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The primary amino acid sequence of a-subunit in
ovomucin (OVM) from hen thick egg white was
determined. The 2087 amino acid residues with a relative
molecular mass of 230.9 kDa along the full length of the
a-subunit were represented. The a-subunit contains
domains, arranged from the N- to C-terminals in the
following order: D1-D2-D0-D3-R (central region)-D4-C1-
CK (Cystine-knot), in a manner similar to the arrange-
ment of D, C and CK domains in human pre-pro-von
Willebrand factor (hpp-vWF) and hMUC2. The a-sub-
unit showed identities on amino acid sequences with
hpp-vWF and hMUC2 at 33 and 41% in the N-terminal
region and 30 and 38% in the C-terminal region,
respectively. The numbers and positions of cysteine
residues were highly conserved among a-subunit,
hpp-vWF and hMUC2. However, R showed no virtual
sequence homology with the corresponding regions in
two proteins. It was estimated that a-subunit was not
part of a large peptide of OVM, but was independently
synthesized from b-subunit.

Keywords: Egg white ovomucin; a-Subunit; Cloning; Primary
amino acid sequence

INTRODUCTION

Mucins are a heterogeneous family of high-mole-
cular mass proteins broadly defined by their high
content of carbohydrates (50–90%), which are
mainly O-linked, but in some cases also N-linked.
Mucins are known to be expressed in various
epithelia (Forstner and Forstner, 1994). A vast

amount of structural information has been obtained
on human mucins and those from other vertebrates.
To date, at least 18 mucin genes have been identified:
MUC1, -2, -3A, -3B, -4, -5AC, -5B, -6, -7, -8 (see Gendler
and Spicer (1995) and Shankar et al., 1997 for reviews),
-9 (Lapensee et al., 1997), -10 (Melnick et al., 2001), -11,
-12 (Williams et al., 1999), -13 (Williams et al., 2001), -14
(Melnick et al., 2001), -15 (Pallesen et al., 2002) and -16
(Yin and Lloyd, 2001). Mucins can be divided into at
least two structurally distinct classes, the secreted (gel-
forming or nongel-forming) type and the membrane-
associated type.

Although the studies on the mucin genes from
various sources have been reported, those from
avian egg white have not been previously carried
out. Ovomucin (OVM) is an egg white protein
representing about 2–4% of the total egg albumen
protein responsible for the gel-like properties of thick
egg albumen, and is characterized by its high
molecular weight and high carbohydrate content.
OVM has been described as probably composed of
extended glycoprotein bound by disulfide bonds
between two subunits, that is, an a-subunit
(apparent molecular mass ,220 kDa) containing
9–15% carbohydrate, and a b-subunit (apparent
molecular mass ,400 kDa) containing 50–65%
carbohydrate (Donovan et al.,1970; Kato et al., 1970;
Hayakawa and Sato, 1977; Tsuge et al., 1997a;
Hiidenhovi et al., 1999; Yokota et al., 1999).
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It is generally acknowledged that a-subunit contains
a high proportion of N-linked oligosaccharides,
while b-subunit contains a high proportion of
O-linked oligosaccharides on a repeated domain
rich in threonine and serine. Thus, if criteria such as
model of secretion, rheological behaviour, bio-
chemical composition and structure are considered,
OVM gel in avian egg white may be considered as a
member of the mucus family.

In laying hens, the oviduct consists of five portions:
infundibulum, magnum (albumen-secreting por-
tion), isthmus, uterus and vagina. Tubular glands in
the magnum are responsible for the production of the
majority of egg white proteins including OVM under
the stimulatory control of estrogen.

We are now studying hen egg white OVM from the
viewpoint of relationships between its molecular
structure and function as a biologically and food-
physiologically active substance (Tsuge et al.,
1997a,b; Watanabe et al., 1998a,b). In the present
study, we describe the cloning and sequencing of the
cDNA on a-subunit in OVM, the complete amino
acid sequence deduced from the cDNA, and the
homologies with hpp-vWF, hMUC2 and the like.

RESULTS

The a-subunit N-terminal sequence was analyzed as
Lys Glu Pro Val Gln Ile Val Gln (amino acids 1–8
in Fig. 1, which showed the nucleotide and amino
acid sequences in full length determined as
described below).

