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B). Samples were separated using a gradient raising buffer B from 5 to 22% in 112 min,
followed by a buffer B increase to 32% within 10 min. Buffer B content was further raised
to 90% within the next 10 min and held another 10 min at 90%. Subsequently buffer B
was decreased to 5% and held until end of the run (total: 152 min). The MS instrument
was operated in a TOP12 data dependent mode. MS full scans were performed at a
resolution of 140,000 in the orbitrap and the scan range was set from 300 to 1,500 m/z.
The AGC target was set to 3.0e6, the maximum ion injection time was 50 ms and
internal calibration was performed using the lock mass option. Monoisotopic precursor
selection as well as dynamic exclusion (exclusion duration: 60s) was enabled.
Precursors with charge states of >1 and intensities greater than 1.6e4 were selected for
fragmentation. Isolation was performed in the quadrupole using a window of 1.6 m/z and
an AGC target to 1.0e5 with a maximum injection time of 50 ms. Fragments were
generated using higher-energy collisional dissociation (HCD, normalized collision

energy: 27%) and detected in the orbitrap.

Peptide and protein identifications were performed using MaxQuant (version 1.6.0.1)
with  Andromeda (39) as search engine using following parameters:
Carbamidomethylation of cysteines as fixed and oxidation of methionine as dynamic
modifications, trypsin/P as the proteolytic enzyme, 4.5 ppm for precursor mass tolerance
(main search ppm) and 0.5 Da for fragment mass tolerance (ITMS MS/MS tolerance).
Searches were performed against the Uniprot database for S. aureus NCTC 8325
(taxon identifier: 93061, downloaded on 19.08.2019). Quantification was performed
using MaxQuant's LFQ algorithm (29). The "I = L% “requantify“ and "match between
runs” (default settings) options were used. Identification was done with at least 2 unique

peptides and quantification only with unique peptides. The mass spectrometry
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proteomics data have been deposited to the ProteomeXchange Consortium via the

PRIDE (40) partner repository with the dataset identifier PXD018347.

For statistics with Perseus (version 1.6.0.0) (41), four biological replicates were
analyzed. Putative contaminants, reverse hits and proteins, identified by side only, were
removed. LFQ intensities were log,(x) transformed and filtered to contain minimum three
valid values in at least one condition. Missing values were imputed on the basis of a
normal distribution (width = 0.3, down-shift = 1.8). P-values were obtained by a two-

sided two sample t-test over the four biological replicates.

For pathway enrichment analysis using STRING (30), all proteins that showed an
log,(protein enrichment) ratio of compound vs. DMSO-treated control of more than 1 or
less than -1 and a log;o(P-value) > 1 were entered into the database (https://string-
db.org/, multiple proteins analysis) and resulting enriched pathways were inspected

further.

The processed tables for protein group analysis in Perseus and the results of the
STRING analysis have been uploaded to the supplementary information as an Excel file

(Supplementary Data 2).
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Data Availability

The mass spectrometry proteomics data have been deposited to the ProteomeXchange

Consortium via the PRIDE (40) partner repository with the dataset identifier PXD018347.
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Supplementary Information

The manuscript is supported by two Excel files as supplementary information.

Supplementary Data 1: MICq raw data and information on tested strains.

(Tab 1) Table of contents of Supplementary Data 1.

(Tab 2) Origin, antibiotic resistance pattern (interpretation according to EUCAST
guidelines) and molecular typing results of the clinical Staphylococcus strains used in

this study.
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(Tab 3) Origin, antibiotic resistance pattern and molecular typing results of those clinical
Staphylococcus strains with intermediate or high level resistance to TCC
(MIC > 6.25 UM).

(Tab 4) MIC raw data for all tested Staphylococcus strains. Data relate to Fig. 2A.

(Tab 5) Characteristics of the clinical Enterococcus strains used in this study.

(Tab 6) MIC raw data for all tested Enterococcus strains. Data relate to Fig. 2B.

