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The cytosolic NOD-Like Receptors (NLRs,
also known as CATERPILLERs, NODs or
NALP/PAN/PYPAFs) are nucleotide-bind-
ing oligomerization domain containing
receptors.

Todate, 22 NLRs have been identified in
humans and constitute a major class of
intracellular pattern recognition receptors
(PRRs).

The mammalian NLRs can be divided

into four subfamilies, based on different
N-terminal effector domains. The effector
domains found in NLRs are CARDs, pyrin
domains (PYDs), baculoviral inhibitor of
apoptosis repeat (BIR) domains, or the
transactivator domain (AD).
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The designated subfamilies are (based

on the initial of the domain name): NLRC
(formely known as NODs), NLRP (formerly
known as NALPs), NLRB (formely known as
NAIP or Birc) and NLRA.

NLRs sense infection and stress through
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the recognition of cytoplasmic pathogen-as-
sociated molecular patterns (PAMPs) and
damage-associated molecular patterns
(DAMPs), respectively.

Subsequently, NLRs orchestrate an inflam-
matory response, autophagy or cell death.

The physiological importance of these
cytosolic sensors is underscored by a high
incidence of genetic mutations that are
associated with chronic inflammatory or
autoimmune disorders.

] NOD1 AND NOD2

The founding NLRs members NOD1
(CARD4) and NOD2 (CARD15) fall into the
NLRC subfamily and contain one and two
N-terminal CARD domains, respectively.
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NOD1 and NOD2 recognize distinct motifs of peptidoglycan Further, it has been been demonstrated that NAIPs (NLRB subfam-
(PGN), an essential constituent of the bacterial cell wall. ily members) serve as NLRC4 inflammasome receptors for flagellin
NOD1 senses the D-y-glutamyl-meso-DAP dipeptide (iE-DAP), and a conserved type Il secretion system (TTSS) rod component [,

which is found in PGN of all Gram-negative and certain Gram-posi-
tive bacteria "2 whereas NOD2 recognizes the muramyl dipeptide ~ NLRX1 (NOD?9) is the first NLR protein shown to be localized at the

(MDP) structure found in almost all bacteria. mitochondria (19,
Thus NOD2 acts as a general sensor of PGN and NOD 1 isinvolved ~ NLRX1 negatively impacts antiviral inflammatory response via the
in the recognition of a specific subset of bacteria. RIG-I/IPS-I sensing pathway 112 and LPS-elicited responses via

the TRAF6-IKK signaling pathway 1213,
Both iE-DAP and MDP must be delivered intracellularly either by
bacteria that invade the cell or through other cellular uptake mech-  Conversely, it has been shown that NLRX1 positively controls NF-

anisms. Ligand bound NOD1 and NOD?2 oligomerize and signal kB and JNK signaling pathway to activate reactive oxygen species
via the serine/threonine RIP2 (RICK,CARDIAK) kinase through (ROS) production in response to TNF-a, poly(l:C), and pathogens [+
CARD-CARD homophilic interactions . 18],

Once activated, RIP2 mediates ubiquitination of NEMO/IKKy lead-

ing to the activation of NF-xB and the production of inflammatory Further studies are needed to clarify the role of NLRX1 in antiviral
cytokines. Furthermore, poly-ubiquitinated RIP2 recruits TAK1, immunity.

which leads to IKK complex activation and the activation of MAPKs [,

Signaling by NOD2 has been shown to involve the adapter protein I NLRPS (NALPS)
CARD9, to mediate p38 and JNK signaling through RIP2 &/,

The NLRP subfamily consists of 14 members characterized by their

PYD effector domains.

At least two types of NLRP inflammasomes have been identified:
the NLRP1 inflammasome comprising NLRP1 (NALP1,

Genetic mutations in NOD2 are associated with Crohn’s disease, a
chronic inflammatory bowel disease .
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interacts with the CARD-containing adaptor CARDS (Car-
dinal) to recruit additional caspase-1.

Two molecules activate NLRP1: MDP and the anthrax toxin.
NLRP1 oligomerization induced by MDP requires ATP. The anthrax
toxin was shown to activate the murine variant of NLRP1 (NALP1b)
suggesting NLRP1 inflammasome activation in the immune re-
sponse to Bacillus anthracis infection 7.

Schematic structure of Lys-PGN (found in Gram-positive bacteria)
and DAP-PGN (found in Gram-negative bacteria)

] NLRC4 AND NLRX1

NLRP3 mediates caspase-1 activation in response to a wide variety

NLRC4 (IPAF, CLAN/CARD12) belongs to the NLRC subfamily. of stimuli: whole bacteria (L. monocytogenes, S. aureus), bacterial
NLRC4 plays a key role in the regulation of caspase-1 by forming a RNA, synthetic purine-like compounds (R848, R837), uric acid
multiprotein complex called the “inflammasome”. crystals, amyloid-b, extracellular ATP and pore-forming toxins

(nigericin, maitotoxin) [1&20]
Caspase-1 participates in the processing and subsequent release

of proinflammatory cytokines, such as IL-1p and IL-18. Caspase-1 Mutations in NLRP3 are associated with inherited autoinflammato-
activation induced by cytosolic flagellin has been shown to be NL- ry diseases called cryopyrin-associated periodic syndromes (CAPS),
RC4-dependent, but TLR5-independent!. such as familial cold autoinflammatory syndrome and Muckle-Wells
Thus, it appears that TLR5 and NLRC4 are distinct sensors that syndrome 121,

respond to extracellular and cytosolic flagellin, respectively €.
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