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Dipeptidyl peptidase IV (DPP-IV) is an ectopeptidase with many roles, and a target of therapies for different
pathologies. Zinc and calcium produce mixed inhibition of porcine DPP-IV activity. To investigate whether these
results may be generalized to mammalian DPP-IV orthologues, we purified the intact membrane-bound form from rat
kidney. Rat DPP-IV hydrolysed Gly-Pro-p-nitroanilide with an average Vmax of 0.86±0.01 μmol min–1mL–1 and KM
of 76±6 μM. The enzyme was inhibited by the DPP-IV family inhibitor L-threo-Ile-thiazolidide (Ki=64.0±0.53 nM),
competitively inhibited by bacitracin (Ki=0.16±0.01 mM) and bestatin (Ki=0.23±0.02 mM), and irreversibly inhibited
by TLCK (IC50 value of 1.20±0.11 mM). The enzyme was also inhibited by divalent ions like Zn2+ and Ca2+, for
which a mixed inhibition mechanism was observed (Ki values of the competitive component: 0.15±0.01 mM and
50.0±1.05 mM, respectively). According to bioinformatic tools, Ca2+ ions preferentially bound to the β-propeller
domain of the rat and human enzymes, while Zn2+ ions to the α-β hydrolase domain; the binding sites were essentially
the same that were previously reported for the porcine DPP-IV. These data suggest that the cationic susceptibility of
mammalian DPP-IV orthologues involves conserved mechanisms.
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1.

Introduction

Dipeptidyl peptidase IV (DPP-IV, EC 3.4.14.5) has attracted
intense interest (Matteucci and Giampietro 2009; Peters
2010; Stulc and Sedo 2010). This enzyme is a ubiquitous,
homodimeric serine aminopeptidase with broad tissue distribution. DPP-IV preferentially cleaves Xaa-Pro or Xaa-Ala
dipeptides from the N-terminus of oligopeptides with
Keywords.

approximately 30 or less amino acids. The enzyme processes
regulatory peptides in vivo, leading to their biological activation or inactivation. It has an important role in multiple
physiological functions, such as degradation of glucosedependent insulinotropic peptide and glucagon-like peptide
1, the most important insulin-releasing hormones of the
enteroinsular axis. This enzyme also regulates immune system responses mediated by CD4+ T lymphocytes, and
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inactivates endomorphin 2, an analgesic peptide abundant in
the cortex of the human brain, with high affinity for the μopioid receptors (Gorrell 2005). More recently, high DPP-IV
activity has been detected in several pathologies such as
hepatic cirrhosis, head-and-neck or prostate cancer, bowel
disease, as well as impaired function of the immune system
(Gorrell 2005; Bank et al. 2008, Wilson et al. 2005; Yazbeck
et al. 2009, Yilmaz et al. 2009).
Strategies for inhibition of DPP-IV activity have been
developed for the treatment of various diseases, in particular
type 2 diabetes mellitus and cancer (Matteucci and
Giampietro 2009; Peters 2010; Stulc and Sedo 2010). In
several of these pathologies, a deficiency of cations (e.g.
zinc) is also implicated (reviewed in Jansen et al. 2009).
We have recently shown that zinc inhibits the activity of
porcine DPP-IV with a Ki value near circulating concentrations in mammals while the effect of calcium was weaker
(Pascual et al. 2011). To understand whether this sensitivity
is a general property of DPP-IV enzymes in mammals, and
since rodents are one of the models of choice for many
preclinical studies, we purified to homogeneity the intact
membrane form of DPP-IV from rat kidney by a method
similar to that previously described for the porcine kidney
enzyme (Pascual et al. 2011). We characterized the effect of
divalent cations on enzyme activity, with emphasis on zinc
and calcium. To obtain a comparative insight into the interaction between DPP-IV and calcium or zinc ions, their
binding sites were predicted in rat and human enzymes and
compared to those previously predicted for the porcine
orthologue.
2.

