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Acidic mammalian chitinase (AMCase) is a member of the glycosyl hydrolase 18 family (EC 3.2.1.14)
that has been implicated in the pathophysiology of allergic airway disease such as asthma. Small
molecule inhibitors of AMCase were identified using a combination of high-throughput screening,
fragment screening, and virtual screening techniques and characterized by enzyme inhibition andNMR
and Biacore binding experiments. X-ray structures of the inhibitors in complex with AMCase revealed
that the larger more potent HTS hits, e.g. 5-(4-(2-(4-bromophenoxy)ethyl)piperazine-1-yl)-1H-1,2,4-
triazol-3-amine 1, spanned from the active site pocket to a hydrophobic pocket. Smaller fragments
identified by FBS occupy both these pockets independently and suggest potential strategies for linking
fragments. Compound 1 is a 200 nM AMCase inhibitor which reduced AMCase enzymatic activity in
the bronchoalveolar lavage fluid in allergen-challenged mice after oral dosing.

Introduction

Asthma’s prevalence and mortality have been increasing
worldwide, and theWorldHealthOrganization (WHOa) recog-
nizes that asthma is a disease ofmajor public health importance.
Asthma is a chronic pulmonary disease caused by inhaled
allergens and mediated by T-helper type 2 (Th2) cytokines
including IL-4, IL-5, and IL-13.1AMCase, amemberofglycosyl
hydrolase 18 family,2 is up-regulated in lung tissue of allergen
challenged asthma patients and is elevated in lung macrophage
cells from patients with fatal asthma.3 AMCase is also up-
regulated in lung tissue in several Th2 dependent mouse models
of allergic pulmonary disease and is dependent on IL-13
signaling.4,5 In a non chitin dependent allergic airway disease
model, inhibition of AMCase by either the broad spectrum
chitinase inhibitor methylallosamidin,6,7 or an antibody specific
to AMCase, ameliorate airway inflammation and hyper-
responsiveness.3 However, increased expression of AMCase is
protective in a chitin dependentmodel of pulmonary inflamma-
tion.8 To aid in identifying the role ofAMCase inmousemodels
of allergic pulmonary disease and further validate AMCase as a

target for human asthma, additional potent selective small
molecule inhibitors are needed.

We previously reported the cloning, expression, and purifica-
tion of human AMCase and development of a fluorescence-
based substrate hydrolysis assay suitable for high-throughput
screening (HTS).9 The availability of highly pure protein al-
lowed the crystallization and determination of high-resolution
X-ray structures of AMCase in the apo form and in complex
with the inhibitor methylallosamidin.10 Thus, because of the
novelty of the AMCase target and the availability of protein for
biophysical and X-ray crystallographic studies, complementary
screening techniques, including HTS, fragment-based screening
(FBS) byNMRbinding experiments, andvirtual screening (VS)
were employed to improve the opportunities of identifying
attractive lead-like starting points for optimization.

Herein, we report the identification of AMCase inhibitors
using these complementary techniques. In addition, HTS hits
were characterized by NMR binding experiments and surface
plasmon resonance (SPR) by Biacore was used to determine
the kinetics of binding while X-ray crystallography was used
to obtain structural information and guide optimization.

Results and Discussion

HTS is an important part of drug discovery at pharmaceu-
tical and biotechnology companies, and the leads for many
clinical candidates were identified through HTS.11,12 Typi-
cally, hundreds of thousands to millions of compounds are
screenedat a single concentrationusing a suitable assay.Com-
pounds which cause a statistically significant effect are re-
tested at a single ormultiple concentrations to confirmactivity
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and determine potency. Despite the success of HTS, the
process is complex and expensive. Frequently, a large hit set is
identified, which include real inhibitors aswell as false positives,
such as compounds that bind nonspecifically and compounds
that interfere with the assay signal. The challenge is to prioritize
the hit set to smaller numbers which may be fully characterized
in lower throughput binding experiments without losing the
best hits. Prioritization based on potency frequently leads to
larger, less lead-like inhibitors,whichhavebeen shown to evolve
frequently into drug candidates with undesirable physiochem-
ical properties.13 Strategies based on calculated properties,
including ligand efficiency (LE) and ligand-lipophilic efficiency
(LLE),13,14 are more likely to lead to more lead-like hits with
lower molecular weight and lipophilicity.

