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In the current study, we report the cloning and initial characterization of a novel human
cytosolic aminopeptidase named adipocyte-derived leucine aminopeptidase (A-LAP). The
sequence encodes a 941-amino acid protein with significant homology (43%) to placental
leucine aminopeptidase (P-LAP)/oxytocinase. The predicted A-LAP contains the HEX-
XH(X)18E consensus sequence, which is characteristic of the Ml family of zinc-metallopep-
tidases. Although the deduced sequence contains a hydrophobic region near the N-ter-
minus, the enzyme localized mainly in cytoplasm when expressed in COS-7 cells. Northern
blot analysis revealed that A-LAP was expressed in all the tissues tested, some of which
expressed at least three forms of mRNA, suggesting that the regulation of the gene
expression is complex. When aminopeptidase activity of A-LAP was measured with
various synthetic substrates, the enzyme revealed a preference for leucine, establishing
that A-LAP is a novel leucine aminopeptidase with restricted substrate specificity. The
identification of A-LAP, which reveals strong homology to P-LAP, might lead to the
definition of a new subfamily of zinc-containing aminopeptidases belonging to the Ml
family of metallopeptidases.

Key words: aminopeptidase, COS-7 cells, expressed sequence tags, metallopeptidase,
molecular cloning.

Aminopeptidases hydrolyze N- terminal amino acids of
protein or peptide substrates. They are distributed widely
in animal and plant tissues as well as in bacteria and fungi,
suggesting that they play important roles in various biologi-
cal processes. They are essential for protein maturation,
the activation, modulation, and degradation of bioactive
peptides, and the determination of protein stability (1). In
addition, some aminopeptidases function as differentiation
antigens and control cell proliferation and/or differentia-
tion (2-5).

In our previous work, we cloned human placental leucine
aminopeptidase (P-LAP)/oxytocinase [EC3.4.11.3], which
is known to increase in maternal serum during pregnancy
(6). Since P-LAP degraded such peptide hormones as
oxytocin and vasopressin, whose increase might have a
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significant effect on the uterine tonus and uteroplacental
blood flow, the enzyme is believed to play a crucial role in
the maintenance of pregnancy (7, 8). Structural analysis
revealed that the enzyme is a type II membrane-spanning
protein belonging to the Ml family of zinc-metallopep-
tidases, which share the consensus HEXXH(X)i8E motif
essential for the enzymatic activity. It is now clear that this
growing family of mammalian zinc-containing aminopep-
tidases includes membrane-bound (3, 9, 10), cytosolic (11-
13), and secretory proteins (15, 16). However, the bio-
logical significance of these aminopeptidases is still largely
unclear.

To identify an additional enzyme belonging to this
family, we have searched the expressed sequence tag (EST)
database and cloned a novel protein that revealed signifi-
cant homology to P-LAP. In this report, we describe the
sequence and initial characterization of this novel protein
termed A-LAP. Our results indicate that A-LAP is indeed
an enzyme with aminopeptidase activity and preferentially
cleaves the leucine residue of synthetic substrates. We also
found by Northern blot analysis that transcripts of A-LAP
were expressed in several tissues, some of which expressed
at least three different sized mRNAs, suggesting that the
regulation of the gene expression is complex.

EXPERIMENTAL PROCEDURES

Cloning and Sequencing of the Human A-LAP cDNA—
The partial nucleotide sequences of cDNA encoding pep-
tides with homology to P-LAP/oxytocinase were found in
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the EST database of GenBank by use of the TBLASTN
program. The 213-base pair fragment from the EST clone
77569 (GenBank accession number T27536) was used as a
probe to screen a human white adipose tissue cDNA library
(Clontech). Agtll bacteriophages were plated at a density
of approximately 2 X 104 plaque forming units/100-mm
plate. They were transferred to a nylon membrane (Bio-
dyne B, Pall), then hybridized using 32P-labeled probe as
described (17). DNA sequence was determined by the
method of Sanger et al. (18) using a Taq dye terminator
cycle sequencing kit and an Applied Biosystems model 377
DNA sequencer.

