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» Rosetta
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density.dimension (grid[0] ,grid[l],.grid[2]);
for (int i=0; i<density. ul(}*dﬁnsity uz()*d
numeric::xyzVector< cor
numeric::xyzVector< core
const core::Real ATOM_MASK_PADDING = 1.5;
for (Size n=1; n<=npeses; ++n) {

core::pose: iPose &pose = *(poses[n]);

int nres = pose.total residue();

for (imt i=1 ; i<=nres; ++#i) {

conformation::Residue const &rsd_i (pose.rs
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Overview of the Rosetta Software Suite

Below is 2 partisl list of protocols. For the full list, plesse advise the User Guide.

RosettaAbinitic De novo protein stucture prediction.

RosettaDesign Identifies low free energy sequences for target protein badkbones.

Rosetts Design Fyllal
Plugin

FyMIL plugin A userfrizngly interface for submitting Frotein Cesign simulstions using
RosettaDesign.

RosettaDock Fredicts the structurs of 3 protein-protein complex from the individual structures of the
MEnomer components.

Rosettafntibody™ Predicts antibody Fv region structures. See PubMed 24518881 and 18082174,

RosettaF frag t libraries for use by Rosetta ab initic in building protein structures.

RosettaWMR Incorporates MMR dsta inte the basic Rosstta protocol to scoslerste the process of MMR

structure prediction

Rosetta is a suite of software libraries for macromolecular modeling. The diverse functionality of the libraries may be used by the
end user in different ways:

= Asetof premade applications define protocolsthat can be used to perform a specific task
» Asetof frameworks (PyRosetta, RosettaScripts) allow creation of your own protocols for new use cases.
= Jarious web serers, notably ROSIE, are setup and lend their computing power to provide applications that may be used
remaotely, without having to install anything on your computer,
Adetailed listof protocols, fameworks and applications is available inthe User Guide.

Use cases

dd/mm/yyyy

Rosetta is bestdescribed by the science thatour community, as well as other communities, have useditfor Itis extendable and adaptable
ifyouneeditto be.

Protocols

Rosetta attempts to provide a flexible library of functionality to accomplish a diverse set of biomolecular modeling tasks. The basic
tasks and operations that the libraries define. are combined together as algorithms which we call protocols. each of which use
Rosetta's flexible molecular modeling library to accomplish specific modeling tasks. These protocols can either be used as self
contained units. or they can be chained together to accomplish more complextasks. either by successive use of different
applications or by combining the protocols within the generalizable frameworks.

Rosetta algerithms are able to accomplish prediction, design and analysis on a diverse set of bio-malecular systems. including

Footer

RosettaDNA For the design of proteins that interact with specifisd DNA sequences.
A Fragment sssemily of RNA.

Rosettaligand Small molecule - protein doding

RosettaSymmetry Enforcing symmetry in Rosetta

RosettsEnzdes Enzyme design

R I I protein abinitic modeling

RosettaDDG" Estimating the impact of sequence changes on protein stability

RosettaSoripts An xml-besed soipting langusge for control of modeling rajectories. Suppots sl major

Rosetta functicnalities
RosettaSnugDod™ Enables docking an antibody Fv region to an antigen and allows badkbone flexibility in the
paratope.

Roszettshlultigrsft Performs matching, badkbone, and side chain grafting of functional maotifs onto scaffald

proteins.
Rosetts FlexFepDoc Peptide-protein doding

Rosetta ERRASER R deli

g RNA o hic models with electron density constraint.

ReosettaVIP Stakbilize a protein by identifying and filling voids

Rossttahlatdes Isterials dasign

" mar<zd spplications might not be svsilable in the |stest version of Rossts
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» Rosetta

rosetta commons

login X
documentation *
register #
contact us ®

free.servers

swiftlib

ib degenerate codon Hbrary

dd/mm/yyyy

high resolution structure prediction and design software

rosetta.design®?’

computational protein design software

welcome.

Rosetta design can be used to identify sequences compatible with a given protein backbene. Some of
Rosetta design's successes include the design of a novel protein fold, redesign of an existing protein for

greater stability, increased binding affinity between two proteins, and the design of novel enzymes.

If you would like to use Rosetta.design, please re er for an account. If you already have an account, you

can login below.

- Kuhiman Lab
login.

