Structure analysis reveals the flexibility of
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Abstract: A ((1S,2R)-2-hydroxy-2,3-dihydro-1H-inden-1-yl) succinamide derivative (here referred to
as Compound 12) shows significant activity toward many matrix metalloproteinases (MMPs),
including MMP-2, MMP-8, MMP-9, and MMP-13. Modeling studies had predicted that this
compound would not bind to ADAMTS-5 (a disintegrin and metalloproteinase with thrombospondin
motifs-5) due to its shallow S1’ pocket. However, inhibition analysis revealed it to be a nanomolar
inhibitor of both ADAMTS-4 and —5. The observed inconsistency was explained by analysis of
crystallographic structures, which showed that Compound 12 in complex with the catalytic domain
of ADAMTS-5 (cataTS5) exhibits an unusual conformation in the S1’ pocket of the protein. This first
demonstration that cataTS5 can undergo an induced conformational change in its active site
pocket by a molecule like Compound 12 should enable the design of new aggrecanase inhibitors
with better potency and selectivity profiles.
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Introduction

A disintegrin and metalloproteinase with thrombo-
spondin motifs-5 (ADAMTS-5), also known as aggre-
canase-2, is currently, along with ADAMTS-4 (aggre-
canase-1), the most attractive target for the

development of Disease Modifying Osteoarthritis

tis (OA) in ADAMTS-5 null mice demonstrate that
deletion of this metalloproteinase (MP) not only
results in inhibition of aggrecan cleavage, a key
characteristic in OA, but also blocks cleavage of
Type II collagen, prevents the degeneration and fi-
brillation of articular cartilage, lessens subchondral

Drugs (DMOADs).! Preclinical models of osteoarthri- bone sclerosis, stops osteophyte formation, and

Abbreviations: ADAM, a disintegrin and metalloproteinase; ADAMTS, a disintegrin and metalloproteinase with thrombospondin motifs;
BCA, Bovine Cartilage Assay; cataTS5, catalytic domain of ADAMTS-5; DMOADSs, Disease Modifying Osteoarthritis Drugs; MMP,
matrix metalloproteinases; OA, osteoarthritis.
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Figure 1. Inhibitors of aggrecanase. The molecular structures of Compounds 1 and 12 are illustrated.

alleviates mechanical allodynia.2™® Thus, the preclin-
ical data indicate that selective inhibition of
ADAMTS-5 results in total joint preservation giving
rise to a new paradigm in OA, which purports that
most of the phenotypes associated with this degener-
ative disease can be blocked by targeting a single
gene or pathway. If these findings translate to the
clinic, this paradigm has tremendous implications
for drug discovery centered on developing aggreca-
nase inhibitors for clinical testing as DMOADs.

Due to the chronic nature of the disease, the
MP selectivity profile is a key issue in developing
aggrecanase inhibitors for OA. Achieving selectivity
has been challenging because there are two related
families of MPs sharing the zinc-binding consensus
sequence, HEXXHXXXGXX, including 23 matrix
metalloproteinases (MMPs), and 20 ADAMs.%” How-
ever, recent elucidation of crystal structures for
ADAMTS-1,8 —4.219 and -5! can now enable the
development of MP-sparing aggrecanase inhibitors
by allowing direct comparison of the active site of
ADAMTS-4/-5 with MMPs and ADAMs and applying
the structure-based drug design approach.

Recently our group reported the mechanism of
selectivity of a series of cis-1(S)2(R)-amino-2-indanol
based compounds by generating the crystal struc-
tures of these molecules with the catalytic domain of
ADAMTS-5.12 These structures reveal that subtle or
secondary interactions, such as water bridging and
polarity distribution, are responsible for selectivity,
whereas the reaction pocket of cataTS5 in these
structures is essentially unchanged.

