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When preparing this lecture … A large choice …
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WhyWhy active efflux ?active efflux ?

Efflux that saved a city

slide stolen from one of the many F. Van Bambeke's

 

presentations
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An original observation with cancer cells…
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Most chemotherapeutic agents must reach an 
intracellular target…

How can these drugs
reach their target inside the cells ?

nucleic acids

ribosomes

enzymes
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Most chemotherapeutic agents must reach an 
intracellular target…

Inaba

 

and Johnson, Cancer Res, 1977; 37:4629-34.

Conclusion #1: in order to survive to anticancer agents, cells "invented" efflux…
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But antibiotics were first ...

Who remembers that car ?
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Historical observations on tetracyclines …
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However, it took 15 years to understand …

Conclusion #2: in order to survive to antibiotics, bacteria "invented" efflux…
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Historical observations …

anticancer drugs 
1977

antifungal drugs

1980 1995

Parkinson et al. Antimicrob

 

Agents Chemother.

 

1995 Aug;39(8):1696-9 

1965 1980

antibiotics
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Historical trends …

No. of publications
in PubMed

 

with 
keywords: efflux AND 
• bacteria
• cancerl
• fungi
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Reaching an intracellular target …

polar drug

lipophilic drug

physico-chemical properties are inadequate 
for reaching an intracellular target !

Van Bambeke et al., Biochem. Pharmacol (2000) 60:457-70
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Reaching an intracellular target …

amphipathic drug

most drugs are amphipathic by design,
to be able to cross membrane barriers !

Van Bambeke et al., Biochem. Pharmacol (2000) 60:457-70
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Intracellular chemotherapeutic agents

But a diffusible compound 
may have

potentially harmful effects !
Van Bambeke et al., Biochem. Pharmacol (2000) 60:457-70
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Why efflux transporters ?

Extrusion by efflux pumps

Van Bambeke et al., Biochem. Pharmacol (2000) 60:457-70
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Why efflux transporters ?

Extrusion by efflux pumps

general mean of protection
against cell invasion by diffusible molecules

Van Bambeke et al., Biochem. Pharmacol (2000) 60:457-70
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Typical ‘toxic’ diffusible substances as 
substrates for efflux pumps

antifungals

anticancer
 

agents

antibiotics
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Antibiotic efflux transporters are ubiquitous

spectrum
prokaryotes

narrow

broad

MATE SMR

MFS

ABC

Gram (+) Gram (-)

RND

distribution

eukaryotes

Mesaros et al., Louvain médical (2005) 124:308-20 
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All All thatthat becausebecause of the existence of a membraneof the existence of a membrane……

•
 

All cells and subcellular
 

compartments are separated from the external milieu 
by lipid membranes. 

•
 

Cell survival requires the regulated and selective passage of specific molecules 
across these membranes, not only to acquire nutrients and excrete waste 
products, but also for a multitude of regulatory and other functions. 

•
 

Almost 20% of the E. coli genes so far identified are associated
 

with transport 
functions (Bachmann 1990). 

-
 

ABC transporters have received considerable attention recently because 
they are associated with many important biological processes in both 
prokaryotes and eukaryotes, as well as with clinical problems such as 
cystic fibrosis, antigen presentation, and multidrug resistance of cancers.

-
 

The designation ABC transporters recognizes a highly conserved ATP-
 binding cassette, which is the most characteristic feature of this 

superfamily
-

 
Most ABC transporters have no role in multi-drug resistance and are 
not glycoproteins.

Higgins CF, Annu. Rev. Cell Biol. 1992;8:67-113
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ABC ABC 
transporters transporters 
from bacteria from bacteria 

to manto man
Higgins CF, Annu. Rev. Cell Biol. 1992;8:67-113



14-10-2009 ABC: from survival to resistance... 21

Bacterial ABCBacterial ABC

Fath

 

& Kolter, Microbiol

 

Rev. 1993;57:995-1017
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Bacterial ABCBacterial ABC

Fath

 

& Kolter, Microbiol

 

Rev. 1993;57:995-1017

•

 

Proteins, peptides, polysaccharides, and many other molecules that are synthesized 
in the bacterial cytoplasm must often cross one or more membranes to reach their 
final destination. 

•

 

Many bacterial proteins are transported across the cytoplasmic

 

membrane via the 
Sec pathway.  But this requires an N-terminal signal sequence, which limits the type 
of molecule that can be transported across membranes by using this system.

