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A Genome-Wide Cytotoxicity Screen of Cluster A19 Mycobacteriophage Kimona
Keelynn Barrier, Katheen Dao, Makenzie Davenport, Makenzie Estabrook, Francine Leduc, Trang Ma, Brenna Macumber, Lillian Mattley, Grace Murley, Loc Nguyen, Emaan Niaz, Jenna Parker, Olivia Payne, Brianna Semryck, Rachel Weitz, Wynter Dean
Phage Kimona was isolated in 2017 from Durban, South Africa and is the only member of cluster A19. Kimona shares the highest gene content with A7 cluster phages Sheen (56.2%) and Toro (55.8%). Kimona is 50,283bp, has a 64.4% GC content, 2 tRNA genes and 88 protein coding genes. Kimona has 43 genes with annotated functions (~50% of the genes) including: 15 structural genes; 7 membrane proteins; and 12 DNA modification/replication proteins. Kimona is a temperate phage and has several immunity genes including a tyrosine integrase, immunity repressor and excise. Cro could not be identified, but there are three HTH DNA binding proteins that could be part of the immunity genes. Finally, Kimona has a non-canonical lysis cassette with the lysin A and lysin B genes located in the 5’ end of the genome and the putative 2TMD and 1TMD holin genes downstream of the tape measure and minor tail genes. The goal of the SEA GENES programs is to clone all phage genes into the inducible expression vector, pExTra and evaluate whether the expression of the genes are cytotoxic to M. smegmatis or serve a role in immunity by providing defense to M. smegmatis from phage infection. Previous full genomic screens from the GENES consortium have shown that the expressed gene products show mild, moderate and severe toxicity and that typically ~30% of the genes in a phage genome produce a toxic outcome. Currently, 47 of the Kimona genes have been evaluated for cytotoxicity and defense. None of the tested gene products show a defense phenotype. There are 7 gene products that show moderate to severe toxicity (15%). Only one of the toxic genes is of no known function (47) and it encodes a small 67aa protein with no defined domains. The other toxic products encode: endonuclease VII (gene 57); an HTH protein (gene 46); phosphoribosyl transferase (gene 62); SprT-like protease (gene 80); a 100aa protein predicted to be secreted (gene 76); and tyrosine integrase (gene 30). HTH proteins from phage Girr (gp55) and Waterfoul (gp38, gp71) and the integrase from Girr (gp44) have been reported to be toxic. However, the other Kimona toxic proteins represent new proteins not reported previously. In addition, several structural proteins have been found to show mild to moderate toxicity from phages Girr, Hammy and Waterfoul, yet in Kimona, the major capsid, head-to-tail stopper, hear-to-tail adaptor, portal protein and several minor tails, all present with a non-cytotoxic phenotype. The putative holin proteins (gp26 and gp27) also did no show cytotoxicity. This data  highlights the importance of the genome-wide screens for uncovering unique and unexpected outcomes for proteins that are annotated with the same function, but are not in the same pham and show <30% amino acid identity. Future research will evaluate the remaining 41 genes and utilize a 2-hyvrid approach to determine if the highly toxic genes interact with important M. smegmatis proteins to confer the toxic effect.




