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Abstract

Cell-cell signaling between bacteria, including quorum-sensing (QS) communication systems, 

may play a role in the establishment and maintenance of polymicrobial communities. To better 

understand and model these interactions, we must uncover the degree to which neighboring 

species recognize each another’s signals. In the current study, we tested the likelihood of whether 

the QS systems of two opportunistic pathogens (Acinetobacter baumannii and Pseudomonas 
aeruginosa) that frequently arise in polymicrobial infections would be affected by the QS signals 

of neighboring species. Through the synthesis and screening of a library of native and non-native 

N-acyl L-homoserine lactones (AHLs), we found that the AbaR LuxR-type receptor protein of A. 
baumannii is highly selective for its native AHL signal. However, a homologous LuxR-type 

receptor in P. aeruginosa, LasR, is far more promiscuously activated by AHLs relative to AbaR, 

suggesting that LasR-regulated QS could be more susceptible to activation by neighboring species. 

To explain the observed difference in signal selectivity between AbaR and LasR, we developed a 

model based on (i) the activity profiles of these proteins and (ii) previously reported structural data 

and activity profiles for related LuxR-type receptors. This model may facilitate the study of signal 

selectivities for hundreds of LuxR-type QS receptors from bacteria, many of which grow in 

polymicrobial communities and may sense each other’s signals. In addition, we discovered a set of 

AHLs that could be used to selectively activate LasR and selectively inhibit AbaR in 

polymicrobial experiments.
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INTRODUCTION

Most microbes grow in communities containing multiple species that cooperate and compete 

for optimal fitness.1 Such polymicrobial communities can have a widespread influence on 

human life and livelihood. For example, bacterial infections are often caused by a mixture of 

pathogenic species,2 and polymicrobial biofilms can play beneficial and detrimental roles in 

industry and the environment.3–6 We are also increasingly appreciating the importance of the 

human microbiome for both positive and negative health outcomes.2, 7

In these mixed microbial communities, microbes secrete different factors (e.g., small 

molecules, peptides, and proteins) into the environment that have the potential to affect other 

community members. These interactions between microbes can result in significant benefit 

or harm to the local environment or to host organisms.8 Computational modeling methods 

show promise at describing and predicting polymicrobial interactions; however, these 

models require more empirical data reporting the molecular details of microbial 

interactions.9 One manner in which microbes can interact is via quorum sensing (QS).10, 11 

Bacterial QS is generally viewed as a mechanism by which bacteria sense their population 

density and alter their behavior for optimal fitness under that density (although other 

explanations for the phenomenon exist12). In QS, bacteria synthesize a small molecule or 

peptide signal that can diffuse or is secreted into the environment. A threshold density of 

bacteria is required for the signal to accumulate at a concentration sufficient for productive 

binding of cognate receptor proteins in the bacterial cells. This binding event subsequently 

induces changes in gene expression necessary for the initiation of a range of behaviors that 

benefit the bacterial population at high density. In the case of the Gram-negative 

Proteobacteria phylum, N-acyl L-homoserine lactone (AHL) QS signals are biosynthesized 

by LuxI-type enzymes and sensed by receptor proteins of the LuxR-type transcriptional 

regulator class.10 Significantly, the group behaviors regulated by AHL-based QS are often 

tied to virulence in pathogens and to biofilms in a wide range of species.11

AHL-based QS is generally considered a method for intraspecies bacterial 

communication.10, 11 However, since many Gram-negative bacteria that utilize QS live in 

close proximity (e.g., on eukaryotic hosts and in the soil), it is likely that their AHL signals 

could activate or disrupt the QS systems of other bacteria and potentially “coerce” them to 

initiate different behaviors,13 or conversely, bacteria could “eavesdrop” on their neighbors 

and modify their own behavior appropriately.14 For example, the opportunistic pathogen 

Pseudomonas aeruginosa can activate the QS system of Burkholderia cepacia in mixed 
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biofilms in cystic fibrosis lung infection models.15 As such, examining the mechanisms and 

scope of bacteria using QS for interspecies—and even interkingdom—sensing is an area of 

significant and increasing research interest.16, 17

Current genomic technologies allows for the rapid identification of microorganisms present 

in a given environment and the likely communication genes that they possess.18 However, 

tools to discover the actual degree of chemical cross-talk between species within a 

population and the mode by which that cross-talk influences the population’s behavior are 

limiting. The development of species-selective, small molecule QS modulators to regulate 

the QS of individual species within a complex polymicrobial mixture would allow for the 

interrogation of the impact of QS cross-talk on the behavior of the communities in native 

environments. The development of such chemical tools is a long-term goal of ours and a 

broad motivation for the current study.