The AMCase HTS assay based on hydrolysis of the fluore-
scent-based substrate, 4-methylumbelliferyl-β-D-N,N0-diacetyl-
chitobioside,9was used to screen a library of 446000 compounds
at 10 μM concentration and identified 5257 compounds with
>14% apparent inhibition. Reconfirmation resulted in 825
confirmed hits which were chemically triaged to remove any
non-lead-like structures and give a set of 500 compounds, which
were tested in a 15-point titration to determine the IC50 for
AMCase and selectivity versus chitotriosidase.

In thepast decade, the fieldofFBShas emergedandbeen suc-
cessfully applied to several protein targets, leading to the iden-
tification of novel leads,15,16 showing good complementarity to
theHTShits. FBS techniques typically screenhundreds to thou-
sandss of low molecular weight compounds (typically MW <
300Da). This fragment universe is estimated at 1.6� 106 mole-
cules, and thus a larger portion of the chemical space can be
explored with smaller libraries.17 Fragments are likely to have
fewer binding interactions with the protein, resulting in the
expectation of weaker binding and thus are usually screened at
higher concentration. However, these binding interactions are
frequently more optimal and lead to the fragments having
higher binding efficiency.13 With the aid of structural informa-
tion, fragment leads are frequently readily optimized, leading
to high affinity inhibitors.18,19 Many biophysical techniques
have been used to detect direct binding of fragment libraries
such as NMR,20,21 SPR,22,23 mass spectrometry,24 and X-ray
crystallography.25

NMR was used to screen the library consisting of 1045
fragments, using the saturation transfer difference (STD) ex-
periment. The fragments were screened as mixtures of six com-
pounds, andmixtures which demonstrated binding were decon-
volutedbyevaluating individual compoundbinding followedby
competition experiments with methylallosamidin. A total of 15
compounds displayed significant STD signal (>4%) indicating
binding, and of these, 10 compounds, showed a substantial
decrease in the STD signal with addition of methylallosamidin,
suggesting that they bind in the active site of AMCase
(for example, 3, Figure 1). All of the FBS hits showed modest
inhibitory activity in the AMCase assay e.g. 4 (IC50=102 μM),
with the exception of a more potent fragment, 3 (AMCase
IC50= 13 μM). A substructure search based on 4 rapidly led to
the 5-fold more potent analogue 5 (AMCase IC50= 22.5 μM),
indicating how in some cases the potency of weak fragment hits
may be rapidly optimized.

VS using either structure-based and ligand-based methods
can be employed separately or in combination26 as a com-
plementary approach to both HTS and FBS, expanding the
scope of the overall screen and exploiting existing structural
and ligand information.27 For structure-based VS, typically
hierarchical scoring schemes are utilized that allow databases

or virtual libraries of millions of molecules to be screened
rapidly.With tiered-scoring protocols a simple, often shaped-
based scoring function acts as a fast initial filter and then
progressively more rigorous and computationally intensive
methods are applied to the top hits to produce the final ranked
list of molecules for experimental testing.

A library of approximately 150000 lead-like compounds
(MW < 400) was virtually screened for compound structures
that docked to the AMCase protein structure.10 A total of 918
compounds identified in silico were assayed for AMCase in-
hibition. This resulted in identification of 18 compounds which
were inhibitory at 50 μM, of which 8 compounds had IC50

values ranging from 7 to 110 μM, and the most potent com-
pound1 (IC50=210nM),whichwas also identified in theHTS.
The hit rates obtained with HTS, VS, and FBS approaches are

Figure 1. Binding of 3 to AMCase: (A) 1D reference NMR spec-
trum of aromatic protons of 3 (100 μM); (B) STD spectrum of
aromatic protons of 3 (100 μM) with AMCase protein (7 μM); (C)
STD competition spectrum of aromatic protons of 3 (100 μM) with
AMCase protein (7 μM) and methylallosamidin (20 μM).

