SUPPLEMENTARY INFORMATION

We previously submitted a proposal in October 2019 where we proposed three separate projects. We were
encouraged to submit a proposal for each project which we have now done for the January 5", 2020 deadline.
For this application, we have submitted this new project and including more information on how samples were
prepared for EM analysis, including expected structural details that will be derived from high-resolution
structures. We have updated the time requested based reviewers’ suggestions for ribosome data collections.

Mechanism of ribosomal frameshifting.

Background. Ribosomes undergo mRNA frameshifting in response to different stresses or as a gene
expression mechanism’. Typically, complex RNA molecules such as tRNAs and mRNAs influence the
ribosomes to shift into a new mRNA frame, resulting in the expression of a protein with a different amino acid
sequence. We previously solved snapshots of the ribosomes undergoing frameshifting in response to
frameshift-prone tRNAs?®. We propose here to capture two structures of the ribosome with modification-
deficient tRNAs known to cause frameshifting” and bound to an elongation factor at two defined states during
the elongation cycle.

Preliminary data. To assemble this ribosomal complex, we followed our previously published protocols*. We
also biochemically verified that ribosomes complexes contain all ligands added. Three pl of ribosome
complexes containing mRNA and P-site tRNA™® were placed on glow-discharged grids (Quantifoil 1.2/1.3
300 mesh Cu) and blotted for 3 seconds using a Gatan CP3 at >90% humidity. A 1,682 micrograph dataset
was collected on an FEI Talos Arctica transmission electron microscope operating at 200 keV with
BioQuantum/Gatan K2 direct electron
detector. Micrographs were collected
using a defocus range of -0.5 to -3.5
um and a dose of 54.54 e per pixel
and were acquired as 40-frame
movies with 15s exposure time. Pre-
processing with MotionCorr2 and
Gctf using Relion 3.0 was performed,
then  semi-autonomous  particle
picking was used to select ribosomes
3D and incorrectly selected particles
discarded after reference-free two-
dimensional classification. An initial
3. 9A model was generated from the
dataset and used to perform further
3D-classifications to identify particles

Figure 1. Preliminary cryo-EM analysis of 70S bound to frameshift- | containing P-site  tRNA. lterative
prone mRNA and tRNAet, 2D class averages and 3D class averages | rounds — of  classification  and
of the 70S complex are shown. Final 3D refinement of the dataset to | refinement were performed, followed
~3.9A. with CTF Refinement and Bayesian
polishing. A final reconstruction of the
70S complex was obtained at ~3.9A from 56,107 particles and shows all ligands added to the ribosome are
bound.

Proposed studies and expected results. We are limited by our current resolution and require higher resolution
to confidently identify the molecular details of these interactions. Our goal is to identify how the ribosome
undergoes structural changes of the different tRNA binding sites that might explain how it senses changes
that occur between the mRNA-tRNA pair. We also expect to observe large changes of regions of the ribosome
known to be dysregulated during frameshifting*®°. We request one day for two datasets.
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