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the	activity	of	ciprofloxacin	against	this	pathogen.213	Another	study	found	that	zinc	inhibits	the	ability	of	RecA	to	bind	to	single-stranded	DNA,	suggesting	a	potential	application	for	zinc	ionophores.214	However,	the	effectivity	and	cytotoxicity	of	zinc	ionophores	would	depend	on	the	external	zinc	concentration,215	which	may	limit	this	approach	to
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of	tetracycline	is	independent	from	translation	inhibition	and	thus	a	separate	secondary	target.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Skidmore	R.;	Kovach	R.;	Walker	C.;	Thomas	J.;	Bradshaw	M.;	Leyden	J.;	Powala	C.;	Ashley	R.	(2019)	Synergistic	Activities	of	Colistin	Combinations	with	Meropenem,	Sulbactam,	Minocycline,
Disodium	Fosfomycin,	or	Vancomycin	Against	Different	Clones	of	Carbapenem-Resistant	Acinetobacter	Baumannii	Strains.	E.;	Tate	E.	Biomaterials	167,	168–176.	F.	S.;	Muller	R.;	Petkovic	H.	F.;	So	C.	mBio	8,	e00971-17.	10.1016/j.coph.2008.01.010.	Appl.	105,	13977–13981.	(2000)	Association	of	Escherichia	Coli	Ribosomes	with	the	Inner	Membrane
Requires	the	Signal	Recognition	Particle	Receptor	but	Is	Independent	of	the	Signal	Recognition	Particle.	(2004)	Assembly	and	Stability	of	Nisin-Lipid	II	Pores.	10.1002/cmdc.201100332.	(2016)	Identification	of	an	Inhibitor	of	the	Aminoglycoside	6’-N-Acetyltransferase	Type	Ib	[AAC(6’)-Ib]	by	Glide	Molecular	Docking.	8,	711–724.	Drug	Resist.	[PMC
free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Saeloh	D.;	Tipmanee	V.;	Jim	K.	Updates	36,	13–29.	(2016)	Penicillin	Binding	Protein	1	Is	Important	in	the	Compensatory	Response	of	Staphylococcus	Aureus	to	Daptomycin-Induced	Membrane	Damage	and	Is	a	Potential	Target	for	Beta-Lactam-Daptomycin	Synergy.	(1983)	Polycations	Sensitize	Enteric
Bacteria	to	Antibiotics.	1,	119–131.	10.1016/j.bbamem.2018.06.005.	[PubMed]	[CrossRef]	[Google	Scholar]Takesue	Y.;	Nakajima	K.;	Ichiki	K.;	Ishihara	M.;	Wada	Y.;	Takahashi	Y.;	Tsuchida	T.;	Ikeuchi	H.	[PubMed]	[CrossRef]	[Google	Scholar]Hasper	H.	S.;	Laue	N.	10.1089/mdr.2014.0221.	(2011)	Inhibition	of	Competence	Development,	Horizontal	Gene
Transfer	and	Virulence	in	Streptococcus	Pneumoniae	by	a	Modified	Competence	Stimulating	Peptide.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Brumfitt	W.;	Hamilton-Miller	J.	R.;	Sylvester	D.	M.;	Humphrey	P.	Virulence	9,	522–554.	Antibiotics	(Basel,	Switz.)	9,	17.	54,	3799–3803.	R.;	Perron	G.	10.1073/pnas.080077197.	[PMC	free
article]	[PubMed]	[CrossRef]	[Google	Scholar]Paul	M.;	Lador	A.;	Grozinsky-Glasberg	S.;	Leibovici	L.	10.1093/jac/dkh104.	(2012)	Estimation	of	the	Subunit	Stoichiometry	of	the	Membrane-Associated	Daptomycin	Oligomer	by	FRET.	(1982)	Effects	of	Clofazimine	Alone	or	Combined	with	Dapsone	on	Neutrophil	and	Lymphocyte	Functions	in	Normal
Individuals	and	Patients	with	Lepromatous	Leprosy.	(2004)	Self-Protection	Mechanism	in	D-Cycloserine-Producing	Streptomyces	Lavendulae.	10.1016/j.ijantimicag.2016.04.007.	Molecules	22,	468.	Particularly,	Gram-negative	bacteria	possess	different	multidrug	efflux	pumps	that	can	export	a	wide	variety	of	antibiotics	and	antimicrobial	molecules.
