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sequence similarity of proacrosins from various mammalian
The physiological function of mammalian sperm acrosin has long been believed be
to involved in the limited species (10-14) suggests that the mouse acrosin precursor is
proteolysis of the oocyte zona pellucida, thus enabling converted into the mature enzyme by cleavage of the peptide
the sperm to penetratethis extracellular matrix and to bond between Arg and Ile at residues 23 and24, respectively,
gain access to the oocyte plasma membrane. Here we
and removal of the carboxyl-terminal proenzyme segment(s)
show that male mice homozygous for a targeted muta- (11). The peptide bond cleavage
near the amino terminus, leadtion in the mouse acrosin gene are
still fertile in spite
of ing to the formation of light (residues 1-23) and heavy (resithe complete absence of acrosin protease activity in the
dues 24-417) chains covalently linked by two disulfide bridges,
sperm. In vitro fertilization assays verified that sperm is responsible for initiating the protease activityof acrosin (11,
from the homozygous mutant mice penetrate the zona
a zona pellucida12, 15). Since acrosin, which also exhibits
pellucida and effect fertilization. Therefore, acrosin is binding activity (16-18), is the major serine protease in t h e
not essential for both sperm penetration of the zona pelsperm acrosome, it has long been believed that this protein is
lucida and fertilization.

