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We purified dipeptidyl peptidase II (DPP II) to homogeneity from rat kidney and deter-
mined its physicochemical properties, including its molecular weight, substrate specific-
ity, and partial amino acid sequence. Furthermore, we screened a rat kidney cDNA
library, isolated the DPP II ¢cDNA and determined its structure. The cDNA was com-
posed of 1,720 base pairs of nucleotides, and 500 amino acid residues were predicted
from the coding region of cDNA. Human quiescent cell proline dipeptidase (QPP) cloned
from T-cells is a 58-kDa glycoprotein existing as a homodimer formed with a leucine zip-
per motif. The levels of amino acid homology were 92.8% (rat DPP II vs. mouse QPP) and
78.9% (rat DPP II vs. human QPP), while those of nucleotide homology were 93.5% (rat
DPP II vs. mouse QPP) and 79.4% (rat DPP II vs. human QPP). The predicted amino acid
sequences of rat DPP II and human and mouse QPP possess eight cysteine residues and
a leucine zipper motif at the same positions. The purified DPP II showed similar sub-
strate specificity and optimal pH to those of QPP. Consequently, it was thought that DPP
IT is identical to QPP. Northern blot analysis with rat DPP II ¢cDNA revealed prominent
expression of DPP II mRNA in the kidney, and the order for expression was kidney »
testis = heart > brain > lung > spleen > skeletal muscle = liver. In parallel with North-
ern blot analysis, the DPP II antigen was detected by immunchistochemical staining in
the cytosol of epithelial cells in the kidney, testis, uterus, and cerebrum.

Key words: cDNA and identification, dipeptidyl peptidase II (DPP II), quiescent cell pro-

line dipeptidase (QPP), rat kidney.

Dipeptidy] peptidases [EC 3.4.14.-] have been identified in
various mammalian tissues and categorized into at least
four distinct types (DPP I-1V) (1). Dipeptidyl peptidase II,
also known as dipeptidyl aminopeptidase IT (DPP II) [EC
3.4.14.2], preferentially releases dipeptide moieties (Xaa-
Ala- or Xaa-Pro-) at acidic pH (pH 4.5-6.0) from N-termini
of some oligopeptides or proteins (2, 3). This enzyme is
thought to be involved physiologically in the breakdown of
some oligopeptides or their fragments, such as substance P
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(Arg-Pro-Lys-Pro), casomorphin (Tyr-Pro-Phe-Pro-Gly-Pro-
Ie), and bradykinin fragment (Arg-Pro-Pro) and thyro-
liberin fragment (His-Pro-Val) (4).

DPP II was first identified in bovine anterior pituitary
extracts by McDonald et al. (2) and has also been identified
in a number of mammalian tissues, cells and body fluids
such as muscle (5), kidney (6-8), ovary (3), brain (4), lung
(9), macrophages (10), normal and malignant haemic cells
(11, 12), peritoneal mast cells (13), serum (I4), urogenital
system (15), and seminal plasma (16, 17, 22). As to its local-
ization in cells, although Mentlein and Struckhoff (4)
reported the presence of membrane-associated and soluble
types of DPP II, which have similar characteristics, in the
rat brain lysosomal fraction, DPP II is generally localized
in lysosomes (3, 6, 18). Enzymes that can cleave proline-
containing bonds include exopeptidases such as dipeptidyl
peptidase II, dipeptidyl peptidase IV (CD26/DPP 1IV), pro-
lylcarboxypeptidase (PCP, angiotensinase C), and quiescent
cell proline dipeptidase (QPP).

Human QPP, which was recently isolated and cloned
from human T cells (19, 20), is a 58-kDa glycoprotein exist-
ing as a homodimer formed with a leucine zipper motif
(21). As compared with the amino acid sequence of human
QPP and the N-terminal amino acid sequences of porcine
and human DPP IIs (20, 22), we found that the N-terminal
amino acid sequences of porcine seminal plasma DPP II (41
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amino acid residues) and rat kidney DPP II (50 amino acid
regidues) showed high homology (73.2 and 72%, respec-
tively) with that of human QPP.

Here, we report the purification and physiochemical
properties of DPP II from rat kidney and its localization as
determined by Northern blot analysis and immunohisto-
chemistry. We also describe the isolation and characteriza-
tion of a ¢cDNA coding for rat DPP II and show that the
amino acid sequence predicted from the rat cDNA is identi-
cal to that of human QPP.

MATERIALS AND METHODS

Materials—Kidneys were obtained from Albino rats of
the Wistar strain, which were kindly provided by Kiwa
Laboratory Animals (Misato) and stored at —30°C until
use. Fluorogenic peptide substrates such as Lys-Ala-, Gly-
Pro-, Gly-Gly-, Gly-Arg-, Ala-Arg- and Arg-Arg-MCAs, Ala-,
Pro-, Lys-, Gly-, Tyr-, Leu-, Phe- and Pyr-MCAs, and Suc-
Gly-Pro-, Suc-Gly-Pro-Leu-Gly-Pro-, z-Phe-Arg- and z-Arg-
Arg-MCAs were purchased from Peptide Institute (Osaka).
Ala-Pro-AFC and Ala-Ala-BNA were purchased from
Bachem Feinchemikalien AG (Bubendorf, Switzerland). Q-
Sepharose, Superdex HR 200, Resource Q, and Hybond-C
extra were purchased from Amersham (Buckinghamshire,
UK). Phenyl Cellulofine and Zinc-chelate Cellulofine were
purchased from Seikagaku. Matrex Gel Red A was pur-
chased from Amicon (Lexinton, MA, USA). Lys-Ala-4-meth-
oxy-2-naphthylamide and Fast Garnet GBC were also
purchased from Sigma Chemical (St. Louis, MO, USA). A
random primer DNA labeling kit was obtained from Takara
Shuzo (Otsu). A human liver ¢cDNA library, rat kidney
¢DNA library, rat multiple tissue Northern blot, and
ExpressHyb™ Hybridization Solution were purchased from
Clontech (Palo Alto, CA, USA). Histofine (SAB-Po kit) was
purchased from Nichirei (Tokyo). The TA-cloning vector
pCR2.1 was purchased from Invitrogen (Carlsbad, CA,
USA).

All other chemicals were of analytical grade.

