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A B S T R A C T

The bacterial cell-division protein FtsZ has been a promising antibiotic target for over a decade now, but there
is still a need for more work in this area. So far there are no FtsZ targeting drugs commercially available. We
have analyzed a wide variety of prospective drugs and their interactions with multiple FtsZ species using both
free and directed docking simulations. Our goal is to present a standardized computational screening method
for potential drug compounds targeting FtsZ. Our work is an example of a way to compare many proposed
drugs and FtsZ species combinations relatively quickly. A common method for comparison can yield new results
that individual studies and varying methods might not show, as we demonstrate here. To our knowledge this
is one of the first, if not the first, computational docking study on the new E. coli FtsZ structures obtained in
2020.
1. Introduction

After Sir Alexander Fleming received his Nobel prize for the dis-
covery of penicillin, he hypothesized that antibiotic resistance would
become a problem as use of penicillin and similar drugs increased. It
took 9 years for resistance to develop to tetracycline (introduced in
1950), but only one year for ceftaroline (introduced in 2010) [1]. There
are now several infections (MRSA, VRSA, and others) that cannot be
adequately treated with current antibiotics, and we are approaching a
time when we will have no reliable treatments [2]. In 2019 the World
Health Organization listed antimicrobial resistance as one of their top
10 threats to global health [3]. This shows the need for new antibiotic
strategies is urgent, and the FtsZ protein is one potential solution.

Filamentous Temperature-sensitive protein Z (FtsZ) is a bacterial
protein present in most species (both Gram-positives and Gram-
negatives) and is a key component in cell division. By assembling
into long protofilaments [4], FtsZ with other associated proteins forms
the Z-ring, which then constricts to divide cells [5–9]. It is hoped
that by interfering with FtsZ function and preventing cell division it
will be much harder for bacteria to evolve resistance, or to pass any
obtained resistance down to daughter cells [10–12]. Additionally, the
homologous eukaryotic protein tubulin has been a successful cancer
drug target, typically requiring small doses, which suggests that FtsZ
could be drugable likewise [13–16]. Most current drugs target the
interdomain cleft, which is an allosteric site [17–19], or a discovered
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PC190273 site near the H7 helix [2,19–23]. Any compound that binds
in this area could affect the 𝑇 to R state transition and therefore affect
the cell division process [24–26]. Some compounds have also been
designed to out-compete the nucleotide, GTP or GDP, to bind at the
nucleotide site [27–30], see Fig. 1. The nucleotide site is occupied in
the cell, and the nucleotide binding stabilizes the FtsZ protein, so this
binding site is difficult to target. There have also been two cryptic
sites discovered [31] that are transient in nature and bind very small
compounds.

The current study aims to do several things. First, to use one
computational method to investigate many compounds and species of
FtsZ. It is difficult to directly compare the results of previous studies
due to varying methodologies and a focus on dosage, kinetics, and
polymerization results in the literature. In vitro controls are limited due
to the inability to grow bacterial cells without FtsZ present, therefore
in silico studies are an important addition [32,33]. Second, we aim to
include the newly discovered structures of E. coli FtsZ [34,35] which
were not previously available and provide an important comparison
point. Finally, to compare the results of free vs. directed docking
simulations. Many past docking studies chose specific sites that were
known previously [36], but allowing drug compounds to search the
entire protein has yielded surprising results.

Our study includes several controls, including: re-binding GTP and
GDP to the nucleotide site, PC190723 binding to the site identified
405-5808/© 2024 The Authors. Published by Elsevier B.V. This is an open access
c/4.0/).
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Table 1
FtsZ species investigated.

