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Abstract In this paper we optimize a flow cytometric
method for evaluating the phagocytic activity of leucocytes
in gilthead seabream (Sparus aurata L.) and characterize
the phagocytic cells observed. Optimal conditions were es-
tablished for the fluorescein-labelling and analysis of the
bacterium Vibrio anguillarum by flow cytometry. Head-
kidney leucocytes were incubated with the heat-killed fluo-
rescein isothiocyanate (FITC)-labelled bacteria for differ-
ent periods, during which the kinetics of phagocytosis was
studied. Attached and interiorized bacteria were distin-
guished. Although phagocytic ability reached a maximum
after 60 min, phagocytic capacity reached its maximum at
20 min. The amount of ingested bacteria per phagocyte was
estimated from the mean fluorescence of the leucocytes.
Cytochalasin B or colchicine was used to inhibit phagocy-
tosis. Monocyte-macrophages and acidophilic granulocytes
showed phagocytic activity as demonstrated by transmis-
sion electron microscopy. In conclusion, the technique pre-
sented allows the screening of thousands of cells, and indi-
vidual cell evaluation, by quantifying interiorized particles
in fish phagocytes. Our ultrastructural results demonstrate
that V. anguillarum is actively phagocytized by seabream
macrophages and acidophilic granulocytes.
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Introduction

In mammals, phagocytosis is carried out primarily by
mononuclear phagocytes and neutrophils. At present, the
different cell types involved in the fish phagocytic defence
have not been elucidated because of the marked morpho-
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logical heterogeneity of leucocytes, especially of granulo-
cytes. The available results from both in vivo and in vitro
studies (Rowley et al. 1988; Doggett and Harris 1989; Este-
ban and Meseguer 1997) indicate that fish monocyte-mac-
rophages may be considered the most active phagocytic cell
type. Nevertheless, the involvement of fish granulocytesin
phagocytosis has not been unequivocally demonstrated, and
itisnot clear which granulocyte types are phagocytic. Reli-
able methods for quantifying phagocytosis as well as for
identifying fish phagocytes are therefore important.

Vibrio anguillarum, the causative agent of vibriosis,
causes serious losses in cultured seabream (Devesa et al.
1985; Toranzo et al. 1987; Toranzo and Barja 1990). The
nature of the cellular immune response that must be elicited
to protect fish against vibriosisis unknown, and so it isim-
portant to determine whether fish phagocytes engulf, kill
and digest this bacterial species. To date, no direct evidence
of this process has been reported. The importance of pos-
sessing a simple method to determine phagocytosis derives
from the fact that phagocytic activity is an important immu-
nological parameter in the study of bacterial infections in
fish, sinceit isrelated to the nutritional status, age and race
of the animals and to preventive or therapeutic treatment.

The aim of the present work was to study the phagocyt-
ic response of gilthead seabream (Sparus aurata L.)
leucocytes against V. anguillarum using flow cytometry
and transmission electron microscopy. The phagocytic ac-
tivity of leucocytes and the kinetics of phagocytosis were
evaluated by means of an easy to use technique. Concomi-
tantly, the cell typesinvolved in the process were character-
ized.

Materials and methods

Animals

Twenty-five specimens of the hermaphroditic protandrous seawater
teleost gilthead seabream (Sparus aurata L.), with an average body
length of 20 cm and a weight of 200 g, were obtained from
CULMAREX S.A. (Murcia, Spain) and kept in 260-I running seawa-
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ter aquaria (flow rate 100%/h) at 20°C with a natural photoperiod.
The fish were fed a commercial pellet diet (Purina) at a rate of 2%
body weight/day.

