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Abstract: In mammals, the role of sperm in the process
of fertilization is complex, and several well-defined steps
must occur for the sperm to fertilize with the oocyte.
Phospholipases (PLs), which regulate the lipid composi-
tion of the sperm by hydrolyzation of the phospholipids,
are involved in the regulation of the flagellar beat, ca-
pacitation, and the acrosomal reaction, as well as in the
triggering of the calcium oscillations in the oocyte that
lead to oocyte activation. The emerging important role of
phospholipases is also revealed by the fact that altera-
tions of sperm lipids can lead to infertility. Phospholipas-
es, especially PLCC, could represent therapeutic targets
to overcome male infertility.
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Introduction

It is well known that a proper spermatozoon is required
for successful fertilization and that it is involved in the key
steps of fertilization, including approach to the oocyte,
penetration into the oocyte, and activation of a signal
transduction cascade leading to conversion of the oocyte
to a diploid embryo [1-3]. In the last decade, phospholi-
pases have been shown to be important for these pro-
cesses [2, 4, 5]. The objective of this review is to present
the latest findings concerning the role of sperm phospho-
lipases in fertility. We will briefly review the involvement
of these sperm enzymes in all the key stages of fertil-
ization and ultimately consider its therapeutic potential in
oocyte activation.
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Complex Physiology and
Various Abilities of Spermatozoa

Spermatozoa stored in the tail of the epididymis are
still dormant, immature, and remote from their biological
target [3, 7]. During their ejection from the male genital
tract, they are mixed with the seminal fluid, resulting in a
sudden environmental change and a physiological awak-
ening known as the acquisition of mobility. Seminal fluid
plays important and complex physiological roles [8, 9].
The acquisition of mobility allows spermatozoa to cross
the cervical mucus and progress into the female genital
tract [10]. Arrival in the uterine cavity and fallopian tube
lead to exposure of spermatozoa to a new environment
where osmolarity, pH, ionic concentrations and the com-
position of proteins and lipids are different. This environ-
ment supports the maturation of spermatozoa, called
capacitation [11], that is required to render them compe-
tent to fertilize an oocyte. After the step of capacitation,
a spermatozoon is able to fertilize. A spermatozoon must
first penetrate through the egg’s hard shell, known as
the zona pellucida, to fuse with the oocyte. Therefore,
a spermatozoon goes through a process known as the
acrosome reaction [12]. This step allows secretion of pro-
teases to facilitate passage of the spermatozoon through
the zona pellucida and intervene in the fusion of the two
gametes [13]. During the fusion of the two gametes, intra-
cellular calcium levels oscillate repetitively, leading exo-
cytosis of cortical granules released into the perivitelline
space to prevent penetration of the zona pellucida (ZP)
by other spermatozoa. Fusion of a spermatozoon into
an oocyte initiates a complex cascade of signaling path-
ways in the oocyte, commencing with activation of the
oocyte and eventually leading to embryogenesis in the
early stages. Crucial events occurring within the fertil-
izing oocyte include pronuclear formation, recruitment of
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maternal mMRNA, release of meiosis arrest, and initiation
of gene expression [14—16]. The component necessary
to activate oocytes and cause these crucial events is the
release of intracellular calcium (Ca?*) stored in the en-
doplasmic reticulum (ER) [14—16]. The role of phospho-
lipases in the spermatozoon has been shown in these
critical steps for the success of fertilization.

Phospholipases

Phospholipases are enzymes that hydrolyze phos-
pholipids into fatty acids and other lipophilic substances.
The phospholipases (PLs) are classified into four major
categories, PLA, PLB, PLC, and PLD [17-21], depend-
ing on the location of the enzymatic hydrolysis site. PLA1
and PLA2 hydrolyze the sn-1 bond and sn-2 bond of ly-
sylphosphatidylglycerol (LPG), respectively. These en-
zymes release a fatty acid and a lysophospholipid (LP)
[17]. PLBs, known as lysophospholipases, hydrolyze
the two sn bonds and thus release two fatty acids [18].
PLCs specifically hydrolyze the sn-3 bonds of phosphati-
dylinositol 4,5-bisphosphate (PIP2), releasing an inositol
1,4,5-trisphosphate (IP3) and leaving a diacylglycerol in
the membrane [20]. PLDs hydrolyze the phosphoalco-
holic bond and release a phosphatidic acid and alcohol
[21]. The metabolites obtained after hydrolysis act either
directly as secondary messengers or by participating in
the synthesis of lipid mediators (prostaglandins, leukotri-
enes). Each cell type possesses its own phospholipases
expression profile, allowing it to respond to both external
and internal stimuli [22, 23].

