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Genetics of Resistance
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Mutations as a source of cross-resistance

EXTRACELLULAR MEDIUM
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Wild-type porin Mutated porin

J Infect Dis. 1985 Mar; 151(3):501-7.

Cross-resistance to nalidixic acid, trimethoprim, and chloramphenicol associated
with altarations in aiiter membrane prateing of Klebsiella, Erterobacter, and Serratia
sutmann L, Williamson R, Moreau N, <itzis MD Collatz E, Acar JF, Goldstein FW







RND efflux systems in P. aeruginosa

System

Operon

Antibiotics as substrates

MexAB-OprM
MexXY (OprM)

mexAB-oprM
mexXY

FQ, li-lactam, Tmp, Cmp, Tet, Nov, Ery...
FQ, AG, Fep, Cpo, Cbo, Tet, Ery...

MexCD-Oprl

mex( D-aprl

FQ, Cpo Fep, Tmp, Cmp, Tet, Fry...

MexEF-OprN mexEF-oprN FQ, Tmp, Cmp, Tet *
MexHI-OpmD mexGHI-opmD FQ, Tet
MexJK (OprM) mexJK Tet, Ery
MexMN (OprM) mexMN Cmp
MexPQ-OpmE mexPO FQ, Ery
MexVW (OprM) mexhkW FQ,Cmp, Tet, Ery
CzcBA-OpmN opmN-czeBA T*
TriABC-OpmH triABC 7
YeegMNO-OpmDB vegMNO-opmB ?
FQ: (fluoro)quincloncs; B-lactam (cxccpt imipenem); Tmp: trimethoprime; Cmp: calommphenicol; Tet tetracyeline; Mov: novobiocin;

Ery: ervibromycin; AQ: aminoglvcosides; Fep: cefepime; Cpo: ceipirome; Cho: ceftobiprole; ® imipepem resistance due to ponn OprD

down-regulation

Couwrtesy P. Flésiar




Wild-type phenotype

Courtesy P. Pldsiat




MexAB-OprM mutant

Courtesy P. Piésiat




Enzymatic inactivation of fluoroquinolones:
Bifunctional acetyltransferase : AAC(6')-Ib-cr

- Two substitutions: Trpl02Arg and Aspl179Tyr
- N-acetylation of fluoroquinolones

- Confers reduced susceptibility to aminoglycosides and
fluoroquinolones (MIC of ciprofloxacin increased 3 fold)
(Robicsek et al. Nat Med 2006)
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Co-Resistance
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Co-Resistance

* Plasmid
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Plasmid

Ampicillin R Chloramphenicol

N
O

+ Interspecies transfer - 5- > 500 kb
* Conjugative, non conjugative
mobilisable....
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Biochemical mechanisms of antibiotic resistance and their

genetic determinants
Ceetiefic determinanits
Mecharnism Escamples Mutation Cserte acguisedron
Reduced permeabilicy Aminoglycosides + +
Pro-drug not activared lsoniand +
Active efflux Tetracydine t
I'luoroquinolones +
Alteratton of drug target Lrythromycin +
Fluocroquinolones + +
Rifamopicin + +
Tetracycline +
Inactivation of drug Aminoglycosides +
Chlaramphenicol +
fi-lactams + +
‘By-pass’ inhibited step Sulfonamides +
Trimethoprnim +
Immunity protein Bleomyein 4
Amplificanion of targer Trimethoprim ¢ +
Sulfonamides * +
Sequestration of drug fi-lactams + +




CTX-Ms: hydrolyse du cefotaxime... et de la
ceftazidime

CTX-M-15




% of R strains
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Co-resistance of the CTX-M producers
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Multidrug resistance among Klebsiella spp. collected in an
European survey of K. pneumoniae isolates from ICUs

Resistance

Ceftazidime
Gentamicin
Amikacin

Ciprofloxacin

ESPL ESPL
Positive Negative
(n=110) (n=323)

75 25
72 10
61 4
31 4

CID, 2003,36: S11-23




Co-resistances

ESBL - Bicetre - F.cofi - 2007 (n=71)
% résistance

Gentamicin 39
Tobramycin 51
Amikacin 27
Netilmicin 47
Tetracycline 58
Trimethoptim/Sulfamethoxazole 63
Nalidixic acid 79
Ciprofloxacin 72
Colistin 0
Fosfomycin 0
Lirtapenem / Imipenem 0
Tigecycline 0




Transposons

s
\

P ACGEA I ATGCA ATGCAR
P TGCCT s TACGT TACGTI

Target site

I ACGG ACGG A ATGCA ATGC AN
e TGCCT TCCC T TACGT TACCTam

Resistance gene

[ ACGGA ATGCARy
e TGCCT TACGT I

-AGEG_ ATGCA
TGCCT TACGT

Resistance gene




Resistance genes

* Aminoglycosides
* B-lactamines

» Sulfamides
*Rifampicine

+ Cyclines

Transposons

» Chloramphenicol
Trimethoprim

P2

P1




R1 plasmid (100-kbp): an example of resistance
accumulation mediated by transposable elements, and
especially composite transposons
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Integrons
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Integrons
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Q cassette
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Integrons

intl1 |’”"

SN o E— [ - -

5'CS I'CS
Q cassette
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co-resistance . co-expression




Integrons
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blaygg_, as a gene cassette identified
in In53 in E. coli

In53
vebl
intll gqacHaadBaacAl/orfG aadBarr2 cmlAS5 oxal0 aadAl gacEAI
> — | | = | | |- - —p || —» - > —» [|=»
5'-CS 3-CS

Naas et al., J Bact 2001




Integrons

» Extensively found in Gram clinical isolates

> Over 80 different antibiotic-resistance-gene cassettes:
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Increased Prevalence of Class [ Integrons in Escherichia coli,
Klebsiella Species, and Enterobacter Species Isolates over a
7-Year Period in a German University Hospital
FRANZ-JOSEF SCHMITZ, "** DIETER HAFNER,” ROLAND GEISEL,' PATRICK FOLIMANN,'

CHRISTIAN KIRSCHKE.' JAN VERHOEF.” KARL KOHRER,' asn AD C. FLUIT?

