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Abstract

Bacteria can cooperate by coordinating their gene expression through the production, release, and detection of small molecules, a
phenomenon known as quorum sensing (QS). One type of QS commonly found in Gram-negative bacteria utilizes a LuxI-type enzyme
to produce a signaling molecule of the N-acyl-homoserine lactone (AHL) family, and a transcription factor of the LuxR family to
detect and respond to the AHL. In a subset of Enterobacteriaceae, including Escherichia coli and Salmonella, no LuxI family member is
present and no AHLs are synthesized. However, they encode a LuxR family member, SdiA, that is used to detect the QS molecules
of other bacterial species, a behavior known as eavesdropping. Despite significant research on the topic, the overall role of SdiA-
mediated eavesdropping in these bacteria remains unclear. In this review, we discuss the phenotypes and regulons of SdiA in the

Enterobacteriaceae.
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Introduction

Quorum sensing (QS) is a behavior that allows bacteria to mea-
sure their population density by producing and releasing small
molecules into the surrounding environment. In suitable envi-
ronments (e.g. sufficient population density and areas of low
diffusion), these small molecules reach a detectable threshold
concentration, leading to coordinated behaviors in the popula-
tion through a ligand bound response regulator. QS itself is a
highly reviewed topic (Fuqua et al. 1994, Redfield 2002, Papen-
fort and Bassler 2016, Whiteley et al. 2017, Mukherjee and Bassler
2019, Aframian and Eldar 2020, Duddy and Bassler 2021). In
this review, we refer only to QS in Gram-negative bacteria uti-
lizing small molecules of the N-acyl-homoserine lactone (AHL)
family unless otherwise stated. AHLs contain a homoserine lac-
tone ring, amide group, and variable length acyl side group
that can be modified by carbonyl or hydroxyl substitution on
the third carbon. A QS circuit encodes an AHL synthase (LuxI
or LuxM) and the response regulator (LuxR) that detects the
AHL.

There is a growing appreciation in the field of QS for LuxR
proteins that lack a cognate synthase, which have been broadly
termed orphans or “LuxR solos” (Patankar and Gonzalez 2009,
Subramoni and Venturi 2009, Venturi and Ahmer 2015). These
lone regulators can be classified by the source of their ligand
(endogenous or exogenous) and the ligand itself (AHL, non-AHL,
or none) (Bez et al. 2023). In some cases, LuxR solos may bind
endogenously produced AHLs from another QS circuit on the
genome (“third-wheels”). QscR is one of the better studied LuxR
solos that acts as a third-wheel in Pseudomonas aeruginosa. QscR
activity is regulated by binding N-(3-dodecanoyl)-homoserine lac-

tone (0xoC12), an AHL produced by AHL synthase Lasl of the
LasRI QS circuit, encoded elsewhere on the P. aeruginosa genome
(Chugani et al. 2001, Lequette et al. 2006, Ding et al. 2018).
Interestingly, QscR can also bind AHLs other than those pro-
duced by P. aeruginosa (Oinuma and Greenberg 2011), suggest-
ing it may also act as a detector of foreign bacteria, a behav-
ior known as eavesdropping or alloinduction (Greenberg et al.
1979).

The subject of this review is SdiA, a LuxR solo found in sev-
eral bacterial genera within the family Enterobacteriaceae (Fig. 1)
(Michael et al. 2001, Ahmer 2004). SdiA is one of the most stud-
ied LuxR solos mediating eavesdropping (Michael et al. 2001). The
genomic context of sdiA always includes a gene downstream that
encodes the transcription factor, UvrY. Genera including Erwinia
and Pantoea encode a Luxl homolog in between sdiA and uvrY,
suggesting that SdiA was once part of this ancestral LuxR/LuxI
pair (Sabag-Daigle and Ahmer 2012) (Fig. 2). The divergence of
Salmonella and Escherichia has been estimated to have occurred
between 60 and 100 million years ago, and the divergence of Es-
cherichia and Erwinia is much older (Ochman and Wilson 1987,
Ochman and Groisman 1994, Lawrence and Ochman 1998). Thus,
the adoption of SdiA-mediated eavesdropping is a relatively an-
cient event. Despite such a long time frame, the presence of sdiA
is maintained within these genera, even in recently emerged bac-
teria like Salmonella enterica serovar Typhi (Schwieters and Ahmer
2024). Therefore, the detection of AHLs produced by other bacteria
is likely a valuable function.

While SdiA-mediated eavesdropping is easily demonstrated
in laboratory environments (Smith and Ahmer 2003, Smith et
al. 2008, Dyszel et al. 2010a, Noel et al. 2010), its role in the
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Figure 1. Bacterial genera predicted to undergo SdiA-mediated eavesdropping in the Enterobacteriaceae. Genomes within the family
Enterobacteriaceae were searched with BLAST using S. enterica subspecies enterica serovar Typhimurium 14028 SdiA as an input. AnnoTree (Mendler et
al. 2019) version 214 was used to identify taxonomies that encode sdiA based on the BLAST search (marked red). There were taxonomies with putative
hits for sdiA outside of the region spanning Atlantibacter to Buttiauxella. These genomes were manually examined to determine whether sdiA was truly
present in the correct genomic region (e.g. adjacent to uvrY). If it was not, it was manually colored black. If it was adjacent to uvrY and there was an
AHL synthase, it was marked blue. Within the region spanning Atlantibacter to Buttiauxella, there were some taxonomies marked black as if they did not
have sdiA. These were manually examined to determine if sdiA was truly present and adjacent to uvrY. If so, they were colored red. Numbers in
brackets indicate number of genomes per taxonomic group. *only one genome in that taxonomic group. ** Genomes unavailable.

lifecycle of bacteria in nature remains elusive. This is due in
part to the absence of clear-cut phenotypes of sdiA mutants,
but also the complex, sometimes contradictory collection of
studies that require more nuanced consideration. In this re-
view, we discuss the current body of literature on SdiA, focus-

ing on its reported phenotypes and regulons. Each section dis-
cusses an important yet incompletely answered question in the

field.

How is SdiA activity regulated by AHLs?

SdiA is a LuxR-type protein, a family named for the response regu-
lator which controls bioluminescence in Vibrio fischeri (Engebrecht
etal. 1983, Engebrecht and Silverman 1984, Kaplan and Greenberg
1987). This is not to be confused with the LuxR protein of Vibrio
harveyi, which contains a TetR-type helix-turn-helix domain (Pom-
peani et al. 2008). LuxR-type proteins are two domain proteins en-
coding a N-terminal ligand-binding domain and C-terminal helix-
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Pantoea stewartii
> strain ZJ-FGZX1
CP049115

uvrY uvrC

Erwinia amylovora
> strain CFBP1430
FN434113

uvrY uvrC

Tatumella citrea
> strain DSM 13699
CPO015579

uvr¥ uwrC

Enterobacter cloacae
> strain ATCC 13047
NC_014121

uvrY uvrC

Escherichia coli
> strain K-12
u00096

uvrY uvrC

Salmonella enterica

> > serovar Typhimurium
strain 14028
uvrC

CP001363

uvrY

Cedecea lapagei
> strain NCTC11466
LR134201

uvrY uvrC

Serratia marcescens
> strain ELP1.10
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Yersinia enterocolitica
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NZ_CP011118

uvr¥ uvrC
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FM162591
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uwrY uvrC

Figure 2. Genomic organization upstream of the uvrYC locus in the family Enterobacteriaceae.

turn-helix domain responsible for binding to DNA by recogniz-
ing a specific motif, usually as a homodimer (heterodimers of two
LuxR-type proteins have been reported in P. aeruginosa; Ledgham
et al. 2003). Depending on the specific protein, transcriptional ac-
tivation can occur by both class I and class II mechanisms while
repression has been shown to occur through steric hindrance (Eg-
land and Greenberg 1999, White and Winans 2005, Castang et al.
2006). The regulatory mechanisms for SdiA activation and repres-
sion have not been experimentally determined, with the excep-
tion of one study suggesting a class II mechanism of Escherichia
coli SdiA on the ftsQAZ promoter (Yamamoto et al. 2001). How-

ever, the relevance of the interaction between E. coli SdiA and the
ftsQAZ promoter requires further consideration (see below).
Schuster and Greenberg (2008) proposed a classification
scheme for LuxR-type proteins based on folding and ligand-
binding characteristics. Class I proteins, such as TraR of Agrobac-
terium tumefaciens, require AHL for folding and bind them irre-
versibly (Zhu and Winans 2001). Class II proteins, such as V. fis-
cheri LuxR, also require AHL for folding but bind them reversibly
(Urbanowski et al. 2004). Class III proteins, such as ExpR of Erwinia
(which is an SdiA ortholog), do not require AHLs for folding and
bind them reversibly (Castang et al. 2006). Escherichia coli SdiA can
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be purified in the absence of AHL (possibly requiring an endoge-
nous ligand, 1-octanoyl-rac-glycerol) suggesting it fits into class III
(Kim et al. 2014, Nguyen et al. 2015). Regulation by endogenously
produced ligands and non-AHL ligands, as well as regulation in-
dependent of ligands, have been described with other LuxR solos
(Bez et al. 2023). Orthologs of SdiA in Salmonella, E. coli, and E. cloa-
cae also have both AHL-dependent and -independent regulatory
phenotypes, supporting the notion that AHLs are dispensable for
folding (Dyszel et al. 2010b, Sabag-Daigle et al. 2015, Schwieters
and Ahmer 2024). Apo-SdiA forms an open ligand-binding pocket
that limits the size of the acyl chain through two residues, F59 and
L77 (Nguyen et al. 2015). In Salmonella, these residues are flipped
(L59 and F77). Both Salmonella and E. coli SdiA preferentially inter-
act with mid chain length AHLs, specifically N-(3-oxohexanoyl)-
homoserine lactone (oxoC6) and N-(3-oxooctanoyl)-homoserine
lactone (0xoC8). At least for Salmonella, AHL-dependent SdiA ac-
tivity can be induced by both shorter and longer chain lengths,
suggesting the detectable range of foreign AHL producing bacte-
ria is relatively broad (Michael et al. 2001, Panchal et al. 2024).

It is still unclear how AHLs lead to SdiA-dependent changes in
transcriptional activity. The AHL bound state is only slightly dif-
ferent than apo-SdiA in structure (Nguyen et al. 2015). It is possi-
ble this small difference is sufficient for altering the binding motif
as the ler promoter of E. coli O157::H7 contains two SdiA binding
sites: one AHL-independent and one AHL-dependent (Nguyen et
al. 2015). An SdiA box has been proposed based on DNase I foot-
printing of E. coli SdiA at the ftsQAZ promoter, but this site cannot
be found in the ler promoter or upstream of Salmonella SdiA reg-
ulated genes (Salmonella and E. coli SdiA are 71% identical at the
amino acid level) (Yamamoto et al. 2001, Abed et al. 2014). AHLs
could also regulate through altering the stability of SdiA (Nguyen
et al. 2015), but this is not consistent with the existence of some
loci that are regulated by SdiA in the absence of AHL (Sabag-Daigle
et al. 2015, Schwieters and Ahmer 2024). Adding to the confusion
is the fact that AHL-dependent regulation at some promoters be-
comes partially AHL-independent at 30°C (compared to 37°C) in
E. coli and Salmonella (Smith and Ahmer 2003, Dyszel et al. 2010b).
The underlying mechanism of temperature dependent effects on
regulation has not been investigated.

Where and when is SdiA relevant in vivo?

Of considerable significance to understanding SdiA-mediated
eavesdropping is identifying the relevant environment in which it
occurs. Eavesdropping bacteria are found in diverse environmen-
tal niches, but experimental data primarily comes from infections
of animal models using two intestinal pathogens: Enterohemor-
rhagic E. coli (EHEC) and Salmonella enterica serovar Typhimurium
(S. Typhimurium). Below we describe the techniques used and the
relevant studies for each environment evaluated.

