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One of the primary goals of this work is to identify a small molecule treatment that can be used to activate the phage lytic
cycle genes encoded by Las prophage, thus bringing about the death of Las bacteria carrying these prophage. The
majority of Candidatus Liberibacter asiaticus (Las) strains described carry bacteriophage similar to SC1 and SC2 of Las
UF506. In periwinkles, but not in citrus, lytic phage particles are formed and can be visualized. We previously reported
that relative mRNA expression levels of prophage late genes SC2-gp095 ("peroxidase"), SC2-gp100 ("glutathione
peroxidase") and particularly SC1-gp110 (“holin”) were much higher in periwinkle than in citrus. We also reported that
both the prophage holin (SC1_gp110) and endolysin (SC1_gp035) were functional, and that strong expression of the holin
gene alone in Las cells would be sufficient to kill the cells, whether or not phage particles were formed. This could be part
of the explanation as to why Las has to date not been cultured (Fleites et al. 2014). Furthermore, the holin promoter (a
"late" phage gene promoter that is switched on only when the lytic cycle is activated) was constitutively "on" in L. crescens
(Lcr) strain BT-1, and was strongly suppressed by diluted psyllid extracts and the suppression was heat labile and
protease sensitive, suggesting that psyllids produce a protein inhibitor of the phage holin.

Activity of the promoter in Lcr was suppressed by aqueous extracts from psyllids applied outside of the Lcr cells, indicating
cell penetration, which is unusual. The suppressor activity was sensitive to heat and proteinase treatment, indicating
direct repression by a protein, and size fractionation demonstrated the the size was 10-50 kDa. To further explore
promoter activation in Lcr and suppression by psyllid extracts, electrophoretic mobility shift assays were performed. The
mobility of the holin promoter fragment was decreased in the presence of both the psyllid and Lcr extracts, and was
outcompeted by analogous unlabeled promoter DNA, indicating sequence-specific DNA binding. Using small, overlapping
holin promoter fragments as competitor DNA, the binding sites of the proteins were further delineated. The two
DNA-binding proteins were purified by DNA affinity capture. Identification of these repressor and activator proteins and
target sequences is underway using MALDI-TOF.

In addition to analysis of the late gene promoter, we have identified an early gene promoter of the phage that may be
regulated by a chromosomally encoded bacteriophage repressor in Las. Japanese Las strain B430 appears to be
nonpathogenic in citrus but parasitic, with a reduced titer relative to other Las strains. B430 appears to be missing all 6
prophage genes examined, including the functional peroxidase. The nucleotide sequences of B430 chromosomal genes
flanking the expected prophage insertion site are identical to Las strain Psy62. A B430 ortholog of a Psy62
chromosomally encoded bacteriophage repressor, was found to exist as a mixture of mutated gene variants in the same
plant. The mutated repressors appeared in 9 / 9 UF506 strains transmitted from citrus to periwinkle, and UF506 has only
a wild type repressor, suggesting selection for loss of the repressor in periwinkle. This provides a second potential target
for activating the Las lytic phage in psyllids and in citrus.
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