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Campylobacter jejuni transducer like proteins: Chemotaxis and beyond
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ABSTRACT
Chemotaxis, a process that mediates directional motility toward or away from chemical stimuli
(chemoeffectors/ligands that can be attractants or repellents) in the environment, plays an
important role in the adaptation of Campylobacter jejuni to disparate niches. The chemotaxis system
consists of core signal transduction proteins and methyl-accepting-domain-containing Transducer
like proteins (Tlps). Ligands binding to Tlps relay a signal to chemotaxis proteins in the cytoplasm
which initiate a signal transduction cascade, culminating into a directional flagellar movement. Tlps
facilitate substrate-specific chemotaxis in C. jejuni, which plays an important role in the pathogen’s
adaptation, pathobiology and colonization of the chicken gastrointestinal tract. However, the role of
Tlps in C. jejuni’s host tissue specific colonization, physiology and virulence remains not completely
understood. Based on recent studies, it can be predicted that Tlps might be important targets for
developing strategies to control C. jejuni via vaccines and antimicrobials.
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Campylobacteriosis: An overview

Disease caused by Campylobacter are referred to as
campylobacteriosis, a usually self-limiting gastrointes-
tinal illness in humans that is characterized by diar-
rhea, fever and abdominal cramps and an incubation
period of 2–5 d.1,2 Campylobacter infections in
humans can be associated with serious and compli-
cated post-infection sequelae such as Guillian Barre
syndrome (GBS), immunoproliferative small intestinal
disease and reactive arthritis.3 GBS is an autoimmune
demyelinating polyneuritis of the peripheral nervous
system, with an annual incidence of 0.4–0.6 cases per
100,000 individuals.4,5

C. jejuni infects approximately 1 million people
each year6 and accounted for 22,500 disability adjusted
life years (DALYs) in the USA.7 In 2014, Campylobac-
ter infections had an incidence of 13.45 in every
100,000 people, surpassing the 8.5 person target set by
the Centers for Disease Control and Prevention in
2020.8 Furthermore, the incidence of Campylobacter
infection increased in 2014 by 13% in comparison to
2006–2008.8 The Food and Drug Administration
(FDA, USA) has placed Campylobacter species in the

list of “qualifying pathogens” that are capable of posing
a serious public health risk.9 Campylobacteriosis is
estimated to cost about $1.7 billion in economic losses
annually in the USA.10 Additionally, the incidence of
campylobacteriosis in the European Union (EU) can
range between 2 million to 20 million according to an
EFSA (European Food Safety Authority) study.11

However, the disease is frequently underreported, sug-
gesting that the incidence of campylobacteriosis in the
USA and EU could be higher. These observations
highlight the global burden of campylobacteriosis and
the need for controlling Campylobacter.

Sources and transmission of C. jejuni

C. jejuni is ubiquitous, occurring in many hosts and
environmental niches. This bacterium can be isolated
from the intestinal tract of otherwise healthy domestic
and wild animals as well as avian species, specifically
chickens and turkeys.12,13

Poultry, especially chickens are natural reservoirs
of C. jejuni, which inhabits the chicken gastrointesti-
nal tract with high numbers (»108 Colony Forming
Units (CFU)/g of cecal content).14,15 C. jejuni rapidly
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spreads in commercial flocks, likely via horizontal
transmission and from environmental sources, farm
workers, or other farmed animals to poultry houses.16

The high densities of C. jejuni in the broiler gastroin-
testinal tract facilitate the contamination of chicken
carcasses and cognate meat products during slaughter
and processing.17,18 For example, an accidental leak
or rupture of the intestine can result in contamina-
tion of the chicken carcass skin.19 C. jejuni can per-
sist and grow on chicken skin, even in a controlled
atmosphere packaging at room temperature.20,21 The
increase in demand on and consumption of poultry
meat makes them a major source of human infec-
tions in developed countries.22 A significant portion
of campylobacteriosis cases in humans have been
associated with the consumption and handling of
chicken meat contaminated with C. jejuni.23 This
pathogen is also harbored in the intestinal tract of
healthy cattle with a prevalence rate of 0–80%.24