10.1038/nrd2202.	(2019)	Inhibiting	Plasmid	Mobility:	The	Effect	of	Isothiocyanates	on	Bacterial	Conjugation.	B.;	Ly	N.	M.;	Hostetler	Z.	(2019)	History,	Chemistry	and	Antibacterial	Spectrum.	49,	2954–2958.	10.3389/fmicb.2017.01205.	K.;	Domalaon	R.;	Lyu	Y.;	Kumar	A.;	Zhanel	G.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]de	la	Fuente-
Nunez	C.;	Reffuveille	F.;	Haney	E.	(1989)	Structure,	Biochemistry	and	Mechanism	of	Action	of	Glycopeptide	Antibiotics.	10.1086/426545.	J.;	Zhao	X.	Bacteriol.	10.1021/acsinfecdis.5b00114.	10.1128/JB.184.19.5339-5347.2002.	P.;	Keck	W.	(2010)	A	Review	of	the	Anti-Inflammatory	Properties	of	Clindamycin	in	the	Treatment	of	Acne	Vulgaris.	M.;
Jurewicz	A.	1860,	2506–2514.	(2014)	The	Actin	Homologue	MreB	Organizes	the	Bacterial	Cell	Membrane.	Expert	Opin.	D.;	Lizaola	B.;	Tapper	E.	(2020)	Beta-Lactamase	Inhibitors	To	Restore	the	Efficacy	of	Antibiotics	against	Superbugs.	J.;	Wallis	N.	(2010)	Membrane	Potential	Is	Important	for	Bacterial	Cell	Division.	(2003)	In	Vitro	Activity	of
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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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identified	as	an	outer	membrane-permeabilizing	agent.	(2019)	Enhancing	Uptake	of	Antibiotics	into	Gram-Negative	Bacteria	Using	Nonribosome-Targeting	Aminoglycoside-Based	Adjuvants.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Matsuura	M.;	Nakazawa	H.;	Hashimoto	T.;	Mitsuhashi	S.	[PMC	free	article]	[PubMed]	[Google
Scholar]Hogg	G.	Similarly,	tyrocidines,	which	primarily	disrupt	cytoplasmic	membrane	integrity,	have	long	ago	been	proposed	to	bind	DNA	as	secondary	target.	[PubMed]	[CrossRef]	[Google	Scholar]Idowu	T.;	Zhanel	G.	R.;	Nierhaus	K.	10.1186/cc3995.	Proc.	(D)	β-Lactams	(here	imipenem)	typically	inhibit	more	than	one	penicillin-binding	protein
(PBP).	[PubMed]	[CrossRef]	[Google	Scholar]Bohg	A.;	Ristow	H.	[CrossRef]	[Google	Scholar]Tang	X.-J.;	Thibault	P.;	Boyd	R.	(2016)	Peptidomimetic	Small	Molecules	Disrupt	Type	IV	Secretion	System	Activity	in	Diverse	Bacterial	Pathogens.	[PubMed]	[CrossRef]	[Google	Scholar]Tauber	S.	Several	compounds	have	been	identified	that	inhibit	horizontal
gene	transfer,	yet	in	the	majority	of	cases,	this	activity	turned	out	to	be	due	to	secondary	effects.248	However,	a	small	number	of	specific	inhibitors	have	been	found.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Biebricher	C.	[PubMed]	[CrossRef]	[Google	Scholar]Fernandez-Cuenca	F.;	Martinez-Martinez	L.;	Pascual	A.;	Perea	E.	48,	477–
483.	K.;	Chapman	J.	349,	475–486.	G.;	Bandow	J.	10.1093/jac/41.2.281.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Palm	J.;	Fuchs	K.;	Stammer	H.;	Schumacher-Stimpfl	A.;	Milde	J.	(2016)	Mechanisms	of	Resistance	to	Aminoglycoside	Antibiotics:	Overview	and	Perspectives.	6,	276–287.	33,	18–24.	(2015)	Inhibition	of	Aminoglycoside
Acetyltransferase	Resistance	Enzymes	by	Metal	Salts.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Wenzel	M.;	Chiriac	A.	(2019)	Five	Rules	for	Resistance	Management	in	the	Antibiotic	Apocalypse,	a	Road	Map	for	Integrated	Microbial	Management.	B.;	Lear	J.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Du	W.;	Brown	J.
