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ABSTRACT

During mammalian fertilization, germ cell-specific hyaluronidases, such as sperm adhesion molecule 1 (SPAM1) and 
hyaluronoglucosaminidase 5 (Hyal5), are important for the dispersal of the cumulus mass. In this study, we demon-
strated that bull Hyal5 is a single copy gene on chromosome 4 that is expressed specifically in the testis. In addition, 
we expressed recombinant bull SPAM1 and Hyal5 in human embryonic kidney 293T cells and showed that these 
enzymes possessed hyaluronidase activity. We also demonstrated that a polyclonal antibody against bull sperm hya-
luronidase inhibits sperm-egg interactions in an in vitro fertilization (IVF) assay. Our results suggested that bull Hyal5 
may have a critical role in bull fertilization.
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INTRODUCTION        

The essential steps in mammalian fertilization inclu-
de sperm penetration through the cumulus, sperm ad-
hesion to and penetration through the zona pellucida 
(ZP), and fusion between the sperm and oocyte plasma 
membrane (Cherr et al., 2001; Myles and Primakoff, 
1997). Since ovulated oocytes are surrounded by cumu-
lus cells that are embedded in an extracellular matrix 
composed of rich in hyaluronic acid, the first step of 
fertilization requires sperm hyaluronidases to facilitate 
its penetration into cumulus cell mass (Primakoff and 
Myles, 2002). The most widely studied sperm hyaluroni-
dases in mice are sperm adhesion molecule 1 (SPAM1; 
PH-20) and hyaluronoglucosaminidase 5 (Hyal5) (Gma-
chl and Kreil, 1993; Kim et al., 2005; Lin et al., 1993; 
Reitinger et al., 2007). 

SPAM1 is a glycosylphosphatidylinositol (GPI)-ancho-
red membrane protein that is important for cumulus 
matrix penetration as well as interaction with the ZP 
(Lin et al., 1994; Overstreet et al., 1995; Phelps et al., 
1988). However, male mice that lack PH-20 are fertile 
because their sperm still exhibit hyaluronidase activity 
(Baba et al., 2002). This novel hyaluronidase activity 
may substitute for SPAM1 to allow sperm to penetrate 
the cumulus matrix and ZP. Recently, Kim et al. identi-
fied a candidate hyaluronidase in SPAM1-deficient spe-
rm, Hyal5, which is specifically expressed in germ cells 
in rodents and is thought to be a GPI-anchored protein 
that has hyaluronidase and ZP-binding  domains (Kim 

et al., 2005). SPAM1 and Hyal5 exhibit many similari-
ties, including amino acid sequence homology, chromo-
somal localization, and gene expression patterns. Des-
pite their involvement in fertilization processes, pre-
vious studies of SPAM1 and Hyal5 single gene knock-
out mice have revealed that these enzymes are not re-
quired for dispersing the cumulus mass. However, sin-
ce SPAM1 and Hyal5 double knockout mice have not 
been studied, it is unlikely to rule out the importance 
of mammalian sperm hyaluronidases for fertilization 
due to the possibility of compensatory functions. Al-
though further research is needed to understand why 
some species have evolved two hyaluronidase genes, 
the identification and characterization of germ cell-spe-
cific hyaluronidases are important to elucidate the me-
chanism of sperm interaction with the cumulus matrix 
and ZP.

In this study, we identified a Hyal5-type hyaluroni-
dase that is encoded by a single copy gene and is spe-
cifically expressed in bull testis. In addition, we per-
formed an in vitro fertilization (IVF) assay of bull spe-
rm in the presence of a Hyal5 antibody to elucidate 
the role of this hyaluronidase in bovine fertilization.

