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Abstract

A flow cytometric method to measure the productidroxidative metabolism products was adapted fer wih
Crassostrea gigahemocytes. The method is based upon the oxiddtphydrogen peroxide @), of intracellular 2',7’-
dichlorofluorescin (DCFH) to green-fluorescent darbffluorescein. Activation of the respiratory bufRB) was tested using
phorbol myristate acetate with no success. By cehtegtivation by zymosan particles increased diddeof DCFH inC.
gigas hemocytes, mainly granulocytes, and optimizatioststeshowed a good response with 20 zymosan partfise
hemocyte. Anti-aggregant solution, used to preverhocytes from clumping during bleeding, inhibitheé RB activity
measured by DCFH oxidation. The flow cytometric noethdeveloped during this work was used to evaltiaeDCFH
oxidation-inhibiting capacity of four strains ofovio bacteria, known or suspected to be pathodgenigsivalves.

Keywords: Hemocytes; Oyster&rassostrea gigad-low cytometry; Respiratory burst; 2',7’-Dichldhaorescin diacetate;
Pathogensyibrio

1. Introduction

Flow cytometry is a routine tool in vertebrate bamital research. This tool has been applied more
recently in marine research. The first descriptibflow cytometry as a tool to characterize bivahemocytes
was published in 1977 [1] on work with the gianalap Placopecten magellanicuand in bivalve pathology
starting in 1988 [2,3]. This powerful tool has oftdbeen used, mainly to describe hemocyte population
characteristics [4—8] or changes associated witihabagy or environmental stress [9-12].

In mammalian biomedical research, flow cytometrg Ao been developed to monitor the respiratory
burst (RB) (HO2 production) of polymorphonuclear leucocytes [13-1Bfoduction of reactive oxygen
intermediates (ROI's) linked to phagocytosis hasrbdescribed as an important defense mechanisimaivés
(for a review, see Ref. [17]). ROI production ivdlive hemocytes has been studied by chemiluminesoeith
luminol [18-20] but to the best of our knowledg&IRbroduction byCrassostrea gigaduring phagocytosis has
never been measured using flow cytometry. Thusatheof this work was to describe the developmdra o
flow cytometry biotest to measure ROI productior@t) in hemocytes of the oyst€l. gigasand to evaluate
the interaction of some pathogenic vibrios wittsthikidative metabolism.

2. Materialsand methods
2.1. Animals and hemolymph collection

Adult oystersC. gigas were supplied by the hatchery of IFREMER (Argentérance), maintained for

2-15 days in a flow-through seawater system alaiheratory (Institut Universitaire Europe’en deMar, Brest,
France) at ambient temperature (15-17 °C) andigal{fB3—35%0), and processed for hemocyte analysis a
follows: hemolymph was withdrawn from the adduatauscle, through a notch previously ground (24 hthin
oyster shell, using a 1 ml plastic syringe fittedhwa 25-gauge needle. Hemolymph from each oyses w
transferred into an individual eppendorf tube hefdice. Only individual samples confirmed to beacleof
contaminating particles by microscope observati@rewkept. Hemolymph from at least 18 individualsswa
pooled; each poolxg8) was composed of hemolymph from six individu&@soled hemolymph samples were
filtered to 80um mesh to eliminate aggregates or large pieceslufisl
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2.2. Chemicals and Iffer

Zymosan stock preparation: 200 mg of zymosan Ar{@igwas suspended in 10 ml of filter-sterilized
seawater (FSSW), heated in a boiling-water batt3@omin, and then washed twice (centrifugation) and
resuspended in FSSW. The particle count was chavkadscopically using a Malassez cell, and aliquatre
frozen at-20 °C.

Phorbol myristate acetate (PMA, Sigma) stock sotutll mg PMA was dissolved in 1 ml dimethyl
sulfoxide (DMSO, 99.5% min.), divided into aliqup&hd stored a0 °C.

2',7’-dichlorofluorescin diacetate (DCFH-DA, Sigmstpck solutions: 0.1, 1, 10 and 100 mM DCFH-
DA solutions were prepared in DMSO and then dilued@0% in FSSW to produce stock solutions at final
concentrations of 0.01, 0.1, 1 and 10 mM. DMSO adjssted to 10% in each stock solution.