Methodology

There are three predominant methods for evaluating the rele-
vance of an environment for SdiA-mediated gene regulation. The
first method is to determine if sdiA provides a fitness advantage in
a particular environment. This is often done using a competition
assay, in which a 1:1 ratio of wild-type and sdiA mutant are inocu-
lated into the system. Later, the bacteria can be sampled from the
environment and their ratio measured again. Changes from the
initial ratio then indicate fitness phenotypes and biological rele-
vance may be inferred. A second method is to determine if SdiA
has become active while in a particular environment. We have

Table 1. The frequency of luxI orthologs in metagenomes. Pre-
dicted proteins of metagenomes of the indicated hosts were
searched for homologs of AHL synthase luxI (V. fischeri) using
the IMG blastp search, with a minimum bit score of 60. Any
metagenome with at least one hit was considered positive.

Number of Percent of
metagenomes metagenomes
Total number with 1 or with 1 or
of more LuxI more LuxI
Host metagenomes homologs homologs (%)
Annelida 149 33 22.1
Arthropoda 124 21 17.0
(digestive)
Arthropoda (other) 231 67 29.0
Birds 38 6 15.8
Fish 11 6 54.4
Human (digestive) 2364 20 0.8
Human (skin) 674 121 18.0
Human (other) 356 4 1.1
Nonhuman 734 24 33
mammal (digestive)
Nonhuman 21 8 38.0
mammal (other)
Plants 572 138 24.1
(phyllosphere)
Plants (rhizome) 180 138 76.7
Plants (roots) 630 392 62.2
Plants (other) 62 20 32.2

used a reporter strain of S. Typhimurium that utilizes site-specific
recombination to measure SdiA activity (Camilliet al. 1994, Slauch
and Camilli 2000). This reporter will heritably delete an antibi-
otic resistance marker from its chromosome in the presence of
AHLs in an sdiA-dependent manner (Smith et al. 2008, Dyszel et
al. 2010a, Noel et al. 2010). By inoculating environments with both
wild-type and sdiA mutant reporter strains of S. Typhimurium, fit-
ness contributions and SdiA activity can be evaluated simultane-
ously. A third method to assess the relevance of an environment
is to look for AHLs (i.e. chemical detection) or the abundance of
AHL-producing bacteria.

In Table 1, we show the results of a search for LuxI homologs in
the IMG database, where any metagenome containing at least one
predicted LuxI homolog is marked positive. This analysis is insuf-
ficient to make conclusions about the abundance of AHLs in an
environment or the number of AHL-producing bacteria in a com-
munity. However, the analysis is sufficient to identify those mi-
crobiomes that do not include luxI homologs. For example, >99%
of human gut microbiomes do not include a luxI homolog. These
results and their implications are discussed in their appropriate
sections below.

Mice and humans

The plant-associated genera, Erwinia and Pantoea, encode a luxI
homolog adjacent to their SdiA ortholog (Fig. 2). In the subset of
Enterobacteriaceae where this luxI gene has been deleted, these
genera are largely associated with the gastrointestinal tract. Thus,
one hypothesis is that the luxI homolog was lost during evolution
because there is no need to synthesize AHLs in an AHL-replete
environment such as the gastrointestinal tract. However, the gas-
trointestinal tract does not appear to have a relevant concentra-
tion of AHLs. Metagenomic data suggests a lack of AHL producing
microbiota in the mouse gut (Smith et al. 2008, Dyszel et al. 2010a,



Swearingen et al. 2013), and indeed very few of the searched hu-
man and mammalian gut microbiomes encode one or more [uxI
homologs (Table 1). Additionally, an S. Typhimurium reporter of
SdiA activity is not active during transit through the gastrointesti-
nal tract of mice nor do sdiA mutants exhibit significant fitness
defects in mice (Smith et al. 2008, Dyszel et al. 2010a). Therefore,
it appears that SdiA is not utilized for detecting AHLs produced by
the normal microbiota of the gastrointestinal tract of mice.

However, some gastrointestinal pathogens do synthesize AHLs.
Could the purpose of SdiA be to detect coinfections with AHL-
producing pathogens? If mice are first infected with the AHL-
producing pathogen Yersinia enterocolitica, SdiA of S. Typhimurium
does indeed become active during transit through these animals
(Dyszel et al. 2010a). However, the sdiA mutant has no fitness
defect in this scenario. It is possible that Y. enterocolitica is not
a relevant AHL-producing pathogen for Salmonella. Yersinia and
Salmonella may not interact sufficiently or in the correct manner to
invoke a fitness contribution from SdiA. To test the contribution of
AHL availability to Salmonella fitness more directly, the yenl gene
(encoding the AHL synthase Yenl) was placed into the chromo-
some of Salmonella, enabling Salmonella to produce AHLs without
the need for another bacteria (Dyszel et al. 2010a). In this strain
background, the sdiA mutant is attenuated in the mouse gut dur-
ing infection and it is the largest sdiA mutant defect observed to
date (>100-fold) (Dyszel et al. 2010a). The fitness advantage con-
ferred by sdiA requires its regulon members, pefl-srgC and srgE
(Dyszel et al. 2010a). Therefore, it appears that the SdiA regulon
could provide a beneficial function in the gut if AHLs were to be
encountered. This is paradoxical given the lack of AHLs, or AHL-
producing organisms, in gut environments. Such results raise an
interesting question as to why Escherichia, Salmonella, and other
SdiA-encoding genera wait for an AHL signal to be provided to
them to express these beneficial genes. SdiA regulated genes may
in fact be beneficial only when those AHLs reach detectable con-
centrations.

Humans cannot be tested directly, but the possibility of QS in
the human gut was recently reviewed (Oliveira et al. 2023). Bioin-
formatic searches find almost no luxI homologs in the human gut
microbiome (Table 1; Swearingen et al. 2013, Grellier et al. 2022),
yet AHLs have been directly detected in both the gut and feces
(Landman et al. 2018, Xue et al. 2021, Grellier et al. 2022). These
direct measurements find that AHL concentrations are in the low
nanomolar range, near the detection limit of SdiA (Michael et al.
2001, Styles and Blackwell 2018), but this could be higher in mi-
croenvironments (Mukherjee and Bassler 2019). QS potential is
further complicated by antagonistic compounds in the gut (e.g.
indole), quorum quenching activity (e.g. lactonases), and shifts in
microbiome composition shifts during infection (Sabag-Daigle et
al. 2012, Stecher et al. 2013, Grandclément et al. 2015, Borton et al.
2017, Argiello et al. 2018, Rogers et al. 2021). The relevance of QS
in the human/mouse gut to eavesdropping bacteria like Salmonella
remains an open question.

Cattle

Cattle have been explored as a site of SdiA activity using S. Ty-
phimurium and E. coli 0157:H7. The Salmonella reporter system de-
scribed above has only been tested in a single calf, but there was
no activation of SdiA or sdiA mutant defect (Smith et al. 2008). Es-
cherichia coli has been tested in larger cohorts using competition
assays and single infections that indicate fecal shedding and col-
onization defects to varying degrees (up to ~4-fold) (Hughes et
al. 2010, Sperandio 2010, Sharma and Bearson 2013, Sheng et al.
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2013). AHLs have also been extracted from the rumen with sea-
sonal and dietary effects on concentration (Hughes et al. 2010,
Sperandio 2010, Sheng et al. 2013). The intensity of sdiA mutant
defects positively correlates with diets that increase AHL concen-
tration in the rumen. From these studies, a model has been pro-
posed whereby pathogenic E. coli sense AHLs in the rumen to ac-
tivate their acid response system and suppress virulence (Edring-
ton et al. 2009, Hughes et al. 2010, Sperandio 2010). SdiA-mediated
suppression of virulence is alleviated upon leaving the rumen, al-
lowing for colonization of the gastrointestinal tract. However, both
acid tolerance and virulence have a degree of AHL-independent
regulation by SdiA and the rumen microbiota member(s) produc-
ing AHLs have yet to be identified.

Plants

Plant microbiomes are known to include AHL-producing
pathogens and commensals (Gonzalez and Marketon 2003,
von Bodman et al. 2003, Hartmann et al. 2014, Cellini et al. 2020).
They also showed a high frequency of detection of luxI homologs
in our pilot metagenome search (Table 1). One of the interesting
but largely overlooked aspects of SdiA-mediated eavesdropping is
that Erwinia and Pantoea, two genera still encoding the ancestral
cognate AHL synthase of SdiA, are known plant colonizers (Starr
and Chatterjee 1972, Walterson and Stavrinides 2015). Addi-
tionally, many of the currently known LuxR solos are encoded
in plant colonizing bacteria (Bez et al. 2023). Based on these
circumstantial factors, the hypothetical relationship between
SdiA and survival in, or near, plants is the strongest current
hypothesis. Unfortunately, only two studies have evaluated this
idea in vivo and they are insufficient to draw conclusions (Noel
et al. 2010, Shankar et al. 2013). The experimental data on this
putative relationship is described below.

Plants have been probed for Salmonella SdiA activation in
tomato soft rot caused by the plant pathogen Pectobacterium caro-
tovorum (Noel et al. 2010). Although P. carotovorum produces AHLs
detectable by Salmonella in vitro, there is no SdiA activity during
coinfection within the plant (and sdiA mutants have no fitness
defects) (Noel et al. 2010). The lack of detection was attributed to
lack of transcription of sdiA (Noel et al. 2010). The transcription of
Salmonella sdiA is primarily regulated by FliA, Crp, and LeuO (Turn-
bull et al. 2011, Plitnick et al. 2020) and it is unknown if this loss
of activation occurs through modulating expression of these up-
stream regulators. A second study on a possible plant-SdiA rela-
tionship found that rice root extracts have detectable concentra-
tions of AHLs (via biosensor strains) and sdiA mutation enhances
root colonization of E. cloacae (Shankar et al. 2013). The advantage
conferred by sdiA mutation suggests that plants may not be a rel-
evant environment, at least for E. cloacae. In a small pilot study,
our lab inoculated the soil and leaves of a variety of commercially
available Angiosperms (leeks, parsley, tomato, and soybeans) with
our Salmonella reporter strains but found no activation of SdiA or
fitness defects of the sdiA mutant (unpublished data).

Insects

Insects are known reservoirs and transmission vectors of gen-
era that encode sdiA, such as Salmonella (Wales et al. 2010, Blazar
et al. 2011), and their microbiota are commonly colonized with
AHL producing genera like Pseudomonas and Pantoea (Engel and
Moran 2013). Based on our pilot exploration of IMG metagenomes,
luxI homologs are detected in arthropod metagenomes more fre-
quently than in human and nonhuman mammalian samples
(Table 1). Therefore, one could hypothesize that insect guts are
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a relevant environment that include AHL-producing bacteria de-
tected by SdiA. Like plants, little data has been collected to sup-
port this possibility. AHL producing Rahnella species have been
isolated from the gut of wax moth larvae (Galleria mellonella) (de
Freitas et al. 2022). Subsequent infections of G. mellonella with
Salmonella serovar Enteritidis (a serovar similar to Typhimurium)
preincubated with AHL (C12) increased their persistence in the
hemolymph with minor to no significant effects on host survival
or health (Luiz de Freitas et al. 2021). It was not determined if this
phenotype was sdiA-dependent. It is also unfortunate that C12
was used, as this AHL is not detected by SdiA (Smith and Ahmer
2003). Our lab has investigated the potential of Salmonella SdiA ac-
tivation and fitness in Drosophila melanogaster, but no SdiA activ-
ity or sdiA phenotypes were observed (Ahmer, unpublished). We
then performed similar experiments in house flies (Musca domes-
tica) and observed sporadic activation that is worthy of further
study (Ahmer, unpublished).

