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ABSTRACT. The ability to mass-culture parasites in vitro facilitates biological, metabolic and morphological research that would otherwise be difficult to accomplish. In vitro continuous culture of the
protistan Perkinsus atlanticus from carpet-shell clam was established and variables including culture
medium, inoculum size, temperature and salinity, which affect parasite proliferation, were studied.
This parasite can adapt to very different culture media and salinity and temperature conditions, and the
inoculum density does not affect the flnal cellular concentration attained in vitro The morphology of
cultured P. atlantlcus is described and its optimum in vitro growth conditions were compared with
those for P. rnarinus, a parasite of the eastern oyster Crassostrea virginica. Cryopreservation of cultured
P. atlanticus was developed to assure the long-term storage of this parasite.
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INTRODUCTION

Since it was first described, Perkins~isn ~ a r i n u shas
been associated with oyster Crassostrea virginica mortalities (Burreson et al. 1994, Andrews 1996). It was
believed to be a fungus and was given the name Der~nocystidiummarinum (Mackin et al. 1950).The simple
diagnostic method developed by Ray (1954, 1996),
using fluid thioglycollate medium, with its later modifications (Fisher & Oliver 1996), facilitated research on
different aspects of the parasite's life cycle and its relationship with the host. Based on observations of amoeboid stages of the parasite in oysters, the name was
changed to Labyrinthomyxa marina (Mackin & Ray
1966). Finally, because of the apical complex observed
by electron microscopy in the infective motile zoospores (Perkins & Menzel 1967), the protist was
included in the phylum Apicomplexa. The new class
Perkinsea, the order Perkinsida and the family Perkinsidae were established to include the species P. marin u s (Levine 1978). Later, other species of the genus
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were described: P. olseni (parasite of the abalone Haliotis ruber) (Lester & Davis 1981) and P. karlssoni (parasite of the bay scallop Argopecten irradians) (MCGladdery et al. 1991, Whyte et al. 1993), although the
latter name was subsequently withdrawn (Goggin et
al. 1996). Several other Perkinsus spp. have been identified in various molluscs, including Tridacna maxima
and Saccostrea cucculata (Perkins 1985), the goldenlipped pearl oyster Pinctada maxima (Norton et al.
1993), Macoma balthica (Kleinschuster et al. 1994),
and in several populations of 30 different bivalve
species of the Australian Great Barrier Reef (Goggin &
Lester 1987).
Azevedo (1989) and Azevedo et al. (1990) described
the fine structure of a parasite identified as Perkinsus
sp. causing mortalities of the carpet shell clam Ruditapes decussatus on the coast of southern Portugal.
Based on ultrastructural characteristics, a new species,
P. atlanticus, was established (Azevedo 1989). Various
environmental conditions, including temperature, salinity, pH and dissolved oxygen, were tested for the
in vitro sporulation of this parasite, resulting in values
very similar to those reported for P. rnarinus (AuzouxBordenave et al. 1995).
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In 1987, the presence of a Perkinsus-like organism
was associated with heavy mortalities of the clam
Ruditapes decussatus (Figueras et al. 1992). Subsequently, many similar infections occurred along the
Galician coast (NW Spain) in both carpet shell clams
R. decussatus and manila clams R. philippinal-urn
(Figueras et al. 1996).
Several authors have developed in vitro cultures of
Perkinsus marinus and Perkinsus sp. found in several
hosts in order to obtain an axenic source of the parasite
with which to study different aspects of its life cycle
(Gauthier & Vasta 1993, 1995, Kleinschuster & Swink
1993, La Peyre et al. 1993, Kleinschuster et al. 1994,
Gauthier et al. 1995, La Peyre 1.996). In this paper,
the i n vitro culture conditions for P. atlanticus are
established. This me:hcdclogy wi!! facilitate cernpaeson of the European and North American species.

