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Abstract

Chemical communication between cells ensures coordination of behavior. In prokaryotes, this 

chemical communication is usually referred to as quorum sensing, while eukaryotic cells signal 

through hormones. In the past years, a growing number of reports have shown that bacterial 

quorum sensing signals, called autoinducers, signal to eukaryotic cells, mimicking hormones. 

Conversely, host hormones can signal to bacterial cells through converging pathways to 

autoinducer signaling. This inter-kingdom signaling mediates symbiotic and pathogenic 

relationships between bacteria, mammalian and plant hosts.

Graphical Abstract

Introduction

Bacteria and host have co-evolved for billions of years, through which they have been 

exposed to many signaling molecules produced and released by each other. Hence, it is not 
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surprising that microorganisms intercept eukaryotic signaling systems for successful 

colonization of the host.

Bacterial cells are able to communicate through the production, release and detection of 

autoinducers to engage in multi-cellular behavior and coordinate gene expression at a 

population level. This chemical communication was named quorum sensing (QS) [1]. QS 

regulates a multitude of traits, such as production of virulence factors, motility and 

symbiosis [2].

The recent discovery of the crosstalk between bacterial signaling molecules and host-derived 

hormones has inaugurated a new field for research, and contributed to a better understanding 

of the pathogen-host relationship [3]. This inter-kingdom signaling appears to be as ancient 

as the relationship between bacteria and host. In this review, we discuss recent reports 

concerning the chemical communication between bacteria and host, from both a prokaryotic 

and a eukaryotic point of view.

Quorum sensing molecules talking to the host

QS was first described in the regulation of bioluminescence in Vibrio fischeri [4]. The 

luciferase operon in V. fischeri is regulated by two proteins, LuxI, which is the acyl-

homoserine-lactone (AHL) autoinducer synthase, and LuxR, which is activated by this 

autoinducer to increase transcription of the luciferase operon [5,6]. Since this initial 

description, homologues of LuxR-LuxI have been identified in other bacteria and regulate a 

variety of phenotypes [2,7,8]. One of the most studied AHL-based QS system is the P. 
aeruginosa’s. P. aeruginosa has two hierarchical AHL-QS systems, LasR/I and RhlR/I. LasI 

synthesizes oxo-C12-homoserine lactone (HSL), which activates LasR, and RhlI, 

synthesizes C4-HSL, which activates RhlR [9]. Although the involvement of AHLs in the 

bacterial pathogenesis has been extensively studied, less is known about the effects of AHLs 

on eukaryotic cells. However, there is increasing evidence that oxo-C12-HSL is able to 

modulate signal transduction and immune responses of the eukaryotic host cell, in vitro and 

in vivo [10].

P. aeruginosa forms a biofilm inside the lungs of cystic fibrosis (CF) patients, and oxo-C12-

HSL molecules can be detected in sputum [11]. The CF lung is characterized by an intense 

inflammatory response that compromises the organ. In vitro studies indicate that oxo-C12-

HSL triggers IL-8 production in bronchial epithelial cells, through induction of the 

transcription factors NF-kB and AP-2 [12].

In vivo studies using the adult mouse acute lung infection model indicate that a P. aeruginosa 
ΔlasI/rhlI mutant, defective for the production of oxo-C12-HSL and C4-HSL, is attenuated 

for disease in mice [13]. oxo-C12-HSL, but not C4-HSL, induces a potent inflammatory 

response in vivo. Expression analysis indicated increased expression of the chemokines 

MIP-2 (macrophage inflammatory protein), MCP-1 (monocyte chemotactic protein), MiP1-

beta, IP-10, (TCA3) T-cell activation gene 3, IL-1α and IL-6 [13].

These data contrast with results obtained by Tateda et al [14], who observed a decrease in 

MCP-1. Activated T cells exposed to oxo-C12-HSL showed an increased production of IFN-
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γ, comparable to that induced by the control IL-12, but not IL-4, suggesting that oxo-C12-

HSL induces a Th1 inflammatory response [12,13]. These data suggest that oxo-C12-HSL 

stimulates inflammation in host tissues.

