pRAnNTuraedaslifinszgnauvas
(Invertebrate immunology )

Physical and chemical barriers

Physical barriers ﬁ)ﬂl%iﬂﬂ arthropod A8 exoskeleton %ﬂﬁmmuﬁﬁmﬁ’umstﬁ@
anadememeseme  uarmsindelsa  udntillamanazaadadauteheluiessnis
m‘saanmmﬁau‘ﬁ cuticle FIMN'?\]ZLL%Q%‘L! MM stasnu Iﬂﬂﬂ'lﬁﬂ%l'lﬁﬂ’li antimicrobial
factor (U fungitoxic guinones Namﬁuizﬂ’jw melanin synthesis, protease inhibitor Lﬁuﬁwﬂu
cuticle a4 crayfish Eoll‘lJﬂz\‘lﬂ‘lSQﬂEﬂ?lm parasite

Horseshoe crab A secretes @19 glycoprotein KU canals Tu carapace Lﬁ'amauaum
@0MsANED  bacterial endotoxin  UBNANUY  glycoprotein g auanta lumsvilviie
erythrocyte LLa% algae—agglutinating

Asidians (sca squirts) IAYANWULUDNNT test 13D tunic Winhaana 39
Useznauludng cellulose, protein L% organic compounds 1dw3ﬂﬁ;§uﬂ%€f@hq ] 8N

Echinoderms @@ test

Molluscs 227168 shell

é’miﬁﬁ‘iwmﬂéauﬂulumju Coelenterates, Annelids, Molluscs k8¢ Protochordates
3¢l mucus viarus M

Invertebrate mucus ﬁmﬁwﬁlﬂu first line of defence ANAU particles, bacteria La¥
microorganism 5'14 | uaﬂmﬂﬁvu d19WIN soluble molecules %Y lectins, lysins, protease
inhibitor ®2 antimicrobial factor 32N secreted FJFJﬂN‘]ﬁ mucus Lﬁa%ﬁmﬁwﬁﬁwﬁmiumiﬂm

ulagmsavieanau microorganism

Internal cellular defences
nalnlunmsilasiudmienasdaibifinszgnduvasitiennmadmelusume  az
Wendaenuasiintdan MuhH wound repair, coaggulation, phagocytosis, nodule formation,

encapsulation, cytotoxicity b8 transplant rejection

wadifiodanrasdailifingzgndunds aansoutseanmamhilldifiu 5 ngu
Iﬁnj‘] k) progenitor, phagocytic, haemostatic, nutritive Was pigmented cells  LAZLUNOIN
Gi‘lLL‘Vi‘lN‘ﬁW‘U uUle! Lﬂuaaqmjuﬁa haemocyte LLa¢ coelomocyte ﬁqwua%iﬁ haemocoelic Loz
coelomic MNFINU Iualm’i{ﬁfl body cavities

Progenitor cells Wuwradrinealdn fanuaseadany vertebrate lymphocyte EXTe)

t:{' Id o o S a dl'
MUY stem cells SIVIULDITUANDU
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Immunopotentialitiae of vartebrates and invertebrates

verteorates I 3 {insects, crustaceans)
L =
2 47 57 213t 4
tunicares annelids
{zea squirts) 1 & | {acgmented worms)
S melluses

istarfish, sen urchins] | l - | liil'simli, T:::]mf B
1 | _

| |
prn‘lﬂt‘bnml L]

I
deulerusiomes ancestral coclomate

3]a|s]e

nemcrtincs
fribbon worms)

s]s]s
coelenterates e platyhelminths

lcorals. jellyfishl I_u\ J l {flatworms)
a

coclomates

i,
3| 4|58 ancactral
metazoan

0 St

'\._-_I protnroans
immunocytes alloimmunity zoluble tactors
- E allograft rejoction t; g

IE alleimmune memory m inducible fovtvs
and specificty

ITI mized 'leucacyte’
reactivity

sponges

natural activity

~ | probable { Insutticiant data " llmited respunse
absence

MW 12-1 gRANAUNNTaINUadLazaINgNaINIUIN 289805l Phylum

q U

o9 (Roitt et al., 1993)
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Two hypothetical models for cell-cell cooperation in arthreped immanity

irepets —l
HE Ll staga 2 slage ]
mcrobial contect wiEh granular calls H] dapras latan and opsanication mgesiion by phagosvts
v 50 kil protain 14

