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a b s t r a c t

In mammalian species, oocyte activation is initiated by oscillations in the intracellular
concentration of free calcium ([Ca2þ]i), which are also essential to allow embryonic
development. To date, evidence supporting the hypothesis that a sperm factor is respon-
sible for initiating oocyte activation has been presented in various mammalian species.
Among the possible candidates to be the active sperm factor is the novel sperm-specific
phospholipase C z (PLCz), which besides its testis-specific expression is capable of initi-
ating [Ca2þ]i oscillations. In this study, we investigated the presence of PLCz in the sperm of
the domestic cat and whether normospermic and teratospermic cats differ in their PLCz
expression. Immunoblotting with anti-PLCz antibodies confirmed the presence of an
immunoreactive band of w70 kDa in whole sperm lysates of domestic cat as well as in
both soluble and “insoluble” fractions from this sperm. Additional immunoreactive bands,
probably C- and N-terminal truncated versions of PLCz, were also visualized in the soluble
sperm fractions. Interestingly, immunoreactivity of PLCz was detectable in teratospermic
sperm, although with slightly less intensity than in normospermic sperm. In conclusion,
domestic cat sperm express PLCz in both cytosolic and high-pH fractions, which is
consistent with data in other mammals. Sperm from teratospermic cats also express PLCz,
albeit at reduced concentrations, which may affect the fertility of these males.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

It is well known that during mammalian fertilization,
the sperm induces in oocytes oscillatory changes in the
intracellular concentration of free calcium ([Ca2þ]i), which
is essential for initiating activation and embryonic devel-
opment [1–3]. Formany years, themechanismwhereby the
sperm trigger the oscillations and oocyte activation has
been the subject of controversy [4,5]. However, recent ev-
idence has reinforced the hypothesis that a sperm factor
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(SF) might be involved in this process [6,7]. It is proposed
that after gamete fusion, the fertilizing sperm delivers into
the ooplasm a Ca2þ-active product, the so-called SF, which
initiates the [Ca2þ]i oscillations.

In an attempt to characterize the active component of the
SF, a novel sperm-specific phospholipase C (PLC) with a
molecular weight (MW) of w70 kDa was discovered and
termed PLCz [8]. Besides having all the properties of other
PLC isoforms, PLCz also has a high sensitivity to Ca2þ [9,10],
which makes it ideally suited to be the initiator of [Ca2þ]i
oscillations. Furthermore, although PLCz had initially been
identified in soluble sperm extracts (SEs) [8,11,12], it was
later found in “insoluble” sperm fractions, which correspond
to the cytosol and perinuclear theca (PT) compartments,
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respectively [13]. To date, PLCz and its function have already
been identified in several mammalian species, including
mouse [8,14], rat [14], human [14,15], cynomolgus monkey
[15], bovine [16,17], swine [18,19], and equine [20]. However,
despite all studies reported in the last years addressing PLCz
structure and function [6,7], the precise molecular mecha-
nism(s) and site of action by which this testis-specific PLC
triggers [Ca2þ]i oscillations remains to be fully elucidated.

Recent investigations in human patients who have
experienced difficulties in conceiving after intracytoplasmic
sperm injection (ICSI) have ascribed certain types of human
infertility to the occurrence of absent or abnormally low
PLCz expression and/or thepresence ofmutated formsof the
enzyme, which undermines the ability of these sperm to
initiate [Ca2þ]i oscillations [21–23]. Interestingly, in most
cases these patients also presented high percentage of
spermatozoa with abnormal morphology [21,24]. In felid
species, the presence of high percentage of morphologically
abnormal sperm (>60%), termed as teratospermia, is a
common finding [25,26] and is implicated in cases of low
fertilityas a consequenceof various structural and functional
defects, even in morphologically normal spermatozoa [27].

It is well established that the phenomenon of ter-
atospermia can impair in vitro fertilization outcomes in felids
[28,29]. In this case, the application of ICSI could overcome
this infertility problem and, thus, improve the success of
assisted reproduction programs for endangered felid species.
However, the impact of teratospermia on ICSI rates in felids is
stilluncertain. Indomestic cats, aprevious studyhas indicated
that the percentage of fertilization and morulae formation
was not affected by teratospermia, although blastocyst
development was not assessed [30]. Nevertheless, it is note-
worthy that in cats although similar percentages of embryo
cleavage and morulae development rates were reported
following ICSI and in vitro fertilization, ICSI had always lower
ratesofblastocyst formation [31,32]andhighratesof embryos
arrestedat the8- to16-cell stage [33]. Thus, the ICSIprocedure
has not been optimized in felids. Further, previous studies
have indicated that thepatternof [Ca2þ]i oscillations canexert
amarked effect not only on oocyte activation but also on pre-
and postimplantation embryo development [1,34]. For this
reason, among the factors that can affect ICSI results in felids
such as oocyte quality [31], perhaps a poor oocyte activation
signal related to the SF may also be involved.

In this context, the study of PLCz expression in the
sperm cells of the domestic cat, a suitable experimental
model for felids, could contribute to a better understanding
of the physiological process involved in oocyte activation in
this species, allowing the use of this knowledge to improve
ICSI and nuclear transfer outcomes. Therefore, we have
examined whether or not PLCz is expressed in different
fractions of domestic cat spermatozoa and whether a dif-
ferential PLCz expression exists between normospermic
and teratospermic animals.