Smith et al (2002) [13] also reported that oxo-C12-HSL increased the expression of 

Cyclooxygenase 2 (Cox-2), an enzyme involved in the metabolism of arachidonic acid, in 

lung fibroblasts, inducing the nuclear translocation of NF-κB. Hence, production of oxo-

C12-HSL, and subsequent induction of Cox-2 and PGE2, could help P.aeruginosa to 

disseminate through the host’s body. In addition to immunodulatory effects, oxo-C12-HSL 

induces apoptosis in bone-marrow derived macrophages and neutrophiles [14].

Although there is increasing evidence, that oxo-C12-HSL manipulates host cell signaling, 

the mechanism of this regulation remains unknown. Williams et al.[15] showed that oxo-

C12-HSL enters and function within mammalian cells. High concentrations of oxo-C12-

HSL induced apoptosis due to calcium mobilization from the endoplasmic reticulum (ER). 

In contrast, the increase in intracellular calcium did not correlate to the immunomodulatory 

effects, suggesting the existence of two distinct mammalian receptors for oxo-C12-HSL, one 

mediating apoptosis via Ca increase, and the other mediating a proinflammatory response 

[16]. Jahoor et al (2008) [17] hypothesized that the eukaryotic receptor for AHLs is a 

nuclear hormone receptor (NHR). These authors examined the profile of NHRs expressed in 

cells upon exposure to oxo-C12-HSL. The two members of the peroxissome proliferators-

activated receptor (PPAR), PPARbeta-delta and PPARgamma were expressed and responsive 

to oxo-C12-HSL in a dose-dependent manner. PPARs are transcription factors that inhibit 

expression of proinflammatory genes. Transcriptional activity of PPAR-gamma was 

inhibited by oxo-C12-HSL even in the presence of the PPAR-gamma agonist rosiglitazone, 

while PPAR-beta-delta had its activity increased. These experiments indicated that oxo-C12-

HSL is a ligand for PPAR-beta-delta, reducing its binding to target promoters. In vitro 
experiments have further shown that oxo-C12-HSL and rosiglitazone modulate PPAR-

gamma activity, where oxo-C12-HSL act as antagonist.

Host response to bacterial autoinducers

Many studies have shown that successful colonization of respiratory tract by P. aeruginosa 
involves expression of genes coordinately regulated by QS. These data have raised the 

possibility that mammalian cells could have developed mechanisms to disrupt QS signaling 

as a defense against bacterial infection. Chun et al. [18] reported that oxo-C12-HSL was 

selectively inactivated by human airway epithelia, and the degrading activity was mediated 

by heat-sensitive factor associated with the cell rather than a secreted factor. One mechanism 

that seems to play a major role in circumventing QS-regulated virulence by bacterial 

pathogens is the production of paraoxonases (PONs) by mammalian cells [19]. PONs 

constitute a family of conserved enzymes (PON1, PON2 and PON3). PON1 and PON3 are 

found in the blood, while PON2 is ubiquitously expressed in many tissues such as lung and 

kidney and brain. PONs were initially described to hydrolyze organophosphates, but also 

present a calcium-dependent esterase activity over a wide range of substrates, including 

lactones. Although their biological function is still not well defined, accumulating evidence 
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suggests that its lactonase activity could represent an innate mechanism of defense against 

bacterial autoinducers [19].

Yang et al [20] have provided evidence of a lactonase activity towards the P. aeruginosa 
AHLs oxo-C12-HSL, which was conserved in the serum of mammalian species. These 

authors suggested that PONs were responsible for the AHL inactivation, which is supported 

by a previous reported from Chun et al [18]. Ozer et al [21] were the first to provide 

evidence of the inhibitory effect of PONs over P. aeruginosa virulence. Analysis of biofilm 

formation by P. aeruginosa upon exposure to mouse serum and serum containing human 

PON1 showed that PON1 blocked biofilm formation. In contrast, in vivo studies using the 

murine peritonitis/sepsis model of P. aeruginosa infection showed that pon1- knockout mice 

were protected from P. aeruginosa infection. Speculations about putative compensatory 

mechanisms operating in the pon1- knockout mice are supported by a recent study 

conducted by Teiber [19].

Teiber et al [19] used biochemical and genetic approaches in an attempt to identify other 

mammalian enzymes that could target oxo-C12-HSL in addition to PONs [19]. This study 

showed that the calcium-dependent esterase activity was mediated by an esterase, which is 

irreversibly inactivated by EDTA or depletion of metal ions, consistent with activity of PON. 

