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Monospermy occurs in the process of normal fertilization where a single sperm fuses with the egg, resulting in the formation of a diploid zy-
gote. During the process of fertilization, the sperm must penetrate the zona pellucida (ZP), the outer layer of the egg, to reach the egg’s plas-
ma membrane. Once a sperm binds to the ZP, it undergoes an acrosomal reaction, which involves the release of enzymes from the sperm’s
acrosome that help it to penetrate the ZP. Ovastacin is one of the enzymes that is involved in breaking down the ZP. Studies have shown that
ovastacin is necessary for the breakdown of the ZP and for successful fertilization to occur. However, the activity of ovastacin is tightly requ-
lated to ensure that only one sperm can fertilize the egg. One way in which ovastacin helps to prevent polyspermy (the fertilization of an egg
by more than one sperm) is by rapidly degrading the ZP after a sperm has penetrated it. This makes it difficult for additional sperm to pene-
trate the ZP and fertilize the egg. Ovastacin is also thought to play a role in the block to polyspermy, a mechanism that prevents additional
sperm from fusing with the egg’s plasma membrane after fertilization has occurred. In summary, the role of ovastacin in monospermic fertil-
ization is to help ensure that only one sperm can fertilize the egg, while preventing polyspermy and ensuring successful fertilization.
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Introduction

Hormonal contraceptives work by altering the hormonal balance
in the body to prevent ovulation and inhibit fertilization [1]. Howev-
er, they can also have a range of side effects. These include an in-
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creased risk of blood clots, stroke, and heart attack, as well as head-
aches, mood changes, and weight gain [2]. Other non-hormonal ap-
proaches being investigated include the use of natural compounds
that can inhibit sperm function or fertilization, such as plant-based
compounds and peptides [3,4]. Research is also being conducted on
the development of vaccines that could stimulate the immune sys-
tem to produce antibodies against sperm or other components of
the reproductive process [5].

During fertilization in humans, the sperm penetrates the oocyte
and fuses with the egg cell. This process triggers a series of biochem-
ical events, including the release of cortical granules from the egg [6].
Cortical granules are organelles that are present in the cortex, or out-
er layer, of the egg. When fertilization occurs, the cortical granules re-
lease their contents into the perivitelline space, which is the area be-
tween the egg cell membrane and the zona pellucida (ZP), a layer of
glycoproteins that surrounds the egg. One of the proteins released
by the cortical granules is ovastacin, which belongs to the astacin
family of metalloproteinases [7]. Ovastacin is involved in the process
of fertilization by cleaving the N-terminal of the ZP2 protein in the ZP.
This cleavage prevents other sperm from binding to the ZP and fer-
tilizing the egg, thus preventing polyspermy. In addition to the re-
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lease of cortical granules and ovastacin, studies have also shown that
a "zinc spark" occurs during fertilization in mice and humans [8]. The
release of zinc ions is thought to be involved in the process of hard-
ening the ZP by modifying the microarchitecture of the ZP matrix.
Overall, the process of fertilization involves a complex series of bio-
chemical events, including the release of cortical granules and the
cleavage of ZP2 by ovastacin, as well as the release of zinc ions that
contribute to the hardening of the ZP [9].

In this context, we reviewed the impact of ovastacin on the pre-
vention of polyspermy by changing the structure of ZP on oocytes
and blocking the entrance of sperm. We also produced a recombi-
nant protein of mouse ovastacin to further study its biological func-
tion. Ovastacin could be a beneficial and effective contraceptive in
terms of its physiologically non-hormonal mechanism of action that
is risk-free compared to ingesting hormonal pills if it is administered
correctly.