MATERIALS AND METHODS
Clams. Infected clams Ruditapes decussatus were
collected from the Ria de Pontevedra (Galicia, NW
Spain) in August 1996. Clams were maintained at lS°C
and 35% salinity in aerated tanks and were fed daily
with the algae Isochrysis galbana and Tetraselmis
svecica.
Diagnosis and detection. The presence of Perkinsus
atlanticus in clams was assessed using Ray's Fluid
Thioglycollate Medium (RFTM). Briefly, gills of gaping clams were introduced into RFTM (Ray 1954).
Nystatin was added prior to introducing tissue, to
reduce fungal contamination. After 3 d of incubation
in the dark at room temperature (21°C), gills were
placed on a slide, stained with Lugol's iodine and
observed with a light microscope. This method was
used to select the most parasitized clam population
from which the P. atlanticus primary cultures were
obtained.
Establishment of Perkinsus atlanticus primary cultures. One m1 of blood from the adductor muscle was
extracted from each individual with an insulin syringe
and seeded in 24-well polystyrene plates. One m1 of
35%,,,sterile artificial sea water (ASW) prepared with
Marine Mix (Sigma) with 4000 I.U. ml-' penicillin/
streptomycin (P/S)(to prevent bacterial growth) was
added to each well, and, after 12 h of incubation at
26% contents of the wells were pooled and centrifuged for 10 min at 1500 X g. The pellet was resuspeilded in ASW with 4000 I.U. m l ' P/S and incubated
for another 12 h at 26OC. Cells were centrifuged again
and the supernatant was carefully removed from each
well. Then, 1 m1 of Dulbecco's Modified Eagle Medium
(DMEM):HamfsF-12 (1:2) with 50 mM Hepes buffer,
3.5 mM sodium bicarbonate and 5 % Foetal Bovine

Serum (FBS)in 35x0 ASW (Gauthier & Vasta 1995) was
added to each well. During the first week the medium
was changed twice, and when the number of Perkinsus
cells was over 1u7 cells ml-', another subculture was
initiated.
Electron microscopy of zoospores. Perkinsus cultures in the exponential phase of growth were transferred from culture medium to 35% ASW, and, when
zoosporulation occurred, the cell suspension was pelleted at 100 X g for 10 min to separate zoospores from
the remaining Perkinsus developmental stages. The
supernatant, containing zoospores, was fixed for 2 h
using 1 % OsO, prepared in 2% cacodylate buffer.
Drops of this zoospore suspension were placed on
formvar-coated grids. After 30 min, the excess liquid
was removed with filter paper. This procedure was carried out with several cultured P, atlanticus stocks.
Grids were observed with a transmission electron
microscope (Phillips CM 100).
Assessment of growth rate. Growth rate was determined daily by direct counting using a hemocytometer.
Briefly, 10 p1 of cell suspension was placed in a
Neubauer chamber and counted under the microscope. When the cell number was high (up to 10%ells
ml-l) a 1:10 dilution was made and counted as above.
Mean and standard deviation were calculated from
4 counts.
Selection of Perkinsus atlanticus in vitro culture
medium. Three different culture media [ASW; Minimum Essential Medium (MEM with 0.25% sodium bicarbonate); and DMEM:Hamls F-12 (1:2) with 50 mM
Hepes buffer and 3.5 mM sodium bicarbonate], with
2 FBS concentrations for each medium (5 and 10%),
were tested at 26OC. All media were prepared in 35%
ASW with 100 I.U. ml-' of P/S.
Optimization of culture conditions. The effect of
inoculum density, temperature and salinity on the proliferation of Perkinsus atlanticus was determined (4
replicates in each sampling) using in all cases
DMEM:Hamls F-12 (1:2) with 50 mM Hepes buffer
and 3.5 mM sodium bicarbonate plus FBS as culture
medium.
Three in~tialdens~ties(104, 105 and 106 cell ml-l) of
Perkinsus atlantjcus were used as inocula to begin the
culture at 26OC. The 106 cell ml-' inoculum was not
retained because it was too concentrated, considering
the final densi.ty reached by the cultures (slightly over
10' cells ml-l).
The effect of temperature on growth rate was determined by incubating separate plates with the same
inoculum density (104cells ml-') at 5, 16, 20, 26 and
37°C. The growth rate at 26OC was also measured
using media prepared at 4 salinities (15, 25, 35 and 40),
which were obtained by changing the amount of salts
used when preparing the medium.