)
i v
4

o — L
B e
[Ty
stage 1 J'\ wage 2a 1 stage ib 1 wimge 3
mecrobial contact with - degranulation of granular asd I ingexiios by phagooyie

digranulation
l: ! furibear smmigranulac ik e

samigranuler calls
LI' | opsoeizstion by 78 kDw grosain

/ #‘"ﬁf‘

— =

mwil 12-2 nalamstlesfushshemadmelusiene #e4 insect waz crustaceans
(Roitt et al., 1993)

Phagocytic cells wulely invertebrate 7N Phylum ﬁgﬂ%ﬁﬁﬂﬁ’mﬂﬁﬁ granulocyte
ED) macrophage 284 mammal uelaidl surface marker ﬁumuwnéwﬁ’muuwﬂiu internal defence ‘?%Q
Usznaume phagocytosis, wound healing LLa% clotting reaction

Haemostatic cells ﬁwﬁwﬁ’[u sealing wounds and preventing fluid loss Tu
invertebrate &13NN LIUMINE 7 Tumsaanauradsilay amoebocytic

Nutritive cells WUl invertebrate UNzila Unfiasiagias waluuensdiaswuly
wasBudiigauszanas 709% i encapsulation wihiiaugalinsuwivay

Pigmented cells wuly invertebrate vianaziia & respiratory pigment (2
haemoglobin ED) haemocyanin L%E]’j’lﬁ’mfﬁﬁ respiratory wiliaulu vertebrate erythrocyte gala
wumhilumsilasty wafinmswuih pigmented cell Ty echinoderm ﬁmsﬁﬁqmauﬁ'ﬁlﬂu
antimicrobial or anti-algae properties mmumndwﬁguagﬂuﬁuﬁwLﬁmm invertebrate blood
cells %ﬁﬂ‘jxﬂﬂuﬁl’aﬂ progenitor cell type 1uu1Qﬂtju (?u  annelids, echinoderms,
cephalochordates 8% hemichordates blood cells (coelomocytes) N1V coelomic linning ((ﬁlﬁ
gﬂ) Imﬂﬁalﬂﬂwsta%mwaq invertebrate haemocytes VED) coelomocytes A¢LAIYNIAIN progenitor

cells ﬁagﬂu haemolymph %38 coelomic fluid aenalsna freely circulating blood cells 2193zl
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g cell ¥38 organs MNNEN 9 FAzHANNHAYLUNMIANTOWIN non-self material BBNIIN

circulation

31N 12-1 Cell and tissues of the invertebrate system (Cooper, 1976)

Cells/tissue

Role in immunity

Free and sessile Haemocyte/coelomocyte

Progenitor cell

Phagocytic cell

Haemostatic cell

Nutritive cell

Pigmented cell

Permanently fixed cell e.g. chloragogen cells of
some annelids reticular and pore cells of
mulluscs, Crustaceans, Nephrocytes of
crustaceans, Insects and tunicates, midgut
and sinus-lining

Cell of Gastropod molluscs and crustaceans, fat
body of insects

Phagocytic organs of insects, echinoderms And

urochordates

Haemopoietic organs

Cellular response but may secrete Humoral factor

(e.g. Agglutinins, Antimicrobial factors,
Lysins, components of Prophenoloxydase
System)

Stem cell for other cell types

Phagocytosis, Nodule formation, Encapsulation,

Wound closure, Clotting and Killing

Blood coagulation, non-self recognition, lysozyme
and agglutinin production

Role in defences uncertain. Encapsulation and
wound healing?

Respiratory function? Antibacterial or Anti-algal?

Phagocytosis, pinocytosis of colloid and Particulate
material. Lysozyme synthesis (pericardial cells
of insect) and antibacterial Factors. Clearance

of foreign particle

(sinus-lining cells). Synthesis of immune Protein
(fat body)

Phagocytosis. Production of humoral Antibacterial
factors (?)
Haemopoiesis,

phagocytosis,  synthesis  Of

antimicrobial factors in some species

Wound repair and Coagulation

mM35Uaeiumsiia blood loss AzagmeldmsinauYas haemostasis Uas reaction
°1uu%nm°7;|,ﬁ@mmma %ﬁﬂszﬂaué”m vasoconstriction, blood cells accumulation 8%
haemolymph coagulation FINAUBEAN  MSAaMIDNLEU (inflammatory response) Tu
invertebrate Uﬁqnzjuﬁﬁs'wmﬂdauﬁu L2 annelids, molluscs 8¢ echinoderms UNZUA M3
tN® haemostasis response 2zLANIINAY muscle contraction %wzlﬂammmmaiu insects A
M35V fat body aanuelumstdauiauna SITINSLAA haemolymph clot Wazlnsazan
289 melanin Drelimstanausawiuvingu Tu molluses M3gAUIAUNAILgN LU

log collagen
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MINN 12-2 Haemopoietic/lymphoid tissues in selected coelomate invertebrate (Cooper, 1976)

