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SUPPLEMENTARY METHODS

Complementation of a respiratory null E. coli mutant with cytochrome bd-1

To independently verify that madecassic acid targets cytochrome bad-1 of E. coli (and
not succinate dehydrogenase that feeds the quinol pool in the activity assays), the
cydABX operon was amplified from E. coli EC958 via colony PCR using the following

primers and cloned into the pSU2718G vector previously used(1) by the host lab:

5'- CGGGGATCCTTAAAGAGGAGAAAGGTACATGATGTTAGATATAGTCGAACTGTCGCG-3’
5-ATGCCTGCAGGTCGACTCTAGAAATTCAATGGTGATGGTGATGGTGGATGTCTTCTTGACCGG
CTTTGCCTGATTC-3".

The Gibson Assembly primers introduced DNA encoding a his-¢ tag onto the C-
terminus of cydX gene, and successful cloning was confirmed using Sanger
sequencing. The EcoM4 E. coli respiratory mutant strain(2), which lacks all respiratory
oxidases, was transformed with the pSU2718G-cydABX-hisg vector and expression of
cytochrome bd-lI was confirmed using CO difference spectroscopy in whole cells to
detect a d-type haem signal, as previously described(3).

Succinate dehydrogenase assays

The method used for the succinate dehydrogenase assay is an adaptation of Kolaj-
Robin et al. 2011(4). Assays (700 pL) comprised 50 mM Tris-HCI (pH 8.5), 400 yM
phenazine methosulfate (PMS), 8 mM succinate, 0.02 % n-dodecyl-3-D-maltoside, 50
pug/mL of E. coli EC958 membranes and 50 yM of dichlorophenolindophenol (added
last). Assays were set up in the presence and absence of 1 mM madecassic acid
(dissolved in DMSQO). Assay mixtures were preincubated for 3 min at 37 °C before
being started via addition of the DCPIP followed by rapid mixing with a pipette.
Spectrakinetics were recorded on a Cary 60 spectrophotometer for 15 min and rates
were calculated using the extinction coefficient Agoo = 20.7 mM-'cm-" (5).



Oxygen electrode cytochrome bd-I assays with duroquinol as the electron source

Membranes from the E. coli EcoM4 pSU2718G-cydABX-hisg strain were prepared as
described previously(6). To specifically monitor cytochrome bd-1 activity, duroquinol
was used as a directly electron source. Duroquinol was prepared from duroquinone
as previously described(7) and quantified using the extinction coefficient AA275(ox - red)
= 16 mM-'cm’ (8). Cytochrome bd-l activity was then monitored via oxygen
consumption in a Rank Brothers oxygen electrode with a 2 mL closed chamber at 37
°C, which contained 50 mM HEPES pH 7.4, 0.5 mg/mL membranes (based on wet
membranes) and DMSO-solubilised drug (added from 40x final concentration) or
‘DMSO only’ control. A final concentration of 400 uM duroquinol (in 50 mM KPi, 2mM
EDTA pH 7.5) was added to initiate the reaction.
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SUPPLEMENTARY DATA
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Figure S1. Impact of madecassic acid upon E. coli growth and survival. (A) Growth
assays of MA against wild type E. coli EC958 cells. Error bars represent standard
deviations for at least 4 technical repeats, including two biological repeats. (B) Wild
type E. coli EC958 cells were exposed to various concentrations of madecassic acid
and bacterial survival was enumerated using serial dilution and viability plating. Error
bars represent standard deviations for at least four technical repeats, including two
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Figure S2. Madecassic acid does not diminish succinate dehydrogenase activity.
Isolated E. coli EC958 membranes were assayed for succinate dehydrogenase activity
in the presence and absence of 1 mM madecassic acid (MA), and negative controls
were recorded in the absence of membranes. (A) representative raw data traces for
positive control (-MA), negative control (-ve control and test conditions with
madecassic acid (+1 mM MA). (B) Rates were averaged from a minimum of three
repeats and error bars show the standard deviation. Data are normalised to display
the positive control data as 100%.
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Figure S3. Madecassic acid abolishes cytochrome bd activity in a respiratory null E.
coli mutant complemented with cytochrome bd-I. Isolated E. coli EcoM4 pSU2718G-
cydABX-hisg membranes (respiratory null mutant with cydABX on a complementation
vector) were assayed for cytochrome bd-lI activity with duroquinol supplying the
electrons. Cytochrome bd-1 activity was measured via monitoring oxygen consumption
in an oxygen electrode in the presence and absence of 1 mM madecassic acid, and
negative controls were recorded in the absence of membranes. (A) representative raw
data traces for positive control (-MA), negative control (-ve control and test conditions
nwith madecassic acid (+1 mM MA). (B) Rates were averaged from a minimum of two
repeats and error bars show the standard deviation. Data are normalised to display
the positive control data as 100%.