involved in various aspects
of fertilization, including therecogthe sperm and oocyte, a n d t h e
nition and binding between
sperm penetrationof the zona pellucida (1,5, 6). However, t h e
Following t h e binding of the acrosome-intact mammalian
of fertilization remain
true role(s)of acrosin in the early stages
sperm tothe zona pellucida,an extracellular matrix surround- unclear.
ing the oocyte, the sperm undergothe acrosome reaction. As a
In this study, we report on
the fertility of male micehomozyconsequence of this exocytotic event, the acrosomal components
gous for a targeted mutation in the mouse acrosin gene. The
are releasedand interact withthe zona pellucida. Sperm entry homozygous male mice are still fertilein spite of t h e complete
and penetration of the zona pellucida are thought to occur by absence of acrosin protease activity in the sperm, providing
both mechanical and enzymatic mechanisms (for review, see evidence that acrosin is not an essential molecule for the ferRef. 1). Only sperm motility is required for the s p e d o o c y t e tilization. These results indicate
that t h e biochemical processes
interaction in the former mechanism, while in the latter, the governing fertilization must be reassessed
with the goal of
is of identifying new candidate enzymes that may aid sperm penacrosomal enzymes are important and the sperm motility
second importance (1). Since various trypsin inhibitors marketration through the zona pellucida.
edly reducethe sperdoocyte bindingand sperm penetrationof
the zona pellucida in vitro (1-41, it appears reasonable to conEXPERIMENTALPROCEDURES
sider that acrosomal trypsin-like enzymes may play an imporGeneration of Chimeric Mice"A3-1 embryonic stem (ES)' cells (19)
tant role(s) in these fertilization processes.
were electroporated with the targetingconstruct linearized by digestion
Acrosin, an endoprotease with a trypsin-like cleavage speci- withHindII1 (Fig. lA),plated on NHL-7 feederlayers (20), and selected
ficity, is localized in the acrosomal matrixas an enzymatically in a medium containing 0.4 mg/ml G418and 2 p~ gancyclovir, or (2418
inactive zymogen, proacrosin (for reviews, see Refs. 5 a n d 6). only. The targeted ES cell clones carrying the predicted mutant allele
The acrosin zymogenis purified as a mixture of 55- and 53-kDa were isolated fromG418lgancyclovir-or G418-resistant clones.Chimeric germ line male mice were produced by injection of the targeted
proteins from mammalian sperm and converted into the ma- cloneA-17 into C57BU6J mouse blastocysts and mated to ICR or
a molecular mass around35 k D a (39 kDa for C57BU6J females. The heterozygous mutant progenieswere interture enzyme with
the mouse acrosin; see
Ref. 7) by autoactivation
at a basic pH in crossed to produce micehomozygousfor the acrosin gene mutation.
vitro. In the mouse, the acrosin gene is a single copy gene Details of other experimental procedures, including the construction of
localized on chromosome15 (8,9). The nucleotide sequencesof the targetingvector and conditions of polymerase chain reaction (PCR),
and cDNA(10,ll) clones indicate
that mouse are available on request.
the genomic (8,9)
RNA Analysis-Total cellular RNA (10pg) was glyoxylated, sepaproacrosin isa single-chain polypeptideof 417 amino acids. Therated on 1.2% agarose gels, and blotted onto Hybond-N' nylon membranes (Amersham Corp.). Hybridization was carried out at 60 "C for16
* This study was partly supported by the grants from the Ministry of h in5 x SSPE, 5 x Denhardt's solution, 0.5% SDS, 0.2 mg/ml denatured
Education, Science, and Culture in Japan (to T. B., S. K., and Y. T.1. The salmon testis DNA, and 3 ng/ml 32P-labeled probe. Afterwashing, the
costs of publication of this article were defrayed in part by the payment membranes were analyzed using a BAS2000 Bio-Image Analyzer(Fuji
of page charges. This article must therefore be hereby marked "aduer- Photo Film).
tisement" in accordance with 18 U.S.C. Section 1734 solely t o indicate
Preparation of Sperm Extracts and Measurement of Enzyme
this fact.
Actiuity-Cauda epididymides were excised from mice
and minced in
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Applied Biochemistry, University of Tsukuba, Tsukuba Science City,
Ibaraki 305, Japan. Fax:81-298-53-6632.
The abbreviations used are: ES, embryonic stem; BAEE,N-benzoylll Present address: Laboratory of Microbial Physiology and Applied L-arginine ethyl ester; Boc, t-butyloxycarbonyl; MCA, 4-methylcouMicrobiology, Department of Agricultural Chemistry, Kyoto Prefectural maryl-7-amide;PAGE, polyacrylamide gelelectrophoresis;PCR, polymUniversity, Sakyo-ku, Kyoto 606, Japan.
erase chain reaction; kb, kilobasek).
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FIG.1. Targeting of the mouse acrosin gene.A, restriction mapsof the wild-type acrosin gene, targeting construct, and predicted targeted
mutant gene. Agenomic region of the mouse acrosin gene, including a portion
of exon 2 (E21and the entireregion of exon 3 ( E 3 )that encoded two
out of three active-site residues (His and Asp a t residues 70 and 124, respectively) required for the serine protease activity, and 5 Cys residues
participating in the intrachain disulfide bonds, was replacedby the neo gene of pMClneoPA. The herpes simplex virus-thymidine kinase gene
(HSV-TK) was inserted at the 5'-end of the acrosin gene in the targeting vector for negative selection of nonhomologous recombinants (30).
Restriction enzyme sites indicated are asfollows: B, BamHI; E , EcoRI; G , BglII; H , HindIII. PI and P2 represent primers for PCR. Probe Aand
probe N were used a s hybridization probes for genomic Southern blot analysis. Note that an additional
exon encoding the 5'-untranslated region
has been reported to
be present at the
5'-end region of exon1 ( E l )in themouse acrosin gene indicated
(6,9).Although the presence of the additional
exon is most likely, we have not yet been able toverify their results. Thus, in this paper, the exodintron organization
of the mouse acrosin gene
follows our report (8).B, PCR analysis of genomic DNAs from parental EScells ( E )and targeted EScell clones, termed A-17, A-18, and A-19 (lanes
1,2, and 3, respectively). These three clones yielded an amplified DNAfragment witha sizeof 1.8 kb. C , Southern blot analysis of parental ES cells
( E )and targeted clones (lanes I , 2 , and 3 for A-17, A-18, and A-19, respectively). Genomic DNAs were digested with EcoRI and BanHI and
hybridized to probe A or probe N. The targeted clones yielded 3.8- and 3.1-kb bands for probe A, and 3.1- and 0.7-kb bands for probe N. No 3.1-kb
band was detected in the parental ES
cell when either probe A
or probe N was used. D,verification of mouse genotypesby Southern blot analysis.
Tail genomic DNAs from wild-type (+/+), heterozygous (+/-), and homozygous (-/-) mice for targeted mutation in the acrosin gene were digested
with EcoRI and BarnHI, transferred ontonylon membranes, and probed by probe A. The targeted mutation in thehomozygous mice was verified
by the presence of a single 3.1-kb band.

