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Why intracellular antibiotics ?

The Cell

Black Box...




Intracellular antibiotics: the iIssues

1. which bacteria and where ?
2. which antibiotics accumulate ?

3. Influx vs efflux ?




Which antibiotics accumulate in cells ?

beta-lactams: < 1x
e aminoglycosides: <1to 2 X

e ansamycins: 2-3 X

e tetracyclines: 2-4 x

e fluoroquinolones: 5 - 20 x

e macrolides: 4 to > 100 x *
glycopeptides: 1 to 400 x ! =

S

* azithromycin, ketolides
** LY 333328




How do antibiotics penetrate in cells ?

O\

e trans-membrane influx
» diffusion
» carrier mediated

e endocytosis



« amphiphilic compounds

o fast

e non-saturable

* N0 competition by
analogues
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How do antibiotics penetrate in cells ?

diffusion

macrolides
fluoroquinolones
tetracyclines
ansamycines
B-lactams,
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How do antibiotics penetrate in cells ?

Azithromycin accumulation
in rat embryo fibroblats

diffusion
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Tyteca et al., EJCB, 2001, in press
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How do antibiotics penetrate in cells ?

Sparfloxacin accumulation

. . in THP-1 macrophages
diffusion 20
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How do antibiotics penetrate in cells ?

Ampicillin accumulation in

' i THP-1 h
diffusion THP-1 macrophages
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How do antibiotics penetrate in cells ?

carrier-mediated influx

N\

e specific structure

e (energy-dependent)
e saturable

e cOmpetition by
analogues
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How do antibiotics penetrate in cells ?

endocytosis

e NoNn-permeant
drugs

e sSlow unless
membrane-bound,
or receptor-
mediated

e confined to
vacuolar
system




How do antibiotics penetrate in cells ?

endocytosis in fibroblats ...

Uptake of LY Uptake of HRP

Tyteca et al., EJCB, 2001, in press




How do antibiotics penetrate in cells ?

pinocytosis

» aminoglycosides
» glycopeptides (?)



How do antibiotics penetrate in cells ?

aminoglycosides in fibroblasts

e —————— e S R

"% Ce=0.65mg/ml |

4

Ce = 0.35 mg/ml |

Streptomycin «~@/mg of cell proten

& !
-
Days of wmcubation

» Slow (days...)
» ill-effective (2-4 fold)
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Tulkens & Trouet, 1978
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How do antibiotics penetrate in cells ?

receptor-mediated pinocytosis in kidney cortex

e R
binding to
e megalin
(Moestrop et al., 1995)
e acidic phospholipids
(Humes et al, 1983)
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RENAL CORTICAL GENTAMICIN ACCUMULATION RATE
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In vivo accumulation of gentamicin
in rat renal cortex

Vmax = 149.83 * 9.08 pg/g per h
Km = 15,01 ¢ 1,65 pg/mi

Vabth o o88C
FaQ%

accumulation rate (pg/g per k)

Renal cortical gentamicin

Serum gentamicin nueﬂtrat‘ n
{ug/ml)

N % & n %0 ¥
SERUM GENTAMICIN CONCENTRATION | (pg/mi) (C)

Giuliano et al., J. Pharm. Exp. Ther., 1986
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Antibiotics efflux ?




Transporters - data bases

http://www-biology.ucsd.edu/~msaier/transport/titiepage.html

Secondary | Channels

Transporters
F-type P-type - :
ATPase ATPaxse .- Mmain
dru
memrraie J
WUkl blbl W transporters
Classification page = combination of phylogenetic and functional information
Transport analysis page =9 comparison of transporters in complete genomes
Phylogenetic page = phylogenetic trees of transporters families
Saier, 2000
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Transporters involved in the efflux of antibiotics &
from eucaryotic cells

superfamily transporter physiol. antibiotics
substrates
ABC MDR1 phospholipids fluoroquinolones
macrolides
B-lactams

tetracyclines
streptogramins

MRP1 phospholipids fluroquinolones
leukotrienes macrolides
conjugates rifamycins

MRP2 conjugates fluoroquinolones

B-lactams

MFS NPT1 phosphates B-lactams

OAT OATP1 bile salts B-lactams
steroids
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Most frequent antibiotic-pumps in eucaryotes (2 K

Multiple Drug Resistance (MDR also known as PgP)

TOPOLOGY MECHANISM
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ANTIBIOTICS

tetracyclines
fluorogquinolones
erythromycin
lincosamides
rifampicin

chloramphenicol

aminoglycosides

Van Bambeke et al.,Biochem. Pharmacol. 2000
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Most frequent antibiotic-pumps in eucaryotes (2/2)k&4

Multidrug Resistance Proteins (MRP)

TOPOLOGY MECHANISM ANTIBIOTICS

fluoroquinolones

\ 4

1§ NHp & 4

/}.\ tetracyclines
- macrolides

Van Bambeke et al.,Biochem. Pharmacol. 2000
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Evidencing active efflux ...

non linear accumulation
kinetics ...

receptor
mediated
uptake

facilitated
uptake




Evidencing active efflux ...

non linear accumulation
Kinetics ... 00

facilitated
uptake

by saturation of efflux !




