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ABSTRACT

An antitumor factor, aplysianin E, inducing tumor lysis was purified
to apparent homogeneity from the supernatant of a homogenate of eggs
of the sea hare Aplysia kurodai. Purified aplysianin E was a 250-kDa
glycoprotein containing three different subunits. This factor was half-
maximally active at 2-114 ng protein/ml and lysed all the tumor cells
tested but did not lyse normal white or red blood cells. Aplysianin E was
labile on treatments with heat, low pH, urea, guanidine, sodium lauryl
sulfate, and periodate, but not with proteases or organic solvents. Aply
sianin E completely inhibited the syntheses of DNA, UNA, and protein
by tumor cells within 2 h and caused their complete cytolysis within 15
h. Tumor lysis by aplysianin E was inhibited by /V-acetylneuraminic acid,
suggesting that recognition of the sugar moiety is a key step in cytolysis
induced by aplysianin E. Aplysianin E also prolonged the survival of
mice bearing syngeneic MM46 ascites or solid tumors. These results
suggest that aplysianin E, found in an invertebrate, the sea hare, is a new
antitumor factor.

INTRODUCTION

Sea hares of the species Aplysia belong to the subclass Opis-
(Imbrandii;) of the mollusca. They lay yellow eggs in gelatinous
strings in their spawning season (May and June). Although
these eggs appear defenseless, they are not attacked by bacteria
and do not seem to be eaten by predators. These observations
suggest that the eggs contain some biologically active substance
for their protection. In fact, we found that they contain a lectin
that can agglutinate marine bacteria (1).

We have reported that humoral and cellular factors that
participate in host defense mechanisms show activity against
neoplasms (2, 3). Therefore, we thought that the eggs of Aplysia
species might contain some antitumor factor and on examina
tion found the antitumor factor aplysianin E in these eggs (4).
This paper describes the purification and some properties of
aplysianin E from eggs of Aplysia kurodai.

MATERIALS AND METHODS

Collection of Eggs of Aplysia Species. Eggs of . I. kurodai were
collected in Lake Hamana, Shizuoka, Japan, in the spawning season
(May and June) and were stored at â€”80Â°Cuntil use.

Extraction of Aplysianin E. Egg masses of A. kurodai were homoge
nized with 2 volumes of 0.9% saline for 10 min, and the homogenate
was centrifuged at 10,000 rpm for 30 min. The supernatant was
recentrifuged at 40,000 rpm for 60 min to obtain a clear supernatant,
which was used as starting material for purification of aplysianin E.

Mice and Tumor Cells. MM46 and MM48 tumor cells were collected
from the peritoneal cavity of C3H/He mice. LI210 leukemic cells were
collected from ascites of male DBA/2 mice. EL 4 cells were obtained
from the peritoneal cavity of C57BL/6 mice. L929 cells and human
leukemic cells, Raji, Molt-3, and K-562, were harvested from in vitro
cultures. Cells of a human lung adenocarcinoma line, PC-6, PC-7, and
PC-9, which were kindly supplied by Dr. N. Saijo (National Cancer
Center, Tokyo, Japan) were also harvested from in vitro cultures.
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Cytolytic Assay. Target tumor cells (2 x 10' cells/ml) were labeled
with Na251CrO4(100 /Â¿Ci/ml)in RPMI containing 10% fetal calf serum
for 2 h and then washed 3 times. Labeled target cells (5 x IO3 cells)
with or without a test preparation in wells (7 mm in diameter) of flat-
bottomed microplates were incubated in 0.2 ml RPMI-fetal calf serum
for 18 h at 37Â°Cunder COz in air. The radioactivity of the supernatant

was measured and cytolytic activity was defined as

% of cytolysis =
Experimental count - control count

Maximum releasable count â€”control count x 100

Maximum release of "Cr was measured after freeze-thawing labeled

tumor cells 3 times. The control count was measured as the radioactivity
released spontaneously from labeled cells. Units of cytolytic activity
were calculated as

Units = Final dilution giving 50% cytolysis
1000

Determination of Protein and Carbohydrate. Protein was measured by
the procedure of Lowry et al. (5) with bovine serum albumin as a
standard. Carbohydrate was determined by the method of Dubois et al.
(6) with glucose as a standard.

