Computational methods for unraveling
ribosome structural heterogeneity

OF BRITISH COLUMBIA

Background Ribosome exit tunnel heterogeneity

| Number of ribosome structures deposited to resb. org - Extracting tunnel radial variations Multi-Dimensional Scaling (MDS) from radial
Hl X-RAY DIFFRACTION . . .
1 ELECTRON MICROSCOPY P28 221 along its centerline plots (759 tunnel structures / 31 species)
200+ 9
—— H.sapiens
= 81 — E.coli 0.5
150+ i , .
5
S 0
100 C 0
EE 5 Z .
E 4
50 3 ,.-G-E 0 y
°
2L . . . . . © 0.5
0. 0 20 40 60 80 100 Q P
2000 2005 2010 2015 2020 Tunnel length (A) X o
Year /
» Advances in Cryo-EM led to a surge of new ribosome structures accounting for conforma-  Hierarchical clustering of tunnels Multiple sequence alignment of uL4
tional and compositional heterogeneity (Poitevin et al., Molecules 2020). T e i
) ] ) ] ] O.cuniculus «cunicutus
» Challenge for comparative analysis and structural heterogeneity study: inconsistent anno- i § Cereiiac Finorvegicas
tation of chain units and nomenclature across databases.  E— Tgondi brerio
s . . . P.falciparum T.thermophila
» We developed bioinfomatic tools and computational methods to study ribosome hetero- o [——T—— Dmelonboaster spombe
geneitiy from 3D structures and EM maps. Tatin S mtanogoster
— vagiatis b Slophi
— B aaes P G.lamblia
- - - = = S.aureus scrofa
Comprehensive database and visualization of ribosome structures L — R e
1 b Smegriats Cnbicans
. . . B.subtilis L.donovani
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» Data driven study of the tunnels enables discovering geometric differences across do-
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» Functional and evolutionary consequences for small ORFs (Yu et al. Biophysical J., 2023)
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R o i i Transport based methods for studying heterogeneity from EM maps

» Optimal Transport (OT) theory — non-linear metric for comparing EM maps
(Tajmir Riahi et al., IEEE/ACM Transcactions on Computational Biology and Bioinformatics, 2023)

» The database contains 1679 structures (894 full structures, 422 (363) large (small) sub-
units) at < 4 A resolution with consistent annotation of components (e.g. RNA, proteins...).

» Application: Improved interpolation (Ecoffet et al., Bioinformatics 2020)
Examples of applications and tools Linear morphing (UCSF Chimera) OT-based morphing (MorphOT)
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» |dentification of landmark sites
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- 3SR T - » Standardized nomenclature enables auto- . . .

I e — mated extraction of structural “landmarks” Alignment of large ribosomal subunit to global structure
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» Prediction of Spectinomycin binding
site in T. Thermophilus based on its
neighborhood residues in E. faecalis.
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» EMPOT procedure: (1) Point cloud conversion (2) transport based matching (3) rigid body alignment
» Applications (in progress): Ribosomal assembly landscape, atomic model fitting

» Automated extraction of the rlbosome exit tunnel
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» Tunnel search algorithm (Sehnal et al., NAR 2012) constrained by PTC and constriction site landmarks




