Catching a fungal multidrug ABC transporter on the flipping act (comment on DOI 10.1002/bies.202200035)
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The ATP-binding cassette (ABC) transporter superfamily drives the translocation of a huge diversity of molecules across lipid bilayers in all organisms. While most members recognize a specific or a narrow-range of molecules, some transporters display a wide specificity, in particular those implicated in multidrug (MDR) resistance phenotypes. Some ABC exporters indeed play a major role in detoxification of prokaryotic and eukaryotic cells by expelling xenobiotic compounds. However, pathogenic microorganisms and cancer cells can take advantage of these multidrug transporters to counteract antimicrobial and anticancer therapies, respectively. A fundamental question is to understand how these ABC transporters can accommodate and transport such a wide range of substrates. Despite an explosion of structural information on various types of ABC transporters in the last ten years, the mechanistic interpretation of the structures is not trivial and many questions remain unsolved regarding the molecular mechanism of transport [START_REF] Lewinson | Structures of ABC transporters: handle with care[END_REF] . Four recent cryo-EM structures of Pdr5, a fungal multidrug transporter that exports hundreds of substrates, have crowned a wealth of biochemical research and functional analyses initiated 30 years ago [START_REF] Harris | Structure and efflux mechanism of the yeast pleiotropic drug resistance transporter Pdr5[END_REF] . This remarkable achievement notably resulted from a prior meticulous detergent screening to purify Pdr5 in a functional and homogeneous state. In this published issue of BioEssays, the authors subsequently proposed a mechanistic interpretation of these structures, in which the protein translocate its substrates according to a flippase (or perhaps more specifically floppase) mechanism, i.e. that the molecules are translocated from the inner leaflet to the outer leaflet of the bilayer [START_REF] Raschka | Flipping and other astonishing transporter dance moves in fungal drug resistance[END_REF] . Although such mechanism has been described for ABC transporters translocating lipids or lipid-linked molecules [START_REF] Voss | LPS Transport: Flipping Out over MsbA[END_REF] , it has not been experimentally demonstrated for any MDR transporter and various other transport models have been derived from the structures of multidrug efflux pumps, such as P-glycoprotein (ABCB1) [START_REF] Kodan | Inward-and outward-facing X-ray crystal structures of homodimeric P-glycoprotein CmABCB1[END_REF] . As pointed out by Raschka and colleagues [START_REF] Raschka | Flipping and other astonishing transporter dance moves in fungal drug resistance[END_REF] , demonstrating experimentally the flippase mechanism of Pdr5 will be challenging. Interestingly, the authors proposed some elegant in vitro fluorescent assays while discussing their current technical limitations and putative experimental weaknesses. With the growing availability of novel structures, steady progress in molecular dynamic simulations may also contribute in the future to the understanding of the drug translocation pathways. Given the incredibly broad specificity of Pdr5, one may further wonder whether all its substrates use the same transport path. Thus, addressing whether Pdr5 use a flippase mechanism and whether this molecular mechanism is shared with other drug transporters will certainly require a

combination of biochemical and biophysical methodologies to enlighten our mechanistic understanding of the structures.