Consequently, the consumption of raw milk cross-
contaminated by fecal matter during milking or due
to contamination of an udder is a source of C. jejuni
infection in humans.25,26 Another reported source of
C. jejuni infection is consumption of untreated water
or rain water.27 However, since poultry remain a pre-
dominant source for Campylobacter infections in
developed countries, it is predicted that the reduction
of C. jejuni loads in birds at the farm level and before
slaughter would significantly decrease food-borne
campylobacteriosis in humans.28,29 Thus, efforts have
been historically focused on devising control strate-
gies to limit C. jejuni in meat producing poultry.

Chemotaxis and colonization

Effective control of C. jejuni requires a better under-
standing of the biology of this enteric pathogen. Despite
existing genome information and recent advances in
understanding the biology of C. jejuni, more studies are
still needed on various colonization factors and viru-
lence mechanisms of this pathogen. Unlike other enteric
pathogens, the relatively small genome of C. jejuni lacks
canonical virulence mechanisms like pathogenicity
islands and type III secretion systems and classical stress
response factors like the stationary phase sigma factor,
RpoS.30 Taken together, these observations raise many
questions: 1) how can C. jejuni persist in markedly dif-
ferent niches such as animal hosts, farm environment,
contaminated food, water, or raw milk?, 2) how can C.

jejuni transit through the acidic gastric barrier to colo-
nize the mucus layer of the intestine in the host?, 3) and
how can C. jejuni, a fastidious organism, adapt to the
hostile environments in the host and the para-host
milieu? To answer these questions, researchers have
implicated several mechanisms and biologic processes
such as flagellar motility, biofilm formation, and alter-
native stress responses in C. jejuni’s ability to adapt and
persist in an environment and to colonize, invade and
interact with host cells.31-33 In this manuscript, the
potential role of chemotaxis in facilitating C. jejuni’s
adaptation along with cognate implications will be
discussed.

The chemotaxis sensory system controls bacterial
motility to introduce a swimming bias toward favorable
environment or away from unfavorable conditions.
Chemotaxis is mediated by a 2-component regulator
system (TCS), which consists of a membrane-associated
histidine autokinase/sensor and a cytoplasmic response
regulator protein. TCS facilitates sensing and respond-
ing to a stimulus and thus plays an important role in
the pathobiology of enteric pathogens.34 Therefore, che-
motaxis has been extensively investigated in enteric
pathogens such as Escherichia coli which represents a
paradigm for understanding chemotaxis in other bacte-
ria, including C. jejuni.35 C. jejuni is chemotactic
toward many components of the host’s intestinal
mucus layer such as mucin, amino acids and organic
acids and flagellar motility in this pathogen facilitates
host colonization.36 A recent study showed that chemo-
taxis is an essential phenomenon that contributes posi-
tively to the potential of C. jejuni strains to
competitively colonize the chicken gastrointestinal
tract.37 To facilitate the understanding of this phenome-
non, it was essential to investigate the mechanism of
chemotaxis and the components of C. jejuni signal
transduction system by drawing meaningful compari-
sons with systems in E.coli and other bacteria. The
genome sequence of C. jejuni NCTC11168 revealed
orthologs of chemotaxis and aerotaxis genes.30 The
genome also harbored genes encoding methyl accepting
chemotaxis proteins called transducer like proteins
(Tlps) that sense extracellular signals or stimuli in the
form of ligands and transmit these signals to the
cytoplasmic core chemotaxis signal transduction
(Che) proteins network.38 The Che proteins of C.
jejuni include CheA, CheB, CheR, CheW, CheV and
CheY. Therefore, it appears that C. jejuni relies
heavily on an extended chemotaxis network, which
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suggests that this phenomenon might be critical for
its adaptation and success as foodborne pathogen.