MATERIALS AND METHODS

Total RNA Extraction and Reverse Transcriptase-Poly-

merase Chain Reaction (RT-PCR)
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Total RNAs were obtained from mouse, rat, hamster, 
porcine, bovine, and macaque tissues using Isogen (Ni-
ppon Gene, Toyama, Japan). Total RNA (5 μg) was re-
verse-transcribed to complementary DNA (cDNA) using 
the SuperScript III First-Strand Synthesis System (Invi-
trogen, Carlsbad, CA, USA). Polymerase chain reaction 
(PCR) amplification was carried out using EX Taq DNA 
polymerase (Takara Bio Inc., Shiga, Japan), according to 
the manufacturer’s instructions. One-tenth of the first- 
strand cDNA reaction mixture was used as a template 
for PCR. Specific PCR primers were designed for the 
amplification of mouse, rat, hamster, porcine, bovine, and 
macaque genes for SPAM1; and for the amplification of 
mouse, rat, and hamster genes for Hyal5 (GenBank 
Accession nos. NM009241, NM053967, FJ951631, NM21-
4011, XM586790, XM001086882, NM028957, NM011024-
321, and FJ951632 respectively). Primers for PCR of 
SPAM1 were forward (5'-TATTTTATGYTRAMGACTT-
GG-3') and reverse (5'-CTCCAKTYTTCCCAGTCAAT-3'); 
primers for Hyal5 were forward (5'-TAYATGCCAAT-
AGACAATGTGG-3') and reverse (5'-CAATTGTATTCA-
CAAGGTCATC-3'); and primers for Vps35 were for-
ward (5'-GAATTCAGTGAAGAGAATCATGAACCCT-3') 
and reverse (5'-TTGGGCCCTTAAAGGATGAGACCTT-
CATAG-3'). The resulting PCR products were sequ-
enced after cloning with the pEGM-T Easy Vector Sys-
tem (Promega, Madison, WI, USA) (Huh et al., 2010). 
Specific primers for RT-PCR of bull Hyal5 were 5'- 
ATGCCTCGCTGGGGCCGCGAC-3' and 5'-TAAGGAA-
GCCACCTGAGGAAT-3'; primers for bull SPAM1 were 
5'-AGCTTTGCTGGGTCTAGCGGAACA-3' and 5'-TTGG-
AAGCCTCTGGGAAACTGAGT-3'; primers for Vps35 used 
as a control were 5'-GAATTCAGTGAAGAGAATCAT-
GAACCCT-3' and 5'-TTGGGCCCTTAAAGGATGAGAC-
CTTCATAG-3' (Kim et al., 2008). The reaction protocol 
consisted 35 cycles at 94℃ for 60 s, 60℃ for 60s, 72℃ 
for 30 s. The amplified DNA products were analyzed 
using 1.5 agarose gel electrophoresis.

Southern Blot Analysis

Bull genomic DNA (10 μg) was digested overnight 
at 37℃ by PstI or HindIII. The digested DNA frag-
ments were separated by electrophoresis in 0.8% agar-
ose gel and transferred onto Hybond-N+ membranes 
(Amersham-Pharmacia Biotech), as described previously 
(Nishimura et al., 2004). The blots were hybridized at 
60℃ in 5× SSPE (SSPE is a solution containing 15 mM 
sodium phosphate [pH 7.7], 180 mM NaCl, 1 mM eth-
ylenediaminetetraacetic acid [EDTA] with 0.02 Ficoll 
400, 0.02% polyvinylpyrrolidone, and 0.02% sodium do-
decyl sulfate [SDS]) and then at 60℃ overnight with 
probes prepared as follows. Three DNA fragments, P1–
P3, were labeled with [α-32P] deoxycytidine triphos-
phate [dCTP] (3000 Ci/mmol, Amersham Pharmacia 
Biotech) by the random-priming procedure. The blotted 
membranes were washed once in 2× SSC (SSC is 15 

mM sodium citrate [pH 7.0], 150 mM NaCl) at room 
temperature for 10 min, washed again in 2× SSC con-
taining 0.1% SDS for 10 min, and then washed a final 
time in 2× SSC at room temperature for 10 min. The 
membranes were analyzed with a BAS 7000 Bio-Image 
Analyzer (Fuji Film, Tokyo, Japan).    

Antibody

The fragment encoding the hyaluronidase domain (re-
sidues 269～336) was amplified by PCR, introduced in-
to the pET23a (Takara, Japan) vector, and expressed in 
Escherichia coli BL21 (DE3) cells. The recombinant His- 
tagged proteins were emulsified with Freund’s comple-
te adjuvant (Sigma-Aldrich), and injected intradermally 
into female New Zealand white rabbit. After fractiona-
tion of the antisera with ammonium sulfate (0～40% 
saturation), anti-Hyal5 was affinity-purified on protein 
beads. 

Preparation of Protein Extracts

Bull sperm and NIH3T3 cells were subjected to a ly-
sis buffer containing 20 mM Tris-HCl (pH 7.4), 1% 
Triton X-100 (TX-100), 150 mM NaCl, and 1% protease 
inhibitor cocktail (Sigma-Aldrich, St. Louis, MO) for the 
extraction of proteins, after keeping on ice for 2 h. 
After centrifugation at 10,000 × g for 10 min at 4℃, pro-
teins in the supernatant solution were determined us-
ing a Coomassie protein assay reagent kit (Pierce, Ro-
ckford, IL) by the Bradford method (Bradford, 1976).