Herein, we report our investigations into the selective modulation of two LuxR-type receptor 

proteins from two different bacteria, AbaR of Acinetobacter baumannii and LasR of P. 
aeruginosa, using AHL-type ligands. There were three main objectives for this research. 

First, we aimed to comprehensively characterize the selectivities of AbaR and LasR for their 

native ligand relative to other naturally occurring AHLs. Second, we sought to discover 

AHL-type ligands that can serve as chemical probes to selectively activate or inhibit the QS 

systems of AbaR or LasR; such tools could allow for the orthogonal modulation of their QS 

systems in polymicrobial communities. Third, we aimed to use our uncovered ligand-

promiscuity data, along with prior small molecule screening data in other LuxR homologs, 

to develop a mechanistic model to explain the promiscuity differences between AbaR and 

LasR on a molecular level. We realized each of these three research objectives, obtaining 

results that should shape future studies of the selectivity and cross-talk between LuxI/LuxR-

type QS systems in other co-localized bacteria

RESULTS AND DISCUSSION

Rationale for receptor selection

Two main reasons prompted the choice of AbaR and LasR for focused study. First, an initial 

study by our laboratory suggested that these two receptors have different degrees of 

selectivity for their native signal molecules,19 even though their native AHL signals are very 

similar: LasR naturally responds to N-(3-oxo-dodecanoyl) L-homoserine lactone (OdDHL, 

ligand 1 in Fig. 1) to regulate numerous virulence phenotypes in P. aeruginosa,20 and AbaR 

naturally responds to (R)-N-(3-hydroxydodecanoyl) L-homoserine lactone ((R)-OH-dDHL, 

ligand 2 in Fig. 1) to regulate surface motility and biofilm formation (putatively linked to 

virulence) in A. baumannii.21, 22 Therefore, we reasoned that studying these proteins could 

yield explanations to which features makes a LuxR-type protein more selective for a given 

AHL signal over others. Second, P. aeruginosa and A. baumannii reside in polymicrobial 

contexts where interspecies cross-talk is possible. These two species are widespread in the 

environment (e.g., in soil and water), where they live in proximity to multitudes of other 

microbes, and they are each opportunistic pathogens of immunocompromised humans, 

where they often form polymicrobial infections7, 23 (and sometimes with each other24).
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Library design and synthesis

To characterize the ligand selectivities of AbaR and LasR and to identify chemical tools for 

their differential activation, we assembled and screened a focused library of 24 AHL-type 

ligands (3–26) for activation and inhibition of AbaR and LasR (Fig. 1). As highlighted 

above, the native AHLs of LasR and AbaR (1 and 2, respectively) are very similar, only 

differing in oxidation state at the 3-posititon on their acyl chain. To systematically test the 

impact of acyl chain length and 3-position oxidation state on activity in AbaR and LasR, we 

examined aliphatic AHL ligands 5–20 (Fig. 1), of which 9, 11–15, and 20 represent new 

additions to our growing AHL libraries.25 (We have performed initial studies on the 

remaining AHL ligands in LasR and AbaR (see Table S1), but we reevaluated these 

compounds here under the same experimental conditions as the new ligands to facilitate 

legitimate data comparisons).19, 26, 27 AHLs 5–20 were synthesized using standard methods 

(see SI); the hydroxyl-containing ligands 11–15 were prepared as diastereomeric mixtures, 

whereas ligand 2 is the (R)-OH-dDHL diastereomer. Many of these aliphatic-tail AHLs are, 

in fact, naturally occurring signal molecules for various soil-dwelling Proteobacteria (e.g., 5, 

