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Déclaration d’intérêts de 2014 à 2019 

Intérêts financiers : Aucun 

 

Liens durables ou permanents : Pathoquest, MaaT Pharma, Illumina, DaVolterra 

 

Interventions ponctuelles : Correvio, MSD, Mobidiag 

 

Intérêts indirects : fonds recherche bioMérieux 



21es JNI, Poitiers du 9 au 11 septembre 2020 

What is an antibiotic  resistance gene (ARG)? 

Martínez, J.L., Coque, T.M. & Baquero, F. Nat. Rev. Microbiol. (2015) 3 
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“From an operational perspective, an 

antibiotic resistance gene confers  

resistance to antibiotics when it is 

present or when it increases 

susceptibility to antibiotics when it is 

absent”. 

Not considered as ARGs: gene(s), 

which, when mutated, cause a 

decrease in the susceptibility to at least 

one antibiotic (e.g. mutated DNA 

gyrases cause fluroquinolone 

resistance) 
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What does the « resistome » refer to?  

4 

The antibiotic resistome is the collection of all the antibiotic resistance genes, including 

those usually associated with pathogenic bacteria isolated in the clinics, non-pathogenic 

antibiotic producing bacteria and all other resistance genes. 
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Why now? 

5 

 Before 2010: ARG detection by 

targeted PCR 

 Low throughput 

 Only found what you know 

 New ARGs: cloning experiments 
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The next-generation sequencing era (>2010) 

6 Credits: kknews.cc/ 



21es JNI, Poitiers du 9 au 11 septembre 2020 

How to deal with sequencing data? 

7 URL http://teachthemicrobiome.weebly.com/sequencing-the-microbiome.html). 

(assembly) or to detect the presence of genes 

(e.g. ARG) (mapping) 
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There are plenty ARG databases to play with 

8 Adapted from Xavier, B. B. et al. J. Clin. Microbiol. 54, 851–859 (2016). 

Culturable and/or 

pathogenic bacteria. 

 

Typically thousands of 

alleles/hundreds of 

genes. 
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The « resistome » at the strain level 

9 Poirel, L. et al. Antimicrob Agents Chemother 55, 4224–4229 (2011). 
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The « resistome » at the strain level 

10 

Inference of susceptibility 

(next talk) 

(spoiler:it works!) 

Unexplained phenotype: underlying 

mechanisms? 
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The « resistome » at the species level 

Petitjean, M. et al. In preparation.   
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High-throughput screening brings surprises 

Identification of a beta-lactamase from 

Bacteroides uniformis in E. coli o_O 

 

Typical ESBL phenotype 

 

Petitjean, M. et al. In preparation.   
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The intestinal microbiota 

13 

Woerther, P.-L. et al. Int. J. Antimicrob. Agents (2018).  

1.Huge number of bacterial 

cells (3.8x1013), pathogens 

are subdominant 

2.Great diversity (estimated 

hundreds of species) 

3.Mostly un(hardly)culturable 

bacteria 
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Metagenomic sequencing lacks sensitivity 

Anaerobic bacteria 

Enterobacterales and 
enterococci 

Multidrug-
resistant bacteria 
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The intestinal resistome 

15 

Only a few hundreds of ARGs among millions of genes? 

> Issue of the ARG database (ARGB not curated) 

> Issue of the searching method 

Colonne1 Forslund, K. et al Ghosh, TS. Et al Hu, Y. et al.

Journal Genome Research Plos One Nature Communications

Published in 2013 2013 2013

N individuals 252 257 162

Origin of individuals American, Danish, Spanish American, Danish, 

French, Italian, Japanese, 

Spanish, Indian, Chinese

Danish, Spanish, Chinese

ARD reference database ARDB (enriched in-house) ARDB ARDB

Search algorithm Blastn Blastx Blastp

N unique ARDs (>95%) 100 157 156

Beta-lactamases TEM, SHV, AmpC_E. coli, 

CCRA, CBLA, CFXA, CEPA

TEM, LEN, SHV, OXY,CTX-

M, CFXA, CBLA,  CEPA, 

AmpC_E. coli, CMY-2

KPC, ROB, TEM, CTX-M, OXY, 

PER, SHV, CARB, PSE, LCR, OXA-

1, OXA, SME, L1, IMP

Forslund, K. et al. Genome Res. 23, 1163–1169 (2013); Ghosh, T. S., PLoS ONE 8, e83823 

(2013); Hu, Y. et al. Nat Commun 4, 2151 (2013). 
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Effects of a short high exposure to antibiotics on the intestinal 

microbiota  

16 

12 healthy volunteers, 4 day-course of meropenem, 

vancomycin and colistin. 