Ovastacin as a preventive protein for polyspermy

Fertilization in mammals requires the fusion of the nuclei of the
sperm and oocyte, and the binding of the sperm to the ZP surround-
ing the oocyte. To prevent polyspermy, the ZP undergoes biochemi-
cal modification to prevent other sperm from penetrating and fusing
with the oocyte [9]. One of the key components of this modification
is ovastacin, which is encoded by the astacin-like metalloendopepti-
dase (ASTL) gene and is a metalloproteinase belonging to the asta-
cin family [10]. Ovastacin is specifically expressed in the oocyte at or
beyond the secondary follicle stage, and is located in the plasma
membrane and cortical granules of the oocyte [11]. After fertiliza-
tion, ovastacin is released from the cortical granules and cleaves the
N-terminal of the ZP2 protein in the ZP, preventing other sperm from
binding to and fertilizing the oocyte. The catalytic site of ovastacin
reacts with zinc ions to activate the enzyme. Ovastacin is composed
of several domains, including a signal peptide, a pro-peptide, a pro-
teinase domain with a catalytic site, and a C-terminal region (CTR).
The CTR contains a specific sequence for each species and is located
outside the plasma membrane [10,11]. Ovastacin plays a critical role
in preventing polyspermy during fertilization in mammals, and its lo-
cation and structure have been studied in detail to better under-
stand its function in this process.

There are two major known functions of ovastacin. One is related
to fertilization, and the other is related to the development of the
follicle [12]. Normally, one egg and one sperm must meet to form
one zygote, so that normal embryonic development proceeds. When
more than one sperm enters an egg, it is called polyspermy. In order
to prevent polyspermy, structural changes occur in the ovum trans-
parent ZP during the fertilization process. First, one sperm binds to
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the N-terminal of ZP2, one of the structures of ZP, the egg is activated
and zinc ions in the cortical granule are immediately released [13]. It
was thought that there would be an interaction between zinc ions
and ovastacin at the same location in the egg, and it was confirmed
that the concentration of ovastacin decreases after the zinc spark ac-
tually occurs [8]. In addition, when zinc ions are exposed to the ZP,
ovastacin is able to modify the microstructure by increasing the den-
sity and fiber thickness of the ZP [14]. Following zinc reaction with
ovastacin to modify the ZP, the attachment of sperm to the egg dra-
matically declines [15]. Therefore, zinc is thought to be an ion that
plays an important role in hardening the ZP through the secretion of
cortical granules. After zinc ion exocytosis, ovastacin released from
cortical granules binds to the N-terminal of ZP2 and then finally
cleaves ZP2. By confirming the attachment of sperm in two-cell em-
bryos with untruncated ZP2, it can be seen that the structural
change of ZP2 is important in polyspermy [16]. That is, polyspermy
can be prevented through ZP hardening, which is caused by the re-
lease and activation of ovastacin located in the cortical granule of
the egg [17]. The second function of ovastacin is related to the devel-
opment of the follicle [12]. Ovastacin is specifically expressed in the
oocyte at or beyond the secondary follicle stage [11,18]. During fol-
licular development, the ZP matrix of the oocyte undergoes continu-
ous remodeling to accommodate the growing oocyte. This remodel-
ing is mediated by several enzymes, including ovastacin, which
cleaves ZP2 during the final stages of follicular development. Cleav-
age of ZP2 by ovastacin is thought to be important for the removal
of cumulus cells that surround the oocyte and for the release of the
oocyte from the follicle during ovulation [19]. In addition, ovastacin
has been shown to be involved in the expansion of cumulus cells,
which are important for the development and maturation of the oo-
cyte [20,21]. Collectively, ovastacin plays a crucial role in both fertil-
ization and follicular development in mammals.

