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Crystal structure of the complex of porcine 2. Materials and methods
pancreatic elastase with TEI-8362 2.1. Chemistry

Compound3 (Fig. 1) was prepared from phenylmethyl 6-amino-2-
methyl-4-nitrobenzoate 4] in 5 steps. After amino groups in
compound4 were converted to isocyanate groups, the compound

. . . . . reacted with tert-butyl 4-aminobutanoate to give a urea derivative.
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Tokyo 191-8512, Japan. E-mail: ma.koizumi@teijin.co.jp derivative was converted to compound 3 by

dehydration/condensation. After compouldvas synthesized from

compound3 and N-phenylmethoxycarbonyl-glutaric anhydride (Z-
The crystal structure of porcine pancreatic elastase (PPE) complexé&lu anhydride), tert-butyl groups were eliminated with hydrochloric
with a new benzoxazinone inhibitor, TEI-8362, of human neutrophilacid. Productl (TEI-8362, Fig. 1) that was obtained as a prodtct o
elastase (HNE) was determined at 1.8 A resolution. The hydroxythe reaction is a hydrochloride and was desalinated by the following
oxygen of Ser195 opened the benzoxazinone by nucleophilic attagirocedures. After the produd was neutralized with aqueous
and formed a covalent bond with the carbonyl carbon. Hydrophobisodium hydrogen carbonate, the neutral solution was extracted with
interaction between the terminal benzene of TEI-8362 and the Sdthyl acetate. After excess sodium hydrogen carbonate in the extract
pocket is reinforced by the side chain of Arg217 and has an impaatas neutralized with citric acid and the organic phase was washed
on the ligand binding conformation. Two additional interactions withwith water, crystals were obtained by concentration to a given
the oxyanion hole and His57 are introduced to the benzoxazinonguantity. The crystals obtained were filtered, washed with cold ethyl
structure of TEI-8362. These combinatorial interactions will alsoacetate, and dried under reduced pressure to produce freé-form
exist in HNE and cause high preference of TEI-8362 for HNE.
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1. Introduction
CO,H 1, TEI-8362

Human neutrophll_ elasta_lse (HNE, E_C 3.4.21.37) is a serine protegse (4S)-4-(N-{2-[(3-carboxypropyl)amina]-5-methyl-4-oxobenzo[3,4-d]1,3-0x
of the chymotrypsin family and consists of 223 amino acids. HNE is  azin-7-yl}carbamoyl)-4-[(phenylmethoxy)carbonylamino]butanoic acid
present in the azurophilic granules of neutrophils and is implicated

as a causative or contributory agent in several pathological states. I 2 Rl= 7.6ul. B="'Bu

Since HNE digests various components of the extracellular matrix, [ [ )0\ 3 Rl=H, R ='Bu

HNE is suggested to play a role in the metabolism of connective RIHN N7 N Cco,R2

tissue and decomposition of foreign substances. Therefore, HNE is H

an attractive therapeutic target for pulmonary disease, and margigure 1

compounds have already been developed as inhibitors (Katrakj
2002).

We have developed a novel synthetic inhibitor TEI-8362, 4-(N-
(3-((3-carboxypropyl)amino)-8-methyl-1-oxo-4-azaisochromen-6- o
yl)carbamoyl)-4-((phenylmethoxy) carbonylamino) butanoic acid, 2-2- Crystallization
CagHagN4Og, with K; value of 1.38 nM with respect to HNE ppEg and TEI-8362 were crystallized using the sitting drop vapou
(Mitstuhashiet al, 1999). This compound was derived from the iffusion method. PPE was purchased from Sigma and was used
benzoxazinone structure, which is known to be an inhibitor forwithout further purifications. 20 mM DMSO solution of TEI-8362
serine proteases (Spencet al, 1986). Compared to other \yas added to the PPE solution, 30 mg/ml in 30mM sodium acetate
benzoxazinone compounds, TEI-8362 is water-soluble, so it offeryffer (pH5.5), with molar ratio 10:1 for co-crystallization. The
advantages for intravenous administration and oral administration. reservoir solution consisted of 0.9M J$©, 100 mM sodium

