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ABSTRACT: Dipeptidyl peptidase IV (DPP-IV) belongs to a family of serine peptidases, and due to its
indirect regulatory role in plasma glucose modulation, DPP-IV has become an attractive pharmaceutical
target for diabetes therapy. DPP-IV inactivates the glucagon-like peptide (GLP-1) and several other naturally
produced bioactive peptides that contain preferentially a proline or alanine residue in the second amino
acid sequence position by cleaving the N-terminal dipeptide. To elucidate the details of the active site for
structure-based drug design, we crystallized a natural source preparation of DPP-IV isolated from rat
kidney and determined its three-dimensional structure using X-ray diffraction techniques. With a high
degree of similarity to structures of human DPP-IV, the active site architecture provides important details
for the design of inhibitory compounds, and structures of inhibifmotein complexes offer detailed insight

into three-dimensional structur@ctivity relationships that include a conformational change of Tyr548.
Such accommodation is exemplified by the response to chemical substitution on 2-cyanopyrrolidine
inhibitors at the 5 position, which conveys inhibitory selectivity for DPP-IV over closely related
homologues. A similar conformational change is also observed in the complex with an unrelated synthetic
inhibitor containing a xanthine core that is also selective for DPP-IV. These results suggest the
conformational flexibility of Tyr548 is unique among protein family members and may be utilized in
drug design to achieve peptidase selectivity.

Inhibition of the proteolytic enzyme dipeptidyl peptidase as gastric inhibitory peptide, substance P, bradykinin, neu-
IV (DPP-IV,! EC 3.4.15.5) is increasingly appreciated as a ropeptide Y, and various chemokines and cytokines, so the
potential therapeutic strategy for non-insulin-dependent (type consequences of DPP-1V inhibition are of special interest in
2) diabetes, a major world health concein?). DPP-IV is ongoing in vivo investigations4j.
believed to be responsible for the rapid inactivation of In addition to possessing peptidase activity, DPP-IV may
glucagon-like peptide 1 (GLP-1), which is a naturally impact functions of the immune system, potentially acting
produced bioactive peptide that enhances insulin secretionas a costimulatory protein on the surface of T-cells through
and inhibits glucagon release upon oral ingestion of nutrientsinteractions with other proteinss). For some time, the
(3). The bioactivity of GLP-1 influences multiple aspects of physiological binding partner of adenosine deaminase (ADA)
glucose homeostasis and importantly promotes normalizationwas ascribed to a protein of unknown sequence named CD26,
of blood glucose levels in diabetic patients. The therapeutic but its identity with DPP-IV is now recognized. However,
rationale for DPP-1V inhibition is to extend the half-life of the functional consequences of ADA binding are uncertain
GLP-1 bioactivity and thereby improve the impaired glucose and continue to be an area of ongoing research. In contrast
tolerance of the diabetic patient. DPP-IV may also mediate to many mammalian species, rat DPP-1V lacks ADA binding
additional effects by processing other bioactive peptides suchactivity and provides an important comparison to its relatives.

Recent structural results on complexes of DPP-IV and ADA
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to a class of serine-type peptidases, with the residues of theLaboratory on IMCA beamline 17-IDta 1 A wavelength
catalytic triad occurring in the nonclassical Ser-Asp-His using an ADSC quantum 210 detector. Data were integrated
amino acid sequence order, characteristic of its structuraland scaled using HKL200018), and intensities were
subfamily that includes DPP-8, DPP-9, and FAP (fibroblast converted to structure factor magnitudes using TRUNCATE
activation protein) as its closest relativ€y. OPP-IV cleaves  within the CCP4 program suité4, 15). The diffraction data
dipeptides from the N-terminus of substrates that preferen- exhibited cubic symmetry of the2,3 space group with unit
tially contain a proline or alanine in the P1 positid) but cell dimensions of 208 A. Four heavy atom derivatives were
shows no significant specificity for particular residue types used to determine the structure by multiple isomorphous
at other positions. While DPP-IV peptidase activity is replacement with anomalous scattering (MIRAS). Initial
inhibited by a variety of small molecule synthetic com- calculations using SOLVELE) correctly identified nine Pt
pounds, a class of acylated cyanopyrrolidines was discoveredsites in a PtGl derivative and 10 Pt sites in a diplatinam