¢DNA Cloning and Sequencing—To obtain a probe for
cDNA cloning, nested amplification was performed using
primers specific to human QPP. The primary amplification
mixture contained 1X polymerase chain reaction buffer, 0.2
wM dNTPs, 0.2 pM primer QF1 (5'-GCAGCGTCTGGAC-
CACTTCAAC-3') and 0.2 pM primer QR1 (5'-GTGGGGA-
TACTTCATCCTCAGG-3'), 0.5 ul of Pyrobest DNA poly-
merase and human liver Agtll ¢cDNA library amplified
according to the manufacturer’s instructions (Clontech,
Palo Alto, CA, USA ) as a template. A prominent band of
350 base pairs was excised, extracted from the gel, and TA-
cloned into pCR2.1. Several clones obtained were then
sequenced with an ABI PRISM cycle sequencing kit using a
PE Applied Biosystems DNA sequencer PRISM 310 (Foster
City, CA, USA). The nucleotide sequence of 360 base pairs
was confirmed to correspond to a fragment of human QPP
cDNA.

A 360-base-pair cDNA labeled using a random primer
DNA labeling kit was used as a probe for the screening of
the rat kidney ¢cDNA library. Several positive clones were
isolated and sequenced as described above using a PE
Applied Biosystems DNA sequencer PRISM 310.

Assay of Enzyme Activity—Enzyme activity was assayed
by fluorometrically measuring (excitation, 380 nm; emis-
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sion, 440 nm for MCA, excitation, 400 nm; emission, 505
nm for AFC, and excitation, 330 nm; emission, 415 nm for
BNA) the liberation of MCA, AFC and BNA at 37°C in a
mixture containing 10 ! of 10 mM substrate, 100 pl of 0.5
M sodium phosphate buffer, pH 6.0, 1-20 pl of enzyme
solution, and Milli Q water (18 m(}) in a total volume of 1
ml. After incubation for 30 min, 2 ml of 0.2 N acetic acid
was added to the mixture to terminate the reaction. One
unit of activity was defined as the amount of enzyme that
is capable of hydrolyzing 1 pmol of substrate per minute.
Protein was measured by absorbance at 280 nm in a 1-cm
light path, and 1 mg of protein was defined as the concen-
tration required to yield an absorbance of 1.0 (E%%. = 1.0).

Polyacrylamide Gel Electrophoresis—Samples were re-
solved by electrophoresis on 12.5% polyacrylamide slab gels
in 256 mM Tris, 192 mM glycine, pH 8.3, and 0.1% SDS by
the method of Laemmli (23). Proteins in the gel were
stained with Coomassie Brilliant Blue R-250. To detect
DPP II activity, 12.5% polyacrylamide gels in the absence of
SDS were also incubated at 37°C for 15 min in 100 mM
sodium phosphate buffer, pH 6.0, containing 1 mM Lys-Ala-
MNA, and then the gel was stained with 0.15% Fast Gar-
net GBC in 2.1 M sodium acetate buffer, pH 4.2 (24).

Determination of Molecular Weight—The apparent mole-
cular weight (M) of DPP II was determined by gel filtration
chromatography on a Superdex HR200 column (1.0 X 30
cm) equilibrated with 20 mM sodium phosphate-buffered
saline, pH 6.0, at a flow rate of 0.15 ml/min in an FPLC
gystem. The molecular weight of the purified DPP II was
calculated by comparison with the log M, for the standard
proteins, catalase (M, 232,000), albumin (M, 67,000), oval-
bumin (M, 43,000), chymotrypsinogen A (M, 25,000), and
ribonuclease (M, 13,700).

The molecular weight of the enzyme was determined by
Matrix-Assisted Laser Desorption Ionization Time-of-Flight
(MALDI-TOF) mass spectrometry using a Voyager™-RP,
PerSeptive Biosystems according to the manufacturer’s
instructions. Sinapinic acid (3,5-dimethoxy-4-hydroxy cin-
namic acid) was used as the matrix. The standard was
acquired using bovine serum albumin (M, 66,431) and its
divalent substance (M, 33,216).

N-Terminal Amino Acid Sequencing—Purified DPP O
(30 pg; ~550 pmol) was bound onto a Prospin membrane
(Applied Biosystem, Foster City, CA, USA), then sequenced
by automated Edman degradation using an Applied Biosys-
tems Model 473 Protein Sequencer equipped with an online
phenylthiochydantoin analyzer (Applied Biosystems 120A
analyzer).

Bromocyan Digestion—Purified DPP II (25 pg: ~450
pmol) was digested with bromocyan (10 mg/ml) in the pres-
ence of 70% formic acid and 20 mM B-ME for 24 h at room
temperature. After digestion, the reaction mixture was fro-
zen and dried. The digest was neutralized with 1 M Tris-
HC], then applied onto 15% SDS-PAGE. After electrophore-
sis, the fragments on the gel were blotted onto a PVDF
membrane. Each fragment transferred to the membrane
was cut out and sequenced using an Applied Biosystems
Model 473 Protein Sequencer.

Northen Blot Analysis—Rat multiple tissue Northern
blot was used to detect the distribution of rat DPP II tran-
scripts. Rat multiple tissue Northern blot contains 2 pg of
poly A* RNA from the heart, brain, spleen, lung, liver, skel-
etal muscle, kidney, and testis. Rat DPP II ¢cDNA was 3P-
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labeled and used as a probe. After pre-hybridization, the fil-
ter was hybridized in a ExpressHyb™ Hybridization Solu-
tion. The blot was washed to a final stringency of 0.1X
SSC/0.1% SDS at 68°C and exposed for 4 h to X-ray firm.

Antibody Preparation and Western Immunoblotting—
Anti-porcine DPP II rabbit IgG was purified by ammonium
sulfate fractionation (0—35% saturation) and DEAE-Sepha-
cel column chromatography (25) for immunochistochemistry.
Anti-porcine DPP II IgG was further purified by use of Pro-
tein G. The affinity-purified anti-porcine DPP I IgG was
also used for Western immunoblotting.

Immunohistochemistry—Most of the adult rat tissues,
including liver, kidney, lung, trachea, heart, aorta, spleen,
pancreas, muscle, cerebellum, cerebrum, thymus, thyroid
and adreal glands, testis, epididymis, seminal vesicle, pros-
tate, uterus, ovary and placenta, were obtained within 5
min of anesthetic death by diethyl ether. The tissue speci-
mens were fixed in 10% neutral buffered formalin to be
embedded in paraffin, and 5-pm-thick paraffin sections
were cut. Immunchistochemical staining of these tissue
sections was carried out as described previously (26).

Purification of DPP II from Rat Kidney—All purification
steps were conducted at 4°C unless otherwise specified. At
each step, the activity of DPP II was measured in 50 mM
sodium phosphate buffer, pH 6.0, using Lys-Ala-MCA.

Step 1. Homogenation: Normal rat kidney tissue (~ 400
g) was chopped into small pieces and homogenized with 4
volumes of cold 0.9% NaCl for 5 min using a Warring
blender. The homogenate was centrifuged at 12,000 Xg for
45 min, and the supernatant was centrifuged further at
105,000 Xg for 60 min.

