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Ahbstract

Im the context ol infectious diseases 1n rme]luse and shimp aguacyliose, research must be foctised
Uil EnOATs Tor 2oosan tary controls Bul glsa on abLining resisiant animals. Tiy lastsirategy depends
heine |y o e develgproent af knowladge svout msrne invertehrale immenelogy, With the cstah-
lishment of purification protocols for the main imverteh-ute pathogens, progress has been made i Lhe
“aly nl host—pathogen interactions at cellulir and moalecular fevels wnd In identifying Immune
lectors invelved in the Jostuction of pathugens. Recent information nn molluses and CTUSEILLATS
I peesented, eancerning hoth hermocyte siadies and cellular defence | unctooms and humosal effectors,
with specel reference to their application to selection of pathogen-resistant animals. With this aiin,

veoanch prospecis will essentially be devoled (o the ientification and characterization of immune
wenes, wither specific or heterolognyy, whish could be eandidutes for mollnse and shrimp penstic
It fos Lo,

Kevworde Tonmunologe: Molluscs: Crasticems

I. Introdoction

Infectioos diseases constitute the main barmer 1o (he develupment and continuation of
milbuse and sheimp aguacnlloze. sach cultivated specivs being sensitive Lo severul by pes of
paithingan

I bieulve molluses, protozoans of the Ascetospora { Bonamia, Marieilia, Haplospori-
ey are parieularly imporanl taking inta account the cxtreme comumercial losses in
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many areas. Perkinsuy spp. (Apicomplexs) arc alsn well Rnn':lfn lur their invol veme %n
chrome mortalities and recent epidemics have boosted interest in these Pathogens (Goggin
anid Lester, 1987; MeGaddery el al, 1991 ), Rickettsiss and chlamydias are frequently
obaerved in bivalves which hias led 1o cousidering themn as non -pathwgenic, However, recen)
epidennological surveys have suggested possible invelvements in mass mortalilies of seal-
lops (Le Gall et al., 198%: Leibovitz; 1989 . Several groups of bactenis (Aeromonas,
Freudomonas, Vilrio and Nocardia) arc known to ind uee mortalitics inhutcheres and, o
alesscrextent, in growth avens (Paillard et al., 1989, Viruses are stillmot studied sufficiently
in spite of probable high pathogenicity: in 1970, an Fridovirus way suspected of having
decimated Furopean stocks of Portugucse ovslors, Crassostrea angulate (Comps et al,,
1976), At present, a Herpes-like virus is assocnited with larval mortalities in the Japanesc
tyster C. giges in France (Nicolas etal., 1992) and in New Zealand {Hine et al., 1902,

In shrimips, protozoans, ricketisias and chlamydias have heen described (1 ghiner, 985}
but thew do net seem (o induce sigitficant moralines, probably because development of 1he
pathogens is relatively slow compared (o shrimp growth, Fungi and bacteria cause severe
mortalities in hatclicries, When, as af present, numnerons bacterial wyndromes are suffercd
In several urens { Criado-Fomcho et al., 1988; Baricados et al., 1990: De La Peoa ¢t al
1993 Song et al, 19933, the situation becomes critical hecause regular use of antibiotics
leads to resistance problems. As found in mrects, the most drastic pathogens are viryses
belunging to different groups, in particular bacnlovimases, parvoviruses and pleornaviiuses.
Epidemiological surveys ol these viruses are still badly performed hecuuse of the lack of
stitable disgnostic methods bt they undoubtedly constitute the main restricton far gluimp
production throughout the worid

For many years, tescarch in marine invertebrae puthology was cssentially descriplive,
Loeusing on pathopen morphology, analtmopathology and epidemuology. Progress Lus heap
mede in eXperimenlal pathology with the development of severa] mathogen pusilication
prolocols (Miallie ot al., 19835, 1988 Le Gall and Miathe, 1992). Such proteols arc
indispensuble bevause of the lack of in viro systemis adupted (o cultivation of intracellulny
Ascetospora pathogens, unlike he Apicomplexs prolozoans lor which continuous pullures
of . marinus have heen suceesslully established in a cell-fres culture system { Guuthier
and Wasty, 1993 Kleinschoster und Swink, 1993; La Peyre ot al., 1993}, Beaides the
prepacation of specific molecular probes to diagnese diseases (Miulhe et al. 1992}, the
availahility of purilied Pathogens has penpilted duvelopment of in vivo and in vitro madels
For studying host—pathogen interactions, with g special emphasis on defence processes.

