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PqgsE of Pseudomonas aeruginosa Acts as Pathway-
Specific Thioesterase in the Biosynthesis of
Alkylquinolone Signaling Molecules
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Highlights

e The biosynthesis of 2-alkyl-4(1H)-quinolones (AQs) was
reconstituted in vitro

e Contrary to the current notion, PgsE contributes to AQ
synthesis besides PqsABCD

e PqgsE hydrolyzes the biosynthetic intermediate
2-aminobenzoylacetyl-coenzyme A

e PqgsE balances the levels of metabolites deriving from the AQ
biosynthetic pathway
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In Brief

Drees and Fetzner demonstrate that
PqgsE of Pseudomonas aeruginosa acts
as thioesterase in alkylquinolone
biosynthesis. By hydrolyzing the
intermediate 2-aminobenzoylacetyl-CoA,
which tends to decompose to 2,4-
dihydroxyquinoline, PgsE balances the
levels of quorum-sensing signal
molecules and secondary metabolites
deriving from this pathway.
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SUMMARY

Pseudomonas aeruginosa uses the alkylquinolones
PQS (2-heptyl-3-hydroxy-4(1H)-quinolone) and HHQ
(2-heptyl-4(1H)-quinolone) as quorum-sensing signal
molecules, controlling the expression of many viru-
lence genes as a function of cell population density.
The biosynthesis of HHQ is generally accepted to
require the pgsABCD gene products. We now recon-
stitute the biosynthetic pathway in vitro, and demon-
strate that in addition to PqsABCD, PqsE has arole in
HHQ synthesis. PgsE acts as thioesterase, hydrolyz-
ing the biosynthetic intermediate 2-aminobenzoyl-
acetyl-coenzyme A to form 2-aminobenzoylacetate,
the precursor of HHQ and 2-aminoacetophenone.
The role of PqskE can be taken over to some extent
by the broad-specificity thioesterase TesB, explain-
ing why the pgsE deletion mutant of P. aeruginosa
still synthesizes HHQ. Interestingly, the pgsE mutant
produces increased levels of 2,4-dihydroxyquino-
line, resulting from intramolecular cyclization of
2-aminobenzoylacetyl-coenzyme A. Overall, our
data suggest that PgsE promotes the efficiency
of alkylquinolone signal molecule biosynthesis in
P. aeruginosa and balances the levels of secondary
metabolites deriving from the alkylquinolone biosyn-
thetic pathway.

INTRODUCTION

The y-proteobacterium Pseudomonas aeruginosa is a ubiqui-
tous opportunistic pathogen frequently associated with nosoco-
mial infections, especially among immunocompromised individ-
uals. In patients with cystic fibrosis, it is the leading cause of
morbidity and mortality (Emerson et al., 2002). Once established
in the host, it produces a large array of virulence factors and
forms biofilms that are difficult to combat (Gellatly and Hancock,
2013; Taylor et al., 2014). Synthesis of numerous virulence fac-
tors is controlled by a process called quorum sensing (QS),
whereby the bacteria communicate via diffusible chemical signal
molecules to coordinate their behavior within the population. The
sophisticated QS network of P. aeruginosa involves the two
N-acylhomoserine lactone-based Las and Rhl systems, and
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the Pgs system that is based on specific 2-n-alkyl-4(1H)-quino-
lones (AQs). 2-Heptyl-3-hydroxy-4(1H)-quinolone, termed the
Pseudomonas quinolone signal (PQS), is the major AQ signal,
but its biosynthetic precursor 2-heptyl-4(1H)-quinolone (HHQ)
also acts as signal molecule (Déziel et al., 2004; Pesci et al.,
1999; Xiao et al., 2006). AQ signaling is involved in the control
of virulence factor production and influences biofilm maturation
(reviewed in Heeb et al., 2011; Huse and Whiteley, 2011; Nadal
Jimenez et al., 2012).

The AQ signaling molecules belong to a family of more than 50
compounds that share the 4-hydroxy-2-alkylquinoline structure
(Lépine et al., 2004). Biosynthesis of AQs is generally accepted
to require the anthranilate-coenzyme A (CoA) ligase PgsA (Cole-
man et al., 2008), the condensing enzyme PgsD, which has been
proposed to form 2-aminobenzoylacetyl-CoA from anthraniloyl-
CoA and malonyl-CoA (Zhang et al., 2008), and the PgsBC pro-
tein involved in coupling of 2-aminobenzoylacetate (2-ABA) to an
octanoyl moiety to produce HHQ (Dulcey et al., 2013) (Figure 1).
Two other bioactive secondary metabolites, 2-aminoacetophe-
none (2-AA) and 2,4-dihydroxyquinoline (DHQ), also derive
from the AQ biosynthetic pathway. Formation of DHQ was
shown to require PgsA and PgsD (Zhang et al., 2008), and
2-AA is thought to result from decarboxylation of 2-ABA (Dulcey
et al., 2013) (Figure 1). While DHQ does not act as a signal in the
AQ-based QS system and apparently has no antimicrobial
effects (Lépine et al., 2007), it was observed to inhibit the
viability of mouse lung epithelial cells, suggesting that it con-
tributes to the pathogenicity of P. aeruginosa infection (Zhang
et al., 2008). 2-AA promotes chronic infection phenotypes of
P. aeruginosa by silencing acute virulence functions (Kesarwani
et al., 2011) and by mediating persister cell accumulation (Que
etal., 2013). Moreover, it modulates the innate immune response
of mammalian hosts (Bandyopadhaya et al., 2012) and mediates
host metabolic dysregulation that results in mitochondrial
dysfunction (Tzika et al., 2013).

HHQ biosynthesis in a heterologous background requires
expression of the pgsABCD genes (Niewerth et al., 2011; Xiao
et al., 2006). However, in P. aeruginosa these genes form an
operon together with pgsk. Mutants of P. aeruginosa deficient
in pgsE produce wild-type levels of PQS and HHQ (Déziel
et al., 2004; Gallagher et al., 2002), an observation that sup-
ported the notion that PgsE is not involved in the AQ biosynthetic
pathway. PgsE was termed the “PQS response protein”
because its disruption negatively affected the production of
some PQS-mediated exoproducts such as pyocyanin and rham-
nolipid (Déziel et al., 2005; Diggle et al., 2003; Farrow et al., 2008;

Chemistry & Biology 22, 611-618, May 21, 2015 ©2015 Elsevier Ltd All rights reserved 611


mailto:fetzner@uni-muenster.de
http://dx.doi.org/10.1016/j.chembiol.2015.04.012
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chembiol.2015.04.012&domain=pdf

Download English Version:

https://daneshyari.com/en/article/1391976

Download Persian Version:

https://daneshyari.com/article/1391976

Daneshyari.com


https://daneshyari.com/en/article/1391976
https://daneshyari.com/article/1391976
https://daneshyari.com/