PON1 lactonase activity is present in mouse and human sera, while PON2 activity is found 

in cell lysates [21].

In vitro studies performed by Stoltz et al [22] seem to agree with the previous data. The 

authors evaluated the ability of murine tracheal epithelial cells collected from PON1, PON2 

or PON3 knockout mice to degrade oxo-C12-HSL. PON2-knockout cell lysates presented 

diminished ability to inactivate oxo-C12-HSL, while intact cells derived from each one of 

the knockout mice retained their inactivating ability. In addition, it was found that bacteria 

exposed to sera from PON1 knockout mice had increased QS activity. When the same 

experiment was performed using murine tracheal epithelial cells, PON2 knockout cells 

increased QS in P. aeruginosa.

Host hormones talking to bacteria

Eukaryotic organisms utilize several hormones to regulate different aspects of their 

physiology and maintain homeostasis. Prokaryotic cells signal through autoinducers (AIs), 

which are hormone-like compounds that allow microorganisms to coordinate behaviors in a 

population level.

In the gastrointestinal (GI) tract, the number of commensal bacteria exceeds the number of 

eukaryotic cells by one order of magnitude. Co-evolution of prokaryotic species and their 

respective eukaryotic host have exposed bacteria to host hormones and eukaryotic cells to 

the bacterial AIs during host colonization. Therefore, it is not surprising that some 

pathogenic species have high-jacked these signaling systems to promote disease.

The knowledge host hormones such as catecholamines can promote bacterial growth is not 

recent [23]. Conflicting reports sugges . In the past few years, there increasing experimental 
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evidence have shown that some pathogenic bacteria are able to recognize host signaling 

molecules to turn on production of virulence factors.

The Epi/NE/AI-3 quorum sensing system was discovered by Sperandio et al (1999) during 

an investigation of the regulation of virulence gene expression in EHEC. Cell-to-cell 

communication involved the detection of a new autoinducer, named AI-3 (Sperandio et al, 

2003). Synthesis of AI-3 was initially associated with the gene luxS, since luxS mutants 

were unable to produce the autoinducer (Sperandio et al, 2003). However, further studies 

demonstrated that AI-3 synthesis was not dependent on luxS. Actually, metabolic changes 

caused by the lack of luxS left the bacteria unable to produce AI-3 (Walters et al, 2006).

Studies performed by Sperandio et al (2003) have shown that the enteric pathogen EHEC 

senses AI-3 produced by the microbial gastrointestinal flora to activate the expression of 

virulence genes, encoded by locus of enterocyte effacement (LEE). The pathogenicity island 

LEE encodes for a type III secretion system, which injects bacterial effectors inside the 

eukaryotic host cells. Expression of the LEE genes lead to formation of attaching and 

effacing (AE) lesions. AE lesions are characterized by destruction of the microvilli and 

rearrengment of the actin cytoskeleton, leading to the formation of pedestals that cups the 

bacteria individually.

EHEC hijacks eukaryotic hormones present in the gastrointestinal tract to activate 

expression of the virulence genes and promote colonization of the human colon mucosa. 

Once have reached the human colon, EHEC is able to recognize epinephrine and 

norepinephrine and activates transcription of the LEE genes and flagella regulon. These 

catecholamines were able to substitute AI-3 to activate the expression of virulence genes in 

EHEC. These results provide, for the first time, evidence of crosstalk between prokaryotic 

and eukaryotic signaling systems (Sperandio et al, 2003). Further work has shown that 

AI-3/epi/nore crosstalk is mediated by a sensor histidine kinase present at the bacterial 

surface, named QseC. This membrane-embebed sensor kinase can sense specifically the 

bacterial hormone-like compound AI-3 as well as the host hormones epinephrine and 

norepinephrine, binding directly to these signals [25]. The chemical structure of AI-3 is still 

unknown, but it is known that AI-3 is an aromatic compound. AI-3 seems to bind to the 

same receptor as epinephrine and norepinephrine, since the use of adrenergic receptors can 

block the activation of LEE genes and flagellar genes mediated by AI-3.