This paper presents information on molluse and shrimp inununology and future researeh
strategics directed towards obtaining resistant animuls,

%, Study of immune system effoetors
i1 Rivalve molluses

L1 Cellular effectors and immune mochanisms

ffenocytes: Inbivalve mallyscs, hemoeyes constitte mainly the first line of defenes apainyt
mvaders, Apranular hemocyles (hyalinocyles ) and granilar hernogytes { granulocyles ) are
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THED0 . However, hemuoeytes murp]ur]u:_.{u:a]l}i Consiitute very helcrogencous cel] popala-
tions which are not aceyrately characterized in terms ol cell tvpes and lincages, nor in terms
uf their respective defence functions. Hegause of the lmitations of maorpholosical fegtures
For identifying hemocvies, new approaches have been developed: leclin-kind; ng characier-
tstics (Pipe, 19%0a); monoclonal anlibodics, previowsly weesd to characterize Easrropad
hemoeytes ( Yoshino and Granath, 1983, Dikkeboom ot al. [DER), werg prepared for the
Fapanese ovster €, gipas (Morvan et al, TE9TY and for the blue mwssel Myitlus edudiy ( Noil
chal, 1994). Some monoclonal antibodies were proved ro be specific for sranular cells and
lor husophilic granulocytes, respectively in C. gigas and M. edulis,

The availability of immunclogical probes will permil an antigenic identification of cell
tvpes, particularly useful for determinin g hemograms with precision. The study of individual
hermaogeamn varability will thus be rassible in redation 1o physiological, environmental or
sress purainelers and in relation o differenices in Refisitivity to pathogens (Hervio et al.,
ILLEHD

Antigenic characterzation of b emocytes van be combined with lunctional studies in arder
tes specity their respective roles in the conrse of defence response, Furthermore, monoclonal
antihodies specific for membrane epilupes constilute uoigue reagenls for hemnocy e immu-
aosceparation, for example; USIng magnetic beads, Finally, monoclonal antibodies, specific
lor priveins seereted by hemoeytes, will also be yseful 1o purily and o characlerize these
ivirlecules

W espesunents with hemoeyles, 4 routine PIECAUTion consists in using an 4NTi-agaregmnt
selutan for eollecting hemolymph i oeder to avoid the hermocyle ageregalion resction. A
manhilicd Alsever solution was also shown to be effivicns in rreventing cell degradation ang
W nlaining hemocytes in a quicscen states, After resuspension inan SPTTOpaate medinmg
wlucing calcium and isgnesium, Eemocytes then recover attachment and spreading
tehavior, is well as their functionnal capacitics, In such cxperimental condion s, hemocyre
awantilications anid distributions are reljahle, Moarcaver, living hemoeyie subpopulations
con be separated by izopyenic centrilugation in isoosmoetic media prepared with medificd
Shwever solution ¢ Bachere et al., 1988y,

Mhagen vioees. Phagocytosis is considercd an imporlant way 1o coptrol and eliminar: foreign
partides This miernal defence process |s wall documented (Bayne, I9%)) and classically
silshivided into several suceessive processes:

dhwenerecis which is stll pootly known in bivalves (Howland and Cheng, 1982

revenenition which s achieved by mesns of membrane and secreted molecules whick
sy terimed opsoning, The ldentification of lecting in bivalve molluses and their role ge
Sgfenitn wis demonsirated (Renwranie and Stahmer, 1983 Vastaeral 1984 ), The study
o weepton and mechanisms involved in targel recognition by hemocyles is of prime
sgmwtanue 10 understanding subsequent pathogen hemocyte interactions.

ibeena (st of forcign particles, enclosed in aprimary phagosome which then fuses
S By wmomes 1o form phagolysosome, Several lysosomal enzymes have heen identificd
W Bivalve hemoeyies, among which ars aejd phosphatase { Yoshing and Cheng, 1976),
Bpsesye ) - plucoronidase (Cheng et al., 1975: Moare and Lowe, 1977), arylsulpha-
B Mastise ol cathepsin B and ¢; { Pipe, 1990h}. Thesc eneymes imfervene in the killing
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g or eatracellarly, (o destroy and (o
‘mechanism, smce they may act, either intracdularl?
digest Foreign particles.