N-hexanoyl L-homoserine lactone in Chromobacterium violaceum; 16, N-(3-oxo-hexanoyl) 

L-homoserine lactone (OHHL) in Pectobacterium carotovora; and 17, N-(3-oxo-ocatanoyl) 

L-homoserine lactone (OOHL) in Agrobacterium tumefaciens; see Table S2 matching other 

bacteria to their cognate signals). Therefore, we reasoned that testing the abilities of these 

AHLs to modulate the AbaR and LasR QS receptors would likely not only provide new 

chemical probes, but also could illuminate the likelihood of A. baumannii and P. aeruginosa 
to be affected by cross-talk with neighboring Proteobacteria in real polymicrobial 

communities.

Since many of our previously reported, highly active non-native AHLs contain substituted 

phenyl groups in the acyl tail (e.g., ligands 3 and 4, Fig. 126, 27) and again, LasR and AbaR 

respond to native AHL ligands that only differ in oxidation state at the 3-position (1 and 2), 

we sought to examine the effect of altering the 3-position oxidation state of phenyl-

substituted AHLs on their activity profiles in AbaR and LasR. Therefore, we examined the 

N-(phenylbutanoyl) L-homoserine lactone (PBHL) ligands 21–26, which have unsubstituted 

or chlorine- or iodine-substituted phenyl groups and varying 3-position oxidation states (Fig. 

1). Within this set of compounds, PBHLs 22, 23, and 26 constitute new members of our in-

house AHL libraries (see Table S1) and were synthesized using established procedures (22 
and 23 were diastereomeric mixtures; see SI).

AbaR is highly selective for aliphatic-tail AHLs with 12-carbon chains and 3-position 
hydroxyls, while LasR is modulated more promiscuously by AHLs

As our initial studies suggested that AbaR was particularly sensitive to AHL acyl chain 

length and oxidation state,19 we sought to more rigorously characterize the limits whereby 

AHL acyl chain lengths and oxidation states would activate or inhibit AbaR activity, and 

thereafter, directly compare these limits to those for LasR activation and inhibition. We thus 

began our studies by examining the abilities of the aliphatic AHLs 5–20 to either activate or 

inhibit AbaR and LasR using bacterial reporter strains (see SI for full assay details). In these 

assays, activated AbaR and LasR induce the production of the enzyme β-galactosidase, the 

amount of which can be quantified by its cleavage of a colorimetric substrate. Activation (or 

Gerdt et al. Page 4

ACS Chem Biol. Author manuscript; available in PMC 2017 September 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



agonism) was tested by adding an AHL, while competitive inhibition (or antagonism) was 

tested by adding native ligand near its EC50 (concentration that elicits a half-maximum 

activation) along with a non-native AHL of interest. The primary assay data resulting from 

these screens are shown in Fig. 2 and Table S3, the latter of which highlights the dependence 

of AbaR and LasR activity on acyl chain length and oxidation state. For ligands displaying 

sufficient activity, we also analyzed their potencies by determining their EC50 or IC50 

(concentration that elicits a half-maximum inhibition) in the same reporter assays.

The agonism assay data indicated that AbaR was far more selectively activated by aliphatic 

AHLs (5–20) relative to LasR (Fig. 2), confirming our initial predictions. All lengths of the 

fully reduced, or “3-methylene”, AHLs (5–10) were incapable of activating AbaR, and most 

were instead strong competitive inhibitors of AbaR activation by its native ligand (2) (see 

Fig. 2A, dark shades). In particular, 3-methylene AHLs with chain lengths below 12 carbons 

(5–7) were the strongest inhibitors. “Fully oxidized”, or 3-oxo, ligands were slightly better 

at activating AbaR than the 3-methylene AHLs; however, only the 12-carbon 3-oxo AHL, 

OdDHL (1), was capable of appreciable AbaR agonism (~50% relative to activation by the 

same concentration of AbaR’s native ligand, (R)-OH-dDHL (2)). All other chain lengths of 

the 3-oxo AHLs were incapable of significant AbaR activation, and in fact, the shorter chain 

(i.e., C6, C8, and C10) ligands 16–18 were good competitive inhibitors of AbaR instead (Fig. 