Southern blot analysis of a magnum cDNA library
showed the presence of cDNA clones coding
a-subunit at lengths of around 8.0 and 7.4 kb with a
vector size of 4.1 kb in the Not-I-digested cDNA
library (data not shown). Therefore, the molecular
sizes of the cDNA clones obtained for a-subunit
appeared to be around 3.9 and 3.3 kb, respectively.
To determine the molecular size of the total coding
a-subunit, northern blot analysis of mRNA prepared
from magnum was carried out. The result showed
a single band with a molecular size of around 7 kb
(Fig. 2). Thus, the involved cDNA clones in the
cDNA library for a-subunit were not complete and
lacked part of the cDNA sequence.

The selected 3.9 kb cDNA contains a putative
polyadenylation signal consensus, AATAAA,
located 176 base pairs downstream of the translation
stop codon, TGA and 15 base pairs upstream of the
poly(A) (Fig. 1). These results indicated that
the nucleotide and deduced amino acid sequences
in the obtained 3.9 kb cDNA corresponded to the
parts of 30-terminal side from the nucleotide residue
number 2666 (amino acid residue number 863) in
Fig. 1. The deduced protein sequence in 3.9 kb cDNA
contains 1225 amino acids.

On the basis of the determined nucleotide sequence
on 3.9 kb cDNA, the cloning strategy for thea-subunit
N-terminal region was arranged schematically as
shown in Fig. 3. The specific primer (50 CTCATCC-
CTTGAGTTGTTTCAATCAC) used for preparing
cDNA in the N-terminal region was synthesized.
cDNA synthesis was performed using its primer
with the magnum mRNA followed by subsequent

K. WATANABE et al.252

M
ito

ch
on

dr
ia

l D
N

A
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

L
iv

er
po

ol
 o

n 
11

/2
9/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



MOLECULAR CLONING OF a-SUBUNIT 253

M
ito

ch
on

dr
ia

l D
N

A
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

L
iv

er
po

ol
 o

n 
11

/2
9/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



insertion into pUC18 plasmid to prepare a specific
cDNA library for the N-terminal portion. A probe for
the N-terminal portion was prepared from 3.9 kb
cDNA by PCR amplification using the following
sense 50CTGGGAGACTGTGACTATATCCTA and

antisense 50GGCTATCTCCTGAATTCTTCCTTCCA
oligonucleotide primers (probe B in Fig. 3),
and screening of the specific cDNA library for
the N-terminal region was performed by the method
described for the C-terminal region.

FIGURE 1 Nucleotide and deduced amino acid sequences of cDNA encoding a-subunit. The N-terminal amino acid (Lys) is numbered
one. The amino acid sequences upstream the N-terminal Lys are in italic type. The first amino acid (Leu, number 863) from cDNA clone at
the length of around 3.9 kb is marked with an arrowhead (O). The amino acid sequences determined by protein sequencing of trypsin
digested a-subunit and used for preparation of probes are underscored (T2-d and T2), and the nucleotide sequences determined from
cDNA clones of the C-terminal region and used to synthesize the specific cDNA for the N-terminal region are underscored (specific
primer). Potential Asn-X-Thr/Ser glycosylation sites are indicated by cloned triangles (V). The location of glycosylated Asn in the sequence
Asn-Ser-Cys is shown by a closed circle (X). The vicinal cysteine motif C-G-X-C is indicated by dashes (. . .). Protein family domains are
indicated below the alignments.
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The complete nucleotide and deduced amino acid
sequences ofa-subunit using the two prepared cDNA
clones with an overlap (the overlapping location:
nucleotides 2666–2932) are shown in Fig. 1. The full
sequence is 6558 bp, and it codes for 2087 amino
acid residues with a predicted molecular mass of
230.9 kDa and at least 21 residues of a signal sequence
upstream of the N-terminal Lys. The sequence
contains a high amount of cysteine (9.5%) as well as
asparagine (5.0%), glutamine (3.7%), proline (5.6%),
serine (7.7%) and threonine (7.0%).

