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Maitotoxin Induces Acrosome Reaction and Histone Degradation
of Starfish Asterina pectinifera Sperm
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ABSTRACT—Maitotoxin (MTX) is a marine toxin which presumably activates Ca®'-channels and
stimulates phosphoinositide breakdown in various mammalian cells. We report here that MTX induces
the acrosome reaction of starfish spermatozoa by a cooperative action with a diffusible fraction of the
egg jelly. MTX alone does induce the degradation of sperm histones. Both reactions induced by MTX
depend on extracellular Ca*>*. Verapamil, a Ca® " -channel antagonist, inhibits MTX-induced acrosome
reaction but not affects MTX-induced histone degradation. MTX bypasses the blockage by ARIS of the
jelly-induced acrosome reaction and histone degradation.

INTRODUCTION

Changes in ion permeability of plasma mem-
brane regulate sperm reactions to extracellular
signals [6, 11, 27-29]. Egg jelly, with which
spermatozoa interact first in the echinoderms, trig-
gers Na'- and Ca’"-influx, and K- and H*-
efflux in spermatozoa, and eventually induces the
acrosome reaction [19, 27, 28]. We have reported
that the egg jelly also induces the degradation of
sperm histones in the starfish, Asterina pectinifera
[1]. Both reactions are induced by a cooperative
action of homologous ARIS, a fucose sulfate rich
glycoprotein having an extremely large molecular
weight, and a diffusible fraction of the egg jelly
(M8) containing Co-ARIS and sperm-activating
peptides (SAP) [2, 14, 15, 17, 20, 22, 24, 26]. The
acrosome reaction and the histone degradation
induced by the egg jelly depend upon extracellular
Ca’" and are inhibited by Ca’"-channel antagon-
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ists, suggesting that Ca>"-influx via Ca”*-channels
plays important roles in these reactions [1].
However, A23187, a Ca’" ionophore which in-
duces the acrosome reaction of sea urchin sperm is
not effective to induce the acrosome reaction and
the histone degradation of Asterina pectinifera
sperm [1].
combinations with monensin or M8 (1; unpub-
lished results). These results suggest that an
increase in the intracellular Ca’" concentration
([Ca*T]i) is essential but not sufficient to induce
the acrosome reaction and histone degradation.
Although these reactions of Asterina pectinifera
sperm are induced by a cooperative action of
ARIS and Co-ARIS [3], several lines of evidence
indicate that two reactions are regulated by distinct
pathways at least partly [1, 2].

Maitotoxin (MTX) has been isolated from a
poisonous marine dinoflagellate, Gambierdiscus
toxicus [23]. MTX stimulates the uptake of Ca’"
in various cells [4, 10, 16, 18, 30, 32] and elicits
phosphoinositide breakdown in several cell lines
(S, 12, 13]. Effects of MTX absolutely depend
upon extracellular Ca®t. In most cells, the sti-
mulation of Ca’*-uptake by MTX is blocked by
Ca’ " -channel antagonists [16, 32], and therefore it

It induces these reactions only in
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is proposed that MTX is a direct activator of
Ca’"-channels [32]. In contrast to this, the sti-
mulation of phosphoinositide breakdown by MTX
is not affected by a variety of organic and inorganic
Ca’"-channel blockers [5, 12, 13].

In the starfish, Asterias amurensis, it is reported
that, in alkaline seawater, MTX triggers only a
part of acrosome reaction: it induces acrosomal
exocytosis but not the formation of perfect acro-
somal process [25].

In this paper, we show that MTX is effective to
induce normal acrosome reaction in Asterina pecti-
nifera and the effect of MTX on inducing the
acrosome reaction is greatly enhanced by M8 and
is susceptible to verapamil. MTX also initiates the
degradation of sperm histones in a verapamil-
insensitive manner.

