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Summary 

Neuropeptide Y, peptide YY and pancreatic polypeptide share an evolutionary conserved proline-rich 
N-terminal sequence, a structure generally known to be inert to the attack of common proteinases, but a po- 
tential target for specialized proline-specific aminopeptidases. Purified human dipeptidyl peptidase IV (also 
termed CD 26) liberated N-terminal Tyr-Pro from both, neuropeptide Y and peptide YY, with very high spe- 
cific activities and K m values in the micromolar range, but almost no Ala-Pro from pancreatic polypeptide. Other 
proline-specific aminopeptidases exhibited low (aminopeptidase P, liberation of N-terminal Tyr) or totally no 
activity (dipeptidyl peptidase II), as was also observed with less-specific aminopeptidases (aminopeptidase M, 
leucine aminopeptidase). When human serum was incubated with neuropeptide Y or peptide YY at micro- and 
nanomolar concentrations, Tyr-Pro was detected as a metabolite of both peptides. Formation of Tyr-Pro in 
serum was blocked in the presence of Lys-pyrrolidide and diprotin A (Ile-Pro-Ile), specific, competitive inhibi- 
tors of dipeptidyl peptidase IV. Incubation of neuropeptide Y or peptide YY with immunocytochemically de- 
fined, cultivated endothelial cells from human umbilical cord also yielded Tyr-Pro. Dipeptidyl peptidase IV could 
be immunostained on most endothelial cells by a specific antibody. We suggest that dipeptidyl peptidase IV 
might be involved in the degradation of neuropeptide Y and peptide YY to N-terminal truncated neuropeptide 
Y(3-36) and peptide YY(3-36). Since specific binding to Y~, but not to Y2 subtype of neuropeptide Y/peptide 
YY receptors requires intact N- as well as C-termini of neuropeptide Y and peptide YY, removal of their 
amino-terminal dipeptides by dipeptidyl peptidase IV inactivates them for binding to one receptor subtype. 

* Corresponding author. Fax: + 49 431 8801557. 
Abbreviations: NPY, neuropeptide Y; PYY, peptide YY; PP, pancreatic polypeptide; DPP IV, dipeptidyl peptidase IV (EC 3.4.14.5; 
CD 26); APP, aminopeptidase P (EC 3.4.11.9). 
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Introduction 

Neuropeptide Y (NPY), peptide YY (PYY), and 
pancreatic polypeptide (PP) are 36-amino acid regu- 
latory peptides with high homology in primary 
(Fig. 1) as well as tertiary structure. NPY is widely 
distributed in central and peripheral neurons, PYY is 
produced by endocrine cells of the small intestine 
and colon, and PP occurs in distinct cells of the is- 
lets of Langerhans. NPY and PYY appear to bind to 
common receptors with equal affinity, whereas re- 
ceptors for PP are different [ 1 ]. Furthermore, at least 
three subtypes of NPY and PYY receptors, Y~, Y2 
and Y3, exist [2,3]. 

In the primary structure of these three peptides the 
proline-residues at positions 2, 5 and 8 are highly 
conserved among species (compare Ref. 4) as well as 
among the different members of the peptide family 
(Fig. 1). Since sequences involving proline bonds are 
resistant to common proteinases, but on the other 
hand are targets for specialized enzymes [5], we 
evaluated whether or not proline-specific proteinascs 
might metabolize these peptides to inactive fragments 
or those with modified receptor specificity. In this 
report we present evidence that NPY(3-36) and 
PYY(3-36) are generated from the parent peptides 
by action of dipeptidyl peptidase 1V (DPP IV). a 
highly specialized aminopeptidase removing only 
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Fig. 1. N-terminal sequences of human neuropeptide Y (NPY), peptide YY (PYY) and pancreatic potypeptide (PP) as compared to se- 
quences of lower vertebrates. Proline residues (bold) in positions 2, 5 and 8 are highly conserved in all sequences of this peptide family 

as well as in different species (dogfish sequences taken from Ref. 4). 



Xaa-Pro (and Xaa-Ala) dipeptides from N-terminal 
sequences with second Pro (or Ala). We suggest that 
this processing may regulate the biological activity of 
NPY and PYY by influencing their binding to dif- 
ferent receptor subtypes, because intact N- and 
C-terminal sequences are required for interaction 
with Y~-receptors, whereas binding to the Yz- 
receptor subtype is achieved also by fragments of the 
C-terminal parts alone [6,7]. 