suitable stimulation of macrophages,
Chciddetive killing mechanism, In vertebrates, Pon active vaveen intermediates {ROTs),
phagocylosis is associated with the productioeol €een and hydroxy! radical which afe
such as superoxide, hydrogen peroxide, it OXY. pitling \nechanism was mvestigatedl
highly microbicidal (Klebanoff, 1982). This c3dati¥ Putinapecten vessoensis whers
in gastropods ( Dikkeboom et al., 1985) and mbe Sr‘tcd by histochemistry { Nukamira et
the production of hydrogen peroxide was d-:nitl’iST['ﬁ) wias developed because it provides
al, [985), The technique of chemilominescens {L‘l_'l_aj.s-ltlaltcl metabolism and 5 kinetics
qualieative and quantitative analyses of the PREYCY Loy ifing from the respitalory burst
of this activity, The CL corresponds t light Li"ss":’;p]iried with an oxidizable compound
and the generation of ROTs, The CL signals carbe afl oo for the vystars, . virginica
such as Juminol. This phenomenon has bBE”fL“?'”_'.;nérc ctal, 199 1a), bluz mussel, M,
{Larson el ul., 1989}, €. gigas and Ostrea o6 (Biyp o (7 o Gall eral. 1991}, On the
edulis (Notl et al., 1993) and bay scallop, P#E% " 40 i5uiee in weveral clams, Ruditapes
other hand, phagoeytosis has not boen related 0 CT.; {Lopez-Gomez el al, 1994). These
decuszarus, K. phillipinarum and Ce rastode! T e s on the lack of incressed oxygen
dala are in accordance with previously establised dn mercenaric during phugocyviosy
uptake in the hemocytes of another clam, Meced
{Cheng, 1976]. vl d for marine bivalve hemozyies in
CL methodological parameters have been 88008 pione Tor nivnesous individual
order to okiain uﬁﬁndi;fdim assey. (1L 05 8 Fﬂi”bj:rs of hE?ﬂuu.:.a les gimlarly stii;ulmaj
meaaures. Samples are puepared with identeal 3““1':"";15 phorbol myristate scetate {PMA ),
cither with symeosan particles ot soluble stirmul @t E“UF.;I.ivaly sreat individual and specics
which permits comparative analyses, [n spite f 4 r'ir: on hemacyle phagoeytic capacity,
vaniability, CT. could be adapted for analysing % e e el in aquacultore { Larson
ol any external factor, such as stress, pollutants2r an
clal., 1989, Dachire e al., 19910 ). ined mare precisely by considering
Oxygen-dependent microbizidal processes WiC X gy oo parated by isopycnic centrif-
CL activities of oyster hemocyte subpopulativms Previop activity was only recorded for
wrahon (Bachire et al., 1988). Tn Japanese F8ED 410, phagocylosized zymosan par-
hvalinocyle phagooylic astivity althoueh oratocye sover, in M, edulis, CL AS5AYS per-
ticles (Muorvan and Bachére, unpublished détl- Mi‘f_-.q led alsy to the evideace thar
formed with separared subpopulationg of hn‘-”_lL‘Ul'l_ﬂm.;:., es for the generation of ROIs
eosinophilic gramilar cells would be the st #Ive f lar and hyaline cells (No#l ot ad.,
during phagocytosis compared o the basophile graf
19937,

242, Humoral effeciors

- adnged by the hemocytes,
Humaoral eflectars are suluble factors, some BINg |

) s hemaocyies could contribute to
Lysasomal enzymes, Lysosomal enzymes origiating ok, 1975}, Such a defence function
extracellular destmaction of "invaders” { Cheng did Bow
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has only been experimentally demonstrated for inducible lysoeyme which hasa bacteriolvtic
deriviny ( Chengeral., 1975).

#acrericiding. Bactericidal sclivities have heen demonstrated in abalunes {Cushing 1 al,
19717 and lapanese ovster C. gipar (Mod et al,, 1984 ) but the molecules have never been
rifealiticd.

Cyepdvsing, Eryihirocytes are agglutinated and Tysed in vitra by molecules released by A1
ediedis hemocytes (Teippe and Renwranle, 10%8) but the biochemical nature of lese
cylotoic factors remains voknown.