(Amersham Biosciences) (Scopes 1987). During the enzyme
characterization, we used the procedure described by (Scopes
1987) with bovine serum albumin as standard.
2.3

Determination of DPP-IV and M1 family
aminopeptidases activities

DPP-IV activity was measured at 37°C as described by
(Nagatsu et al. 1976) using the substrate Gly-Pro-pnitroanilide (Gly-Pro-pNA, 5 mM) in 50 mM Tris-HCl,
0.1% Triton X100, pH 8 buffer [buffer A]. The production
of p-nitroaniline was measured every 15 s during 3 min at
405 nm, at 37°C, in an Ultrospec 4000 spectrometer. The pnitroaniline extinction coefficient used was 8850 M−1 cm−1.
One unit of enzymatic activity was defined as the amount of
DPP-IV necessary for the hydrolysis of 1 μmol of Gly-PropNA per min in the specified conditions. The assays for
alanyl aminopeptidase (APN, EC 3.4.11.2), glutamyl aminopeptidase (APA, EC 3.4.11.7) and arginyl aminopeptidase
(APB, EC 3.4.11.6) were designed according to (Tieku and
Hooper 1992) using the substrates Ala-pNA, Glu-pNA and
Arg-pNA, respectively.
2.4

Purification of the intact membrane-bound form of rat
kidney DPP-IV

All purification steps were performed at 4°C; a procedure
similar to that previously described for porcine kidney cortex
DPP-IV was followed (Pascual et al. 2011) using the whole
organ as starting material.

Materials and methods
2.5
2.1

Materials

Wistar rat kidneys were kindly donated by the Biology
Department, University of Havana, Cuba. DEAE Sephacel
and Sephadex G-200 were purchased from Amersham Biosciences; C4 RP-HPLC column from Vydac, bacitracin,
tosyl- L -lysine chloromethyl ketone (TLCK), N-ethyl
maleimide (NEM), EGTA, EDTA, 1,10-phenanthroline,
pepstatin, aprotinin and bestatin from Sigma; Gly-Pro-pnitroanilide, Ala-p-nitroanilide, Arg-p-nitroanilide, Glu-pnitroanilide from Bachem; L-threo-Ile-thiazolidide (P32/98)
from Enzo Life Sciences. Other reagents were of analytical
grade.
2.2

Kinetic analysis

Protein determination

During the purification procedure, the protein concentration
was determined at 280 nm using an arbitrary extinction coefficient of 1 (0.1%, 1 cm) in an Ultrospec 4000 spectrometer
J. Biosci. 38(3), September 2013

2.5.1 Effect of pH on DPP-IV activity and determination of
kinetic constants for rat kidney DPP-IV: Rat kidney DPP-IV
concentration was 2×10−7 M; the procedure to study the
effect of pH on enzyme activity was similar to that described
in (Pascual et al. 2011). The initial rates were determined
with increasing substrate concentrations (Gly-Pro-pNA:
0.015–5.0 mM). The kinetic constants KM and Vmax were
determined by adjusting the experimental data (n=4) to the
Michaelis–Menten curve (Copeland 2000; Chávez et al.
1990) using the Grafit program (Leatherbarrow 1993).
2.5.2 Effect of protease inhibitors on DPP-IV activity: Inhibitor
(0.01–10 mM) effects were determined by quantifying the
decrease of DPP-IV activity in aliquots pre-incubated with the
inhibitor for 0–60 min at 37°C in buffer A, using 0.07 mM
substrate (n=6) (Pascual et al. 2011). The IC50 value was
determined by nonlinear regression analysis of the dose–
response curve. For classical competitive inhibition, Ki values
were determined as described (Copeland 2000). For the tight

