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Project Objectives: 
1)  Over express the grapevine thaumatin-like protein (TLP) in transgenic grapevines.  Prepare anti-TLP antibodies to quantify TLP in transgenic xylem sap using ELISA. 

We have cloned and expressed grapevine TLP in E. coli (Figures 1 and 2). When Xf was incubated with TLP it produced smaller and fewer colonies compared to Xf incubated with water or a potassium phosphate buffer. This is a promising result, which supports the goal of over expressing TLP in transgenic grapevines as a possible approach to decrease the incidence and/or severity of PD. We now need to make the appropriate Agrobacterium constructs to submit to the UC Davis Plant Transformation Facility.  We also need to make a significant quantity of purified recombinant TLP to produce anti-TLP polyclonal rabbit antibodies.  These antibodies will be used in ELISA and Western blot assays to detect and quantify the amount of TLP being produced in TLP-expressing transgenic tobacco and grapevines.  His-tagged TLP has been cloned in E. coli and we are currently attempting to increase the purity of our Ni-affinity chromatography purified TLP preps. 
2)  Inoculate TLP-expressing grapevines with Xf and determine the incidence and severity of PD in transgenic versus non-transgenic V. vinifera.

This objective is dependent on first producing grapevines transformed with TLP.  The appropriate constructs should be made within the next 6 months and then given to the UCD Plant Transformation facility which will produce both TLP-transgenic tobacco and grapevines. We will ask they prepare both transgenic Thompson seedless and Freedom grapevine rootstocks. Unfortunately, the current lag time between submitting the construct to the transformation facility and them giving us transgenic grapevines is approximately 18 months.  
3) a. Fractionate and chemically characterize the phenolic compounds that are present in xylem sap from cold-exposed grapevines. 

We have collected xylem sap from vineyards located in Placerville, CA and Winters, CA in the months of January and February of 2010; we also collected sap in February of 2009 from a vineyard in Placerville.  We are collecting sap from Cabernet Sauvignon clone 8 vines grafted on 110 rootstock and Pinot Noir clone 2A grafted on 101-14 rootstock.  The Waterhouse lab in the Viticulture and Enology Department at UC Davis has been analyzing these xylem sap samples by HPLC/MS to determine which phenolics are present and in what concentrations.  

b. Compare the phenolic content of xylem sap of grapevines treated with ABA under non-freezing conditions to phenolics in cold-exposed xylem sap.
We are still attempting to locate a commercial source of ABA. Valent, the company that provided us with ABA in the past has not been responding to our numerous e-mail inquiries. If they continue to be illusive we will contact alternative chemical companies in Europe and Japan, however one of the most efficacious Valent compounds was a synthetic analog of ABA whose chemical structure is not currently available to us. We hope to secure the ABA in time for application PD-affected field vines this coming fall.   

c. Determine if these compounds affect Xf growth/survival in vitro.
We have tested the phenolic compound trans-resveratrol in vitro for anti-Xf activity with promising results. Details are provided in the following Research Accomplishments section.  
4) Determine if foliar and drench applications of ABA can increase PD-curing rates in field-grown vines under non-freezing conditions. 

Our previous research showed that ABA applications to greenhouse grown Cabernet Sauvignon and Pinot Noir grapevines infected with Xf increased overwinter curing rates in Davis, CA., a location that does not efficiently induce PD cold curing.  Our previous work also showed that these vines had higher levels of polyphenolics than did vines in Davis which did not receive ABA applications.  This objective is also dependent on acquiring commercial source of ABA. 