Step 2. Ammonium sulfate fractionation: The superna-
tant obtained in step 1 was brought to 70% saturation with
solid ammonium sulfate. After stirring for an additional 60
min, the solution was centrifuged at 10,000 Xg for 45 min.
The precipitate obtained was dissolved in a minimum vol-
ume of 20 mM sodium phosphate buffer, pH 8.0, and the
solution was dialyzed overnight against the same buffer.

Step 3. Q-Sepharose column chromatography: The dialyz-
ate was applied at a flow rate of 200 ml/h to a column of Q-
Sepharose (5.0 X 20 cm) pre-equilibrated with 20 mM
sodium phosphate buffer, pH 8.0. The column was washed
extensively with the same equilibration buffer, then a lin-
ear gradient was formed with 1,500 ml of the same buffer
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and 1,500 ml of 20 mM sodium phosphate buffer, pH 8.0,
containing 0.5 M NaCl (Fig. 1). Fractions containing DPP II
activity were collected and concentrated by the addition of
solid ammonium sulfate (70% saturation). After stirring
the solution for 60 min, the precipitate was sepasated by
centrifugation at 10,000 Xg for 45 min. The precipitate was
resuspended in a minimum volume of 20 mM sodium phos-
phate buffer, pH 7.5, and the solution was dialyzed over-
night against the same buffer.

Step 4. Matrex Gel Red A column chromatography: The
dialyzate was applied to a Matrex Gel Red A column (2.5 X
50 cm) pre-equilibrated with 20 mM sodium phosphate, pH
7.5, and the pass-through fraction containing DPP II activ-
ity was collected. The collected sample was concentrated by
ammonium sulfate fractionation (70% saturation). The pre-
cipitate was dissolved in a minimum volume of 20 mM
sodium phosphate-buffered saline, pH 8.0, then dialyzed
overnight against the same buffer.

Step 5. Zinc-Chelate Cellulofine column chromatography:
The dialyzate was applied at a flow rate of 15 mlh to a
Zinc-Chelate Cellulofine column (1.5 X 8 cm) pre-equili-
brated with 20 mM sodium phosphate-buffered saline, pH
8.0. The pass-through fraction containing DPP II activity
was collected, and ammonium sulfate was added to a final
concentration of 2.0 M.

Step 6. Phenyl-Cellulofine column chromatography: The
fraction containing the enzyme was applied at a flow rate of
15 mbh to a Phenyl-Cellulofine column (1.5 X 8 ¢m) pre-
equilibrated with 20 mM sodium phosphate buffer, pH 8.0,
containing 2.0 M ammonium sulfate. Non-absorbed pro-
teins were washed out with the same buffer, then a de-
creasing salt gradient elution was performed with 150 ml of
the above buffer and 150 ml of 20 mM sodium phosphate
buffer, pH 8.0. Fractions containing DPP II activity were
collected and concentrated by ammonium sulfate fraction-
ation (70% saturation). The precipitate was dissolved in a
minimum volume of 20 mM sodium phosphate-buffered
saline, pH 8.0 and dialyzed overnight against the same
buffer.

Step 7. Superdex 200 HR column chromatography in
FPLC: The dialyzate was applied at a flow rate of 0.15 ml/
min to a Superdex 200 HR column (1.0 X 30 ¢cm) pre-equili-
brated with 20 mM sodium phosphate-buffered saline, pH
8.0. The fractions containing DPP II activity were collected

504 —o—LyrAls-Mca  [0-125
—&— Ala-MCA
-0 Lys-MCA

Aminopeptidase N

Absorbance at 280nm

0 X =y
0 50 100 150 200 250 300 350 400 450 500 550 600 650

Fraction number (10 ml/tube)

Vol. 129, No. 2, 2001

H0.100
>
2
l0.075 =
e
- 2
53 3,
3 fooso g Fig. 1. Purification of dipeptidyl peptidase
Z E O (DPP II) from rat kidneys on Q-Sepha-

rose column chromatography. Fractions con-
10.025 taining DPP 1II activity were collected. Bar
indicates the fractions pooled. Absorbance at
280 nm, (- —--); DPP 11 (—~e— toward Lys-Ala-
0.000 MCA); aminopeptidase N (CD13), and puromy-
700 cin-gensitive alanyl aminopeptidase (PSA) (-o—
toward Lys-MCA, —a— toward Ala-MCA, and —e—
toward Lys-Ala-MCA).

ZT0Z ‘T Jeqo1oQ uo Asieaiun Buiped e /Bio'sfeulnolpioyxo-qly/:dny woiy pspeojumoq


http://jb.oxfordjournals.org/

282

and dialyzed overnight against 20 mM sodium phosphate
buffer, pH 8.0. -

Step 8. Resource @ column chromatography in FPLC:
The dialyzate was applied at a flow rate of 0.15 ml/min to a
Resource Q column (bed volume: 1.0 ml) pre-equilibrated
with 20 mM sodium phosphate buffer, pH 8.0. The column
was washed with the same equilibration buffer, then a lin-
ear gradient was formed with 10 ml of the same buffer and
10 ml of 20 mM sodium phosphate buffer, pH 8.0, contain-
ing 0.5 M NaCl. Fractions containing DPP II activity were
collected and dialyzed overnight against 20 mM sodium
phosphate buffer, pH 8.0. After dialysis, the sample solu-
tion was used in subsequent experiments.

RESULTS

Enzyme Purification—Dipeptidyl peptidase II (DPP II)
was purified from approximately 400 g of rat kidney by Q-
Sepharose, Matrex Gel Red A, Zinc-Chelate Cellulofine,
Phenyl Cellulofine, Superdex 200 HR, and Resource Q col-
umn chromatographies. As shown in Fig. 1, three peaks
possessing hydrolyzing activity towards Lys-Ala-MCA were
observed on Q-Sepharvse column chromatography. The
pass-through fraction (first peak) and third peak also
cleaved both Ala-MCA and Lys-MCA for aminopeptidase N
(CD13) and puromycin-sensitive alanyl aminopeptidase,
but the second peak did not (27, 28). Puromycin inhibited
the enzyme activities in the pass-through fraction and
third peak. IC,-values of puromycin on both enzyme activi-
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ties were calculated to be 200 and 0.8 pM, respectively (28).
It is thought that the pass-through fraction contained ami-
nopeptidase N and the third peak contained puromycin-
sensitive alanyl aminopeptidase. Accordingly, we used the
second peak for further purification of DPP II. Table I
shows typical results. Rat kidney DPP II was purified ap-
proximately 130-fold with a 10.5% yield over Q-Sepharose
column chromatography, and the purified enzyme at the
final step migrated as a single band on non-denatured
PAGE, and SDS-PAGE in the presence or absence of B-ME
(Fig. 2, A and B).

