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Common nucleotide sequence of structural gene
encoding fibroblast growth factor 4 in eight cattle
derived from three breeds
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ABSTRACT

Fibroblast growth factor 4 (FGF4) is considered as a crucial gene for the proper development of bovine embryos. However,
the complete nucleotide sequences of the structural genes encoding FGF4 in identified breeds are still unknown. In the
present study, direct sequencing of PCR products derived from genomic DNA samples obtained from three Japanese Black,
two Japanese Shorthorn and three Holstein cattle, revealed that the nucleotide sequences of the structural gene encoding
FGF4 matched completely among these eight cattle. On the other hand, differences in the nucleotide sequences, leading
to substitutions, insertions or deletions of amino acid residues were detected when compared with the already reported
sequence from unidentified breeds. We cannot rule out a possibility that the structural gene elucidated in the present study
is widely distributed in cattle. To the best of our knowledge, this is the first determination of the complete nuclectide
sequence of the structural gene encoding bovine FGF4 in identified breeds.
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INTRODUCTION not only mouse embryos but also bovine embryos.
However, the complete nucleotide sequence of the
structural gene encoding bovine FGFP4 already
reported (GenBank accession no. U15969, Ya efal
1995) was derived from unidentified breeds.

In this study, we identified a common structural
gene encoding FGF4 by determining the complete
nucleotide sequences in three Japanese Black (JB),
two Japanese Shorthorn (JS), and three Holstein (HO)
cattle.

In mice, fibroblast growth factor 4 (FGF4) secreted
from the inner cell mass, founder cells for the epiblast,
of blastocysts maintains the polar trophectoderm in
a proliferative state (Tanaka ef al. 1998). Immediately
after implantation, FGF4 secreted from the epiblast
stimulates the proliferation of extraembryonic ecto-
derm derived from the polar trophectoderm (Niswan-
der & Martin 1992; Feldman ef al. 1995; Tanaka ei al.
1998). With the progression of embryogenesis, the
epiblast and extraembryonic ectoderm give rise to the
fetus and the placenta, respectively. Therefore, FGF4 is
a crucial growth factor especially for the development MATERIALS AND METHODS
of the placenta in a mouse embryo, and Fgf4 null mice Preparation of genomic DNA
show a peri-implantation lethal phenotype (Feldman . . .
et al. 1995). : B]'.o_od samples collected with h.epegpu {rom two} JB, two JS
and three HO cows, were centrifuged at 4°C (1400 x g,

High rates of early embryonic, neonatal or postnatal 15 min). Genomic DNA was extracted from buffy-coat cells
abnormalities have consistently been observed in

bovine cloning (Cibelli efal. 1998; Kato et al. 1998).
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obtained from centrifuged samples and freeze-thawed sperm
cells collected from one JB bull using a NucleoSpin Tissue Kit
(Macherey-Nagel, Duren, Germany) in accordance with the
manufacturer’s instructions. These JB, JS and HO cattle were
confirmed as being unrelated within the respective breeds at
least for one-, three- and two-generations, respectively.

Determination of the complete
nucleotide sequences of the structural
gene for bovine FGF4

The genomic DNA region containing the complete structural
gene for bovine FGF4 was amplified by PCR as follows.
Genomic DNA samples prepared in the present study were
used as templates. PCR amplifications were performed in a
20-yL reaction volume with 200 ng of template, KOD-plus
DNA polymerase (Toyobo, Osaka, Japan), and a primer
set (5"-CACCCACGGACGCACGGCCCGAGGGCGGGG-3,
forward  primer; 5-GGGGGTTGCTITTIGTTCTTCCA-3,
reverse primer). PCR was performed as follows: hot start
2.5 min at 98°C followed by 50 cycles of 10 s at 98°C, 30 s at
54°C and 2.5 min at 68°C, and a final extension for 5 min at
68°C. PCR products were separated by 1% low melting point
agarose gel electrophoresis and purified from excdsed gel
pieces using a NucleoSpin Extract II Kit (Macherey-Nagel)
in accordance with the manufacturer’s instructions. Nucle-
otide sequences of the purified DNA fragments were deter-
mined using a BigDye Terminator v3.1 Cyde Sequencing
Kit (Applied Biosystems Japan, Tokyo, Japan) in accordance
with the manufacturer’s instructions.

