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The peptidoglycan (PG):  
A major bacterial cell wall component 

LPS 

porin lipoprotein 
LTA TA & capsule 

Gram - Gram + 

Peptidoglycan 

LPXTG 
protein 

  Essential for cell integrity 

  Major determinant of cell morphology 

  Major target of different classes of antibiotics 

  Important role in virulence 
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PG 
a key component of bacterial physiology 
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  Asymptomatic carriage : 5 to 20 % of human population 

  Occasionnally invasive : 
 - septicemia 
 - meningitis 

Nasopharynx 

Introduction : Neisseria meningitidis 
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 reduced susceptibility to penicillin G (Pen I) → 0.125 ≤ MIC ≤ 1 µg/ml 

 resistant to penicillin G (Pen R) → MIC > 1 µg/ml 

•  So far no strains isolated 

Why doesn’t meningococci develop resistance to penicillin G?  

• First isolation  in 1985 in Spain 
   in 1994 in France 

• Variable prevalence worldwide 

Frequency in France 



Nm PenS 

Nm PenI 

Highly related 
 penA alleles 

Various 
penA alleles 

High degree of polymorphism in the penA gene correlated with 
reduced susceptibility to penicillin G 

• Combinaison of 3 restriction profiles 
→ definition of penA alleles: 
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PBP2 modifications are required for the 
 PenI phenotype in N. meningitidis 

VLLPVSFEKQAVAPQGKRIFKESTAREVRNLMVSVTEPGGTGTAGAVDGFDVGAKTGTARKFVNGRYADNKHI 
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PG modifications in PenI meningococcal strain 

• Increase in muropeptides carrying pentapeptide chains directly 
related to the eight aa substitutions 
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Nod2 

Nod1 

Distinct roles of the NOD proteins 
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PenI strains have normal growth and morphology 
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Impaired inflammatory response of epithelial 
cells to PenI strains 

Zarantonelli et al. 2013. Cell Host Microbe. 3(6):735-45. 
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Effects	  of	  TLR4	  and	  Nod1	  silencing	  in	  
epithelial	  cells	  
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Animal	  model	  for	  meningococcal	  virulence	  
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Impaired virulence of PenI strains 
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Impaired virulence of PenI strains 

Zarantonelli et al. 2013. Cell Host Microbe. 3(6):735-45. 
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Comparative virulence of PenS and PenI meningococcal 
isolates belonging to the ST11 clonal complex 

P = 0,006 

P = <0,0001 

P = 0,0036 

P = 0,0012 

Zarantonelli et al. 2013. Cell Host Microbe. 3(6):735-45. 
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Antre 

Fundus 

Duodénum 

Pylore 

Duodenal ulcer (9 %) 

MALT Lymphoma 
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Therapy used against Helicobacter pylori	


Tritherapy:	

-a proton pump inhibitor	

-plus a combination of two antibiotics out of clarithromycin, 
metronidazole and amoxicillin	


Emergence of resistance:	

Resistance to clarithromycin (~20%) and metronidazole (~40%)	


Resistance to amoxicillin is still sporadic (<1%)	




Aims of the study	


•  Evaluate the degree of natural variations of amoxicillin targets 	


•  Anticipate the emergence of amoxicillin resistance	


Rational for the strain selection	


•  70% of the Portuguese population carries H. pylori	


•  High rate of self-medication with antibiotics	


•  A highly homogeneous human population	




Three penicillin-binding proteins in H. pylori	


High Molecular Weight (HMW) class A:	
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Results 
Amoxicillin susceptibility 
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Results 

• pbp1 gene: 5 distinct RFLP profiles for HindIII  
 4 for HaeIII 

• pbp2 gene:  4 distinct RFLP profiles for HindIII 
  2 for HaeIII 

• pbp3 gene:  2 distinct RFLP profiles for HindIII 
  4 for HaeIII 

 Sequencing of the pbp1, pbp2 and pbp3 genes of 
representatives of each RFLP profile among the 
highly susceptible strains (MIC≤0,016 µgml) 
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a  Paul et al. Antimicrobial Agents Chemotherp. 2001. ; Gerrits et al. Antimicrobial Agents Chemotherp. 2002.	

b Kwon et al. Antimicrobial Agents Chemotherp. 2003.	


substitutions unique to AmI or 
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pbp1 site directed mutagenesis	
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Site directed mutagenesis of pbp1	
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substitutions unique to AmI or 
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Impact of S414R/ N562Y mutations in vivo  



Conclusions 

2 - pbp1 mutations unique to AmI or AmR strains do not confer 
reduced susceptibility or resistance to amoxicillin 

3 - some pbp1 mutations unique to AmR strains are essential 
for amoxicillin susceptible H. pylori strains either in vitro or in 
vivo 

Hypothesis 
PBP mediated resistance to amoxicillin carries a 
high biological cost for H. pylori 

Perspectives 

Study PBP1 polymorphisms of ancient HpAfrica2 
strains  



hpEastAsia 

Linz et al., Nature 2007 
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Mechanism	  of	  the	  biological	  cost	  
Motility	  	  
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In	  vivo	  fitness	  of	  PenS	  vs	  PenI	  
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Category Term Count % PValue 

GOTERM_B
P_FAT 

GO:
0006952~defen
se response 61 10.15 3.57E-22 

GOTERM_B
P_FAT 

GO:
0006954~infla
mmatory 
response 40 6.7 1.29E-18 

 Zscore -2.3 

Viral-mediated down-regulation of TLR4 
and immune supression 

Zarantonelli et al.unpublished 


