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(57) ABSTRACT 

The present technology provides a system for monitoring 
quorum-sensing in bacteria comprising bacteria that release 
at least one membrane-lytic toxin when the bacteria are at a 
quorum-sensing density; synthetic lipid vesicles comprising 
an environmentally sensitive indicator, wherein the syn
thetic lipid vesicles release the environmentally sensitive 
dye in the presence of an effective amount of the membrane
lytic toxins; and a growth medium; wherein the bacteria and 
synthetic lipid vesicles are in contact with the growth 
medium. Methods using the system and compounds discov
ered with the system (e.g., compounds of Formulas I and II) 
are also disclosed. 
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SYSTEM AND ASSAY FOR MONITORING 
PRODUCTION/RELEASE OF 

MEMBRANE-LYTIC TOXINS IN BACTERIA 
AND COMPOUNDS FOR MODULATING 

SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the benefit of and priority 
to U.S. Patent Application No. 63/237986, filed on Aug. 27, 
2021, the contents of which are incorporated herein by 
reference in its entirety. 

FIELD 

[0002] The present technology generally relates to sys
tems and assays for monitoring production and/or release of 
membrane-lytic toxins (e.g., biosurfactants) in bacteria, 
optionally in the presence of a test compound. The present 
technology also relates to compounds and compositions for 
modulating, including inhibiting and activating, membrane
lytic toxin production/release and, in certain instances, quo
rum sensing in bacteria. 

BACKGROUND 

[0003] Bacteria can sense their population densities using 
low molecular weight signals and alter their behaviors at 
high cell numbers to act as a group. This cell-to-cell signal
ing process is called quorum sensing (QS) and its outcomes 
often have devastating impacts on human and animal health, 
agriculture, and a range of clinical and industrial environ
ments. Staphylococcus aureus and Pseudomonas aerugi
nosa are two notorious pathogens that use QS to regulate 
toxin production/release and other behaviors that incur tre
mendous burdens on human health. S. aureus is a Gram
positive bacterium and, once achieving a sufficiently high 
(i.e., quorate) population, uses the accessory gene regulator 
(agr) QS system to produce protein-based toxins and a suite 
of peptides, called phenol-soluble modulins (PSMs), that 
exhibit membrane lytic activity. P. aeruginosa is a Gram
negative bacterium and uses a set of QS systems (i.e., 
LuxI/LuxR-type and Pqs) at high cell density to produce an 
analogous array of protein-based and small-molecule toxins, 
along with biosurfactants (i.e., rhamnolipids) that can dis
rupt lipid membranes and kill cells. 
[0004] To date, the scope of compounds available as 
chemical modulators of QS (QSMs) in P. aeruginosa and S. 
aureus is limited. Several factors have complicated the 
discovery and characterization of new synthetic QSMs with 
improved properties. One factor is the assumption that new 
compounds identified to target a specific QS system or 
receptor in conventional cell-based assays using QS reporter 
gene constructs will ultimately translate directly to QS
linked phenotypes. This assumption is not always true in S. 
aureus and P. aeruginosa, however, because additional, and 
often indirect, pathways can also contribute to the control of 
virulence phenotypes. Conversely, assays based on pheno
typic response ( e.g., production of toxins, formation of 
biofilm, motility, etc.) are typically low-throughput and 
highly environmentally sensitive and, thus, not as well 
suited for discovery oriented research. Furthermore, the 
activity of QSMs in many model laboratory strains used to 
create QS transcriptional reporter systems for screening 
campaigns may not be representative of their activities in 
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wild-type isolates. Indeed, a growing number of reports 
describing the functional role of S. aureus and P. aeruginosa 
QS networks in wild-type strains suggests that they can 
differ substantially from those of common laboratory strains. 

SUMMARY OF THE PRESENT TECHNOLOGY 

[0005] The present technology provides a system and 
assay for monitoring production/release of membrane-lytic 
toxins (e.g., phenol-soluble modulins, and biosurfactants 
such as rhanmolipids) by both Gram-positive and Gram
negative bacteria. As production of such toxins is controlled 
by quorum sensing mechanisms in some bacteria, the system 
and assays provide a way to monitor quorum sensing in such 
bacteria. More broadly, the system and assay may be used to 
assess bacterial production and/or release of membrane-lytic 
toxin by any mechanism. The system and assay may also be 
used to assess modulation of membrane-lytic toxin produc
tion/release, by a test compound. The system and assay thus 
allow for facile in situ screening of exogenous compounds 
capable of altering membrane-lytic toxin production/release 
by bacteria, and thereby identify new compounds that can 
modulate quorum sensing, while avoiding the constraints of 
many of the cell-based reporter assays and phenotypic 
assays commonly used up to now. 
[0006] In one aspect, the present technology provides a 
system for monitoring production/release of membrane-lytic 
toxins by bacteria. The system includes bacteria that release 
at least one membrane-lytic toxin; synthetic lipid vesicles 
comprising an environmentally sensitive indicator, wherein 
the synthetic lipid vesicles release the environmentally sen
sitive indicator in the presence of an effective amount of the 
membrane-lytic toxins; and a growth medium; wherein the 
bacteria and synthetic lipid vesicles are in contact with the 
growth medium. In any embodiments, the bacteria release 
the at least one-membrane-lytic toxin when the bacteria are 
at a quorum-sensing density. In such embodiments, the 
system may be used for monitoring quorum sensing, includ
ing, optionally, in the presence of a test compound. In any 
embodiments, the synthetic lipid vesicles are not cross
linked. In any embodiments the environmentally sensitive 
indicator is an environmentally sensitive dye or particles. 
[0007] In another aspect, the present technology provides 
compounds that may modulate production/release of mem
brane-lytic toxins and/or inhibit or activate quorum sensing 
in certain types of bacteria. Thus, the present technology 
provides compounds of Formula I or Formula II: 

=-')<._R3 n, 

III 
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and/or a tautomer thereof and/or a pharmaceutically accept
able salt thereof, 

[0008] wherein 
[0009] R1 is OH (or its oxo tautomer), or a substituted 

or unsubstituted alkyl, cycloalkyl, or cycloalkylalkyl 
group; 

[0010] R2 is H, halogen, OH, NO2 , or a substituted or 
unsubstituted alkyl, cycloalkyl or cycloalkylalkyl 
group; 

[0011] R3 is a halogen, CN, NO2 , or a substituted or 
unsubstituted alkyl, cycloalkyl, or cycloalkylalkyl 
group; and 

[0012] R4 is OR a, NHRa, or a substituted or unsubsti
tuted alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, 
heteroaryl, or heteroarylalkyl group; 

[0013] R5 is a substituted or unsubstituted alkyl, 
cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, or 
heteroarylalkyl group; 

[0014] Ra is substituted or unsubstituted alkyl, cycloal
kyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, or het
eroarylalkyl group; and 

[0015] n is 1, 2, 3, 4 or 5; 
[0016] provided that the compound is not 7-isopropyl-

2-methyl-3-phenylpyrazolo[ 1,5-a ]pyrimidine-5-car
boxylic acid, and is not N-(3-chlorophenyl)-2-(thio
phene-3-carboxamido )-6, 7-dihydrothiazolo[ 5,4-c] 
pyridine-5( 4H)-carboxamide. 

[0017] In another aspect, the present technology provides 
a pharmaceutical composition comprising a compound of 
Formula I or Formula II as described herein and a pharma
ceutically acceptable carrier and/or excipient. 
[0018] In another aspect, the present technology provides 
methods of modulating production/release of a membrane
lytic toxin by bacteria comprising contacting the bacteria 
with an effective amount of any compound as described 
herein (e.g., a compound of Formula I or II). In any 
embodiments, the bacteria release the membrane-lytic toxin 
upon reaching a quorum-sensing density. Thus, the com
pound may activate QS or may inhibit QS. In any embodi
ments, the compound is QS inhibitor. 
[0019] In another aspect, the present technology provides 
methods for treating a bacterial infection in a subject com
prising administering an effective amount of a compound 
described herein (e.g., a QS inhibitor) to the subject. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIGS. lA-lC show how S. aureus and P. aerugi
nosa regulate virulence factor (e.g., membrane-lytic toxin) 
production through QS signaling. (lA) Schematic of the S. 
aureus accessory gene regulator (agr) system. S. aureus uses 
QS to upregulate myriad toxins, including phenol soluble 
modulins (PSMs). (18) Schematic of the Las-Rhl-Pqs P. 
aeruginosa QS system. Rhanmolipid production by P. 
aeruginosa is induced by activation of the LuxI/LuxR-type 
Rh! QS system. Another LuxI/LuxR-type circuit, Las, is 
responsible for activation of Rh!, in coordination with the 
Pseudomonas quinolone signaling (PQS) system. (lC) The 
structures of the native QS signaling molecules and relevant 
amphiphilic toxins of both species, including the hemolytic 
S. aureus 67 -toxin ( one of several PSM types). Colored 
boxes around compound names indicate cellular targets in 
panels 1 A and 1 B. AIP and II-toxin structures are shown with 
single-letter amino acid codes. Yellow and red shading in 
II-toxin indicate hydrophobic and hydrophilic residues, 
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respectively; the two views highlight its overall amphipathic 
structure. Structure for II-toxin retrieved from the Protein 
Data Bank; PDB ID=2KAM (Loureiro-Ferreira, 2008). 
[0021] FIGS. 2A-2D show vesicle lysis occurring in the 
presence of bacteria for an illustrative embodiment of pres
ent technology. (2A-B) Differential vesicle lysis between 
WT (black) and QS mutant (grey) strains of S. aureus (A) 
and P. aeruginosa (2B) as measured by fluorescence over 
time. (2C-D) Vesicle lysis (black) induced by WT S. aureus 
(2C) and P. aeruginosa (2D) correlated with QS-onset as 
determined by transcriptional reporter strains ((green) S. 
aureus containing agr reporter plasmid pDB59, producing 
YFP; P. aeruginosa containing plasI-LVAgfp reporter plas
mid, producing GFP; see General Methods and Table 1 for 
details). The dashed line in (2A, 2B) indicates fluorescence 
one hr after addition of the positive lysis control (Triton 
X-100). Data points represent the mean of all replicates 
(n=9). Error bars=SEM (shaded area around data points). 
[0022] FIGS. 3A-3C show results of dynamic light scat
tering (DLS) analysis of the calcein-loaded vesicle formu
lations of an illustrative embodiment disclosed in the 
Examples. Intensity and number average size distributions 
for vesicles composed of (A) 68% DPPC, 30% cholesterol, 
and 2% DPPE and (3B, 3C) 70% DOPC and 30% choles
terol passed through a 100 nm polycarbonate membrane 
either (3B) 3 times (representative of vesicles used in 
high-throughput assays) or (3A, 3C) 7 times (representative 
of vesicles used in continuous time course experiments). 
These DLS results demonstrate that the vesicles used in this 
work are -150 nm in diameter. Size distributions shown are 
the average of three independent measurements of a single 
vesicle sample. 
[0023] FIGS. 4A-4D show growth curves for bacteria 
incubated in the presence of calcein-loaded vesicles of an 
illustrative embodiment disclosed in the Examples. (4A) 
Growth curves for S. aureus WT and an agr-null strain (S. 
aureus QS mutant). (4B) Growth curves for P. aeruginosa 
WT and a lllasRrh!R strain (P. aeruginosa QS mutant). ( 4C) 
Growth curves for S. aureus WT with vesicles and S. aureus 
WT containing a YFP QS reporter plasmid (pDB59). (4D) 
Growth curves for P. aeruginosa WT with vesicles and P. 
aeruginosa WT containing a GFP QS reporter plasmid 
(plasI-LVAgfp ). Data points represent the mean of all rep
licates (n=9). Error bars=SEM (shaded area around data 
points). See General Methods for assay protocols and Table 
1 for details of strains and plasmids used. 
[0024] FIGS. SA-SB show normalized calcein fluores
cence intensity values for (SA) rhanmolipid introduced to 
68% DPPC, 30% cholesterol, 2% DPPE vesicles containing 
calcein in calcein buffer (the vesicles used for experiments 
with P. aeruginosa) at various concentrations and (SB) 
PSMa3 introduced to 70% DOPC, 30% cholesterol vesicles 
containing calcein in PBS (the vesicles used for experiments 
with S. aureus) at various concentrations. In all measure
ments, the lipid concentration of the vesicles was held 
constant at 100 µM for P. aeruginosa vesicles or 200 µM for 
S. aureus vesicles. All points shown are the mean and SD of 
three measurements of a single technical replicate. In both 
plots, some error bars are obscured by the sizes of the data 
points. See Methods for details of each vesicle formulation. 
[0025] FIGS. 6A-6B show non-native QSMs of S. aureus 
(6A) and P. aeruginosa (6B) evaluated in the Examples: 
Synthetic S. aureus QS antagonists (1-6), P. aeruginosa QS 
antagonists (7, 8), and synthetic QS agonist (9). Common 
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compound names: 1, AIP III D4A; 2, AIP III D4A amide; 3, 
tr. AIP III D2A; 4, tr. AIP III D2A amide; 5, Bnc3; 6, savirin; 
7, V-06-018; 8, M64. tr.=truncated. Colored boxes indicate 
the cellular targets color-coded in FIGS. lA-1B: 
green=AgrC; red=AgrA; purple=LasR; blue=Rh!R; 
orange=PqsR. 

[0026] FIGS. 7A-7D show vesicle lysis is strongly influ
enced by exogenously added QSMs in an illustrative 
embodiment in the Examples. Fluorescence was monitored 
for 12 hr after incubation of lag phase WT bacteria with 
vesicle suspensions and QSMs. (7A) QS inhibitors 1, 5, and 
6 repress vesicle lysis in S. aureus, whereas (7B) the native 
ALP induces early lysis. (7C) QS inhibitors 7 and 8 delay the 
onset of vesicle lysis by approximately 2 hr inP. aeruginosa. 
(7D) Rh!R activators BHL and 9 facilitate vesicle lysis in P. 
aeruginosa, while the native agonists of LasR and Rh!R, 
OdDHL and PQS, had no observable effect. The dashed line 
indicates fluorescence 1 hr after addition of the positive lysis 
control (Triton X-100). Vehicle=DMSO. Data points repre
sent the mean of all replicates (n=9). Error bars=SEM 
(shaded area around data points). 

[0027] FIGS. SA-SC show the effects of exogenously 
added AIP and compounds 1-6 on vesicle lysis and S. aureus 
growth. Compounds and corresponding colors/symbols are 
shown at lower right. (SA) Fluorescence curves for vesicles 
incubated with the S. aureus QS mutant+vehicle and/or 
compounds. The dashed line indicates fluorescence 1 hr after 
addition of Triton X-100 (positive control for complete 
vesicle lysis ). Compounds did not have a noticeable effect 
on vesicle lysis. (8B) Growth curves for S. aureus WT 
incubated with vesicles+vehicle/compounds. (SC) Growth 
curves for the S. aureus QS mutant incubated with vesicles+ 
vehicle/compounds. Data points represent the mean of all 
replicates (n=9). Error bars=SEM (shaded area around data 
points). See Methods for full details of assays. 

[0028] FIGS. 9A-9C show effects of exogenously added 
native QS signaling molecules (OdDHL, BHL, and PQS) 
and compounds 7-9 on vesicle lysis and P. aeruginosa 
growth. Compounds and corresponding colors/symbols are 
shown at lower right. (9A) Fluorescence curves for vesicles 
incubated with the P. aeruginosa QS mutant+vehicle and/or 
compounds. The dashed line indicates fluorescence 1 hr after 
addition of Triton X-100 (positive control for complete 
vesicle lysis ). Compounds did not have a noticeable effect 
on vesicle lysis. (9B) Growth curves for WT P. aeruginosa 
incubated with vesicles+vehicle/compounds. (9C) Growth 
curves for the P. aeruginosa QS mutant incubated with 
vesicles+vehicle/compounds. Data points represent the 
mean of all replicates (n=9). Error bars=SEM (shaded area 
around data points). See Methods for full details of assays. 