Sodium Dodecyl Sulfate-polyacrylamide Gel Electro-

phoresis (SDS-PAGE) and Western Blot Analysis

Proteins were denatured by boiling for 3 min in the 
presence of 1% SDS; these denatured proteins were se-
parated by SDS-PAGE, and transferred onto Immobi-
lon-P membranes. After the blots were blocked with 2 
% skim milk, they were incubated with primary anti-
bodies for 2 h, and subsequently with horseradish per-
oxidase-conjugated secondary antibodies for 1 h. Then, 
the immunoreactive proteins were detected by an ECL 
western blotting detection kit (Amersham Biosciences).

Expression of Bovine PH-20 and Hyal5

DNA fragments encoding the entire protein-coding 
regions of bull SPAM1 and Hyal5 were introduced into 
a pCXN2 vector. human embryonic kidney (HEK 293T) 
cells were transfected transiently with the plasmid con-
struct (10 μg) by lipofectamine 2000 (Kim et al., 2008) 
and cultured in Dulbecco’s modified Eagle’s medium 
/10% heat-inactivated fetal bovine serum (FBS) in the 
presence of 0.5 mg/ml G418 at 37℃ in 5% CO2 in air. 
To select positive clones, cell lysates of the G418- re-
sistant clones were subjected to zymography and wes-
tern blot analysis using an anti-bovine Hyal5 antibody.
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Zymography

Proteins exhibiting hyaluronidase activity were vi-
sualized by SDS-PAGE in the presence of 0.01% human 
umbilical cord hyaluronan (Sigma-Aldrich) under non- 
boiled and non-reducing conditions. After electropho-
resis, gels were washed with 50 mM sodium acetate 
buffer (pH 6.5), containing 0.15 M NaCl and 3% Triton 
X-100, at room temperature for 2 h to remove SDS. 
Gels were then incubated in the same buffer without 
Triton X-100 at 37℃ overnight. The hyaluronan-hydro-
lyzing proteins were detected as transparent bands aga-
inst a blue background by staining the gels with 0.5% 
Alcian Blue 8GX and Coomassie brilliant blue R250 
(Kimura et al., 2009).

Dispersal of Cumulus Cells In Vitro

Mouse cumulus mass containing eggs was prepared 
as previously described. The protein extracts from tran-
siently expressed bull Hyal5 (3 mg of protein/ml) was 
mixed with the cumulus mass in a Krebs-Ringer bicar-
bonate solution [TYH] medium (50 μl). The mixture 
was incubated at 37℃ for either 100 min under 5% 
CO2 in air and then observed under an Olympus (To-
kyo) IX71 microscope equipped with a DP-12 camera, 
as described previously (Kang et al., 2010).

In Vitro Maturation (IVM) and In Vitro Fertilization 

(IVF)

Bovine ovaries were obtained from a local slaughter-
house and transported to the laboratory in 0.9% saline 
at 25～30℃. Cumulus-oocyte complexes (COCs) were 
aspirated from the follicles (2～6 mm in diameter) us-
ing a disposable 10-ml syringe with an 18-gauge nee-
dle. Aspirated COCs with at least 3 layers of compact 
cumulus cells and homogeneous cytoplasm were wash-
ed 3 times in HEPES buffered Tyrode’s lactate [TL- 
HEPES] (1 mg/ml bovine serum albumin (BSA) in low 
carbonate Tyrode’s albumin lactate pyruvate [TALP] 
medium) (Parrish et al., 1986). Ten oocytes were ma-
tured in 50 μl of IVM medium in a 60-mm culture 
dish (Nunc, Roskilde, Denmark) under mineral oil for 
20～22 h at 38.5℃ in a humidified atmosphere contain-
ing 5% CO2. The IVM medium contains TCM199 (Invi-
trogen, Grand Island, NY, USA) and was supplemented 
with 10% (v/v) FBS) (Invitrogen), 10 μg/ml serum go-
nadotrophin of a pregnant mare, 0.6 mM cysteine, 0.2 
mM sodium pyruvate, and 1 μg/ml estradiol-17β. 
Following IVM, 15 oocytes were fertilized using freeze- 
thawed sperm at a concentration of 2 × 106 cells/ml in 
50 μl fertilization medium. Along with sperm, 2 μg 
/ml heparin, 2 μM penicillamine, 10 μM hypotaurine, 
and 1 μM epinephrine were also added to the fertil-
ization drops. After 18 h, oocytes were stripped of the 
cumulus by gentle pipetting, and then transferred to a 
CR1-aa medium containing 0.3%  BSA for in  vitro cul-

ture.

