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ABSTRACT—The phagocytes in hemolymph of Halocynthia roretzi and their phagocytic activity in vitro were studied by
electron microscopy. Hemocytes were ultrastructurally classified as follows: Large granular amebocytes (LGs), small
granular amebocytes (SGs), eight types of vacuolated or vesicular cells, dense granular cells and lymphoid cells. The
vacuolated or vesicular cells, V1-V8, were distinguished from each other by the size of vacuole and the nature of
inclusions. The identification of phagocytic cells and possible targets were examined in vitro. Freshly collected
hemolymph was incubated with latex beads (LB) of 1, 5, 26 xm in diameter, SRBC, Escherichia coli or small pieces of
tunic. Small granular amebocytes actively ingested all the particles except the 26 xm-LB. They surrounded the tunic
pieces and the 26 #m-LB. LGs ingested only 1 zm-LB. Their activity was, however, weaker than that of SGs. We
could not find any phagocytosed particles in other hemocytes during a 30 min incubation. Furthermore, the plasma
factor(s) that activated the phagocytosis to SRBC, did not influence that to the LB.

INTRODUCTION

The basic strategies of self defense mechanism of higher
vertebrates are the innate immunity including phagocytosis or
encapsulation and the acquired immunity. Immunological
specificity and acquired memory are essential features of
vertebrate immunological competence [19]. Tunicates and
vertebrates are thought to have derived from the same
ancestor. However, evidence concerning immunological re-
sponses on tunicates is limited. As in vertebrates, the
recognition and reaction system of foreignness is a function of
the hemocytes and hemolymph plasma in ascidians.
Humoral defense factors reported on ascidian hemolymph
are natural aggulutinins [3, 12, 32, 34, 36] and antimicrobial
factors [2, 20]. Immunoglobulins and complement cascade
have, however, not yet been determined in the plasma of
these animals. Immunological specificity and memory are
yet to be clearly demonstrated in ascidians.

The innate cellular defense mechanisms such as phagocy-
tosis to foreign materials may be important in these animals.
Many authors observed phagocytosis or encapsulation when
foreign bodies were introduced into the tunic, or the vascular
system. For example, carbon particles which were injected
into the tunic of the body wall of Halocynthia aurantium were
phagocytosed by hyaline amebocytes [30], glass fragments
which were inserted into the branchial sac of Molgula man-
hattensis were encapsulated by vanadocytes [1] and parasitic
copepods in some ascidians were encapsulated by host cells
[6, 23]. Recently, electron microscopic observations of
hemocytes of ascidians have accumulated, although the
knowledge of functional characterization of the cellular reac-
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tion to defense mechanism is still limited [4, 7, 15, 22, 24, 32,
37]. We therefore wanted to define the phagocytic cell of H.
roretzi. This ascidia can be purchased from cultivators and
kept in a laboratory aquarium, and the responses of its
hemocytes toward foreign materials are easily observable in
vitro.

In this paper, the classification of hemocytes, the iden-
tification of phagocytic cells in Halocynthia roretzi and their
possible targets were studied in vitro by electron microscopy.
The twofold aim of the present paper is to clarify the
influence of plasma factors, pH and Ca’*, Mg?* ions in
phagocytic activity for different targets.

MATERIALS AND METHODS

Animals and hemocytes

Cultured solitary ascidians, Halocynthia roretzi, purchased from
fisheries at Mutsu Bay, Asamushi, Aomori prefecture were used.
The animals were maintained in laboratory aquaria containing natu-
ral sea water at 7-10°C without feeding and used for experiments
within three weeks. Their morphological features did not change
during that period. The hemolymph was collected into sterilized
ice-cold tubes by cutting the tunic at the bottom of the body or from
the space just beneath the tunic papilla at the upper part of the
animal with a sterilized plastic syringe.

Preparations for electron microscopy

The hemocytes were suspended into 0.1% glutaraldehyde in
1.5% NaCl solution buffered with 0.2 M sodium cacodylate at pH 7.4.
They were packed into a pellet by centrifugation (225X g, 5 min) 2 hr
after fixation. The pellet was continuously fixed in the same fixative
for 22 hr at room temperature and post-fixed in 1% osmium tetroxide
in the same buffer for 2 hr onice. Epoxy resin sections stained with
uranyl acetate and lead citrate were observed with a JEM 100T
electron microscope (Japan Electron Optics, Tokyo). The count of
cell numbers with electron microscopy was performed on the sections
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cut out from the different blocks taken from one fixed specimen.

