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Klebsiella pneumonia



The MIC of 1927 and 1954

1927 1954

Amp(ppm) >30,000 >30,000

Km(ppm) 13,000 14,000

Cm(ppm) 2,000 4,000

Gm(ppm) 6,000 7,000

Tet(ppm) 250 250

Rif(ppm) 10 15

Str(ppm) 40 10

Au(μmol/L) 900 <400

Cu(mmol/L) 2 0.25

Ag(μmol/L) 128 >1024

Cd(mmol/L) 7 5

As (III) (mmol/L) 12.5 0.5

1927 isolated from sputum of a patient with pneumonia.  

1954 isolated from sputum of a patient with hydrocephalus.



Klebsiella sp.1927 Gene Map



Heavy metal resistance genes(cluster) in

Klebsiella sp.1927 plasmid 01
Mercuric resistance operon 01

Mercuric resistance operon 02

Tellurium resistance operon



Heavy metal resistance genes(cluster) in

Klebsiella sp.1927 plasmid 02
Copper resistance operon

Arsenic resistance operon



Heavy metal resistance genes(cluster) in

Klebsiella sp.1927 plasmid 03
Mercuric resistance operon



• Warum?

• 3 mer operons

• Tellurium operon

• 19 Gen Kupfer Resistenzcluster

• Extra arsoperon



Hao et al., Appl Microbiol Biotechnol (2015)

Bacterial killing inmacrophage/amoeba



Ne: nucleolus; N: nucleus; Nm: nucleus membrane; M:mitochondrion;

V: Food vacuole; CV: contractile vacuole; C: Cytoplasm; P: Plasmamembrane
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Cu Zn Fe MnE. coli

Δ cueA

Cu/Zn exporters and Fe/Mn uptake systems are essentialfor  

bacterial survival inDictyostelium



Alibaud et al. Cellular Microbiology,

Survival with different copper resistance determinantstowards

Dictyostelium

E.coli 258:ΔcopA::Cm

E.coli 75: ΔcusCFBA,ΔcueO::Cm

E.coli 342: ΔcopA::Km, ΔcusCFBA, ΔcueO::Cm

E. coli, 2.5% HL5-agar

Pseudomonas , 5% HL5-agar

P. aeruginosa 2065: ΔpcoA::Cm

P. aeruginosa 3920:ΔcueA



Ars resistance oftenco-occurs

on plasmids with copperresistance

As is used as toxin to kill bacteria



Zn inphagosome

Cu inphagosome

Zn and Cu dependent expression ofgfp



Cu(I) trafficking was triggered in Dictyosteliumby  

bacteria ingestion

Dictyostelium + P. putida (pCuS-GFP)



Zn(II) trafficking was triggered in Dictyosteliumby  

bacteria ingestion

Dictyostelium + M. metallidurans

(pCadA-GFP)



Cu and Zn fed to  
livestock



Cu-resistance & Cu-pathogenicityisland?

PcoESRDCBAE XX SilP CopG SilABFCRSEX

Hao et al., Appl Microbiol Biotechnol (2015)



Bacterial CuR determinants influence the growth ofprotozoa

Dictyostelium Flagellate

Little growth when fed with CuR strain containing CuR island



Dictyostelium viability with W3110 and three CuR E.coli



Selection of Dictyostelium grazing on Cu-resistantbacteria







Warum merA, arsH, teroperon?

NADPH-dependent FMN reductaseArsH

MMA(III) ist wesentlich toxischer alsAs(III)



Expession von ArsH macht Zellen resistenter gegenAs(III),As(V), Sb(III) und Sb(V)



Diamide thiol-specific oxidizing agent, which reacts with thiols and protein sulfhydryls,  
thereby oxidizing glutathione and promoting formation of disulfide bonds





Allicin provokes a strong thiol-specific oxidative and sulfur stress response  
in the S. aureus USA300transcriptome

Biochemical assays indicate that MerAfunctions in allicin detoxification,  
the HypR-controlled disulfide reductaseMerA





Metall Resistenzen schuetzen vor Vergiftung durch Cu(I), Zn(II) und As(III), sind  
Virulenzfaktoren

Nebenjob der Metall Resistenzen ist der Schutz vor reaktiven Sauerstoffverbindungen

Selektionsvorteil auch ohne Vorhandensein vonMetallen, Selektionsvorteil