Table 1. Comparison of Hit Rates for Different Methods of Hit
Identification

methodsa HTS VS FBS

no. of compounds

screened

446K 150K 1045

no. of primary

hits (hit rate %)

5257 (1.18%) 918 15 (1.43%)

no. of confirmed

hits (hit rate %)

825 (0.18%) 18 (1.96%) 10 (0.96%)

aHTS primary hit: molecule with >14% apparent inhibition at
10 μM concentration in AMCase enzyme assay; HTS confirmed hit:
primary hit with>14% inhibition in confirmation at 10 μMconcentra-
tion in AMCase enzyme assay; VS primary hit: molecule which docks
into enzyme active site in crystal structure; VS confirmed hit: VS hit with
>14% apparent inhibition at 50 μM concentration in AMCase enzyme
assay; FBS primary hit: molecule which shows >4% STD signal in
NMR binding experiment; FBS confirmed hit: FBS hit which showed
significant reduction in STD signal when allosamidin was added.
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summarized in Table 1, and show that while the hit rate was
highest with the VS, the number of hits obtained was higher
with the HTS because more compounds were tested.

A Biacore-based binding assay was used to characterize the
15 hits identified by NMR-FBS, along with a set of 9
compounds which did not show binding in the NMR screen,
as negative controls, and the HTS/VS hit 1 as a positive
control. Four of the 15 fragments and 1 showed reproducible
binding (>5 RU), while 11 fragments and the 9 negative
controls did not showbinding (<5RU) (Figure 3A). The four
fragments bound reproducibly and showed the expected 1:1
stoichiometry in three independent AMCase sensor chip
surfaces (Figure 3B). In steady state KD determinations, two
of the fragments were too weak to get an accurate fit from the
steady state binding (data not shown). The other two frag-
ments (3 and 4, Figure 2) and theHTS/VS compound (1) each
showed concentration dependent binding as expected and
quickly reached steady state (Figure 4A). The HTS/VS hit 1
had 10- and 88-fold lower KD compared to the fragments 3
and 4, respectively (Figure 4B). In general, there is good
correlation between the binding affinities and the IC50 values
(Table 2).

The hits sets from HTS, FBS, and VS were combined and
the calculated properties analyzed (Figure 5). By design, the
FBS hits have lower MW and clogP, therefore even though
they are weaker inhibitors (IC50 up to 500 μM), many have
comparable LE and LLE to the HTS hits (IC50 < 0.1-100
μM), suggesting that theymay be equally good starting points
for optimization.

Co-crystallization was successfully used to characterize
several high affinity hits. AMCase crystals also grew readily
in the presence of a weak 124 μM affinity binder, and these
crystals were amenable to soaking by virtue of the crystal
packing and the low affinity of the ligand. This soaking
method was used to obtain costructures with many further
inhibitors identified byHTSandothermethods. TheAMCase
cocrystal complex with the high affinity HTS/VS hit 1 was
determined to 1.9 Å resolution, using the apo AMCase
structure10 as a search model for molecular replacement.
Similar to the previously determined structure of AMCase
with the inhibitor methylallosamidin,10 the aminotriazole
moiety of 1 binds in the active site, packing between Trp-
360 and Met-210, with H-bonds to Asp-138, Glu-140, and
Tyr-212 (Figure 6). However, in contrast to methylallosami-
din, the structure reveals that the bromobenzene moiety of 1

also exploits a nearby hydrophobic pocket formed by the side
chains of Tyr-267, Ala-295, Ile-300, and Leu-364 while the
methylallosamidin binds along the chitin binding groove,with
an acetyl group only superficially approaching this hydro-
phobic pocket. Compound 2 binds very similarly to 1with the
pyridine ring occupying the Trp-360/Met-210 active site and
the piperazine moiety overlaying with that of 1. The indole
ring extends into theTyr-267/Ala-295/Ile-300/Leu-364 hydro-
phobic pocket (Figure 8).

