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Abstract

Aminopeptidase Ey (EC 3.4.11.20) from chicken (Gallus gallus domesticus) egg yolk is a homodimeric exopeptidase with a
broad specificity for N-terminal amino acid residues at P1 position of the substrate. Aminopeptidase Ey is a 300-k metalloexopep-
tidase, containing 1.0 g atom of zinc per mole of a subunit with a relative molecular mass of 150 k. A full-length cDNA was
cloned from chicken (female) liver cDNA library. Analysis of the 3196-base pairs (bp) nucleotide sequence of the cDNA revealed
a single open reading frame coding for 967 amino acid residues. The coding region of aminopeptidase Ey gene, apdE, occupies
2901 bp of the cDNA. The predicted amino acid sequence of the enzyme is 66, 65, 64 and 63% identical with those of
aminopeptidases N (EC 3.4.11.2) from human, pig, rabbit and rat, respectively. Aminopeptidase Ey contains the metallo-binding
sequence motif, His–Glu–Xaa–Xaa–His, found in zinc metallopeptidases. Zinc binding sites, His-386, His-390 and Glu-409, and
catalytic site, Glu-387, were conserved in the homologous aminopeptidases N. © 1998 Elsevier Science Inc. All rights reserved.
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1. Introduction

Aminopeptidases (a-aminoacyl-peptide hydrolase,
EC 3.4.11.-) catalyze the hydrolysis of amino acid
residues from the amino terminus of peptide substrates
[33]. These enzymes have broad specificity and occur in
several forms. They are widely distributed in many
tissues or cells, on cell surfaces, and in soluble or
secreted forms in plants and animals [17]. Although
some of them are well characterized, their biological
roles have not yet been elucidated. Some aminopepti-
dases have been reported to act on bioactive peptide

such as enkephalin [9] and tuftsin [19]. A scheme based
on the zinc binding site has been extended to classify
zinc metalloproteases into five distinct families by
Hooper [8]. Recently Vazeux et al. [34] provided evi-
dence that Glu-408 was the third zinc-coordinating
residue of aminopeptidase A (glutamyl-aminopeptidase,
EC 3.4.11.7), confirmed the presumed involvement of
Glu-386 in the catalytic process of the enzyme, and
identified the enzyme as a zinc metallopeptidase func-
tionally similar to thermolysin (EC 3.4.24.27).

There are two distinct aminopeptidases in the chick-
en’s (Gallus gallus domesticus) egg. One is aminopepti-
dase Ey (EC 3.4.11.20) from yolk [10,29–32], and the
other is glutamyl aminopeptidase (EC 3.4.11.7) from
egg white [24]. In a previous study [10], we purified and
characterized a new aminopeptidase Ey from egg yolk.
This is a homodimeric enzyme composed of two identi-
cal subunits with a relative molecular mass of 150 k
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[29,32]; we called it aminopeptidase Ey. Aminopepti-
dase Ey has unique specificities: broad selectivity for
amino acid residues at the P1 position of substrates [29];
similar specificity toward the proline residue at the P1%
position2 of aminopeptidase P (X-prolylaminopepti-
dase, EC 3.4.11.9); and preference specificity toward
small peptides with four or five amino acid residues
[30]. In a further study of substrate specificity, we found
that aminopeptidase Ey was able to degrade a chemo-
tactic peptide, N-formyl-methionyl-leucyl-phenylala-
nine (fMet-Leu-Phe) and released N-formyl-meth-
ionine, leucine and phenylalanine [31]. The peptide lost
its chemotactic activity toward human neutrophile after
incubation with aminopeptidase Ey [31].

We describe here the isolation and structural analysis
of the entire cDNA of apdE gene encoding aminopepti-
dase Ey from chicken egg yolk and compare the de-
duced amino acid sequence in aminopeptidase Ey with
those of aminopeptidases N from human [22], pig [23],
rabbit [38] and rat [36].