Our earlier study (Tsuge et al., 1997a) indicated
that a-subunit consisted of 91% protein and 9%
carbohydrate, and the apparent molecular size
determined by SDS-PAGE for a-subunit was

220 kDa. The predicted size for a-subunit in this
study was calculated to be around 254 kDa on the
basis of molecular mass of 230.9 kDa for protein
portion described above and carbohydrate content of
9%. This is higher than the apparent molecular size
of the 220 kDa.

DISCUSSION

Mucin cDNAs are difficult to clone full length
because of many other repetitive and/or large cDNA
sequences. This is also true for egg white OVM that is
highly expressed in the magnum of hen oviduct.
However, by using the two strategically prepared
clones, the primary amino acid sequence could be
determined.

A searching of the databases indicated that the
amino acid sequence of a-subunit was similar to
those of hpp-vWF, hMUC2 and other mucins such as
human gastric mucin MUC5AC, human secretory
mucin MUC6, and human tracheobronchial mucin
MUC5, although their similarities were not as high in
every case. Sequence similarities among the deduced
amino acid sequences of a-subunit, hpp-vWF,
hMUC2 and the C-terminal region (rMLP, discussed
below) of a rat intestinal mucin-like peptide are
presented in Fig. 4.

pp-vWF is a blood multimeric glycoprotein
required for normal hemostasis, and contains four
types of repeated domains designated A–D and
arranged from the N- to C- terminals in the following
order; D1-D2-D0-D3-A1-A2-A3-D4-B1-B2-B3-C1-C2-
CK (cystine knot). The sequence of ppvWF is
remarkable for the clustering of cysteine residues in
the N-terminal and C-terminal regions. Many of the
binding functions of vWF to collagen, blood
coagulation factor VIII and so on have been localized
to discrete regions of its subunit (Sadler et al., 1985;
Bonthron et al., 1986; Shelton-Inloes et al., 1986;
Verweiji et al., 1986). On the other hand, MUC2 is
expressed in the small intestine and colon, and also
contains cysteine-rich regions on either side of the
tandem repeat domain which resemble the D, C1 and
CK domains of hpp-vWF (Toribara et al., 1991; Gum
et al., 1992; Gum et al., 1994). Analogous to pp-vWF
and MUC2, the a-subunit contains several domains
arranged from the N- to C-terminals in the following
order; D1-D2-D0-D3 (N-terminal region)-R (central
region)-D4-C1-CK (C-terminal region) (Fig. 1). Data
presented here also make it clear that the complete
amino acid sequence of a-subunit lacks the A1, A2,
A3, B1, B2, B3 and C2 domains in hpp-vWF, as well
as the domain of tandem repeats in hMUC2. The lack
of tandem repeats is also seen in the mucin-like
glycoproteins of mouse MUC14 (Melnick et al., 2001)
and human breast cancer tissue MUC1/Y (Zrihan-
Licht et al., 1994).

FIGURE 2 Northern blot analysis of a-subunit mRNA from
magnum. The experimental methods are as described in the text.
The nucleotide length was determined by using RNA marker as
standard.

FIGURE 3 Strategy to isolate the cDNA clones covering the
whole region of a-subunit. Specific primer was used to synthesize
the specific cDNA for the N-terminal region. Probe A: DNA
fragment for cloning the C-teminal region. Probe B: DNA fragment
for cloning the N-terminal region.
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It was suggested that the cysteine-rich motifs
in various mucins are critical for determining
the tertiary structure, aggregation and physical
properties of mucins via intra- and/or inter-
molecular disulfide bond formation (Voorberg et al.,
1990). The D3 domain, which contains cysteines that
participate in interdimer disulfide- bond formation
(Keates et al., 1997), and the adjacent short D0 domain
in which no interchain disulfide bonds have been
located are required for multimer formation
(Marti et al., 1987). Both the D1 and D2 domains are
also crucial in vWF multimerization. It was reported
that the vicinal cysteine motif C-G-X-C seen in vWF
is required for the higher order multimerization of
protein (Mayadas and Wagner, 1992). Its motif is
similar to vicinal cysteines at the active site of
disulfide isomerases that catalyze thiol protein
disulfide interchange. The a-subunit also contains
that motif (Fig. 1, amino acids 142–145 in D1,
973–976 in D3 and 1553–1556 in D4).

