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Fig S1. Validation of screened genes in H37Rv by measuring MICs. Susceptibility
of the indicated H37Rv wild-type strain, 7v2073c mutant strain and rv0078 knockout
strain to DLM and PMD. The MICso was defined as the concentration of compound
that inhibited bacterial growth by 50%, and was analyzed by a nonlinear fit model in
GraphPad Prism 9.0. Data are expressed as the mean + SD of triplicate samples, and

are representative of at least two independent experiments.
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Fig S2. Venn diagram comparing positive and negative genes identified by
screening of CRISPRi and CRISPR-KO libraries following treatment with DLM,
PMD, or DETA/NO.
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Fig S3. PMD-induced growth inhibition of Mtb H37Ra in the absence or
presence of indicated concentration of Carboxy-PTIO (C-PTIO). The MICso was
defined as the concentration of compound that inhibited bacterial growth by 50%, and
was analyzed by a nonlinear fit model in GraphPad Prism 9.0. Data are expressed as
the mean =+ SD of triplicate samples, and are representative of at least two

independent experiments.
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Fig S4. Identification of specific metabolites of DLM. (A) Chemical structure of
BCe-DLM. (B) Quantification of the relative abundance of the corresponding
metabolites from the '3Cs-DLM-treated Mtb mutants shown in Figure 3a. Data are
expressed as the mean + SD of three independent cultures. Statistical significance was
assessed by one-way ANOVA with Tukey’s multiple comparison test. * P < 0.05; ** P
<0.01; **** P <(.0001.
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Fig S5. LC peak profiles of the DLM metabolites shown in Figure 3a, and the
corresponding ion spectra from DLM (A)- and 3Ce-DLM (B)-treated Mtb.

Product ion spectra of peak C” and peak G’ were not detected in any samples.
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Fig S6. Identification of specific metabolites of PMD. (A) Quantification of the

relative abundance of the corresponding metabolites from PMD-treated Mtb mutants.

Data are expressed as the mean + SD of two cultures. (B) Proposed mechanism of

PMD metabolism in Mtb. The structures of NR-PMD, reduced NR-PMD and

desnitro-PMD were proposed based on detected precursor ion m/z and the relative

DLM metabolites.



m/z:360.08 (PMD)

m/z:316.09

R TG00 50s
s 136610 iz 5 3
100- Lot i 315.0960 miz=
Sevores. P
Sooaser: s 3
- CoEsiFums 2150981 F: FTMS.
.q fiooou L oS Fuims
000000 s [160.0000-
g7 500.0000] 5
§sn
«
i s
P
I wr am sm e s (\ 9% wm wss  wve wm wss  we w2 o] 10 380 s em 505 sos  f0sr  1ist 120 1503 1009 sz 1907
sevoans  maseos sevem seaems Masers  aeeaeos| \.JSLIROZ sioaeos snseoe 6nteez aee2 oo wutan __ se0mn ars0ss2 a150954 2150956 3150082 | \ 3180953 ars0ner 2150981 2150952 3150950 3150558 215084 2150956 2150851
T E S S s i T e S R S S YA A TR 7 L T S A A S A S AR S
T () Time (min)
i - 54 Fu 2 50 800 75008 385 080 ac20ese A1 aas vy s T emy
= siqusin s - PTG < » £51 Full ms2 315 0843@hed20.00 [75.0000:240.0000]
o 7
b 780388
w0
o]
20 80
g7 3 o]
1 H
=% 2 =0
gm 5 wq
2 2010523 & w04
2- 1000452 20 150950
¥ 1soses i 70401 1090452 20522
820207 joaosas| [ 13386 sev0ss2 | 1890528 | 213022 g3108  asp0824 2860778 3140881 330.0695 3600801 ss0w02 | 1150545 1330850 1 2120822 245.4140 259.068¢ 285,0851
T T N A S A A I T A A = A3 75 i EE =5 = % i = = = e
m/z:364.11 m/z:567.17 (NR-PMD)
RT6% 5 3R
o7 - - 2o
i Eorsseaen - EE e
B Fetuenen Pt i s
e S isiran
- {iop 000 e Hissooos us
s 500,008 s 57 oo
fo heorez g»
in .
fo e
i . o
p ' e
o secgmial[ 722 P
scirira
L e S N e S A S S S S S i A A A R T e 3 L P Vo ks X P )
i (e Ton i)
P TaiS i £ 2 64 11818000 (750000280 000 P D e rormad s 1697 Gnesz0 00 1700003
5 1750268 100 e
-~ 175028
- -
i o are00s
| g o
e 3
i 2. teasaon
* o sonos
% 1090481 103 es0s02 1460714
sa0s [ 1000t seromo v aarqosr 241113 [ resossa 17 1 13060 g ses arezt e seaiare e, sensees
LN R R R R A R A R R N ) £ % o & % £ & P & E3 e
m/z:569.19 (Reduced NR-PMD)
A7 58575003
2
T sess0
P
w0
8w
e
in
HE
Ew
P
oz _
10 5691858 b
o5 1870
L S i A e S A A S A A A A S
Time fmin)
Cozsa T 632 AV 1 L 11567
FFTIIS <3 94 Pt i 2681888t 0017000000000
iy Trages
= im0
=
g
3 oo
" aoriee
fe
i w
= 1s00ss2
b T 2002 s
e Azl I 280724 200080 st seaaers 0o e | )
0o 20 E) E) P & B ko &