Reptiles

Turtles are an asymptomatic carrier of nontyphoidal Salmonella
and a source of outbreaks in the USA (Hidalgo-Vila et al. 2007, Back
et al. 2016). A study in our lab found that SdiA activation occurs
within the turtle intestine at levels comparable to those observed
after growth in vitro in the presence of AHL (Smith et al. 2008). The
source of AHLs was most likely the cocolonizing aquatic pathogen,
Aeromonas hydrophila, a producer of AHLs detectable by Salmonella
(Smith et al. 2008). Despite strong activation, sdiA mutants have
no fitness defects in this system. The microbiota of turtles ap-
pears to be more abundant in Proteobacteria than that of humans,
though their composition is impacted by many factors including
location, age, and captivity status (reviewed in (Kuschke 2022)).
Other Salmonella subspecies (that generally do not infect humans)
are often isolated from turtles and encode sdiA, but in vivo studies
are limited to S. Typhimurium (Hidalgo-Vila et al. 2007).

Other

Experimental infections of guinea pigs, rabbits, pigs, and chickens
(chicks) have been evaluated as a site of Salmonella SdiA activity
(Smith et al. 2008). No activation occurred in any tested host. Mu-
tant phenotypes of sdiA were found only in chicks, but the mu-
tation was advantageous, and magnitude of the phenotype was
small (<3-fold).

What are the phenotypes of sdiA mutants?

Other than a role in virulence or colonization of hosts, sdiA has a
small number of reported phenotypes with a significant amount
of literature (cell division, drug resistance, and biofilm formation).
Other phenotypes are either discussed in other sections or not in-
cluded in this review. Reproducibility is a significant issue in this
aspect of SdiA research as phenotypes have been described using
sdiA mutants or using plasmid-based expression of sdiA. The lat-
ter method often produces phenotypes and regulatory changes
that are not observed when sdiA is expressed from the chromo-
some under its native promoter. This disparity can be interpreted
as artifacts arising from increasing the copy number of the gene
in question, or it is possible that the observed behaviors require
environmental conditions that are currently unknown. Studies re-
lying on sdiA mutants sometimes produce phenotypes and reg-
ulatory changes not observed in independent constructs, other
strains/species, or occur only in AHL-independent manners. Thus,
discerning behaviors relevant to the eavesdropping paradigm re-

quires a more nuanced consideration of the data underlying each
purported phenotype.

Cell division

SdiA was initially discovered in an early study on nearby gene
uvrC in E. coli (Shanna et al. 1986). Shanna et al. described it as
a “28 kDa protein” with a LexA-binding site in its terminator re-
gion and its higher rate of rare codons suggested a regulatory pro-
tein as proposed by Konigsberg and Godson (1983). After its initial
description, SdiA was identified in a screen for genes involved in
cell division performed by Wang et al. (1991). Specifically, they se-
lected for clones in a plasmid-based E. coli DNA library that could
rescue growth upon overexpression of MinCD, which inhibits as-
sembly of the Z-ring and thus septation and cell division. They
observed that two genes, ftsZ and the 28 kDa protein, could sup-
press division inhibition (hence SdiA). Based on their findings that
(i) overexpressing sdiA produced mini-cells, (ii) sdiA mutants had
no cell division phenotypes, and (iii) sdiA could not complement
ftsZ mutants, they surmised that sdiA was a positive regulator of
the ftsQAZ locus (Wang et al. 1991).

A follow-up study described two promoters of ftsQAZ: one reg-
ulated by RpoS and one by SdiA (Sitnikov et al. 1996). The SdiA reg-
ulated promoter (P2) could indeed be activated by overexpression
of SdiA and activity increased 2-fold by introduction of exogenous
AHLs. The P2 promoter has also been shown to be bound by SdiA
directly using gel-shift assays (Kanamaru et al. 2000, Yamamoto et
al. 2001, Kim et al. 2014). The mini-cell phenotype resulting from
SdiA interaction with the ftsQAZ promoter has been observed by
multiple researchers (Wang et al. 1991, Ahmer et al. 1998, Kana-
maru et al. 2000). The major caveat to this finding is that the cell
division phenotype, as well as the regulation of the P2 promoter,
has only been observed using plasmid-based expression of SdiA.
When examining a native expression system (i.e. wild-type E. coli),
the introduction of AHLs has no effect on cell division or ftsQAZ
expression, and an sdiA mutation has no effect on cell division
or ftsQ promoter regulation (Wang et al. 1991, Dyszel et al. 2010b).
However, an sdiA mutant of Klebsiella was recently reported to have
a filamentation phenotype that could be rescued by plasmid com-
plementation (Pacheco et al. 2021). Although bacteria can feed in-
formation about stress and metabolic state into cell division ma-
chinery, this often occurs at the posttranscriptional level (Chen et
al. 2012, Hill et al. 2013). It is not clear why the presence of foreign
AHL producers would be linked to cell division. The regulation of
cell division may be an artifact of plasmid-based expression of
sdiA, or it is possible that SdiA regulates cell division in a specific
environmental condition yet to be discovered.

Multiple-drug resistance

The multiple-drug resistance phenotype of SdiA was implicated
in a microarray study by Wei et al. (2001) comparing E. coll over-
expressing SdiA from a plasmid to a vector control. The AcrAB
system, a TolC-dependent efflux pump which confers resistance
to multiple compounds, was upregulated compared to a vector
control (Wei et al. 2001, Pos 2009). Overexpression of SdiA in E. coli
and Cronobacter has also been shown to increase resistance to sev-
eral antibiotics (Rahmati et al. 2002, Dyszel et al. 2010b, Tavio et
al. 2012, 2014). Mutation of sdiA alone has little effect on drug re-
sistance in E. coli (Rahmati et al. 2002, Dyszel et al. 2010b, Hai et al.
2024), Salmonella (Dyszel et al. 2010b), or Cronobacter (Cheng et al.
2022) and AHLs have no effect on resistance in E. coli or Salmonella
(Dyszel et al. 2010b, Schwieters and Ahmer 2024). Therefore, while
there is currently very little evidence that SdiA regulates drug



resistance, it is possible that a yet undiscovered environmental
condition is required to observe this regulation.

Biofilms

The relationship between SdiA and biofilms was first suggested in
two studies from Lee et al. (2007, 2008). Using microarrays and
mutant studies in E. coli, there were four observations: (1) sdiA
mutants have increased biofilm formation, (2) sdiA mutants dif-
ferentially express curli and flagella genes, (3) biofilm formation
can be suppressed by indole in a sdiA-dependent manner, and (4)
this occurs primarily at lower temperatures (30°C) (Lee et al. 2007,
2008). A later study evaluated the role of SdiA, AHLs, and indole in
biofilms of both E. coli and Salmonella (Sabag-Daigle et al. 2012). For
E. coli, mutation of sdiA has no effect on biofilm formation at any
temperature (25°C, 30°C, and 37°C) and indole suppresses biofilm
formation in E. coli, but in a sdiA-independent manner. Other stud-
ies suggest mutating sdiA in pathogenic E. coli strains can alter
biofilm formation (Culler et al. 2018, Hai et al. 2024). For Salmonella,
neither sdiA nor indole has any effect on biofilms (Sabag-Daigle et
al. 2012). Interestingly, indole can prevent AHL-dependent activa-
tion of SdiA regulated genes (Sabag-Daigle et al. 2012), which may
have implications for eavesdropping in the human gut where in-
dole is at relevant concentrations (Karlin et al. 1985, Zuccato et
al. 1993). Biofilm phenotypes have also been reported in sdiA mu-
tants of Cronobacter (Cao et al. 2022, Cheng et al. 2022), Enterobac-
ter (Shankar et al. 2013), and Klebsiella (Pacheco et al. 2021) but no
study has reported significant AHL-dependent changes in biofilm
formation. Interestingly, motility is implicated in both E. coli and
Salmonella biofilms (Wood et al. 2006, Simm et al. 2014). Mutation
of sdiA in E. coli, but not Salmonella, causes motility defects (Dyszel
et al. 2010Db). The sdiA gene itself is regulated by FliA in Salmonella
76 Thus, SdiA is within regulatory networks that are involved with
biofilm formation and more investigation is warranted.

What genes does SdiA regulate?

As SdiA is a transcription factor, perhaps the most important
question is “what does it regulate?”. Possible regulon members
have been identified with microarrays (Wei et al. 2001, Lee et al.
2008), genetic screens (Ahmer et al. 1998, Van Houdt et al. 2006,
Dyszel et al. 2010b, Sabag-Daigle et al. 2015), and RNA-seq (Cheng
et al. 2022, Schwieters and Ahmer 2024). These studies compare
wild-type to mutant (Lee et al. 2008, Cheng et al. 2022, Schwieters
and Ahmer 2024) or use plasmid overexpression to induce activity
(Ahmer et al. 1998, Wei et al. 2001, Schwieters and Ahmer 2024).
Some but not all have used AHLs as part of their initial screen,
either with (Schwieters and Ahmer 2024) or without (Van Houdt
et al. 2006, Dyszel et al. 2010b, Sabag-Daigle et al. 2015) a sdiA
mutant control. Screens often identified dozens or hundreds of
putative sdiA regulated genes, but viewed stringently, the size of
the regulons may be much smaller (<20 genes). Several previously
uncharacterized genes have been renamed to srg (SdiA regulated
genes). The regulon of each genus is described below.

Salmonella

Two studies have attempted to identify the SdiA regulon of
Salmonella, one with a genetic screen (Ahmer et al. 1998) and one
with RNA-seq (Schwieters and Ahmer 2024). A major limitation
in studying Salmonella SdiA is its direct regulation by FLiA (Plitnick
et al. 2020). Activity is strongest in motility agar (Smith and Ah-
mer 2003) and we have been unable to extract RNA from semisolid
media suitable for downstream sequencing. As an alternative ap-
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proach, we identified putative hits by expressing sdiA on a plas-
mid. Of the many putative hits, six loci encoding 18 genes have
been “validated”in that they are activated or repressed by sdiA ex-
pressed from the chromosome, and the effects may or may notre-
quire the presence of AHLs (Schwieters and Ahmer 2024). It should
be noted that only the pefl-srgC operon is known to be directly reg-
ulated by SdiA (Abed et al. 2014). All other loci described below
may be directly or indirectly affected by SdiA.

The S. Typhimurium SdiA regulon includes the pefI-srgC operon,
srgE, srgF, srgGH, srgKJ, and menFDHBCE (Schwieters and Ahmer
2024). The six gene operon encoding pefl, srgD, srgA, srgB, rck,
and srgC is encoded on the virulence plasmid pSLT (reviewed in
Mambu et al. 2017). Our understanding of this operon is still lim-
ited. SrgB, a putative lipoprotein, and SrgC, a transcriptional reg-
ulator, are yet to be characterized. Pefl and SrgA are involved
in expression of Pef fimbriae through their roles as a transcrip-
tional regulator and in posttranslational maturation of PefA, re-
spectively (Bouwman et al. 2003). Two studies have suggested a
role for Pefl and/or SrgD in regulation of flagellar motility (Woz-
niak et al. 2009, Wallar et al. 2011). Although motility, through
FliA, is an essential regulator of SdiA (Plitnick et al. 2020), neither
mutation of sdiA nor AHLs have any effect on either transcrip-
tion of motility genes, or motility phenotypes (Smith and Ahmer
2003, Schwieters and Ahmer 2024). The best characterized among
these six genes is rck, which encodes an outer membrane protein
that confers resistance to complement killing and mediates inva-
sion of host cells (Cirillo et al. 1996, Rosselin et al. 2010). Rck is
only weakly expressed during infection of mice (Koczerka et al.
2024) and binds epidermal growth factor receptor (Wiedemann
et al. 2016). The second S. Typhimurium specific sdiA regulated
gene is srgE, which encodes a secreted effector (Habyarimana et
al. 2014). Salmonella encodes two separate type three secretion sys-
tems, one involved in invasion (SPI1) and one involved with in-
tracellular survival and replication (SPI2) (Fabrega and Vila 2013).
SrgE is secreted in a SPI2-dependent manner, suggesting a role in
intracellular pathogenesis (Habyarimana et al. 2014).