Expression of A-LAP in COS-7 Cells—The blunted
EcoBl fragment of the human A-LAP1 cDNA was sub-
cloned into the Smal site of pSVL (Amersham-Pharmacia)
(pSVL/A-LAPl). For transfection experiments, COS-7
cells were grown to confluency in Dulbecco's modified
Eagle's medium containing 10% fetal calf serum. Then
2.5 X10" cells per 100-mm dish were transfected with 20
H% of pSVL or pSVL/A-LAPl mixed with 80//g of
DOSPER (Boehringer Mannheim). Following transfection,
the cells were incubated in culture medium for 72 h and
collected for the aminopeptidase assay.

Northern Blot Analysis—Human Multiple Tissue North-
ern Blot was obtained from Clontech. The filter-bound
mRNA was hybridized with the 32P-labeled probes by use of
ExpressHyb hybridization solution (Clontech) according to
the instruction manual.

Preparation of Antibody—Synthetic peptide correspond-
ing to the C-tenninal 14 amino acids of A-LAP1 including
cysteine linker (Le. CKIRVWLQSEKLERM) was coupled
to keyhole limpet hemocyanin according to the method
described previously (19) and injected into rabbits for
antibody production following standard procedures. Name-
ly, the conjugate mixed with Freund's complete adjuvant
was injected intraperitoneally (500 ^g of peptide), followed
by three every week injection of the conjugate (250 /xg of
peptide) with Freund's complete adjuvant.

Western Blot Analysis—The test samples were separat-
ed by SDS-PAGE on an 8% separating gel and transferred
to polyvinylidene difluoride (PVDF) membranes (Fluoro-
trans, Pall). The membranes were blocked with Tris-HCl
buffered saline (TBS), pH 7.4, containing 5% skim milk for
1 h at room temperature, then incubated in TBS containing
5% skim milk, 0.05% Tween 20 (T-TBS), and anti-A-LAP
serum diluted to 1/1,000 for 2 h at room temperature. The
filter was washed four times with T-TBS and incubated for
1 h with horseradish peroxidase-conjugated goat anti-rab-
bit IgG polyclonal antibody (Promega), diluted to 1/5,000
in TBS containing 5% skim milk. After washing the filter
three times with T-TBS, the blots were detected by an
enhanced chemiluminescence method using an ECL plus
Western blotting detection kit obtained from Amersham-
Pharmacia. The results were visualized by fluorography
using RX-U Fuji medical X-ray film.

Aminopeptidase Activity Assay—Transfected COS-7
cells were washed twice with PBS, and then loosened by
scraping with rubber policeman. Cells were collected by at
centrifugation 500 X g for 5 min and suspended in 2 ml of
50 mM Tris-HCl, pH 7.5. To obtain cell-free extracts, the
cells were lysed at 4*C in a Dounce-homogenizer and
centrifuged for 10 min at 2,000 Xg to remove nuclei and
cell debris. The resulting lysate was centrifuged for 30 min

at 100,000 X g at 4°C. Supernatant containing 1 mg of
protein was collected and subjected to immunoprecipitation
with C15 anti-A-LAPl antibody. After mixing with C15
antibody bound to protein A-Sepharose (Amersham-Phar-
macia) for 2 h at 4'C, the reaction mixture was centrifuged
for 1 min at 15,000 x g at 4'C and washed five times in 50
mM Tris-HCl buffer pH7.5. The precipitate was then
suspended in 10 ml of the same buffer.

Aminopeptidase activity was determined with a fluoro-
genic substrate, aminoacyl-4-methylcoumaryl-7-amide (amino-
acyl-MCA) as substrate (20, 21). In brief, the reaction
mixture containing 25 /*M aminoacyl-MCA and enzyme
preparation (250 /xl) in 0.5 ml of 25 mM Tris-HCl buffer
(pH 7.5) was incubated at 37'C for 15 min. The reaction
was terminated by adding 2.5 ml of 0.1 M sodium acetate
buffer (pH4.3) containing 0.1 M sodium monochloroace-
tate. The released 7-amino-4-methylcoumarin (AMC) was
measured by use of a spectrofluorophotometer (Hitachi
F-2000) at an excitation wavelength of 370 nm and an
emission wavelength of 460 nm.

