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Gnathostomata (jawed vertebrates)
TcR, Ig, lectins, AMPs, C) RAG 1-2,
cytokines, PRR, mesodermal immune
cells, transplant rejection

|

525 myT (vertebrates)

Arthropoda

{(insects, crustaceans)
Mollusca

FREPs, lectins, PRR, PPO,
AMPs, conserved signalling

IgSf (hemolin, Dscam),
SCR, lectins, PRR (Toll), C

Nematoda  AMPs, conserved signalling

Adaptive immunity .

1gSf, lectins, PRR, pathways, mesodermal ~ Pathways, mesodermal immune

Agnatha (jawless vertebrates)
Lectins, C, LRR VLR, IgSF,
~cytokine like molecules, mesodermal

immune cells
Cephalochordata
Lectins, C} IgSF, VCBP, PPO¥?, RAG?

Urochordata
" Lectins, AMPs, C’, lgSF,

cytokine like molecules,
mesodermal immune cells, PRR.
CTX, PPO, transplant rejection

Annelida

i : cells
o len - emefm | AMPs, mesodermal Echinodermata
E esodermal e cells, immune cells, PPO, Lectins, SCR, AMPs, C’,
= transplant rejection transplant rejection cytokine like molecules,
g Sipunculida . . mesodermal immune cells,
'; Ecdysozoa ~ Mesodermal immune cells G PPO, transplant rejection
g \ Lephotrochozoa Deuterostomes
Frotostomes Bilateria /
Cnidaria
[ g5, lectins, tissue
Porifera rejection, C
1gSf, lectins, tissN
rejection ‘
Metlazoa

AMP: antimicrobial peptides Protozoa LER VLE: variable lymphocyte receptors with leucine rich repeats

C’: complement pathway elements

CTX: cortical thymocytemarker in Xenopus

Dscam: drosophila homolog for Down syndrome cell adhesion molecule
FREPs: fibrinogen related peptides

lg5F: immunoglobulin superfamily

PPO: prophenoloxidase cascade

PRR: pattern recognition receptors
RAG: recombination-activating genes
SCR: scavenger receptors

VCBP: variable chitin binding proteins
TCR: T cell receptor
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AHTUMUNKPOOHbIE NnenTuAbl KHUAapun

A Hydramacin-1
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CtpaHHbIn 6enok goxapesoro yepssa CCF
Benok Xuakoctu Lenomuyeckom nonoctu maccoum 42 k[la,
pacno3HaeT (?) O-antureH JIMNC, mypamungunenTuabl,
MYpPaMOBYIO KUCNOTY, 6eTa-noKaHbl, AMaLeTUNXMToonosy.
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XrnoparoreHHble KNeTKu, Marnble LeroMounTbl U
ameooLuUTbIl KONb4YaTbIX YepBew

Chloragocytes (100-150 pm) Granular amoebocytes (30-70um)
-Tt cathepsin L and cystatin B immunnoreactivity -Tt cathepsin L immunoreactivity
-Bacteria binding -Migrate 1o the infection site

-Phagocyte Gram + and - bacteria

Small coelomocytes (7-12um)
-peptide B production




AHTVIMVIKPOGH bié nentTngbl NMABKMA

Theromacin, cationic, anti Gram +

1 n

Theromyzin, anionic, anti Gram +

1 B6
Lumbricin like, cationic, anti Gram + and Gram -
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CONSTITUTIVE DIFFERENGES BETWEEN SUSCEPTIBLE AND RESISTAMNT SNAILS

Resistant Snalls have more hemocyies than susceptible snails

Bg-Sm: ¢

Resistant hemocytes have different behavior or properties
Bg-Sm: 77
Bi-Sm: """

Resistant Snalls produce more parasite-toxic reactive oxygen species (ROS)
Bg-Sm: “erenine

Resistant Snails have novel recagnition/killing capacity in their plasma
Bt-Sm: 1™
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Including signaling pathway targats
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Resistant and susceplible snails may differ in the ease with which they are
mimicked by parasites
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RESPONSE CAPACITIES FOLLOWING EXPOSURE TD INFECTION

Resistant Snalls are more stimulated o make hamocytes following exposure
Bg-Sm:"**

Resistant anails respond more prominently or differently ta infection than
susceptible snails

Bg -5 72 199,102 100,105, 599-13

Bg-Ec ™™ TIH.NT

BE-Sm: '™



[ MnoTe3a YepHOW KOPOneEBI

RED QUEEN HYPOTHESIS
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CONTINUING ADAPTATION IS NEEDED IN ORDER
FOR A SPECIES TO MAINTAIN ITS RELATIVE FITNESS
AMONGST THE SYSTEMS IT IS CO-EVOLVING WITH




[lonoBoe pa3MHOXeHWe NoMoraeT YCTOUMYUBOCTHU K
napasutam Ha nonynayuoOHHOM YPOBHE

