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[JAbstract—Hemocytes from the ascidian,
Ciona intestinalis, are capable of lysing eryth-
rocytes in vitro following cell membrane con-
tact. With the aim of examining the mecha-
nism of cytotoxicity, we performed inhibition
experiments with lipid components of erythro-
cyte membranes. Cholesterol is not an inhibi-
tor, whereas, among the phospholipids tested,
(sphingomyelin, phosphatidylcholine, phos-
phatidylserine, phosphatidylethanolamine)
sphingomyelin inhibits the hemolytic activity of
hemocytes. However, thin layer chromatogra-
phy showed that sphingomyelinase activity was
not contained in the chloroform-methanol
extracts from hemocyte debris. The inhibition
capacity of the components ceramide and phos-
phorylcholine suggests that the entire sphingo-
myelin molecule is involved in binding cytol-
ysins. The lysin-lipid interactions probably
cause changes in erythrocyte membrane perme-
ability, leading to lysis.

UKeywords— Hemaocytes; Cytotoxicity;
Hemolysis inhibition; Sphingomyelin
inhibition; Invertebrate; Tunicate; Ciona
intestinalis; Sheep erythrocytes.

Introduction

Natural cytotoxicity directed against al-
logeneic and xenogeneic cells including
mammalian tumor cells has been demon-
strated using effector cells from several
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invertebrate groups. The cell-killing
mechanism can involve soluble cyto-
toxic mediators or it may require contact
between effector and target cells (see re-
views: 1-3). Cytotoxic cells from anne-
lids, echinoderms, and molluscs have
been compared to vertebrate natural
killer cells (4-9); in particular hemocytes
from the mollusc, Planorbarius corneus,
have been found to possess certain NK
plasma membrane markers common to
mammals using FACS analysis (9).

In tunicates, hemocytes from solitary
ascidians display cytotoxic activity in
vitro when examined in Xxenogeneic or
allogeneic combinations (10,11). In vivo,
they have been implicated in tunic in-
flammatory responses (12,13) and rejec-
tion of allografts (14,15). Moreover, they
are involved in non-fusion reactions be-
tween allogeneic colonies of Botryllus
(16).

The mechanisms of hemocyte cyto-
toxic activity have been little investi-
gated. We have reported (17) that hemo-
cytes from the ascidian Ciona intestina-
lis are able to lyse rabbit, human, guinea
pig, and sheep erythrocytes in vitro.
Hemocyte cytotoxic activity (HCA), as-
sayed against sheep erythrocytes (SE), is
a calcium-dependent, cell-mediated re-
action with occurs rapidly (15-30 min)
at 25-37°C, and was maximal at a 1:3
effector/target cell ratio. Apparently, the
cytotoxic mechanism is mediated by
contact between cell membranes and
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could be enhanced by release of aggluti-
nins. Recently, Peddie and Smith (18) re-
ported that hemocytes of C. intestinalis
also lyse in vitro mammalian tumor cell
lines. Cytotoxic activity occurred within
15 min at 20°C, at 35:1 effector/target cell
ratio.

Erythrocytes are well known in their
membrane structure and lipid distribu-
tion (19-21), and represent useful cell
targets for examining the cytolytic mech-
anisms of effector hemocytes. The li-
pidic components of erythrocyte mem-
branes are not symmetrically distributed
between the two halves of the bilayer.
The neutral phospholipid phosphatidyl-
choline, and sphingomyelin, are re-
stricted mainly to the outer monolayer,
whereas the inner leaflet contains pre-
dominantly the anionic phospholipids,
phosphatidylethanolamine and phos-
phatodylserine. In erythrocytes with low
phosphatidylcholine content (such as
those of sheep), the outer layer is com-
posed primarily of sphingomyelin (cho-
line-containing lipid). Cholesterol, abun-
dant in erythrocytes, is probably ar-
ranged in clusters distributed among the
other lipid molecules (22,23).