Isolation of head-kidney leucocytes

The specimens were anaesthetized with MS222 (Sandoz) (100 mg/l)
and the head-kidney leucocytes were isolated under sterile conditions,
as described previously (Esteban and Meseguer 1994). Briefly, the
head-kidney was removed, cut into small fragments and transferred to
8 ml sSRPM1-1640 culture medium [RPMI-1640 medium (Gibco) with
0.35% sodium chloride to adjust the medium’s osmolarity to gilthead
seabream plasma osmol arity] supplemented with 2% fetal calf serum
(FCS) (Gibco), 100 1U/ml penicillin (Flow), 100 pg/ml streptomycin
(Flow) and 10 IU/ml heparin (Sigma). Cell suspensions were obtained
by forcing fragments of the organ through a nylon mesh (mesh size
102 um). Head-kidney cell suspensions were layered over a 34-51%
Percoll density gradient (Pharmacia) and centrifuged at 400xg for
25-30 min at 4°C (Braun-Nesje et al. 1981). After centrifugation, the
bands of leucocytes above the 34-51% interfaces were collected with
a Pasteur pipette, washed twice, counted and adjusted to 107 cells/ml
in SRPMI-1640 with 5% FCS. Cell viability was greater than 98%, as
determined by the trypan blue exclusion test.

Bacteria

Vibrio anguillarum (now named Listonella anguillarum) strain R82
(serotype 01)(Toranzo and Barja 1990) was grown in trypticase soy
broth (TSB) (Gibco) on agar plates from 1.0-ml aliquots of stock cul-
tures that had been frozen at -80°C. To label bacteria with fluoresce-
in isothiocyanate (FITC) (Sigma), an isolated colony from each cul-
ture was expanded in TSB with FITC (50 or 100 pg/ml) and grown
overnight at 20°C in a light-protected microenvironment (Kamar
1994). The optical density of V. anguillarun cell suspensions was
measured at 600 nm, the number of cfu/ml being adjusted to 10° with
standard curves of growth in phosphate-buffered saline solution
(PBS). After labelling, free FITC was removed by washing 3 timesin
PBS, and the bacteriawere heat-killed at 60°C for 15 min. After inac-
tivation the bacteria were washed again and three different concentra-
tions (108, 107 and 10° bacteria/ml in PBS) of FITC-labelled bacteria
were acquired for flow cytometric study. The staining uniformity was
examined and then the bacterial cell suspensions were aliquoted and
stored at —80°C.

Samples of the FITC-labelled bacterial cell suspensions were
fixed in 70% ethanol in PBS or in 2.5% glutaraldehyde in 0.1 M ca-
codylate buffer for 30 min, before being acquired and analysed.

Phagocytosis
Flow cytometry

The phagocytic activity of gilthead seabream head-kidney leucocytes
was studied by flow cytometry. Each phagocytic assay was carried out
in triplicate (Rest and Speert 1994). Samples of 100 ml head-kidney
leucocyte suspensions, previously adjusted to 107 cells/ml in sSRPMI-
1640 medium supplemented with 5% FCS, were placed in 5-ml tubes
(Falcon, Becton Dickinson). To each tube was added 10 pl FITC-la-
belled bacteria (adjusted to 10° bacteria/ml), which was then centri-
fuged (400xg, 5 min, 20°C). Afterwards, the samples were resuspend-
ed and incubated at 25°C for different times ranging from 5 to 180
min. At the end of each incubation period the samples were placed on
ice to stop phagocytosis and 500 [l ice-cold PBS was added to each
sample. The fluorescence of the extracellular bacteria (i.e. free bacte-
ria and bacteria adhered to phagocytes but not interiorized) was
quenched by adding 8.5 pl ice-cold trypan blue (0.4% in PBS) per
sample. Immediately, the samples were mixed gently, acquired and
analysed in a FACScan (Becton Dickinson) flow cytometer with an
argon-ion laser adjusted to 488 nm. The instrument’s settings were ad-