<13 Communication and mediation of defence yystem

study of molluse cytikines was undertaken by referring tothe verichrate mediators which
are released by activated immune and nun-immune cells aad which arc able (o imitiate or
regulate host defencs responses {Arai cLul., 1990, Opioid peptides were desomsirated and
imvalved in communicstion hetween Mytilns hemocytes (Sicfano el al 19845 Funetional
studies using marmmalian cyrokines indicated that M tifies hemcevles were acivated. Mora-
over. using immunological probes specific for 1L and TNE, cross reactivitics ware observed
by enzymatic immunoassays with mussel hemolymph (Fughes ceal., 1990), According to
un immnolluoresce e assay, hemovyles of M, edulis, () edulic and ¢ igas as well as of
the pastropod Lymeacea stagnalis shoved reastivity with antisera rajsed arginst the humnan
evtokines 1L 1, IT6 and TNF { Adema and Bachire, unpsblished resulesy,

22 Urustacecns

Knowledge of crustacean immunity s cssential ly related to e cravfish and Pacifavtaciy
leniusewdus, some maring decapods such as lehster, Homarus vulearts. and coab, Carcinus
muenas. Few dat concern shrimp spocies, the species studicd most being the ridgeback
privwn, Sicvoma ingentis, the Kuruma prawn, Pendens jaoonicws, and the brown shomp, .
californienyiy,

22} Cellwlar effectars

Hempeytes, Three types of cireulating bemocyres are marphologically recognized in crus:
ticeans (Siderhill and Smith, 1983; Martin and Graves, 1985 Amirante, 19%65: Hose &
al.. 1987; Tsing et al., 19897 byt their actual relarionship in terms of lineage remains an
upen guestion. The smallest and least numetous hemoeyles ara (he hyaline cells which are
vonsidered as phagocytes (Siderhill et al, 1986), The remigranular eells, which contain
small grunules and display some phagocytic capacities, would be specialized m particle
encapsulation (Perssonctal., 1987). The semigranuiar cells and the granular ceifs degran-
ulate spontancously in vitro. These two types of hemocyies would parlicipate in the pro-
phenoloxidase (proPO) system which 15 an important component of the cellular dofence
reactions | Bbderhidll and Smith, 1983

As previously established for the vrab C. mgenay ( Stderhiall and Smith, 1083 b lsepyenic
centrifugation on Pereoll gradient of P Japonicuy hemocyies penmils separstion of the three
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cell subpopulations, Alsever solutinn being advantageously used as hemolymph anticouy-
ulant { Rodogues et al., 1995).

PMrophenoloxidase system. Biochemisny of prophencloxidase (prePO) sysiem aclivalion
and regulation is well known in the eray(ish (S30derhall et al., 19290). Brelly, profO is
activated by a prophenoloxidase-activating enzyme (ppA), which 15 a scrine proleass
previously activated in umn by microbial cell walls. Two protease inhibilurs, a2-maco-
glohulin and a rypsin inhibitor, can block ppA. A protein, 76 kDa cell adbesion factor,
released by the hemocytes, amnplifies the generation ol the prof0 systews by inducing
degranulation of semigrailarand granular cells and by sumulating phagoey Lsis by hyaline
cells {review in Johansson and Séderhill, 1989). About fourteen proteins of the proPO
activaling systern and associated factors in both insects and crustaceans have been purificd
und characlerized (Soderhiill et al., [9940),

Hetnocytes and hemalymph proteins of £, faponicus have been antigenically character-
ized with specific monoclonal antibodies. Molecular weights of epitopes were determined
by Western-blot or immunoprecipitation { Rodrigues ot al., 1995% und some of them were
ultrastructurally localised on hemocytes by immunogold electron microscopy. A plasrnatic
protein of 180 kDa under reduced conditions, reacting with several mAhe, is identified as
clolting factor; a protein, with a monomerie form, of 170 Dy is also labelled by specific
antibodies in shrimp plasma and localised by imuunogeld in hyaline cells. Preliminary
results of positive cross-reaction with purified crayfish proteny strongly sugeest that the
monoclonal agtibodics are specific for the monomeric form of a shrunp e2-macroglobnlin
{ unpublishied resulis). Moreover, two mAbs identily distinct hemucyte populaiions sepa-
ratec. by isopyenic centrifugation on Percoll gradient. The mADb 402 specifically labels
eranular cells amd is specific fur a protein of 142 kDa also present in plasma, whereus the
mAb 40E10 15 the marker for small hyaline and semi-granulur cells | Rodriguer et al .
1995 This collection of mAbs is now used for purilying the correspending proleins which
will be characterized and microsequenced, Finally, the maAbs will also be suitable reagents
for characterizing the relevant geaes by their use as specific probes for serecning cDNA
librarics cloned in expression vecsors.