MATERIALS AND METHODS

Artificial seawater, jelly components and drugs

Normal artificial seawater (ASW) consisted of
450 mM NaCl, 10 mM KCl, 10 mM CaCl,, 30 mM
MgCl,, 20 mM MgSO,, 15 mM N-2-hydroxyethyl-
piperazine-N’-propanesulfonic acid-NaOH, pH
8.2. Ca’*-free seawater (CFSW) was prepared as
above except for omitting CaCl,.

Egg jelly, ARIS and M8 were prepared as
previously described [1, 3]. Verapamil was dis-
solved in DMSO to make a 200 mM stock solution.
For the control, an equal concentration of DMSO
(1%) was run. MTX was dissolved in distilled
water at a concentration of 300 xg/ml (87.6 «M),
and diluted in ASW or CFSW.

Assays of the acrosome reaction and the histone
degradation

Spermatozoa of the starfish, Asterina pectinifera
were collected “dry” and kept on ice until use.
Assays of the acrosome reaction and the histone
degradation were performed as previously de-
scribed [1, 3]. Spermatozoa with an acrosomal
process were scored as “reacted”.
ment was repeated at least two different batches of
sperm.

Each experi-

RESULTS

Effects of MTX on starfish spermatozoa: It has
been reported that MTX (0.06-0.73 M) does not
induce the acrosome reaction of Asterias amurensis
spermatozoa in normal seawater, but that it in-
duces only the acrosomal exocytosis in alkaline
seawater (pH 9.5) [25]. We examined first the
effects of MTX on the acrosome reaction and the
histone degradation in Asterina pectinifera. MTX
(0.6 M) induced the acrosome reaction consider-
ably, although at the concentration of 0.3 M its
effect was not appreciable (Table 1). Induction of
the acrosome reaction by MTX was greatly en-
hanced by M8 but not by ARIS (Table 1). MTX-
induced acrosome reaction was quite normal in the
morphology (Data not shown). It required exter-
nal Ca>* and was completely blocked by 200 M
verapamil (Table 1).

TaBLE 1. Induction of the acrosome reaction by
MTX
Treatments Aciao%gnﬁ_g?)cyo“
Jelly 100
ARIS+ M8 82
ARIS 9
M8
MTX (0.6 M) 78
+verapamil ** 5
MTX (0.3 M) 12
+ ARIS 19
+M83 56
+MS8 in CFSW 0
+ M8+ verapamil ** 4

Sperm were treated with egg jelly (100 xg fucose/
ml), ARIS (50 xg/ml), M8 (62.5 xg/ml) or com-
binations of them for 3 min and fixed for microscopic
observation. *The percentage of jelly-induced
acrosome reaction was referred as 100%. Values
are means for two experiments. **Sperm were
pretreated with verapamil (200 M) for 3 min and
then MTX plus M8, or MTX, was added to the
sperm suspension.

In contrast to the acrosome reaction, the histone
degradation was much sensitive to MTX: 0.3 M
of MTX induced the histone degradation as well as
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TasLE 2. Induction of the histone degradation by
MTX
Treatments Histone H(l%%egraldzarion
Jelly 52
ARIS 9
M8 2
MTX (0.6 M) 64
+M8 73
+verapamil* 61
MTX (0.3 M) 42
+ARIS 61
+ M8 56

TasLE 3. Effects of sequential treatments of MTX
and jelly components on the acrosome reaction

Treatments Acrosome Reaction
Ist 2nd (% Control)*
— Jelly 100
— MTX + M8 56
ARIS Jelly 23
ARIS MTX M8 70
MTX Jelly 38
MTX M8 6

Sperm were treated with egg jelly (50 pg fucose/
ml), ARIS (50 xg/ml) or M8 (25 xg/ml) and incu-
bated for 60 min. Reactions were stopped by the
addition of an equal volume of sample buffer for
SDS-polyacrylamide gel electrophoresis.

* Sperm were pretreated with verapamil (200 M)
for 3 min and then MTX was added to the sperm
suspension.

the egg jelly did (Table 2). Neither ARIS nor M8
significantly enhanced the effect of MTX on the
histone degradation. MTX-induced histone de-
gradation also required external Ca**, but it was
not blocked by 200 M verapamil (Table 2).

