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Supplementary Figure 1. PA can suppress the growth of cultured KP and SA. (A) Population sizes
of mono-cultured PA, KP, and SA on LB plates at defined time-phases. (B) Population sizes of PA,
SA, and KP when they were mixed (1:1:1) and co-inoculated on LB plates for defined time-phases.
Data shown are the mean values SD of three independent experiments. Statistical significance was

performed by One-way ANOVA with Tukey’s post hoc using a 95% confidence interval (compared
to the value of PA): **P < 0.01, ***P < 0.001.
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Supplementary Figure 2. Three-species proximity assay of PA, SA, and KP on LB plates. Top, PA.
Bottom left, KP. Bottom right, SA. Scale bar, 1 cm.
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Supplementary Figure 3. Population sizes of PA, SA, and KP in three-species proximity assay.
Data shown are the mean values SD of three independent experiments. Statistical significance by
two-tailed unpaired t-test is indicated: *P < 0.05, ***P < 0.001.
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Supplementary Figure 4. Pairwise proximity assay of PA, SA, and KP on LB plates. In panels (A)
and (B): top, mixture (1:1) of PA and SA; left, PA; right, SA. In panels (C) and (D): top, mixture (1:1)
of PA and KP; left, KP; right, PA. In panels (E) and (F): top, mixture (1:1) of KP and SA; left, KP;
right, SA. Scale bar, 1 cm.
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Supplementary Figure 5. Growth curves of PA, SA, and KP when they were separately cultured in
M9-phosphatidylcholine (PCh, 0.05%) broth. Data shown are the mean values =SD of three

independent experiments.
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Supplementary Figure 6. Growth curves of PA, SA, and KP when they were repeatedly co-cultured
in M9-PCh broth at 24-h intervals. Data shown are the mean values £SD of three independent
experiments.
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Supplementary Figure 7. Expression of typical QS-related genes of evolved PA as determined by
quantitative PCR. Day 1, culture of PA in M9-PCh broth for 24 hours. Day 21, repeatedly culture of
PA in M9-PCh broth for 21 days. Data shown are the mean values =SD of three independent
experiments. Statistical significance by two-tailed unpaired t-test is indicated: *P < 0.05, ***P<0.001.
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Supplementary Figure 8. PA suppresses the growth of SA by using QS-mediated regulation. (A)
Proximity assay of PA QS-deficient strains and SA at 48-h time-point. Top left panel: left, PA-AlasR;
right, SA. Top right panel: left, PA-com4/asR; right, SA. Bottom left panel: left, PA-ArhlR; right, SA.
Bottom right panel: left, PA-comArhIR; right, SA. (B) Population size of SA in the proximity assay.
(C) Population size of SA when SA was mixed (1:1) and co-inoculated with different strains of PA

on LB plate at 48 h time point. (D) In vitro co-culture of SA with different strains of PA. Data shown
are the (B and C) mean values =SD, or (D) means (lines) for the replicates (symbols) of three
independent experiments. Statistical significance by two-tailed unpaired t-test is indicated: *P < 0.05,
**P < 0.01. Scale bar, 1 cm.
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Supplementary Figure 9. QS-deficient mutants of PA have no inhibitory effect on the growth of KP
on LB plates. (A and B) Proximity assay of PA-4/asR and KP. Left, PA-A4lasR; right, KP. (C)
Population sizes of PA-4/asR and KP when they were mixed (1:1) and co-inoculated on LB plate. (D)
Population size of PA-AlasR and KP in the proximity assay. (E and F) Proximity assay of PA-ArhlR
and KP. Left, PA-4rhiR; right, KP. (G) Population sizes of PA-ArhlR and KP when mixed (1:1) and
co-inoculated on LB plate. (H) Population size of PA-4rhlR and KP in the proximity assay. Data
shown are mean values =SD of three independent experiments. Statistical significance was