Attempts to cocrystallize the weaker FBS hits in many
cases yielded only crystals of apo protein. However, several of
the more potent compounds including 3 and the substructure
search analogue 5 were successfully cocrystallized. Subse-
quent trials to introduce other FBS hits by soaking experi-
ments were similarly unsuccessful. Although both 3 and 5

contain an aryl piperazine moiety, the two fragments have
very different binding modes and occupy different binding
pockets (Figure 7). The predominant feature of the binding
mode of 3 is the occupation of the Tyr-267/Ala-295/Ile-300/
Leu-364 hydrophobic pocket by the para-chlorophenyl
group, with the piperazine N forming an H-bond with
Asp-213 while the guanidinium group makes H-bonds to

Figure 3. Binding of FBS hits to AMCase by SPR. (A) Response
units monitored in real time for a single concentration of each
fragment (250 μM) to anAMCase sensor chip surface. (B)Response
units from steady state binding of fragments at 250 μM to an
AMCase sensor chip surface. Each bar represents the mean and
standard deviation of all data obtained from three independent
experiments, each done in triplicate.

Figure 2. Structures ofAMCase inhibitors identified byHTS, FBS,
VS, and substructure search (SSS).
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the Glu-140 side chain. In contrast, the pyridine moiety of 5
packs between Trp-360 andMet-210 in the active site with the
piperazine overlapping minimally with that of 3 and forming
the sameH-bondwithAsp-213.The amidemoiety reaches out
on the bottom face of the pocket making an H-bond with the
backbone NH of Trp-99.

It is interesting that the two fragments 3 and 5 identified
almostmutually exclusive pockets, both ofwhich appear to be
very important for high affinity binding of the larger more
potent HTS hits 1 and 2 (Figure 6-8). In fact, the binding
pocket and many of the H-bonds made by the higher affinity
inhibitors 1 and 2 and are simply the sumof the interactions of
the two lower affinity fragments 3 and 5. This offers support
for the concept of linking fragments as a valid path forward to
achieving higher potency compounds.

One goal of developing small molecule inhibitors for
AMCase is for use in in vivo models of allergic airway
disease in order to more fully understand the role of
AMCase, which is highly up-regulated in several allergen-
challenged models.3,5,28 In the present study, mice sensi-
tized and challenged with a combination of the house
dust mite and cockroach allergens (HDM/CRA) showed
an increase in chitinase activity in bronchoalveolar
lavage (BAL) fluid compared to PBS challenged animals
(Figure 9). In vivo dosing of the potent and selective
AMCase inhibitor 1 led to a significant (43%) reduction
in the chitinase activity present in BAL fluid taken 1 day
after the last day of allergen challenge. The positive con-
trol for this allergen model, the corticosterioid dexa-
methasone, also resulted in reduced chitinase activity
(60% reduction) in BAL fluid, as expected, due to reduced
chitinase production as previously reported.29 This orally
active AMCase inhibitor 1 should prove a valuable tool
compound in further elucidating the role of AMCase in
allergic responses.

Figure 4. Steady state binding to AMCase. (A) Response units
monitored in real time for a concentration series of fragments
identified by NMR (3 and 4) and VS/HTS (1) to an AMCase sensor
chip surface. (B) Response units from steady state binding of
compounds to an AMCase sensor chip surface. Data were fit to a
1:1 saturation binding model for KD determination.

Table 2. AMCase Inhibitors: Calculated Properties, Binding, and IC50

hit hit source MW clogP LEa LLEa
NMRSTD%and

with competitiona
AMCase

IC50 (μM)

chitotriosidase

IC50 (μM)

Biacore

KD (μM)

1 VS/HTS 367 3 0.42 3.7 6 to 0 0.21 4.23 1.69

2 HTS 306 3.4 0.37 2.8 22 to 4 0.7 1.34

3 NMR 239 1.8 0.43 3.1 27 to 3 13 >100 17

4 NMR 206 -0.2 0.37 4.2 ND 101.7 90.1 141

5 SSS 248 1.1 0.36 3.6 ND 22
aLE = -1.4 � log(IC50)/heavy atoms; LLE = -log(IC50) - clogP: NMR % STD signal with and without competitor.

