Almost lost in translation

CryoEM on ribosomal translocation




The ribosome and translation
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*Two subunits
Large (50S) peptide synthesis
Small (30S) mRNA reading

505 23S rRNA (~2900 Nu)
55 rRNA (~120 Nu)
~40 proteins

30S 16S rRNA (~1540 Nu)
~30 proteins

‘Three tRNA binding sites in both
subunits

A (aminoacyl-tRNA)
P (peptidyl-tRNA)
E (exit-t1RNA)
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Codon-anticodon recognition
and GTP hydrolysis

Proofreading

» Elongation. New amino acid added.

‘ EF-Tu-GDP

'

Peplie‘bond formation




Translocation by EF-6

GTP hydrolysis ,, EF-G-GDP
mRNA and tRNA translocation

E

Pretranslocation Posttranslocation

Ribosome and factor conformational changes
Measure codons in mRNA (?)



A hybrid for translocation

o Universal design into fwo subunits

o One subunit at a time

o Anchor and keep reading frame -F——F—---

o Chemical-footprinting E P A
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CryoEM of ribosomes
EM of single particles (2D images)

aaaaa - =000 h(r)
y > h(r) point spread function
I(k) = O(k) H(k)

H(k) Contrast Transfer
Function




CryoEM of ribosomes

From 2D images to 3D map

New 3D map

N iterations
Angular refinement



Translocation seen by CryoEM

EF-G and ribosome interaction
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L1 stalk moving
the tRNA out
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Xray structures
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Translocation by CryoEM

Update for translocation model

EF-G+GTP GTP hydrolysis
binding and Pi release
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Unlocked _ocked
*Translocation on the 50S first (hybrid TRNAs)

‘Relative rotation between subunits
‘L1 stalk holds the mRNA-(tRNAs) complex

‘EF-G changes recover ground state



A new twist on translocation

-Spontaneous rotation without EF-6

Single molecule FRET

Classical Hybrid
(~0.58 FRET} {0.40 FRET)
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‘Previous cryoEM of pretranslocation
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¥ So .., translocation must be revisited

What a “"CryoEM-ist” would say
Pseudo-native state in?grg?]r;r:ce
No spatial restrictions (close-packing) J
Conformational changes = "
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Dynamic reactions E P A <: E P A

Paradox: polymorphism vs resolution

Structure-function relationship
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Synchronization Classification

Homogeneous groups

Heterogeneity [«—| Resolution




Dealing with heterogeneity

Classification: separation of different 3D objects N7/ 4

Intra-population (3D orientation)
2D variability sources
Inter-population

Inter-population: scenarios

Ligand Conformation Nature
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Similarity with known references (real or simulated)



Maximum-likelihood based

Unsupervised
random initial seeds

low resolution initial model

Probability-weighted assignments

all the classes

all the projections
Likelihood optimization

most likely set of parameters
Iterative

classification

reconstruction

Scheres, S.H., Gao, H., Valle, M., Herman, G.T., Eggermont, P.P.,
Frank, J., and Carazo, J.M. (2007). Nature methods 4, 27-29.



A new tool was developed

Classification
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E.colf 70S ribosomes
70S - MRNA. fMet-tRNA - Leu-tRNAfMetLeu

Leu-tRNA

Variables Mg++ Association between ribosomal subunits
Spermine Structure and stability of nucleic acids

ML3D classification



MgCl, 0 mM
Spermine 0 mM

MgCl, 20 mM
Spermine O mM

MgCl, 20 mM
Spermine 2 mM
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@5 Pretranslocation revisited by CryoEM
Scaling up the positive

aceptor arm

S22
tRNA- \hg 4
3 variable

anticodon arm - J loop
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¥ T D., Wintermeyer, W., Rodnina, M.V., and Valle (2008). PNAS
105, 16924-16927.



#-. Pretranslocation

Supervised classification

Particles Distribution of particle resemblance
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revisited by CryoEM

At the same time




- A model for translocation

The role of EF-6
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Ground Rotated
PRE EF-G+GTP GTP hydrolysis ~ POST

Classic Hybrid binding and Pi release
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E P A = EPaA Ex px ax
Unlocked EF-G binds A site EF-G changes
Rotation between subunits Movement of mMRNA-tRNAs Reverse rotation
Classic/Hybrid positions for tRNA Back to locked state

L1 stalk
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