With the aim of examining the inter-
action between erythrocyte membrane
lipids and hemocyte lysins, we per-
formed inhibition studies of HCA with
phospholipids. In the present paper, two
points emerge: We confirm that HCA oc-
curs in media optimal for erythrocyte
targets (17) as well as for C. intestinalis
hemocytes; 2) we show that sphingomy-
elin is a target of cytolysins.

Materials and Methods

Animals, Bleeding, Media,
Hemocyte Preparation
and Quantification

Ciona intestinalis specimens were
collected from the Gulf of Palermo. He-
molymph was withdrawn from the heart

with a syringe. Artificial sea water with-
out CaCl, and MgCl, but enriched with
10 mM EDTA (FSW-EDTA, pH 7.0) or
marine anticoagulant (0.1 M glucose; 15
mM trisodium citrate; 13 mM citric acid;
10 mM EDTA; 0.45 M NaCl) was used
(v/v) as diluent. To obtain a suitable num-
ber of hemocytes for each experiment,
hemolymph from about 100 specimens
was pooled, and centrifuged at 1500 X g
for 15 min at 4°C. The pelleted hemo-
cytes were washed three times in marine
solution (MS) (12 mM CaCl, - 6H,0; 11
mM KCl; 26 mM MgCl, - 6H,0; 43 mM
Tris; 38 mM HCI; 0.4 M NaCl; pH 7.4)
and finally suspended in MS, isosmotic
with hemocytes (1090 mOsm kg™ "), or
Tris-Buffered Saline (TBS) (50 mM Tris-
HCI, 150 mM NaCl, pH 8) isosmotic
with erythrocytes to obtain a 1-1.5 X
10”/mL cell concentration. TBS for the
final hemocyte suspension contained 10
mM CaCl, (TBS-Ca, 450 mOsm kg !).
Total cell counts were determined using
an improved Neubauer hemocytometer.

Hemocyte Viability

Allogeneic interactions have not been
observed among hemocytes from Ciona
intestinalis (10). However, the possibil-
ity exists that reactions occur among dif-
ferent populations. Therefore experi-
ments were performed using animals col-
lected from the same locale. Hemocyte
mortality in each experimental proce-
dure was evaluated by the eosin-y dye
(0.5% in suitable medium) exclusion test.

Preparation of Erythrocyte Targets

Sheep erythrocytes (SE) were pro-
vided by the Zooprophylaxis Institute
(Palermo, Italy), rabbit erythrocytes
(RE) were from Sclavo (Siena, Italy).
Erythrocytes were washed three times in
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phosphate buffered saline (PBS), then in
MS or TBS-Ca and finally suspended at
the required concentration. Erythro-
cytes were also equilibrated to 1090
mOsm kg~ ': prior to use, the cells were
washed in PBS and centrifuged for 5 min
at 400 X g, resuspended in 10 mL low
salt marine solution (LMS) (MS contain-
ing 0.3 M NaCl; 740 mOsm kg '), incu-
bated for 30 min at 20°C, and resus-
pended in MS (1090 mOsm kg™ ').

Experimental Cytotoxic Assay of
Hemocytes (HCA)

As previously described (17), 200 pL
of hemocyte suspension (2-3 x 10°
cells) in TBS-Ca or MS was mixed with
an equal volume of a suspension of SE (8
x 10° cells) freshly prepared in the same
medium. Hemocyte numbers were deter-
mined in the final volume of the reaction
mixture, and incubated with continuous
and moderate shaking at 37°C for 1 h. At
the end of incubation, the supernatant
was separated and the amount of re-
leased hemoglobin (Hb) was estimated
by reading the absorbance at 541 nm.
The degree of hemolysis was determined
according to the equation: Percent he-
molysis = (Measured release — sponta-
neous release/complete release — spon-
taneous release) X 100. Complete hemo-
globin release was obtained by preparing
an erythrocyte suspension in distilled
water at room temperature. Reaction
media isosmotic with effector cells (MS)
or target cells (TBS) were used. Mortal-
ity of hemocytes was evaluated in differ-
ent media, isosmotic with effector cells
(MS) or target erythrocytes (TBS-Ca),
under the experimental conditions. Con-
trol SE or RE suspensions were pre-
pared in MS or TBS-Ca and incubated as
the reaction mixtures: The spontaneous
hemoglobin release never exceeded 5%
of complete release. All experiments
were performed at least three times using
different hemocyte pools. For each ex-

periment three samples were prepared,
the values repesenting the mean = SD.