Several PLs have been shown to be expressed in the
spermatozoa: three PLCs (PLCB1, PLC®4 and PLCQ),
four PLA2s (cytosolic Ca2*-dependent PLA2 (cPLA2),
secretory CaZ*-dependent PLA2 (sPLA2), CaZ*-inde-
pendent PLA2 (iPLA2), and platelet activating factor
(PAF)-acetylhydrolase PLA2), and a PLD [24]. Their
roles are different in spermatic physiology. These PLs
act at different levels and regulate a variety of stages of
spermatic action including spermatic mobility, capacita-
tion, and the acrosomal reaction. PLCC, meanwhile, has
been revealed to have a pivotal role in oocyte activation
at the time of fertilization.

Roles of Phospholipases in Sperm Mobility

The axoneme of the spermatozoon contains several
hundred to one thousand different proteins [25]. Several
enzymes are known to play pivotal roles in the flagel-
lar beat. The serine-threonine kinase, protein kinase A
(PKA), and tyrosine kinases control the cycles of phos-

phorylation of structural proteins of dynein [26]. Calcium,
a complex secondary messenger, is also a key player in
the flagellar beat. It controls soluble adenylate cyclase
and therefore the production of cyclic AMP [27] and
phosphorylation via calmodulin [28]. Moreover, it binds
directly to the structural proteins of the axoneme and thus
controls hyperactivation [28]. Although lipid signaling has
been poorly studied, several studies have suggested that
the membrane lipids of the flagellum are related to the
flagellar beat. Asthenozoospermia has been reported to
be associated with a defective lipid composition, char-
acterized by excess cholesterol and desmosterol, a low
concentration of polyunsaturated fatty acid (including
docosahexaenoic acid) and an increase in saturated
fatty acid [30, 31]. The presence of platelet-activating
factor-acetylhydrolase PLA2 in human semen has been
reported to be significantly and negatively correlated
with sperm motility [31]. Lower levels of active phospho-
cPLA2 in the tail and sPLA2 in the heads have been
reported in asthenozoospermic patients [32, 33]. These
results indicate that the lipid composition is a crucial ele-
ment for a functioning flagellum and that any alteration of
the enzymes involved in control of the lipid composition
of the plasma membrane may cause asthenozoospermia
in humans [30, 31]. However, poor spermatozoon mobil-
ity could be related to an alteration of membrane fluidity
causing a different lipid composition.

Roles of Phospholipases in Capacitation
and the Acrosome Reaction

Capacitation is defined as a series of complex events
that affect sperm progression in the female genital tract
and are necessary for sperm to fertilize an oocyte [11,
34]. This process includes biological modifications such
as a change of membrane fluidity, multiple phosphory-
lation events, alkalization of the cytoplasm, and reorga-
nization of lipids and membrane proteins. The role and
importance of all these modifications, particularly those
of the actin polymerization, in the ability of the sperma-
tozoon to fertilize an oocyte remains poorly understood.
Nevertheless, actin filament formation has been shown
to be inhibited by PLD inhibitors and stimulated by exog-
enous PLD or phosphatidic acid [35]. This multitude of
biological events is caused by sperm heterogeneity. At
the end of the period of capacitation, many subpopula-
tions of spermatozoa coexist. Some spermatozoa do not
respond to stimuli of capacitation, while others react in
excess (overcapacitation), leading to an acrosomal reac-
tion that should occur later (spontaneous). In the mouse,
this spontaneous acrosome reaction is partially con-



trolled by the sPLA2-GX. This PL is indeed localized in
the sperm acrosome and is initially released by damaged
spermatozoa. SPLA2-GX triggers an acrosome reaction
in other sperm, creating a loop of amplification of the ac-
rosomal reaction in the sperm population. Curiously, only
a subpopulation of spermatozoa is sensitive to the activ-
ity of sPLA2-GX. Pharmacological inhibition or genetic
deficiency of sPLA2-GX result in a decreased fertiliza-
tion rate and has a deleterious effect on the development
of the early embryo. However, treatment of spermatozoa
with exogenous sPLA2-GX leads to the opposite effect
[36]. These results suggest that appropriate lipid modifi-
cations induced by sPLA2-GX at capacitation are impor-
tant for favorable fertilization. Therefore, spermatozoa
are selected firstly by the crossing of the cervical mu-
cous, then by the interactions between spermatozoa and
uterotubal epithelial cells [37] and ultimately by control of
the early acrosomal reaction with sPLA2-GX [38].

