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Specific Inhibition of Chemiluminescent Activity by
Pathogenic Vibrios in Hemocytes of Two Marine Bivalves:
Pecten maximus and Crassostrea gigas

C. Lambert and J. L. Nicolas

Laboratoire de Physiologie des Invertébrés, Directies ressources vivantes, Aquaculture, Centiérelst, IFREMER, B.P.70,
29280 Plouzané, France

Hemocytes from two adult bivalves, Pecten maximus and Crassostrea gigas, were exposed to 12 different
bacterial strains including 2 Alteromonas spp. (U1 and T413), 2 type strains of vibrios (V. anguillarum ATCC 19264
and V. alginolyticus ATCC 17749), 1 vibrio (S322) pathogenic to C. gigaslarvae, 2 vibrios (V110 and V117) virulent to
Ostrea edulis larvae, and 5 different strains of a same Vibrio sp. (group A496) isolated from moribund P. maximus
larvae. After 1.5 h contact with bacteria, zymosan particles were added to the hemocytes and the chemiluminescent
(CL) activity of the cellswas measured over 6 h. Analysisof CL activity after bacterial inoculation indicated that most
of the strains could initiate the respiratory burst. However, the intensity of CL was not related to the virulence of the
bacteria. In contrast the CL activity after stimulation by zymosan was modulated by the previous exposur e of bacteria.
This second CL response may depend on the virulent characteristics of the bacteria. As evidence, the strain S322
completely inhibited the CL activity of oyster hemocytes, whereas in the scallop hemocytes the CL activity was only
moder ately repressed. | nversaly, the strainA496 was very effective in disrupting the CL activity in scallop hemocytes
and reduced the CL activity to 30% in oyster hemocytes. V. anguillarum completely inhibited scallop and oyster
hemocytes, whereas the strain U1 decreased the CL activity only by 20%. Finally, the measurement of CL activity
allowed to partially elucidate the mechanism of infection as well as to determine some characteristics of bacterial
virulence.

Key Words: Pecten maximus, Crassostrea gigas, bacteria; chemiluminescence; hemocytes; respiratory burst;
Vibrio sp.

INTRODUCTION

Hemocytes can be considered as a primary line &nde in molluscs (Volety and Chu, 1995),
especially by their ability to phagocytose. Whenmbeanes are stimulated by foreign particles (ptassi
bacteria. . .), hemocytes initiate a metabolic wath (“respiratory burst,” RB) together with theq@uction of
numerous cytotoxic reactive oxygen intermediate®I§R hydroxyl radical OH), hydrogen peroxide @@2),
singlet oxygen 102 ), superoxide anion (£). These excited molecules produce a single phdtging the
relaxation to ground state. The reactive oxygerrinediates are also able to oxidize present andioxion
molecules, such as luminol and luciferin (chemiloesicent process). This process amplifies the photon
emissions up to a level that can be detected mualiscintillation counter (Wishkovsky, 1988).

Increased interest in the chemiluminescence (Gthrtigjue or ROIs production has encouraged further
study in hemocyte activity. This has been suppoligdecent works on marine bivalve molluscs inahgdi
Mytilus edulis(Pipe, 1992)Patinopecten yessoengidakamuraet al., 1985), Crassostrea virginicgLarsonet
al., 1989), and specially iRecten maximu@.e Gallet al.,1991),0strea edulisandCrassostrea gigafBachére
et al.,1991). However, this test is not always adapteithtestigate immune response in all bivalves. Tinas t
clam, Ruditapes decussatuand the cockleCerastoderma eduléLopez et al., 1994) did not generate any
detectable CL activity during phagocytosis of irgatticles, such as zymosan.

The CL activity of bivalve hemocytes have been mgss for different purposes such as the effect of
contaminants (Pipe and Coles, 1995) and host—pathagferaction. For the last point, only the paessi
including Rickettsia(Le Gall et al.,1991), Perkinsus marinugAndersonet al., 1992; Volety and Chu, 1995),
and Bonamia ostregMourton et al., 1992, Chagoet al., 1992) have been investigated up to now. If differen
experiments were reported about the interactiowdsen bacteria and bivalve hemocytes (Rodrick arreciyl
1984; Alvarezet al.,1995) it was not quantified by the measurementlofCivity.

