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ABSTRACT: Lack of prolidase I (PD I) leads to prolidase defi-
ciency, a disease characterized by intractable skin lesions, recurrent
respiratory infections, and mental retardation. The present study was
undertaken to characterize and determine the physiologic roles of
different prolidase isoenzymes. Two isoforms of prolidase were
isolated from rat kidney. PD I showed higher activity against seryl-
proline and alanyl-proline, whereas PD II was active especially
against methionyl-proline. PD I was highly concentrated in the small
intestine and kidney, whereas PD II was shown not to vary in the
organs examined. Expression of PD I and PD II in the small intestine
were maximal within 1 wk of birth, and then rapidly declined. The
changes of prolidase in the kidney and heart were found to differ
slightly. N-benzyloxycarbonyl-L-proline and captopril inhibited PD I
dose-dependently, but showed no inhibition of PD II at low concen-
trations. NiCl2 inhibited PD II much more effectively than PD I. Our
findings suggest that PD I functions by way of an intestinal peptide
carrier, which may also be regulated by the uptake of various
iminodipeptides. Similarly, age-related alterations of prolidase isoen-
zymes suggest that intestinal PD II also participates in absorption of
proline and other amino acids early in life. (Pediatr Res 62: 54–59,
2007)

Prolidase (E.C.3.4.13.9) is a manganese-requiring ho-
modimeric iminodipeptidase, cleaving only iminodipep-

tides with carboxy-terminal proline or hydroxyproline. Its
putative biologic roles include the deactivation of neuropep-
tides (1), the terminal degradation in the catabolic pathway of
both exogenous and endogenous proteins, and providing large
amounts of proline required for collagen synthesis. It also is
thought to play an important role in proline nutrition and in the
recycling of proline for protein synthesis and cell growth
(2,3). Prolidase may also provide the substrate for proline
oxidase, which generates reactive oxygen species during ap-
optosis (4,5).
Prolidase deficiency is a rare autosomal recessive disease

characterized by chronic ulcerative dermatitis, mental retarda-
tion, frequent infections, and massive urinary excretion of
iminodipeptides (6–8). The disease has been confirmed to be
due to hereditary prolidase deficiency (9–11). It has been

reported that the activity of the enzyme against Gly-Pro was
almost totally missing in patients with prolidase deficiency,
whereas the activity against other substrates remained close to
normal (12,13).
Two forms of prolidase, PD I and PD II, were isolated from

normal human erythrocytes, leukocytes, and cultured skin
fibroblasts, and the characteristics of these enzymes have been
investigated (14–16). We have also purified PD I and PD II
from normal human erythrocytes, and found that the two
isolated isoforms of prolidase differed in molecular mass (PD
I, 56 kD, and PD II, 95 kD, in SDS-PAGE), response to
manganese, substrate specificity, and heat stability (17,18).
Moreover, prolidase activity is indeed present in patients with
prolidase deficiency, and enzymatic properties of the patient’s
prolidase are essentially the same as those of PD II (19).
Therefore, we attempted to give further insight into the un-
derstanding of the biosynthesis and physiologic roles of PD I
and PD II isoenzymes.
In the present study, we investigated the characteristics of

two isoforms of rat prolidase, including substrate specificity,
organ distribution, developmental changes, and reaction to
inhibitors. We also examined protein expression using poly-
clonal antibodies against human PD I and PD II.

METHODS

Chemicals. Iminodipeptides including Gly-Pro, Ala-Pro, leucyl-proline
(Leu-Pro), valyl-proline (Val-Pro), Met-Pro, Ser-Pro, prolyl-proline (Pro-
Pro), and phenylalanyl-proline (Phe-Pro) were purchased from Bachem AG
(Bubendorf, Switzerland); Hydroxyapatite Bio-Gel HTP gel and protein assay
dye reagent concentrate were from Bio-Rad (Hercules, CA); horseradish
peroxidase-linked anti-rabbit IgG and enhanced chemiluminescence (ECL)
plus from Amersham Biosciences (Piscataway, NJ); and Cbz-Proline from
Fluka Chemie AG (Buchs, Switzerland). All other reagents were of analytical
grade and obtained from Wako Pure Chemical (Osaka, Japan).