PDB code Ligand bound Bacterial species Classification

3wgn GTP S. aureus Gram-positive
3vo8 GDP S. aureus Gram-positive
2vam N/A B. subtilis Gram-positive
2vxy citric acid B. subtilis Gram-positive
6unx GTP E. coli Gram-negative
6umk GDP E. coli Gram-negative
5zue GTP M. tuberculosis Gram-negative

Table 2
Key structural features of FtsZ with amino acid locations by species. For E. coli the
oop containing amino acids 71-73 is shifted and does not interact with GTP/GDP, see
ig. 1.
Bacterial species H7 Helix

S. aureus 179-203: MMEAFKEADNVLRQGVQGISDLIAV
B. subtilis 179-203: MLEAFREADNVLRQGVQGISDLIAT
E. coli 178-202: ELDAFGAANDVLKGAVQGIAELITR
M. tuberculosis 176-201: LMDAFRSADEVLLNGVQGITDLITTP

Bacterial species T7 Loop

S. aureus 204-210: SGEVNLD
B. subtilis 204-210: PGLINLD
E. coli 203–209: PGLMNVD
M. tuberculosis 202–207: GLINVD

Bacterial species Nucleotide binding pocket

S. aureus 22-26: GGNNA, 71-73: AGA,
104-110: GMGGGTG, 134-136: RPF, H7 Helix

B. subtilis 22-26: GGNNA, 71-73: AGA,
104-110: GMGGGTG, 134-136: RPF, H7 Helix

E. coli 20-25: GGGNA, 70-72: AGA,
104-110: (G)MGGGTGT, 133-135: KPF, H7 Helix

M. tuberculosis 18-22: GGGVN, 68-70: AGA,
101-106: GEGGGT, 131-133: RPF, H7 Helix

in crystal structures [20,22] as our positive controls, and Cilagicin-
BP, which is an antibiotic compound not associated with FtsZ [37]
and has an unfavorable binding energy, as our negative control. We
have found that for many drugs and species of FtsZ the preferred
binding site from free docking is the nucleotide site. Additionally, most
drugs, excluding our negative control and GTP/GDP, show only modest
negative 𝛥G values for directed docking, indicating mildly favorable
binding to the selected sites. Taken together, this may be why many
current drug families, while showing some promising experimental
results [19–21,23,30,38–40], do not always have the same effects for in
vivo results and/or require very large doses to work. A promising result
of our study is that most compounds are capable of favorable binding
at multiple sites on the FtsZ protein. This is a good indicator of low
resistance potential as it would require multiple mutations to combat
binding in bacterial cells.

2. Materials and methods

We ran free and restricted/directed SwissDock [41] docking simu-
lations of 15 proposed drugs with a wide range of formulations against
the FtsZ structures from four different bacterial species, both Gram-
positive and Gram-negative, see Table 1. Note that we have classified
M. tuberculosis as Gram-negative for the purposes of this study, though
this classification is debatable [42,43]. MarvinSketch [44] and UCSF-
Chimera [45] were used to draw and prepare the drug compounds
for docking. Key structural features of the FtsZ protein are given in
Table 2. Free docking allowed the compounds to bind anywhere on
the surface of the protein, and the binding energy results are shown
in Table 3. Similarly, the key binding location results for free docking
are shown in Table 4. Restricted docking sites are identified by the
amino acid used as the center of the box, see Table 5. Restricted docking
2

was completed for the most populated cluster and/or the cluster that s
overlapped with key binding sites from literature and POCASA [46]
results. The restricted docking was used to obtain an average 𝛥G value
or that binding location alone, as compared to free docking which
ives an average for all results regardless of binding site.

The negative control, Cilagicin-BP, is also an antibiotic compound,
ut one which is not expected to interact with FtsZ based on the
roposed method of action (MOA) [37]. This negative control was done
o test the SwissDock algorithm; we expected to see poor binding and
nfavorable binding energies for a compound that has no ties to FtsZ.
his is confirmed by the strong positive average 𝛥G value, see Table 3.
he binding location is the same for both species of FtsZ with species
djusted residue numbering. Of the two clusters identified (already a
oor result compared to the typical approximately 30 clusters for all
ther compounds), one cluster is negative for 6umk, but the binding
ocation is the same for both clusters and the overall average energy
s positive. All of this indicates a poor binding partner, and therefore a
uitable negative control.