Materials—S-Benzyl-Cys-, Asp-, and Gly-MCAs were
purchased from BACHEM AG (Switzerland). Arg-, Lys-,
Ala-, Leu-, Phe-, and Met-MCAs were from Peptide
Institute (Osaka). Inhibitors were obtained from Sigma,
except for leupeptin and pepstatin, which were from
Peptide Institute.

RESULTS AND DISCUSSION

Molecular Cloning and Sequencing of cDNA for A-
LAP—To identify sequences similar to the human P-LAP/
oxytocinase gene, we searched public databases of express-
ed sequence tags (ESTs). Three ESTs (76446, 77568, and
77569) derived from human white adipose tissue were
shown to encode novel peptides with significant amino acid
homology to P-LAP. A full-length clone was isolated from
a human adipose tissue cDNA library. Sequence analysis of
the cDNA demonstrated that the three clones represent
fragments of the same gene. Since the protein encoded by
the cDNA was first identified in ESTs derived from adipose
tissue cDNA library, we have termed it adipocyte-derived
leucine aminopeptidase (A-LAP).

Figure 1 shows the nucleotide sequence and the deduced
amino acid sequence of the cDNA. The cDNA contains a 3'
poly(A) tail preceded by a poly(A) signal 16 nucleotides
upstream and an open reading frame of 2,823 base pairs,
ending with a TAA stop codon at nucleotides 2824-2826.
The first ATG triplet (starting at nucleotide 1) was consid-
ered to be the initiation codon of the protein translation
since the nucleotide sequence flanking it (AAGATGG)
matches Kozak's rule for translational initiation consensus
sequence (22) and the 5'-untranslated region contains an
in-frame stop codon preceding this putative initiator
methionine codon.

The predicted translation product of the A-LAP cDNA
encodes a protein of 941 amino acids (including the initiator
methionine) with a calculated molecular weight (Mr) of
106,893.26, which corresponds to the MT of recombinant
human A-LAP protein estimated by SDS-PAGE (see
below) and contains five potential iV-glycosylation sites.
Hydropathy analysis using the Kyte and Doolittle algo-
rithm (23) showed that the enzyme carries a significantly
hydrophobic region near the N-terminus (ProB-Ser27),
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- 6 2 GGTGGl«XX3GCOGCGCA?U3GGTGSGG(XX»XXXAGAACCCCAGGTAGGTAGflGCAAGAAG - 1

1 ATGGIX?lTTCTGCCCXrTOlAAT«3TCCCTircAATCATG^^ 90
1 M V F L P L K W S L A I M S F L L S S L L A L L T V R T P S 30

91 TGGlrjia^GAGCACTGAAGCATCTCCAAAACGrTAGTGATGGGACACCATTTCCTIW^ 180
31 W C Q S T E A S P K R S D G T P F P W N K I R L P E Y V I P 60

181 GTTCATTATGATCTCTTGATCCATGCAAACCTTACCACGCTG^O^ 270
61 V H Y D L L I H A ® L T T L T F W G T T K V E I T A S Q P T 90

271 AGCACCATCATCCTGCATAGrrcACCACCTGCAGATATCTAG3GCCAC^ 360
91 S T I I L H S H H L Q I S R A T L R K G A G E R L S E E P L 120

