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1. Construction of SaM1PDH-expressing plasmid in E. coli

The mtID gene encoding for SaM1PDH was PCR amplified from S. aureus RN4220
genomic DNA (1) using the primer pair mtID_fwd/mtID_rev (Table S4). The PCR product was
then cloned at the BamHI/Xhol sites of the plasmid pVFT1S (Korean Patent No. 1020050051893),
a vector overexpressing protein under the control of an IPTG-inducible T7 promoter. The resultant
plasmid, pVFT1S_mtlID, incorporates a Hiss tag followed by a TEV protease recognition site into
the N-terminus of SaM1PDH.

For introducing the point mutations R283S, R287S, and R294F into the plasmid
pVFT1S mtID, the QuikChange Site-Directed Mutagenesis Kit (Stratagene, USA) was used as per
the manufacturer’s instructions, generating the plasmids pVFT1S_R283S, pVFT1S_R287S, and

pPVFT1S R294F. The mutagenesis primers are listed in Table S4.

2. Protein expressions and purifications

Escherichia coli BL21(DE3) cells harboring the plasmids expressing WT or mutant
SaM1PDH were cultured in the lysogenic broths at 37 °C until the optical density at 600 nm
(ODes0o) reached 0.4—0.6. The culture was cooled to 18 °C, and the expression of SaM1PDH was
induced by addition of 0.5 mM IPTG. After 24 h, cells were harvested by centrifugation at 6,000 x
g for 10 min at 4 °C, resuspended in buffer A (50 mM Tris-HCI pH 8.0, 0.5 M NaCl, and 20 mM
imidazole), and disrupted by sonication on ice. After a centrifugation at 48,000 x g for 1 hat 4 °C,
the cell-free extracts were loaded onto a 5-mL Ni-NTA column (GE Healthcare, USA), and bound
proteins were eluted by a gradient of 0.02-1.0 M imidazole in buffer A. The elution fractions
containing SaM1PDH were buffer exchanged to 25 mM HEPES pH 7.5 using a HiLoad 16/60
Superdex 200 prep-grade column (GE Healthcare, USA). Proteins were then concentrated and

stored at —80 °C until use.



For the preparation of selenomethionine-substituted SaM1PDH (SeMet-SaM1PDH), E.
coli BL834(DE3) harboring plasmid pVFT1S_mtID was grown in M9 medium supplemented with
100 mg/L L-selenomethionine (Calbiochem, USA). The SeMet-SaM1PDH protein was expressed
and purified according to the same procedure as for the native protein, except 5 mM DTT was

added to all buffers to protect the selenium from oxidation.

3. Complementation of SaM1PDH knockout (mtIDQerm") S. aureus strain with wild-type and

mutant alleles

The WT mtID gene was amplified from S. aureus USA300 genomic DNA using the
forward primer mtID_comp._fwd containing the Pgapa ribosome-binding site and the reverse
primer mtID_comp._rev (Table S4). Using the same primer pair, the point-mutant mtID genes at
three Arg residues (R283S, R287S, and R294F) were individually PCR amplified from the template
plasmids pVFT1S_R283S, pVFT1S_R287S, and pVFT1S_R294F. The PCR-amplified WT and
Arg mutant mtID genes (R283S, R287S, and R294F) were restriction digested with Kpnl/EcoRI
and cloned at the same sites of the tetracycline-inducible vector pPRMC2 (2). The preparations of
electrocompetent S. aureus cells and the electroporation of plasmids into these cells were
performed following the procedure described by Grosser and Richardson (3). The recombinant
plasmids bearing the WT (pRMC2_mtID) and point-mutant mtID genes (pRMC2_R283S,
pRMC2_R287S, and pRMC2_R294F) (Table S5) were introduced into RN4220, followed by
electroporation into the SaM1PDH knockout (mtIDQerm") S. aureus USA300 strain to create the
complementation strains (Table S6). The pRMC2 empty vector was electroporated into the WT
and SaM1PDH knockout (mtIDQerm") S. aureus strains to create the empty vector controls during

the physiological studies (Table S6).



