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Intracellular infection: bacterial strategies

Carryn

 

et al. Infect Dis

 

Clin

 

North Am. 2003;17:615-34.
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S. aureus: intracellular infection and 
recurrence/relapses

In vivo importance assumed based on in vitro data
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S. aureus: subcellular
 

localization
Phagocytic and non phagocytic cells in mastitis

Brouillette

 

et al., Microb. Pathog. (2003) 35:159-68
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A real need... Pharmacochemistry
and Biology
to your

 
help !

•
 

Staphyloxanthin
 

and intracellular
 

survival
•

 
Activity

 
of availailable

 
antibiotics

•
 

What
 

for the future ?
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virulence factors
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Olivier et al., Role of virulence factors in 
S. aureus infections.  Submitted
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S. aureus 
virulence factors

A.C. Olivier. Intracellular fate of 
Staphylococcus aureus

 

in human 
phagocytic

 

and non phagocytic

 

cells and 
role of virulence factors.  
PhD Thesis, 2008
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Staphyloxanthin 
synthesis
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Our material….

2 isogenic strains
rsbu- and rsbu+

inhibitors of staphyloxanthin synthesis *

Olivier

 

et al. J. Infect. Dis. in press

* made by E. Oldfield, Champaign, IL

8325-4 SH 1000
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The results….

Olivier et al. J. Infect. Dis. in press
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And with other 
strains….

Olivier et al. J. Infect. Dis. in press

•

 

the more staphyloxanthin

 

is 
produced, the more 
successful is the strain for 
intracellular growth …

•

 

blocking staphyloxanthin

 synthesis makes all strain 
equally ill-successful…
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Antibiotics and intracellular infection…

Carryn

 

et al. Infect Dis

 

Clin

 

North Am. 2003 Sep;17(3):615-34.
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β-lactams: a pharmacokinetic paradox

• beta-lactams: ≤
 

1x
• aminoglycosides: <1 to 2 x
• ansamycins: 2-3 x
• tetracyclines: 2-4 x
• fluoroquinolones: 10-20 x
• macrolides: 4 to > 100 x

Accumulation of antibiotics in macrophages

Tulkens PM,  Intracellular distribution and activity of antibiotics. Eur

 

J Clin

 

Microbiol

 

Infect Dis. 1991; 10:100-6
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 β-lactams
 

and S. aureus... (MSSA)

Lemaire

 

et al., JAC 55:897-904, 2005 

extracellular intracellular

Emax

Cs

Emax

Cs
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The intracellular pharmacodynamic paradox of β-lactams…

Hint:
pH in vacuoles is acidic

Lemaire et al., AAC (2007) 51:1627-1632
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Back to the future…
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Biochemistry comes to your help…
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Acid pH favors 
penicillin binding 
to PBP2a

Lemaire et al., JBC (2008) 283:12769-12776
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Acid pH favors oxacillin-induced 
conformational change in PBP2a

Lemaire et al., JBC (2008) 283:12769-12776
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PBP2a: acid pH vs.ceftobiprole

acid pH and PBP2a
Lemaire

 

et al., J Biol

 

Chem. 2008;283(19):12769-76. 

Lovering

 

et al. ECCMID 2006, Abstract P1586. 

ceftobiprole

 

and PBP2a
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PBP2a: acid pH vs.ceftobiprole

acid pH and PBP2a
Lemaire

 

et al., J Biol

 

Chem. 2008;283(19):12769-76. 

ceftobiprole

 

and PBP2a

Lovering

 

et al. ECCMID 2006, Abstract P1586. 

Conclusion: acid

 

pH or the presence

 

of the 2-oxo[1,3'-bipyrrolidin]-3-ylidene]methyl
moiety (ceftobiprole) induces PBP2a conformational change facilitating acylation
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Ceftobiprole

 

is equally 
active against 
intracellular 
(THP-1 macrophages)

 -

 

MSSA, 
-

 

HA-MRSA, or  
-

 

CA-MRSA

Lemaire et al., Antimicrob

 

Agents Chemother. 2009; 53:2289-97
-2 -1 0 1 2 3
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* all MICs were 0.5-2 mg/L

*

but you still 
only have 

1 log reduction
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A summary PK/PD paradox for other antibiotics

MIC
10 X MIC
Cmax

Barcia-Macay

 

et al. Antimicrob

 

Agents Chemother. 2006; 50:841-51.

most antibiotics never 
exceed 2 log drop

at Cmax
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New glycopeptides (oritavancin,telavancin)

Van Bambeke, Current Opinion in Pharmacology (2004) 4:471-478
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Telavancin
 

(and oritavancin) new modes of action …

•
 

Possibility of dimerization
potential increase of intrinsic activity against 
D-Ala-D-Ala displaying organisms (MSSA, MRSA, 
VISA)

•
 

Membrane destabilization effects…
strong concentration-dependent bactericidal effect
(all strains ...) *
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Telavancin
 

…

lipophilic

 side chain

polar 
group

VAN

TLV

this causes increase in bacterial 
membrane permeability

Higgins et al., Antimicrob

 