The roles of phospholipases in the acrosomal reac-
tion are regulated by calcium in a manner like most of
the exocytotic pathways. Calcium signaling is complex
and related to a variety of cascades. In the mouse, at
least three different types of channels are involved: a
voltage-dependent calcium channel, receptor for IP3,
and a calcium channel depending on the filling level of
the calcium stocks [12]. The receptor for IP3 is a cal-
cium channel allowing the release of calcium stored in
intracellular compartments such as the acrosome. It is
activated by an increase in the concentration of IP3 pro-
duced from PIP2 by PLC [39]. Although two isoforms of
PLC have been characterized in the murine spermatozo-
on, PLCB1, and PLCd4, only PLCd4 seems to intervene
in the production of IP3 during the acrosomal reaction in
mice. Indeed, only male mice deficient in PLC34 protein
show decreased fertility [40]. In addition, without PLC4,
the calcium signaling induced by ZP3 (zona protein 3),
one of the natural agonists of the acrosomal reaction in
the mouse, is completely inhibited [41]. It is convention-
ally accepted that calcium binds to the SNARE (soluble
NSF attachment receptor)-synaptotagmin complex and
allows fusion of the outer membrane of the acrosome
with the plasma membrane [12]. However, some results
suggested that PLA2 could be involved in the fusion of
these two membranes via the production of lipids. In-
deed, arachidonic acid and lysophosphatidylcholine are
produced during the acrosomal reaction, and these two
molecules are known to be produced by the hydrolysis of
phospholipids with a PLA2. In addition, pretreatment of
spermatozoa with a non-specific inhibitor of PLA2 blocks
the acrosome reaction [24, 42].

Kimura, etal. 45

Ca?* Release Dynamics and IP3 in
Oocyte during Fertilizing

To understand how the sperm initiates the Ca?* signal
in the oocyte, the timing and pattern of Ca2* increases at
fertilization need to be known. In mammals, a series of
repeated spike rises in Ca2*, known as Ca2* oscillations,
occurs as a result of release from the stock of cytoplasm
[43-45], although the source of Ca?* is largely via in-
flux from outside the oocyte in some species. The first
Ca?* oscillations generally commences from the point
of sperm infusion and continues as waves [44, 46]. In
oocytes that show Ca?* oscillations during fertilization,
the multiple waves of Ca?* stimuli change their proper-
ties over time. Mammalian eggs also exhibit multiple
Ca?* waves that are less clearly polarized than those
of other species. The Ca?* oscillations in mammalian
eggs are less frequent and have large amplitudes, and
they continue for several hours after sperm-oocyte fu-
sion. The initial Ca2* wave appears around the location
of the sperm-oocyte fusion, spreads to the entire oocyte
surface and reaches the opposite side of the spherical
oocytes in 5 to 10 seconds. In the hamster, two consecu-
tive waves, which are derived from a more diffused place
away from the sperm-oocyte fusion point, follow within
5 min [47]. Continuous oscillations occur after another 5
min, when is near the time of the second Ca?* wave seen
in the mouse. These subsequent waves are derived from
different parts of the oocyte cytoplasm during fertiliza-
tion, in which they are biased towards the cortical region,
and consist of very fast waves traversing around the oo-
cytes in less than 1 second [46, 47]. The wave pattern
suggests that Ca2* waves originate from the region of the
sperm-oocyte fusion. In other words, certain substances
from the sperm or the sperm-oocyte fusion phenomena
itself induce the initial Ca?* wave and then induce the
source of following Ca?* waves in random cortical loca-
tions of the cytoplasm, spreading across the oocytes in
5-10 min. It should also be noted that Ca®* oscillation in
mammalian eggs occurs with lower frequency and lasts
for hours. This is because long hours are needed to com-
plete meiosis in mammals.