Biochemical evidence shows that QseBC constitute a functional two-component signal 

transduction system. Upon sensing AI-3/epi/nore in the gastrointestinal tract, the sensor 

kinase QseC is activated and undergoes autophosphorylation; subsequently, QseC transduces 

the signal to its cognate response regulator QseB, which activates the transcription of the 

master regulator of the flagella regulon, flhDC. In addition, recognition of AI-3/epi/NE by 

QseC can be specifically blocked by the administration of the alfa-adrenergic antagonist 

phentolamine, showing that QseC is a bacterial adrenergic receptor. QseC was demonstrated 

to play an important role in pathogenesis in vivo. By using a rabbit infection model, qseC 

mutants were shown to be attenuated for virulence. These studies have started the novel field 

of research, focused on the adrenergic regulation of virulence [26]. Adding a little more 

complexity in the interkingdom-regulation of virulence in EHEC, two more players were 
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discovered. Recently, a novel two-component system involved in regulation of AE lesion in 

EHEC has been described, the QseEF system [27]. QseE is the sensor kinase and QseF is the 

cognate response regulator. QseEF transcription is activated by epinephrine via QseC. 

Although the signal recognized by the sensor kinase QseE remains to be identified, the 

results of its activation could be assessed by phenotypic analysis of non-polar mutants of 

qseE and qseF. QseF activates expression of EspFu, a non-LEE encoded effector that plays a 

pivotal role in pedestal formation by EHEC [28]. EspFu is translocated by the LEE-encoded 

TTSS into the enterocytes, where it promotes actin nucleation and polymerization, leading 

to formation of the pedestal-like structures underneath the bacterium, characteristic of the 

AE lesions.

The AI-3/epi/NE signaling system doesn’t seem to be restricted to EHEC. In silico analysis 

have found homologous of QseC in other bacterial species such as Salmonella sp, Shigella 

flexneri, Francisella tularensis, Haemophilus influenzae, Erwinia carotovoa, Pasteurella 

multocida, Ralstonia eutropha, Chromobacterium violaceum and others [29]. In vivo studies 

provide evidence that QseC histidine sensor kinase plays a major role in Salmonella 

typhimurium [30] and Francisella tularensis [31], since qseC mutants of these strains are 

attenuated in animal models.

Salmonella—Recent investigations suggest that NE can play a role in the pathogenesis of 

Salmonella. Bearson and Bearson [30] have studied the gene expression profile of 

Salmonella enterica serovar typhimurium to 2mM NE. Microarray analysis showed up-

regulation of flagellar genes fliA, fliY and fjB. These results were further confirmed by 

phenotypic analysis using motility plates. Enhanced motility caused by exposure to NE was 

blocked by phetolamine. In order to investigate the role of the qseC gene in Salmonella, a 

qseC mutant was constructed, and its motility phenotype was analyzed. Salmonella qseC 

mutant presented decreased motility compared to wt, even in the presence of NE, so the 

authors suggest that NE modulates Salmonella motility via the QseC sensor. In addition, the 

authors investigated the role of QseC in vivo during colonization of a swine model. 

Competition assays using WT and qseC mutant showed that the qseC mutant Salmonella 

was impaired in its ability to colonize the gastrointestinal tract of swines, so leading to 

speculations about the possible involvement of the AI-3/epi/NE interkingdom signaling 

during Salmonella colonization in vivo.

In a recent investigation of the effects of NE in the growth of Salmonella enterica, Methner 

et al[24] reported that . Surprinsingly, pre-treatment of bacteria with 50ug/mL of NE before 

inoculation resulted in increased intestinal colonization and systemic spread to the liver in 

chicken and mouse models. Mutations in the genes tonB and entS, involved in iron 

aquisition, didn’t have any impairment in their ability to colonize chickens or mice, 

reinforcing the idea that NE in more a signaling molecule than an iron source for Salmonella 

enterica in vivo.

Targeting bacterial cell-to-cell signaling mechanisms seems to be a clever strategy for 

development of new antimicrobial agents. Since QseC is not present in mammals and its 

importance for virulence in human pathogens, Rasko et al [29] performed a high-throughput 

screen in an attempt to identify inhibitors of QseC. This approach has successfully identified 
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LED209, a small molecule able to inhibit QseC-mediated virulence gene expression 

activated by Epi/NE at a picomolar range. LED209 was able to inhibit Salmonella 

typhimurium and Francisella tularensis virulence in vivo. The same effect was observed for 

EHEC in vitro but not in vivo. Importantly, in vitro cell culture assays has demonstrated that 

LED209 is not harmful for eukaryotic cells, not being able to block adrenergic regulation in 

these cells.