4. Determination of the intracellular mannitol levels using a gas chromatography-mass
spectrometry (GC-MS) analysis

To examine the accumulations of the intracellular mannitol in the WT and SaM1PDH
knockout (mtIDQerm") S. aureus strains using the GC-MS analyses, the samples were prepared as
described by Kenny et al. (4) with the following modifications. Briefly, after a 6-h culture in the
BHI media at 37 °C, the S. aureus cells were harvested by centrifugation and washed four times
with PBS. Following a flash freezing in liquid nitrogen, the cells were lysed by lysostaphin
treatment as described above for the colorimetric assay of mannitol. For a complete lysis, the cells
were subjected to the sonications on ice on a Vibra-Cell Ultrasonic Processor VC750 (Sonics,
USA). The absolute methanol was then added into the cell lysates to a final concentration of 70%,
and the mixtures were incubated at room temperature for 15 min. After a centrifugation to remove
the precipitates, the supernatants were lyophilized on a FreeZone 4.5-Litter Benchtop Freeze Dryer
(Labconco, USA). The sample derivatizations and the GC-MS analyses followed the procedure
described by Kenny et al. (4) with a minor modification in which 5 pL of adonitol was added to
each sample as an internal standard prior to trimethylsilylation. After comparing spectra of
chromatogram peaks with an electron impact mass spectrum library NIST08 (NIST, USA)
followed by normalization, relative abundance of mannitol in each sample was determined by
absorbance peak of mannitol in chromatography retention profiles. Data points (WT, diamond,;
knockout, square) represent absorbance of mannitol recorded at each chromatographic retention

profiles.

5. S. aureus colony morphology assays
After an overnight culture in the BHI media at 37 °C, S. aureus cells were harvested by
centrifugation at 783 x g for 15 min at 4 °C and washed thrice with PBS. To examine the effect of

mannitol on the colony morphologies of different S. aureus strains, bacterial suspensions were
4



diluted to an ODepo of 1.0, 10-fold serially diluted, and either spotted (10 pL) or plated (100 pL)
onto the BHI agar containing 27.5 mM mannitol. After an incubation at 37 °C, the plates were
photographed at 48 h and 72 h. The relative diameters of 15-25 colonies that were randomly
selected from each S. aureus strains were measured from the 48-h photographs using the ImageJ
software (5).
6. Membrane permeabilization assay

Bacteria were spotted on BHI agar containing without or with 27.5 mM mannitol and
incubated at 37 °C for 48 h. The cells were harvested and subsequently washed with PBS for 3
times. Bacterial cells were then resuspended in PBS containing 2 pg/ml Alexa flour 488 conjugated
Wheat Germ Agglutinin (WGA, Invitrogen, USA) and incubated for 5 min at room temperature
to allow staining of cell-wall of all S. aureus cells. The free WGA fluorescent dye was removed
by 3 times PBS washing. The WGA stained S. aureus cells were resuspended in PBS containing
10 pg/ml propidium iodide (PI, ThermoFisher Scientific, USA) and incubated for 15 min at room
temperature to visualize membrane-damaged S. aureus due to entry and red fluorescent staining
of bacterial cells with PI. The bacterial cells were subjected to confocal imaging and analysis using

Leica Application Suite X (LAS X, Leica Microsystems)

7. Mannitol catabolism assay

Indicated S. aureus strains were cultured under static culture conditions in mannitol (55
red color turned into yellow which indicates mannitol catabolism.
8. Screening assays to identify the small-molecule inhibitors of SaM1PDH

To identify the inhibitor of SaM1PDH from a Natural Product Collection (MicroSource

Discovery Systems, USA), two screening assays were developed: (i) a primary screening assay to

identify hits and (ii) a secondary screening assay to validate the hits. In the primary screening



assay, inhibiting the mannitol-metabolizing capacity of WT S. aureus USA300 strain was used to
screen for SaM1PDH inhibitors. In a mannitol salt broth supplemented with phenol red as a pH
indicator, the mannitol fermentation of WT S. aureus cells generates acidic byproducts that turn
the broth from red to yellow. Any compounds that inhibit that color change were recognized as
hits. Prior to the assay, the WT S. aureus USA300 cells were grown in the BHI media at 37 °C
overnight, harvested by centrifugation, and washed thrice with PBS. The cells were then diluted
to an ODegoo Of 0.05 in the Mannitol Salt Broth (10 g/L peptone, 1 g/L beef extract, 75 g/L NaCl,
and 10 g/L D-mannitol) containing phenol red (25 mg/L). To each well of the 96-well plates were
added 200 pL of the S. aureus cell suspension and 1 pL of each natural compound stock solution
to give a final compound concentration of 10 uM. The WT S. aureus cells grown in the broth
containing 0.5% DMSO and the SaM1PDH knockout (mtIDQerm") S. aureus cells grown in the
broth alone were included in each screening plate as a negative and positive control, respectively.
Following an incubation at 37 °C for 6 h, the plates were photographed, the color change of the
broth was examined, and the hit compounds were selected.