Sequential treatments of MTX and egg jelly compo-
nents: It is known that spermatozoa treated with
either ARIS or M8 become unresponsive to the
egg Jjelly [2, 14, 21]. We examined whether MTX
also showed a similar “pretreatment effect”. As
shown in table 3, when sperm were pretreated for
3 min with an insufficient concentration of MTX
(0.3 #M) to induce the acrosome reaction, they did
not undergo the acrosome reaction by the addition
of M8. In response to the egg jelly they underwent
the acrosome reaction, but much less than intact
spermatozoa did (Table 3). ARIS-pretreated sper-
matozoa, which were unresponsive to the egg jelly,
underwent the acrosome reaction in response to a
mixture of MTX and M8 (Table 3).

Similarly, ARIS-pretreated spermatozoa did not
undergo the histone degradation in response to the
egg jelly [2] but they did so in response to MTX
(Table 4). Previous study has shown that concana-
valin A (Con A) specifically inhibits the jelly-

Sperm were preincubated with ARIS (50 xg/ml) or
MTX (0.3 M) for 3 min and then egg jelly (100 xg
fucose/ml), a mixture of MTX (0.3 M) and M8
(62.5 pg/ml), or M8 (62.5 pg/ml) was added to the
sperm suspension. The mixtures were incubated
for another 3 min and fixed.

* The percentage of jelly-induced acrosome reac-
tion was referred as 100%. Values are means for
two experiments.

TaBLE 4. Effects of sequential treatments of MTX
and jelly components on the histone degradation

Treatments Histone H1 Degradation
Ist 2nd (%)
— Jelly 52
ARIS Jelly 11
ARIS MTX 70
Con A Jelly 18
Con A MTX 83

Sperm were treated with ARIS (50 xg/ml) or Con A
(0.2 mg/ml) for 3 min, and then egg jelly (50 g
fucose/ml) or MTX (0.3 xM) was added to the
sperm suspension. The mixtures were incubated
for another 60 min and incubations were stopped by
addition of sample buffer for SDS-polyacrylamide
gel electrophoresis.

induced histone degradation [1]. Thus, we ex-
amined the effects of Con A on the MTX-induced
histone degradation. As shown in table 4, Con A
(0.2 mg/ml) blocked the jelly-induced histone de-
gradation but did not affect the MTX-induced one.

DISCUSSION

External Ca®" is essential for inducing the acro-
some reaction and histone degradation by the egg
jelly in starfish spermatozoa [1, 21]. Pharmacolo-
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gical studies suggest the involvement of voltage-
dependent Ca®"-channels in these reactions [1].
We have reported here that MTX (0.6 M) in-
duces morphologically normal acrosome reaction
in Asterina pectinifera. This concentration is much
higher than effective doses for mammalian cells,
but it is comparable to that for the acrosomal
exocytosis in Asterias amurensis [25]. Echinoderm
sperm are generally much less sensitive to various
drugs than mammalian cells. The effect of MTX
on the acrosome reaction was greatly enhanced by
simultaneous addition of M8 but not by ARIS.
Similar to the stimulation of Ca®"-uptake by MTX
in various cells [16, 32], the acrosome reaction
induced by MTX with or without M8 required
extracellular Ca®* and was completely blocked by
verapamil. This suggests that MTX induces the
acrosome reaction by activating Ca”*-channels.
From the present data, we do not know exact
roles of M8 in stimulation of MTX-induced acro-
some reaction. It seems reasonable to assume that
M8 facilitates the opening of Ca**-channels and/
or other intracellular changes that are essential for
complete acrosome reaction. The acrosome reac-
tion consists of the acrosomal exocytosis and pro-
cess formation [7, 8, 33]. Like many other ex-
ocytotic events, acrosomal exocytosis probably re-
quires an increase in [Ca’"]i. The process forma-
tion is thought to be regulated by an increase in
intracellular pH (pHi) [31, 34]. Actually, in sea
urchin sperm, both Ca’*-uptake and a pHi in-
crease can not be dissociated from the acrosome
reaction. It is reported that MTX induces the
acrosomal exocytosis significantly, but the process
formation slightly, in mussel sperm at normal pH
(8.0) and in Asterias amurensis sperm at pH 9.5
[25]. A Ca’*-ionophore A23187 did not initiate
the acrosome reaction in Asterina pectinifera [1].
Thus we think that an increase in [Ca®']i is
essential but not sufficient to induce the acrosome
reaction of starfish spermatozoa. It is known in
Asterias amurensis that ARIS and Co-ARIS in-
duce the acrosome reaction without any detectable
pHi increase, and SAP stimulates the reaction by
increasing the pHi [14, 20, 22]. Stimulation by M8
of MTX-induced acrosome reaction in Asterina
pectinifera suggests that M8 induces some other
intracellular changes also required for the acro-