361 CAGGTCCTGGAACACCCCCCTCAGGAGCAAATTCCACTGCTG^ 450
121 Q V L E H P P Q E Q I A L L A P E P L L V G L P Y T V V I H 150
451 TATGCTGGCAATCTTTCGGAGACTTTCCACGGATITTACAAAJ^CACCTACAG 540
151 Y A G © L S E T F H G F Y K S T Y R T K E G E L R I L A S T 180
541 CAATTTGAACCCACTGCWXrrAGAATGGCCTTTCCCTSCTTTGATGAACOT 630
181 Q F E P T A A R M A F P C F D E P A F K A S F S I K I R R E 210
631 CCAAGGCACCTAGCCATCTCCAATATGCCATTGGTGAAATCTGTGACTCTT^^ 720
211 P R H L A I S N M P L V K S V T V A E G L I E D H F D V T V 240
7 2 1 AAGATGAGCACCTATCTOGTGGCCTTCATCATTTCAGArTITGAGTCT^^ 810
2 4 1 K M S T Y L V A F I I S D F E S V S K I T K S G V K V S V Y 270
811 GCTGTGCCAGACAAGATAAATCAAGCAGATTATGCACTGGATGCTGCGGTGA^ 900
271 A V P D K I N Q A D Y A L D A A V T L L E F Y E D Y F S I P 300
901 TATCCXXTACCCAAACAAGATCTTGOTXTTATIXXCGACTT^ 990
301 Y P L P K Q D L A A I P D F Q S G A M E N W G L T T Y R E S 330
991 GCTWiTiVlTl^TGCAGAAAAGTCTTCTGCATCAAgrAAGCTTGGC^^ 1080
3 3 1 A L L F D A E K S S A S S K L G I T M T V A | H E L A H I Q W F 360

1081 GGGAACCROGTCACTATGGAATGGTGGAATGATCTTIOSCTAAATGAAG^ 1170
361 G N L V T M E W W N D L W L N [ E ] G F A K F M E F V S V S V T 390

1171 CATCCTGAACTGAAAGrrTCGAGArrATITCTITOGCAAATGTTr^ 1260
391 H P E L K V G D Y F F G K C F D A M E V D A L ® S S H P V S 420

1261 ACACCTGTGGAAAATCCTGCTCAGATCCGGGAGATGTTTGATGATITriTCTrATGATA 1350
4 2 1 T P V E N P A Q I R E M F D D V S Y D K G A C I L N M L R E 450

4 5 1 Y L S A D A F K S G I V Q Y L Q K H S Y K N T K N E D L W D 480
1441 AGTATGGCAAGTATTTGCCCTACAGATGGTGTAAAAGGGATCGATGGCTTTTGCTCT^ 1530

4 8 1 S M A S I C P T D G V K G M D G F C S R S Q H S S S S S H W 510
1531 CATCAGGAAGGGGTGGATGTGAAAACCATGATGAACACTTGGACACTGCAGAAGGG^^ 1620

511 H Q E G V D V K T M M N T W T L Q K G F P L I T I T V R G R 540
1621 AATGTACACATGAAGCAASAGCACTACATGAAGGGCTCTGACQGC^^ 1710

541 N V H M K Q E H Y M K G S D G A P D T G Y L W H V P L T F I 570
1711 ACCAGCAAATCCGACATGGTCCATCGATTTTTCXn'AAAAACAAAAACAS^^ 1800

571 T S K S D M V H R F L L K T K T D V L I L P E E V E W I K F 600
1801 AATGTGGGCATGAATGGCTATrACATTGTGCATTACGAGGATGATGGATGGGACTCT^ 1890

601 N V G M N G Y Y I V H Y E D D G W D S L T G L L K G T H T A 630
1891 GTCWCAGTAATGATCGGGCGAGTCTCArTAACAATKXATTTCAGC^^ 1980

631 V S S N D R A S L I N N A F Q L V S I G K L S I E K A L D L 660
1981 TCCCTGTACTTGAAACATGAAACTGAAATTATGCCCGTGTITCAAGGTTTGAATGA^^ 2070

661 S L Y L K H E T E I M P V F Q G L N E L I P M Y K L M E K R 690

691 D M N E V E T Q F K A F L I R L L R D L I D K Q T W T D E G 720
2161 TCAGTCTCAGAGCGAATGCTGCGGAGTCAACTACTACTCCTCGCCKniST^^ 2250

721 S V S E R M L R S Q L L L L A C V H N Y Q P C V Q R A E G Y 750
2251 TTCAGAAAGTGGAAGGAATCCAATGGAAACTTGAGCCTGCCTGTCGACGTGACC^^ 2340

751 F R K W K E S N G ® L S L P V D V T L A V F A V G A Q S T E 780
2 3 4 1 GGCTGGGAriTTCTTTATACTAAATATCAGTTTTCTTTGTCCAGTACT^^ 2430