Figure 5. Properties of hits identified by HTS (green open circles),
FBS (red filled squares), and VS (blue filled triangles). LE = ΔG/
number of heavy atoms (non-H atoms, HA) = -1.4 log IC50/HA;
LLE = -log IC50 - clogP.14
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Conclusions

We employed HTS, FBS, and VS strategies to identify
novel AMCase inhibitors. Each approach has pros and cons

and yielded somewhat overlapping, yet complementary re-
sults. This multipronged approach may be advantageous in
obtaining a thorough understanding of the possibilities avail-
able in the inhibition of the enzyme at the outset, before a large
investment into synthetic chemistry optimization efforts. A
comparison of the X-ray structures of the fragments bound to
AMCase with the structure of the HTS and VS hits helps to
illustrate the potential power of fragment-based screening.
Small hits identified by screening approximately 1000 fragments
were found to occupy two almost mutually exclusive pockets.
An overlay of these fragments with the larger hits obtained by
screening almost a half million compounds show how occupa-
tion of these two pockets appears to be required for higher affi-
nity inhibition. This suggests possibilities for linking the frag-
ments to increase binding affinity. The virtual screeningof 150K
compounds prioritized about 1000 compounds for testing and
led to the identification of one of the more potent hits also iden-
tifiedby theHTS.Thispotent, selectiveAMCase inhibitor1was
characterized and shown to be orally active in reduction ofAM-
Case activity in the BAL fluid of allergen challenged mice.

Experimental Section

Unless otherwise specified, standard laboratory reagents were
purchased from Sigma, Aldrich, Research Organics, or EMD.
Recombinant human AMCase and methylallosamidin purified
from Streptomyces were used as previously described.10

AMCase Inhibitors. Inhibitors were either purchased from
commercial suppliers, i.e., 2 (Maybridge Screening Collection,
part no.HTS06499SC), 3 and 4 (Aurora Screening Library, part
no. kchi-774947 and bb-kuk-028119), or synthesized following
literature procedures, i.e., 1

30 and 5.31 All compounds had
g95% purity as measured by two HPLC methods.

AMCase HTS Assay Conditions. The assay conditions for
HTS, 15 μM 4-methylumbelliferyl-β-D-N,N0-diacetylchitobio-
side substrate (Sigma, St. Louis, MO), 1.5 nM enzyme, 1%
DMSO, 30 μL/well) have a Z-factor of 0.67 and signal-to-noise
of 11.3 at 90 min read time. Fluorescence intensity was moni-
tored at λ excitation 340/20, emission 480/20. A counter screen
was performed with 10 μMcompound and 2 μMof the product,
4-methylumbelliferone sodium salt (Sigma) in the same buffer
and fluorescence intensity wavelengths at the enzyme assay
described above.

AMCase and Chitotriosidase Assays. In experiments subse-
quent to the HTS, chitinolytic activity was measured as pre-
viously described.9 Briefly, AMCase (1 nM) or chitotriosidase

Figure 8. Comparison of compound bindingmodes based on a super-
positionofR-carbonbackbones ofAMCase costructureswith1 (red), 2
(green), 3 (orange), and 5 (pink), and the protein surface colored by
electrostatic surface potential. The aromatic rings of 1 (4-bromo-
phenyl) and 2 (indole) overlay well with fragment 3 (4-chloro-phenyl),
and the piperazine and heteroaryl ring at the other end of 1 (triazine)
and 2 (pyridine) overlap well with fragment 5 (pyridine).

Figure 7. Superposition of independent AMCase costructures with
3 (orange) and 5 (pink). Ribbons diagram and selected side chain
sticks are shown for the active site area and hydrogen bonds are
shown as dashed lines.

Figure 6. AMCase costructure with 1. Ribbons diagram of the
active site region with selected side chains shown as sticks. Hydro-
gen bonds are shown as dotted lines.