Group Cell type Haemopoietic site (s)
Annelids Coelomocyts Coelomic lining cells
Chloragogen cell(eleocytes)  Chloragogen tissues around Intestine
Haemocytes “blood glands’ in haemocoelic system

From coelomic lining (?)

Molluscs Haemocytes Varies, some gastropods have localized
Haemopoietics sites, although none
Reported for bivalves

Group Cell type Haemopoietic site (s)
Specialized haemopoeitic tissue, the
White bodies, exists behind the eyes in
Cephalopods

Insects Haemocytes Varies, either in distinct haemopoietic
Areas or by division of freely circulating cells

Crustaceans Haemocytes Foci in various sites, including base of rostrum,
Dorsal and lateral walls of forget and vicinity of
Ophthalmic arter

Echinoderm Coelomocytes Coelomic lining cells, axial organ, liedemann’s
Bodies, polian vesicles

Hemichodrate Coelomocytes Coelomic lining cells

Cephalochordate ~ Coelomocytes Coelomic lining cells

d

Urochordates Haemocytes “Lymph nodules” in pharyngeal wall, Around

digestive tract and in the body wall

175

Tu invertebrate MIBNANISLAN wound healing ALININASLNA migration WD

haemocytes %38 coelomocytes LUEIUINAUNRANAUKANETINMNUEINAULKE {aeiums

1ig blood loss WAz MIANIUWIN microorganism NN AT migration Y89 blood cells DY

meladnswanes chemotactic factors 1gnNAUBBNNIAIN blood cells ta4 wIpMNLHBEBN AU

ANNLFWE

Coagulation Tu arthropods Elu complex series NRETIGEY clotting proteins

(coagulation) (¥4 insoluble gel (coagulin) Iﬂﬂﬂ‘iﬁﬂ{]lﬂu enzyme cascade Tun3 crustaceans

LLes insects coagulation 2z15zNOUAIY  melanization F9IMIN melanin  UAZHITOIAUVD

melanin  WazUuAY  wazah  microorganism  fiyngninIn  wanINUUBIAUIENBUYEN
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prophenoloxydase activating system %ﬁtﬁlmﬂlqufu melanin synthesis waztduans opsonic ‘Téﬁlh
qzilnansEnUae blood cells luusnaifauauns a3 phagocytosis Was wound repair
Phagocytosis

Hu primary cellular response ﬁ@iaé’mmsqﬂ@ﬂwm microoganisms %ﬂ%ﬁé”mﬁ'u
3 stage Ao recognition (attraction or chemotaxis and attachment), ingestion 482 killing HAvan
gwmﬁah\imumﬁ’h Lactins Lﬂﬂﬂ’l‘iﬁﬁﬂﬂﬂ’lﬂlumi recognition molecules uanmﬂﬁy'u’lu
arthropods UNUINYad complement Tu activated prophenoloxydase (PpO) system fld’mLﬁEJ’J"ZI'EN

Tu recognition L@ attachment

MWA 12-3 MWANNNADIaNIsAIBIaAnsaY  A. lymphocyte-like cell 289
Tunicate (ClONa intestinalis) wagz C. lymphocyte 284 Tunicate wgue
aanuLUANGe Wisuiaunu B. lymphocyte 2849187 Blennius pholis