Inhibition Experiments

Preparation of chemicals. All chemicals
(Sigma chemical Co. St. Louis) tested
for inhibitory activity (sphingomyelin
types, phosphatidylcholine, phosphati-
dylserine, phosphatidylethanolamine
cholesterol, ceramide and the headgroup
phosphorylcholine) were dissolved in
MS or TBS-Ca to obtain concentrations
of 0.025, 0.25, 2.5, 25.0, and 250.0 pg/
mL in the reaction mixture. Phosphati-
dylcholine, phosphatidylethanolamine,
sphingomyelin and cholesterol were rel-
atively insoluble in TBS. For these com-
pounds, stock solutions were briefly son-
icated (Vibra-Cell, Sonics & Materials
Inc., Dambury, CT).

Inhibition assay. Hemocyte suspensions
were prepared in the medium containing
the compounds at various concentra-
tions. Since TBS, isosmotic with eryth-
rocytes, caused the highest degree of he-
molytic activity against SEs, this me-
dium was used primarily for inhibition
experiments. After 20 min preincuba-
tion, the erythrocyte suspension (pre-
pared in TBS-Ca containing the same
amount of inhibitor), were added at var-
ious E/T ratios for cytotoxic assays.
Control lysis, due to chemicals alone,
was measured. Sphingomyelin inhibition
was also performed in MS. Different ex-
periments were performed as follows: 1)
hemocytes pretreated with drugs were
washed with TBS-Ca before hemolytic
assays. 2) RBC were incubated for 30
min with the indicated concentrations of
inhibitors, subjected to one centrifuga-
tion; the pelleted erythrocytes were re-
suspended in a suitable volume of TBS-
Ca, and incubated with hemocytes in a
hemolytic assay.

Evaluation of inhibitory capacity. In
each experiment, inhibitory capacity
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was evaluated by comparison with a con-
trol of HCA in the absence of inhibitor.
All experiments to test inhibition were
performed at least three times, using
pools of different hemocytes. The values
presented in the figures or listed in the
tables, unless otherwise reported, are
the means of three samples = SD of typ-
ical experiments. Some results are ex-
pressed as percentage inhibition of cyto-
toxicity: 1 — (% hemoglobin release in
experimental/%hemoglobin release in
control) x 100.

Sphingomyelinase Activity

Hemocytes (6 X 10’/mL) were ho-
mogenized in TBS-Ca by using a Potter
homogenizer (Kontes, Vineland, New
Jersey) kept in an ice bath. The cellular
debris, separated from the homogenate
by centrifuging at 27,000 X g at 4°C, was
washed twice and finally suspended in
the same volume of TBS-Ca. A sample
of this suspension was assayed for hemo-
lytic activity. In order to assay sphingo-
myelinase activity of the hemocyte de-
bris, a mixture of 0.4 mL suspension of
cellular debris and 1 mg sphingomyelin
in 0.6 mL of TBS-Ca was allowed to
stand for 60 min at 37°C. The solution
was extracted with two volumes of chlo-
roform-methanol 2:1 (v/v) and the ex-
tract was subjected to thin layer, bidi-
mensional chromatography on silica gel
plates (E. Merck, Darmstadt) according
to Broekhuyse (24). A control reaction
mixture was prepared using 1 mg sphin-
gomyelin in 0.4 mL solution and 2.0 units
of Staphylococcus aureus sphingomy-
elinase (Sigma chemical Co. St. Louis).
In addition, the foliowing controls were
prepared in the same way for chromatog-
raphy: 1) 0.4 mL suspension of cellular
debris; 2) 1 mg sphingomyelin in 0.6 mL
medium. The spots on the chromato-
grams were stained with iodine vapor.