10.1074/jbc.M111.248641.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Li	Y.;	Green	K.	10.1067/mjd.2001.114733.	W.;	Stratton	C.	In	2018,	its	developing	company	Morphochem	was	acquired	by	Deinove,	and	the	compound,	now	under	the	name	DNV3837,	finally	went	into	phase	II	clinical	trials	for	treatment	of	C.	difficile	infections	in
2019.131	The	study	is	planned	to	be	completed	in	the	summer	of	2020.132	TNP-2092	is	a	stable	rifamycin–quinolone	hybrid	currently	in	phase	II	trials	for	prosthetic	joint	infections.120	It	is	active	against	a	range	of	quinolone	and	rifamycin-resistant	strains.120	TNP-2092	is	also	being	evaluated	against	Helicobacter	pylori	infections	yet	at	a	preclinical
stage.133	TD-1607	is	a	stable	glycopeptide–cephalosporin	hybrid	similar	to	cefilavancin.	5,	465–469.	A.;	Bibi	E.	(2014)	Synergy	between	Essential	Oil	Components	and	Antibiotics:	A	Review.	A.;	Wenzel	M.	10.1016/0190-9622(95)90134-5.	For	example,	human	β-defensin	3	forms	a	dimeric	raft-like	structure	with	two	α-helices	anchoring	it	to	the
hydrocarbon	layer	and	binds	to	negatively	charged	lipid	head	goups.60	It	has	also	been	shown	to	bind	the	cell	wall	precursor	lipid	II	with	low	affinity,	probably	due	to	electrostatic	interactions	with	the	pyrophosphate	group.61	Thus,	the	defensin	is	attracted	to	sites	of	active	cell	division	and	cell	wall	synthesis,	where	its	presence	disturbs	the
interactions	of	the	complex	peptidoglycan	synthetic	machinery,	which	was	coined	the	“sand	in	the	gearbox”	effect.61	The	structurally	similar	human	β-defensin	2	binds	to	distinct	membrane	foci	at	nascent	cell	division	septa,	where	it	disturbs	the	function	of	SecA	and	sortase	A,	which	specifically	localize	to	these	sites	and	are	involved	in	the	secretion
of	virulence	factors.62	Other	membrane-active	compounds	have	been	observed	to	have	broader	effects.	Am.	J.	C.;	Mulder	P.	10.1128/AAC.48.2.477-483.2004.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Recacha	E.;	Machuca	J.;	Diaz	de	Alba	P.;	Ramos-Guelfo	M.;	Docobo-Perez	F.;	Rodriguez-Beltran	J.;	Blazquez	J.;	Pascual	A.;	Rodriguez-
Martinez	J.	8,	564–573.	59,	2315–2327.	Pract.	[CrossRef]	[Google	Scholar]Brötz-Oesterhelt	H.;	Beyer	D.;	Kroll	H.-P.;	Endermann	R.;	Ladel	C.;	Schroeder	W.;	Hinzen	B.;	Raddatz	S.;	Paulsen	H.;	Henninger	K.;	Bandow	J.	10.3389/fmicb.2017.02329.	Drugs	26,	509–514.	10.1016/j.bbamem.2018.06.004.	I.	One	example	are	the	polymyxins,	in	particular
polymyxin	B	and	colistin,	which	are	used	as	last	resort	antibiotics	against	multiresistant	Gram-negative	infections.98	These	polypeptides	target	both	the	outer	and	the	inner	membrane	of	Gram-negative	bacteria99,100	(Figure	​1E).	10.1016/j.ijantimicag.2019.01.011.	141,	596–597.	This	resulted	in	a	predominantly	genomic-driven	approach	to	antibiotic