Effect of divalent ions on the rat kidney dipeptidyl peptidase IV
binding inhibitor P32/98 specific for DPP-IV family
(Lankas et al. 2005), the range of concentration assayed
was 0.01–10 μM, and Ki′ was determined using the Morrison quadratic equation (Copeland 2000). Ki′ was corrected
according to Ki=Ki′/(1+[S]/KM).
2.5.3 Effect of metal ions on DPP-IV activity: Rat kidney
DPP-IV was pre-incubated at 37°C with the specific salt
(0.05–0.5 M; BaCl2, MnCl2, MgCl2, CdCl2, HgCl2, CaCl2,
CoCl2 and ZnCl2), for 1 min to attain the equilibrium in
buffer A, previously to the addition of 0.07 mM of substrate
(n=6). The IC50 value was determined by nonlinear regression analysis of the dose–response curve. To study the
kinetic mechanisms of inhibition, we followed the general
strategy for classical inhibition. We initially investigated the
effect of different inhibitor (ion) concentrations on the relation between the initial rate and the substrate concentration.
Enzyme assays were performed at increasing substrate concentration (0.015–1.143 mM) in the presence of 10–100 mM
CaCl2 or 0.1–1 mM ZnCl2 (n=6). Data were represented as
primary Lineweaver–Burk plots (1/Vo vs 1/ [So]). This representation allowed us the identification of a mixed type of
inhibition for zinc and calcium ions. For the determination of
the Ki value, we plotted Lineweaver–Burk slopes vs inhibitor concentrations. These secondary plots were used to
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determine Ki values, and to identify whether mixed inhibition was total (linear) or partial (hyperbolic) (CornishBowden 2012; Chávez et al. 1990).
2.6 Prediction of Ca2+ and Zn2+ binding sites in rat
and human DPP-IV structures using bioinformatic tools
The three-dimensional (3D) structure of rat and human DPP-IV
extracellular domains, determined by X-ray crystallography,
are accessible at Protein Data Bank (http://www.pdb.org/pdb/)
with accession codes 2gbc (2.8 Å resolution) (Longenecker
et al. 2006) and 1pfq (1.9 Å resolution) (Oefner et al. 2003),
respectively. These 3D structures were used to predict the metal
binding sites. For the GG program (http://chemistry.gsu.edu/
faculty/Yang/) (Deng et al. 2006), O-O distance parameters
were fixed at 6.0 Å, and minimum and maximum distances for
Ca2+-O were fixed at 1.8 Å and 3.3 Å, respectively. The default
parameters were used with FEATURE and SeqFEATURE
programs (http://feature.stanford.edu/webfeature/) (Liang
et al. 2003). Zn2+ binding sites were predicted using the
MetSite program (http://bioinf.cs.ucl.ac.uk/MetSite/)
(Sodhi et al. 2004) considering a percentage of false
positives of 5%. CHIMERA (Pettersen et al. 2004) and
VMD (Humphrey et al. 1996) were used for the graphic
representation of Ca2+ and Zn2+ binding sites. We used

Figure 1. Purity criteria for purified rat kidney DPP-IV: elution profile on C4 RP-HPLC. RP-HPLC was performed on a C4 (7.5×200
mm) column with a linear gradient from 0 to 60% of solution B (acetonitrile in 0.1% of trifluoroacetic acid) for 60 min at a flow rate of 0.8
mL min−1. The solid line indicates the absorbance at 215 nm, whereas the dashed line is the percentage of acetonitrile. Volume of loaded
material was 100 μL. Several independent applications gave essentially the same chromatographic profiles.
J. Biosci. 38(3), September 2013

464

Hansel Gómez et al.

Table 1. Effect of protease inhibitors and ions on rat kidney DPPIV activity
Inhibitor

IC50

Ki

TLCK
Bacitracin
Bestatin
L-Threo-Ile-thiazolidide
CaCl2
CoCl2
CdCl2
HgCl2
ZnCl2

1.20±0.11 mM
0.32±0.01 mM
0.45±0.06 mM
nd
38.05±1.54 mM
7.42±0.55 mM
3.87±0.22 mM
0.83±0.19 mM
0.19±0.01 mM

nd
0.16±0.01 mM
0.23±0.02 mM
64.00±0.53 nM
50.00± 1.05 mM*
nd
nd
nd
0.15 ±0.01 mM*

Results are mean±SD (n=6); P32/98 Ki= 128.01±1.06 nM; nd: not
determined; * Ki values correspond to the competitive component
of the mixed inhibition.

the WHATIF program (Vriend 1990) to superpose porcine and rat DPP-IV and for root-mean-square deviation
(RMSD) calculations.