The C-terminal CK motif (a motif spanning 11 Cys
residues) in a-subunit comprises 90 amino acids
including six cysteines arranged in a knot-like
topology, as generally seen in the CK domain of
various mucins (Meitinger et al., 1993). Based on the
arrangement of disulfide bonds found in the CK
family [Cys1-Cys4, Cys2-Cys5 and Cys3-Cys6], it is
possible that the CK disulfide bonds in a-subunit
are arranged: Cys1996-Cys2045, Cys2021-Cys2075
and Cys2025-Cys2077. Moreover, dimerization of
a-subunit may be mediated by additional cysteines
as described on the CK domain of hpp-vWF
(Katsumi et al., 2000).

On the basis of the above description and the view
that the CK domain is a region responsible for
growth factors (McDonald and Hendrickson, 1993),

one might expect that the several domains and/or
subunits containing cysteine residues in a-subunit
also fulfill the biological functions involved in the
process of hatching and so on.

A comparison of the amino acid sequences
of a-subunit with hpp-vWF and hMUC2
showed somewhat less sequence similarity both in
the N- and C-terminal regions as shown in Fig. 5.
However, the cysteine residues in a-subunit,
hpp-vWF and hMUC2 could be aligned as described
above. The central region (R; 191 amino acid
residues) contained relatively large amounts
of threonine, serine and proline (7.3, 8.9 and
9.3%, respectively), as well as cysteine and leucine
(8.9 and 8.3%, respectively). However, the threonine,
serine and proline residues did not specifically form
the clustered segment in R of a-subunit, as was seen
in the Ser-Thr-Pro-rich repeat domains of hMUC2
and the other mucins (Toribara et al., 1991; Gum et al.,
1992; Gum et al., 1994).

The predicted sequence of a-subunit includes
21 potential N-glycosylation sites with the sequence
of Asn-X-Thr (or Ser) (Fig. 1). In addition, there is
a potential carbohydrate-binding site with the
sequence of Asn-X-Cys. There are also threonine
and serine residues in a-subunit that may provide
an abundance of sites available for O-linked
glycosylation.

When subjected to reduction, purified intestinal
mucins have been shown to undergo a decrease in
molecular mass and to liberate a 118-kDa glyco-
peptide (Roberton et al., 1989). The latter has been
called a putative “link” component because it is
assumed to be important for disulfide bond-
mediated mucin polymerization. Controversy exists
as to whether such a “link” is an integral mucin

FIGURE 4 Comparison of amino acid sequence of a-subunit with hpp-vWF and hMUC2 (A, N-terminal region), and that of a-subunit
with hpp-vWF, hMUC2 and rMLP (B, C-terminal region). Identical amino acids between three (A) and four sequences (B) are indicated by
black background, and similar amino acids between two (A) and three sequences (B) are indicated by gray background. Gaps indicated by
dots have been introduced to optimize alignments. Numbering indicates amino acid positions within the respective sequences. The
consensus sequence indicates amino acids that are present in three and four sequences.
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component or a separate mucin-associated
glycopeptide.

The deduced amino acid sequence on a cDNA
specific for the 118 kDa glycopeptide showed that
rMLP corresponding to the putative “link” peptide is
equivalent to the C-terminal 689 amino acids of a
larger peptide (Xu et al., 1992). Thus, rMLP was
demonstrated to be a C-terminal region in a very
much larger mucin-like peptide. A comparison of
amino acid sequence between C-terminal regions of
a-subunit and rMLP also showed a sequence
similarity, although it was somewhat less pro-
nounced (Fig. 5). The a-subunit in this paper was
prepared by treatment with a disulfide- reducing
agent in the presence of SDS; however, this subunit
was different from rMLP in that the size of its
molecular mass depended on the presence of the
N-terminal D domain. Moreover, cDNA clones
encoding a-subunit gene was independently
obtained from the prepared library in this study. It
may be speculated that a-subunit was not part of a
large peptide of OVM, but was independently
synthesized from b-subunit which is probably
composed of mucin-like peptide. OVM may be
made up of the homodimer and heteromultimer via
intra- and intermolecular disulfide bonds of a- and
b-subunits.

