemical treatments (except for foliar spray B, where only two 
plants were inoculated). 
 
 
As can be observed in all treated plants, PD disease severity was reduced by approximately 40% by all treatments.  
Untreated controls were stunted and died after 3 months; treated plants maintained under the same conditions had 
longer internodes, and 25% more nodes and continued growing under root-bound conditions.  The treatment 
concentrations were not dose optimized, nor were Xf titers determined. 
 
Objective 2.   Screen sap and crude extracts from V. vinifera grape plants subjected to freezing treatments 
(sufficient to cure PD) for potential effect on Type I efflux from Xf.   
 
 V. vinifera grape plants were cold treated.   No significant amounts of sap have been extracted to date 
following cold treatments, despite several attempts.   
  
Objective 3.  Determine if sap and crude extracts from PD resistant Muscadinia rotundifolia contain more 
and/or more effective chemicals affecting Type I efflux from Xf than susceptible V. vinifera plants.   
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 Muscadinia rotundifolia grapevines crude extracts were obtained using methodology previously reported 
(Reddy et al. 2007) and screened as outlined in Objective 1, but no significant effects were observed. 
 
 
STATUS OF FUNDS 
 
 Fully spent.   
 
SUMMARY AND STATUS OF INTELLECTUAL PROPERTY 
 
 A patent application is being prepared for the University of Florida.   
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