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Overview

¢ Discuss the motivation for developing ELASPIC.
e Present the ELASPIC webserver.

e Discuss predictions made by ELASPIC and other methods for 8 mutations in Frataxin.
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Introduction

e We need tools for improving protein stability and increasing the
affinity of proteins to their targets.

= Design proteins that are easier to crystallize and that

show higher yield and less aggregation when I(\:/I?thi\tion mterfgce
expressed in heterologous systems. \ : (AuAtatlon

= Design biocatalysts which remain active in
inhospitable conditions, including high temperatures
and pressures, acidic or basic pH, different salt types
and concentrations, and admixture of organic solvents
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= Optimize protein and peptide “biologics” to improve
their shelf life and increase their affinity and
specificity to de- sired targets.

¢ We need tools which provide a mechanistic explanation as to
why a variant may be deleterious or benign.

e ELASPIC (http://elaspic.kimlab.org) uses sequential and
structural information to predict the effect of mutations on
protein-folding and protein-protein interaction on a genome-
wide scale.
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Berliner et. al. (2014) PLoS ONE 9(9): e107353.
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FoldX energy function

AG =w; - AGygw + w2 - AGgolva + w3 - AGsolvp + Wy + AGppond + Ws - AGyp,+
Weg - ACJel + wr - A(;’clash + wsg - TASmc + wg - TASSC + wio - A(;’kon

{wy . ..wyg}-tuned parameters.

 AG,qw - experimental transfer energies from water to vapour.

e AG,. i - hydrophobic desolvation score, scaled with the burial of the residue.

e AGg,vp - hydrophilic desolvation score, scaled with the burial of the residue.

e AGhypond - hydrogen bonds, inferred through geometric contrains and empirical data.
 AG, - water molecules that have persistent interactions with the protein.

o AG, - electrostatics, calculated using Coulomb's law.

e AG a4 - Steric overlaps between atoms in the structure.

e T'AS.,. - the entropic penalty for fixing the backbone in a given conformation.

e TAS,. - the entropy cost of fixing a side chain in a particular conformation.

e AGy,y - electrostatic interactions between different chains.
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Provean methodology

collect sequences

related to query
(e-value cutoff = 0.1)

S
S, 2 s,
s, S3 S, S11
Se S; S1o
S13 S
Sg °  Su

cluster
collected sequences

S, : protein sequence
C,: cluster

Q: query sequence
v : variation

Source: http://provean.jcvi.org/about.php (http://provean.jcvi.org/about.php).

select top N clusters
most related to query

supporting
sequence set

compute PROVEAN score

G
AQv,S;) =-4
A(Q,v,Sg) =-7

average
-6 M

G

NQY,S,) = -2 av?;age
A(Qv,S5) =-2

average

PROVEAN
S score:
-3.667

A(Qv,Sg) = +1
AQv,Sy,) =-5

AQ,v,S;5) =-3

Prediction:
“deleterious”

if the score is less
than or equal to a
predefined
threshold.
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Provean score
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Source: http://provean.jcvi.org/about.php (http://provean.jcvi.org/about.php).
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ELASPIC webserver

http://elaspic.kimlab.org/ (http://elaspic.kimlab.org/)

SINGLE MUTATION

PICK PROTEIN AND MUTATION

74 Ensemble Learning Approach for Stability
; E LAS plc Prediction of Interface and Core mutations Help Reference Contact

MULTIPLE MUTATIONS

First, input a protein ID such as Q9BUL8:
POLR2A. .

or upload PDB structure

Your email address (optional): | name@institution.com

Witvliet' Strokach', et. al. (2016) Bioinformatics 32(10): 1589-1591.
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Performance on core mutations
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Phenotype datasets

AAG datasets

Performance on interface mutations
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Performance on oncogenes / tumor suppresor genes in DoCM

—— Passenger (n = 259,866) —— Oncogene (n = 399) Tumour suppressor gene (n = 73)
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e Predictions for passenger mutations (green), mutations in tumour suppressors genes (purple), and mutations in
oncogenes (cyan).
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ELASPIC results

FoldX Provean

RMSD = 2.64 RMSD = 4.01
Pearson R (p value) = 0.68 (0.064) Pearson R (p value) = 0.89 (0.003)
Spearman R (p value) = 0.67 (0.071) Spearman R (p value) = 0.55 (0.160)

JS181F S202F JAL07V
0 JSI61I D104G -4 i

-1 JAL07V Qv «°16J109
L<]D S ~6 ,D104G
< _» 0
X :
S - g
A JV173C o)

4 & -10

_5 .Y123S _12 .W173C

-8 -6 —4 -2 0 -8 -6 -4 -2 0
Experimental AAG Experimental AAG

Note: AAG values are changes in the Gibbs free energy of unfolding in kcal / mol.

ELASPIC AAG

ELASPIC

RMSD = 2.32
Pearson R (p value) = 0.78 (0.021)
Spearman R (p value) = 0.71 (0.047)
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ELASPIC results

http://elaspic.kimlab.org/result/a5393e/
(http://elaspic.kimlab.org/result/a5393e/)

5.
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Rosetta results

Protocol: ddg_monomer Protocol: cartesian_ddg Protocol: cartesian_ddg
Weights: soft_rep_design Weights: talaris2013 Weights: beta_nov15
Pearson R (p value) = 0.83 (0.010) Pearson R (p value) = 0.89 (0.003) Pearson R (p value) = 0.85 (0.008)
Spearman R (p value) = 0.71 (0.047) Spearman R (p value) = 0.81 (0.015) Spearman R (p value) = 0.90 (0.002)
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Amber (thermodynamic integration) results

RMSD = 4.31
Pearson R (p value) = 0.68 (0.064)
Spearman R (p value) = 0.64 (0.086)
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Conclusions

e Evolutionary information can be very useful for protein structure prediction and design.
e The ELASPIC webserver provides a user-friendly interface for evaluating the structural impact of mutations.

e Rosettacartesian_ ddg protocol withthe talaris2013 or beta nov15 weights produces the most accurate
results.
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Additional resources

http://kimlab.org/ (http://kimlab.org/)

http://elaspic.kimlab.org/ (http://elaspic.kimlab.org/)

https://gitlab.com/kimlab/elaspic/ (https://gitlab.com/kimlab/elaspic/)

https://gitlab.com/ostrokach/msc thesis/ (https://gitlab.com/ostrokach/msc thesis/)

https://ostrokach-presentations.gitlab.io/cagi5/ (https://ostrokach-presentations.gitlab.io/cagi5/)
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