Supplementary Data 2: Proteomic data table and STRING analysis.

(Tab 1) Table of contents of Supplementary Data 2.

(Tab 2) List of proteins found in the full proteome of S. aureus NCTC 8325 after
treatment of bacterial cells with DMSO or TCC (0.5 uM), respectively. Average LFQ log,
fold-change ratios and —logio P-values (t-test) are given. Data relate to Fig. 6A.

(Tab 3) List of proteins found in the full proteome of S. aureus NCTC 8325 after
treatment of bacterial cells with DMSO or TCS (0.15 pyM), respectively. Average LFQ
log; fold-change ratios and —logio P-values (t-test) are given. Data relate to Fig. 6B.

(Tab 4) List of proteins that were significantly up- or downregulated (|logz(protein
ratio)] > 1 & -log(P-value) > 1) by either TCC or TCS treatment. Overlap between both
treatments is indicated in yellow. Data relate to Fig. 6C.

(Tab 5) STRING network enrichment analysis for TCC treatment. Proteins that were
significantly up- or downregulated (log(protein ratio) > 1 or < -1; -log(P-value) > 1) by
proteomic analysis (see Tab 1 and Tab 3) were entered into the “multiple proteins
analysis” tab of the online tool (https://string-db.org/) and the resulting significantly
enriched pathways including the network map posted for up- and downregulation

separately.
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(Tab 6) STRING network enrichment analysis for TCS treatment. Proteins that were
significantly up- or downregulated (logz(protein ratio) > 1 or < -1; -log(P-value) > 1) by
proteomic analysis (see Tab 2 and Tab 3) were entered into the “multiple proteins
analysis” tab of the online tool (https://string-db.org/) and the resulting significantly
enriched pathways including the network map posted for up- and downregulation

separately.
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Figures

Figure 1 — Structures of the antibacterial agents triclocarban (TCC) and triclosan (TCS),
structurally related PK150, and sorafenib (SFN). Their respective activities (minimal

inhibitory concentrations) in S. aureus NCTC 8325 are displayed below.

Figure 2 — TCC exhibits a different activity spectrum compared to PK150. MIC
determination of PK150 and TCC against a panel of 100 strains of staphylococci (A) and
enterococci (B). MICs were tested up to a concentration of 25 yM and the distribution
plotted for each compound. Dotted lines indicate the respective MICgyy value, i.e. the
concentration at which the growth of 90% of tested strains was inhibited. Experiments
were performed in two biologically independent replicates, and for cases in which the
MIC differed between the replicates the higher value was taken as resulting MIC. See

Supplementary Data 1 for further details.

Figure 3 — Effects on membrane integrity and SpsB activation potential by TCC,
TCS and PK150. (A) Membrane integrity assay analyzing the permeability of S. aureus
NCTC 8325 cells upon treatment with TCC, TCS, PK150 or positive control
benzalkonium chloride (BAC). Interaction of propidium iodide with DNA was measured
over time. Data are representative for three biological replicates. (B) FRET-based SpsB
activity assay with membrane-bound endogenous SpsB from S. aureus NCTC 8325
(200 pg/mL total protein concentration) and different concentrations of TCC, TCS, and

PK150 (positive control). Substrate cleavage rates are normalized to DMSO-treated
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samples. Data represent mean values + s.d. of averaged triplicates of n = 4 biologically
independent experiments.