Our main positive controls are the nucleotides GTP and GDP, which
re known to bind FtsZ, and indeed appear in many of the crystal struc-
ures used here. SwissDock was able to dock both nucleotides nearly
xclusively to the nucleotide binding site in free docking simulations.
ig. 2 shows that the vast majority of docked structures are in the
orrect location, which indicates a suitable positive control and speaks
o the reliability of the simulations. If SwissDock was a poor model for
his protein we would have expected the nucleotide to bind in multiple
ocations, as observed for the drug compounds. Our data also show
ore favorable binding for the nucleotides than for any drug tested,

ee Table 6 and additional discussion in the results section. Further,
e see that GTP has a more favorable binding energy than GDP for
oth FtsZ structures tested, consistent with experimental results [47].

An additional positive control, PC190723, shows clusters near the
7 helix at the site identified by crystal structures [20,22], see the

igure in the SI. The largest cluster is at the GTP/GDP binding site,
hich is not accessible under the conditions used to obtain the crystal

tructure. SwissDock does not take small molecules into account during
ocking, only protein atoms, which is why PC190723 was able to bind
t this site during our simulations. Previous simulations [2,23] also
ound favorable binding energies for PC190723, on the order of −40

to −50 kcal/mol, similar to our results. Experimentally determined
K𝑑 values of a similar drug, S2727 [23] as well as PC190723 [19]
were converted to 𝛥G values using 𝛥G = RT ln(K𝑑) at 298K; the
ough values are 𝛥G = −8.48 kcal/mol and 𝛥G = −9.54 kcal/mol,
espectively. These values are not strongly favorable, similar to our
esults of approximately −7 kcal/mol for PC190723.

For PDB structure files that contained more than one FtsZ chain,
nly one was chosen to run in SwissDock, so all FtsZ structures listed
re monomers. When FtsZ is assembled into protofilaments it is usually
onsidered to be in the Tense (T) state. However, when existing as a
onomer FtsZ is in the Relaxed (R) state. The structures used here are

ound to GTP, for 3wgn, 6unx, and 5zue, or to GDP for 6umk, and 3vo8
s examples [24]. In the T-state the interdomain cleft is open, while in
he R-state it is less accessible. The type of docking done here does not
llow the protein to be flexible, so the structures are submitted as is
rom the PDB and do not change during the simulations.

The top cluster is ‘‘cluster 0’’ determined by SwissDock, and contains
round 3–15 members depending on the data set. The average 𝛥G and
verage full fitness reported for these top clusters are in Table 3. The
verage 𝛥G for all results includes the values for all clusters calculated
y SwissDock (typically 250 individual results), see exceptions in
able 3.

The Z-test was run on the restricted docking binding energies to
ompare different species of FtsZ and different drug compounds to the
ucleotide binding energies. The full results are given in Table 6, and
he full process for obtaining the P-values is given in the SI. Figures and
ocking location analysis used the Visual Molecular Dynamics (VMD)

oftware [48].
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Fig. 1. View of (A/C) 3wgn and (B/D) 6umk structures showing the H7 helix (red), the T7 loop (dark blue), the flexible loop containing amino acids 71-73 (purple), and the
nucleotide binding site (orange) with nucleotide bound (surface representation). Panels C and D are rotated views of A and B, respectively. (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of this article.)
3. Results

All the free docking results show similar negative (favorable) bind-
ing energies, and are the same/similar order of magnitude, except for
Cilagicin-BP (negative control). The binding energies are also similar
for some drugs binding Gram-positive vs. Gram-negative FtsZ, in agree-
ment with previous results [49] that drug effectiveness differences may
not be due to the drugs binding FtsZ, but rather to how difficult it is
for drugs to enter Gram-negative bacterial cells. The binding energies
between the same drug for 3wgn and 6umk are significant in one
case but not the other; Chrysophaentin A binds with statistically the
same energy to both species (S. aureus vs. E. coli) but TXY436 has a
statistically different binding energy between the same two species, see
Table 6. This suggests that some of the current drugs might be better
candidates for broad-spectrum use than others, if the binding energies
could be improved.