performed by two-tailed unpaired t-test. Scale bar, 1 cm.
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Supplementary Figure 10. QS-mediated regulation of PA can suppress the growth of KP. QS-
deficient strains (PA-4lasR and PA-ArhlR) and corresponding gene complemented strains
(4lasR+lasR and ArhIR+rhIR) were co-cultured with KP in M9-PCh, respectively. Co-cultures were
started from equal proportion and the subsequent proportions were determined at defined time phases.
Data shown are the means (lines) for the replicates (symbols) of three independent experiments.
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Supplementary Figure 11. Clinical PA with a functional QS system can suppress the growth of co-
isolated Corynebacterium argentoratense (CA) and Escherichia coli (EC). (A) Proximity of clinical
PA isolate SWMZ2 can significantly reduce the population of G* bacteria CA in comparison to the
isolate SWM21 with mutation in lasR gene. (B) SWM2 can significantly suppress the growth of co-
cultured G bacteria EC in comparison to SWM21. Data shown are mean values £SD of three
independent experiments. Statistical significance by two-tailed unpaired t-test is indicated: **P <
0.01.

12



C

Glycolysis / Gluconeogenesis
Citrate cycle (TCA cycle)
Pyruvate metabolism
Propanoate metabolism
Butanoate metabolism

Lipid metabolism

Fatty acid metabolism

Sulfur metabolism

Nucleotide metabolism

Amino acid metabolism |

Metabolism of cofactors and vitamins
Biosynthesis of antibiotics
ion and i

Monobactam biosynthesis |

Folding, sorting and degradation
ABC transporters

Type VI secretion system
Two-component system
Quorum-sensing

Biofilm

3 Mixture-PASA

5
7.

= 3 Mixture-PA
= 3 Mixture-PASA
= 3 Mixture-PAKP

D

Glycolysis / Gluconeogenesis
Citrate cycle (TCA cycle)
Pyruvate metabolism
Propanoate metabolism
Butanoate metabolism

Lipid metabolism

Fatty acid metabolism

Sulfur metabolism

Nucleotide metabolism
Amino acid metabolism
Metabolism of cofactors and vitamins
Biosynthesis of antibiotics

5 10
Gene number

15

ion and
Monobactam biosynthesis
Folding, sorting and degradation
ABC transporters
Type VI secretion system
Two-component system
Quorum-sensing
Biofilm formation

= 3 Mixture-PA
= 3 Mixture-PASA
u 3 Mixture-PAKP

—

;

0 5 10
Gene number

15

Supplementary Figure 12. Comparative analysis of the differentially expressed genes of PA
according to Figure 4. Statistics of (A) up-regulated and (B) down-regulated gene numbers of PA in
different experiments was determined by using the online software VENNY 2.1. KEGG analysis of
(C) up-regulated and (D) down-regulated genes of PA in different experiments was performed by
using KEGG Mapper. 3 Mixture-PA, co-evolution of PA, SA, and KP compared to mono-evolution
of PA; 3 Mixture-PASA, co-evolution of PA, SA, and KP compared to co-evolution of PA and SA; 3
Mixture-PAKP, co-evolution of PA, SA, and KP compared to co-evolution of PA and KP.
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Supplementary Figure 13. Expression of flagella- and H1-T6SS-related genes as determined by
quantitative PCR. PA, repeated mono-culture of PA for 21 days. KPPA, repeated co-culture of PA
and KP for 21 days. Data shown are the mean values =SD of three independent experiments.
Statistical significance by two-tailed unpaired t-test is indicated: **P < 0.01, ***P<0.001.
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Supplementary Figure 14. Expression of hcpl gene of PA in the inner and outer regions of mixed
PA-KP macrocolony (according to Figure 6A-C) as determined by quantitative PCR. Data shown
are the mean values = SD of three independent experiments. Statistical significance by two-tailed
unpaired t-test is indicated: **P < 0.01.
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Supplementary Figure 15. FleQ dominates the directional transmission of PA to neighboring KP

(48 h). (A) Left, KP; right, wild type PA. (B) Left, KP; right, PA-AfleQ. (C) Left, KP; right, PA-
comAfleQ. Black arrow indicates the presence and absence of PA on the surface of KP macrocolonies.
Scale bar, 1 cm.
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Supplementary Table 1. Strains and plasmids used in this study.

