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Pyrimidine azepine targets the Plasmodium bc1 complex and displays multi-stage antimalarial 
activity
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Table S1. SMFA (P. falciparum NF54) and DMFA (P. vivax field isolate) data. 

SMFA Assay #1
% inhibition (TRA)b

Sample name Drug conc 
[M]

Mean 
oocyst Mosquitoesa

estimate 95%CI Lo 95%CI Hi p-value

Buffer control 0 33.1 37/40
10 0 0/20 100.0 99.6 100.0 0.001
2 0 0/20 100.0 99.6 100.0 0.001PyAz90

0.4 0 0/20 100.0 99.6 100.0 0.990

SMFA Assay #2
% inhibition (TRA)b

Sample name Drug conc 
[M]

Mean 
oocyst Mosquitoesa

estimate 95%CI Lo 95%CI Hi p-value

Buffer control 0 11.1 29/40
0.4 0 0/20 100.0 99.6 100.0 0.001
0.08 1.9 6/20 83.8 63.9 93.5 0.001PyAz90
0.016 8.2 8/20 28.8 -59.6 68.1 0.427

DMFA Assay #1
% inhibition (TRA)b

Sample name Drug conc 
[M]

Mean 
oocyst Mosquitoesa

estimate 95%CI Lo 95%CI Hi p-value

Buffer control 0 314.7 40/40
10 15.7 39/40 95.0 87.7 97.9 0.001
2 140.7 40/40 55.3 -8.4 81.0 0.075PyAz90

0.4 328.6 40/40 -4.4 -141.0 57.2 0.932

a Number of infected mosquitoes / Number of dissected mosquitoes 
b Statistical testing is based on a zero-inflated negative binomial random effects model.
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Figure S1. Pyrimidine azepine chemotypes previously identified with activity against 
Plasmodium berghei sexual stages 1. The ID numbers at the NIH National Center for Advancing 
Translational Sciences, formerly known as the NIH Chemical Genomics Center (NCGC), ID code 
from ChemDiv (supplier), and the AC50s are shown.
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Figure S2: Dose-response curves of PyAz90 against the P. falciparum strains Dd2_R539T, 
D6, NF54 and Dd2. The parasite viability is the mean of duplicates for each point normalized to 
the results from the control wells (DMSO dilutions). EC50 values and 95% Confidence Intervals 
(CI) are shown.
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Figure S3: Dose-response curves of PyAz90, chloroquine (CQ) and artesunate (ART) against 
eleven P. vivax (Pv) isolates. The parasite viability is normalized to the results from the control 
wells (DMSO dilutions). IC50 values are shown.
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Figure S4: Dose-response curves of PyAz90, chloroquine (CQ) and artesunate (ART) against 
five P. falciparum (Pf) isolates. The parasite viability is normalized to the results from the control 
wells (DMSO dilutions). IC50 values are shown.
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Figure S5: Concentration-response curves and EC50 of PyAz90 against asexual stages of the 
resistant lines generated. Parasites were submitted to 72 h incubation with PyAz90 in different 
concentrations in triplicates. The parasite viability is the mean + SD of triplicates for each point 
normalized to the results from the control wells (DMSO dilutions). The calculated EC50 of PyAz90 
for each resistant line and the Dd2_R539T parental, control line is shown.
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Figure S6: Dose-response curves of PyAz90 and a panel of the indicated antimalarials against 
P. falciparum Dd2_R539T and the PyAz90-resistant Dd2_R1. The parasite viability is the mean 
of duplicates for each point normalized to the results from the control wells (DMSO dilutions). 
EC50s values and 95% Confidence Intervals (CI) are shown.
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Figure S7. Schematic illustration of PyAz90 in complex with PfCytb (Uniprot ID: Q02768), 
predicted by molecular docking. The residues in orange are Valine 259 and Tyrosine 268, mutated 
in PyAz90- and atovaquone-resistant parasites, respectively. For the ligand: carbon atoms are in 
gray, nitrogen in blue, oxygen in red, chlorine in green, and iron in cyan. 

For molecular docking calculations, the PyAz90 structure was drawn using ChemDraw software 
v.20.1.1, imported into Maestro workspace v.12.8 (Schrödinger, LCC, New York, 2021), and 
prepared using the LigPrep tool (LigPrep, Schrödinger, LLC, New York, NY, 2015). All ionization 
and tautomeric states were generated at pH 7.4 ± 0.5 using Epik software v.5.6 2, 3 (Schrödinger, 
LCC, New York, 2021). The lowest potential energy conformers and tautomers were calculated 
using OPLS4 4 and retained as input for docking studies.
The predicted 3D structure of Plasmodium falciparum cytochrome b was obtained from 
AlphaFoldDB 5, 6, based on the Uniprot ID: Q02768. The generated protein's 3D structure was 
imported into the Maestro workspace and prepared using the Protein Preparation Wizard tool 
(Schrödinger, LCC, New York, 2021). Hydrogen atoms were added according to Epik v.5.6, pKa 
was calculated (pH 7.4 ± 0.5) using PROPKA, and energy minimization was performed using the 
OPLS4 force field. To generate the grid box, the predicted structure was aligned with the yeast 
cytochrome bc1 complex (PDB ID: 4PD4), the only structure complexed with atovaquone (ATQ) 
with 3.04 Å of resolution 7. Then, the outer grid box of 26.98 Å and an inner box of 10 Å around 
the Q0 binding site, with the coordinates x, y and z of 36.75, -30.94, 24.14, respectively, were 
generated using the receptor grid generation module of the Glide v. 9.1 (Schrödinger, LCC, New 
York, 2021) available on Maestro workspace (Schrödinger, LCC, New York, 2021). The docking 
was performed using Glide 8 software v.9.1 on module extra-precision (XP) to generate ten poses 
for each ligand and the Docking XP score 9. Finally, to analyze the protein−ligand interactions of 
the docking poses, we used a PLIP server 10, and to generate the figures, we used Pymol software 
v. 2.3.0 (www.pymol.org/pymol).
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