The Campylobacter chemotaxis system and the
chemosensory complex

Chemotaxis fundamentally relies on a 2-component
system for signal transduction that is common for the
different stimuli-detecting chemoreceptors (see below
for discussion on Tlps) and on scaffold proteins. The
2-component system consists of a membrane-associ-
ated histidine autokinase/sensor (CheA) and a cyto-
plasmic response regulator protein (CheY). Both
aforementioned Che proteins play a pivotal role in C.
jejuni chemotaxis. The CheA is a core signal transduc-
tion protein that undergoes autophosphorylation and
transfers the phosphate group to CheY, which inter-
acts with flagellar motor switch proteins FliM and
FliN in the phosphorylated state to mediate reorienta-
tion of the bacterial cells with clockwise rotation of
the flagella in response to a stimulus.35,39,40

Chemotaxis systems in Campylobacter spp. exhibit
“sensory adaptation” which is defined as the restora-
tion to a pre-stimulus state (resetting) in the continu-
ous presence of a stimulus (chemoeffector).41 This is
brought about by 2 possible mechanisms: 1) the
manipulation of the methylation status of methyl
accepting chemotactic domains in the Tlp chemore-
ceptors which is mediated by 2 enzymes, a methyles-
terase CheB and methyltransferase CheR.42 2) the
competition between the scaffold proteins, CheV and
CheW, which show disparate affinities to different
chemoreceptors.43 CheW is thought to interact with
the signaling domains of Tlps to form a Tlp-CheW-
CheA ternary complex.44,45 Furthermore, the N-termi-
nal region of CheV is thought to harbor a “CheW-
like” domain that is connected to an additional
response regulator domain in the C-terminal region.46

The varying affinities of CheW and CheV to different
chemoreceptors confirm that chemotactic responses
can occur via different signaling pathways. Taken
together, these observations highlight a complex and
elegant system that conveys the necessary plasticity
that is required for the environmental adaption of a
pathogen.

C. jejuni transducer like proteins

As mentioned earlier, chemotactic signals in bacteria
are detected by dedicated groups of transmembrane

chemoreceptors that are referred to as Transducer
Like Proteins (Tlps). The ability of bacteria to respond
to different ranges of chemical stimuli depends on its
chemoreceptor repertoire(s) as well as their sensitivity
and specificity toward a chemoeffector.47,48 The num-
ber and kind of chemoreceptors in bacteria vary. For
example, there are 5 kinds of chemoreceptors in E.
coli, 8 in the soil bacterium Sinorhizobium meliloti, 4
in H. pylori, 26 in P. aeruginosa, 13 in Rhodobacter
sphaeroides and 45 in V. cholerae.49-52 This variation
has been attributed to the complexity in bacterial life-
style and their ability to adapt to different environ-
ments and growth conditions.53 Furthermore, ternary
core signaling complexes (chemoreceptors-CheA-
CheW) form cooperative clusters that include teams
of chemoreceptors to enhance CheA activity, amplify
the chemotactic signal and increase the sensitivity to a
stimulus.54,55 Therefore, a complex chemotactic
response is possibly dictated by inter-connectivity and
cooperation between comingled chemoreceptor clus-
ters.56 This conveys a remarkable adaptation potential
and finely attunes the bacterial cell to its environment.