Orcias & F ~ g u e r a s In
: ~/itroculture of Perk~nsusatlanticus

Cryopreservation. Cryopreservation of
Perkinsus atlanticus was performed following Gauthier & Vasta (1995). Briefly, cells
in the exponential phase of growth were
pelleted and resuspended in 40% DMEM.
Ham's F-12 (1:l)with 10'2.: DMSO (dimethyl
sulfoxide) and 50% FBS. The cell suspcnsion was aliquoted into cryovials and cooled
gradually (15 min at 5"C, 2 h or overnight at
-20°C and finally kept at -70°C). To test the
viability of the frozen culture, the cryovials
were thawed after 5 mo in a 70%) ethanol
bath, and the contents washed twice, resuspended in DMEM:Ham's F-12 (1:2) with
50 mM Hepes buffer and 3.5 mM sodium
bicarbonate with 5 % FCS and incubated
under the standard conditions mentioned
above.

Fig. 1. Detail of cultured Perk~nsusatlanticus zoospores showing unilateral array of mastigonemes. Bar = 0.5 pm

RESULTS

Ray's fluid thioglycollate test
Some gills contained large, spherical blue-black
cells, n~ostlyin multicellular groups. This allowed presumptive identification of Per-kinsus sp. and the selection of the most infected population for initiation of
primary cultures.

Morphology of cultured Perkinsus atlanticus
In all contrasted preparations derived from different
culture stocks, zoospores had a unilateral array of filamentous mastigonemes along the anterior flagellum
(Fig. l ) , indicating that they were not a species of
thraustochylrid. Moreover, laminated cell walls, characteristic of thraustochytrids, were never observed
using transmission electron microscopy; ectoplasmic
networks were never observed in these cultures.
The first observed stages in the Perkinsus atlanticus
cultures were hypnospores, which appeared in the
hemolymph that had been seeded in ASW plus antibiotics. These were large spherical bodies with an
eccentric vacuole that occupied almost all the cell.
Several refringent lipid droplets were observed.
Twenty four hours after the DMEM:Hamls F-12 (1:2)
with 50 mM Hepes buffer and 3.5 mM sodium bicarbonate with 5 % FBS had been added to the hypnospores, they turned granular and opaque, and small
immature trophozoites were released by rupture of the
cell wall. These immature trophozoites grew and became refringent. In some cultures the size of mature
trophozoites did not increase and they acquired a uni-

form polygonal morphology without increasing the number of P. atlanticus cells. In other cultures trophozoites
became spherical, with a peripheral ring formed by the
cytoplasm being pressed against the cell wall by the enlarged eccentric vacuole (Fig. 2A). Before the first binary
fission the cytoplasm became foamy and 2 , 4 or more cell
stages were seen (Fig. 2B). After successive divisions the
mother cell became very dark, due to the abundance of
daughter cells. These immature trophozoites were released by rupture of the mother cell wall (Fig. 2C). In a
fenr cases development of the discharge tube could be
seen. If the culture was maintained in optimum conditions this cycle was contii~uouslyrepeated. If the culture
medium was not renewed, trophozoites became small
and irregular in shape, forming cloudy clumps that grew
in all directions. This stage had a very low growth rate
without enlargement of daughter cells and maintained
the same appearance for extended periods of time.
The presence of motile zoospores, deriving probably
from mother cells with a discharge tube, was observed
4 or 5 d after initiation of primary cultures. This stage was
most often seen when the initial hypnospores were released in ASW; zoosporulation was a massive event.
Another atypical event was a connection formed
between 2 individual cells with 'cytoplasmic bridges'
(Fig. 3A). Bipartitions of individual mature trophozoites were also observed, producing 2 daughter cells
(Fig. 3B). It was difficult to ascertain whether there was
any kind of nuclear mixing. Ectoplasmic nets were
never observed in cultured cells.