2.7

Data analysis

Data represent the mean±SD values. ANOVA followed by
Tukey–Kramer test was used to determine statistical significance between individual means. Differences were considered significant at p<0.05.
3.
3.1

Results and discussion

Purification of the intact membrane-bound form of rat
kidney DPP-IV

Rat kidney DPP-IV was isolated and purified to homogeneity by a combination of an extraction step, one clarification
procedure and two chromatographic steps, as previously
described for the porcine enzyme (Pascual et al. 2011).
The treatment with 0.1% Triton X100 allowed the extraction
of DPP-IV from membranes and the production of a highly
enriched extract. The supernatant was treated at 60°C for 10
min, according to the temperature stability profiles of
porcine (Pascual et al. 2011) and human DPP-IV. Despite

Figure 2. Establishment of the kinetic mechanism for rat kidney DPP-IV inhibition by calcium and zinc ions using Lineweaver–Burk
plots. Letters A, B, C, D and E refer to the salt concentration in the assay, from the lowest to the highest. For Ca2+, 0, 10, 50, 75 and 100
mM. For Zn2+, 0, 0.1, 0.2 and 0.5 mM. Results are mean±SD (n=6).
J. Biosci. 38(3), September 2013
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Table 2. Ca2+ binding sites in rat and human DPP-IV predicted by GG, FEATURE and SeqFEATURE programs
Score (/100)
Source

Site

Residues predicted
by GG

Human (recombinant)

1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
9

N170/D171/T186/N196
S158/V160/G161
D243A/E244A/L246A/Y661B
Y299/R318/Q320/E668
D326/C339/L340/Q344
E205/E206/Y662
Y128/Y132/T152/Q153
D104/E117/Y128
E71/N90/NAG1090
Y239A/S240A/D241A/Q719A
E235A/E235B/S237B
L76/N83/S84/NAG1083
E235A/P247B/K248B/T249B
D102/E115/Y126
N431/S447/C448/C455
Y126/Y130/T150/Q151
N227/T263/NAG1227

Rat (kidney)

Distance to
active site (Å)
30.94
37.44
18.37
17.65
37.26
6.58
25.13
23.63
38.25
19.47
21.05
43.36
20.45
24.58
31.15
25.02
26.70

(B) 28.30 (A)

(B) 26.31 (A)
(A) 21.54 (B)
(A) 25.16 (B)

FEATURE

SeqFEATURE

8.39
2.60
35.57
9.02
5.83
32.44
19.33
2.38
24.28
22.01
3.65
4.23
0.73
2.79

17.30
12.66
3.96
2.19
3.98
16.77
2.45
19.49
10.25
11.84
28.05
15.94
13.53
6.57
16.06
2.33

We specify in each case the residues implicated in ion coordination, and the distance of the residue to the DPP-IV active site, taking as
reference point the hydroxyl group of S630. A: monomer A; B: monomer B. The distance to the active site refers to monomer A active site,
except for the binding sites located at the interface of both monomers. In the latest case the distance to each active site is depicted.