justed to obtain optimal discrimination of the different cell popula-
tions present in gilthead seabream head-kidney leucocyte suspen-
sions. DNA staining with propidium iodide (Pl) (Sigma) was per-
formed to exclude cell debris (Orpegen Pharma 1995). Cell suspen-
sions (10° cells/200 pl PBS) were fixed in ethanol for 30 min at 4°C,
washed by centrifugation and resuspended in 800 ul fresh PBS. Then
100 pl RNase (Sigma) (I mg/ml) and 100 ! Pl (400 mg/ml) were add-
ed to each sample, before the samples were incubated (37°C, 30 min),
acquired and analysed. Datawere collected in the form of two-param-
eter dot plots and histograms of side scatter (granularity) (SSC), for-
ward scatter (size) (FSC), green fluorescence (FITC) (FL1) and red
fluorescence (PI) (FL2) on acomputerized system. Each of the analy-
ses was performed on 10 000 cells, which were acquired at the rate of
300 cellg/s. Fluorescence histograms represented the relative fluores-
cence on a logarithmic scale. Standard samples of FITC-labelled V.
anguillarum cells or seabream leucocytes were included in each pha-
gocytosis assay. Samplesincubated at 4°C were used as negative con-
trols of the phagocytosis which took place. Phagocytic ability was de-
fined as the percentage of cells with one or more ingested bacteria
(green-FITC fluorescent cells) within thetotal cell population (10,000
cells). The number of ingested bacteria per cell (phagocytic capacity)
was assessed from the mean fluorescence intensity of the cells.

Inhibition of phagocytosis

Seabream leucocytes were incubated with 0.1, 1 or 10 pg/ml cyto-
chalasin B (Sigma) or with 5, 50 or 500 pg/ml colchicine (Sigma) in
sRPMI with 5% FCS, for 2 h at 25°C. They were then challenged with
bacteria and phagocytosis assays were developed. Samples of
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Fig. 1la,b Representative green fluorescence histograms of V. ang-
uillarum unstained, FITC-stained and FITC-stained and quenched
with trypan blue (125 pg/ml). Bacteria stained by incubation in TSB
with 100 pg/ml (a) or 50 pg/ml (b) FITC



leucocytesincubated without cytochal asine B or colchicine were used
as controls.

Transmission electron microscopy

To determine the phagocytic cell types present in gilthead seabream
head-kidney leucocyte cell suspensions, 100 pl of the bacteria cell
suspensions (10° bacteria/ml) were added to samples of 1 ml (107
cellgml in sRPMI-1640 culture medium). The samples were centri-
fuged (400*g, 5 min, 4°C), resuspended and incubated at 25°C for pe-
riods ranging from 10 min to 180 min. Leucocyte samples not chal-
lenged with bacteria were used as control. After incubation the cells
were pelleted (400xg, 10 min, 4°C) and the extracellular bacteria re-
moved with the supernatants. Immediately, samples were fixed in
2.5% glutaraldehyde in 0.1 M cacocylate buffer, pH 7.2—-7.4 for 1 h at
4°C, then postfixed in 1% OsO, and embedded in Epon prior to sec-
tioning on a Reichert Jung ultramicrotome. Ultrathin sections were
stained with uranyl acetate and lead citrate and examined with aZeiss
EM 10C electron microscope.

Statistical analysis

The quantitative study of flow cytometric results was made using the
statistical option of the Lysis Software Package (Becton Dickinson).
Data were represented as means (+SE). Inhibition of phagocytosis
was evaluated by dividing the phagocytic ability obtained with
leucocytes which had been preincubated with cytochalasin B or
colchicine by the values obtained with leucocytes incubated without
the inhibitors (control), and multiplying the fraction by 100. Data
were analysed by one-way analysis of variance (ANOVA) and the un-
paired Student’s t-test.

Results

Flow cytometry
FITC-labelled Vibrio anguillarum
After incubation of Vibrio anguillarum overnight in TSB-

containing FITC (50 or 100 pg/ml), a homogeneous popu-
lation of FITC-labelled bacteria was obtained. Lower FITC
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Fig. 2 Representative dot plot of FSC (cell size) vs SSC (cell granu-
larity) of gilthead seabream head-kidney leucocytes. Each dot repre-
sents one cell. Note the presence of three main cell clusters
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Fig. 3a— Representative green fluorescence histograms of the three
main cell clusters observed in a dot plot of gilthead seabream head-
kidney leucocytes (represented in Fig. 2) after incubation for 1 h with
V. anguillarum. The histograms correspond to cells present in cluster
1 (a), cluster 2 (b) and cluster 3 (c)
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concentrations resulted in alower and more variable label-
ling of the bacteria. All bacteria were labelled and showed
similar mean fluorescence intensity, although slightly high-
er with 100 pg/ml FITC than with 50 pg/ml.