Assays of Synthetic Activities. The metabolic activities of tumor cells
with and without treatment with aplysianin E were measured in terms
of incorporation of tritiated thymidine, uridine, and leucine into DNA,
RNA, and protein, respectively. Samples of 1 x 10s MM46 tumor cells
were incubated with 1 fiCi of [mefAj'/-3H]thymidine (52 Ci/mmol), 2
//Ci of [5,6-3H]uridine (39 Ci/mmol), or 5 /Â¿Ciof L-[4,5-3H]leucine (170
Ci/mmol; from New England Nuclear, Boston, MA) in 0.2 ml of RPMI-
fetal calf serum at 37Â°Cfor 60 min. Then the cells were harvested on

filters and washed with Labo mash LM-101. The filters were dried and
their radioactivity was counted in a liquid scintillation spectrophotom-
eter.

Polyacrylamide Gel Electrophoresis. SDS2-polyacrylamide gel elec-

trophoresis was performed by the method of Laemmli (7) in 12.5%
acrylamide gels. Samples were heated at 100'C for 3 min in 1% SDS

in the presence of 2% 2-mercaptoethanol. The gels were stained with
Coomassie brilliant blue. Gradient gel electrophoresis was performed
in 4-30% polyacrylamide gel.

Various Treatments. pH stability was examined by adding l N HC1
or l N NaOH to 1-ml samples to give the desired pH values. The
samples were kept at 4Â°Cfor 30 min and then readjusted to pH 7.0

and dialyzed against phosphate buffered saline, pH 7.4. Other 1-ml
samples were treated with 2-mercaptoethanol (0.1 M), guanidine-HCl
(6 M), or urea (8 M) at 37Â°Cfor 2 h and then dialyzed. Samples were
treated with periodate in the dark at 4"( ' for 6 h and then dialyzed.

Samples (1 ml) were treated with organic solvents such as ethanol and
diethyl ether at 25Â°Cfor 2 h and then insoluble materials were dissolved

into saline. In addition, samples of 1 mg were incubated with 20 mg of
trypsin (Difco) at 37Â°Cfor 2 h, 1 mg of Pronase (Calbiochem) at 30'C

for 24 h, 1 mg of clostripain (Sigma Chemical Co., St. Louis, MO) at
25Â°Cfor 24 h, or 1 mg of protease V8 (Worthington) at 37'C for 24 h.

Reagents. Ok 432, a preparation of Streptococcus pyogenes, was a
gift from Chugai Seiyaku Co. (Tokyo, Japan). W-Acetylneuraminic acid
was purchased from Sigma. Other monosaccharides were products of
Wako Pure Chemical Co. (Tokyo, Japan).

Antitumor Test. Normal C3H/He mice were inoculated i.p. with 2 x
IO5 MM46 tumor cells or s.c. with 1 x 10' cells, respectively. Test

agents in 0.1 ml of saline were injected i.p., i.V., or i.t. as described in
the figure legends. The significance of differences in values was tested
by Student's t test.

2The abbreviations used are: SDS, sodium dodecyl sulfate; i.t., intratumorally.
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RESULTS

Purification of Aplysianin E from Egg Mass of A. kurodai. An
antitumor factor, aplysianin E, was purified from an egg ho-
mogenate by ion exchange chromatography and two types of
gel filtration, following the purification by cytolytic assay as
described in "Materials and Methods." The supernatant of the

egg homogenate (3096 ml) was dialyzed against 10 mM phos
phate buffer containing 30 HIM NaCl and loaded onto eight
parallel columns (3.2 x 40 cm) of DE52 (Whatman, Maidstone,
Kent, United Kingdom) previously equilibrated with the start
ing buffer (30 mM NaCl plus 10 mM phosphate, pH 7.4). These
columns were washed with the starting buffer and then material
was eluted with 100 mM NaCl solution (data not shown). The
fractions with activity were combined (450 ml), concentrated
on an ultrafiltration membrane (Toyo Kagaku, Tokyo, Japan),
and applied to two parallel columns of Sepharose 6B (2.6 x 109
cm) (Fig. \A). Fractions containing cytolytic factor were pooled,
concentrated, and applied to a column (1.8 x 106 cm) of
Sephacryl S-300 (Pharmacia, Uppsala, Sweden) in phosphate
buffer (Fig. IB).

Table 1 summarizes the purification of aplysianin E. The
purified factor contained 8% sugar, suggesting that it was a
glycoprotein. This aplysianin E lysed target tumor cells at a
concentration of 5 ng protein/ml (Fig. 2). To confirm that the
purified factor was associated with cytolytic activity, we sub
jected it to electrophoresis on 4-30% acrylamide gel (Pharma
cia) and examined the cytolytic activity of slices of the gel. As
shown in Fig. 3, the purified factor gave a single 250-kDa band
and the position of cytolytic activity coincided with that of the
protein band.