In the secondary screening assay, inhibiting SaM1PDH F6P reduction activity in vitro was
used to validate the hits selected from the primary screening. In the assay, similar reactions were
done as described above for examining the time-dependent F6P reductase activity of SaM1PDH
with the three modifications as follows: (i) NADH was used in the reaction at a final concentration
of 250 puM, (ii) each hit compound selected from the primary screening was added into the reaction
at a final concentration of 10 uM, and (iii) the absorbance of NADH at 340 nm was measured after
incubating the reaction at room temperature for 5 min. Following examining the change in the
absorbance of NADH at 340 nm for each reaction, any compounds that cause no reduction in the
absorbance of NADH were selected as the potent inhibitors of SaM1PDH and subjected to further

experimental assay studies to validate their inhibitory activities.



9. Cell viability assays

To examine the inhibitory effect of dihydrocelastrol (DHCL) on the growth of WT S.
aureus USA300, a cell growth assay was done as described above for those under the abiotic
stresses with minor modifications. Briefly, the diluted overnight culture of WT S. aureus was
progressively grown in the BHI media supplemented with various concentrations of DHCL (0-10
KUM) on a 96-well plate. After a 12-h incubation at 37 °C, the bacterial ODsqo values at each DHCL
concentration were measured on the Infinite M200 Microplate Reader (Tecan, USA).

To examine the inhibitory effect of DHCL on the proliferation of the RAW264.7 cells, an
EZ-Cytox Cell Viability Assay kit (DoGen, Korea) was used according to the manufacturer’s
instructions. Briefly, before being treated with DHCL, the RAW264.7 cells were seeded in the
low-glucose Dulbecco's Modified Eagle’s Medium (DMEM; Welgene, Korea) supplemented with
10% fetal bovine serum (FBS; Welgene, Korea) and allowed to grow at 37 °C for 24 h on a 96-
well plate in a CO; incubator (5% CO.). Various concentrations of DHCL (0-10 pM) were then
supplemented into the RAW264.7 cell cultures, and the macrophages were allowed to grow for an
additional 24 h at 37 °C in the CO> incubator. For the viability assays, 10 pL of the EZ-Cytox
solution was added to each well of the culture plate, and the mixtures were incubated for 2 h at 37
°C in the COz incubator. Macrophages viabilities were examined by measuring the absorbance at
450 nm (Ausso) at each DHCL concentration on the Infinite M200 Microplate Reader (Tecan, USA).

The non-inhibitory concentrations (NICs) of DHCL on the proliferation of WT S. aureus
USA300 and the RAW264.7 cells were determined by a nonlinear regression analysis using the
GraphPad Prism 7 for Mac (http://www.graphpad.com). The nonlinear regression analysis results

are summarized in Fig. S6.

10. Reactive oxygen species (ROS) susceptibility assay



The ROS susceptibilities of S. aureus strains were examined according to the method
described by Klebanoff et al. (6) with the following modifications. Briefly, after an overnight
culture in the BHI media at 37 °C, S. aureus cells were harvested by centrifugation at 783 x g for
5 min at 4 °C and washed thrice with PBS. Bacterial suspensions were then diluted to an ODegoo Of
1.0, 10-fold serially diluted, and spotted (10 pL) onto BHI agar containing ROS-generating
chemicals (100 uM H20>, 10 uM FeSOg4, and 10 uM Nal). After an incubation at 37 °C for 24 h,
the plates were photographed.

11. Molecular docking of substrates and inhibitor in the active site of SaM1PDH

Prior to the molecular docking, the structures of SaM1PDH (PDB: 5JNM), mannitol-1-
phosphate (M1P, PubChem CID: 130418), fructose-6-phosphate (F6P, PubChem CID: 69507),
and dihydrocelastrol (DHCL, PubChem CID: 10411574) were prepared using the UCSF Chimera
software (7). The conserved residues involved in sulfate and mannitol binding (Lys200, Asn205,
His208, Arg280, Arg283, Arg287, Lys288, and Arg294) were used to guide the placements of the
ligands and inhibitors into the prepared SaM1PDH structure during the molecular docking studies
and structural refinements. The flexible ligand docking, and energy minimization were done using
the Dock 6 v.6.8 (8) following the software instructions (http://dock.compbio.ucsf.edu). The top-

score models were selected and further validated using the UCSF Chimera (7) and LigPlot™ v.2.1

9).
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