phosphate-buffered saline a t room temperature. Sperm were collected with 2.5% Triton X-100 and with 0.1 M Tris/HCI, pH 8.0, and incubated
by centrifugation a t 1,600 rpm for 10 min, washed twice with
phos- in the same Tris buffer a t 37 "C overnight. The bands for gelatinphate-buffered saline,and extracteda t 4 "C for 6 h ina solution (pH 3.0) hydrolyzing
proteases
were
detected
by staining
the
gels
with
containing 10% glycerol, 50 mM benzamidine, and 0.026 sodium azide Coomassie Brilliant Blue.
(7, 21). After centrifugationa t 13,000 rpm for 10 min, the supernatant
In Vitro Fertilization-At least five sexually mature male mice (apsolution was dialyzed against 1 mM HCI to remove benzamidine, and
proximately 5 months old) from wild type, heterozygotes, and homozyused a s acid sperm extracts. Protein concentration was determined
gotes for the targeted mutation in the mouse acrosin gene were
forused
using a Coomassie protein assay reagent kit (Pierce). Proteolytic activin vitro fertilization analysis (25). Fresh cauda epididymal sperm were
ity of acrosin was measured spectrophotometrically by monitoring the
capacitated by incubation for 2 h in a 0.2-ml drop of modified Krebshydrolysis of N-benzoyl-L-arginine ethyl ester (BAEE) at 30 "C, as deRinger bicarbonate solution containing glucose, sodium pyruvate, boscribed by Polakoski and Parrish (21). Sperm extracts (50
of protein)
pg
were incubated for 3 h a t room temperature in 0.1M Tris/HCl, pH 8.5, vine albumin, and antibiotics (TYHmedium). Female ICR-JcL mice
followed by the measurement of the proteolytic activity of acrosin in a ( 2 4 months old) were superovulated following intraperitoneal injecchorionic gonadmixture containing 50 mM Tris/HCI, pH 8.0, 50 mM CaCI,, and 0.5 mM tions of pregnant mare serum gonadotropin and human
otropin a t a 48-h interval. Metaphase 11-arrested oocytes with associBAEE. The BAEE hydrolysis was monitored a t 253 nm. When t-buchorionic
tyloxycarbonyl
(Boc)-dipeptidyl-arginine-4-methylcoumaryl-7-amide atedcumulus cells were recovered 15-16 hafterhuman
(MCA) was used as substrates, the
reaction mixture (0.5 ml) consisted gonadotropin injection and placed under warm mineraloil in a plastic
Petri dish containing TYH medium (0.2 ml). A dropof the capacitated
of 50 mM TridHCI, pH 8.0, 10 mM CaCI,, 40 p~ substrate, and sperm
to the medium containing
extract (2 pgof protein) pretreated a t pH 8.5for 3 h (22).After incuba- sperm suspension (150 sperndpl) was added
tion at 30 "C for 30 min, the reaction was terminated
by addition of 0.1 oocytes. Oocytes and sperm were incubated for 0.5-4 h a t 37 "C under
5% CO, in air.At the endof incubation, theoocytes were briefly treated
M acetate buffer, pH 4.3 (1.5 ml). The amount
of 7-amino-4-methylcoumarin formed was measured fluorometrically with excitation
a t 380 nm with hyaluronidase to disperse cumuluscells, fixed with 0.25% glutarandemission
a t 460 nm.SDS-polyacrylamide gel electrophoresis aldehyde, and then mounted on a slide for whole-mount preparation.
(PAGE) was camed outby the method of Laemmli (23).To detect pro- They were furtherfixed with 10% neutral formalin overnight and then
teases, sperm extracts were also analyzed by SDS-PAGE in the pres- stained with 0.25% lacmoid in 45% acetic acid for the assessment of
ence of 0.1% gelatin (24). After electrophoresis, gels were washed
twice
fertilization.
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FIG.2. Characterizationof male mice homozygous for the targeted mutation in the acrosin gene. A , Northern blot analysis of total
cellular RNA from testis. Total RNAs from two males of wild-type (+/+I, heterozygous (+/-), and homozygous (-/-) mice for the acrosin gene