2. Materials and methods

All chemicals used were of analytical grade and
readily available from commercial sources. Restriction
endonucleases, alkaline phosphatase, T4 polynucleotide
kinase and Taq DNA polymerase were purchased from
Takara Shuzo (Kyoto, Japan) and T4 DNA ligase was
from Gibco (Gaithersberg, MD). Plasmids pUC119 and
pBluescript II SK- were purchased from Takara Shuzo
(Kyoto, Japan) and Toyobo (Tokyo, Japan), respec-
tively. Chicken (female, adult) liver cDNA library pack-
aged in lgt10 was purchased from Toyobo (Tokyo,
Japan). Chicken (female, 40 days) cDNA library pack-
aged in lZAP II was a gift from Professor S. Mizuno
(Faculty of Agriculture, Tohoku University).

2.1. Partial amino acid sequences of aminopeptidase Ey

Aminopeptidase Ey was purified as described before
[10]; 1 mg of purified aminopeptidase Ey was dissolved
in 300 m l of 0.5 M Tris–HCl, 8 M urea, and 10 mM
EDTA (pH 8.5). Then 100 m l of 1 M dithiothreitol was
added to the enzyme solution and it was incubated at
room temperature under N2. It was incubated overnight
after adding 2 m l of 4-vinyl pyridine to the mixture. The
reaction mixture was dialyzed against 0.5 M Tris–HCl
buffer (pH 8.5) containing 2 mM EDTA and then
against H2O. After dialysis, the sample was lyophilized.

The S-pyridylethylated aminopeptidase Ey was dis-
solved with 60 m l of 0.1 M Tris–HCl (pH 9.0), contain-
ing 8 M urea and 2 mM EDTA, and it was left for 2 h
at room temperature before adding 60 m l of 8.33 mg/ml
lysylendopeptidase (Wako, Osaka, Japan). Then the
mixture was incubated at 30°C for 24 h. The reaction
mixture was applied to a reverse-phase column Shodex
RSpak RP18-415 (f 4.6×150 mm) equipped with a
Hitachi model L-6200 delivery system. The amino acid
sequence of the purified fragment was carried out with
Applied Biosystem 473A protein sequencer. Prepara-
tion of a C-terminus containing peptide was carried out
as described by Kumazaki et al. [11].

2.2. Screening of aminopeptidase Ey cDNA, apdE

A partial clone of aminopeptidase Ey cDNA was
obtained from chicken (female, adult) liver cDNA li-
brary packaged in lgt10 (Toyobo CLCL 1018a) with
polymerase chain reaction (PCR). Two oligonucleo-
tide primers were designed, the sense primer based
on the amino acid sequence, 306Glu–Gly–Gln–Gly–
Glu–Tyr–312Ala, of lysylendopeptidic peptide of
aminopeptidase Ey (rabbit aminopeptidase N number-
ing), [5%-GA(A/G)GG(T/C/A/G)CA(A/G)GG(T/C/A/
G)GA(A/G)TA(T/C)GC-3%] and antisense primer
based on the sequence of 344Asp–Phe–Asn–Ala–
Gly–Ala–Met–351Glu (rabbit aminopeptidase N num-
bering) [5%-TCCAT(T/C/A/G)GC(T/C/A/G)CC(T/C/
A/G)GC(A/G)TT(A/G)AA(A/G)TC-3%]. Using a
DNA thermalcycler (Perkin–Elmer Cetue), 35 cycles
of amplification were carried out with a step program
consisting of 95°C for 30 s, 48°C for 60 s, and 72°C
for 90 s. In the final cycle, 72°C extension time was
increased to 7 min. A PCR fragment of 135 bp was
obtained. Further screening of 2×105 plaques of the
cDNA library with the obtained PCR fragment as the
probe led to the isolation of one positive plaque. A
cDNA fragment of 1260 bp was obtained. Subse-
quently, screening of 3.6×105 plaques of chicken (fe-
male, 40 days) liver cDNA library packaged in lZAP
II led to the isolation of six positive clones. Plaque
hybridization was carried out [3]. The positive clones
were subcloned into pBluescript SK−. The inserts
were 3.5 kb. Both strands were sequenced using Taq
dye primer sequencing kit and Applied Biosystem
DNA sequencer 373A (Perkin–Elmer, Urayasu,
Chiba, Japan).