The S1’ pockets in MPs have been shown to be
flexible and readily changeable.'®>* However, more
than 50 cataTS5 structures in complex with various
inhibitors, including some with long P1’ moieties,
have been solved and none of them have shown a
significantly different S1’ pocket (unpublished
results). One of the cis-1(S)2(R)-amino-2-indanol
derivatives, Compound 12, ((1S,2R)-2-hydroxy-2,3-
dihydro-1H-inden-1-yl)  succinamide  derivative,
shown in Figure 1, is quite nonselective among
MMPs. Models predicted that this compound would
not bind to cataTS5 due to its long and bulky P1’
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moiety, but surprisingly, when analyzed, Compound
12 was found to be relatively potent in inhibiting
ADAMTS-5 activity. To understand this discrepancy,
we solved the co-crystal structure of cataTS5 with
Compound 12, which was obtained by displacement
of Compound 1, N-hydroxy-4-(4-(4-(trifluoromethyl)-
phenoxy)phenylsulfonyl)-tetrahydro-2H-pyran-4-car-
boxamide, from the cataTS5 crystal. It was observed
that the S1’ loop of the active site undergoes signifi-
cant conformational changes to accommodate the P1’
moiety of Compound 12. In this report, we describe
the conformational change in detail and its potential
implications for future inhibitor design.

Results and Discussion

Inhibition profile of Compound 12

Compound 12 was tested for potency against
ADAMTS-4 and —5 and for activity against a panel
of MPs (Table I). Compound 12 was potent in block-
ing aggrecanase-1 and -2 with an ICsy of 10 and 129
nM, respectively, and was as active against every
MMP tested except for MMP-1 and -7. The com-
pound was next tested for efficacy in blocking aggre-
can catabolism in cytokine-stimulated bovine

Table 1. Profile of Compound 12 Against a Panel of
Metalloproteases

Metalloproteinase Compound 12
ADAMTS-4 (IC5) 10 =3
ADAMTS-5 (ICs0) 129 = 11
MMP-1 7560
MMP-2 34
MMP-3 35
MMP-7 622
MMP-8 2.2
MMP-9 6.3
MMP-13 7.3
MT1-MMP 37
BCA (ECs) 500 = 115

Calculated Ki values (nM) * Standard Error for three
determinations. When the standard error is not reported,
the values represent single determinations.

Ki values are reported for each MP with the exception of
ADAMTS-4 and —5 where ICso values are reported and
BCA where EC5, values are reported.

Novel S1’ Pocket in ADAMTS-6



Figure 2. Structures of cataTS5. (a) The crystal structure of cataTS5 with Compound 1 is shown in purple and with
Compound 12 displayed in pale blue. (b) An “omit” difference electron density map for Compound 12 in the cataTS5 active
site is given in stereo. It is a 2|F,|-|F4| “omit” map (with calculated phase angles) around the ligand binding site. The map was
calculated using 1.6 A resolution data and contoured at 1.0 o. Protein atoms within 4.0 A of the ligand are shown.

cartilage, which is mediated by the aggrecanases.'®

As expected, Compound 12 effectively blocked carti-
lage aggrecan breakdown with an ICsq value of 500
nM, through inhibition of the aggrecanases as previ-
ously shown.'® In vitro kinetic analysis using a pep-
tide substrate revealed that Compound 12 is a com-
petitive, reversible inhibitor of both ADAMTS-4 and
-5 (data not shown).

Structure and the catalytic site

High resolution cataTS5 structures with Compound
12 (1.6 A) and Compound 1 (1.4 A) were obtained
and are presented in Figure 2(a) along with a stereo
“omit” difference electron density map for Compound
12 in the cataTS5 active site, Figure (2b). Both crys-
tals have similar overall structures, as shown in Fig-
ure (2a). However, careful examination of the struc-
tures reveals that they have different S1’ pockets at
the catalytic site. The structure of cataTS5 with
Compound 12 represents a unique and new category,
very different from other known cataTS5 structures
generated to date. The S1’ loops in all other cataTS5
structures are similar to each other and to that of
the cataTS5/Compound 1 structure, assumed to be
its native conformation.’* Hence, cataTS5 coupled to
Compound 12 is a new discovery and a novel display
of the S1’ conformation.

The S1’ pocket of cataTS5 is defined by the area
delineated by the immediate loop entering helix C
(residues L402 and H403), first half of helix C (resi-
dues A404 to H410), and the S1’ loop (residues R437
to 1446), as shown in Figure 3. Helix C (404-411) is
quite conserved in all MPs, though the loop, that is,
residue 402 and 403 entering to the helix can be
quite different. The S1’ loops are believed to be flexi-
ble. However, this flexibility had not been shown in
any ADAMTS member until the structure of cat-
aTS5 with Compound 12 was determined. Many
compounds with long P1’ moieties, 4-(3-(2-(p-tolylox-
y)ethyl)phenyl)pyridine, 5-(6-(piperidin-4-yl)pyridin-
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3-yDpent-4-ynyl acetate), N-(3-(p-tolyloxy)propyl)qui-
noline-2-carboxamide),  4-(2-(2-fluoro-4-methylphe-
noxy)ethoxy)benzamide), 4-(3-(3-(p-tolyloxy)propyl)-
phenyl)pyridine), shown in Figure 4, have been used
to probe the S1’ pockets of MPs. These P1’ moieties,
when co-crystallized with cataTS5 did not produce
any detectable S1' pocket changes in the protein
(unpublished results).