2. Material and methods

2.1. Reagents and antibodies

All reagents were of high purity grade and, unless stated
otherwise, they were purchased from GE Healthcare
(Uppsala, Sweden) or Sigma (St. Louis, MO, USA). Two
different anti-PLCz rabbit sera were used to detect cPLCz:
one against a 19-mer sequence (GYRRVPLFSKSGANLEPSS)
at the C-terminus of mouse (m) PLCz (accession no.
NP_473407; aPLCz-CT) [8] and the other against a 19-mer
sequence (MENKWFLSMVRDDFKGGKI) at the N-terminus
of porcine (p) PLCz (accession no. BAC78817; aPLCz-NT)
[18]. Anti-a-tubulin monoclonal antibody (cat. no. T9026)
were purchased from Sigma.

2.2. Animals and semen collection

The experiment was approved by the Ethical Committee
for Experimental Animal Uses of the College of Veterinary
Medicine and Animal Science, UNESP, Botucatu, Brazil
(protocol no. 22/2007-CEEA).

Six adult mixed-breed male cats, 4 to 7 years old, from
the Veterinary School research cattery, were used as semen
donors. The animals were kept in rooms measuring 5 � 2
m, exposed to >12 hours of natural light per day and pro-
vided with dry commercial cat food (FIT 32, Royal Canin,
Descalvado, Brazil) and water ad libitum. Tomcats were
previously classified as normospermic (n ¼ 4; >60% of
normal sperm morphology) or teratospermic (n ¼ 2; <40%
of normal sperm morphology) on the basis of repeated
sperm analysis [25]. Sperm morphology from 200 cells per
sample was assessed after staining with 1% Fast Green
FCF/1% Rose Bengal [35].

Tomcats were collected using an artificial vagina and
with at least a 2-day interval between collections. Semen
collection was performed throughout the year, until an
appropriate sperm quantity per cat to allow protein extrac-
tion was achieved.

2.3. Preparation of SEs

After semen collection, samples were diluted in Dul-
becco PBS (DPBS; Nutricell, Campinas, SP, Brazil) and sperm
concentration was determined. All subsequent steps were
performed at 0 �C to 4 �C. Spermatozoa were washed twice
with DPBS and the pellet resuspended in sperm buffer
(75 mM KCl, 20 mM HEPES, 1 mM EDTA, 10 mM glycer-
ophosphate, 1 mM DTT, 200 mM PMSF, 10 mg/mL pepstatin,
10 mg/mL leupeptin, pH 7.0). Samples were frozen by im-
mersion in liquid nitrogen and stored at �80 �C until pro-
tein extraction.

Cytosolic cat sperm extracts (cSEC) were prepared by
following the procedure used by Wu et al. [12], with some
modifications. Samples from the same tomcat were thawed,
pooled, and sperm concentration assessed. A total of 1 �109

to 2 � 109 spermatozoa were used in protein extraction for
each cat. Sperm suspension was sonicated using ten 5-s
bursts (60% output; S-250D, Branson Digital Sonifier, Dan-
bury, CT, USA) at 4 �C, yielding >95% of sperm decapitation
and completely demembranated sperm heads when evalu-
ated with contrast microscopy. The lysate was centrifuged
twice at 10,000 � g. Supernatant was then collected for ul-
tracentrifugation at 100,000 � g during 1 hour, whereas the
pellet was resuspended in sperm buffer and stored at�80 �C
until extraction of high-pH soluble sperm proteins. The clear
supernatant, obtained from ultracentrifugation, was washed
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with buffer medium (75 mM KCl and 20 mMHEPES, pH 7.0)
and concentrated using ultrafiltration membranes (cut-off
30 kDa; Millipore Co., Bedford, MA, USA). The extract was
mixed for 30minutes at 4 �C with ammonium sulfate at 50%
final saturation, the precipitate collected by centrifugation
(12,000 � g for 15 minutes), and the pellet kept at �20 �C.
The pellets were then resuspended, washed at least three
times using buffer medium to remove all traces of ammo-
nium sulfate, and reconcentrated with ultrafiltration mem-
branes (cut-off 10 kDa; Millipore Co.). Final protein
concentration was assessed using a bicinchoninic acid pro-
tein assay kit (BCA protein assay kit; Pierce, Rockford, IL,
USA). Samples were aliquoted and frozen at �80 �C.

High-pHsolublecat spermextracts (cSEpH)wereprepared
as previously described [18]. In brief, sperm cells after
extraction of cSEC were thawed and used as pool for nor-
mospermic and teratospermic animals, because this protocol
resulted in lower amount of recovered protein. Pooled sam-
ples were centrifuged and the pellet was washed twice with
sperm buffer, followed by a 30-minute incubation in a
washing buffer containing high salts (1 M KCl, 10 mM Tris,
200 mM PMSF, pH 7.4) at 4 �C. The pellet was washed with
sperm buffer and further submitted to alkaline carbonate
extraction (100 mM Na2CO3, pH 11.5) for 10 minutes at 4 �C.
Sperm suspension was then neutralized (0.5 M Tris and
12 mM DTT, pH 3.0), centrifuged twice, ultracentrifuged
(110,000 � g) for 1 hour, concentrated, precipitated in
ammoniumsulfate,washed,and reconcentratedasdescribed
for cSEC. Protein concentration was determined, and the
samples were aliquoted and stored at�80 �C.

2.4. Transmission electron microscopy analysis

To evaluate the protocols for cSEC and cSEpH recovery,
sperm cells were examined after collection, freezing-
thawing, sonication, and alkaline carbonate extraction
using transmission electronmicroscopy (TEM). Spermatozoa
were fixed with 2.5% glutaraldehyde in 0.1 M phosphate
buffer (pH 7.3) at 5 �C for at least 24 hours. Sperm cells were
then post-fixed during the 2 hours in 1% osmium tetroxide,
stained en bloc for 2 hours with 0.5% uranyl acetate, dehy-
drated through a graded series of acetone (50%, 70%, 90%,
and 100%), and embedded in epoxy resin. Ultrathin sections
were cut on an ultramicrotome and double stained with
uranyl acetate and lead citrate. Samples were then analyzed
and photographed with a TEM (CM 100, Philips).