Properties of the Purified Enzyme—The molecular weight
(M) of purified DPP II was 52,000 or 54,000 in the absence
or presence of B-ME on SDS-PAGE, and 54,053.8 according
to TOF-MS (figure not shown). It was further estimated to
be 105,000 by non-denatured PAGE (Fig. 2, A and B) and
105,000 by gel filtration chromatography with Superdex
HR 200 in the FPLC system (figure not shown). The activ-
ity of DPP II toward Lys-Ala-MNA coincided with the band
of the protein on non-denatured PAGE (Fig. 2A).

Substrate Specificity and Kinetic Properties of the Puri-
fied Enzyme—DPP II exhibited preferentially high activity
toward the synthetic substrates Gly-Pro-MCA and Lys-Ala-
MCA. It did not hydrolyze Gly-Arg-, Gly-Gly-, Ala-Arg-, and
Arg-Arg-MCAs. It also did not hydrolyze substrates of other
aminopepidases, such as Ala-, Pro-, Lys-, Gly-, Tyr-, Leu-,
Phe-, Met-, Arg-, and Pyr-MCAs, or the substrates of en-
dopeptidases, such as Boc-Val-Leu-Lys-, Boc-Phe-Ser-Arg-,
Boc-Ala-Gly-Pro-Arg-, Suc-Ala-Ala-Ala-, Suc-Ala-Pro-Ala-,

TABLE I. Purification of dipeptidyl peptidase II from rat kidney.

Step Total absorbance (280 nm) Total activity (Units) Specific activity (Unite/mg*)  Yield (%) Purification (-fold)
Q-Sepharose 2,230 17.8 0.0080 100 1

Matrex Gel Red A 614.3 17.5 0.0285 98.7 3.6
Zinc-Chelate Cellulofine 117.0 8.7 0.0741 49.0 9.3
Phenyl-Cellulofine 16.56 4.3 0.263 248 32.9
Superdex 200 (FPLC) 45 3.2 0.70 17.7 87.5
Resource Q (FPLC) 1.7 1.8 1.05 10.5 131.3

*Protein concentration was measured by absorbance at 280 nm in a 1-cm light path, and 1 mg of protein was defined as the concentration

required to yield an absorbance (%% = 1.0).

Fig. 2. Polyacrylamide gel electrophoresis
of DPP II from rat kidney. (A) The purified A
enzyme was resolved by electrophoresis on a
12.6% polyacrylamide gel in the absence of SDS
[lanes 1 (3 pg) and lane 2 (3 pg)). The gels were
stained for DPP II activity using Lys-Ala-4-
methoxy-2-naphthylamide (lane 1) in combina-
tion with Fast Garnet GBC as described in
“MATERIALS AND METHODS?” Protein in
lane 2 was stained with Coomassie Brilliant
Blue R-250. Lane 3 included the following stan-
dard proteins: phosphorylase b (M, 94,000), bo-
vine serum albumin (M, 67,000), ovalbumin (M_
43,000), carbonic anhydrase (M, 30,000), soy-
bean trypsin inhibitor (M, 20,100), and a-lactal-
bumin (M, 14,400). Lane 4 included the
following standard proteins: thyroglobulin (M,
669,000), ferritin (M, 440,000), catalase (M,
232,000), lactate dehydrogenase (M, 140,000),
and bovine serum albumin (M, 67,000). (B) The
purified enzyme was resolved by electrophore-

sis on a 12.5% polyacrylamide gel in the presence of SDS, and then the gel was stained with Coomassie Brilliant Blue R-250. Lane 1 contained
3 pg of the purified enzyme in the absence of B-ME, and lane 2 contained 3 pg of the purified protein in the presence of B-ME. Std included

the same standard proteins as lane 3 of (A).
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Suc-Gly-Pro-, Suc-Leu-Leu-Val-Tyr-, Suc-Ala-Ala-Pro-Phe-,
Suc-Gly-Pro-Leu-Gly-Pro-, z-Phe-Arg-, z-Arg-Arg-, and z-
Gly-Ala-GIn-MCAs. However, it did exhibit a high activity
toward Ala-Pro-AFC and a weak activity toward Ala-Ala-
BNA (Table II).

Effects of Inhibitors, Metal Ions, and Other Reagents on
the Purified Enzyme—DPP 11 activity was potently inhib-
ited by DFP and PCMBS (at pH 6.0) and was moderately
inhibited by PMSF and AEBSF (Table ITI). However, it was
resistant to the other protease inhibitors, benzamidine, a-
PMSF, NEM, E-64, iodoacetamide, iodoacetic acid, anti-
pain, chymostatin, leupeptin, pepstatin, elastatinal, Dipro-
tin A, Actinonin, and phosphoramidon. Furthermore, some
aminopeptidase inhibitors, including amastatin, arphame-
nine A, bestatin, and leuhistin, did not inhibit DPP II activ-
ity. Among metal ions, Hg?* completely inhibited the en-
zyme activity and Cu?* moderately inhibited it (64% of the
control). Furthermore, 0.4 M KCl and 50 mM Tris (pH 5.5)
inhibited the enzyme activity up to 32 and 33% of the con-
trol, respectively (data not shown).

Optimal pH and Enzyme Stability—The hydrolytic activ-
ity of DPP II for Lys-Ala-MCA was assayed in the pH range
of 2.5 to 11.5. The activity towards this substrate was maxi-
mal at pH 5.5. Furthermore, to examine the effect of pH on
stability, DPP II was incubated at various pH values for 24
h at 4°C. The enzyme was stable over a broad range of pH
(3.5 to 10.0). In 20 mM sodium phosphate-buffered saline,
pH 8.0, it was stable for at least several months at —30°C.
It was also resistant to several repeated cycles of freezing
and thawing.

To examine the effect of temperature on its stability, DPP
II was incubated at various temperatures for 30 min and
was found to be stable up to 50°C.

Determination of the Amino Acid Sequence of N-Terminal
and BrCN Fragments—The first 47 amino acids of the N-
terminus of DPP II purified from rat kidney were Leu-Asp-
Pro-Asp-Phe-Arg-Glu-Asn-Tyr-Phe-Glu-Gln-Tyr-Met-Asp-
His-Phe-Asn-Phe-Glu-Ser-Phe-Ser-Asn-Lys-Thr-Phe-Gly-
Gln-Arg-Phe-Leu-Val-Ser-Asp-Lys-Phe-Trp-Lys-Met-Gly-
Glu-Gly-Pro-Ile-Phe-Phe-Tyr-Thr-. Only leucine was

TABLE II. Substrate specificity of dipeptidyl peptidase II
from rat kidney.