When acquiring FITC-labelled bacteria the best fluores-
cence signal detected by the FACs was obtained when they
were adjusted to 108 bacteria/ml.

The percentage of 100 pg/ml FITC-labelled V. anguilla-
rum bacteria showing fluorescence after quenching with
trypan blue (Fig. 1a) was higher than when the bacteria
were labelled using 50 pg/ml FITC (Fig. 1b). In further ex-
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Fig. 4a,b Kinetics of the phagocytosis of FITC-labelled V. anguilla-

rum by gilthead seabream head-kidney phagocytes. a Phagocytic abil-
ity. b Phagocytic capacity. Data represent meanststandard error

periments, bacteria were labelled with 50 pg/ml FITC in
TSB.

When FITC-labelled bacteria were fixed in ethanol and
analysed by flow cytometry, aloss of fluorescence intensi-
ty was observed. When FITC-labelled bacteria were fixed
in glutaraldehyde they exhibited both red and green fluor-
escences. In further experiments, therefore, unfixed sam-
ples were used.

Seabream leucocytes

The gilthead seabream head-kidney leucocytes above the
34-51% Percoll interface were studied by flow cytometry,
propidium iodide stain being used to discriminate between
viable cells and cell debris. Three main cell clusters were
observed according to their FSC (size) and SSC (granulari-
ty) properties (Fig. 2).

Phagocytosis assay

Before incubation with bacteria, gilthead seabream
leucocytes showed no fluorescence. After challenge with
FITC-labelled V. anguillarum, the cells that had phagocy-
tized bacteria, which were only present in cluster 1, ingest-
ed fluorescent microorganisms and then showed green
(FITC) fluorescence (Fig. 3). Following phagocytosis, free
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Fig. 5 Inhibition of the phagocytosis of FITC-labelled V. anguillarum
by seabream head-kidney leucocytes by pretreatment with cytochala-
sin B (open circles) or colchicine (solid circles). Data represent
meanststandard error



bacteria, nonphagocytic leucocytes and phagocytes were
discriminated by the combined measurement of their green
(FITC) fluorescence and size (FSC).

Kinetics of phagocytosis

The kinetics of the phagocytosis carried out by gilthead
seabream leucocytes was studied by incubation with the
bacteriafor 5, 10, 20, 30, 40, 60, 90, 120, 150 or 180 min.
Phagocytic ability and phagocytic capacity increased in a
time-dependent manner (Fig. 4). Phagocytic ability in-
creased rapidly from the beginning of the incubation time
until 20 min (p<0.0001) and peaked at 60 min (p<0.0001),
maintaining this level until 180 min (Fig. 4a). Phagocytic
capacity on the other hand reached a maximum at 20 min
(p<0.01) and this level of activity was maintained, with
small fluctuations, until 3 h of incubation (Fig. 4b).

Inhibition of phagocytosis

Gilthead seabream phagocytes did not ingest FITC-labelled
bacteria when the incubation was made on ice (control).
Preincubation of seabream leucocytes with cytochalasin B
or colchicine before they were challenged with bacteriare-
sulted in a marked dose-dependent reduction of their pha-
gocytic ability, which was almost completely blocked at 10
pg/ml cytochalasin B (p<0.01) or 500 pg/ml colchicine
(p<0.0001) (Fig. 5). Cell viability was unaffected by cy-
tochalasin B or colchicine incubation as assayed by pro-
pidium iodide staining.

Transmission electron microscopy

The gilthead seabream head-kidney leucocytes present in
the band above the 34-51% Percoll interface were ultra-
tructurally characterized according to our previous results
(Lopez Ruiz et al. 1992; Meseguer et a. 1993). They were
found to consist of monocyte-macrophages, melanoma-
crophages, granulocytes and lymphocytes. After challenge
with V. anguillarum only two cell types showed phagocytic
activity. These phagocytic cells were characterized by their
ultrastructural features and matched those of the monocyte-
macrophages and acidophilic granulocytes of the cells
present in control samples.