Anti-aggregant solution for bivalve hemocytes (AASkhs prepared according to Ref. [21]: NaCl
2.5%, EDTA 1.5% in phosphate fiier 100 mM, pH 7.4.

Luminol solution was freshly prepared by 100-folbliton in FSSW of a stock solution (5-amino-2,3-
dihydro-1,4-phthalazinedione, 18; in DMSO 1 M) stored at20 °C.

2.3. Bacteria
The following cultured bacterial strains were saadi
1. Vibrio tapetis(CECT4600), etiologic agent of the brown ring diseea clams [22—-24].

2. Vibrio sp. strain S322, pathogenic for scalRgcten maximurand oysteC. gigaslarvae [25] and
known to inhibit chemiluminescent (CL) responseacdllop and oyster hemocytes [20,26].

3. V. splendidusl, strain sp7 (named TNEMF6 in Ref. [27]), isoldtieom juvenileC. gigasduring
mortality outbreak in France.

4.V. splendidudl, strain 83, isolated from hemolymph during métyeoutbreak in adult oysterG.
gigasin Argenton hatchery (France).

These strains were cultured in Zobell 2216E med{Difco) at 18 °C on a shaker table for 24 h. The
bacterial cells were collected by centrifugatioB@@y, 10 min), washed twice with FSSW, and re-susperiied
FSSW. Bacterial-cell density was determined by mesamsent of optical density (OD) at 492 nm, at whilsh
correlation between direct counts (colony formimifluand OD had been established previously.

2.4. Preliminary experiment: CL test

A preliminary experiment was performed Gn gigashemocytes to evaluate the oxidative metabolism
of non-activated and non-anti-aggregant treateld bgl chemiluminescence with luminol. Briefly, ogst were
bled and pooledx@) as described previously. After counting, pooteinolymph samples (three pools) were
distributed into plastic scintillation vials (typg@Eco prias vial, 6000192, Packard) at184 cells per vial. This
solution was then made up to 2 ml by adding 2I06f the luminol solution and FSSW. Tubes with ohlyninol
and FSSW X3) were used as controls. Generation of chemilustieiece was measured using a Wallac
Guardiane liquid scintillation counter in ‘singlégion count’ mode. Each vial was counted for 30 ts@ 12,

37, 59, 90, 112, 133 and 155 min. Results of Cliviagtwere expressed in counts per minute (cpm) and
presented as instantaneous and cumulative data.
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Fig. 1. Typical flow cytometer density plot of €. gigas hemocytes, 853C vs. FSC or FL1 vs. 33C (Log scale). Area R 1=small agranular
cells, R2=hyalinocytes and R3=granulocytes. (a. by €. gigas hemocytes sub-populations 60 min after addition of FSSW. (c. d) C. gigas
hemocytes sub-populations 60 min after addition of 80 particles of zymosan per hemoeyte.

2.5. Measurement of RB by flow cytometry: principle

The method used 2',7-DCFH-DA and was adapted fRaf [13]. During incubation with hemocytes,
DCFH-DA diffuses into the cells. In the cytoplasm the acetadaps (-DA) are removed by esterase; DCFH is
thereby trapped within the cells. The intracellUlld®€FH, a non-fluorescent fluorescein analog, idi@ead to
highly fluorescent dichlorofluorescein (DCF) by hmytes stimulated to produce ROl by PMA or zymosan.
Intracellular DCFH oxidation is quantitatively redd to the oxidative metabolism of the hemocyte uediated
by H202. DCF production results in green fluorescence,sueble on the FL1 detector of a flow cytometer.

2.6. Flow cytometric analysis

Pooled samples of hemolymph were analyzed on a EaGi8ur flow cytometer (Becton Dickinson,
San Diego, CA, USA).