Substrate Activity (%) Specific activity (units/mg)
Lys-Ala-MCA 100 1.05
Gly-Pro-MCA 200 2.11
Gly-Gly-MCA 0 —
Gly-Arg-MCA 0 —
Ala-Arg-MCA 0 —
Arg-Arg-MCA 0 —
Ala-Pro-AFC — 2.85
Ala-Ala-BNA — 0.30

Each assay was carried out at 37°C in 0.5 M phosphate buffer, pH
6.0, in the presence of 0.5 ug of the enzyme and 100 uM substrate.
Data are mean values from triplicate experiments.

Pst I Xba I
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detected as the N-terminal amino acid. The amino acid
sequences of five fragments obtained by BrCN-digestion
were Lys-Tyr-Pro-, Asp-Tyr-Pro-Tyr-Pro-Thr-Asn-Phe-Leu-
Gly-Pro-Leu-Pro-Ala-Asn-Pro-Val-Lys-Val-Gly-Cys-Glu-
Arg-Leu-, Gly-Leu-Arg-Ala-Leu-Ala-Gly-Leu-Val-Tyr-Asn-
Ser-Ser-Gly-, Glu-Pro-Cys-Phe-Asp-Ilu-Tyr-Gln-, and Phe-
Pro-Glu-Ile-Pro-Phe-Ser-Asp-Glu-Leu-Arg-Gln-Gln-Tyr-
Cys-Leu-Asp-Thr-Trp-Gly-Val-Trp-Pro-Arg-Pro-Asp-Trp-
Leu-Gln-Thr-Ser-Phe-. All amino acid sequences of the five
fragments and of the N-terminal end were found in the
deduced amino acid sequence from the rat kidney DPP I
cDNA structure (Fig. 4).

¢DNA Cloning and Its Structural Analysis—A gt 11
¢DNA library constructed from rat kidney was screened
with a product of nested amplification (360-bp DNA frag-
ment of human QPP) described in “MATERIALS AND METH-
ODS.” Two positive clones with the same length were
obtained from a total of 2 X 10? plaques and were subjected
to nucleotide sequence analysis. The two clones had com-
pletely identical sequences, and we named them ARDII.
The sequence strategy is outlined in Fig. 3. The nucleotide
sequence and deduced amine acid sequence are shown in
Fig. 4. The cDNA insert in ARDII (1,720 base pairs) was
composed of 32 base pairs of a 5" noncoding sequence, 1,500
base pairs coding for pre DPP II, a stop codon, 170 base
pairs of a 3’ noncoding sequence, and 15 base pairs of a
poly(A) tail. The polyadenylation or processing sequence of
AATAAA was present at 13 base pairs upstream from the
poly(A) tail.

The total number of amino acid residues of DPP II pre-
dicted from the coding region is 500. The amino acid com-
position of pre DPP II was as follows: Aspy, Asn,,, Thr,,,

TABLE II1. Effects of various protease inhibitors on rat kid-
ney DPP II activity.

Inhibitors Concentration (upM) Residual activity (%)
Control None 100
Benzamidine 1,000 90
EDTA 2,000 100
DFP 1,000 0
500 3
100 25
PMSF 1,000 55
AEBSF 1,000 40
PCMBS 1,000 23
NEM 1,000 97
E-64 100 94
Diprotin A 100 93
Actinonin 100 100
Hg** 1,000 0
Cu? 1,000 60

0.5 pg of the enzyme was pre-incubated with each inhibitor for 15
min at room temperature in 50 mM sodium phosphate buffer (pH
6.0), and assays were started by adding 100 pM Lys-Ala-MCA.
The reaction mixtures were incubated for an additional 30 min at
37°C. Data are mean values from triplicate experiments.

Fig. 3. Restriction map and se-
quencing strategy for cDNA in-
sert in ARDII. Sequences were de-
> termined using an original primer de-

1
209 bp

» | ot . i

_— >
<+ >

-——

il signed from the previous sequence.
The extent of sequencing is shown by
the length of each arrow.
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Ser,,, Glu,, Gln,, Proy, Gly,, Ala, Val, Met, Ie,,
Leug,, Tyrg, Phey,, Lys,;, Hisy, Argy, Trp,;, and 1/2-Cys,,.
This corresponds to a molecular weight of 55,113.49. Con-
sensus sequences for the active-site serine residue of
serine-type proteases and the same leucine zipper motif as
observed in human QPP were also found (Fig. 4).
Furthermore, we compared the nucleotide and amino

H. Araki et al.

human QPPs derived from the Blast and FASTA-PIR
sequence databases. As shown in Fig. 5, the primary struc-
ture of rat DPP II showed significant similarity to those of
mouse and human QPPs (Fig. 5). The levels of amino acid
homology were 92.8% (rat DPP II vs. mouse QPP), 78.9%
(rat DPP II vs. human QPP), and 80.8% (mouse vs human
QPPs), while those of nucleotide homology were 93.5% (rat

acid sequences of rat DPP II with those of mouse and

CATGACTGCCAGCGGCCCGCTCAGAATCAGGC
ATGGGTCTCCATCCTTGTTCTCCTGTGGACCATGGGGTCCCCTCCTEGGTCCTGGTCTTG
M 6 L H P C S P Y 0O H 6 V P s ¥ ¥V L Vv L

TTGCTGACACTGEGGTCTGTGCAGCCTGCAGGCTACAGCCGACAGCGTTCTAGACCCTGAC
t ¢t T L 6 L ¢ s L @ A T A O S§ V L D _P_D

ATTTTCTTCTACACAGGGAATGAGGGGGATATCTGGTCCCTCGCTAACAACTCTGGCTTC
L.F.F_ Y. 1 6 N E G D | W s 6 F
ATAGTGGAACTGGCAGCCCAGCAGGAGGCCCTGCTGGTCTTTGCTGAGCATCGGTATTAT
! v E L A A @ Q E A L L V F A E H R Y Y

GGGAAATCGCTTCCATTCGGTGTGCAGTCCACACAGCGGGGATACACACAGCTGCTGACT
G XK § L P F G V @ $ T @ R 6 Y T 0 _L L T

GTGGAGCAGGCGCTGGCTGACTTCGCCGTGCTGCTCCAGGCCCTGCGGCACAATCTTGGE
vV E O A L A D F A Vv L L Q@ A L R H N L G

GTCCAGGATGCCCCCACCATAGCCTTTGGAGGGAGTTATGG6G6AATGCTGAGCGCCTAC
vy @ D A P T I A F 6 G 8 Y G 6 M L s A Y

ATGAGGATGAAGTACCCCCACCTGGTGGCTGGGGCACTGGCGGCCAGCGCTCCTGTTATA

R M X _Y_ P H L V A G A L A A S A P V |
GCTGTCGCAGGCCTTGGCAACCCCGACCAATTCTTCCGAGATGTCACAGCGGACTTCTAT
AV A G L 6 N P D Q@ F F R D ¥ T A D F Y