The genome sequence of C. jejuni NCTC11168 spe-
cifically revealed the presence of homologs of the che-
motactic pathway which includes 10 putative
chemotactic sensory receptors (Tlps 1–10) and 2 aero-
taxis receptors. C. jejuni Tlps have been classified into
3 groups (A-C) based on sequence analysis and struc-
tural homology (Fig. 1).57 The group A Tlps (Tlp1, 2,
3, 4, 7 and 10) possess 2 membrane spanning trans-
membrane domains, a periplasmic ligand binding
domain and a cytoplasmic signaling domain.57 Tlp9
(CetA) is the only group B Tlp, which along with CetB
constitutes the bipartite energy taxis system in C.
jejuni.58 Tlps of group C (Tlp5, 6 and 8) possess a sin-
gle cytoplasmic signaling domain, and probably detect
cytosolic signals.57 C. jejuni was shown to be chemo-
tactic toward L-fucose, L-aspartate, L-cysteine, L-glu-
tamate, L-serine, organic acids (pyruvate, succinate,
fumarate, citrate, malate, and a-ketoglutarate), bile
(beef, chicken, and oxgall) and mucin (bovine gall-
bladder and hog gastric).36 Taken together, the afore-
mentioned potential adaptations associated with
chemotaxis might be essential in enabling C. jejuni to
persist in diverse niches.59 C. jejuni Tlps are discussed
below. Tlp5 will not be included in the discussion
because a tlp5 mutant in C. jejuni could not be gener-
ated and its contributions, if any, to the adaptation of
this pathogen could not be assessed.60,61
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Tlp1

Tlp1 is a group A chemoreceptor involved in sensing
aspartate via specific interaction between the sensory
domains of Tlp1 and aspartate. After binding to aspar-
tate, Tlp1, interacts with the scaffolding protein CheV
to relay the signal to CheA.62 The Tlp1 signaling
domain interacts with both CheV and CheW but has
a greater preference for CheV.62 A recent crystallo-
graphic analysis revealed that sensing aspartate is indi-
rect with the involvement of an unidentified
periplasmic binding protein.63 The crystal structure
also revealed the presence of a periplasmic Per-Arnt-
Sim (PAS) sensing domain with no ligand binding
pockets or consensus motifs for amino acid recogni-
tion.63 The cytoplasmic domain of this chemoreceptor
shows 47% similarity to the cytoplasmic domain of
the Tar receptor of E. coli and is the most conserved
Tlp in Campylobacter spp62,64 A C. jejuni tlp1 deletion
mutant showed increased swarming motility and a
run-biased phenotype and decreased chemotaxis
toward aspartate.62 A tlp1 mutant in C. jejuni

NCTC11168-O showed an increased ability to adhere
to and invade human epithelial (Caco-2) cells in
vitro.62 However tlp1 mutants in C. jejuni
NCTC11168-O and a variant strain (NCTC11168)
were defective in colonization of the chicken gastroin-
testinal tract, possibly due to the decreased sensing of
aspartate, an important source of energy for C.
jejuni.62,65 Furthermore, another study showed that
Tlp1 was not required for colonization by the highly
invasive strain, C. jejuni 81–176.66 Therefore, the
impact of Tlp1 might depend on the host and the C.
jejuni strain under study. If so, this serves as an indica-
tion of C. jejuni adaptation capabilities that might be
associated with Tlps.

Tlp3

Tlp3, another group A Tlp, shows homology to signal-
ing domains in E. coli and H. pylori chemoreceptors.57

Interestingly, the Tlp3 can bind to different chemoat-
tractants and chemorepellents, including isoleucine,
aspartate, purine, malic acid, fumaric acid, and lysine,

Figure 1. Domain architecture of chemoreceptors and chemotaxis proteins of Campylobacter jejuni 81–176 (in order of their location in
the C. jejuni genome annotations) based on the Pfam (Pfam 27.0, March 2013; http://pfam.sanger.ac.uk/) and SMART (http://smart.
embl-heidelberg.de/) analysis, with conserved domains represented in identically shaded regions. The transmembrane domains are
abbreviated as Tm. Tar and Cache acronyms are derived from the proteins, prokaryotic aspartate receptor and animal Ca2C channel sub-
units, respectively. The PAS domain was named after the period circadian protein-Per, the aryl hydrocarbon receptor nuclear transloca-
tor -Arnt and the single-minded protein –Sim. The HAMP domain is found in Histidine kinases, Adenylate cyclases, Methyl accepting
proteins and Phosphatases. MCP stands for methyl-accepting chemotaxis receptor protein.
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glucosamine, succinic acid, arginine and thiamine,
respectively.67 Therefore, renaming the Tlp3 receptor
to Campylobacter receptor for Multiple Ligands was
proposed.67 Here, it also appears that both Tlp1 and
Tlp3 play a role in mediating chemotaxis toward
aspartate.62 This suggests that different Tlps might
have overlapping (redundant)/cooperative chemotac-
tic functions toward important substrates, probably
enhancing the competitiveness of C. jejuni and its sur-
vival. Tlp3 also mediates chemotaxis to sodium deoxy-
cholate or bile which is essential for C. jejuni’s
successful jejunal colonization of mice.68 Tlp3 also
plays a role in motility, autoagglutination and biofilm
formation, because a tlp3 mutant exhibited decreased
motility but increased autoagglutination and biofilm
formation.67 Notably, the motility defects were not
attributed to any genes involved in flagellar develop-
ment and function.67 Additionally, tlp3 is essential for
invasion and adherence of Caco-2 cells but did not
affect C. jejuni’s colonization of the avian gut.67