Vibrio parahemolyticus—Catecholamines are not restricted to Enterobacteraceae. 

Nakano et al (2007) investigated the effect of NE in the modulation of virulence in emerging 

pathogen V. parahemolyticus, providing additional evidence of adrenergic regulation of 

bacterial virulence. Exposure of Vibrio parahemolyticus to 50uM of norepinephrine (NE) 

enhanced cytotoxicity towards Caco-2 cells, in a TTSS1- (but not TTSS2) dependent 

manner. Since this effect was blocked by administration of the adrenergic receptors 

phentolamine and propranolol, it suggests that NE-enhanced cytotoxicity would be mediated 

by adrenergic receptors displayed by Caco-2 cells. Analysis of gene expression upon 

exposure to NE showed increased expression of genes associated with TTSS1, such as vscQ 

and vscU. Using a rat ligated ileal loop model, it was demonstrated that 100uM of NE 

caused increased accumulation of fluid. Interestingly, the increased enterotoxic activity 

caused by NE was blocked by administration of alfa1-adrenergic antagonist prazosin but not 

the alfa-2 adrenergic antagonist yohimbine or the beta-adrenergic antagonist propranolol. It 

suggests that the NE can modulate virulence of V. parahemolyticus by interacting with alfa1-

adrenergic receptors presented by the pathogen.

Dynorphin: opioids as a novel hormone hijacked by pathogenic bacteria—It is 

well established that in an organism undergoing, several hormones are released to restore 

homeostasis. Between the stress-related hormones are included the catecholamines 

adrenaline and noradrenaline; and opioids such as endorphin and dynorphin. Several reports 

show host-derived signaling molecules are able to activate bacterial virulence during stress 

responses. Given that opioids abundantly released during stress responses and at 

inflammatory sites, Zaborina et al [32] decided to investigate the influence of opioids in the 

quorum sensing system of P. aeruginosa. P. aeruginosa colonizes the lung of cystic fibrosis 

patients, where it forms a biofilm. Biofilm production is regulated by a complex quorum 

sensing mechanism involving 3 signaling molecules: HQNO, HHQ and PQS. Interestingly, 

the results showed that P. aeruginosa PAO1 could recognize k-opioid receptor agonists 

U-50,488 and dynorphin, and use it to enhance virulence by increasing the production of the 

three QS signals by up-regulating the operon pqsABCDE. There is evidence of opioids 

accumulation at inflammatory sites; so, this mechanism can be operating in the lung of CF 

patients, contributing to a persistent colonization by P. aeruginosa.

5-Rhomboid Proteins: Convergent Evolution

Rhomboid (RHO) proteins comprise a conserved family of serine proteases present in 

involved in the epidermal growth factor (EGF) signaling pathway. Although it has been more 

studied in Drosophila melanogaster development, RHO proteins are widespread, with 

homologous being found in eubacteria, archea, yeast and plants [33]. They present low level 

of sequence-similarity; in contrast, they present similarity at the structural level as well as 
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conserved aminoacid residues, which constitute a RHO domain[33]. RHO proteins are 

polytopic 7-transmembrane domain proteins displaying serine protease activity, responsible 

for processing the inactive membrane-associated form of EGFr into a secreted and active 

form.

The first prokaryotic member of the RHO family to be genetically characterized was the 

product of the gene aarA from the Gram-negative pathogen Providencia stuartii. The gene 

aarA is involved in the production of an unknown quorum sensing molecule, which 

represses the expression of an acetyl-transferase that modifies peptidoglycan and 

aminoglycosides. The observation that a RHO-related protein is involved in cell-to-cell 

signaling in this bacterium raised the speculation about evolutive convergence of the RHO 

proteins [34]. In an attempt to elucidate the function of RHO, Gallio et al [33] constructed a 

mutant of Drosophila defective for the production of RHO and a aarA-mutant of P. stuartii. 

They further tried to rescue the phenotypes of these mutants by complementing each mutant 

with a plasmid containing the gene encoding RHO protein of the reciprocal organism. Using 

wing development as a RHO-dependent reporter phenotype in flies, this group reported that 

aarA from P. stuartii was able to rescue wing development in rho-1- D. melanogaster. In 

addition, Drosophila rho-1 was proved to substitute AarA from P. stuartii and rescue cell-to-

cell communication activity in the aarA mutant bacteria. The authors speculate that RHO 

signaling could represent an ancient mechanism of cell communication, which could have 

been crucial for the evolution of multicellularity.