to be a particularly potent core and provided an important iodoethylenediamine (PIP) derivative, yieldin@#core of
foundation for medicinal chemistry efforté1). Representa- 42 and a figure of merit of 0.52 for data to 4 A. Refinement
tives of the cyanopyrrolidine series have progressed to and inclusion of data from derivatives prepared with AuCI
clinical evaluation, and analogues are of great pharmaceuticaland thimerosal allowed experimental phasing to 3.3 A
interest (2). resolution. Subsequent density modification using DM

In an effort to elucidate the details of the active site, we Yielded an interpretable electron density map. A protein
crystallized a natural source preparation of DPP-IV purified model was built and refined using Q7 and QUANTA
from rat kidney and determined its three-dimensional struc- and CNX (Accelrys), targeting the measured structure factor
ture. With a h|gh degree of S|m||ar|ty to human DPP-IV, magnitudes and HL coefficients Containing the experimen-
the structure exhibits an/3-hydrolase protein fold and an  tally determined phase information. Figures were prepared
additional domain that forms an eight-blagepropeller, ~ Using Insightll (Accelrys) and PyMOL (DeLano Scientific).
which effectively limits access to the active site and Atomic coordinates of the structures were deposited in the
contributes to the observed substrate specificity. Because thé>rotein Data Bank as the following entries: 2GBC (apo),
protein was isolated directly from rat tissue, we gain insight 2GBF (inhibitor1), 2GBG (inhibitor2), and 2GBI (inhibitor
into the natural post-translational glycosylation and note 4).
structural differences with relatives from different species  Activity Measurement of Inhibitory Compounds&inetic
that bind adenosine deaminase (ADA). The results also offeranalysis was performed on the purified rat DPP-IV protein
detailed information for structure-based drug design and and recombinant preparations of human DPP-IV, DPP-8, and
provide an accessible means of experimentally determiningDPP-9 in assays that determined equilibrium rates of
binding modes of inhibitory compounds. On the basis of cleavage of Gly-Pro-7-amidomethylcoumarin with a matrix
studies of complexes with synthetic inhibitors, we highlight of conditions of both substrate and inhibitors, and details
the conformational flexibility of the protein to accommodate will be published elsewhere. Briefly, apparent (inhibited) and
certain compounds that selectively inhibit DPP-IV over noninhibited K, and Vnax values, determined from the

related dipeptidyl peptidases. nonlinear fitting of Michaelis-Menten plots, were used to
determine kinetic constants for competitive.J inhibition.
EXPERIMENTAL PROCEDURES They were also used to determine that uncompetitive

inhibition of DPPIV by these compounds did not occur.

Prot_ein Purificati_on. DPP-IV_was purifie_d to electro_- Inhibitory compounds were prepared by the methods de-
phoretic homogeneity from rat kidney essentially as described ¢riped in published literature 8, 19).

previously (1). The enzyme was solubilized by autolysis

for 18 h at 37°C, precipitated by saturation to 90% with RESULTS AND DISCUSSION

(NH,).SO,, and subjected to sequential chromatography on

Superose S-300, DEAE Sephacel, and phenyl-Sepharose. The Overall Structure of Rat DPP-IVRat kidney DPP-IV was
purified enzyme was dialyzed against 0.05 M Tris-HCI (pH solubilized by autolysis and isolated as previously described
7.5) and concentrated by ultrafiltration te-8 mg/mL. The with an observed molecular mass of 110 kDa, which differs
specific activity of the preparation was 15.3 units/mg, where from the predicted value of 84 kDa for the amino acid
1 unit catalyzes the release of 1 mmol of 2-naphthylamine sequence due to post-translational glycosylatia).(In
from Ala-Pro-2-naphthylamide per minute at 3C. contrast to reports of DPP-IV crystallization from other