Strains or plasmids

Description

Reference

Plasmids
pRU1103
pAK1900
pMQ70
pAK1900lasR
pAK1900rhIR
pMQ70fleQ
pAK1900hcpl
pMQ70clpV1
Strains

P. aeruginosa
PA
PA-mCherry
SWM2
SWM21
AlasR
comdlasR
ArhiR
comArhiR
AfleQ
AfleQ+fleQ
Ahepl
Ahepl+hepl
AclpV1
AclpVI1+clpVl
K. pneumoniae
KP

KP-GFP

S. aureus

SA

Other strains
Corynebacterium argentoratense
Escherichia coli

Gm"®, broad-host-range vector for G~ bacteria
Amp", shuttle vector

Amp"®, shuttle vector

pAK1900 plasmid with lasR

pAK1900 plasmid with rhIR

pMQ70 plasmid with fleQ

pAK1900 plasmid with hcpl

pMQ70 plasmid with clpV1

Wild type PAO1

PAOL harbors pMMR express mCherry

Wild type PA from COPD patient

LasR mutant PA from COPD patient

Clean deletion of lasR in PAO1

PAO1-4lasR carrying plasmid pAK1900lasR
Clean deletion of rhIR in PAO1

PAOL-ArhiR carrying plasmid pAK1900rhIR
PAOL containing a transposon insertion
PAO1-AfleQ carrying plasmid pMQ70fleQ
PAO1 containing a transposon insertion
PAO1-Ahcpl carrying plasmid pAK1900hcpl
PAOL containing a transposon insertion
PAO1-AclpVI carrying plasmid pMQ70clpV1

K. pneumoniae ATCC 700603 carrying
KP harbors pMMG express GFP

S. aureus ATCC 25923

Isolated from COPD patient
Isolated from COPD patient

Karunakaran et al., 2005
Deng et al., 2013
Shanks et al., 2006
Deng et al., 2013

This study

This study

This study

This study

Zhao et al., 2014
Popat et al., 2012
This study

This study

Zhao et al., 2014
Deng et al., 2013
Wilder et al., 2011
This study

Jacobs et al., 2003
This study

Jacobs et al., 2003
This study

Jacobs et al., 2003
This study

This study
This study

ATCC

This study
This study
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Supplementary Table 2. Primers used in this study.

Primers Sequence (5’ to 3°)

RhIR-F CCCAAGCTTGTGCTGGCATAACAGATAGGGT
RhIR-R CGGGGTACCGTCGGAGGACATACCAGCACA
FleQ-F CGGGGTACCATGGCTTTGTGCCGTTACTT
FleQ-R CCCAAGCTTGAAAATCAAAGCGTTGCGAA
Hcpl-F CCCAAGCTTATGGCTGTTGATATGTTCATC
Hcpl-R CGGGGTACCTCAGGCCTGCACGTTCTGGC
ClpV1-F CGGGGTACCATGAGTGAGATCAGTCGCGTT
ClpV1-R CCCAAGCTTCCTTCTACTGCTCTGCGTGTC

16Swhole-M13F
16Swhole-M13R
LasRwhole-F
LasRwhole-R
LasRrt-F
LasRrt-R
LasBrt-F
LasBrt-R
RhIRrt-F
RhIRrt-R
RhlArt-F
RhlArt-R
FlgBrt-F
FlgBrt-R
FlgCrt-F
FlgCrt-R
FlgDrt-F
FlgDrt-R
Hecplrt-F
Hcplrt-R
16Srt-F
16Srt-R