Statistical Analysis
All experiments were repeated at least 3 times. Data 

were analyzed using an analysis of variance (ANOVA) 
test, followed by a Duncan’s multiple range test, using 
the SAS software (SAS Institute, Inc., Cary, NC, USA). 
P values of less than 0.05 were deemed to indicate sta-
tistical significance. The data are presented as mean ± 
standard deviation (SD).

RESULTS

Expression of PH-20 and Hyal5 

To analyze the expression pattern of PH-20 and Hyal-
5 in various species, we performed reverse transcrip-
tion polymerase chain reaction (RT-PCR) analysis with 
specific primers for PH-20 and Hyal5. The PCR ampli-
cons were 185 bp and 583 bp, respectively (Fig. 1). The 
expression of Hyal5 was confined to some species, such 
as mouse, rat, hamster, and bovine. As such, Hyal5 ex-
pression is not detected in porcine and Macaque, albeit 
SPAM1 expression is highly conserved in all of the 
mammals that we examined. 

Sequence Analysis of Hyal5 and SPAM1

To further investigate bull’s Hyal5, the corresponding 
PCR fragment was cloned into the pEGM-T Easy Vec-
tor (Promega) and sequenced. As shown in the multi-
ple sequence alignment (Supplementary Fig. 1), we clo-
ned 194 amino acids of the hyaluronidase domain of 
mouse Hyal5-type. The putative mouse Hyal5-type hya-
luronidase shared 68.3% amino acid identity with mou-
se Hyal5 and 75.0% identity with bull SPAM1. On the 
basis of mouse Hyal5-type nucleotide sequence, we used 
3' and 5' rapid amplification of  cDNA ends  (RACE)

Fig. 1. Reverse transcription polymerase chain reaction (RT-PCR) 
analysis of SPAM1 and Hyal5 expression in the testis of various 
species. The numbers on the left indicate the size of the ampli-
cons.
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PCR with bull testis cDNA to isolate the cDNA sequ-
ence of mouse Hyal5-type hyaluronidase. The open read-
ing frame (ORF) of this sequence corresponded to bull 
sperm adhesion molecule 1-like protein (GenBank ac-
cession number XM-586790, hereafter referred to as Hyal-
5) differed from bull SPAM1. In addition, on the basis 
of the amino acid homology of Hyal5 with its ortho-
logs, Hyal5 contained signal sequences as well as a hy-
aluronidase catalytic domain, ZP binding domain, and 
GPI-anchored domain. Both proteins contained 16 cys-
teines, 13 of which were conserved (Fig. 2A). The over-
all homology between bull SPAM1 and Hyal5 was 
69.3%. In addition, information in the National Center 
for Biotechnology Information Genomic  Biology data- 

(A)

(B)

Fig. 2. A. Comparison of amino acid sequences of bull SPAM1 and Hyal5. (A) Identical amino acids are represented by shaded boxes. 
The arrows indicate the hyaluronidase domain, and zona pellucida binding domain. The asterisks indicate cysteines that are predicted to 
form disulfide bonds. (B) Chromosomal localization of human, porcine Macaca, and bull hyaluronidase genes. TM, telomere; CM, centro-
mere.

base (www.ncbi.nlm.nih.gov/genomes) revealed that 
Hyal5 is localized approximately 150 kb from SPAM1 
on bull chromosome 4 (Fig. 2B)

SPAM1 and Hyal5 are Single Copy Genes in the 

Bovine Genome 

To determine the copy numbers of mouse SPAM1 or-
tholog, bovine genomic DNA was Southern blotted with 
specific and common probes for SPAM1 and Hyal5, re-
spectively (Fig. 2A and Supplementary Fig. 2). As sh-
own in Fig. 3A, the DNA probes specific for bull PH- 
20 (Probe 2; Supplementary Fig. 2) and bull Hyal5 (Pro-
be 3, Fig. 2B) only hybridized to one band in the PstI 
or HindIII digest of the genomic DNA, whereas the 
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(A)

(B)

Fig. 3. Characterization of bull Hyal5. (A) Southern blot analysis 
of bull genomic DNA. Ten micrograms of bull genomic DNA 
was digested with PstI or HindIII restriction enzymes, and then 
Southern blotted with 