2A, light shades). The hydroxyl, or 3-OH, AHL class was the best at activating AbaR, which 

is not surprising given that its native ligand (2) bears a 3-OH moiety (Fig. 2A, medium 

shades).

The mixture of diastereomers present in ligand 13 demonstrated weaker activity than the 

diastereomerically pure native ligand (R)-OH-dDHL (2). This result suggests that the non-

native diastereomer is a partial agonist of AbaR. Although other possibilities exist, we 

suspect that the non-native diastereomers present in ligands 11, 12, 14, and 15 are also 

partial agonists, which would account for a moderate reduction in the activation by these 

ligands. Nonetheless, in these diastereomeric mixtures, only the 3-OH C10 and C14 ligands 

activated AbaR by more than 25%—a low threshold for activity. At longer and shorter chain 

lengths, the hydroxyl AHLs failed to activate AbaR, but instead were competitive inhibitors

—especially the shorter C8 ligand 11. In total, these screening data suggest that AbaR can 

only be activated by aliphatic AHLs that vary slightly from its native ligand (2) in either 

oxidation state or chain length, but not both. Most of the aliphatic AHLs tested, especially 

those with shorter chains, were instead good competitive inhibitors of AbaR.

In contrast, the LasR reporter assays revealed that LasR was much more promiscuously 

activated than AbaR by AHLs 5–20 (Fig. 2, Table S3). AHLs with any of the three oxidation 

states (3-methylene, 3-OH, or 3-oxo) at the native-like C12 length (8, 13, and OdDHL (1)) 
were able to substantially activate LasR (>75% relative to activation by the same 

concentration of LasR’s native ligand (1)). The 3-methylene and 3-OH ligands were still 

good agonists (>75%) at the C14 length (9, 14), but were much weaker agonists at the C16 

length (10, 15) and at chain lengths less than C12. The 3-methylene and 3-OH ligands of 

both lengths C8 (6, 11) and C10 (7, 12) were competitive inhibitors of LasR, instead. LasR 

was activated by an even wider range of ligands with the native 3-oxo functionality: chain 

lengths of C10 through C16 (1, 18, 19, and 20) all activated LasR by >75%. Only the C8 3-
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oxo ligand 17 was a competitive LasR inhibitor. Together, these reporter assay results 

suggest that LasR can be activated by aliphatic AHLs of substantial variation in chain length 

or oxidation state, and can even tolerate ligands with variations in both traits.

In view of these data for AHLs 5–20, it is obvious that both AHL acyl chain oxidation state 

and length play key roles for modulation of both AbaR and LasR, but the tolerance 

thresholds differ substantially. With regard to the biological relevance of these activity 

profiles, it is quite interesting that AbaR is far less promiscuously activated than LasR. As 

highlighted earlier, both A. baumannii and P. aeruginosa are increasingly found in mixed 

microbial environments, where other species can be producing AHLs with various lengths 

and oxidation states, the bulk of which are included in the aliphatic AHL sub-library tested 

here (5–20).7, 23, 24 However, our data suggest that these two bacteria may have opposite 

approaches to respond to the AHLs of other species: A. baumannii QS is not activated—but 

in fact most commonly inhibited—by these foreign signals, whereas P. aeruginosa QS is 

activated. The fitness implications of these two strategies are an exciting avenue for future 

research,13 and we return to a potential biochemical rationale for this relative selectivity and 

promiscuity below.

AbaR and LasR are inhibited to similar degrees by aromatic AHLs with different 3-position 
oxidation states

We next examined the effects of altering the 3-position oxidation state in the non-native 

PBHL ligands (21–26) on ligand activity in AbaR and LasR using the analogous reporter 

strain assays as described above. As shown in Table 1, all six PBHLs are inhibitors of AbaR, 

and all but ligand 21 are inhibitors of LasR. None of the PBHLs demonstrated appreciable 

agonist activity on either receptor (see Fig. S1 and Fig. S6). Similarly, the N-

(phenylacetanoyl) L-homoserine lactones 3 and 4, which are two-carbon-shorter analogs of 