If certain substances from sperm are related to the
Ca?* release, one possible idea to explain how the
sperm induce Ca?* release is that sperm contain a sol-
uble sperm factor that diffuses into the egg. This idea is
underpinned by clinical procedures of intracytoplasmic
sperm injection (ICSI) designed to overcome male fac-
tor infertility. When a sperm is injected into the oocyte
cytoplasm, the human egg can be activated, leading to
normal development [48]. Importantly, ICSI in the human
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oocyte has been known to induce Ca?* oscillation simi-
lar to that seen when natural fertilization occurs [49, 50].
This phenomenon is interesting because it shows that
sperm-oocyte fusion itself does not need to trigger Ca2*
oscillations even though sperm contains a soluble pep-
tide that can act extracellularly and induce an initial Ca2*
increase [51]. The important substance for Ca?* release
appears to be located inside the sperm head because
it has been shown that the degree of sperm membrane
damage required for the rapid release of sperm factors
from the head is related to the determination of how soon
the Ca?2* oscillations start [52]. Furthermore, the ICSI
procedure is able to induce Ca?* release in an oocyte
with a sperm from a different species. Thus, a sperm fac-
tor causing Ca?* oscillations is likely present.

Most cells generate Ca2* by producing inositol 1,4,5-tri-
sphosphate (IP3), which is made after enzymatic degra-
dation of phosphatidylinositol 4,5-bisphosphate (PIP2)
[53]. It is difficult to measure IP3 increases in oocytes
biochemically. However, the generation of IP3 can be es-
timated by measuring the downregulation of IP3 recep-
tors. In mouse eggs, the number of IP3 receptors has
been known to decrease after fertilization. This decrease
of IP3 receptors is measurable a few hours after the ini-
tiation of Ca?* oscillations [54, 55].

IP3 injection has been reported to trigger a Ca?* wave
or oscillations in oocytes or eggs from a variety of mam-
malians [56—59]. Downregulation of the IP3 receptor can
be achieved artificially by microinjecting adenophostin
into immature mouse oocytes that can subsequently ma-
ture in vitro. The lack of IP3 receptors in mature eggs
cause a defect in Ca?* oscillations even when the eggs
are fertilized with sperm. It is clear that the IP3 recep-
tor is essential for the induction of Ca2* oscillation dur-
ing fertilization in mammalian eggs [6Q]. Inhibition of
sperm-induced Ca?* oscillations by a monoclonal anti-
body blocking the IP3 receptor has also been studied.
IP3 is one of the essential signals that can induce Ca?*
oscillations in mammalian eggs [45]. In the mouse egg,
injecting physiological amounts of IP3 induces a single
large Ca?* increase within a second [57, 61]. However, it
is difficult to explain how stimulation with a single bolus of
IP3 induces continuous low-frequency oscillations during
natural fertilization. Instead, it is hypothesized that the
mechanism that increase IP3 in the fertilizing oocyte may
involve continuous or periodic generation of IP3. Con-
tinuous injection of IP3 generates a series of Ca2* oscil-
lations [59, 62]. Injection of the IP3 mimetic adenophostin
into oocytes can induce a series of Ca?* oscillations. All
these results suggest the presence of a mechanism gen-
erating IP3 continuously and periodically in the oocyte

during fertilization and a sperm factor producing IP3 in
a way with a specific pattern of oscillations. This sub-
stance is referred to as sperm-borne oocyte activating
factor (SOAF) [63].