mutation were subjected to Northern blot analysis, using a BglII/AuaII cDNA fragment a s a probe. The homozygous mouse lacked the acrosin
mRNA with a size of 1.8 kb. To verify the quality of the blot, the membrane was reprobed with a cDNA fragment encoding mouse sp32 that is
characterized a s a proacrosin-binding protein (Y.Niida and T. Baba, manuscript in preparation; see Ref. 31 for the porcine and guinea pig
sequences). B, acrosin activity inacid extracts from mouse cauda epididymal sperm. Cauda epididymal sperm
from 7-12 each of the wild-type (+/+),
heterozygous (+/-), and homozygous (-/-) mice were collected and extractedat pH 3.0. The acid extracts were pretreateda t pH 8.5for 3 h a t room
temperature, and acrosin activity was measured using
BAEE, Boc-Phe-Ser-Arg-MCA(Boc-F-S-R-MCA),Boc-Val-Pro-Arg-MCA (Boc-V-P-R-MCA),
and Boc-Leu-Thr-Arg-MCA (Boc-L-T-R-MCA)as substrates. The enzyme activity towardBAEE or Boc-Phe-Ser-Arg-MCAin the wild-type mouse
is indicated a s 100%. C , SDS-PAGE of acid extracts from cauda epididymal sperm
of wild-type (+/+), heterozygous (+I-), and homozygous (-/-I mice.
The acid extracts (15pg of protein) were subjectedto SDS-PAGE directly (0h ) or after incubationa t pH 8.5 for 3 hat room temperature (3 h).After
electrophoresis, proteins on gels were visualizedby staining withCoomassie Brilliant Blue. A putative protein band
for mouse proacrosin with an
estimated molecular massof 53 kDa wasfound only in thewild-type and heterozygous mice (arrow).D,detection of gelatin-hydrolyzing enzymes
in cauda epididymal sperm extracts. As described above, the acid sperm extracts were either untreated or incubated a t pH 8.5 for 3 h a t room
temperature and then analyzedby SDS-PAGE in thepresence of 0.1% gelatin. Only a single gelatin-hydrolyzing protein with a molecular mass
of
42 kDa (arrow)was detectableat the similarlevel in the extractsfrom the wild-type (+/+I, heterozygous (+/-), and homozygous (-/-)mouse sperm
without thepH-8.5 treatment (left panel).
After incubationat pH 8.5 for 3 h, a 41-kDa protein (right panel, lower arrow),
in addition tothe 42-kDa
protein (upper arrow),was found as gelatin-hydrolyzing protein only in the wild-type and heterozygousmice.

fragment (probe A) as a probe (Fig. 1D). Both homozygous and
heterozygous
offspring were normal in size, health condition,
To generate a null mutation, a targeting construct was designed to insert a neo gene into themouse acrosin gene, which and behavior. Histochemical analysis usinga monoclonal antiregion of exon 3 body K11 against a mouse acrosomal protein (26) showed that
would delete a portion of exon 2 and the entire
(Fig. lA 1. The nucleotide sequenceof the exons deletedencoded the morphology and size of germ cells in the seminiferous tu2 out of 3 active-site residues (His andAsp at residues 70 and bules and acrosome of cauda epididymal sperm were identical
124, respectively; see Ref. 11)required for the serine protease amongthe wild-type, heterozygous, and homozygous mice
(data not shown).In addition, themotility of epididymal sperm
activity, and 5 Cys residues participating in the intrachain
disulfide bonds. Thus, successful targeting should abolish the from the heterozygotes or homozygotes appeared to be normal.
protease activity of acrosin. The targeting construct was intro- Northern blot analysis of total cellular RNA, using a BgZIY
duced into ES cells. We initially identified 24 targeted ES cell AuaII cDNA fragment carrying portions of exons 2 and 3 as a
from homozygousmice
clones carrying the predicted mutant allele from 407 G418/ probe, demonstrated that the testes
gancyclovir-resistant clones. However, these clones contributed completely lacked the acrosin mRNA with a size of 1.8 kb (Fig.
t o production of chimeras with a very low frequency, as as- 2 A ) . The level of the acrosin mRNA in the heterozygotes was
sessed by the coat color of offspring. Thus, another selection almost half of that in the wild type. The absence of the 1.8-kb
was carried out without
gancyclovir. Three targeted clones acrosin mRNA in the homozygous mouse was also verified by
were finally obtained from 333 clones resistant to only G418 hybridization using cDNA fragments encoding the 5'- and 3'(Fig. 1, B and C) and injected into mouse blastocysts to gener- end regions (data not shown).
ate chimeric male mice that carry the targeted mutation in the It has been reported that an acrosin-like serine protease is
germ line. Mice homozygous for the targeted mutation in the present in spermof several species (22,27-29). In ascidians, at
acrosin gene were generated in a proportion of 35/112 mice (9 least two types of trypsin-like protease, acrosin and spermosin,
litters) by the intercross of heterozygous mice, as judged by are purified from the sperm extracts(22). Spermosin is distinSouthern blot analysis of tail DNA using a HindIIVBamHI guishable from acrosin by the substrate specificity and inhibiRESULTS AND DISCUSSION
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TABLE
I