2.5. Electrophoresis analysis

Two-dimensional SDS-PAGE of cSEC and cSEpH samples
was performed by following the methods as described in the
InstructionsManual from Bio-Rad Laboratories (Hercules, CA,
USA). Forfirst dimension, a total of 224mgof protein diluted in
rehydrationbuffer (8Murea, 2%CHAPS, 50mMDTT, 0.2%Bio-
Lytes, 0.001% bromophenol blue) was used to rehydrate 7-cm
immobilized pH gradient strips (pH 3–10; linear; GE Health-
care) during 12 hours at 20 �C to 25 �C. Afterward, the strips
were focused at 20 �C using the following program: condi-
tioning step (0–250 V; 15 minutes), voltage ramping (rapid
ramp;250–4000V;2hours),final focusing (4000–20,000Vh),
andhold step (500V). Stripswere thenequilibrated, placedon
top of a 12% SDS-polyacrylamide gel, and proteins were
separated inavertical system(GEHealthcare)using15mA/gel
for 100 to 130 minutes. Protein standards for reference
(12 a 225 kDa) were always included on outside lanes. Gels
were stained with 0.1% Coomassie Brilliant Blue R-250
dye, 45% methanol, and 10% acetic acid. Images from gels
were acquired using ImageScanner II (GE Healthcare) and
analyseswereperformedwith ImageMaster 2DPlatinumv7.0
(GE Healthcare).

2.6. Immunoblotting analysis

Normospermic and teratospermic sperm extracts (cSEC

and cSEpH), whole sperm cells, and demembranated sperm
(devoid of cytosolic and acrosomal contents after sonicat-
ion) were submitted to Western blot analysis as previously
described [18]. Spermatozoa were washed five times with
DPBS, counted, diluted 1:1 at 0.15 � 105 spermatozoa/mL in
2� sample buffer (Laemmli), and stored at�20 �C until use.
Sperm samples were placed at a final concentration of
0.15 � 106 to 0.2 � 106 per lane, whereas 18 mg of protein
was loaded to each lane for SEs analysis. Spermatozoa and
protein loading per lane was standardized using tubulin.
Protein samples were separated by SDS-PAGE and, there-
after, transferred onto polyvinylidene difluoride mem-
branes (Millipore Immobilon-P transfer membrane,
Millipore Co.) for 1 hour at 4 �C. After incubation with 6%
non-fat milk in PBS-0.1% Tween (TPBS), the membranes
were probed with a primary antibody (1:2000) for 16 hours
and then a horseradish peroxidase–labeled goat anti-rabbit
secondary antibody (1:3000; Bio-Rad Laboratories) was
used. Immunoreactivity was detected using chem-
iluminescence reagents (NEN Life Science Products, MA,
USA) and the Kodak Image Station 440CF (NEN Life Science
Products). Three replicas from each sample were made
following this procedure. Mouse sperm were used as pos-
itive control.

To confirm the binding specificity of the aPLCz-NT
antibody to cPLCz, a peptide competition assay was run by
preincubating the antibodies (1 mL) with the N-terminal
antigenic peptides (5 mL) in TPBS for 2 hours at room
temperature.

2.7. ICSI procedure in mouse eggs and [Ca2þ]i monitoring

Metaphase II (MII)–arrested eggs were obtained from
B6D2F1 (C57BL/6J � DBA/2J) female mice (6–8 weeks old)
superovulated by a single injection of 5 IU eCG followed 46
to 48 hours later by 5 UI hCG. Eggs were collected from the
oviducts 14 to 15 hours post-hCG in HEPES-buffered
Tyrode’s lactate solution (TL-HEPES) supplemented with
5% heat-treated fetal calf serum (Gibco; Invitrogen, Carls-
bad, CA, USA). Cumulus cells were removed by a brief
treatment with 0.1% bovine testes hyaluronidase.

Cat sperm were collected from the cauda epididymis of
a male cat, washed with microinjection buffer (75 mM KCl
and 20 mM HEPES, pH 7.0), and mixed 1:1 with microin-
jection buffer containing 12% polyvinylpyrrolidone (PVP)
prior to ICSI. MII eggs were injected with a single cat
spermatozoon using a piezo micropipette-driven unit
(PiezoDrill; Burleigh Instruments Inc., Rochester, NY, USA)



Fig. 1. Electron micrograph of cat sperm heads. (A) Intact spermatozoon and
(B) sonicated spermatozoon. Note that the plasma membrane (P) and the
apical part of the outer acrosomal membrane (OAM) have been solubilized,
leaving the PT surrounding the condensed sperm nucleus (N). (C) Sperma-
tozoon after high pH extraction. Note that PT has been completely solubi-
lized and that a distinct layer of material is now surrounding the nucleus
(arrowheads) showing an open chromatin configuration. Remnants of the
nuclear envelope (NE) are seen lying outside this layer, which appears to be
connected with the nuclear material (arrows). IAM, inner acrosomal mem-
brane. Bar ¼ 1 mm.
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as previously described [36,37]. ICSI was performed in
HEPES-buffered CZB medium [38] supplemented with 0.1%
polyvinyl alcohol. Different pulse intensities were used to
penetrate the zona pellucida and plasma membrane.