Selection of Perkinsus atlanticus
in vitro culture medium
The proliferation of Perkinsus atlanticus in different
media is represented in Fig. 4. The division rates
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Fig. 2. Perkinsus atlanticus. Phase
contrast micrographs of a n in vitro
culture showing (A) mature trophozoites just before palintomy, (B) palintomic mother cells with 2, 4 or
several daughter cells inside, and
(C) liberation of daughter cells (immature trophozoites) by rupture of
the mother cell wall

obtained both in DMEM:Hamls F-12 (1:2) with 50 mM
Hepes buffer and 3.5 mM sodium bicarbonate and in
MEM were similar, although slightly higher in the
former. The final cellular densities obtained in the 2
media were 1.5 X 107cells ml-' in DMEM:Hamls F-12
(1:2) with 50 mM Hepes buffer and 3.5 mM sodium
bicarbonate plus 5 % FCS; 3 X 107 cells ml-l in
DMEM:Ham's F-12 (1:2) with 50 mM Hepes buffer and

3.5 m h l sodium bicarbonate plus 10% FBS; 6.3 X 106
cells ml-l in MEM with 0.25 % sodium bicarbonate plus
5 % FBS; and 8.2 X 10"ells
ml-' in MEM plus 10%
FBS. No changes were observed in parasite morphology when different media were used.
Massive zoosporulation occurred in A S W plus 5 %
FBS at Day 7 and at Day 9 in A S W plus 10% FBS.Subsequently, no more counts were conducted.
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Fig. 5 . Perkinsus atlanticus. Effect of inoculum density on
in vitro growth. Results a r e shown a s mean with standard
deviation (n = 4 )

Fig. 7. Perlunsus atlanticus. Effect of salinity on in vitro
growth. Results a r e shown as mean with standard deviation

Temperature conditions affected growth of Perkinsus atlanticus (Fig. 6). At 5°C no growth occurred,
although the culture did not die which happened on
the sixth day at 37°C. At the other temperatures tested,
16, 20 and 26"C, the final cellular density was 1.5 X
107cells ml-' on the ninth day after inoculation, but this
density was reached earlier at 20 and 26°C (seventh
day) than at 16°C (ninth day). Subsequently, cultures
reached a stationary phase.
Perkinsus atlanticus showed high tolerance to different salinities (Fig. 7). On the eleventh day, the cultures
conducted at the 4 salinities tested showed approximately the same cellular density (between 1.1 X 107

and 1.5 X 10' cells ml-l). At 25, 35 and 4 0 7 ~
the maximum was obtained on the eighth day, but at 15% this
cellular density was not reached until the tenth day.
Subsequently, the number of P. atlanticus cells remained stationary.
Culture conditions did not affect size or shape of the
parasite.
Cryopreservation
The frozen culture recovered well under normal culture conditions, reaching maximum abundance (1.3 X
107cells ml-') by the ninth day (Fig. 8).
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Fig. 8. Perkinsus atlanticus. Growth rate after cryopreservation for 5 mo. Results are shown as mean with standard
deviation (n = 4 )
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DISCUSSION
The morphology of the anterior flagellum of the
zoospores, with a unilateral array of filamentous inastigonemes, leads us to conclude that the parasite does
not belong to the thraustochytrids. Moreover, laminated walls, characteristic of the thraustochytrids,
were never observed using transmission electron
microscopy. The absence of ectoplasmic nets in our
Perkinsus cultures provided further evidence that the
cells were not thraustochytrids nor were the cultures
contaminated by thraustochytrids (Perkins 1973).
Although Perkinsus atlanticus has been associated
with clam mortalities along the European Atlantic
coast, few studies have been completed on this parasite, in contrast to the case of the oyster parasite P. mari n u s . To our knowledge this is the first time that P.
atlanticus has been continuously cultured. Similar to
the studies of P. m a r i n u s , this will facilitate research on
important aspects of the biology of this pathogen, such
as n~olecular biology, virulence and host-pathogen
interactions.
Although the hfe cycle stages observed here agree
in general with those which Azevedo et al. (1990)
described for Perkinsus atlanticus and for several other
Perkinsus species under culture (Gauthier & Vasta
1993, 1995, Kleinschuster & Swink 1993, La Peyre et al.
1993, Kleinschuster et al. 1994, Gauthier et al. 1995, La
Peyre 1996, Perkins 19961, there are some differences.
For instance, contrary to what happens in P. m a r l n u s
(Perkins 19961, P. atlanticus zoosporulation in DMEM:
Ham's F-12 (1:2)with 50 mM Hepes buffer and 3.5 mM
sodium bicarbonate plus 5 % FBS is relatively common.
This constitutes a massive event when ASW is used
as supporting medium, as previously described for
P. atlanticus by Azevedo et al. (1990) and AuzouxBordenave et al. (1995).
The hemocytometer was employed for growth rate
assessn~entbecause of its ease of use and its accuracy
when compared with other methods such as tritiated
thymidine incorporation, digital image processing
techniques, tetrazolium-based cell proliferation assays
and optical density readings at 600 nnl (Dungan &
Hamilton 1995, Gauthier & Vasta 1995, La Peyre 1996,
authors unpubl. obs.).
The medium proposed by Gauthier & Vasta (1995)
suited the requirements of Perkinsus atlanticus, providing good growth rates and allowing completion of
the life cycle. This culture medium was also selected
because of its simplicity of preparation in contrast to
that of La Peyre et al. (1993).
Contrary to previous reports on Perkinsus m a r i n u s
(Gauthier & Vasta 1995, La Peyre 1996), P. atlanticus
grew very well in MEM with 0.25% sodium bicarbonate supplemented with FBS, showing very similar