discovery,	where	single	protein	targets	were	evaluated,	while	compounds	with	multiple	or	complex	targets	were	regarded	to	be	unspecific	and	unsuitable	for	further	development.	Bioorg.	[PubMed]	[CrossRef]	[Google	Scholar]Stepanek	J.	10.1021/acsinfecdis.8b00112.	(2018)	The	Immunomodulatory	Effects	of	Macrolides—A	Systematic	Review	of	the
Underlying	Mechanisms.	Expert	Rev.	Drug	Discovery	5,	883–902.	137,	278–291.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Strahl	H.;	Burmann	F.;	Hamoen	L.	(2010)	Management	of	Multidrug-Resistant	Tuberculosis:	An	Update.	45,	536–537.	108,	17474–17479.	14,	e1006876	10.1371/journal.ppat.1006876.	(2016)	Cell	Wall	Hydrolases
and	Antibiotics:	Exploiting	Synergy	to	Create	Efficacious	New	Antimicrobial	Treatments.	(2014)	In	Vitro	and	in	Vivo	Antibacterial	Evaluation	of	Cadazolid,	a	New	Antibiotic	for	Treatment	of	Clostridium	Difficile	Infections.	5,	32–36.	(2008)	How	Many	Modes	of	Action	Should	an	Antibiotic	Have?.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google
Scholar]Getino	M.;	Sanabria-Rios	D.	J.;	Crickmore	N.;	Bonsall	M.	(2013)	Combination	Approaches	to	Combat	Multidrug-Resistant	Bacteria.	J.;	Payne	D.	Cutis	85,	15–24.	(2015)	The	Antibiotic	Resistance	Crisis:	Part	1:	Causes	and	Threats.	P.;	Wang	B.;	Burggraaf	M.	This	is	relatively	common,	since	cell	wall	synthesis	inhibitors	often	target	membrane-
bound	steps	of	this	pathway.	10.1038/srep42994.	7,	42994.	10.1016/0005-2787(75)90120-3.	Coli	MreB.	Acta,	Nucleic	Acids	Protein	Synth.	(2011)	Native	Thrombocidin-1	and	Unfolded	Thrombocidin-1	Exert	Antimicrobial	Activity	via	Distinct	Structural	Elements.	13,	67–71.	(2018)	Quorum	Sensing	Inhibitors:	A	Patent	Review	(2014–2018).	517,	655–
661.	10.1093/infdis/173.4.909.	Natl.	C.;	Stables	G.	(2011)	Proteomic	Signatures	in	Antibiotic	Research.	10.1046/j.1365-2036.2003.01458.x.	[PubMed]	[CrossRef]	[Google	Scholar]Sarici	G.;	Cinar	S.;	Armutcu	F.;	Altinyazar	C.;	Koca	R.;	Tekin	N.	Cochrane	database	Syst.	(1994)	Interaction	of	Pneumocystis	Carinii	Dihydropteroate	Synthase	with
Sulfonamides	and	Diaminodiphenyl	Sulfone	(Dapsone).	Wkly.	Pathog.	10.1007/s00253-017-8672-z.	Res.	J.;	Vandenbroucke-Grauls	C.	10.1021/acs.jmedchem.6b00867.	(2008)	Quinolone-Mediated	Bacterial	Death.	A.;	Nelson	D.	One	exception	is	the	bacterial	SOS	response	to	DNA	damage.	E.;	Ragunath	C.;	Kandra	L.;	Gyemant	G.;	Liptak	A.;	Janossy	L.;
Kaplan	J.	Drug	Des.	Biochemistry	52,	7798–7806.	While	nisin	and	other	type	A	lantibiotics,	such	as	gallidermin	and	epidermin,	additionally	target	the	cell	membrane,13,74,75	type	B	lantibiotics	like	mersacidin	do	not	seem	to	have	additional	membrane	effects.74,76	Though	the	application	of	lantibiotics	for	antimicrobial	coatings,	e.g.,	for	implants,	is
being	explored,77	none	of	them	is	currently	used	in	a	clinical	setting.	10.1038/nrg3962.	(1998)	Role	of	Lipid-Bound	Peptidoglycan	Precursors	in	the	Formation	of	Pores	by	Nisin,	Epidermin	and	Other	Lantibiotics.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Schaeverbeke	T.;	Lequen	L.;	de	Barbeyrac	B.;	Labbe	L.;	Bebear	C.
