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Investigating Stability of a Mutant Version of the
REGS3A Protein using FoldX and PIC
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Abstract: Quantitative analysis of stability of proteins due to different versions - the mutant and wild type versions - of the same gene
would give us insight into the possible physiological effects of the particular mutation. This analysis was carried out using online tools
such as PIC server and FoldX. The stability of REG3A protein and its mutant versions were compared to find that the mutant version
due the replacement of nucleotide C with nucleotide T was a stable protein relative to the wild type REG3A.
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1. Introduction

The Avesthagenome Project is a project which studies and
analyses the Parsi genome based on genetic samples
collected from over 5000 Parsis in India. This genetic data is
very significant for a few reasons. Firstly, the Parsis have a
very small population and a sample size of 5000 people is
nearly 1/10th of the Parsi population in India, hence, it is a
relatively large sample size. Secondly, the Parsis have
always maintained a tradition of in-breeding within the
community, which means that Parsis only mate with Parsis
and with nobody from an outside community. This is very
significant biologically, for the reason that in-breeding in a
small community can cause many traits to be passed on and
expressed very frequently within the community’s offspring.
As a result, recessive disorders and traits are also expressed
very frequently. The samples were collected in various
centres across India and then were genetically sequenced
through a technology known as Next-Generation Sequencing
(NGS). There are primarily two methods of genome
sequencing in use today (although there have been other
types in the past). The two types in use today are short read
sequencing and long read sequencing. In the short read
sequencing, the genome is broken up into many various
small parts and then the DNA is read through a series of
steps which involves sequencing by synthesis (SBS). Here,
the DNA is read by labelling nucleotides which are then read
using Ilumina. A particular challenge in short read
sequencing is rearranging the fragments to get the sequence
of the DNA nucleotides. This is one of the drawbacks of
NGS.

The genetic data was collected on the Congenica platform to
facilitate an organised analytical study of the sequenced
genes for Avesthagen Limited. In this project, the gene
REG3A has been studied and the proteins for which the
wild-type (WT) gene and one of the particular mutant (MT)
gene code for have been studied, their 3D structures have
been predicted with the help of various softwares (described
below) and a comparative study of the local thermodynamic
features of the WT and MT proteins were carried out to
predict which protein was more stable, and hence predict
what kind of a physiological effect would this mutation have
on the body.

2. Materials and Methods

The amino acid sequence of the WT protein was obtained
from the UniProt online database (1) which gave the amino
acid sequence based on the prediction by the AlphaFold
software (2). The Congenica server provided us with the
information collected on the amino acid change which
would take place (or not) due to the SNP (single nucleotide
polymorphism) in the REG3A gene in the particular patient
the sample was collected from. The particular SNP being
studied in this case was a change in the base at position 185
from C (cytosine) to T (thymine). The change in the amino
acid due to this SNP was from amino acid threonine to the
amino acid isoleucine.

We first downloaded the PDB (protein database) file of the
original REG3A protein from the UniProt database. This file
could be visualised using the PyMol software (3) as shown
below in Fig 1.

Figure 1: A representation of the WT protein as modelled
by AlphaFold visualised in the PyMol software.

Then we used a series of commands in the terminal
command of the computer with the FoldX software to give
us a repaired version of the PDB, to optimise the
downloaded protein structure and bring it to its minimum
energy state. After generating this “repaired” protein
structure, we input the specific change in the amino acid
sequence (i.e, cytosine to thymine) in the downloaded file of
the amino acid sequence. Thereafter, we entered a series of
commands and used the software FoldX (4) to give us a
visualisation in the form of a PDB file of the new mutant
protein structure. The FoldX, upon being prompted,
generated a PDB file of the mutant which could be
visualised in PyMol. Furthermore, upon entering another
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series of computer commands, we obtained a file generated
by the FoldX software, the “diff file”, which gave us a
detailed comparison of the change in Gibbs free energy of
the WT and mutant proteins. The FoldX software calculated
the AAG (change in Gibbs free energy) of the structures,
which is simply AAG = AGmutant - AGwild type. The
change in Gibbs free energy of a protein gives us insight into
the stability of the protein. For the individual protein, the
more negative the value AG, the more stable a protein is.
Therefore, in case the value of AAG is negative, then we can
conclude that the mutant protein is more thermodynamically
stable than the WT protein, as the AG of the mutant protein
is more negative than the WT protein, hence it would be a
stabilising mutation. In case it is positive we can say the vice
versa.. The two structures of the WT and mutant protein can
also be easily visualised in the PyMol software as shown in
Fig 1.

Additionally, we also used the PIC or Protein Interactions
Calculator web server (5) developed by 1ISC Bangalore to
model the intra protein interactions and their effect on the
protein’s stability. The PIC server looks at various
parameters such as hydrogen bond interactions with respect
to various different chains, disulphide bridges, ionic
interactions and so on in order to determine the energy of
each intraprotein interatomic bond. Using the PIC server, we
can also further confirm the veracity of the prediction which
we make on the protein’s stability vis-a-vis the AAG
calculated by the FoldX software.

3. Results

Using FoldX -

The diff file output using the FoldX gave us the value of
AAG as -0.975801 J mol”-1 meaning that the mutation was
indeed stabilising because the value of the AG for the mutant
was lesser than the value of AG for the wild type protein.

Using PIC web server

The results show, only amino acid variations have occurred,
and there is no change in the values of distances between 2
atoms and no gain/loss of interactions of any form have
occurred as a result of this missense mutation.

4. Conclusion

Hence, using the results from FoldX and PIC, we can
reasonably predict that this mutation stabilised the REG3A
protein  further. This has important physiological
implications as the REG3A (Regenerating Islet Derived 3-
alpha) is shown to have bactericidal activity, specifically
against Gram positive bacteria. It has been shown (5) that
the human REG3A binds to phospholipids in bacteria and
creates pores in their membrane to Kill the bacteria. The
effects of a stabilising mutation on this protein must be
investigated further to further elaborate on its physiological
impacts.
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