Fig S7. LC peak profiles of the PMD metabolites shown in Figure S6A, and the

corresponding ion spectra from PMD-treated Mtb.
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Fig S8. Rv2073c is an intrinsic resistance gene specific to DLM and PMD. (A)
Mutation of rv2073c did not alter susceptibility of Mrb to other antibiotics.
Dose-response curves of the indicated strains to other known antibiotics. Data are
expressed as the mean £ SD of triplicate samples, and are representative of at least
two independent experiments. (B) Growth curves of the indicated strains. (C)
Transmission electron microscopy (TEM) images of »v2073¢c mutants and wild-type
Mtb show no difference in the thickness of the outer cell envelope. (D) Comparison of
cell-wall outer layer thickness (as measured by TEM) of rv2073¢c mutants and
wild-type Mtb. Each dot represents the thickness of one Mtb cell, and error bars show
the standard deviation. (E) Uptake of EtBr by wild-type, Arv2073c, dprE2 CRISPRi
knockdown strains and dprE2 CRISPRi knockdown in #v2073¢ mutant strains. Data
are expressed as the mean + SD of triplicate samples, and are representative of at least

two independent experiments.
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Fig S9. Susceptibility of the indicated BCG strains to DLM and PMD. The MICso
was defined as the concentration of compound that inhibited bacterial growth by 50%,
and was analyzed by a nonlinear fit model in GraphPad Prism 9.0. Data are expressed

as the mean £ SD of triplicate samples, and are representative of at least two

independent experiments.
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Fig S10. Quantification of dprE2 mRNA levels by RT-qPCR. Mtb H37Ra wild type
and rv2073c deletion mutant harboring dprE2 CRISPRi plasmid or control vector
were grown with ATc for ~3 days before RNA collection. The relative mRNA level
was determined by comparing the mRNA levels of dprE2 in strains with CRISPRi
knockdown to those in strains with control vector. qPCR data were collected from
three independent experiments with three technical replicates per experiment. Error

bars show the standard deviation from three independent experiments.
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Fig S11. Quantification of the relative abundance of the corresponding
metabolites from DLM-treated (A) and *C¢-DLM-treated (B) Mtb strains. Data
are expressed as the mean + SD of three cultures. Statistical significance was assessed

by one-way ANOVA. ** P <(.01; *** P <(.001; **** P <(0.0001.
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Fig S12. The Relative Abundance Ratio of Corresponding Metabolites in
DLM-treated Indicated Strains. The relative ratio was determined by comparing the
metabolites in over-expressing strains to those in their corresponding background
strains. Data are expressed as the mean + SD of three cultures. Statistical significance
was assessed by two-way ANOVA with Dunnett’s multiple comparison test. * P <

0.05; ** P<0.01; *** P<0.001.



Supplementary Tables

Table S1: Genetic Hits from the Genome-wide CRISPR-KO Screen in DLM, PMD or
DETA/NO treatment.