In Figure 5(a), the S1' pocket in cataTS5 with
Compound 1 is shown. This represents the normal
state of the pocket, which is quite hydrophobic as
illustrated by color coding (red for acidity, blue for
basicity, and white for neutrality). There are three
residues, F406, L.438, and 1446, at the bottom of the
pocket. These three residues not only define the
pocket but are also responsible for its shape. One
significant role of these three residues is to force the

Figure 3. Residues defining the S1’ pocket in cataTS5. The
S1’ pocket of cataTS5 is defined by a loop entering helix C
(L402 and H403), first half of helix C (A404 to H410), and the
S1/ loop (R437 to 1446).
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Figure 4. Molecular Structures of various long P1’ moieties. Structures of several P1’ moieties are shown including: (a) 4-(3-
(2-(p-tolyloxy) ethyl)phenyl)pyridine, (b) 5-(6-(piperidin-4-yl)pyridin-3-yl)pent-4-ynyl acetate), (c) N-(3-(p-
tolyloxy)propyl)quinoline-2-carboxamide), (d) 4-(2-(2-fluoro-4-methylphenoxy)ethoxy)benzamide), and (e) 4-(3-(3-(p
tolyloxy)propyl)phenyl)pyridine). The label “ZBG” stands for “Zinc Binding Group.”

pocket to turn sideways. Therefore, a straight and
bulky group like the benzodioxole-tolyl group (the
P1’ moiety of Compound 12) is predicted not to fit
into the pocket of cataTS5, as shown in Figure 5(b).
This prediction was based on modeling using the
coordinates of Compound 12 obtained from a co-crys-
tal structure with MMP-13. However, counter to the

model’s prediction, enzyme inhibition data clearly
show that Compound 12 inhibits both MMP-13 and
ADAMTS-5 activity (Table I). Thus, the model incor-
rectly predicted that Compound 12 would not bind
to cataTS5. The reason for this discrepancy is made
clear by the crystal structure of cataTS5 with Com-
pound 12, which shows that the compound induces

Figure 5. Delineation of the S1’ pocket of cataTS5. (a) The crystal structure of the S1’ pocket bound to Compound 1 and (b)
the S1’ pocket with Compound 12 docked is based on orientation and conformation from a co-crystal structure of MMP-13/
Compound 12. The benzodioxole-tolyl group of Compound 12 is clearly seen stretching outside the pocket.
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Figure 6. Conformational transition of cataTS5. cataTS5 in
complex with Compound 1 is used as a reference structure
and is highlighted in blue and cataTS5 coupled with
Compound 12 is shown in purple. The transition is
indicated by two green arrows with the labels “1” and “2”
for Step 1 and 2, respectively. Compound 12 induces the
right portion of the loop to shift towards left (Step 1). The
shifted loop fragment pushes the opposite stretch of the
loop to also change position (Step 2).

significant changes in the S1’ loop of cataTS5, creat-
ing a proper pocket to accommodate binding of the
molecule. This observation is a novel finding that
has not been observed before in any ADAMTS pro-
tein. However, the dynamic nature of the active site
of ADAMTS enzymes has been suggested by Mosyak
et al.,” who point out that conformational mobility of
the active site is a feature of mature aggrecanases
that may be required for high affinity association
with its substrates.

Changes in the S1' loop and pocket
Compound 12 induces conformational changes in the
S1’ loop in the active site of cataTS5, and the
changes are not due to the packing environment.
Even though the space group did show a change
from P2; for Compound 1 to P2,2,2; for Compound
12, there is no intermolecular contact observed
around this region in either structure. Furthermore,
many other structures, including those coupled to
molecules containing long P1’ moieties do not show
any observable changes. The alterations seen with
Compound 12 are specific to this inhibitor. We
believe the reasons for the compound’s ability to
change the cataTS5 S1’ loop are due to its strong
anchoring groups located on the indanolsuccinamide
moiety that interacts with cataTS5, as described by
Tortorella et al.'? as well as to the rigidity and
hydrophobicity of the P1’ phenylbenzodioxole moiety.
The changes can be described as a two-step
movement, as shown in Figure 6. In Step 1, L438,
one of the three (1438, F406, and 1446) crucial S1’
lower-pocket-defining residues was unchanged while

Shieh et al.