Monocyte-macrophages not challenged with bacteria
(control samples) were rounded cells with alarge, round to
kidney-shaped nucleus with a nucleolus. Some mitochon-
dria, flat cisternae of rough endoplasmic reticulum, numer-
ous free ribosomes, lysosomes and light vesicles were ob-
served (Fig. 6a).

The acidohilic granulocytes present in control samples
showed an elongated or rounded eccentric nucleus. Three
different granule types (G1, G2 and G3) could be distin-
guished in the cytoplasm according to the ultrastructural
features of their content. A Golgi apparatus, some cisternae
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of rough endoplasmic reticulum, free ribosomes and light
vesicles were also seen (Fig. 6b).

After incubation with V. anguillarum, gilthead seabream
head-kidney phagocytes, monocyte-macrophages and aci-
dophilic granulocytes showed an irregular shape as aconse-
guence of their cytoplasmic processes, which varied in size
and shape, and some bacteriainside endocytic vesicles. The
main stages of the bacteria's phagocytic process were ultra-
structurally identified (Figs. 7, 8). Some cytoplasmic gran-
ules (lysosomes) appeared near the endocytic vesicles,
some showing small electron-dense material with an ultra-
structural appearance similar to that of the granule content
(Figs. 7a,b, 8a,d,e).

The number of bacteria interiorized per phagocyte var-
ied greatly. When only one bacterium was found inside an
endocytic vesicle this was small and usually the bacterium
was surrounded by a narrow light halo (Fig. 7b). When the
number of interiorized bacteria was low (from one to six),
they appeared inside a medium-sized endocytic vesicle
(Fig. 7a,b). However, when this number was higher, the cell
nucleus was pushed towards the cell periphery, the cyto-
plasm was reduced to a peripheral rim and most of the cell
appeared filled by one or more endocytic vesicles contain-
ing the bacteria (Fig. 8a—). A great number of bacteria per
phagocyte were observed, especially in samples incubated
for longer periods.

When incubation was for 1 h or longer, the bacteria in-
side phagolysosomes had a variable ultrastructural appear-
ance. Most of them appeared similar to those which had not
been ingested, while others showed membrane and cell wall
disruptions and a heterogeneous granular bacterial content
(Fig. 8d,e).

Discussion

The ideal assay for evaluating phagocytosis would use
small samples, analyse a great number of cells, be techni-
cally simple, provide quantitative results, allow discrete cell
evaluation, and provide a clear distinction between adhered
and ingested particles. Several methods have been used to
study and quantify phagocytosis by fish leucocytes al-
though none has permitted a clear distinction between at-
tached and interiorized particles. Without microscopic ex-
amination it isimpossible to make a cell by cell evaluation.
Using flow cytometry in away similar to that used in mam-
mals, it is possible to study phagocytosis in fish with the
above advantages, although there are very few studies on
the fish immune system using such a method (Ellsaesser et
al. 1985; Thuvander et a. 1987; Kodama et al. 1993; Fish-
er et a. 1994).

The flow cytometric assay described in the present study
seems to satisfy all the above requirements for a good eval-
uation of phagocytosis. Furthermore it does not involve any
washing step and so avoids cell losses. It can easily be
perfomed using small cell numbers and involves a techni-
cally simple procedure. Phagocytosis is studied under con-
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Fig. 6a,b Gilthead seabream head-kidney leucocytes not challenged
with bacteria (control). a Macrophage. Nu Nucleolus, m mitochon-
dria, r free ribosomes. x9 000. Bar 2.22 um. b Acidophilic granulo-
cyte showing numerous cytoplasmic granules corresponding to three
granule populations (g1, g2, g3). N Nucleus, m mitochondria. X7 500.
Bar 2.66 pm

Fig. 7a,b Gilthead seabream head-kidney leucocytesincubated for 30
min with V. anguillarum. a Macrophage with an endocytic vesicle
containing bacteria (B) and a material of heterogeneous appearance.
N Nucleus. x9 500. Bar 2.10 um. b Acidophilic granulocyte showing
a bacterium (B) inside a small endocytic vesicle and some cytoplas-
mic granulesin itsvicinity (arrowheads). Note the presence of anoth-
er bigger endocytic vesicle (ev) containing several bacteria. N Nucle-
us. X9 500. Bar 2.22 pm