The loop containing amino acids 71-73 is part of the GTP/GDP
binding pocket for S. aureus, M. tuberculosis and B. subtilis, but not for
E. coli FtsZ. In the 6umk structure the loop has moved outward, see
Fig. 1. This could account for the statistical species difference observed
for binding energies of the nucleotides between species, as SwissDock
treats the protein as a static structure. It is not a guarantee that this is
true in the cell, due to the flexibility of proteins in general. It is possible
that this loop is flexible and has an undefined range of motion between
the two extremes shown by the crystal structures of 3wgn and 6umk.
The protein could also exhibit a conformational change at this loop
from one extreme to the other, as these motions are not often captured
by crystal structures. Additionally, there is a small gap in the 3wgn
crystal structure, which could contribute to this result. The binding
energies between the nucleotides GTP and GDP for the same species
are not significantly different to the same threshold of the compounds.
3

All of the drug compounds are statistically different from the bind-
ing energies of GTP/GDP at a threshold 𝑝-value of 0.01, except for
Resveratrol which is statistically different at a threshold 𝑝-value of
0.05, see Table 6. This indicates that the binding energies of all the
drugs tested are not enough to out-compete the nucleotide compounds
in order to bind in the pocket. As indicated by our free docking
simulations, this is the preferred binding location for most of the
compounds. Previous work has found binding of many drugs at the nu-
cleotide site, including Chrysophaentin A determined by NMR [50], and
plumbagin [51] and Compound 12 [29] with E. coli FtsZ determined by
simulations.

Plumbagin was also found to bind near the H7 helix for B. subtilis
FtsZ [51], another cluster location observed here when binding to M.
tuberculosis FtsZ. Scopoletin was found by simulations to bind near
the T7 loop with a 𝛥G of −5.06 kcal/mol [52], which agrees with
our results. The study of scopoletin also appears to show a correlation
between binding energy and the GTPase and/or polymerization disrup-
tion effects of the drug [52], in line with our hypothesis. Taken together
these results could explain why many in vivo tests have required
large dosages of drugs [21,53], and why only one has shown enough
potential to make it to clinical trials yet [39,54].

4. Discussion

Our results provide evidence for why FtsZ targeting drugs may have
proved elusive so far. Many past docking simulations were targeted to
known or hypothesized sites, but here we have allowed the compounds
to dock freely first and then followed up with restricted docking. In the
cell, FtsZ is bound to either GTP or GDP, which is why so many crystal
structures feature one or the other bound to the protein. Therefore, a
drug hoping to bind to the nucleotide binding pocket would be required
to compete with the nucleotides during the swap of a GDP for a new
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Fig. 2. View of the free docking results for the nucleotide structures (positive controls). (A) 3wgn with GDP, (B) 6umk with GDP, (C) 3wgn with GTP, and (D) 6umk with GTP.
The clusters are depicted as a composite of all docked results to illustrate that nearly all are found at the nucleotide binding site. The H7 helix is shown in red. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)
Fig. 3. View of (A) 3wgn and (B) 6umk docked with the drug compound Chrysophaentin A. The H7 helix is shown in red. The largest cluster is at the nucleotide binding site
for both. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
GTP. We have shown that the most common preferred binding location
with the largest clusters (i.e. the clusters with the most individual
results) for all tested compounds is in fact the nucleotide binding site,
see Fig. 3, and further that none of the tested drugs have the binding
energy (𝛥G) necessary to out-compete the nucleotides. In the cell,
the drug compounds would need to bind at one of the other cluster
locations, of which several have been identified in Table 4. We also
4

see some clusters at the interdomain cleft, for 3vo8, 2vxy, and 3wgn,
in agreement with previous research. More figures of the additional
binding sites identified by free docking can be found in the SI.

