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Group 1 jumbo phages, despite infecting diverse bacterial hosts, are unified by their multisubunit RNA poly-
merases (RNAPs): the virion RNA polymerase (vRNAP) and the non-virion RNA polymerase (nvRNAP).These
polymerases are homologous to bacterial RNAP. Although the nvRNAP promoter recognition mechanism has
been characterized, that of the vRNAP remains unknown.
Here we report the first purification of vRNAP of AR9, a Group 1 jumbo phage infecting Bacillus subtilis. This
demonstrates that both AR9 RNAPs core subunits can assemble into functional complexes, without additional
factors. Further, the purified vRNAP supports RNA primer extension on promoter-independent RNA–DNA
scaffold templates.
Additionally, using AlphaFold predictions, we identified three candidate regulators of the vRNAP, including a
putative sigma-like protein. Similar to gp226, the promoter recognition subunit of the AR9 nvRNAP, this pro-
tein also contains an N-terminal domain with three α-helices corresponding to σ region 2, the most conserved
region of bacterial sigma factors. Unlike canonical σ⁷⁰-family of sigma factors, this protein binds DNA directly
and specifically recognizes uracil-containing early promoters. Furthermore, homologs of this sigma-like pro-
tein are conserved across Group 1 jumbo phages, suggesting a conserved role in transcription regulation.
We further established crosslinking mass spectrometry workflow for B. subtilis infected with the AR9 phage,
revealing interactions between the phage and the host transcription machinery and identifying the AR9 pro-
tein gp046 as a potential regulator of B. subtilis RNAP. Together, these findings provide insights into alterna-
tive strategies of transcription regulation, highlighting the diversity of phage transcription systems.
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