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Alkynyl- and azido-tagged 3-o0x0-Cq,-acylhomoserine lactone probes have been synthesized to examine
their potential utility as probes for discovering the mammalian protein target of the Pseudomonas
aeruginosa autoinducer, 3-0xo0-Cq-acylhomoserine lactone. Although such substitutions are commonly
believed to be quite conservative, from these studies, we have uncovered a drastic difference in activity
between the alkynyl- and azido-modified compounds, and provide an example where such structural
modification has proved to be much less than conservative.

© 2010 Elsevier Ltd. All rights reserved.

Quorum sensing is a diffusion-based process whereby bacteria
secrete various signaling molecules, or autoinducers, as a popula-
tion sensor and a means to control gene expression in response
to changes in cell number; thus, allowing the bacteria to behave
as a multicellular organism.! Importantly, this process has been
correlated with the expression of virulence factors and biofilm
formation,! and a ‘deafening’ of bacteria to these signaling mole-
cules should provide a mechanism by which to target the bacteria
without exerting a selective pressure thereby decreasing the
possibility of resistance development.>? As a result, much effort
has been invested in developing small molecule probes,*> autoin-
ducer analogs*> and protein biologics®® for studying quorum
sensing.

In particular, quorum sensing in the gram-negative bacteria
Pseudomonas aeruginosa has received significant attention due to
the species’ role as an opportunistic pathogen in humans.® Most
prominent is the role of P. aeruginosa in patients suffering from
cystic fibrosis.!? Affected individuals suffer from frequent bacterial
lung infections due to impaired lung defense function, and these
infections are often a cause of morbidity.!° With respect to quorum
sensing, it has now been established that this signaling process is
required for P. aeruginosa to cause disease, including lung infec-
tions in cystic fibrosis patients.!’~' More specifically, the ability
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of the bacteria to grow into sessile, drug-resistant biofilms at high
cell densities makes such infections difficult to treat, and resistance
is beginning to be observed with currently available antibiotics.!®

To conduct its quorum sensing-controlled activities, including
biofilm formation, P. aeruginosa uses N-acyl .-homoserine lactones
(AHLs) as its primary autoinducers (Fig. 1)."! AHL 1 activates LasR'®
and AHL 2 activates RhIR,!” and activation of both receptor pro-
teins is required for quorum sensing.! Since LasR activation by
AHL 1 is required to initiate the quorum sensing cascade in this
species,! many studies have been conducted toward deciphering
the role of this chemical signal in both quorum sensing and its
resulting human pathologies. Recently, our group'®'® and
others?%?! have explored the impact of AHL 1 in mammalian cells.
For example, AHL 1 inhibits innate immune responses through
modulation of NF-xB signaling induced by pro-inflammatory
stimuli such as tumor necrosis factor and the Toll-like receptor
(TLR) agonists, thereby potentially promoting persistent infec-
tion.' Notably, this molecule directly activates mammalian cells
through a mechanism distinct from the TLR and other canonical
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Figure 1. Autoinducers used by Pseudomonas aeruginosa.
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pathogen-associated receptor pathways.'® Because of the potential
significance of these findings, our group and others?? have been ac-
tively involved in identifying the biochemical target(s) of this
important quorum sensing signaling molecule.

Click chemistry, more specifically Cu'-catalyzed azide-alkyne
1,3-dipolar cycloaddition chemistry,>>~2°> has emerged as a power-
ful method for bioconjugation.?®?” Coupled with activity-based
protein profiling (ABPP), this method grants the ability to probe
the molecular interactions of a molecule of choice by modifying
the compound with a bioorthogonal azide or alkyne tag.?82° While
this substitution may seem conservative, in fact, this modification
can have drastic impact on the activity of the small molecule,
although such findings are often not reported. Moreover, as high
affinity is a requirement for use of a probe in target identification
studies, particularly in cases when the unknown target may be of
low abundance,®° choice of this modification may prove critical
for such future studies. Herein, we describe our efforts to
synthesize clickable AHL probes for target identification studies
and demonstrate the critical nature that the choice of an alkyne
or azide modification has on AHL activity in mammalian cells.

Although much is known about the structural requirements for
AHL-mediated activation in P. aeruginosa,*> very little has been
concluded about the requirements for biological activity in
mammalian cells. Previously, our group demonstrated that the
t-homoserine lactone, 3-oxo substituent and an alkyl chain of
10-14 carbons were necessary to activate mammalian cells.!® To
begin our studies, we first synthesized alkynyl analogs 5a and
5b, as an alkyne seemed to be the most conservative modification
since it is composed of only carbons similar to the natural tail of
AHL 1. Additionally, previous studies have showed that detection
with rhodamine-azide compounds yields lower background sig-
nals than detection with the corresponding rhodamine-alkyne tags
in click chemistry-mediated ABPP.2° Although a diazirine moiety
was used in a previously reported AHL-based probe,?? we hypoth-
esized that the acylhomoserine lactone could act as a covalent tag
on its own, particularly since lactone natural products are well
known to covalently modify protein targets in vivo.>! The synthesis
of alkynyl analogs 5a and 5b is shown in Scheme 1, and proceeded
via a straightforward route starting from the commercially avail-
able alkynyl fatty acids 3a and 3b. Briefly, alkynyl acids 3 were first
activated with DCC followed by nucleophilic displacement of the
resultant activated esters with Meldrum’s acid and coupling with
1-homoserine lactone 4 to yield alkynyl AHL analogs 5. For carbon
chain lengths, we chose to synthesize both a shorter 9 carbon tail
and a longer 13 carbon tail for comparison.