User Name: |jsanch0 |

Fassword: |IIIIIIIIIIIIIII |

[Submit]

Footer

rosetta commons

logout

submit job
view gueue
documentation
register

contact us

free.servers

recent. publications

high resolution structure prediction and design soft

submit. job

Welcome back, jsancho. Please use the form below to submit your job.

positions. If your PDB file contains more than 200 residue:
ch specifies which residues you want to design. For th

Hote: This server wil design at most
must upload a resfile fo
resfile format spec

Protocol to run:
(®) Protein design
O Increase binding affinity hel

PDE file to be redesigned: | Browse... | 1FTG.pdb
Residues to design:
(®) Alresidues
() selected residues: | Browse... | No file selected.
Fixed backbone design options
These options only apply to protein design protocal jobs. They have no effect on affinity increase j
Humber of independent trajectories (default: 1, max: 10):
Use hpatch-S454 score:

Mote: This option increases runtime 20-fold, and limits nstruct to 1. D

[Submit Jab|
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» Rosetta

Score Function

Score functions in Rosetta are weighted sums of energy terms, some of which represent physical forces like electrostatics
and van derWaals' interactions, while others represent statistical terms like the prebability of finding the torsion angles in
Ramachandran space. Below is a list of the energy terms used in the ref2013 score function:

fa_atr Lennard-Jones attractive between atoms in different residues
fa_rep Lennard-Jones repulsive between stoss in differemt residues
fa_sol Lazaridis-karplus solvation energy

fa_intra scl_xowverd Intra-residue Lazaridis-Karplus sclvation energy

1k ball wid Asymmetric soclvation energy

fa_intra rep Lennard-Jones repulsive betwsen stoms in the same residus

fa slec Coulombic electrostatic potential with a distance-dependent dielectric

pro_close proline ring closure energy and esnergy of psiangle of preceding residus

hbond_sr_bb Backbone-backbone hbonds close in primery sequence

hbond_1r_bb Backbone-backbone hbonds distant in primary sequence

hbond bb sc =idechain-backbone hydrogen bond energy

hbend =sc Sidechain-sidechain hydrogen bond ensrgy

dslf faiz Cisulfide geometry potential

Fame_prepro Ramachandran preferences (with separate lockup tables for pre-proline positions and other positicns)
omEgE omega dihedral in the backbone. A Hammonic censtraint on planarity with standard deviation of ~& deg.
} 23 pp Probability of amino acid, given torsion wvalues for phi and psi

fa_dun Internzl energy of sidechain rotamers as derived from Dunbrack’s statistics

yhh_planarity & special torsicnal potential to keep the tyrosine hydrosyl in the plane of the arometic ring
ref reference energy for each amino acid. Balances internzl energy of awing =cid terms.

HETHOD WEIGHTS

Plays role in design.
Mot an energy term itself, but the parameters for each aminc acid used by the ref energy term.

Further description of energy terms can be found here.

The weights associated with the ref2015 score function are:

METHID WEIGHTS ref 2.773742 2.443703 -1.63882 -1.06804 2.81037 2.173326 2.388208 1.8886 -8.358574 ©.T561128 2.240477 -1.1011F -8.258485 -

fa_gtr 1

fa_rep 8.55

fa _scl 8.9375
fa_intra rep 8.885
fa_slec 8.875

pro close 1.25
hbend sr bb 1.17
hbond_lr_bb 1.17
hbond bb sc 1.17
hbond =c 1.1

dslf fa13 1.25
rama &.25

omega 8,625
fa_dun 8.7

p_3a_pp 2.4
yhh_planarity 8.625
ref 1

>

oter

Comparing Rosetta Scores to Real-Life Energies

While much of the energy function in Rosetta is physics-based, it also has certain
statistical terms to favor structures that look like known protein structures (as nature
often conserves protein folds).

While a lower scoring structure is more likely to be closer to the native structure,
the scores do not have a direct conversion to physical energy units like kcal/mol.

Instead we represent them in Rosetta Energy Units (REU).

Rosetta Scoring tutorial

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 101004806
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https://www.rosettacommons.org/demos/latest/tutorials/scoring/scoring

» Rosetta

Point Mutation scan

« Full apps hist
ge « SEWING: Build new protein structures from large elements (e.g. helix-loop-

Rosetta Scripting helix matifs} of native proteins.

