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LJAbstract—a-Lactose specific lectins are re-
leased from Phallusia mamillata hemocytes
during short-term cultures. The molecular
weight of the subunits, the immunological
cross-reaction and the sugar specificity suggest
that the released lectins are similar to those
isolated from the sonicated hemocytes. Because
lectin release appears to take place indepen-
dently of active protein synthesis, the possibil-
ity exists that lectins are pre-formed, stored in
hemocytes and released when in vitro condi-
tions stimulate the cells.
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Introduction

In invertebrates, cellular recognition has
been attributed to a protein—carbohy-
drate molecular mechanism located at
the cell surface. Sugar-binding proteins
(named lectins or agglutinins) have been
found on hemocyte surfaces (1-4) and
they are present in the hemolymph of all
the examined species, probably involved
in nonadaptive immune recognition. In
many cases, an opsonic function of hu-
moral lectins has been demonstrated
(5,6). In vertebrates, lectins have been
identified in several tissues; they are
present on the surface of lymphocytes
and macrophages and can be involved in
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phagocytic functions (7). A possible as-
sociation between cellular lectin-like ac-
tivity and recognition processes in the
immune response has been suggested
(7). Hemocytes of several invertebrates
contain (3) and also presumably secrete
lectins (8,9).

Tunicates possess lectins in their
blood and the humoral lectins studied so
far are specific for sialic acid and more
frequently, for D-galactosyl residues (10—
12). p-galactosyl specific lectins can be
present on the hemocyte surfaces of As-
cidia malaca (4) and lactose specific lec-
tins on Phallusia mamillata hemocytes
(13). Parrinello and Arizza showed that
in the blood of Phallusia mamillata two
different lectin types exist which have a
similar specificity for lactose (13). Hu-
moral lectins, isolated from the serum,
consist of a major subunit (58 Kd) and a
minor one (15 Kd), probably associated
by disulfide linkages. Cellular lectins,
isolated from sonicated hemocytes, are
formed of two subunits similar in molec-
ular weight (36 Kd and 35 Kd, respec-
tively) which can occasionally be ob-
served in the SDS-PAGE pattern of pu-
rified serum lectins. Lectins of the
humoral type or their subunits have not
been isolated from hemocytes (13). The
aim of the work presented here is to ex-
amine if both lectin types derive from
lectin-producing hemocytes. Moreover,
attempts were made to compare the lec-
tins released from in vitro cultured
hemocytes with those purified from se-
rum or hemocytes.
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Material and Methods

Animals, Blood Collection and
Preparation of Cell Suspensions

Specimens of Phallusia mamillata
were collected in the Southern Mediter-
ranean Sea in front of Mazzara del Vallo.
The blood was aseptically withdrawn
from the heart with a sterile syringe us-
ing sterile calcium/magnesium-free artifi-
cial sea water (FSW) containing 10 mM
EDTA (FSW-EDTA) as anticoagulant.
The ratio of blood to FSW was 1:10. The
blood was centrifuged at 400 x g for 10
min, the supernatant removed and hemo-
cytes washed three times in sterile FSW-
EDTA. Cells were counted and adjusted
to 1.75 x 10° cell/mL in the culture
medium.

In Vitro Cell Cultures and Titration of
Released Lectins

Hemocytes were resuspended in the:
following medium: artificial sea water
{SW) which consisted of 60% (v/v) of a
nutritive medium (RPMI, Leibovitz,
M199 or MEM) containing L-glutamine
(Flow). RPMI and Medium 199 contain
glucose at a concentration of 2000 mg/L
and 1000 mg/L., respectively; Leibovitz
medium contains 0.9 g/L. of galactose;
MEM does not contain any sugars. Each
of these monosaccharides in solution
does not inhibit the Phallusia lectins
(12,13). Unless otherwise indicated,
M199 was used as nutrient medium in the
various experiments. In separate exper-
iments the media were enriched with fe-
tal calf serum (FCS; Flow) at various
concentrations (0-5%).

The hemocyte suspension was added
as 0.08 mL aliquots to the wells of a ster-
ile 96-well, flat-bottomed culture plate
assembly (Falcon Plastic). Cultures were
maintained at constant temperature and
monitored periodically for contamina-
tion. The cell viability was estimated by

the trypan blue (0.4% in FSW) exclusion
test. At specific intervals, cultures were
removed from the wells, centrifuged to
remove cells and the supernatant as-
sayed for hemagglutination titers. The
microhemagglutination and sugar inhibi-
tion tests were carried out in duplicate
using rabbit erythrocytes (RE; Sclavo),
as previously described (12). The titer
was expressed as the reciprocal of the
last sample dilution giving clear aggluti-
nation. Unless otherwise indicated, the
hemagglutinin titer was expressed as a
mean of three distinct cultures derived
from the same blood sample.