3. Results

3.1. Partial amino acid sequences of aminopeptidase Ey

Seven lysylendopeptidase-digested peptides were ob-
tained and sequenced. We obtained a total of approxi-

2 S1, S2, S3, etc. and S1%, S2%, S3%, etc., corresponding subsites of
the peptidase; P1, P2, P3, etc. and P1%, P2%, P3%, etc., amino acid
residues of substrate on the amino-terminal and carboxyl-terminal
sides of scissile peptide bond, respectively [27].
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Fig. 1. Nucleotide sequence of the cDNA of aminopeptidase Ey gene, apdE, and deduced amino acid sequence of aminopeptidase Ey from
chicken’s egg yolk. Identical amino acid sequences obtained by lysylendopeptidase digestion were underlined. Open circles (�) identify the His
and Glu residues corresponding to the zinc ligands motif in aminopeptidase N from rabbit [38]. Regular box (
) enclose Glu residue identical
to the catalytic site corresponding to aminopeptidase N from rabbit [38].
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Fig. 2.
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mately 150 residues of amino acid sequences, including
a short zinc binding consensus sequence motif, His–
Glu–Xaa–Xaa–His. Analysis of C-terminal peptide
showed that Glu–Val–Val–His–Ala–Trp–Phe–Arg–
Ala–Glu–Thr–Ala–Ser was obtained. These results
indicate the seven peptides underlined in Fig. 1.

3.2. Cloning and sequencing of aminopeptidase Ey
cDNA, apdE

Analysis of the 3196-bp nucleotide sequence of the
cDNA revealed a single open reading frame of 2901
nucleotides, starting at the first ATG codon located at
25 nucleotides from 5%-terminal end of the clone and
ending with a TAG stop codon. The 3% untranslated
region is 268 nucleotides long and contains a canonical
polyadenylation signal (AATAAA) 12 nucleotides up-
stream of the poly A tail. We designated the gene as
apdE. The predicted amino acid sequence of aminopep-
tidase Ey cDNA, apdE, contains 967 amino acids (Fig.
1). The calculated relative molecular mass of aminopep-
tidase Ey encoded by the cDNA sequence was 108,669.
A survey of the EMBL protein database revealed that
the highest degree of identity of aminopeptidase Ey
amino acid sequence from chicken egg yolk occurred
with aminopeptidases N from human intestine [22],
porcine renal brush-border membrane [23], rabbit kid-
ney [38], and rat kidney [16,36]. A detailed comparison
of the predicted amino acid sequence of aminopeptidase
Ey with human aminopeptidase N and the other
aminopeptidases N is shown in Fig. 2. The amino acid
sequence of aminopeptidase Ey exhibits an identity of
66% with that of human intestinal aminopeptidase N
[22], 65% with pig kidney aminopeptidase N [23], 64%
with rabbit kidney aminopeptidase N [38], and 63%
with rat aminopeptidase N [36], respectively. Glutamyl
aminopeptidases (aminopeptidases A; EC 3.4.11.7)
[13,37] showed only 34% of identity with aminopepti-
dase Ey.

4. Discussion

Although aminopeptidase Ey was purified from
chicken egg yolk, it was observed by Western blot
analysis that the large amount of aminopeptidase Ey
was located in chicken liver (data not shown). The
cDNA of aminopeptidase Ey, apdE, was obtained from
chicken liver cDNA library. As the determined amino

acid sequences of the lysylendopeptidic peptides and
C-terminal peptide of aminopeptidase Ey purified from
the chicken egg yolk coincided with the deduced amino
acid sequence from apdE and cDNA of aminopeptidase
Ey from chicken liver. It affirmed that apdE encoded
aminopeptidase Ey. It indicated that the aminopepti-
dase Ey was expressed in both egg yolk and chicken
liver. Human aminopeptidase N is also expressed in a
variety of viscera [14,18,21,22,26,39].