some reaction, such as a pHi increase.

Pretreatment of sperm with MTX remarkably
decreased the egg jelly-induced acrosome reaction
suggesting that MTX induces irreversible changes
in sperm, which may participate in the jelly-
induced acrosome reaction. MTX plus M8 bypas-
sed the blockage of the jelly-induced acrosome
reaction in ARIS-pretreated spermatozoa suggest-
ing that ARIS-pretreatment did not irreversibly
inactivate MTX-sensitive Ca’'-channels. Two
mutually non-exclusive working hypotheses are
being considered: (I) ARIS directly makes Ca”"-
channels unresponsive to the jelly, but MTX can
activate ARIS-modified Ca®*-channels.  (II)
ARIS acts on a site upstream to the MTX-site(s),
which indirectly regulates Ca**-channels.

MTX was also effective to induce the histone
degradation. This effect of MTX was not en-
hanced by M8 nor affected by verapamil. These
results suggest that the action site of MTX for the
histone degradation is different from that for the
acrosome reaction. This is consistent with the
hypothesis that two reactions are controlled by
distinct pathways at least partly [1, 2]. It has been
proposed that MTX is a potent activator of phos-
phoinositide breakdown and that Ca’"-channel
blockers hardly inhibit this effect [S, 12, 13]. It has
been also reported that egg jelly promotes the
formation of inositol 1,4,5-triphosphate in sea
urchin spermatozoa [9]. Taking these into
account, there is a possibility that MTX-induced
phosphoinositide-breakdown in sperm cells trig-
gers the histone degradation. Therefore, impor-
tant questions to be answered are whether phos-
phoinositide breakdown is induced by the egg jelly
also in starfish spermatozoa and, if so, whether it is
involved in the induction of histone degradation.

Preincubation of sperm with Con A inhibits
jelly-induced histone degradation [1] but it did not
affect the MTX-induced one. MTX bypassed the
blockage of the jelly-induced histone degradation
in ARIS-pretreated sperm. These results suggest
that the MTX-sensitive and verapamil-insensitive
step in the reaction pathway leading to the histone
degradation is later than the action sites of ARIS
and Con A, or that MTX induces the histone
degradation by a quite different way from the egg
jelly does.
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It is to be answered how and at which step, the

two sperm reactions are linked together.

ACKNOWLEDGMENTS

We thank Dr. Ikegami of Hiroshima University for
generous supply of the animals. This work was sup-
ported by the Grant-in-Aid for Scientific Research on
Priority Areas No. 03207103 from the Ministry of Educa-
tion, Science and Culture Japan.