[0029] FIGS. l0A-l0C show the timing and magnitude of 
vesicle lysis is dependent on QSM concentration and 
potency. (l0A) Fluorescence as measured over time for a S. 
aureus-vesicle mixture treated with QS antagonist 1 at 
varying concentrations. (10B) Fluorescence as measured 
over time for a S. aureus-vesicle mixture treated with QS 
inhibitors 1-4 at 100 nM; 1-4 are structurally related com
pounds with similar, yet distinct, IC50 values in cell-based 
reporter assays. The dashed lines indicate fluorescence one 
hr after addition of the positive lysis control (Triton X-100). 
Vehicle=DMSO. Data points represent the mean of all 
replicates (n=9). Error bars=SEM (shaded area around data 
points). (lOC) IC50 values for 1-4 in cell-based reporter 
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assays (reproduced from (Tai-Gan et al., 2016)) correlate 
with vesicle leakage as measured by fluorescence after 12 hr 
(a.u.=arbitrary units). 
[0030] FIGS. llA-llD provide a summary of high
throughput screening results. (llA) A scatter plot was gen
erated for the primary screen of test compounds. Test 
compounds (black) that resulted in less than 80% fluores
cence relative to vehicle controls (blue) were selected for 
secondary screening to confirm activity. Positive controls 
(red) typically yielded fluorescence values between 50% and 
70% of the vehicle controls. (11B) Dose-response analysis 
of select high-throughput screening (HTS) hit compounds 
using the vesicle leakage assay. Of the 14 compounds 
selected for dose-response analysis, five indicated probable 
inhibition ofbiosurfactant production and were subjected to 
further analysis using an agr YFP transcriptional reporter. 
Error bars indicate SD. Vehicle and positive controls ( dashed 
lines) are also shown. (llC) Dose-response analysis for 
high-throughput screen (HTS) hit compounds 1 and 2 using 
an agr YFP transcriptional reporter. Error bars indicate SEM. 
(llD) Structure of novel agr inhibitors 10 and 11 identified 
using this high-throughput screen. 
[0031] FIG. 12 shows dose-response agr inhibition data 
for high-throughput screen (HTS) hit compounds 3-5 in the 
S. aureus agr reporter strain containing a YFP QS plasmid 
(pDB59). Data points represent the mean of all replicates 
(n=9). Error bars=SEM. 

DETAILED DESCRIPTION 

[0032] The following terms are used throughout as defined 
below. All other terms and phrases used herein have their 
ordinary meanings as one of skill in the art would under
stand. 
[0033] As used herein and in the appended claims, singu
lar articles such as "a" and "an" and "the" and similar 
referents in the context of describing the elements ( espe
cially in the context of the following claims) are to be 
construed to cover both the singular and the plural, unless 
otherwise indicated herein or clearly contradicted by con
text. Recitation of ranges of values herein are merely 
intended to serve as a shorthand method of referring indi
vidually to each separate value falling within the range, 
unless otherwise indicated herein, and each separate value is 
incorporated into the specification as if it were individually 
recited herein. All methods described herein can be per
formed in any suitable order unless otherwise indicated 
herein or otherwise clearly contradicted by context. The use 
of any and all examples, or exemplary language ( e.g., "such 
as") provided herein, is intended merely to better illuminate 
the embodiments and does not pose a limitation on the scope 
of the claims unless otherwise stated. No language in the 
specification should be construed as indicating any non
claimed element as essential. 
[0034] As used herein, "about" will be understood by 
persons of ordinary skill in the art and will vary to some 
extent depending upon the context in which it is used. If 
there are uses of the term that are not clear to persons of 
ordinary skill in the art, given the context in which it is used, 
"about" will mean up to plus or minus 10% of the particular 
term unless otherwise stated or otherwise evident from the 
context ( e.g., where such number would be less than 0% or 
exceed 100% of a possible value). 
[0035] "Effective amount" refers to the amount of com
pound or composition required to produce a desired effect. 
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As the compounds of the present technology may be used in 
different contexts, the effective amounts may vary with the 
context in which the compounds are used. For example, an 
effective amount of membrane-lytic toxins may be an 
amount that causes release of an environmentally sensitive 
dye from synthetic lipid vesicles. In another example, an 
effective amount of a compound or composition may be one 
that inhibits production and/or release of a membrane-lytic 
toxin and/or inhibits quorum sensing in bacteria. An effec
tive amount in such contexts may include amounts that slow, 
reduce, eliminate or otherwise inhibit the ability of bacteria 
to release membrane-lytic toxins and/or other toxins includ
ing, e.g., when the bacteria reach a quorate population and 
would otherwise produce and release such factors and 
toxins. In the context of treatment ofa subject, the "effective 
amount" (i.e., "a therapeutically effective amount") refers to 
an amount of the compound or composition that alleviates, 
in whole or in part, symptoms associated with a disorder or 
disease ( e.g., bacterial infection), or slows or halts further 
progression or worsening of those symptoms/outcomes, e.g., 
by inhibiting release of a membrane-lytic toxin and/or 
quorum sensing. In the context of prevention, an effective 
amount prevents or provides prophylaxis at least in part for 
the disease or disorder in a subject at risk for developing the 
disease or disorder. One example of an effective amount 
includes amounts or dosages that yield acceptable toxicity 
and bioavailability levels for therapeutic (pharmaceutical) 
use. Determining an effective amount of a compound 
described herein for reducing bacterial virulence, inhibiting 
production and/or release of membrane-lytic toxins (e.g., 
biosurfactants) or treating a bacterial infection is well within 
the skill in the art in view of the present disclosure. Simi
larly, determining effective amounts of a compound herein 
for modulating quorum sensing (including activating or 
inhibiting) is within the skill in the art in view of the 
guidance provided herein and the general knowledge in the 
field. 

[0036] As used herein, a "subject" or "patient" is any 
animal subject to bacterial infections. In any embodiments, 
the subject is a human or non-human animal, such as a cat, 
dog, bird, fish, ungulate, rodent or primate. In any embodi
ments, the subject is a human. The term "subject" and 
"patient" can be used interchangeably. 

[0037] "Treating" or "treatment" within the context of the 
present technology, means an alleviation, in whole or in part, 
of symptoms associated with a disorder or disease, or 
slowing, or halting of further progression or worsening of 
those symptoms. As a non-limiting example of treatment, a 
subject can be successfully treated for a bacterial infection 
if, after receiving through administration an effective or 
therapeutically effective amount of one or more compounds 
or compositions described herein, the subject shows observ
able and/or measurable improvements such as reduction or 
elimination of bacterial load, fever, muscle aches, headache, 
nausea, vomiting, stiff neck, confusion, loss of balance, 
convulsions. Treatment, as defined herein, may include 
administering a compound herein to prevent infection, that 
is, administering the compound beforehand to avert or 
forestall the appearance of one or more symptoms of a 
disease or disorder, such as bacterial infection. It will be 
appreciated by one of skill in the art that prevention is not 
used as an absolute term. in the medical art it is understood 
to refer to the prophylactic administration of a drug to 
substantially diminish the likelihood or seriousness of a 
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condition, or symptom of the condition and this is the sense 
intended in this disclosure. As used in a standard text in the 
field, the Physician's Desk Reference, the terms "prevent", 
"preventing" and "prevention" with regard to a disorder or 
disease, refer to averting the cause, effects, symptoms or 
progression of a disease or disorder prior to the disease or 
disorder fully manifesting itself Treatment typically refers to 
the administration of an effective amount of a compound of 
the present technology to a subject. 
[0038] Pharmaceutically acceptable salts of compounds 
described herein are within the scope of the present tech
nology and include acid or base addition salts which retain 
the desired pharmacological activity and are not biologically 
undesirable ( e.g., the salt is not unduly toxic, allergenic, or 
irritating, and is bioavailable ). When the compound of the 
present technology has a basic group, such as, for example, 
an amino group, pharmaceutically acceptable salts can be 
formed with inorganic acids (such as hydrochloric acid, 
hydrobromic acid, nitric acid, sulfuric acid, and phosphoric 
acid), organic acids ( e.g., alginate, formic acid, acetic acid, 
benzoic acid, gluconic acid, fumaric acid, oxalic acid, tar
taric acid, lactic acid, maleic acid, citric acid, succinic acid, 
malic acid, methanesulfonic acid, benzenesulfonic acid, 
naphthalene sulfonic acid, and p-toluenesulfonic acid) or 
acidic amino acids (such as aspartic acid and glutamic acid). 
When the compound of the present technology has an acidic 
group, such as for example, a carboxylic acid group, it can 
form salts with metals, such as alkali and earth alkali metals 
(e.g., Na+, Li+, K+, Ca2 +, Mg2 +, Zn2+), ammonia or organic 
amines (e.g., dicyclohexylamine, trimethylamine, triethyl
amine, pyridine, picoline, ethanolamine, diethanolamine, 
triethanolamine) or basic amino acids ( e.g., arginine, lysine 
and omithine). Such salts can be prepared in situ during 
isolation and purification of the compounds or by separately 
reacting the purified compound in its free base or free acid 
form with a suitable acid or base, respectively, and isolating 
the salt thus formed. 
[0039] As used herein, the term "membrane-lytic toxin" 
refers to an agent released by bacteria which can lyse or 
cause lysis of host cell membranes. Membrane-lytic toxins 
vary by bacterial species and include amphipathic peptides 
known as phenol-soluble modulins (PSMs) produced by S. 
aureus and rhamnolipids produced by P. aeruginosa. 
[0040] As used herein, the term "quorum-sensing density" 
refers to the cell population density at which a species or 
strain of bacteria produces and releases membrane-lytic 
toxins. The quorum-sensing density may vary by bacterial 
species, strain and environmental conditions, and is often in 
the range of 107 -109 cells/mL. 
[0041] Those of skill in the art will appreciate that com
pounds of the present technology may exhibit the phenom
ena of tautomerism, conformational isomerism, geometric 
isomerism and/or stereoisomerism. As the formula drawings 
within the specification and claims can represent only one of 
the possible tautomeric, conformational isomeric, stereo
chemical or geometric isomeric forms, it should be under
stood that the present technology encompasses any tauto
meric, conformational isomeric, stereochemical and/or 
geometric isomeric forms of the compounds having one or 
more of the utilities described herein, as well as mixtures of 
these various different forms. 
[0042] "Tautomers" refers to isomeric forms of a com
pound in equilibrium with each other, wherein the isomers 
differ by the position of a hydrogen atom. Common 



US 2023/0070337 Al 

examples of tautomers include keto-enol tautomers and 
guanidine tautomers. The presence and concentrations of the 
isomeric forms will depend on the environment the com
pound is found in and may be different depending upon, for 
example, whether the compound is a solid or is in an organic 
or aqueous solution. Because of the limits of representing 
compounds by structural formulas, it is to be understood that 
all chemical formulas of the compounds described herein 
represent all tautomeric forms of compounds and are within 
the scope of the present technology. 
[0043] Stereoisomers of compounds (also known as opti
cal isomers) include all chiral, diastereomeric, and racemic 
forms of a structure, unless the specific stereochemistry is 
expressly indicated. Thus, compounds used in the present 
technology include enriched or resolved optical isomers at 
any or all asymmetric atoms as are apparent from the 
depictions. Both racemic and diastereomeric mixtures, as 
well as the individual optical isomers can be isolated or 
synthesized so as to be substantially free of their enantio
meric or diastereomeric partners, and these stereoisomers 
are all within the scope of the present technology. 
[0044] The compounds of the present technology may 
exist as solvates, especially hydrates. Hydrates may form 
during manufacture of the compounds or pharmaceutical 
compositions comprising the compounds, or hydrates may 
form over time due to the hygroscopic nature of the com
pounds. Compounds of the present technology may exist as 
organic solvates as well, including DMF, ether, and alcohol 
solvates among others. The identification and preparation of 
any particular solvate is within the skill of the ordinary 
artisan of synthetic organic or medicinal chemistry. 
[0045] Generally, reference to a certain element such as 
hydrogen or H is meant to include all isotopes of that 
element. For example, if an R group is defined to include 
hydrogen or H, it also includes deuterium and tritium. 
Compounds comprising radioisotopes such as tritium, C14

, 

P32 and S35 are thus within the scope of the present tech
nology. Procedures for inserting such labels into the com
pounds of the present technology will be readily apparent to 
those skilled in the art based on the disclosure herein. 
[0046] In general, "substituted" refers to an organic group 
as defined below ( e.g., an alkyl group) in which one or more 
bonds to a hydrogen atom contained therein are replaced by 
a bond to a non-hydrogen atom. Substituted groups also 
include groups in which one or more bonds to a carbon(s) or 
hydrogen(s) atom are replaced by one or more bonds, 
including double or triple bonds, to a heteroatom. Thus, a 
substituted group is substituted with one or more substitu
ents, unless otherwise specified. In some embodiments, a 
substituted group is substituted with 1, 2, 3, 4, 5, or 6 
substituents. Examples of substituent groups include, but are 
not limited to, alkyl, alkenyl, halogen (i.e., F, Cl, Br, and I); 
hydroxyl; hydroxyalkyl, alkoxy, alkenoxy, aryloxy, aralky
loxy, heterocyclyl, heterocyclylalkyl, heterocyclyloxy, and 
heterocyclylalkoxy groups; carbonyl ( oxo ); carboxylate; 
ester; urethane; oximes; hydroxylamine; alkoxyamine; 
aralkoxyamine; thiol; alkylthio; sulfide; sulfoxide; sulfone; 
sulfonyl; sulfonamide; amine; N-oxide; hydrazine; hydraz
ide; hydrazone; azide; amide; urea; amidine; guanidine; 
enamine; imide; isocyanate; isothiocyanate; cyanate; thio
cyanate; imine; nitro; nitrile (i.e., CN); and the like. 
[0047] As to any of the groups herein which contain one 
or more substituents, it is understood, that such groups do 
not contain any substitution or substitution patterns that are 
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sterically impractical and/or synthetically non-feasible. In 
addition, the compounds of this invention include all ste
reochemical isomers arising from the substitution of these 
compounds. 
[0048] As used herein, Cm-Cm such as cl -C12, cl -C6, or 
C1 -C3 when used before a group refers to that group con
taining m to n carbon atoms. 
[0049] Alkyl groups include straight chain and branched 
chain alkyl groups having from 1 to 12 carbon atoms, and 
typically from 1 to 10 carbons or, in some embodiments, 
from 1 to 8, 1 to 6, or 1 to 3 carbon atoms. Examples of 
straight chain alkyl groups include, but are not limited to, 
groups such as methyl, ethyl, n-propyl, n-butyl, n-pentyl, 
n-hexyl, n-heptyl, and n-octyl groups. Examples of branched 
alkyl groups include, but are not limited to, isopropyl, 
iso-butyl, sec-butyl, tent-butyl, neopentyl, isopentyl, and 
2,2-dimethylpropyl groups. Alkyl groups may be substituted 
or unsubstituted. Representative substituted alkyl groups 
may be substituted one or more times with substituents such 
as those listed above, and include without limitation haloal
kyl ( e.g., trifluoromethyl), hydroxyalkyl, thioalkyl, amino
alkyl, alkylaminoalkyl, dialkylaminoalkyl, alkoxyalkyl, car
boxyalkyl, and the like. 
[0050] Specific substituted alkyl groups include haloalkyl 
groups, particularly trihalomethyl groups and specifically 
trifluoromethyl groups. Specific substituted aryl groups 
include mono-, di-, tri, tetra- and pentahalo-substituted 
phenyl groups; mono-, di-, tri-, tetra-, penta-, hexa-, and 
hepta-halo-substituted naphthalene groups; 3- or 4-halo
substituted phenyl groups, 3- or 4-alkyl-substituted phenyl 
groups, 3- or 4-alkoxy-substituted phenyl groups, 3- or 
4-RCO-substituted phenyl, 5- or 6-halo-substituted naphtha
lene groups. More specifically, substituted aryl groups 
include acetylphenyl groups, particularly 4-acetylphenyl 
groups; fluorophenyl groups, particularly 3-fluorophenyl 
and 4-fluorophenyl groups; chlorophenyl groups, particu
larly 3-chlorophenyl and 4-chlorophenyl groups; meth
ylphenyl groups, particularly 4-methylphenyl groups, and 
methoxyphenyl groups, particularly 4-methoxyphenyl 
groups. 
[0051] Alkenyl groups include straight and branched 
chain alkyl groups as defined above, except that at least one 
double bond exists between two carbon atoms. Alkenyl 
groups have from 2 to 12 carbon atoms, and typically from 
2 to 10 carbons or, in some embodiments, from 2 to 8, 2 to 
6, or 2 to 4 carbon atoms. In some embodiments, the alkenyl 
group has one, two, or three carbon-carbon double bonds. 
Examples include, but are not limited to vinyl, ally!, 
----CH=CH(CH3 ), ----CH=C(CH3 ) 2 , ----C(CH3)=CH2 , 