Internalization %38 endocytosis a'aummﬁﬂ?i”uﬁgq invagination 2&N haemocyte
surface #3810 production ¥aN filopods VER) pseudopods ﬁﬁgﬂ’%’lwhﬁ ] 98U foreign body Lﬁla
mslauaauiinlu phagocytic vacuole VED) phagosome T invertebrate haemocyte wanesiad
lysozyme %ﬁtﬂuﬂ’l‘i antibacterial {Judmdielums killed lag lysosomal enzyme Usznaume
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&9 17U acid W8z alkaline phophatase, lipase, non-specific esterase, protease, amylase, Wa
glucosidase EDYWIN enggulfed foreign particle Tunsdidavann phagocytosis %Qnﬂswi'u’lﬁ'
L‘ﬁiumimam lysosomal enzymes %ﬁﬂﬂﬁﬂ%ﬁzgﬂ released E]E]ﬂéj haemolymph Tuszrhansanas
AN phagocytosis T kill waz degrade WIN unphagocytosed particle w%aana:lﬂl,ﬂﬁlﬂuuﬂaq

surface characteristic tN@Naz lRanNTO recognition LL®% ingestion 1o

@MTNN 12-3 Possible killing factors presentin invertebrated blood cells (Cooper, 1976)

Factor Groups

Low pH Molluscs, other invertebrate species (?)
Lysosomal enzyme including peroxidase Most invertebrates
Lasozyme Annelids, molluscs, insects, echinoderms
Immune protein e.g. cecropins, attacins Insects
Toxic oxygen metabolites/hydrogen Molluscs, probably other species

peroxide
Components of the activated Insects, crustaceans and other
Propheoloxidase system Invertebrates (?)
Vanadium Tunicates

Nodule formation

14 invertebrate UNZHA MSLAG phagocytosis VI,SJ'ﬂ’lﬂJ’liﬂﬁﬁlzﬁ‘ﬁﬂ non-self particle
1% bacteria ARAUINN 9 16 FauSnadiaziimsfindiunuees phagocyte WD 921A cellular
ageregates (3807 nodule M3LANTIATIENTIY phagocytosis AANNTEITBIRUMS cell-cell
co-operative M3LAA nodule {WlumaaIn natural infections (21 annelids, insects Lt8e molluscs
Iﬂﬂﬂb’fllﬂ nodule U5£NaUMY central core 284 entrapped foreign particle ﬁu’%nm intracellulary
w3 LN extracellularly %ﬁLﬁlmﬁ’mﬁ’U degenerate L@z necrotic haemocyte UILIIIDU ) Hlu
normal Lta% flattened blood cells sl,umqnsﬂ%ﬁyuagjﬁ'wﬁmm invertebrate

N9 attraction YN haemocytes leem590a non-self particle 15U Tu phagocytosis U1
wumsnauauaIfD chemotactic factors ﬁ released AN foreign material L8N 309N
degranulating haemocytes ANNIBILALYBULLAYBY nodule formation ?Tuagiﬁ'umwmﬁ'uﬁu Lo
nature ¥8N injected test particle LLazLﬁ'mﬁ’wﬁmmé’mf microoganism ﬁagjmsflu nodule A%
M8 LWIISHBANN physiological stress ﬁtﬁﬂﬁumﬂmimﬂ oxygen %30 nutrients ﬁwaﬂagimalu
melanized nodule ﬁu%gﬂ?iﬂ@ﬂwamﬂ toxic effect Y84 quinones LLO melanin generated log

phenoloxydase activity ERIGEIR L EE phenoloxydase LB
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Encapsulation

Foreign body L2U cestode, nematode insect parasitoids LLes copepode %ﬁﬁwum%tﬂ
Hunitazin phagocytosed 1@ w@azlin1saausau (enclosed) 284 multicellular 1AALYY sheath
3NN capsule HANUANBAFINY nodule ‘Vlz\i structure LLe¢ formation

Encapsulation responses @579l invertebrate ﬁzﬂwuﬂ capsule t¥u multicellular
Usznaume 2 zone %3aNINNI a9 flattened ﬁﬁﬂ@l“lﬁ"’] LLﬂzIﬂEILaW‘lz‘U%L’delﬂé"] foreign
object-necrotic k8¢ degenerate cells Tu dipteran insect Lf;a blood cells HuIuias (<6000
cells/mm3) capsule 2zl acellular uazaznaslaiiu participation 28N blood cells ﬂ‘lﬁl,ﬁﬂg‘ﬂ
LLUUﬁIL%EIﬂ’J'W humoral encapsulation azflumsilasny nematodes, fungi, bacteria L%
microfilariae  &3U cellular encapsulation R)xﬂi’]ﬂgl,ﬁ'aflmiil’lﬂ nodule formation Wag

antibacterial activity

Cytotoxic Reaction

18NN phagocytosis, nodule formation LT encapsulation a7 invertebrate blood
cells Saanansaiaziio spontaneous cytotoxic reaction 1A#AIAD cell waztileoudantaan
sULUUMS killing 108 non-sensitized cells (HusUuuiha s #i3end natral killing Tu
mammalian immune system wazihaziiy primordial system 284 immunosurvillance NSLAA
encapsulated metazoan parasites ﬁ‘]ﬁ)zgﬂﬁ’l’d’lﬁﬂﬂﬂ cytotoxic factors ﬁ released AN haemocytes
mely capasule uaﬂmﬂﬁvu non-fusion reaction 3¥¥IW incompatible strain 284 colonial
animals 17U sponges, coelenterates L@ tunicates ﬁﬁ]zl,fdllilil“fllmﬁl‘u cytotoxic interaction IG]EI“?]'R)%Q