The measurement of CL response to study the patiogetivity of different bacterial strains is more
relevant than observation by light microscopy beeanf its swiftness and provision of quantitatiatad In fish



for instance, authors showed that some pathogemiteba were able to stimulate CL activity and gate
reactive oxygen intermediateSeromonas hydrophilaith tilapia hemocytesdreochromis aureud;eunget al.,
1995),V. anguillarumwith sea bass hemocytdddrone saxatilis;Staveet al.,1985) and with trout hemocytes
(Oncorhynchus mykisSakaiet al.,1991).

The present work had a double objective: to exarthiseability of bacterial strains fro@. gigas, O.
edulis,andP. maximugarval culture, to trigger the CL activity of hemyaes, and to investigate their detrimental
effect on hemocytes by measuring the CL responaesatond stimulation with zymosan.

MATERIALSAND METHODS
Bivalves

Two species of bivalve were used, the scaltomaximusand the Pacific oysteE. gigas.Twenty adult
scallops, 3 or 4 years old, and 20 adult oystere wellected in the bay of Brest (Brittany). Scpiovere stored
at a temperature of 15°C in a 450-liter sea-watek equipped with sand filter and air lift systerhey were fed
just close to satiation on a drip issue of four nmédgae mixed includingsochrysis affinis galbanél to 2.63
10 cells/day/animal)Pavlova lutheri(1 to 2.6 x 10 cells/day/animal)Chaetoceros calcitran.5 to 1.3 x 18
cells/day/animal)Skeletonema costatui®.3 to 0.5x 10 cells/day/animal).

They were maintained, for at least 2 weeks, in @nisconditions of temperature and feeding before
sampling of hemocytes. F@. gigas,the same conditions were applied, except the testymer (18°C) and the
diet (Isochrysis affinis galbanad.7 to 1.1 x 10 cells/day/animalPa. lutheri:0.7 to 1.1 x 10 cells/day/ animal;
Ch. calcitrans:0.4 to 0.5x 10 cells/day/ animalS. costatum0.2 to 0.3 x 10 cells/day/animal).

Hemolymph Sampling

Either two, three, or four individuals were firdaped on ice and all the solutions for dilution ever
previously sterilised and cooled. Hemolymph wasdiawn from the pericardial cavity, through the @acidr
muscle, using a sterile needle, fitted to a 1-mingye. Volumes ranging from 1 to 3 ni.(maximusand 0.5 to
1 ml (C. gigag per individual were usually obtained, after repdawithdrawals if necessary, and pooled.
Hemolymph was rapidly twofold diluted in modifiechteaggregant alsever solution (MAS; Bachéteal.,
1988). Hemocytes, in a 50-sample of the hemolymph—MAS mixture, were countisthg a Malassez cell.
Concentrations in the mixture generally ranged ftbto 4 x 10s hemocytes per milliliter for individual scallops
and 0.35 to 1.5« 10sfor individual oysters.

Only the samples with Ix 10s hemocytes/ml foPectenand 0.5 x 10sfor Crassostreaor more (in the
hemolymph/MAS 1/1 mixture) were kept. Hemocyte nensbbelow these were not sufficient after dilutafn
MAS (final concentration of MAS: 2.5%; Bacheagtal.,1991).

Inoculated Bacteria

Twelve strains were used (cf. Table 1). Five s&diA365, A496, A060, A601, A700) of the same
vibrio species, assessed by DNA/DNA hybridizatiomgublished results) were pathogenic Rar maximus
larvae. They were isolated over 5 years duringogfiismortalities in a hatchery and previously dibsat by
Nicolaset al.(1996). TwoVibrio sp. (V117, V110) were isolated from moribu@d edulislarvae and on¥'ibrio
sp. (S322) from moribun@. gigaslarvae. TwoAlteromonaqU1, T413) were found in dominant bacterial flora
of healthyP. maximudarval culture. All these strains were affiliatedthese different genera after sequencing of
16S rDNA and phylogenetic analysis. They are alldrom our laboratory. Two type pathogenic stsairf
vibrios were used as reference bacteka:anguillarum ATCC 19264 andV. alginolyticusATCC 17749.
Bacterial strains were cultured in Zobell 2216Riijmedium (Oppenheimer and Zobell, 1952) at 18fBout
shaking for 48 hr (end of the exponential phasbg bacterial cells were collected by centrifuga{i®00gy, 10
min), washed twice in sterile sea water (SSW), mstispended in SSW. Concentration was checked tsideu
diameter measurement at 540 nm. Correlation betwi@est counts and optical density had previouserb
established.