Measurement of hemocyte concentration: ib8ub-samples, from each of the three pools preWyou
made, were fixed by adding 150 of a 6% formalin solution in FSSW and used toleate the hemocyte
concentration. A microscope count using a Malass#iavas performed in parallel on non-fixed hemaym
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Hemocyte sub-populations: hemocytes were divideéd three distinct populations corresponding to
three cell types—small agranular cells, hyalinosyaed granulocytes; they were separated accordirigeir
complexity and oxidative activity using density plosualization of side scatter (SSC) vs. fluoresatetector
(FL1) (Fig. 1a) or according to their size and ctewrjty using density plot visualization of SSC Verward
scatter (FSC) (Fig. 1b), after gating all activélscehowing DCF fluorescence. Sub-populations ohbeytes
were still easily recognizable after phagocytogigymmosan particles as shown by the density pletalization
of SSC vs. FL1 (Fig. 1c) and the density plot viagion of SSC vs. FSC (Fig. 1d), after gatingaadtive cells
with DCF fluorescence. It should be noted that zyamoparticles showed some auto-fluorescence (E)g. 1

Measurements and expression of results: mean BEv&CF activity (green fluorescence level in
arbitrary unit on the FL1 detector) was evaluatdefach hemocyte sub-population dfetient incubation times
by a 30 s passing of the samples through the flpiwnceter. Results are given as mean of fluorescence
arbitrary FL1 units, for each hemocyte sub-popatath the three pooled samples.

2.7. DCFH-DA dose response

An initial experiment was performed to define thptimum DCFH-DA dose to be added to
hemolymph; this dose should béfgtient to emit a measurable fluorescent signal enRihl detector and to be
non-toxic for cells. DCFH-DA at 1QM final concentration is commonly used with humasutnophils [13,14].
Briefly, oysters were bled, and hemolymph samplesevwpooled as described previously. Each of theethpols
was divided into eight sub-samples of 30@nd distributed into 5 ml polystyrene tubes (Baly maintained on
ice. Six microliters of the DCFH-DA stock suspemsia(0.01, 0.1, 1 and 10 mM) was added to yieldl fina
concentrations of 0.1, 1, 10 and 10@. After 20 min of pre-incubation with DCFH-DA, 3Qd of zymosan
solution at a ratio of 20 particles per hemocytel 800 ul of FSSW for controls, was added to the
hemolymph+DCFH-DA solution. Tubes were then incedaat room temperature (20/22 °C), and DCF
fluorescence was evaluated just after zymosan &W addition {=0) and att=30, 60, 90, 120, and 180 min.
Results are given as DCF fluorescence in arbittarys of the dferent hemocyte populations and for the
different DCFH-DA doses and incubation times. Thenpraparison of DCF fluorescence was done for each
hemocyte sub-population atfigirent DCFH-DA doses, depending upon whether the wetivated or not with
zymosan.

2.8. RB activation assay with PMA or zymosan

During the adjustment of the DCF assay, two possi®B activating agents were tested: PMA and
zymosan. PMA has been used previously to elicitRBein bivalve hemocytes at a final concentratiél @ pg
ml-1[28,29] and was tested at this concentration inpifesent experiment. A ratio of 80 zymosan padiger
hemocyte was established by Bache're et al. [L&i@®ptimal concentration to activate thegigashemocyte
RB, measured by chemiluminescence with luminol.lifiieary results using wild oysters showed that a
concentration of aboutx10s cells per ml hemolymph is common. Adding a ratidB6fparticles per hemocytes
led to a final ‘cells+particles’ concentration ofi8107 particles per ml. This concentration is more thaaorf
times the optimum cell concentration defined bytBedickinson (2107 cells mkh) for its cytometer. Moreover,
at this concentration, zymosan particles are pghrteggregated and co-occur wit gigashemocytes in the
FSC/SSC cytogram. Accordingly, filirent ratios of zymosan particles to hemocytes wested (<80) to
optimize the DCF assay.