The deduced amino acid sequence of aminopeptidase
Ey was similar to that of aminopeptidases N from
mammals. The amino acid sequence of aminopeptidase
Ey showed identities of about 63–66% with those of
other aminopeptidases N from mammals, but the
aminopeptidases N from human, pig, rabbit and rat
showed higher identities (77–79%) to each other. We
conclude that aminopeptidase Ey represents chicken
aminopeptidase N. Aminopeptidase N type had not
been previously described in birds. This is the first
report of the cloning and sequencing of aminopeptidase
N from chicken liver. Recently, cDNA of chicken
aminopeptidase H from liver was cloned and sequenced
[1], but aminopeptidase H and aminopeptidase Ey do
not resemble each other.

Aminopeptidase Ey sequence, as well as mammalian
aminopeptidase N, contains the consensus amino acid
sequence, His–Glu–Xaa–Xbb–His--//--Glu, character-
istic of metallopeptidase. Two histidine residues at 386
and 390, and Glu409 are considered to comprise the zinc
binding site, and Glu387 corresponds to active center
amino acid [34]. According to Hooper’s classification
[8], the aminopeptidase Ey, defined by the arrangement
of the His–Glu–Xaa–Xbb–His motif and a glutamate
as the third ligand, can be classified as a gluzincin. The
gluzincins include thermolysin (EC 3.4.24.27), endopep-
tidase 24.11 (EC 3.4.24.11), aminopeptidase N (EC
3.4.11.2), angiotensin I converting enzyme (EC
3.4.15.1), endopeptidase 24.15, and tetanus and
botulinum neurotoxin families.

The first 39 amino acid residues from amino terminus
of aminopeptidase Ey and aminopeptidases N are con-
served. Using the method of Kyte and Doolittle [12],
the hydrophobicity plots of aminopeptidase Ey and
aminopeptidase N from rabbit are shown in Fig. 3. A
hydrophobic region at amino acid position 9–32 is
found in each aminopeptidase. It has been reported
that the hydrophobic region of aminopeptidase N from
mammals forms the anchor to the membrane, the re-
gion of amino acid position 2–8 is in cytoplasmic space

Fig. 2. Comparison of amino acid sequences of aminopeptidase Ey, aminopeptidases N from human [22], pig [23], rabbit [38] and rat [36], and
aminopeptidase A from human [13] and mouse [37]. Ey, N (human), N (pig), N (rabbit), N (rat), A (human) and A (mouse) indicate
aminopeptidase Ey, human intestinal aminopeptidase N, pig kidney aminopeptidase N, rabbit kidney aminopeptidase N, rat kidney aminopepti-
dase N, human aminopeptidase A and rat aminopeptidase A, respectively. Boxes enclose residues identical to the corresponding aminopeptidase
Ey. Triangles (�) identify the His and Glu residues corresponding to zinc ligands motif in aminopeptidase N from rabbit [38]. Circle (�) shows
Glu residues identical to the catalytic site corresponding to aminopeptidase N from rabbit [38].
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Fig. 3. Hydrophobicity plots of aminopeptidase Ey and rabbit aminopeptidase N. A, aminopeptidase Ey; B, aminopeptidase N from rabbit
kidney.

