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DAY4 (6 July, 2023) 9:00/13:00 Computational tools for protein 
stabilization
Javier Sancho  Rosetta

 FoldX

 PoPMusic

 Protposer: a different approach
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 Rosetta
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 Rosetta
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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

 Rosetta

https://www.rosettacommons.org/demos/latest/tutorials/scoring/scoring
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Point Mutation scan

Limitations
Mutants predicted to be stabilizing by the pmut scan protocol may not be 
stabilizing, and mutants which are stabilizing may be missed. The reasons for 
these outcomes are varied. The Rosetta energy function is imperfect. Thus, 
certain energetics which Rosetta does not account for can make a mutant 
predicted to be stabilizing actually destabilizing. Additionally, to model the 
mutations, the protocol assumes a fixed backbone conformation. Studies have 
shown that better results can be achieved using protocols that allow backbone 
flexibility. Refining the protocol based on the results of experimental 
characterization of predictions will be necessary to improve prediction 
accuracy.

Expected Outputs
The only output from the protocol, by default, is the log file for the run. 
The log file will contain the predicted ddG and difference in average total 
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 
histidine-1-glycine on chain A for structure 1l2y_renameH.pdb will be output 
to a file named 1l2y_renameH.A-H1G.pdb.

 Rosetta

https://www.rosettacommons.org/docs/latest/application_documentation/design/pmut-scan-parallel
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https://github.com/ELELAB/RosettaDDGPrediction

https://github.com/ELELAB/RosettaDDGPrediction


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

dd/mm/yyyy Footer 8

https://github.com/ELELAB/mutatex

 Foldx

https://github.com/ELELAB/mutatex
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Predictions for 1FTG by PopMusic

 PopMusic
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 PopMusic
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A. Broom, Z. Jacobi, K. Trainor, and E.M. 
Meiering
J. Biol. Chem. 292:14349–14361 (2017)

2st MOSBRI Scientific Conference 5th-7th June, BIFI-LACRIMA(UZ), Zaragoza

± 1 SE

 A common limitation of ΔΔG predictors
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http://webapps.bifi.es/the-protposer

 Protposer: a different approach

http://webapps.bifi.es/the-protposer
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Analysis of PDB file in search for wt residues
that might represent opportunities for stabilization

through their replacement by other residues

PDB file Mutation 
proposal

Proposed 
mutations

Evaluation of 
features

Evaluated 
mutations Scoring

List of 
proposed
mutations
(with PPV)

Trained logistic
regression 
classifier

PROTPOSER

PDB file User ideas Proposed 
mutations

Energy 
calculation

Expected
ΔΔG 

values for 
indicated 
mutations

ΔΔG predictors
 Protposer
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 Protposer
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Testing and Precision or PPV(Positive Predictive Value)

Ex post test set

ED
Filtered ThermoMutDB database
916 single mutations in 9 proteins
Used as external validation

ED +
ED + 1FTG + 1PGA
1916 single mutations in 11 

proteins
Used as external validation

Protposer compared with other software

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

Predictor Positive Predictive Value
ProtposerOκ 78,6%
Protposerclassic 56,0%
ProtposerHM 42,9%
Protposer 36,1%
PoPMuSiCsel 32,3%
Rosettasel 29,0%
FoldXsel 22,1%

Fraction of mutations predicted to stabilize
that do so experimentally

 Protposer
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FoldX Rosetta PoPMuSiC Protposer

PDB
Mutatio

n ΔΔG Exp. ΔΔG PDB
Mutatio

n score Exp. ΔΔG PDB Mutation ΔΔG Exp. ΔΔG PDB
Mutatio

n score Exp. ΔΔG

1ftg Q63L 4,15 -0,01 1ftg Q63L -551,81 -0,01 1ftg G87V 0,8 -0,13 1ftg E40K 0,73 1,85

1ftg Q99L 3,44 0,32 1ftg Q99L -551,05 0,32 1ftg A142V 0,78 0,56 1ftg E72K 0,72 1,24

1ftg D43A 2,56 0 1ftg W66F -550,03 -0,71 1ftg G68A 0,54 0,57 1ftg D75K 0,71 0,92

1ftg Q99A 1,73 1,63 1ftg I59A -549,41 1,05 1ftg Q99L 0,37 0,32 1ftg E61K 0,64 0,66

1ftg T122S 1,6 -0,31 1ftg E16Q -549,33 1,37 1ftg S71A 0,32 -0,69 1ftg E20K 0,6 1,37

1ftg V18I 1,25 0,86 1ftg I52V -549,28 -1,40 1ftg G87L 0,28 -0,64 1ftg D126K 0,61 0,86

1ftg V117A 1,19 -1,74 1ftg D150K -548,93 -0,22 1ftg A101V 0,24 -0,29 1ftg D150K 0,59 -0,1

1ftg S110A 1,13 -0,64 1ftg G87A -548,44 -0,05 1ftg N128A 0,18 0,2 1ftg I21A 0,56 0,45

1ftg I59A 1 1,05 1ftg E20K -548,43 1,37 1ftg Q63L 0,16 -0,01 1ftg Q111A 0,53 -0,23

1ftg V31A 0,94 -1,72 1ftg K81M -547,98 -1,52 1ftg D96N 0,14 0,89 1ftg Q99L 0,46 0,32

1ftg WT 0 0 1ftg WT -549,06 0 1ftg WT 0 1ftg WT 0

Stabilizing if ΔΔG >0
Stabilizing if score more negative

than WT

Stabilizing if ΔΔG >0
Stabilizing (probability given by

the score)
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Server input and output

Protposer results
ID: 696 
Your project:
apoflavodoxin
PDB: 1ftg 
Chain: A 
See results in the web

 Protposer

http://webapps.bifi.es/the-protposer/results?table=VjFaamQwNVhSbFpPV0Vab1pXdHJPUT09K0s=&structure=1ftg&chain=A
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Two examples

56 residues
B1 Immunoglobulin-binding 

domain of streptococcal 
protein G

168 residues
Apoflavodoxin from 
Anabaena PCC 7119

 Protposer
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 Very simple to use 

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

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

http://webapps.bifi.es/the-protposer

Juan José Galano Helena García Alfonso López

 Protposer

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

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