Crystallization and Structure DeterminatiorRurified preparations at basic pH with polyethylene glycols, the rat
protein was crystallized by vapor diffusion with a reservoir Protein crystallized with ammonium sulfate at acidic pH and
solution of 2.8 M ammonium sulfate and 100 mM sodium diffracted X-rays to 2.8 A resolution. The closest relative
acetate (pH 4.2), placing AL of protein mixed with 1uL with a known structure at the time of structure determination
of reservoir solution ovea 1 mLreservoir in a 24-well plate ~ Was prolyl oligopeptidase2(), which did not provide an
at 17 °C. Heavy atom derivatives and complexes with adequate model for molecular replacement, so the structure
inhibitory compounds were prepared by soaking crystals with Was determined experimentally by heavy atom multiple
compound in stabilization solution [3 M ammonium sulfate iSomorphous replacement. A model that contains the con-
and 100 mM sodium acetate (pH 5.0)] and briefly transferring tinuous peptide sequence for rat DPP-IV from residue 38
the samples into cryoprotectant buffer [3 M ammonium through 767 was built and refined (Table 1).
sulfate, 100 mM sodium acetate (pH 5.0), and 25% xylitol] ~ The asymmetric unit contains a dimer of protein molecules
for preservation in liquid nitrogen. X-ray data were collected that are essentially identical, and the structure was refined
at the Advanced Photon Source of Argonne National using tight noncrystallographic restraints throughout. Because
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Table 1: X-ray Data and Model Refinement Statistics

X-ray Diffraction Data

apo inhibitorl inhibitor 2 inhibitor 4
resolution limit (A) 2.8 3.1 3.0 3.3
no. of observations 387639 310384 419958 340435
no. of unique observations 73192 54268 59362 45578
completeness (%) 99 (97) 99.8 (99% 99.4 (99% 99.9 (99.8%
oy 13 (2.5% 8 (2.5¢ 8 (2.6% 5.5 (3.2}
Reyn? (%) 8.9 (47% 12.5 (53} 10.6 (69} 17 (63}
MIRAS Phasing
derivatives PtCI(3.7 A, 9 Pt sites), PIP (3.8 A, 16 Pt sites),
AuCl, (3.5 A, 7 Au sites), thimerosal (3.2 A, 4 Hg sites)
figure of merit (20—3.3 A) 0.49 (SOLVE), 0.69 (DM)
Model Refinement
apo inhibitorl inhibitor 2 inhibitor 4
no. of reflections (work/free) 69035/3673 51017/2743 56080/2997 43085/2293
completeness (work/free) (%) 94/5 94/5 94/5 95/5
Reacto® (Work/free) (%) 22.8/25.8 24.7/28.8 23.3/26.9 23.7/127.8
meanB factor 64 66 58 41
rmsd for ideal bond lengths (A) 0.008 0.009 0.009 0.009
rmsd for ideal bond angles (deg) 1.47 1.53 1.52 1.55
rmsd for NCSa-carbons (A) 0.028 0.026 0.025 0.025

2Values in parentheses are for the highest-resolution stiel}m = 5|l — VY|, wherel is the integrated intensity for a reflectiohFigure of
merit = [ P(a))€%/S P(a)[] whereP(a) is the phase probability at angte 9 Racor = 3 |Fe — Fcl/S Fp, whereFp and Fc are the observed and
calculated structure factor amplitudes, respectively, WRilg is calculated on 5% of the data excluded from refinement.

Ficure 1: Structure of rat DPP-1V (stereoview). The ribbon diagram is colored from the N-terminus to the C-terminus as a gradation from
red to blue. A portion of the enzyme’s surface is rendered to highlight the interior cavity of the protein, and the catalytic serine residue is
colored magenta.

the protein is observed to behave as a dimer in solution, theof ~20 A located on the side of the propeller. Globular
noncrystallographic dimer is thought to be biologically proteins that do not fit through the pores are apparently
relevant, burying 2116 Aof each monomer across the eliminated as potential substrates, but extended peptides
interface, while no other intermolecular lattice contacts could reasonably access the peptidase activity through either
suggest additional oligomeric structures that are significant pore.