2 22, Humiral effectors

Humoral fuetors including apglutining or lecting have heen characterized in various
crustacanns: the lobster I, americanas [ all and Rowlands, 1974), the barnacle Bulanus
balaneides { Ogataet ul., 1983), the freshwater prawn Mucrobrachium rosenbergil (Vasta
et al_ 19%3), the crah €. antennarius (Ravindranath and Paolson, 1988), the shrimp F.
monodon ( Ratanapo and Chulavatnatel, 1990) and recently i the crayfish £, lerfuaclus
{Kopacek et al, 1993). Al these [ectins In Crustaceans are repou ted to be specific for sialic
acid or its derivativas. All the physiologic roles of lectins in inveriehrates meinain unclear
hut it appears that these molecules are involved In recogniliun and defence mechanisms
agains! parhogens and muy act as opsomns (11: Vasts, 1900,

"I'he induclion of bacrericiding has been related in Iobster hemolymph (1 americanis )
i ho ad Stewart, 19787 1w the response 10 the injection ol differcnt killed bacteria but so

tar na o malerniss hnve heen e hedbunel charactereeed .
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Indusible sntimicrobial peptides have never hean studied in crustacesns. Nevertheless, 1t
must be staled that in other arthropods, and particularly in he chelicerates, antimicrobial
molecules named tacliyplesing and pefyphemuring have heen found in the bemnocy es of the
herseshoe erabs Tl meidentetus and 1. paltwphemuy respeetively (Nakamura et al | 1988;
Mivatz et al,, 1989)_ These cationic peptides are composed of 17 (tachyplesins ) or la
arnine avid residoes { polyphemusms ), containing two intramolecular disulfide bridges, and
with masses of 2263 and 2453, respectively. Chemical synthesis of these peptides was
achieved. All the natural and synthetiz peptides exhibit almost the same potency in their
brogd-spectrum anlimicrobial activites, namely they inhibit growth of both Gram-positive
and Gram-nepative bacteria as well as some fungi such as Candida and Cryplecoccus
{ Akugict al., 1989 Miyatactal., 1989) . In a recent shady, tachyplesins and polyphemuosing
were shown to directly inactivate the vesicular stomafitis virus by destroying its envelope
suibanits | Murakami etal, 19917,

3. Host—pathegen maodels

For the purpose of developing resvarch in anti-infeclicus immunology, in viva and n
vili host—pathogen mudels have heen established, in purticular for hivalve species, becanse
al the wvailability of pathogen purification protocols (Mialae ot al., 1983, 1985 L Giall
amd Mialbe, 1992 and begause of progress in hismocyte primary cultires.

i Meetopons ¢

Honcirnea asirede I:.-"'\.E_DEUJSPI:}I'EI.:I 1% Ik il‘ltl"ﬂ]'].(.‘-‘mﬂ'ﬂ:r'[;ﬂ ]__'IEITﬂﬂ.iT.E-j of the [lat oAl (. edufiy.
{ omsequently, the interactions of this parasite with host hemocytes have been considerad
from o patholosical and immunological point of view_ By using hemoeytes from the Japa-
wise wysier, € pipas, interactions can be studied immunologically since this species has
tween anturally and experimentally proved refractory (o [, estreae.

Parastle phagocyiosis was first investigated on the basis of caperimental infections of
wemocyle primary cultures with purified Bonamica cells (Mourten ct al., 1992). Parasite
ity nsaele hemocytes was then studied using Cytochalasin I as a specific inhibitor of ell
delomkeleion movements. Light and electron microscopic observaions indicated that the
garasite enters into all the hemocytes, by host-specified phagocytioss, whalever the ovster
speyiey [ Chaginletal 19923,

P womialarity bepween O edulis and €. gigay bemuoeyte infection has led o consideralion
ol possible differences in the oxidative killing mwechanism. Chemiluminescenl assays
srwcd thisl parnsiie phagocytosis does not ingger the production of ROLs by hemocytes,
wdiber Tor 02, ecluliz nor for ©. gigas (Herviv et al,, 1989) . B astrege contains large amonnts
sl o i) phosphastase localized in dense budies of the parasite (Hervio et al., 1991}, Such
S enayIne 15 Koown n some vertebrate parasites as an whibitor of axidative killing mech-
g hecause these acid phosphatases block the geperation of superoxide anion { Remaley
whal 1R Toanvestgate how B, astreas could inlerfere with the production of exygen
Jumsgminainda e mosytes were stimulated with eyinsan particles, either beloreor after adding
s wmtaaiien | wvins or beal-killed narasites were shown (0 be non-isterfering in hemooyis
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CL aetivities, This strongly suggests that Boramia enlry into hemocyles is mediated by
receptors not involved in the oiggedng of oxidadve melsbolism. These results indicate
ellivient adaptations ol the parssite lor bypassing the oxidative microbicidal system of the
hemoeyles. No rode has been shown for parssite acid phosphatase,

The respective fates of B. ostrear inside hemocytes of senutive and refraciory oyster
species has not been determined becanze of the present difficulties in long-term in vito
culture of molluse hemoeytes.