Preparation of anti-PD I and anti-PD II antiserum. Rabbit antiserum was
raised against PD I and II protein purified from normal human erythrocytes,
as described previously (18). Purification of the protein with molecular mass
of about 56 kD (PD I) and 95 kD (PD II) was monitored by SDS-PAGE
stained with Coomassie. The purified PD I and PD II (0.9–1 mg in 0.75 mL)
was emulsified with an equal volume of Freund’s adjuvant, and the emulsion
was injected subcutaneously at multiple sites along the back of a New Zealand
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White rabbit (SLC, Japan ) every 2 wk for four times total. The animal was
bled 7 d after the final injection, and serum fraction was prepared. The
antiserum was titrated by Western blotting.

Preparation of enzymes from rat tissues. Adult male Wistar rats (260–300 g
weight, Charles River Japan, Yokohama, Japan) were deeply anesthetized with
diethyl ether and killed by cervical dislocation. Various organs were dissected, cut
into small pieces, and then homogenized to 10 times the volume (v/w) in 50 mM
ice-cold Tris/HCl (pH 7.4) containing 0.32 M sucrose with a Polytron homoge-
nizer. The homogenates were centrifuged at 800 � g for 15 min and the resultant
supernatant was used for experiments. Similarly, the organs of fetus (embryonic
d 19) and postnatal rats aged 1, 2, 4, 7, 14, 28, 35, 42, and 56 d were obtained.
For the experiments shown in Figure 5, homogenates of rat kidney were subjected
to sequential centrifugation at 1,000 � g for 10 min, at 22,000 � g for 30 min,
and at 105,000 � g for 60 min. The pellets obtained by each centrifugation were
resuspended in 50 mM Tris/HCl (pH 7.4). Protein concentration was determined
according to the method of Bradford (20) using BSA as a standard. The animal
experimental study was approved by Animal Experimental Committee of Kochi
Medical School and followed the guidelines of the ethical committee on the care
and use of laboratory animals at our university.

Separation of PD I and PD II from rat kidney. Rat kidney was homog-
enized in 10 times the volume (v/w) of 50 mM ice-cold Tris/HCl (pH 7.4)
containing 10 mM mercaptoethanol (buffer A). The sample (5 mg protein)
was loaded on a DEAE-cellulose column (0.5 � 10 cm) and pre-equilibrated
with buffer A. After washing the column with 30 mL buffer A, the enzyme
was eluted with stepwise addition of Tris/HCl buffer (pH 7.4) from 150 to 250
mM. Prolidase activity against Gly-Pro and Met-Pro in each chromatographic
fraction was determined.

Enzyme assay. Prolidase activity was assayed using various iminodipep-
tides as substrate. The reaction mixture, containing 10 �L of enzyme solution,
80 �L of 50 mM Tris/HCl (pH 7.8), and 10 �L of 20 mM MnCl2, was
preincubated at 37°C for 10 min and then incubated with 100 �L of 10 mM
substrate (pH 7.8) at 37°C for 30 min. The reaction was stopped by adding
200 �L of 10% TCA. The amount of proline liberated was determined by
spectrophotometry using Chinard’s method (21).

Western blotting. Each sample (10 �g protein for PD I, 1 �g protein for
PD II) was subjected to SDS-PAGE on a 10% gel. After separation by
SDS-PAGE, proteins were transferred electrically to a hydrophobic PVDF
membrane (Hybond P). The transferred proteins were probed with anti-PD I
(1:1,000 dilution) or anti-PD II (1:10,000 dilution) antiserum followed by the
incubation with the horseradish peroxidase-labeled secondary antibody
(1:2,000 dilution). Finally, PD I and PD II were detected using ECL plus. The
PD I and PD II (0.1 �g protein) purified from human erythrocytes were used
as positive controls.

RESULTS

Separation of the two isoforms of kidney prolidase. We
confirmed that two isoforms of prolidase, PD I and PD II, exist
in the rat kidney as well as in other organs examined (data not
shown). Prolidase was separated from rat kidney using ion-
exchange chromatography (DEAE-cellulose). Two main
peaks (PD I and PD II) isolated from rat kidney were eluted
from the column using a stepwise Tris/HCl buffer gradient
ranging from 150 to 250 mM, as shown in Figure 1A. Using
Gly-Pro as a substrate, only active PD I was detected. How-
ever, both enzymes showed activity when Met-Pro was used
as the substrate. Similar results were seen in the isolation of
PD I and PD II from human erythrocytes (17,18). As shown in
Figure 1B, the antibodies raised against human prolidase
reacted with rat PD I and PD II and were substantially
identical with respect to enzyme activity.
Substrate specificity of PD I and PD II.We next examined

substrate specificity of the partially purified PD I and PD II
with various iminodipeptides (5 mM final concentration) in
the presence of 1 mM MnCl2 (Fig. 2, A and B). PD I showed
higher activities against Ser-Pro and Ala-Pro (260% and
225%, relative activity to Gly-Pro), and showed almost the
same activity against Gly-Pro, Met-Pro, Val-Pro, and Leu-Pro.
It was different from human PD I, which showed the highest