The best way to understand the inhibition mechanism is toacetate buffer (pH5.5) and 5%(v/v) DMSO. All crystallization trials
determine the complex structure of the target protein with itsyere carried out at a constant temperature 8£20he droplets
inhibitors. Porcine Pancreatic Elastase (PPE, EC 3.4.21.36) is @ere allowed to equilibrate for a day before they were seeded from
popular target protein when examining the binding mode of HNEnpative PPE crystals (Sawyeral, 1978).
inhibitors (Peisachet al, 1995). Radhakrishnamet al. (1987)
reported PPE complex structures with two Valine-derived, 5 poio collection and processing
benzoxazinone compounds and confirmed their common binding
mode. These benzoxazinone compounds formed a covalent bond £ocrystal with approximate dimensions of fith x 70pum x 70pm
the Oy of Ser195 and the Valine moiety moiety oriented toward thewas used for data collection with an R-AXIS IV imaging plate
S' direction. However, the binding mode does not explain why TEldetector (Rigaku) at the BL24XU-A, Hyogo beamline@.834 A),

8362 has potent inhibitory activity. in SPring-8. The crystal was mounted on a cryoloop (Hampton

This study will report on the crystal structure of PPE complexedResearch) at 100 K during the data collection. The data set was

with TEI-8362 at 1.8 A resolution and discuss how this compoundprocessed using the program PROCESS (Rigaku). The
inhibits PPE and HNE. crystallographic data are shown in Table 1.

Chemical structure of TEI-8362.
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2.4. Refinements 3.2. Effects of hydrophobic interaction

Refinements were carried out with Refmac5 in the CCP4 suite€Compared to the 5CL binding conformation, the benzene moiety
(1994). The isomorphous PPE crystal coordinate (PDB code: 1IEAS)roduced from the benzoxazinone scaffold is inclined +36.8
was initially used for rigid body refinement (Bernsteiral, 1994). towards the S4 pocket (Fig. 4). The S4 pocket of PPE consists of
QUANTA2000/X-ray (Accelrys) was used for map fitting and for three hydrophobic residues (Phe215, Val99a and Trp172). Terminal
determination of the inhibitor binding. Restrained refinements werebenzene of TEI-8362 is accommodated there and covered by the side
gradually expanded to 1.8 A resolution. The connecting electrorchain of Arg217. There are no significant differences between the
density over the @of Serl195 indicated a covalent bond betweennative PPE (Wurteleet al, 2000) and TEI-8362 complexed PPE
TEI-8362 and hydroxyl oxygen of Serl95. The modified serinestructures except the Arg217 position (Fig. 5). The CZ atém o
residue was created by Monomer library sketcher in the CCP4 suitérg217 has moved 2.76 A from the position of native structure. The
(Murshudovet al, 1997). A sulphate ion and a calcium ion were side chain movement of Arg217 was also observed in the PPE
added to the model by manual assignment and 98 water moleculesmplex with FR136706 (Kinoshit@t al, 2003). In addition,

by ARP/WARP (Asselt vaet al, 1998) in the CCP4 suite. carbonyl aygen of TEI-8362 forms a hydrogen bond with Val216
NH (3.21 A, Fig. 6). These two interactions determine the binding
Table 1 conformation of TEI-8362 and produce two additional interactions

with the benzoxazinone moiety of TEI-8362. One is an interaction
%ith the oxyanion hole (Henderson, 1970), and the other one is a
hydrogen bond with His57 catalytic triad.

Crystallographic data and refinement statistics of the TEI-8362 complexe
PPE.

Data collection and processing 3.3. Oxyanion hole interaction

Space group Pflzlzl B B As seen in the PPE/5CL complex, simple benzoxazinone derivatives
Unit cell parameters (&) a=50.04,b=57.75,c=74.26 h sec . . .