22/25 and 23/26, respectively, were found to be inhibitors of both LasR (40–60%)27 and 

AbaR (70–90%)19 (see also Fig. S2 and Fig. S4). The AbaR data indicate that the 3-position 

oxidation state has no impact on the ability of these PBHLs to modulate AbaR (i.e., 3-

methylene 21 was similar to 3-oxo 24, 3-OH 22 was similar to 3-oxo 25, and 3-OH 23 was 

similar to 3-oxo 26). For LasR however, the ligand oxidation state impacted inhibition 

somewhat, as the percent inhibition value for 3-oxo 24 was higher than 3-methylene 21, and 

3-OH 22 inhibited LasR more than 3-oxo 25. Additionally, the IC50 value for 3-oxo 26 was 

> 4× lower than that for 3-OH 23 with LasR. However, these effects were moderate, and 

there was no obvious trend to suggest that a specific oxidation state yielded the strongest 

inhibitory activity for this ligand class against LasR. In sum, AbaR inhibition did not depend 

significantly on the oxidation state of the PBHL ligand, and LasR inhibition was only 

moderately dependent on PBHL oxidation states.

Collectively, screening of this library of alkyl and aryl AHLs, despite its small size, has 

provided a set of ligands with a range of different activity and selectivity profiles in AbaR 

and LasR. These compounds can activate both AbaR and LasR (13), inhibit both AbaR and 

LasR (6, 7, 11, 17, 22, 23, 25, 26), activate LasR only (19, 20), inhibit AbaR only (5, 16, 
21), or both activate LasR and inhibit AbaR at the same time (18). This study only failed to 

reveal ligands that selectively activate AbaR and/or selectively inhibit LasR. Nevertheless, 
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other than some of our past studies,26–29 the development of ligands with LuxR-type 

receptor selectivity remains largely unchartered; thus, the discovery of these activity profiles 

for these ligands in AbaR and LasR is significant. These ligands could be utilized in a range 

of interesting experiments of both fundamental and direct clinical interest to test the impact 

of AbaR and LasR modulation in mixed cultures of A. baumannii and P. aeruginosa—

mixtures that are relevant to infection populations.24

A model for the different selectivities of LasR and AbaR for their native AHL signals

From the reporter assay data above, it appears that the primary difference in AbaR:AHL and 

LasR:AHL structure activity relationships (SARs) is that AbaR was only activated by >50% 

by its native ligand, whilst ligands of multiple oxidation states and chain lengths were good 

LasR activators. We aimed to develop a plausible model for the ligand selectivity of AbaR.

We began by scrutinizing X-ray crystal structures of LuxR-type proteins to garner insights 

into ligand-binding selectivities. Although no solid-state structure of AbaR has been 

reported, structures have been solved for the ligand-binding domain of LasR and two other 

full length LuxR-type proteins that natively bind AHLs with polar moieties at the 3-position 

(i.e., TraR from A. tumefaciens and the orphan receptor QscR from P. aeruginosa).30–32 

Notably, these three receptors present three different modes of binding the 3-oxo moiety of 

their native AHL ligand (or preferred ligand for QscR) (Fig. 3A,B,C). We and others have 

compiled substantial SARs for both native and non-native ligands with TraR, LasR, and 

QscR,19, 27, 33–35 and a correlation is observed between apparent receptor selectivity for 

activation by AHL-type ligands (as determined in reporter assays) and the mode in which 

these receptors bind the AHL 3-oxo group (as determined by structural analyses). For 

instance, TraR is far more discriminately activated than LasR.27, 36 This selectivity can be 

explained, at least in part, by the observation that the 3-oxo moiety of TraR’s native ligand, 

OHHL, forms a hydrogen bond simultaneously with two TraR residues (the Thr129 side-

chain and Asp38) (Fig. 3A).32 Therefore, a ligand change would likely require a greater 

restructuring of the TraR protein compared to LasR, in which only one side chain (Arg61)30 

would be immediately affected (Fig. 3A, B). In contrast, prior studies have revealed that 

QscR is more promiscuously activated than LasR.28, 33 Churchill and coworkers noted that 

in their X-ray crystal structure of QscR with OdDHL (1), the ligand’s 3-oxo moiety 

hydrogen bonds with the QscR’s Ser56 through a chain of two water molecules, thereby 

imparting greater flexibility of ligand binding (Fig. 3C).31 (We note that X-ray crystal 

structures of SdiA [an orphan LuxR-type receptor from E. coli] bound to 3-oxo ligands 

OHHL (16) and OOHL (17) have been reported recently as well; however, conflicting 

activity data37–39 and multiple orientations of the ligands in the structures40 preclude a 

comparative analysis of SdiA with AbaR and LasR here.)