To examine the subunit structure of the cytolytic factor, we
subjected the purified aplysianin E to SDS-polyacrylamide gel
electrophoresis. Fig. 4 shows that the purified preparation gave
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Fig. 1. Gel filtration of aplysianin E from eggs of a sea hare. The active
fraction from a DEAE-cellulose column was applied to a Sepharose 6B column
(2.6 x 109 cm) (Ai and the active fraction from this column was applied to a
Sephacryl S-300 column (1.8 x 106 cm) (B). Fractions (Sepharose 6B, 15 ml;
Sephacryl S-300, 5 ml) were tested for cytolytic activity and absorbance at 280
nm. Myoglobin (18.8 kDa), ovalbumin (43 kDa), bovine serum albumin (67 kDa),
catatase (232 kDa), ferritin (440 kDa), and thyroglobulin (669 kDa) were used as
marker proteins. K, thousands.

Table 1 Purification of aplysianin E from eggs of a sea Hare

StepHomogenale"

DEAE-cellulose
Sepharose 6B
Sephacryl S-300Activity

(units)71,000

45,000
24,000
40,000Protein

(mg)9,071

1,084
348
256Specific

Sugar activity
(mg)(units/mg)2,755

256
40
238

41
70155Purifi

cation
(-fold)1

5920Yield(%)10063
3455

" Aplysia eggs ( 1.4 kg) were homogenized with 2.8 liters of 0.9% saline, and

the homogenate was centrifuged to obtain a clean supernatant as described in
"Materials and Methods."
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Fig. 2. Dose dependence of the cytolytic effect of aplysianin E. "Cr-labeled
MM46 tumor cells were incubated with aplysianin E for 18 h. Cytolysis was
measured as the radioactivity of the supernatant. Points, means for duplicate
estimations; han. SD.
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Fig. 3. Gradient gel electrophoresis of purified aplysianin E. Purified aplysi
anin E was subjected to electrophoresis on 4-30% acrylamide slab gel at a constant
voltage of 125 V for 15 h. (A) Purified aplysianin E (30 fig protein). (B) Molecular
mass markers (thyroglobulin, 669 kDa; ferritin, 440 kDa; catalase, 232 kDa;
lactate dehydrogenase, 140 kDa; bovine serum albumin, 67 kDa). The cytolytic
activity (â€¢)of extracts of 2-mm sections of the gel was measured. K, thousands.

s three main bands, 76,88, and 102 kDa, respectively. Treatment
0 of the factor with 2-mercaptoethanol did not affect the molec

ular sizes of these three components. These results indicate that
the cytolytic factor, aplysianin E, is a 250-kDa glycoprotein
containing 3 different subunits.

Characterization of Aplysianin E. The kinetics of cytolysis
was studied (Fig. 5). Tumor lysis by the cytolytic factor was
time dependent and was complete within 15 h. Tumor lysis was
also examined by microscopy. After 8 h, the number of bubbles
in the target cells gradually increased, and after 10 h the cell
surface membrane burst (data not shown).

Next, we examined the cytolytic activity against various target
cells. As shown in Table 2, all the murine and human tumor
cells tested were lysed by purified aplysianin E in the concen
tration range of 2-114 ng protein/ml. In contrast, normal
spleen cells and erythrocytes were resistant to this cytolytic
factor. These results indicate that tumor cells are relatively
susceptible to aplysianin E.

Table 3 summarizes the sensitivities of aplysianin E to various
treatments. Aplysianin E was heat labile, showing appreciably
less of activity after heating at 55Â°Cfor 10 min. The factor was

stable at neutral pH (6-8) but lost one-half of its activity at pH
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A B C D E F Table 3 Effects of various treatments on the stability ofaplysianin E

Fig. 4. SI)S pohacr> lamide gel electrophoresis of purified aplysianin E. The
purified sample was subjected to electrophoresis on 12.5% acrylamide slab gel at
a constant voltage of 120 V for 3 h. (A) Markers (phosphorv last- b, 94 kDa;
bovine serum albumin, 67 kDa; ovatbumin, 43 kDa; carbonic anhydrase, 30 kDa;
soybean trypsin inhibitor, 20 kDa; a-lactalbumin, 14 kDa). (B) Sample of ho-
mogenate (155 jig protein). (C) Sample from dialysis (95 pg protein). (D) Sample
from DEAE-cellulose (73 ng protein). (E) Sample from Sepharose 6B (17 /ig
protein). (F) Sample from Sephacryl S-300 (6 iig protein). K, thousands.