Together this may explain previous observations of large dosage
requirements, and the failure to advance to clinical trails for almost
all FtsZ targeting drugs so far. One exception is TXA709, developed
by Taxis Pharmaceuticals, Inc., which planned to start clinical trials
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Table 3
FtsZ free docking binding data. Only one cluster was found for the 3wgn/Cilagicin-BP system, so the
calculations for the average 𝛥G for the top cluster and the average 𝛥G for all results are the same. Only
two clusters were found for the 6umk/Cilagicin-BP system, row 1 is the top cluster, row 2 is the second
cluster, column 5 is the average of all results.

FtsZ Code, Compound Average full fitness, Average 𝛥G, Average 𝛥G,
Monomers Top cluster Top cluster All results

(kcal/mol) (kcal/mol) (kcal/mol)

3wgn GTP −2231.5 −17.7 −13.8
6umk GTP −2389.2 −15.0 −12.8
3wgn GDP −2063.0 −14.7 −12.1
6umk GDP −2244.6 −12.8 −10.7
3wgn Cilagicin-BP [37] 2951.0 162.3 162.3
6umk Cilagicin-BP −1723.8 −9.0 120.1

2811.3 249.1
3wgn PC190723 [20] −1674.1 −7.7 −6.9
5zue Stokes Compound 1 [38] −1555.1 −8.1 −7.5
2vam Stokes Compound 1 −1556.9 −8.1 −7.4
3vo8 Stokes Compound 1 −1593.5 −8.2 −7.6
5zue Stokes Compound 2 [38] −1602.6 −8.7 −7.9
2vam Stokes Compound 2 −1559.8 −8.4 −7.2
3vo8 Stokes Compound 2 −1640.4 −11.0 −8.6
3wgn TXA709 [55] −1716.0 −8.2 −7.7
6umk TXA709 −1893.6 −8.5 −7.9
3wgn TXA6101 [56] −1644.1 −8.0 −7.3
6umk TXA6101 −1829.7 −8.0 −7.5
3wgn TXY6129 [39] −1636.0 −8.9 −7.7
6umk TXY6129 −1816.2 −8.0 −7.6
3wgn Chrysophaentin A [50] −1651.7 −6.7 −6.7
6umk Chrysophaentin A −1854.6 −7.3 −7.1
6unx Chrysophaentin A −1820.5 −6.6 −7.0
5zue Scopoletin [52] −1586.3 −6.2 −6.0
5zue Plumbagin [51] −1599.1 −6.4 −5.9
6umk TXY436 [40] −1940.3 −8.2 −7.5
2vxy TXY436 −1655.9 −8.4 −8.1
2vam TXY436 −1681.0 −8.6 −7.2
3wgn Resveratrol [57] −1718.9 −7.5 −6.2
3wgn Compound 12 [29] −1695.3 −7.1 −7.0
according to a 2022 news release [39]. Our results for this drug do
not show a more favorable binding energy for this drug compared to
others, so more comparisons will be needed later when the clinical trial
results are released. A few runs of the homologous protein tubulin (PDB
code 1jff) were run with the compounds TXY436 and PC190723, which
resulted in similar 𝛥G values (−7.56 and −7.22 kcal/mol, respectively)
but with fewer binding sites (two sites for each compound). While not
conclusive, these results suggest that off-target binding may be possible
with some of these compounds. This result is not unexpected due to
the homologous nature of FtsZ and tubulin, and is something for future
research to consider when looking at drug compounds targeting FtsZ.