Active efflux of ciprofloxacin

Ciprofloxacin accumulation is facilitated
upon increase of its extracellular concentration

Michot et al., ICAAC 2000
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Characterization of the transporter(s)

ATP depletion increases ciprofloxacin accumulation

and decreases ciprofloxacin efflux
Michot et al., ICAAC 2000

Ce =50 uM (17pg/ml)
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Not all fluoroquinolones are subject
to active efflux ...

Probenecid 5 mM

() ) () )

Influence of 15-
probenecid * on
ciprofloxacin and
moxifloxacin
accumulation in
J774 macrophages

* inhibitor of FQ efflux
Cao et al., 1992

Michot et al., ICAAC 2000



Subcellular localization ?

cytosol
_ endosomes
e fluoroquinolones ‘ -
e peta-lactams '

e ansamycins
e macrolides (1/3)

e macrolides (2/3)
e aminoglycosides



Mechanisms of localisation and
accumulation ...

cytosol

e fluoroquinolones

Mechanism unknown
(loose binding to
lipid-containing proteins ? ...)



Mechanisms of localisation and
accumulation ...

— o~
» proton trapping

» binding to phospholipids

» for aminoglycosides:
Inability to cross membranes

e macrolides
e aminoglycosides



Mechanisms of localisation and accumulation ...

E AMINOGLYCOSIDE NEPHROTOXICITY CASCADE

\l.'| Hecrosis=regeneration

=€ apoptosis S
P&~ £l Moueddenetal.,
&# AAC, 1999;

57 Tox. Sci.. 2000

KIDNEY FAILURE

From: Tulkens,198é Amer. J Med. 80(Suppl 6B);105-114



1072 101 100 101

cellular concentration (mg/l)

Azithromycin
extracellular concentration (mg/l)
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Van Bambeke et al.,JAC, 1998
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Subcellular bioavailability of antibiotics ?

O

FQ / Ansamyc. / cytosol. ML lysosom. ML / AG




Subcellular bioavailability of antibiotics ?

Fluoroquinolones
move easily
across
membranes



Subcellular bioavailability of antibiotics ?




Listeria monocytogenes
hly+



Intracellular infection cycle of
Listeria monocytogenes hly*

from Portnoy et




escape from
vacuole

pagoctosi"
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MIC, accumulation and activity against cytosolic

Listeria m. ...
MIC Accumulation Activity *
1.5 100 1.5 ‘!!7
=\
75 |
1.0 | 1.0 |

AZ SP AZ SP

- * A log CFU 5h
Co 10 X MIC




Listeria m. and ampicillin

Ampiclillin is poorly active against intracellular
Listeria m. in spite of its favourable MIC,;

- lack of accumulation ...

Why do you keep ampicillin ?
=» extracellular bacteria

=>» get intracellular activity with very

large doses ??
(but B-lactams are NOT dose-dependent...)
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Listeria m. and azithromycin

Azitromycin Is also poorly active against

Intracellular Listeria m. in spite of its
exceptionally large intracellular concentration




Listeria m. and fluoroquinolones

In this pharmacological model *, sparfloxacin IS the
most active in spite of a unfavourable MIC (1.4 pg/mi)
and modest cellular accumulation (12 x)

Fluoroguinolones
have a large subcellular bioavailability

- are highly bactericidal

Why don’t you use fluorogquinolones today ?
=» too low Intrinsic activity ** ...

*all Ce =10 X the MIC
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Activities of fluoroquinolones against intracellular
Listeria m. (Michelet et al., AAC, 1997)

| CLINAFLOXACIN LEVOFLOXACIN o ACt i V i ty iS
i concentration-
. dependent
k]
BUT...

o Activity at
C.=C, . Qug/ml)
IS probably
unsufficient
(levofloxacin ?)
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Improving the activity of fluoroguinolones
by inhibiting efflux

Me
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Me |
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e

anionic : . 3 2 's
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Number of Listaeria

CFX 2 pg'ml + GFZ 0.2mM

Hours
Rudin et al, J. Exp. Med. 1992
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1. Penetration
2. No efflux

3. Accumulation _
4. Subcell. bioavailability [ 7. Cooper. with host def.
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