PLCC as the SOAF

It is generally considered that protein factors must
have adequate functional and developmental properties
to be considered a SOAF. Thus, a SOAF should induce
Ca?* oscillation from the oocyte during fertilization [1, 64,
65], and its mechanism should be accompanied by an
increase in the production of IP3 regulated by the phos-
phoinositide signaling pathway [45]. The phospholipase
C (PLC) family is comprised of enzymatic proteins in cy-
toplasm that catalyze the hydrolysis of PIP2 to generate
IP3. IP3 induces the release of Ca?* via IP3R localized
on the surface of the ER [66—69] (Fig. 1A). Currently, 13
PLC isozymes are known to be categorized depending
on their structure and regulatory mechanism. Several
endogenous oocyte PLCs have been suggested to play
arole in activation itself, but identification of sperm PLCs
has become of the great interest [64, 69—71]. This is be-
cause they would become strong candidates for SOAFs.
None of the identified PLC isoforms could be proved to
induce Ca?* release in an oocyte in a similar manner as
observed during normal fertilization until 2002. At that
time, the gene coding for a new PLC isoform, PLCC, was
cloned from a complementary testis DNA library of mice
[72]. PLCCis the smallest PLC known to date, and it lacks
the areas usually present as the SH2 (Src homology 2),
SH3 or PH (pleckstrin homology) domains. Injection of
the protein or its messenger RNA into the oocyte can
mimic oocyte activation and trigger calcium oscillations
similar to those caused by fertilization [73]. Furthermore,
microinjection of cRNA synthesized against PLCC into
mouse Mll-arrested oocytes revealed a normal Ca?* re-
lease profile and successful development to the blasto-
cyst stage [64]. On the other hand, the fact that PLCZ was
the sperm component responsible for Ca?* release was
proved by depletion of PLCZ from sperm, which resulted
in the failure to generate Ca2* activity. Through fraction-
ation experiments, it was concluded that PLC( is the only
sperm protein involved in the observed Ca2* oscillation
[64] (Fig. 1A). PLCC-deficient sperm, created by RNA in-
terference technology in transgenic mice, provided fur-
ther evidence showing that PLCC is responsible for Ca 2*
oscillation [74]. All these data suggested that PLC( is a
SOAF, although the specific receptors that interact with
PLCCZ have not been identified within the oocyte.

PLCC expression is evident in three distinct localization
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A: PLC{ from the sperm produces IP3 from PIP, in the egg, leading to release of Ca®*

from the endoplasmic reticulum (ER) via IP3Rs and triggering a series of Ca®" oscilla-
tions. B: Ca?" oscillations release cortical granules, leading to blockage of polyspermy.
C: Ca?* oscillations lead to resumption of meiosis from metaphase I1 arrest. The resump-
tion involves the activation of CaMKII and inactivation of Emi2, which subsequently
promotes degradation of MPF. CaMKII can also inhibit MPF. Reduced levels of MPF
allow reentry of the pronucleus formation. The figure is referred Sanders and Swann [99]

with some modification.

patterns within the acrosomal lesion of the human sperm
head, the equatorial region, and the postacrosomal re-
gion. Expression of PLCZ in different locations might sug-
gest the possibility of different functional roles other than
oocyte activation.

The first clinical evidence indicating the relevance of
PLCC in male infertility was revealed when PLC-deficient
sperm of patients with unsuccessful results of ICSI did
not induce Ca? * oscillation when it was microinjected
into mouse oocytes [75]. However, Ca2* oscillation in oo-
cytes was restored when PLCZ mRNA was injected with
sperm, providing reliable evidence that PLCC deficiency
is associated the with infertility phenotype [78]. Defect
or a relative reduction of PLCC within sperm may explain
some cases of male infertility [75-80].

Two mutations of PLC( isoforms in an infertile nonglo-
bozoospermic male were shown to disrupt secondary
structures of the PLCC protein, resulting in failure to pro-
duce a normal pattern of Ca2* release when PLC{ H398P
and PLCC H233L cRNA, substitution of histidine for pro-
line at position 398 (H398P) and of histidine for leucine
at position 233 (H233L), were injected into mouse eggs
[75, 76].

A clear relationship between PLCC deficiency and hu-
man infertility has prompted researchers to investigate
this protein for clinical application as a diagnostic bio-

marker as well as a therapeutic target. Indeed, multiple
studies have been employed to examine the relationship
of PLCC with representative diseases and/or conditions
causing male fertility by quantitatively assess PLCC in
men with globozoospermia (sperm with a large round
head lacking an acrosome), low or failed fertilization, var-
icocele, or sperm exhibiting an altered chromatin status
(DNA damage). Significant correlations between low fer-
tilization rates and levels of PLCZ have been found with
respect to such parameters, although most of these stud-
ies assessed PLCC RNA [81-85]. Indeed, sperm PLC(
RNA levels may not entirely be reflective of PLCZ protein
status in the sperm, as a role for PLC{ RNA transcripts at
fertilization has yet to be elucidated [86].