In vitro fertilization ofmouse oocytes with sperm from mice homozygous for targeted mutation in the mouse acrosin gene
Incubation
Acrosin
time

No. of zonae

oocytes
No. of
gene
penetrated‘ examined

Total

fertilized’
oocytes
No. of
h a - t e l o IIb

49101 (62%)
71 (57%)
18 (21%)

26 (21%)
3 (3%)

100% (49)
100% (26)
100% (3)

0% (0)
0% (0)
0% (0)

2% (1)
0% (0)
0% (0)

99 (89%)
90 (85%)
104 (56%)

97 (87%)
89 (84%)
86 (46%)

100% (97)
100% (89)
100% (86)

0% (0)
0% (0)
0% (0)

10% (10)
7% (6)
0% (0)

89 (81%)

116 (91%)
186 (96%)
87 (79%)

100% (116)
100% (186)
100% (87)

0% (0)
0% (0)
0% (0)

15% (17)
9% (17)
5% (4)

99 (93%)
102 (94%)
83 (89%)

22%
99 (93%)
102
25%
(94%)
40%
(78%)73

78% (77)
75% (76)
60% (44)

13% (13)
4% (4)
4% (3)

Polvsuermicb
Pronucleib

h

0.5
0.5
0.5

+I+
+I-1-

164 (30%)
125
87

1
1
1

+I+
+I-I-

111
106
187

2
2
2

+I+
+/(96%)
-I-

3
3
3

+I+
+I-1-

(99%)
4
4
4

76

(99%)
+I+

+I-I-

186

127
193
110
106
109
93

76

77
60
99

(92%)

117

60 (100%)
97 (98%)

60 (100%)
97 (98%)

(22)
(26)
(29)

0% (0)
2% (1)
19% (18)

100% (76) (14)
98% (59)
81% (79)

18%
8% (5)
5% (5)

Oocytes, which had sperm within their pervitelline space andor on the vitellus, were defined as “zonae penetrated.” If the oocytes penetrated
had either an enlarged sperm head with anaphase I1 to telophase I1 (Ana-telo 11) chromosomes, or had a female and male pronucleus(1ei) with
fertilizing spermtail(s) in the vitellus, they were consideredas “oocytes fertilized.” The oocytes with morethan one enlarged sperm head or male
pronucleus in the vitellus were classified as “polyspermic.”
* Values are indicated as percent of total fertilized oocytes with actual numbers in parentheses.

tor susceptibility; it is capable of hydrolyzing only Boc-Val-ProArg-MCA amongthesimilarsubstrates,whereas
abroad
substrate specificity is found in ascidian acrosin (22). Thus, the
proteolytic activity inacid extracts of mouse cauda epididymal
sperm was measured using BAEE and three Boc-dipeptidylArg-MCAs as substrates (Fig.2B). No enzyme activity was
found in homozygous mouse sperm after incubationof the extracts at pH 8.5 for 3 h. Approximately half of the enzyme
activity observed in the wild-type mouse was detected in the
heterozygous mouse. These results demonstrate the complete
absence of acrosin protease activity in the
homozygous mouse
sperm.Little chymotrypsin-like activitywas found inthe
sperm fromwild-type,heterozygous,
and homozygous mice
was used as a substrate
when succinyl-Leu-Leu-Val-Tyr-MCA
(data not shown).
SDS-PAGE of crude acid extracts from cauda epididymal
sperm revealed the presence of a 53-kDa protein only in wildtype and heterozygous mice (Fig. 2C). Since the heterozygous
mouse contained a smaller amountof the 53-kDa protein than
the wild-type mouse, it is conceivable that this protein corresponds to proacrosin. Indeed, the molecular size of the mouse
protein is consistent with that(55-53 kDa) of proacrosin from
for the putative
other mammalianspecies (5). The protein band
mouse proacrosin disappeared after incubation of the acid extracts at pH 8.5 for 3 h. A minor protein band at the 53-kDa
region was detectable in the extractsof the homozygous mice
with and without thepH-8.5 treatment. Since the corresponding protein band was also observed in the wild-type and heterozygous mice after the treatments of the sperm extracts at
pH 8.5, it is most unlikely that the minor 53-kDa protein is
identical to proacrosin.
To identify proteins with proteolytic activity, the sperm extracts were analyzed by SDS-PAGE in the presence of 0.1%
gelatin (Fig. ZD). Only a 42-kDa gelatin-hydrolyzing protein
was detectable at the similarlevel in the extracts from wildtype, heterozygous, and homozygous mousespermwithout
treatment at pH 8.5. In case of other mammalian species, including porcine and human (24), proacrosin (a mixture of 55and 53-kDa proteins) is visualized by hydrolysis of gelatin in
the gels due to the conversion into the active form under the