Purification of Cellular and
Serum Lectins

a-Lactose specific serum (SL) and
cellular lectins (CL) were purified by af-
finity chromatography on an HCl-treated
Sepharose column according to Par-
rinello and Canicatti (12) and Parrinello
and Arizza (13). In brief, to purify cellu-
lar lectins, a crude hemocyte extract was
prepared by sonication (Sonifer Bran-
son, model B-15P) of hemocytes. The
extract was then centrifuged at 27,000 x
g for 30 min at 0°C and the supernatant
collected. After addition of ammonium
sulphate up to 90% concentration the
protein precipitate was extensively dia-
lyzed with phosphate-buffered saline so-
lution (pH 7.4; PBS) and then applied to
the column.

Protein Estimation

Quantitative protein analysis was per-
formed by the method of Lowry et al.
(14), using bovine serum albumin (BSA)
as a standard.

Sample Concentration

The samples were concentrated by a
Diaflo equipped with a UM2 membrane
(Amicon Corp., Livington, MA).
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SDS-Polyacrylamide
Gel Electrophoresis

SDS-PAGE in slab gel was performed
according to Laemmli (15); proteins
were stained with Coomassie Blue. Gels
were calibrated with molecular weight
standard proteins (BIO-RAD) and the
standard curves obtained as previously
described (13). The average of three in-
dependent experiments was evaluated.

Preparation of the Immune Serum and
Immunoblotting Method

Preparations of lectins (310 pg/mL
protein content) isolated from the soni-
cated hemocytes by affinity chromatog-
raphy were used as antigens. Aliquots (5
mL) were injected into a rabbit following
previously described (4) methods. Im-
munoblotting (Western blot) technique
was performed as previously described
(4). In brief, after the electrophoretic
transfer of the ascidian lectins, the nitro-
cellulose sheets were quenched by re-
peated washings with 5% BSA in PBS
and then incubated with anti-CL im-
muneserum. Developing anti-rabbit goat
Igs peroxide conjugated (BIO-YEDA)
were prepared in 0.1% BSA in tris-NaCl;
4-choloronaphtol (CNP) was used as
substrate.

Rabbit Immunoglobulin Fractionation

The rabbit serum was separated from
the lipoproteins according to Van Dalen
et al. (16). Rabbit immunoglobulins were
fractionated from the lipid-free serum,
by ion exchange chromatography on a
DEAE-Sephacel (Pharmacia) column
(1.6 x 30 cm) according to Mollison’s
method (17), as modified by Pharmacia
Fine Chemicals (18). Isolated rabbit IgG
were about 510 pg/mL.

Absorption

Anti-CL aliquots were absorbed by
mixing them (v/v) with concentrated (500
wng/mL) lectin solution previously boiled
for 5 min to inactivate the probable lec-
tin-binding capacity with the sugars of
the rabbit IgG. The reaction mixtures
were incubated at room temperature
(r.t.) for 1 hand 12 at 4°C and centrifuged
at 27,000 X g for 30 min at 4°C. The sam-
ples were absorbed twice. The lectins
did not react with nonspecific or ab-
sorbed rabbit immunoglobulins as shown
by immunodiffusion experiments. This
suggests that the anti-CL immune serum
was specific.

Results

In Vitro Cell Cultures of Hemocytes in
Various Media

Table 1 shows that 1.4 x 10° hemo-
cytés from two separate specimens re-
leased lectins in each medium (80 pL) in
the absence of FCS when tested after 3 h
incubation at r.t. Titer ratios of 1:32 were
found using M199, Leibovitz or MEM
media to enrich the SW. Longer incuba-
tion times increased the release of lectin.
The addition of M199 appears to produce
the optimal medium so that at 24 h the

Table 1. Lectin Release from Phallusla
mamiliata (Specimen n. 1 and n. 2) Hemocytes
(7 x 105 cells/mL) Cultured in Different Medla

for 3 h at 20°C.

Hemagglutinating Titer
of Culture Supernatants

Media Spec. 1 Spec. 2
SW 16-32 8
RPMI 8 2
RPMI-FCS 5% 4 N.D.
Leibovitz 16 32
Leibovitz-FCS 5% 2 N.D.
M199 16 32
M199—FCS 5% 4 N.D.
MEM 16 32
MEM-FCS 5% 4 N.D.
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highest titers (1:64) were observed in
some of the samples (Table 2).

The addition of FCS in the cell culture
medium always reduced the agglutinat-
ing activity of the supernatants without
increasing hemocyte viability, therefore
FCS was not added in the various exper-
iments. The highest FCS concentrations
(1-5%) are the most effective in inhibit-
ing lectin release. Moreover, at concen-
trations lower than 5%, after 24 h incu-
bation time an increase in the lectin titer
was observed (Table 3).