[Ca2þ]i monitoring was carried out as described by
Kurokawa and Fissore [37]. Mouse eggs were loaded with 1
mM fura-2-acetoxymethyl ester (Molecular Probes; Invi-
trogen, Carlsbad, CA, USA) supplemented with 0.02% plur-
onic acid (Molecular Probes; Invitrogen) for 20 minutes at
room temperature. Immediately after ICSI procedure, the
eggs were transferred into TL-HEPESmicrodrops placed on a
monitoring glass bottom dish (Mat-Tek Corp., Ashland, MA,
USA) and under mineral oil. Eggs were monitored using�20
objective on an inverted microscope (Nikon) outfitted for
fluorescence measurements and with a temperature-
controlled stage. The excitation wavelength was alternated
between 340 and 380 nm using a filter wheel (Ludl Elec-
tronic Products Ltd., Hawthorne, NY, USA), and fluorescence
ratios were taken every 20 seconds. After passing through a
510-nm barrier filter, the emitted light was collected by a
CoolSNAPES digital camera (Roper Scientific, Tucson, AZ,
USA). Images were analyzed by SimplePCI software (Hama-
matsu, Sewickley, PA, USA). [Ca2þ]i values are reported as the
ratio of 340/380 nm fluorescence in the whole egg.

2.8. Statistical analysis

Results for total protein amount in cSEC and cSEpH of
normospermic and teratospermic cats were used to calcu-
late 95% confidence interval, and animal group and
extraction method were compared. The relative immuno-
reactivity of PLCz on cat sperm immunoblotting (IB) was
compared between normospermic and teratospermic ani-
mals by one-way ANOVA followed by t-test using the SPSS
Statistics 17.0 software. Differences were considered to be
significant at P < 0.05.

3. Results

3.1. Efficiency of sperm protein extraction

On the basis of TEM analysis (Fig. 1A–C), the efficiency of
the protocol used to extract PT proteins from cat spermwas
confirmed. The sonication procedure used to prepare the
soluble fraction clearly removed great part of the acrosome,
therefore exposing the PT (Fig. 1A and B). Following
high-pH incubation, the entire PT was solubilized, and
moderate chromatin decondensation was observed in the
majority of the sperm cells (Fig. 1C).

Mean amount of protein retrieved from both normo-
spermic and teratospermic cat PT (0.123 � 0.001 mg/million
sperm)was approximately 3.3 times lower when compared
with the results obtained from cytosol extracts (0.403 �
0.019 mg/million sperm). Furthermore, the quantity of
recovered protein was not different between normosper-
mic and teratospermic cats (P > 0.05).

3.2. Identification of PLCz expression in cat sperm

Immunoblot analyses of cat sperm using two anti-PLCz
antibodies raised against the C- and N-terminal sequences
of mPLCz (aPLCz-CT) and pPLCz (aPLCz-NT), respectively,
identified an immunoreactive band of w70 kDa, presum-
ably the full-length cPLCz (Fig. 2A). Interestingly, the
immunoreactive signal of cPLCz appeared to be higher
when using aPLCz-NTcomparedwith aPLCz-CT (Fig. 2A). As
expected, mPLCz was only detected by aPLCz-CT (Fig. 2A).
Furthermore, preincubation of both antibodies with the
antigenic peptide used to raise the N-terminal antibody
was only capable of blocking the signal from the aPLCz-NT
antibody (Fig. 2B), strongly suggesting that the antibodies
correctly recognized cPLCz in these extracts.

After sonication, sperm cells still presented immuno-
reactive PLCz, although in lower intensity compared with



Fig. 2. Expression of PLCz by IB in cat spermatozoa. (A) Both anti-PLCz antibodies, aPLCz-CT (left panel) and aPLCz-NT (right panel), identified one protein band of
w70 kDa (arrow) in cat sperm (2 � 105 sperm/lane; normospermic sample), whereas in mouse sperm (2 � 105 sperm/lane) a 74-kDa band was detected only with
aPLCz-CT (left panel) and a faint 66-kDa band was visualized using both antibodies. (B) Peptide competition assay showed that preincubationwith the N-terminal
peptide (P) only blocked immunoreactivity of the aPLCz-NT antibody.
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intact sperm (Fig. 3A). Likewise, full-length cPLCzwas found
in both cSEC and cSEpH, with immunoreactivity varying
among animals (Fig. 3B). Thus, it seems reasonable to assume
that cPLCz is not only exclusively found in soluble sperm
fractions (cytosol) but also in the “insoluble” fractions (PT).

Besides full-length PLCz, both anti-PLCz antibodies also
detected in normospermic and teratospermic cSEC one
additional immunoreactivebandwithdifferentMW(Fig. 3B).
Whereas aPLCz-CT recognized a 48-kDa band, aPLCz-NT
detected a59-kDabandwith immunoreactivity similar to the
70-kDa band.

For both normospermic and teratospermic cats, two-
dimensional electrophoretic analysis of the cSEC and
cSEpH samples showed a total of eight and two protein
spots, respectively, ranging from 68 to 73 kDa (Fig. 4). These
protein spots, showing MW close to the value found for the
full-length cPLCz, were concentrated in the isoelectric point
(pI) interval of 5.2 to 6.6 (Fig. 4).

Injection of cat epididymal sperm resulted in the initi-
ation and maintenance of consistent [Ca2þ]i oscillations in
all mouse oocytes successfully injected (n ¼ 12) (Fig. 5).
Regardless of using sperm samples from the same animal,
variations in [Ca2þ]i oscillation profiles were observed.

3.3. Expression of PLCz in normospermic versus teratospermic
cats

Because aPLCz-NT provided better detection of cPLCz
than aPLCz-CT, it was used to determine the relative immu-
noreactivity of the 70-kDa full-length PLCz in normospermic
and teratospermic cat sperm. IB of a-tubulin was used as a
loading control and exhibited no difference between groups
(P > 0.05). Data showed that, in average, normospermic cat
sperm presented slightly higher (P < 0.05) cPLCz immuno-
reactivity compared with its counterpart (Fig. 6).