Results

Cytotoxic Activity Is Found in
Media of Increasing Osmolality

Experiments designed to examine the
effects of osmolality on HCA (E/T ratio
1:3), showed that effector cells exerted
cytotoxic activity either in medium of
1090 mOsm kg~ !, optimal for hemo-
cytes, or of 450 mOsm kg~ ! optimal for
erythrocytes. '

Figure 1 shows that a significant de-
gree of hemolysis was found at 1090
mOsm kg~' (about 40%). In this me-
dium, hemocyte mortality was low
(<<4%) after 1 h incubation at 37°C. The
hemolytic activity of hemocytes against
SE increased at a lower osmolality,
reaching a maximum at 450 mOsm kg '
despite the fact that hemocyte mortality
was 20-30%.

To examine whether hemolytic values
are dependent on the status of erythro-
cytes or hemocytes, hemocytes were as-
sayed in MS with equilibrated SE or with
a different type of erythrocyte (RE). In
the medium i1sosmotic for hemocytes
(MS) the degree of hemolysis was 70%
with RE (Fig. 1), whereas, SE, adjusted
to high osmolality, reduced their suscep-
tibility to lysis (Fig. 1).

Cytolysins Are Not Present in the
Reaction Medium

To ascertain if cytotoxic soluble fac-
tors are released in isosmotic medium
(MS) or during the effector-target cell in-
teractions (1:3 E/T ratio) as an effect of
hemocyte activation in TBS, the super-
natant obtained after centrifuging hemo-
cyte suspensions or effector-target reac-
tion mixtures was assayed for cytotoxic
activity against SE. The supernatant
from hemocytes suspended in MS was
inactive in lysing SE. It is known that no
release of lytic factors occurs when
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Figure 1. Hemolytic activity of Ciona intestinalis hemocytes assayed (2—3 x 10° cells) with sheep
erythrocytes (8 x 10° cells) in media at various osmolalities. The hemolysis of rabbit erythrocytes
(RE) at 1080 mOsm kg ~ ' is also reported (first bar). Values on top of the bars indicate the mortalities
(%) of hemocytes. (1) Sheep erythrocytes equilibrated to 1090 mOsm kg~ ".

hemocytes were held in TBS-Ca (17).
Therefore, to examine the possible re-
lease following erythrocyte-effector con-
tacts, the difference between degrees of
hemolysis after incubation of SE with
hemocytes and the subsequent incuba-
tion of supernatants with SE was evalu-
ated. In order to calculate residual hemo-
Iytic activity, supernatants from reaction
mixtures, in which hemoglobin release in
TBS-Ca was less than 50% degree of he-
molysis, were used. No significant dif-
ferences were found (Table 1) in eight
separate experiments.

Cytotoxic Activity at Various
EffectoriTarget Cell Ratios

Cell-cell interaction mechanisms and
the cytotoxic capacity of effector cells
may be elucidated by examining the ef-
fector/target cell ratio. The curves, ob-
tained by plotting the numbers of hemo-
cytes vs. hemolysis, are sigmoidal in

shape either in low or high osmolality
media (Fig. 2). A significant rise in he-
molysis was found when 4 X 10%mL

Table 1. Hemolytic Activity of Supernatants
(TBS-Ca) Obtained From Reaction Mixture in
Which Ciona intestinalis Hemocytes had
Reacted Against Sheep Erythrocytes.