100

"3 90

0 9 10 19

Incubation time (hr)
Fig. 5. Time course of tumor lysis by aplysianin E. "Cr-labeled MM46 tumor

cells were incubated with aplysianin E (0.5 pg protein/ml) for 16 h. Samples of
supernatant were taken at the times indicated for measurement of radioactivity.
Bars, SD.

Table 2 Target cell specificity ofaplysianin E

MurineHumanMurineSheepTarget

cellsMM46

(mammary carcinoma)
MM48 (mammary carcinoma)
LI210 (leukemia)
EL-4 (lymphoma)
L929(fibroblast)Raji

(leukemia)
Molt-3 (leukemia)
K-562 (leukemia)
PC-6 (lung adenocarcinoma)
PC-7 (lung adenocarcinoma)
PC-9 (lungadenocarcinoma)Spleen

cellsErythrocytesEDÂ»"

(ng protein/ml)2

35
2

30
1149

13
30
30
30

60>1600>1600

"Target cells were incubated with aplysianin E for 18 h. KI)W. concentration

for 50% lysis of target cells.

12 or pH 4.5 and all its activity at pH 2. The cytolytic activity
was lost on treatment with 8 M urea, 6 M guanidine-HCl, 0.1 %
SDS, or 0.01 M periodate but not on treatment with 0.1 M 2-
mercaptoethanol, ethanol, diethyl ether, or proteases such as
Pronase, protease V8, clostripain, and trypsin (Table 3).

To determine the mechanism of cytolysis by aplysianin E, we
examined the correlation between cell metabolism and cytolysis.
Fig. 6 shows that the abilities of tumor cells to incorporate
thymidine, uridine, and leucine were completely inhibited by
the factor within 2 h. Thus, decrease in metabolic activities,
such as the synthesis of DNA, RNA, and protein, may be
followed by cytolysis.

Temperature
TreatmentCC)NonepH2pH

12HeatUrea

(8\i)Guanidine-HCl
(6 M)SDS(0.1%)Periodate

(0.01M)2-Mercaptoethanol(0.1
M)EthanolDiethyl

etherPronase
(1 mg:lmg)Protease
V8 (1 mg:lmg)Clostripain

(1 mg:lmg)Trypsin
(20 mg:l mg)445560373737437252530372537Time

of
treatment30

min30
min10
min10
min2h2h24h6h2h1

h1
h24h24h24h2hResidual"

activity100<55515<108<10<112100100100711258481

" Aplysianin E was treated as indicated. For details of treatments see "Materials
and Methods." Its cytolytic activity after treatment is expressed as the residual

activity as a percentage of that of the untreated preparation.

100 â€¢<

90

02468

Incubation time (hr)

Fig. 6. Effects of aplysianin E on syntheses of macromolecules in tumor cells.
MM46 tumor cells were incubated with or without aplysianin E (0.4 /ig protein/
ml) and then with initiated thymidine (â€¢),uridine (A), or leucine (D) at 37'C for

60 min. The acid insoluble fraction was obtained at the times indicated and its
radioactivity was measured.

% of control
cpm of factor treated cells

cpm of untreated cells

Points, means for triplicate estimations; bars, SD.

x 100

Next, we examined the temperature dependency of the cyto
lytic activity of aplysianin E. As shown in Fig. 7, tumor lysis
was slightly diminished at 25Â°Cand no lysis was observed at
4Â°C.Thus, the cytolysis increased with increase in temperature,

indicating that aplysianin E does not act solely as a detergent.
To determine the mechanism of cell recognition by aplysianin

E, we examined the effects of various sugars on cytolysis. As
shown in Fig. 8, .V-acetylneuraminic acid at a concentration of
SO HIM inhibited tumor lysis by aplysianin E, whereas nine
other sugars did not. Thus recognition of sialic acid may be an
initial step in cytolysis induced by aplysianin E. However, we
do not know yet whether the sialic acid that is essential for
cytolysis is present on the tumor cells or on aplysianin E.