4. Discussion

Since the first report on the existence of a novel type of
PLC as the putative SF responsible for triggering oocyte
[Ca2þ]i oscillations during fertilization [8], this testis-
specific PLC, termed PLCz, has been found in a number of
species [14,15,17–20] although not reported for the do-
mestic cat. In the present study, we have found for the first
time the presence of PLCz in cat sperm using IB techniques.
Full-length native cPLCz showed to have w70 kDa, being
within the range reported for the species studied so far
(70–75 kDa) [7,14,15,17–20]. Furthermore, the pI value for
cPLCz seemed to be within 5.2 to 6.6, which is consistent
with pI values reported for other species, except humans
and cynomolgus monkeys [7].

In the present study, injection of cat sperm into mouse
eggs found to efficiently induce [Ca2þ]i oscillations resem-
bling the ones observed during fertilization in mouse [39].
This finding shows a cross-species activity for cat SF, which
is a characteristic also described for the PLCz from other
species [7,14,18]. In addition, this observation corroborates
with a previous report in which a normal pronuclear for-
mation, metaphase entry, and cleavage were obtained after
ICSI of cat sperm intomouse eggs [40]. The long-lasting and
high-frequency [Ca2þ]i oscillations observed in this study
demonstrate the capacity of cat sperm to properly induce
oocyte activation when ICSI technique is used.

The protocols used in this study to recover proteins from
the cytosol and PT of domestic cat sperm were successful,
although we have obtained lower amounts of total protein
in cSEC and cSEpH than those reported in mouse and
porcine sperm after extraction [12,18]. This result may be
due to the well-known fact that cat spermatozoon is
smaller in size than mouse and porcine sperm cells [41].
Nevertheless, the proportion of total protein present in
cSEC: cSEpH was similar to the one reported for porcine
sperm when using similar protocols [18].

Initially, the existence of PLCz has only been demon-
strated in soluble sperm fractions [8]. However, because
sperm heads after sonication and/or freeze/thaw pro-
cedures still contained significant amounts of [Ca2+]i
oscillation-inducing activity [37,42], the existence of an
“insoluble” active SF possibly associated with PT was sug-
gested. Later, tandem mass spectrometry analysis revealed



Fig. 3. IB of cat spermatozoa and SEs. (A) Compared with whole cat sperm (Sp) (1.5 � 105 sperm/lane; normospermic sample), sonicated sperm (SoSp) (1.5 � 105

sperm/lane; normospermic sample) presented lower immunoreactivity for the 70-kDa band (arrow) using aPLCz-NT antibody. Tubulin was presented only in
whole sperm (Sp) sample. (B) Normospermic (N) and teratospermic (T) cytosolic and high-pH cat sperm extracts (cSEC and cSEpH, respectively) (18 mg/lane) were
immunoblotted with either aPLCz-CT (left panel) or aPLCz-NT (right panel). The 70-kDa protein band (arrow), the predicted full-length PLCz, is presented in both
extracts, although with different intensities among animals even within normospermic animals (lanes 1–2; left and right panels). In cSEC, a strong immuno-
reactive band of w48 kDa was detected in all animals using aPLCz-CT antibody (left panel), whereas aPLCz-NT (right panel) identified a band of w59 kDa with
similar intensity to the 70-kDa band.
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that the active component of the insoluble SF was indeed
PLCz [13], which had been previously located in soluble
fractions. In this study, full-length 70-kDa cPLCz was
found in both SEs, following sonication (cSEC) and then
high-pH extraction (cSEpH). Likewise, the high-pH
extraction protocol efficiently recovered the remaining
SF activity in porcine sperm PT [18]. It is important to
highlight that cSEC and cSEpH were found to be derived
from distinct sperm regions, as their two-dimensional
electrophoresis protein profile greatly diverged (data not
shown) and a-tubulin was only found in cSEC. Taken
together, these results indicate that PLCz may be distrib-
uted in different compartments of the domestic cat sperm,
soluble and insoluble fractions, as reported in other spe-
cies [13,18].

Apart from the full-length 70-kDa PLCz, two protein
bands with 48 and 59 kDa were recognized by the C- and
Fig. 4. Two-dimensional 12% SDS-PAGE gel of domestic cat cytosolic SEs
stained with Coomassie Brilliant Blue. Isoelectric point (pI) of the first-
dimensional gel is indicated at the top of the figure. MW standards (Mr �
103) are to the left margin. Encircled protein spots presented mean MW and
pI ranging from 68 to 73 kDa and 5.2 to 6.6, respectively.
N-terminal PLCz antibodies, respectively, in all cytosolic
extracts. Interestingly, IB analysis of whole sperm did not
detect these additional immunoreactive bands. Thus, we
can speculate that these C- and N-terminal truncated ver-
sions may in fact be proteolytic fragments of cPLCz, which
could have been originated during SEs preparation. In
support of this conclusion, N- and C-terminal fragments
with different MWs have also been reported in porcine and
equine SEs using the same antibodies [18,20]. Likewise, an
additional 52-kDa band was also found in human sperm
[21,23,43], whose intensity was higher than the full-length
PLCz when sperm samples were previously submitted to
freeze/thaw procedures [21]. It is important to note that to
obtain enough material, multiple cat ejaculates were
collected and kept frozen until the time of extraction.
Therefore, this procedure may have increased the rate of
fragmentation in the samples analyzed here. Additionally,
although less likely, the existence of a splicing variant of
PLCz, as reported in mouse sperm [9,13,18], cannot be
discarded.