Hemolysis Degree (% = SD; n = 3)

Reaction Supernatant of
Mixture: the Reaction

Hemocytes Mixture Tested
Exp. n. With SE* With SEt
1 26023 27.6 + 0.8
2 264 =71 33.6 3.6
3 33634 36.2 + 9.6
4 322 =+ 31 31.3x74
5 40028 396 22
6 422+ 40 40.7 = 3.3
7 43.3 = 3.9 440+ 59
8 428 + 5.7 50.2 + 4.8

“To enable the calculation of the residual hemolytic
activity of the supernatant, reaction mixture which
showed hemoalysis less than 50% were used.

T 200 pL of supernatant assayed with 1% sheep eryth-
rocytes suspension; the effect of 1:1 dilution was ad-
justed by multiply each value of absorbance at 541 nm
by two, and then the hemolysis degree was deter-
mined.
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Figure 2. Hemolytic activity of Ciona intestinalis hemocytes assayed with sheep erythrocytes at
various effector/target cell ratios. Assays were performed in media of 450 mOsm kg ~' (TBS) or 1090
mOsm kg~ ' (MS). The number of targets (8 x 10° cells) were held constant.

hemocytes reacted against 4 x 10’mL
target cells (E/T ratio 1:10), the highest
value (hemolysis about 80%) was
reached using 15 x 10° hemocytes (E/T
ratio 1:3). More numerous target cells at
lower E/T proportions did not yield an
increased degree of hemolysis, whereas
they produced an inhibitory effect (data
not shown). Unless otherwise reported
the E/T ratio 1:3 was used in the assays.

Significant Inhibition of Lysis
by Sphingomyelin

To reveal the possible inhibitory effect
of various phospholipid concentrations
on HCA, SE were assayed in TBS-Ca
in which the highest degree of SE hemo-
lysis was observed. Sphingomyelin in-
hibited HCA in a dose-dependent fash-
ion (Fig. 3A) at various effector/target
cell ratios. The inhibitory capacity, by
comparison with the profile of non-
inhibited HCA, is evident at optimal E/T

ratios (1:3—1:12). At those values, the in-
hibitory capacity of SM was about 40—
80%, depending on doses of the inhibi-
tors. Degrees of inhibition increased in
the range of SM concentrations above
0.25 pg/mL; 250 pg/mL completely abol-
ished cytotoxic activity of hemocytes.
Sphingomyelins from various sources,
characterized by different fatty acids
(bovine brain: primarily stearic acid and
nervonic acid; bovine erythrocytes: pri-
marily linoleic acid; chicken egg yolk:
primarily palmitic acid), act as inhibi-
tors. In Figure 3A, the inhibitory activity
of 25 pg/mL bovine eritrocyte SM as-
sayed in marine solution (MS) is shown
at various E/T ratios, (Fig. 3). Also in
this medium, isosmotic for hemocytes, a
significant inhibition of HCA was found,
i.e., hemolysis decreased from 45.0% to
10.0% (Fig. 3A). An equivalent inhibi-
tory capacity was observed when sphin-
gomyelins from bovine brain and
chicken egg volk were assayed (data not
shown).
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Figure 3. Effect of bovine erythrocyte sphingomyelin at various concentrations on hemolytic activ-
ity of Ciona intestinalis hemocytes in TBS, at various effector/target ratios. Target cells were sheep
erythrocytes. (A) Sphingomyelin present in reaction mixture. Assays were also performed in MS
(1090 mOsm kg~ ") in the presence (M) or absence ([) of sphingomyelin (250 png/mL). (B) Sphin-
gomyelin removed after a preincubation period of 20 min. SD < £5%.