W& cytotoxic WATRNTANTINMSUAN A LTIUDENITARAUYDY graft rejection MUSLAU cellular

Transplant Rejection

NS graft waw’f’i’atéauu allogeneic ED) xenogeneic hosts Wuanmeien “7;7\)3
Wlumdniiumsvanlumsivue  histoincompatibility  wazmsUsINGDI specific
immunological memory agnelsAamuanuaansalums recognize BT reject foreign tissue 1
arasaulWLiAude early evolution 289 immune system lumsilasnuuazihanamsanauzas
mulated, neoplastic ED) virally transformed cells Tunsdidruannmssu histoincompatibility
SEWIN graft AU host azAdllAaMIMae graft laansunsnBuuag cytotoxic W phagocytic
blood cells UMM 9

T4 invertebrate ¥HAGN 7 B0 blood cells ALAEITBIUAZNAE graft ot lu

solitaly ascidian, Styela plicata, lymphocyte-like cells i cells iganiin@enyniuniiedas
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U allografted tunic tissue 2auzly insects Blaberus craniifer wae Extatosoma tiaratum cen widn
NAzUNINGN foreign graft R plasmatocyte type
Transplantation experiments we T LTy immunological specificity LL8% short-term

memory ﬁ(ﬁ’l&!ﬂlu coelenterates, sponges, annelids, insects, echinoderms LL&¢ tunicates

Humoral immunity
Lysin
Invertebrate lysin msnwulﬂ”[mﬂmﬁ’ﬂqmauﬁ’mums lyse vertebrate erythrocyte
LLasﬁWUﬁb’JvLﬂluﬁﬁNma Wuanswan protein, sensitive ®8 proteolytic enzyme, inactivate
FEWTN 50-60 B9ALYaLEEd susceptible 6B extremes 284 pH, nuluziguuninauas

@95 divalent cations 1@8@RNE calcium &1WSUNMTINNIU

Agglutinins

Agglutinins wuﬁ"ﬂﬂluﬁssumaﬁgﬂm living organism FUAGN ) (FU  slime
moulds, protozoans, algae, bacteria, fungi, plants L8 mammals Wy @eanuly invertebrate
dlalaintlanil enwaulaly invertebrate agglutinin Winanngy szhienaiullefisuass
Mﬁﬁ‘ﬁiuﬂ’ﬁ recognition molecule

Invertebrate agglutinin loaUndazasianulu  cell-free coelomic fluid %38
haemolymph Tﬂﬂﬁummsnﬁ agglutinate particle L% vertebrate erytrocyte, bacteria, protozoa
ED) fungal cells ENENNTONY agglutinin 1@l albumin gland Y84 terrestrial snails, 1y mucus “7;
ﬂﬂﬂquﬁauaﬂwm terrestrial LL8% marine invertebrate UN%UA

1A598519284 invertebrate agglutinins Ehusl,%fy'l,‘ﬂu protein ED) glycoprotein v
multiple binding sites §nsu specific carbohydrate moieties ‘ﬁl,%ﬁlﬂ”j’l lectins  Invertebrate
lectins 89M3 divalent cation 1O8RWE calcium HMSUMINNUUNT calcium Yazfinhi
Tums5nulaseds19wa lectins molecules %38 saccharide binding site Agglutinin specificity 2%
anivualasniionas carbohydrate fsuludu

Invertebrate agglutinin a'aumﬂ%gﬂ synthesis Was secreted AN blood cells Tu
insects, fat body ﬁ]zﬁ‘mﬂl’lﬁﬁl agglutinin q]7;‘1/\I°IJ‘1°L! mucus mwuﬁmﬁyﬂu haemolymph L%

diffused 67U body wall 1‘1J§ mucus ‘Vi%agﬂ synthesized Toe cells mely body wall (&3