Variations in Tlp3 have been observed between C.
jejuni strains. The C. jejuni 81–176 Tlp3 homolog has
a naturally occurring mutation. The CJJ81176_1548
and CJJ81176_1549 encode the periplasmic and cyto-
plasmic domains of Tlp3, respectively. There is a
nucleotide deletion in the sequence of CJJ81176_1548
at position 1467624 (A) in the genome, consequently
changing the reading frame of the transmembrane
and cytoplasmic domains (CJJ81176_1549) and
resulting in incorrect translation and production of a
non-functional Tlp3 protein. There are additional
mutations in the periplasmic and cytoplasmic
domains with several intervening stop codons. Based
on this information and previous reports, a functional
Tlp3 seems to be absent in the C. jejuni 81–176.67,69 A
recent study on the expression of tlp genes in different
C. jejuni strains also pointed out that tlp3 expression
was absent in the C. jejuni 81–176 strain.64 It might be
important to note that a functional Tlp3 and its role
in aspartate chemotaxis might explain why tlp1
mutants resulted in different colonization phenotypes
in different strains.

Tlp 7

Tlp7 is another well characterized chemoreceptor of
C. jejuni.70 It is the most highly expressed chemore-
ceptor protein in tested C. jejuni strains. The Tlp7 is
encoded by 2 genes in C. jejuni NCTC11168 (cj0952c-

cj0951c). In contrast, in C. jejuni 81–176 and 81116
strains the corresponding protein is encoded by only
one gene that covers the transmembrane domain, the
HAMP (found in Histidine kinases, Adenylate
cyclases, Methyl accepting proteins and Phosphatases)
domain as well as the MCP (Methyl-accepting Che-
motaxis receptor Protein) signal domain. Therefore,
Tlp7 in C. jejuni NCTC11168 might be translated as 2
separate proteins and not as a single chemoreceptor.

Tlp7 was identified to be a sensor for chemotaxis
toward formate, which was notable because formate is
a primary energy source and defects in formate
metabolism adversely affect important survival pheno-
types in C. jejuni.71 However, the utilization of for-
mate by C. jejuni was unaffected by the absence of
Tlp7.70 Furthermore, tlp7 was essential for motility
and invasion of host cells in vitro, but it did not appear
to impact colonization of the chicken cecum.66

Other Tlps (Tlp2, Tlp4, Tlp6 and Tlp10)

Tlp2, 4 and 10 belong to Group A Tlps, whereas Tlp6
belongs to group C proteins that possess cytoplasmic
signaling domains but lack the transmembrane and
periplasmic binding domains. The group C Tlp recep-
tors of C. jejuni are relatively less understood in com-
parison to other chemoreceptors. Recent studies
indicated that Tlp6 (Group C) and Tlp10 (Group A)
are involved in chemotaxis toward aspartate and glu-
tamate.60,72 This further corroborated that heterolo-
gous chemoreceptors can cooperate/overlap to
mediate chemotaxis toward a particular substrate in
C. jejuni similar to other bacteria such as S. meliloti
and E. coli.67,73,74 Tlps1, 3 and 10 were identified as
chemoreceptors for aspartate, a redundancy/overlap
that suggests that chemotaxis toward aspartate might
have essential implications for C. jejuni survival and
adaptation.

