Cryo-EM reconstruction of the 23S rRNA 2′-O-methyltransferase RlmE in complex with its ribosomal substrate reveals structural basis of late 50S maturation
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RlmE is an essential S-adenosylmethionine (SAM)-dependent methyltransferase that catalyzes the highly conserved 2′-O-methylation of U2552 in helix 92 (H92) of 23S rRNA, also known as the A-loop since it serves as the binding site for the A-site tRNA. This modification was speculated to occur on either a fully or nearly assembled 50S ribosomal subunit, and the methylation was indicated to be a critical checkpoint for late stages of 50S assembly. To elucidate the mechanism of substrate recognition, we used the SAM analog NM6, which creates a SAM-substrate adduct, to trap E. coli RlmE on its pre-ribosome substrate for single-particle cryo-EM.  Particle sorting with 3D classifications allowed reconstruction of the RlmE–pre-50S complex to 2.7 Å and shows how RlmE aids in formation of the A-loop of H92. Analysis of RlmE-bound and unbound classes reveal H92 in its maturation process and stabilization of neighboring helices upon RlmE binding. These structures provide direct visualization of how an rRNA methyltransferase couples substrate recognition with rRNA folding. The data further rationalize the cold-sensitive and assembly-defective phenotypes observed in the ΔrlmE strain and corroborate RlmE’s role as a true assembly factor rather than only an rRNA-modifying enzyme during 50S biogenesis.