10

11

2

REFERENCES

Amano T, Okita Y, Hoshi M (1992) Treatment of
starfish sperm with egg jelly induces the degradation
of histones. Develop Growth and Differ 34: 99-106
Amano T, Okita Y, Matsui T, Hoshi M (1992)
Pretreatment effects of jelly components on the
sperm acrosome reaction and histone degradation in
the starfish, Asterina pectinifera. Biophys Biochem
Res Commun 187: 268-273

Amano T, Okita Y, Okinaga T, Matsui T,
Nishiyama I, Hoshi M (1992) Egg jelly components
responsible for histone degradation and acrosome
reaction in the starfish, Asterina pectinifera. Biophys
Biochem Res Commun 187: 274-278

Anderson JM, Yasumoto T, Cronin MJ (1987)
Intracellular free calcium in rat anterior pituitary
cells monitored by fura-2. Life Sci 41: 519-526
Berta P, Sladeczek F, Derancourt J, Durand M,
Travo P, Haiech J (1986) Maitotoxin stimulates the
formation of inositol phosphates in rat aortic
myocytes. FEBS Lett 197: 349-352

Collins F, Epel D (1977) The role of calcium ions in
the acrosome reaction of sea urchin sperm. Exp Cell
Res 106: 211-222

Dan J C (1952) Studies on the acrosome. I. Reac-
tion to egg-water and other stimuli. Biol Bull 103:
54-66

Dan JC (1954) Studies on the acrosome. III. Effect
of calcium deficiency. Biol Bull 107: 335-349
Domino SE, Garbers DL (1988) The fucose-sulfate
glycoconjugate that induces an acrosome reaction in
spermatozoa stimulates inositol 1,4,5-trisphosphate
accumulation. J Biol Chem 263: 690-695
Freedman SB, Miller RJ, Miller DM, Tindall DR
(1984) Interactions of maitotoxin with voltage-
sensitive calcium channels in cultured neuronal cells.
Proc Natl Accad Sci USA 81: 4582-4585
Gonzalez-Martinez M, Darszon A (1987) A fast
transient hyperpolarization occurs during the sea
urchin sperm acrosome reaction induced by egg
jelly. FEBS Lett 218: 247-250

Gusovsky F, Yasumoto T, Daly JW (1987) Maitoto-
xin stimulates phosphoinositide breakdown in

15

16

17

18

19

20

21

22

23

24

25

311
neuroblastoma hybrid NCB-20 cells. Cell Mol
Neurobiol 7: 317-322

Gusovsky F, Yasumoto T, Daly JW (1989) Maitoto-
xin, a potent, general activator of phosphoiositide
breakdown. FEBS Lett 243: 307-312

Hoshi M, Matsui T, Nishiyama I, Amano T, Okita
Y (1988) Physiological inducers of the acrosome
reaction. Cell Differ and Develop 25(suppl.): 19-24
Ikadai H, Hoshi M (1981) Biochemical studies on
the acrosome reaction of starfish Asterias amurensis.
I. Factors participating in the acrosome reaction.
Develop Growth and Differ 23: 73-80

Ikadai H, Hoshi M (1981) Biochemical studies on
the acrosome reaction of starfish Asterias amurensis.
II. Purification and characterization of acrosome
reaction-inducing substance. Develop Growth and
Differ 23: 81-88

Kobayashi M, Kondo S, Yasumoto T, Ohizumi Y
(1986) Cardiotoxic effects of maitotoxin, a principal
toxin of seafood poisoning, on guinea pig and rat
cardiac muscle. J Pharmacol Exp Ther 238: 1077-
1083

Lebrun P, Hermann M, Yasumoto T, Herchisely A
(1987) Effects of maitotoxin on ionic and secretory
events in rat pancreatic islets. Biophys Biochem Res
Commun 144: 172-177

Lee HC, Johnson C, Epel D (1983) Changes in
internal pH associated with initiation of motility and
acrosome reaction of sea urchin sperm. Develop
Biol 95: 31-45

Matsui T, Nishiyama I, Hino A, Hoshi M (1986)
Induction of the acrosome reaction in starfish. De-
velop Growth and Differ 28: 339-348

Matsui T, Nishiyama I, Hino A, Hoshi M (1986)
Acrosome reaction-inducing substance purified from
the egg jelly inhibits the jelly-induced acrosome
reaction in starfish: An apparent contradiction. De-
velop Growth and Differ 28: 349-357