Chemotaxis substrates can act as carbon or nitro-
gen sources (such as sugars, amino acids, Krebs cycle
intermediates) or compounds that function as electron
acceptors like oxygen, nitrate, and fumarate.75 Inter-
estingly, Tlp6 and 10 were involved in chemotaxis
toward TCA cycle organic acids such as isocitrate,
succinate, propionate, and fumarate.60 The above
observations corroborate that Tlps moderate chemo-
taxis toward a favorable environment with an opti-
mum concentration of metabolites that affect the
energy status of the bacteria.76 This clearly bestows a
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competitive advantage and facilitates the survival and
persistence of C. jejuni in a given environment.

The group A Tlps, Tlp3 and Tlp4, were similalry
essential for mediating chemotaxis toward sodium
deoxycholate (a bile component).68 However, the Tlp4
extracellular ligand binding domain is not similar to
that of Tlp3. This suggested that the Tlp4, in compari-
son to Tlp3, may be involved in mediating chemotaxis
toward different or additional substrates. A similar
observation was noted for Tlp2 (another group A
Tlp). Indeed, it appears that Tlp2 plays an indirect
role in mediating chemotaxis toward iron and inor-
ganic phosphate (Chandrashekar et al, unplublished
data), 2 very important factors in maintaining cellular
homeostasis and in facilitating diverse essential func-
tions.77,78 In P. aeruginosa, inorganic phosphate (Pi) is
a chemoattractant and chemotaxis toward Pi is medi-
ated through 2 chemotaxis transducers, designated
CtpH and CtpL.79 CtpH was required for chemotaxis
at a higher Pi concentration, while CtpL senses lower
Pi concentrations. The ctpL was induced under Pi lim-
ited conditions and controlled by the phosphate (Pho)
regulon.80 In C jejuni, it remains unclear if chemotaxis
toward these substrates indicates interaction with the
Pho or iron uptake (Fur) regulons. Nevertheless, the
vital importance of these 2 regulons and associated
prospects further elevate Tlps to potentially central
roles in facilitating the survival and adaptation of C.
jejuni.

Tlp8 and Tlp9: Tlps that are involved in energy taxis

Energy taxis is one of the primary forms of environ-
mental navigation in C. jejuni.58 Studies on C. jejuni
strain 81–176 and NCTC 11168 identified 2 mem-
brane associated chemotaxis transducers; CetA and
CetB. The CetAB system constitutes the bipartite
energy taxis system in C. jejuni.58,61 It comprises 2 co-
transcribed ORFs which encode a membrane-bound
methyl-accepting-domain-containing protein and
cytoplasmic PAS-domain protein, CetA (Tlp9) and
CetB (Aer2), respectively.81 Deletion of cetA and B in
the C. jejuni 81–176 strain resulted in decreased motil-
ity in agar plates supplemented with fumarate and
pyruvate.61 Furthermore, a recent study also identified
2 additional genes involved in C. jejuni energy taxis,
the cetC (aer1) and cetZ (tlp 8). CetC functions in con-
cert with CetB to form sensing complexes with CetA.
CetA but not CetB contributed to host cell invasion;

however, both these proteins did not affect chicken
colonization.66,82 Compared to the CetAB proteins,
CetZ has 2 PAS domains and a methyl-accepting sig-
nal domain and has an antagonistic effect on energy
taxis.83 Additionally, the CetZ (Tlp8) mutant was
shown to be defective in biofilm formation under
microaerophilic conditions and exhibited increased
motility in semi-solid agar.60 BLAST analysis of Tlp8
revealed a 41% identity with BdlA protein of P. aerugi-
nosa. BdlA is a putative methyl-accepting-domain-
containing protein which mediates biofilm dispersion
in P. aeruginosa, a motility independent phenotype.84

However, unlike BdlA, Tlp8 doesn’t contribute to bio-
film shedding.60 Overall, these observations highlight
potential complex interactions between Tlps, energy/
nutrient sensing, motility, and biofilm formation
which influence the pathobiology of C. jejuni.