7 8 1 G W D F L Y S K Y Q F ' S L S S T E K S Q I E F A L C R T Q N 810
2431 AAGGAAAAGCTTCAATGGCTACTAGATGAAAGCTTTAAGGGAGATAAAATAAAAA^ 2520

811 K E K L Q W L L D E S F K G D K I K T Q E F P Q I L T L I G 840
2521 AGGAACCC^STAGGATACCCACTGGCCTGGCAATITCTGAGGAAAAACTGGAACAAACTTGTA^ 2610

841 R N P V G Y P L A W Q F L R K N W N K L V Q K F E L G S S S 870
2611 ATAGCCCACATGGTAATGGGTACAACAAATCAATTCTCCACAAGAACACGGCTreAAGAGGTAAAAGGATK^^ 2 7 0 0

871 I A H M V M G T T N Q F S T R T R L E E V K G F F S S L K E 900
2701 AATGGTTCTCAGCTCCGTroTGTCCAACAGACAATTGAAACCATTGAAGAAAACAT^^ 2790

901 ( g j G S Q L R C V Q Q T I E T I E E N I G W M D K N F D K I R 930
2 7 9 1 GTGTGGCTGCAAAGTGAAAAGCTTGAACGTATGTAAAAATrCCTCCCTI^^ 2880

931 _ Y . . V t _Ii . _Q_ _S_ E _ g _ t - S . _R. _M. * 941

2 8 8 1 TCTATTTTCAAACTAGAGATGGCTGTTTTGGCTCCAACTGGAGAT 2970
2971 ATAGCTGTrAGTTTTTCATGAATCGGCTTTTTCATGAATQGGCTATCGCTACCATGTWriTlUr 3060
3 0 6 1 AAACCOlAGTGTTGGGTrCCCTGCCACAGAAGAATAAAGTACCTTATTOTTC^ (A) n 3114

Fig. 1. Nucleotide sequence of the cDNA and the deduced lined, the potential glycosylation sites are circled, and the HEXXH
primary structure of A-LAP. Nucleotide residues are numbered consensus sequence and conserved glutamic acid are boxed. Dotted
from 5' to 3' with the first residue of the ATG codon encoding the lines represent the sequences of peptides recognized by C15 anti-
putative initiating methionine. The deduced amino acid sequence is A-LAP1 antibody. In the 3'-nontranslated region, the putative poly-
displayed below the nucleotide sequence as a one letter code starting adenylation signal is represented by a double Line,
from the methionine. The N-terminal hydrophobic region is under-

which could function as an internal signal peptide and a
membrane-spanning domain. However, the role of this

region is unclear at present since as shown below, recom-
binant A-LAP expressed in COS-7 cells was recovered
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Fig. 2. Alignment of A-LAP protein with other zinc-containing
aminopeptidases. The deduced amino acid sequence of A-LAP is
aligned with the sequences of human P-LAP (6), AP-A (4), AP-N (9),
PSA (12), LTA4H (14), and rat AP-B (25). Gaps are inserted into the

sequences for optimal alignment. Residues identical with A-LAP are
boxed. Asterisks indicate the essential residues for the hydrolytic
activity of the enzymes so far reported.
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Cloning of a Novel Aminopeptidase 935

mainly in the cytosolic fraction. It is possible that, under
certain conditions, translation is initiated preferentially at
the second methionine codon (Met13), which is flanked by a
Kozak consensus-like sequence. It was reported that puro-
mycin-sensitive aminopeptidase (PSA) might be translated
preferentially at the second methionine codon of the open
reading frame, resulting in the loss of signal peptide and the
cytosolic localization of the enzyme (5).

The deduced amino acid sequence contains a typical
consensus sequence of the zinc-metallopeptidase family
(24). Namely, there is an essential zinc binding site
(HEXXH) of the peptidase at amino acid residues 353-357
with a second glutamic acid separated by 18 amino acids
(25, 26). This motif is found in several reported aminopep-
tidases and allows the classification of the A-LAP in the Ml
family of metallopeptidases (27).

