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Efflux Pumps: Current Targets 
in the fight against Antibiotic 

Resistance
BY: MALIA WILSON

CONTEXT: GRAM NEGATIVE 
BACTERIA AND ANTIBIOTIC 

RESISTANCE
 Highly resistant to most antibiotics, 
intricately-structured Gram-negative 
bacteria (GNB), such as E. coli and K. 
pneumoniae are the cause of some of the 
world’s most rampant infections. These 
bacteria continuously develop powerful 
antibiotic resistance mechanisms, making  
common antibiotics increasingly ineffective.1
 Most antibiotics work by disrupting 
processes essential to bacterial growth. 
In order for them to be effective, they 
need to be able to reach the interior of the 
bacterial cell. However, GNB  combats this 
with an additional external layer, called 
the outer membrane. The outer membrane 
is an extremely effective defense against 
antibiotics because it tightly controls the 
types of molecules permitted to pass into 
the cell. In addition to this innate selectivity, 
mutations in membrane transporters cause 
general incompatibility with antibiotics, 
which furthers antibiotic impermeability. A 
common example is in a channel-forming 
transport protein called a porin, which moves 
nutrients and antibiotics into the cell. A porin 
is susceptible to loss of function mutations 
which can make passive diffusion, a method 
of cross-membrane transportation, extremely 
difficult. And while GNB have other efficient 
methods to intake nutrients, these mutations 
can make it incredibly difficult for antibiotics 
to pass through the outer membrane. Due 
to the advantageous nature of this mutation 
for GNB, it becomes inherited by offspring, 
allowing for continued bacterial growth in 
the presence of antibiotics, providing a form 
of inherent antibiotic resistance. 2,3

INTRODUCING EFFLUX INHIBITORS 
(EPIs)

 For the past decade, scientists have 
been exploring efflux pumps as a way to exploit 
the defensive system of GNB. Efflux Pumps 

are protein transporter complexes that have 
the ability to pump antibiotics back out of 
the cell. In addition to the outer membrane, 
they serve as one of GNB’s secondary modes 
of defense against antibiotics. Efflux Pumps 
rest against the cytoplasmic membrane and 
force antibiotics out by actively transporting 
them back through the outer membrane 
using special channels that connect to the 
outside of the cell, as seen in Figure 2. When 
unmodified, Efflux pumps can render an 
antibiotic ineffective, preventing it from 
reaching its intracellular target. 
Multi-Drug Efflux Pumps, or efflux pumps 
that have the ability to recognize a wide range 
of antibiotics, are often key contributors 
to widespread antibiotic resistance.⁵ A 
substantial amount of  research has been 
conducted on methods to counteract the 
resistance caused by Multi-Drug Efflux 
Pumps, most notably surrounding the use of 
Efflux Pump Inhibitors (EPIs).  

 Although there are numerous 
methods an EPI can impede efflux activity, 
there are two commonly employed 
mechanisms. The first involves adding 
substrates to the cell to provide competitive 
inhibition for the antibiotics against the 
efflux pumps. In this case, EPIs outcompete 
antibiotics to be captured by the Efflux Pump. 
This gives antibiotics a higher likelihood of 
not being transported out of the cell. The 
second involves “stealing” the protons, ions, 
or ATP needed for the active transportation 
through the efflux pump. This impairs the 
efflux pump, as energy from the protons, 
ions, or ATP is needed for its active transport 
processes. 
 An example of this can be seen with 
the AcrAB-TolC Efflux Complex, one of the 
strongest antibiotic efflux pumps in E. coli. 
An EPI known as RP1 provides competitive 
inhibition for the antibiotics within the cell. 
RP1 functions by binding to efflux receptors 

Figure 1: A model of the multiple layers of the cellular membrane of a gram negative bacterial cell. 
The outer membrane shown is unique to GNB, and will not be found in other types of bacterial 
cells. Porins facilitated hydrophilic transportation into the cell. Lipopolysaccharides (LPS) are 
important outer membrane components of gram-negative bacteria. They consist of hydrophobic 
lipid domains and are involved in cell-to-cell contact.  The outer membrane is relatively 
impermeable to hydrophobic molecules due to the tight clustering of liposaccharides.3,4,5
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within the ArcB portion of the efflux pump. 
RP1 outcompetes the antibiotics for these 
binding spots, allowing the antibiotic to 
remain in the cell while RP1 is pumped out 
instead. 

DISCOVERING EPI CANDIDATES
 A common way of discovering 
potential EPI targets is by performing a 
gene knockout, where scientists disrupt the 
genetic code to inactivate an efflux pump 
and then observe what has changed within 
the cell.This can be seen in an experiment 
related to resistance in M. abscessus, which 
is an aggressive species of bacteria distantly 
related to M. Tuberculosis, one of the world’s 
deadliest diseases. Two genes in M. abscessus 

were found to be involved in resistance to 
Ethionamide, an antibiotic treatment for 
MultiDrug Resistant Tuberculosis (MDR-
TB). In their experiment, researchers 
found that by knocking out the two target 
genes, the bacteria became susceptible to 
Ethionamide. This data, along with more 
supporting statistics, led the team to believe 
that genes may encode for an efflux pump 
with the ability to pump Ethionamide out 
of the cell. This discovery can then be used 
to experiment with possible EPI candidates, 
which can help make Ethionamide a potent 
antibiotic against MDR-TB and other Non-
Tuberculosis Mycobacterium.11

 

LIMITATIONS
 Although scientists have made large 
advancements with EPIs, there are still a few 
limitations with its usage. Unfortunately, 
Multi-Drug Efflux Pumps have the ability 
to recognize many EPIs, and can therefore 
pump them out of cells as well. In addition 
to this, many potential EPIs are toxic, and 
therefore can’t be used clinically. While these 
downsides are still being researched, several 
EPIs have proven to be highly successful, 
giving many previously ineffective antibiotics 
another opportunity to reach their target.12 
 This science and the future
Our current knowledge of both efflux 
pumps and the application of EPIs only 
reflects a fraction of their importance in 
GNB. Scientists are actively studying the 
presence, purpose, and activity of many 
efflux pumps in GNB. With the rate of 
research today, new potential EPI candidates 
in are constantly being researched in 
order to develop antibiotics that are more 
effective against GNB.12 As these antibiotic 
resistance persists, it is vital that scientists 
continue to counteract this harmful trend 
by furthering our understanding of both 
efflux pumps and EPIs. The hope is that these 
scientific endeavors can eventually produce 
a straightforward, resistance-free solution 
to the rampant, disease-causing GNB 
worldwide.
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Figure 3: Presented is a visual presentation of the ArcABTolC-complex, an efflux pump in GNB 
E.coli. This complex is composed of several complicated systems, making the cell membrane 
difficult to penetrate. Ethyl 4-bromo pyrrole-2-carboxylate (RP1) is currently in experimentation 
as an EPI candidate for this complex. As seen in Figure 3, RP1 provides competitive inhibition 
for the antibiotics, therefore reducing the chances that antibiotics are pumped out of the cell.4,9,10




