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Structure analysis for determining the drug recognition mechanism of the multidrug efflux
transporter MexY from Pseudomonas aeruginosa
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In recent years, the global increase in multidrug-resistant bacteria that exhibit resistance to multiple
classes of antibiotics has become a serious public health concern. These pathogens often acquire cross-
resistance to major clinical antibiotics, including B-lactams, aminoglycosides, and fluoroquinolones,
leading to treatment failure, severe complications, and increased mortality. Among such pathogens,
Pseudomonas aeruginosa is a major cause of nosocomial infections and is known for its remarkable
environmental adaptability and diverse resistance mechanisms, making it one of the most problematic
species in clinical settings. One of the major contributors to its drug resistance is the overexpression of
resistance—nodulation—cell division (RND)-type multidrug efflux complexes composed of three proteins:
an outer membrane factor (OMF), a membrane fusion protein (MFP), and an RND transporter.

The RND transporters assemble into trimers in the inner membrane and are responsible for drug selection
and efflux using the proton motive force as the energy source. RND consists of three major structural
regions: the Funnel-like domain, which stabilizes the trimer architecture; the Porter domain, which
recognizes and binds drugs; and the transmembrane (TM) domain, which anchors the RND to the inner
membrane and mediates proton translocation through the inner membrane. The Porter domain consists of
four subdomains: PN1, PN2, PCI1, and PC2, and coordinated structural rearrangements among these
subdomains enable substrate recognition, binding, and extrusion. Studies of the RND transporter AcrB
from E.coli have revealed that the three protomers adopt distinct conformations corresponding to the
Access, Binding, and Extrusion states. These conformational states interchange sequentially among the
protomers, establishing the “functional rotation mechanism” that ejects drug efflux.

Among the RND transporters of P. aeruginosa, MexY is the only complex known to confer resistance to
aminoglycoside antibiotics and is an important target for antimicrobial drug development. Recently, an
apo-state MexY trimer structure at a resolution of 3.63 A has been reported. And, unlike AcrB, the Porter
domain of MexY has been described using Resting, Binding, and Extrusion. By contrast, in the Binding
and Extrusion states of MexY homologs, the open clefts of MexY are unusually large. To determine
whether this is the characteristic feature of its drug-recognition porter domain, we created a chimeric
protein, MexBYB, by replacing the FL and TM domains of MexY with those of the homologous RND
transporter MexB.

In this study, we determined the cryo-EM structures of MexBYB in the absence (Apo-state) and presence
of kanamycin (Ka-state) and performed a comparative structural analysis. Here, we present two different
conformational structures, an asymmetrical one and a symmetry-like one, in the Apo-state and the Ka-
state, respectively. By elucidating the conformational features of the Porter domain in these structures,
our work provides new insight into the architecture of the Porter domain of MexY.
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FHFZERIL, BRI REYYEOJRRE O 1> T o 5 R E O A M (2 BE 9~ 5 RNDASE A HEH B B E o THE— 7
27V 3y RRTUAEME 2P 3 DMexYE AVE O EZEHEMOMI 2 B L o EAY AR 4 ED 72, MexVIEE
ETEERE LTHET 2ERMOIL TV DD, HET 21T eI RBER R ER =R UTHHE - T2 2
EMTETW o T, ERITEFIFEH AT O HIK TH DPorter domaink & 4, MOMEHKZ KT 0/ EHE CLER
ZEREIERT AMexBICE Z B X T2 F A T AMexBYBE AV, 7 T A A - BAMEE BRI TAEATIEIC X U . MexBYBD 7 2K
REPUEME T~ A vy —F% 0 7 LIZikBHZ DT, 5.82~3. 55A5ffRE C D — RIK DG RIEIZR T LTz, #F
CA T~ AV UAHET TORBHI OV TR, 3. 6ATRE D /3 HERE TOMERE AT > 72o MexVid = [HDRFR 2 K5O Frf§
W, ZEIXFREFF R WIERIPMEE D 2 DOREBEZ R L, S DI FEORESZ2EY - KR 2T TE D L 9 IZPorter
domainSA < BIWVTH Y | Z OB O E N BRI Dporter domain A & OFFORMTH L Z EEH LT LT,
TID OFERIE. MexY D SEHIFRFRISEHE ORI & SIS S ERORBICMIT T EEREETH D, E2ZOpE
Ik, EIRES & L CEEAZRPTEZE Acta Crystallographica Section FIZBWTIREL TV 5,
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