Search for Homologous Proteins —A computer search
revealed that the amino acid sequence of A-LAP has
apparent homology to other members of the M1 family of
zinc-containing aminopeptidases (Fig. 2). By using the
Clustal W program, P-LAP was identified as the most
closely related protein to A-LAP (43% identity at amino
acid level). The identity between these two enzymes

extends over their entire primary structures. Membrane-
bound aminopeptidases such as aminopeptidase A (AP-A)
and aminopeptidase N (AP-N) as well as PSA, a cytosolic
enzyme, showed lower but significant (29-30%) homology
to A-LAP. Other aminopeptidases such as leukotriene A,
hydrolase (LTA4H) and aminopeptidase B (AP-B) had
lower homology (13%) to A-LAP. The homology between
P-LAP and these enzymes is higher in the region surround-
ing the consensus zinc-binding motif and lower in the N-
and C-terminal regions of the enzymes. It should be noted
that both Tyr and Glu residues, which play important roles
in the hydrolytic activity of AP-A and AP-N, are conserved
in all aminopeptidases listed (Fig. 2, Tyr436 and Glu318 in the
A-LAP sequence) (28 30).

Northern Blot Analysis— The tissue distribution of A-
LAP was determined by Northern blot analysis using the
full length cDNA as a probe (Fig. 3). In spleen and ovary,
three forms of transcripts with sizes of 3.6, 5.1, and 5.6 kb
were clearly detected. The 3.6 kb transcript corresponded
in size to the cDNA shown in Fig. 1 (termed A-LAP1). In
other tissues except for brain, only the two smaller forms of
mRNA (i.e., 3.6 and 5.1 kb bands) were observed. In brain,
only the 5.1 kb band was detected under our experimental

&

&

kb
9.5
7.5

4.4

2.4 —

1.35 —
Fig. 3. Northern blot analysis of poly-
(A) RNA from various human tissues. A
human adult tissue Northern blot (Clontech)
was probed with "P-labeled cDNA as de-
scribed in "EXRERIMENTAL PROCE-
DURES." Arrows indicate the positions of
bands hybridized with the probe. Positions of
molecular size markers are indicated at left.
PBL: peripheral blood leukocyte.

A-LAP1 l ( A ) n

A-LAP2a £

A-LAP2b

LgDPEATATgJ

l ( A ) n

I (A)n

Fig. 4. Schematic representation of three
mRNAs encoding A-LAP. The boxes denote the
coding regions and thick lines represent untrans-
lated regions. Amino acid sequences of the C-
terminal ends different between A-LAP1 and
A-LAP2 are shown in the figure.
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conditions. Although the relative amount of mRNAs ex-
pressed in various tissues was not constant, their bands
were reproducibly detected, indicating that there are at
least three types of mRNA encoding A-LAP.

To obtain clones corresponding to 5.1 and 5.6 kb tran-
scripts, we re-screened the human adipocyte cDNA library
and isolated two new clones (termed A-LAP2a and A-
LAP2b) encoding a different amino acid sequence from
A-LAP1 (Fig. 4). Sequence analysis indicated that these
two clones encoded the same protein of 948 amino acids, 7
amino acids longer than A-LAP1. As shown in the figure,
the nucleotide sequences encoding the C-terminal amino
acid and 3'-noncoding regions were entirely different
between A-LAP1 and A-LAP2s, and the difference in
3'-noncoding region between A-LAP2a and A-LAP2b was
due to the differential usage of polyadenylation signals.
These results suggest that the A-LAP gene expression is
regulated in a complicated manner. Since A-LAP2a differ-
ed in size from the 5.1 and 5.6 kb transcripts, there might
be another transcript encoding A-LAP. For detailed analy-
sis, we are now trying to determine the genomic sequence
of the gene.