Palleja, A. et al. Nature Microbiology (2018). 



21es JNI, Poitiers du 9 au 11 septembre 2020 

12 healthy volunteers, 4 day-course of meropenem, 

vancomycin and colistin. 

Palleja, A. et al. Nature Microbiology (2018). 

Effects of a short high exposure to antibiotics on the 

resistome  

17 
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Functional metagenomics 



21es JNI, Poitiers du 9 au 11 septembre 2020 Sommer, M.O., et al. Science 325, 1128-1131 (2009). 

Non-culturable  under the radar Culturable  ARG databases 

19 

Functional metagenomics 
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ARGs from culturable bacteria 

Other ARGs 

20 

The expected iceberg thing 
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PER-1 and CTX-M-15 do not share more than 21% identity in aminoacid (1-dimension) 

1 15710 20 30 40 50 60 70 80 90 100 110 120 130 140(1)

MVKKSLRQFTLMATATVTLLLGSVPLYAQTADVQQKLAELERQSGGRLGVALINTADNSQILYRADERFAMCSTSKVMAAAAVLKKSESEPNLLNQRVEIKKSDLVN--YNPIAEKHVN--GTMSLAELSAAALQYSDNVAMNKLIAHVGGPASVTACTX_M_15_JQ686199 (1)

--MNVIIKAVVTASTLLMVSFSSFETSAQSPLLKEQIESIVIGKKATVGVAVWGPDDLEPLLINPFEKFPMQSVFKLHLAMLVLHQVDQGKLDLNQTVIVNRAKVLQNTWAPIMKAYQGDEFSVPVQQLLQYSVSHSDNVACDLLFELVGGPAALHDPER_1_EF5356 (1)

     I    L AS  L L   S    AQS  L   I  I     A LGVAL    D   IL    EKF M S  KL  A  VL   D     LNQ V I KA LLN  W PI   H     SM L  L   AL HSDNVA   L   VGGPAAL  Consensus (1)

But they do share a high homology in 3-dimensions! 

CTX-M-15 PER-1 Alignement of CTX-M-15 and PER-1 

(TMscore > 0.9) 

Leveraging the protein structure to find ARG 
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6,095 ARGs in a 3,9M protein catalogue 

Mostly distant from known ARG 

Mostly chromosomal 

 

Beneficial?? 

 

The intestinal resistome 
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Positive link between gene 

richness and the abundance 

of ARG 

MetaHIT subjects 

No ATB exposure  

(n=662) 

EvoTAR subjects 

No ATB exposure 

(n=44) 

Could ARG be good to us? 
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The more intestinal beta-

lactamases, the more the 

gut is protected from beta-

lactams  

Léonard, F. et al. J. Infect. Dis. 160, 274–280 (1989). 

Could ARG be good to us? 
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MICROBIOTA 



21es JNI, Poitiers du 9 au 11 septembre 2020 26 Kokai-Kun, J.F. et al. Lancet Infect Dis 9, 487–496 (2019). 

P1A beta-lactamase from Bacillus subtilis and its derivative 

P3A manufactured in E. coli (Asp276Asn): Ribaxamase 

Oral beta-lactamase prevents from C. difficile infection 
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The resistome is the 

census of ARGs in a 

given sample 

(strain/environment/

microbiota) 

Exciting times!!! 

The resistome of culturable/pathogenic 

bacteria is well-characterized and can 

be used in diagnostic 

But knowledge on the other 

resistomes is lacking 

We need to identify and 

phenotypically 

characterize ARGs outside 

culturable bacteria 

Not all ARGs are 

bad! 

Take-home messages 
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Happy to take questions! 

etienne.ruppe@inserm.fr 


