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RNA structure

* Primary structure
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gttagctatttagctttacgttccagg atgcctagtg gcagccccac aatatccagg aagccctctctgeggttttt 3°
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Nucleotide interactions
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A wealth of non canonical base pairs : Bulges, 3D contacts .... Specific shape




Some examples of tertiary motifs @

The « Pseudoknot » A structured bulge
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RNA structure modeling

* Secondary structure modeling is a limiting step

* Structure modeling software (Mfold, RNAfold ...) are based on :

« Thermodynamic — experimental data have defined a free energy for a bp in a
given context (nearest neighbour theory)

* Probability (Boltzmann statistics)

* Such modeling is often inexact if the RNA is over > 50(ish) nucleotide long
» Thermodynamic model is incomplete
» Does not predict non canonical base pairs — pseudoknots
» Does not take into account folding kinetics
+ A single RNA may adopt several foldings

* Yields several models — how to choose?



Generating folding constraints @ @

Goal: Experimentally define nucleotides that are in single strand conformation

» Single stand RNAse : T1,A, Sl etc ...
« Small molecules: DMS, CMCT, SHAPE reagents

o}
0
0=P—0 |_,_g=
| NH, === = - 0 @ 0
? N i
7
M _o ( / \N‘T -------- Hn ¥ N
—{ o o
N/ [0} &;\0
5 ®
B Adénine Uridine
0= P—0
Cl) A DMms é«a RNAse T1
| g ¥ cmcT 3
RNAse V1
CH Kethoxal

T2
y! 3(- In line Probing



Probing RNA structure
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6- Reactivity Profile 5- Electropherogram 4- Capillary
analysis electrophoresis

The reactivity map is used as (soft) constrains by the modeling
software (Bonus/penalty)



s this enough ?

Modeling using probing
structure data

X-Ray structure

Modeling without constraint

Not predicting the tertiary structure impairs the 2D prediction



Multiple probes

Cytosine Guanine -
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Each molecular probe brings different information

The experimental process has been entirely automated

Use a multiprobing approach to improve modeling



Multiprobing approach
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RNAse Phylogenetic approach
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all possible structures with experimental data as constraints

RNA subopt: Boltzmann ensemble
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Experimental data:

Used as each constraints set for an independent
prediction

Sampling:

200-1000 (suboptimal) structures per
experimental conditions are sampled



Multiprobing approach
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SHAPE RNAse Phylogenetic approach

l l l

RNA subopt: Boltzmann ensemble
all possible structures with experimental data as constraints
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Experimental data:

Used as each constraints set for an independent
prediction

Sampling:

200-1000 (suboptimal) structures per
experimental conditions are sampled

Clustering:

Groups similar structures



Multiprobing approach
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SHAPE RNAse Phylogenetic approach

l l l

RNA subopt: Boltzmann ensemble
all possible structures with experimental data as constraints

l l l
5

Experimental data:

Used as each constraints set for an independent
prediction

Sampling:

200-1000 (suboptimal) structures per
experimental conditions are sampled

Clustering:

Groups similar structures

Optimal cluster defined by:
- Base pair distance
- Represention of all conditions
- Diversity
- Bolztmann probabilities




Multiprobing approach

SHAPE RNAse

l l

Phylogenetic approach

l Experimental data:

RNA subopt: Boltzmann ensemble
all possible structures with experimental data a

Used as each constraints set for an independent
prediction

s constraints

l l

1 Sampling:

200-1000 (suboptimal) structures per

r%; g experimental conditions are sampled

Clustering:

. @ @%. Groups similar structures

Optimal cluster defined by:
- Base pair distance
- Represention of all conditions
> - Diversity

centroid structure

- Bolztmann probabilities
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Example of structure prediction: HIV-1 Gag IRES E‘E?!?Ams |
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Weill, et al. 2010 Deforges et al. 2017

Developpement of a new model that takes into account all the probing results

Currently validating the approach on a « benchmark » RNA



Detecting the tertiary structure

Reactivity
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Probing the structure in presence/absence of Mg2+ can reveal tertiary contacts

We are currently developping approaches to predict pseudoknots using such data



Combining Probing and NGS
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1- RNA Probed 2- Reverse transcription
with Mn2*
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6- Reactivity Profile 5- Alignment and mutations

counting

dsDNA library

3- NGS library

4- High troughput
sequencing



Naive probing of multiple mutants @

N 3 dsDNA

Error Prone PCR
+

nucleoside analogues

dsDNA mutants library

in vitro transcription

RNA mutants library

SHAPE-MaP probing

-

* Improve modeling accuracy
* Detect alternative structures

* Analysis currently under development
9 y y P - )




UNIVERSITE ~
PAR.S CIrs
DESCARTES N

Integrative approach to model RNA structure at the
atomic level



Loop llld is crucial for HCV IRES/40S binding Eﬁg'cfmes @
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Adapted from Hashem et al. 2014

405

(CryoEM envelop)

Base pairing (kissing complex) between loop llld (HCV IRES) and ES7 (183 rRNA) favours
the 40S recruitment, and is required for an efficient translation



IRES structure and structural rearrangment
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Reactive in presence of 40S

Loop llld is protected from modification
Domain 1V unfolds



IRES footprinting on the18S rRNA "‘“"s
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A Reactivity decreased in
/\  presence of the IRES
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Reactivity enhanced in
presence of the IRES

ES7
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Pattern modifications are observed in other sites
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Fitting the atoms in the envelop E‘é@!?ms |

Coordinates from
Hashem et al. 2013

Model by
Benoit Masquida




3D model of the IRES-40S E‘EN‘sl‘\'gTr:E
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Model by
Benoit Masquida
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