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• Metazoa

• Simultaneous threats: Viruses, Bacteria, Archea, fungi, individuals of the same 
• species, damaged tissues,variants of self.

• Simultaneous responses:   Physical barriers, Phagocytosis, RNA interference, restriction, 
intracelluar mechanisms, surface receptors.

• One may anticipate an  original diversity of immune mechanisms:

Cell autonomous immunity: Intracellular: NLR,TRIMs, RIG1-L etc
Constitutive soluble: Complement (C‘),  PPO, clotting e.g.

. Inducible cellular responses (proliferation and synthesis of effector molecules)
in a specialized cell lineage: Receptor – Signalling – Effector 

often articulated around conserved domains and conserved signal transduction cascades



Physical barrier
teguments



Proc Biol Sci. 2012 Aug 7;279(1740):3049-54. doi: 10.1098/rspb.2012.0407. Epub 2012 
Apr 11.

The role of moulting in parasite defence.
Duneau D, Ebert D.

http://www.ncbi.nlm.nih.gov/pubmed?term=Duneau%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22496187
http://www.ncbi.nlm.nih.gov/pubmed?term=Ebert%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22496187




Phagocytosis
Innate immunity receptors



Phagocytosis in Monocellular organisms

Diploblastic Metazoa
Epithelial immunity

Triplobastic Metazoa
Macrophages , lymphocytes and alike

Division of the work





Phagocytosis



Current Opinion in MicrobiologyVolume 11, Issue 3, June 2008, Pages 271-276

2 molecules involved in the Phagocytosis (sentinel cells) in Dictyostelium
Conservation of LRR/Ig architecture and of TIR domains

Borrowing and recombine from:
Phagocytosis Monocellular organisms

Among several phagocytic receptors, some show 
domain conservation between Protozoa and Metazoa



Phagocytosis in Monocellular organisms

Diploblastic Metazoa
Epithelial immunity

Triplobastic Metazoa
Macrophages , lymphocytes and alike

Division of the work



Phagocytosis
Involvement of extracelluar LRR

and intracellular TIR domains
in Hydra (Cnidaria)



Ig-L?
TM Cyto ??

LRR

S-S

Phagocytosis in Monocellular organisms

And TIRa

CT

TM Cyto TIR

NTCT

TollToll

LRR

To LRR /TIR of Metazoa ?

By duplication,  deletion, and exon shuffling
“To create is to recombine” “To borrow is best”

Slra

Current Opinion in MicrobiologyVolume 11, Issue 3, June 2008, Pages 271-276



The signalling Pathways

�To create is to recombine�
François Jacob

�To borrow is best�
Robert Jack



If an immune system has to borrow something, it better borrows something that has already proven
to work in a  vital metabolic cascade.

Nothing better for instance  than to borrow something involved 
in development,  polarity determination, nervous system development 

In early metazoa of the protostome type 
Toll was not a bad choice(!)

Toll: a LRR receptor interacting with  Spaetzle a cytokine of the  cystine knot  family

Toll/Spaetzle



To borrow is best: reuse. 
The Toll pathway used to specify the dorsoventral polarity is reused for immunity later in life

Toll > TLR with change of ligand

Vitelline membrane of the enbryo

Plasma membrane

Hemolymph

Fat body cell ,
hemocyte membrane



Vitelline membrane
of the embryo

Environmental antigens



Toll like receptors

J Invest Dermatol 125:1–8, 2005



J Invest Dermatol 125:1–8, 2005

TIR

Toll like receptors (TLRs)



Nucleic acid invaders! Viruses
Once inside the cells

RNAi
RIG-I

(MDA5)
TRIMs



RNAi

Cells do not produce double-stranded RNA 
during normal nucleic acid metabolism. 

Natural selection has favored the evolution of enzymes that destroy dsRNA 
TheRNAinterference (RNAi) pathway is an ancient and

highly conserved mechanismpresent in most eukaryotes. The
pathway plays roles in gene regulation and defense

against viruses via translational repression, mRNA degradation,
or genome modification (by the creation of heterochromatin). TheRNAi pathway

is triggered when larger dsRNA templates are cleaved into
smaller RNAs, which pair with accessory proteins to form

RNA-induced silencing complexes (RISC) and attach to complementary
RNA or DNA sequences. A Rnase III-type called Dicer generates the small

RNAs. Dicer protein members are able to recognize and
cleave dsRNAs, help to form the RISC and are thus crucial

elements in the initiation of the RNAi pathway 
Dicer proteins are a widely conserved family in Metazoa

http://arthritis-research.com/content/6/2/78/figure/F1

RISC: RNA induced silencing complex

Argonaute



RNA interference

viral

RISC: RNA induced silencing complex
Ago: Argonaut
Sh: short hairpin

Cells do not produce double-stranded RNA 
during normal nucleic acid metabolism. 
Natural selection has favored the evolution of enzymes 
that destroy dsRNA ,
The RNA interference (RNAi) pathway is an ancient and
highly conserved mechanismpresent in most eukaryotes. 
It plays roles in gene regulation and defense
against viruses via translational repression, mRNA 
degradation. The RNAi pathway is triggered when larger 
dsRNA templates are cleaved into smaller RNAs, which 
pair with accessory proteins to form RNA-induced 
silencing complexes (RISC) and attach to complementary
RNA or DNA sequences. A Rnase III-type called Dicer 
generates the small RNAs. Dicer protein members are 
able to recognize and cleave dsRNAs, help to form the 
RISC 

Dicer proteins are a widely conserved family in Metazoa



RIG-I and (MDA5)

• A retinoic acid inducible gene with  a helicase 
domain that binds to 5’P of viral RNA. The 
receptor is made of several modules including 
a regulatory one to which the ligand binds 
inducing interaction with the Mitochondrial 
Antiviral  System (MAVS) and the production 
of antiviral effectors (interferon in 
Vertebrates) or others in Invertebrates 
(Molluscs)



Scientific Reportsvolume 7, Article number: 
8217 (2017) 



TRIMs
• The tripartite motif (TRIM) proteins harboring the RING finger, B-box and coiled-

coil (RBCC) domain motifs form a large protein family. The members of this family 
are involved in growth, differentiation, apoptosis and transcription and also in 
diseases and oncogenesis. TRIM proteins play key roles in innate antiviral 
immunity. Some TRIM proteins function as E3 ubiquitin ligases in specific 
ubiquitin-mediated protein degradation pathways.