Antitumor Effects of Aplysianin E. To examine the in vito
antitumor activity of aplysianin E, we incubated mixtures of
tumor cells and aplysianin E in vitro and then injected them
i.p. into mice. Mitomycin C was used as a positive control as
described previously (8). Table 4 shows that aplysianin E as
well as mitomycin C had a protective effect against the MM46
tumor. Some mice that survived were resistant to challenge
with a lethal dose of fresh tumor cells. Thus, aplysianin E had
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100
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Fig. 7. Temperature dependency of cytolysis by aplysianin E. "Cr labeled
MM46 tumor cells were incubated with the indicated concentration of a homog-
enate ofAplysia eggs at 37"C (O), 25'C (A), or 4"C (D) for 18 h and cytolysis was

arranged by measurement of the radioactivity of the supernatant. Points, means
for duplicate estimation; bars, SD.

Cytolysis (%)
0 50 IOO

Control
D-GlucoseD-Galactose

D-Mannose
N-Acetyl
D-glucosamlneD-FucoseL-Fucose

D-RlboseD

-Arab inoseL-Rhamnose

N-Acetyl
neuraminlc acidl111111I11P

Fig. 8. Effects of sugars on cytolysis by aplysianin E. "Cr-labeled MM46
tumor cells and 90 ng aplysianin E/ml were incubated at 37'C for 18 h with or

without the indicated sugars at final concentrations of 50 m\i.

Table 4 Neutralizing effects of aplysianin E on MM46 tumor cells
Neutralization"TreatmentNone

Mitomycin C
Aplysianin E
Aplysianin E
Aplysianin EDose/

mouse10

"g â€ž
0.1unir1

unit
10 unitsSurvival

ratio0/55/5

1/5
4/54/5Survival

daysI6.2Â±0.8C>45

17.0 Â±0.0
23
25Challenge*Survival

ratio0/5

0/5
1/1
2/43/4Survival

days18.8

Â±1.6
15.2 Â±2.5

55
18.0 Â±1.4

19
" Murine MM46 tumor cells were pretreated with mitomycin C or aplysianin

E in vitro at 37"C for 60 min. Then the cells (5 x 10*cells/mouse) were inoculated

i.p. into C3H/He mice. Data are representative of two similar experiments.
* Fresh MM46 tumor cells (5 x IO4 cells/mouse) were inoculated i.p. into

surviving mice 50 days after neutralization.
' Mean Â±SD.
":One unit equals 8.2 ng of protein.

a protective effect against MM46 ascites tumor and induced
partial antitumor immunity.

Next, to test the therapeutic effect of aplysianin E, we injected
it i.p. into mice after inoculation of MM46 tumor cells into the
peritoneal cavity. Fig. 9 shows that in groups of 5 mice, 1, 2,
and 3 animals survived after injections of 0.4, 2, and 10 units,
respectively, daily for 6 days.

Next, we tested the effect of aplysianin E on growth of solid
MM46 tumors (Figs. 10 and 11). As a positive control, the
effect of a S. pyogenes preparation (OK-432) that is used
clinically in Japan was also tested. Injection i.t. of 1 KE of OK-

O.9

0.0

20 40

Days after inoculation

60

Fig. 9. Effect of injection of aplysianin E on survival of mice bearing ascitic
MM46 tumor. C3H/He mice (5 mice/group) were inoculated i.p. with ascitic
MM46 cells on day 0 and treated i.p. with 0.4 unit (A), 2 units (D), or 10 units
(â€¢)of aplysianin E or with 10 ng of mitomycin C (O) or saline (â€¢)daily for 6
days from day 0. Data are representative of two experiments.

Treuil Ment Dose
(Arouse )

% of control
100

Tumor-f reÂ«/
/Total

NonÂ«OK432ApÃysionin-FAptysianin-E1

KE4

U20

Utâ€”iâ€”t

[:s^3â€¢

*i0/62/63/60/6

Fig. 10. Effect of i.t. injection of aplysianin E on growth of solid MM46
tumor. C3H/He mice were inoculated s.c. with 1 X IO6 MM46 tumor cells on
day 0. Aplysianin E or OK-432 was injected i.t. on days 4, 7, and 10. Tumor
weights were measured on day 33. *, P < 0.05; bars, SD. Data are representative
of three similar experiments. ( . unit; KE, klinische Einheit.

E
o 0.5
â€¢

0.0 IT
50 IOO

Days after inoculation

150

Fig. 11. Effect of i.v. injection of aplysianin E on survival of mice bearing
solid MM46 tumor. C3H/He mice (6 mice/group) were inoculated s.c. with 1 x
IO'1MM46 tumor cells (â€¢).Aplysianin E (A, 0.4 unit; D, 2 units; â€¢.10 units) or
OK^t32 (O, l klinische Einheit) was injected i.v. on days I, 3, 5, 7, 9, and 11.
Data are representative of three similar experiments.