The remaining four loci of the S. Typhimurium sdiA regu-
lon, srgF, srgKJ, srgGH, and menFDHBCAE, have not been well
characterized (Schwieters and Ahmer 2024). SrgF is a putative
ATP-dependent RNA helicase-like protein, though bioinformatic
tools find no similarity to known protein domains (Zimmermann
et al. 2018, van Kempen et al. 2023). SrgF has a high degree
of basal expression in S. Typhimurium, especially compared to
sdiA and other regulon members (Kroger et al. 2013). It appears
sparsely in the literature, with putative mutant phenotypes in
chicken colonization, motility, and phage defense (Wang et al.
2006, Haznedaroglu et al. 2009, Knudsen et al. 2012, Chaudhuri
et al. 2013, Adler et al. 2021). No srgF fitness defects in mice were
found (Schwieters and Ahmer 2024). SrgKJ are a band 7/mec-2
family protein and NfeD family protein, respectively (Chiba et al.
2006). A study of E. coli’s SrgK ortholog QmcA found that it could
rescue lethal mutations in proteases, indicating a role in protein
turnover with YbbJ acting as a helper protein (qmcA is not sdiA reg-
ulated in E. coli) (Chiba et al. 2006, Schwieters and Ahmer 2024).
Orthologs of SrgKJ are conserved in Gram-negative bacteria and
sdiA regulation of srgKJ orthologs occurs in both E. cloacae and
Salmonella (Schwieters and Ahmer 2024). The protein target(s) of
SrgKJ remain unidentified and its connection to eavesdropping is
unclear. SrgGH are both truncated in S. Typhimurium. SrgG en-
codes the N-terminus of a full-length citrate transporter found in
S. bongori and E. cloacae, and E. cloacae srgG is also sdiA regulated
(Schwieters and Ahmer 2024). SrgH, like SrgG, is a fragment of a
nearby protein, UshB (Cdh in E. coli). It is unknown if SrgG or SrgH
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are made and if these truncated proteins perform any relevant
functions in Salmonella. The last sdiA regulated locus is the menFD-
HBCAE operon, which produces menaquinones (vitamin K2) that
are involved in electron transport (Dahm et al. 1998, Buss et al.
2001).

Serovar Typhimurium can be found in numerous human food
related environments and colonizes a wide range of hosts includ-
ing humans, livestock, plants, reptiles, and insects (Pedersen et al.
2009, Wales et al. 2010, Schikora et al. 2012). The possible sites
where SdiA could be used to eavesdrop on foreign bacteria is vast.
At the same time, a recently emerged (~50000 years ago) serovar
of Salmonella, Typhi, is believed to use humans as its sole host and
reservoir (Kidgell et al. 2002). Their limited niche overlap, we hy-
pothesized, represents a selective pressure on their sdiA regulons.
After elucidating the regulons of both Typhimurium and Typhi,
we found their regulons to partially overlap: four loci regulated in
both serovars (srgF, srgKJ, srgGH, and menFDHBCE), two specific to
Typhimurium (pefl-srgC and srgE), and one specific to Typhi (srgIL)
(Schwieters and Ahmer 2024). Typhi does not harbor pSLT and in-
stead encodes a subset of the pefl-srgC operon on its chromosome
thatis notsdiA regulated (Koczerka et al. 2021, Schwieters and Ah-
mer 2024). The sole regulon member specific to S. Typhi, srgIL, en-
codes two small lipoproteins orthologous to yfgHI in E. coli (Schwi-
eters and Ahmer 2024). Based on the reported sensitivity of E. coli
yfgl mutants to nalidixic acid (Skunca et al. 2013), we examined
a possible relationship between eavesdropping and resistance to
DNA damage. Surprisingly, neither serovar Typhimurium nor Ty-
phi exhibit any sdiA or AHL-dependent changes in resistance to
nalidixic acid or UV damage (Schwieters and Ahmer 2024).

Escherichia

Of the many studies on E. coli sdiA, the glutamate-dependent acid
fitness island (gad, reviewed in Kanjee and Houry 2013) and Locus
of Enterocyte Effacement (LEE) are the two best described regulon
members of E. coli. Regulation of gad occurs in both nonpathogenic
(K12) and pathogenic (O157:H7) strains and has been described
by multiple labs (Hughes et al. 2010, Dyszel et al. 2010b, Ma et al.
2020). A significant amount of sdiA-dependent regulation of gad is
AHL-independent (Hughes et al. 2010, Dyszel et al. 2010b) and acid
resistance phenotypes are stronger at lower temperatures, atleast
in K12 (Van Houdt et al. 2006, Dyszel et al. 2010b). Regulation of
LEE by SdiA occurs directly at the promoter of virulence regulator
ler, with stronger AHL-dependent regulatory phenotypes than gad
despite the presence of both AHL-dependent and -independent
binding sites on the promoter (Kanamaru et al. 2000, Hughes et
al. 2010, Nguyen et al. 2015). SdiA also represses flagellar genes in
E. coli, with sdiA mutants reported to have motility defects (Wei
et al. 2001, Sharma et al. 2010, Dyszel et al. 2010b). A few other
regulon members have been reported including the transcription
factor uvrY (which is near sdiA) (Suzuki et al. 2002, Van Houdt
et al. 2006), ribosome modulation factor rmf (Yoshida et al. 2018),
and an O-antigen chain length determinant fepE (Schwieters and
Ahmer 2024). Although the regulatory mechanism is unknown, it
was found that AHLs can induce temperate phages in E. coli in a
sdiA-dependent manner (Ghosh et al. 2009).

Enterobacter

The SdiA regulon of Enterobacter cloacae includes a handful of Enter-
obacter specific genes encoding hypothetical proteins of unknown
function. The regulon also includes srgKJ (described above), the
copper transporter copA, the O-antigen chain length determinant
fepE, signal transduction proteins, components of a putative type

6 secretion system, a phage integrase, the menaquinone biosyn-
thesis operon, and a full length version of citrate transporter srgG
(Sabag-Daigle et al. 2015, Schwieters and Ahmer 2024). The reg-
ulatory action of SdiA in E. cloacae is more complex: a mix of ac-
tivation and repression occurring in both AHL-dependent and -
independent manners. As we found in Salmonella, this regulon is
difficult to understand as these genes do not appear to be related
in function and most have no reported phenotypes. Direct regula-
tion by SdiA has not been demonstrated for any locus in E. cloacae.

Other eavesdropping genera

Of the other genera encoding sdiA, Klebsiella has one published
study (Pacheco et al. 2021) and Cronobacter has two (Cao et al. 2022,
Cheng et al. 2022). It was reported that sdiA mutation in Klebsiella
pneumoniae alters the expression of rpoS and ftsQ (<2-fold). Gel-
shift assays support SdiA binding to both ftsQ and fimA promoters
in K. pneumoniae, but it was not determined if regulation was AHL-
dependent (Pacheco et al. 2021). Additionally, this mutant has in-
creased expression of type 1 fimbriae, which is also regulated by
phase variation (Abraham et al. 1985, Clegg et al. 1996, Kolenda et
al.2019). Itis unclear if sdiA regulates phase variation. In our most
recent study, we tested whether S. Typhimurium sdiA regulated
type 1 fimbriae (which is controlled by a different phase variation
mechanism) (Kolenda et al. 2019, Schwieters and Ahmer 2024). In
S. Typhimurium, plasmid-based expression of sdiA could repress
expression of the four promoters encoding the structural genes
and three regulators (imW, fimY, and fimZ), but there was no reg-
ulation under endogenous expression conditions (Schwieters and
Ahmer 2024) or evidence that sdiA controls phase variation (un-
published data).

Cronobacter sakazakii has been examined with an RNA-seq ex-
periment comparing wild-type to sdiA mutant without the addi-
tion of AHLs (Cao et al. 2022, Cheng et al. 2022). The results suggest
that SdiA represses flagellar genes and activates biofilm compo-
nent genes (cellulose and extracellular polysaccharide). Mutant
phenotypes were consistent with those changes, but it was not
determined if motility or biofilm formation phenotypes were AHL-
dependent (Cao et al. 2022).

Conclusions and future directions in the
field of SdiA-mediated eavesdropping

Several genera within the Enterobacteriaceae encode SdiA, a
LuxR-type protein. By loss of the corresponding AHL synthase,
these bacteria no longer use AHLs to facilitate population-
density-dependent behaviors (quorum sensing) but instead detect
the AHLs produced by other bacterial species in their environment
(eavesdropping). Here, we have discussed three questions funda-
mental to the nature of SdiA: How does SdiA regulate genes, where
is SdiA relevant, and what does SdiA regulate? By finding the an-
swers to these questions, we may understand this simple yet neb-
ulous behavior in bacteria.

Many studies have probed various hosts as a relevant site of
SdiA activation, but significant mutant defects, a strong indica-
tor of biological relevance, are lacking. The most clinically rele-
vant environment, the human gut, cannot be investigated directly.
Our metagenomic search suggests that luxI homologs are infre-
quently detected in human gut metagenomes (Table 1) and mam-
malian infection models support the notion that they are unlikely
to be a relevant environment for SdiA-mediated eavesdropping.
This possibility should not be discounted outright as sdiA mutants
do suffer fitness defects if Salmonella is engineered to produce its



own AHLs. Additionally, SdiA regulons do contain putative viru-
lence factors (e.g. srgE) (Dyszel et al. 2010a, Habyarimana et al.
2014). Environments known to include eavesdropping bacteria like
Salmonella and E. coli and AHL-producing bacteria within the gen-
era Erwinia and Pantoea (insects and plants) showed a higher fre-
quency of detection for luxI homologs in our pilot metagenome
search (Starr and Chatterjee 1972, Wales et al. 2010, Blazar et al.
2011, Schikora et al. 2012, Walterson and Stavrinides 2015). There
are very few studies in these environments and further investiga-
tion into their potential is clearly warranted.

A significant number of studies on the SdiA regulon used
plasmid-based expression for identification of regulon members
and in vitro phenotypes. As discussed above, expressing sdiA on
a plasmid yields more putative regulon members than sdiA ex-
pressed from its native position in the chromosome. It is not
known if the genes that are regulated only in response to plasmid-
encoded sdiA are artifacts or if they are true members of the sdiA
regulon for which proper environmental conditions have not yet
been found. SdiA’s ability to regulate in both ligand-dependent
and -independent manners also complicates our understanding
of what constitutes eavesdropping behavior (i.e. what genes are
expressed in response to foreign AHLSs). Identification of a relevant
environment will likely significantly advance our understanding
of this response as we can then modify our laboratory condi-
tions to better mimic such an environment (e.g. temperature, nu-
trient availability, stressors, and so on). The proper environment
may also provide new insight into the functions of SdiA regulated
genes, many of which are uncharacterized.

