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André Borges Farias1
12

Email address: bfarias.andre@gmail.com13

ABSTRACT14

In this work we carried out an in silico analysis to understand the interaction between InvF-SicA and RNAP
in the bacterium Salmonella typhimurium strain LT2. Structural analysis of InvF allowed the identification
of three possible potential cavities for interaction with SicA. This interaction could occur with the TPR1
and TPR2 motifs in the two cavities located in the interface of the InvF and α-CTD of RNAP. Indeed,
molecular dynamics simulations showed that SicA stabilizes the Helix-turn-Helix DNA-binding motifs, i.e.
maintaining their proper conformation, mainly in the DNA Binding Domain (DBD). Finally, to evaluate the
role of amino acids that contribute to protein-protein affinity, an alanine scanning mutagenesis approach,
indicated that R177 and R181, located in the DBD motif, caused the greatest changes in binding affinity
with α-CTD, suggesting a central role in the stabilization of the complex. However, it seems that the
N-terminal region also plays a key role in the protein-protein interaction, especially the amino acid R40,
since we observed conformational flexibility in this region allowing it to interact with interface residues.
We consider that this analysis opens the possibility to validate experimentally the amino acids involved in
protein-protein interactions and explore other regulatory complexes where chaperones are involved.
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Figure S1. Ramachandran plot of InvF (A) and SicA (B). Local energy (C) and Z-score of InvF (D).

Figure S2. Energy minimization of InvF-α-CTD complex with steepest descent algorithm.

Figure S3. The root mean square deviation (RMSD) of residues from the backbone of InvF/α-CTD
complex (A) and InvF/α-CTD/SicA complex interacting with TPR1 (B), TPR2 (C) and TPR3 (D), along
molecular dynamics simulations. Simulations were performed in duplicates.
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Figure S4. Sequence alignment of InvF and MarA shows 23.8 and 41.2 % of identity and similarity,
respectively. (A). Cartoon representation of the structural alignment between InvF (grey) and MarA
(green), highlighting the interaction between R265, from α-CTD, and conservative residue W19 (MarA)
and Y150 (InvF) in an equivalent position (B).

Figure S5. Haddock score values (upper left), the buried surface area (upper right), electrostatic (down
left) and van der Waals (down right) contributions of the docking solutions.
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Figure S6. Cartoon representation of the protein complex InvF/α-CTD/SicA, highlighting residues
described as relevant for interactions between c-di-GMP and SicA.

Figure S7. Amount of hydrogen bonds between InvF/α-CTD complex and SicA along molecular
dynamics simulations.

Figure S8. Contribution of energy per residue obtained by MM-PBSA of InvF (A) and α-CTD (B).
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Table S1. Model validation by Ramachandran analysis.

SicA InvF
Robetta

InvF
AlphaFold

MarA
1xs9

N. res. per. (%) N. res. per. (%) N. res. per. (%) N. res. per. (%)
Favoured regions 127 95.5 210 93.3 92.3 92.3 94 80.3
Allowed regions 3 2.3 10 4.4 15 7.7 22 18.8
Disallowed regions 2 1.5 2 0.9 0 0 0 0

2 TABLES29

30

Table S2. Predicted cavities of InvF/RNAP complex by CavityPlus.

Cavity Pred. Max. pKd Pred. avg. pKd Drugscore Druggability
1 11.79 6.66 -33.00 Medium
2 11.17 6.45 4184.00 Strong
3 9.79 5.97 -163.00 Medium
4 9.21 5.77 -1165.00 Weak
5 8.97 5.69 -238.00 Weak
6 8.80 5.63 -1178.00 Weak
7 8.72 5.61 -203.00 Weak
8 8.59 5.56 -871.00 Weak
9 8.40 5.50 -904.00 Weak

10 7.95 5.35 606.00 Strong
11 7.31 5.12 -768.00 Weak
12 7.00 5.02 -1039.00 Weak
13 6.53 4.86 -348.00 Weak
14 5.43 4.48 -1429.00 Weak

31
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