PROGRESS REPORT

I. Project title

Biology of the X. fastidiosa-vector interface

II. Principal Investigators and Cooperators
Rodrigo Almeida, Principal Investigator

Nabil Killiny, Researcher

Department of Environmental Science, Policy and Management

University of California, Berkeley, CA 94720

III. List of objectives and description of activities

1. Characterization of chitin-binding proteins in the X. fastidiosa cell surface.

2. Identification of molecules that disrupt X. fastidiosa adhesion.

IV. Summary of major research accomplishments and results for each objective
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The major limitation to research on X. fastidiosa-vector interactions was the lack of an artificial diet system to deliver cells to insects.  Such a protocol would allow the delivery of cells directly to sharpshooters without the requirement of source plants.  Because cells interact with plants, are unevenly distributed in the xylem network, and have different gene expression profiles depending on individual vessel colonization stage, it has always been challenging to study how X. fastidiosa colonizes its vectors.  In addition, an artificial diet system would permit us to control the delivery of cells and compounds that may block transmission, to sharpshooters under various conditions.  We and other groups have tried to develop this protocol, on and off, for 30 years.  Here we report on our successful efforts to deliver transmissible X. fastidiosa cells to vectors.  This is an essential component of our project, as now we can easily compare cells that are transmissible if grown on certain conditions with others that are not transmissible.
This figure illustrates the general idea of this protocol.  Essentially, cells are grown in vitro, suspended in diluted media, confined in parafilm sachets and given to sharpshooters in small cages.  Insects are then transferred to grape seedlings for an inoculation access period.  Our group and others have successfully done before acquisition of cells from such a system.  However, those cells were never transmitted to plants.

Our work started with two assumptions.  First, the most commonly used medium to grow X. fastidiosa, PW, is too rich, does not mimic conditions cells encounter in nature, and likely results in pathogen gene expression profiles that are not correlated with those in plants or insects.  Therefore, we modified a previous published medium (Almeida et al. 2004) to obtain XFM, a simple defined medium to grow X. fastidiosa.  Our second assumption was that a plant component induced pathogen transmission, as cells colonizing plants are obviously transmitted by insects.  We highlight that, although our work focuses on transmission, these results should be useful for the X. fastidiosa community in general, especially those interested in how this bacterium colonizes plants.

Our approach to understand the biology of our system was to compare 4 different media for different phenotypic, biochemical and molecular characteristics.  These media are: PWG (rich medium, most commonly used for X. fastidiosa research), XFM (simple medium based on Almeida et al. 2004), XFM-glucan (XFM with glucan), and XFM-pectin (XFM with pectin).  We choose glucan and pectin as plant polysaccharides because they occur on pit membranes and xylem cell walls, surfaces with which X. fastidiosa interacts and is capable to degrade.

[image: image2.png][
5 z5”
. X3 ©
- _
N _ <
[4v]
- w Fm
©o= ®X5 ©
2 $-—— — — — — — — —
B ()
4.m MM o
Sc . L
5 X
m% \3 [4+]
o
o o ST T T T T T T
S - 5 B
o XXX i O £ m ©
FHt o : 5§88 o
_ _ , = Q ©
s 3 3 S I\ .
(o} N o] <
(009) Aususp [eonndo PR © o .

<C m lwe/n40 6o



X. fastidiosa cells grow approximately twice as fast on either XFM-based media compared to PWG (A).  These results are interesting, suggesting that although PWG is the most robust medium for growth of different X. fastidiosa strains, it either suppresses growth or does not provide adequate growth conditions as the much nutrient poorer XFM.  Similar results can be observed in (B), where populations were higher on XFM-media than PWG.

Of interest to our work, and of many other groups, are X. fastidiosa’s adhesion phenotypes.  In (B) we compared the number of planktonic versus attached cells grown in tissue culture tubes in these media.  Both glucan and pectin induced cell adhesion, compared to the basal XFM medium.  X. fastidiosa adhesion is mediated by a large number of surface proteins, such as pili and hemagglutinins.  

