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Structural Polymorphism

A given sequence can adopt multiple alternative structures, not just flexibility
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Ring-stabilizing triplets
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Role of modeling
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Ensembles of 2D structures
canonical BP Ensembles of 3D dynamical structures

sensitive to their environment

~ pseudoknots
More or less indirect hints at the 3D structure
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3D structures

dynamics, thermodynamics, influence of the environment




this is not a cow

7

Real life is messy
Pragmatic and greedy approach

Use multiple models at different resolutions

Modeling

® ©
Py this is not a cow either

Use different sampling methods
Mix and match
Talk to experimentalists!

Make the model as close as possible to experiments




RNA structural features

(o)
£
S
£
S
c
o

Base stacking

Torsions

Base pairing
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Physical modeling (how dirty do you want to get?)

Atomistic description (explicit or implicit solvent)

V) =Y k(1= 1)+ Y ka(0— 6p)?

bonds angles
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Coarse-graining

A5y, Nucheothde b1

and more...




Use whatever works!

i.e. No method is perfect but if you combine more than one you might
have a chance to get things right
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Hamiltonian Replica Exchange C) Path-sampling simulations
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Roeder, Stirnemann, Faccioli, Pasquali, QRB Discovery 2022
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Ups and downs

H-REX . DPS
Full Solvation Sample widely the conformational space
Only solute is affected by the energy rescaling Allows to define “families” of structures (basins)

Use standard force fields Allow to obtain kinetic data

Implicit solvent

Need multiple copies of the system (~30) Can deal only with small systems (~few dozens nt)

Can deal only with small systems (~few dozens nt)

Hard time with entropy
rMD . CG models
Full Solvation Allow to study larger systems for longer time scales
Use standard force fields Allow to highlight essential elements of the system
Good statistics on folding trajectories description

Loss of atomistic details
Implicit solvent

Knowledge of native state required x V@)
' No generally recognized model Y /ﬂ

Cannot study alternative foldings in a single MD




Combining strategies: DPS + REST2 REX

Roeder, Stirnemann, Dock-Bregeon, Wales, Pasquali, NAR (2020)

REST?2 (24 H-replicas)

Explicit solvent: interactions with water
and ions, solvation effects
tull entropy contribution.

Slow convergence, expensive calculations,
limited exploration of new conformations
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Triple helix folding: CG-MD + rMD

Triplets

rMD (100 short
simulations)

Full solvation, fast folding.

Strong bias, need of a
good reaction coordinate.
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Cragnolini, Laurin, Derreumaux, Pasquali, JCTC 2015

HiRE-RNA (64 replicas REMD)
No bias, large exploration of conformational space
Approximate force field, no solvent nor ions
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Lazzari, Micheletti, Pasquali, Faccioli, preprint 2022



Coarse-grained RNA modeling: HIRE-RNA
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Pasquali, Derreumaux, JPCB 2010
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Base pairing

~150 different experimentally accounted

AA trans HH rans HS| A A trans WeWe
S r ) b
AC cisWewe | A C AG is WeS
@ @
2 trans HS A G . trans V\VCWC
trans W/CH C C trans WeWe
T ? TN
trans WeH G C cis WeWe

cis WeH G G 7

GU ‘ tm’m: wewe|U U ‘

interactions 1, 2 or 3 HB per pair

Stacking

ESTK

Semi-sequence dependent parameters : purine-purine, purine-pyrimidine, pyrimidine-pyrimidine

> 200 parameters
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Force field optimization

Comparison of atomistic and CG energy landscapes =® optimize to match energy differences
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Can we use EL comparisons also to assess
the quality of atomistic force-fields?
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Generalized landscapes

SN

Discrete variables Continuous variables

mutations, chemical modifications Temperature, pH, ionic conditions...

l methylation
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Roeder, Barker, Whitehouse, Pasquali, PLOS Computational Bio (2022)



Generalized landscapes

SN

Discrete variables Continuous variables
mutations, chemical modifications Temperature, pH, ionic conditions...
pH

| exposed ~* protonable |
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Pasquali, Frezza, Barroso da Silva, Interface Focus (2019)



Including experimental data and experimental conditions

* What does the experiment actually measure?

L

g * Is it possible to compute the outcome from hypothetical
structures?

e Can we bias simulations based on this account?

SAXS

Il P5 b: rlloisyltargét

10810(1(11))

Experimental data restricts the g™

conformational space to be explored

Mazzanti, Alferkh, Frezza, Pasquali JCTC (2021)
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