Ceramide, a component of the sphin-
gomyelin molecule, is a less active inhib-
itor than the whole molecule and its in-
hibitory capacity was about 51% at an
amount of 250 pg/mL. Moreover, the

headgroup phosphorylcholine showed a
35% inhibitory activity that was propor-
tional to increasing (0.25-25.0 pg/mL)
concentrations (Table 2). Phosphatidyl-
choline, phosphatidylserine, phosphaty-
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Table 2. Inhibitory Effect of Phospholipids, Cholesterol, and Phospholipids
Components on Hemolytic Activity of Ciona intestinalis Hemocytes (1.0-1.5
x 107/mL) Assayed With Sheep Erythrocytes in TBS-Ca

% of Inhibition (n = 3 + SD)

Inhibitor Concentration (ug/mL)

0.025 0.25 2.5 25.0 250.0
Ceramide — — 18 =4 302 513
Phosphorylcholine 7x2 20 £ 1 20+ 3 25+ 4 35+ 2
Phosphatydilserine 0 4=*3 107 0 0
Phosphatidylcholine 0 9=x2 0 0 9=+3
Cholesterol 0 66 8+3 0 0
Phosphatyditethanclamine — — — — 4+1

— Not detected.

dilethanolamine, and cholesterol were
inactive even when assayed at their high-
est amounts (Table 2).

Preincubation with Sphingomyelin
does not Affect Lytic Activity of
Effector Hemocytes and
Susceptibility of Target Cells

To rule out the possibility that inhibi-
tion of cytotoxic activity may be due to a
cytotoxic effect of SM on effector cells,
the mortality of hemocytes incubated in
MS with 250 pg/mL SM for 30 min was
assessed. In three different assays, no
significant difference was observed in
the mortality of treated (0.1-0.3% dead
cells) and untreated (0.2-0.3% dead
cells) hemocytes.

To determine whether SM was acting
on effector or target cells, hemocytes or
erythrocytes were preincubated sepa-
rately with each of the inhibitor concen-
trations, then washed and assayed for
HCA. After preincubation, when SM
was removed, hemocytes maintained
their hemolytic activity at the level of un-
treated cells. A small decrease was
found only in hemocytes pretreated with
250 pg/mL SM (Fig. 3B). No changes in
the susceptibility of erythrocytes to lysis
occurred, even if they were treated with
250 pg/mL of inhibitor.

Apparent Absence of
Sphingomyelinase Activity in
Cellular Debris

Hemocyte debris, containing 50% he-
molytic activity, was assayed for sphin-
gomyelinase activity. The stained chro-
matograms revealed the following pat-
terns: 1) a single spot, having the ratio
frontis (Rf) of uncleaved sphingomyelin,
from the reaction mixture containing
hemocyte debris; 2) in control reaction
mixtures containing sphingomyelinase,
the sphingomyelin spot almost disap-
peared and a new spot appeared near the
solvent front; 3) spots were not observed
in chromatograms containing samples
from reaction mixtures in which cellular
debris alone was incubated.

Discussion

In accord with previously reported re-
sults (17), the cytotoxic activity (HCA)
of Ciona intestinalis hemocytes appears
to be a cell-mediated reaction requiring
cell membrane contact. The effector
cells functioned in a medium at an osmo-
lality optimal either for the effector
hemocytes (1090 mOsm kg™ '), or for
erythrocyte targets (450 mOsm kg ).
Concerning HCA, the osmolality of the
reaction medium affected mostly eryth-
rocyte susceptibility to lysis as shown by
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high hemolysis of RE in MS medium,
and by low hemolysis of equilibrated SE
(pretreatment at 740 mOsm kg~ !).

The experiments performed with
varying ratios of effector and target cells
confirm that the optimal E/T ratios vary
from 1:3 to 1:12. We had previously
ruled out the possibility that soluble fac-
tor/s could be released from hemocytes
in TBS-Ca under the experimental con-
ditions (17). We now show that no solu-
ble lytic factors are left in the medium as
a consequence of effector cell activation
by target cells. The high cell mortality in
TBS-Ca (about 30%) does not cause any
release of soluble lytic factors. More-
over, anti-SE lytic factors were not re-
leased from hemocytes even if they were
held in isosmotic medium (MS). The low
E/T ratios we found as optimal suggest a
mechanism by which one effector cell
acts on several erythrocytes. Therefore,
it cannot be excluded that released cy-
tolysins bind to the membranes of eryth-
rocytes. The high number of erythro-
cytes in the reaction mixture probably
sequesters all soluble molecules that
were not found in the supernatant of the
reaction mixture.