Figure 1. Separation of the two isoforms of kidney prolidase. (A) Homoge-
nates of rat kidney (5 mg of protein) were applied to a DEAE-cellulose
column. Fractions (1 mL) were eluted from the column with stepwise addition
of Tris/HCl buffer (pH 7.4) from 150 to 250 mM. Prolidase activity (10 �L
of each fraction) was determined with Gly-Pro (black circles) and Met-Pro
(white circles), respectively. (B) Five microliters of each fraction was ana-
lyzed by western blot with anti-PD I and anti-PD II antiserum, respectively.
Human PD I or PD II was used as a positive control (lane H).

Figure 2. Substrate specificity of partially purified PD I (A) and PD II (B).
Separated PD I and PD II were allowed to react with various substrates (5
mM) in the presence of 1 mMMnCl2. (A) The activity of PD I against Gly-Pro
(15.3 nmol/min per mg of protein) was expressed as 100%. (B) The activity
of PD II against Met-Pro (8.3 nmol/min per mg of protein) was expressed as
100%. The results are expressed as the means � SD (n � 3).

55PROLIDASE ISOENZYMES IN THE RAT



activity against Gly-Pro (18). On the other hand, PD II showed
significantly higher activity against Met-Pro, low activities
against the other substrates (�20% of the activity against Met-
Pro), and the activity was barely detectable against Gly-Pro.
Organ distribution of rat PD I and PD II. We prepared

homogenates from nine organs (heart, liver, small intestine,
stomach, brain, spleen, kidney, lung, and pancreas) of adult
rats. In Figures 1 and 2, we found that the activity of partially
purified PD I against Gly-Pro and Met-Pro were almost same,
and the activity of partially purified PD II against Gly-Pro was
very low. Thus, we regarded total activities of homogenates
against Gly-Pro (Activity[Gly-Pro]) as the special activity of PD
I, and the difference of total activity of homogenates against
Met-Pro and Gly-Pro (Activity[Met-Pro]-[Gly-Pro]) as the special
activity of PD II. Both of the enzymes were detected in all of
the organs tested. PD I activity in small intestine and kidney
was 10–15-fold higher than in other organs, whereas PD II
activity was not significantly different amongst the other
organs (Fig. 3, A and B). Protein expression of PD I and PD
II were detected by Western blotting with anti-PD I and
anti-PD II antisera. The distribution of protein levels was not
completely identical but similar to that of the enzyme activity
(Fig. 3C). We also found that PD I was predominantly con-

centrated in renal cortex, where its activity was 2-fold higher
than in renal medulla. PD II activity was similar throughout
the kidney (Fig. 4, A and B).
We also examined the total activity of homogenates against

various substrates (Table 1) in the heart, liver, brain, small
intestine, and kidney. We found that the total activity against
Ser-Pro, Ala-Pro, and Met-Pro were higher than the other
substrates in the detected tissue. Moreover, the total activities
in the small intestine and kidney were markedly higher than in
other organs.
Developmental changes of rat PD I and PD II. The

developmental changes of rat PD I and PD II were examined
in various organs of fetal (19 d; E19) and 1–56 d-old rats. As
shown in Figure 5A, a marked increase in PD I activity
(Activity[Gly-Pro]) in the small intestine was observed from E19
to the neonatal period and remained steady during the first 7 d,
then decreased between d 7 and d 28. After this period, the
activity remained constantly low until d 56. A similar change
was observed in PD II activity (Activity[Met-Pro]-[Gly-Pro]). No-
tably, the highest activity of PD I and PD II (d 2) was
approximately five times higher than the lowest activity (E19).
The changes of prolidase activity in kidney and heart were
found to differ slightly. PD I activity in kidney increased from
E19 to d 4 (2-fold), and remained at this level until d 56, but
PD II activity did not markedly change over this time period
(Fig. 5B). On the other hand, the activities of PD I and PD II
in heart decreased from E19 to d 14 (2.5-fold decrease), and
remained constant until d 56 (Fig. 5C). Western blot analysis
revealed that protein expression of PD I and PD II in the small
intestine changed with development, strongly correlating with
the observed changes in activity (Fig. 5D).