432 or 20 units of aplysianin E caused slight regression of
tumors on day 33, but the therapeutic effect was not significant
(Fig. 10). The therapeutic effect of i.t. injection of 4 units was,
however, significant; after this treatment 3 of 6 mice were tumor
free on day 33.

As shown in Fig. 11, i.v. injections of 2 units of aplysianin E
are more effective than those of 1 KE of OK-432, used as a
positive control. The mean survival times of the control group
and the groups treated with OK-432 and 0.4, 2, and 10 units
of aplysianin E were 61, 77, 61, 93, and 80 days, respectively.
One of 6 mice in the groups treated with 0.4 and 2 units of
aplysianin E survived for over 200 days.
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DISCUSSION

Sea hares of Aplysia species have been reported to contain
some biological active substances, including antibacterial fac
tors (9), toxins (10), and chemical defensive substances (11,
12). Most of these substances are low molecular weight com
pounds derived from the algae on which the sea hares feed.
However, no bioactive high molecular substances except agglu-
tinin have previously been identified in sea hares (1). Our studies
were based on the hypothesis that components of self-defense
mechanisms should also have potency against neoplasms. For
example, cellular components, such as bone marrow cells (13,
14), polymorphonuclear leukocytes (15, 16, 17), and macro
phages (3, 8), have activities against tumor cells. Moreover,
animal lectins, as humoral factors, can also participate in rec
ognition of tumor cells (18, 19). When we applied this concept
to Aplysia species, which have defense mechanisms against
microorganisms, we found antitumor factors in their eggs (aply-
sianin E) (4) and their purple fluid (aplysianin P) (20).

In this work we purified aplysianin E from an egg extract to
a homogeneous species with a molecular mass of approximately
250 kDa, as judged by gradient gel electrophoresis and gel
filtration (Figs. 1 and 3). The activity was recovered from gel
slices in the same position as the single band of protein. This
factor seemed to be a glycoprotein with three distinct subunits,
but it is still uncertain whether each of these subunits has
cytolytic activity on tumor cells.

Purified aplysianin E is labile on heat treatment or incuba
tions at high and low pH values (Table 3), suggesting that it is
a protein. However, it was resistant to treatment with proteases.
These are several possible explanations for this discrepancy:
aplysianin E may have a protease-resistant character (e.g., it
may be a protease inhibitor); proteases may liberate small
peptides from it that have cytolytic activity; or its active site for
cytolysis may not be a peptide. Further studies are needed on
this point.

Aplysianin E inhibits the syntheses of macromolecules such
as DNA, RNA, and protein before causing cytolysis (Figs. 5
and 6). Furthermore, its cytolytic effect is temperature depend
ent. These observations suggest that the cytolytic process is
closely related to cellular metabolism. In other words, aplysi
anin E does not act on target cells as a detergent. Target cells
may have a receptor for aplysianin E since the cytolysis was
inhibited by a monosaccharide (Fig. 8). Therefore, aplysianin E
may have two characteristics favorable for killing tumor cells:
on antiproliferative effects, like anticancer drugs; and ability to
recognize target cells selectively.

Noteworthy characteristics of aplysianin E are its high tumor
lytic activity even at low concentration (10 ng protein/ml; 4 x
10~" M; 30,000-fold dilution of extract) and its low cytolytic

activity on normal WBC and RBC in vitro (Table 2). These
characteristics are consistent with its low toxicity (4). Aplysi
anin E showed antitumor activity in vivo in several systems in
which it could establish contact with the tumor cells (Table 4;
Figs. 9 and 10). Any side effects such as weight loss, fever, and
diarrhea were not observed in the dosages used. Its antitumor
action may be augmented by its use in combination with other
drugs, such as immunopotentiators.

Aplysia eggs contain a large quantity of aplysianin E (several
percent of the total proteins), but its physiological function is
unknown. Recently, we observed that an egg extract showed
antibacterial activity (21) and that the cytolytic activity of the
eggs decreases during hatching.3 Moreover, we found an anti-

-'Unpublished data.

bacterial and antineoplastic glycoprotein (aplysianin A) in the
albumin gland of A. kurodai (22). Aplysianin A, which has a
molecular weight of approximately 320,000 and contains four
M, 85,000 subunits, is larger than aplysianin E. However, these
two factors have a common antigen (22) and a similar amino
acid composition, suggesting that aplysianin A is a precursor
of aplysianin E. These findings suggest that aplysianin E plays
a defensive role and regulates hatching and/or embryogenesis
of Aplysia species.
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