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cell	membrane	to	couple	translation	to	protein	secretion.106	However,	other	ribosome	inhibitors	did	not	visibly	disturb	the	cell	membrane,	and	a	ribosomal	protein	mutant	that	diminishes	tetracycline	binding	to	the	ribosome	showed	the	same	tetracycline-induced	membrane	effects	as	the	wild-type.31	These	findings	suggest	that	the	membrane	activity
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prominent	efflux	pump	type	is	the	Gram-negative-specific	resistance-nodulation-division	(RND)	superfamily,	in	particular	the	well-characterized	AcrAB-TolC	pump.240	A	wide	variety	of	antibiotics	can	be	the	substrate	of	these	export	systems,	and	their	overexpression	leads	to	high	level	drug	resistance.240	This	makes	efflux	pumps	one	of	the	biggest
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10,	R27–R27.	[PubMed]	[CrossRef]	[Google	Scholar]’t	Hart	P.;	Oppedijk	S.	The	most	extreme	examples	for	this	are	the	β-lactam	antibiotics,	which	typically	target	more	than	one	penicillin-binding	protein	(PBP)	(Figure	1D).8	For	example,	Escherichia	coli	has	8	PBPs,	6	of	which	are	inhibited	by	penicillin	G.90−92	Other	examples	include	quinolone
antibiotics,	which	target	both	topoisomerase	II	and	IV	involved	in	DNA	supercoiling	and	resolving	DNA	concatemers,	respectively,9	and	the	cell	wall	synthesis	inhibitors	fosfomycin	and	d-cycloserine.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Domalaon	R.;	Idowu	T.;	Zhanel	G.	ChemMedChem	7,	73–77.	[PubMed]	[CrossRef]	[Google
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A.;	Silverman	J.;	Palmer	M.	Thus,	membrane-targeting	antibiotics	have	the	potential	to	(i)	inhibit	processes	essential	for	survival,	(ii)	reduce	bacterial	fitness,	(iii)	impair	virulence,	and	(iv)	interfere	with	stress	adaptation.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Schirawski	J.;	Unden	G.	Science	(Washington,	DC,	U.	8,	1867.	(2014)
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AmgRS	as	a	potential	target	for	combination	therapy	with	aminoglycoside	antibiotics.218	It	was	later	found	that	the	RNA	polymerase	inhibitor	rifampicin	was	also	a	potent	inhibitor	of	this	stress	response	system	and	potentiated	the	activity	of	aminoglycosides	like	tobramycin,	amikacin,	gentamycin,	and	neomycin	against	P.	aeruginosa.219,220A
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outer	membrane-permeabilizing	agents	are	known,	for	example,	chelators	like	EDTA,	metal	ions,	and	certain	antimicrobial	peptides,	but	many	of	these	have	little	clinical	promise.183−188	However,	several	compounds	have	recently	been	described	that	could	make	the	step	into	clinical	practice	in	the	future.	4,	117–127.	F.;	Watanabe	M.;	da	Fonseca	C.
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2019-0131.	Drug	Resist.	130,	744.e1–744.e7.	(2019)	The	Concept	of	an	Ideal	Antibiotic:	Implications	for	Drug	Design.	J.;	Kline	K.	D.	(2014)	Investigations	of	the	Mode	of	Action	and	Resistance	Development	of	Cadazolid,	a	New	Antibiotic	for	Treatment	of	Clostridium	Difficile	Infections.	40,	127–135.	Acta	Biol.	10.1080/1040841X.2018.1423616.	(1998)
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efforts	rather	focus	on	stable	hybrids.118−120	These	approaches	have	been	recently	reviewed	in	detail,117,121	but	we	want	to	give	a	brief	overview	of	the	molecules	that	are	currently	underway	in	clinical	development	(Table	2).Antibiotic	Hybrid	Molecules	Currently	under	Clinical	Developmentcompoundantibiotic	1	inhibited	process	1antibiotic	2
inhibited	process	2stagerefcadazolidquinolone	topoisomerases	II	and	IVoxazolidinone	translationphase	III(122)cefilavancin	(TD-1792)vancomycin	lipid	IIcephalosporin	PBPsphase	III(123)DNV3837	(MCB-3681)afluoroquinolone	topoisomerases	II	and	IVoxazolidinone	translationphase	II(124)TNP-2092	(CBR-2092)rifamycin	RNA	polymerasequinolone
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