Materials and Methods 

Peptides and enzymes 
Synthetic NPY and PYY were purchased from 

Saxon Biochemicals, Hannover, Germany, and other 
peptides were from Bachem, Bubendorf, Switzer- 
land. All peptides contained the human sequences. 
NPY or PYY (2 nmol each) were radioiodinated by 
the chloramine T method and purified by reverse- 
phase HPLC [8]. The specific activity calculated 
from amount of peptide and recovered radioactivity 
was 10 #Ci/nmol. Lys-pyrrolidide was a gift from 
Dr. Mike Schutkowski, Martin-Luther-Universit~t, 
Halle/Saale, Germany. DPP IV (EC 3.4.14.5) was 
purified from human placenta [9], dipeptidyl pepti- 
dase II (EC 3.4.14.2) and aminopeptidase P (EC 
3.4.11.5) were isolated from rat brain as described 
[ 10,11 ]. Aminopeptidase M (EC 3.4.11.2), leucine 
aminopeptidase (EC 3.4.11.1) and prolidase (EC 
3.4.13.9), all from hog kidney, were obtained from 
Sigma, Munich, Germany; they were pretreated with 
1 mM diisopropylftuorophosphate to ensure absence 
of contaminating DPP IV activity [ 12]. 

Enzymatic assays 
5 nmol of the peptides (5/~1 of a 1 mM solution 

in water) were incubated at 37 ° C with 1 ng peptidase 
or 3 ~1 human serum in 50 mM triethanolamine/HC1 
buffer, pH 7.8, for 5-30 rain in a total volume of 500 
/~1 (final peptide concentration 10/~M). For kinetic 
assays peptide concentrations were varied between 
50-0.5 /tM. Peptides with Tyr could be quantified 
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down to 0.1 nmol. Radioiodinated NPY or PYY 
(approx. 220,000 cpm corresponding to 10 pmol) 
were incubated in buffer supplemented with 0.05~ o 
bovine serum albumin to reduce adsorption to glass 
and plastic surfaces, Assays with purified aminopep- 
tidase P were supplemented with 1 mM dithiothreitol 
and 1 mM MnC12. Dipeptidyl peptidase II was in- 
cubated with the peptides in 50 mM acetate buffer, 
pH 5.5. Enzymatic reactions were terminated by ad- 
dition of 5 #1 trifluoroacetic acid, and applied onto 
a Spherisorb ODS-2 (3 /~m particles, 125 × 4 mm; 
Pharmacia, Freiburg, Germany) reverse-phase 
HPLC column. Peptides and their fragments, includ- 
ing liberated Tyr, were separated by a linear gradient 
of 0-80 ~o acetonitrile in 0.1 ~o trifluoroacetic acid 
formed within 15 min at a flow rate of 1 ml/min, and 
quantified by their absorbance at 220 nm in the elu- 
ate. Presence of Tyr-Pro was either verified by boil- 
ing (5 min) of incubation samples before acidifica- 
tion, subsequent incubation (30 min, 37°C) with 
10-50 #g desalted prolidase, and processing as 
above. In some experiments fragments were collected 
after HPLC, hydrolysed with 6 M HCI in yacuo (24 
h, 100°C), derivatized with 4-dimethylaminoazoben- 
zene-4'-sulfonylchloride (dabsyl-chloride), and deri- 
vates were separated by reverse-phase HPLC [13]. 
Free amino acids and Ala-Pro were directly lyo- 
philized, derivatized and analyzed as above. Dabsyl- 
Ala-Pro elutes between Dabsyl-Pro and Dabsyl-Val. 
Degradation rates were calculated from the areas of 
liberated dipeptides/amino acids quantified by stan- 
dards. 

Standard assays for DPP IV with 0.5 mM Gly- 
Pro-4-nitranilide and for aminopeptidase P with 1 
mM Arg-Pro-Pro have been reported earlier 
[ 9-11,14]. Protein contents of purified enzymes were 
calculated from their activities with standard sub- 
strates [9-11,14]. 