Oysters were bled and pooled as described preyioakch of the three pools was divided into six-sub
samples of 40@l and distributed into 5 ml polystyrene tubes (Baly maintained on ice. Six conditions were
tested: (1) addition to hemolymph of 400 PMA solution to obtain 1Qug ml: final concentration, 40@l
zymosan to obtain (2) 80, (3) 40, (4) 20 or (5)pkbticles per hemocyte, and (6) 4@0of FSSW for an un-
activated control. Eight microliters of the DCFH-B#ock solution (1 mM) was added to each tube éidya
final concentration of 1@M, 15 min before adding PMA, zymosan or FSSW. Tulvege incubated at room
temperature (20/22 °C), and DCF fluorescence watuated for each sub-population after 18, 32, 48,95,

120 and 180 min of incubation. The same experimastrepeated with no DCFH-DA pre-loading time: DCFH
DA, zymosan and FSSW were added simultaneouslgheolymph tubes maintained on ice. Then, tubes were
maintained at room temperature to be analyzed tonugtry at diferent incubation times.
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2.9. AASH fect

One of the problems with bivalve hemocytes is tbapacity to aggregate. To reduce clumping, several
authors have used anti-aggregant solution duriegddhg to achieve a 50/50 hemolymph/anti-aggreguxture
[18-20,26]. In this AASH flow cytometric assay, baaf the three pools was divided into eight sub{dashof
150 ul and distributed into 5 ml polystyrene tubes (Bal maintained on ice. Sub-samples were diluted (+150
ul) with FSSW (AASH untreated control), or AASH stian to yield 5, 15 or 45% AASH final concentration
The AASH solution had been previously modified witpmosan particles in half of the sub-samples. @hre
microliters of the DCFH-DA stock suspension (1 mivBs added to each tube maintained on ice to yiditlah
concentration of 1@M. Tubes then were maintained at 18 °C, and DCérélscence for each sub-population
was compared (AASH treated or untreated and zymastiwvated or not activated) after 30 min incubatio

2.10. Application: #ect of pathogenic vibrios upon oxidative producttbgsis

After hemocyte counting, as described previousigheof the three pools of hemolymph was divided
into five sub-samples of 30l and maintained on ice. Each sub-sample recei@duBof different bacterial
suspensiongy. tapetis Vibrio sp. strain S322y. splendidustrain sp7 and/. splendidustrain 83, to have 50
cells per hemocyte final concentration, or 30@f FSSW to be used as a control. Six microli@ithe DCFH-
DA stock suspension (1 mM) was added to each tabgeld a 10uM final concentration. Then, tubes were
maintained at incubation temperature (room tempesat20/22 °C), and DCF fluorescence was evalubied
flow cytometry after 30, 60, 120 and 180 min indidra Finally, after the measurement at 180 mirmagan
particles (40 per hemocyte) were added in eacheofive sub-samples to compare the activation dhiped of
the hemocytes after 3 h of contact with vibrios.

3. Results
3.1. CL test

Instantaneous and cumulative CL activity of nornvatédC. gigashemocytes front=0 to T=155 min
are presented in Fig. 2. The CL activity of hemesyivas very high &t=0. CL first decreased strongly, then
more slowly to yield stable values. Cumulative dsit@wed a high increase of activity; the valuesiéento
reach a plateau.
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Fig. 2. Instantaneous and cumulative CL activity in cpm {mean level, =3, = SE) of non-activated C. gigas hemocytes (5 = 10F cells

in FSSW).
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3.2. DCFH-DA dose response