RESULTS AND DISCUSSION

The complete nucleotide sequences of PCR products
(~2.2 kb) containing the full-length structural gene
for FGF4 comprised of three coding exons were
determined, in addition to two introns. The nucleotide
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sequences have been submitted to DDBJI/EMBL/
GenBank databases under the accession numbers
ABG633205, AB633206 and AB633207 [or HO,
AB633208, AB633209 and AB633210 for JB, and
AB633211 and AB633212 for JS cattle. As shown in
Figure 1, the deduced primary sequences of the FGF4
protein were completely identical among the JB, JS
and HO cattle examined. The nucleotide sequences of
their protein coding regions also completely matched.
The amino acid sequence deduced from the previously
reported nucleotide sequence, U15969, contained
two substitutions, AGT (from GCG to ACG) and R57G
(from CGC to GGC), with the letter after the number
indicating the amino acid residue for U15969, one
amino acid residue insertion of a leucine residue
(CTG) between positions 54 and 55 for JB, JS and
HO cattle, and one deletion (GCG) A31- ('~ indicates
no corresponding amino acid residue in UI5969).
The incomplete amino acid sequence deduced from
results of whole-genome shotgun sequencing
(AAPC03111659 derived from Hereford genome,
Zimin et al. 2009) is also indicated, while there were
no differences from each other. From these resulis,
nucleotide sequences leading to a common primary
sequence for FGF4 protein were elucidated inall JB, JS
and HO cattle examined. To date, primers for RT-PCR
analysis of bovine FGP4 transcript have been designed
(Degrelle e¢tal. 2005; Amarnath eral. 2007, Fujii
ef al. 2010; Rodriguez-Alvarez et al. 2010) from that
in U15969. Thus, it is noteworthy that differences in
nucleotide sequences are valuable, basic scientific
knowledge for such analyses. On the other hand,
in introns of the FGF4 gene, differences in nucleotide
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Figure 1 Alignment of the deduced primary sequences of bovine FGF4 proteins. FGF4 genes used in this alignment are from
three Japanese Black (JB), two Japanese Shorthorn (JS), and three Holstein (HO) cattle (determined in this study), bovine
control (GenBank accession no. U15969), and Hereford (HE) cattle (AAFC03111659). For each FGF4, a period indicates
sequence identity to FGF4 from JB, JS and HO cattle, A dash represents a gap introduced to optimize the alignment. The
nucleotide sequence of the structural gene for HE was partially determined, and unidentified regions are indicated as blanks
and amino acid positions are indicated in accordance with the partial sequences. An arrowhead indicates a possible
processing site estimated from that of human FGF4 (Delli-Bovi et al. 1988).
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sequences were identified, such as observed in one HO
cow (AB633205) showing an insertion of GC nucle-
otides after position 613 (numbers indicate positions
from the adenine base in the initiation codon) and
one JS cow (AB633211) showing a G770T mutation.
Because sample sizes were small in the respective
breeds examined, it was still unknown whether the
differences in nucleotide sequences for introns of the
FGFP4 gene detected in this study were attributed to
inter- or intra-breed differences.

In conclusion, nucleotide sequences of the struc-
tural gene encoding FGF4 protein were completely
identical in all examined cattle derived from the three
breeds. Therefore, we cannot rule out a possibility that
this type of structural gene is widely distributed in
cattle. To the best of our knowledge, this is the first
determination of the complete nucleotide sequence in
identified breeds.
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Abstract Despite its structural simplicity, hyaluronan
exhibits a broad spectrum of biological activities. Cumulus
expansion observed during oocyte maturation in mammals
is also induced by hyaluronan accumulation in cumulus—
oocyte complexes. It has been demonstrated that this vol-
umetric change in cumulus—oocyte complexes correlates
with the progression of oocyte maturation. We have
investigated the molecular mechanism of oocyte matura-
tion in mammals, focusing on hyaluronan accumulation in
cumulus—oocyte complexes during cumulus expansion. In
this review, we describe the physiological function of
hyaluronan, emphasizing the progression of oocyte matu-
ration in mammals based on our previous findings.

Keywords CD44 - Cumulus expansion - Hyaluronan -
Meiotic resumption - Oocyte

Introduction

In vitro maturation of human oocytes retrieved from antral

ovarian follicles is a new option for assisted reproductive
technology (ART). The major benefits of in vitro
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maturation, especially for polycystic ovarian syndrome
patients, include avoiding the risk of ovarian hyperstimu-
lation syndrome, reduced cost and less complicated treat-
ment; however, the efficiency of current in vitro maturation
techniques is suboptimal in terms of obtaining the number
of mature oocytes. In addition, the quality of oocytes is
poor after in vitro maturation, showing increased frequency
of retarded cleavage and inhibited development. Thus, in
vitro maturation of oocytes for ART in humans still leaves
some room for improvement.