----C(CH3)=CH(CH3 ), -C(CH2 CH3)=CH2 , among oth-
ers. Representative substituted alkenyl groups may be 
mono-substituted or substituted more than once, such as, but 
not limited to, mono-, di- or tri-substituted with substituents 
such as those listed above. 
[0052] Alkoxy groups are hydroxyl groups (-OH) in which 
the bond to the hydrogen atom is replaced by a bond to a 
carbon atom of a substituted or unsubstituted alkyl group as 
defined above. Examples of linear alkoxy groups include, 
but are not limited to, methoxy, ethoxy, propoxy, butoxy, 
pentoxy, hexoxy, and the like. Examples of branched alkoxy 
groups include, but are not limited to, isopropoxy, sec
butoxy, tent-butoxy, isopentoxy, isohexoxy, and the like. 
Examples of cycloalkoxy groups include, but are not limited 
to, cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclo-
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hexyloxy, and the like. Alkoxy groups may be substituted or 
unsubstituted. Representative substituted alkoxy groups 
may be substituted one or more times with substituents such 
as those listed above. 
[0053] Alkynyl groups include straight and branched 
chain alkyl groups as defined above, except that at least one 
triple bond exists between two carbon atoms. Alkynyl 
groups have from 2 to 12 carbon atoms, and typically from 
2 to 10 carbons or, in some embodiments, from 2 to 8, 2 to 
6, or 2 to 4 carbon atoms. In some embodiments, the alkynyl 
group has one, two, or three carbon-carbon triple bonds. 
Examples include, but are not limited to ----e .. cH, 
-C .. CCH3, ----CH2C .. CCH3, ----e .. ccH2CH(CH2CH3)2, 
among others. Representative substituted alkynyl groups 
may be mono-substituted or substituted more than once, 
such as, but not limited to, mono-, di- or tri-substituted with 
substituents such as those listed above. 
[0054] Ary! groups are cyclic aromatic hydrocarbons that 
do not contain heteroatoms. Ary! groups herein include 
monocyclic, bicyclic and tricyclic ring systems. Thus, aryl 
groups include, but are not limited to, phenyl, azulenyl, 
heptalenyl, biphenyl, fluorenyl, phenanthrenyl, anthracenyl, 
indenyl, indanyl, pentalenyl, and naphthyl groups. In some 
embodiments, aryl groups contain 6-14 carbons, and in 
others from 6 to 12 or even 6-10 carbon atoms in the ring 
portions of the groups. In some embodiments, the aryl 
groups are phenyl or naphthyl. Although the phrase "aryl 
groups" includes groups containing fused rings, such as 
fused aromatic-aliphatic ring systems (e.g., indanyl, tetra
hydronaphthyl, and the like), it does not include aryl groups 
that have other groups, such as alkyl or halo groups, bonded 
to one of the ring members. Rather, groups such as tolyl are 
referred to as substituted aryl groups. Ary! groups may be 
substituted or unsubstituted. Representative substituted aryl 
groups may be mono-substituted or substituted more than 
once. For example, monosubstituted aryl groups include, but 
are not limited to, 2-, 3-, 4-, 5-, or 6-substituted phenyl or 
naphthyl groups, which may be substituted with substituents 
such as those listed above. 
[0055] Aralkyl groups are alkyl groups as defined above in 
which a hydrogen or carbon bond of an alkyl group is 
replaced with a bond to an aryl group as defined above. In 
some embodiments, aralkyl groups contain 7 to 16 carbon 
atoms, 7 to 14 carbon atoms, or 7 to 10 carbon atoms. 
Aralkyl groups may be substituted or unsubstituted. Substi
tuted aralkyl groups may be substituted at the alkyl, the aryl 
or both the alkyl and aryl portions of the group. Represen
tative aralkyl groups include but are not limited to benzyl 
and phenethyl groups and fused (cycloalkylaryl)alkyl 
groups such as 4-indanylethyl. Representative substituted 
aralkyl groups may be substituted one or more times with 
substituents such as those listed above. 
[0056] Cycloalkyl groups include mono-, bi- or tricyclic 
alkyl groups having from 3 to 12 carbon atoms in the ring(s), 
or, in some embodiments, 3 to 10, 3 to 8, or 3 to 4, 5, or 6 
carbon atoms. Exemplary monocyclic cycloalkyl groups 
include, but not limited to, cyclopropyl, cyclobutyl, cyclo
pentyl, cyclohexyl, cycloheptyl, and cyclooctyl groups. In 
some embodiments, the cycloalkyl group has 3 to 8 ring 
members, whereas in other embodiments the number of ring 
carbon atoms range from 3 to 5, 3 to 6, or 3 to 7. Bi- and 
tricyclic ring systems include both bridged cycloalkyl 
groups and fused rings, such as, but not limited to, bicyclo 
[2.1.l]hexane, adamantyl, decalinyl, and the like. Substi-
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tuted cycloalkyl groups may be substituted one or more 
times with, non-hydrogen groups, including heteroatoms, as 
defined above. However, substituted cycloalkyl groups also 
include rings that are substituted with straight or branched 
chain alkyl or alkenyl groups as defined above. Represen
tative substituted cycloalkyl groups may be mono-substi
tuted or substituted more than once, such as, but not limited 
to, 2,2-, 2,3-, 2,4- 2,5- or 2,6-disubstituted cyclohexyl 
groups, which may be substituted with substituents such as 
those listed above. 

[0057] Cycloalkylalkyl groups are alkyl groups as defined 
above in which a hydrogen or carbon bond of an alkyl group 
is replaced with a bond to a cycloalkyl group as defined 
above. In some embodiments, cycloalkylalkyl groups have 
from 4 to 16 carbon atoms, 4 to 12 carbon atoms, and 
typically 4 to 10 carbon atoms. Substituted cycloalkylalkyl 
groups may be substituted at the alkyl, the cycloalkyl or both 
the alkyl and cycloalkyl portions of the group. Representa
tive substituted cycloalkylalkyl groups may be mono-sub
stituted or substituted more than once, such as, but not 
limited to, mono-, di- or tri-substituted with sub stituents 
such as those listed above. 

[0058] Heteroalkyl groups are C2_12 alkyl groups as 
described above, in which 1, 2, 3, 4, 5, or 6 carbon atoms are 
replaced with N, 0, S, or combinations thereof, in a stable 
configuration. Thus, the heteroalkyl groups may include for 
example, NH, 0, S, S(O) and SO2 groups. Heteroalkyl 
groups have at least one carbon and do not include groups 
bearing adjacent heteroatoms (e.g., peroxides). In any 
embodiments, heteroalkyl groups include one or two het
eroatoms selected from NH, 0 and S, wherein each heteroa
tom may be the same or different. Where valence allows, 
heteroalkyl groups may be further substituted with substitu
ents as described herein. Examples of heteroalkyl groups 
include, but are not limited ----CH2CH2SCH3, 
----CH2 CH2OCH2 CH3, ----CH2 CH2N ( CH3)CH2SCH3, 
---OCH2CH2OCH2CH2OCH3, -CH2S(O)CH2, 
----CH2CH2SO2CH3, and the like, as well as, e.g., polyether 
and polyamino alkyl groups, including but not limited to 
poly( oxyalkylene) groups. 

[0059] Heterocyclyl groups include aromatic (also 
referred to as heteroaryl) and non-aromatic ring compounds 
containing 3 or more ring members, of which one or more 
is a heteroatom such as, but not limited to, N, 0, and S. In 
some embodiments, the heterocyclyl group contains 1, 2, 3 
or 4 heteroatoms. In some embodiments, heterocyclyl 
groups include mono-, bi- and tricyclic rings having 3 to 16 
ring members, whereas other such groups have 3 to 6, 3 to 
10, 3 to 12, or 3 to 14 ring members. Heterocyclyl groups 
encompass aromatic, partially unsaturated and saturated ring 
systems, such as, for example, imidazolyl, imidazolinyl and 
imidazolidinyl groups. The phrase "heterocyclyl group" 
includes fused ring species including those comprising fused 
aromatic and non-aromatic groups, such as, for example, 
benzotriazolyl, 2,3-dihydrobenzo[l,4]dioxinyl, and benzo 
[1,3]dioxolyl. The phrase also includes bridged polycyclic 
ring systems containing a heteroatom such as, but not 
limited to, quinuclidyl. However, the phrase does not 
include heterocyclyl groups that have other groups, such as 
alkyl, oxo or halo groups, bonded to one of the ring 
members. Rather, these are referred to as "substituted het
erocyclyl groups". Heterocyclyl groups include, but are not 
limited to, aziridinyl, azetidinyl, pyrrolidinyl, imidazolidi
nyl, pyrazolidinyl, thiazolidinyl, tetrahydrothiophenyl, tet-
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rahydrofuranyl, dioxolyl, furanyl, thiophenyl, pyrrolyl, pyr
rolinyl, imidazolyl, imidazolinyl, pyrazolyl, pyrazolinyl, 
triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiazolyl, thiazoli
nyl, isothiazolyl, thiadiazolyl, oxadiazolyl, piperidyl, piper
azinyl, morpholinyl, thiomorpholinyl, tetrahydropyranyl, 
tetrahydrothiopyranyl, oxathiane, dioxyl, dithianyl, pyranyl, 
pyridyl, pyrimidinyl, pyridazinyl, pyrazinyl, triazinyl, dihy
dropyridyl, dihydrodithiinyl, dihydrodithionyl, homopiper
azinyl, quinuclidyl, indolyl, indolinyl, isoindolyl, azaindolyl 
(pyrrolopyridyl), indazolyl, indolizinyl, benzotriazolyl, ben
zimidazolyl, benzofuranyl, benzothiophenyl, benzthiazolyl, 
benzoxadiazolyl, benzoxazinyl, benzodithiinyl, benzox
athiinyl, benzothiazinyl, benzoxazolyl, benzothiazolyl, ben
zothiadiazolyl, benzo[l,3]dioxolyl, pyrazolopyridyl, imida
zopyridyl (azabenzimidazolyl), triazolopyridyl, 
isoxazolopyridyl, purinyl, xanthinyl, adeninyl, guaninyl, 
quinolinyl, isoquinolinyl, quinolizinyl, quinoxalinyl, qui
nazolinyl, cinnolinyl, phthalazinyl, naphthyridinyl, pteridi
nyl, thianaphthyl, dihydrobenzothiazinyl, dihydrobenzo
furanyl, dihydroindolyl, dihydrobenzodioxinyl, 
tetrahydroindolyl, tetrahydroindazolyl, tetrahydrobenzimi
dazolyl, tetrahydrobenzotriazolyl, tetrahydropyrrolopyridyl, 
tetrahydropyrazolopyridyl, tetrahydroimidazopyridyl, tetra
hydrotriazolopyridyl, and tetrahydroquinolinyl groups. Het
erocyclyl groups may be substituted or unsubstituted. Rep
resentative substituted heterocyclyl groups may be mono
substituted or substituted more than once, such as, but not 
limited to, pyridyl or morpholinyl groups, which are 2-, 3-, 
4-, 5-, or 6-substituted, or disubstituted with various sub
stituents such as those listed above. 

[0060] Heteroaryl groups are aromatic ring compounds 
containing 5 or more ring members, of which, one or more 
is a heteroatom such as, but not limited to, N, 0, and S. 
Heteroaryl groups include, but are not limited to, groups 
such as pyrrolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, 
isoxazolyl, thiazolyl, pyridinyl, pyridazinyl, pyrimidinyl, 
pyrazinyl, thiophenyl, benzothiophenyl, furanyl, benzofura
nyl, indolyl, azaindolyl (pyrrolopyridinyl), indazolyl, benz
imidazolyl, imidazopyridinyl (azabenzimidazolyl), pyrazo
lopyridinyl, triazolopyridinyl, benzotriazolyl, benzoxazolyl, 
benzothiazolyl, benzothiadiazolyl, imidazopyridinyl, isoxa
zolopyridinyl, thianaphthyl, purinyl, xanthinyl, adeninyl, 
guaninyl, quinolinyl, isoquinolinyl, tetrahydroquinolinyl, 
quinoxalinyl, and quinazolinyl groups. Heteroaryl groups 
include fused ring compounds in which all rings are aro
matic such as indolyl groups and include fused ring com
pounds in which only one of the rings is aromatic, such as 
2,3-dihydro indolyl groups. The phrase "heteroaryl groups" 
includes fused ring compounds. Heteroaryl groups may be 
substituted or unsubstituted. Representative substituted het
eroaryl groups may be substituted one or more times with 
various substituents such as those listed above. 

[0061] Heterocyclylalkyl groups are alkyl groups as 
defined above in which a hydrogen or carbon bond of an 
alkyl group is replaced with a bond to a heterocyclyl group 
as defined above. Heterocyclylalkyl groups may be substi
tuted or unsubstituted. Substituted heterocyclylalkyl groups 
may be substituted at the alkyl, the heterocyclyl or both the 
alkyl and heterocyclyl portions of the group. Representative 
heterocyclyl alkyl groups include, but are not limited to, 
morpholin-4-yl-ethyl, furan-2-yl-methyl, imidazol-4-yl
methyl, pyridin-3 -yl-methyl, tetrahydrofuran-2-yl-ethyl, 
and indol-2-yl-propyl. Representative substituted heterocy-
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clylalkyl groups may be substituted one or more times with 
substituents such as those listed above. 

[0062] Heteroarylalkyl groups are alkyl groups as defined 
above in which a hydrogen or carbon bond of an alkyl group 
is replaced with a bond to a heteroaryl group as defined 
above. Heteroarylalkyl groups may be substituted or unsub
stituted. Substituted heteroarylalkyl groups may be substi
tuted at the alkyl, the heteroaryl or both the alkyl and 
heteroaryl portions of the group. Representative substituted 
heteroarylalkyl groups may be substituted one or more times 
with substituents such as those listed above. 

[0063] Groups described herein having two or more points 
of attachment (i.e., divalent, trivalent, or polyvalent) within 
the compound of the present technology are designated by 
use of the suffix, "ene." For example, divalent alkyl groups 
are alkylene groups, divalent aryl groups are arylene groups, 
divalent heteroaryl groups are divalent heteroarylene 
groups, and so forth. Substituted groups having a single 
point of attachment to the compound of the present tech
nology are not referred to using the "ene" designation. Thus, 
for example, chloroethyl is not referred to herein as chlo
roethylene. 

[0064] The terms "alkanoyl" and "alkanoyloxy" as used 
herein can refer, respectively, to -C(O)-alkyl groups and 
---0-C(O)-alkyl groups, each containing 2-5 carbon 
atoms. Similarly, "aryloyl" and "aryloyloxy" refer to 
----C(O)-aryl groups and -O----C(O)-aryl groups. 

[0065] The terms "aryloxy" and "arylalkoxy" refer to, 
respectively, a substituted or unsubstituted aryl group 
bonded to an oxygen atom and a substituted or unsubstituted 
aralkyl group bonded to the oxygen atom at the alkyl. 
Examples include but are not limited to phenoxy, naphth
yloxy, and benzyloxy. Aryloxy and arylalkoxy groups may 
each be may be substituted or unsubstituted. Representative 
substituted aryloxy and arylalkoxy groups may be substi
tuted one or more times with substituents such as those listed 
above. 

[0066] The term "carboxyl" as used herein refers to a 
-COOR group or its ionized form, -Coo-. 

[0067] The term "ester" as used herein refers to 
----COOR70 and ----C(O)O-G groups. R70 is a substituted or 
unsubstituted alkyl, cycloalkyl, alkenyl, alkynyl, aryl, aral
kyl, heterocyclylalkyl or heterocyclyl group as defined 
herein. G is a carboxylate protecting group. Carboxylate 
protecting groups are well known to one of ordinary skill in 
the art. An extensive list of protecting groups for the 
carboxylate group functionality may be found in Protective 
Groups in Organic Synthesis, Greene, T. W.; Wuts, P. G. M., 
John Wiley & Sons, New York, N.Y., (3rd Edition, 1999) 
which can be added or removed using the procedures set 
forth therein and which is hereby incorporated by reference 
in its entirety and for any and all purposes as if fully set forth 
herein. 