Table II. Torsion Angles
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Figure 7. Pocket comparison. Crystal structures of the active site pockets of (a) cataTS5 with Compound 1 featuring the loop
colored pale blue and the pocket colored blue, which looks quite enclosed; (b) showing cataTS5with Compound 12 with the
loop colored pink, and the pocket colored brown which opens up on the left; and (c) showing MMP-13 with Compound 12
with the loop colored yellow, and the pocket in green which opens up on the right.

the ring of F406 rotated ~45° and 1446 was totally
moved. This may have been the initialization point
responsible for propagating the overall conforma-
tional shift in the pocket. A torsion comparison (Table
II) clearly indicates that the change starts from the y
angle of 1443 and ends with the ¢ angle of S445. The
conformation for 1446 is unchanged. This step results
in the segment containing 1442-K450 to undergo sig-
nificant movements. The new segment will have a
head-on collision with K436, therefore the next action
in the conformational change, referred to as Step 2, is
to move away the loop comprising F430-R437 (as
shown in Figure 6). The torsion comparison (Table II)
shows a series of peptide conformational angle
changes from y angle of S432 to y angle of R437 with
several angle changes near 180°.

In the normal cataTS5 structures, the S1’
pocket is limited and has a side-pocket [Figures 5
and 7(a)]. The new pocket, induced by Compound
12, opens up and connects to the solvent region [Fig-
ure 7(b)]. This new S1’ pocket bears similarities to
the MMP-13 pocket as evidenced by the comparison
of Figures 7(b,c). However, the direction of the tun-
nel toward solvent shows angle differences between
the two structures. Hence, the trajectory of Com-
pound 12 in these two structures is reflected in this
change (Figure 8). In the structural alignment, the
starting divergence points of the S1’ loop in cataTS5
and MMP-13 are 1442 and 1222, respectively, and
the ending divergence points are roughly P451 and

740 PROTEINSCIENCE.ORG

Figure 8. Trajectory change. The figure highlights the
trajectory alteration for bound Compound 12 seen in both
cataTS5 and MMP-13 structures.

Novel S1’ Pocket in ADAMTS-5
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Figure 9. Overlay of the 3-D structure of cataTS5 (green)
complexed to Compound 12 (magenta) to that of cataTS5
plus its disintegrin-like domain (yellow) complexed to
batimastat (not shown). The shortest distance, 6.4 A, between
the cataTS5 S1’ loop (pale green) formed by Compound 12
binding and the disintegrin-like domain segment (silver) is
indicated by the dotted line connecting the a-carbon atoms of
T444 and K533.

P234. In this sense, MMP-13 has a longer S1’' loop
than cataTS5 and in fact, Compound 12 penetrates
the S1’ loop in MMP-13 while it bypasses the loop in
cataTS5. These variations and changes might con-
tain key elements by which inhibitors can be
designed to distinguish between these two proteins
and other MPs. Further comparison of the two cat-
aTS5 structures reveals some other changes that
occurred in other parts of the structure away from
the catalytic site. They are in the region containing
amino acids 1321 to S327 and N344 to E357. These
alterations are related to the surface flexibility and
crystalline packing and bear no importance to the
catalytic pocket important for ligand and substrate
binding.

The question arises whether the significant con-
formational changes at the bottom of the S1’-pocket
observed in the present work with the cataTS5
would in fact occur in the cataTS5-disintegrin-like
domain construct as the bottom of the S1’-pocket
packs closely against the disintegrin-like domain.’
To answer this question, we have overlaid the struc-
ture of the cataTS5 complexed to Compound 12
obtained in the present studies to that of the cat-
aTS5-disintegrin-like domain complexed to batima-
stat of Mosyak et al.,” Figure 9. From the overlaid
structures, we observed that the shortest distance
between the S1’ loop of ADAMTS-5 and the disinte-

Shieh et al.