Interfaces

Development Library DeSign EXpeCted Outputs . .

Documentation The only output from the protocol, by default, is the log file for the run.
FAQ + Sequence folerance: Optimize prateins for liorary applications (e.0.phase o The log file will contain the predicted ddG and difference in average total

yeast display).

energy for all mutants found to be stabilizing. If the option "-
output_mutant_structures” was specified, a PDB file for each of the mutants
found to be stabilizing will also be output. The PDB files will be named with
the input file + a string representing the mutant. For example, the mutant

« Point mutation scan; Identifiy stabilizing point mutants. histidine-1-glycine on chain A for structure 112y_renameH.pdb will be output
= Supercharge: Reengineear proteins for high nat surface charges, to counter tO a f'lle named 1[2y_renameH.A_H1G.pdb.

aggregation.

Glossary » SwifiLib server: Web-based tool for rapid optimization of degenerate codons.

RosettaEncyclopedia

Options list Stability Improvement

= Void Identification and Packing (RosettaVIP): Identify and fill cavities in a
protein.

Secondary Structure

Limitations
= Hydrogen bond surrogate design: Design stabilized alpha helical oinders. Mutants prediCted to be Stab]hZ]ng by the pmut scan pI’OtOCOl may not be
+ Beta strand homodimer design: Find proteins with surface exposed beta- stabilizing, and mutants which are stabilizing may be missed. The reasons for
sifans, fen sesian & emesimer et wilonm via hat sete-stran these outcomes are varied. The Rosetta energy function is imperfect. Thus,
. . . certain energetics which Rosetta does not account for can make a mutant
Protein-Protein Interface Design predicted to be stabilizing actually destabilizing. Additionally, to model the
« Proteinprolein desian: Proteinprotein interface desion with Rosetsrps.  MUtAtions, the protocol assumes a fixed backbone conformation. Studies have
« Zinc heterodimer desian: Design zinc-mediated heteradimers. shown that better results can be achieved using protocols that allow backbone
flexibility. Refining the protocol based on the results of experimental
Enzymes characterization of predictions will be necessary to improve prediction
accuracy.
« Enzyme Design: Design a protein around a small molecule, with catalytic
coenstraints.
dd/mm/yyyy Footer 6
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https://www.rosettacommons.org/docs/latest/application_documentation/design/pmut-scan-parallel

https://github.com/ELELAB/RosettaDDGPrediction
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RosettaDDGPrediction for high-throughput mutational
scans: From stability to binding

Valentina Sora'? | Adrian Otamendi Laspiur® | Kristine Degn? |

Matteo Arnaudi’® | Mattia Utichi™® | Ludovica Beltrame'? |

Dayana De Menezes® | Matteo Orlandi® | Ulrik Kristoffer Stoltze *** |

Olga Rigina® | Peter Wad Sackett® | Karin Wadt®® | Kjeld Schmiegelow®® |
Matteo Tiberti' | Elena Papaleo ©

‘Cancer Structural Biology, Dankh Cancer Society Research Center, Copenhagen, Denmark

*Cancer Systens Blalogy, Secton fir Bloinformatics, Depanment of Health and Techn ology, Technical University of Denmark, Lynghy, Denmark
Depariment of Clinical Genetics, Copenhagen University Hospital Rigshospitalet, Copenhage n, Denmark

“Department of Pediatrics and Adolescent Medicine, University Hospital Rigshospitalet, Copenhagen, Denmark
“Institute of Clinical Medicise, Faculty of Medicine, University of Copenliagen, Copenhagen, Denmark

PCC =0.662

Reliable prediction of free energy changes upon amino acid substitutions —5 - MAE 1 '388
(AAGS) is crucial to investigate their impact on protein stability and protein- l |

protein interaction. Advances in experimental mutational scans allow high-
throughput studies thanks to multiplex techniques. On the other hand, geno- 5 10 15
mics initiatives provide a large amount of data on disease-related variants that
can benefit from analyses with structure-based methods. Therefore, the com-
putational field should keep the same pace and provide new tools for fast and
accurate high-throughput AAG calculations. In this context, the Rosetta
modeling suite implements effective approaches to predict folding/unfolding