To assess a potential utility of these alkynyl AHL analogs as
probes for target identification studies, we tested their biological
activities in primary macrophages. In brief, bone marrow-derived
macrophages (BMDM) were treated with an alkynyl AHL derivative
(50 uM) over a period of 90 min, and cellular extracts were exam-
ined by Western blot analysis for the biochemical markers indica-
tive of AHL 1-mediated signaling events including phosphorylation
of protein kinase p38, phosphorylation of eukaryotic translation
initiation factor 2ot (elF2at) and the cleavage of poly(ADP)-ribose
polymerase (PARP), as previously described.'® AHL 1 (3-0x0-Cy,-
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Scheme 1. Synthesis of alkynyl AHL analogs.

AHL) and C;»-AHL (no 3-oxo group, structure not shown) were
used as positive and negative controls, respectively. As Figure 2
shows, only alkynyl analog 5a exhibited activity; however, its
activity was greatly reduced compared to that of the parent com-
pound 1.

Knowing that the diminished activity of alkynyl analog 5a and
apparent lack of activity in analog 5b would damper any efforts to-
ward identifying the mammalian target(s) of AHL 1, we next syn-
thesized an azide derivative in hope of identifying a more viable
AHL analog for our desired future studies. Since the shorter alkyne
probe showed no activity, we chose to examine only a long alkyl
chain. Azido analog 8a, which contains 12 carbons in its tail, was
synthesized in a similar manner as the alkynyl derivatives
(Scheme 2). In this case, however, azido-carboxylic acid 7 was used
as a starting material and was obtained via nucleophilic substitu-
tion of bromo-acid 6 with sodium azide (Scheme 2). We then
tested the activity of this azido derivative in BMDM. Interestingly,
unlike the alkynyl derivatives, the azido AHL analog exhibited
activity very similar to that of the parent AHL (Fig. 3). Thus, substi-
tution at the tail terminus clearly has a drastic impact on AHL
activity. This finding is unanticipated since an azido group,
although overall neutral, is polar and carries charged nitrogen
atoms, while an alkynyl group is fully neutral and nonpolar similar
to the natural AHL tail. Although purely speculative, it is possible
that the azido moiety makes additional hydrogen bond or van
der Waal contacts®? that aids in its binding of the putative AHL tar-
get(s). Importantly, this potential probe exhibits much higher
activity in mammalian cells than a previously reported diazirine-
modified alkynyl AHL that was used to label and isolate P. aerugin-
osa LasR.22 As an additional control compound, we also synthesized
the corresponding D-homoserine lactone derivative (8b, Scheme 2),
and similar to previous experiments with this enantiomer,'® no
activity was observed (Fig. 3). Thus, 8b could prove useful as a
structurally similar negative control for potential target identifica-
tion strategies.

In addition to testing these AHL derivatives in mammalian cells,
we also examined their impact as potential autoinducers in P. aeru-
ginosa. Autoinducer assays were conducted using P. aeruginosa
luminescence reporter strain PAO-JP2, a PAO1 lasl/rhll double mu-
tant (PAO-JP2-luxABCDE).>*3 As Figure 4 shows, only alkynyl AHL
analog 5a showed autoinducer activity similar to that of the parent
AHL 1. These data indicate that the structural requirements for
autoinducer activity and activity in mammalian cells are distinct,
and nonpolar, all carbon alkynyl probes may be more useful for
identifying bacterial AHL receptors.

In conclusion, we have synthesized alkynyl- and azido-tagged
3-0x0-Cy,-AHL analogs as potential ABPP probes for discovering
the mammalian target of this important P. aeruginosa quorum
sensing signaling molecule. Of particular significance, we have
found a drastic difference in activity between the alkynyl- and azi-
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Figure 2. Biological activities of AHL 1, C;,-HSL (A-C12; negative control) and its
alkynyl analogs 5a and 5b in mammalian cells. BMDM were treated as indicated,
and cellular extracts were analyzed by Western blot for the cleavage of PARP,
phosphorylated forms of elF2a (p-elF2a) or p38 (p-p38) and actin as a loading
control.
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Scheme 2. Synthesis of azido AHL analogs.
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Figure 3. Biological activities of azido analogs 8a and 8b in mammalian cells.
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Figure 4. Autoinducer activities of alkynyl- and azido-AHL analogs in P. aeruginosa.
Relative luminescence units were normalized with respect to cell viability (ODggo).

do-tagged AHL derivatives in that only the azide-containing analog
possessed activity similar to that of the natural compound. Thus,
these data demonstrate that click chemistry-amenable substitu-
tions may not be as conservative as previously thought, and that
no simple guidelines can exist for such click chemistry-mediated
ABPP endeavors. Both alkynyl- and azido-modified compounds
should be initially examined for activity before examination as po-
tential probes. Additionally, the discovery that polar, yet neutral
substituents at the tail are accepted for mammalian cell activity
may open up the possibility for the synthesis of new, more potent
AHL derivatives. Target identification and additional synthetic
studies are currently ongoing and will be reported in due course.
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