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ABSTRACT

The Xylella fastidiosa (Xf) is the causal agent of Pierce’s disease of grape. In previous work, we discovered, partially
purified, and investigated the processing of the Xf protein MopB, which previously had been known only from the nucleotide
sequence of its gene. The amino acid sequence of MopB, the uniform staining of Xf cells with fluorescent anti-MopB
antibody and the abundance of MopB in total protein extracts of Xf cells suggest that MopB is the major outer membrane
protein of Xf. As such, MopB is expected to participate in Xf colonization of grape xylem elements. We previously
demonstrated that partially purified MopB binds to (xylem-rich) balsa wood or cellulose (filter paper) disks under conditions
in which other proteins do not adhere. Here we report improvements in our MopB purification procedure and observations on
adherence of MopB in Xf cells to cellulose disks under conditions that eluted other Xf proteins. A high (0.25mM)
concentration of the cellulose fragment cellotetraose did not interfere with the binding of MopB to cellulose, suggesting that
the binding reaction of MopB is not specific for cellulose. We exposed Xf cells or MopB to each of three fibrous polymer
disks and to cellulose disks and observed similar adherence of MopB from both sources to all four polymer disk types. Thus,
MopB appears to associate with porous materials generally when it is exposed to such materials in purified form or as Xf’
cells. The abundance and exterior exposure of MopB makes MopB an ideal target for Pierce’s disease control strategies. We
seek to develop soluble proteins with high affinity for MopB. We will apply, as an anti-Xf agent, a selected MopB-binding
protein alone or as a chimera with a bacterial cell-inactivating peptide or protein. Our expectation is that expression of the
anti-Xf protein, targeted to the xylem in grape rootstock, may result in the anti-Xf protein moving into and protecting the
grafted scion. In this reporting period, experiments were initiated with the objective of creating a protein having high affinity
for MopB. As a first step towards this objective, Project Scientist Paul Feldstein developed E. coli strains expressing surface
elements of MopB protein, so that the experimentally compliant E. coli can be used to select proteins with high affinity for Xf
MopB.

INTRODUCTION

We have been investigating an abundant protein of Xf, MopB. We showed that MopB is the major outer membrane protein of
Xfand is partly exposed on the outside of the bacterial cell. We purified MopB, prepared antibodies against it, and
demonstrated an apparent affinity of MopB for cellulose. This last observation and the abundance of MopB suggested that
MopB may participate in the initial attachment of Xf'to the inner surface of the xylem vascular elements or in some other
critical event in the initiation of infection leading to the development of Pierce’s disease. Regardless of whether MopB is
critical in this process, its location and prevalence support our contention that MopB is an ideal target for a Xf-specific
bactericide or for a reagent that would coat and thereby inactivate Xf cells. Our strategy for creating a high-affinity MopB-
binding protein is to begin with a protein that has evolved to bind tightly to the major outer membrane protein of E. coli,
OmpA, and to convert the specificity of that protein from OmpA-binding to MopB-binding. The T2-like E. coli
bacteriophage K3 has OmpA as its receptor. The K3 tail fiber adhesion gp38 is responsible for binding of bacteriophage K3
to OmpA in a reaction whose rate and irreversibility suggest a high-affinity association. Mutational conversion of gp38 from
its natural receptor OmpA to other E. coli surface proteins has been demonstrated in several publications (Drexler et al.,
1991, and references cited therein). In outline, our planned experimental steps for creating an anti-Xf protein are (i) replace
the OmpA protein of E. coli with a protein that has MopB sequences displayed on the cell exterior, (ii) select variants of
bacteriophage K3 that can infect the modified E. coli and also can bind to Xf cells, (iii) isolate the variant bacteriophage K3
gene gp38 (expected to encode a MopB-binding gp38 protein), and (iv) genetically modify the MopB-binding gp38 to confer
solubility and (in collaboration with the Gupta laboratory) possibly fuse the gp38 to a bactericidal peptide-encoding
sequence. Step (v) will be the expression of a xylem-targeted version of the gp38 or gp38 fusion protein in rootstock and will
be performed in collaboration with the Dandekar laboratory.
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OBJECTIVES
For period 15 Oct 2003 through 30 June 2004, previous project title “Roles of Xylella fastidiosa Proteins in Virulence”
1. To identify specific Xylella fastidiosa (Xf) protein(s) and determine their roles in virulence, particularly major outer
membrane protein MopB
2. To develop strategies for interfering with Xf'infection of grape and/or with development of Pierce’s disease