Antimicrobial factors
External secretions U mucus 9¢¥ antimicrobial factors ZNENITANILTNAE
entrapped bacteria ABUNALYNINN IWiBIEDNIBINME VSN NUIAUKNS 9 naturally

occuring 8% induced antibacterial activity @523y invertebrate 7N species
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LiﬂfﬁaﬂuﬁﬂLﬁﬂ’JﬁUﬁﬁiuﬁﬂﬁ, physicochemical propreties WazvIfuas factors
LWd"l‘f!l aenalsAey chemical compound U’Nﬁ’J‘ﬁL“ﬂH antimicrobial activity fansauenlaann
marine organism FUAGN ) agldiu antiviral, antitumer ¥38 antiprotozoan agent 1o

Bacteriolytic factor ﬁﬁ'ﬁ’ﬂﬁ’uathqniﬁmw R enzyme lysozyme %ﬁWU“fIz\i
vertebrate WY invertebrate 918 ) species 1% annelids, molluscs, insects Wa% echinoderm
lysozyme Funumlunmsuen bond 581NN N-acetyl-glucosamine (8% N-acetylmuramic acid
ﬁagﬂu cell wall 284 bacteria LLo% fungi

Invertebrate lysozyme (N-acetylmuramide glycanohydrolase) ﬁwzgﬂ synthesized
waz secreted A0 blood cell wdNTUUN invertebrate SEAUVB lysozyme Tu haemolymph %G‘I:’l
wasfanuilululeiaziiin activity Tagms injection 289 bacteria

Humoral components %Y agglutinins, lysins Ua% antibacterial factors msmﬁmﬁw
drulnaluuuy non-specific uazwulddiie q w@na Tag wounding aghalshamuuneenualsy
Wiudhly invertebrate 13N50MBUAUBIGD antigen TudnwazNaseadetuly vertebrate 1Hat
invertebrate mwﬁﬂgmﬁam:éuﬁuﬁ humoral response Tuihusadennueae vertebrate ﬁwa

NaMazLY short-lived L& b invertebrate 24U long-live

SELF/NON-SELF RECOGNITION

Invertebrate mmsnﬁm’ﬁanﬁasa‘hﬁm non-self particle 614 88NN circulation
Tusseuiiuanenaiu wazdsmst blood cell MMNTAUBNULEIENTIN foreign particle TUANGN
A whilums recognition molecule 14 invertebrate @8 agglutinin (lectins) Wag factors
associated lag prophenoloxydase activity

UNUIMYN agglutinin TUgIUE opsonin AalitineNuTauds Tuuenanuauma
‘ﬁ'LLﬂﬂ\iﬂ’lSLﬁN attachment %98 internalization 2N test particle log haemocyte ‘ﬁagﬂu
haemolymph %38 purified lectins 8&1415HMN 'ﬁﬂmuLwdwfiﬁaﬂ’uagulﬁaﬁwﬁﬂmu”luﬂ’m{h
lﬂl,ﬁlmﬁ'amm invertebrate agglutinins 1y immune recognition lectins ﬂ’lN’l‘Jﬂﬁ%Lﬁ(ﬂ mediate
attachment 284 foreign particle 618 blood cells 16 3 anweue

1. lectins #1AZ associated NU haemocyte membrane ED) cytophilic haemolymp ﬁ‘ﬁ
membrane-bound lectins 3ULA8ATINU carbohydrate moities Ul non-self particle

2. lectins 48 humoral Lmzﬁﬁﬁ'ﬂﬁﬁ'amwiw complementary carbohydrates U
ﬁgﬂ foreign particle 8% immunocompetent cell

3. lectins ﬁagj‘uu microorganism L2 bacteria recoginze carbohydrate residues U
phagocyte surface

Immunological ﬁl,ﬁﬂelu arthropods ﬁLfdl'El’JﬂlaQﬁlU melanin production ﬁﬂswi'u
prophenoloxydase (PpO) system (i1 responsible 284 melanization ﬁﬁﬁ]xﬁdjuﬂ’izﬂauﬁﬁ'}ﬁm

Tumstlasnuaesda’ unuinuas PpO activating system LLo% melanization 1y immune responses
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289 arthropods 3¢%9 melanization @15 substrates %Y tyrosine LLazagﬁuﬁ, DOPA uas
dopamine 92N metabolized (84 melanin phenoloxydase

