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Mutations in: 
• genes encoding 23S rRNA and L4 / L22 proteins in all lineages 
• upstream region of lpp2879-2880 in 2 lineages 



Piddock et al., 2006 

Operon lpp2879-2880, an homolog to Escherichia coli acrAB 

AcrAB: 2 proteins of a tripartite efflux pump (AcrAB-TolC) 

lpp2879-2880, two genes of putative efflux pump 

AcrAB-TolC-like efflux pumps: 
• Widely distributed among Gram-negative bacteria 
• Strongly involved in resistance to toxic components: 

o dyes (e.g. methylen blue) 
o biliary salts 
o antimicrobial peptides 
o antibiotics (e.g. fluoroquinolones, macrolides) 
o … 

Role of lpp2879-2880 in L. pneumophila resistance to macrolides ? 
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Evaluation of their susceptibility to macrolides 
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Role of lpp2879-2880 in L. pneumophila  
resistance to macrolides 

Minimum inhibitory concentrations (MICs) in liquid medium 
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Minimum inhibitory concentrations (MICs) in liquid medium 

Role of Lpp2879-2880 in L. pneumophila  
macrolide resistance 
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Role of lpp2879-2880 in L. pneumophila  
specific resistance to macrolides 



Lpp2879-2880 specific of clones (ST1) 

in the genome of: 

Distribution of lpp2879-2880  
in L. pneumophila strains 
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Screening for lpp2879-2880 



Role of lpp2879-2880  
in azithromycin decreased susceptibility 
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Role of lpp2879-2880  
in azithromycin decreased susceptibility 

Distribution of the 109 clinical strains 
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Same observation by Mallegol et al., 2014  
 no resistance mechanism identified 

 azithromycin susceptibility 
due to lpp2879-2880 



Impact of the mutations  
in the upstream region of lpp2879-2880 

lpp2879 
cspC lpp2880 

lpp2881 

3280794 3281861 3284910 

GTG T CA 

RBS Promoter 
-33 -42 -8 

A GG 
A mutation adjacent 
to the promoter  
in 1 selected lineage 

A double substitution in 
the ribosome binding site 
in 1 selected lineage 

Impact of these mutations on the putative efflux pump expression ? 

Start codon 



Reporter: gene encoding green fluorescent protein (GFP) 

WT upstream 
region 

• Construction of 4 plasmids: 

• Evaluation of GFP expression (fluorescence) 

Translational fusion experiments 
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• Transformation of L. pneumophila reference strain Paris 
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Same observations with azithromycin  
     with the mutations in the upstream region of lpp2879-2880 
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Role of lpp2879-2880 in L. pneumophila resistance to macrolides 

Conclusions and take home messages 

In L. pneumophila endemic strain ST1: 
• Lpp2879-2880   azithromycin susceptibility  
• Exposition to macrolides   Lpp2879-2880 synthesis 
          protection mechanism ? 

In L. pneumophila selected in vitro, highly resistant to macrolides: 
• Mutations in lpp2879-2880 promoter or RBS  
   Lpp2879-2880 synthesis 
   macrolide resistance in addition to mechanisms of 
 macrolide high-level resistance (mutations in 23S rRNA or  L4 / L22) 
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