For period 1 July 2004 through 11 October 2004, new project title “Exploiting Xylella fastidiosa Proteins for Pierce’s Disease
Control”
1. Discover or develop low molecular weight proteins with high affinity for portions of the MopB protein that are
displayed on the Xf cell exterior.
2. Test MopB-binding proteins for their ability to coat Xf cells, for possible bactericidal activity, and for interference with
disease initiation following inoculation of grape with Xf.
3. In collaboration with the Gupta laboratory, develop gene constructions for chimeric proteins designed to bind tightly to
and inactivate Xf cells; express and test the chimeric proteins for their effects on Xf'cells in culture.
4. In collaboration with the Dandekar laboratory, prepare transgenic grape expressing the candidate anti-Xf proteins; test
the transgenics for resistance to infection by Xf'

RESULTS

3 Purification of MopB from Xf'cells. A dilute suspension of Xf'cells scraped from plates
B is incubated at 30°C for 30 min in Tris-HCI-EDTA buffer pH 8.5 containing 8mg/mL
SDS, 0.2uL/mL 2-mercaptoethanol. High speed centrifugation collects a precipitate
(designated SP-MopB) that is highly enriched in MopB but includes substantial amounts
of non-protein material from the Xf'cells. The precipitate is dispersed into Tris-HCI-
EDTA buffer, pH 8.8, containing 1.2M sodium perchlorate, 1mg/mL SDS, 10puL/mL 2-
mercaptoethanol and is incubated at 30°C for 18hr. The supernatant after centrifugation
at 50K rpm, 10°C for 20min is designated as the SS-MopB fraction. Sodium perchlorate
reduces the solubilization of non-MopB proteins from SP-MopB preparations. The
effective concentration of SDS is very low in SS-MopB due to the common ion effect
with sodium perchlorate. SS-MopB, concentrated by centrifugal filtration, binds to
porous polymer disks as described below.

Preponderance of MopB in the Xf outer membrane. Xf cells were washed with cold 1M
perchloric acid to elute low molecular weight compounds. The cell suspension was
assayed for DNA by the diphenylamine assay and for protein using the BCA reagent.
The amount of DNA per stationary state cell is assumed to be 2.7 x 10° base pairs.
MopB appears to be 10-15% of the Xf cell protein, based on analyses such as those in

Xf SS- Blank
cells MooB lane

Figure 1. Purification of MopB
protein from Xf cells. All samples
were analyzed on a 12.5%
polyacrylamide gel Lane 1, hot SDS
extract of Xf'cell suspension. Lane 2,
MopB purified through a step of
solubilization at pH8.8 in sodium
perchlorate-SDS. Lane 3, no sample,
for lane 2 comparison.

Fig. 1. From these results, Xf cells have at least 80,000 MopB molecules per cell. We
assume that the packing volume of MopB is similar to the packing volume derived from
x-ray crystallography for the amino-terminal domain (residues 1-171) for E. coli OmpA,
which crystallized as a 2.6nm diameter cylinder (Pautsch and Schutz, 1998). The
diameter of a Xf cell is about 400nm. 80,000 molecules of hexagonally packed MopB
would form a cylinder 400nm in diameter and almost 400nm high, accounting for more
than 10% of the surface area of the 1000 to 5000nm long Xf cell.