Subcellular distribution of rat PD I and PD II. Sequential
centrifugation was performed to determine subcellular dis-
tribution of rat kidney PD I and PD II. After centrifugation,
approximately 90% of the total activity of homogenates
against Gly-Pro and Met-Pro remained in the 105,000 � g
supernatant fluid (Fig. 6A). The distribution of PD I and PD
II protein examined by Western blot analysis also showed
a similar tendency (Fig. 6B). These results confirmed that
PD I and PD II existed as a cytosolic protein in rat kidney.
Effect of several inhibitors on PD I and PD II. Several

potential inhibitors of prolidase were tested to determine their
effects on rat prolidase isoenzymes. We used partially purified

Figure 3. Distribution of PD I and PD II in rat tissues. Homogenates of the
indicated rat organs (20–50 �g of protein) were allowed to react with 5 mM
Gly-Pro and Met-Pro, respectively, in the presence of 1 mM MnCl2. (A)
Activity[Gly-Pro] (the total activity against Gly-Pro) was regarded as the special
activity of PD I. (B) Activity[Met-Pro]-[Gly-Pro] (the deference of total activity
against Met-Pro and Gly-Pro) was regarded as the special activity of PD II.
Means � SD are shown (n � 3). (C) The homogenates were analyzed by
Western blot with anti-PD I and anti-PD II antiserum. Human PD I or PD II
was used as a positive control (lane H).

Figure 4. Distribution of PD I (black columns) and PD II (white columns) in
renal cortex and medulla. (A) Activity[Gly-Pro] and Activity[Met-Pro]-[Gly-Pro]

were regarded as the special activity of PD I and PD II, respectively. Means �
SD are shown (n � 3). (B) The homogenates were analyzed by Western blot
with anti-PD I and anti-PD II antiserum.
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PD I, PD II, and rat kidney homogenate as prolidase sources,
and Gly-Pro and Met-Pro as substrates. The results indicated
that Cbz-Proline and captopril inhibited PD I dose-
dependently with IC50 values of 5 and 50 �M, respectively.
However, up to 1000 �M Cbz-Proline and 100-�M captopril
showed no effect on PD II (Fig. 7, A and B). On the other hand,
NiCl2 markedly inhibited PD II (IC50 50 �M), while weakly
inhibiting PD I (Fig. 7C). Furthermore, Cbz-Proline dose-
dependently inhibited total prolidase activity in kidney ho-
mogenates against Gly-Pro and Met-Pro, with more efficient
inhibition against Gly-Pro (Fig. 8A). We then examined the
inhibitory effects of 0.5 mM Cbz-Proline, 0.5 mM captopril,
and 1 mM NiCl2 on prolidase in kidney homogenate against
various substrates. As shown in Figure 8B, the total activities
of homogenates against various substrates were strongly in-
hibited, with the exception of Met-Pro (50% inhibition at 0.5
mM Cbz-Proline).

DISCUSSION

Prolidase is an important enzyme for protein metabolism,
endogenous amino acid recycling, and proline-containing pro-
drug activation. Prolidase deficiency is caused by deficiency
of PD I, which is composed of 492 amino acid residues with
high homology between human and rat (86%). The gene is
located on the short arm of chromosome 19 (22,23). Prolidase
activity is present in patients with prolidase deficiency and
enzymatic properties of the patient’s prolidase are essentially
the same as those of PD II (19). Therefore, this study was
undertaken to characterize and determine physiologic roles of
different prolidase isoenzymes and to further investigate the
molecular basis of prolidase deficiency.
PD I showed high activity against various iminodipeptides

and was concentrated in the small intestine and kidney. Total
prolidase activity from the small intestine and kidney were
markedly higher than in other organs examined. It suggested
that the principal function of PD I is the absorption and
reabsorption of proline and other amino acids. The distribution
pattern and developmental expression of PD I are consistent
with the expression pattern of PEPT 1, which is a peptide
transporter existing in intestine and kidney as well as mediates
the absorption of small peptides (24). Hu et al. (23) also found
that the distribution pattern of PD I activity in the small
intestine correlates with peptide absorption. In another study,
the uptake of Gly-Pro gradually increased in the small intes-
tine with a striking perinatal peak, and then declined contin-

