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Supplementary Table S1. Nitronaphthofuran (nNF) derivatives. Twenty different 
derivatives (nNF-C1 - nNF-C20) belonging to the nitronaphthofuran chemical group were 
studied in this work. Chemical structure, chemical formula and molecular weight of the 20 
derivatives are displayed in the table. 
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Supplementary Table S2. Des-nitro analogues of nNF derivatives. Chemical structure, 
chemical formula and molecular weight of 13 different des-nitro analogues of nNFs (C1B - 
C13B) included in the study. MIC90 was determined by REMA in M.tuberculosis H37Rv and 
none of the 13 derivatives showed anti-tuberculosis activity at the maximum concentration 
assayed (MIC90 >32 µg/ml).  
 

C1B 

 

C8B 

 

C2B 

 

C9B 

 

C3B 

 

C10B 

 

C4B 

 

C11B 
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C5B 

 

C12B 

 

C6B 

 
 

C13B 

 

C7B 
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Supplementary Table S3. Activity of nNFs against sensitive and multidrug resistant 
(MDR) clinical M. tuberculosis isolates. MIC90 values for the set of 20 nNFs included in this 
study were determined by REMA on the clinical Beijing strain GC1237. The derivative nNF-
C2 was also tested in two different MDR clinical strains isolated from TB patients at Padova 
University Hospital. 
 

  

MIC90    

M. tuberculosis  

 CLINICAL STRAINS 

  COMPOUND 

GC1237 

Beijing 

MDR- strain 

A 

MDR- strain 

B 

  [µg/ml] [µg/ml] [µg/ml] 

Hi
gh

  a
ct

iv
ity

 

nNF-C1 0.062     

nNF-C2 0.062 0.062 0.031 

nNF-C3 0.5 
 

  

nNF-C4 0.062 
 

  

nNF-C5 0.5     

nNF-C6 0.5     

nNF-C8 0.062     

nNF-C16 0.031     

nNF-C18 0.25     

nNF-C20 0.25     

M
od

er
at

e 
ac

tiv
ity

 nNF-C7 8     

nNF-C11 8     

nNF-C12 2     

nNF-C14 2     

nNF-C17 2     

Lo
w

/N
o 

ac
tiv

ity
 nNF-C9 >32     

nNF-C10 >32     

nNF-C13 >32     

nNF-C15 16     

nNF-C19 16     
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Supplementary Table S4. Antimycobacterial activity of nNFs against M. bovis BCG and 
non-tuberculous mycobacteria (NTM). MIC90 was determined by REMA in different 
mycobacterial species: M. smegmatis, M.bovis BCG, M. aurum, M. avium, M. marinum and 
M. abcessus. Non active compounds according to MIC90 values ³ 16 µg/ml are highlighted 
with grey background. 
 

MIC90 [µg/ml] 

COMPOUND 
M. smegmatis 

M. bovis 

BCG 
M. aurum M. avium M. marinum M. abscessus 

nNF-C1  >32 0.0625 0.5 0.25 0.0625  >32 

nNF-C2  4 0.03 0.125 0.125 0.03 32 

nNF-C3  >32 0.5 16 16 1  >32 

nNF-C4  >32 0.125 1 2 0.0625  >32 

nNF-C5  >32 0.25 >32 >32 0.25  >32 

nNF-C6  >32 0.5 >32 >32 0.25  >32 

nNF-C7  >32 4 >32 >32 0.016  >32 

nNF-C8  >32 0.125 1 0.25 0.016  >32 

nNF-C9  >32 >32 >32 >32 >32  >32 

nNF-C10  >32 >32 >32 >32 >32  >32 

nNF-C11 32 4 8 >32 0.5 32 

nNF-C12 16 4 2 16 0.25 32 

nNF-C13  >32 >32 >32 >32 2  >32 

nNF-C14 16 2 0.5 4 0.0625 4 

nNF-C15  >32 >32 >32 >32 4  >32 

nNF-C16 2 0.125 0.25 0.25 0.016 0.5 

nNF-C17 8 2 1 4 0.0625 16 

nNF-C18 2 0.25 0.25 1 0.0625 8 

nNF-C19 16 16 0.5 4 0.125 >32 

nNF-C20 0.25 0.125 0.25 0.0625 0.016 4 

RIF 32 0.01 1.25 0.05 0.1 >32 
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Supplementary Table S5. Antimicrobial activity of nNFs against other bacterial (non-
mycobacteria) species. MIC90 was determined by REMA in different bacterial species: E. coli, 
K. pneumoniae, S. enterica, E. cloacae, E. aerogenes, S. aureus, and P. aeruginosa. Non active 
compounds according to MIC90 values ³ 16 µg/ml are highlighted with grey background. 
 