Currently, fertilization failure and embryonic develop-
ment failure in patients treated with ICSI are clinically
treated through assisted oocyte activation (AOA), which
involves the artificial induction of Ca?* release. The most
clinically used agent for AOA is Ca2* ionophore A23187
[87, 88]. However, this CaZ* ionophore is unable to in-
duce the ideal Ca?* release required for oocyte activation
in humans. Thus, the clinical significance of this agent
has been reported to be limited, and human oocytes are
not so responsive to it in ICSI [89, 90]. This is thought
to be due to the nonphysiological transient Ca?* release
induced within the oocyte. Ca?* ionophores are able to
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release all Ca?* stored in the oocyte theoretically, so ac-
tivation may be induced in an uncontrolled fashion [15,
88]. Furthermore, Ca2* ionophores may work on multiple
sites with long-term genetic/epigenetic, biochemical, and
physiological effects [88, 91]. Thus, clinical treatments
that can restore physiological conditions should be pur-
sued to overcome such problems of Ca2* ionophores.
The usage of PLCC protein may represent an ideal meth-
od to treat cases of oocyte activation deficiency (OAD).

Recombinant human PLC{ protein has been a goal
with varying degrees of success for many laboratories
in the world. Yoon et al. [92] achieved successful pro-
duction of purified versions of human recombinant PLCC
produced in bacterial cells following an earlier unsuc-
cessful attempt [93]. However, abnormal Ca?* release
profiles were observed after injection of the human re-
combinant PLCC into human oocytes, and an excessively
high concentration of the purified protein was needed to
induce CaZ* release. Nomikos et al. succeeded in syn-
thesizing purified and highly active recombinant PLCC,
which induced characteristic Ca2?* oscillation by injec-
tion into human oocytes [94, 95]. Moreover, other groups
also demonstrated that recombinant PLC induced Ca 2*
oscillation and rescued failing oocyte activation in mice
[96, 97]. These results strongly suggested crucial roles
of PLCC in the process of Ca?* oscillation and oocyte ac-
tivation.

On the other hand, the role of sperm-induced Ca?*
oscillation is not only to prevent polyspermy in eggs via
the cortical reaction (Fig. 1B) but also to downregulate
maturation-promoting factor (MPF), which is responsible
for the oocyte arrest in metaphase |l stage, via a signal-
ing pathway involving calmodulin-dependent protein ki-
nase Il (CamKlIly) and early mitotic inhibitor 2 (Emi2) [98,
99] (Fig. 1C). The decline of MPF activity leads to forma-
tion of pronuclei. MPF levels in the oocyte are able to be
decreased in various ways, making it possible to trigger
egg activation and development of embryos to the blas-
tocyst stage in vitro even without Ca?* oscillation [100,
101]. Furthermore, doubts have been raised about a role
for PLCC in the process of egg activation because of the
absence of PLCC in the detergent-resistant perinuclear
theca fraction where a SOAF should reside and the lack
of correlation between the levels and distribution of PLC(
and the success rate of fertilization.

However, recently, two groups succeeded in the gen-
eration of Plcz1 KO mice with the CRISPR/CAS9 system
and revealed the significance of PLCC in the fertiliza-
tion process, although Plcz1 KO male mice which were
generated by the classical method were defective in the
spermatogenesis [102-104]. Hachem et al. showed that

sperm were generated in Plcz1 KO mice and that the
sperm from Plcz1 KO mice failed to trigger Ca®* oscilla-
tion, resulting in increase of polyspermy. However, a few
eggs fertilized with the sperm from Plcz1 KO male mice
could develop and pups were born from wt female mice
mated with Plcz1 KO male mice. Thus, Plcz1 KO male
mice are subfertile but not sterile. These results suggest-
ed that even in the absence of PLC(, egg activation can
eventually occur via an alternative signal pathway [102].
Nozawa et al. showed similar results for the reproductive
phenotype of Plcz1 KO male mice, although they showed
the presence of atypical Ca?* stimuli in all oocytes in
from normal fertilization [103]. These results suggested
not only the significance of PLCZ in the process of Ca?*
oscillation and oocyte activation but also its potential as a
therapeutic targets to overcome male infertility.

Conclusion

The spermatozoon is one of the most differentiated
cells in mammals, and its development requires an ex-
tremely complicated process. Phospholipases, by hy-
drolyzing various phospholipids, have been found to be
critical in sperm processes such as 1) control of flagel-
lum beats; 2) capacitation, the molecular transformations
preparing the sperm for fertilization; 3) acrosome reac-
tion; and 4) oocyte activation by eliciting calcium oscil-
lations. The emerging important role of phospholipases
is also due to the fact that alterations of sperm lipids can
lead to infertility. Phospholipases may represent valuable
agents to develop anti- and/or pro-fertility agent, espe-
cially for oocyte activation to induce IP3 and CaZ* oscil-
lation [5, 80].
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