-

Fig. 8 a Macrophage incubated for 2 h with V. anguillarum. The cell
shows a large endocytic vesicle (ev) containing humerous bacteria
(B). N Nucleus. x7 500. Bar 2.66 um. b Acidophilic granulocyte in-
cubated for 1 h with V. anguillarum. Note the presence of an endo-
cytic vesicle (ev) containing bacteria and cytoplasmic granules (g).
One of these granules shows the membrane fused to that of the endo-
cytic vesicle (arrowhead). N Nucleus. x10 000. Bar 2 um. ¢ Macroph-
age incubated for 2 h with V. anguillarum. The cell shows several siz-
es of endocytic vesicle (ev) enclosing a different number of bacteria.
N Nucleus. x9 500. Bar 2.22 um. d Acidophilic granulocyte incubat-
ed for 2 h with V. anguillarum. Note the damaged cell wall of the bac-
teria inside the endocytic vesicles (arrowheads). N Nucleus, g gran-
ules. x7 500. Bar 2.66 um. e Acidophilic granulocyte incubated for
3 hwith V. anguillarum. The cell shows an endocytic vesicle (ev) en-
closing a damaged bacterium. N Nucleus, g granules. x10 000.
Bar 2 um



trolled conditions (incubation temperature and time, bacte-
ria/leucocyteratio, volume) and both the percentage of cells
which have phagocytized one or more particles (phagocytic
ability) and the variable number of interiorized particles per
cell (phagocytic capacity) are easily analysed. The elec-
tron-microscopic study used alongside the flow cytometric
study enabled usto identify the phagocytic leucocyte types
present in gilthead seabream head-kidney.

To study flow cytometric phagocytosis by mammalian
leucocytes, a variety of fluorescent-labelled particles have
been used including bacterial species (Bassoe 1984,
Bjerknes et a. 1989; Ichinose et a. 1994; Van Amersfoort
and Van Strijp 1994; Drevets and Elliot 1995). One of the
most commonly used fluorochromes is fluorescein
isothiocyanate (FITC) (Bassoe et a. 1983; Bassoe and
Bjerknes 1985; Bjerknes et al. 1989; Cantinieaux et al.
1989; White-Owen et al. 1992). In the present work V. ang-
uillarum were homogeneously labelled by growing in TSB
containing 50 or 100 pg/ml FITC, the fluorescence remain-
ing stable for at least 3 months when cell suspensions were
stored at —80°C in a light-protected environment. Further-
more, FITC-labelled V. anguillarum were bright enough af-
ter phagocytosis by seabream leucocytes for phagocytic
cells to be distinguished from nonphagocytic cells by flow
cytometry. Our assays were based on the ingestion of heat-
killed FITC-labelled bacteria by gilthead seabream
leucocytes, and on the discrimination between phagocytes
and nonphagocytes depending on differencesin FITC fluo-
rescence. The two parameters estimated were the number of
cells taking up FITC-labelled bacteria (phagocytic ability)
and the amount of FITC-labelled ingested bacteria per cell,
expressed as mean fluorescence intensity of the cells which
had ingested bacteria (phagocytic capacity). The counting
of nonphagocytic cells was avoided and the study focused
only on the region of the phagocytic cell population (Thw-
aits and Kadis 1993). In our work atotal of 10 000 events
per assay were analysed, which is very high compared with
the 100-250 cells usually counted in light microscopy stud-
ies. This results in a considerable increase in precision
without great intra- or interassay variations being observed.

FITC-labelled bacteria were fixed with ethanol or glut-
araldehyde to establish the possibility of stopping the ph-
agocytic process and to understand the effect of the treat-
ment on fluorescence. Changes in the bacterial fluores-
cence intensity were observed when these fixative solutions
were used. The phagocytic process was stopped by placing
the samples on ice. The cells were acquired and analysed.
This proved to be a useful technique since their fluores-
cence always remained minimal compared with that of the
samples incubated at 25°C. The phagocytosis of FITC-la-
belled Saphylococcus aureus by human neutrophils
(Cantinieaux et al. 1989) was stopped by the addition of
paraformaldehyde, no change in bacterial fluorescence due
to the fixation procedure being observed.