  

MIC90 [µg/ml] 

COMPOUND E. coli K. pneumonie S. enterica E. cloacae E. aerogenes S. aureus P. aeruginosa 

nNF-C1 >32 >32 <0.25 >32 >32 >32 >32 

nNF-C2 >32 2 <0.25 >32 >32 4 >32 

nNF-C3 >32 8 <0.25 >32 >32 4 >32 

nNF-C4 >32 >32 >32 >32 >32 >32 >32 

nNF-C5 >32 0.25 <0.25 32 >32 2 >32 

nNF-C6 >32 >32 >32 >32 >32 >32 >32 

nNF-C7 >32 >32 >32 >32 >32 >32 >32 

nNF-C8 >32 >32 >32 >32 >32 >32 >32 

nNF-C9 >32 >32 >32 >32 >32 >32 >32 

nNF-C10 >32 >32 >32 >32 >32 >32 >32 

nNF-C11 >32 >32 4 >32 >32 >32 >32 

nNF-C12 >32 1.25 0.5 >32 >32 >32 >32 

nNF-C13 >32 >32 32 >32 >32 >32 >32 

nNF-C14 2 0.25 <0.25 4 1.1 1 >32 

nNF-C15 >32 16 16 >32 >32 >32 >32 

nNF-C16 1.5 0.125 <0.25 1.5 >32 <0.25 >32 

nNF-C17 1 0.5 1 1 2 2 >32 

nNF-C18 0.1 0.016 <0.25 0.25 0.09 <0.25 >32 

nNF-C19 >32 >32 >32 >32 >32 >32 >32 

nNF-C20 >32 0.25 0.5 >32 >32 4 >32 
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Supplementary Table S6. Bactericidal activity of selected nNF derivatives against 

replicating M.tuberculosis. The minimum bactericidal concentration (MBC99) represents the 

minimum concentration needed to kill 99% of the initial M. tuberculosis inoculum in the 

specific assays. A. MBC values were determined for the 10 nNFs classified as “Highly Active” 

by enumeration of CFU after serial dilutions plated in complete 7H10 agar plates. B. MBC99 

values obtained in the Charcoal Agar Resazurin assay (CARA) and by plating and enumerating 

CFU in charcoal containing agar plates. C. Resazurin readouts of charcoal containing agar 

plates from the CARA. The nNF derivatives nNF-C2 and nNF-C4, and the anti-tuberculosis 

drugs Pretomanid (PA-824) and Isoniazid (INH) (as positive and negative control, 

respectively), were tested using the charcoal agar assay.  

 

A.                                                        B.                                           

   

   C. 

 

  

  MBC99 

COMPOUND 

REPLICATING                                       

M. tuberculosis 

µg/ml μM  

nNF-C1 0.25 0.82 

nNF-C2 0.25 0.83 

nNF-C3 2 6.71 

nNF-C4 0.25 0.92 

nNF-C5 1 4.20 

nNF-C6 0.5 1.63 

nNF-C8 0.5 1.83 

nNF-C16 0.06 0.25 

nNF-C18 0.5 1.55 

nNF-C20 0.5 1.59 

μg/ml μM μg/ml μM

nNF-C2 0.25 0.83 0.25 0.83
nNF-C4 0.5 1.84 0.5 1.84
INH 0.06 0.44 0.06 0.44

PA-824 0.5 0.62 0.5 0.62

COMPOUND

REPLICATING                                       
M.tuberculosis                   
CFU CARA plates

REPLICATING                                       
M.tuberculosis                   

Fluorescence CARA plates

MBC99
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Supplementary Table S7. Frequencies of H37Rv mutants arising against nNFs 
derivatives. Three independent M. tuberculosis H37Rv cultures were grown to an OD600 ~ 1.5 
and then plated onto 5, 10 and 20 times of the MIC of nNF derivatives discovered in our study. 
Frequencies refer to number of mutants obtained in the nNF-containing plates versus the 
bacterial inocula plated initially. No mutants were isolated against nNF-C5 and nNF-C16 in 
any of the concentrations assayed. 
 

 nNF concentration at which M. tuberculosis mutants were isolated 
  4xMIC 10xMIC 20xMIC 
nNF-C1 4.90E-07 7.20E-07 1.05E-08 
nNF-C2 1.49E-06 1.40E-06 3.37E-07 