One promising result is that most drug compounds do show variable
binding sites, which is one way to avoid evolved drug resistance [10,
18]. To prevent all binding interactions with the drug, a bacterium
would need to mutate FtsZ at all possible binding sites, which is more
difficult than a single point mutation. The drugs all also show overall
favorable binding energies. For a few examples, the average 𝛥G was
also calculated for all clusters except the top cluster, to show any
variation in binding energies, with no major differences observed. For
2vxy with TXY436 the average of all results without the top cluster was
−6.85 kcal/mol, and for 6umk with TXY436 it was −7.13 kcal/mol,
both of which are similar to the top cluster average (see Table 3). For
3wgn with Chrysophaentin A the 𝛥G for all but the top cluster is −6.46
kcal/mol, and for 6umk with the same compound it is −6.23 kcal/mol,
again similar to the results shown in Tables 3 and 5. This indicates that
the compounds can bind favorably in all identified cluster locations, not
only at the top cluster location.

This compares well with previous experiments, including plasma
binding AUC assays for Compound 1 [38], TXA709 [55], and PC190723
[58], all of which show over 90% of the drug molecules binding to
FtsZ. A new strategy for FtsZ targeting drugs could be to attempt much
5

larger compounds that decorate the surface of the protein and interfere
with protofilament formation. These compounds would not be required
to target a specific area, in fact larger binding areas would be ideal.
Larger binding areas would also avoid nucleotide competition given
the size of the binding pocket. Such compounds might require larger
doses but would retain the advantage of multiple biding sites. Larger
and more non-polar compounds have also been suggested by previous
research [10,37,56].

5. Conclusions

Our current work is not meant to be a fully exhaustive survey
but rather an example of a way to compare many proposed drugs
and FtsZ species combinations relatively quickly and cheaply. Other
simulations can provide additional information, but take longer to
run and require more resources (funding and/or cluster resources).
The existing literature has far more studies showing dosage and the
kinetic/polymerization effects than binding energy data, and most
binding energy data available has been obtained computationally using
various types of simulations. This makes direct comparisons between
research labs difficult, and highlights the importance of computational
work in this area. A single computational method for comparison can
yield new results that individual studies and varying methods might
not show, as we demonstrated here by using SwissDock to compare
the binding locations and energies of proposed drugs to the GDP/GTP
nucleotides already known to bind FtsZ.

Future work in our lab will expand to further PDB available FtsZ
structures, larger and more non-polar compounds as explained above,
and any new proposed drugs made by other labs. We invite anyone
working on new drug compounds who would like to have them tested
in the same manner as this study to contact our lab.
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Table 4
FtsZ free docking binding location(s). Some ligands were able to dock through the flexible loop at the nucleotide
binding site of 6umk due to the gap in the crystal structure, which would not be possible in the cell.

FtsZ code Compound Key binding location (s)
From most to least significant clusters

3wgn GTP Nucleotide binding site (NBS)
6umk GTP NBS
3wgn GDP NBS
6umk GDP NBS
3wgn Cilagicin-BP Pocket formed by amino acids 20, 70, 107, 142
6umk Cilagicin-BP Pocket formed by amino acids 20, 70, 107, 142
3wgn PC190723 NBS; top of H7 helix;

PC190723 site from crystal structure
5zue Stokes Compound 1 NBS; between T7 loop and N-terminus
2vam Stokes Compound 1 NBS; interdomain cleft; PC190723 site
3vo8 Stokes Compound 1 Left of interdomain cleft; NBS; PC190723 site
3wgn Stokes Compound 2 Left of interdomain cleft; NBS; PC190723 site
5zue Stokes Compound 2 NBS; between H7 helix, T7 loop, and the N-terminus
2vam Stokes Compound 2 NBS; interdomain cleft
3vo8 Stokes Compound 2 Left of interdomain cleft; NBS; PC190723 site
3wgn TXA709 NBS; pocket formed by amino acids

75, 112-116, 146-157
6umk TXA709 NBS; behind interdomain cleft near the C-term
3wgn TXA6101 NBS; pocket formed by amino acids

