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Fig. S1 (overleaf). Heat map of proteins depleted or enriched in ∆lvbR and ∆lqsR biofilms 

compared to JR32. 

Comparative proteomics was performed with biofilms formed by L. pneumophila JR32, 

ΔlvbR or ΔlqsR. In the heat map all proteins are shown that are depleted or enriched in mutant 

biofilms (for details see Materials and Methods). Biofilm bacteria were harvested by 

centrifugation and supernatants (designated “s”, extracellular) and cell pellets (designated “p”, 

intracellular) were analyzed separately. The proteins are listed by ascending Lpg numbers. 

The color code indicates the level of regulation: the darker the color the stronger the 

corresponding gene is regulated (red: depleted proteins, max. 2-5; blue: accumulated proteins, 

max. 27.4). Boxes highlight regions of interest, which are further discussed. “NaN”: not a 

number. 

 

 

 

 

 

 

 

 

Fig. S2 (overleaf). Biofilm formation and quantification of L. pneumophila strains. 

(A) Biofilms were initiated with exponential phase L. pneumophila ∆lqsS, ∆lqsT or ∆lqsS-

∆lqsT mutant strains harboring pNT28 (constitutive production of GFP) in AYE medium 

within ibiTreat microscopy dishes. Biofilms were grown at 25°C without mechanical 

disturbance and confocal microcopy images of biofilm architecture were acquired at 4 µm 

above dish bottom after 1, 2, 3 and 6 days of growth. The images shown are representative of 

at least two independent experiments. Scale bars, 30 μm. (B, C) Quantification of L. 

pneumophila biofilms grown for 6 days. (B) Pseudocolor graph (GFP intensity vs. FSC) 

depicting the gate for GFP-producing L. pneumophila (identified by fluorescence) and the 

beads population (identified by SSC vs. FSC). (C) Means and standard deviation (bacteria/ml) 

of biological triplicates from 100’000 events of each biofilm suspension (differences between 

wild-type and mutant L. pneumophila are statistically not significant). 
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Figure S2 
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Figure S3 
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Fig. S3 (overleaf). Surface adherence of biofilms formed by L. pneumophila JR32 and mutant 

strains. 

Biofilms were initiated with exponential phase L. pneumophila JR32, ∆lvbR, ∆lqsR, ∆lqsA, 

∆lqsS, ∆lqsT, ∆lqsS-∆lqsT, ∆flaA or ∆icmT mutant strains harboring pNT28 (constitutive 

production of GFP) in AYE medium within ibiTreat microscopy dishes. Biofilms were grown 

at 25°C without mechanical disturbance and confocal microcopy images of biofilm 

attachments were acquired at the dish bottom (0 µm) after 1, 2, 3 and 6 days of growth. The 

images shown are representative of at least two independent experiments. Scale bars, 10 μm. 

 

 

 

 

 

 

 

 

 

 

Fig. S4 (overleaf). L. pneumophila cluster formation on A. castellanii in JR32 or mutant strain 

biofilms. 

Biofilms of (A) L. pneumophila JR32, ∆lvbR, ∆lqsR, ∆lqsA, ∆flaA or ∆icmT mutant strains 

harboring pNT28 (constitutive production of GFP), or (B, C) strain JR32 harboring pNT28 

were grown for 6 days in AYE medium at 25°C, and A. castellanii was added to preformed 

biofilms. Bacterial adherence and cluster formation were monitored by confocal microscopy 

(A, B) ca. 4 μm above or (C) at the dish bottom (“clusters”: arrow heads, “trails”: arrows). (D, 

E) Biofilms of L. pneumophila JR32 or ∆flaA mutant strains constitutively producing GFP 

(pNT28) or GFP and FlaA under control of its promoter (∆flaA/+flaA, pSB001) were grown 

for 6 days in AYE medium at 25°C, and A. castellanii was added to preformed biofilms. 

Confocal microscopy images of (D) overview and (E) zoom-in of L. pneumophila adherence 

and cluster formation on amoebae. The images shown are representative of three independent 

experiments. Scale bars, 30 μm. 
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Figure S4 
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Figure S5 

 

 

 

 

Fig. S5. Quantification of amoeba-associated L. pneumophila clusters by flow cytometry. 

Quantification by flow cytometry (forward scatter area, FSC-A, vs. fluorescence intensity) 

using FlowJo software of (A) L. pneumophila strain JR32 or A. castellanii, (B) amoebae-

associated or non-associated, GFP-positive L. pneumophila (JR32, ∆lvbR, ∆lqsR, ∆lqsA, 

∆flaA or ∆icmT harboring pNT28) (protocol #1, see Material and Methods), or (C) non-

associated, GFP-positive L. pneumophila JR32 harboring promoter expression reporters (PflaA, 

P6SRNA, PsidC, PsidF, or PcsrA) (protocol #2, see Material and Methods).  
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Figure S6 

 

 

Fig. S6. Competition of mCherry-producing L. pneumophila JR32 and GFP-producing mutant 

strains for cluster formation on amoebae. 