Table 1. Total activity of prolidase against various substrates in heart, liver, brain, small intestine, and kidney

Heart Liver Brain Small intestine Kidney

Gly-Pro 0.19 � 0.01 0.21 � 0.02 0.35 � 0.06 3.03 � 0.35 2.06 � 0.13
Met-Pro 0.76 � 0.08 0.77 � 0.04 1.59 � 0.11 4.91 � 0.13 3.38 � 0.13
Ala-Pro 0.57 � 0.05 0.61 � 0.03 1.01 � 0.05 6.76 � 0.16 5.17 � 0.14
Ser-Pro 0.59 � 0.07 0.66 � 0.04 1.08 � 0.04 8.05 � 0.48 5.82 � 0.51
Val-Pro 0.31 � 0.03 0.32 � 0.02 0.57 � 0.03 3.13 � 0.26 2.59 � 0.16
Leu-Pro 0.29 � 0.02 0.27 � 0.02 0.48 � 0.01 3.15 � 0.22 2.56 � 0.21
Phe-Pro 0.27 � 0.02 0.25 � 0.01 0.46 � 0.04 2.73 � 0.28 1.96 � 0.14
Pro-Pro 0.16 � 0.01 0.22 � 0.03 0.44 � 0.09 1.43 � 0.22 1.05 � 0.07

The enzyme assays were performed against various substrates (5 mM final concentration) in the presence of 1 mM MnCl2. The results are shown in nmol/min
per mg protein and expressed as the means � SD (n� 3).

Figure 5. Developmental changes of PD I and PD II in rat small intestine,
kidney, and heart. Homogenates (40 �g of protein) of the small intestine (A),
kidney (B), and heart (C) from rats indicated ages were allowed to react with
5 mM Gly-Pro and Met-Pro in the presence of 1 mM MnCl2. Activity[Gly-Pro]
(black circle) and Activity[Met-Pro]-[Gly-Pro] (white circle) were regarded as the
special activity of PD I and PD II, respectively. The results are expressed as
the means � SD (n � 3). (D) Homogenates from rat small intestine were
analyzed by Western blot with anti-PD I and anti-PD II antiserum.

Figure 6. Subcellular distribution of PD I and PD II in rat kidney. (A) Each
fraction (25–40 �g of protein) obtained from rat kidney homogenates by
sequential centrifugation (as described in Methods) was allowed to react with
5 mM Gly-Pro (black columns) and Met-Pro (white columns) in the presence
of 1 mM MnCl2. Total prolidase activities are shown as means � SD (n � 3).
Lane 1, homogenate; lane 2, 1,000 � g pellet; lane 3, 22,000 � g pellet; lane
4, 105,000 � g pellet; lane 5, 105,000� g supernatant fluid. (B) The same
samples (50 �g of protein) were analyzed by Western blot with anti-PD I and
anti-PD II antiserum.
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ually after the first 6 d of postnatal life. Moreover, the
preferential uptake of small peptides over their free amino
acids was also found in newborns and infants (25). In the
present study, the activities and protein levels of intestinal PD
I showed a similar pattern in age-dependent expression, sug-
gesting the possibility that PD I functions by way of an

intestinal peptide carrier, which may also be regulated by the
uptake of various iminodipeptides.
PD II showed a wide distribution and significantly higher

activity against Met-Pro. Compared with the small intestine
and kidney, total prolidase activities in various tissues tested
were low, but more pronounced against Met-Pro. These re-
sults suggested that PD II is responsible for providing high
cleaving activity against Met-Pro in variety of tissues rather
than for absorption and reabsorption of proline and other
amino acids. Interestingly, significant activity and protein
expression of intestinal PD II were observed at postnatal d
1–7, followed by a rapid decrease to fetal levels at d 21, about
the time of weaning. This suggested that PD II participates in
the absorption of proline and other amino acids early in life.
This age-related alteration of PD II may be particularly ad-
vantageous in newborns because of high requirement of free
amino acids for growth and metabolic function during this
period.
Lack of PD I leads to abnormalities in absorbing proline