In the present study, we investigated whether ter-
atospermic cats, aside from the already reported morpho-
logical and functional defects [27], also present an
abnormal expression of PLCz. On the basis of our findings
that the 70-kDa PLCz immunoreactivity was slightly higher
in normospermic cats than in their abnormal counterparts,
a reduction in PLCz expression may be associated with
teratospermia in domestic cats. Nevertheless, future
studies should examine whether or not there is individual
variation in the expression of PLCz among the sperm of
teratospermic cats.

Cases of infertility or subfertility associated with
reduced/absent PLCz expression or the presence of a
nonfunctional mutant form have been reported in other
species [21–23,44]. In transgenic mice, PLCz expression of
about half of normal level have shown to cause premature
termination of [Ca2þ]i oscillations and litter size reduction



Fig. 5. Representative graphs indicating the capacity of domestic cat sperm
to induce [Ca2þ]i oscillations when injected into mouse eggs. Both profiles
are from the same tomcat. Arrows indicate the time of sperm injection (ICSI).
[Ca2þ]i monitoring started after 25 minutes of sperm injection.

Fig. 6. IB of normospermic (N) and teratospermic (T) cat sperm (1.5 � 105

sperm/lane) using aPLCz-NT and a-tubulin antibodies. Relative immunore-
activity of the full-length 70-kDa PLCz (arrow) showed to be slightly
different between groups, whereas a-tubulin exhibited equal loading per
lane.
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[45]. Indeed, the existence of a negative effect on embryo
development due to disturbance of [Ca2þ]i oscillations
pattern has already been demonstrated [34]. In this
context, because teratospermic cats only show a modest
reduction in PLCz expression, it is unknown whether a
negative effect on fertility exists, and if it does, it is likely to
be subtle and possibly manifested as impairment of em-
bryo development rather than overt oocyte activation
failures. This idea is consistent with the observation that
using ICSI procedure for normospermic and teratospermic
cats, similar fertilization rates were observed [30], although
rates of blastocyst formation or embryo development to
term were not provided.

In summary, our results indicated the expression of PLCz
in domestic cat sperm, which is localized to different sperm
compartments. Furthermore, expression of PLCz was lower
in sperm of teratospermic cats than normospermic cats,
although it is presently unknown if this affects the fertility
of teratospermic cats. Future studies should be aimed to
clone and sequence the PLCz gene in felids, examine its
expression throughout spermatogenesis and test its spe-
cific activity.
Acknowledgments

This study was supported by a grant from the São Paulo
Research Foundation (FAPESP) (06/59910-2; 07/53299-2)
and the work in the laboratory of Dr. Rafael A. Fissore by a
grant from the NIH (HD051872). The authors thank
Dr. Miriam H. Tsunemi, Dr. Andreza S. Figueiredo, and
Dr. João Pessoa Araújo Junior for their help in this study.

References

[1] Ducibella T, Huneau D, Agelichio E, Xu Z, Schultz RM, Kopf GS, et al.
Egg-to-embryo transition is driven by differential responses to Ca2þ

oscillation number. Dev Biol 2002;250:280–91.
[2] Kline D, Kline JT. Repetitive calcium transients and the role of cal-

cium in exocytosis and cell cycle activation in the mouse egg. Dev
Biol 1992;149:80–9.

[3] Miyazaki S, Hashimoto N, Yoshimoto Y, Kishimoto T, Igusa Y,
Hiramoto Y. Temporal and spatial dynamics of the periodic increase
in intracellular free calcium at fertilisation of golden hamster eggs.
Dev Biol 1986;118:259–67.

[4] Evans JP, Kopf GS. Molecular mechanisms of sperm-egg interactions
and egg activation. Andrologia 1998;30:297–307.

[5] Swann K, Parrington J. Mechanism of Ca2þ release at fertilization in
mammals. J Exp Zool 1999;285:267–75.

[6] Ito J, Parrington J, Fissore RA. PLCz and its role as a trigger of
development in vertebrates. Mol Reprod Dev 2011;78:846–53.

[7] Swann K, Saunders CM, Rogers NT, Lai FA. PLCz(zeta): a sperm
protein that triggers Ca2þ oscillations and egg activation in mam-
mals. Semin Cell Dev Biol 2006;17:264–73.

[8] Saunders CM, Larman MG, Parrington J, Cox LJ, Royse J, Blayney LM,
et al. PLCz: a sperm-specific trigger of Ca2þ oscillations in eggs and
embryo development. Development 2002;129:3533–44.

[9] Kouchi Z, Fukami K, Shikano T, Oda S, Nakamura Y, Takenawa T,
et al. Recombinant phospholipase Cz has high Ca2þ sensitivity and
induces Ca2þ oscillations in mouse eggs. J Biol Chem 2004;279:
10408–12.

http://refhub.elsevier.com/S0093-691X(13)00247-1/sref1
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref1
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref1
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref2
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref2
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref2
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref3
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref3
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref3
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref3
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref4
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref4
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref5
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref5
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref5
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref6
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref6
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref7
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref7
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref7
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref7
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref8
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref8
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref8
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref8
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref9
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref9
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref9
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref9
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref9
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref9


A.I.S.B. Villaverde et al. / Theriogenology 80 (2013) 722–729 729
[10] Rice A, Parrington J, Jones KT, Swann K. Mammalian sperm contain a
Ca(2þ)-sensitive phospholipase C activity that can generate InsP(3)
from PIP(2) associated with intracellular organelles. Dev Biol 2000;
228:125–35.