The similarity of domains in a-subunit with hpp-
vWF and hMUC2 is surprising, since hens are
phylogenetically distant from mammals. Even more
significantly, the numbers and positions of cysteine
residues are highly conserved among all three
sequences, suggesting important structure–function
relationships. Although the biological role
of a-subunit is not known, the structure and
function of pp-vWF and various mucins may provide
important insights into those of the a-subunit.
Further studies will identify the amino acid

sequences of the b-subunit to clarify in more detail
the entire structural features of OVM.

MATERIALS AND METHODS

Preparation of a-Subunit, and Partial Sequence
Analysis

The a-subunit was isolated from OVM in thick egg
white of eggs from White Leghorn hens within 10 h
after laying as described in a previous study (Tsuge
et al., 1997a), and the partial amino acid sequences of
the N-terminus of a-subunit and its tryptic digested
peptides were determined by Edman analysis using
a Procise 491 protein sequencer (Applied Biosys-
tems, Norwalk, CT). On the basis of the determined
N-terminal amino acid sequences of two fragments
(T2-d and T2 in Fig. 1) from the tryptic digestion of
a-subunit, several primers were synthesized on
the sense and antisense sequences and used for the
polymerase chain reaction (PCR) amplification of
probe DNA (probe A in Fig. 3).

Preparation and Screening of cDNA Library

Total RNAwas prepared after freezing from magnum
in the oviduct of hens (White Leghorn) in their laying
period, using Isogen (Nippon Gene, Tokyo, Japan)
according to the manufacturer’s instructions.
Poly (A)þ RNA was isolated from the total RNA
by affinity chromatography on oligo(dT)-cellulose
(Aviv and Leder, 1977), using an mRNA purifica-
tion kit (Amersham Biosciences, Piscataway, NJ).
cDNA synthesis was carried out with mRNA
using a superscript plasmid system (Invitrogen,
Carlsbad, CA), followed by subsequent ligation into
pSPORT1 plasmid. The clones were selected from

FIGURE 5 Domain comparisons of a-subunit for each of hpp-vWF, hMUC2 and rMLP. Numbering at the ends of the figures indicate the
amino acid numbering used in each reference. Percentage above each domain indicates the amount of amino acid similarity (identical)
compared to the corresponding region of a-subunit.

MOLECULAR CLONING OF a-SUBUNIT 259

M
ito

ch
on

dr
ia

l D
N

A
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

L
iv

er
po

ol
 o

n 
11

/2
9/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



a cDNA library using the colony filter hybridization
technique (Maniatis et al., 1989), and the nucleotide
sequence was determined on both strands using a
373S DNA sequencer (Applied Biosystems).

Southern and Northern Blot Analyses

On southern blot analysis, plasmid DNA in a
magnum cDNA library was completely digested
with the restriction enzyme Not I (Takara, Kyoto),
and 2mg of the DNA was electrophoresed on a 1.0%
agarose gel. The DNA was transferred to a nylon
membrane Hybonde–N (Amersham Biosciences)
and UV cross-linked. The probe A in Fig. 3 was
used as a hybridization probe. The membrane
was hybridized at 558C for 16 h with an alkaline
phosphate-labelled probe. A chemiluminescent
signal was detected with Kodak X-ray film.
On northern blot analysis, total RNA was prepared
again from magnum as described above, and 5mg of
the isolated mRNA and commercially available RNA
marker (Invitrogen) was electrophoresed on a 1.0%
agarose-formaldehyde gel denatured by soaking it in
10 mM NaCl/50 mM NaOH for 10 min, transferred
to a nylon membrane Hybonde–N, and UV cross-
linked. The membrane was prehybridized for 4 h at
428C, followed by hybridization at 428C for 16 h with
a [32P]-labelled probe. Membranes were washed in
2XSSC/0.1% SDS and then underwent autoradio-
graphy with Kodak X-ray film.

Homology Search

A comparison of the amino acid sequence was
carried out on searches using the Swiss Prot
databases (http://www.ncbi.nlm.gov./BLAST)
with the FASTA system (http://fasta.genoma.ad.
jp). The sequence alignments were achieved with the
Clustal W program (Thompson et al., 1994).
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