75, 112-116, 146-157
6umk TXA6101 NBS; behind interdomain cleft near the C-term
3wgn TXY6129 NBS; pocket formed by amino acids

75, 112-116, 146-157
6umk TXY6129 NBS; behind interdomain cleft near the C-term
3wgn Chrysophaentin A NBS; left of interdomain cleft; PC190723 site
6umk Chrysophaentin A NBS; behind interdomain cleft near the C-term
6unx Chrysophaentin A NBS
5zue Scopoletin NBS; between H7 helix and N-terminus
5zue Plumbagin Between H7 helix and N-terminus; NBS;

near the T7 loop
6umk TXY436 NBS; behind interdomain cleft near the C-term
2vxy TXY436 H7 helix and interdomain cleft plus

pocket formed by amino acids 171, 230, 248;
pocket formed by amino acids 75, 112-116, 146-157

2vam TXY436 NBS; interdomain cleft plus pocket formed by
amino acids 171, 230, 248

3wgn Resveratrol NBS; pocket formed by amino acids
75, 112-116, 146-157; pocket formed by
amino acids 171, 230, 248; PC190723 site

3wgn Compound 12 NBS; PC190723 site; left of interdomain cleft
R
Table 5
FtsZ restricted docking data.
FtsZ code, Average full fitness, Average 𝛥G, Average 𝛥G,
Compound Top cluster Top cluster All results

(kcal/mol) (kcal/mol) (kcal/mol)

3wgn, Resveratrol −1713.1 −6.8 −5.9
5zue, Scopoletin −1581.8 −6.5 −5.9
5zue, Plumbagin −1596.7 −6.1 −5.5
3wgn, Chrysophaentin A −1653.2 −7.1 −6.5
3wgn, Compound 12 −1682.5 −7.3 −6.1

FtsZ code, Box center Box size
Compound Amino acid (X, Y, Z) (Å)

3wgn, Resveratrol Val132 15, 15, 15
5zue, Scopoletin Phe180 10.5, 10.5, 10.5
5zue, Plumbagin Phe180 10, 10, 10
3wgn, Chrysophaentin A Gly22 15, 15, 15
3wgn, Compound 12 Gly22 15, 15, 15
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Table 6
FtsZ binding energy comparisons: Z-test statistical results.
Nucleotide pocket restricted
Drug docking compared to GTP/GDP
Data Set 1 Data Set 2 Calculated P-Value

3wgn-Resveratrol 3wgn-GTP 0.0274
3wgn-Resveratrol 3wgn-GDP <0.01
3wgn-Chrysophaentin A 3wgn-GTP < 0.01
3wgn-Chrysophaentin A 3wgn-GDP < 0.01
6umk-Chrysophaentin A 6umk-GTP < 0.01
6umk-Chrysophaentin A 6umk-GDP < 0.01
3wgn-Compound 12 3wgn-GTP < 0.01
3wgn-Compound 12 3wgn-GDP < 0.01
6umk-TXY436 6umk-GTP < 0.01
6umk-TXY436 6umk-GDP < 0.01

Restricted drug docking
Species comparison
Data Set 1 Data Set 2 Calculated P-Value

2vxy-TXY436 6umk-TXY436 < 0.01
3wgn-Chrysophaentin A 6umk-Chrysophaentin A 0.2978

Same species nucleotide
Binding comparison
Data Set 1 Data Set 2 Calculated P-Value

3wgn-GTP 3wgn-GDP 0.2183
6umk-GTP 6umk-GDP 0.0268

Different species
Comparison of nucleotides
Data Set 1 Data Set 2 Calculated P-Value

3wgn-GTP 6umk-GTP < 0.01
3wgn-GDP 6umk-GDP < 0.01

Appendix A. Supplementary data

Supplementary material related to this article can be found online
at https://doi.org/10.1016/j.bbrep.2024.101796.

Supplementary information can be found in the file ‘SI_FtsZ_Docking_
Theisen.pdf’.
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