The phagocytic process of gilthead seabream head-kid-
ney leucocytes showed similar ultrastructural features to
those described for head-kidney sea bass leucocytes (Este-
ban and Meseguer 1994). We ultrastructurally character-
ized the following phagocytic stages: bacteria-phagocyte
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contact, bacteria engulfment, endocytic vesicle formation,
phagolysosome formation and intracellular digestion in
seabream phagocytes. The process begins with the adher-
ence of aparticle onto a phagocytic membrane. Discrimina-
tion between adhered and ingested particles by flow
cytometry can be achieved in different ways (Bassoe et al.
1983; Fattorossi et al. 1989), athough the quenching of the
fluorescence of extracellular particleswith adyeisthe most
frequently used (Hed 1977; Sahlin et al. 1983; Bjerknes
1984; Cantinieaux et al. 1989; Sjursen et al. 1989; Giaimis
et a. 1994). In the present work bacteria ingestion was
demonstrated by quenching the fluorescence of extracellu-
lar bacteria by trypan blue.

The study of the kinetics of the phagocytosis carried out
by seabream phagocytes alows us to deduce that the
phagocytic process occurs in a short period of time. Both
phagocytic ability and capacity increased between 5 and 20
min of incubation. These results suggest that the in vitro
phagocytic activity of gilthead seabream head-kidney
leucocytes becomes saturated, in agreement with results
obtained for thein vivo clearance of Staphylococcus aureus
by blood leucocytes of Cyprinus carpio (Avtalion and
Shahrabani 1975). Incubation periods shorter than 30 min
resulted in a great variation of the phagocytic ability and
phagocytic capacity among specimens, although there were
no such variations when the incubation periods were 30 min
or longer. Incubation periods of 1 h were used in the stan-
dard procedure.

It is known that phagocytosisisthe principal function of
macrophages in teleosts. Granulocytes and thrombocytes
have also been described as phagocytic cells in some fish
species (Rowley et a. 1988). The morphofunctional results
reported here demonstrate that monocytes/macrophages
and acidophilic granulocytes are the leucocytes responsible
for phagocytic ability in the head-kidney of this fish spe-
cies, in agreement with results from other fish species
(MacArthur and Fletcher 1985; Parish et a. 1985; Tem-
mink and Bayne 1987; Bandin et al. 1993; Lamas and Ellis
1994). We have previously characterized these leucocytes
of gilthead seabream using morphological and cytochemi-
cal criteria (Lopez-Ruiz et al. 1992; Meseguer et al. 1993,
1994). A high level of phagocytic activity has been report-
ed for acidophils from various fish species (Bodammer
1986; Parish et al. 1985; Temmink and Bayne 1987; Dog-
gett and Harris 1989).

The distribution of fluorescence was studied in individ-
ual cells containing ingested bacteria. Although the cell flu-
orescent signal intensity was directly correlated with the
number of bacteriainteriorized per cell, it was not possible
to ascertain the exact number of these bacteria. Thiswasal-
so the case when FITC-labelled particles were used for
phagocytosis assays (Cantinieaux et al. 1989; Giaimiset al.
1994; Harvath and Terle 1994), although when small parti-
cles of relatively uniform size, such as latex spheres, were
used such discrimination was possible (Dunn and Tyrer
1981; Steinkamp et al. 1982; Harvath and Terle 1994).

Cytochalasin B or colchicine have been used to deter-
mine the role of microfilaments and microtubules on cell
motility in the phagocytosis mechanism of seabream
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leucocytes (Rosenshine et al. 1994). Our results demon-
strated that phagocytosis was inhibited in a dose-dependent
manner by these substances. It is clear then that microfila-
ments and microtubules are involved in phagocytosis in
seabream leucocytes, the process representing an active up-
take of microorganisms and not a passive interiorization
process.

To conclude, the assay described in the present paper
can be standarized in a reproducible manner and used in
further research to study the effect of different parameters
on phagocytosis. The present ultrastructural results demon-
strate that V. anguillarum, although pathogenic for this fish
species, is actively ingested by seabream macrophages and
acidophilic granulocytes.
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