•

 

Nonproteinaceous secreted products as well as extracellular proteins from Gram- 
negative bacteria (which must cross both inner and outer membranes) cannot use 
the Sec pathway. 

•

 

In addition, there appear to be structural features of some proteins that are inherently 
incompatible with use of the Sec pathway. 

•

 

Therefore many molecules must find another way to leave the cytoplasm. 
•

 

It has become apparent from results obtained in the last few years that this problem is 
often solved by the existence of dedicated export systems that facilitate 
membrane translocation with a large degree substrate specificity

ABC are exporters of bacterial products …
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ABC in ABC in E. coliE. coli

Linton & Higgins, Mol Microbiol. 1998; 28:5-13. TMD: two transmembrane domains
PBP: periplasmic-binding protein
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How bacteria play with ABCHow bacteria play with ABC

MBD: metabolite binding protein
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At the end, what is not transported in bacteria ?

Moussatova

 

et al. Biochim

 

Biophys

 

Acta. 2008; 1778:1757-71
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ABC in antibiotic producing organismsABC in antibiotic producing organisms……

Conclusion #4: transport is essential for survival …
and can be intrinsically linked to resistance 

(it all depends how you look at it !)
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ABC in yeastABC in yeast……
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ABC and transport of bile salts (with phospholipids) ABC and transport of bile salts (with phospholipids) 
in in hepatocyteshepatocytes

Elferibck

 

et al. FASEB J. 1997;1:19-28
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ABC and intracellular transportABC and intracellular transport

Cleves & Kelly, Curr

 

Biol. 1996; 6:276-8.
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ABC and early "immune" defenseABC and early "immune" defense……

•

 

With regards to general immunology, an interesting suggestion is

 

the possible involvement 
of the multidrug transporters in the cellular secretion of cytokines and/or chemokines. 

•

 

Some of these physiologically important peptides are produced without a signal sequence 
and recent data indicate that the expression of MDR1 is involved

 

in the transport of these 
peptides through the secreting cell membranes.

•

 

Also, unpublished observations link the expression of multidrug transporters to the cell-

 
mediated killing of various target cells.
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A multiplicity of exports A multiplicity of exports …… for protectionfor protection
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Antigen Antigen 
processingprocessing……

Procko

 

et al. FASEB J.

 

2009 May;23(5):1287-302 

TAP: transporter associated with antigen processing
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Lipid transmembrane transport

Aye et al. Chem

 

Biol

 

Interact.

 

2009; 180:327-39.
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Lipid transmembrane transport: where do ABC not play a role ?

Aye et al. Chem

 

Biol

 

Interact.

 

2009; 180:327-39.



14-10-2009 ABC: from survival to resistance... 37

Controlling cholestrol uptake

Sanclemente

 

et al. J Physiol

 

Biochem, 2009; 65:87-98
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Transmembrane 
cholesterol movements

Voelker

 

D, Annu. Rev. Biochem. 2009; 78:827-856 

Summary of intramembrane

 

transporters. 

•

 

A schematic summary of the locations and substrates 
for P-type ATPases, ATP-Binding Cassette (ABC) 
transporters, scramblases

 

(PLSCR1), and Niemann-

 
Pick (NPC) family proteins. 

•

 

The transport effected by the “Defective in ribosome 
synthesis 2 and Neomycin resistance 1 family”

 

(Dnf

 

) 
of proteins is from the exoplasmic

 

to the cytoplasmic

 
leaflet of the bilayers. 

•

 

The lipid transport by ABC family proteins results in 
export of the lipid from the membrane harboring the 
transporter to apolipoprotein

 

A1 (ApoA1), or high-

 
density lipoprotein (HDL) particles, or hydrophobic 
environments such as bile, or the interior of the lipid 
storage organelle known as the lamellar body. 

•

 

Lipid transport to the intracellular oxysterol-binding 
protein homolog 4 (Osh4p) also occurs. 
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Lipid ABC transporters
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Holland & Blight, J. Mol. Biol. 1999; 293:381-399

The word allocrite, loosely adapted from the 
Greek, means heterogeneous (compounds) 
transported or excreted. This is specifically 
applying to ABC-transporters 
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ABC and pharmacokineticsABC and pharmacokinetics……

Yamazaki et al. Pharm

 

Res. 1996; 13:497-513

Regarding biliary

 

excretion, we 
illustrate

−

 

the possible contribution of 
the ABC transporters to 
the biliary

 

excretion of 
xenobiotics.