We lack structural data for AbaR for direct comparison to LasR, TraR and QscR. However, 

we reasoned that analysis of protein sequence data could provide insights into which 

receptor binds its ligand most like AbaR. We therefore performed a sequence alignment 

analysis for LasR, TraR, QscR, and AbaR (Fig. 3D and Table S4). When the amino acid 

sequence of AbaR’s ligand-binding region is compared to that of the other receptors (Fig. 

3D), it is apparent that AbaR shares the TraR 3-oxo-binding residues Thr129/Ala38—not 
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the LasR or QscR 3-oxo-binding residues (Arg61 in LasR is Glu in AbaR; Ser56 in QscR is 

Asn in AbaR). This observation is congruent with our activity data indicating that both 

AbaR and TraR are selective for their native ligands. We therefore propose that AbaR may 

bind its native ligand (R)-OH-dDHL (2) in a similar mode to TraR for OOHL (17), and that 

this binding mode is more selective for a specific cognate AHL than is the ligand binding 

pocket of LasR or QscR. The ensemble of additional interactions between the receptor 

proteins and their ligands (e.g., interactions with the ligand’s hydrophobic tail31, 36) are 

certain to further refine the differential selectivities of these three proteins. Future structural 

studies of the AbaR:OH-dDHL complex would offer critical insight into these additional key 

contacts, as well as test the hypothesized 3-hydroxyl moiety binding by Thr129/Ala38. More 

broadly, analogous SAR and alignment studies of LuxR homologs in other bacteria would 

supplement this finding by testing the generality of our observed ligand promiscuity-

sequence correlation reported here for LasR, TraR, QscR, and AbaR.

Summary and outlook

This study was motivated by our broad interest in interspecies, AHL-based signaling in 

mixed microbial environments. Herein, we report a systematic characterization of the impact 

of AHLs with different acyl chain lengths, 3-position oxidation states, and gross structures 

(aliphatic versus aromatic) on activation and inhibition of the AbaR and LasR receptor 

proteins from A. baumannii and P. aeruginosa. We found that AbaR in A. baumannii is 

selective for its native ligand, whilst LasR in P. aeruginosa is far more tolerant of AHL 

structural changes. Out of this focused library of AHLs, AbaR was only activated >50% by 

its native ligand (R)-OH-dDHL (2), and only minimal changes (i.e., 3-OH to 3-oxo 

conversion, or two-carbon additions or reductions to its acyl chain) could be tolerated to 

maintain any activation at all. These data demonstrate that A. baumannii QS should not be 

activated by the AHL signals of many neighboring bacteria (in contrast to P. aeruginosa, 

which has more promiscuous LuxR-type receptors; e.g., LasR and QscR). It is intriguing to 

speculate that over the course of evolutionary history, AbaR may have undergone a selection 

pressure that gave its host bacterium an advantage by ignoring (or at least not being activated 

by) the AHLs produced by neighboring bacteria. In contrast, LasR possibly had no such 

selective pressure—or even conferred a selective advantage to its host bacterium by 

responding to a broader AHL range.