growth rates to that in DMEM:Ham's F-12 (1:2) with
50 mh4 Hepes buffer and 3.5 mM sodium bicarbonate
plus FBS. MEM with 0.25% sodium bicarbonate supplemented with FBS should be retained, at least for
P. atlanticus, as an alternative culture medlum. Use of
FBS enhanced the growth of P. atlanticus in both tested
media [Dh4EM:Ham's F-12 (1:2) with 50 mM Hepes
buffer a n d 3.5 mM sodium bicarbonate, and MEM with
0.25 O/o sodlum bicarbonate]. Interestingly, Gauthier &
Vasta (1995) and Gauthier et al. (1995) reported dissimilar results for P. m a r i n u s . These authors described
that a n increment of more than 5 % in the concentration of FBS used in DMEM:Ham's F-12 (1:2) with
50 mM Hepes buffer and 3.5 mM sodium bicarbonate
decreased the growth rate. These differences between
the 2 species could be related to several physiological
aspects, including differences in their virulence.
Perkinsus atlanticus can adapt to very different
salinity a n d temperature conditions, with similar
growth rates at the different temperatures tested,
except for extreme temperatures of 5 and 37°C. P.
atlanticus cultures showed similar high growth rates in
the 16 to 26OC range, while P. m a r i n u s is reported to
have a n optimal growth rate In a narrower (28 to 32OC)
temperature range (Gauthiel- & Vasta 1995). Both
species, P. m a n n u s a n d P. atlanticus, tolerate similar
salinity, 15 to 40n;w1.
In previous field studles the presence of Perkinsus sp. was reported in Galicia at sampling sites where the salinity ranged from 23 to 30% at
9°C (Figueras et al. 1992).
The i n o c ~ ~ l udensity
m
did not affect the flnal cellular
density In the culture of Perkinsus atlanticus. This is
also different with cultured P. m a n n u s (Gauthier &
Vasta 1995),for which the cellular density was directly
proportional to the inoculum density.
The culture of Perkinsus atlanticus has been maintained continuously for more than 9 mo (100 passages)
wlthout decay. Presently, at the time of this article's
completion, the culture is being maintained with
1 passage wk l . The medium is then partially (50%)
changed. The frozen cultures have been repeatedly
recovered giving good growth rates.
Several aspects (molecular biology, virulence a n d
effect on the host defense mechanisms) of this cultured
Perkinsus atlanticus a r e currently being investigated.
This will allow the clarification of the reasons behind
observations such as geographical variation in virulence and differences in susceptibility among bivalve
species. Cultured P. atlanticus can be used as another
bivalve-pathogen model that will allow us to study the
disease process in these animals.
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