arising from digestion of dietary proteins in the small intes-
tine, as well as in reabsorbing proline generated from endog-
enous protein in the kidney. The latter results in massive
urinary excretion of iminodipeptides, a typical symptom of
prolidase deficiency. We considered the significant hindrance
in intestinal absorption of proline during the neonatal period,
is an important contributor to the pathogenesis of prolidase
deficiency. Proline is found as an essential dietary amino acid
for neonatal pigs, but not for post weaning pigs, because
arginine- and glutamine-dependent proline synthesis are not
detectable in enterocytes of newborn or sucking pigs (26). Wu
et al. (27) also demonstrated the presence of high activity of
mitochondrial proline oxidase in the small intestine, and that
the intestinal mucosa plays a major role in initiating proline
degradation in the body. Thus, the decrease of intestinal
absorption of proline decreased directly the amount of proline
available to extraintestinal tissues in the first pass by portal-
drained viscera. Only weak prolidase activity exists in ex-
traintestinal and extrarenal tissues, which do not have the
ability to provide essential proline. In addition, relatively large
amounts of arginine and its immediate precursors (ornithine,
citrulline) are synthesized from proline by pig enterocytes in a
concentration-dependent manner, and account for 80–90% of

Figure 8. Inhibitory effects of Cbz-Proline, captopril, and NiCl2 on total
prolidase activity from rat kidney homogenates. (A) Homogenates (40 �g of
protein) from kidney was allowed react with 5 mM Gly-Pro (black circles)
and Met-Pro (white circles), respectively, in the presence of 1 mMMnCl2 and
the indicated concentrations of Cbz-Proline. The total activities of prolidase
against Gly-Pro and Met-Pro (2.06 and 3.38 nmol/min per mg of protein) in
absence of the inhibitors were normalized to 100%. (B) Homogenates (40 �g
of protein) from kidney was allowed to react with 5 mM of various substrates,
in the presence of 1 mM MnCl2. Cbz-Proline at 0.5 mM (white columns),
captopril at 0.5 mM (striped columns), NiCl2 at 1 mM (shaded columns) or no
inhibitors (black columns) was included in the reaction mixture. The results
are expressed as the means � SD (n � 3).

Figure 7. Inhibitory effects of Cbz-Proline, captopril, and NiCl2 on partially purified PD I and PD II. Separated PD I and PD II from rat kidney were allowed
to react with 5 mM Gly-Pro (black circles) and Met-Pro (white circles), respectively, in the presence of 1 mM MnCl2 and the indicated concentrations of
Cbz-Proline (A), captopril (B), and NiCl2 (C). The activity of separated PD I against Gly-Pro (14.5 nmol/min per mg of protein) and the activity of separated
PD II against Met-Pro (8.7 nmol/min per mg of protein) in absence of the inhibitors was normalized to 100%. The results are expressed as the means � SD
(n � 3).
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metabolized proline carbons (27). Wu (27) also found that
proline oxidase activity and rates of synthesis of citrulline and
arginine from proline are high in enterocytes of newborn pigs
and markedly decreased in 7-d-old pigs. Arginine is a nutri-
tionally essential amino acid for neonates and remarkably
deficient in the milk of many species including humans, pigs,
and rats (28). Therefore, the endogenous synthesis of arginine
form proline plays a crucial role in maintaining arginine
homeostasis in neonates. The decrease of intestinal absorption
of proline might indirectly decrease the amount of endogenous
synthesis of arginine for neonates. Arginine deficiency can
cause growth retardation, impaired immune and neurologic
development, which are also typical symptoms of prolidase
deficiency. Thus, we propose that dietary supplementation of
free proline plus arginine for neonates; it might be helpful for
treating patients with prolidase deficiency.
Cbz-Proline, captopril and Ni2� inhibition of prolidase

were described in previous studies (29–31), but as these
studies used Gly-Pro as substrate, it would seem that the
inhibitory effect of these compounds would contribute to PD
I function only. In the present study, we found that these three
compounds inhibited PD I in agreement with the above pa-
pers, but Cbz-Proline and captopril showed no effect on PD II
at low concentrations and NiCl2 inhibited PD II more strongly
than PD I. Cbz-Proline, which strongly inhibited PD I (200
�M, 90% inhibition), but showed no effect on PD II, might be
useful in developing an experimental animal model for proli-
dase deficiency.
In summary, our studies suggest that the principal function

of PD I is absorption and reabsorption of proline and other
amino acids. PD I functions by way of an intestinal peptide
carrier, which may also be regulated by the uptake of various
iminodipeptide. The main function of PD II is to provide high
cleaving activity against Met-Pro in various tissues. Similarly,
age-related alterations of prolidase isoenzymes suggest that
intestinal PD II also participates in absorption of proline and
other amino acids in early life.
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