Table S2: Genetic Hits from the Genome-wide CRISPRi Screen in DLM, PMD or
DETA/NO treatment.

Table S3: Lipidomics analysis of the rv2073c-deleted and wild-type M. tuberculosis
H37Ra strains.

Table S4: Metabolomics analysis of the rv2073c-deleted and wild-type M.
tuberculosis H37Ra strains.

Table SS: Lipidomics analysis of the Arv2073c::dprE2 KD and dprE2 KD of M.
tuberculosis H37Ra strains.

Table S6. List of identified nonsynonymous mutations in 7v0078 from clinical isolate

WGS database.



Table S7: List of sgRNAs and primers used in this work.

sgRNAs used in this work
sgRNA ID sgRNA targeting sequence (5'-3') Gene targeted
Non-Targeting control AAGCTGTTATCCACAGCGACC NA
rv2073c sgRNA GTTGATCGGCGTTCCGCGCGG rv2073c
rv0078 sgRNA GCCCAGCACGACGGGCGCATCCA rv0078
ddn sgRNA ATGACCCGCCCACCGTCGCG dan
cinA sgRNA GCTGGTGCTGGACGACGAGCT CinA
rv0077c sgRNA GTCCTTGAGCTCGAGCGCGG rv0077¢
rv0077¢/rv0078 pair ACTGGTCGGCGAGCCGGTCC rv0077¢c
sgRNAs GACGACCCCAAGCGCGCCCG rv0078
dprE2 sgRNA GATCTCGGAGGTGCCACCGA dprE2
embA sgRNA AGGTCGCGGTGGTTTGGTTCA embA

Primers used in this work

Name Sequence (5'-3")
primer F for sgRNA seq CTCTGACCAGGGAAAATAGCCC
primer R for sgRNA seq GCCATTGATAATGCTCTTCATCCC
primer F for KO cycle1 sgRNA seq AAGATCGACGAGTTGGCCTT
primer R for KO cycle1 sgRNA seq TTTCTGCCGAACAAACGCAT

primer F for rv2073c

CGGGATCCAGTGGACGACACGGGCGCT

primer R for rv2073c CCCAAGCTTTCATCGCGGCATCCTGCGC
primer F for rv0077¢c CGGGATCCAATGTCGACGATCGACATTAG
primer R for rv0077c CCCAAGCTTACAGCGGGCATTCTAAGTCC

primer F for cinA

CGGGATCCAATGGCGGTGAGCGCACGTGC

primer R for cinA

CCCAAGCTTCTAGGGTGAGCCCGGGATAC

primer F for dprE2 CGGGATCCAATGGTTCTTGATGCCGTAGG

primer R for dprE2 CCCAAGCTTTCAGATGGGCAGCTTGCGGAAG
primer F for dprE1/E2 TGCGTTTAATACTGTTTCGATGATCCGATCGGAGTCT
primer R for dprE1/E2 TTAATTAGCTAAAGCTTTCAGATGGGCAGCTTGCGGA

qPCR primers used in this work

Reverse Primer (5'-3')

Gene name Forward primer (5'-3')
dprE2 ATTGACCGTCGACAAGGAGT TGACGCAACACCATCATGAC
SigA GGTGATTTCGTCTGGGATGAA GCTACCTTGCCGATCTGTTTG




Table S8: Strains constructed in this work.

Strain Gene name Deletion size Deletion position | Annotation®
rv2073c 350 bp 2340088-2340437 Arv2073c
ddn 11 bp 3995715-3995725 ddn KO
H37Ra? rv0078 10 bp 88232-88241 rv0078 KO
rv0077c 181 bp 87561-87741 Arv0077¢
CinA 16 bp 2157877-2157892 cinA KO
rv0077¢c/0078 1408 bp 87027-88434 Arv0077¢/0078
H37RYb rv2073c 444 bp 2330414-2330857 Arv2073c
rv0078 16 bp 86874-86889 rv0078 KO

2 The reference genome of H37Ra strain is NC_009525.1.

® The reference genome of H37Rv strain is NC_000962.

¢ Gene deletions of large size are denoted by the symbol A, whereas minor deletions

are represented by the abbreviation KO.