In Apicamplexa, similar studies have been recently devoted o the effect of Perkingus
redrinys, an endoparasite of O, virginica, on the nxygen-dependent cytotoricily system of
the oyster hemncytes. Whereas in C. wirginica naturally infected with £, murinus, the
hemacytes were shown Lo display incressed ROT production as demonstraled by chemilu-
minescence (Anderson et al, 19923, other recent works suggest thal adding P. marinus (o
zymosan-stimulated hemocyites would suppress supercaide ion release (Volely and Chu,
1994,

3.1 Ricketistas

In previous studics, scveral cascs of ricketsiales-like organisms (RLO) lwve boen

deseribed in bivalve specics (Comps et al., 1977; Buchanan, 1978) and more recendy, a .

branchial RLC infection was associated with mortalitics of the sea scallop Pecten maximus
{Le Gall et al, 1988). The RLO, found in parsitophorous vacooles ol vill endothelial cells,
were [requently ohserved o be free i hemolymph. Therefore, hemocyle-rickeltsia inter-
actions were considered with regard 10 phagoeytosis and oaidative killing. An 0 vifo
phagoeylosis assay was established with purified RLO (Le Gall and Miathe, 19923 and
primary culmres of scallup hemocyles, Rickettsia phagoeylosis by hemoeyies was demon-
sirated by light and elecloon micrescopy, some picmires suggesting un intravacuolar degca-
dation of RLO, Llowever, RLO internalization was nol related w the chemiluminescence
activily o hemncytes,

Assays with hemoeytes, previously ncubuted with live or killed parasites and then
stimulated with gyimosan showed 4 slight inhibition of CL. This intbitory effect decreased
when RLO were previousty incubated with L-tartrate. an mbibitor of some acid phosphatases
wentificd in 2, mazimes RLO (Le Gall and Mialhe, 1992), These results would suggest a
pussible involverment of RLO enzymes in protection apainst host oxidanve killing (Le Gall
clal, 1991,

&g, ¥irusey

Despile the mmportance of vituscs in marine invertebrate discases, knowledge about
antiviral activites of mollusc and shrimp hemolymph is very limiled. This can be partially
explained by the lack of cell lines which 15 an ohstacle to the ivolstion and cultivation of
specific viruses. Alternative approaches consist in using in vites syslems with heterologons
WITLSCS,

fivgdve molluses. Experimental in vimro nssavs were developed using I3 coliphageas o test
virus, leading to the ideotilicaiion of a nalive neutrulizing facler in ©. gigas hemolymph
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{ Bachere etal., 1990}, This factor appeared thermolabile, EDTA-sensitive, Becauss itcdn
be inhibited by pheaylmethylaulphony! Quonde | PMSE), it has been related to serine
profeases.,

Similar expeniments were performed using lymphocystis disease virus (LDV) {Flugel,
|9R5]) which is morphologically related to the Indoviruses described inoysters. Preliminary
results showed a newtralizing activity of C. gigar hemolymmph but the Tsetor was not further
characienized (Bachere, unpublished dala)

Cristecenns, Tn 1979, such sn wpproach based on heterologons virmses had already been
applied (MeCumber et al, 1979), In the hemolymph of the blue crab, €. sapidus, 2
sentralizing faclor was proved o he active against T2 coliphage bul inactive against other
ciliphages, Further charactenzation of this factor has not been attemptd,

As previously mentoned, tachyplesing and polyphemusins, peptides isolated {rom horse-
shoe crabs, display annvirel activities. These molecules are able to nactivate vesicular
slomatitis virus by destroying ils eovelope subunits and they slightly inactivaie influenza
virus A whereas herpes simplex viros 1 und 20 adenovirus 1, nevvires 2 and policvieos 1
are IEsisiant W mLelvaon,

4. Research slrategy ond applications

Kesearch in immunoelogy of conunercially important marine invertchrates 15 cumrentlhy
reiated to infectiows pathology bul i propressively drawing nearcr o genetics,; on the ane
band w chavacterize the senes of delence respouse effectars, and on the other hand 1o select
pathogen-resistant strains, ether by guantilative wenetics or by genelic bansfonuation
{ Miathe eral, 1995). 1o this context, future Tescarch on marine inverlebrale Inmuonology
winld greatly benclit from knowledge acquired concermng verchrites, invertebraies such
a5 nsects, and also plants.