Figure 4 — Interference with menaquinone biosynthesis and inhibition of MenG by
TCC and TCS. (A) MIC shift by addition of menaquinone-4 (MK-4) to the bacterial
growth medium. MICs of TCC and TCS were determined in the presence of various
concentrations of MK-4 as indicated. The data represent results from three biologically
independent experiments performed in ftriplicates. Where the MIC varied between
replicates, the MIC is given as a range as displayed by the extension of the data point.
(B) Metabolic profiling of endogenous menaquinone levels in S. aureus NCTC 8325
cells on compound treatment. Bacteria were treated with sub-inhibitory concentrations
(0.1-fold to 0.5-fold of the respective MIC) of TCC, TCS, or ciprofloxacin (Cipro) and
menaquinone-8 (MK-8) was extracted and quantified by LC-MS. MK-8 levels are
normalized to DMSO-treated samples. Each color represents an individual, independent
extraction experiment, where differently shaped symbols (circles, rectangles, triangles
and diamonds) indicate independent biological samples. Error bars denote mean values
*+ s.d. (C) Enzymatic assay monitoring the methylation of DMK-2 by cellular lysate of
MenG-overexpressing S. aureus pRMC2-MenG (20 mg/ml total protein concentration).
Production of MK-2 was quantified by LC—MS and normalized to the respective DMSO-
treated samples. Data represent the averaged values + s.d. from three independent

experiments.

Figure 5 — Inhibition of Fabl by TCC, TCS and PK150. Recombinant Fabl was pre-
incubated with NADPH and compounds at different concentrations, then the substrate t-

0-NAC thioester was added and the decrease in absorbance at 340 nm was recorded.
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Enzyme activity was determined by the slope at t = 0 and relative activity was calculated
by normalization to the DMSO-treated control (100% activity) and the heat-inactivated
negative control (0% activity). The data were subsequently fitted to a sigmoidal
equation. For TCS the ICso was calculated to be 3.76 £ 0.11 yM. Data represent mean

values = s.d. of averaged triplicates from three independent experiments.

Figure 6 — Full proteome analysis of S. aureus NCTC 8325 upon TCC and TCS
treatment. (A,B) Volcano plots showing the log,-fold change of protein levels in the full
proteome of S. aureus treated with sub-inhibitory concentrations (0.5 x MIC) of TCC (A)
or TCS (B). Colors denote pathways that were significantly enriched among
downregulated proteins (log.(protein ratio) < -1 & -log(P-value) > 1) by STRING (30)
analysis. Blue dots represent the proteins associated with the arginine deiminase (ADI)
pathway (see below) which were affected by TCC treatment. Green and brown dots
represent proteins associated with the EIIB/EIIC phosphotransferase system and ABC
transporter transmembrane domains, respectively. These terms were found to be
enriched in the STRING analysis of TCS treatment. Pink circles represent all proteins —
regardless of P-value — which were up- or downregulated (|logz(protein ratio)| > 1) by
both TCC and TCS treatment . The only protein also meeting the significance cut-off (-
log(P-value) > 1) is shown in green (PTS system EIIBC component, Q2G1G5).The data
represent average values and the P-values were calculated using a two-sided two-
sample t-test; n = 4 independent experiments per group. See Supplementary Data 2 for
further details. (C) Venn diagram showing overlap in protein up- or downregulation
between TCC and TCS treatment. The respective circles indicate the total number of

proteins for each stated case (|logx(protein ratio)] > 1 & -log(P-value) > 1) (D) Table
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identifying proteins associated with the ADI pathway (31) in the volcano plots in panels
(A) and (B). All proteins are annotated within the KEGG pathway “arginine
biosynthesis". (1), (3), and (4) are directly annotated as elements of the ADI pathway in
S. aureus NCTC 8325 by GO (33). (2) is located in the same gene cluster as (1) and its
homologs in related S. aureus strains (such as COL, MW2 or USA300) are annotated as
part of the ADI pathway in Uniprot. (5) catalyzes the same reaction as (2), but according

to its annotation seems to be involved in arginine biosynthesis rather than catabolism.
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TCC TCS
upregulation upregulation Gene Protein name UniProt ID
(1) arcA arginine deiminase Q2FUX7
7 (2)  arcB/argF ornithine carbamoyltransferase ~ Q2FUX8
(3) arcCt carbamate kinase 1 Q2FZA9
(4) arcC2 carbamate kinase 2 Q7X282
(5) argF ornithine carbamoyltransferase ~ Q2FZB0
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TCC
downregulation

10

TCS
downregulation
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