TLP functions beyond chemotaxis

Chemosensory systems in bacteria are classified func-
tionally into those regulating flagellar motility, type-IV
pili based motility, and alternative cellular functions
(ACF).44 The ACF signaling pathways are known to
regulate cellular developments, biofilm formation and
other diverse processes.85,86 For example, the ACF
pathways in P. aeruginosa control biofilm formation
and virulence.86,87 Also, BdlA, senses environmental
cues to trigger biofilm dispersion in P. aeruginosa.84

Despite the involvement of chemotaxis transducers in
ACFs, the specific signals or environmental cues that
trigger these pathways are not defined yet.

Studies in important pathogens such as V. cholerae
have described an essential role for Tlps in virulence
and pathogenesis. Flagellar mediated chemotaxis con-
tributes to V. cholerae colonization and infectivity,
enabling this enteric pathogen to colonize the lower
intestinal tract.88 Specifically, TcpI and AcfB, 2 V.
cholerae chemotaxis transducers located within the
Vibrio Pathogenicity Island, contribute to site specific
intestinal colonization and to motility. Furthermore,
V. cholerae taxis toward multiple amino acids (aspara-
gine, arginine, glutamate, and serine) is mediated by
Mlp24 (MpcX), which is required for the expression
of genes encoding the cholera toxin (CT) and the reg-
ulation of virulence determinants controlled by the
ToxR regulon.89,90

Chemotaxis is also a key contributor to H. pylori’s
virulence, where it is essential for: 1) establishing
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infection, 2) achieving high infectivity, 3) maintaining
infection and 4) affecting localization within the stom-
ach in a mouse model of infection.91 H. pylori chemo-
taxis mediators, TlpA and C, promote colonization of
the stomach in animal models.92,93 Furthermore, TlpB
is important for pH taxis and sensing AI-2 (the quo-
rum sensing molecule), while TlpD, an energy sensor,
is also important for persistent H. pylori infections
and colonization in the stomach.94-99

Recent studies have indicated that Gram negative
bacteria utilize chemosensory signal transduction sys-
tems to counter environmental stress.100 Conse-
quently, the aforementioned studies on several
important bacterial pathogens suggest a far reaching
impact for Tlps that affects survival and virulence
mechanisms. This was corroborated in C. jejuni,
where studies have shown that Tlps play a role in
important cellular functions. For example, in-vitro
studies on Tlp1, Tlp3, Tlp4, and Tlp10 of C. jejuni
NCTC11168 showed that they play a role in invasion
of human intestinal epithelial and chicken embryo
cells.58,70 The tlp8 and tlp9 deletion mutants of C.
jejuni 81–176 were defective in invasion of INT407
cells.60,82 Considering that a Dtlp8 (CetZ) mutant was
defective in biofilm formation despite exhibiting an
increased motility, Tlp8 might play a role in virulence
and biofilm formation through flagella independent
mechanisms.60 The hypermotility of the Dtlp8 mutant
might favor randomly detecting energy, compensating
for the impairment of this chemoreceptor.60

Tlps contribute to differential colonization of C.
jejuni in different sections of the chicken gastrointesti-
nal tract (cecum, jejunum, and duodenum). For exam-
ple, Tlp4 and Tlp10 (DocB) affected cecal colonization
by C. jejuni.60,66 Specifically, a tlp10 deletion mutant
was defective in colonization of the chicken gastroin-
testinal tract, with undetectable levels of the mutant in
the proximal small intestines and 10 to 100 fold reduc-
tions in the large intestines.60 The Dtlp6 and 10
mutants also colonized differently in the duodenum
and the jejunum.60