Recently, Stevenson et al [35] reported the identification of a natural substrate for the aarA-

encoded RHO protein of P. stuartii. In addition, they provided in vitro and in vivo evidence 

that the P. stuartii RHO protein mediates cleavage of TatA protein, resulting in activation of 

this integrant of the twin-arginine translocase (Tat) protein secretion system.
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Figure 1. 
Chemical signals used in cell-to-cell communication between bacteria and host.

Pacheco and Sperandio Page 11

Curr Opin Microbiol. Author manuscript; available in PMC 2016 May 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pacheco and Sperandio Page 12

Ta
b

le
 1

Si
gn

al
s,

 r
ec

ep
to

rs
 a

nd
 e

ff
ec

ts
 in

vo
lv

ed
 in

 c
ro

ss
ta

lk
 b

et
w

ee
n 

pa
th

og
en

ic
 b

ac
te

ri
a 

an
d 

m
am

m
al

ia
n 

ho
st

s

P
at

ho
ge

n
Si

gn
al

 s
ou

rc
e

B
ac

te
ri

al
 r

ec
ep

to
r

H
os

t 
re

ce
pt

or
E

ff
ec

ts
 in

 b
ac

te
ri

a
E

ff
ec

ts
 in

 t
he

 h
os

t

Ps
eu

do
m

on
as

 a
er

ug
in

os
a

3O
C

12
-H

SL
 b

ac
te

ri
al

L
as

R
PP

A
R
β/
δ 

PP
A

R
γ

Pr
od

uc
tio

n 
of

 v
ir

ul
en

ce
 f

ac
to

rs
 (

el
as

ta
se

, 
ex

ot
os

in
 A

),
 b

io
fi

lm
, r

eg
ul

at
io

n 
of

 rh
l Q

S 
sy

st
em

PP
A

R
β/
δ 

en
er

gy
, h

om
eo

st
as

is
, 

ce
ll 

pr
ol

if
er

at
io

n 
an

d 
di

ff
er

en
tia

tio
n 

PP
A

R
γ:

 a
nt

i-
in

fl
am

m
at

or
y

E
H

E
C

 S
al

m
on

el
la

 F
ra

nc
is

el
la

A
I-

3 
ba

ct
er

ia
l

Q
se

C
?

A
ct

iv
at

io
n 

of
 m

ot
ili

ty
, T

3S
S,

 S
hi

ga
-t

ox
in

?

E
H

E
C

 S
al

m
on

el
la

 F
ra

nc
is

el
la

A
dr

en
al

in
e 

N
or

ad
re

na
lin

e 
H

os
t

Q
se

C
A

dr
en

er
gi

c 
re

ce
pt

or
s

A
ct

iv
at

io
n 

of
 m

ot
ili

ty
, T

3S
S,

 S
hi

ga
-t

ox
in

St
re

ss
 r

es
po

ns
es

 E
le

ct
ro

ly
te

 
ba

la
nc

e 
In

te
st

in
al

 m
ot

ili
ty

Ps
eu

do
m

on
as

 a
er

ug
in

os
a

D
yn

or
ph

in
 A

 H
os

t
?

K
ap

pa
-o

pi
od

 r
ec

ep
to

rs
In

cr
ea

se
d 

ex
pr

es
si

on
 o

f 
pi

oc
ya

ni
n 

an
d 

qu
or

um
 

se
ns

in
g 

m
ol

ec
ul

es
 q

ui
no

lo
ne

-b
as

ed
M

od
ul

at
io

n 
of

 a
na

lg
es

ic
 

re
sp

on
se

s

Curr Opin Microbiol. Author manuscript; available in PMC 2016 May 02.


	Abstract
	Graphical Abstract
	Introduction
	Quorum sensing molecules talking to the host
	Host response to bacterial autoinducers
	Host hormones talking to bacteria
	Salmonella
	Vibrio parahemolyticus
	Dynorphin: opioids as a novel hormone hijacked by pathogenic bacteria

	5-Rhomboid Proteins: Convergent Evolution

	References
	Figure 1
	Table 1