in vivo. The monomer consists of two domains comprised Comparison with Other DPP-IV Structureghe structure

of an N-terminal eight-bladegs-propeller and a slightly  of the rat protein is very similar to other X-ray crystal
smaller C-terminal catalytic domain (residues 50%7) that structures of DPP-IV that have recently been described and
adopts am/3-hydrolase fold (Figure 1). The active site is are available from public databases, which include recom-
located inside a large solvent-filled cavity surrounded by the binant human DPP-1VA1—25) and natural source porcine
propeller, reminiscent of the prolyl oligopeptidase (POP) fold DPP-IV (26). Being roughly 83% identical in amino acid

in general, but the propeller of POP consists of seven bladessequence to both the human and porcine isoforms, the rat
The propeller domain is positioned to function as a sizing structure is very similar, yielding a rms deviation0.75

filter for substrates to the active site, limiting access through A for positional differences ofi-carbon atoms aligned with
either the central propeller pore of13 A or a larger pore  both porcine and human structures. The dimer relationship
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structural features that yield species differences. A cryo-EM
study of human DPP-IV bound to ADA revealed the
interacting surface centers on DPP-IV residues Leu294 and
& Val341 6). The location of the interaction is consistent with
\!\\g data that show point mutants of human DPP-IV residues
{ A
i
Ry

s -
) 1}%% Leu340, Val341, Ala342, and Arg343 each lack the ability
#‘L\“\\‘. to bind ADA (29). The interaction was further illuminated
£ \k\“{ by a crystal structure of a complex between human DPP-IV
AW ( and bovine ADA, revealing the detailed complementary
S interactions of an amphipathic interfacé).( Residues of
ADA directly involved in complex formation with DPP-IV
are largely conserved between the human and rat forms, and
affinity differences between the species are thought to be
primarily due to variation in DPP-IV. Rat DPP-IV does not
FIGURE 2: Molecular dimerization and sequence conservation. The differ dramatically in structure from the porcine or human
dimer of rat DPP-IV molecules is depicted with one monomer species over the region corresponding to the ADA interface,
colored by amino acid sequence conservation with human DPP-put replacements of hydrophilic for hydrophobic residues
IV, where identical residues are colored gray and nonconserved g hy\y alter the nature of the protein surface. In particular,
residues red. The second monomer is colored by domain, with theL 294 and 116295 in h DPP-IV laced by Thr292
N-terminal propeller domain colored light blue and the C-terminal eu an Q In human fare replace y J
catalytic domain colored dark blue. Glycosylation sites are high- and Thr293 in rat DPP-IV, respectively, and while they
lighted with licorice representations bFacetylglucosamine units ~ occupy the same location upon superposition of the protein
colored green. The location of _the_ co_rrespono!ing interface with structures, the hydrophilic residues of rat are not comple-
ADA for the human homologue is highlighted with black spheres. mentary for ADA binding. Also, in the structure of the
complex, Arg336 in human DPP-IV forms a salt bridge
interaction with ADA, but the corresponding residue in rat
DPP-IV is Val334, which again is located in the same
position upon structural alignment but is clearly incapable
of mimicking the same interaction with ADA. Taken
together, the differences reasonably account for the reduced
affinity of both rat and human ADA for rat DPP-IV.

“_-;-.(‘\ [

is preserved in all structures (Figure 2), but the tetrameric
arrangement of the porcine crystal structure is unique and is
not observed here in the rat structure or in any structures of
human DPP-IV. In contrast to the porcine and human DPP-
IV structures, which were determined at high pH (pi8),

the rat structure was determined at low pH (pH 5). While a

study of the pH profile indicated an optimal pH of 8 for S . o .
o o o - electie DPP-IV Inhibition with Alkynyl Cyanopyrro-
human DPP-IV activity with little or no activity at acidic lidines. The focus of our efforts was to obtain structural

fhl-é (Sz)r’]et?aﬁ Ctl:rfiirsg;?ﬁggj r;; Oifsthneotstirxﬁlt;gr?sezh%\;Vsptnatinformation relevant to designing an optimal small molecule