The DCF fluorescence @. gigashemocytes, with time and according to DCFH-DA loaddose, is
presented in Fig. 3a for granulocytes and in Fig.f& hyalinocytes. Considering the DCF activity as
cumulative measure of the oxidative metabolism efmbcytes, the DCF activity curves (Fig. 3a, b) &émel
cumulative CL activity (Fig. 2) can be comparedténthat tested hemolymph was not the same). Claady
same pattern is observed for the M DCFH-DA dose—first a drastic increase then aqdat For the 100M
DCFH-DA dose, the DCF fluorescence accumulatiopd after 30 min, suggesting that DCFH-DA at this
concentration is toxic. For the OuM dose, the fluorescence level of hemocytes wadawdo be distinguished
from auto-fluorescence of the zymosan particlee ThAMDCFH-DA dose seemed to be iffiicient to register
all the oxidative events in hemocytes, since th@0dose led to a higher fluorescence level. As aclumion,
the 10uM DCFH-DA dose appeared to be the optimal concéntraThis result was confirmed by looking at
the zymosan activationffect on hemocytes loaded withffdrent DCFH-DA doses. A comparison of DCF
activity with time of granulocyte activation (+zyisen) or not (+FSSW), depending upon DCFH-DA loading
dose, is presented in Fig. 4a, b, c. Statisticalysis (ANOVA, n=3) showed that there was no significant
increase in the DCF fluorescence of zymosan aetivgtanulocytes using 0.1 oruM DCFH-DA. However,
the 10uM DCFH-DA loading dose revealed a significant irage of the granulocyte DCF fluorescence after
zymosan activation.
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3.3. RB activation assay with PMA or zymosan
3.3.1. Activation with PMA

Results ofC. gigashemocyte RB activation by PMA, measured as an as&@én the DCF fluorescence
by flow cytometry, are presented in Table 1. Stiahs analysis (ANOVA) showed that there were no
statistically significant increases+3, p<0.01) of DCF activity level after PMA addition, mmpared to the
control (+FSSW). This result was observed for alniocyte sub-populations and for all incubation 8r(i8, 32,
46, 64, 95, 120 and 180 min). Moreover, for smghaaular cells, DCF activity was lower than the tcols at
t=46, 64, 95 and 120 min.

Table 1
Comparison of the mean DCF fluorescence values (in arbitrary units +-SE) according to hemocyte cell types activated or not with
PMA (10 pzml ! final concentration)

Incubation time (min) DCF fluorescence (arbitrary unit)
Granulocytes Hyalinocytes Small agranular cells
18 Control ol 88+ 10 244
+PMA 46 04 191
32 Control 12111 142+ 12 37+5
+PMA 122+ 13 147+ 5 262
46 Control 161+12 43 £ 3%+
+PMA 142+ 6 3l+2
o4 Control 201+9 54 L2
+PMA 177+13 38+
95 Control 476 T3L 2
+PMA 227+ 18 57+1
120 Control 272+ 14 B0+ 3**
+PMA 215+ 14 67x2
180 Control 274 +0 T4+5
+PMA 2l4=6 LS

**_ Statistical difference between activated and non-activated cells; ANOVA, n=3, p<0.01.

3.3.2. Activation with zymosan

Fig. 5 shows the increase of DCF fluorescence tiitie, depending upon whether granulocytes were
activated (+zymosan) or not (+FSSW). ComparisothefDCF mean value of granulocytes activated oranet
presented in Table 2 (ANOVA)=3, p<0.05). Clearly, there was a DCF-fluorescence m®eein activated
granulocytes: after 18 min for doses of 20 and4®)min for a dose of 40, and 120 min for a dosé®fThe
dose of 20 particles per hemocyte seems to be ébe dompromise between activation capability amdeto
particle ratio. This dose allowed a systematicease of the granulocytes’ DCF fluorescence withetimhile
there is no statistical fierence with the maximum dose of 80 particles perdugte. Statistical analysis did not
show any increase of hyalinocyte DCF activity. he tsecond experiment, despite a reduction in DCRH-D
loading time, the same results were observed.

Table 2

Comparison of the mean DCF fluorescence values of granulocytes activated (+zymosan) or not (+FSSW=control)

Time (min) 18 32 46 64 95 120 150
Control a a a a a a a
zym 10 a ab ab ab ab b b
zym 20 b be b be b b b
zymn 40 ab abc b be b b b
zym 80 ) b c b L b b b
PMA (10pgml ") a a a a a a i

Lettering relate the groups to each other and the significant differences between groups. Mean comparison ANOVA, n=3,
FiEIRIER

3.4. Peak of DCF fluorescence

The incubation time required to achieve the peakinsfantaneous DCF fluorescence Gn gigas
granulocytes activated by zymosan was evaluateddbgulating the polynomial regressions of the carve
presented in Fig. 5. For example, the equatiortiferzym 20’ curve was: DCF fluo.=2 10s (time} - 0.0006
(time)}+ 0.0498 (time) + 1.9348 (time} 57.367;R2=0.9998.