Correspondence

Elena Papaleo, Cancer Structural Blology,
Danish Cancer Society Ressarch Center,

2100 Copenlagen, Denmark.

Emall elpap@diudk; elenap@cancer.dk

Experimental Values, AAG kcal/mol
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AAGs in a protein monomer upon amino acid substitutions and calculate the
changes in binding free energy in protein complexes. However, their applica-
tion can be challenging to wsers without extensive experience with Rosetta
Furthermaore, Rosetta protocols for AAG prediction are designed considering
one variant at a time, making the setup of high-throughput screenings cumber-
some. For these reasons, we devised RosettaDDGPrediction, a customizable
Python wrapper designed to ran free energy calculations on a set of amino acid
bstitutions using Rosetta protocols with little intervention from the user
Moreover, RosettaDDGPrediction assists with checking completed runs and
appregates raw data for multiple variants, as well as generates publication-

Valentina Soraand Adrian Otamend] Laspiur equally contributed to this sudy.
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https://github.com/ELELAB/RosettaDDGPrediction

» Foldx

Foldx PRODUCTS ~ LICENSING AND SERVICES ~ DOCUMENTATION - DOWNLOAD ~ ABOUT ~

https://github.com/ELELAB/mutatex

EBrigfings in Bisinformatics, 2022, 23(3), 1-16
https://doi org/10. 1083/bibvbbaro7d
Problem Solving Protocol

STABILITY OxFoRD

Calculates the DG to fold the proteins from their unfolded state. The minimal configuration file for Stability is

command=Stability

pabesT. MutateX: an automated pipeline for in silico
saturation mutagenesis of protein structures
and structural ensembles

It can be run from the command line:
FoldX --command=Stability --pdb=5T.pdb

FoldX uses output-file as a tag to label different outputs from different commands in batch runs. After running Stability you'll get one file to
look at. Given output-file="TAG" the output file is: Matteo Tibertd, Thilde Terkelsen, Kristine Degn, Ludovica Beloame, Tycho Canter Cremers,

Isabelle da Piedade, Miriam Di Marco, Emiliano Maiani and Elena Papaleo ()

Cormmsponding authars: Elera Papales, Cancer Strucutral Biclogy, Danish Cancer Socisty Ressarch Center, Copenhagen, Denmark and Cancer Systems Biology,
Diep. Health and Techralagy, Technic] University of Denmark, Lyngky. Tel: 004535157311; E-mail: elenap@rancer di slpap@dts dic Mattes Tibert], Cancer
Structural Biclogy, Danish Cancer Socisty Research Center, Copenhagen 2100, Denmark. Tel.: (04535257307; E-mail: theni@cancerdic

TAG_ST ficout -> calculates the different DG energy terms of folding the protein

If you don't set output-file, TAG will be the pdbld of the first pdb on the batch. Output file contains the Gibbs energy of protein folding
decomposed into the different terms used by FOLD-X. This file will have different headers and then rows (cne for each PDB run) with the
energy decomposition in Keal/me, the different cofumns are described below in the table Energy Terms:

Abstract

Mutations, which result in amino acid substitutions, influance the stability of proteins and their binding to biomolecules. A molecular
understanding of the effects of protein mutations is both of bictechnological and medical relevance. Empirical free energy functions

ENERGY TERMS that quickly estimate the free energy change upon mutation (A AG) can be exploited for systematic screenings of proteins and protein
complexes. In silico saturation mutagenesis can guide the design of new experiments or rationalize the consequences of known
Title energy_description mutations. Often software such as FoldX, while fast and relisble, lack the necessary automation features to apply them in a high-
throughput manner. We introduce MutateX, a software to automate the prediction of A AGs associated with the systematic mutation
Pdb Pdb file of each residue within a protein, or protein complex to all other possible residue types, using the FoldX energy function. MutateX also
» . supports AAG caleulations over protein ensembles, upon post-translational modifications and in multimeric assemblies. At the heart
Total Energy This is the predicted overall stability of your protein of MutateX lies an automated pipeline engine that handles input preparation, parallelization and outputs publication-ready figures.
) o We illustrate the MutateX protocol applied to different case studies. The results of the high-throughput scan provided by our tools can
B e HEcnd [l e copnibationo fbac fhone HEcn 1 help in different applications, such as the analysis of disease-assodiated mutations, to complement experimental deep mutational
. Lo . N . scans, or assist the design of variants for industrial spplications. MutateX is a collection of Python tools that relies on open-source
Sidechain Hbond This the contribution of sidechain-sidechain and sidechain-backbone Hbonds libraries. It is available free of charge under the GNU General Public License from https://github.com/ELELAB/mutatex.
Van der Waals Contribution of the VanderWaals . . . R o .
Eeywords: free energy, mutations, post-translational modifications, structural ensembles, binding, stability
Electrostatics Electrostatic inferactions
Introduction i
Sobvation Polar Peaalization fo busying potar zroups § _ o ) need to 1?9 u.nderstou_cl ata s_r.ructLEr:a] and_ fu!_'u:tlopa]
Advances in proteomics are now providing a massive lewvel 13]. Indeed, single amino acid substitutions (i.e.
Solvation Hy = i ic groups amount of data on protein—protein interaction or post- mutations) or post-translational modifications (PTMs) in
P, Enersy penalization due to - translationally modified proteins [1-5] that benefit from  proteins may alter structural stability and intermolecu-