GGCCAGAGTCCCAAGTGTGCCCAGGCTGTGCGGGATGCTTTCCAGCAAATCAAAGACTTG
G 4 8§ P K € A QO A Y R D A F a0 a | K D L

TTCCTCCAGGGAGCCTATGACACCATCAGCCAGAATTTTGGGACCTGCCAATCACTTTCC
F L @ 6 A Y D T | § @ N F 6 T ¢ a s L s

AGCCCAAAGGACCTGACTCAGCTCTTTGGGTTTGCCCGGAATGCATTTACTGTTCTCGCC
s P K D L T @ L F G F A R N A F T ¥ L A

ATGATGGATTACCCGTACCCTACTAACTTTCTAGGGCCCCTTCCTGCCAACCCTGTCAAG
M W DY P Y P T N _F. L G.P L P _A_N_P VY. K

V.G L. E.R.L L S E G Q0 R I M g L R _A_L_A

GGGCTGGTCTACAACTCCTCTGGCATGGAACCCTEGTTTTEGACATCTACCAGATGTACCAA
S L Yl SE§ R CFD Y. e Y @

AGCTGTGCTGACCCCACTGGCTGTGGCACTGGCTCCAATGCCAGGGCCTGGGACTACCAG
§ ¢ A D P T 6 €C 6 T 6 S N A R A ¥ D Y 0

GCCTGTACGGAGATCAATCTGACCTTTGACAGCAACAACGTGACAGACATGTTCCCTGAA
A T E T NI F DS F HLXL D W F L PLE

ATCCCTTTCTCTGATGAACTCCGCCAGCAATACTGCCTGGATACATGGGGCGTGTGGCCT
Y...C...L T P

CGGCCAGACTGGCTGCAGACCAGCTTCTGGGGTGGCGACCTTAAAGCAGCCAGCAACATC
R.P.R._¥ L Q T. S8 F ¥ 6 G b L K A A S N |
ATTTTCTCCAACGGTGACCTAGACCCCTGGGCAGGGGGTGGGATCCAGCGCAACCTGAGT
I F § N 6 D L Dl P ¥ A 6 6 6 1 a R J. L&
ACATCAATCATTGCTGTCACCATCCAAGGGGGAGCACﬁWTCACCTAGACCTCAGAGCATCT
T s [ A VvV T I a 6 A H H D L R A S

AACTCAGAAGACCCCCCGTCTGTCGTGGAGGTGCGTAAGCTGGAAGCTACCCTCATTCGC
N S E D P P S Y ¥ E V R XK L E A T L I R

GAGTGGGTAGCAGCAGCCAGACTAAAGCAACCAGCAGAGGCACAGTGGCCTGGGCCTAAG
E W ¥V A A A R L XK @ P A E A @ W P 6 P K

TAGCAGCCTTCCAGCCGAGATGCAGCAAACCCAGAGACCCTGTTCTATGTGAGCCGCTGT
GTGACAGCTCGCCTTACGTCTGATACTATCCAGACTCATGGTGCTTTGTCTGAGCTGGAC
CTCAGCAAGGAGCTGGTGGGAGATGGAGAGACAGAATAAACACGTGCTATGTCAAAAAAA
AAAAAAAA

-32

Fig. 4. Nucleotide sequence and de-
duced amino acid sequence of the DPP
IT ¢cDNA. The single-letter code is used for
amino acids. The sequences of derived pep-
tides by BrCN digestion are underlined
with dotted lines. The consensus sequence
for the active-site serine residue and associ-
ated two amino acids (aspartic acid and his-
tidine) of serine-type pepetidase are en-
closed in boxes. The presumed leucine zip-
per motif is underlined with a solid single
line. Presumed N-glycosilation sites are un-
derlined with wavy lines. Polyadenylation
or processing sequence of AATAAA is
shown by a heavy bar.
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Rat DPP 1) 1 wcpcievorsvpswLviLLJLeLcBt aAfADRYL DPDFEENY FEQYMDHFNFESFEN
Mouse aPp 1" MIJHPcliPvDHeVPSYILYLLLEL6LCELOAGADRYLDPDFRENYFEQYMDHFNFESFEN
Homss QPP 1" ME-~--mm- 2 -wiiivL L LB GLER: oABARREED FEFDECHF BOfTIoHFNF ERF 6N
Rat DPP It 61’ KTFGQRFLYSDKFWKMGEGP | FFYTGNEGD I WS{ANNSGFIIVELAAQQEALLVFAEHRYY
Mouse QPP 61" KTFGQRFLYSDKFWKMGEGP | FFYTGNEGD|WSFANNSGFIVELAAGOEALLYFAEHRYY
Human QPP 51" KTFEaRFLVSDEFviTIGecP{F F Y ToNEGODNF ANNSGFEE LAATEBALLVFAEHRYY
Rat DPP 11 121" GKSLPFGVQSTORGYTQLLTVEQALADFAVLLOALREILGVQDAPT I AFGGSYGGMLSAY
Mouss QPP 121' GKSLPFGYOSTQRGYTQLLTYEQALADFAVLLOALRYDLGVEDAPT|AFGGSYGGMLSAY
Human @PP 111" GKSLPFGHOSTORGETHLL TVEQALADFARL AL REDLGBODAPE I AFGGSYGGMLSAY
Rt DPP J| 181" MRMXYPHLVAGALAASAPVIIAVAGLGHREOF FRDVTADFYGOSPKCAQAVRDAFQQ 1 KDL
Mouse QPP 181" MRMKYPHLYAGALAASAPVIAVAGLGDSIJOFFRDYTADFYGQSPKCAQAVADAFQQ | XOL
Humen QPP 171" [IRMKYPHLVAGALAASAPVIIAVAGLGDSTHOFFROVTADFEIGasPrciaByRIAFHo 1 KoL
Rat DPP || 241" FLOGAYDTISONFGTCQSLSSPKDLTQLFGFARNAFTVLAMMDYPYPTIEFLGPLPANPYK
Mouse QPP 241" FLOGAYDTISQGNFGTCQSLSSPKDLTQLFGFARNAFTYLAMMDYPYPTDFLGPLPANPYK
Heman 0PP 231" FLOGAYDTIEDEF6TCOFL SEAXDL TOLF{BFARNAF TYLAMMDYPYPTDFLGPLPANPVK
Rat DPP 1| 301" VGCRLLSEGQRINGLRALAGLVYNSSGTEPCD | YERvaSCADPTGCGTGSEARAWDYO
Wouse QPP 301" VGCERLLEBEGQRIMGLRALAGLVYNSSGREPCYDIYRLYQSCADPTGCGTGSDARAWDYQ
Heman aPp 291" VGCEALLSERORIB6LRALAGLYYNESGRERCYD I YRLYESCADPTGCGTGDARAWDYQ
Mat OPP |1 381" ACTEINLTFOSNNYTOMFPEIPFSDELROQYCLDTRGYWPRPDWLOTSFWGGDLKAASN |
Mouse QPP 381° ACTEINLTFDSNNYTOMFPE I PFSEELRCQYCLDTWGVWPREDWLQT SFWGGDLXAASNI
Heman QPP 351" ACTEINLTFRSNNVTOMFPERPF{DELROGYCLDTWGYVRPRPOWLATSFRGGDLEAASNI
Rat DPP 11 421" |FSNGDLDPWAGGGIQRNLSTSHIAVT106GAHHLDLRASKSEDPPSYYEVRKLEATLIR
Mouse QPP 421' |FSNGDLDPWAGGGIONLSTSYIAVT I 06GAHHLDLRASNSEDPPSYYEYRKLERTL IR
Homan @PP 411" (FSNGELDPWAGEE IPRNLSBsV I AVT I 06GAHHLOLRASTREDPRSvYERRKLEATIR
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Fig. 5. Amino acid sequences of rat DPP II, mouse
and human QPP. Dashes indicate gaps introduced into
the sequences. Uncommon residues among DPP II, mouse
QPP and human QPP are shown in filled boxes. The con-
sensus sequence for the active-site serine residue and as-
sociated two amino acids (aspartic acid and histidine) of
serine-type pepetidase are endosed in boxes. Presumed
leucine zipper motifs are shown by solid bars.