Cell culture and immunocytochem&try 
Endothelial cells were obtained from human um- 

bilical veins, cultivated and subcultivated twice as 
described by Jaffe etal. [15] with a few modifica- 
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tions: cells were plated on collagen (from rat tail) 
coated petri dishes or coverslips (for immunocy- 
tochemistry), and incubation medium was supple- 
mented with 50 ng/ml basic fibroblast growth factor 
and 50 #g/ml heparin. Prior to degradation experi- 
ments cells were washed twice carefully with pre- 
warmed 145 mM NaC1, 5 mM KC1, 1.8 mM CaCI 2, 
1 mM MgC12, 20 mM glucose, 20 mM Hepes, 
pH 7.4. Washed cells were then incubated with 
1 ml of 10 #M peptide in this buffer for 0-90 rain at 
37°C. 

Immunocytochemistry was performed with cells 
fixed by cold acetone with either rabbit anti-human 
factor VIII antiserum (Dakopatts, Hamburg, Ger- 
many) or rabbit anti-human DPP IV [16] in 
phosphate-buffered saline (1:20, 24 h, 4 ° C) followed 
by fluoresceine isothiocyanate labelled anti-rabbit 
immunoglobulin G as second antibody (1:20, 30 
rain). After washing cultures were counterstained 
with bisbenzimide (0.3°~ in phosphate-buffered sa- 
line), washed, embedded in saline-glycerol (9:1). 
Green fluorescence of fluoresceine immunostaining 
was inspected at 510-560 nm emission and blue 
nuclear counterstain at 450-490 nm emission from 
the same sample irradiated at 390-420 nm excita- 

TABLE I 

Cleavage of 10 # M  neuropeptide Y (NPY), peptide YY (PYY) 
and pancreatic polypeptide (PP, human sequences) by highly pu- 

rified dipeptidyl peptidase IV (DPP IV, from human placenta), 
dipeptidyl peptidase lI (DPP II, from rat brain) and aminopepti- 

dase P (APP, from rat brain) 

All assays were performed under conditions optimal for the en- 

zyme selected, see Materials and Methods. No activity was mea- 
sured with the less-specific enzymes aminopeptidase M and leu- 

cine aminopeptidase. 

Peptide Cleavage rates (/1tool min - ~ mg L) by 

DPP IV DPP II APP 

NPY 27 <0.01 0,2 
PYY 6.8 <0.01 0.2 
PP <0.01 <0.01 <0.1 

tion. DNA in cultivated cells was measured by the 
ethidium bromide method [17] after lysis in hypo- 
tonic buffer and scraping off by a rubber-policeman. 

_%10 

E 

< i 

[ - • - ! : - 

( DesTyrProI-NDY 

ryrPro 

al~a~f 

r 

: ' ,[ ; i(i  

- T . . . .  l I " 

IDesTyrProI-PYy 

E - 1 0  
Ty r l ~o  

< I 

_1R-1 

t . . . . . .  i ~ . _L . . . .  12 i ..... ] . I ~ L - -  
m i n  

Fig. 2. Reverse-phase high pressure liquid chromatographic sepa- 
rations of dipeptidyl peptidase IV digests of neuropeptide Y (NPY) 
and peptide YY (PYY). The positions of liberated Tyr-Pro (de- 
termined with standard) and of the truncated peptides (only partly 
separated) are indicated. The octadecyl HPLC column was eluted 
with a linear gradient o f 0 - 8 0 %  acetonitrile in 0.1 °; trifluoroace- 
tic acid, and peptides were monitored in the eluate by' their ab- 

sorbance at 220 nm, see Materials and Methods. 



Results 

Degradation of NPY and P Y Y  by purified proteinases 
The dipeptidyl peptidases IV and II and aminopep- 

tidase P are the only enzymes so far known to hy- 
drolyse N-terminal Xaa-Pro-sequences by removal 
of the terminal dipeptide or amino acid [5]. NPY, 
PYY and PP were digested at different rates by these 
proteinases. NPY and PYY were cleaved with high 
rates by DPP IV and with lower ones by aminopep- 
tidase P, whereas PP was not measurably attacked 
(Table I). Dipeptidyl peptidase II or the less-specific 
enzymes aminopeptidase M and leucine aminopep- 
tidase did not cleave either NPY, PYY nor PP. 