32
P-labeled DNA probes. Probe 1 hybri-

dized to both PH-20 and Hyal5, while probes 2 and 3 specifically 
hybridized to SPAM1 and Hyal5, respectively. The hybridization 
positions of these probes are shown in Fig. 1B and supplemental 
Fig. 2 (B) RT-PCR analysis. Total RNA was isolated from various 
bull tissues and subjected to RT-PCR analysis with primers that 
were specific for bull SPAM1 (bSPAM1), Hyal5 (bHyal5), and Vps-
35 (bVps35). bVps35 was used as the internal standard (Kim et al., 
2008).

common probe hybridized to two bands. These results 
show that SPAM1 and Hyal5 are present as single copy 
genes in the bovine genome. To examine expression of 
bovine Hyal5 in eight selected bovine tissues, RT-PCR 
analysis was carried out by using cDNAs as templates 
(Fig. 3A). The expression of SPAM1 and Hyal5 was 
specific for the testis, whereas vacuolar sorting protein 
(Vps35) was expressed in all tissues tested (Fig. 3A).

Importance of Sperm Hyaluronidase in Sperm-Oocyte 

Interaction

To elucidate the hyaluronidase activity of bull SP-
AM1 and Hyal5, we cloned bull SPAM1 and Hyal5 in-
to pCXN2 vector, then overexpressed in HEK293T cells. 
Fig. 4(A) shows that the anti-bull Hyal5 antibody recog-
nizes a ～70-kDa protein  in both SPAM1 and  Hyal5 
transfected cell extracts. Since the conserved amino acid  

(A)

(B)

Fig. 4. Hyaluronidase and cumulus dispersal activities of bull 
SPAM1 and Hyal5. (A) Western blot analysis. Five micrograms of 
bull sperm and 40 μg of cell extracts from SPAM1 and Hyal5 - 
transfected HEK293T cells were separated by sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE) under re-
ducing conditions and subjected to Western blot analysis using 
antibody against bull hyal5. (B) Cumulus dispersion assay. The 
cumulus cell masses were incubated for 30 min with the above 
mentioned proteins. 

region of SPAM1 and Hyal5 was used as antigen to 
raise anti-bull Hyal5 antibody, this antibody was capa-
ble of recognizing these two proteins equally. Each cell 
extract was tested for hyaluronidase activity by using 
cumulus cell mass. As shown in Fig. 4C, both of these 
proteins dispersed mouse cumulus cells from the cu-
mulus mass (Fig. 4C).

Finally, to assess the effects of sperm hyaluronidase 
on bovine fertilization, we performed an IVF inhibition 
assay by using an antibody that binds the hyalur-
onidase domain of both bull SPAM1 and Hyal5 (Fig. 
4A and Fig. 5) because this domain is required to dis-
perse the cumulus mass surrounding the egg. We in-
cubated sperm and eggs with 0～100 μg ․ ml—1 of the 
anti-hyaluronidase antibody. The bull Hyal5 antibody 
reduced fertilization by approximately 20%, compared 
to commercial rabbit polyclonal antibody (Fig. 5A). On 
the other hand, no significant difference in the sperm- 
ZP interaction was found between bull hyal5 antibody 
and rabbit polyclonal antibody (Fig. 5B).  

DISCUSSION

Although it is not completely understood for the me-
chanism underlying how sperm penetrates the cumulus 
mass during fertilization, it has long been recognized 
that sperm hyaluronidases are important for dispersing 
the cumulus matrix.  It is suggested that SPAM1 and 
Hyal5 may co-operate in dispersing the matrix, because 
lacking either SPAM1 or Hyal5 knock-out mice showed  



Kim et al.496

(A)

(B)

Fig. 5. Inhibition of in vitro fertilization by a Hyal5 antibody. (A) 
In vitro matured (IVM) and denuded eggs were incubated with 
bull Hyal5 antibody (0～100 μg/ml) or rabbit polyclonal im-
munoglobulin G (IgG) (100 μg/ml) as the control. The egg pos-
sessing female and male pronuclei was defined as the fertilized 
egg. Numbers above represent the number of bovine oocytes in 
each group. * Significantly different from rabbit polyclonal IgG 
alone. Results are expressed as mean (SD) (n = 3). (B) Inhibition 
of sperm binding to zona pellucida by purified bull Hyal5 poly-
clonal antibody. The IVM denuded eggs were incubated with bull 
sperm for 6 h in the presence of rabbit polyclonal antibody 
(control) or 10 μg/ml of bull Hyal5 polyclonal antibody, then the 
eggs were washed and labeled with Hoechst 33342. The Hoe-
chst-labeled sperm on the zona pellucida were observed under a 
microscope.