Resid in th tive site ar iallv well consery dinhibitor of DPP-IV. Prior to determining the structure of
esidues € aclive site are especially Well conserved, ., DPP-1V, we created a homology model of the enzyme

among the species, as are the atomic positions upon structuraﬂ)y methods analogous to those reported by other workers
alignment. In the vicinity of the active site, the rat structure (30) and examined models of acylated cyanopyrrolidine
differs at Gly207, which is a serine in the human form and inhibitors (L1). While much of the active site was ap-

chated 14 A from the catalytic serine, Ser631. Other proximate in this modeling, the availability of unoccupied
differences among the structures are observed progresswely(lolume near the 5 position. but not the 3 or 4 position of a

farthe_r fro_m the_actlve; site to the exterior surface (.)f the docked pyrrolidine inhibitor, suggested prioritization of
protein, with amino acid d|fferenc_es more prevalent in the 5-substituted analogues for evaluation. In the ensuing
propeller _d_omam thar_w the c:_;ltalyt|c domain. exploratory chemistry effort, a marked preference for small
In addition to amino acid changes that cause local alkynyl substituents at this position was discovered. Com-
structural differences among homologues, other differencespounds1 and2 are specific examples of compounds from
arise from varied glycosylation patterns of the proteins. these series and have relatively potent inhibitory activity for
Electron density is observed for carbohydrate attached to theppp-|v (Table 2). The design of these compounds includes
protein, giving a direct image of five asparagine-linked sypstratelike features containing a carbonyl and basic amine

attachment sites for the rat protein and modeledNas  as would be found in the peptide backbone at the N-terminus
acetylglucosamine units on residues Asn83, Asn90, Asn227,of a substrate, and a “side chain” for the amino acid at the

Asn319, and Asn521. The first four sites are located on the p2 position consisting of a cyclopentyl moiety.
external surface of the propeller, and the fifth site resides |nterestingly, the alkynyl substituent at the 5 position
on the exterior of the catalytic domain. Glycosylation is also ¢onfers significant enzyme selectivity. In particular, com-
observed in other DPP-IV structures with subtle variations poundsl and2 have inhibitoryK; values of>10000 nM for
for each, and although the patterns vary, glycosylation of ppp-g and DPP-9, whereas the corresponding analogue with
individual sites is not necessary for enzymatic activity, dimer y in the 5 position, compoun@, has a low-nanomolar
formation, or ADA binding, as investigated in studies of the potency for DPP-1V, DPP-8, and DPP-9 (Table 2). Inciden-
human enzyme2g). tally, such potency discrimination among peptidase family
In contrast to many species, rat DPP-IV does not bind members is likely important in clinical therapy, because a
adenosine deaminase (ADA), a ubiquitous enzyme found inrecent study suggests inhibition of DPP-8 and/or DPP-9
all mammals. While the functional consequences of ADA results in toxicity to animals3({l). To understand the binding
binding are not yet fully understood, we can assess the of these selective compounds to DPP-1V, we examined the
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Table 2: Compounds and Peptidase Inhibition

Rat Human | Human
Compound DPP-IV | DPP-IV | DPP8
Ki (nM) | Ki (nM) | Ki (nM)
1 12 8 17,700
Yo
“&‘. " )}{5‘:
2 56 30 | >30,000 % o5
HZN 5
@N 2
O A\
N
3 1 1 4
0
Sy
N
~N
Fet °
Nv\/N
N Z
A
4 3 2 >30,000

structure and noted the restricted space surrounding the S!
pocket, which suggested the necessity of protein movement
to accommodate the compounds, yet structure determinatior
of inhibitor complexes was necessary to detail these differ-

ences.
o . : pyrrolidines. The covalent complexes of rat DPP-IV (gray) with
Structures_ I_Exhlblt _FIeX|bIe A(_:commodatlon of Alkynyl (A) compound (magenta) and (B) compouri{green) are shown.
CyanopyrrolidinesA simple soaking protocol coupled with  ifference Fourier g, — F. electron density maps (blue) afg

the inherent high level of symmetry of the cubic crystals — F. compound omit maps (green) are contoured @@amd 37,
facilitated experimental structure determination of rat DPP- respectively.