In accordance with their known specificity DPP 
IV liberated only N-terminal Tyr-Pro (Fig. 2) and 
aminopeptidase P N-terminal Tyr (not shown) from 
NPY and PYY even after prolonged (180 rain) in- 
cubations. Combined actions of DPP IV with puri- 
fied leucine aminopeptidase or aminopeptidase M 
(both in 100-fold surplus by weight) on NPY yielded 
only few, small digestion peaks beside Tyr-Pro 
(not shown). This indicates a relatively high stability 
of NPY(3-36) to further aminopeptidase attack 
which should subsequently liberate Ser, Lys-Pro and 
SO o n .  

In a further set of experiments we evaluated 
whether DPP IV is also active on NPY and PYY at 

137 

physiological, nanomolar concentrations. Due to 
sensitivity of photometric detection, determination of 
kinetic constants could be performed down to 500 
nM with the unlabelled peptides (Table II). Degra- 
dation of NPY and PYY did not obey Michaelis- 
Menten kinetics at concentrations above 20 # M. The 
observed overproportional increase of peptidase ac- 
tivity above 20/~M has been observed earlier with 
other neuropeptides, e.g., substance P [14]. How- 
ever, double reciprocal plots according to Lineweaver 
and Burk were linear below 20/~M and were used for 

the determination of apparent K m- and Vmax/kca t val- 
ues (Table II). Turnover rates are very high for NPY 
and for PYY, both exceeding those determined for 
other peptide hormone substrates, e.g., substance P. 
As found for other peptide-degrading enzymes [ 18] 
K m values for NPY and PYY are in the/~M-range. 
The actions of peptidases at lower peptide concen- 
trations are given by the rate constants kcat/Km: high 
rate constants indicate high digestion rates at nano- 
molar concentrations. High kcat/K m values were 
found for DPP IV cleavage of both peptides, espe- 
cially for NPY. Moreover, DPP IV released labelled 
Tyr-Pro from radioiodinated NPY and PYY when 
these labelled peptides were incubated with purified 
proteinase even at a nanomolar concentration 
(Fig. 3). This proves an action at physiological con- 
centrations. 

TABLE II 

Kinetic constants for the cleavage of neuropeptide Y and peptide YY compared to other peptides by human dipeptidyl peptidase IV 

/3-Casomorphin and substance P are established substrates for dipeptidyl peptidase IV and data [ 14] are added for comparison. The kca t 
values were calculated on the basis of 120 kDa for one active subunit of dipeptidyl peptidase IV which is dimeric in solution. Substrate 
activation was observed at concentrations above 20/~M for NPY and PYY, above 50/~M for substance P. 

Peptide N-terminus Range K m Vm, x kcat kcat/g m 
(/~M) (/~M) (#molmin lmg 1) (s t) ( s - l M  l) 

Neuropeptide Y YP-SKP. . .  50-0.5 8 48 96 12.0" 106 
Peptide YY YP-IKP. . .  50-0.5 28 26 52 1.9' 106 
//-Casomorphin YP-FP-GP-I 500-20 59 90 180 3.1" 106 
Substance P RP-KP-QQ. . .  400-25 22 10 20 0.54.106 
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Degradation of NPY and PYY in serum 

It is known that serum contains activity of soluble 
DPP IV and aminopeptidase P [13]. Therefore, we 
evaluated whether these proteinases might be in- 
volved in the degradation of NPY and PYY in human 
serum. In sera of healthy males (n = 6) activities of 
55 + 12 / ,mo lmin -  11 1 for DPP IV were measured 
with the chromogenic substrate Gly-Pro-4-nitranilide 
(0.5 mM, 37°C) and of 12+8 /~molmin- l l  1 for 

aminopeptidase P with Arg-Pro-Pro (1 mM, 37 ° C). 

The relatively high variability of serum aminopepti- 
dase P activity may result from a different release 
after coagulation from platelets where this enzyme is 
found [ 19]. 