Rat DPP 1| 481' EWVAAARLKQ-PAZEEWPGPK
Mouse GPP 481" EWVAAARLKG-PATHENGP (EEERTE

Human QPP 471° EWAMPM

LGPEELIDL

;o= - -
;--- .--

Fig. 6. Results of Northern blot analysis of rat DPP Il mRNA
in rat organs. A rat multiple tissue blot was used for Northern blot
analysis. Each lane contains approximately 2 pg of purified poly
A*RNA. Tissue-specific B-actins as controls are shown at the bottom.

Vol. 129, No. 2, 2001

DPP I vs. mouse QPP), 79.4% (rat DPP II vs. human QPP),
and 79.7% (mouse vs. human QPPs). In these amino acid
sequences, the positions of eight cysteine residues coincide
exactly (Fig. 5).

Northern Blot Analysis—Northern blot analysis with rat
DPP I ¢cDNA also revealed a widespred distribution of
DPP II expression in rat organs. Among the various organs,
DPP II was prominently expressed in the kidney. DPP I
expression was relatively strong in the testis and heart,
moderate in the brain and lung, and weak in the liver, skel-
etal muscle and spleen.

Furthermore, another band of approximately 3,000 base
pairs appeared in the brain, and the density of this band
was almost equivalent to that of DPP II mRNA in the brain
(Fig. 6).

Immunohistochemistry—Anti-porcine DPP IT rabbit IgG
reacted to rat DPP II by Western blotting (data not shown).
Immunohistochemical staining with this antibody revealed
a widespread distribution of DPP II in rat organs. DPP II
was intensely stained in epithelial cells of distal and collect-
ing tubules in the kidneys (Fig. 7), in Leydig cells in the
testis, in columnar epithelium, lamina propria, and glandu-
lar epithelium in the uterus and chorioid epithelium of the
cerebrum. The tissue distribution of rat DPP II is summa-
rized in Table IV.

DISCUSSION

DPP 11 is thought to play an important role in the degrada-
tion of some oligopeptides or their fragments such as sub-
stance P, casomorphin, and thyroliberin fragment (4), and
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Fig. 7. Immunohistochemical localization of DPP II in the rat
kidney. (A) cortex, (B) outer stripe, and (C) inner medulla. Epithe-
lial cells of the distal and collecting tubules in the kidney were inten-
sively stained, but the glomerulus and Bowman’s capsule were not
stained. Original magnifications: A X 200, B and C X 400. Bars =
100 pm.

it is also known to exist in a number of mammalian tissues,
cells and body fluids (3-17, 22). However, little is known
about the structural features and expression of DPP II.

In the present study, we purified DPP I to homogeneity
from the rat kidney using several column chromatogra-
phies. The molecular weight of the purified enzyme was cal-
culated to be 105,000 on non-denatured PAGE and 54,000
on SDS-PAGE in the presence of B-ME, and 54,053.8 in

H. Araki et al.

TOF-MS. The activity of DPP II toward Lys-Ala-4-methoxy-
2-naphthylamide was coincident with the band of the pro-
tein on non-denatured PAGE (Fig. 2A). These findings sug-
gest that native DPP II is composed of two identical
subunits (¢, 8). The isoelectric point (pl) of the enzyme was
455 according to chromatofocusing using the Phast Sys-
tem. This pl value was significantly lower than those (5.3-
6.0) from human kidney (7), rat brain (4), and porcine semi-
nal plasma (22).

As shown in Table II, the purified DPP II preferentially
hydrolyzed Lys-Ala-, Gly-Pro-MCAs, and Ala-Pro-AFC. It
did not hydrolyze substrates of other dipeptidyl peptidases,
substrates with an N-blocked Gly-Pro sequence, substrates
of aminopeptidases or substrates of endopeptidases (Table
II). Thus, DPP II preferentially released Xaa-Ala- or Xaa-
Pro- from the N-termini of peptides as previously reported
(2, 3). In particular, it strongly cleaved Ala-Pro-AFC as a
substrate of QPP (20). This also suggests that DPP II
cleaves the Xaa-Pro motif to a greater degree than it does
the Xaa-Ala motif

Rat kidney DPP II was strongly inhibited by DFP and
moderately inhibited by AEBSF and PMSF. These findings
strongly indicate that DPP II is a serine-type exopeptidase.
In fact, the deduced amino acid sequence of its cDNA con-
tained a typical active site (-Gly'™-Gly-Ser!™-Tyr-Gly'™-) of
a serine protease (Fig. 4). The enzyme activity was also
affected by PCMBS and Hg?* (Table III). This finding also
indicates that an SH residue is involved in the expression
or regulation of the activity of DPP II. We determined other
physicochemical properties, including optimal pH, pH sta-
bility and heat stability. These properties were similar to
those previously reported (4, 7, 8, 22).