structural studies to be rationalizad [6, 7]. On the other

lar interactions, impacting protein activity, function and

£202 U 2 uo Jeen ezofRiey oD PEDISISANN BISI0NT 18 A £47 2559/ L0000 QS /129100 8 Qg WD dno WS peoE) sdRy WoU) pepec o]

Entropy Side Chain Entropy cost of fixing the side chain hand, genomic initiatives allow the identification of mis- cellular signaling. An accurate and systematic prediction
Entropy Main Chain Entropy cost of fixing the main chain sense mutations [8-10] in the coding region of genes that of changes in stability and binding upon mutations or
Stoop Estropy ONLY FOR ADVANCED USERS :!muﬁbu‘ii::: staff scientist at the Cancer Structural Bickogy group (Danish Cancer Society Research Center, DCRC, Gapenhagen, Denmark} and his research
ocuses on saftware development for structural bisinformatics and annotations of cancer mutations.
Micop Entropy e D A S ED URER S Thilde Terkelsen warked as PRI student at the Cancer ral Biclogy group at DORE and she i now Data Scientist at the Center far Health and Data Scence
; e University of Copenhagen. At DCRC, she worked on the implementation of MutateX functions for downstream analyses and the znalyses of -omics data.
Cis Bond Cost of havinz a cis peptide bond Kristine Degn ix a PhDD student in the Cancer Systems Binlogy group [Department of Health and Technology, Technical University of Denmark, DTU, Lymghy,
Dermark) and her research focuses an structure-based methads to characterize and dlassify variants found in cancer samples with impact on the protein
Torsional Clash VanderWaals” torsional clashes (intraresidue) products. ) - o . . ) .
Ludovica Beltrame iz an Erasmizs exchanps stident at the Cancer Structural Bisiogy graup st DCRC Her ressarch is focusing on fres energy caleulations and
Backbone Clash Backbone-backbone VanderWaals. These are not considered in the total molecular simulations to st de the effect of mutations on :lmn structures.
tudies in the Cances Structural Bialogy group 2t DORC, focusing on implementing new functions for Mutat=X and
Helix Dipole Electrostatic contribution of the helix dipole ﬂlnﬂ Crmisp ot SR with s i s arlyacs of genormics sn
Water Bridge Contribution of water bridges transcriptoemics data. She i curmently working at Senior Bicinformatician at the Danish Natianal Genome Center (Copeniagen. Denmark).
- Miriam [ Marca warked 25 2 pre-graduate L = Cancer Structural Biclogy group at DCRC She applied free energy caloulations to
Disulfide Contribution of dislfide bonds characterize dis=ase-related proteins and the impact of stability
Emiliano Maiani woried 2s 2 Post- Doctoral Ressarcher and Sesior Scientist at the Cances Structural Bislogy group of DCRC. His main research focus in the group
Electrostatic Kon interaction b lecules in the has been in the anea of experimental structural and celb dies of shart Enear motifs. He is currently an Adjunct Professor at UniCamillus-Saint Camillus
International University of Health Sciences, Rame, Italy. His current ressarch focusss on DNA damags resparse and autoghagy
Partial Covalent Bonds Interactions with bound metals Elena Papaleo is Associate Frofessor and Jeader of the Cancer Systems Biology group:at DTU and group leader of the Cancer Structural Bislogy group at DCRC.
Her research focuses on apglying -cmics hio ics and | erethed: ird b | validation with in vitra and cellular assays. These
Energy Tonisation Contribution of ionisation energy methodologies are used ta unravel the cffects of discase-related mutations and past-tramslational medifications on protein stucturs and to characteris
protein.prosein interactiors mediated by disordered regions
Entropy Complex Entropy cost of forming a complex Eecefred: November 30, 2001 Revised: January 78, 2002 Accepbed: February 16, 7022
& The Authors) 2022, Published by Oxford University Press. All rights reserved. For Permissions, pleass email: journals permissions@aup.com
dd/mm /) Residue Number Numiber of residuss M OSBR l
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» PopMusic
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dezyme