grin-like domain is 6.4 A, which impedes clash
between these two regions. We conclude that the
newly discovered S1’ loop conformation may occur
also in the extended structure. The structure of the
cataTS5-Compound 12 complex was solved with
crystals obtained by soaking methods to exchange
Compound 1 with 12 rather than by a direct co-crys-
tallization of cataTS5 complexed to Compound 12.
This approach was dictated by our inability to pro-
duce reasonably good crystals of either apo-cataTS5
or cataTS5 complexed to inhibitor, in spite of the
fact that numerous inhibitors were tested and exten-
sive crystallization conditions explored.' As pointed
out in our earlier work,!! observations made by us
and others suggested that a number of proteins are
more prone to co-crystallize with inhibitors that pro-
duce a significant increase in protein unfolding tem-
perature (T,). CataTS5 complexed to a variety of
inhibitors gave the most significant change with
Compound 1, specifically, an increase of 27°C (T, =
43° —T,, = 70°C) (11). This inhibitor enabled crys-
tals of the complex to be grown and allowed a suc-
cessful crystal soaking-displacement approach with
many inhibitors, including Compound 12. There
might be some concerns with this method as the K;
values of Compound 1 and 12 are similar for cat-
aTS5: 290 nM and 129 nM, respectively (Table I).
These concerns are removed by the high resolution
structure of cataTS5 complexes with Compound 12
that unambiguously shows that Compound 1 has
been completely replaced by 12. Moreover, the sub-
stantial conformational change that occurred as a
consequence of swapping molecules did not damage
the crystals as evidenced by the fact that, under the
microscope, they were intact and yielded high reso-
lution X-ray diffractions.

Implication for drug design

The primary structures of ADAMTS-5 and MMPs
are overall different with the exception of the zinc-
binding region. Their S1’' loops are flexible and
highly specific and can assume several different con-
formational states. This new finding of various con-
formational states in cataTS5, an ADAMTS family
member, in our opinion is crucial for inhibitor
design. We believe that the conformational flexibility
must be addressed during the designing process to
achieve the desired and needed selectivity profile
required for the development of aggrecanase
inhibitors.

The potency and specificity of cis-1(S)2R-amino-
2-indanol-based compounds have been discussed in
recent studies.'? This new discovery reveals that the
P1’ moieties of these inhibitors bear important fac-
tors that recognize or exclude binding to MPs. The
uniqueness of this newly discovered S1’ pocket in
cataTS5 generated by Compound 12 and its likely
formation in the two-domain structure, cataTS5-

PROTEIN SCIENCE ‘ VOL 20:736-744 141



Table III. Data Collection and Refinement Statistics

Data collection

cataTS5/Compound 12

MMP13/Compound 12

Space group

Cell dimensions

Z

Resolution (A)

Total unique reflections

P2,2:2, )
51.40, 44.52, 76.25 (A)
4
50.0-1.60 (1.66-1.60)
20,954 (1542)

P2,2,2;
73.60, 94.93, 120.40 (A)
16
20.0-2.00 (2.07-2.00)
53,516 (4064)

Ruerge 0.073 (0.356) 0.090 (0.251)
I/sl 17.6 (2.2) 13.4 (5.9)
Completeness (%) 88.0 (65.8) 93.1 (71/4)
Redundancy 5.2 (2.8) 4.2 (1.9)
Refinement
Resolution (A) 38.12-1.60 20.00-2.00
No. reflections 19,840 49,487
Ryori/Riree 0.159/0.238 0.240/0.267
No. nonhydrogen atoms (molecule-A/B/C/D)
Protein 1709 1286/1290/1270/1300
Ligand 35 35/35/35/35
Ton 4 4/4/4/4
EGL 4
HEPES 30
Sulfate 45
Water 293 351
B-factors (average) (molecule-A/B/C/D)
Protein (backbone atoms only) 11.38 19.40/16.75/21.06/17.71
Ligand 19.02 25.75/15.87/22.03/19.84
Ton 15.94 35.17/27.70/38.17/31.76
EGL 10.79
HEPES 46.34
Sulfate 47.92
Water 28.45 28.68
R.m.s. deviations
Bond length (A) 0.011 0.010
Bond angles (°) 14 14

? Values in parentheses are for highest resolution shell. The data were obtained using one crystal.

disintegrin-like domain, upon binding Compound 12,
is important for drug design. Specifically, the easily
obtainable single domain cataTS5 protein should
enable the design of new aggrecanase inhibitors
with better potency and selectivity profiles against
the full-length protein present in vivo by exploiting
the unusual conformation in the S1’ pocket.

Future studies will focus on designing inhibitors
of ADAMTS-5 that will benefit from the flexibility of
the S1’ pocket.