Matsui T, Nishiyama I, Hino A, Hoshi M (1986)
Intracellular pH changes of starfish sperm upon the
acrosome reaction. Develop Growth and Differ 28:
359-368

Murata M, Iwashita T, Yokoyama A, Sasaki M,
Yasumoto T (1992) Partial structures of maitotoxin,
the most potent marine toxin from dinoflagellate
Gambierdiscus toxicus. J Am Chem Soc 114: 6594-
6596

Nishiyama I, Matsui T, Hoshi M (1987) Purification
of Co-ARIS, a cofactor for acrosome reaction-
inducing substance from the egg jelly of starfish.
Develop Growth and Differ 29: 161-169
Nishiyama I, Matsui T, Yasumoto T, Oshio S, Hoshi
M (1986) Maitotoxin, a presumed calcium channel
activator, induces the acrosome reaction in mussel
spermatozoa. Develop Growth and Differ 28: 443-
448



26

27

28

29

30

3

12 T. AMano, Y. OKITA erf al.

Okinaga T, Ohashi Y, Hoshi M (1992) A novel
saccharide structure, Xyl-3Gall-(SO; )3.4Fuc-, is
present in acrosome reaction-inducing substance
(ARIS) of the starfish, Asterias amurensis. Biophys
Biochem Res Commun 186: 405-410

Schackmann RW, Christen R, Shapiro BM (1981)
Membrane potential depolarization and increased
intracellular pH accompanying the acrosome reac-
tion of sea urchin sperm. Proc Natl Accad Sci USA
78: 6066-6076

Schackmann RM, Eddy EM, Shapiro BM (1978)
The acrosome reaction of Strongylocentrotus pur-
puratus sperm: Ion movements and requirements.
Develop Biol 65: 483-495

Schackmann RW, Shapiro BM (1981) A partial
sequence of ionic changes associated with the acro-
some reaction of Strongylocentrotus purpuratus. De-
velop Biol 81: 145-154

Schettini G, Koike K, Login IS, Judd AM, Cronin

31

37,

33

34

MJ, Yasumoto T, MacLeod RM (1984) Maitotoxin
stimulates hormonal release and calcium flux in rat
anterior pituitary cells in vitro. Am J Physiol 247:
E520-E525

Schroeder TE, Christen R (1982) Polymerization of
actin without acrosomal exocytosis in starfish sperm.
Visualization with NBD-phallacidin. Exp Cell Res
140: 363-371

Takahashi M, Ohizumi Y, Yasumoto T (1982)
Maitotoxin, a Ca?" channel activator candidate. J
Biol Chem 257: 7287-7289

Tilney LG (1985) The acrosome reaction. In “Biolo-
gy of Fertilization Vol 2” Ed by Metz CB, Monroy A
Academic Press, Orlando, pp 157-213

Tilney LG, Kiehart DP, Sardet C, Tilney M (1978)
Polimerization of actin. IV. The role of Ca** and
H in the assembly of actin and in membrane fusion
in the acrosome reaction of echinoderm sperm. J
Cell Biol 77: 536-550



ImEE BHL

Biodiversity Heritage Library

Amano, Tosikazu et al. 1993. "Maitotoxin Induces Acrosome Reaction and
Histone Degradation of Starfish Asterina pectinifera Sperm." Zoological
science 10, 307-312.

View This Item Online: https://www.biodiversitylibrary.org/item/125363
Permalink: https://www.biodiversitylibrary.org/partpdf/71450

Holding Institution
Smithsonian Libraries and Archives

Sponsored by
Biodiversity Heritage Library

Copyright & Reuse

Copyright Status: In Copyright. Digitized with the permission of the rights holder.
License: http://creativecommons.org/licenses/by-nc-sa/3.0/

Rights: https://www.biodiversitylibrary.org/permissions/

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 22 September 2023 at 02:51 UTC


https://www.biodiversitylibrary.org/item/125363
https://www.biodiversitylibrary.org/partpdf/71450
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://www.biodiversitylibrary.org/permissions/
https://www.biodiversitylibrary.org