The conservation of sdiA orthologs from genera ranging from
Erwinia to Salmonella suggests that the eavesdropping behavior
was likely acquired and subsequently maintained in excess of
100 million years (Ochman and Wilson 1987, Ochman and Gro-
isman 1994, Lawrence and Ochman 1998). This time frame pro-
vided ample opportunity for niche diversification among the En-
terobacteriaceae, such that loss of sdiA would be expected in cer-
tain lineages. Yet, this did not occur and the presence of sdiA is
conserved. We interpret this to mean that evolving lineages have
remained in AHL-laden environments, where eavesdropping is ad-
vantageous. Has this always been the same environment, did they
spread to unique environments, or both? Some of the difficulty
in understanding SdiA-mediated eavesdropping is highlighted in
the recently emerged lineage of S. Typhi, where SdiA is still re-
sponsive to AHLs and even has a strain specific regulon (Schwi-
eters and Ahmer 2024). S. Typhi is limited to humans as a sole
host and reservoir and humans do not appear to be a relevant site
of SdiA-mediated eavesdropping. Is it possible that S. Typhi has a
secondary reservoir, where SdiA is relevant, or is SdiA relevant in
humans?

An apparent paradox in the SdiA-mediated eavesdropping
paradigm is the conservation of foreign AHL detection and the
divergent transcriptional responses among species. If eavesdrop-
ping occurs in a common environment, why are the regulons so
different? Only a few regulon members have been found to over-
lap between genera and no gene is known to be sdiA regulated in
more than two genera (Schwieters and Ahmer 2024). The absence
of a “core” SdiA regulon suggests each genus or species responds
to this external signal differently, but our understanding of SdiA
regulons is far from complete and may suffer from study under
nonideal conditions. SdiA may have a core regulon common to all
genera, and auxiliary regulons that become more specific down
the phylogenetic tree (e.g. species specific and strain specific).

Alternatively, a core regulon may not exist, but rather SdiA-
mediated eavesdropping could lead to a common phenotypic re-
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sponse mediated by different regulated genes. In this review of the
literature, we noticed a reoccurring theme of response to phage.
In E. coli, AHLs can induce temperate phage induction (Ghosh et
al. 2009). In Salmonella, plasmid expression of sdiA represses a sig-
nificant number of prophage genes and some regulon members
are implicated in phage defense (Adler et al. 2021, Schwieters and
Ahmer 2024). A phage integrase is regulated by sdiA in E. cloacae
(Sabag-Daigle et al. 2015) and O-antigen chain length determinant
fepE is sdiA regulated in both E. coli and E. cloacae, which could in-
fluence phage adsorption (Schwieters and Ahmer 2024). The pos-
sibility of SdiA-mediated eavesdropping as a regulator of phage
defense is worthy of more investigation.

Acknowledgment

We thank Simon Roux of the Joint Genome Institute for perform-
ing the search of luxI homologs in metagenomes.

Conflict of interest: None declared.

Funding

This study was supported by the National Institute of Allergy
and Infectious Diseases of the National Institutes of Health un-
der awards 1R01AI143288, 1RO1AI116119, and 1R01AI140541. The
content is solely the responsibility of the authors and does not
necessarily represent the of official views of the National Insti-
tutes of Health. We also acknowledge funding from a President’s
Research Excellence Catalyst award, a Dean'’s Discovery Grant
from the College of Medicine, an Interdisciplinary Research Seed
Grant Award from the Infectious Disease Institute, and seed fund-
ing from the Department of Microbial Infection and Immunity, all
at Ohio State University. We acknowledge facilities support from
The Ohio State University Comprehensive Cancer Center and the
National Institutes of Health under grant number P30 CA016058.

References

Abed N, Grépinet O, Canepa S et al. Direct regulation of the pefl-srgC
operon encoding the Rck invasin by the quorum-sensing regula-
tor SdiA in Salmonella Typhimurium. Mol Microbiol 2014;94:254-71.
https://doi.org/10.1111/mmi.12738.

Abraham JM, Freitag CS, Clements JR et al. An invertible element of
DNA controls phase variation of type 1 fimbriae of Escherichia coli.
Proc Natl Acad Sci 1985;82:5724-7. https://doi.org/10.1073/pnas.8
2.17.5724.

Adler BA, Kazakov AE, Zhong C et al. The genetic basis of phage sus-
ceptibility, cross-resistance and host-range in Salmonella. Microbi-
ology 2021;167. https://doi.org/10.1099/mic.0.001126.

Aframian N, Eldar A. A bacterial tower of Babel: quorum-sensing sig-
naling diversity and its evolution. Annu Rev Microbiol 2020;74:587—
606. https://doi.org/10.1146/annurev-micro-012220-063740.

Ahmer BMM, van Reeuwijk J, Timmers CD et al. Salmonella ty-
phimurium encodes an SdiA homolog, a putative quorum sensor
of the LuxR Family, that regulates genes on the virulence plasmid.
J Bacteriol 1998;180:1185-93.

Ahmer BMM. Cell-to-cell signalling in Escherichia coli and Salmonella
enterica. Mol Microbiol 2004;52:933-45. https://doi.org/10.1111/j.13
65-2958.2004.04054 .x.

Arglello H, Estellé J, Zaldivar-Lépez S et al. Early Salmonella ty-
phimurium infection in pigs disrupts microbiome composition and
functionality principally at the ileum mucosa. Sci Rep 2018;8:7788.
https://doi.org/10.1038/s41598-018-26083-3.


https://doi.org/10.1111/mmi.12738
https://doi.org/10.1073/pnas.82.17.5724
https://doi.org/10.1099/mic.0.001126
https://doi.org/10.1146/annurev-micro-012220-063740
https://doi.org/10.1111/j.1365-2958.2004.04054.x
https://doi.org/10.1038/s41598-018-26083-3

10 | FEMS Microbiology Reviews, 2025, Vol. 49

Back D-S, Shin G-W, Wendt M et al. Prevalence of Salmonella spp. in
pet turtles and their environment. Lab Anim Res 2016;32:166-70.
https://doi.org/10.5625/1ar.2016.32.3.166.

Bez C, Geller AM, Levy A et al. Cell-cell signaling proteobacterial
LuxR solos: a treasure trove of subgroups having different ori-
gins, ligands, and ecological roles. mSystems 2023;8:¢01039-22.
https://doi.org/10.1128/msystems.01039-22.

Blazar J, Allard M, Lienau EK. Insects as vectors of foodborne
pathogenic bacteria. Terres Arthropod Rev 2011;4:5-16. https://do
1.0rg/10.1163/187498311x543989.

Borton MA, Sabag-Daigle A, Wu J et al. Chemical and pathogen-
induced inflammation disrupt the murine intestinal microbiome.
Microbiome 2017:;5:1-15.

Bouwman CW, Kohli M, Killoran A et al. Characterization of SrgA,
a Salmonella enterica Serovar typhimurium virulence plasmid-
encoded paralogue of the disulfide oxidoreductase DsbA, es-
sential for biogenesis of plasmid-encoded fimbriae. ] Bacteriol
2003;185:991-1000. https://doi.org/10.1128/jb.185.3.991-1000.20
03.

Buss K, Miller R, Dahm C et al. Clustering of isochorismate synthase
genes menF and entC and channeling of isochorismate in Es-
cherichia coli. Biochim Biophys Acta 2001;1522:151-7. https://doi.or
¢/10.1016/s0167-4781(01)00325-6.

Camilli A, Beattie DT, Mekalanos JJ. Use of genetic recombination as
a reporter of gene expression. Proc Natl Acad Sci 1994;91:2634-8.
https://doi.org/10.1073/pnas.91.7.2634.

Cao Y, LiL, Zhang Y et al. Evaluation of Cronobacter sakazakii biofilm
formation after sdiA knockout in different osmotic pressure con-
ditions. Food Res Int 2022;151:110886. https://doi.org/10.1016/j.fo
odres.2021.110886.

Castang S, Reverchon S, Gouet P et al. Direct evidence for the modu-
lation of the activity of the Erwinia chrysanthemi quorum-sensing
regulator ExpR by acylhomoserine lactone pheromone.] Biol Chem
2006;281:29972-87. https://doi.org/10.1074/jbc.M601666200.

Cellini A, Donati I, Fiorentini L et al. N-acyl homoserine lactones and
lux solos regulate social behaviour and virulence of Pseudomonas
syringae pv. actinidiae. Microb Ecol 2020;79:383-96. https://doi.org/
10.1007/500248-019-01416-5.

Chaudhuri RR, Morgan E, Peters SE et al. Comprehensive assignment
of roles for Salmonella typhimurium genes in intestinal colonization
of food-producing animals. PLos Genet 2013;9:e1003456.

Chen Y, Milam SL, Erickson HP. SulA inhibits assembly of FtsZ by
a simple sequestration mechanism. Biochemistry 2012;51:3100-9.
https://doi.org/10.1021/bi201669d.

Cheng C, Yan X, Liu B et al. SdiA enhanced the drug resistance of
Cronobacter sakazakii and suppressed its motility, adhesion and
biofilm formation. Front Microbiol 2022;13:901912. https://doi.org/
10.3389/fmicb.2022.901912.

Chiba S, Ito K, Akiyama Y. The Escherichia coli plasma membrane con-
tains two PHB (prohibitin homology) domain protein complexes
of opposite orientations. Mol Microbiol 2006;60:448-57. https://do
1.0rg/10.1111/j.1365-2958.2006.05104.x.

Chugani SA, Whiteley M, Lee KM et al. QscR, a modulator of quorum-
sensing signal synthesis and virulence in Pseudomonas aeruginosa.
Proc Natl Acad Sci 2001;98:2752-7. https://doi.org/10.1073/pnas.0
51624298.

Cirillo DM, Heffernan EJ, Wu L et al. Identification of a domain in
Rck, a product of the Salmonella typhimurium virulence plasmid,
required for both serum resistance and cell invasion. Infect Im-
mun 1996;64:2019-23.

Clegg S, Hancox LS, Yeh KS. Salmonella typhimurium fimbrial phase
variation and FimA expression. ] Bacteriol 1996;178:542-5. https:
//doi.org/10.1128/jb.178.2.542-545.1996.

Culler HF, Couto SCF, Higa JS et al. Role of SdiA on biofilm formation
by atypical enteropathogenic Escherichia coli. Genes 2018;9:253.
Dahm C, Muller R, Schulte G et al. The role of isochorismate
hydroxymutase genes entC and menF in enterobactin and
menaquinone biosynthesis in Escherichia coli. Biochim Biophys Acta
Gen Sub 1998;1425:377-86. https://doi.org/10.1016/50304-4165(98

)00089-0.

de Freitas LL, Carneiro DG, Oliveira GS et al. N-acyl-homoserine lac-
tone produced by Rahnella inusitata isolated from the gut of Gal-
leria mellonella influences Salmonella phenotypes. Braz ] Microbiol
2022;53. https://doi.org/10.1007/s42770-022-00681-w.

Ding F, Oinuma K-I, Smalley NE et al. The Pseudomonas aeruginosa or-
phan quorum sensing signal receptor QscR regulates global quo-
rum sensing gene expression by activating a single linked operon.
mBio 2018;9:e01274-18. https://doi.org/10.1128/mBio.01274-18.

Duddy OP, Bassler BL. Quorum sensing across bacterial and viral
domains. PLoS Pathog 2021;17:€1009074. https://doi.org/10.1371/
journal.ppat.1009074.

Dyszel JL, Smith JN, Lucas DE et al. Salmonella enterica serovar Ty-
phimurium can detect acyl homoserine lactone production by
Yersinia enterocolitica in mice. J Bacteriol 2010a;192:29-37. https:
//doi.org/10.1128/JB.01139-09.

Dyszel JL, Soares JA, Swearingen MC et al. E. coli K-12 and EHEC genes
regulated by SdiA. PLoS One 2010b;5:€8946. https://doi.org/10.137
1/journal.pone.0008946.

Edrington TS, Farrow RL, Sperandio V et al. Acyl-homoserine-lactone
autoinducer in the gastrointesinal tract of feedlot cattle and cor-
relation to season, E. coli 0157:H7 prevalence, and diet. Curr Micro-
biol 2009;58:227-32. https://doi.org/10.1007/s00284-008-9312-8.