TGTAAAACGACGGCCAGTAGAGTTTGATCCTGGCTCAG
CAGGAAACAGCTATGACAAGGAGGTGATCCAGCCGCA
ACGCTGCGGTCTATTGTTA
ATCTCGCCCAGCAGTTTT
CTTCATCGTCGGCAACTAC
GTCTGGTAGATGGACGGTTC
ATCGGCTACGACATCAAGAAGG
CCGCTGTTGTAGTTGCTGGTG
GCTCCTCGGAAATGGTGGT
GGAAAGCACGCTGAGCAAAT
AACGAGACCGTCGGCAAATA
GCTCCAGGCAAGCCAAGTAG
CGACAGAGCACTCGGTATCCA
AAGGTGAAGGACGCCTGGAA
GCCAACGGCTACGTGTATTACC
ATCTGTTTGGCGGTATTCATCA
AGTTGAAGAACCAGGACCCGA
CCATGCTCTTGTTCAGCGACT
CAAGACTCACGCCGAGGAAA
TTCGCCTGCGGATAGTGCT
GGACGGGTGAGTAATGCCTA
CGTAGGAGTCTGGACCGTGT
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Supplementary Table 3. Characterization of lasR mutants of P. aeruginosa during in vitro evolution.

Variants Cycle  Mutation® Change® Protease’
PA*

lasR1 14 C—T (+675) Val— Ile -
lasR2 28 G—A (+541) Glu — Lys -
lasR3 28 G—C (+127) Asp — His -
Mixture®

lasR4 21 G—A (1+541) Glu — Lys -
lasR5 28 T—C (+155) Ile — Thr -
PASA®

lasR6 21 G—C (+127) Asp — His -
PAKP’

lasR7 21 G—A (1+541) Glu — Lys -
AlasR N/A Deletion N/A -
WT PAO1 N/A None N/A +

N/A, not applicable.

! Sites of nucleotide mutation relative to translational start site of the P. aeruginosa lasR gene.
2 Amino acid changes relative to the LasR protein sequence of P. aeruginosa.

® “+ indicates the presence and ‘— indicates the absence of a halo on M9-casein (0.5%) plates.
* Evolution of mono-cultured P. aeruginosa.

® Evolution of co-cultured P. aeruginosa, S. aureus, and K. pneumonia.

® Evolution of co-cultured P. aeruginosa and S. aureus.

" Evolution of co-cultured P. aeruginosa and K. pneumonia.

19



Supplementary Material

Supplementary Tables

Supplementary Dataset 1. Differentially expressed QS-regulated genes of P. aeruginosa between
mono-culture of 1 and 21 days. FDR<0.05.

Supplementary Dataset 2. Differentially expressed genes of P. aeruginosa between mono-culture
and co-culture with K. pneumoniae and S. aureus for 21 days. FDR<0.05.

Supplementary Dataset 3. Differentially expressed genes of P. aeruginosa between different culture
conditions. 3 Mixture, co-culture of P. aeruginosa, K. pneumoniae and S. aureus for 21 days. PASA,
co-culture of P. aeruginosa and S. aureus for 21 days. FDR<0.05.

Supplementary Dataset 4. Differentially expressed genes of P. aeruginosa between different culture
conditions. 3 Mixture, co-culture of P. aeruginosa, K. pneumoniae and S. aureus for 21 days. PAKP,
co-culture of P. aeruginosa and K. pneumoniae for 21 days. FDR<0.05.

Supplementary Dataset 5. Differentially expressed genes of P. aeruginosa between mono-culture
and co-culture with S. aureus for 21 days.

Supplementary Dataset 6. Differentially expressed genes of P. aeruginosa between mono-culture
and co-culture with K. pneumoniae after 21 days. FDR<0.05.

Supplementary Dataset 7. Expression of flagellar genes when P. aeruginosa was cultured under
different culture conditions.

Supplementary Dataset 8. Expression of T6SS-related genes when P. aeruginosa was cultured
under different culture conditions.

Supplementary Dataset 9. Differentially expressed genes of P. aeruginosa between mono-culture
and co-culture with K. pneumoniae after 1 day.
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