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Motivation

The prediction on how a mutation can affect protein thermodynamic stability is a hard task for
computational biology. Despite decades of research and so many predictors developed on purpose, there
are still doubts about the reliability of their results. The issues can be ascribed both to the paucity of high
quality and reliable data for the creation of a reference database, and to the different approaches
developed so far to cope with this task [1]. In this work, we present the assessment we applied to five
predictors available online, representing different approaches, and using a reference database of high-
quality structures.

Methods

The predictors assessed were: INPS-3D [2], a machine-learning method tailored to face the problem of anti-
symmetric property; PoPMuSiC [3], a method using a linear combination of statistical potentials, tailored to
correct the bias toward destabilizing mutations; DynaMut [4], one of the most recent web servers
developed, based on Normal Mode to take into account the contribution of protein flexibility; MAESTROweb
[5], the only web server able to manage both multimeric proteins and compound heterozygous multiple
mutations; DUET [6], a consensus predictor combining two other predictors previously developed by the
same research group. Starting from VariBench dataset [7], we performed a filtering based on the selection
of high-quality reference proteins, in terms of thermodynamic experimental data and quality of the structures
associated to them. We created a balanced dataset for number and ΔΔG distribution of destabilizing and
stabilizing mutations, in order to evaluate the bias of predictors with respect to abovementioned issue.
Finally, we divided the monomeric proteins from the multimeric ones, and assessed separately the
predictions made on these two groups, considering that most predictors are not able to handle directly
multimeric proteins. To assess the reliability of the predictors, we evaluated if the sign of the ΔΔG predicted
by the different tools was in agreement with the sign of the experimental measure associated to the same
mutation, and we calculated several statistical parameters to compare the performances of the prediction
methods. We computed all the statistics in R language.

Results

Our analysis shows that, although there have been improvements in this field over time, the performances
of the assessed predictors are still far from an ideal condition. The most frequent problem detected is a bias
towards destabilizing mutations, even in predictors in which this issue is claimed to be solved. Additionally,
when the mutation causes a ΔΔG within the interval ±0.5 kcal/mol (generally accepted as the interval error
for the measurement of this parameter), the predicted results are generally less reliable than those
predicted for mutations causing a ΔΔG outside that interval. Finally, we found that a rough but effective way
to increase the reliability of the predictors is the combination of their results into a consensus parameter,
based principally on the prediction of the sign of ΔΔG. 
For these reasons, we suggest to developers to consider in the future the usage of balanced data sets for
training their future predictors, and to define the effect of a mutation on the stability of the protein as
"uncertain" when its predicted ΔΔG falls within the range ±0.5 kcal/mol. Furthermore, we suggest to users
to combine the results of multiple tools, in order to increase the chances of having correct predictions about
the effect of mutations on the thermodynamic stability of a protein.
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