−

 

the multiplicities in both 
hepatic uptake and biliary

 
excretion mechanisms. 

This helps in our understanding 
of the physiological adaptability 
of the living body in terms of 
the removal (detoxification) of 
xenobiotics
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Pharmacokinetics and HIV

Gulati

 

and Gerk, J Pharm

 

Sci.

 

2009; 98:2317-35
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Pharmacokinetics and HIV

Gulati

 

and Gerk, J Pharm

 

Sci.

 

2009; 98:2317-35
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Oostendorp

 

et al. Cancer Treat Rev. 2009; 35:137-47

Bioavailability
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Oostendorp

 

et al. Cancer Treat Rev. 2009; 35:137-47

Bioavailability
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Oostendorp

 

et al. Cancer Treat Rev. 
2009; 35:137-47

Drugs with 
intestinal 
resorbtion 
influenced 
by ABC 
transporters 
inhibitors
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Phase III of xenobiotic metabolism
•

 
The human ABC transporters (ABCG2, e.g.) are regarded as a member of the 
phase III system for xenobiotic

 
metabolism, and it has been suggested that this 

efflux pump is responsible for protecting the body from toxic xenobiotics
 

and for 
removing metabolites. 

•

 

The diets of herbivores 
are laden with toxic plant 
secondary metabolites 
(PSMs)…

•

 

We describe how efflux 
transporters in the gut 
may play a critical role in 
regulating the absorption 
of PSMs

 

in herbivores 
and dictating diet 
selection. 

•

 

Efflux transporters may 
be as critical as 
detoxification enzymes to 
help herbivores to 
survive...

J Chem

 

Ecol.

 

2006 Jun;32(6):1181-96 
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Structure: an overall viewStructure: an overall view……
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Towards a triTowards a tri--dimensional modeldimensional model……

Holland & Blight, J. Mol. Biol. 1999; 293:381-399 Rosenberg

 

et al. J. Biol. Chem. 1997; 272: 10685–10694
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From importers to exporters

Locher

 

P, Philos

 

Trans R Soc Lond

 

B Biol

 

Sci. 2009; 364:239-45
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Can we really prevent effluxCan we really prevent efflux--mediated mediated 
resistance ?resistance ?
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Drug resistance is killing patients …

Dean M, J Mammary Gland Biol

 

Neoplasia.

 

2009; 14:3-9 
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Characteristics of the ideal EPI

Not affecting the drug activity in cells lacking efflux 
pumps
Not potentiating activity or toxicity of drugs that are not 
effluxed
Not affecting the physiological functions of the target 
transporter if looking for an host transporter

Enhance activity of the drug under study in cells 
overproducing the transporter by inhibiting efflux

«
 

to do
 

»
 

list
 

for a winning molecule :



14-10-2009 ABC: from survival to resistance... 54

Where are we ?

•
 

Over the past 20 years of research on ABC exporters many mechanistic 
and structural features of the transport cycle of ABC exporters have been 
discovered. 

•
 

As always, new findings raise many more new and unanswered questions.

•
 

Snapshots of novel conformational states of ABC exporters by X-ray 
crystallography or other methods will be indispensible to further elucidate 
the molecular and mechanistic details of the transport cycle.

•
 

One long-term goal of the research on ABCB1 and related transport 
systems in pathogenic microorganisms is the rational and selective 
inhibition of this clinically important class of proteins. 

•
 

Tremendous efforts have been made to find highly specific modulators of 
ABCB1 over the past 30 years, but effective drugs have proven to

 
be too 

toxic for human use so far. 

Seger

 

& Van Veen, Biochim

 

Biophys

 

Acta. 2009; 1794:725-37
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Potential interests of efflux pumps inhibitors Potential interests of efflux pumps inhibitors 
for therapeutic developments ?for therapeutic developments ?
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Potential interests of efflux pumps inhibitors Potential interests of efflux pumps inhibitors 
for therapeutic developments ?for therapeutic developments ?
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A still uncertain future for EPI A still uncertain future for EPI ……..



14-10-2009 ABC: from survival to resistance... 58

Still a lot of work ahead Still a lot of work ahead ……..
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And it may be tougher than we thought …

Unless we have some good ideas…
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