As mentioned in the introduction, we presumed that
both DPP IT and QPP are closely related members of a
superfamily. Therefore, we screened a rat kidney c¢DNA
library using the 360-bp fragment of human QPP cDNA
obtained by nested amplification, and we isolated one clone,
ARD I, coding for DPP II. The cDNA (\RD-I) is 1,720-bp
long with an open reading frame of 1,500 base pairs encod-
ing a protein of 500 amino acid residues with M, 55,113.49
(Fig. 4). As shown in Fig. 4, a potential initiation codon
(ATG) began at nucleotide number 1. The nucleotide se-
quence (GGCATGG) surrounding this codon is in good
agreement with the consensus sequence (A/GXXATGG) for
the start of translation in eukaryotes proposed by Kozak
(29). It is reasonable to consider that the first amino acid
residue (Met) starts at the first initiation codon. Further-
more, we confirmed that the deduced amino acid sequence
of this cDNA coding for DPP II coincided with the amino
acid sequences of N-terminal and bromocyan-digested frag-
ments (Fig. 4). There are six N-glycosylation sites on the
molecule (Fig. 4).

The deduced amino acid sequence of rat DPP II showed
clear homology to those of human and mouse QPPs (78.9
and 92.8%, respectively). These three enzymes had the con-
sensus sequence for the active site (-Gly'"-Gly-Ser'™-Tyr-
Gly'™-) and its associated amino acids (Asp*® and His*?)
for serine proteases and the leucine zipper motif (Leu!'®-
Leu-Tyr'*-Val-Glu-Gln-Ala-Leu'*5-Ala-Asp-Phe-Ala-Val'®-
Leu-Leu-Gln-Ala-Leu'®-Arg-His-Asn-Leu'®) (Fig. 5). The
eight cysteine residues on the rat DPP II molecule that are
important for tertiary structure formation also occupied
identical positions to those of human and mouse QPPs (Fig.

J. Biochem.
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TABLE IV. Distribution of dipeptidyl peptidase II (DPP II) in rat tissues.

287

Tissue for DPP 11 Tissue for DPP IT Tissue for DPP 11
Esophgus bronchial epithelium + tall collumnar cells + or +/—
stratified squamous epithelium + cilia cells + connective tissue -
lamina muscularis mucosa + Kidney Testis
stiated muscle + glomerulus +/—- basement cells —or +—
Stomach Bowmanns capsule +/— spermatogonia —or +/—
surface epithelial cells + Proximal tubules + spematozoa + or +
parietal cells + distal tubules ++ Sertoli cells —or +
mucous neck cells +/— collecting tubules ++ Leydig cells ++
chief cells +/— Urinary bladder Epididymis
cornification + transitional cells + efferent ductules +
lamina muscularis mucosa + Heart ductus epididymis +
Small intestine myocytes + stereocilia +
columnar epithelium + coronary artery +— Uterus
goblet cells +/— Aorta +/— cervical epithelium +
intestinal glands +/- Striated muscle (diaphragm) columnar epithelium ++
lamina muscularis mucosa +/— muscle fiber +/— lamina propria ++
Large intestine Smooth muscle glandular epithelium ++
epithelium + Spleen circlar layer +or +/—
goblet cells +/— red pulp + logitudinal layer + or +/—
lamina muscularis mucosa +/— white pulp +/— Ovary
Liver Thymus follicles NE
hepatocytes +or ++ epithelioid cells +/— corpus luteum NE
Kupfter cells +/— Hasalls bodies +/— corpus albicus NE
sinusoidal cells + septa +/—- Cerebrum
bile duct + Adrenal gland pyramidal cells +/-
Pancreas cortex + neuroglia cells +/—
acinar cells +/~ zona glomerulosa + axon +—
ducts +- zona fasciculata + remified dendrites +/—
islet of Langerhans + zona reticularis + chorioid epithelium ++
Trachea medulla + Cerebellum
epithelium + medullary cells + neuroglia cells +
lamina propria + interstitial connective tissue small granule cells +-
muscle layer +/— Thyroid gland urkinje cells —or +/—
cartilaginous cells +/— Prostate remified dendrites +-—
Lung and Bronchus epithelium + or +/— myelinated fibers +—
alveolus +/—= connective tissue -
pleura +— Seminal vesicle

++: strong reactivity in all cells, +: positive staining in most cells, ++/— or +/—: positive staining in some cells, —+: weak staining in

some cells, —: no staining in any cells, NE: not examined.

5). In terms of substrate specificity and optimal pH, rat
DPP II also resembles porcine DPP II (22) and QPP. The N-
terminal amino acid sequence (the first 41 amino acid resi-
dues) of porcine DPP II showed significant homology to
that of rat DPP II (75.7%) and human QPP (73.2%) (figure
not shown). On the basis of these structural features and
biochemical properties, we confirmed that DPP II is identi-
cal to QPP.

Underwood et al. (20) reported that the arrangement of
catalytic amino acid residues (serine, aspartic acid, and his-
tidine) and the homology (42% amino acid, identity over
their entire open reading frame) of both QPP and PCP sug-
gest that these two enzymes can be categorized into the
serine-type peptidases clan SC, family S28. Accordingly, rat
DPP 11 is also categorized into the same clan and family.

Although DPP II has been purified from many tissues
(3-17, 22), little is known about its immunohistochemical
localization. As shown in Fig. 7, the enzyme was strongly
stained in lysosomes in many tissues, including the kidney,
brain and uterus. Its tissue localization is summarized in
Table IV. The data suggest that DPP II is expressed in
many tissues and is one of the house-keeping proteins. This
speculation is supported by the fact that DPP II has been
purified from many tissues (see Introduction). Accordingly,
it may play important roles in peptide degradation, protein

Vol. 129, No. 2, 2001

catabolism, or protein processing in many tissues. Further-
more, the level of mMRNA expression of DPP II was highest
in the kidney (Fig. 6). The data suggest the possibility that
DPP 1I is related to degradation of peptides affecting func-
tions of the distal tuble and collecting duct, including elec-
trolyte channels regulated by aldosterone and arginine
vasopressin, prostaglandin E2 produced in the medulla and
80 on. It ig still not clear whether DPP II degrades intracel-
lular products or exotic peptides taken into the epithelial
cells of distal tuble and collecting duct by endocytosis.
Recently, Chiravuri et al. (19) reported that QPP is
expressed in resting and activated peripheral blood mono-
nuclear cells (PBMCs) and Jurkat cells and that blocking of
QPP by highly specific post-proline aminopeptidase inhibi-
tors L-valinyl-L-boroproline (VbP) leads to cell death (apop-
tosis) only in resting PBMCs. They speculated that QPP
had many intracellular substrates for survival of resting
PBMCs. Thus, DPP II may not be involved in degradation
of exogenous regulatory peptides but, rather, may play
important roles in peptide degradation and some protein
catabolisms in resting cells.

Further studies, including studies using knockout mice,
are needed to determine the real function of DPP II in cells
and its physico-pathological significance.
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