[0068] The term "amide" ( or "amido") includes C- and 
N-amide groups, i.e., -C(O)NR71 R72

, and-NR71C(O)R72 

groups, respectively. R71 and R72 are independently hydro
gen, or a substituted or unsubstituted alkyl, alkenyl, alkynyl, 
cycloalkyl, aryl, aralkyl, heterocyclylalkyl or heterocyclyl 
group as defined herein. Amido groups therefore include but 
are not limited to carbamoyl groups (----C(O)NH2 ) (also 
referred to as carboxamide) and formamide groups (-NHC 
(0)H). In some embodiments, the amide is -NR71C(O)-
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(C1_5 alkyl) and the group is termed "carbonylamino," and in 
others the amide is -NHC(O)-alkyl and the group is termed 
"alkanoylamino." 
[0069] The term "nitrile" or "cyano" as used herein refers 
to the ----CN group. 
[0070] Urethane groups include N- and O-urethane 
groups, i.e., -NR73C(O)OR74 and ---OC(O)NR73R74 

groups, respectively. R73 and R74 are independently a sub
stituted or unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, 
aryl, aralkyl, heterocyclylalkyl, or heterocyclyl group as 
defined herein. R73 may also be H. 
[0071] The term "amine" (or "amino") as used herein 
refers to -NR75R76 groups, wherein R75 and R76 are inde
pendently hydrogen, or a substituted or unsubstituted alkyl, 
alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heterocyclylalkyl 
or heterocyclyl group as defined herein. In some embodi
ments, the amine is alkylamino (i.e., -NHalkyl), dialky
lamino (i.e., -N(alkyl)2), arylamino (i.e., -NHaryl), or 
alkylarylamino (i.e., -N(alkyl)(aryl)). In other embodi
ments, the amine is NH2, methylamino, dimethylamino, 
ethylamino, diethylamino, propylamino, isopropylamino, 
phenylamino, or benzylamino. 
[0072] The term "sulfonamido" includes S- and N-sulfo
namide groups, i.e., -SO2NR78R79 and -NR78SO2R79 

groups, respectively. R78 and R79 are independently hydro
gen, or a substituted or unsubstituted alkyl, alkenyl, alkynyl, 
cycloalkyl, aryl, aralkyl, heterocyclylalkyl, or heterocyclyl 
group as defined herein. Sulfonamido groups therefore 
include but are not limited to sulfamoyl groups 
(-SO2NH2). In some embodiments herein, the sulfonamido 
is -NHSO2-alkyl and is referred to as the "alkylsulfo
nylamino" group. 
[0073] The term "thiol" refers to -SH groups, while 
"sulfides" include -SR 80 groups, "sulfoxides" include 
-S(O)R81 groups, "sulfones" include -SO2R82 groups, 
and "sulfonyls" include-SO2OR83 . R80, R81 , R82, and R83 

are each independently a substituted or unsubstituted alkyl, 
cycloalkyl, alkenyl, alkynyl, aryl aralkyl, heterocyclyl or 
heterocyclylalkyl group as defined herein. In some embodi
ments the sulfide is an alkylthio group, -S-alkyl. 
[0074] The term "urea" refers to -NR84----C(O)
NR 85R 86 groups. R 84, R 85, and R 86 groups are independently 
hydrogen, or a substituted or unsubstituted alkyl, alkenyl, 
alkynyl, cycloalkyl, aryl, aralkyl, heterocyclyl, or heterocy
clylalkyl group as defined herein. 
[0075] The term "amidine" refers to ----C(NR87)NR88R89 

and-NR87C(NR88)R89, wherein R87, R88, andR89 are each 
independently hydrogen, or a substituted or unsubstituted 
alkyl, cycloalkyl, alkenyl, alkynyl, aryl aralkyl, heterocyclyl 
or heterocyclylalkyl group as defined herein. 
[0076] The term "guanidine" refers to -NR90C(NR91 ) 
NR92R93, wherein R90, R91 , R92 and R93 are each indepen
dently hydrogen, or a substituted or unsubstituted alkyl, 
cycloalkyl, alkenyl, alkynyl, aryl aralkyl, heterocyclyl or 
heterocyclylalkyl group as defined herein. 
[0077] The term "enamine" refers to ----C(R94)=C(R95) 
NR96R97 and -NR94C(R95)=C(R96)R97, wherein R94, 
R95, R96 and R97 are each independently hydrogen, a sub
stituted or unsubstituted alkyl, cycloalkyl, alkenyl, alkynyl, 
aryl aralkyl, heterocyclyl or heterocyclylalkyl group as 
defined herein. 
[0078] The term "halogen" or "halo" as used herein refers 
to bromine, chlorine, fluorine, or iodine. In some embodi-
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ments, the halogen is fluorine. In other embodiments, the 
halogen is chlorine or bromine. 
[0079] The term "hydroxyl" as used herein can refer to 
-OH or its ionized form, -o-. A "hydroxyalkyl" group is 
a hydroxyl-substituted alkyl group, such as HO-CH2-. 
[0080] The term "imide" refers to -C(O)NR98C(O)R99, 
wherein R98 and R99 are each independently hydrogen, or a 
substituted or unsubstituted alkyl, cycloalkyl, alkenyl, alky
nyl, aryl aralkyl, heterocyclyl or heterocyclylalkyl group as 
defined herein. 
[0081] The term "imine" refers to ----CR100(NR101) and 
-N(CR100R101) groups, wherein R100 and R101 are each 
independently hydrogen or a substituted or unsubstituted 
alkyl, cycloalkyl, alkenyl, alkynyl, aryl aralkyl, heterocyclyl 
or heterocyclylalkyl group as defined herein, with the pro
viso that R100 and R101 are not both simultaneously hydro
gen. 
[0082] The term "nitro" as used herein refers to an -NO2 
group. 
[0083] The term "trifluoromethyl" as used herein refers to 
----CFy 
[0084] The term "trifluoromethoxy" as used herein refers 
to ---OCF3. 
[0085] The term "azido" refers to -Ny 
[0086] The term "trialkyl ammonium" refers to a -N(al
kyl)3 group. A trialkylammonium group is positively 
charged and thus typically has an associated anion, such as 
halogen anion. 
[0087] The term "isocyano" refers to -NC. 
[0088] The term "isothiocyano" refers to -NCS. 
[0089] The term "amino acid" refers to any natural or 
unnaturally occurring alpha-amino acids. Stereochemistry at 
the alpha carbon may be L, D, or a mixture there of. Except 
where indicated as encompassing both D and/or Lor where 
expressly defined as D, proteinogenic amino acids have L 
stereochemistry at the alpha carbon. 
[0090] As will be understood by one skilled in the art, for 
any and all purposes, particularly in terms of providing a 
written description, all ranges disclosed herein also encom
pass any and all possible subranges and combinations of 
subranges thereof. Any listed range can be easily recognized 
as sufficiently describing and enabling the same range being 
broken down into at least equal halves, thirds, quarters, 
fifths, tenths, etc. As a non-limiting example, each range 
discussed herein can be readily broken down into a lower 
third, middle third and upper third, etc. As will also be 
understood by one skilled in the art all language such as "up 
to," "at least," "greater than," "less than," and the like 
include the number recited and refer to ranges which can be 
subsequently broken down into subranges as discussed 
above. Finally, as will be understood by one skilled in the 
art, a range includes each individual member. Thus, for 
example, a group having 1-3 atoms refers to groups having 
1, 2, or 3 atoms. Similarly, a group having 1-5 atoms refers 
to groups having 1, 2, 3, 4, or 5 atoms, and so forth. 
[0091] In one aspect, the present technology provides a 
system for monitoring bacterial production/release of mem
brane-lytic toxins, including, e.g., production/release con
trolled by quorum-sensing in bacteria. The system includes 
bacteria that release at least one membrane-lytic toxin. In 
any embodiments, the bacteria may release at least one 
membrane-lytic toxin when, e.g., the bacteria are at a 
quorum-sensing density. The system further includes syn
thetic lipid vesicles comprising an environmentally sensitive 
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indicator, wherein the synthetic lipid vesicles release the 
environmentally sensitive indicator in the presence of an 
effective amount of the membrane-lytic toxins. The system 
further includes a growth medium, wherein the bacteria and 
synthetic lipid vesicles are in contact with the growth 
medium. 

[0092] The present system utilizes synthetic lipid vesicles 
that are not naturally occurring. They may be unilamellar or 
multilamellar. The synthetic lipid vesicles may have an 
average hydrodynamic diameter of 15 to 200 nm, such as 15, 
20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 
160, 170, 180, 190, or 200 nm or a range between and 
including any two of the foregoing values, e.g., 130-180 nm. 

[0093] The synthetic lipid vesicles may include one or 
more phospholipids. Optionally, the synthetic lipid vesicles 
may include a stern!, e.g., cholesterol. In any embodiments, 
the one or more unsaturated phospholipids may include one 
or more of 1,2-dioleoyl-sn-glycerol phosphocholine 
(DO PC), 1,2-dipalmitoy l-sn-glycerol-3-phosphocholine 
(DPPC), or 1,2-dipalmitoyl-sn-glycerol-3-phosphoetha
nolamine (DPPE). In any embodiments, the synthetic lipid 
vesicles include DOPC and cholesterol. In any embodi
ments, the synthetic lipid vesicles may include 60-80 mo! % 
DOPC and 20-40 mo! % cholesterol. In any embodiments, 
the synthetic lipid vesicles may include DPPC, DPPE, and 
cholesterol, e.g., 57-79 mo!% DPPC, 1-3 mo!% DPPE, and 
20-40 mo! % cholesterol. In any embodiments, the synthetic 
lipid vesicles are not cross-linked. In certain embodiments, 
the synthetic lipid vesicles include cross-links between some 
(but not all) of the lipids in the vesicles. 

[0094] The present system utilizes an environmentally 
sensitive indicator ( e.g., a dye or particles), i.e., an indicator 
that undergoes or causes a readily detectable change depend
ing on whether it is inside or outside the synthetic lipid 
vesicles, thereby allowing the integrity of the vesicles to be 
assessed. For example, an environmentally sensitive indica
tor may be an environmentally sensitive dye or environmen
tally sensitive particles that, in response to its/their environ
ment, may change in color, absorption, emission, or intensity 
of the light signal produced. They may, e.g., be pH-sensitive, 
self-quenching, or redox sensitive dyes. In any embodi
ments, the environmentally sensitive indicator may be a 
colorimetric, fluorescent, chemiluminescent, or phosphores
cent dye. In any embodiments, the environmentally sensitive 
dye may be a self-quenching fluorescent dye. While the 
present system may include synthetic lipid vesicles that 
release (leak) a small amount (i.e., a background amount) of 
environmentally sensitive dye over time, e.g., a 24 or 48 
hour period, the amount does not substantially interfere with 
assays using the system. Generally, the synthetic lipid 
vesicles do not release a significant amount (e.g., a detect
able, interfering amount) of the environmentally sensitive 
indicator ( e.g., dye or particles) in the absence of an effective 
amount ofmembrane-lytic toxins. Non-limiting examples of 
small molecule dyes include those selected from the general 
classes of calcein, cyanine, ALEXA FLUOR (sulfonated 
dyes, including sulfonated fluorescein, coumarins, cyanine 
and rhodamines), azo, fluorescein, rhodamine, BODIPY, 
coumarin, dansyl, or pyrene dyes. Non-limiting examples of 
protein-based dyes include those selected from green fluo
rescent protein (GFP), yellow fluorescent protein (YFP), 
mCherry, and conjugates/split variants/close variants 
thereof. 
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[0095] The present system may be used with any bacteria 
that engages in quorum sensing and/or releases membrane
lytic toxins. In any embodiments, the bacteria may be 
selected from Acinetobacter, Bacillus, Burkholderia, 
Clostridia, Enterococcus, Escherichia, Listeria, Pseudomo
nas, Staphylococcus, Streptococcus, Salmonella or Vibrio. 
In any embodiments, the bacteria may be selected from the 
group consisting of B. anthracis, B. cereus, E. faecalis, E. 
coli, L. monocytogenes, S. aureus, S. epidermidis, S. pyo
genes, P. aeruginosa, P. chlororaphis, P. plantarii, P. putida, 
P. jluorescens, and B. thailandensis. In any embodiments, 
the bacteria are S. aureus or P. aeruginosa. 

[0096] In the system, the bacteria and synthetic lipid 
vesicles are in contact with a growth medium. In any 
embodiments, the bacteria and the synthetic lipid vesicles 
may be suspended in an aqueous growth medium. Alterna
tively or in addition, the bacteria and/or vesicles may be 
suspended in or attached to a solid medium, e.g., suspended 
in or attached to a gel. In any embodiments the solid medium 
may be, e.g., agar or a plastic surface such as a well in a 
plastic microtiter plate. A variety of growth media suitable 
for the bacteria may be used in the system, so long as the 
bacteria may release the at least one membrane-lytic toxin. 
For example, quorum sensing bacteria should reach quorum
sensing density in a reasonable amount of time (e.g., 4-24 
hours) in the growth medium. Such growth media are known 
in the art. Non-limiting examples of aqueous growth media 
that may be used, including nutrient rich media like brain 
heart infusion (BHI) medium or tryptic soy broth (TSB) 
with, e.g., S. aureus, S. epidermidis, B. anthracis, B. cereus, 
and L. monocytogenes, and minimal media like Luria
Bertani (LB) medium and M9 medium with, e.g., P. aerugi
nosa, P. chlororaphis, P. plantarii, P. putida, P. jluorescens, 
B. thailandensis, and E. coli. 

[0097] The system described herein may also include a 
test compound to determine whether the compound is 
capable of modulating bacterial production and/or release of 
membrane-lytic toxins and/or quorum sensing, and if so, 
how strongly. For example, in an initial screen such as a high 
throughput screen, the test compound may be present at a 
fairly high concentration such as 10 uM, but other concen
trations may be used (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 
30, 40, 50, 75, or 100 uM or a range between and including 
any two of the foregoing values). Lower concentrations of 
test compounds may also be used for more potent com
pounds ( e.g. 100, 200, 300, 400, 500, 600, 700, 800, 900 nM 
or a range between and including any two of the foregoing 
values). In any embodiments, the test compound is an 
inhibitor of quorum sensing. In any embodiments, the test 
compound potentiates quorum sensing by the bacteria. 

[0098] In another aspect the present technology provides 
an assay of bacterial quorum sensing comprising culturing 
the bacteria in any of the systems described herein to a 
quorum-sensing density in the presence or absence of a test 
compound, and detecting a signal or absence thereof during 
and/or after the bacterial culture has released the effective 
amount of at least one membrane-lytic toxin. In any embodi
ments, the assay is repeated at different concentrations of 
test compound (e.g., 2, 3, 4, 5, or more times at different 
concentrations of the test compound). In any embodiments, 
the assay is part of a high through-put screen of two or more 
test compounds (e.g., 2, 10, 100, 500, 1,000, 5,000, 10,000, 
25,000, 50,000, 100,000, 200,000 or more compounds). In 
any embodiments the assay is a continuous assay. For 
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example, the change in signal intensity resulting from the 
dye is measured over a fixed time period. Any suitable 
time-period may be used, e.g., 1, 2, 3, 4, 5, 10, 20, 30, 40, 
or 50 minutes, or 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 
20, or 24 hours, or any time in between and including any 
two of the foregoing time periods. In any embodiments, the 
assay is carried out in a microtiter plate with, e.g., 96, 384, 
or 1536 wells. 

[0099] In still another aspect, the present technology pro
vides a method of assaying production/release of membrane
lytic toxins by any bacteria. The method includes culturing 
the bacteria in any of the systems described herein for a 
period of time during which (in the absence of a test 
compound or inhibitor), an effective amount of at least one 
membrane-lytic toxin is released by the bacteria, and detect
ing a signal or absence thereof during and/or after the 
bacterial culture has released the effective amount of at least 
one membrane-lytic toxin. In any embodiments, the cultur
ing is carried out in the presence of a test compound. In any 
embodiments, the assay is repeated at different concentra
tions of test compound (e.g., 2, 3, 4, 5 or more times at 
different concentrations of the test compound). In any 
embodiments, the assay is part of a high through-put screen 
of two or more test compounds (e.g., 2, 10, 100, 500, 1,000, 
5,000, 10,000, 25,000, 50,000, 100,000, 200,000 or more 
compounds). In any embodiments the assay is a continuous 
assay. For example, the change in signal intensity resulting 
from the dye is measured over a fixed time period. In any 
embodiments, the assay is carried out in a microtiter plate 
with, e.g., 96, 384, or 1536 wells. In any embodiments, the 
bacteria may be any of those described herein. In any 
embodiments, the bacteria may be quorum sensing bacteria, 
e.g., any of the quorum sensing bacteria described herein. 