10.1128/JB.181.13.3981-3993.1999.	O.;	Whitfield	C.;	Coombes	B.	D.;	Venkatesan	K.;	Katoch	V.	(2019)	Efflux	Pump	Inhibitors	for	Bacterial	Pathogens:	From	Bench	to	Bedside.	[PubMed]	[CrossRef]	[Google	Scholar]Chiem	K.;	Jani	S.;	Fuentes	B.;	Lin	D.	[PubMed]	[CrossRef]	[Google	Scholar]Zusman	O.;	Avni	T.;	Leibovici	L.;	Adler	A.;	Friberg	L.;
Stergiopoulou	T.;	Carmeli	Y.;	Paul	M.	10.1016/j.jhin.2009.11.022.	10.1111/j.1365-2133.2006.07155.x.	[PubMed]	[CrossRef]	[Google	Scholar]Mela	M.;	Mancuso	A.;	Burroughs	A.	10.1128/AAC.04552-14.	D.;	Johnson	B.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Gatner	E.	While	many	empirical	studies	have	found	that	drug	combinations
suppress	resistance,198,269−276	other	studies	have	warned	that	under	certain	conditions	antibiotic	combinations	might	even	promote	faster	resistance	development.	Table	1	gives	an	overview	of	prominent	antibiotics	of	these	categories	that	are	used	in	the	clinic.Examples	for	Clinically	Used	Antibiotics	with	Multiple	Mechanisms	of
Actionantibiotictargetsmechanism	of	actionrefIntrinsically	Multi-effectivedaptomycinphosphatidylglycerol,	fluid	lipid	domainsbinds	to	phosphatidylglycerol,	inserts	into	fluid	lipid	domains	that	harbor	the	cell	wall	synthesis	machinery,	immediately	inhibits	cell	wall	and	membrane	synthesis;	prolonged	treatment	results	in	partial	membrane
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gene	transfer(232)streptazolinseveral	possibleimmunomodulator(233)The	most	prominent	example	for	this	is	the	inhibition	of	β-lactamase	activity234	(Figure	​4C).	DNA	damage	is	sensed	by	the	RecA	protein,	which	induces	autoproteolysis	of	the	LexA	repressor,	leading	to	derepression	of	DNA	repair	genes.	(2017)	Rhodomyrtone	Inhibits	Lipase
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Gram-negative	activity.184,207,208	At	the	same	time,	it	is	much	less	toxic	than	full-length	polymyxin	B.184,209,210	While	these	properties	have	been	demonstrated	by	many	different	studies,	it	is	not	used	for	combination	therapy	in	the	clinic.211	However,	a	polymyxin	derivative	with	similar	properties	as	polymyxin	B	nonapeptide,	NAB741,	has	been
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mechanisms	to	sensitize	or	resensitize	bacteria	to	existing	antibiotics	(Figure	​4).Mechanisms	of	resistance-breaking	and	antibiotic-potentiating	compounds.	M.;	Bhattacharya	B.;	van	der	Spoel	D.	(2019)	Identification	of	a	Potent	Small-Molecule	Inhibitor	of	Bacterial	DNA	Repair	That	Potentiates	Quinolone	Antibiotic	Activity	in	Methicillin-Resistant
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combined	with	sulfonamides	to	prevent	quick	resistance	development	by	a	single	target	mutation,	and	erythromycin	is	often	given	together	with	penicillin	for	their	synergistic	effect.23	Since	more	and	more	pathogens	become	resistant	to	individual	antibiotics,	it	has	become	pivotal	to	thoroughly	explore	multitarget	approaches	to	combat	resistant
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indirect	antibacterial	activity,	e.g.,	immunomodulatory	properties.	10.1093/jac/dkx296.	W.	D.;	Chen	W.;	Garneau-Tsodikova	S.	8,	286–291.	Proteomics	11,	3256–3268.	Both	of	them	display	synergy	with	antibiotics	with	intracellular	targets,	which	can	at	least	partially	be	attributed	to	increased	outer	membrane	permeability.175,181,182	Many	other
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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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
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topoisomerases	II	and	IVphase	II(120)TD-1607glycopeptide	lipid	IIcephalosporin	PBPsphase	I(125)Cadazolid	is	a	stable	hybrid	of	a	quinolone	and	oxazolidinone	and	currently	in	phase	III	clinical	trials	for	the	treatment	of	Clostridium	difficile	infections.122,126	It	primarily	inhibits	translation	but	also	topoisomerase	activity	and	shows	low	resistance
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This	is	an	interesting	concept	but	remains	to	be	tested	in	infection	experiments.	Interestingly,	biofilm-degrading	enzymes	have	been	shown	to	remain	active	when	immobilized	on	a	surface,	suggesting	future	applications	in	medical	device	technologies.259	Short	glycans	have	been	shown	to	disrupt	P.	aeruginosa	biofilms	and	subsequently	increase	the
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virulence	of	P.	aeruginosa	in	a	murine	skin	infection	model.262	Similarly,	small	molecule	quorum	sensing	inhibitors	have	been	shown	to	increase	the	efficacy	of	tobramycin	against	P.	aeruginosa	in	a	foreign-body	infection	model	in	mice.263	Micafungin,	which	inhibits	the	synthesis	of	the	pseudomonal	cell	wall	component	1,3-β-d-glucan,	was
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