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Deciphering the role of unique bacterial transcription-associated factor HelD.
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Bacterial RNA polymerase (RNAP) is an essential multisubunit enzyme performing transcription. Regulation of this process is
secured through the stage-dependent interactions of RNAP with different factors (mostly proteins). Here we report the structure-
function analysis of the functional complexes between RNAP and a unique helicase-like factor HelD [1] which is present in many
Gram-positive bacteria (e.g. Bacillus subtilis and Mycobacterium smegmatis) [2, 3]. HelD forms tightly bound complexes with RNAP.
It simultaneously penetrates into RNAP primary and secondary channels which are responsible for nucleic acids binding and substrate
delivery. HelD can also interact with the RNAP active site. Structurally, these interactions are incompatible with the binding of DNA
to the RNAP core and thus with the elongation stage of transcription. This is in accordance to our functional data showing that HelD is
capable of clearing RNAP of nucleic acids and that HelD can dismantle RNAP-DNA complexes. HelD itself is composed of several
domains, showing structural changes in solution [2] as well as in complexes with RNAP (three different structural states obtained from
the cryo-EM analysis) [3]. Although we were able to link the observed dynamic behaviour with the DNA-clearing role of HelD, the
recycling of HelD-bound RNAP and subsequent restart of transcription remains to be explained.

HelD as well as its complexes with RNAP resisted our attempts to crystallize them for many years. In order to get to the structural
details we took the advantage of recent developments in the field of single-particle cryo-EM and were able to obtain ~3A resolution
structures. The structure of HelD itself was completely unknown with no homologue in the PDB. We combined X-ray
crystallography (structure of one domain) and cryo-EM, together with bioinformatics and homologous modelling and successfully
built de novo a complete atomic model of the HelD protein. For the analysis of condition-dependent dynamic behaviour we used
small-angle X-ray scattering [2]. Results from our structural studies were supplemented with biochemical and biophysical assays
(enzymology, analysis of interactions and stability) and by computational analyses [3].
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