[11] Jones KT, Cruttwell C, Parrington J, Swann K. A mammalian sperm
cytosolic phospholipase C activity generates inositol trisphosphate
and causes Ca2þ release in sea urchin egg homogenates. FEBS Lett
1998;437:297–300.

[12] Wu H, He CL, Jehn B, Black SJ, Fissore RA. Partial characterization of
the calcium-releasing activity of porcine sperm cytosolic extracts.
Dev Biol 1998;203:369–81.

[13] Fujimoto S, Yoshida N, Fukui T, Amanai M, Isobe T, Itagaki C, et al.
Mammalian phospholipase Cz induces oocyte activation from the
sperm perinuclear matrix. Dev Biol 2004;274:370–83.

[14] ItoM,ShikanoT,OdaS,HoriguchiT,TanimotoS,AwajiT,etal.Difference
in Ca2þ oscillation-inducing activity and nuclear translocation ability of
PLCz1, an egg-activating sperm factor candidate, between mouse, rat,
human, and medaka fish. Biol Reprod 2008;78:1081–90.

[15] Cox LJ, Larman MG, Saunders CM, Hashimoto K, Swann K, Lai FA.
Sperm phospholipase Cz from humans and cynomolgus monkeys
triggers Ca2þ oscillations, activation and development of mouse
oocytes. Reproduction 2002;124:611–23.

[16] Cooney MA, Malcuit C, Cheon B, Holland MK, Fissore RA, D’Cruz NT.
Species-specific differences in the activity and nuclear localization
of murine and bovine phospholipase C zeta 1. Biol Reprod 2010;83:
92–101.

[17] Malcuit C, Knott JG, He C, Wainwright T, Parys JB, Robl JM, et al.
Fertilization and inositol 1,4,5-trisphosphate (IP3)-induced calcium
release in type-1 inositol 1,4,5-trisphosphate receptor down-
regulated bovine eggs. Biol Reprod 2005;73:2–13.

[18] Kurokawa M, Sato K, Wu H, He C, Malcuit C, Black SJ, et al. Func-
tional, biochemical and chromatographic characterization of the
complete [Ca2þ]i oscillation-inducing activity of porcine sperm. Dev
Biol 2005;285:376–92.

[19] Yoneda A, Kashima M, Yoshida S, Terada K, Nakagawa S,
Sakamoto A, et al. Molecular cloning, testicular postnatal expres-
sion, and oocyte-activating potential of porcine phospholipase Cz.
Reproduction 2006;132:393–401.

[20] Bedford-Guaus SJ, McPartlin LA, Xie J, Westmiller SL, Buffone MG,
Roberson MS. Molecular cloning and characterization of phospho-
lipase C zeta in equine sperm and testis reveals species-specific
differences in expression of catalytically active protein. Biol
Reprod 2001;85:78–88.

[21] Heytens E, Parrington J, Coward K, Young C, Lambrecht S, Yoon SY,
et al. Reduced amounts and abnormal forms of phospholipase C zeta
(PLCz) in spermatozoa from infertile men. Humanit Reprod 2009;
24:2417–28.

[22] Nomikos M, Elgmati K, Theodoridou M, Calver BL, Cumbes B,
Nounesis G, et al. Male infertility-linked point mutation disrupts the
Ca2þ oscillation-inducing and PIP(2) hydrolysis activity of sperm
PLCz. Biochem J 2001;434:211–7.

[23] Yoon SY, Jellerette T, Salicioni AM, Lee HC, Yoo MS, Coward K, et al.
Human sperm devoid of PLC zeta 1 fail to induce Ca2þ release and
are unable to initiate the first step of embryo development. J Clin
Invest 2008;118:3671–81.

[24] Taylor SL, Yoon SY, Morshedi MS, Lacey DR, Jellerette T, Fissore RA,
et al. Complete globozoospermia associated with PLCz deficiency
treated with calcium ionophore and ICSI results in pregnancy.
Reprod Biomed Online 2010;20:559–64.

[25] Howard JG, Brown JL, Bush M, Wildt DE. Teratospermic and nor-
mospermic domestic cats: ejaculate traits, pituitary-gonadal hor-
mones and improvement of spermatozoal motility and morphology
after swimming up processing. J Androl 1990;11:204–15.
[26] Wildt DE. Endangered species spermatozoa: diversity, research and
conservation. In: Bartke A, editor. Functions of somatic cells in the
testis. New York: Springer-Verlag Inc.; 1994. p. 1–24.

[27] Pukazhenthi BS, Neubauer K, Jewgenow K, Howard JG, Wildt DE.
The impact and potential etiology of teratospermia in the domestic
cat and its wild relatives. Theriogenology 2006;66:112–21.

[28] Howard JG, Donoghue AM, Johnston LA, Wildt DE. Zona pellucida
filtration of structurally abnormal spermatozoa and reduced fertil-
ization in teratospermic cats. Biol Reprod 1993;49:131–9.

[29] Howard JG. Assisted reproductive techniques in nondomestic car-
nivores. In: Fowler ME, Miller RE, editors. Zoo and wild animal
medicine. Philadelphia: WB Saunders; 1999. p. 449–57.

[30] Penfold L, Jost L, Evenson DP, Wildt DE. Normospermic versus ter-
atospermic domestic cat sperm chromatin integrity evaluated by
flow cytometry and intracytoplasmic sperm injection. Biol Reprod
2003;69:1730–5.

[31] Gómez MC, Pope CE, Harris RF, Davis A, Mikota S, Dresser BL. Births
of kittens produced by intracytoplasmic sperm injection of do-
mestic cat oocytes matured in vitro. Reprod Fertil Dev 2000;12:
423–33.