reduced heat stability for rat DPP-IV compared to that of
the porcine and human homologs, this step allowed the
elimination of a large number of protein contaminants; the
extract had an enzyme-specific activity of 1.57×10−5 U/mg.
On DEAE-Sephacel chromatography, DPP-IV activity eluted at 0.15 M NaCl. This chromatography produced a significant removal of contaminant proteins and increased the
enzyme purity (enzyme-specific activity of 27.1×10−5 U/mg).
In Sephadex G-200 chromatography, DPP-IV activity
eluted after the void volume of the column in a position
corresponding to a molecular weight around 260 kDa,

indicating the presence of a dimeric form of the enzyme
(not shown). This step increased enzyme purity (enzymespecific activity of 55.0×10−5 U/mg), with an adequate
overall yield of the procedure (purification fold of 36.4
times, 36.5% of enzyme activity recovery). The purity of
the enzyme was corroborated by the presence of a single,
stretched and symmetrical peak in a RP-HPLC C4 chromatography (figure 1). The purified preparation was devoid of aminopeptidase contaminants, as demonstrated by
the absence of hydrolysis of the specific substrates for
APN, APA or APB (not shown).

Figure 3. Predicted Ca2+ binding sites in dimeric rat and human DPP-IV. Location of Ca2+ binding sites in rat (A) and human (B) DPPIV, as predicted using GG, FEATURE and SeqFEATURE programs (calcium represented as red, orange and yellow spheres, respectively).
The black arrow indicates the Ca2+ coordination residues located at the human DPP-IV active site, absent in rat DPP-IV. Figures were
generated with VMD.
J. Biosci. 38(3), September 2013
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Table 3. Distance between residues and values of the dihedral angles for the residues E205, E206 and Y662 of the porcine DPP-IV, or for
equivalent residues of the human and rat DPP-IV
Dihedral angles
Source
Porcine (kidney)

Human (recombinant)

Residue

Distance (Å)*
Y662

χ
1

χ
2

E205
E206
Y662
E205
E206
Y662

4.8
3.5
5.3
3.6
-

169.9
−47.8
-155.1
176.9
−52.0
−155.4

72.6
−66.4
51.0
59.5
−75.2
47.2

10.3
2.0
30.6
34.3
-

−179.7
−52.5
−153.2

61.6
−58.3
50.2

24.8
−13.3
-

χ
3

Y663
E203
E204
Y663

Rat (kidney)

4.4
3.2
-

*The distance between the OD2 atom of the Glu residues and the OH group of Tyr was calculated.

3.2

Kinetic characterization of rat kidney DPP-IV

The pH-activity profile indicated an optimum pH value for the
purified rat kidney DPP-IV around 8.0, and a strong reduction
of enzyme activity above pH 9 and below pH 6 (not shown);
these data were similar to those data reported for the porcine
enzyme (Pascual et al. 2011), and for DPP-IV from other
sources (Wolf et al. 1989; Leiting et al. 2003). Gly-Pro-pNA
was hydrolysed with a Vmax of 0.86±0.01 μmol min−1mL−1 and
KM of 76±6 μM; these values are in the same order of magnitude as those previously reported for DPP-IV from different
mammalian sources (Wolf et al. 1989; Pascual et al. 2011).
3.3

Effect of inhibitors on rat kidney DPP-IV

Purified rat kidney DPP-IV was irreversibly inhibited by
TLCK, and reversibly inhibited in a competitive way by bacitracin and bestatin, a metallo aminopeptidase inhibitor. P32/98,
a specific inhibitor for the DPP-IV family, inhibited rat DPP-IV

through a tight binding mechanism (table 1). These data are
consistent with the previously established susceptibility of
DPP-IV to low-molecular-weight inhibitors (Svensson et al.
1978; Wolf et al. 1989; Thornberry and Gallwitz 2009; Pascual
et al. 2011). The enzyme was not sensitive to chelating
agents (0.1–5.0 mM of EDTA or EGTA, or 1 mM 1,10phenanthroline) or to 0.1–10 mM NEM (not shown). Since
NEM alkylates cystein residues and non-competitively inhibits
DPP-8 and DPP-9 (in the classical sense) but not DPP-IV, its
lack of effect indicates that the preparation was devoid of DPP8 and DPP-9 (Park et al. 2008; Yu et al. 2010), and that the
enzymatic properties should only be ascribed to DPP-IV.
3.4 Effect of divalent ions on rat kidney DPP-IV
and prediction of Ca2+ and Zn2+ binding sites in rat
and human DPP-IV structures using bioinformatic tools
Among the ions tested, only Cd2+, Hg2+, Ca2+, Co2+ and
Zn2+ significantly reduced the enzyme activity. For these