The first derivative describes the slope of the DxOFve, in other words, the instantaneous variation
the DCF fluorescence. The time of the maximum slameresponding to the peak of instantaneous DCF
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fluorescence, was obtained when the second demvaipproaches zero. Applying the first and second
derivatives to the polynomial regressions obtaingth our experimental curves gave the peak of DCF
fluorescence after 42, 40, 37 and 42 min incubatiespectively, with 80, 40, 20 and 10 particlezyhosan
per hemocyte. To conclude, the peak of instantan&CF fluorescence, after activation by zymosariqes,

of C. gigashemocytes at 20/22 °C can be estimated as occlafiegapproximately 40 min of incubation.
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Fig. 5. DCF fluorescence level (in arbitrary unit, AU} of activated (+zymosan) C. gigas granulocytes (mean, n=3. = 8D) from =0 to
=180 min, depending on the zymosan ratio in particles per hemocyte (from 10 to 80 particles per hemocyte).

3.5. AASH ffect

Results obtained with granulocytes to which AASHswaded are shown in Fig. 6 . These results were
representative of those obtained for all cell typgghout AASH (control) the DCF fluorescence leustreased
2.06 times 30 min after the addition of zymosantiplas. Conversely, no increase (ANOVpA<0.05) was
measured with a 45% AASH final concentration. Aaclmhibition was noticeable with as little as 5%.3H.

3.6. Application: &ect of pathogenic vibrios upon oxidative produgtstsesis

Results from bacterial addition experiments aresgméed in Fig. 7 for granulocytes and in Fig. 8 for
hyalinocytes. In the first phase, DCF fluorescemmeased steadily in control hemocytes. DCF dgtivias
higher in granulocytes (554.6 arbitrary units) cangal to hyalinocytes (455.6) after 3 h of incubratiat t=180
min, for both hyalinocytes and granulocytes, ¥heapetisstrain inhibited DCF oxidation most severely (dadd
by 1.66 in granulocytes, 1.63 in hyalinocyteg). splendidug83) andV. splendiduqsp7) showed the least
inhibition for granulocytes. Finally, 1 h after atiloh of zymosan t240 min),Vibrio sp. (S322) showed an
intermediate response—strong inhibition of granules (equivalent to/. tapeti$, and hyalinocyte inhibition
equivalent toV. splendidug83 and sp7). In summary, the inhibition capacitypacteria tested fo€. gigasRB
is: V. tapetis > Vibriosp. (S322) V. splendidu$83)>. splendidugsp?).
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Fig. 6. DCF fluorescence level {in arbitrary unit. AU) of C. gizay granulocytes (mean, n=3. + SE) 30 min after addition of 80 zymosan
particles per hemocyte or FSSW depending on whether hemolymph was or not (controly diluted in an anti-aggregant solution (AASH)
at 5. 15 or 45% (final concentration).
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Fig. 7. DCF fluorescence level (in arbitrary unit. AU) of C. gigas granulocytes (mean. n=23. + 5E) after addition of different bacterial

strains (50 cells per hemocyte) or FSSW (control). ( 1) Addition of 40 particles of zymosan per hemocyte. Lettering indicates significant
differences between conditions, ANOVA, n=3, p<0.03 (a, b: at 1= 180 min: x, y: at r=240 min}.
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Fig. 8. DCF fluorescence level (in arbitrary unit AU) of C. gigas hyalinocytes (mean, a=3, £ SE) after addition of different bacterial
strains (50 cells per hemaocyte) or FSSW. (1) Addition of 40 particles of zymosan per hemoeyte. Lettering indicates significant
differences between conditions, ANOVA, n=3, p<0.05 (a, b:at =180 min: x. y: at +=240 min).
4. Discussion