Phospholipids have been proposed as
being involved in the regulation of mam-
malian cytotoxic activities exerted by
NK cells and other cells such as cyto-
toxic T lymphocytes (25,26). These find-
ings are based on cytotoxic inhibition ex-
periments. Tschopp et al. (27) reported
that large, multilamellar vesicles con-
taining lipids with phosphorylcholine
headgroups such as sphingomyelin and
phosphatidylcholine compete with sheep
erythrocyte membranes for the binding
and insertion of perforin and reduce the
hemolytic activity of perforin purified
from large granular lymphocytes and cy-
tolytic T lymphocytes. In addition, inhi-
bition with drugs showed that macro-
phages (28,29) may recognize a phospho-
lipid moiety on the outer membrane
leaflet of target cells that may be taken
up later by phagocytosis.

Of interest is the finding that, among
the phospholipids tested, only sphingo-
myelin inhibits hemolytic activity of
Ciona hemocytes. This inhibition is
dose-dependent, but is apparently not
due to toxic effects on effector cells, as
shown by assays in MS medium, isos-
motic for hemocytes. The presence of
SM throughout the reaction resulted in a
strong inhibition of HCA whereas the
separate pretreatment of effector or tar-
get cells was ineffective and no signifi-
cant changes in hemocyte and erythro-
cyte reactivity were observed. These re-
sults may be explained by invoking the
competition between such compounds
and target cell membranes for interaction
with the effector cell surfaces, which
bind preferentially the SM dissolved in
reaction media. An excess of sphingo-
myelin in pretreatment experiments re-
duced the lytic capacity of the effector
cells, probably because a lipidic film re-
mained on the hemocyte, reducing its ac-
tivity. Our present data also show that
ceramide, a component of this sphingo-
myelin molecule, and phosphorylcho-
line, which is the sphingomyelin head
group, are less active inhibitors. The
whole sphingomyelin molecule appears
to be involved in binding to cytolysins.
However, membrane bound sphingomy-
elinase was not shown by thin layer
chromatography analysis.

Although we are not able to propose a
model that explains the lytic mechanism,
we postulate that: 1) experimental con-
ditions (37°C temperature, low osmolali-
ty medium) could activate cytotoxic
hemocytes or increase SE susceptibility;
2) the hemocyte lysin of Ciona may be
active with the inner part of the sphingo-
myelin molecule owing to its arrange-
ment in the membrane outer layer; 3) in-
teractions of hemocyte lysin with this
lipid cause changes in erythrocyte mem-
brane permeability leading to lysis; 4) ef-
fector/target ratios suggest that hemo-
cytes which lyse SE (E/T = 1:3) are dif-
ferent from those (phagocytic and
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nonphagocytic amoebocytes, Ref. 18)
that lyse tumor cells (E/T = 35:1). The
presence of distinct cytotoxic hemocytes
is also supported by density gradient
separation experiments (Cammarata et
al., in preparation) that show anti-SE ef-
fector cells enriched in the populations
of vacuolar granulocytes (terminology
according to De Leo; 30).

It is known also that the reaction of
some soluble invertebrate hemolysins,
present in the cell-free coelomic fluid,
may be mediated by interactions with
membrane targets through lipids. In Ho-
lothuria polii (31) and Marthasterias gla-
cialis (32), sphingomyelin is an inhibitor
of hemolytic reactions, whereas choles-
terol, phosphatidyl-inositol and phos-
phatidylethanolamine were effective in
inhibiting hemolysin from Paracentrotus
lividus (33).

The lipid-lysin interaction, in conjunc-
tion with mammalian models, suggests
that an unrestricted, relatively simple
mechanism, involving target mem-
brane lipids may also be important in
the expression of tunicata natural cyto-
toxicity, a process that has endured
in the evolutionary development of
immunity.
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