[36,38], and carboxy terminal regions of the mam-
malian enzyme containing the aminopeptidase active
site signifies the ectodomain. From the results of simi-
larity of hydropathy plot and sequence homology,
aminopeptidase Ey can also be assumed to be a mem-
brane protein, but about 95% of the total aminopepti-
dase Ey activity was found in egg yolk plasma fraction
in a soluble form [10]. Many aminopeptidases N are
located on the membrane surface, but some of the
enzymes occur as the soluble form. Human bile, for
instance, contains a soluble form of aminopeptidase N.
It is thought that the enzyme is probably released from
the biliary canalicular membrane by the detergent activ-
ity of bile salts and may be one factor promoting
cholesterol crystallization in the gallbladder [21]. Intes-
tinal aminopeptidases N are found as various isoforms.
They are fragmented by limited proteolysis with trypsin
[4]. The tryptic cleavage site of the enzyme is N-termi-
nal hydrophobic–hydrophilic junction between 39Lys
and 40Asn [6]. Aminopeptidase Ey is also thought to be
cleaved at the same position as the 39Lys–40Ser bond by
an unknown trypsin-like enzyme in egg yolk, and the
enzyme might be released from membrane. The follow-
ing region at amino acid position 40–69 of aminopepti-
dase Ey is not homologous to that of aminopeptidases
N, but these region are Ser- and Thr-rich in both
enzymes. Ser- and Thr-rich domains tend to be O-gly-
cosylated [7]. In a present work, amino terminal amino
acid sequence of aminopeptidase Ey could not be deter-
mined, probably due to limited digestion caused by
continuous O-glycosylated Ser/Thr.

There are 16 N-link glycosylation sites in the deduced
amino acid sequence of aminopeptidase Ey. Tanaka et

al. reported the relative molecular mass of the purified
subunit of the enzyme as 150 k and the enzyme con-
tained 14% of carbohydrate including GlcNAc, Gal-
NAc, hexose and sialic acid, and one-third of it (4.8%
of the relative molecular mass) was occupied with sialic
acid [29]. Purified aminopeptidase Ey has an isoelectric
point of 2.8 [29]. After treatment with sialidase, the
enzyme shows a sharp band at pI 4.4. As the calculated
relative molecular mass of aminopeptidase Ey is
108,669, about 40 kDa of carbohydrate must be linked
to the enzyme. This is reminiscent of the human
aminopeptidase N which has a deduced molecular mass
of aminopeptidase N of 109,542 Da, but the molecular
mass of the purified subunit of the enzyme is 150 kDa.
The isoelectric point of human aminopeptidase N is 4.7
[28]. Obviously, the human enzyme is also modified
with carbohydrates, but the human enzyme may not
contain sialic acid.

Mammalian aminopeptidase N is a widespread mem-
brane-binding protein. It is also known as CD13 mem-
brane-surface glycoprotein [14,35]. It plays various
roles in vivo. Aminopeptidase N in the human placenta
may be to desensitize the action of immunomodulating
peptides as well as vasoactive and neuropeptide hor-
mones, and to control both immunology and en-
docrinology of pregnancy [18]. Rat brain aminopepti-
dase N is involved in the degradation of regulatory
peptides including enkephalins [15]. Cell-surface
aminopeptidase N of murine and human metastatic
tumor cells may be partly involved in the activation
mechanism for type-IV collagenolysis to achieve tumor-
cell invasion [26]. Aminopeptidase N of human and
porcine is a receptor for coronaviruses, during viral
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infection. [5,39]. Mammalian intestinal brush-border
membrane aminopeptidase N hydrolyzes oligomeric
peptides for digestion and transports the resultant free
amino acids [2,20,25]. As there are few reports about
avian aminopeptidase N, the role of aminopeptidase Ey
in egg yolk is uncertain. Aminopeptidase Ey may par-
ticipate in the maturation and/or degradation of pep-
tidic hormones concerned with ontogenesis, as
mammalian placental aminopeptidase N and brain
aminopeptidase N are concerned with the control of the
level of peptide hormones. Possibly, aminopeptidase Ey
may degrade the oligomeric peptides derived from the
storage proteins for supplying amino acids to embryo,
as the role of intestinal aminopeptidase N is the diges-
tion of oligopeptides and the absorption of resultant
amino acids.
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