Biofilm formation was initiated with a 1:1 ratio of exponential phase mCherry-producing L. 

pneumophila JR32 (pNP102) and GFP-producing JR32 or mutant strains (pNT28). Biofilms 

were grown in AYE medium within ibiTreat microscopy dishes at 25°C for 6 days. A. 

castellanii were added to preformed biofilms, and amoebae with adherent bacterial clusters 

were monitored by confocal microcopy above the dish bottom. The images shown are 

representative of at least two independent experiments. Scale bars, 30 μm.  
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Figure S7 

 

 

Fig. S7. Gene expression kinetics of L. pneumophila JR32 in AYE broth using single 

promoter reporters. 

L. pneumophila JR32 harboring (A) PflaA-gfp (pCM009), (B) P6SRNA-gfp (pRH049), (C) PsidC-

gfp (pRH035), (D) PralF-gfp (pRH032) or (E) PcsrA-gfp (pRH031) reporter constructs were 

grown at 37°C in AYE medium in microplates while orbitally shaking. GFP fluorescence 

(relative fluorescence units, RFU) at a gain of 50 and optical density at 600 nm (OD600) were 

monitored over time using a microplate reader. The kinetics of the GFP fluorescence or OD600 

values are shown and depicted by the left or right y-axis, respectively. The data are means and 

standard deviations of technical triplicates and representative of three independent 

measurements. 
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Figure S8 
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Fig. S8 (overleaf). Gene expression kinetics of L. pneumophila JR32 in AYE broth and in 

amoeba-adherent bacteria in biofilms using dual promoter reporters. 

L. pneumophila JR32 harboring (A) PflaA-gfp (pSN7) or (B) P6SRNA-gfp (pSN25) reporter 

constructs were grown at 37°C in AYE medium within microplates while orbitally shaking. 

GFP fluorescence (relative fluorescence units, RFU) at a gain of 50 and optical density at 600 

nm (OD600) were monitored over time using a microplate reader. The kinetics of the GFP 

fluorescence (left y-axis) or OD600 (right y-axis) values are shown. The data are means and 

standard deviations of technical triplicates and representative of three independent 

measurements. (C, D) Biofilms of L. pneumophila JR32, ∆lvbR or ∆lqsR harboring dual 

reporter plasmids expressing Ptac-mcherry (constitutive) and PflaA-gfp (pSN7) or P6SRNA-gfp 

(pSN25) were grown in AYE medium for 6 days. A. castellanii was added to preformed 

biofilms, and confocal microcopy images of amoebae with adherent bacterial clusters were 

acquired close to the bottom of microscopy dishes. The images shown are representative of 2-

3 independent experiments. Scale bars, 30 μm. 
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Supplementary Table 

 

Table S1. Oligonucleotides used in this study. 

Oligonucleotide Sequence 5' - 3' a Comments 

oRH040 CTTCCAGATGTATGCTCTTCTTTATGAGGC

TGAGTTTTTAG 

PlvbR-lvbR (re) (into BspQI-

site) 

oRH041 CTTGCTGGCGTTCGGGGCGTGCTGATTGGT

CC 

PlvbR-lvbR (fo) (into BspQI-

site) 

oRH128 GGAAACAGAATTCGAGCTCGTCTGGGATT

TATAAAGATAAATTGC 

PcsrA (fo) (into SacI- and 

XbaI-site) 

oRH129 CATATGTATATCTCCTTCTTAAATCTAGAG

ACTAAAATCTCCCTAACATAGC 

PcsrA (re) (into SacI- and 

XbaI-site) 

oRH174 TGATCCGTCGATCGCCCGGGGATCCCTATC

GACCTAACAAAGATAATACAGATTGCG 

PflaA-flaA (fo) (into BamHI-

site) 

oRH175 CCGCATTACGCGTCTCGAGGATCCACCAG

AACATTTAACCCATAAACCTTCC 

PflaA-flaA (re) (into BamHI-

site) 

oRH180 CCGGGCATATGATCGATGGATCCGGTATTC

ATCTTCCTCAAACG 

PralF (fo) (into BamHI- and 

BglII-site) 

oRH182 CCGGGCATATGATCGATGGATCCGTCTGG

GATTTATAAAGATAAATTGC 

PcsrA (fo) (into BamHI- and 

BglII-site) 

oRH210 GTGAAAAGTTCTTCTCCTTTAGATCTTTTC

ATGACTAAAATCTCCCTAACATAGC 

PcsrA (re) (into BamHI- and 

BglII-site) 

oRH211 GTGAAAAGTTCTTCTCCTTTAGATCTTTTC

ATAATCTGCTCCTTTAGTCTGAG 

PralF (re) (into BamHI- and 

BglII-site) 

oRH215 GGAAACAGAATTCGAGCTCCATGGCCTGG

CTCCTCTC 

P6SRNA (fo) (into SacI- and 

XbaI-site) 

oRH216 CATATGTATATCTCCTTCTTAAATCTAGAC

TGGCCTCCAAAATTGTACTGTTG 

P6SRNA (re) (into SacI- and 

XbaI-site) 

oRH217 CCGGGCATATGATCGATGGATCCCGGGAA

CTCAATAAATCAAC 

PsidC (fo) (into BamHI- and 

BglII-site) 

oRH218 GTGAAAAGTTCTTCTCCTTTAGATCTTTTC

ATTTTCTAGTGTCTTGTTTATAAG 

PsidC (re) (into BamHI- and 

BglII-site) 

a Regions overlapping with destination vector are underlined. 