Expression and Subcellular Localization of A-LAP in
COS-7 Cells To determine the subcellular localization of
A-LAP, COS-7 cells transiently transfected with the
pSVL/A-LAPl or the control vector (pSVL) were lysed in
a Dounce-homogenizer and centrifuged for 1 h at 100,000 x
g to prepare membrane and soluble protein fractions.
A-LAP1 was then detected by Western blot analysis with
an antibody against the C-terminal 15 amino acid sequence
of the protein (termed C15). As expected from its calcu-
lated Mr, an immunoreactive protein of approximately 100
kDa was clearly detected in the lysate of COS-7 cells
transfected with the expression vector but not in that of
mock-transfected cells (Fig. 5, lanes 1 and 4). After cen-
trifugation, the bulk of A-LAP1 was found in the soluble
fraction with a minimal amount in the membrane fraction
(Fig. 5, lanes 5 and 6). These results indicate that, in COS-7

pSVL A-LAP 1

kDa T S P T S P

194 —

120 —

87— — m ^

64 —

52 —

39 —

1 2 3 ^ * R
Fig. 5 Localization of A-LAP expressed in COS-7 cells. COS 7
cells transiently transfected with A-LAP and mock-transfected cells
were lysed in a Dounce-homogenizer |T). The supernatant (S) and
membrane (P) fractions were collected as described in "EXPERI-
MENTAL PROCEDURES." and samples were subjected to 8% SDS-
PAGE followed by Western blot analysis using C15 anti A-LAP1
antibody. Positions of molecular size markers are indicated at left.

cells, A-LAPl is a soluble protein localized in cytosol. Be-
cause of the minimal structural difference between A-
LAP1 and 2, it is probable that A-LAP2 would also localize
in the cytosol if expressed in COS-7 cells. However,
considering the minimal detection of the A-LAPl protein in
the membrane fraction, we could not completely rule out
the possibility that, under certain conditions, A-LAP might
localize in the membrane fraction due to the differential
usage of translation start sites as discussed above. Unfortu-
nately, we cannot test this possibility at present because of
the low expression level of recombinant protein in COS-7
cells. It is noteworthy, however, that we recently found the
production of A-LAP protein in Jurkat cells. After purifica-
tion of these natural and/or recombinant proteins, we will
analyze the structural features of A-LAP protein in detail,
including its N-terminal end and oligomeric structure.

Aminopeptidase Activity of A -LAP Since A-LAP con-
tains the catalytic zinc binding motif HEXXH(X)18E in the
primary structure and shows homology to Ml family of
aminopeptidases, it is reasonable to speculate that A-LAP
is also an enzyme with aminopeptidase activity. However,
our initial trial to detect aminopeptidase activity in the
crude cell extracts of transfected COS-7 cells employing
Leu-MCA as a substrate was unsuccessful because extracts
prepared from the control cells also revealed substantial
activity. Therefore, lysates from COS-7 cells transfected
with pSVL/A-LAPl were incubated with C15 anti-A-
LAP1 antibody bound to protein A-Sepharose, and im-
munoprecipitates were assayed for the enzymatic activity.
As shown in Fig. 6, aminopeptidase activity against Leu-
MCA was detectable only in immunoprecipitates formed
using C15 antibody from pSVL/A-LAPl transfected COS-
7 cells but not from mock-transfected cells, establishing
that A-LAP is indeed an aminopeptidase belonging to the
Ml family of zinc-metallopeptidases.

We then measured the relative hydrolytic activity of the
enzyme toward various aminoacyl-MCAs. As shown in Fig.
7, depending on the nature of the aminoacyl residue,
aminopeptidase activity was detected in the immunopre-
cipitated extracts of transfected cells. Of the substrates
examined, Leu-MCA was most efficiently hydrolyzed,

1000

10

Time (min )

Fig. 6. Aminopeptidase activity of A-LAP using Leu-MCA as a
substrate. Molecules immunoprecipitated by C15 anti A-LAPl
antibody from equal amounts of cell lysate preparations of COS-7
cells transiently transfected with A-LAPl (•! or mock-transfected
cells ( I were assayed as described in "EXPERIMENTAL PROCE-
DURES."
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TABLE I. Effects of various inhibitors on A-LAP activity.