Figure 9. AMCase inhibitors attenuate chitinase activity in aller-
gen-challenged mice. Chitinase activity from bronchoalveolar la-
vage recovered frommice sensitized with HDM/CRA allergens and
challenged with either PBS marked as control, HDM/CRA, or
HDM-CRA plus VS/HTS 1, as indicated. n = at least 10 for each
group. * = p < .01 compared to allergen challenged.
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(0.25 nM) were incubated with various concentrations of com-
pounds plus 20 μM 4-methylumbelliferyl β-N,N0-diacetylchito-
bioside (Sigma). Fluorescence intensity (λ excitation 345/5,
emission 440/5) was monitored for 60 min. Assays were per-
formed in triplicate at 25 �C in 100 mM citrate phosphate buffer
pH 5.0, 0.005%Brij-35. The IC50 values were derived from eq 1.

Y ¼ 100= 1þ10ðX -Log IC50Þ
� �

ð1Þ

BAL fluid samples were diluted 1:20 with 20 μM 4-methy-
lumbelliferyl β-N,N0-diacetylchitobioside substrate (Sigma) and
monitored for 30 min at the same wavelengths as described
above. The relative chitinase activity units were determined
from the slope of activity measured from the linear portions of
the enzyme assay.

Virtual Screen.TheAMCase/methylallosamidinX-raycomplex
structure10 with the ligand and waters removed was screened using
the in-house docking program, PhDock.32-34 Ten poses each for
the top 2000 hits based on the DOCK4 contact score35 were
rescored using an molecular mechanics-Poisson-Boltzmann sur-
face area (MM-PBSA) procedure36,37 and after visual inspection
compounds were selected for experimental testing.

NMR FBS Screen. Library collection and NMR samples: The
NMR fragment library composed of 1045 compounds was selected
from the corporate library based on a combination of calculated
property criteria, (MW<300, clogP< 3, H-bond donors< 3,
H-bond acceptors< 4, rotatable bonds <3, polar surface area
<120 Å2 and chiral centers <1), medicinal chemist prioritization,
and amenability to being chemically modified. DMSO stocks solu-
tions of the compounds (80 mM) were diluted to 25 mM in TRIS
buffer at pH=7.4 containing 50 mMNaCl and a final concentra-
tion of 5%DMSO forNMR. Compounds were screened for bind-
ing to AMCase (5 μM) as mixtures of six, with each compound at
200 μM. All spectra were acquired at 298K with a Bruker Avance
600MHzNMRspectrometer, equippedwitha cryogenicprobeand
autosampler. Screening was performed with the saturation transfer
difference (STD)38 experiment, where the protein was saturated on
resonance at 0.58 ppm and off resonance at-10 ppm, for 2 s each,
usinga trainof40G4Gianpulsesof50msbetween1msdelays.The
subtractionof theSTDspectrawasperformed internallywithphase
cycling. The relaxation delaywas 2 s.Mixtureswhich demonstrated
binding were deconvoluted by conducting binding experiments on
individual compounds, followedbymethylallosamidin competition
experiments.

Surface PlasmonResonanceBinding Experiments. Sensor chip
surfaces were prepared on a Biacore T100 instrument (Biacore
Inc., Piscataway, NJ), using reagents obtained from the manu-
facturer. AMCase was biotinylated by mixing a 4:1 ratio of
biotin (Invitrogen, Eugene OR) to AMCase for 30min and then
removing the unreactive biotin by extensive dialysis. The bioti-
nylated AMCase was injected onto a SA chip reaching surface
densities between 4000 and 6000 RU. Measurements were
performed at 25 �C, 100 μL per min, and a collection rate of
10 Hz. Various concentrations of compounds were prepared in
100 mM citrate phosphate buffer with 0.05% Tween 20 and a
final DMSO concentration of 1%. For direct measurements of
compounds, 250 μMwere injected over theAMCase sensor chip
surface. All injections were performed in triplicate. The experi-
mental data were corrected for instrumental and bulk artifacts
by double referencing a control sensor chip surface and buffer
injections using Scrubber software (BioLogic Software v1.1 g).39

A DMSO calibration curve was applied as previously des-
cribed.40 Steady-state binding derived from the transformed
data was used to determine compound affinity using BiaEvalua-
tion v4.1 (GE Healthcare, Piscataway NJ).