[0100] In yet another aspect, the present technology pro
vides a compound having the structure of Formula I or 
Formula II: 

:::::,._'XR3 n, 

III 

[0101] and/or a tautomer thereof and/or a pharmaceu
tically acceptable salt thereof, 

[0102] wherein 

[0103] R1 is OH (or its oxo tautomer), or a substituted 
or unsubstituted alkyl, cycloalkyl, or cycloalkylalkyl 
group; 
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[0104] R2 is H, halogen, OH, NO2 , or a substituted or 
unsubstituted alkyl, cycloalkyl or cycloalkylalkyl 
group; 

[0105] R3 is a halogen, CN, NO2 , or a substituted or 
unsubstituted alkyl, cycloalkyl, or cycloalkylalkyl 
group; and 

[0106] R4 is ORa, NHRa, or a substituted or unsubsti
tuted alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, 
heteroaryl, or heteroarylalkyl group; 

[0107] Rs is a substituted or unsubstituted alkyl, 
cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, or 
heteroarylalkyl group; 

[0108] Ra is substituted or unsubstituted alkyl, cycloal
kyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, or het
eroarylalkyl group; and 

[0109] n is 1, 2, 3, 4 or 5. 
[0110] In any embodiments, one or more compounds may 
be excluded from the compounds of Formula I or Formula 
II. For example, in any embodiments, the compound is not 
7-isopropyl-2-methyl-3-phenylpyrazolo[ 1,5-a ]pyrimidine-
5-carboxylic acid, and is not N-(3-chlorophenyl)-2-(thio
phene-3-carboxamido )-6, 7-dihydrothiazolo[ 5,4-c ]pyridine-
5( 4H)-carboxamide. 
[0111] In any embodiments, the compound is the com
pound of Formula I. In any embodiments, R1 may be a 
substituted or unsubstituted alkyl or cycloalkyl, group. In 
any embodiments, R1 may be an unsubstituted C1 _6 alkyl 
group or an unsubstituted C3 _6 cycloalkyl group. In any 
embodiments, R1 may be a methyl, ethyl, isopropyl, n-pro
pyl, t-butyl, cyclopropyl, cyclobutyl, or cyclopentyl group. 
In any embodiments, R2 may be halogen, OH, NO2 , or a 
substituted or unsubstituted alkyl or cycloalkyl group. In any 
embodiments, R2 is fluoro, chloro, OH, NO2 , or an unsub
stituted methyl, ethyl, isopropyl, butyl, cyclopropyl, or 
cyclobutyl group. In any embodiments, R3 is halogen, NO2 , 

or a substituted or unsubstituted alkyl or cycloalkyl group. 
In any embodiments, R3 is F, Cl, NO2 , or an unsubstituted 
C1_6 alkyl group, e.g., methyl, ethyl, propyl or butyl. 
[0112] In any embodiments, the compound is the com
pound of Formula II. In any embodiments, R4 may be a 
substituted or unsubstituted cycloalkyl, aryl, or heteroaryl 
group. In any embodiments, R4 may be cyclopentyl, cyclo
hexyl, phenyl, thiophenyl, furanyl, each of which is option
ally substituted with one or more halogen or a substituted or 
unsubstituted alkyl group. R4 may be optionally substituted 
with 1, 2, or 3 substituents. In any embodiments, the 
substituents may be selected from the group consisting of F, 
Cl, and an unsubstituted C1_6 alkyl group. In any embodi
ments, Rs may be a substituted or unsubstituted cycloalkyl, 
aryl, or heteroaryl group. In any embodiments, Rs may be 
cyclopentyl, cyclohexyl, phenyl, thiophenyl, furanyl, each 
of which is optionally substituted with one or more halogen 
or a substituted or unsubstituted alkyl group. In any embodi
ments, Rs may be optionally substituted with 1, 2, or 3 
substituents, e.g., substituents selected from the group con
sisting of F, Cl, and an unsubstituted C1_6 alkyl group. 
[0113] In another aspect, the present technology provides 
a method of modulating release of a membrane-lytic toxin 
by bacteria comprising contacting the bacteria with an 
effective amount of any compound as described herein ( e.g., 
a compound of Formula I or II). In any embodiments, the 
bacteria release the membrane-lytic toxin upon reaching a 
quorum-sensing density. In such embodiments, the method 
may be used to modulate quorum sensing. The compound 
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selected for use may potentiate (activate) quorum sensing or 
may inhibit quorum sensing. In any embodiments, the 
compound is a quorum sensing inhibitor and the method 
inhibits quorum sensing. In any embodiments, the method 
may be carried out in vitro. 

[0114] In another aspect, the present technology provides 
a method of inhibiting quorum sensing by bacteria and/or 
treating a bacterial infection caused by quorum sensing 
bacteria ( or by bacteria that release a membrane-lytic toxin), 
including without limitation, any bacteria described herein. 
The method includes administering an effective amount of a 
compound of Formula I or Formula II to a subject in need 
thereof. In any embodiments, the compound of Formula I or 
Formula II may be any of those described herein. The 
subject may be a human or a non-human animal. Thus, the 
subject may be selected from a variety of non-human 
animals such as domestic pets ( cats, dogs, gerbils, hamsters, 
hedgehogs, birds, and the like), livestock such as poultry, 
ruminants, and the like. In any embodiments, the subject 
may be selected from the group consisting of cattle, sheep, 
buffalo and goats. The compound may be administered by 
any route disclosed herein, including systemically, or to treat 
skin infections, topically. In any embodiments, the methods 
further include administering an effective amount of a 
second therapeutic agent such as a different class of antibi
otics, e.g., beta lactams (e.g., penicillins, carbapenems, 
cephalosporins, and monobactams), aminoglycosides (e.g., 
streptomycin, kanamycin, neomycin, and tobramycin), fluo
roquinolones, glycopeptides (e.g., vancomycin), macrolides 
( e.g., erythromycin, azithromycin), oxazolidinones ( e.g., lin
ezolid, tedizolid), rifamycins, sulfonamides, and tetracylines 
(e.g., doxycycline, tetracycline). Thus, the compound of the 
present technology may be administered with an effective 
amount of the second therapeutic agent separately, sequen
tially, or simultaneously. In any embodiments of the meth
ods, the QS may be Bacillus, Burkholderia, Enterococcus, 
Escherichia, Listeria, Pseudomonas, Staphylococcus, Strep
tococcus, or Vibrio. In any embodiments of the methods, the 
bacteria may be selected from the group consisting of B. 
anthracis, B. cereus, E. faecalis, E. coli, L. monocytogenes, 
S. aureus, S. epidermidis, S. pyogenes, P. aeruginosa, P. 
chlororaphis, P. plantarii, P. putida, P. jluorescens, and B. 
thailandensis. In any embodiments of the methods, the 
bacteria may be S. aureus or P. aeruginosa. In any embodi
ments of the methods, the compound may be a compound of 
Formula I or a compound of Formula II, or any compound 
thereof, described herein. 

[0115] The present technology provides compositions 
including any of the compounds disclosed herein and a 
carrier and/or excipient. Thus in any embodiments, the 
compositions are pharmaceutical compositions and medica
ments comprising any one of the embodiments of the 
compounds disclosed herein and one or more pharmaceuti
cally acceptable carriers and/or excipients. The composi
tions may be used in the methods and treatments described 
herein. Thus, in any embodiments, the compositions may 
include an amount of the compound effective for inhibiting 
quorum sensing, wherein the carrier and/or excipients are 
pharmaceutically acceptable, and the composition is a phar
maceutical composition. In any embodiments, the pharma
ceutical composition may include an effective amount of any 
of one of the embodiments of the compounds or composi
tions disclosed herein for modulating quorum sensing in 
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bacteria, e.g., in Gram-positive bacteria such as S. aureus 
and Gram-negative bacteria such as P. aeruginosa. 
[0116] The compositions described herein can be formu
lated for use on surfaces ( e.g., as disinfectants), including as 
aqueous solutions or suspensions, non-aqueous solutions or 
suspensions, or creams, pastes, gels or the like. Thus, the 
compositions may be sprayed, cast or rubbed on a surface, 
or applied with a cloth, sponge, roller, or any suitable 
applicator known in the art. The compositions may formu
lated as a coating with suitable polymers and other agents to 
provide long lasting antibacterial activity over days (e.g., 1, 
2, 3, 4, 5, or 6), weeks (e.g., 1, 2, or 3), months (e.g., 1-11) 
or even up to a year after application to a surface. The 
effective amount of a compound described herein may be 
from 0.0001 wt% to 10 wt% based on the total weight of 
the composition, depending on the intended use and delivery 
route. In any embodiments, the effective amount may be 
0.0001 wt %, 0.0005 wt %, 0.001 wt %, 0.005 wt %, 0.01 
wt%, 0.05 wt%, 0.1 wt%, 0.5 wt%, 1 wt%, 2 wt%, 5 wt 
%, 10 wt % or a range between or including any two of the 
foregoing values. For example, in any embodiments, the 
effective amount may be from 0.01 wt% to 1 wt%. 
[0117] The compositions described herein can also be 
formulated for various routes of administration to treat or 
prevent infection, for example, by oral, parenteral, topical, 
injection, rectal, nasal, vaginal administration, or via 
implanted reservoir ( or may simply be part of a coating on 
the surface of the implant in contact with tissue). Parenteral 
or systemic administration includes, but is not limited to, 
subcutaneous, intravenous, intraperitoneal, and intramuscu
lar injections. The following dosage forms are given by way 
of example and should not be construed as limiting the 
instant present technology. 
[0118] For oral, buccal, and sublingual administration, 
powders, suspensions, granules, tablets, pills, capsules, 
gelcaps, and caplets are acceptable as solid dosage forms. 
These can be prepared, for example, by mixing one or more 
compounds disclosed herein, or pharmaceutically accept
able salts or stereoisomers thereof, with at least one additive 
such as a starch or other additive. Suitable additives are 
sucrose, lactose, cellulose sugar, mannitol, maltitol, dextran, 
starch, agar, alginates, chitins, chitosans, pectins, tragacanth 
gum, gum arabic, gelatins, collagens, casein, albumin, syn
thetic or semi-synthetic polymers or glycerides. Optionally, 
oral dosage forms can contain other ingredients to aid in 
administration, such as an inactive diluent, or lubricants 
such as magnesium stearate, or preservatives such as para
ben or sorbic acid, or anti-oxidants such as ascorbic acid, 
tocopherol or cysteine, a disintegrating agent, binders, thick
eners, buffers, sweeteners, flavoring agents or perfuming 
agents. Tablets and pills may be further treated with suitable 
coating materials known in the art. 
[0119] Liquid dosage forms for oral administration may be 
in the form of pharmaceutically acceptable emulsions, syr
ups, elixirs, suspensions, and solutions, which may contain 
an inactive diluent, such as water. Pharmaceutical formula
tions and medicaments may be prepared as liquid suspen
sions or solutions using a sterile liquid, such as, but not 
limited to, an oil, water, an alcohol, and combinations of 
these. Pharmaceutically suitable surfactants, suspending 
agents, emulsifying agents, may be added for oral or par
enteral administration. 
[0120] As noted above, suspensions may include oils. 
Such oils include, but are not limited to, peanut oil, sesame 
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oil, cottonseed oil, corn oil and olive oil. Suspension prepa
ration may also contain esters of fatty acids such as ethyl 
oleate, isopropyl myristate, fatty acid glycerides and acety
lated fatty acid glycerides. Suspension formulations may 
include alcohols, such as, but not limited to, ethanol, iso
propyl alcohol, hexadecyl alcohol, glycerol and propylene 
glycol. Ethers, such as but not limited to, poly(ethylenegly
col), petroleum hydrocarbons such as mineral oil and pet
rolatum; and water may also be used in suspension formu
lations. 
[0121] Injectable dosage forms generally include solutions 
or aqueous suspensions which may be prepared using a 
suitable dispersant or wetting agent and a suspending agent 
so long as such agents do not interfere with the activity of 
the drugs described herein. Injectable forms may be pre
pared with acceptable solvents or vehicles including, but not 
limited to sterilized water, Ringer's solution, 5% dextrose, 
or an isotonic aqueous saline solution. Alternatively, sterile 
oils may be employed as solvents or suspending agents. 
Typically, the oil or fatty acid is non-volatile, including 
natural or synthetic oils, fatty acids, mono-, di- or tri
glycerides. 
[0122] For injection, the pharmaceutical formulation and/ 
or medicament may be a powder suitable for reconstitution 
with an appropriate solution as described above. Examples 
of these include, but are not limited to, freeze dried, rotary 
dried or spray dried powders, amorphous powders, granules, 
precipitates, or particulates. For injection, the formulations 
may optionally contain stabilizers, pH modifiers, surfac
tants, bioavailability modifiers and combinations of these. 
[0123] Compounds of the present technology also may be 
formulated as a composition for topical administration ( e.g., 
creams, ointments, gels, foams, transdermal patch, wound 
dressing, and the like). These formulations may contain 
various excipients known to those skilled in the art. Suitable 
excipients may include, but are not limited to, cetyl esters 
wax, cetyl alcohol, white wax, glyceryl monostearate, pro
pylene glycol monostearate, methyl stearate, benzyl alcohol, 
sodium lauryl sulfate, glycerin, mineral oil, water, carbomer, 
ethyl alcohol, acrylate adhesives, polyisobutylene adhe
sives, and silicone adhesives. 
[0124] Dosage units for rectal administration may be 
prepared in the form of suppositories which may contain the 
composition of matter in a mixture with a neutral fat base, 
or they may be prepared in the form of gelatin-rectal 
capsules which contain the active substance in a mixture 
with a vegetable oil or paraffin oil. 
[0125] Compounds of the present technology may be 
administered to the lungs by inhalation through the nose or 
mouth. Suitable pharmaceutical formulations for inhalation 
include solutions, sprays, dry powders, or aerosols contain
ing any appropriate solvents and optionally other com
pounds such as, but not limited to, stabilizers, antimicrobial 
agents, antioxidants, pH modifiers, surfactants, bioavailabil
ity modifiers and combinations of these. Formulations for 
inhalation administration contain as excipients, for example, 
lactose, polyoxyethylene-9-lauryl ether, glycocholate and 
deoxycholate. Aqueous and nonaqueous aerosols are typi
cally used for delivery of inventive compounds by inhala
tion. 
[0126] Ordinarily, an aqueous aerosol is made by formu
lating an aqueous solution or suspension of the compound 
together with conventional pharmaceutically acceptable car
riers and stabilizers. The carriers and stabilizers vary with 
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the requirements of the particular compound, but typically 
include nonionic surfactants (Tweens, Pluronics, or polyeth
ylene glycol), innocuous proteins like serum albumin, sor
bitan esters, oleic acid, lecithin, amino acids such as glycine, 
buffers, salts, sugars or sugar alcohols. Aerosols generally 
are prepared from isotonic solutions. A nonaqueous suspen
sion (e.g., in a fluorocarbon propellant) can also be used to 
deliver compounds of the present technology. 
[0127] Aerosols containing compounds for use according 
to the present technology are conveniently delivered using 
an inhaler, atomizer, pressurized pack or a nebulizer and a 
suitable propellant, e.g., without limitation, pressurized 
dichlorodifluoromethane, trichlorofluoromethane, dichloro
tetrafluoroethane, nitrogen, air, or carbon dioxide. In the 
case of a pressurized aerosol, the dosage unit may be 
controlled by providing a valve to deliver a metered amount. 
Capsules and cartridges of, for example, gelatin for use in an 
inhaler or insufllator may be formulated containing a powder 
mix of the compound and a suitable powder base such as 
lactose or starch. Delivery of aerosols of the present tech
nology using sonic nebulizers is advantageous because 
nebulizers minimize exposure of the agent to shear, which 
can result in degradation of the compound. 
[0128] For nasal administration, the pharmaceutical for
mulations and medicaments may be a spray, nasal drops or 
aerosol containing an appropriate solvent(s) and optionally 
other compounds such as, but not limited to, stabilizers, 
antimicrobial agents, antioxidants, pH modifiers, surfac
tants, bioavailability modifiers and combinations of these. 
For administration in the form of nasal drops, the com
pounds may be formulated in oily solutions or as a gel. For 
administration of nasal aerosol, any suitable propellant may 
be used including compressed air, nitrogen, carbon dioxide, 
or a hydrocarbon based low boiling solvent. 
[0129] Besides those representative dosage forms 
described above, pharmaceutically acceptable excipients 
and carriers are generally known to those skilled in the art 
and are thus included in the instant present technology. Such 
excipients and carriers are described, for example, in "Rem
ingtons Pharmaceutical Sciences" Mack Pub. Co., New 
Jersey (1991), which is incorporated herein by reference. 
Thus, the present technology provides a pharmaceutical 
composition comprising any polymer-drug conjugate as 
described herein and a pharmaceutically acceptable carrier 
or excipient. 
[0130] Specific dosages for therapy may be adjusted 
depending on conditions of disease, the age, body weight, 
general health conditions, sex, and diet of the subject, dose 
intervals, administration routes, excretion rate, and combi
nations of compounds. Any of the above dosage forms 
containing effective amounts are well within the bounds of 
routine experimentation and therefore, well within the scope 
of the instant present technology. 
[0131] A therapeutically effective amount of a compound 
of the present technology may vary depending upon the 
route of administration and dosage form. Effective amounts 
of such compounds typically fall in the range of about 0.01 
up to about 100 mg/kg/day, or about 0.05 to about 50 
mg/kg/day, and may fall in the range of about 0.1 up to 5 
mg/kg/day. Typically, the compound or compounds of the 
instant technology are selected to provide a formulation that 
exhibits a high therapeutic index. The therapeutic index is 
the dose ratio between toxic and therapeutic effects and can 
be expressed as the ratio between LD50 and ED50 . The LD50 
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is the dose lethal to 50% of the population and the ED is 
the dose therapeutically effective in 50% of the populafi~n. 
The LD50 and ED50 are determined by standard pharmaceu
tical procedures in animal cell cultures or experimental 
animals. 
[0132] Effective amounts of compounds of the present 
technology may be administered by various routes as 
described herein and may be given all at once or take place 
over a period of time including but not limited to 5 minutes 
10 minutes, 20 minutes, 30 minutes, 45 minutes, 1 hour, 2 
hours, 3 hours, 5 hours, 10 hours, 12, hours, 15 hours, 20 
hours, 24 hours or a range between and including any of the 
foregoing values. The frequency of administration may vary, 
for example, once or twice per day, per 2 days, per 3 days, 
per week, per 10 days, per 2 weeks, every other day, or a 
range between and including any of the foregoing frequen
cies. Alternatively, the compositions may be administered 
once per day on 2, 3, 4, 5, 6 or 7 consecutive days. A 
complete regimen may thus be completed in only a few days 
or over the course of 1, 2, 3, 4, 5, 6 or more weeks. 
[0133] In another aspect, the present technology provides 
methods for reducing virulence by quorum sensing bacteria. 
The methods include contacting the quorum sensing bacteria 
(i.e., any described herein) with an effective amount of any 
compound disclosed herein. 
[0134] In another aspect, the present technology provides 
methods of inhibiting biofilm formation by quorum sensing 
bacteria on a surface comprising contacting the bacteria 
(including, but not limited to any of the bacteria described 
herein, e.g., S. aureus and P. aeruginosa) with an effective 
amount of a compound disclosed herein. In any embodi
ments, the methods further include applying the effective 
amount of the compound to the surface. The surface includes 
any one on which bacteria may grow and form biofilms. In 
any embodiments, the surface may be a food surface, a food 
storage or preparation surface, or a food packaging surface. 
For example, the food surface may be the surface of a fruit 
or vegetable, an animal carcass, meat, poultry, or fish, or 
even sauces and condiments. Food may also include animal 
food, such as silage. Food storage and preparation surfaces 
may include but are not limited to counter tops shelves 
cupboards, racks, refrigerators, stove tops, ove~s, bowls: 
utensils, cups, plates, boards, tables, and the surfaces of 
other food processing equipment ( e.g., mixers, blenders, 
vats, shredders, grinders, valves, piping, pumps, screens, 
slicers, separators, forming equipment, and the like). Hence, 
there are also provided methods of preventing food-borne 
listeri?sis including applying a composition comprising an 
effective amount of a compound as described herein to a 
~ood surface, a food-preparation surface, or a food packag
mg surface. 
[0135] The examples herein are provided to illustrate 
advantages of the present technology and to further assist a 
person of ordinary skill in the art with preparing or using the 
drugs of the present technology. To the extent that the 
compositions include ionizable components, salts such as 
pharmaceutically acceptable salts of such components may 
also be used. The examples herein are also presented in order 
to more fully illustrate certain aspects of the present tech
nology. The examples should in no way be construed as 
limiting the scope of the present technology, as defined by 
the appended claims. The examples can include or incorpo
rate any of the variations, aspects or aspects of the present 
technology described above. The variations, aspects or 
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aspects described above may also further each include or 
incorporate the variations of any or all other variations, 
aspects or aspects of the present technology 