TABLE 1
Characteristics of Used Bacterial Strains

Isolated from Pathogenic to
Strains Genus (date) Note (experimental infection) Origin
A365 Vibrio Pm (1991) High mortality Pm Argenton (F)
A496 Vibrio Pm (1992) Pm Argenton (F)
ADGO Vibrio Pm (1990) High mortality ~ Pm Argenton (F)
A601 Vibrio Pm (1993) High mortality Pm Argenton (F)
AT00 Vibrio Pm (1995) High mortality Pm Argenton (F)
Ul Alteromonas  Pm (1988) Healthy Argenton (F)
T413 Alteromonas  Pm (1991) Healthy Argenton (F)
V110 Vibrio Oe (1990) High mortality Cg Ecloserie du Vivier (F)
VI17 Vibrio Oe (1990) High mortality Ecloserie du Vivier (F)
S322 Vibrio Cg (1991) High mortality Pm (moderate) SATMAR (F)

Vibrio alginolyticus (ATCC 17749) Vibrio
Vibrio anguillarum (ATCC 19264) Vibrio

Note. Pm, Pecten maximus; Oe, Ostrea edulis; Cg, Crassostrea gigas; ¥, France.

Hemocytes were inoculated with appropriate badtetilations in 50 ul, in a ratio determined by
preliminary experiments with a series of bacteciahcentrations including 5, 20, 50, 100, 200 dedisiocyte,
with the strain A496. This strain was chosen beeatiexhibited the most regular virulence of theists
specifically pathogenic to scallop larvae. For eydiemocytes the same ratio was used and gavesi@dults
as to those obtained with scallop hemocytes, inetudomplete inhibition and gradation of responséhw
different bacteria.

Chemiluminescence chemicals

Luminol solution was freshly prepared by 100-folitltion inSSWof a stock solution: 5-amino-2,3-
dihydro- 1,4-phthalazinedione, 21(M; dimethyl-sulfoxide 1 M; stored a20°C. For the zymosan particles
solution, 40 mg of zymosan A (Sigma) was suspemad® ml SSW, boiled for 30 min, washed twice, dmeh
resuspended in SSW, counted, and stored in aligue?°C.

CL Assays

This protocol was adapted from Bachéteal. (1991). The hemolymph/MAS solution was carefully
vortexed and distributed into plastic scintillatigials (type pico prias vial, 6000192, Packard)] @themocytes
for scallop and X10:for oyster per vial. This solution was made up tml2with luminol solution (20Qul) and
SSW. MAS was adjusted to a final concentration.b#2if necessary.

Generation of chemiluminescence was then meastuitbdaviquid scintillation counter (Tri-Carb 2000
CA, Packard) in “single photon count’mode. Theuoter was set on repeated sequential counts. Hachvas
counted for 30 sec. For the 60 vials, the countisted 43 min and 12 countings (cycles) were peréar during
8 hr. The results were expressed in counts pertmifmpm). In a previous experiment with scallop bewtes,
the measure, performed at 12-min interval, inditakat the peak of activity was achieved 45 mieradiddition
of zymosan in agreement with the data of Le @ahl. (1991). According to Lopeet al.(1996), and Larsost
al. (1989), the oysterQ. gigasandC. virginica) hemocytes reacted faster and the maximum ofigctecurred
between 20 and 30 min after addition of zymosanwvéier, the ratio between control sample and anypkam
with bacteria remained similar over two cycleseatst after the peak. Finally, the measurementextyei3 min
allowed to conciliate technical constraints anddourately follow the ratios of CL activity.

The CL response of hemocytes stimulated by zympaaiicles was tested at two different temperatures,
17 and 26°C, in order to determine the effect offerature.