[32] Pope CE, Johnson CA, McRae MA, Keller GL, Dresser BL. Develop-
ment of embryos produced by intracytoplasmic sperm injection of
cat oocytes. Anim Reprod Sci 1998;53:221–36.

[33] Comizzoli P, Wildt DE, Pukazhenthi BS. In vitro development of
domestic cat embryos following intra-cytoplasmic sperm injection
with testicular spermatozoa. Theriogenology 2006;66:1659–63.

[34] Ozil JP, Huneau D. Activation of rabbit oocytes: the impact of the Ca2þ

signal regime on development. Development 2001;128:917–28.
[35] Pope CE, Zhang YZ, Dresser BL. A simple staining method for eval-

uating acrosomal status of cat spermatozoa. J Zoo Wildl Med 1991;
22:87–95.

[36] Kimura Y, Yanagimachi R. Intracytoplasmic sperm injection in the
mouse. Biol Reprod 1995;52:709–20.

[37] Kurokawa M, Fissore RA. ICSI-generated mouse zygotes exhibit
altered calcium oscillations, inositol 1,4,5-trisphosphate receptor-1
down-regulation, and embryo development. Mol Hum Reprod
2003;9:523–33.

[38] Chatot CL, Lewis JL, Torres I, Ziomek CA. Development of 1-cell
embryos from different strains of mice in CZB medium. Biol
Reprod 1990;42:432–40.

[39] Miyazaki S, Shirakawa H, Nakada K, Honda Y. Essential role of the
inositol 1,4,5-trisphosphate receptor/Ca2þ release channel in Ca2þ

waves and Ca2þ oscillations at fertilization of mammalian eggs. Dev
Biol 1993;158:62–78.

[40] Xu YN, Cui XS, Sun SC, Jin YX, Kim NH. Cross species fertilization and
development investigated by cat sperm injection into mouse oo-
cytes. J Exp Zool A Ecol Genet Physiol 2011;315:349–57.

[41] Cummins JM, Woodall PF. On mammalian sperm dimensions.
J Reprod Fertil 1985;75:153–75.

[42] Kimura Y, Yanagimachi R, Kuretake S, Bortkiewicz H, Perry AC,
Yanagimachi H. Analysis of mouse oocyte activation suggests the
involvement of sperm perinuclear material. Biol Reprod 1998;58:
1407–15.

[43] Grasa P, Coward K, Young C, Parrington J. The pattern of localization
of the putative egg activation factor, PLCz, in uncapacitated, ca-
pacitated, and acrosome-reacted human spermatozoa. Hum Reprod
2008;23:2513–22.

[44] Gradil C, Yoon SY, Brown J, He C, Visconti P, Fissore R. PLCz: a
marker of fertility for stallions? Anim Reprod Sci 2006;94:23–5.

[45] Knott JG, Kurokawa M, Fissore RA, Schultz RM, Williams CJ. Trans-
genic RNA interference reveals role for mouse sperm phospholipase
Cz in triggering Ca2þ oscillations during fertilization. Biol Reprod
2005;72:992–6.

http://refhub.elsevier.com/S0093-691X(13)00247-1/sref10
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref10
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref10
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref10
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref10
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref11
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref11
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref11
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref11
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref11
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref12
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref12
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref12
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref13
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref13
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref13
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref14
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref14
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref14
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref14
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref14
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref14
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref15
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref15
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref15
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref15
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref15
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref16
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref16
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref16
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref16
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref17
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref17
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref17
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref17
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref18
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref18
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref18
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref18
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref18
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref18
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref19
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref19
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref19
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref19
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref20
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref20
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref20
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref20
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref20
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref21
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref21
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref21
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref21
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref22
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref22
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref22
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref22
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref22
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref23
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref23
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref23
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref23
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref23
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref24
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref24
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref24
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref24
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref25
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref25
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref25
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref25
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref26
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref26
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref26
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref27
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref27
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref27
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref28
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref28
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref28
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref29
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref29
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref29
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref30
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref30
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref30
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref30
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref31
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref31
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref31
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref31
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref32
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref32
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref32
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref33
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref33
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref33
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref34
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref34
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref35
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref35
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref35
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref36
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref36
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref37
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref37
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref37
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref37
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref38
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref38
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref38
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref39
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref39
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref39
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref39
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref39
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref39
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref40
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref40
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref40
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref41
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref41
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref42
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref42
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref42
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref42
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref43
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref43
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref43
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref43
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref44
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref44
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref45
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref45
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref45
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref45
http://refhub.elsevier.com/S0093-691X(13)00247-1/sref45

	Identification of phospholipase C zeta in normospermic and teratospermic domestic cat sperm
	1 Introduction
	2 Material and methods
	2.1 Reagents and antibodies
	2.2 Animals and semen collection
	2.3 Preparation of SEs
	2.4 Transmission electron microscopy analysis
	2.5 Electrophoresis analysis
	2.6 Immunoblotting analysis
	2.7 ICSI procedure in mouse eggs and [Ca2+]i monitoring
	2.8 Statistical analysis

	3 Results
	3.1 Efficiency of sperm protein extraction
	3.2 Identification of PLCζ expression in cat sperm
	3.3 Expression of PLCζ in normospermic versus teratospermic cats

	4 Discussion
	Acknowledgments
	References


