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Characterization of a beta-lactamase from
Bacteroidetes bacteria found in Escherichia coli
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Is the intestinal microbiota a 
reservoir of antibiotic resistance 
genes for pathogenic bacteria?



Intestinal bacteria harbor a vast diversity of antibiotic resistance genes (ARG)

▪ N=6095 ARG predicted (0.2% of 3.9

million gene catalogue)

▪ More diversity than in pathogenic

bacteria

▪ Average 1377 ARG per subject (min.

258, max. 2367)

▪ Low identity with known ARG (mean

29.8% amino-acid identity)

▪ Present in the main gut phyla

▪ Mostly chromosomal

▪ Interphyla transfers?

4Ruppé, Ghozlane, Tap et al. Nat Microbiol 4, 112–123 (2019).
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Transfer of antibiotic resistance genes: a phylum barrier?

▪ Firmicutes: example of glycopeptide resistance genes shared between Clostridium (commensal species) 

and Enterococcus (opportunistic pathogen)1

▪ Proteobacteria (Enterobacterales, Pseudomonas aeruginosa, Acinetobacter baumannii): resistance genes

come from environmental proteobacteria2. 

▪ But exceptions exist!

1. Stinear, T.P., et al. Lancet 357, 855–856 (2001); 2. Ebmeyer, S., et al. Communications Biology 4, 1–

10 (2021)

Plasmid-endoded cephalosporinases 

originate from Enterobacterales and 

Aeromonas

tet(X) originates from

Sphingobacterium (Bacteroidetes)



Is the phylum barrier insurmountable for ARG? 

Bacteroidetes
1011 CFU/g feces

Proteobacteria
108 CFU/g feces

Image: Games of Throne/HBO
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The resistome of Escherichia coli: 
unexpected findings
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Analysis of the resistome of E. coli

Petitjean, M., et al, E. Microb Genom 7, (2021).

Marie Petitjean

▪ 70k genomes of E. coli (Enterobase)

▪ 4 putative ARG from non-Proteobacteria
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ERTAPENEM TICARCILLIN AMPICILLIN

CEFTAZIDIME CO-AMOXICLAV CEFOTAXIMEFOSFOMYCIN

NALIDIXIC ACID CEFEPIME IMIPENEMLEVOFLOXACIN

AMIKACIN COTRIMOXAZOLE NITROFURANTOINGENTAMICIN

PIPERACILLIN

TAZOBACTAM
PIPERACILLIN CEFOXITIN

AZTREONAM
TICARCILLIN

CLAVULANATE
CEFUROXIMEMEROPENEM

TOBRAMYCIN NETILMICINTIGECYCLINE

CIPROFLOXACIN COLISTIN TRIMETHOPRIMLEVOFLOXACIN

CEFALEXIN

Disk diffusion testing: a typical ESBL phenotype? 

Strain (wound swab) provided from Prof. Alexander Mellmann (University of Münster, Germany)

Mellmann, A. et al. J. Clin. Microbiol. 54, 2874–2881 (2016).
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ARG content

ARG Family ARG name Description Resistance to 

ANT aadA5 ANT(3'')-Ia family aminoglycoside nucleotidyltransferase AadA5 Aminoglycosides

APH aph(3'')-Ib aminoglycoside O-phosphotransferase APH(3'')-Ib Aminoglycosides

APH aph(6)-Id aminoglycoside O-phosphotransferase APH(6)-Id Aminoglycosides

APH aph(3')-Ia aminoglycoside O-phosphotransferase APH(3')-Ia Aminoglycosides

Cat catA1 type A-1 chloramphenicol O-acetyltransferase Chloramphenicol

Class A beta-lactamase bla TEM-1 class A broad-spectrum beta-lactamase TEM-1 Beta-lactams

Class C beta-lactamase bla EC BlaEC family class C beta-lactamase Beta-lactams

Dfr dfrA17 trimethoprim-resistant dihydrofolate reductase DfrA17 Trimethoprim

Mph mph(A) Mph(A) family macrolide 2'-phosphotransferase Macrolides

Sul sul1 sulfonamide-resistant dihydropteroate synthase Sul1 Sulphonamides

Sul sul2 Sulfonamide-resistant dihydropteroate synthase Sul2 Sulphonamides

Tet efflux tet(B) tetracycline efflux MFS transporter Tet(B) Tetracyclines
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Determination of minimal inhibitory concentrations (MIC)

Clinical strain TOP10 (pBLA-x) TOP10

Amoxicillin > 256 > 256 4

Amoxicillin + clavulanic acid 4 4 4

Piperacillin > 256 > 256 2

Piperacillin + tazobactam 4 4 2

Temocillin 256 256 4

Cefuroxime > 256 > 256 0.5

Ceftriaxone 16 16 0.12

Cefotaxime 4 2 0.12

Ceftazidime > 256 > 256 0.25

Ceftazidime + avibactam 0.06 0.03 0.25

Cefepime 4 2 0.06

Ceftolozane + tazobactam 0.06 0.06 0.06

Aztreonam > 256 > 256 0.03

Imipenem 0.25 0.25 0.25

Meropenem 0.03 0.03 0.03

Ertapenem 0.03 0.03 0.03

Beta-lactam
MIC (µg/mL) for Escherichia coli



Beta-lactam Kcat (s
-1

) Km  (µM) Kcat /Km  (µM
-1

s
-1

) Ki  (µM)

Penicillin G 210 95 2.2

Ampicillin 290 280 1

Ticarcillin < 0.01 ND ND 0.0036

Piperacillin < 0.01 ND ND 0.0072

Cephalothin 30 15 2

Cefepime < 0.01 ND ND

Cefotaxime < 0.01 ND ND

Ceftazidime < 0.01 ND ND 0.58

Imipenem < 0.01 ND ND 0.0013

Meropenem < 0.01 ND ND 0.019

Ertapenem < 0.01 ND ND 0.017

Aztreonam 2 45 0.04

12

Enzymatic characterization

IC50 (nM)

Clavulanic acid Tazobactam Avibactam

BLA-x 0.32 0.8 3.8

Beta-lactamase
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▪ Genome sequencing by Illumina MiniSeq and Nanopore MinION

▪ Identification of 2 copies of a beta-lactamase encoding gene from Bacteroides sp.

▪ Chromosomal location, 7600bp genomic island

Genomic characterization

Marie Petitjean

Plasmid replication protein

DNA primase

DNA helicase

Hypothetical protein

Beta-lactamase

Hypothetical protein
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Origin of the gene

Search for 7600 bp contig in RefSeq database: 

- Hits in Bacteroides (B. uniformis (n=4), B. vulgatus (n=6), B. caccae (n=3), B. eggerthii (n=3), B. 

salyersiae (n=3), B. stercoris (n=3) and B. fragilis (n=2)

- But also in Parabacteroides distasonis (n=2) and Prevotellamassilia timonensis (n=1)
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In conclusion
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Discussion

▪ 1st (?) identification of bla from intestinal Bacteroidetes to Proteobacteria (E. coli)

▪ Transfer from Bacteroidetes to E. coli most likely, or shared reservoir?

▪ Atypical phenotype (resistance to aztreonam and temocillin)

▪ Mechanism of transfer?

▪ Limited success, impact on fitness?
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Etienne Ruppé
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