When 10 #M NPY was incubated with a small 
amount of serum with mean DPP IV and high (20 
/~molmin- t l  l) aminopeptidase P activities at 

37°C, Tyr-Pro was found as a metabolite (Fig. 4). 
The formation of Tyr-Pro by human serum was veri- 
fied by (i) identical retention time with standard, and 
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Fig. 3. Degradation of radioiodinated peptide YY (PYY) by purified dipeptidyl peptidase IV (dotted line) and by human serum (solid linc). 
Similar results were obtained with radioiodinated neuropeptide Y (NPY). In the experiments shown, 20 nM ~2sI-PYY was incubated with 
6 ng purified dipeptidyl peptidase IV or 100 ~1 serum in 500/~1 triethanolamine buffer, pH 7.4, containing 0.05°4, bovine serum albumin 
for 60 min at 37°C. Acidified samples were analyzed by HPLC as described in Fig. 2, fractions of 0.5 ml collected and measured for ra- 
dioactivity. Note that tasI-Tyr-Pro is more lipophilic than the unlabelled dipeptide and therefore does not elute at the same position! Ex- 

amples of representative chromatograms where nearly all 1251-Tyr-Pro is liberated from t251-PYY applied. 
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Fig. 4. Degradation of neuropeptide Y (NPY) by human serum, 
identification of fragments and influence of the selective, competi- 
tive dipeptidyl peptidase IV inhibitor Lys-pyrrolidide. 3 I~1 serum 
were incubated with 10 # M NPY in 500 I~ 1 triethanolamine buffer, 
pH 7.8, for 60 min at 37°C, acidified and analyzed by HPLC as 
described in Materials and Methods. Pictures show parts of HPLC 
runs as in Fig. 2 depicted from incubations as indicated of: (a) 
serum blank, (b) NPY and serum, (c) NPY and serum, stopped 
and further digested by prolidase which splits Tyr-Pro to Tyr and 
Pro (no signal at 220 nm), and (d) NPY and serum in the pres- 
ence of the selective dipeptidyl peptidase inhibitor Lys-pyrrolidide 
(1 mM). A peak at the position of Tyr is observed (impurity of 

Lys-pyrrolidide or Tyr as fragment?). 
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(ii) disappearance of  the Tyr-Pro-peak and appear- 
ance of  Tyr (retention time as a standard) after fur- 

ther digestion of  the heat-inactivated incubation 
sample with purified prolidase, a strict dipeptidase 
known to act only on Xaa-Pro  dipeptides (Fig. 4), 
and (iii) determination of  the amino acid composi-  

tion of  this fragment collected after H P L C  separa- 
tion. 

Moreover,  almost no Tyr-Pro was detected when 
serum was incubated with N P Y  in the presence of  
specific inhibitors of  D P P  IV, 1 m M  lysylpyrrolidide 
(Fig. 4) or 0.1 m M  diprotin A. In contrast,  incorpo- 

ration of  0.1 m M  bestatin, an inhibitor o f  common  
aminopeptidases, had no effect on Tyr-Pro forma- 

tion (not shown). Lys-pyrrolidide (Lys-tetrahydro- 
pyrrole) is a substrate analog and acts as a competi- 
tive inhibitor of  dipeptidyl peptidases IV and II, but 
not of  aminopeptidase P or other proteinases (as far 

as tested by us), and inhibited at 1 m M  concentra-  
tion purified or serum D P P  IV activity (measured 

with 0.5 m M  Gly-Pro-4-nitranilide) completely. 
Diprotin A (Ile-Pro-Ile) is a bad, but high affinity 

substrate ( K  m = 4/~M) for D P P  IV [20] and reduced 
this activity in serum measured with the chromoge- 
nic substrate at 0.1 mM to 9~o. 

Furthermore, incubation of  radioiodinated N P Y  
or PYY at nanomolar  concentrat ion with serum 
yielded a radiolabelled digestion product  eluting at 
the same position as radioiodinated Tyr-Pro obtained 
by digestion of  labelled N P Y  or PYY with purified 

D P P  IV (Fig. 3). N P Y  and PYY contain both 5 Tyr 
to be radioiodinated, of  which Tyr-1 and Tyr-36 are 

preferentially labelled [21]. Thus, Tyr-Pro and the 

truncated peptides or further metabolites of  the 
C-terminal parts of  the peptides can be detected. As 
concluded from these digestion patterns (Figs. 3 and 
4), D P P  IV appears to be involved in the catabolism 
of  N P Y  and PYY in human serum. 