Egland KA, Greenberg EP. Quorum sensing in Vibrio fischeri: elements
of the luxI promoter. Mol Microbiol 1999;31:1197-204. https://doi.
0rg/10.1046/7.1365-2958.1999.01261 x.

Engebrecht J, Nealson K, Silverman M. Bacterial bioluminescence:
isolation and genetic analysis of functions from Vibrio fischeri. Cell
1983;32:773-81.

Engebrecht J, Silverman M. Identification of genes and gene prod-
ucts necessary for bacterial bioluminescence. Proc Natl Acad Sci
1984;81:4154-8. https://doi.org/10.1073/pnas.81.13.4154.

Engel P, Moran NA. The gut microbiota of insects—diversity in struc-
ture and function. FEMS Microbiol Rev 2013;37:699-735. https://do
1.0rg/10.1111/1574-6976.12025.

Fabrega A, Vila J. Salmonella enterica serovar typhimurium skills to
succeed in the host: virulence and regulation. Clin Microbiol Rev
2013;26:308-41. https://doi.org/10.1128/cmr.00066-12.

Fuqua WC, Winans SC, Greenberg EP. Quorum sensing in bacteria:
the LuxR-LuxI family of cell density-responsive transcriptional
regulators. J Bacteriol 1994;176:269-75.

Ghosh D, Roy K, Williamson KE et al. Acyl-homoserine lactones
can induce virus production in lysogenic bacteria: an alter-
native paradigm for prophage induction. Appl Environ Microbiol
2009;75:7142-52. https://doi.org/10.1128/aem.00950-09.

Gonzalez JE, Marketon MM. Quorum sensing in nitrogen-fixing rhi-
zobia. Microbiol Mol Biol Rev 2003;67:574-92. https://doi.org/10.112
8/mmbr.67.4.574-592.2003.

Grandclément C, Tannieres M, Moréra S et al. Quorum quench-
ing: role in nature and applied developments. FEMS Microbiol Rev
2015;40:86-116. https://doi.org/10.1093/femsre/fuv038.

Greenberg EP, Hastings JW, Ulitzur S. Induction of luciferase syn-
thesis in Beneckea harveyi by other marine bacteria. Arch Microbiol
1979;120:87-91. https://doi.org/10.1007/BF00409093.

Grellier N, Suzuki MT, Brot L et al. Impact of IBD-associated dysbiosis
on bacterial quorum sensing mediated by acyl-homoserine lac-
tone in human gut microbiota. Int J Mol Sci 2022;23:15404.


https://doi.org/10.5625/lar.2016.32.3.166
https://doi.org/10.1128/msystems.01039-22
https://doi.org/10.1163/187498311\protect $\relax \times $543989
https://doi.org/10.1128/jb.185.3.991-1000.2003
https://doi.org/10.1016/s0167-4781(01)00325-6
https://doi.org/10.1073/pnas.91.7.2634
https://doi.org/10.1016/j.foodres.2021.110886
https://doi.org/10.1074/jbc.M601666200
https://doi.org/10.1007/s00248-019-01416-5
https://doi.org/10.1021/bi201669d
https://doi.org/10.3389/fmicb.2022.901912
https://doi.org/10.1111/j.1365-2958.2006.05104.x
https://doi.org/10.1073/pnas.051624298
https://doi.org/10.1128/jb.178.2.542-545.1996
https://doi.org/10.1016/S0304-4165(98)00089-0
https://doi.org/10.1007/s42770-022-00681-w
https://doi.org/10.1128/mBio.01274-18
https://doi.org/10.1371/journal.ppat.1009074
https://doi.org/10.1128/JB.01139-09
https://doi.org/10.1371/journal.pone.0008946
https://doi.org/10.1007/s00284-008-9312-8
https://doi.org/10.1046/j.1365-2958.1999.01261.x
https://doi.org/10.1073/pnas.81.13.4154
https://doi.org/10.1111/1574-6976.12025
https://doi.org/10.1128/cmr.00066-12
https://doi.org/10.1128/aem.00950-09
https://doi.org/10.1128/mmbr.67.4.574-592.2003
https://doi.org/10.1093/femsre/fuv038
https://doi.org/10.1007/BF00409093

Habyarimana F, Sabag-Daigle A, Ahmer BMM. The SdiA-regulated
gene srgE encodes a type III secreted effector. J Bacteriol
2014;196:2301-12. https://doi.org/10.1128/]JB.01602-14.

Hai H, Yang M, Cheng Z et al. Potential role of SdiA in biofilm for-
mation and drug resistance in avian pathogenic Escherichia coli.
Animals 2024;14. https://doi.org/10.3390/ani14152199.

Hartmann A, Rothballer M, Hense BA et al. Bacterial quorum sensing
compounds are important modulators of microbe-plant interac-
tions. Front Plant Sci 2014;5. https://doi.org/10.3389/fpls.2014.0013
1.

Haznedaroglu B, Porwollik S, McClelland M et al. Transport and
pathogenicity of Salmonella enterica subspecies in groundwater: in
vitro, in vivo, and in silico. Dissertation, University of California,
Riverside, 2009, 172.

Hidalgo-Vila J, Diaz-Paniagua C, de Frutos-Escobar C et al. Salmonella
in free living terrestrial and aquatic turtles. Vet Microbiol
2007;119:311-5. https://doi.org/10.1016/j.vetmic.2006.08.012.

Hill NS, Buske PJ, Shi Y et al. A moonlighting enzyme links Escherichia
coli cell size with central metabolism. PLos Genet 2013;9:1003663.
https://doi.org/10.1371/journal.pgen.1003663.

Hughes DT, Terekhova DA, Liou L et al. Chemical sensing in mam-
malian host-bacterial commensal associations. Proc Natl Acad Sci
USA 2010;107:9831-6. https://doi.org/10.1073/pnas.1002551107.

Kanamaru K, Kanamaru K, Tatsuno I et al. SdiA, an Escherichia coli
homologue of quorum-sensing regulators, controls the expres-
sion of virulence factors in enterohaemorrhagic Escherichia coli
0157:H7. Mol Microbiol 2000;38:805-16. https://doi.org/10.1046/].
1365-2958.2000.02171.%.

Kanjee U, Houry WA. Mechanisms of acid resistance in Escherichia
coli. Annu Rev Microbiol 2013;67:65-81. https://doi.org/10.1146/an
nurev-micro-092412-155708.

Kaplan HB, Greenberg EP. Overproduction and purification of the
luxRgene product: transcriptional activator of the Vibrio fischeri
luminescence system. Proc Natl Acad Sci 1987;84:6639-43. https:
//doi.org/10.1073/pnas.84.19.6639.

Karlin DA, Mastromarino AJ, Jones RD et al. Fecal skatole and indole
and breath methane and hydrogen in patients with large bowel
polyps or cancer. J Cancer Res Clin Oncol 1985;109:135-41. https:
//doi.org/10.1007/BF00391888.

Kidgell C, Reichard U, Wain J et al. Salmonella typhi, the causative
agent of typhoid fever, is approximately 50,000 years old. Infect
Genet Evol 2002;2:39-45. https://doi.org/10.1016/51567-1348(02)0
0089-8.

Kim T, Duong T, Wu C-a et al. Structural insights into the molecular
mechanism of Escherichia coli SdiA, a quorum-sensing receptor.
Acta Crystallogr Sect D Biol Crystallogr 2014;70:694-707.

Knudsen GM, Nielsen M-B, Grassby T et al. A third mode of surface-
associated growth: immobilization of Salmonella enterica serovar
typhimurium modulates the RpoS-directed transcriptional pro-
gramme. Environ Microbiol 2012;14:1855-75. https://doi.org/10.111
1/j.1462-2920.2012.02703 .

Koczerka M, Douarre P-E, Kempf F et al. The invasin and complement-
resistance protein Rck of Salmonella is more widely distributed
than previously expected. Microbiol Spectr 2021;9:e01457-21. http
s://doi.org/10.1128/Spectrum.01457-21.

Koczerka M, Lantier I, Morillon M et al. From intestine to beyond:
Salmonella entry factors display distinct transcription pattern
upon infection in murine models. Open Biol 2024;14:230312. https:
//doi.org/10.1098/rsob.230312.

Kolenda R, Ugorski M, Grzymajlo K. Everything you always wanted
to know about Salmonella type 1 fimbriae, but were afraid to ask.
Front Microbiol 2019;10. https://doi.org/10.3389/fmicb.2019.01017.

Schwieters and Ahmer | 11

Konigsberg W, Godson GN. Evidence for use of rare codons in the
dnaG gene and other regulatory genes of Escherichia coli. Proc Natl
Acad Sci 1983;80:687-91. https://doi.org/10.1073/pnas.80.3.687.

Kroger C, Colgan A, Srikumar S et al. An infection-relevant transcrip-
tomic compendium for Salmonella enterica serovar typhimurium.
Cell Host Microbe 2013;14:683-95. https://doi.org/10.1016/j.chom.2
013.11.010.

Kuschke SG. What lives on and in the sea turtle? A literature review
of sea turtle bacterial microbiota. Animal Microbiome 2022:4:52. ht
tps://doi.org/10.1186/542523-022-00202-y.

Landman C, Grill JP, Mallet JM et al. Inter-kingdom effect on ep-
ithelial cells of the N-acyl homoserine lactone 3-oxo-C12:2, a
major quorum-sensing molecule from gut microbiota. PLoS One
2018;13:e0202587. https://doi.org/10.1371/journal.pone.0202587.

Lawrence JG, Ochman H. Molecular archaeology of the Escherichia coli
genome. Proc Natl Acad Sci USA 1998;95:9413-7. https://doi.org/10
.1073/pnas.95.16.9413.

Ledgham F, Ventre I, Soscia C et al. Interactions of the quorum sens-
ing regulator QscR: interaction with itself and the other reg-
ulators of Pseudomonas aeruginosa LasR and RhIR. Mol Microbiol
2003;48:199-210. https://doi.org/10.1046/j.1365-2958.2003.03423
X.

LeeJ, Jayaraman A, Wood TK. Indole is an inter-species biofilm signal
mediated by SdiA. BMC Microbiol 2007;7:42. https://doi.org/10.118
6/1471-2180-7-42.

Lee ], Zhang X-S, Hegde M et al. Indole cell signaling occurs pri-
marily at low temperatures in Escherichia coli. ISME J 2008;2:1007.
https://doi.org/10.1038/ismej.2008.54 https://www.nature.com/a
rticles/ismej200854#tsupplementary-information.

Lequette Y, Lee J-H, Ledgham F et al. A distinct QscR regulon
in the Pseudomonas aeruginosa quorum-sensing circuit. J Bacte-
riol 2006;188:3365-70. https://doi.org/10.1128/jb.188.9.3365-3370
.2006.

Luiz de Freitas L, Pereira da Silva F, Fernandes KM et al. The virulence
of Salmonella Enteritidis in Galleria mellonella is improved by N-
dodecanoyl-homoserine lactone. Microb Pathog 2021;152:104730.
https://doi.org/10.1016/j.micpath.2021.104730.

Ma X, Zhang S, Xu Z et al. SdiA improves the acid tolerance of
E. coli by regulating GadW and GadY expression. Front Microbiol
2020;11:1078. https://doi.org/10.3389/fmicb.2020.01078.

Mambu J, Virlogeux-Payant I, Holbert S et al. An updated view on the
Rck invasin of Salmonella: still much to discover. Front Cell Infect
Microbiol 2017;7. https://doi.org/10.3389/fcimb.2017.00500.