Structure of the ZP and induction of the
acrosome reaction by the ZP

The ZP is a glycoprotein structure that surrounds the mammalian
oocyte and is composed of three or four different proteins depend-
ing on the species. The glycoproteins of the ZP are synthesized, se-
creted, and assembled by growing oocytes. The fibrils, which are in
the inner or outer regions of the ZP, are arranged perpendicular and
parallel to the oolemma, giving the ZP a multilayered appearance.
The ZP is composed of two subdomains, ZP-N and ZP-C, separated
by a short linker region. Both subdomains adopt immunoglobu-
lin-like folds for their three-dimensional structure and play an essen-
tial role in the polymerization of nascent ZP proteins with crosslinked
fibrils. In humans, ZP proteins are composed of four glycoproteins
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(ZP1, ZP2, ZP3, and ZP4) and surround a 120-um oocyte, while in
mice, the ZP is composed of ZP1, ZP2, and ZP3 and surrounds an
ovulated oocyte that is 80 um in diameter. The ZP plays a crucial role
in fertilization, and multiple ZP proteins bind to spermatozoa in hu-
mans. Among ZP1 to ZP4, ZP2 binds to the acrosome associated
with primary spermatozoa in both humans and mice. When the pro-
teolytic cleavage of ZP2 occurs in the acrosome reaction, its micro-
structure is modified to prevent the binding of multiple sperm. In
humans, ZP1, ZP3, and ZP4 bind to the capacitated human sperma-
tozoa and induce an acrosome reaction, while in mice, ZP3 acts as
the primary sperm receptor. O-linked glycans of ZP3 are more rele-
vant to the induction of the acrosome reaction in mice, while
N-linked glycans of ZP3 and ZP4 are critical in humans. Recent stud-
ies suggest that O-linked glycans and N-linked glycans of human ZP
play a critical role in the sperm-egg binding system. Therefore, muta-
tions in the ZP genes can lead to abnormal ZP glycoproteins, result-
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ing in an abnormal ZP matrix and eventually leading to subfertility in
women.

Mutations in ovastacin and ZP genes

Mutations in the ASTL gene have been studied in various mam-
malian species, including humans and mice [22]. In mice, genetic
studies have shown that the absence of ovastacin can lead to im-
paired fertilization, reduced egg viability, and subfertility [10,13,14].

Mutations in ZP genes can lead to various reproductive disorders
[23,24]. The ZP genes encode the glycoproteins that form the extra-
cellular matrix surrounding the oocyte, which plays a critical role in
fertilization. Mutations in ZP genes can result in abnormal ZP struc-
ture, leading to infertility or subfertility in females. For example, mu-
tations in the ZP1 gene have been associated with rare cases of fe-
male infertility [25,26]. In these cases, affected individuals have an
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Figure 1. Diagram of the crystal structure and sequence alignment of human and mouse ovastacin. (A) Mouse ovastacin model (52D-294E)
generated using the Swiss model program (https://swissmodel.expasy.org/). The overall structure is represented in a cartoon style with
a-helices and the B-strands, which are numbered from the N to C terminus using the PyMOL program (https://pymol.org). (B) Ovastacin
model structure-based sequence alignment of mouse ovastacin with human ovastacin (https://www.ebi.ac.uk/Tools/msa/clustalo/, https://

espript.ibcp.fr/ESPript/cgi-bin/ESPript.cgi).
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abnormal ZP structure, resulting in failed fertilization or early embry-
onic loss. Mutations in the ZP2 gene have also been linked to infertil-
ity in some cases [27]. In addition to infertility, mutations in the ZP
genes have been associated with other reproductive disorders, such
as ovarian dysgenesis and premature ovarian failure. These condi-
tions are characterized by abnormal ovarian development and func-
tion, resulting in reduced fertility or early menopause. Mutations in
the ZP genes can have a significant impact on female reproductive
health and fertility [26,27]. Genetic testing and counseling can be
helpful for individuals with a family history of reproductive disorders
or those experiencing infertility or subfertility.

Production of recombinant mouse ovastacin,
diagram of the crystal structure, and sequence
alignment of human and mouse ovastacin

The mouse ovastacin gene (GenBank: AJ537599.2) was synthe-
sized by Bioneer. The gene (645-432D), except for the signal peptide,
was amplified by polymerase chain reaction using primers (forward:
5" ATCGAGGATCCTTCAGAAGAGACCCCAGAATCC 31 reverse: 5' ATTAC-
GCGGCCGCTATCACGGGGCACTTCTCTAAT 3') and cloned into modi-
fied pAcGP67a, as shown in Figure 1.

Fetuin-B, an inhibitor of action of ovastacin

Fetuin is a liver-derived plasma protein belonging to the super-
family of cystatin proteins. Fetuin is divided into A and B, but the
structure is similar, with two cystatin-like domains (CLDs) and a third
domain whose function is unknown . Both fetuin-A and fetuin-B mR-
NAs are highly expressed in the liver and, to a lesser extent, in the
tongue and placenta [28]. In addition, small amounts are expressed
in various organs [28]. The concentration of fetuin-B was not found
to differ significantly between ovarian follicular fluid and plasma [29].
Interestingly, fetuin-B, a liver-derived plasma protein, is thought to
be an essential factor for successful fertilization [30,31].