EXAMPLES 

Materials and General Methods 

[0136] Materials. 1,2-Dioleoyl-sn-glycerol-3-phospho
choline (DOPC), 1,2-dipalmitoyl-sn-glycerol-3-phospho
choline (DPPC), cholesterol, filter supports, and a Mini 
e~trude: were purchased from Avanti Polar Lipids. 1,2-
~1palm1toyl-sn-glycerol-3-phosphoethanolamine (DPPE), 
dimethyl ~ulfo~ideDMSO), ~odium hydroxide (NaOH), 
hydrochlonc acid (HCl), sodium chloride (NaCl), trieth
ylphosphine oxide, deuterium oxide (D2O), calcein, Triton 
X-100, and Sephadex-G50 column size exclusion chroma
tography beads were purchased from Sigma. Isopropanol 
(iPrOH) and tris-base were acquired from Fisher Scientific. 
~~olipids, 90% pure ( commercial mixture of glycolip-
1ds isolated from P. aeruginosa) were obtained from AGAE 
!ec_~ologies __ (Corvallis, Oreg.). The small-molecule agr 
1nh1b1tor savmn was purchased from AK Scientific. Poly
carbonate extruder filters (100 nm) were purchased from 
Millipore. Ethylenediaminetetraacetic acid (EDTA) was 
acquired from Acros Organics. Concentrated phosphate 
buffered saline (PBS) solution (!Ox) was purchased from 
Dot Scientific. Luria-Bertani (LB) medium was obtained 
from Research Products International. Brain heart infusion 
(BHI) medium was acquired from Teknova. The phenol
soluble modulin PSMa3 was a kind gift from Prof. Samuel 
H. Gellman (UW-Madison, Madison, WI). Deionization of 
distilled water was performed using a Milli-Q system yield
ing water with a resistivity of 18.2 MQ. All materials were 
used as received without further purification unless other
wise specified. 

[0137] Bacterial strains and culture. All bacteria were 
grown at 37° C. with 200 rpm shaking unless otherwise 
specified. The strains and plasmids used in this work and 
their sources are listed in Table 1. S. aureus and P. aerugi
~osa were grown in BHI medium and LB medium, respec
t1~ely. S. aureus AH1677 (with an agr-YFP reporter plas
mid) and P. aeruginosa PAOl-PGSC (with a plasI-LVAgfp 
reporter plasmid) were used as QS transcriptional reporters 
and grown with 10 µg/mL chloramphenicol and 300 µg/mL 
c~benicillin, respectively. All other strains were grown 
without supplemental antibiotic. S. aureus RN6390b and P. 
aeruginosa PAOl-PGSC were used as WT strains in vesicle 
lysis experiments, while S. aureus RN9222 and P. aerugi
nosa PAO-JG35 were used as QS mutants. RN9222 was 
grown without antibiotic as it was not used as a reporter 
strain (i.e., it served only as QS mutant). 

TABLE 1 

Bacterial strains and plasmids used in the Examples 

RN6390 

RN9222 

Description 

Staphylococcus aureus 

Wild-type, agr group I 
(NTCC 8325 

cured ofprophages)1 
RN6911 with 

pRN7062, QS mutant 

Reference or Source 

Novick 
(1967) 

Lyon et al. 
(2000) 
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TABLE I-continued 

Bacterial strains and plasmids used in the Examples 

RN6911 

AH1677 

PAOl-PGSC 

PAO-JG35 

Description 

agr: :tetM( agr-null), 
fromRN6390 

USA300 LAC 
with pDB59 

Pseudomonas aeruginosa 

Wild-type 

L\.lasR::TcR L\.rhlR, TcR, from 
PAOl-PGSC, QS mutant 

Plasmids 

pDB59 P3-yfp !OB transcriptional 
fusion, CmR 

pRN7062 Contains agrCA and P3-blaZ 
transcriptional fusion, ErmR 

plasl-LVAgfp plasl-LVAgfp 
transcriptional fusion, AmpR 

Reference or Source 

Novick et al. 
(1993) 

Kirchdoerfer et al. 
(2011) 

Pseudomonas 
Genetic 

Stock Center 
Gerdt and 
Blackwell 

(2014) 

Yarwood et al. 
(2004) 

Lyon et al. 
(2000) 

De Kievit et al. 
2001 

[0138] Compound handling and preparation. OdDHL and 
BHL (Hodgkinson et al., 2011), S. aureus AIP and peptide 
derivatives 1-5 (Tai-Gan et al., 2013, Tai-Gan et al., 2016, 
Vasquez and Blackwell, 2019), and compounds 7-9 (Welsh 
and Blackwell, 2016a, Boursier et al., 2018, Manson et al., 
2020) were synthesized using previously described methods. 
PQS and compound 6 were purchased from Millipore Sigma 
and AK Scientific respectively. Compounds were stored dry 
at -20° C. until needed and then dissolved in DMSO. DMSO 
stock solutions were prepared at concentrations that varied 
with compound potency and apparent solubility. Final in
well compound concentrations for 96-well vesicle lysis 
assays, unless noted otherwise, were: 10 µM for AIP, 
OdDHL, and PQS; 1 mM for BHL; 100 nM for 1-4; 10 µM 
for 5; 20 µM for 6; 100 µM for 7 and 8; and 200 µM for 9. 
[0139] NMR quantification of concentrations of phospho
lipids in vesicles. The concentration of phospholipids in 
stock solutions of vesicles was determined using our previ
ously reported method based on quantitative 31 P[lH] NMR 
spectroscopy.15 All experiments were performed in 90% 
H2O and 10% D2O using a Bruker Avance-400 spectrom
eter with a BBFO probe. A relaxation delay (Dl) of 11 s was 
determined by inversion-recovery pulse sequence experi
ments. A phospholipid vesicle sample (890 µL in water) was 
mixed with 10 µL of Triton X-100 or rhanmolipid solution 
(to fully lyse the vesicles), and 100 µL of a triethylphosphine 
oxide (TPO) solution (100 mM in D2O) was added as an 
internal standard. Integrations for phospholipid peaks were 
performed relative to the phosphorus peak of TPO (ll-65 
ppm). NMR acquisition parameters were as follows: PUL
PROG (pulse program)=zgig30, Dl (relaxation delay)=ll s, 
SW (sweep width)=405 ppm, O2P (transmitter frequency of 
f2 channel)=3.75 ppm, NS (number of scans)=64, DS (num
ber of dummy scans)=4, LB (line broadening factor)=l. 
[0140] Production of phospholipid vesicles with encapsu
lated calcein. Large unilamellar vesicles (LUVs) were pro
duced by adapting a freeze-thaw and vesicle extrusion 
procedure (Mayer et al., 1986). Briefly, stock solutions of 
phospholipids (DOPC, DPPC, DPPE, or cholesterol) in 
chloroform were mixed to the desired lipid compositions (70 
mo!% DOPC/30 mo!% cholesterol for S. aureus vesicles or 
68 mo! % DPPC, 30 mo! % cholesterol, 2 mo! % DPPE for 
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P. aeruginosa vesicles), and the chloroform was removed 
using an N2 stream or rotary evaporation followed by drying 
for at least one hour under vacuum. Self-quenching solu
tions of calcein were prepared by combining calcein and 
PBS or a specially prepared calcein buffer (1 mM EDTA, 10 
mM Trisbase, and 100 mM NaCl; pH 8) to a calcein 
concentration of70 µM. The resulting solutions were titrated 
with 10 M aqueous NaOH until all calcein was dissolved and 
the solution reached pH 7.4 or pH 8 for PBS and the calcein 
buffer, respectively. The resulting calcein solutions were 
added to the dried phospholipid films (PBS for S. aureus 
formulations and the calcein buffer for the P. aeruginosa 
formulations) for a final lipid concentration of 5 mg/mL. The 
resulting lipid solutions were vortexed vigorously and 
briefly sonicated in a bath sonicator to form a turbid vesicle 
suspension. The vesicle suspensions were then freeze
thawed five times by alternately immersing them into an 
iPrOH/dry ice bath and a warm water bath (-60° C.). 
Vesicles prepared for continuous time-course experiments 
were passed at least 5 times through a 100 nm polycarbonate 
filter using a Mini-prep extruder. Vesicles prepared for the 
high-throughput screen were passed through the filter 3 
times. The resulting vesicles were then separated from 
external, unloaded calcein using a hand-packed Sephadex
G50 size exclusion chromatography column. The concen
tration of phospholipid in the solution was quantified using 
31 P NMR (per the above protocol), and the phospholipid 
concentration was adjusted to 2 mM for unsaturated lipid 
solutions and 1 mM for saturated lipid solutions in their 
respective buffers. The resulting vesicles were characterized 
by dynamic light scattering and found to have a hydrody
namic diameter of -150 nm (FIGS. 3A-3C), which agrees 
with previous reports describing vesicle production using a 
similar method (Lapinski et al., 2007). 

[0141] Microtiter plate vesicle lysis assays. Portions of 
media (2 or 10 mL) were inoculated with individual bacte
rial colonies and allowed to shake overnight. From these 
overnight cultures, subcultures were prepared by diluting the 
cultures 1:50 (v/v) in fresh BHI for S. aureus or 1:100 (v/v) 
in fresh LB for P. aeruginosa. An aliquot of each subculture 
(178 µL) was added to 20 µL of vesicle suspension and 2 µL 
of compound solution ( dissolved in DMSO at 1 OOx working 
concentration) in a clear-bottomed, black 96-well microtiter 
plate (Corning 3904). For controls, DMSO (vehicle) or 
Triton X-100 (1 % final concentration) was substituted for 
compound. Plate covers were coated with an aqueous solu
tion of 0.05% Triton X-100 and 20% ethanol (Brewster, 
2003) to prevent the accumulation of condensation. Plates 
were incubated in a Biotek Synergy 2 microplate reader 
running Gen5 1.05 software at 37° C. with shaking at the 
high-speed setting. Fluorescence ( excitation 500 nm, emis
sion 540 nm) and OD600 (absorbance at 600 nm) measure
ments were recorded every 15 minutes for 12 hours. All 
experiments were performed in technical triplicate in a 
single microtiter plate. Biological triplicates were then 
obtained over three days. GraphPad Prism software (v. 9) 
was used to generate curves and calculate standard error. 

[0142] High-throughput screening and follow-up analysis 
protocols. Test compounds and positive control 1 were 
delivered in 2.5 nL aliquots of DMSO with an Echo 550 
liquid handler (LabCyte Inc.) into black 384-well microtiter 
plates (Corning). All test compounds were tested at 10 µM; 
positive control I was tested at 250 nM. DMSO was used as 
a negative control. Overnight cultures (2 mL) of WT S. 
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aureus (RN6390b) were grown at 37° C. with shaking at 200 
rpm. These cultures were diluted 1:500 (v/v) in fresh BHI 
medium, at which point vesicle solutions were added to a 
final concentration of 1 mM phospholipid (as determined by 
31P NMR analyses). This vesicle-cell mixture was then 
added to the 384-well microtiter plates with a Multidrop 384 
liquid-dispensing robot (Thermo Scientific) for a total vol
ume of 50 µL per well. Plates were incubated statically for 
-24 hr at 37° C., at which point fluorescence ( excitation 483, 
emission 530) and OD600 (absorbance at 600 nm) measure
ments were made using a CLAR!OstarR Plus microtiter 
plate reader (BMG Labtech) running MARS data analysis 
software. Scatter plots were generated using the Collabora
tive Drug Discovery Vault informatics platform. The dose
response experiment using the vesicle lysis assay was per
formed in a 384-well plate in technical duplicate with 
compound concentrations of0.1, 0.25, 0.5, 1, 2.5, 5, 10, and 
20 µM. Dose-response curves were generated using variable 
slope ( 4 parameter) non-linear regression analysis for com
pound inhibition using GraphPad Prism software (v. 9). 
Analysis of the QS modulatory activity of the HTS hits and 
6 (savirin) was performed using the S. aureus YFP tran
scriptional reporter strain. HTS hits were purchased directly 
from Life Chemicals, Inc. DMSO stock solutions (10 mM) 
of each compound were prepared and stored at -20° C. 
Serial dilutions (1:3) were prepared from the stock solutions 
in DMSO, and 2 µL aliquots of the resulting dilutions were 
added to the wells of black 96-well microtiter plates (Com
ing). Overnight cultures of the S. aureus reporter strain (2 
mL) were grown at 37° C. with shaking at 200 rpm. Cultures 
were diluted 1:50 (v/v) into fresh BHI medium, and 198 µL 
of this diluted culture were added to each well containing 
compound, for a total volume of 200 µL per well. All plates 
contained a vehicle control consisting of2 µL ofDMSO and 
198 µL of culture and a media control consisting of 200 µL 
BHI. Plates were incubated for -24 hours at 37° C. with 
shaking at 200 rpm. Fluorescence ( excitation 510, emission 
544) and OD600 measurements were acquired with a Perki
nElmer En Vision microtiter plate reader running Envision 
Manager software. Background fluorescence from BHI con
trol was subtracted from raw fluorescence reads, OD600 

corrected, and finally normalized to vehicle control. Dose
response curves and IC50 values were generated using 3-pa
rameter non-linear regression analysis for compound inhi
bition using GraphPad Prism software (v. 9). All compounds 
were tested in technical triplicate with at least 3 biological 
replicates. 

Example 1 

Synthetic Lipid Vesicle Formulations 

[0143] Simplified lipid vesicle formulations were identi
fied that could respond selectively to membrane-lytic toxins 
but that would be more accessible and less time-consuming 
to prepare than prior formulations that required the use of 
polymerizable lipids or the use of specialized equipment 
(e.g., a UV oven). LUVs encapsulating the self-quenching 
fluorescent dye calcein were incubated with aliquots of lag 
phase wild-type (WT) or QS-deficient S. aureus and P. 
aeruginosa cultures (see Materials and General Methods for 
preparation and characterization of LUVs). These experi
ments were conducted in 96-well microtiter plates, and 
measurements of fluorescence were used to characterize 
vesicle stability and/or the release of encapsulated caicein 
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over time. The S. aureus QS mutant used in these experi
ments (RN9222, see Table 1 (above) for bacterial strains and 
plasmids used in these Examples) lacks the AgrD and AgrB 
signal processing components of the agr system (FIG. lA) 
and, thus, cannot produce its native AIP. The P. aeruginosa 
QS mutant used here (PAO-JG35) lacks two receptors for 
AHL signal recognition that are essential transcription fac
tors for their respective regulons (i.e., LasR and Rh!R, FIG. 
lB). As such, these initial screens enabled us to identify lipid 
vesicle formulations that were stable, and did not release 
calcein, in the presence of the QS mutants (which cannot 
produce membrane-lytic toxins) and that were unstable, and 
did release calcein, in the presence of WT organisms (which 
can produce membrane-lytic compounds at high population 
densities). 