Mendler K, Chen H, Parks DH et al. AnnoTree: visualization and
exploration of a functionally annotated microbial tree of life.
Nucleic acids research 2019;47:4442-8. https://doi.org/10.1093/nar/
gkz246

Michael B, Smith JN, Swift S et al. SdiA of Salmonella enterica is a
LuxR homolog that detects mixed microbial communities. ] Bacte-
riol 2001;183:5733-42. https://doi.org/10.1128/jb.183.19.5733-574
2.2001.

Mukherjee S, Bassler BL. Bacterial quorum sensing in complex
and dynamically changing environments. Nat Rev Microbiol
2019;17:371-82. https://doi.org/10.1038/s41579-019-0186-5.

Nguyen Y, Nguyen NX, Rogers JL et al. Structural and mechanistic
roles of novel chemical ligands on the SdiA quorum-sensing tran-
scription regulator. mBio 2015;6. https://doi.org/10.1128/mBio.024
29-14.

Noel JT, Joy J, Smith JN et al. Salmonella SdiA recognizes N-acyl
homoserine lactone signals from Pectobacterium carotovorum in
vitro, but not in a bacterial soft rot. Mol Plant Microbe Interact
2010;23:273-82. https://doi.org/10.1094/mpmi- 23-3-0273.


https://doi.org/10.1128/JB.01602-14
https://doi.org/10.3390/ani14152199
https://doi.org/10.3389/fpls.2014.00131
https://doi.org/10.1016/j.vetmic.2006.08.012
https://doi.org/10.1371/journal.pgen.1003663
https://doi.org/10.1073/pnas.1002551107
https://doi.org/10.1046/j.1365-2958.2000.02171.x
https://doi.org/10.1146/annurev-micro-092412-155708
https://doi.org/10.1073/pnas.84.19.6639
https://doi.org/10.1007/BF00391888
https://doi.org/10.1016/S1567-1348(02)00089-8
https://doi.org/10.1111/j.1462-2920.2012.02703.x
https://doi.org/10.1128/Spectrum.01457-21
https://doi.org/10.1098/rsob.230312
https://doi.org/10.3389/fmicb.2019.01017
https://doi.org/10.1073/pnas.80.3.687
https://doi.org/10.1016/j.chom.2013.11.010
https://doi.org/10.1186/s42523-022-00202-y
https://doi.org/10.1371/journal.pone.0202587
https://doi.org/10.1073/pnas.95.16.9413
https://doi.org/10.1046/j.1365-2958.2003.03423.x
https://doi.org/10.1186/1471-2180-7-42
https://doi.org/10.1038/ismej.2008.54 https://www.nature.com/articles/ismej200854#supplementary-information
https://doi.org/10.1128/jb.188.9.3365-3370.2006
https://doi.org/10.1016/j.micpath.2021.104730
https://doi.org/10.3389/fmicb.2020.01078
https://doi.org/10.3389/fcimb.2017.00500
https://doi.org/10.1093/nar/gkz246
https://doi.org/10.1128/jb.183.19.5733-5742.2001
https://doi.org/10.1038/s41579-019-0186-5
https://doi.org/10.1128/mBio.02429-14
https://doi.org/10.1094/mpmi-23-3-0273

12 | FEMS Microbiology Reviews, 2025, Vol. 49

Ochman H, Groisman EA. The origin and evolution of species
differences in Escherichia coli and Salmonella typhimurium.
EXS 1994;69:479-93. https://doi.org/10.1007/978-3-0348-752
7-1.27.

Ochman H, Wilson AC. Evolution in bacteria: evidence for a universal
substitution rate in cellular genomes. ] Mol Evol 1987;26:74-86.
https://doi.org/10.1007/b£02111283.

Oinuma K-I, Greenberg EP. Acyl-homoserine lactone binding to and
stability of the orphan Pseudomonas aeruginosa quorum-sensing
signal receptor QscR. J Bacteriol 2011;193:421-8. https://doi.org/10
.1128/jb.01041-10.

Oliveira RA, Cabral V, Torcato I et al. Deciphering the quorum-sensing
lexicon of the gut microbiota. Cell Host Microbe 2023;31:500-12.
https://doi.org/10.1016/j.chom.2023.03.015.

Pacheco T, AEI G, Siqueira NMG et al. SdiA, a quorum-sensing
regulator, suppresses fimbriae expression, biofilm formation,
and quorum-sensing signaling molecules production in Klebsiella
pneumoniae. Front Microbiol 2021;12. https://doi.org/10.3389/fmicb.
2021.597735.

Panchal J, Prajapati J, Dabhi M et al. Comprehensive computational
investigation for ligand recognition and binding dynamics of
SdiA: a degenerate LuxR -type receptor in Klebsiella pneumoniae.
Mol Diver 2024;28:3897-918. https://doi.org/10.1007/s11030-023-1
0785-6.

Papenfort K, Bassler BL. Quorum sensing signal-response systems in
Gram-negative bacteria. Nat Rev Microbiol 2016;14:576-88. https:
//doi.org/10.1038/nrmicro.2016.89.

Patankar AV, Gonzalez JE. Orphan LuxR regulators of quorum sens-
ing. FEMS Microbiol Rev 2009;33:739-56. https://doi.org/10.1111/j.
1574-6976.2009.00163.x.

Pedersen K, Lassen-Nielsen A-M, Nordentoft S et al. Serovars
of Salmonella from captive reptiles. Zoonoses Public Health
2009;56:238-42. https://doi.org/10.1111/j.1863-2378.2008.011
96.X.

Plitnick J, Chevance FFV, Stringer A et al. Regulatory crosstalk be-
tween motility and interbacterial communication in Salmonella
Typhimurium. J Bacteriol 2020;203. https://doi.org/10.1128/jb.005
10-20.

Pompeani AJ], Irgon JJ, Berger MF et al. The Vibrio harveyi master
quorum-sensing regulator, LuxR, a TetR-type protein is both an
activator and a repressor: DNA recognition and binding speci-
ficity at target promoters. Mol Microbiol 2008;70:76-88. https://do
1.0rg/10.1111/j.1365-2958.2008.06389.x.

Pos KM. Drug transport mechanism of the AcrB efflux pump. Biochim
Biophys Acta Proteins Proteomics 2009;1794:782-93. https://doi.org/
10.1016/j.bbapap.2008.12.015.

Rahmati S, Yang S, Davidson AL et al. Control of the AcrAB mul-
tidrug efflux pump by quorum-sensing regulator SdiA. Mol Micro-
biol 2002;43:677-85. https://doi.org/10.1046/j.1365-2958.2002.027
73.X.

Redfield RJ. Is quorum sensing a side effect of diffusion sensing?.
Trends Microbiol 2002;10:365-70.

Rogers AWL, Tsolis RM, Baumler AJ. Salmonella versus the micro-
biome. Microbiol Mol Biol Rev 2021;85:10.1128/mmbr.00027-19. ht
tps://doi.org/10.1128/mmbr.00027-19.

Rosselin M, Virlogeux-Payant I, Roy C et al. Rck of Salmonella enter-
ica, subspecies enterica serovar Enteritidis, mediates zipper-like
internalization. Cell Res 2010;20:647.

Sabag-Daigle A, Ahmer BMM. Expl and Phzl are descendants
of the long lost cognate signal synthase for SdiA. PLoS One
2012;7:e47720. https://doi.org/10.1371/journal.pone.0047720.

Sabag-Daigle A, Dyszel JL, Gonzalez JF et al. Identification of sdiA-
regulated genes in a mouse commensal strain of Enterobacter cloa-

cae. Front Cell Infect Microbiol 2015;5. https://doi.org/10.3389/fcimb.
2015.00047.

Sabag-Daigle A, Soares JA, Smith JN et al. The acyl homoserine
lactone receptor, SdiA, of Escherichia coli and Salmonella enterica
Serovar typhimurium does not respond to indole. Appl Environ Mi-
crobiol 2012;78:5424-31. https://doi.org/10.1128/aem.00046-12.

Schikora A, Garcia AV, Hirt H. Plants as alternative hosts for
Salmonella. Trends Plant Sci 2012;17:245-9. https://doi.org/10.1016/
j.tplants.2012.03.007.

Schuster M, Greenberg EP. LuxR-type proteins in Pseudomonas aerug-
inosa quorum sensing: distinct mechanisms with global implica-
tions. In: Chemical Communication Among Bacteria. Washington, DC:
American Society of Microbiology, 2008.

Schwieters A, Ahmer BMM. Identification of new SdiA regulon mem-
bers of Escherichia coli, Enterobacter cloacae, and Salmonella enterica
serovars typhimurium and Typhi. Microbiol Spectr 2024;12:01929-
24. https://doi.org/10.1128/spectrum.01929-24.

Shankar M, Ponraj P, Illakkiam D et al. Inactivation of the tran-
scriptional regulator-encoding gene sdiA enhances rice root col-
onization and biofilm formation in Enterobacter cloacae. ] Bacteriol
2013;195:39-45. https://doi.org/10.1128/jb.01236-12.

Shanna S, Stark TF, Beattie WG et al. Multiple control elements
for the uvrC gene unit of Escherichia coli. Nucleic Acids Res
1986;14:2301-18. https://doi.org/10.1093/nar/14.5.2301.

Sharma VK, Bearson SMD, Bearson BL. Evaluation of the effects of
sdiA, a luxR homologue, on adherence and motility of Escherichia
coli O157:H7. Microbiology 2010;156:1303-12. https://doi.org/10.1
099/mic.0.034330-0.

Sharma VK, Bearson SMD. Evaluation of the impact of quorum sens-
ing transcriptional regulator SdiA on long-term persistence and
fecal shedding of Escherichia coli O157:H7 in weaned calves. Mi-
crob Pathog 2013;57:21-6. https://doi.org/10.1016/j.micpath.2013
.02.002.

Sheng H, Nguyen YN, Hovde CJ et al. SdiA aids enterohemorrhagic
Escherichia coli carriage by cattle fed a forage or grain diet. Infect
Immun 2013;81:3472-8. https://doi.org/10.1128/iai.00702-13.

Simm R, Ahmad I, Rhen M et al. Regulation of biofilm forma-
tion in Salmonella enterica serovar typhimurium. Fut Microbiol
2014;9:1261-82. https://doi.org/10.2217/fmb.14.88.

Sitnikov DM, Schineller JB, Baldwin TO. Control of cell division
in Escherichia coli: regulation of transcription of ftsQA involves
both rpoS and SdiA-mediated autoinduction. Proc Natl Acad Sci
1996;93:336-41. https://doi.org/10.1073/pnas.93.1.336.

Skunca N, Bosnjak M, Krisko A et al. Phyletic profiling with cliques
of orthologs is enhanced by signatures of paralogy relationships.
PLoS Comput Biol 2013;9:1002852. https://doi.org/10.1371/journa
1.pcbi.1002852.

Slauch JM, Camilli A. [S]IVET and RIVET: use of gene fusions to iden-
tify bacterial virulence factors specifically induced in host tis-
sues. In: Methods Enzymol. Cambridge, MA: Academic Press, 2000,
73-96.

Smith JN, Ahmer BMM. Detection of other microbial species
by Salmonella: expression of the SdiA regulon. ] Bacteriol
2003;185:1357-66. https://doi.org/10.1128/jb.185.4.1357-1366.2
003.

Smith JN, Dyszel JL, Soares JA et al. SdiA, an N-acylhomoserine lac-
tone receptor, becomes active during the transit of Salmonella
enterica through the gastrointestinal tract of turtles. PLoS One
2008;3:€2826. https://doi.org/10.1371/journal.pone.0002826.