Phagocytosis and encapsulation

The inorganic and organic targets used for phagocytosis or
encapsulation were: Latex beads (LB) of 1.03 um (small LB), 4.62
pm (middle LB) and 25.7 gm (large LB) in diameter as inorganic
targets; fresh red blood cells of sheep (SRBC) (Nippon Bio-Test
Inc.), SRBC fixed for 24 hr in 1% glutaraldehyde (gSRBC), Escher-
ichia coli W3630 (a gift from Professor Masaya Kawakami, Kitasato
University School of Medicine) and tunic pieces cut into 2 mm cubes
(TP) as organic targets. The organic targets, except for the TPs,
were washed three times in phosphate-buffered saline (PBS) and
suspended in Pantin’s artificial sea water (NaCl 23.51 g, MgCl,-6H,0
10.685 g, KC10.725 g, CaCl, 1.119 g, Na,SO, 3.937 g/1) [25] buffered
with 20 mM HEPES (N-2-hydroxyethyl-piperazine-N’-2-
ethanesulfonic acid) at pH7.2 (ASW). The freshly collected
hemolymph and the washed hemocytes after being suspended in
various media were incubated with these targets at 234+ 1°C with
agitation every minute. The hemocytes were fixed at 5, 10, 20 and 30
min of the incubation time for electron and light microscopic
observations. The final concentrations of targets in incubation
media were: LB, 0.05 w/v%; SRBC, 2.5x107 cells/ml; gSRBC, 2.9
X 107 cells/ ml; E. coli, 1.3-1.6 X 108 cells/ml and TP, 5 pieces in 3 ml.

Effects of Ca®*, Mg?™ and pH on phagocytosis of washed hemocytes

The pH of the hemolymph collected was immediately adjusted
to 5.6 with one tenth volume of Ca®*- and Mg>*- free ASW
containing 50 mM MES ([N-morpholino]ethanesulfonic acid) and 0.1
M EDTA for the prevention of hemocytes aggregation. Hemocytes
were washed three times in Ca®*- and Mg?*- free acid ASW and
resuspended in the following incubation media: ASW, Ca®*- and
Mg?* -free neutral ASW containing 0.54 mM EDTA (Ca**-Mg?*
free ASW), ASW buffered with 20 mM MES at pH 5.6 (acid ASW)
and Ca®*- and Mg>*- free acid ASW containing 0.54 mM EDTA
(Ca?"-Mg?* free acid ASW). These media were used after steri-
lization by an autoclave. Each hemocyte suspension was incubated
with small LB at 234+ 1°C with agitation every minute. The final
concentration of hemocytes and small LB were 2 X 107 cells/ml and 1
X 108 particles/ml, respectively. After dilution with ASW at 5, 10
and 20 min of the incubation, an aliquot of the mixture was poured
on a slide glass and settled for 5 min in order for the hemocytes to
adhere onto the glass surface and extend their pseudopodia. Speci-
mens were poured off ASW, dried in air and stained with May-
Griinward Giemsa solution. The phagocytic activity was shown as
the ratio of the number of SG ingesting small LB to that of total SG
counted under a light microscope.

The effect of hemolymph plasma on the phagocytic activity

After washing three times with Ca®*-Mg?* free acid ASW, the
hemocytes (3107 cells/ml) were incubated with SRBC or middle
LB in their own plasma, plasma diluted with ASW or ASW. The
concentration of the target particles was adjusted to the same as of
the hemocytes. The phagocytic activities of SG in each medium for
20 min at 23+ 1°C was measured with a light microscope in the same
way as in the previous experiment.

