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Today, the effectiveness of modern medicine is undermined by the rise of multidrug resistant bacteria. Since
the introduction of antibiotics less than a hundred years ago, we have had the luxury of treating hospital
and community acquired bacterial infections, lowering child mortality and increasing life—expectancy. After
his discovery of penicillin, Alexander Fleming warned us for antimicrobial resistance during his Nobel Prize
speech in 1945 and surely, resistance followed after each antibiotic introduction. Bacteria have been fighting
back and antibiotics may soon no longer be an option to prevent or cure infections. Extreme selective pressure
has accelerated the evolution of microorganisms to develop drug resistance and multidrug-resistant pathogens

are now one of the biggest threats to contemporary human health.

The thesis includes the discussion on research I conducted about the substrate recognition and the discovery
of a novel channel in a multidrug exporter. AcrB is the major multidrug exporter in Escherichia coli. Although
drug-binding pockets and drug—translocation channels have been elucidated, the roles of multiple binding
pockets and channels are still not clear. Here we present evidence for a substrate channel from the central
cavity (channel 3) directly to the distal binding pocket in the binding monomer without going through the
proximal binding pocket. Planar aromatic cations like ethidium bromide, berberine and rhodamine 6G prefer
this channel. T37W/A100W central cavity double mutations increase the export of these drugs significantly.
The export of these substrates is not affected by the presence of the channel 1- and 2-utilizing drugs, such
as minocycline and erythromycin. In addition, a switch—loop mutant, in which the pathway from the proximal
to the distal pocket is hindered, retains significant export activity only for these channel 3-utilizing drugs
and this export is increased significantly for only these drugs when mutating residues Thr37 or AlalOO to
arginine. This is the first evidence that several drugs use different pathways than other drugs. The usage
of multiple entrances contributes to the transportation of a wide range of drugs with different physicochemical

properties.

The overexpression of RND-type exporters is one of the main causes of multidrug resistance in Gram—negative
pathogens. In this thesis, I discuss my research on the mechanism of an RND transporter. In RND transporters,
such as Escherichia col1’s main efflux pump AcrB, drug efflux occurs in the porter domain, while protons flow
through the transmembrane domain: remote conformational coupling. At the border of a transmembrane helix (TM8)
and subdomain PC2, there is a loop which makes a hoisting movement by a random—coil-to—a—helix change, and
opens and closes a drug channel entrance. This loop is supposed to play a key role in the allosteric

conformational coupling between the transmembrane and porter domain. In this thesis, I show the results of
a series of flexibility loop—mutants of AcrB. We determined the crystal structure of a three amino acid truncated
loop mutant, which is still a functional transporter, and show that the short o—helix between CB15 and the
loop unwinds to a random coil in the access and binding monomers and in the extrusion monomer it becomes a
partially stretched coil-to—helix change. The loop has undergone compensatory conformational changes and still
facilitates the opening and closing of the channel. In addition, more flexible mutated loops (proline mutated
and significantly elongated) can still function during export. The flexibility in this region is however

limited, as an even more truncated mutant (six amino acid deletion) becomes mostly inactive. We found that




the hoisting—loop is a highly flexible hinge that enables the conformational energy transmission passively.

In addition to these two main topics (which have been published or are under review), the thesis contains
a brief overview on the history of drug development and will explain the mechanisms of multidrug resistance
thoroughly giving many examples and focus on multidrug efflux pumps belonging to a variety of exporter families.
After this, I focus on the RND family of multidrug exporters to introduce and express the importance of my

research.
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