General association of MopB with porous substances. We reported previously on the

spontaneous association of MopB from solution with balsa wood (composed largely of xylem) and cellulose disks (filter
paper). Other proteins, mixed with the MopB, did not absorb to balsa wood or cellulose. Fig. 2 reports our extension of this
work to other porous polymeric materials of diverse chemical character. Cellulose, polyamid, polyester, and a rayon-nylon
blend provided in approximately the same mass, all became associated with MopB, whether the MopB was supplied as
partially purified protein in solution or as MopB in the outer membrane of Xf cells. Quantitatively, there was little variation in
the extent of association among the polymers, all of which were exposed to the same NP-40 (non-ionic detergent) solution.
Bovine serum albumin (BSA) was not absorbed by any of the porous polymer disks. Elution of polymer disks exposed to Xf
cells in the presence of excess BSA was carried out in two stages. A mild elution (“A1” under the lanes in Fig. 2B), with
neutral-pH SDS solution at 30°C, eluted most of the proteins not already removed from the polymer disks by the initial rinses
with SCP buffer (“F” under lanes, Fig. 2B). Elution with hot, alkaline SDS-mercaptoethanol solution should remove all of the
remaining proteins to the “A2” fractions. The A2 fractions contained about 40% of the MopB supplied to the disks in the
initial incubation. However, only limited amounts of other Xf proteins remained after the A1 elution, i.e., to be eluted in the
A2 fraction. We interpret these results as showing a tight association between MopB displayed on the outside of Xf cells and
the polymers or a polymer-mediated precipitation of the MopB protein, which then could be released and/or solubilized only
by exposure to hot, alkaline SDS solution. These results indicate no specificity of MopB for association with (or precipitation
by) a specific polymer, so, unlike MopB itself, the polymer side of the MopB-polymer pair is not an attractive target for
interfering with Xf~xylem interactions.
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Figure 2. Polymer disk accumulation of X' poly poly yoniny
MopB from protein mixture and Xf cells. (a). A A * -3 #—J—H -
solution of SP fraction MopB and BSA was

dispersed in 1x SCP, 1mg/mL NP-40. 8mm BSA e — — -
diameter disks were prepared from filter paper

(2 disks, 19mg), polyamid (3 disks, 21mg), MonB

polyester (5 disks, 20mg), and 30% nylon, 70% ORI T ——
rayon (3 disks, 19mg). 0.25mL of the BSA-

MopB dispersion was dispensed into an empty

vial (lane 1, V) and into vials containing

polymer disks as indicated. The vials were V F A F A F A F A
incubated at room temperature for 2hr with (b) 0.42 0.47 0.44 0.47
orbital shaking at 100rpm. Free, unassociated rayon/nylon |  polyester | polyamid | cellulose

1 2 3|4 5 6|7 8 9/[10 11 12

material rinsed off with SCP: lanes 2, 4, 6 and 8
(F below lanes). Material eluted from polymer
disks with alkaline hot SDS-mercaptoethanol
solution: lanes 3, 5, 7 and 9 (A below lanes).
(b) Xf cells were dispersed into 1xSCP,
Img/mL NP-40 containing a great excess of
BSA (150pg/mL). 0.25mL of the suspension
was dispensed to vials containing polymer

disks as indicated. Elution was in two stages: - - had
A1, SDS in SCP at 30°C and A2, hot SDS- F Al A2 F Al A2 F Al A2 F Al A2
mercaptoethanol at alkaline pH. Numbers under 0.39 0.41 0.39 0.37

lanes indicate fraction of MopB band material
in A and A2 fractions.

E. coli displaying MopB outer peptide loops. Attempted cloning and expression of the full Xf'mopB gene in E. coli, including
the Xf MopB promoter, were not successful. However, a system that included an inducible bacteriophage T7 RNA
polymerase and T7 promoter driving the MopB-encoding sequence was adapted to create E. coli cultures generating low
levels of MopB when induced with the gratuitous inducer IPTG. Intact Xf MopB accumulation may sicken E. coli,
accounting for the low level accumulation. The Introduction describes in outline a strategy for creating a MopB-binding, anti-
Xf protein. This strategy requires substitution of £. coli OmpA by a new outer membrane protein that portrays the
characteristics of MopB on the surface of Xf cells. To this end, we created a chimeric MopB-OmpA construction in E. coli
and subjected the cells to conditions designed to select cells in which recombination events resulted in the £. coli OmpA gene
being replaced by the MopB-OmpA chimera (Fig. 3).

The predominant conformation of the OmpA protein as it resides in the outer membrane of E. coli probably has amino acid
residues 1-171 inserted with 8 trans-membrane segments and four external loops (Singh et al., 2003).