conditions employed. However, theputative 53-kDamouse
proacrosin was not detectedas an active band (Fig. 2 0 ) . After
the treatmentat pH 8.5for 3 h, a 41-kDa protein with gelatinhydrolyzing activity, in addition to the 42-kDa protein, was
found only in thewild-type and heterozygous mice. The minor
bands of gelatin-hydrolyzing proteins with molecular sizes of
75-70, 38, and 36 kDa were also detectable. The molecular
(39 kDa)
sizes of the 42- and 41-kDa proteins are similar to that
of the mouse mature acrosin. However, the 42-kDa protein does
not correspond to the matureacrosin because of the following
reason; thehomozygous mice completely lack the 1.8-kb acrosin
mRNA (Fig. 2 A ) , the protease activityof acrosin (Fig. 2B 1, and
the protein bandfor the putative 53-kDa proacrosin (Fig. 2C),
although the sperm extracts
from the homozygotes contain only
the 42-kDa gelatin-hydrolyzing protein that is little
affected by
the treatment at pH 8.5 for 3 h (Fig. 2D). Therefore, the 41-kDa
protein most likely corresponds to the mature mouse acrosin.
of the 41-kDa protein due to the
pH-8.5
Indeed, the appearance
conversion of mouse
treatment is consistent with the fact that
proacrosin into the mature
enzyme is accomplished by a singlestep process (7).
Homozygous mice were examined to determine whether acrosin was essential for fertilization. Three F2 male mice homozygous for the targeted mutation in the acrosin gene were
mated with thehomozygous F2 femalemice. The F2 malemice
were all capable of producing healthy, homozygous offspring
(18 males and 13 females/3 litters). The mating betweena
homozygous F3 male mouse and wild-type, heterozygous, and
homozygous female mice produced 50 offspring (35 males and
15 females/4 litters). Thus, these resultsprovide evidence that
the acrosin protease activity is not essential for fertilization.
Moreover, acrosin and its zymogen have been reported t o ex(1&18), leading to the
hibit zona pellucida-binding activity
possibility that (pro)acrosin plays a rolein thesperm/zona pellucida recognition and binding, as described above. However,
our present data weaken this
possible importance of (prolacrosin in the early stages
of fertilization. To test whether the
absence of acrosin affectsfertilization, caudaepididymal sperm
were capacitated and incubated with metaphase
11-arrested
oocytes in vitro (TableI). Capacitated homozygous mouse
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sperm penetrated thezona pellucida and fertilized the oocytes,
thus confirming the fertility of the homozygous mouse sperm
lacking acrosin protease activity. However, both penetration
and fertilization were delayed almost 30 min with spermfrom
the homozygous mutant mice, when compared with the wildtype and heterozygous mouse sperm.
The findings described here demonstrate that the
role of
acrosin in fertilization must be reconsidered. Preliminary evidence from our laboratory indicates that thegelatin-hydrolyzing activity of the 42-kDa sperm protein is completely inhibited
by diisopropyl fluorophosphate and strongly inhibited by N-ptosyl-1-lysine chloromethylketone and phenylmethanesulfonyl
fluoride (not shown). Further studies are inprogress to determine the role of this 42-kDa protease infertilization. The male
mice lacking acrosin in the spermacrosome will be a n important model for elucidating the biochemical events required for
fertilization.