Software MyData Query Results Help

Prediction of protein thermodynamic stability s .
changes upon single-site mutations Predictions for 1FTG by PopMusic

PoPMuSIC is a tool for the computer-aided design of mutant proteins with controlled thermodynamic stability properties. It
evaluates the changes in folding free energy of a given protein or peptide under point mutations, on the basis of the experimental or

modeled protein structure.

Three modes are available:
query_38154.pop

1. Systematic: Evaluation of the stability changes resulting from all possible point mutations. Returns a report with the list of the

most stabilizing or destabilizing mutations, or of the mutations that do not affect stability.
2. Manual: Prediction of the stability changes caused by the point mutations specified by the user.

3. File: Prediction of the stability changes caused by a list of mutations specified by the user in an uploaded file.

3 MOSBR|
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» PopMusic
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Sequence optimality (sum of negative ddG per sequence position) - 1FTG.pdb - Systematic - 27-06-2023

A2 A3 A9 A10 A1l A12 A13 Al4 A15 A16 A17 A18 A10 A0 A21 A22 A23 A24 A5 A28 A27 A28
c © EE e e C 7 fenisis M i N N . . < T

LYS LYS ILE GLY LEU PHETYRGI.Y“-IRGLNTHRGLYLYSTTRGLUSERUN.ALAGLU ILE ILE ARG ASP GLU PHE GLY ASN
-1.56 0.73 -1.50 -0.08 -0.73 -0.27 0.34 0.14 0.21 -0.47 -1.31 -0.08
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» A common limitation of AAG predictors

5
y =-0.42 + 0.53x
R:0.73
Tool S.E.
kcal/mol

EGAD 1.61
0- ® FoldX 1.78
® Rosetta-ddG 2.34
te o " . CUPSAT 1.77
0o PO o ; DFire 1.84
. ;;”_‘ Hunter 1.89
o MultiMutate 2.34
¢ %, SDM 1.96
5 o PoPMuSiC 1.32
® IMutant3 1.52
MuPro 1.52
Meta-predictor 1.29
A. Broom, Z. Jacobi, K. Trainor, and E.M.

Meiering

Meta_Predic«tion J. Biol. Chem. 292:14349-14361 (2017)
; 10—6 -4 -2 0 2

Experimental AAG (kcal/mol)

4
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» Protposer: a different approach

Computational and Structural Biotechnology

: B Journal
ELSEVIER Volume 20, 2022, Pages 2415-2433

Protposer: The web server that readily proposes
protein stabilizing mutations with high PPV

Helena Garcia-Cebollada ® ™ €, Alfonso Lépez b <, Javier Sancho ® beom

dd/mm/yyyy
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http://webapps.bifi.es/the-protposer

» Protposer

AAG predictors

m Proposed ergy
mutations lation

PROTPOSER

Proposed
posal mutations
-

Analysis of PDB file in search for wt residues
that might represent opportunities for stabilization
through their replacement by other residues

Evaluated
mutations

Trained logistic
regression
classifier

&
dd/mm/y Footer MOSBR l
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» Protposer

Retrieval Mutation proposal

PDB ID Ancestral

Consensus
wwPDB | | PDB file

a-helices Steric clashes

(filtering)

-k

I Acidic Hbonds

:

Cavities

SASA (filtering)

Electrostatics

dd/mm/yyyy

Footer

Mutation
evaluation

Consensus

a-helices

SASA

Cavities

Electrostatics

-

Scoring

| Trained model } -- -

f Logistic
, regression
]

| Training data |

[Mutation evaluation|
' A

|
| Training mutations |

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 101004806
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Mutations and
probabilities
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» Protposer

| Ex post test set. |

ED

Filtered ThermoMutDB database

-

PPV =

TP+ FP

that do so experimentally

Fraction of mutations predicted to stabilize

~

J

ED+ \

ED + 1FTG + 1PGA

dd/mm/yyyy Footer

Testing and Precision or PPV (Positive Predictive Value)