The measurement started with a delay of 30 mirr #dfe distribution of hemocytes into the vials, in
order to allow hemocyte fixation to the vial sugac

Bacterial Stimulation

The CL base activity was recorded during a firstleycycle 1) and then the 12 bacterial strainsewer
inoculated in four replicates, using a single vaduigd0 pl) and gentle mixing (pipeting). Every vial was
inoculated just after its CL base measure. Threeafdfour vials were not inoculated with bactearad received
the same volume of SSW and luminol. One set withemocytes was used as the “zero level” samphe; set
with hemocytes nonstimulated by bacteria was usedha “base level’” sample and a second set with
nonstimulated hemocytes was used as the “contialthe second part of the experimentation (zymosan



stimulation). After inoculation of bacteria, the Gictivity was recorded over two cycles (cycles & & (cf.
Table 2).

The CL activity of the hemocytes stimulated by kaet was compared with that of the base level
hemocytes, 43 min after inoculation. Results weqgressed in a “CL activity multiplying coefficieht(Mc)
calculated by the ratio

Mc = CLba/CLb,

with CLba as activity of hemocytes stimulated bycteaa and CLb as activity of the base level
hemocytes. This coefficient expressed the stimutatif RB by bacteria.

In order to determine if bacteria alone could gateeCL activity, the 12 bacteria were added sepbrat
to the vials containing luminol, SSW, and MAS buthout hemocytes.

TABLE 2
Chemiluminescence Test, Experimental Plan

i Number cycle (43 min)
Samples

(four replicates) 1 2 3 4 5tol?2

No. 1: Zero
SSW + MAS + Luminol
No. 2: Base
SSW + MAS + Luminol +
Hemocytes
No. 3: Control
SSW + MAS + Luminol +
Hemocytes +zym
No. 4 to 15: Bacteria
SSW + MAS + Luminol +
Hemocytes +bhact +zym

Note. +bact, inoculation of bacterial strains: +zym, addition of
zymosan particles; SSW, filtered sea water; MAS, modified alsever
solution.

Zymosan Stimulation

After 1.5 hr of contact with bacteria, the solutimiizymosan particles was added at the concentrafio
80 particles/hemocyte, optimal concentration presip determined by Bachést al. (1991), in all sets except
the zero level and the base level samples. The diikity was then recorded for nine consecutive egdcf.
table 2).

The CL activity of hemocytes, previously in contadth bacteria and stimulated by zymosan, was
compared to that of the control sample, 43 minradtenulation. Results were expressed in a ‘“reaiddL
activity coefficient” (Ra) calculated by the ratio

Ra= CLba- CLb/CLc- CLb,

with CLba as activity of hemocytes stimulated bynngan after 1.5 hr contact with bacteria; CLb as
activity of the base level hemocytes; and CLc diwicof the control hemocytes. This coefficiengpeessed the
inhibitory effect of bacteria on CL activity of heeytes stimulated by zymosan particles. Significhfierences
between CL responses of treated groups were detednuising a multifactor analysis of variance procedvith
alpha = 0.01 or 0.05. All experiments were performed fdores with oyster hemocytes and five times with
scallop hemocytes.

RESULTS
Preliminary Experiments

The increase of the bacterial concentration fromto5200 bacterial cells per hemocyte showed
progressive inhibition of the hemocytes CL activifyig. 1) compared with the noninoculated hemocytes
Significant, but not complete inhibition occurredl@0 cells/ hemocyte. All the following CL expeemnts were
made with this concentration. At temperatures ofahd 26°C, CL activity ofC. gigashemocytes was not
strongly modified (Fig. 2a).
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FIG. 1. Effect of bacteria/hemocyte ratio (strain A496)@nactivity (cpm) ofP. maximusiemocytes after activation by zymosan patrticles
(1, bacterial inoculation; 2, zymosan addition).