Agents Chemother. (2005) 49:1127-34
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Telavancin intracellular accumulation and subcellular 
disposition

Barcia-Macay

 

et al? JAC 2008; 61:1288-1294
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Intracellular 
activity of 
telavancin

 vs. 
vancomycin:

MSSA
MRSA  

Barcia-Macay

 

et al., JAC 2006; 58:1177–1184

24h CFU at Cmax: 
• vanco: ∼

 
0.5 log

• TLV: ∼
 

2 log
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24h CFU at Cmax: 
• vanco: static
• TLV: ∼

 
1.2 log

Intracellular 
activity of 
telavancin

 vs. 
vancomycin:

VISA
VRSA  

Barcia-Macay

 

et al., JAC 2006; 58:1177–1184
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Telavancin
 

intracellular activity in comparison with 
other drugs…

Lemaire et al., ISSSI 2006 –

 

Sept. 3-6, 2006
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SCVs
 

of
 

S. aureus as a cause 
of persistent foreign

 
body infection
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Intracellular SCVs…

Nguyen et al., AAC 2009; 53:1434–1442
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Intracellular SCVs
 

and antibiotics …

it's hard to 
exceed 2 log 

drop… Perhaps due to membrane-detabilization

 

effect …
•

 

Domenech

 

et al. Biochim

 

Biophys

 

Acta. 2009 May 18. [Epub]
•

 

Baudoux

 

et al. ICAAC 2009 [C1-1354]

Nguyen et al., AAC 2009; 53:1434–1442
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Will this be successful ? 
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A few words about Listeria…

Carryn

 

et al. Infect Dis

 

Clin

 

North Am. 2003;17:615-34.
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As if you were there …

phagocytosis escape from 
vacuole

in cytosol

Ouadrhiri

 

et al. Antimicrob

 

Agents Chemother. 1999; 43:1242-51.
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A surprise …

ampicillin is MORE 
active intracellularlyLemaire

 

et al. J Antimicrob

 

Chemother. 2005; 55:897-904. 

Emax
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A potential explanation …
 

through proteomics

Van de Velde

 

et al. Isolation and 2D-DIGE Proteomic Analysis of Intracellular Listeria monocytogenes 
in comparison with its extracellular form. Submitted .
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What may change in intracellular Listeria…

pyruvate

citratefatty acids

glutamate

Synthesis of thiamine precursors

synthesis of

 

dTDP-rhamnose
UDP-glucose

hexose

 

transportersABC transporters

teichoic

 

acid
lipoteichoic

 

acid

Oxidative stress response

nucleotide synthesis

sy
nt
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si

s 
of
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ep
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og
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n

metabolism of sugars/aminosugars/glycerolipids

pentose phosphate pathway
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D
-A
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-A
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Van de Velde

 

et al. Isolation and 2D-DIGE Proteomic Analysis of Intracellular Listeria monocytogenes 
in comparison with its extracellular form. Submitted .
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Pähkinänkuoressa
 

*
•

 
solunsisäinen

 
bakteeri

 
on todellisuutta

 
…

•
 

Antivirulence
 

(I don’t know how to translate “antivirulence”! 
antiviraalinen?) terapia

 
on hyvä

 
projekti

 
…

•
 

suurin
 

osa
 

käytössä
 

olevista
 

antibiooteista
 

toimii
 

huonosti
 solunsisäisiä

 
bakteereja

 
vastaan, …

 ja
 

jos
 

ne toimivat, niin
 

niiden
 

vaikutus
 

on paljon
 

heikompi
 kuin

 
solunulkoisia

 
bakteereja

 
vastaan

 (valmistaudu pahimpaan)
•

 
meillä

 
voi

 
olla hyviä

 (mutta
 

harvinaisia) yllätyksiä…

* Kindly translated by Miika

 

Vikkula…
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But let us hope…
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A few review papers to help …
•

 

Van Bambeke

 

et al. 
The bacterial envelope as a target for novel anti-MRSA antibiotics. 
Trends Pharmacol

 

Sci. 2008 Mar;29(3):124-34. PubMed

 

PMID: 18262289. 

•

 

Mouton et al. 
Tissue concentrations: do we ever learn? 
J Antimicrob

 

Chemother. 2008 Feb;61(2):235-7. 
PubMed

 

PMID: 18065413. 

•

 

Van Bambeke

 

et al. 
Cellular pharmacodynamics

 

and pharmacokinetics of antibiotics: current views and perspectives. 
Curr

 

Opin

 

Drug Discov

 

Devel. 2006 Mar;9(2):218-30. 
PubMed

 

PMID: 16566292. 

•

 

Van Bambeke

 

et al. 
Glycopeptide

 

antibiotics: from conventional molecules to new derivatives. 
Drugs. 2004;64(9):913-36. 
PubMed

 

PMID: 15101783. 

•

 

Carryn

 

et al. 
Intracellular pharmacodynamics

 

of antibiotics. 
Infect Dis

 

Clin

 

North Am. 2003 Sep;17(3):615-34. 
PubMed

 

PMID: 14711080. 

papers and slides available on www.facm.ucl.ac.be
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