Parasites will evolve to infect  Sex allows the snails to
the most common snail produce offspring that are
genotypes in a population l _resistant to the parasites.
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CTpoeHue cBeTOBOro opraHa 3ynpuMHb|
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Figure 2 | The juvenile light-organ system. a | A host squid swimming in the water column. b | A confocal micrograph showing
the complex ciliated epithelium on the surface of the juvenile light organ. ¢ | A confocal micrograph showing the pores (P) on the
surface of the organ through which the symbionts enter host tissues. d | The pattern of water fiow through the mantle cavity. e | The
internal components of the squid light organ at hatching. Partd is reproduced with pemission from REE 18 @ (2000) National
Academy of Sciences



Vibrio fischeri npukpennsaroTca K PeCHUYHOMY
3NUTEeNnI0 CBETOBOIro opraHa KapakaTtuubil
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Symisont

KapakaTtuua perynupyeTt KOnm4ecTtBO
CUMOMOHTOB B CBETOBOM OpraHe

Nature Reviews | Microblology



3acerieHMe CBeTOBOIO opraHa Kapakatuubil
nocne poxaeHus

Omin > 30 min » 60min =-=-~- > 120 min -

Nature Reviews | Microbiology



Squid host Environmental bacteria
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° Wie% Mopaenb KonoHusauum
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—‘ Hatching l Peptidoglycan signal
4‘ Mucus shedding ]
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{ Haemocyte trafficking ]

@ Non-flagelated
V fischen

@ Flageliated
V. fischer

wO Gram-negative

non-symbictic
bactera

© Gram-positive
bactera

Migration into ducts

and crypts
* Nitric oxide (NO) A
production attenuated 2 .
o Duct trict Lipopolysaccharide signal

Apoptosis ] 4—/

{Bioluminescence is induce

{ Colonization complete
* Microvilli density increases & Growth ceases
* Cells swell
* Mucus secretion starts Peptidoglycan and
in crypts lipopolysaccharide signals
* Mucus shedding Figure 8 | The winnowing. This model depicts the progression of ight-organ colonization
ceases from ciliated as a series of steps, each more specific for symbiosis-competent Vibrio fischer.
epithelium a | In response to Gram-positive and Gram-negative bacteria (alive or dead) the bacterial
peptidoglycan signal causes the cells of the ciliated surface epithelium to secrete mucus.
3 b | Cnly viable Gram-negative bactera form dense aggregations. ¢ | Motile or non-motile
* Full regression of surface \ fischeri out-compete other Gram-negative bacteria for space and become dominant in
epithelium the aggregations. d | Viable and motile V. fischeri are the only bacteria that are able to

migrate through the pores and into the ducts to colonize host tissue. e | Following
successful colonization, symbiotic bacterial cells become non-moetile and induce host-
epithelial cell sweling. Only bicluminescent Y fischer will sustain long-term colonization of
the crypt epithalium.

Nature Reviews | Microbiology



Herpapaunsa peCHUYHOro anuTenunsa cBeToBOro
opraHa nget B otBeT Ha MAMP Vibrio fischeri

Oh 24 h 48 h 86-120 h
,+*" Lang ridge of cilia, e Long nidge of cika Appendages shorten
+” e.lfofrgg!douter edge . disappears
of fiel

)
S

Figure 5 | The gradual, symbiont-induced regression of the ciliated epithelium of the juvenile light organ. Schematic depicting the loss of host ciliated
epithelial figlds after successiul colonization by Vibwio fischer.
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[MlaToreHbl HemaToAa u nyTmn nx npoHNKHOBEHUA

Gram-Bacteria Gram+Bacteria

Serratiea marcescens Enterococcus faecalis
Pseudomonas asruginosa®  Staphylococcus aureus
Salmonella enterica Bacillus thuringiensis*

Yeast Cryptococcus neoformans

Gram-Bacteria
Salmonella typhimurium

Microsporidia
Nematocida parisii
intracellular invasion

of the intestine

ingestion
Fungi Harposporium anguillulae

colonisation of the intestinal lumen

uterus infection
Gram+ Bacteria
Loucobacter
chromiireducens

intestine

destruction anal

adhesion of the epidermis inflammation
to the cuticule Fungi Gram+ Bacteria
D. conicspora M. nematophifum

Haptocillium



'pnbKOoBbLIE MHEKLUUN HeMaToL

Figure 2. Fungal infection of C. elegans. (A and B) D. coniospora, (C and D) Haptocillivm. (A and
C) adhesion of the spores to the cuticle after few hours, (B and D) after 2 days fungal hyphae grow
out of the worm. Scale bars are 10 pm (A), 100 pm (B) and 50 pm (C and D).
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Pasnnyne curHanbHbIX NyTeun

Mammals . C. elegans
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Table 1. Summary of the major signalling pathways in the C. e/legans Immune System
(updated from ref. 86)