Crystallization. AMCase was cocrystallized in complex with
1 by hanging drop vapor diffusion at 18 �C in drops containing
0.2 μL of protein solution (0.44 mMAMCase, 0.52 mM 1, 25 mM
Tris-HCl pH 8.0, and 50 mM NaCl) mixed with 0.2 μL of well
solution (20% PEG MME 5000, 100 mM bis-tris pH 6.5) and

equilibrated against 200 μL of well solution. Slate-like crystals grew
in two weeks.

NMR hits were pursued with a combination of targeted screen-
ing and broad screening. Targeted screening was done by hanging
drop vapor diffusion at 18 �C in drops containing 1 μL of protein
solution (0.44 mM AMCase, 5 mM compound of interest diluted
froma100mMDMSOstock, 25mMTris-HClpH8.0, and50mM
NaCl) mixed with 1 μL of well solution (20% PEG 3350, 200 mM
magnesium formate) and equilibrated against 500 μL of well
solution. Crystals were obtained for 3 and 5. Broad screening was
done by hanging drop vapor diffusion at 18 �C in drops containing
0.2μLof protein solution (0.44mMAMCase, 5mMcompound of
interest diluted froma 100mMDMSOstock, 25mMTris-HCl pH
8.0, and 50 mM NaCl) mixed with 0.2 μL of well solution and
equilibrated against 200 μLof well solutionwhere the well solution
was commercially available PEG/ion based screens. Several other
fragments also produced crystals which were subsequently deter-
mined to be apo AMCase crystals.

Soaking experiments were carried out with crystals grown in
the presence of a weak binder (AY-26439) and crystallized by
vapor diffusion against 20%PEG3350, 100mMbis-tris pH 6.5.
These crystals were transferred to 10 μL of a soaking buffer
composed of 23% PEG3350, 100 mM bis-tris pH 6.5, 5 mM
compound of interest, 5% DMSO.

Data collection and processing: Crystals were drawn through a
solution of 25%glycerol and 75%well solution and cooled rapidly
in liquid nitrogen.Diffractiondatawere recorded atALSbeamline
5.0.1 on a q-210 ccd camera. Intensities were integrated and scaled
using the programs Denzo and Scalepack.41

Phasing, model building and refinement: Structures were deter-
mined by molecular replacement using the protein model of the
human chitotriosidase in complex with methylallosamidin (PDB
ID= 3FY1) as the search model. The final structure models were
obtained after several iterative cycles of refinement using CNX42

and Refmac543 and model improvement in Coot.44

HDM-CRA Mouse Model of Allergic Pulmonary Inflamma-

tion.All in vivo experiments were performed in accordance with
protocols approved byWyeth’s Institutional Animal Care andUse
Committee. Age-matched 6-8-week-old female C57BL6 mice
(Taconic, Hudson, NY) were sensitized intraperitoneally with a
combination of 40 μg of American cockroach extract (CRA; Peri-
planeta americana; Greer, Lenoir, NC) and 40 μg house dust mite
extract (HDM; Der p; Dermatophagoides pteronyssinus; Greer,
Lenoir, NC) emulsified in 4 mg alum (ImjectAlum; Pierce, Rock-
ford, IL) on days 0 and 7. Starting on day 14, mice were challenged
intranasally (IN) with either 50 μL pf PBS or 25 μg (50 μL) of
HDM/CRA(12.5μgHDMextract and 12.5μgCRAextract). This
was repeated for 2 d. Test articles were dissolved in 0.5% methyl-
cellulose and 2% Tween 80, administered orally at 50 mg/kg twice
daily on the day prior to allergen challenge and again 2 h prior to
challenge and 8 h after challenge. Dexamethasone (Dex; 10 mg/kg)
was administered intraperitoneally once daily prior to allergen
challenge. The mice were allowed to rest for a day, and on day 17
animals were euthanized by carbon dioxide asphyxiation and
bronchoalveolar lavage (BAL) fluid was collected by lavaging
the lung once with 0.7 mL PBS-CMF. The BAL fluid was stored
at-80 �C prior to measurement of the chitinolytic activity in these
samples as described above.

Supporting Information Available: HPLC purity of com-
pounds. This material is available free of charge via the Internet
at http://pubs.acs.org.
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