[0144] Using this vesicle screening approach, we identi
fied two LUY formulations. First, LUVs comprised of 70 
mo! % of the unsaturated zwitterionic lipid DOPC and 30 
mo! % cholesterol to respond selectively to WT strains of S. 
aureus (FIG. 2A). Second, formulations comprised of 68 
mo! % DPPC, 2 mo! % DPPE, and 30 mo! % cholesterol to 
respond selectively to WT strains of P. aeruginosa (FIG. 2B; 
this formulation was adapted from (Thet et al., 2013)). These 
two vesicle formulations were measured to be -150 nm in 
diameter by dynamic light scattering (FIGS. 3A-3C), exhib
ited sufficient stability, with minimal dye leakage, in bacte
rial cultures containing the QSnull bacterial strains (and 
therefore the absence oflytic agents) for 12 hours, and were 
suitable for all other fundamental and discovery-oriented 
experiments described below. Control experiments demon
strated that the presence of these vesicles had minimal 
effects on cell growth over the course of these assays (FIGS. 
4A-4D). 

[0145] The results shown in FIGS. 2A-2B for WT strains 
versus QS mutants demonstrate that functional QS networks 
are required for substantial lysis of these vesicle formula
tions in the presence of either S. aureus or P. aeruginosa. 
Because the onset of QS is typically reported to occur at the 
middle to late log phase of bacterial growth (Novick, 2003, 
Schuster et al., 2003), these results also suggest that vesicle 
lysis correlates to the times at which quorum is reached in 
these bacterial cultures. Additional support for this view was 
provided by the results of experiments performed using WT 
bacteria containing QS transcriptional reporter plasmids 
( encoding yellow fluorescent protein (YFP) in the case of S. 
aureus, and green fluorescent protein (GFP) in the case of P. 
aeruginosa). The panels in FIGS. 2C-2D show comparisons 
of increases in normalized fluorescence for (i) vesicles 
incubated with WT strains and (ii) fluorescent protein pro
duction in cultures of the S. aureus (FIG. 2C) and P. 
aeruginosa (FIG. 2D) reporter strains. These results reveal 
the onset of vesicle leakage in experiments using WT 
bacteria to occur, in general, on time scales similar to those 
observed for fluorescent protein production (this correlation 
was more pronounced in the case of S. aureus; see FIG. 2C). 
We consider it likely that vesicle lysis was initiated in our 
WT cultures by the onset of production of membrane-lytic 
agents-i.e., PSMs (for S. aureus) and rhanmolipids (for P. 
aeruginosa). This conclusion is supported by past studies by 
Jenkins (Laabei et al., 2014a, Laabei et al., 2014b), and by 
the results of our own experiments in which solutions of 
authentic samples of either a representative PSM (PSMa3) 
or rhanmolipid were observed to lyse vesicles in a dosede
pendent manner (FIGS. SA-SB). 



US 2023/0070337 Al 

Example 2 

Validation of Assay Method Using Responsive 
Vesicles and Known Inhibitors of QS 

[0146] We conducted a series of experiments to validate 
the two responsive vesicle formulations identified above as 
platforms for the identification of inhibitors of QS by adding 
known QS modulators ( structures shown in FI GS. 6A-6B) to 
cultures of S. aureus and P. aeruginosa in the presence of 
vesicles. For experiments with S. aureus, we selected the 
native AIP as an activator, and three inhibitors of the 
two-component AgrC/AgrA signaling system (FIG. lA). 
Two of these inhibitors ( compounds 1 and 5), which we 
reported on previously (Tai-Gan et al., 2013, Vasquez and 
Blackwell, 2019), are macrocyclic, peptide-based molecules 
that likely function via competitive inhibition of the AIP 
ligand:AgrC receptor binding interaction. The third inhibi
tor, the small molecule 6 (savirin, (Sully et al., 2014)) has 
been shown to inhibit the agr system in S. aureus via binding 
and ostensible inactivation of AgrA, the response regulator 
of the tr'.111smembrane histidine kinase, AgrC. For experi
ments with P. aeruginosa, we used the native ligands of 
three of its key QS transcriptional regulators LasR, Rh!R, 
and PqsR (FIG. lB)-i.e., the activators N-(3-oxo-dode
canoyl)-L-homoserine lactone (OdDHL), N-butyryl-Lho
moserine lactone (BBL), and the Pseudomonas quinolone 
signal (PQS), respectively-as well as the LasR antagonist 
7 (V-06-018, (Mnh et al., 2006b)) the potent PqsR antagonist 
8 (M64, (Starkey et al., 2014)) and the non-native AHL
derived RhiR activator 9 (Eibergen et al., 2015). 
[0147] We incubated bacterial cultures containing calcein
loaded vesicles with aliquots of each of these compounds at 
concentrations needed for near-maximal inhibition or acti
vation (as reported in previous studies) and monitored 
changes in fluorescence of the cultures over 12 hours (FIGS. 
7~-7D). We also conducted parallel control experiments 
usmg a QS mutant strain to determine whether observed 
changes in vesicle permeabilization were a result of bacterial 
production of membrane-lytic toxins and not the potential 
surface/membrane activity of these QS inhibitors. For 
experiments using S. aureus, inhibitors 1 and 6 wholly 
abrogated vesicle lysis (FIG. 7A; blue and purple curves), 
co~si_stent with their ability to nearly completely quench agr 
actJv_1ty. The addition of inhibitor 5 suppressed dye release, 
relative to vehicle controls containing no inhibitor, over 12 
hours, yet we observed a steady increase in fluorescence 
~uring the course of these experiments (red curve), suggest
mg that agr activity was not completely blocked under the 
conditions used here. The reasons for this reduced activity 
for 5 are not completely understood. It is possible that this 
result may reflect an intrinsic inability of this compound to 
fully inhibit the agr system, with a basal amount of agr 
activity allowing for low levels of PSM to accumulate and 
affect low levels of membrane disruption. This result could 
also, however, arise from the sequestration of this inhibitor 
resulting from interactions with the vesicles, aggregation, 
and/or degradation, each of which would reduce in situ 
concentrations and affect inhibitory activity. 
[0148] Turning to a QS agonist, we observed that the 
exogenous addition of native AIP triggered calcein leakage 
approximately two hours earlier in the WT organism relative 
to the vehicle control (FIG. 7B), even though the culture 
remained in the lag/early exponential phase of growth (FIG. 
SB). This result is consistent with the production of mem-
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brane-lytic toxins in sub-quorate populations of bacteria 
treated with strong agr agonists (i.e., prematurely forcing 
group behavior) and suggests that temporal dynamics asso
ciated with vesicle leakage could also be used to screen for 
and identify new agonists of QS in S. aureus. Finally, none 
of the compounds investigated here affected calcein leakage 
when incubated with the agr-null strain (i.e., QS mutant, 
FIG. SA), confirming that the results shown in FI GS. 7 A-7B 
result from compound/agr system interactions and not any 
other direct physicochemical influence of these compounds 
on membrane permeability. The native AIP and peptide 
analogs 1 and 5 had minimal impact on cell growth; small 
molecule 6 showed some effects on growth at later time 
points (FIGS. SB, SC). 
[0149] The overall trends in experiments using P. aerugi
nosa and our vesicle lysis assay were similar to those 
observed above; however, the influence of QS inhibitors 
used in this organism on calcein leakage was generally more 
complex, and thus more difficult to interpret, than those 
observed in S. aureus. Inspection of the results in FIG. 7C 
reveals that LasR antagonist 7 and PqsR antagonist 8 (FIGS. 
6A-6B) significantly delayed vesicle lysis by approximately 
two hours relative to vehicle controls, but that, in both cases, 
fluorescence continued to increase over the course of 12 
hours. Interestingly, the influence of the addition of QS 
~gonists varied based on their target receptors in this organ
ism. ~or example, the native LasR agonist OdDHL and PqsR 
agomst PQS (FIGS. 6A-6B) had no observable influence on 
levels of fluorescence (FIG. 7D; red and green curves), in 
contrast to the addition of a QS agonist in the presence of S. 
aureus (FIG. 7B). However, treatment with the native Rh!R 
agonist BHL and non-native Rh!R agonist 9 resulted in an 
earlier onset of dye leakage (FIG. 7D; pink and purple 
curves). We note that both the Las and Pqs systems play 
roles in activation of the Rh! system, and that Rh! plays a key 
role in the regulation of rhanmolipid production in P. aerugi
nosa (Schuster and Greenberg, 2008). These results are thus 
consistent with past reports from our group on the interplay 
of the Las-Rhl-Pqs signaling network and its impact on the 
production ofrhanmolipids (Welsh et al., 2015). Finally, we 
note that the native QS signaling molecules and compounds 
7-9 had negligible effects on either calcein leakage (in the 
presence of QS mutants, FIG. 9A) or bacterial growth 
(FIGS. 9B and 9C), although compound 7 was observed to 
inhibit growth mildly at later time points. 
[0150] We conducted an additional series of experiments 
to characterize the sensitivity of vesicle lysis in bacterial 
cultures to changes in the concentrations and potencies of 
added QS inhibitors. High sensitivity to these differences 
would increase the utility of this assay for a range of 
screening applications. For these experiments, we focused 
our efforts on characterization in cultures of S. aureus, as we 
had ready access to a suite of structurally related agr 
inhibitors with well-understood activity profiles previously 
identified by our group (i.e., 1-4; FIGS. 6A-6B) (Tai-Gan et 
al., 2013, Tai-Gan et al., 2016, Vasquez and Blackwell, 
2019). We also reasoned that the results for this organism 
would be easier to interpret than those arising from experi
ments with P. aeruginosa in view of its more complex and 
inter-regulated QS network (vide supra). Calceinloaded 
vesicles were incubated with WT S. aureus and 3-fold 
dilutions of QS inhibitor 1, starting at a concentration of 100 
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nM. Increasing concentrations of 1 were observed to lead to 
increases in the times required for the onset of calcein 
leakage (FIG. lOA). We also examined whether vesicle 
leakage could be used to identify differences in the potencies 
of the four structurally similar agr inhibitors (1-4). For these 
experiments, all compounds were tested at equivalent con
centrations of 100 nM. Inspection of FIG. 10B reveals the 
more potent inhibitors 1 and 3 completely prevent calcein 
leakage, whereas their less potent amide-bridged analogs 2 
and 4 resulted only in a delayed response. At 12 hr, we 
observed a clear correlation between compound potency (as 
determined previously using cell-based transcriptional 
reporter assays) and fluorescence as a measure of vesicle 
lysis (FIG. lOC). 

[0151] When combined, the results of the experiments 
above demonstrate that the presence ( or absence) of calcein 
leakage can be used to identify the presence ( or absence) of 
inhibitors or agonists of QS in cultures of S. aureus and P. 
aeruginosa. In addition, the vesicle lysis assay can be used 
to report the relative amounts and potencies ofQS inhibitors. 
Our results support the view that the ability of this materials 
platform to discriminate and report on QS is a result of the 
sensitivity of calcein leakage to the production of mem
brane-lytic toxins in these organisms, and suggest that the 
timing and the magnitude of calcein leakage may also 
convey useful information related to potency or other 
dynamics in these systems. Overall, the impacts of added QS 
inhibitors and activators on calcein leakage are more 
straightforward to interpret in cultures of S. aureus (at least 
under the conditions evaluated in this work) relative to P. 
aeruginosa. However, decreases in calcein fluorescence of 
the cultures induced by QS inhibitors in the latter are 
significant and can still be observed in FIGS. 7A-7D. 

Example 3 

A High-Throughput Screen Identifies Novel and 
Potent Small-Molecule Inhibitors of agr-type QS 

[0152] We conducted a final series of experiments to 
explore the feasibility of using the vesicle leakage assay 
described above as a platform for the high-throughput 
screening and identification of new small-molecule inhibi
tors of agr-type QS in S. aureus. For these experiments, we 
used WT S. aureus and the 70% DOPC/30% cholesterol 
vesicles characterized above, and the assay was re-opti
mized for use in an automated, 384-well microtiter plate 
format (see Methods). We selected agr inhibitor 1 (FIGS. 
6A-6D) as a positive control for these studies and screened 
a commercially available small molecule library of 25,280 
compounds (at concentrations of 10 µM; see General Meth
ods above). Each microtiter plate contained positive (250 
nM 1) and negative (DMSO vehicle) controls in addition to 
320 wells containing test compounds. After the addition of 
an aliquot of a vesicle/cell mixture, plates were incubated 
statically for 24 hr at 3 7° C., at which point fluorescence and 
optical density readings were acquired. 
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[0153] These high-throughput assays identified 92 com
pounds that resulted in <80% fluorescence emission relative 
to the vehicle control (FIG. llA). Subsequent dose-response 
analysis of these initial hits using the vesicle leakage assay 
identified five compounds with strong activity profiles, with 
three compounds able to completely block vesicle lysis at 
concentrations >10 µM (FIG. 11B). The abilities of these 
lead hit compounds to target agr in S. aureus was evaluated 
using an agr transcriptional reporter assay (FIG. llC), 
revealing two compounds (the pyrazolopyrimidine 10 and 
thiazolopyridine derivative 11, FIG. llD) as near maximal 
agr inhibitors. We note that compounds 10 and 11 are 
approximately 5-10 times more potent than compound 6 in 
the reporter assay (10 (IC50=0.5 µM) and 11 (IC50=0.7 µM) 
vs. 6 (IC50=5.5 µM)), which is one of the strongest small
molecule inhibitors of QS reported to date in S. aureus 
(Sully et al., 2014), and that these two compounds do not 
inhibit cellular growth. 
[0154] Both 10 and 11 are low molecular weight 
(MW<500 g/mol), readily soluble in DMSO and aqueous 
solutions, contain no obvious reactive sites that could poten
tially lead to compound degradation, and are readily ame
nable to synthetic modification. We note that while com
pound 10 and its analogs have been reported to be agonists 
of the human apelin receptor (Smith, 2019), a G protein
coupled receptor unrelated to the agr system, neither com
pound 10 nor 11 has previously been reported to influence 
bacterial QS. 
[0155] The potency, efficacy, and small-molecule nature of 
compounds 10 and 11 make them valuable additions to the 
available toolbox of agr inhibitors. Additional characteriza
tion of these compounds, including delineating their mecha
nisms of agr inhibition and exploration of potential struc
ture-activity relationships that could be useful for the 
generation of new synthetic derivatives, is currently under
way and will be reported in due course. While we immedi
ately recognized and have focused here on the utility of 10 
and 11, we note that three additional hit compounds (HTS 
hits 3-5, FIG. 11B) were active in our cell-based agr tran
scriptional reporter assay (albeit not to the extent of 10 and 
11; FIG. 12), and the activity profiles of these compounds 
also warrant additional scrutiny. In the context of this current 
work, however, the identification of 10 and 11 as potent, 
small-molecule based agr inhibitors underscores the utility 
of our vesicle leakage assay as an accessible and high
throughput platform for the discovery of novel QSMs. 

Example 4 

New Inhibitors of agr-Type QS in S. aureus 

[0156] A series of compounds based on Formula I and 
shown in the Table 2 below were prepared according to 
standard methods in the art ( e.g., condensing 1,3-dicarbonyl 
compounds with 3-aminopyrazoles using heat and/or cata
lyst, followed by, e.g., by a Suzuki reaction to install an 
aromatic group optionally bearing R3

). The compounds of 
Table 2 each exhibited MS and/or other analytical data 
consistent with structures depicted. The compounds were 
assayed as described in Example 3. Assay results are also 
shown in the Table 2. 
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TABLE 2 

/

RI _....N 

N ' 
HO =:::::::,._ 

0 

Compound No. Rl ICso (µM) 

10 Isopropyl 1.22 
12 n-Propyl 2.58 
13 Cyclopropyl 3.35 
14 Cyclobutyl 0.98 
15 Ethyl 7.67 
16 Cyclopentyl 0.84 
17 t-Butyl 0.48 
18 Methyl 
19 OHl=O 

REFERENCES 

[0157] Boursier, M. E., Moore, J. D., Heitman, K. M., 
Shepardson-Fungairino, S. P., Combs, J. B., Koenig, L. 
C., Shin, D., Brown, E. C., Nagaraj an, R. & Blackwell, 
H. E. 2018. Structure function analyses of the N-butanoyl 
L-homoserine lactone quorum-sensing signal define fea
tures critical to activity in RhlR. ACS Chem. Biol., 13, 
2655-2662. 

[0158] Brewster, J. D. 2003. A simple micro-growth assay 
for enumerating bacteria. J. Microbial. Methods, 53, 
77-86. 

[0159] De Kievit, T. R.; Gillis, R.; Marx, S.; Brown, C.; 
Iglewski, B. H. Quorum-sensing genes in Pseudomonas 
aeruginosa biofilms: their role and expression patterns. 
Appl. Environ. Microbial. 2001, 67, 1865-1873. 

[0160] Eibergen, N. R., Moore, J. D., Mattmann, M. E. & 
Blackwell, H. 2015. Potent and selective modulation of 
the RhlR quorum sensing receptor by using non-native 
ligands: An emerging target for virulence control in 
Pseudomonas aeruginosa. ChemBioChem, 16, 2348-
2356. 

[0161] Gerdt, J.P.; Blackwell, H. E. Competition studies 
confirm two major barriers that can preclude the spread of 
resistance to quorum-sensing inhibitors in bacteria. ACS 
Chem. Biol. 2014, 9, 2291-2299. 

