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used for its interaction with protein ligands
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The thioredoxin (Trx) and glutaredoxin (Grx) enzyme systems reduce disulfides of target protein substrates in the
cytosols of all living species including viruses. The Grx system of Escherichia coli (E. coli) is composed of
EcoGrx1-4, glutathione reductase and NADPH [1,2]. EcoGrx2 is an atypical, rather large Grx (215 amino acids,
24,3 kDa) that comprises up to 1 % of total soluble protein in the stationary phase of growth and with strong
general antioxidant properties. Its functions however have remained largely unknown [1], until work from our lab
that used affinity chromatography and mass spectrometry, highlighted the protein interactome of EcoGrx2. The
present work applied in silico approaches to pinpoint the critical amino acid residues (contact hot spots) and
greater surfaces for the interactions of EcoGrx2 with its protein ligands.

1. Docking

Introduction

Table 1: Apparent equilibrium dissociation constants
(Kps) and Gibbs free energy changes (AGs) for the

interaction of monothiol

EcoGrx2 and 38 selected

ligands. AF corresponds to structures predicted by Alpha
interactions between EcoGrx2 and

Fold. The

ligands

correspond to covalent (C, confirmed by DTT elution), strong
non-covalent (NC, confirmed by acid elution). Some proteins
(NC, C) were detected by both elution types.
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Results
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Methodology

First, PDB files were extract from the Uniprot protein database (https://www.uniprot.org). Prior to molecular docking, heteroatoms and
non-protein residues were removed. Protein complexes along with their predicted interfaces and docking scores were created using
the web tool Prism [3]. Dissociation constants and Gibbs free energy bindings were calculated using the web tool Prodigy. All
complexes (Prism) were analyzed by Biovia to identify the contact residues of EcoGrx2 with its ligands. For each amino acid in each
complex, the number and type of interaction was recorded, followed by statistical analysis of its participation in contact interfaces.
The most statistically significant residues by Biovia (“contact hot spots™ [4]) were compared to the thermodynamic hot spots identified
by the web tool Proton (http://proton.tools.ibg.edu.tr). Energy network analysis (https://bioinf.iiit.ac.in/NAPS) was applied on the
contact hot spots to highlight potential interfaces for the interactions of EcoGrx2 with its protein ligands.

2. The favored residues and surfaces of EcoGrx2 for its interactions with protein ligands

Calculation of standard deviation Z for each amino
acid of EcoGrx2
Poisson approximation

sInteractions per amino acid are not continuous

values but counted events

*Interactions are independent events because each
complex with EcoGrx2 is unique

*The expected probability of an amino acid participating
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Figure 5: Participation rates of intermolecular interaction types of amino
acids on the interfaces in complexes of EcoGrx2 and its protein ligands.
Results represent percentages of the types of interactions considering all
examined complexes of EcoGrx2.

Conclusions

1. Successful molecular docking was performed for 38 verified protein ligands of EcoGrx2.

2. The contact hot spots and their energy neighbors defined three major areas for interactions (mainly hydrophobic and

hydrogen bonds) with substrates, all distant from the active site of EcoGrx2.

3. Most of the contact hot spots were common for covalent and strong non-covalent interactions.

4. The statistically favored surface residues (contact hot spots) coincided with 9 thermodynamic hot spots, while 29/54 of the

latter were within the herein highlighted contact areas of EcoGrx2.

5. The largely positively charged active site area was devoid of interacting contacts. It is logical to conclude that the area

around the active site is reserved for interactions with small negative molecules (e.g. glutathione).
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predicted thermodynamic contact spots (25/54) that are not included within the
potential interacting areas.
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