• Many TRIM proteins are induced by interferons 1,(but not in Invertebrates!) which 
are important component of resistance to pathogens. 

• 1 Interferon
• Interferons are named for their ability to "interfere" with viral replication[2] by 

protecting cells from virus infections. IFNs also have various other functions: they 
activate immune cells, such as natural killer cells and macrophages; they increase 
host defenses by up-regulating antigen presentation by virtue of increasing the 
expression ofmajor histocompatibility complex (MHC) antigens 

https://en.wikipedia.org/wiki/Interferon
https://en.wikipedia.org/wiki/Viral_replication
https://en.wikipedia.org/wiki/Interferon
https://en.wikipedia.org/wiki/Virus_infection
https://en.wikipedia.org/wiki/Immune_cells
https://en.wikipedia.org/wiki/Natural_killer_cell
https://en.wikipedia.org/wiki/Macrophage
https://en.wikipedia.org/wiki/Antigen_presentation
https://en.wikipedia.org/wiki/Major_histocompatibility_complex


Some TRIMs are conserved and MHC linked



CC: Coiled coil
TIR: Toll Il-1 Receptor
NB-ARC: Nucleotide-binding adaptor shared 
by APAF-1, certain R gene products and CED-
4
LRR: Leucine rich repeat

CARD: Caspase activation and recruitment domain
PYD: Pyrin domain
BIR: Baculovirus Inhibitors of Apoptosis repeat
NACHT: NAIP (NLP family apoptosis inhibitor protein),
CIITA (that is, C2TA or MHC class II transcription activator), 
HET-E (incompatibility locus protein from Podospora anserina) 

and TEP1(Telomerase-associated protein).

https://en.wikipedia.org/wiki/NAIP_(gene)
https://en.wikipedia.org/wiki/CIITA
https://en.wikipedia.org/wiki/MHC_class_II
https://en.wikipedia.org/wiki/TEP1


NLRs
• The nucleotide-binding oligomerization domain-like 

receptors, in short NOD-like receptors (NLRs) are 
intracellular sensors of pathogens that enter the cell 
via phagocytosis or pores.  They are part of the 
“pattern recognition receptors” and play key roles in 
regulation of innate immune response. They are found 
in lymphocytes, macrophages, dendritic cells and also 
in nonimmune cells, for example in epithelium. NLRs 
are highly conserved through evolution. Their 
homologs have been discovered in many different 
animal species and also in the plant kingdom (disease-
resistance R protein).

https://en.wikipedia.org/wiki/Phagocytosis
https://en.wikipedia.org/wiki/Pattern_recognition_receptors
https://en.wikipedia.org/wiki/Innate_immune_system
https://en.wikipedia.org/wiki/R_gene




Protein 

Drosophila 
melanogaster

Strongylocentrotus 
purpuratus

Oikopleura
dioica

Ciona
Intestinalis 

Branchiostoma 
floridae 

Lampetra 
fluviatilis 

Homo sapiens 

Pathogen sensors

TLR 9 222 1 3 48 ≈21 10 +1ps

NLR 0 203 0 20 92 ≈140-220 20

SRCR 14 218 1 81 270 ≈287 domains 81

PGRP 15 5 4 6 > 20 ND 6

RIG-I-like helicases 0 12 0 ND 7 ND 3

C-type lectins, 32 104 31 120 1215 ND 81

IgSF-ITIM > 3 ND 6 > 6 > 5 > 3 > 50

Key adaptors

MyD88-like 
(DEATH-TIR) 1 4 0 1 4 ND 1

SARM1-like, 
TIRAP-like, 
TICAM2-like

1 15 0 > 2 12 ND 3

Potential effector

PLA2 8 65 128 7 > 7 ND 11

Multiplicity of germ line encoded Innate immunity receptors



Soluble mediators

Prophenol oxidase 
Complement



The Pro Phenol Oxidase system , absent in 
Vertebrates



PPO melanization in Drosophila. 

Takehana A et al. PNAS 2002;99:13705-13710

©2002 by National Academy of Sciences





Immunogenetics
September 2006, Volume 58, Issue 9, pp 701–713

https://link.springer.com/journal/251
https://link.springer.com/journal/251/58/9/page/1


Specialized cells

with surface bound receptors



( f–h ) Protochordate (ascidian). (i-j) Echinoderm
( f ) Prohemocyte in Botrylloides leachi. 
(g, h) Hyaline and granular hemocyte in Diplosoma listerianum. 

(i) Spherule cell in Cucumaria normani.
( j ) Hemoglobin containing hemocyte in C. normani.

Some examples of cells of the 

hematopoietic system in deuterostome invertebrates



Hartenstein V.   Annu. Rev. Cell Dev .Biol. 2006 22:677-712
Hematopoiesis across metazoan phyla



Annu. Rev. Cell Dev .Biol. 2006 22:677-712

Mammalian lymphocyte Insect hemocytes         

Division of the work
hematopoeitic lineages , of mesodermic origin

Transcription factors homologies (see supplementary slide)





Supplementary Info about Transcriptions factors



Supplementary Info



NLRs