[0162] Hodgkinson, J. T., Galloway, W. R. J. D., Casali, 
M., Keane, H., Su, X., Salmond, G. P. C., Welch, M. & 
Spring, D. R. 2011. Robust routes for the synthesis of 
N-acylated-Lhomoserine lactone (AHL) quorum sensing 
molecules with high levels of enantiomeric purity. Tet. 
Lett., 52, 3291-3294. 

[0163] Kirchdoerfer, R. N.; Garner, A. L.; Flack, C. E.; 
Mee, J.M.; Horswill, A. R.; Janda, K. D.; Kaufmann, G. 
F.; Wilson, I. A. Structural basis for ligand recognition and 
discrimination of a quorum-quenching antibody. J. Biol. 
Chem. 2011, 286, 17351-17358. 

[0164] Laabei, M., Jamieson, W. D., Lewis, S. E., Diggle, 
S. P. & Jenkins, A. T. A. 2014a. A new assay for 

18 
Mar. 9, 2023 

rharnnolipid detection-important virulence factors of 
Pseudomonas aeruginosa. Appl. Microbial. Biotechnol., 
98, 7199-7209. 

[0165] Laabei, M., Jamieson, W. D., Massey, R. C. & 
Jenkins, A. T. A. 2014b. Staphylococcus aureus interac
tion with phospholipid vesicles-a new method to accu
rately determine accessory gene regulator (agr) activity. 
PLoS ONE, 9, e87270. 

[0166] Lapinski, M. M., Castro-Forero, A., Greiner, A. J., 
Ofoli, R. Y. & Blanchard, G. J. 2007. Comparison of 
liposomes formed by sonication and extrusion: Rotational 
and translational diffusion of an embedded chromophore. 
Langmuir, 23, 11677-11683. 

[0167] Loureiro-Ferreira, N., Rodrigues, J., Brito, R. M. 
M 2008. NMR structure of delta-toxin from Staphylococ
cus aureus in CD3OH. 

[0168] Lyon, G. J., Mayville, P., Muir, T. W. & Novick, R. 
P. 2000. Rational design of a global inhibitor of the 
virulence response in Staphylococcus aureus, based in 
part on localization of the site of inhibition to the receptor
histidine kinase, AgrC. Proc. Natl. Acad. Sci. U. S. A., 97, 
13330-13335. 

[0169] Manson, D. E., O'Reilly, M. C., Nyffeler, K. E. & 
Blackwell, H. E. 2020. Design, synthesis, and biochemi
cal characterization of non-native antagonists of the 
Pseudomonas aeruginosa quorum sensing receptor LasR 
with nanomolar IC50 values. ACS Infect. Dis., 6, 649-661. 

[0170] Mayer, L. D., Hope, M. J. & Cullis, P. R. 1986. 
Vesicles of variable sizes produced by a rapid extrusion 
procedure. Biochim. Biophys. Acta, 858, 161-168. 

[0171] Muh, U., Schuster, M., Heim, R., Singh,A., Olson, 
E. R. & Greenberg, E. P. 2006b. Novel Pseudomonas 
aeruginosa quorum-sensing inhibitors identified in an 
ultra-highthroughput screen. Antimicrob. Agents 
Chemother., 50, 3674-3679. 

[0172] Novick, R. P. Properties of a cryptic high-fre
quency transducing phage in Staphylococcus aureus. 
Virology 1967, 33, 155-166. 

[0173] Novick, R. P.; Ross, H.F.; Projan, S. J.; Kornblum, 
J.; Kreiswirth, B. N.; Moghazeh, S. Synthesis of Staphy
lococcal virulence factors is controlled by a regulator 
RNA molecule. EMBO J. 1993, 12, 3967-3975. 

[0174] Novick, R. P. 2003. Autoinduction and signal trans
duction in the regulation of staphylococcal virulence. 
Mal. Microbial., 48, 1429-1449. 30 

[0175] Schuster, M. & Greenberg, E. P. 2008. LuxR-type 
proteins in Pseuodomonas aeruginosa quorum sensing: 
Distinct mechanisms with global implications. Chemical 
communication among bacteria. Washington, D.C.: ASM 
Press. 

[0176] Schuster, M., Lostroh, C. P., Ogi, T. & Greenberg, 
E. P. 2003. Identification, timing, and signal specificity of 
Pseudomonas aeruginosa quorum-controlled genes: A 
transcriptome analysis. J. Bacterial., 185, 2066-2079. 

[0177] Smith, L. H., Pinkerton, A. B., Hershberger, P. M., 
Maloney, P., Mcanally, D. 2019. Apelin Receptor Agonists 
and Methods of Use Thereof WO/2019/032720 

[0178] Starkey, M., Lepine, F., Maura, D., Bandyopad
haya, A., Lesic, B., He, J., Kitao, T., Righi, V., Milot, S., 
Tzika, A. & Rahrne, L. 2014. Identification of anti
virulence compounds that disrupt quorum-sensing regu
lated acute and persistent pathogenicity. PLoS Pathog., 
10, e1004321. 



US 2023/0070337 Al 

[0179] Sully, E. K., Malachowa, N., Elmore, B. 0., Alex
ander, S. M., Femling, J. K., Gray, B. M., Deleo, F. R., 
Otto, M., Cheung, A. L., Edwards, B. S., Sklar, L. A., 
Horswill, A. R., Hall, P. R. & Gresham, H. D. 2014. 
Selective chemical inhibition of agr quorum sensing in 
Staphylococcus aureus promotes host defense with mini
mal impact on resistance. PLoS Pathog., 10, e1004174. 

[0180] Tai-Gan, Y., Ivancic, M., Cornilescu, G., Yang, T. 
& Blackwell, H. E. 2016. Highly stable, midebridged 
autoinducing peptide analogues that strongly inhibit the 
AgrC quorum sensing receptor in Staphylococcus aureus. 
Angew. Chem. Int. Ed., 55, 8913-8917. 

[0181] Tai-Gan, Y., Stacy, D. M., Foegen, M. K., Koenig, 
D. W. & Blackwell, H. E. 2013. Highly potent inhibitors 
of quorum sensing in Staphylococcus aureus revealed 
through a systematic synthetic study of the group-III 
autoinducing peptide. J. Am. Chem. Soc., 135, 7869-7882. 

[0182] Thet, N. T., Hong, S. H., Marshall, S., Laabei, M., 
Toby, A. & Jenkins, A. 2013. Visible, colorimetric dis
semination between pathogenic strains of Staphylococcus 
aureus and 31 Pseudomonas aeruginosa using fluorescent 
dye containing lipid vesicles. Biosens. Bioelectron., 41, 
538-543. 

[0183] Vasquez, J. K. & Blackwell, H. E. 2019. Simplified 
autoinducing peptide mimetics with single nanomolar 
activity against the Staphylococcus aureus AgrC quorum 
sensing receptor. ACS Infect. Dis., 5, 484-492. 

[0184] Welsh, M.A. & Blackwell, H. E. 2016a. Chemical 
genetics reveals environment-specific roles for quorum 
sensing circuits in Pseudomonas aeruginosa. Cell Chem. 
Biol., 23, 361-369. 

[0185] Welsh, M.A., Eibergen, N. R., Moore, J. D. & 
Blackwell, H. E. 2015. Small molecule disruption of 
quorum sensing cross-regulation in Pseudomonas aerugi
nosa causes major and unexpected alterations to virulence 
phenotypes. J. Am. Chem. Soc., 137, 1510-1519. 

[0186] Yarwood, J. M.; Bartels, D. J.; Volper, E. M.; 
Greenberg, E. P. 2004. Quorum sensing in Staphylococcus 
aureus biofilms. J. Bacterial., 186, 1838-1850. 

EQUIVALENTS 

[0187] While certain embodiments have been illustrated 
and described, a person with ordinary skill in the art, after 
reading the foregoing specification, can effect changes, 
substitutions of equivalents and other types of alterations to 
the conjugates and micelles of the present technology or 
derivatives, prodrugs, or pharmaceutical compositions 
thereof as set forth herein. Each aspect and embodiment 
described above can also have included or incorporated 
therewith such variations or aspects as disclosed in regard to 
any or all of the other aspects and embodiments. 
[0188] The present technology is also not to be limited in 
terms of the particular aspects described herein, which are 
intended as single illustrations of individual aspects of the 
present technology. Many modifications and variations of 
this present technology can be made without departing from 
its spirit and scope, as will be apparent to those skilled in the 
art. Functionally equivalent methods within the scope of the 
present technology, in addition to those enumerated herein, 
will be apparent to those skilled in the art from the foregoing 
descriptions. Such modifications and variations are intended 
to fall within the scope of the appended claims. It is to be 
understood that this present technology is not limited to 
particular methods, conjugates, reagents, compounds, com-
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positions, labeled compounds or biological systems, which 
can, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular aspects only, and is not intended to be limiting. 
Thus, it is intended that the specification be considered as 
exemplary only with the breadth, scope and spirit of the 
present technology indicated only by the appended claims, 
definitions therein and any equivalents thereof 
[0189] The embodiments, illustratively described herein 
may suitably be practiced in the absence of any element or 
elements, limitation or limitations, not specifically disclosed 
herein. Thus, for example, the terms "comprising," "includ
ing," "containing," etc. shall be read expansively and with
out limitation. Additionally, the terms and expressions 
employed herein have been used as terms of description and 
not of limitation, and there is no intention in the use of such 
terms and expressions of excluding any equivalents of the 
features shown and described or portions thereof, but it is 
recognized that various modifications are possible within the 
scope of the claimed technology. Additionally, the phrase 
"consisting essentially of' will be understood to include 
those elements specifically recited and those additional 
elements that do not materially affect the basic and novel 
characteristics of the claimed technology. The phrase "con
sisting of' excludes any element not specified. 
[0190] In addition, where features or aspects of the dis
closure are described in terms of Markush groups, those 
skilled in the art will recognize that the disclosure is also 
thereby described in terms of any individual member or 
subgroup of members of the Markush group. Each of the 
narrower species and subgeneric groupings falling within 
the generic disclosure also form part of the invention. This 
includes the generic description of the invention with a 
proviso or negative limitation removing any subject matter 
from the genus, regardless of whether or not the excised 
material is specifically recited herein. 
[0191] As will be understood by one skilled in the art, for 
any and all purposes, particularly in terms of providing a 
written description, all ranges disclosed herein also encom
pass any and all possible subranges and combinations of 
subranges thereof. Any listed range can be easily recognized 
as sufficiently describing and enabling the same range being 
broken down into at least equal halves, thirds, quarters, 
fifths, tenths, etc. As a non-limiting example, each range 
discussed herein can be readily broken down into a lower 
third, middle third and upper third, etc. As will also be 
understood by one skilled in the art all language such as "up 
to," "at least," "greater than," "less than," and the like, 
include the number recited and refer to ranges which can be 
subsequently broken down into subranges as discussed 
above. Finally, as will be understood by one skilled in the 
art, a range includes each individual member. 
[0192] All publications, patent applications, issued pat
ents, and other documents (for example, journals, articles 
and/or textbooks) referred to in this specification are herein 
incorporated by reference as if each individual publication, 
patent application, issued patent, or other document was 
specifically and individually indicated to be incorporated by 
reference in its entirety. Definitions that are contained in text 
incorporated by reference are excluded to the extent that 
they contradict definitions in this disclosure. 
[0193] Other embodiments are set forth in the following 
claims, along with the full scope of equivalents to which 
such claims are entitled. 
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1.-24. ( canceled) 

25. A compound having the structure of Formula I or 
Formula II: 

::::::--°XR3 n, 

II 

and/or a tautomer thereof and/or a pharmaceutically 

acceptable salt thereof, 

wherein 

R1 is OH (or its oxo tautomer), or a substituted or 

unsubstituted alkyl, cycloalkyl, or cycloalkylalkyl 

group; 

R2 is H, halogen, OH, NO2 , or a substituted or unsubsti

tuted alkyl, cycloalkyl or cycloalkylalkyl group; 

R3 is a halogen, CN, NO2 , or a substituted or unsubsti

tuted alkyl, cycloalkyl, or cycloalkylalkyl group; and 

R4 is OR a, NHRa, or a substituted or unsubstituted alkyl, 

cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, or 

heteroarylalkyl group; 

Rs is a substituted or unsubstituted alkyl, cycloalkyl, 

cycloalkylalkyl, aryl, aralkyl, heteroaryl, or heteroary

lalkyl group; 

Ra is substituted or unsubstituted alkyl, cycloalkyl, 

cycloalkylalkyl, aryl, aralkyl, heteroaryl, or heteroary

lalkyl group; and 

n is 1, 2, 3, 4 or 5; 

provided that the compound is not 7-isopropyl-2-methyl-
3-pheny lpyrazolo [ 1,5-a ]pyrimidine-5-carboxy lie acid, 
and is not N-(3-chlorophenyl)-2-(thiophene-3-carbox

amido )-6, 7-dihydrothiazolo[ 5,4-c ]pyridine-5( 4H)-car

boxamide. 

26. A method of inhibiting quorum sensing by bacteria 
comprising administering an effective amount of a com
pound of Formula I or Formula II to a subject in need 
thereof: 
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::::::--°XR3 n, 

II 

and/or a tautomer thereof and/or a pharmaceutically 
acceptable salt thereof, 

wherein 
R1 is H, OH (or its oxo tautomer), or a substituted or 

unsubstituted alkyl, cycloalkyl, or cycloalkylalkyl 
group; 

R2 is H, halogen, OH, CN, NO2 , or a substituted or 
unsubstituted alkyl, cycloalkyl or cycloalkylalkyl 
group; 

R3 is a halogen, CN, NO2 , or a substituted or unsubsti
tuted alkyl, cycloalkyl, or cycloalkylalkyl group; and 

R4 is OR a, NHRa, or a substituted or unsubstituted alkyl, 
cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, or 
heteroarylalkyl group; 

Rs is a substituted or unsubstituted alkyl, cycloalkyl, 
cycloalkylalkyl, aryl, aralkyl, heteroaryl, or heteroary
lalkyl group; 

Ra is substituted or unsubstituted alkyl, cycloalkyl, 
cycloalkylalkyl, aryl, aralkyl, heteroaryl, or heteroary
lalkyl group; and 

n is 0, 1, 2, 3, 4 or 5. 
27. The method of claim 26, wherein the compound is the 

compound of Formula I. 
28. The method of claim 27, wherein R1 is a substituted 

or unsubstituted alkyl or cycloalkyl, group. 
29. The method of claim 28, wherein R1 is an unsubsti

tuted C1_6 alkyl group or an unsubstituted C3 _6 cycloalkyl 
group. 

30. The method of claim 29, whereinR1 is a methyl, ethyl, 
isopropyl, n-propyl, t-butyl, cyclopropyl, cyclobutyl, or 
cyclopentyl group. 

31. The method of claim 27, wherein R2 is halogen, OH, 
NO2 , or a substituted or unsubstituted alkyl or cycloalkyl 
group. 

32. The method of claim 31, wherein R2 is fluoro, chloro, 
OH, NO2 , or an unsubstituted methyl, ethyl, isopropyl, 
cyclopropyl, or cyclobutyl group. 

33. The method of claim 27, wherein R3 is halogen, NO2 , 

or a substituted or unsubstituted alkyl or cycloalkyl group. 
34. The method of claim 33, wherein R3 is F, Cl, NO2 , or 

an unsubstituted C1 _6 alkyl group. 
35. The method of claim 26, wherein the compound is the 

compound of Formula II. 
36. The method of claim 35, wherein R4 is a substituted 

or unsubstituted cycloalkyl, aryl, or heteroaryl group. 



US 2023/0070337 Al 

37. The method of claim 36, wherein R4 is cyclopentyl, 
cyclohexyl, phenyl, thiophenyl, furanyl, each of which is 
optionally substituted with one or more halogen or a sub
stituted or unsubstituted alkyl group. 

38. The method of claim 36, wherein R4 is optionally 
substituted with 1, 2, or 3 substituents selected from the 
group consisting of F, Cl, and an unsubstituted C1 _6 alkyl 
group. 

39. The method of claim 35, wherein Rs is a substituted 
or unsubstituted cycloalkyl, aryl, or heteroaryl group. 

40. The method of claim 39, wherein Rs is cyclopentyl, 
cyclohexyl, phenyl, thiophenyl, furanyl, each of which is 
optionally substituted with one or more halogen or a sub
stituted or unsubstituted alkyl group. 

41. The method of claim 39, wherein Rs is optionally 
substituted with 1, 2, or 3 substituents selected from the 
group consisting of F, Cl, and an unsubstituted C1 _6 alkyl 
group. 

42. A pharmaceutical composition comprising a com
pound of claim 25 and a pharmaceutically acceptable carrier 
and/or excipient. 

43. A method of treating a bacterial infection in a subject 
comprising administering an effective amount of a com
pound of claim 25. 

* * * * * 
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