nNF-C3 5.71E-06     

nNF-C4 2.14E-07 7.40E-07   

nNF-C5       
nNF-C6 1.57E-07 2.57E-07 3.16E-08 
nNF-C8 5.71E-06   4.68E-06 

nNF-C16       

nNF-C18 4.50E-08     

nNF-C20   4.29E-08 1.11E-08 
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Supplementary Figure S1. Antimycobacterial activity of nNF derivatives against non 
replicating M. tuberculosis. MBC90 refers to the minimum bactericidal concentration needed 
to kill 90% of non-replicating M. tuberculosis. MBC90 was determined by two experimental 
approaches: A.  Enumerating CFU of diluted cultures exposed to the tested compounds in 
complete Middlebrook 7H10 agar plates. The antimycobacterial activity was assessed for the 
10 nNF derivatives classified as highly active against replicating M.tuberculosis. Other anti-
tuberculosis drugs such as Rifampicin (RIF), Isoniazid (INH) and Pretomanid (PA-824) were 
also tested in parallel using the same experimental method. MBC90 values are expressed in 
µg/ml (range and median) and µM (median); B, C. Using the charcoal agar resazurin assay 
(CARA) as previously described (54). Resazurin readouts from CARA plates (B) and M. 
tuberculosis growth in 0,4% active charcoal containing agar plates (C) are depicted in the 
figure. The antimycobacterial activity against non-replicating M. tuberculosis was assessed for 
nNF-C2, nNF-C4, PA-824 and INH. The nNF-C2 and -C4 were selected from our set of 
compounds in the study. PA-824, a recognized antibiotic effective against NR-M. tuberculosis 
was included as a positive control. INH, non-active against NR-M. tuberculosis was included 
as a negative control.  
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Supplementary Figure S2. Intracellular nitric oxide release in the presence of nNF 
derivatives and protective role of CPTIO as NO scavenger. M. bovis BCG cultures were 
loaded with the DAF-FM fluorescent probe to detect intracellular NO release when exposed to 
the selected derivatives nNF-C2 and nNF-C4. The effect in NO quantification and 
mycobacterial viability was analyzed after treatment with or without the NO scavenger CPTIO.  
A) Fluorescence readouts of the DAF-FM emission in presence of 1, 2, 8, and 32 µg/ml of 
nNF-C2, nNF-C4, and Pretomanid (PA-824), and different concentrations of CPTIO (No 
CPTIO, 32 µM, or 150 µM). Values represent the average of independent measures obtained 
from two independent experiments; B-C). Percentage of bacteria which survived to the nNF 
treatment in presence or not of CPTIO. BCG bacteria were exposed to 1.25 µg/ml of nNF-C2 
and 1.25 µg/ml of nNF-C4 in the presence of 0, 75, 150 or 300 µM of CPTIO. The panel S2B 
represents bacterial survival percentages obtained by resazurin fluorescence readouts. The 
panel S2C represents bacterial survival percentages obtained by enumeration of CFUs before 
and after the treatment. The panels B and C refer to independent experiments in which values 
represent the average of two independent replicates ± SD. 
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Supplementary Figure S3. sigH and mrx2 expression levels in M. tuberculosis H37Rv after 
diamide treatment. M. tuberculosis H37Rv cultures were treated with 5, 10 or 20 mM of 
diamide for 30 min and then total RNA was isolated. Expression levels of  sigH and mrx2 were 
determined by qPCR. Fold change values are represented in the Y axis as the mean ± SD of 
the ratio between the transcriptional level of the gene of interest in presence of diamide and in 
its absence, in 3 independent replicates. 
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Supplementary Figure S4: Amino acid residues conservation between sH2 and sH4 
domains of ECF s factors and primary sA factors. A-B. Structure weighted sequence 
alignment of sH2 (A)and sH4 (B) domains of ECF s factors and primary sA factors. 
Comparison of SigH from M. tuberculosis (Uniprot code, P9WGH9; PDB code, 5ZX2 (1), 
SigC from M. tuberculosis (Uniprot code, P9WGH1; PDB code, 2O8X and 2O7G (2), SigD 
from M. tuberculosis (Uniprot code, P9WGG8; Alphafold (3), SigE from M. tuberculosis 
(Uniprot code, P9WGG7; Alphafold (3), SigG from M. tuberculosis (Uniprot code, P9WGG5; 
Alphafold (3), SigI from M. tuberculosis (Uniprot code, P9WGH3; Alphafold (3), SigI from 
M. tuberculosis (Uniprot code, L0TCG5; PDB code, 5XE7 (4), SigK from M. tuberculosis 
(Uniprot code, P9WGH7; PDB code, 4NQW (5), SigL from M. tuberculosis (Uniprot code, 
P9WGH5; PDB code, 6TYG (6), SigM from M. tuberculosis (Uniprot code, O53590; 
Alphafold (3), SigE from E.coli (Uniprot code, P0AGB6; PDB code, 6JBQ (1), SigW from B. 
subtilis (Uniprot code, Q45585; PDB code, 5WUQ (7), SigA from E. coli (Uniprot code, 
P00579; PDB code, 4JKR (8), and SigA from M. tuberculosis (Uniprot code,P9WGI1; PDB 
code, 5UH5 (9). L58 and V156 are highlighted with a red circle. C-D. Cartoon representation 
of sH2 (C) and sH4 (D) domains of SigH (PDB code 5ZX2). The color-coded scales of each 
amino acid of SigH correspond to residue conservation as shown in the sequence alignment.  
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