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SI Methods
Bacterial Strains and Growth Conditions. The clinical community-
associated methicillin-resistant S. aureus isolates USA300 (clone
LAC) (1) or USA400 (clone MW2) (2, 3) and isogenic psm and
agr deletion mutants (4, 5) were used for all experiments. Of
note, in Δhld strains, translation of hld is abolished by a single
base mutation of the start codon, which allows for maintained
function of RNAIII. Plasmids for expression of phenol-soluble
modulin (PSM) peptides in the psm triple mutant were produced
by cloning the psmα, psmβ, or hld genes into plasmid pTX15 (6)
through the BamH1/Mlu1 sites. Promoter-egfp fusion constructs
were produced by cloning the respective promoter fragments and
a Staphylococcus codon use-optimized egfp gene into plasmid
pRB473, which was previously described for the psmβ promoter
of S. epidermidis (7). Oligonucleotides used for amplification are
shown in Table S1.
Cells were grown in tryptic soy broth (TSB) supplemented with

0.5% glucose except for the xylose induction experiments, in
which glucose-free TSB was used with or without 0.5% xylose.
When appropriate, tetracycline (12.5 μg/mL) or chloramphenicol
(10 μg/mL) was added.

Biofilm Microtiter Plate Assays. For the analysis of the impact of
synthetic PSMs on biofilm formation, microtiter plate assays were
performed as previously described (4). Briefly, each microtiter
well was inoculated with the LAC agr mutant from a preculture
grown overnight (1:100 volume), PSMs were added, and the
plate was incubated for 24 h at 37 °C. Then, biofilms were
washed gently with water and stained using safranin.

PSM Analysis. PSM concentrations in planktonic cultures and flow
cell effluents were measured using reversed-phase HPLC/MS as
previously described (4). Flow cell effluents were concentrated
using precipitation with ice-cold trichloroacetic acid (1/5 vol-
ume) and redissolved in 8 M urea for analysis.

Computer Analysis of Confocal Laser-Scanning Microscopy Images.
Total and average biovolumes were calculated using Imaris 7.2
software. Mean thickness and roughness coefficients were cal-
culated using Comstat software (8).

Statistics. Statistical analysis was performed using Graph Pad
Prism Version 5 with two-tailed unpaired t tests (two groups)
unless noted otherwise.
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Fig. S1. Impact of synthetic PSMs on static biofilm formation. Synthetic (N-formylated) PSMs at different concentrations were added at the time of inoculation
from precultures to cultures of S. aureus LAC Δagr. Biofilms were grown in TSB/0.5% glucose in 96-well microtiter plates for 24 h. Then, biofilm formation was
analyzed by safranin staining and measuring OD490. Values represent means ± SEM of four replicate wells.
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Fig. S2. Impact of PSMs and Agr on the structuring of static S. aureus MW2 biofilms. Static biofilms were grown in eight-well chambered coverglass plates for
48 h. (A–D) Biofilm parameters were measured in 16 randomly chosen biofilm confocal laser-scanning microscopy (CLSM) images of the same extension.
Horizontal bars depict the mean. Statistical analysis is by t tests vs. the corresponding values of the WT samples, which were grown and measured separately for
every mutant comparison. Only one WT analysis is shown for brevity; however, statistical analysis was performed vs. the corresponding WT samples grown in
parallel, which were very similar in all cases. ****P < 0.0001. Values for 24-h biofilms were also measured, and differences were similar. (E) Example 48-h CLSM
biofilm images. Extensions and scales are the same in every image (total x extension, 230 μm; total y extension, 230 μm).

Fig. S3. Impact of PSMs and Agr on the structuring of dynamic (flow cell) S. aureus MW2 biofilms. Dynamic (flow cell) biofilms were grown for 72 h. (A–D)
Biofilm parameters were measured at 72 h in 16 randomly chosen biofilm CLSM images of the same extension. Horizontal bars depict the mean. Statistical
analysis is by t tests vs. the corresponding values of the WT samples, which were grown and measured separately for every mutant comparison. Only one WT
analysis is shown for brevity; however, statistical analysis was performed vs., the corresponding WT samples grown in parallel, which were very similar in all
cases. ***P < 0.001; ****P < 0.0001. (E) Example 48-h CLSM biofilm images. Extensions and scales are the same in every image (total x extension, 230 μm; total y
extension, 230 μm).
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Fig. S4. Overall PSM production is constant during biofilm growth. PSM concentrations were measured in effluents of flow cell biofilms by reversed-phase
HPLC/MS. Shown is PSM concentration relative to the total biovolume. Values represent means ± SEM of three independent cultures. Striped portions of bars
represent N-deformylated portions of PSMs.

Fig. S5. Comparison of PSM production in planktonic and biofilm cultures. Cultures were grown in planktonic (shaken in flasks) or biofilm (microtiter plate or
flow cell) modes. PSM concentrations were measured using reversed-phase HPLC/MS. Values represent means ± SEM of three independent cultures. Striped
portions of bars represent N-deformylated portions of PSMs.

Table S1. Oligonucleotides used in this study

Name Sequence

psmα promoter
ABCDpromEco gcctagacgagacctaacgtggaattcgttttaaac
ABCDpromXba gatgccagcgatgatacccatctagattacctcctttgc

psmβ promoter
FGpromBam ggcttagaaggccattgctggatccagctgagctaccagg
FGpromPst cggtatctttaattgcgttaaataaaccttccattgaaaacactgcagaaaa

P2 promoter
SaP2Bam cagtggatcctcactgtcattatacgatttagtacaatc
SaP2Sac acgtgagctctgtgatctagttatattaaaacatgc

P3 promoter
SaP3Bam ctcatcaactaggatccatcacatctctgtaatctag
SaP3Eco caattttacaccactctcctcactgaattcattatacg

psmα locus
PSMBBam cgcacaagataactaggatccatgaagttaactcataagcaaagg
PSMAMlu ggtatagtggcctgagaattttacgcgttcaattcgc

psmβ locus
psm-B12-BamH1-for cttcaaatggatcctttaaggagtgttttcaatggaagg
psm-B12-Mlu1-rev tgaacgcgtaacattaaagtatgctc

hld gene
δ-Bam ctagatcacagagatgtgatggatcctagttgatgagttg
δ-Mlu gttgggatggcttaataacgcgtacttttagtactatacg
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