_ ave difficultly orienting the carbonyl group towards the oxyanion
Resolution (A) 40-1.8 hole. One reason is that the benzene ring of the benzoxazinone
Rierge(%) 6.7 moiety tends to come parallel to the S1 pocket and insert a small
Completeness (%) 99.0 (96.9) hydrophobic portion into the S1 pocket. However, under the
Observations 76,972 influence of hydrophobic interaction, TEI-8362 can locate carbonyl
Unique reflections 18,655 oxygen in the oxyanion hole (Fig. 6). The carbonyl oxygen forms
Redundancy 413 two hydrogen bonds with Ser195 NH (2.88 A) and Gly193 NH (2.79
I/ ofl) 13.6 (3.48) A). On the other hand, 5CL oriented the carbonyl group in the

] direction opposite the oxyanion hole. The interaction with oxyanion
Refinement hole was often observed in the peptidyl inhibitor complexes with
Wilson B factor (&) 18.3 PPE (Mattost al, 1994) and HNE (Wegt al, 1988).

Reryst (%) 16.3 (23.9)

Riree (%) 21.2(30.7) 3.4. Hydrogen bond with His57

RMS deviations from ideal values . . ) .

Bond length (A) 0.028 To avpld the steric repglsmn with the carbonyl group located at the
Angle ) 2083 oxyanion .hole, thg adjgcenp carbonylogp, pr.oduced from the
Estimated coordinate error (A) 0.136 benzoxazinone moiety, is oriented towards His57. Thus, TEI-8362

forms a hydrogen bond between carbonyl oxygen and His57 NE2
(2.82 A). Since the position of His57 is almost the same in the native
PPE structure, the carbonyl oxygen seems to play the role of Ser195
hydroxyl oxygen and stabilizes the catalytic triad in the TEI-8362
3. Results and discussions complex. In the PPE/5CL complex, on the contrary, the Valine
3.1. Binding conformation of TEI-8362 mo_iety of 5CL pushed away the side chain of His57 to bind the
active site of PPE.
Based on the electron density of the PPE complex structure, TEI-
8362 is found to cover the active site with a stretched form (Fig. 2).
Two carboxyl groups, which are hydrophilic parts of TEI-8362, , Conclusion
oriented for the solvent region and have no specific interactions with”
the protein structure. This means that all carboxyl groups contributé& covalent bond formation with YDof Ser215 is an important
only to solubility of the inhibitor. As a characteristic interaction in interaction for TEI-8362 to inhibit the elastase function. In addition,
the benzoxazinone structure, TEI-8362 opened the ring in théour hydrogen bonds were newly observed in the bezoxazinone
benzoxazinone moiety by nucleophilic attack Oy of Ser195 and  structure and caused by the hydrophobic interaction in the S4 pocket.
formed a covalent bond (Fig. 3). This chemical reaction was alsd@he hydrophobic interaction in the S4 pocket would also effect upon
observed in the PPE complex structure with the Valine-derivedhe specificity of the inhibitor against PPE. Thus, the hydrogen
inhibitor 5CL, (1-(5-chloro-4-ox0-4H-3, 1-benzoxazine-2-yl)-2- bonding network and the hydrophobic interaction seems to enhance
methyl-propyl) carbamic acid 1,1-dimethylethylethyl ester the inhibitory activity of TEI-8362 and stabilize the binding
(Radhakrishnaret al., 1987). Therefore it should be the principal conformation. These combinatorial interactions observed in the
factor of inhibitory activity of the benzoxazinone structure. PPE/TEI-8362 complex may occur in the HNE complex as well.

Values in parentheses are for the outer shell (1.85-1.80A).
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Figure 2
Omit map Fo-Fc) for bound inhibitor (TEI-8362) contoured at @.5

S1 pocket oxyanion hole (Gly193, Ser195) Figure 5

Va|216NHm Superposition of the native PPE (1QNJ; green) and the TEI-8362 complexed
E o Ser195 PPE. TEI-8362 is drawn in ball and stick model.
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Figure 3

Interactions of TEI-8362 in the active site. A covalent bond is formed
between TEI-8362 and they®@f Ser195. The hydrophobic interaction in the
S4 pocket determines the binding conformation to form the hydrogen
bonding network.

Figure 6
The hydrogen bond network in the active site. White lines represent hydrogen
bonds between PEE and TEI-8362.

HisS7

Phe215
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