This work demonstrates for the first time the measent of RB activity irC. gigashemocytes using a
flow cytometric method. The method is based updragellular DCFH oxidation to DCF, a highly fluocest
molecule detectable using flow cytometry. Usingsthiethod, we showed an activation of RBUn gigas
hemocytes, mainly granulocytes, following phagosigoof zymosan particles. The peak of activity was
estimated to be achieved around 40 min after agdif zymosan. This result can be compared withl§/20
min observed foC. gigashemocytes using a CL assay [17], 30 min foundJovirginica[30], and 45 min for
Pecten maximugl9,20]. Twenty zymosan particles per hemocyte apge to be a good compromise for this
method and seemed to satisfy the following critesialear increase of the DCF fluorescence withldineest
number of zymosan particles. Moreover, the useQofyimosan particles per hemocyte allowed lowerdsteth
errors (cofficient variation of 4.2%), at least compared witbst obtained with 10, 40 or 80 particles per
hemocyte (coificient variation of 7.3, 6.3 and 7.9%, respectivelfhe same flierences were obtained in the
second zymosan assay, with the addition of zymasdrDCFH-DA simultaneously.

No activation of RB was detected using PMA atufOml:final concentration. However, many authors
(listed in Ref. [28]) showed an activation of biwalhemocyte RB by PMA using methods other than flow
cytometry (chemiluminescence, formazan/nitro bleteaizolium assay). This apparent contradiction atdag
explained by the fact that the hemocytes used dutliis work were withdrawn without use of any anti-
aggregant solution and tested without delay afien®ing. Hemocytes, therefore, probably were ireacited
state, characterized by an increase in DCF fluerese in control hemocytes over time. This high llesfe
oxidative metabolism was confirmed by the CL assé#gre non-activate@. gigashemocytes showed a strong
CL activity at the beginning of the experimentislpossible that the ROI production was so highaeuit further
activation that it was not possible to increagadre with PMA. Zymosan seemed to be a mdfieient activator
of the RB in this case. This result is consisteith whose of previous workers [29,31,32] showingtthunlike
vertebrate phagocytes, bivalve hemocytes wereskassitive to PMA than to zymosan particles.

Assay performed without a DCFH-DA loading time skealthat this step was not necessary and did not
affect the results.

Assays with anti-aggregant solution showed cle#irly inhibiting éfect of AASH upon the oxidative
metabolism. This result is consistent with previdiumlings [33]. In our protocol, we decided to linthe
handling of hemocytes as much as possible, paatigutentrifugation used to eliminate anti-aggrdgaoiution.
An additional dilution to reduce the anti-aggregfaml concentration to 2.5% as recommended prelojil 8—
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20,26] was not possible, because this resulteddridw a hemocyte concentration for flow cytomednalysis.
Thus, using our protocol, addition of anti-aggregamution must be avoided.

As an application, the method developed in thiskwtas been used to evaluate the inhibitiffgat of
different pathogenic bacterial strains upon ROI syighdsring RB inC. gigas hemocytes. Experiments
reported here allowed us to classify bacteriaissraccording to their inhibiting capability. Inmstudy, the two
most active strains were described in the liteeaig pathogenid/. tapetisto adultR. philipinarum[23,24] and
Vibrio sp. strain S322 t€. gigasandP. maximudarvae [25]. It was surprising that a strain pa#mig to clams
was the most active strain agaifst gigashemocytes. Moreover, experimental infectiondn gigaspalleal
cavity with V. tapetisdid not lead to any disease symptom or mortalit4].[3This suggests prudence in
evaluating pathogenic-strain virulence using sucheghod. Our in vitro challenge did not take int@x@unt all
the possible virulence factors, particularly thisked to non-hemocyte, ‘humoral’ defenses of theth

The use of a strain with moderate inhibiting cafilgbisuch as th€. gigaslarvae pathogeni¥ibrio sp.
S322, can be considered as a possible experintenstalTesting this strain on fierent oysters may be used to
estimate the resistance capacity of these aniradspiathogen. Complementary work must be done goritke
in detail the specific steps in DCF formation dgrthe RB pathway, particularly by using specifibibitors, so
that we may better understand the inhibiting afstiof pathogenic bacteria upon oyster hemocytes.
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