Conversely, the CL activity of scallop hemocytesrdased dramatically by 75% when temperatures
were increased from 17 to 26°C (Fig. 2b). For ttisdy, temperatures during CL activity recordingreve
stabilised at 18/20°C for scallop hemocytes an@£Z; for oyster hemocytes. These temperatures mere
compatible with technical constraints than 17 a@t2and allowed to obtain high levels of CL respons

Activation of Chemiluminescence by Bacterial Inatioh (Figs. 3 and 4)

The CL activity generated by bacteria (without hegtes) was weak or nonexistent, except for T 413
and U1. High CL activity observed after 43 min with13 and U1 alone (% 10:to 8 x 104cpm) was similar to
the activity detected with oyster (9 to 2010:cpm) or scallop (3 to % 104cpm) hemocytes.

For P. maximushemocytes, most of strains induced a significant (5, alpha = 0.05) or highly
significant 6 = 5, alpha = 0.01) increase of CL activity in comparison witle tthase level” sample, except the
V. anguillarum and, tacking into account the self activity of lait, T 413 and Ul. The “multiplying
coefficient” (Mc) values were ranged between 1&®&l 5.26. However, the CL response may vary withé
test samples. During five observations one of tlstrmariable responses occurred with A 601 andewrfigom
2.02 to 6.09. According to the CL response, bazteould be clustered into three groups (Fig. 3riyoactive
strains (U1 to T413), fairly active (V117 to A0O6@nd highly active (S322), but the statistical dedid not
validate these three groups.

For oyster hemocytes as for scallop hemocytes tthaéysis of results does not concern the strains Ul
and T413. The strains A365, A060, A601, A700, Vidduced a significantn(= 4, alpha = 0.05) or highly
significant @ = 4, alpha= 0.01) increase of CLactivity in comparison with ttentrol samples. Mc values were
in the range of 1.30 to 2.64. For strains A496, ¥,13322, and/. alginolyticusglobal statistical analysis on the
four tests rejected a significant difference whb tontrol sample. However, their capacity to ird@d. activity
was real as they all triggered significant RB asteonce. It was quite difficult to separate thifedént strains
according to their CL responses (Fig. 4) becauseetivas no significant difference between the sin@ns.V.
anguillarumis quite remarkable because it did not trigger Bi& in either of the hemocyte types. On the
contrary, strain S322 generated the highest heraoegponse.
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FIG. 3. Mean f = 5, 1SD) multiplying coefficient (Mc) oP. maximushemocytes after exposure to different bacteriairstt (Significance
versus base: not significant (NSglpha = 0.05; **alpha = 0.01.)

Bacterial Inhibition of Zymosan-Stimulated CL Ait}i\Figs. 5 and 6)

For P. maximushemocytes, the contact between hemocytes and rhdisé strains tended to disturb
hemocyte responses to the zymosan stimulant. Tégonses were not significant between the contrdl an
strains Ul and T413 over the five tests. Anotheugrcomposed of strains A365, V110, and V117 mddbra
but significantly inhibited the CL activity (abodD% of a decrease). A third group including S3206@, V.
alginolyticus, A601, and A700, reduced the hemocyte response %. 80 anguillarumand A496 almost
completely disrupted the CL activity (Fig. 5). FGr gigashemocytes, similar inhibition of the CL activity
occurred. The strain U1 appeared again as a ndatcgtrium without significant difference in comigan to the
control. In contrast the “neutrality” of T413 wamt confirmed in this case.

Finally bacteria could be clustered into three gsyuthe first with U1, the second with partially
inhibiting bacteria (from 53 to 70% decrease in thsponse) and the third composedvofanguillarum, V.
alginolyticus,and S322 which led to complete inhibition (Fig. 6).

The strains A496 and S322 acted differently aceqydd the bivalve hemocyte species (Fig. 7). In
scallop hemocytes, the Ra with A496 was very waaksagnificantly differentif = 5, alpha = 0.01) to the one
with S322. Inversely in oyster hemocytes, S322 pked complete inhibition of CL activity whereas /Aft
almost 40% CL activityr( = 4, alpha = 0.05). The strains A365, A060, A601, and A700, bging to the same
pathogenicVibrio sp.as A496, were much less active than the lattemsinascallop hemocytes, especially the
strain A365. Besides they produced an equivaldrbitory effect in oyster hemocytes. The strain Vidolated
from the flat oyster@. edulig larvae exhibited a greater inhibitory effect ipster hemocytes than in scallop
hemocytes. This effect was less evident with igolat10.V. alginolyticusbehaved exactly like S322 with both
hemocyte types.
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FIG. 4. Mean 6 = 4, 1SD) multiplying coefficient (Mc) ofC. gigashemocytes after exposure to different bacteriaissr (Significance
versus base: not significant (NSglpha = 0.05, **alpha = 0.01.)
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FIG. 5. Mean 6 =5, 1SD) residual CL activity (expressed by the coeéintiRa) ofP. maximusiemocytes stimulated by zymosan patrticles,
2 hr after inoculation of bacteria. (Significan@rsus control: not significant (NS)atpha = 0.05; **alpha = 0.01; ***alpha = 0.001.)

