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Binding pattern of the compounds 43, 52, 62, 79 in the

NSP13-complexes

The channel residues

The channel residues reported in Figure 2 of the main paper are based on a purely geometrical
criterion relying on the combination of the the recent 6ZSL X-ray structure of the SARS-CoV-
2 helicase with the RNA taken from a earlier structure, 2XZL, referring to an yeast helicase
with high sequence similarity.! In the figure S1 we have revised the proximal channel residues
using a recent cryo-electron microscopy experiment of the transcription replication complex?

(chain E and L of PDB code 7XCM, for NSP13 monomer and RNA chain respectively). In
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the bottom panel, we list all the residues in 7XCM whose C, is found within 7.5 A of any
atom of the RNA substrate. We note that some of the residues listed in Figure 2 of the
main paper are missing from the updated list based on the 7TCMX structure. These residues
are underlined in red in the bottom panel and the location of their C, with respect to the

substrate can be seen in the upper panel (red spheres).
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Figure S1: Alpha carbon (spheres in cyan color) of the channel residues in NSP13. Channel residues are
defined as those corresponding to the residues whose distance of the alpha-carbon from any atom of the
RNA sequence is less than 7.5 A as resulting from the chains L (RNA) and E (NSP13 monomer) of PDB
structure of Replication Transcription Complex (PDB code 7XCM)



Best Vinardo docking poses
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Figure S2: LIGPLOT diagrams obtained for the best Vinardo docking poses on the eight com-

pounds/locations. Runtime parameters for non-bonded contacts are 2.9 and 4.5 A for the minimum and
maximum contact distance, respectively.

As stated in the paper, docking calculations for the eight compounds/locations reported in
Table 3 of the main paper, delivered optimal poses with the center of mass of the ligand

rarely coincident with the originally selected box centers at the 3" and 5’ entrances (see Table



4 of the main paper). Besides, in many instances, docking calculations produced binding
poses with disparate RMSD-based distance but with a similar score. In the Figure S2, we
show the LIGPLOT? diagrams of the pose with the lowest binding free energy for the eight
selected compounds/locations obtained using the Vinardo scoring function. We recall that
the best Vinardo pose was chosen as the starting configuration in the MD simulation of the
complex for the eight compounds/locations (see Section “MD preliminary assessment” in the
main paper). The binding pattern found in docking reflects the relative freedom experienced
by the ligand in optimally fitting in the channel. For example, when the box is centered on
the same LIGANN location 5’(est), compound 79, and compound 43 exhibit best Vinardo
poses with only four contact residues in common. The same outcome can be seen for other

locations such as the 3’(int) or the 5’(int) centers.

Binding pattern in the equilibrium MD of the bound state
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Figure S3: 2D structures of compounds 43, 52, 62, 79 with the labeling of the groups (z-axis in the contact
heat-maps of Figures S4-S6).

In the MD simulation of the complexes, the binding modality is strongly affected by the ligand

conformational states and the protein residue flexibility around the channel. Such dynamical
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behavior of the binding pattern can be described by an assessment of the persistence of
residue-ligand contacts in the MD sampling of the bound state. This can be achieved by
sectioning the ligands into groups as shown in Figure S3. In a given equilibrium configuration
of the complex, a ligand group is assumed to be in contact with a given protein residue
if any group-residue atom-atom distance is found below a 4.5 A threshold. For each of
the eight compounds/locations, we sampled 400 uncorrelated configurations taken from the
equilibrium MD replicates of the bound state spanning a total of 160 ns (see Section “vDSSB:
canonical sampling” in the main paper). We then construct the contact heat maps of Figures
S4-S6 where on the z-axis we report the group index as defined in Figure S3, and on the
y-axis the corresponding contact residue. The heat-bar on the right of the maps refers to
the normalized contact probability computed over the 400 configurations, defined as p;; =
N,(ij)/400 where N,(ij) is the number of configurations where group ¢ of the ligand is found
to be in contact with residue j of the protein. The darker colors in the zy maps are indicative
of stronger group-residue contacts during the simulations. The red dots in the Figures S4-
S6 mark the Vinardo docking contacts. We can see, in general, that the binding pattern
obtained from MD is far richer in contacts with variable strength compared to the static
picture obtained from docking, a clear indication of the relative conformational freedom
experienced by the ligand in the channel during the simulation. We also note significant
differences in the docking/MD comparison for most of the compounds/locations, indicating
that the original starting Vinardo pose is in general not conserved during the MD simulation.

The heat maps S4-S6 are organized as referring to the external site (green tone) and
internal sites (black tone). The channel residues are highlighted in red on the y-axis. In
general we expectedly observe a larger number of non-zero contact probabilities for the
internal than for the external sites. The average number of non-zero contact probabilities
for the internal and external locations is 46.7 and and 37.7, respectively. Compound 79
is a remarkable exception to this trend as, at the 5’ end, this ligand has 52 and 38 non

zero contacts in the external and internal locations, respectively. Since in the COM-COM



distribution of the 20 ns preliminary simulations we did not observe any inversion of the
COM-COM residue-ligand average distance for 79 at the 5’ end (see Figure 9 of the main
paper), the richer contact map at the 5’(est) location must be caused by an enhanced mobility
of this ligand due to a weaker stability which ultimately translates in a weaker activity as
shown in Table 3 of the main paper. We stress that the predicted activity of the ligand
using vDSSB at a specific location is not related to the corresponding overall contact index
defined as I. = 37" > """ p;;. Dissociation free energies of Table 3 of the main paper
and I. contact index computed from the heat maps are indeed weakly anti-correlated with a
Pearson coefficient of -0.37. The binding strength must hence depend on the specificity of the
contacts at the four channel locations with a subtle balance of interaction with hydrophobic
as well as polar or charged residues with no clear prevalence of one or the other. The heat
maps reported in this study, in combination with the calculated dissociation free energies
of Table 3 of the main paper, by thoroughly describing the dynamical binding pattern of
the ligands in the channel, should be of some help in designing effective drugs for NSP13
inhibition. To this end, the contact map matrices (N.(ij) = 400p;;), corresponding to the
Figures S4-S6, are reported in full for convenience of use and analysis in the last section of

the Supporting Information.
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Figure S4: Contact heat map for 43 (3’est), 79 (3’est), ( )
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Figure S5: Contact heat map for 79 (3’int), 79 (5’int), and 62 (3’int)
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Figure S6: Contact heat map for 52 (5’int), 43 (3’int)



MD-computed contact maps

43(3’est) contact map
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79(3’est) contact map
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79(5’est) contact map
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79(3’int) contact map
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79(5’int) contact map
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62(3’int) contact map
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52(5’int) contact map
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43(3’int) contact map
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