A real-case scenario: the user choses the 10
best mutations

Predictor Positive Predictive Value
Protposer,, 78,6%
Protposer .. 56,0%
Protposery,, 42,9%
Protposer 36,1%
PoPMuSIC, 32,3%
Rosetta,, 29,0%
FoldX,, 22,1%
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FoldX Rosetta PoPMuSiC Protposer

Mutatio Mutatio Mutatlo
PDB AAG Exp. AAG PDB score Exp. AAG PDB Mutation AAG Exp. AAG|/P score Exp

15 g g, g o
mmnmmmmmnmmnmmmn
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» Protposer

Server input and output

Submission form 3d viewer X
Protposer Results i
Please, fill in all fields. Only ASCII printable characters are allowed p
Structure:1FTG / Chain: A
Title for this job
i Warnings | Scaring
|
may, 200 ASGH characiers Mutation Estimated success rate Monomer contact CSA SITE Proposed by Cons Hel Exp Cav SASA Ele
Input type Chain D144K 1% ) Prediction of the consensus o A o o -
sequence - — - — —
® Send file 1 1 ===
| Sslpcrionst erchive; DasK 7% Electrostatic e ° 0 . 2
Q PDBID |
DI0K T1% Electrostatic = o o o +*
121K 71% Ancestral - + 0 o +
Email address to return results L e — Lz - 2]
1 E16K 1% Electrostatic = + o o +
[ This request is itted for acads cial purpose. (Required) | D65K 71% Electrostatic - + o 5 + <)
E40K 71% Electrostatic = o o o - +
SEND THE REQUEST — — —_— — —_ —_
D43K 1% Electrostatic = o o o = +
Protposer results
ID: 696 | Color code Iegend + Pasitive score for this madule * Negative score for this module
You r proj ect: o Neutral score for this module X Warning: Residue potentially relevant for the function of the protein
apoflavodoxin
P D B : 1 ftg | Modules !egand Cons| Prediction of the consensus sequence Cav | Study of the volume of internal cavities in the protein
Cha] n : A Hel | Study of alpha-helix stability SASA | Study of the Soivent Accesible Surface Area
See reSU ltS ] n the Web Exp | Study of the exposure and polarity of the residues Ele | Study of the electrostatic interactions of the protein
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http://webapps.bifi.es/the-protposer/results?table=VjFaamQwNVhSbFpPV0Vab1pXdHJPUT09K0s=&structure=1ftg&chain=A

» Protposer

Two examples

56 residues
B1 Immunoglobulin-binding
domain of streptococcal
protein G

7 proposed mutations (1 in Ok)
7 with AAG data (1 in Ok)
3 clearly stabilizing (1 in Ok)
1 moderately stabilizing (0 in Oxk)
2 slightly stabilizing (0 in Ox)
1 destabilizing (0 in Ok)
Average AAG: 0.13 kcal/mol (0.97 in Ok)
ccumulate 504 cal/mol (0.97 in Ox
Maximal AAG: 2.69 kcal/mol (0.97 in Ox)

L
dm/yyyy Footer 18 MOSBR l
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» Protposer

» Very simple to use

» Great precision: up to 78% PPV in
predicted mutations

» Free for academic use (no need to
register so far)

Computational and Structural Biotechnology !ﬁ}%

Journal B
E‘SE\]R Volume 20, 2022, Pages 2415-2433 :

Juan José Galano Helena Garcia  Alfonso Lépez

L]

Protposer: The web server that readily proposes
protein stabilizing mutations with high PPV

Helena Garcia-Cebollada * ® <, Alfonso Lépez * <, Javier Sancho * ™ .2 &

&
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http://webapps.bifi.es/the-protposer
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Protposer results

ID: 1948

Your project: Test
PDB: 1ftg

Chain: A

See results in the web
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http://webapps.bifi.es/the-protposer/results?table=VjFaamQwNVhSbFpOVmxab1pXdEtVVlZXVVhkUFVUMDkrSw==&structure=1ftg&chain=A
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