Figure 4. Superposition of porcine and rat DPP-IV structures. (A) Superposition of the backbone of porcine (red) and rat (blue) DPP-IV
enzymes. (B) Superposition of the residues implicated in Ca2+ coordination (bold letters) and the catalytic triad (italic letters). Figures were
generated with CHIMERA.
J. Biosci. 38(3), September 2013
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Table 4. Residues of rat and human DPP-IV predicted to coordinate Zn2+ according to the MetSite program

Source
Human (recombinant)

Rat (kidney)

Residues with
potentialities to Distance to
coordinate Zn2+ active site (Å) Score (/1)
H740
D708
G741
G705
C551
C649
C762
E699
E67
H741
D709
G550
H713
E404
G477
D169

2.94
7.07
9.81
12.43
12.97
20.86
22.80
24.98
42.89
3.31
7.35
8.56
12.03
21.44
28.11
32.40

0.75
0.36
0.61
0.43
0.39
0.36
0.60
0.69
0.34
0.66
0.63
0.58
0.41
0.56
0.36
0.42

The residues with a score higher that 0.2 are included. Data for a
catalytic triad residue are in bold. The distance to active site refers
to monomer A active site.

ions a wide range of IC50 values was observed (table 1).
These values are of the same or similar order of magnitude as
for the porcine enzyme (Pascual et al. 2011) indicating a
similar susceptibility.
For zinc and calcium ions, we observed kinetic mechanisms of linear mixed inhibition (figure 2), as previously
reported for the porcine enzyme with effects on KM and
Vmax (Pascual et al. 2011); the Ki values of the competitive
components are listed on table 1. Similarly to the porcine
DPP-IV, Ki values for the rat enzyme were lower for zinc
than for calcium (table 1), but the values differed among
species; the porcine enzyme was more strongly inhibited by
Zn2+ than the rat enzyme, while the reverse was observed for
Ca2+. Calcium plasma concentrations are tightly regulated
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and range from 2.2 to 2.6 mM, although its ionic form
determines the physiologic effect of this element, with plasma concentration in the 1.1–1.4 mM range. IC50 values for
the human enzyme are just above the normal plasma levels
(Wolf et al. 1989); therefore, we cannot discard a regulatory
effect of this ion on DPP-IV activity in human and rat
enzymes. The susceptibility of DPP-IV activity from different sources (mammals and microorganisms) to the presence
of divalent ions such as Zn2+ and Ca2+ has been previously
reported (Wolf et al. 1989; Mantle 1991; Koreeda et al
2001). Moreover, we have recently reported that for the
porcine DPP-IV these ions act through a kinetic mechanism
of mixed inhibition (Pascual et al. 2011). These kinetic data
were corroborated in the present work for the rat homolog.
This type of inhibition indicates both an effect on the recognition of the substrate by the enzyme and on the catalytic
degradation.
The results for the prediction of Ca2+ binding sites in the
rat and human DPP-IV are summarized in table 2. For the rat
enzyme, all sites predicted are formed by amino acids located at the β-propeller domain (figure 3A). There was a difference with the sites predicted for the human enzyme,
which included a binding position in the vicinity of the
catalytic residue S630 (at 6.27 Å and 6.58 Å for the monomers A and B, respectively) (figure 3B), as previously reported for the porcine homolog (Pascual et al. 2011). The
structure of this binding site in the porcine enzyme includes
E205, E206 and Y662, residues involved in substrate recognition and fixation via electrostatic interactions with the amino
terminus of the substrate. In this regard we calculated the
distances between residues and dihedral angles of residues
implicated in the binding sites previously described for the
porcine enzyme (table 3), using the program WATHIF. The
distance between glutamic acid and tyrosine residues was
smaller for rat DPP-IV than for the porcine and human
homologs. In addition, the dihedral angle χ1 of the residue
E205 in porcine and human DPP-IV was 169.9° and 176.9°,
respectively, whereas it was −179.7° for the equivalent E203
in rat DPP-IV. This difference could explain the improper
orientation of these residues oxygen atoms, compared to
those that presumably coordinate Ca2+ in the porcine DPP-