RESULTS

Types and distribution of hemocytes
The mean density of cells in hemolymph from 5 animals

was 2—-3 X 107 cells per milliliter and did not markedly change
during the 30 days’ cultivation at 7-10°C in our aquaria.
The twelve types of hemocytes, which were distinguished
under an electron microscopic observation, were as follows:
Small granular amebocytes (SGs), large granular amebo-
cytes(LGs), dense granular cells, lymphoid cells and eight
types of vacuolated or vesicular cells, V1-V8, which were
classified by the size of the vacuole and the nature of
inclusions (Fig. 1 and 2). Some intermediate and immature
cells were occasionally observed besides the typical types.
Table 1 shows the composition of hemocytes which were
measured in five animals from different batches reared in
aquaria for 1-17 days. The percentages of SG, LG and V2
were not significantly different among the animals, that of
other vacuolated cells, however, differed for each animal.
Small granular amebocyte (SG) (Fig. 1A) The nucleus of
SG was irregular in shape and was usually in the center of the
cell. Smooth tubulo-vesicular components of various sizes,
some of which included electron dense material, and small
granules about 0.2-0.4 x#m in diameter were observed in the
cytoplasm. The granules consisted of homogeneous and
electron dense material, which was always more electron
dense than LG, and some granules showed elongated shapes.
The Golgi apparatus was at the peripheral region of the
nucleus. The SG was obviously phagocytes, because several
phagosomes, which varied in size and content, were scattered
in the cytoplasm. Occasionally, the SG engulfed and de-
graded a hemocyte. These cells extended the pseudopodia
in every direction and possessed high mobility on a slide glass.
The SG was the only phagocytic hemocyte identified with a
light microscope. The phagocytic processes of SRBC and
middle LB by these cells were easily observed in vitro.
Large granular amebocyte (LG) (Fig. 1B) These cells were
another type of granular amebocytes and their density was
the second in line. The shape of the LG fixed immediately
after collection was round but it changed to a rod shape about
8-13 pm in length with an irregular shaped nucleus in vitro.
The Golgi apparatus and the rough endoplasmic reticulum
were observed near the nucleus. Most of the cytoplasm was
filled with spherical granules about 0.4-0.6 «m in diameter,
larger than that of the SG and contained finely granular and
homogeneous contents limited by a membrane. The LG
elongated and .extended its pseudopodia and some granules
swelled in vitro. Bundles (50-125 nm in diameter) of short
filaments (10-20 nm in diameter) appeared just beneath the
cell surface when these cells were fixed by Karnovsky’s
fixative. They interlaced and were parallel to the membrane
surface of both LG and SG.
Lymphoid cell (Fig. 1C) The lymphoid cells were about 3-5
pm in diameter and their cytoplasm had features similar to
the lymphocytes of vertebrates.
Dense granular cell (Fig. 1D) The cells have a round shape
about 4-5 xm in diameter. Extended types like SG and LG
were not observed. The granules in the cytoplasm had a
oval shape (about 0.4X0.6 zm) like the granules of the LG,
and had almost the same electron density as the granules of
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Fic. 1. The hemocyte types of H. roretzi. A: small granular amebocyte (SG), B: large granular amebocyté (LG), C: lymphoid cell (LY), D:

dense granular cell (DG), E: V1, F: V2. Scale bars=1 zm.

the SG and were always more dense than the granules of LG.
Vacuolated or vesiculated cells The rest of the hemocytes were
vacuolated or vesiculated cells. We distinguished eight
types.

V1 (Fig. 1E) These cells were the most abundant cells in
the hemolymph. They had a few large vacuoles, many small
vesicles and a few small oval mitochondria in the cytoplasm,
and an irregular shaped nucleus located at a peripheral side of
the cytoplasm. It appeared that the vesicles fused each
other to increase their sizes and their contents. They could
finally become large vacuoles.

V2 (Fig. 1F) Many spherical vacuoles about 1-1.8 xm in
size filled the cytoplasm with a nucleus at the central part of
the cells. This type probably corresponds to a globular cell.

Fine and dense granules were observed in the vacuoles.

V3 (Fig. 2A) Cells of this type had about ten vacuoles on
one side of the cytoplasm in each section. Each vacuole
contained electron dense and crescent-shape material.

V4 (Fig. 2B) These cells had many vacuoles and some of
them contained fine granules or debris-like substance.

V5 (Fig. 2C) These cells were about 10-13 xm in dia-
meter. The most characteristic feature of these cells was the
existence of numerous vesicles about 0.2-0.6 x¢m in diameter
and the well developed Golgi apparatus. The vesicles in-
cluded very fine granules and the larger ones contain fibrous
material. Their cytoplasm was stained basophilic by Wright
or May-Griinward Giemsa stain.

V6 (Fig. 2D) Vacuoles with a homogeneous fine granular



