Leu Mat Ala Qly Cys Phe Asp Lyt Arg

Amlnoacyl-MCA

Fig. 7. Substrate specificity of the aminopeptidase activity of
A-LAP. Immunoprecipitates of A-LAP-transfected or mock-trans-
fected COS-7 cells were incubated with various aminoacyl-MCA
substrates to assess peptidase activity. Differences between A-LAP-
and mock-transfected COS-7 cell immunoprecipitates are presented
in the figure. Error bars indicate SE values from four individual
experiments.

followed by Met-MCA. Moderate activity was detected
toward Phe- and S-benzyl-Cys-MCA, but little activity
toward other aminoacyl-MCAs. These results clearly indi-
cate that A-LAP preferentially hydrolyzed Leu-MCA and
therefore should be considered a leucine aminopeptidase.
Moreover, compared with P-LAP, which hydrolyzed Leu-,
Arg-, and Lys-/?-naphthylamide efficiently (32), A-LAP
preferentially hydrolyzed Leu-MCA with little activity to
Arg- and Lys-MCAs, also indicating its restricted substrate
specificity.

To further characterize the enzymatic activity of A-LAP,
the aminopeptidase activity was measured in the presence
of various known inhibitors of proteolytic enzymes (Table
I). Aminopeptidase inhibitors such as bestatin and amas-
tatin at 100 /*M inhibited the enzymatic activity of A-LAP,
but puromycin, a PSA inhibitor, had little effect. Of the
chelating agents tested, 1,10-phenanthroline inhibited the
enzyme at concentrations between 10 and 100 /tM, but
EDTA had no effect up to 500 //M. E64 (cysteine protease
inhibitor), leupeptin (serine/cysteine protease inhibitor),
and pepstatin (aspartic acid protease inhibitor) had no
inhibitory effect at 100 //M. A-LAP was found to be highly
sensitive to zinc ions: as little as 10 //M ZnCl2 decreased the
enzymatic activity to 45% and at higher concentrations no
residual activity was detected. We concluded that the
overall inhibitor profile of A-LAP is consistent with those of
aminopeptidases hitherto characterized (5, 11, 32, 33).

In this study, by searching the EST database, we have
identified a novel aminopeptidase belonging to the Ml
family of metallopeptidases, which we termed A-LAP.
When the amino acid sequences of A-LAP and P-LAP were
aligned using a computer program to maximize matching,
striking homology (45% at the nucleotide level and 43% at
the amino acid level) extending over their entire primary
structures was observed, suggesting a possible evolution-
ary relationship between these two enzymes in spite of
their different subcellular localization. We suggest here
that they should be classified into an oxytocinase subfamily
of the zinc-metallopeptidases. In our preliminary results,

Inhibitor
None
Bestatin

Amastatin

Puromycin

1,10-Phenanthrolin

EDTA

ZnCl,
E64
Leupeptin
Pepstatin

Cone (jitA)

100
10

100
10

100
10

1,000
100
500

50
10

100
100
100

Residual activity (%)

100.0
37.4±0.9
85.7±2.0
15.9±0.3
74.4±1.3
91.7±1.0

107.4±2.8
21.6±0.4
72.6±0.1

110.3±0.8
109.3±1.5
45.7±1.1

108.3±2.8
105.1±0.3
116.8±0.6

we have obtained another sequence that shows striking
homology to both A-LAP and P-LAP.

Initial characterization revealed that A-LAP is a soluble
protein localized in the cytosolic fraction and that it
preferentially hydrolyzes Leu-MCA. Although elucidation
of its biological significance must await the discovery of
physiological substrates, it is noteworthy that Met-MCA
was a second preferential substrate for the enzyme, imply-
ing that the enzyme might play a role in the maturation of
proteins by removing the initiator methionine. In addition,
we speculate that since A-LAP has significant homology
(29-30%) to AP-A, AP-N, and PSA, it might share some
biological activity with these three enzymes. It was report-
ed that these three aminopeptidases participate in the
control of cell proliferation under certain experimental
conditions {11, 34, 35). The availability of cDNA and
recombinant protein will make it possible to characterize
this novel enzyme with respect to its biochemical prop-
erties and physiological and/or pathological functions in
detail.

We are grateful for The Division of Laboratory Animal Research,
RIKEN for the preparation of anti-A-LAP antibody.
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