Degradation of NP Y by cultivated endothelial cells 
Blood vessels have been reported as a major tis- 

sue localisation for D P P  IV [22]. We therefore in- 
cubated cultivated endothelial cells with N P Y  and 
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Anti-Factor VII[ Anti-DPP-IV- 

Fig. 5. Immunostaining of cultivated endothelial cells for factor VII1 (anti-Factor VIII), an established endothelial marker, and l't~r 
dipeptidyl peptidase IV (anti-DPP IV). Samples were incubated with the specific primary, polyclonal rabbit antisera, and subsequently with 
fluoresceine-conjugated anti-rabbit immunoglobulin G as second antibody. For checking the purity of cultures, nuclear counterstaining 
performed with bisbenzimide (not shown), and fluorescence of immune (green) and nuclear (blue) stainings were inspected together. Nearly 

all cultivated cells were positivc for factor VIII and for dipeptidyl peptidase IV. 

PYY. Endothelial cells were obtained from human 
umbilical cord, and after two subcultures more than 

90~o of  the cells were positive for factor VIII,  an 
established endothelial cell marker (Fig. 5). In ho- 
mogenates of  these cells, specific activities of  1.6 
n m o l m i n - l # g  D N A - t  were measured for the hy- 

drolysis of  Gly-Pro-4-nitranilide as standard D P P  
IV chromogenic substrate, but aminopeptidase P ac- 
tivity was not detectable with Arg-Pro-Pro 
( = bradykinin(1-3)).  

Again, after incubation of  cultivated endothelial 
cells with N P Y  or PYY, Tyr-Pro was detected as a 
metabolite in cell supernatants (Fig. 6). As in corre- 
sponding assays with serum, identity of  this main 
digestion peak with Tyr-Pro was verified by (i) iden- 
tical retention time with a standard, and (ii) disap- 

pearance of  Tyr-Pro and appearance of  Tyr after 
further digestion of  the heat inactivated sample with 

prolidase (Fig. 6). Despite other peaks in the H P E C  
runs, it is evident that cultivated endothelial cells 
liberate of  N-terminal Tyr-Pro from N P Y  and PYY. 

Discussion 

N P Y  and PYY, less PP, are cleaved with high 
specific activities and high rate constants  to their 
des(Tyr-Pro) fragments by D P P  IV. These kinetic 
constants exceed those determined earlier for the di- 
gestion of  other bioactive peptides with terminal 
Xaa-Pro  by D P P  IV, e.g., substance P, gastrin- 
releasing peptide or prolactin (Table II [14]). K,, 
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values in the micromolar range have been reported 
for all other neuropeptide/peptide hormone-degrad- 
ing proteinases, e.g., Leu-enkephalin is hydrolyzed 
by 'enkephalinase' (=  endopeptidase-24.11) with 
Km = 86 # M  and kcat/Km = 0.73" 106s - 1M 1 or an- 

giotensin I by angiotensin-converting enzyme ( -- pep- 
tidyl dipeptidase A) with K m = 4  #M and kcat/ 

Km = 2.1"106s - 1 M -  ~ [18] .  These  (and other [18] )  

data are in these same range as found for NPY and 
PYY with DPP IV (compare Table II). Because at 
physiological, nanomolar peptide concentrations re- 
action rates v of peptide hormone-/neuropetide- 
degrading enzymes E are given by v = [ E]' [ S ] 'kcat/ 
K m [23],  the va lue  o f  the specifity cons tant  kcat/K m 
compares best their action on competing peptide 
substrates. Furthermore, since the enzymes act in 

linear ranges of V versus IS] plots at low concen- 
trations, their digestion rates increase with rising 
peptide concentrations and are not saturated (in con- 
trast to receptors). 

Though it is known that chromogenic dipeptidyl 
substrates or peptides with terminal aromatic or lipo- 
philic residues (P2-position) are good substrates for 
DPP IV [13,14], the sequence subsequent to the 
cleavage site appears to determine significantly their 
digestion rates. Cleavage of PP - if any - is negligible 
and contrasts the very high digestion rates for NPY 
and PYY. This might be explained by different con- 
formational structures of NPY/PYY and PP in so- 
lution: the N-terminal segment of NPY has been 
found disordered in solution, whereas it folds in a 
polyproline-like helix in the case of PP [24]. It should 
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be noted also that NPY/PYY-receptors are different 
from PP-receptors [ 1 ]. 