A0 Specific effectors.

The availability of different in vitro hosi-pathogen medels offers suitable experimental
sysieins o stody cellular and humoral effecioes,

Celiploer responses. Tn hivalve mollusces, bnpertant individual variabilities have been
obscrved 1o hemograms, hemocyle CL activities and susceptibility to pathogens. For ¢ aam-
ale, cxperimental infections of Mul oysters with purified B. ostreae revedled indivdual
vrighility and strain varebility thal is expressed in differences in the 30% inlcetious doses
{ Hervio et al., 1995y Morcowver, a few oyslers sometimes survived when exposed tooa very
lsigh infectious dose. Progeny [rom such "resistant” ovsters are charactenzed by an increased
30, infectious dose and by an increased number of circulating hemocyles.

In crustaceans, hemocyte data are progressively being acquired and the development of
speeilic probes such as monnelonal antibodies might contribute ga better uoderstanding
ol el pvoes and linezge and consequantly of hemogram compoesition,
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Becunse of the economic impostnes of sheimp aquacubture, the establishment of LA
lor tmonitoring the immune states of snimats is pow # priowity. Tn terms of prophylactic
control of infections dissases, il is necessary 10 be able to check for al) physiological or
imnumological deficiency. With this gim in view, the recent demonsiration of the respiTatony
burst in crustaceuns is partcolarly important. The production ol so peraxide 1won wis shown
in the crab € meernas using the methad of ferricytnchrome-¢ reduction (Bell and Smith,
19933 The CL technigue bring used to study the generation of ROIs in the hemocytes of
the shomp &, juponicus { Bachere and Rodriguez, in prepuration) will now be utilised oo
test for potentic! immunedeficient compounds, that s, environimental pollutants or aalihi.
otics used in aguacujture,

The stady of hemograms, in tertns of hem oeyle types and nurnbers, individual and steain
vamability wnd microbicidal actvities, should be developed. The hemuevtic ovidalive
delence syslem must be stadicd further particulacly in order to determine s significance
againstspecific pathogans. Other microbicidal mechanisms have o be further investigated,
suchus the powerlul killing sysiem linked to the generation of nitne oxide (Tiew and Cox,
1991) which has now been demonstrated in horseshoe erih hemocyies { Badomski et al |
19917 snd very recently in twe molluses, M. eduliy and Viviparas ater (Cttavieni o al.,
19%3). Taking into aceount possible hemaocyte covperation processes, the invest gations on
cytokine-like molecules merit parbicular attention since, in vertebrates, cylokines activame
defence cells for killing puthogens (Liew and Cox, 1991

Humaoral responses — inducible antibacteriol pepiides. Several microbicidal peptide fam-
ilies have biochemically and for genctically been characlerized in inseets, stwowing in some
cuses similaritics with verlchrate molecules, The main insect proteins include: diplericins
{Dunareg et al., L9RRY, defensins | Larmbert el al, 1989 atwscing { Hulimark e al,, 1943
and cecroping { Hultinark et al.. 1982} with an homologous peptide found in intestinal ceils
ul pig (Lee ot al,, 1989): bemolin, belimging 1o the imnmaglobulin supcrfamily and
thought 1 initisle an immune response by binding to the bacterial cell wall (S e al,
1990}, Tt is ulso important o consider the tachyplesing and polyphemusins of horseshoe
crabs { Nakamura et al., 10%8: Mivata et al., 1989 and the niaganing isolated from frog
skin (Zasloff, 1987). The genes of the majority of these peplides huve been cloned. The
tegulation of their expression and their mode of action are now being investigated, in
purticular in Dracaphila with some reseurch based on transzenc animals {Reichart et al,,
1942y,

Similar o vescarch in inscets, 1| will be advanlageous 1o look for molluse und shirimp
microbicidal proteins using hacterial models since hacteriologicul tezhniques are very casy
o perlorm. Demonstration of inducille antibacterial activiey can he based on in vilro dssays
with hemialymph samples (o show haclerial kalling or groweh inhibilion. These assays will
also bensed to follow the proleing in the course of their purification. The ullimate aim wiil
be 1o clone and 10 characterize the gencs wihich could be candidates for selecting resistant
slrdins.

