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Report:

The goal of this experiment was to investigate kinetics of structural rearrangements of the ribosomal
complex in course of translocation by means of the time-resolved Small-Angle X-ray scattering (SAXS)
analysis.

We have used highly purified, 100y s e 0l
homogenecous and  biochemically .
characterized ribosomal complexes,
including: vacant 70S ribosomes from
E. coli; functional initiation complex 0.1 |
(carrying single fMet-tRNAfMet in the 0.01] 3
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L. Series of “static”
measurements, using flow-through
capillary cell setup.

We have measured extensive set 5,1 . e
of ribosomal complexes in initial and : .
final conditions of forward and reverse ’
translocation  reactions, including Figure 1. (top) SAXS from the 0.5 uM solution of 70§ E.coli ribosome and
various buffer conditions, the presence the corresponding Guinier plot; (bottom) Comparison of the SAXS from
of trnasport RNAs, protein factors and initiation complexes (IC RGI and IC RG2), pre-translocation complex
(RG3) in different buffers, and post-translocation complex (RG4).
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low molecular weight ligands. The data



(typical SAXS curve for the samples containing 70S
ribosome particles is shown in Fig.1, top) were well
described by the model of monodisperse particles. The
gyration radius of the particles varied between 8 and 8.8
nm, which is close to expected for the native E.coli
ribosomes. No sign of aggregation was observed in the
range of concentration between 0.2 and 1 uM. The
concentration of 0.5 pM, where only the minimal
interparticle interference was observed in the chosen range
of momentum transfer, was used for most of the
measurements. No radiation damage was observed, judsing _ , -
by practically no difference in SAXS spectra taken with the 0.1 1
exposure time varied by a factor of 3. 4.nm

For the different ribosomal complexes we observed a
significant variation in both the shape of the scattering 0031 =,
curve, particularly in the range between 0.25 - 0.7 nm™ and 1 \'\ o vo x0.005 |
the size (gyration radius) of the particle (Fig.1, bottom). 0.02- A\ —e— Vi
There are slight differences between initiation complexes |V \'\ 1
programmed with regular mRNA (IC RG1) and mRNA
with secondary structure elements (IC RG2), located
downstream to codon, exposed in the A site, suggesting ] v, o
that mRNA structure can influence the global conformation U-OO-ﬁL—\"-‘W—
of the ribosome. 1o/

Pre-translocation ~ complexes  (RG3)  spectra 001y
demonstrate significant deviation in q range 0.25 - 0.55 nm''
from vacant ribosomes, initiation and post-translocation
complexes, indicating the global structural rearrangements
of ribosomal particles. This observation supports the
evidence provided by X-ray crystallographic and cryo-EM
studies of ribosomal comlexes.
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II. Series of “kinetic” measurements, using stopped-
flow cell setup.

In this setup we have initiated a number of different
reactions by mixing the solution of ribosomal complex with
various components, including specialized protein
elongation factor EF-G with different guanine nucleotides,
deacylated tRNAs, specific inhibitors of translocation, or 0.1 1 10
buffer. In all of the kinetic experiments we have observed t.s
only slight changes in the SAXS spectra, usually within Figure 2. Series of 50 SAXS from pre-translocation
0.5% of the intensity (see Fig.1 top for a typical result of complex upon mixing with 1 uM EF-G in the
the kinetics series). The data was further analyzed using presence of 0.5 mM GTP (top), four principle
singular value decomposition algorithm that yielded 2 -3 components of the spectra yielded by SVD (middle)
principal components of SAXS spectra with the singular and the kinetics of these components fitted 1o
values significantly above the noise level (Fig.2, middle exponential functions (bottom)
plot). This approach allowed us to pinpoint the small
variations in SAXS that reflect the structural changes associated with the reaction of translocation and
measure their kinetics (Fig.2, bottom).