MopB can be cast in a similar conformation based on the crystallographic structure of OmpA and computer predictions of
folding for OmpA and MopB. Our design for the chimeric MopB-OmpA gene retains the OmpA promoter and replaces only
the 1-171 residue region of OmpA with the corresponding MopB sequence. Our rationale is that retaining the OmpA leader
peptide, which targets the molecule to the outer membrane, and the OmpA carboxy-terminal portion, which includes the
trans-periplasmic space sequences and the sequence that is inserted into the peptidoglycan layer, will result in a molecule that
is more compatible with E. coli that an intact MopB gene would be.

The low-copy-number plasmid construction indicated in Fig. 3(a) encodes the desired chimeric molecule and the associated
OmpA 5’UTR and leader peptide but lacks the OmpA promoter, so the chimeric protein should be expressed at a very low
level, at the most, in transformed E. coli. The robust, highly recombination competent E. coli strain ER2738 was transformed
with the Fig. 3(a) plasmid under the expectation that recombination events would replace the chromosomal OmpA gene

[Fig. 3(b)] with sequences encoding the MopB amino-half molecule flanked by the OmpA leader peptide and carboxy-half
OmpA sequences, creating the desired structure diagrammed in Fig. 3(c).
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Figure 3. E. coli strains with the E. coli OmpA gene replaced by a chimeric MopB-OmpA gene. (a)A low copy number plasmid
was prepared with an insert composed of the 5’UTR and leader peptide (small rectangle) of OmpA fused to codons 1-171 of
MopB (N-MopB), which in turn is fused to codons 172-325 of OmpA (C-OmpA). (b)Representation of the wildtype
chromosomal OmpA gene (Wt). (¢)Desired recombinant between the plasmid and the chromosomal OmpA gene to give a
chromosomal, chimeric MopB-OmpA gene in place of OmpA. (d)Analysis of a polymerase chain reaction (PCR) 916bp product
expected to be amplified, by forward (FA) and reverse (RB) primers designed as indicated in part (c), only from the recombinant
sequence. Lanes received PCR incubation mixtures from Wt E. coli and two candidate recombinant strains, R1 and R2. (e)Gel
electro-phoresis (SDS-PAGE) of protein extracts from E. coli lines Wt, R1 and R2. Unfortunately, the loading for the Wt lane is
substantially greater than the loading for lane R1, which is more heavily loaded than lane R2. Dot indicates a band that is lost in
R1 and R2 compared to Wt. The star marks a band of enhanced intensity, relative to other bands in the same lane, in R1 and R2
compared to Wt.

E. coli transformants displaying MopB sequences were selected using magnetic beads covalently coupled to anti-MopB IgG.
Beads were plated on agar medium to recover colonies growing up from bead-selected cells. Pooled colonies were cultured,
and the cells were exposed to the OmpA-specific bacteriophage K3 at a multiplicity of infection of 15 to deplete the
population in cells still bearing OmpA. Fig. 3 provides evidence for the occurrence of the expected recombination events and
for the production of the chimeric MopB-OmpA protein in amounts visible on a coomassie brilliant blue-stained gel

[Fig. 3(d) and (e)]. The cells derived by these approaches agglutinate beads displaying anti-MopB IgG, providing evidence
that some part of the MopB portion of the chimera, presumably the MopB outer loops, is displayed on the exterior of the E.
coli cell.

CONCLUSIONS

Based on results reported here and in previous progress reports, MopB is a highly suitable target for strategies designed to
interfere with the ability of Xf'to initiate infections leading to development of Pierce’s disease. Our overall strategy for
creating grape plants resistant to Xf'is revealed by the four new objectives stated above in the Objectives section.
Experimental steps (i), (ii) and (iii) outlined at the end of the Introduction reveal how we intend to satisfy new Objective 1.
Results in Fig. 3 suggest that we have completed experimental step (i) and that we are ready to proceed to the selection of
variant gp38 proteins capable of high affinity binding to MopB on the surface of Xf cells, i.e., experimental steps (ii) and (iii).
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