Tusew9ms activation 289 PpO system foreign particle 6114 ) nolwWiie cascade
YN serine protease ﬁﬂﬁlﬂ‘ém convertion 28N PpO *?i%l,ﬂ?;ﬂul,ﬂu PO la@ limited proteolysis
Elictors 284 cascade U5zNauUMY bacteria Waz fungi 's’mﬁqﬂ%mmlmmnmguﬂ 289 B-1,
3-glucans AN fungal Les algal cell wall LPS e peptidoglycan a1n bacteria cell wall Wwag
capsular polysaccharides Ty activation stage W3INYBN PpO system WIN non-self microbial
factors NNANIZNUAD haemocyte membrane ﬁg{[@ﬂmmaﬂmﬁaumu specific receptor Tu
plasma WunasnaInmMs release &5 inactive components 8N PpO system a1 cell log
exocytosis, Elictiors ED) elictors/receptor complex M WLAA cascade VDY serine protease 2 %A
ﬁﬁﬁ‘hu’suﬁaﬂ uandlag Zymogens %ﬁﬂﬁ!ﬂﬁ'ﬁlﬂ limited proteolysis 284 PpO

Tu insects, PpO activating enzyme Toa@iiag ‘z’;ﬁagjﬂ’lﬂlu cuticle Lae plasma,
inhibitor Tifiag FUMNYAIUBLAY serine protease WAzzBUWABIUFAZEN UBNMINYL self-
regulating mechanism ﬁu&g\nwi serine protease uLeennu PO ﬁLﬂ%ﬂULﬁﬂUﬁJuLtgﬁLﬂu short
lived W8z unstable UBNAIN PO WA activated systecm LHANTS sticky proteins 4 B US0
oy 9 %ﬂ%zlﬂLﬂﬂzﬁU foreign surfaces L%é’]ﬁll,‘ld_]u factors responsible dmsu regulating immune
responses L1 phagocytosis, nodule formation W8 encapsulation

PNMINAFBILY in vitro WHE in vivo %W’Lﬁuﬁwwmwém%’u components YN

PpO activating system Tu arthropod immunity

MTNN 12-4 Components of invertebrate immune systems (Cooper, 1976)

Defence reaction Role in immunity

Physico chemical barriers To invasion e.g.

Arthropod exoskeleton Impenetrable barrier sometimes associated with
Antimicrobial factors (e.g. fungitoxic quinones),
Protease inhibitors and glycoprotein exudates

Test Barrier with more flexibility than exoskeleton

Mucus Entraps microorganisms which may be removed
by muco-ciliary mechanism. Sometimes
contains lectins, protease inhibitors and
antibacterial factors

Mainly cellular:

Clotting/coagulation Prevent fluid loss at site of injury

Wound healing Seals wounds and prevents fluid loss and
intrusion of in fectious agents Cytokines may be

involved
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@599 12-4 Components of invertebrate immune systems (Cooper,1976) (%8)

Defence reaction Role in immunity

Phagocytosis Ingests small numbers of invading
microorganisms. Chemotactic and reconition
factors (lectins, components of activated
prophenol-oxidase?) involved

Nodule formation Augments phagoncytosis if high numbers of
invasive microorganisms present

Encapsulation response Deals with parasites, etc. too large to be
phagocytosed. In a few insect species.
capsules are acellular (humoral encapsulation)
and blood cells may not participate

Cytotoxic reaction Eestroys encapsulated parasites and is
involved in non-fusion reactions between
incompatible strains of colonial animals
(sponges, coelenterates, tunicates )

Transplant rejection Prevention of fusion between incompatible

colonial forms

Mainly humoral: Naturally-occurring and antimicrobial in
serum of many

Lysins Invetebrate group. E.g. lysozyme

Agglutinins (lectins) Self/non/self recognition, killing and

development of insect vectorparasites,
protease inhibition, aids of foreign cells
activator of insect haemocyte coagulation
and prophenoloxidase
kill or neutralize invading microorganism.
naturally-occurring or induced
Antimicrobial factors Antibody-like molecules in insects,
earthworms and echinoderms. Function
(s) uncetian
Other inducible factors Inannelids, Eorseshoe crabs, molluscs,
insects and echinoderms.
opsonic (?) antimicrobial (?)
Complement-like factors Opsonization, killing, cell movement, and
cell-degranulation
Components of activated

Prophenoloxidase system

U WEENAS MPINFANIN ANLINNAFNS
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