To check for a possible inhibitory ac-
tivity of FCS on the lectin erythrocyte
binding, those lectins released in FCS-
free medium were tested against RE in
the presence of FCS. The hemagglutinat-
ing titer of FCS-free culture supernatant
was not reduced when tested in FCS-
containing (5%) saline.

The in vitro release of lectins occurs
promptly in SW-M199 medium as shown
by the repeated hemagglutination tests
carried out at 10-min intervals, up to 90
min. A titer of 8 was observed in the su¢
pernatant obtained upon centrifugation
of the previously washed hemocytes de-
rived from two specimens (n. 9, n. 10);
the titer reached the value of 32 upon
incubation of the hemocytes from speci-
men n. 9 for 20 min, whereas 16 was the
highest value of the titer after 10-min in-

Table 2. Lectin Release from Hemocytes
(7 x 105 celis/mL) of Phallusia mamillata
Specimens In SW-M199 (Without Fetal Calf
Serum) at Different Incubation Times.

Hemagglutinating Titer of
Culture Supernatants
(Incubation time (h))

Specimen 0 3 12 24 48
1 N.D. 32 16 16 64
2 N.D. 32 32 32 32
3 N.D. 32 32 64 128
4 N.D. 16 16 32 64
5 8 16 16 32 16
6 8 8 4 4 16
7 8 16 16 16 16
8 4 2 4 4 8

cubation of the cultured hemocytes from
specimen n. 10.

Using the hemocytes from the above-
mentioned specimens (n. 9, n. 10) the
hemagglutinating activity of the cultures
supernatants showed a decreasing value
when the medium was changed at 10-min
intervals: after 3 to 5 washings the titer
dropped from 8 to 2, reaching a value
lower than 2 after 8 rinses.

The activity detected in the microcul-
ture supernatant did not originate from
ruptured hemocytes, because the cells
remained viable throughout the incuba-
tion period in all of the experiments as
determined by trypan blue exclusion
tests. The calculated mortality ranged
from 0 to 6.3% (average 2.71% =* 1.48
SD, n = 20).

Effect of the Temperature on
Lectin Release

Hemocytes from specimen n. 4 and n.
5 were incubated for various periods (in
M199-SW nutrient medium) at different
temperatures. Lectin release can occur
at 0°C; a 3-h incubation produced an
hemagglutinin titer of 16 at 0 to 15°C.
Incubations longer than 3 h were carried
out for each given temperature. During
24 h at 20°C the agglutinin titer increased
to 32, in one culture reaching 64 after
48 h.

Effect of Hemocyte Number on
Lectin Release

The hemagglutinin titer of the culture
medium was lowered from 64 to <2 pro-
portionally to the decreasing number of
the hemocytes (from 1.4 x 10%/well to
2.2 x 10%/well) cultured at 20°C for 3 h
(Fig. 1). Similar results were obtained
using any of the M199, MEM or Leibo-
vitz culture medium.
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Table 3. Lectin Release from Phallusla mamillata Hemocytes (7 x 10° cells/mL) (Specimen 1)
Cultured for 3-24 h at 20°C in SW-M199 Enriched with Various Concentration of Fetal Calf
Serum (FCS).

Hemagglutinating Titer of

Culture Supernatants

FCS Concentration (%)

in the Culture Medium

Incubation
Time (h) 5.0 1.0 0.5 0.25 0.125 0
3 <2 2 4 4 8 32
24 <2 4 8 8 16 64

Carbohydrate Inhibition of the
Released Lectins

Of the sugars tested, only lactose and
lactulose inhibit the hemagglutinating ac-
tivity of the released lectins. Fifty mM
was the lowest sugar concentration
showing inhibition capacity. No signifi-
cant inhibition was observed when the
monosaccharides D-galactose, L-galac-
tose, D-glucose, L-fucose, D-mannose,
the oligosaccharides D-melibiosie,
Dp-raffinose, maltose and the modified
sugars 2-deoxy-D-galactose and 2-deoxy-
D-glucose were used up to a final con-
centration of 200 mM.

Effect of Cycloheximide, a-Amanitin
and Actinomycin-D on Lectin Release

The addition of various concentra-
tions (0.01-0.1%) of cycloheximide,
a-amanitin and actinomycin-b did not al-
ter the hemagglutinin titer of the released
lectins after 3 to 48 h incubation at 20°C.