Fetuin-A is a member of the cystatin superfamily of proteins, but
it has a different structure compared to fetuin-B. It contains two
CLDs connected by a flexible linker region [32]. The N-terminal CLD
of fetuin-A has been shown to inhibit calcium phosphate precipi-
tation and growth, and this activity is thought to play a role in pre-
venting pathological calcification in tissues. Fetuin-A has also been
found to interact with several ligands, including transforming
growth factor-beta, bone morphogenetic proteins, and insulin
[33,34]. It has been proposed that fetuin-A acts as a carrier protein
for these ligands, protecting them from proteolytic degradation
and facilitating their transport to target cells. Mutations in the al-
pha 2-Heremans Schmid glycoprotein (AHSG) gene that encodes
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fetuin-A have been associated with various diseases, such as insu-
lin resistance, obesity, and metabolic syndrome [32]. In addition,
decreased levels of fetuin-A have been observed in several diseas-
es, including liver disease, chronic kidney disease, and cardiovas-
cular disease [35].

Fetuin-B consists of a cysteine-like domain and a CTR. Cysteine 1
(CY1) and cysteine 2 (CY2) are cysteine-like domains that are con-
nected to the CTR in the CPDCP (C"'-P") trunk structure, which act
as a pathway to the active site of metallopeptidase of the astacin
family [31,36]. Cysteine-like proteins are known as inhibitors of cys-
teine proteases. Fetuin-B inhibits metallopeptidases of the astacin
family [31]. Unlike other cysteine-like proteins, fetuin-A does not in-
hibit cysteine proteases. Fetuin-B reacts specifically to metallopepti-
dases in the astacin superfamily and inhibits cysteine protease. Spe-
cifically, fetuin-B inhibits the function of ovastacin [31]. When a suffi-
cient amount of fetuin-B is present in serum, ovastacin binds to fetu-
in-B prior to sperm and egg binding, which may prevent premature
ZP hardening [30,37]. However, if the concentration of fetuin-B in se-
rum is low, the free forms of ovastacin are responsible for cleaving
ZP2, and then premature ZP hardening may occur, preventing fertil-
ization even for a competent sperm and egg. Briefly, ovastacin pro-
tects the embryo and prevents polyspermy when it is produced in an
oocyte bound with sperm, but when it acts on an unbound oocyte,
it causes ZP cleavage of the oocyte before fertilization and prevents
fertilization. When recombinant fetuin-B protein was injected into
the body of a mouse model with a lower than average serum con-
centration of fetuin-B, a previous study demonstrated that the fertili-
ty rate increased by preventing premature ZP hardening [19,30]. Pre-
venting premature ZP hardening through methods such as adding
fetuin-B to the culture medium in vitro fertilization (IVF) seems to be
helpful in improving the fertility rate [29]. Therefore, fetuin-B is ex-
pected to be helpful in improving the fertility rate at IVF clinics.

Ovastacin as a promising contraceptive molecule

It is important to note that the development of non-hormonal
contraceptives is crucial for providing women with alternative op-
tions for contraception. While inhibiting fertilization through the in-
activation of sperm has been a focus of many efforts to develop con-
traceptive molecules, the use of recombinant ovastacin to prevent
fertilization by prematurely hardening the ZP has shown some po-
tential. However, further studies are required to determine the effec-
tiveness of this method and to explore ways to enhance its contra-
ceptive ability. It is also important to continue exploring other physi-
ologically-based approaches to contraception to provide women
with a range of safe and effective options.
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Conclusion

Although the current study did not find a significant biological
function of recombinant mouse ovastacin, this does not rule out the
potential for ovastacin as a contraceptive molecule. More research is
needed to fully understand the mechanism of action and effective-
ness of ovastacin as a contraceptive. Additionally, further studies
may explore the potential use of ovastacin in other reproductive
contexts, such as assisted reproductive technologies or fertility treat-
ments. This study provides valuable insights into the role of ovastacin
in fertilization and highlights the need for continued research in this
area.
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