In mammals, the oocyte is surrounded by several layers
of compacted cumulus cells, forming a cumulus—oocyte
complex (COC). After the preovulatory gonadotropin
surge, the oocyte recommences meijotic resumption, com-
pletes germinal vesicle breakdown (GVBD), and pro-
gresses to metaphase II before ovulation. During oocyte
maturation, the COC expands dramatically; this phenom-
enon is termed cumulus expansion. This expanded matrix
is critical for normal and efficient reproduction because it
binds the oocyte and the cumulus cells together, and pro-
tects the oocyte from the proteolytic and mechanical
stresses during ovulation. Moreover, cumulus expansion
contributes to the success of oocyte fertilization by stabi-
lizing the structure of the zona pellucida and by stimulating
sperm activation and motility [1-3]. Because this volu-
metric change in the COC occurs not only in vivo but also
in vitro maturation, the physiological significance of
cumulus expansion is important in the study of the devel-
opmental competence of mammalian oocytes matured and
fertilized in vitro [4-7]. We have investigated the molec-
ular mechanism of oocyte maturation in mammals, with
special emphasis on hyaluronan accumulation in COCs
during cummulus expansion. The physiological function of
hyaluronan during oocyte maturation is the focus of this
review.
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Hyaluronan synthesis during cumulus expansion

Hyaluronan is an unbranched polymer composed of
repeating glucuronic acid and N-acetyl glucosamine
disaccharide units. Unlike other glycosaminoglycans that
form proteoglycans, hyaluronan is not linked to a core
protein. Despite its structural simplicity, hyaluronan
exhibits a broad spectrum of biological activities by
interacting with hyaluronan-binding proteins. Hyaluronan
is known as an important component of extracellular
matrices and body fluids through its binding to other matrix
molecules such as proteoglycans, thereby organizing the
architecture and regulating the mechanical properties of
tissues such as cartilage. Hyaluronan provides a highly
hydrated environment that is favorable for actively grow-
ing, moving, and renewing cells and tissues. It can also
activate many signaling events in cells, thereby influencing
processes such as apoptosis, adhesion, proliferation,
migration, and development of cell shape [8-1 1].
Cumulus expansion is reportedly also the result of
synthesis and accumulation of hyaluronan around the
cumulus cells [12-14]. The hyaluronan synthesis of COCs
is critically dependent upon two signal events: (1) stimu-
lation by follicle stimulating hormone/equine chorionic
gonadotropin (FSH/eCG), and (2) paracrine signals secre-
ted by the oocyte, termed the cumulus expansion-enabling
factors (CEEFs). Hyaluronan is synthesized by hyaluronan
synthase (HAS), which has been reported to exhibit 3
isoforms (HAS1, HAS2, and HAS3) [15]. Studies on mice,

Fig. 1 Accumulation of hyaluronan in cumulus-oocyte complexes
{(COCs) during cumulus expansion. a Morphological observation of
cumulus expansion in COCs during in vitro maturation with or

@ Springer

pigs, and cattle have demonstrated that HAS2 mRNA is
strongly expressed in the cumulus cells stimulated by FSH/
eCG, and that it controls cumulus expansion [16-18]. A
transient increase of intercellular cyclic adenosine mono-
phosphate (cAMP) is triggered by FSH treatment, and
dbcAMP, a synthetic analog of cAMP, induces similar
effects on hyaluronan synthesis, suggesting that FSH
action is mediated by this cyclic nucleotide [19, 20]. In
addition to FSH/eCG stimulation, expansion of the COC
requires an oocyte-secreted paracrine signal. Studies
in vitro have also shown that cumulus cells dissected
from mouse COCs and cultured without oocytes do not
produce significantly higher amounts of hyaluronan when
stimulated with FSH but do so when oocytes or oocyte-
conditioned medium are present [12]. In mice, the oocyte-
specific member of the transforming growth factor-beta
superfamily, growth differentiation factor-9 (GDF-9) and
bone morphogenetic protein-15 (BMP-15) also promote
cumulus expansion, suggesting that GDF-9 and/or BMP-15
are CEEFs [21-23]. Thus, synthesis of hyaluronan by
mouse cumulus cells requires the combined action of FSH/
eCG and CEEFs produced by the oocyte. On the other
hand, pig, bovine, and rat oocytes all produce CEEF
because they enable the FSH-stimulated expansion of
mouse oocytectomized complexes. Nevertheless, the
oocyte does not need to be present at the time of cumulus
expansion [24—26]; hence, the absolute requirement for the
CEEF for cumulus expansion to proceed may be restricted
to the mouse.

ontrol (48 h)

DON (48 h)

without 6-diazo-5-oxo-1-norleucine (DON). b Localization of hyalu-
ronan in porcine COCs as detected by immunofluorescence by using
biotinylated hyaluronan-binding protein. Bars 100 pm