Figure 5. Predicted Zn2+ binding sites in dimeric rat and human DPP-IV. Location of Zn2+ binding sites in rat (A) and human (B) DPPIV, as predicted with the MetSite program; the ellipsoids represent zinc. The figure was generated with CHIMERA.
J. Biosci. 38(3), September 2013
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IV. It should be pointed out that the predictions were
performed from only one structure (PDB 2gbc for rat DPPIV), and therefore we cannot rule out definitively the occurrence of a Ca2+ binding site in that position in rat DPP-IV.
Some of the programs used (i.e. GG) are quite sensitive to
the geometrical orientation of the putative coordinating
atoms; since protein structures are intrinsically dynamic, it
remains possible that residues E203, E204 and Y663 could bind
Ca2+. This possibility is consistent with the fact that an
overall high structural similitude exits between porcine and
rat DPP-IV (RMSD=0.681 Å) (figure 4).
The prediction of Zn2+ binding sites for the rat and human
DPP-IV was performed with the MetSite program and the
results are summarized in table 4. This program evaluates the
potentiality of each individual residue in the protein to coordinate one Zn 2+ ion and scores it in the range 0–1. For both
rat and human DPP-IV at least one of the members of the
catalytic triad was predicted to coordinate Zn2+. Moreover,
all the predicted residues with a score higher than 0.2 were
positioned in the catalytic domain (α-β hydrolase domain)
(figure 5). This result is similar to that previously described
for porcine DPP-IV (Pascual et al. 2011) and may explain
the intense inhibitory effect of Zn2+ on the enzyme activity
with changes in KM and kcat. Thus, zinc susceptibility is
probably a general property of DPP-IV from distinct mammalian sources; this property may be useful in glucose metabolism control (Jansen et al. 2009). In particular, the
confirmation in rat and human of the prediction that the
catalytic histidine residue binds Zn2+ (Pascual et al. 2011)
supports the proposal for the rational design of DPP-IV
inhibitors that combine Zn 2+ coordination groups with
DPP-IV specificity moieties. This feature would presumably
improve their potency as therapeutic agents not only in the
treatment of type 2 diabetes mellitus, but also in other pathologies involving increased DPP-IV activity (Bank et al. 2008;
Yu et al. 2010) and zinc deficiency (Jansen et al. 2009). The
supplementation of zinc in different coordination environments lowers serum glucose concentration and offers additional beneficial effects for the therapeutic management of diabetes
type 2 (Yoshikawa et al. 2011; Jayawardena et al. 2012);
therefore, the proposed strategy for the development of new
potent and specific DPP-IV inhibitors may lead to promising
biomedical applications.
4.

Conclusions

We have purified rat kidney DPP-IV to homogeneity. The
kinetic behaviour of the enzyme and its sensitivity to inhibitors were consistent with the known properties for other
mammalian DPP-IV homologs. Rat DPP-IV was inhibited
by calcium and zinc ions through a mixed mechanism. Ki
values indicated some differences between mammalian
orthologues. Moreover, in rat and human DPP-IV, predicted
J. Biosci. 38(3), September 2013

Ca2+ and Zn2+ binding sites were located in the β-propeller
and α-β hydrolase domains, respectively. Some other major
aspects were also conserved, such as a significant degree of
inhibition by zinc. This susceptibility may be relevant for the
molecular basis of pathologies involving an imbalance of
levels of Zn2+ ions, and may be of use to develop better
drugs for pathologies in which DPP-IV activity is involved.
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