Pathway Tissue Components Homologues References
p38 MAPK  Epidermis GPA-12, RACK-1 G protein subunits 82
EGL-8,PLC-3 Phospholipase C 82
NIPI-3 Tribbles kinase 35
Epidermis and TPA-1 Protein kinase C 82,87
intestine TIR-1 SARM 24,34 88
NSY-1, SEK-1, MAP kinases 12,35
PMK-1
FSHR-1 Intestine FSHR-1 G protein coupled 26
receptor
ZIP-2 Intestine Z1p-2 b-zip transcription 65
factor
Insulin Nervous system  INS-7 Insulin-like peptide 76
signalling Intestine DAF-2 Insulin receptor 42
AGE-1 P13 kinase 42
AKT-1, AKT-2 Akt kinase 43
DAF-16 FOXO transcription 42
factor
TGE-B Nervous system  DBL-I1 TGE-8 54,55
cpidermis SMA-6 TGF-preceptor 35
SMA-3 SMAD protein 55
Wnt/Hox Intestine/ BAR-1 f-catenin 61
Hindgut EGL-5 Hox transcription 61,64
factor
ERK Hindgut LIN-45, MEK-2, ERK MAP kinase 39
MAPK MPK-1
EGL-8 Phospholipase C 89
SUR-2 Mediator component 39
UPR' Intestine XBP-1 X box protein 50,52
HSP-4 Heat shock protein
Pharynx CED-1, CO3F11.3  Scavenger receptor 51
Autophagy  Intestine BEC-1, LGG-1 ATG proteins 16
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OOwan cxema CTPOEeHUA MOPCKOro exa
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XapaktepucTtuka reHoB MUMMYHHOU CUCTEMbI
UITIOKOXUX U XOPAOBbIX

Amphioxus® Sea Sea Human®
squirt®  wurchin®

Complement
C3/C4C5 3 2 4 4
BHC? 2 3 3 2
MASPE/Clrs"”  5/44 4 0/2' 4
™ 5 I 0 &
Clg“like 39 2 4 23
LRR-containing
TLR' 72 2 222 10
MNLR™ 1E: 0/28" 203 25
LRR-lg° 125 MNDF 22 30
Other mediators
SRCRA 270 5 218 16
PGRP 18 0 g &
GMNBEF 5 3 3 0
CTL: 1200/ 717" NDF 104 8l
VCBPY 510% 4 0 0
Cytokines
TNF 21 4 4 20
THFRY 3l 3 g 26

IL-I7* ) 2 30 7
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«D@opmMmyna» LenmoMoLUUTOB MOPCKOIro exa

Table 1. Coelomocytes in sea urchins

Cell Type

% in Coelomic Fluid

Function

Phagocyte Types

Type 1-—Discoidal cells
Type 2—Polygonal cells
Type 3—Small phagocytes

Red spherule cells

Colorless spherule cells

Vibratile cells

Total phagocytes

Sp*
Sd
Pl
Sp
Sd
Pl
Y4
Sd
Pl
Sp
Sd
Pl

i

40-80%

67%
80%
7-40%
8%
4.7%
3.7-25%
6.5%
7.8%
11.9-20%
18.5%
7.5%

Encapsulation, Opsonization,
Graft rejection, Chemotaxis,
Phagocytosis, Antibacterial
activity, Cellular clotting

Oxygen transport. Antibacterial
activity from echinochrome A.

Cytotoxicity, Clotting?

Movement or agitation of
coclomic fluid? Associated
with clotting.
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Figure 2. Coelomocytes from the sea urchin S. droebachiensis. Cells were withdrawn in anticoagulant
and settled onto a glass coverslip. All cell types are shown and labeled with numbers. Large phagocytes;
1 = discoidal phagocyte; 2 = polygonal phagocyte; 3 = red spherule cell; 4 = colorless spherule cell;
5 = vibratile cell (the lower cell has lost the prominent flagellum seen in the upper cell). Inset; 6 = small
phagocyte. Bar = 10 microns.
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l'eHbl VCBP y naHueTHuKa

d. Main chromosomal organization of amphioxus VCEP genes
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«TpeHupoBaHHbIU» BPOXAEHHLIN UMMYHUTET —
aHanor aganTMBHOro?

Table 1. Selected Experimental Models in which Biological Activity Compatible with the Concept of Trained Innate Immunity Has Been
Reported

Organism Experimental Model Biological Effect Specificity  References

Plants— Systemic Acquired Resistance

Large variety of plants  Viruses, bacteria, fungi Protection against reinfection Variable Durrant and Dong, 2004,

Sticher et al., 1997

Nonvertebrates

Mealworm beetle LPS, or bacterial prechallenge  Protection against secondary No Moret and Siva-Jothy, 2003
infection

Drosophila S. pneumoniae prechallenge Protection against S. preumoniae Uncertain Pham et al., 2007

Anopheles gambiae Plasmodium prechallenge Protection against Plasmodium No Rodrigues et al., 2010

Sponges Transplantation Rejection Yes Hildemann et al., 1979

Corals Transplantation Rejection Yes Hildemann et al., 1977

Vertebrates

Mice BCG Protection against candidiasis No Van 't Wout et al., 1992

Mice Candids vaccination T/B cell-independent protection Mo Bistoni et al., 1986, 1988

Mice Murine CMV infection MNK-dependent protection No Sunetal., 2009

Humans BCG Nonspecific protectiontosecondary  No Garly et al., 2003

infections
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