Fstinuee for Medical Micrabiokgy and Virology' and Instinee of Pharmacology awd Clinical Pharmmacology,”
Hewmich-Heine Universiyy Disseldorf, Diisseldorf, Germmy, avd Ejkman-Winkier Instituee for
Medical Microbiology, University Medical Censer Unecks, Umwecht, The Netherlands®

Receved 28 December 2000/Re turned for modification 31 May 20001/ Accepted 18 Tuly 2001

The prevalence of integrons in five enterobacterial species was analyzed in 200 blood colture isalates from
1993, 1996, and 199, Remackably, the provalence increased from 4.7% in 1993 oo 9.7% o 1996 and finally o
17.4% in 1999 (/" < 0.00). Within 7 years the combined percentage of IP1 sirong promoters and P'1 weak plus
I’ active promaoters with high transcription eficacies has increased from 23.1 o 3323 and finally 60°% (" < 0.05).




Integrons are carried by transposons

intT1 gacED 1 sull g5
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The integron is not self-mobile, it is mobilized by the transposon




Integrons, transposons, plasmids
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Acinetobacter baumannii: VEB-1

Poirel, Nordmann J. Clin. Microbiol. 2003




Structure of the bla,cy_;-containing integron identified
in the epidemic clone of A. baumannii in France

5’CS 3’CS

intl'l arr-2 cmiAS blagy, 10 qm:Eﬁi . orf5
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Poirel et al., JCM 2003;41:3542



An 86-kb resistance island in A. baumannii
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An B6-kb resistance island in A. baumannii
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E. coli ND1 E. coli ND 2




Superbacteria NDM-1
Experti averfiieaza ca un nou tp de
superbacterie rezistentd laantibio-
tice ar putea fece victime In intreaga

ime Reristenta superbacierisl
Laaritibiatics este datd de enzima

New Dedhi melalio-beta-lactamase-1,

W Origine: Este rispanditd in India,
Pakistan si Bangladesh. Acum, HWDM-1
& ajuns # in SLA, Canada, Austrafin 5i
landa.

W Gazde: Enzima NMDM-1 a 'ost gasita
indoua tipuri de bacterik:
Ecoll = ce atend invtestineshe - i
Hiebshella - ce ataca plamenil

Superbug gene
Discovered in pneumonia and
E.coli bugs resistant to last-line
antitiobics

= Produces
W -li-rl.i:'rrhu
that countaracts
effect of antibiotics
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Spread of NDM-1 from India/Pakistan

1]

Courtesy Neil Woodford
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E. coli NDM-1, Australia

Foirel L, Lagrutta E, Taylor P, Pham J, Nordmann P

Emergence of metallo-b-lactamase NDM-1-metallo-i-lactamase producing multidrug resistant
Escherchia coli in Australia. Antimicrob Agents Chemother, 2010, 54, 4914-6




E. coli NDM-1, Australia

-Plasmids: 160, 130, 80, 30 kb
- Resistance genes:
- blaNDM-1
- bla CTX-M-13, bla TEM-1

- Methylases armA, rmtB
- mutations in gyrase genes.....

Poirel L, Lagru ISEc33 blaypw.1 1ISSend

Emergence of rant

Escherchia coli in Australia. Antimicrob Agents Chemother, 2010, 54, 4914-6




C. freundii NDM-1, France

Poirel L, Ros L, Gr'i-::ajc A, EerthslntPﬂzettn B, . Bernabeu S, Nordmann P
Extremely drug-resistant C. freundii in a patient returning from India and producing NDM-1 and other
Carbapenemases. Antimicrcb. Agen:s Chemrother, 2010, in press




C. freundii NDM-1, France

Plasmids: 200, 160, 70, 65, 40 kb
Resistance genes:

- bla NDM-1

- bla OXA-181

- bla VIM-4
- bla CTX-M-15
- bla OXA-1, bla OXA-9, bla OXA-10

- bla TEM-1
- Methylase ArmA

- Mutations in gyrase genes....

Poirel L. Ros L, Carricajo A, Berthelot P, Pozetio B, , Bernabeu S,,Nordmann P
Extremely drug-resistant C. freundii in a patient returning from India and producing NDM-1 and other
Carbapenemases. Antimicrob. Agents Chemother, 2010, in press




Conclusion

Class of pieces Genes and sequences Function
Operative Resistance genes mecA PBF2a (meth icillin resista ncen 8. qurens )
| Regulatory genes mecR  mecd regulation expression
'Translocative | Integrases int attC recognition in class 1 integrons
| Resolvases TnpR res sequence recognition in Tn - 3-like transposons
Invertases v - Specific recombination  sequence
Transposases ORF513  CTX-M and AmpC capture (7)
Dispersive Conjugation genes ortl Plasmid conjugation
Incompa thility genes e Plasmid interference
| Intepration sequences res ' Recombination in Tnd  -like TUNSPOSOTLS
Insertion sequences (IS) IS10 Recombination and integration (  fef genes)

F. Baguero. Nature Rev Microdiol 2004, 2:510-17