IV in complex with inhibitors. X-ray data were collected on

crystals separately soaked in compouridsaand 2, and of glutamate residues, Glu203 and Glu204, forming an
electron density maps clearly reveal the presence of com-electrostatic interaction with the acidic side chains. Impor-
pound in the active site (Figure 3). Continuous density tantly, these interactions mimic recognition determinants
extending from the active site serine residue, Ser631, noted for DPP-IV substrates in the P1 and P2 positions,
demonstrates the covalent nature of inhibition for these where the primary amine, the carbonyl oxygen, and the
compounds, and structures were built and refined to the pyrrolidine ring correspond to elements of the first and
experimental data. Consistent with earlier structural reports second residues of a peptide substrate. The cyclopentyl
of cyanopyrrolidine inhibitors23, 26), the pyrrolidine ring moiety interacts with Phe355, extending in the direction that
nestles into a hydrophobic pocket in the S1 position of the the side chain of the first residue (P2 position) of a substrate
active site (Figure 4). For these compounds, the nitrile forms would be expected to occupy. Given the broad solvent
an imidate adduct with the hydroxyl of Ser631, the carbonyl exposure of this region, any amino acid side chain could
oxygen is positioned to form a hydrogen bond with the side conceivably fit into the cavity in such an arrangement with
chain of Asn711, and the primary amine sits between a pair the substrate’s N-terminus pinned by an interaction with
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of Tyr548 is within 2.9 A of the imidate formed by the
covalent adduct, suggesting a different H-bonding pattern
for the enzyme-inhibitor complex. In fact, with this
environment an adventitious binding site for a sulfate anion
from the crystallization buffer is formed among Tyr548, the
imidate adduct, and the side chain of Arg123 as judged by
the electron density map (Figure 3). When the structures are
overlaid, the difference in the position of the OH group of
Tyr548 for the two complexes is 3.3 A, which actually only
partially captures the conformational difference of Tyr548
between the structures, because the plane of the side chain
is also rotated (15for 1 and 40 for y5), altering the solvent-
exposed surface of the protein. Tyr548 in the apo structure
is located in an intermediate conformation relative to the
structures of the two complexes observed here, indicating
that a range of positions is possible.

The Xanthine Analogue Requires a Similar Conformational
Change of Tyr548 for DPP-IV Inhibitiorn other exploratory
. = studies, screening of the Abbott compound collection re-
Ficure 4: Structural comparison of cyanopyrrolidine inhibitors. ye51ed several xanthine-based analogues as inhibitors of
The inhibitor complex of rat DPP-1V with compourgi(green) is DPP-IV. b di d dicinal chemi
shown with a superimposed overlay of the porcine DPP-IV complex -IV, but we soon discovered our medicinal chemistry
(PDB entry 10RW) with a cyanopyrrolidine inhibitor lacking efforts paralleled those of otherd§). Compound4 was
substitution at the 5 position (gray). readily prepared as a potent inhibitor withKavalue of 2

nM for DPP-IV in our assay but interestingly does not inhibit
Glu203/Glu204, and the lack of specificity for residues in DPP-8 to any measurable extent. To examine the mode of
the P2 position of DPP-IV substrates is readily rationalized. inhibition, X-ray data were collected on a crystal of rat DPP-

The alkynyl moiety of both compound% and 2 is IV complexed with compound! that diffracted to 3.3 A

accommodated in a restricted location that is bounded by resolution. The resulting difference Fourier electron density
the side chain of Tyr548 at the front edge of the S1 pocket. maps reveal the compound bound in the active site (Figure
In the complex with compountl, the OH group of Tyr548  6), and conformational flexibility of Tyr548 is immediately
is oriented toward the terminal ethynyl carbon of the inhibitor found to be critically important. In this case, the side chain
at a distance of 3.3 A, suggesting a favorable van der Waalsof Tyr548 adopts a position very similar to that observed in
interaction. For compoun@, the additional bulk of the  the complex with compoundl;, however, the detailed
terminal methyl cannot be accommodated in exactly the sameinteractions are quite different. The aromatic 5,6-bicyclic
way, and the relative position of Tyr548 is shifted to the xanthine core is located beside the side chain of Tyr548,
“right” (Figure 5), accommodating the increased volume of oriented for az—s stacking interaction, while the phenyl
the larger propynyl substituent. In this case, the OH group moiety fits into the S1 pocket of the protein. In this pose,