Sperandio V. SdiA sensing of acyl-homoserine lactones by entero-
hemorrhagic E. coli (EHEC) serotype O157:H7 in the bovine ru-
men. Gut Microbes 2010;1:432-5. https://doi.org/10.4161/gmic.1.6
14177.


https://doi.org/10.1007/978-3-0348-7527-1_27
https://doi.org/10.1007/bf02111283
https://doi.org/10.1128/jb.01041-10
https://doi.org/10.1016/j.chom.2023.03.015
https://doi.org/10.3389/fmicb.2021.597735
https://doi.org/10.1007/s11030-023-10785-6
https://doi.org/10.1038/nrmicro.2016.89
https://doi.org/10.1111/j.1574-6976.2009.00163.x
https://doi.org/10.1111/j.1863-2378.2008.01196.x
https://doi.org/10.1128/jb.00510-20
https://doi.org/10.1111/j.1365-2958.2008.06389.x
https://doi.org/10.1016/j.bbapap.2008.12.015
https://doi.org/10.1046/j.1365-2958.2002.02773.x
file:10.1128/mmbr.00027-19
https://doi.org/10.1128/mmbr.00027-19
https://doi.org/10.1371/journal.pone.0047720
https://doi.org/10.3389/fcimb.2015.00047
https://doi.org/10.1128/aem.00046-12
https://doi.org/10.1016/j.tplants.2012.03.007
https://doi.org/10.1128/spectrum.01929-24
https://doi.org/10.1128/jb.01236-12
https://doi.org/10.1093/nar/14.5.2301
https://doi.org/10.1099/mic.0.034330-0
https://doi.org/10.1016/j.micpath.2013.02.002
https://doi.org/10.1128/iai.00702-13
https://doi.org/10.2217/fmb.14.88
https://doi.org/10.1073/pnas.93.1.336
https://doi.org/10.1371/journal.pcbi.1002852
https://doi.org/10.1128/jb.185.4.1357-1366.2003
https://doi.org/10.1371/journal.pone.0002826
https://doi.org/10.4161/gmic.1.6.14177

Starr MP, Chatterjee AK. The genus erwinia: enterobacte-
ria pathogenic to plants and animals. Annu Rev Microbiol
1972;26:389-426.

Stecher B, Maier L, Hardt W-D. Blooming; in the gut: how dysbio-
sis might contribute to pathogen evolution. Nat Rev Microbiol
2013;11:277. https://doi.org/10.1038/nrmicro2989.

Styles MJ, Blackwell HE. Non-native autoinducer analogs capable of
modulating the SdiA quorum sensing receptor in Salmonella enter-
ica serovar Typhimurium. Beilstein ] Org Chem 2018;14:2651-64.

Subramoni S, Venturi V. LuxR-family ‘solos’: bachelor sen-
sors/regulators ~ of  signalling  molecules.  Microbiology
2009;155:1377-85. https://doi.org/10.1099/mic.0.026849-0.

Suzuki K, Wang X, Weilbacher T et al. Regulatory circuitry of the
CsrA/CsrB and BarA/UvrY systems of Escherichia coli. ] Bacte-
riol 2002;184:5130-40. https://doi.org/10.1128/JB.184.18.5130-514
0.2002.

Swearingen MC, Sabag-Daigle A, Ahmer BMM. Are there acyl-
homoserine lactones within mammalian intestines?. J Bacteriol
2013;195:173-9. https://doi.org/10.1128/JB.01341-12.

Tavio MM, Aquili VD, Fabrega A et al. Overexpression of the quorum-
sensing regulator sdiA and soxS is involved in low-level mul-
tidrug resistance induced in Escherichia coli AG100 by haloperidol,
diazepam and NaCl. Int ] Antimicrob Agents 2012;39:91-3. https:
//doi.org/10.1016/j.jjantimicag.2011.08.008.

Tavio MM, Aquili VD, Vila ] et al. Resistance to ceftazidime in Es-
cherichia coli associated with AcrR, MarR and PBP3 mutations and
overexpression of sdiA. J Med Microbiol 2014;63:56-65. https://doi.
0rg/10.1099/jmm.0.063727-0.

Turnbull AL, Kim W, Surette MG. Transcriptional regulation of
sdiA by cAMP-receptor protein, LeuO, and environmental sig-
nals in Salmonella enterica serovar Typhimurium. Can J Microbiol
2011;58:10-22. https://doi.org/10.1139/w11-101.

Urbanowski ML, Lostroh CP, Greenberg EP. Reversible acyl-
homoserine lactone binding to purified Vibrio fischeri LuxR
protein. J Bacteriol 2004;186:631-7. https://doi.org/10.1128/jb.186
.3.631-637.2004.

Van Houdt R, Aertsen A, Moons P et al. N-acyl-l-homoserine
lactone signal interception by Escherichia coli. FEMS Microbiol
Lett 2006;256:83-9. https://doi.org/10.1111/].1574-6968.2006.001
03.x.

van Kempen M, Kim SS, Tumescheit C et al. Fast and accurate protein
structure search with Foldseek. Nat Biotechnol 2023;42. https://do
1.org/10.1038/s41587-023-01773-0.

Venturi V, Ahmer BMM. Editorial: luxR solos are becoming major
players in cell-cell communication in bacteria. Front Cell Infect Mi-
crobiol 2015;5. https://doi.org/10.3389/fcimb.2015.00089.

von Bodman SB, Bauer WD, Coplin DL. Quorum sensing in plant-
pathogenic bacteria. Annu Rev Phytopathol 2003;41:455-82. https:
//doi.org/10.1146/annurev.phyto.41.052002.095652.

Wales AD, Carrique-Mas JJ, Rankin M et al. Review of the carriage
of zoonotic bacteria by arthropods, with special reference to
Salmonella in mites, flies and litter beetles. Zoonoses Public Health
2010;57:299-314. https://doi.org/10.1111/j.1863-2378.2008.01222
X.

Wallar LE, Bysice AM, Coombes BK. The non-motile phenotype of
Salmonella hha ydgT mutants is mediated through PefI-SrgD. BMC
Microbiol 2011;11:141. https://doi.org/10.1186/1471-2180-11-141.

Schwieters and Ahmer | 13

Walterson AM, Stavrinides J. Pantoea: insights into a highly versatile
and diverse genus within the Enterobacteriaceae. FEMS Microbiol
Rev 2015;39:968-84. https://doi.org/10.1093/femsre/fuv027.

Wang Q, Mariconda S, Suzuki A et al. Uncovering a large set of
genes that affect surface motility in Salmonella enterica Serovar ty-
phimurium.] Bacteriol 2006;188:7981-4. https://doi.org/10.1128/JB
.00852-06.

Wang XD, de Boer PA, Rothfield LI. A factor that positively regulates
cell division by activating transcription of the major cluster of es-
sential cell division genes of Escherichia coli. EMBO J 1991;10:3363—
72.

Wei Y, Lee J-M, Smulski DR et al. Global impact of sdiA amplifica-
tion revealed by comprehensive gene expression profiling of Es-
cherichia coli. ] Bacteriol 2001;183:2265-72. https://doi.org/10.1128/
jb.183.7.2265-2272.2001.

White CE, Winans SC. Identification of amino acid residues of the
Agrobacterium tumefaciens quorum-sensing regulator TraR that
are critical for positive control of transcription. Mol Microbiol
2005;55:1473-86. https://doi.org/10.1111/j.1365-2958.2004.04482
X.

Whiteley M, Diggle SP, Greenberg EP. Progress in and promise of bac-
terial quorum sensing research. Nature 2017;551:313-20. https:
//doi.org/10.1038/nature24624.

Wiedemann A, Mijouin L, Ayoub MA et al. Identification of the epi-
dermal growth factor receptor as the receptor for Salmonella Rck—
dependent invasion. FASEB ] 2016;30:4180-91. https://doi.org/10
.1096/1j.201600701R.

Wood TK, Gonzalez Barrios AF, Herzberg M et al. Motility influences
biofilm architecture in Escherichia coli. Appl Microbiol Biotechnol
2006;72:361-7. https://doi.org/10.1007/s00253-005-0263-8.

Wozniak CE, Lee C, Hughes KT. T-POP array identifies EcnR and PefI-
SrgD as novel regulators of flagellar gene expression. J Bacteriol
2009;191:1498-508. https://doi.org/10.1128/b.01177-08.

Xue J, Chi L, Tu P et al. Detection of gut microbiota and pathogen
produced N-acyl homoserine in host circulation and tissues. npj
Biofilms Microbiomes 2021;7:53. https://doi.org/10.1038/s41522-0
21-00224-5.

Yamamoto K, Yata K, Fujita N et al. Novel mode of transcription reg-
ulation by SdiA, an Escherichia coli homologue of the quorum-
sensing regulator. Mol Microbiol 2001;41:1187-98. https://doi.org/
10.1046/j.1365-2958.2001.02585.x.

Yoshida H, Shimada T, Ishihama A. Coordinated hibernation of tran-
scriptional and translational apparatus during growth transition
of Escherichia coli to stationary phase. mSystems 2018;3. https://do
1.0rg/10.1128/mSystems.00057-18.

Zhu ], Winans SC. The quorum-sensing transcriptional regula-
tor TraR requires its cognate signaling ligand for protein fold-
ing, protease resistance, and dimerization. Proc Natl Acad Sci
2001;98:1507-12. https://doi.org/10.1073/pnas.98.4.1507.

Zimmermann L, Stephens A, Nam SZ et al. A completely reimple-
mented MPI bioinformatics toolkit with a new HHpred server at
its core. ] Mol Biol 2018;430:2237-43. https://doi.org/10.1016/j.jm
b.2017.12.007.

Zuccato E, Venturi M, Di Leo G et al. Role of bile acids and metabolic
activity of colonic bacteria in increased risk of colon cancer after
cholecystectomy. Dig Dis Sci 1993;38:514-9. https://doi.org/10.100
7/BF01316508.

Received 13 January 2025; revised 30 March 2025; accepted 15 April 2025

© The Author(s) 2025. Published by Oxford University Press on behalf of FEMS. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original

work is properly cited.


https://doi.org/10.1038/nrmicro2989
https://doi.org/10.1099/mic.0.026849-0
https://doi.org/10.1128/JB.184.18.5130-5140.2002
https://doi.org/10.1128/JB.01341-12
https://doi.org/10.1016/j.ijantimicag.2011.08.008
https://doi.org/10.1099/jmm.0.063727-0
https://doi.org/10.1139/w11-101
https://doi.org/10.1128/jb.186.3.631-637.2004
https://doi.org/10.1111/j.1574-6968.2006.00103.x
https://doi.org/10.1038/s41587-023-01773-0
https://doi.org/10.3389/fcimb.2015.00089
https://doi.org/10.1146/annurev.phyto.41.052002.095652
https://doi.org/10.1111/j.1863-2378.2008.01222.x
https://doi.org/10.1186/1471-2180-11-141
https://doi.org/10.1093/femsre/fuv027
https://doi.org/10.1128/JB.00852-06
https://doi.org/10.1128/jb.183.7.2265-2272.2001
https://doi.org/10.1111/j.1365-2958.2004.04482.x
https://doi.org/10.1038/nature24624
https://doi.org/10.1096/fj.201600701R
https://doi.org/10.1007/s00253-005-0263-8
https://doi.org/10.1128/jb.01177-08
https://doi.org/10.1038/s41522-021-00224-5
https://doi.org/10.1046/j.1365-2958.2001.02585.x
https://doi.org/10.1128/mSystems.00057-18
https://doi.org/10.1073/pnas.98.4.1507
https://doi.org/10.1016/j.jmb.2017.12.007
https://doi.org/10.1007/BF01316508
https://creativecommons.org/licenses/by/4.0/

	Introduction
	How is SdiA activity regulated by AHLs?
	Where and when is SdiA relevant in vivo?
	What are the phenotypes of sdiA mutants?
	What genes does SdiA regulate?
	Conclusions and future directions in the field of SdiA-mediated eavesdropping
	Acknowledgment
	Funding
	References