This study also revealed a set of AHL ligands that could be useful chemical probes to 

activate both AbaR and LasR, inhibit both of these receptors, selectively activate LasR, 

selectively inhibit AbaR, or both activate LasR and inhibit AbaR. These compounds display 

a remarkable level of diversity in their activity profiles, and represent valuable new probes to 

study QS in A. baumannii and P. aeruginosa alone, or perhaps most interestingly, in mixed 

cultures. Lastly, by analyzing sequence alignments and X-ray crystal structures, we 

proposed a molecular rationale for the higher selectivity of AbaR compared to LasR. The 

deeper understanding of the A. baumannii and P. aeruginosa QS systems afforded by this 

study is significant because virulence phenotypes of both of these pathogens are regulated 

by QS,19–22 and both pathogens are of significant clinical concern due to their propensity to 

antibiotic resistance, being prominent members of the ESKAPE pathogen group.41 

Moreover, and aligned with the broad motivation for this study, these bacteria have both 
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been observed extensively in polymicrobial infections where QS cross-talk could likely 

occur. Looking to the future, we expect the analysis of LuxR homolog promiscuity presented 

in this work and proposed previously by others31, 32 could have broader applications beyond 

A. baumannii and P. aeruginosa. As the molecular rationales for receptor selectivity become 

more refined, they may eventually lead to sequence-based predictions of QS receptor 

promiscuity in other polymicrobial communities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
The natural AHL ligands for LasR (1, OdDHL) and AbaR (2, (R)-OH-dDHL), and the other 

AHLs evaluated in this study (3–26).
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Fig. 2. 
Comparative activation and inhibition data for AbaR (A) and LasR (B) by aliphatic AHLs. 

Activation is reported in blue shades on the positive y-axis as the % activity relative to that 

induced by the receptor’s native ligand (2 for AbaR and 1 for LasR). Inhibition activity is 

reported in red shades on the negative y-axis as the % decrease in activity relative to only 

native ligand being present. When both activation and inhibitory activity were observed, 

only the activity with the highest percent value is displayed for clarity. Activities of 3-

methylene AHLs 5–10 displayed with dark shades, activities of 3-hydroxyl AHLs 11–15 
displayed with medium shades, and activities of fully oxidized 3-oxo AHLs 16–18, 1, 19, 

and 20 displayed with light shades. Error bars represent s.e.m. of a biological triplicate. See 

Table S3 legend and Supplemental Methods for assay details.
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Fig. 3. 
Model to explain AHL-selectivity in AbaR and LasR. (A) Ligand-binding pocket of X-ray 

crystal structure of TraR-OOHL (pdb 1L3L).32 (B) Ligand-binding pocket of X-ray crystal 

structure of LasR-OdDHL (pdb 2UV0).30 (C) Ligand-binding pocket of X-ray crystal 

structure of QscR-OdDHL (pdb 3SZT).31 Residues that form hydrogen bonds with the 

ligand are displayed on top, and simplified versions of binding pocket images displaying 

only the residues involved in hydrogen-bonding with the 3-oxo ligand moiety are shown 

below. Black dashed lines indicate hydrogen bonds, and red spheres indicate water 

molecules. (D) Alignment of AbaR with three 3-oxo-AHL-binding LuxR homologs. See 

Table S4 for full alignment. Darker shading indicates higher degree of conservation. Four 

residues are highlighted that bind the 3-oxo moiety of the proteins’ native AHL in reported 

X-ray crystal structures (A38 and T129 for TraR, S56 for QscR, and R61 for LasR).
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Table 1

AbaR and LasR primary antagonism assay data and IC50 values with confidence intervals for the aromatic-tail 

AHLsa, b

AbaR LasR

AHL Inhibition (%)c IC50 value (nM)d Inhibition (%)c IC50 value (µM)d

21 56 0

22 74 7.54 (6.81–8.34) 89 1.50 (0.778–2.89)

23 73 7.36 (5.74–9.44) 48 1.98 (1.26–3.10)

24 51 20 1.91 (0.885–4.10)

25 51 10.5 (7.16–15.4) 53 1.53 (0.734–3.17)

26 69 20.0 (9.28–43.0) 54 0.458 (0.191–1.10)

a
All assays performed in biological triplicate.

b
All ligands were screened for agonism of LasR and AbaR, yet none showed appreciable agonist activity. See SI.

c
AHLs evaluated at 100 µM against 2 at 700 nM for AbaR or at 10 µM against 1 at 10 nM for LasR. Error ≤ ±10%.

d
IC50 values determined by testing AHLs over a range of concentrations against 2 at 700 nM for AbaR or 1 at 10 nM for LasR.
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