DISCUSSION

Although Wishkovsky (1988) reported that tempermatoontrol was one of the two main problems of
liquid scintillation counter utilization for CL aefty measure, many authors eluded the problenxifpeg that
experiments were performed at room temperaturdini®nary experiments have shown that the CL agtioit C.
gigashemocytes was not strongly modified by temperatofes7 and 26°C (also observed by Alvaedtzal.,
1989) whereas the CL activity of scallop hemocytesreased by 75% when the temperature was incréased
17 to 26°C. It is therefore extremely importantitoit temperature variation during the recordingGif activity.



In addition, the physiological state of the animalan important source of variability in hemoc@k
response. For example, it has been observed thaidyte concentration can double between fastedasiand
well fed ones. Pipe and Coles (1995) tesfihgedulisobserved a considerable interanimal variabilitytatal
hemocyte counts from the same site and Bacdbieat (1991) observed witl. edulisandC. gigasthat the CL
response varied considerably in intensity and mswiftness, in 10 oysters. These facts confirmithportance
of working with adult bivalves of similar originstored in identical and stable conditions.

Validity of this method could be limited by the fabat the bacterial strains studied are pathogenic
bivalve larvae and not to adults from which hemesywere taken, for obvious technical reasons. dlitiad, it
was well known that infection of adult bivalves bgcteria was rare (Nottage and Birkbeck, 1990; iG#c
1991). If the adult hemocytes were susceptible dotdria it may be because the experimental comditio
especially bacterial rate (100 cells per hemoowte high and probably not encountered in naturadliitions.

12

Ra (residual CL activity coefficient)

0.2) T T T T T T T T T T T T T
control U1 ADEOD V110 A365 A496 AB01 T413 A700 V117 Val S322 V.ang
NS * = * *x * e e —— - . "

Bacterial strains

FIG. 6. Mean 6 = 4, 1SD) residual CL activity o€. gigas(expressed by the coefficient Ra) hemocytes stitedlay zymosan particles, 2
hr after inoculation of bacteria. (Significancestes control: not significant (NS)afpha = 0.05; **alpha = 0.01; ***alpha = 0.001.)

On the other hand, means of defence in bivalveatarare little known. Nevertheless, phagocytosis
capacity ofC. virginicalarvae hemocytes was shown by electron microscbggrmvations (Elston and Leibovitz,
1980) and foM. edulislarvae hemocytes by observation of fluorescentdsicinternalization (Dyryndat al.,
1995). Finally, since the larval hemocytes are fional, they may have some similarity with adultrteeytes,
especially their susceptibility to bacteria.

The measure of CL activity, as already underlingdséveral authors, represented an excellent tool to
investigate the pathogen—hemocyte interaction.edperiments demonstrated the capacity of currecteba to
elicit RB, exceptV. anguillarum,T413, and Ul when taking their self CL activitydnaccount. During the
experiment to determine the optimal concentratibA496 (Fig. 1), this strain did not trigger the RBhis was
probably due to the high basal level of hemocy#dsut three times superior to the usual level (9 tg 10+
cpm), which may have masked the effect of bacteria.

This capacity would then confirm the antimicrobéadtion of this mechanism. The level of generated

CL did not permit differentiation of pathogenic fincmonpathogenic bacteria. Some authors reportedittdent
strains induced a higher CL activity than non asleirulent strains (Leungt al.,1995; Staveet al., 1985), but
Leunget al. (1995) also observed the contrary. As for the peEr&onamia(Mourtonet al.,1992; Chagott al.,
1992) andRickettsia(Le Gall et al., 1991) the ability ofV. anguillarumto penetrate into hemocytes without
triggering RB may permit it to survive in phagocyells. In this way S322, which generated the sfesh
response in both hemocyte types, may be quicklyrale=d and may be considered as less virulent than
anguillarum.