SDS-PAGE and Immunoblot Analysis
of the Released Lectins

‘

The supernatant of each hemocyte mi-
croculture was analyzed by SDS-PAGE
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Figure 1. Effect of the number of hemocytes number on lectin release. The hemocytes from spec-
imens n. 1 (N) and n. 2 (O) were individually cultured in SW-M199 for 3 h at 20°C.
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and compared with the cellular lectins
purified through affinity chromatography
of the protein preparation by sonicated
hemocytes. The samples were concen-
trated 10-fold. Under reducing condi-
tions the protein content (55.5 pg/mlL. =
2.32 SD, n = 3) of the supernatants ob-
tained after 3-h incubation was resolved
into two major components of apparent
MWs of 37,533 = 858 SD and 35,848 =
811 SD [Fig. 2(A), line 1]. They corre-
spond to the subunits of the cellular lec-
tin [Fig. 2(A), line 2]. The same pattern
characterizes the SDS-PAGE of the su-
pernatants obtained after 24 to 48 h in-
cubation. Anti-CL. immune serum was
tested through the Western blot tech-
nique with the supernatant obtained
from the hemocytes cultures at various
times. As shown in Fig. 2(B) the anti-CL
polyclonal antibodies react only with the
protein components which correspond to
the cellular lectins (line 2).
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Figure 2. SDS—Polyacrylamide gel electropho-
resis (A) and immunoblotting (B) of the super-
natants (lines A1, B1) from cultured (3 h at 20°C
in SW-M199) hemocytes, compared with the iso-
lated cellular lectins (lines A2, B2). The immu-
noblotting was performed using an anticellular
Phallusia mamillata lectin immune serum.

Discussion

Naturally occurring lectins are
present in the plasma from several tuni-
cate species (1,11,12,19). Recently we
demonstrated by rosetting and immuno-
fluorescence that lectins can be also
present on the surface of Ascidia malaca
(4) and Phallusia mamillata (13) hemo-
cytes. Furthermore we were also able to
isolate the cellular lectins from Phallusia
mamillata hemocytes after sonication
(13). Molecular weight determination by
SDS-PAGE and immunological methods
revealed that serum lectins and cellular
lectins are different molecules in spite of
their similar sugar specificity. Further-
more, in immunodiffusion assays carried
out with anti-SI, immune serum, a noni-
dentity reaction between CL/SL was ob-
served (13).

The source of the SL is not known,
whereas the present results suggest that
the CL can be released from the hemo-
cytes cultured in vitro. From the molec-
ular weight of the subunits the released
lectins appear to be of the CL type. The
immunological cross-reaction in Western
blot analyses and the sugar specificity of
the CLs are in agreement with this sug-
gestion. The presence of a lactose—
lactulose binding site can thus be
assumed.

Naturally occurring lectins of the CL
types can occasionally be identified in
the serum, depending on the samples
used, by blue Coomassie staining of
SDS-PAGE. In some cases they were
observed when the serum was concen-
trated several times. Such results indi-
cate a further difference from the serum
lectins. It is surprising that lectins of SL,
type are not found in the culture medium
whereas a relatively high titer of CL. was
constantly observed. The possibility ex-
ists that in the whole blood, various fac-
tors control the CL release and that the
absence of accessory factors in the cul-
ture media and/or the in vitro conditions
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might stimulate the hemocytes to re-
lease CLs.

It seems likely that cellular lectins are
not continuously released by hemocytes
into the circulation; rather they are re-
leased in the course of collection and
centrifugation procedures. This would
suggest that secretion is triggered when
hemocytes come into contact with for-
eign substances, that is, the walls of sy-
ringes or centrifuge tubes. This assump-
tion is supported by the occurrence of
lectin release from hemocytes immedi-
ately after their pelletting upon centrifu-
gation, and their continuous secretion
prevalently during short-term culture.
Following contact with foreign material
the release from hemocytes was rapid
and increased within 10 to 20 min. More-
over, the hemagglutinating activity of su-
pernatants obtained from repeated wash-
ing of hemocytes declines after several
changes of the medium.

In a previous paper (13), we showed
that by mixing hemocytes and RE three
reactions demonstrating release of lec-
tins could be obtained in a few minutes:
(1) clumps of aggregates composed of
hemocytes and REs which probably are
secretory rosettes; (2) clumps of eryth-

rocytes agglutinated by the released lec-
tins; (3) rosettes formed by hemocytes
with not less than three erythrocytes at-
tached. The hemocyte types were not
identified.

In the hemocyte culture conditions
which we used, lectin release appears to
be independent of active protein synthe-
sis. The cycloheximide, a-amanitin and
actinomycin-D inhibitors of protein syn-
thesis at various levels did not affect lec-
tin release despite the long incubation
time (48 h). This is in accordance with
the lectin release observed when hemo-
cytes were maintained at 0°C. This
anomalous behaviour cannot be ex-
plained based on our experiments, in
fact, usually exocytotic processes are in-
hibited by low temperatures. The pos-
sibility exists that lectins are pre-
formed and stored in hemocytes and re-
leased when in vitro conditions stimulate
them.

The SLs could originate from a totally
different source or could be released
from hemocytes in the presence of
plasma releasing factors. However since
both SL and CL have similar binding
sites, it seems likely that they have sim-
ilar functional roles.
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