DPP IV has been detected in high amounts at the 
surface of  capillary endothelial cells in situ and on 
surrounding muscle cells [22], in serum [13], on a 
subset of  T-lymphocytes ([ 16], as leucocyte differ- 
entiation marker also termed CD 26), on hepatocytes 
(here also termed GP110 or OX-61 antigen [25]) as 
well as at intestinal and kidney brush border mem- 
branes [18]. Therefore, DPP IV should act at least 
on circulating PYY which is released postprandially 
from endocrine cells of  the gut into the blood stream. 

We evaluated whether the conclusions from ki- 

netic data of the purified enzyme and its established 
localization might be of biological importance by two 
in vitro assays. When human serum and endothelial 
cells were incubated with NPY and PYY the char- 
acteristic, peptidase-derived dipeptide Tyr-Pro was 
obtained. Moreover, specific inhibitors of  DPP IV 
abolished its formation of by serum. 

The relevance of  DPP IV cleavage for the degra- 
dation of N P Y  and PYY is further sustained by ear- 
lier reports about the occurrence of  corresponding 
NPY and PYY fragments in tissue extracts: PYY(3-  
36) has been isolated from human intestine and is 
present in serum up to 30-60°;  of  the total PYY- 
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natants were analyzed by HPLC as in Fig. 2. 



immunoreact iv i ty  [26]. N P Y ( 3 - 3 6 )  has  been puri- 

fied from porcine bra in  [27]. We  speculate  therefore 

that  N P Y  and PYY are cleaved by D P P  IV in vivo 

to their des (Tyr -Pro) - t runca ted  forms. 

F o r  the synthetic,  N- te rmina l  t runcated  pept ides  

N P Y ( 3 - 3 6 ) ,  P Y Y ( 3 - 3 6 )  and to a lesser extent even 

N P Y ( 2 - 3 6 )  it has been shown that  they lack full 

binding and biological  activity to interact  with the 

YI-,  but  not  with the Y2-receptor subtype [7,28]. 

Therefore,  the proteolyt ic  cleavage o f  N P Y  and PYY 

by D P P  IV (and even aminopep t idase  P, if high con- 

centra t ions  are present)  results in inact ivat ion of  

these pept ides  with respect  to biological  effects me- 

d ia ted  by one receptor  subtype, but  not  by the other. 

Since the comple te  pept ides  affect both  receptor  sub- 

types, but  the D P P  IV-cleaved ones only the Y2- 

receptor,  b iphas ic  responses  or  a certain compar t -  

menta t ion  of  the biological  effects are possible.  This 

could affect Y1 specific per ipheral  bioactivi t ies  like 

vasoconst r ic t ion ,  bronchia l  smooth  muscle  cell con- 

t ract ion and certain gastrointes t inal  effects. 

As examples ,  PYY(3-36 )  has  been repor ted  to be 

significantly less potent  than intact  PYY to inhibit 

pentagas t r in-s t imula ted  gastric acid secretion as well 

as deoxy-D-glucose-s t imulated insulin release, but  

not  pancreat ic  exocrine secretion [29]. N P Y  is colo- 

cal ized in sympathet ic  per ivascular  nerve fibres with 

noradrena l ine  [28]. It is a vasocons t r ic to r  alone and 

potent ia tes  the action of  noradrenal ine  on vascular  

smooth  muscle  cont rac t ion  [28]. Vasocons t r ic tor  ef- 

fects are predomina te ly  media ted  by Y~ receptors  

[2,28] which might be affected by D P P  IV. 

Proteolyt ic  cleavage is an impor tan t  step for the 

generat ion of  active pept ide  hormones  from their pre- 

cursors  as well as for the inact ivat ion of  circulating 

peptides.  Al tera t ion of  receptor  specificity by pro-  

teolytic digest ion is known for few examples  and a 

novel biological  function of  dipept idyl  pept idases .  
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