According to Mauel (1984) two mechanisms are ingdhin parasite survival in hemocytes: resistance
to hydrolytic activity of lysosomes and capacityitdibit the RB or inactive toxic compounds genedaby
macrophage oxidative metabolism. So the measuf&_ddctivity alone, cannot account for bacterialilriton
of other destructive mechanisms. Nevertheless titaapy inhibition of CL activity may confer a ceita



advantage t&. anguillarum.Further experiments would be necessary to deteriharzymes, such as catalase,
glutathione peroxidase, dismutase superoxide, lkadiree phosphatase are involved in the primarytiion of
CL activity.

The inhibitory effect of bacteria on the CL respomms the addition of zymosan gave more convergent
results. They were reproducible and allowed th&atibn of this method for the examination of soaspects of
bacterial virulence. The inhibition of zymosan Gisponse by bacteria may correspond to two everitsr A
some bacteria were internalized by phagocytosisyrar(s) and toxin(s), actively released by intamttérial
cells or passively by lysed bacteria, may block 2 Second, these toxins or others may lead toohgta
death. The saturation of nonself receptor by bactathich should prevent the secondary phagocytobis
zymosan seems least probable. Indeed, that supposégernalization of bacteria without previousriaye to
the hemocyte. Such a phenomenon to our knowledgadtayet been reported.
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FIG. 7. Comparison of mean residual CL activity (expresbgcthe coefficient Ra) oP. maximusand C. gigashemocytes, with four
bacterial strainsVibrio anguillarum,U1, A496, S322. (Significance A496 versus S322: 4 (oyster),n = 5 (scallop); &lpha = 0.05;
**alpha = 0.01.)

CL test assisted the differentiation of two intéires Vibrio strains, S322 and A496. Higher inhibition
of CL activity by these two strains was observethwmemocytes of their habitual host. Thus this métmay be
useful to determine the virulence of bacteria talvdifferent organisms. Nevertheless previous expemial
exposures of larvae to bacteria (Nicoles al., 1996) rejected for some cases a direct relationvdsat
neutralization of hemocytes and bacterial virulence

C. gigaslarvae exposed to the strain V110, which was asees T413, A365, or A700 toward oyster
hemocytes, died some days later but not with nestirain T413 or the strains pathogenic to scaldlopae. The
strains A700 and A601, which were moderately actigainst scallop hemocytes, also provoked an cakboé
disease in scallop larvae, 2 or 3 days after exposn the same manner as A496. Inversely, isola@sd) and
A365 failed to infect scallop larvae under the sarpaditions despite moderate activity agaiRstmaximus
hemocytes. In reports not yet published, the satmansof V. anguillarumwhich presented high activity in
hemocytes was unable to kill scallop larvae whexéagence of strains A700, A601, and A496 was aoméd
again.

he absence of a direct relationship between cyicitgxo hemocyte and ability to kill larvae forebe
bacteria confirm that different means of defendeepthan hemocytes alone may exist. Inversely bacteay
invade larval tissues without being destroyed bmbeytes which constitute only an ultimate barrigaiast
pathogens.

To conclude, this work places further emphasiseshenspecific action of some vibrios toward their
host hemocytes. In other words, some strains siudere able to “improve their offensive capacit@ggainst
target species. Thesdébrio capable of neutralizing the hemocytes quickly magsess efficient cytotoxin(s).
The CL activity would be an interesting biologitast to facilitate their isolation.
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In an other way, the use of CL test may possiblpdtter applied to the determination of the actjoisi
of immunity during larval development. If phagocsicapacity was already shown by microscopy olasiens,
the moment when hemocytes start to synthesize ayitoteactive oxygen intermediates, with RB pathwiay
unknown. The CL test, used with constituent celtsnf disaggregated larvae (technical method given by
Odintsova and Khomento (1991), with Japanese sthlvae) would be an interesting approach.
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