Collectively, the evidence discussed above might
indicate that the chemotaxis system in C. jejuni have
evolved to sense substrates that might commonly be
associated with the gastrointestinal tract of its host(s),
a preferred niche for this pathogen. This in turn sug-
gests that there is a direct or indirect link between the
chemotaxis system and factors/functions that allow C.
jejuni to survive and persist in that niche. For

example, sensing certain substrates might be an incen-
tive to form biofilms, modulate motility, and/or resist
stress and minimize energy expenditure both in the
host and parahost niches. However, this exciting pros-
pect requires a significant amount of analysis to estab-
lish a clear relationship between the differences in
specific nutrient availability for C. jejuni and the colo-
nization site or niche. Nevertheless, this knowledge
will shed an unprecedented light on the workings and
adaptations of an important and intriguing pathogen.

Conclusions and future prospects

Here, we highlighted the role of Tlps in chemotaxis
and host adaptation of C. jejuni, an important food-
borne pathogen. These chemoreceptors also appear to
affect functions other than nutrient sensing such as
biofilm formation, motility, and host colonization.
Based on the available literature, it is clear that the
Tlps are important in the biology of C. jejuni and its
ability to respond to both favorable and unfavorable
cues in its environment. Tlps are likely integral for ini-
tiating many complex interactions between different
pathways to favor the survival and adaptation of C.
jejuni in a given niche. This can be gleaned from the
far reaching implications associated with impairing
the chemotaxis system in C. jejuni. A prime example
is the impact on C. jejuni’s colonization of the chicken
gastrointestinal tract. The latter is a rich source of sub-
strates, and a nutrient sensing mechanism (chemo-
taxis) provides C. jejuni with a competitive advantage
to colonize this niche.37 For example, fumarate, which
acts as an alternate electron acceptor in an oxygen
limited environment, is found in the intestine where
C. jejuni favors fumarate respiration.101 Similarly, the
availability of free amino acids and organic acids, pro-
duced by intestinal microbiota contributes to render-
ing the environment favorable for C. jejuni
colonization.102 Therefore, identification of chemore-
ceptors specifically sensing ligands such as fumarate
or amino acids (e.g. aspartate, serine, and glutamate)
will aid in targeting C. jejuni colonization of the avian
gut. Furthermore, exploring the interaction of chemo-
receptors with other regulatory pathways that contrib-
ute to C. jejuni host adaptation might identify novel
mechanisms. Of particular interest is the role of Tlps
in survival mechanisms such as biofilm formation and
resistance to different stresses. In this regard there are
many speculative questions that remain unanswered.
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For example, 1) could nutrient sensing contribute to a
shift from a motile to sessile phenotype, promoting
the establishment of biofilm? 2) Alternatively, could
the Tlps indirectly initiate the dispersal of C. jejuni
biofilms in response to an environmental cue? Fur-
thermore, chemotaxis toward inorganic substrates has
not received equal attention as compared with other
substrates. This might open new frontiers in terms of
the understanding of the biology of C. jejuni. For
example, could sensing of inorganic substrates such as
iron be associated with enhancing resistance to oxida-
tive stress, given that free iron can contribute the pro-
duction of lethal hydroxyl radicals (the Fenton
reaction)? Iron is also a component of the Fe-S clus-
ters of metalloproteins that have various cellular func-
tions, which opens up staggering possibilities.
Additionally, chemotaxis toward phosphate harbors
much potential. For example, the metabolism of inor-
ganic polyphosphate has been associated with pleio-
tropic phenotypes and regulatory functions in C.
jejuni.77 All these possibilities and many others and
cognate cellular mechanisms remain to be fully inves-
tigated. Antibiotic-resistant C. jejuni strains are
increasing, which limits the efficacy of antimicrobial
therapy and there are currently no commercially avail-
able vaccines against this pathogen. Therefore, unrav-
elling the functions of chemoreceptor proteins holds
great promise for developing novel drugs or vaccines
that selectively target this enteric pathogen.
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