Research Accomplishments: We have successfully cloned and expressed grapevine TLP in E. coli. TLP was found primarily in inclusion bodies (Figures 1 and 2). E. coli cells were lysed by treatment with lysozyme and sonication.  The inclusion bodies were purified by low speed centrifugation and resuspended in a solubilizing buffer containing ^M guanidine to disrupt the inclusion bodies. The solution was filtered through 0.2um filter and then dialyzed against several changes of potassium phosphate buffer. Some of the TLP protein again aggregated into inclusion bodies but some also remained in a soluble form. This suspension was used in the Xf viability assays described below. Similar preparations derived from E. coli transformed with the vector alone, i.e. no TLP gene, were treated in the same manner and used as negative controls. A time course experiment was performed, in which wild type Xylella fastidiosa cells were suspended for various time intervals in the dialyzed TLP-containing buffer. Aliquots of suspended cells were then plated onto PD3 media at various intervals over two days. As controls the same quantity of wild type Xf cells were suspended in water, dialyzed proteins from E. coli transformed with the empty vector, and Xf cells suspended in potassium phosphate buffer. Xf suspensions were incubated with the various treatments for 0, 16, 24, 40 and 48 hours. The same number of cells from each treatment were removed, plated on solid PD3 medium plates and incubated at 28C for 10-14 days.  There was no difference in the number of Xf cells that grew on PD3 medium after 0 and 16 hours of incubation.  However the number o and size of Xf colonies growing on medium from the 24-40 hour incubation with the TLP preparation was considerably less that what grew on the vector alone protein treatment. The 48 hours incubation showed that  Xf in the water control and potassium buffer controls still produced viable colonies, but in smaller numbers. The Xf incubated with the empty vector preparation showed some growth, but less than the water and potassium buffer controls.  There was no Xf growth from cells incubated with the TLP preparation. This experiment was repeated 3 times with similar results. The results suggest that grapevine TLP has the ability to inhibit Xf growth in vitro but only after an extended incubation. We are now attempting to further purify and reconstitute the recombinant TLP to better assess its inhibition of Xf. 
For the phenolic compound objective, we have analyzed xylem sap collected from Placerville, Ca (during the months of January and February) where cold curing occurs, as well as sap from Winters, Ca where cold curing does not take place.  We are working towards producing accurate polyphenolic profiles for Cabernet Sauvignon clone 8 on 110R rootstock and Pinot Noir clone 2A on 101-14 rootstock.  In the Placerville (cold) Pinot Noir samples, a number of phenolic compounds were identified: B procyanidins, catechin, epicatechin, trans-resveratrol, cafetaric acid, and a resveratrol tetramer, along with other, less abundant phenolic compounds that we are trying to identify.  Cabernet Sauvignon samples from cold and “warm” vines  produced an identical polyphenolic profiles except that the resveratrol tetramer was not present.  Interestingly, the warm Pinot Noir sap lacked characteristic peaks for trans-resveratrol as well as the resveratrol tetramer.  The fact that resveratrol is present in vines that experience “cold curing” while it is absent in vines that do no undergo “cold curing” suggests that resveratrol may play a role in the curing process.  To test this hypothesis, we prepared solid PD3 medium supplemented with a trans-resveratrol solution to final concentrations of 15ng/ml and 38ng/ml, which the Waterhouse lab estimated to be the concentration of trans-resveratrol to be in the cold exposed xylem sap.  Xylella fastidiosa strains Temecula and Fetzer were then plated out on these supplemented plates.  Temecula showed complete inhibition at both concentrations, while Fetzer showed no inhibition (Figure 3). The same results were obtained when the experiment was repeated 3X.  The differential sensitivity of these two Xf strains was quite unexpected and we are in the process of evaluating the sensitivity of other Xf strains to trans-resveratrol.  It should be emphasized that we have only begun evaluating the toxicity of these compounds and the possible role of phenolics in the cold curing phenomenon may be a response to a combination of compounds.    
Publications:
B. Kirkpatrick. Identification and utilization of cold temperature induced metabolites to manage Pierce’s disease. In: Symposium Proceedings: Pierce’s Disease Research Symposium, California Department of Food and Agriculture, pp. 133-137. . 

Research Presentations: We presented this work at the 2009 Pierce’s Disease Research Symposium both in the Symposium Proceedings (pgs 133-137) and in poster form. 