Figure (C) shows adhesion ‘rings’ on culture flasks when cells were grown on these different media, illustrating the data presented in (B)

In addition, colony phenotype on these media was different on solid surfaces.  On solid media, cells formed a uniform, glossy lawn on XFM-glucan and –pectin, when compared to individual colonies on PWG, which were more typical of X. fastidiosa.  Colonies on XFM medium were intermediate among these treatments.  These results suggest, among other things, that gum is up-regulated in XFM media.

Here we present a more detailed molecular (A,B), biochemical (D,E) and biological (C) comparison of these 4 media.
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In (A) we compare gene expression of multiple X. fastidiosa genes when cells are grown on different XFM-based media compared to PWG.  Equal gene expression is represent by the value of ‘1’.  In (B) we compare the role of glucan and pectin on expression, in this case ‘1’ represents expression equal to XFM.  We focused on adhesion and pathogenicity genes.  It is clear that all these genes are repressed in PWG.  In relation to XFM, however, hemagglutinins were up-regulated many fold, while other genes were up-regulated but not as much.  The type IV pilus gene test (pilY1) was down-regulated.  These data suggesting that these carbohydrates induce a cell ‘adhesion’ phenotype and limit movement within plants; similarly to X. fastidiosa occurring in high cell density.

In (D) we quantified the amount of hemagglutinin proteins on cells grown in the four media.  We have previously shown that these proteins are associated with vector transmission of X. fastidiosa to plants.  The results show that the proteins are expressed at higher rates in cells grown on pectin and glucan compared to PWG and XFM.  Our in vitro transmission tests (C), using the artificial diet system described above, show that transmission was above 90% efficient if cells were grown on XFM-pectin, while no transmission was observed on PWG.  It is interesting to note a good correlation between the quantity of hemagglutinin on cells and vector transmission of X. fastidiosa using the in vitro system.

Lastly, in (E), we compared the amount of gum produced by cells on these different conditions.  Gum production was similar in all XFM media, but much lower on PWG, which may explain why colonies have different phenotypes on solid media (previous figure)

V. Publications or reports resulting from the project

Almeida, R.P.P. and Killiny, N. 2008. Biology of the Xylella fastidiosa-vector interface. In: Proceedings of the 2008 Pierce’s Disease Research Symposium, San Diego, CA, Dec. 15-17. p 83-86.
Kiliny, N. and Almeida, R.P.P. 2009. Xylella fastidiosa afimbrial adhesins mediate cell transmission to plants by leafhopper vectors. Applied and Environmental Microbiology 75: 521-528.
VI. Presentations on research

None in this reporting period.

VII. Research relevance statement

This project focuses on X. fastidiosa-vector interactions and will test alternative approaches to block bacterial transmission by sharpshooters.  In previous work we demonstrated the role of certain X. fastidiosa surface proteins in cell attachment to vectors and determined that certain molecules (polysaccharides) can block cell adhesion in vitro.  Here we propose to i) identify X. fastidiosa leafhopper-binding proteins and ii) test molecules that block cell adhesion to vectors.  The long-term goal is to develop a disease control strategy that will specifically disrupt X. fastidiosa transmission without directly affecting vectors, pathogen, host plant or current vineyard management practices.

VIII. Lay summary of current year’s results

We developed and characterized an artificial diet system to deliver X. fastidiosa to leafhoppers without the requirement of infecting plants to serve as reservoirs.  This technological advancement will permit the community to study how X. fastidiosa colonizes vectors in much more detail.  In addition, our results will likely be useful to groups interested in how X. fastidiosa colonizes plants and causes disease, as we found that different media dramatically affect gene expression and the phenotype of this pathogen.
IX. Status of funds

No present funding problems for this project.

X. Summary and status of intellectual property produced during this research project

None expected.