Anather approach cansists in deteeting, in modtuse and shri Inp penomes, genes which
correspond to genes Lor immunity already characterized in ather groups. Such work can be
considered since sequences and probes are available with specialized teams, Genes o
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pritticns of genes encoding counterpants of known peptides could be identificd frum ZOTOINEG
v cNA libraries either by Polymerase Chain Reaction experiments or by hvbridizalion,

$2 Heterolagons effectors

Heterologous inunune effectors have also w be considered becanse ol their poteniial use
i Cransgenic animals (o confer resistance to specific pathogens.

Aniibaeterial peprides. Production of transgenic plants with insect g{-.{:u\s. cnco.ding .';I.]'l,l.i:l.’.l'l.i-
criobiad proteins is currently being investzated {Taynes ot sl I.‘}R’F}, 'irltnhjgﬂnlﬂ LTS
bive heen produced (Miller el al, [987) and hclcrl:]'lngnu;q immune effeciors [t.5|_..;_:d-fﬂr
thetr parasiticidal effects: synthetic cecropin and magainin were prmw.-d t be |_:iﬁc|:::nr.
dprnst oocysts of Plasmodiuon species (Gwadz et al., 1989). A suudu:_ a}jpm:_}ch is bﬁ_lng
meestigated in hivalve mollascs. Thus, using in vitro assay, the cytutaxicity ol maginin i
hias ulready heen demonstrated against £. ostreae, the intrahemocytic parasite of G, edulis,
Mo p]i}’&tj{‘l-lﬂgiuﬂl damage 1o the oyster homouyte was abserved (Morvan et al,, 1994,

Monoclonal antibodies. Recently, monoclonal anlibodics have been succossfully oswed
Apanst the mosquito stage of Plasmodivm (Warburg ot al., 19921, Such results suswest Llhm
Hie expression of unmunoglobulin genes m trmsgenic |nvertehrates conld lead to H,’!D{.‘If]:l.'}
pathegen resistance. This strategy is supporied, on the one hand, b;,' wurle un ransgenic
mammals and plants with immuonoglobulin genes cloned from hj‘blldu-!lltl? [ Srork, 19.15'.":
Hleall snd Ma, 1992), and un the other hand by the availability of hybridomss againsi

numerous invertebrate pathogens { Migthe et al., 1992,

In conelusion, immunology of marine inverlebrates is a reseurch priority tor aqu:iuu_tlure
since infectious diseases are the chief limitaton. In fact, the selection of pathogen-resistant
siramns greatly depends on the identification of immune gencs. Progress wil]l also be neces
sary in caperimental pathology 1o study with piecision te effect F:d'lhcsu immune genes.
and 1n genetics to have relinble methedologies for molluse and shrimp genetic (runsforma-
lom (Mialle et al, 19955,
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A bstract

Douriez the last 10 years, inaring inverlehrate pathology bas moved from morpholegical descriptivn
il e moseopic dispmesis of pethagens to molceulyr charactenzation of these palhugens and probe-
sl diienostios, Smdies of busl—pahosen imeractiuns weie underaben (o understand thi fmymuanity
ol ok iusis and shrimps with a speeial new emphasis on immime gens characterization. Recently,
genene (ransliemation has hesn considered Tor selecting resisianl straing beeanse ol The numizeons
s cesses obtined wilh ransgenic planis and vertebrates, The production of tramspenic molluecs and
by, with menos of antisense sequedices conforing Tesistance to spoeific pathogens, corainly
somtitiies w naw prodty for squaculiene. The quick development of research [rom patho.ogy Lo
el oy imel penatics bas been miade possible partiully by daveloping intermational cooperalivn
Wy connpensite Tor the Timited manpewer, on one hand msids e netveork of the pathelogists, and v
ihe caler el by removing burtiers between toplcs. Begular mectings appoar usefol for regularly
gy ing escach (0 patholegy—immunelogy-genetics of molluscs and shamos, for analysing the
Sy avcurding to advances in similar fields related to other animeal or plant groups, and for
fperoy g (nlermational cooperation between all sedentists conermad from devaloping and developed
T

Besseiels Uitz Tmrmunndozy; Genedes, Tnverchrares

f Isirluction

Masioe inverichrate pathology is @ young fisld of research with limited manpower, This
ety Jitficull situation has in fact contribited 10 creating o puricularly enthusiastic
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