a delayed dispersal of cumulus cells from the cumulus 
mass in vitro (Baba et al., 2002; Kimura et al., 2009). In 
addition, although Hyal5 has greater hyaluronidase ac-
tivity than SPAM1, it is interesting that the expression 
of Hyal5 was limited to several species, whereas PH-20 
was expressed widely in mammalian genomes (Fig. 1) 
(Kim et al., 2005). This difference has several possible 
implications in the evolution of these genes. For exam-
ple, this difference might indicate important divergence 
in the evolutionary constraints on the functions of the-
se enzymes. If so, a novel hyaluronidase-encoding gene 

that substitutes for Hyal5 may exist in the species lack-
ing Hyal5. Alternatively, Hyal5 might have disappeared 
during the evolution of some species. Indeed, several 
germ cell-specific genes, such as ADAM (“a disintegrin 
and metalloprotease”), have been rearranged during evo-
lution, which resulted in the emergence of new func-
tions and/or inactivation of existing functions. For ex-
ample, in mice, ADAM1 is present as a single-copy 
gene on chromosome 5 and encodes two different iso-
forms, ADAM1a and ADAM1b, but, ADAM1a only ex-
ists as a single-copy pseudogene in humans (Nishimura 
et al., 2002). Moreover, it is likely that the human 
ADAM20 gene was duplicated, and then the two cop-
ies evolved separately as a human ADAM gene and a 
human fertilin-α paralog (Hooft van Huijsduijnen, 1998). 
As a result, the species-specific expression pattern of 
some germ cell-specific genes may prevent gamete fu-
sion in cross-species fertilization. In addition, this spe-
cies-specific expression pattern has hampered the dis-
covery of other possible gene(s) than Hyal5 that may 
be involved in the dispersal of the cumulus mass. 
Intriguingly, RT-PCR and Western blot analysis in-
dicated that Hyal5 was expressed exclusively in the 
bull testis and sperm (Fig. 3B and 4A). The cumulus 
dispersion assay demonstrated that both bull SPAM1 
and Hyal5 dispersed the cumulus mass. In mice, al-
though the mRNA expression levels of both SPAM1 
and Hyal5 are not significantly different, the zymo-
graphic activity of Hyal5 is much higher than SPAM1 
(Baba et al., 2002; Kim et al., 2005). 

There are two types of sperm hyaluronidases, des-
ignated SPAM1 (double chain structure linked by disul-
fide bond) and Hyal5 (single chain structure) in mouse 
(Kim et al., 2005). However, both bull SPAM1 and 
Hyal5 are single-chain hyaluronidases, which are more 
structurally related to mouse Hyal5. Although the iden-
tity between mouse SPAM1 and Hyal5 is only 55%, 
bull Hyal5 shares a high degree of sequence identity 
(~70%) with that of SPAM1. Unfortunately, due to se-
quences of Hyal5 antigen region is more than 80% 
identical to SPAM1, the bull Hyal5 antibody recognized 
these two proteins respectively. Several groups have 
suggested that sperm hyaluronidase mediate sperm-egg 
interactions (Tung et al., 1997; Li et al., 1997; Yudin et 
al., 1998). In agreement with the previous reports, we 
have found that the treatment with anti-bull Hyal5 re-
duces sperm binding (Fig. 5B). 

In conclusion, we present the first direct evidence 
that bull sperm possesses a Hyal5-type hyaluronidase 
(bull Hyal5), which is encoded by a single-copy gene 
on chromosome 4. In addition, both recombinant bull 
SPAM1 and Hyal5 have similar hyaluronidase activities 
required for dispersal of cumulus cell mass and we be-
lieve that the physiologically active hyaluronidases wou-
ld participate in fertilization. However, it will be inter-
esting to determine whether they are important for fer-
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tilization in diverse species of mammals by creating 
knockout models. In addition, further research is need-
ed to identify and characterize novel sperm hyalur-
onidases to elucidate their evolutionary relationships.
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<Supplemental> Fig. 1. Alignment of amino acid sequence of RT‐PCR product and mouse hyal5 (A), bovine SPAM1 (B). 

<Supplemental> Fig. 2. Bovine SPAM1 cDNA and amino acid sequence. Probe 2 for genomic Southern blot is underlined.