Research Relevance: This research shows promise as a means of controlling Xylella fastidiosa and better understanding what biochemical factors are mediating the cold-curing phenomenon of PD. Both the TLP and polyphenolic have shown promise as agents that can inhibit the growth of Xf.  Because TLP is naturally found in grapevines, the public may be more open to the idea of the overproduction of TLP in modified grapevines as opposed to the introduction of an exogenous gene.  Similarly, if the application of the plant hormone ABA shows an increase in anti-Xf activity the general public may accept this more readily than a genetically modified grapevine.  In the coming year we will evaluate several compounds that have been reported to increase the synthesis of phenylalanine ammonia lyase (PAL), a key enzyme involved in the synthesis of plant phenolic compounds.
Layperson Summary:  We have succeeded in producing recombinant TLP in E. coli.  We have also observed that grapevine TLP produced by E. coli has a deleterious effect on Xylella fastidiosa when it is grown in the laboratory.  This confirms our objective of expressing TLP in higher amounts in grapevines as a valid course of action.  We have been characterizing the phenolic compounds in cold xylem sap and comparing these to warm xylem sap.  We have noticed a number of differences, specifically the presence of the phenolic compound trans-resveratrol in cold sap and its absence in warm sap.  This leads us to believe that trans-resveratrol may play a role in the cold curing process.  We added trans-resveratrol to solid media used to grow Xylella fastidiosa and observed that the Temecula strain is inhibited at concentrations lower than at which the Fetzer strain is inhibited.  This suggests that phenolic compounds play a role in the cold curing process.  
Status of Funds: 


We have used approximately 2/3 of the first year of funding for this project. We anticipate using the remaining funds by the end of the current fiscal year on 6/30/10. 

Summary and Intellectual Property:

During the past 8 months we made significant progress on all of the proposed objective except for the exogenous application of ABA on field infect PD vines. I made numerous attempts to contact our previous collaborators at Valent Chemical Co. who generously provided the ABA preparations for our previous greenhouse studies using potted grapevines. I even enlisted the help of Jim Kamus, grapevine extension agent in Texas who personally knows scientists at Valent. He contacted them and asked that they contact me. One individual called and left a message but I was never able to contact him at the number he left. Simply don’t know what the problem is locating a source of ABA for this season will be my top priority.  The TLP objective is proceeding well but we still need to find better ways to produce soluble TLP, much of the recombinant TLP produced in E. coli is in the form of insoluble inclusion bodies. The inclusion bodies can be purified and used as antigen for the production of anti-TLP antibodies. Denatured TLP can also be prepared by gel electrophoresis and used as antigen.  Agrobacterium TLP constructs are in the process of being prepared, we hope to have these constructs ready for the plant transformation facility by June.  The xylem sap collections we have made in January, February and soon in March and April will provide us with adequate material for the Waterhouse lab to analyze and for us to conduct additional Xf in vitro inhibition assays. 

No intellectual property has been generated in the project to date. If TLP-expressing grapevines prove to decrease the severity of PD following experimental inoculation in greenhouse tests then we would seek a provisional UC patent to protect this discovery. 
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Figure 1: SDS-PAGE of  recombinant Vitis vinifera ‘Cabernet Sauvignon’ TLP protein expression analyzed by SDS-PAGE. Lane 1: SDS protein molecular size ladder (lower band-25 kD; upper band-75 kD); Lane 2: Induced recombinant Cabernet Sauvignon TLP; arrow denotes TLP protein. Lane 3: Induced recombinant polygalacturonase(PG) (positive control); Lane 4: non-induced recombinant Cabernet Sauvignon TLP; Lane 5: non-induced recombinant polygalacturonase(PG). 
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Figure 2: Western blot of SDS-PAGE of recombinant Vitis vinifera ‘Cabernet Sauvignon’ TLP protein expression analyzed with anti-His tag antibodies. Lane 1: CS3 crude lysate preparation  (positive control); Lane 2:molecular size markers; Lane 3: Non-induced CS3 (negative control); Lane 4: CS3 dialyzed, purified inclusion body preparation; Lane 5: CS3 dialysis purified supernatant preparation.
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