Ficure 5: Superposition of rat DPP-IV inhibitor complexes with alkynyl cyanopyrrolidines (stereoview). The structures of rat DPP-IV
with compoundl (magenta) and compourg(green) are aligned, highlighting the difference in positions for Tyr548 (thick bonds). Both
compounds form a covalent bond with the active site serine residue, Ser631 (thick bonds).
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the structure of a similar compound bound to porcine DPP-
IV was reported, and the binding mode is consistent with
the results presented her@?).

Because xanthine compouddioes not bind covalently,
we decided to use it as a tool to test the reversibility of the
covalent inhibition of the cyanopyrrolidines. A crystal was
soaked in the presence of cyanopyrrolidine compaolfat
24 h under conditions previously established to fully saturate
the active site with inhibitor, and after soaking in buffer
without inhibitor for a washout period of 72 h, the crystal
was soaked in the presence of compodntbr 24 h and
preserved. X-ray data were collected on the crystal, and the
resulting electron density map clearly revealed the presence
of compound4 without any evidence of the cyanopyrrolidine.
This suggests that although cyanopyrrolidine compotind
binds covalently, the compound can be displaced. We
recently also learned of a report detailing enzyme kinetics
studies of DPP-IV with a cyanopyrrolidine inhibitor that
shows evidence of reversibility of covalent adduct formation,
and the proposed mechanism is consistent with our observa-
tions of apparent reversibility3@).

Induced Conformational Changes of Tyr548 Promote
xanthine analogue. Inhibita¥is highlighted in blue. The electron ~ DPP-IV Selectiity. Xanthine analogue compouddnduces
density is contoured atolfor the 2, — F. (blue) map and at@3 a subtle conformational change for Tyr548 that was not
for the initial F, — F¢ (green) difference map calculated without readily anticipated, and the observed binding mode was
the compound. unexpected. In the apo structure, the side chain of Tyr548
the compound is positioned to form a H-bond (2.8 A) occludes the backbone amide of Tyr632, and its H-bond with
between its carbonyl oxygen and the backbone amide ofthe compound was not easily predicted. Interestingly,
Tyr632. The cyano substituent on the phenyl ring does not compoundl and compound stabilize the protein in similar
react like the cyanopyrrolidines to form a covalent adduct conformations even though they are of very different
with the active site Ser631, but rather it is oriented for a chemotypes (Figure 7). In different ways, both compounds
favorable polar interaction with the side chain of Arg123 at fill the hydrophobic S1 pocket, and both compounds interact
a distance of 3.1 A. Density for the saturated ring with the with the Glu203/Glu204 acidic pair via a basic amine. While
basic amine extends toward Glu203/Glu204, but the data dothe conformation of Tyr548 appears marginally favorable
not allow the details of its ring pucker conformation to be with compoundl, the same protein conformation seems
meaningfully resolved. During the preparation of this paper, crucial for complex formation with compourtl and therein

S L N ar /] S

FIGure 7: Structural comparison of rat DPP-IV complexes with peptidase-selective inhibitors (stereoview). The structures with compound
1 (magenta) and compourti(blue) are aligned, and residues noted in the text are highlighted. The location of Ser553 is shown, and its
proximity to Tyr548 is proposed to be the basis of inhibitor selectivity for DPP-IV over DPP-8 and DPP-9, which both contain a bulkier

valine residue in the position corresponding to Ser553.
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suggestive of a structural basis for the observed peptidaseACKNOWLEDGMENT

selectivity.

Data were collected at beamline 17-ID in the facilities of

The conformational modulation of Tyr548 observed in the the Industrial Macromolecular Crystallography Association
inhibitor complexes is likely important for the selectivity Collaborative Access Team (IMCA-CAT) at the Advanced
these compounds exhibit for DPP-IV over DPP-8 and DPP- Photon Source. These facilities are supported by the com-
9. Notably, Tyr548 is of critical functional importance, and panies of the Industrial Macromolecular Crystallography
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