Conclusions

This is the first report of a small molecule inhibitor
capable of shifting the conformational structure of
the active site of ADAMTS-5. Understanding the
altered shape and size of this newly discovered S1’
pocket may pave the way for designing new and bet-
ter DMOADs aimed at treating OA by selectively
targeting aggrecanase activity.

Experimental Procedures

Aggrecanase inhibition assay

Full-length recombinant human ADAMTS-4 and —5
were expressed in SF9 cells and isolated as previ-
ously described.'®!” Inhibition of ADAMTS-4 or

742 PROTEINSCIENCE.ORG

ADAMTS-5 mediated cleavage of bovine aggrecan at
the Glu®"3/A1a®™ site was determined as reported in
previous work.?

Metalloproteinase inhibition assays

The expression and purification of full-length MMP-
1, -2, -3, -9, —13, and the catalytic domain of
MMP-7, -8, and MT1-MMP (MMP-14) was carried
out as described earlier.'®'® Inhibition assays using
specific fluorogenic peptides as substrates, determi-
nations of Kjpp) and calculation of K; values taking
into account substrate concentration and K, were
performed as previously reported.'?

Bovine cartilage assay (BCA)

Cartilage was dissected from the metatarsophalan-
geal joints of young cows obtained from the slaugh-
terhouse.'? Subsequently, cartilage was cut into
explants, weighing ~15 mg each, and incubated in
96-well plates for 48 h with either serum-free Dul-
becco’s Modified Eagle Medium as a control, medium
containing interleukin (IL)-1f (produced at Pfizer as
described?®) (100 ng/mL) or medium containing IL-
1B (100 ng/mL) plus Compound 12 at concentrations
ranging from 30 to 10,000 nM. Glycosaminoglycan
content of the supernatants was determined using

Novel S1’ Pocket in ADAMTS-6



the dimethylmethylene blue assay, as described by
Farndale et al.!

Expression and purification of cataTS5

The catalytic domain of ADAMTS-5 comprising
amino acids S263 to [480 preceded by a Met-Ala
sequence and incorporating the single point muta-
tion L282K was expressed in Escherichia coli inclu-
sion bodies, refolded, and purified to homogeneity by
size exclusion chromatography as described earlier.'!
The criteria used in our previous work™ were
applied here to assess enzyme purity, activity, and
authenticity. Specifically, SDS-PAGE established
that the protein was >98% pure and mass spectrom-
etry revealed the presence of the two species includ-
ing ASZ®2ISRARQ...I*° and I?%3SRARQ...I*° of
24,261 and 24,103 daltons, respectively. The peptide
substrate, K-[6FAM]-DVQE|FRGVTAVIRC-[Qsy9]-
KGK, (| indicates the cleavage site) verified that the
enzyme was active. Moreover, enzymatic titration
using tissue inhibitor of matrix metalloproteinase-3
determined that ~80% of the cataTS5 was catalyti-
cally competent.*

Preparation of inhibitors

The synthesis of Compound 1 is described in patents
WO 2000050396, WO 2000038719, WO 2000038718,
WO 2000038717, WO 2000037107, and WO 9925687,
while the synthesis of hydroxyindanylbutanedia-
mides and related compounds has been described in
WO 9909000 19990225 CAN 130:209514.

Crystallization, data collection and structure
determination

A 10 mg/mL solution of the cataTS5 in 25 mM
Hepes, containing 5 mM CaCl, and 6 mM Com-
pound 1 (as surrogate) was used in the crystalliza-
tion experiments. Crystals were obtained by vapor
diffusion with a well solution consisting of 30% PEG
3350 and 0.1M Tris pH 8.5 at room temperature.
The crystal growth was completed within one week.
Then, the crystals were transferred to a solution
containing 2 mM Compound 12 in 33% PEG 3350
and 0.1M Tris pH 8.5 for overnight soaking. Com-
pound 12 displaced Compound 1 from the cataTS5
crystal. Prior to data collection, the crystal was
transferred to a solution consisting of three to four
parts of the stabilizing solution and one part of eth-
ylene glycol before flash-cooling in liquid nitrogen.
X-ray diffraction data were collected at the LS-CAT
beam line 21-IDG of Advanced Photon Source,
Argonne National Laboratory, at a wavelength of 1.0
A, with a MAR300 detector. The diffraction data
were integrated and scaled by HKL2000. The struc-
tures were determined, fitted and refined by AFITT,
REFMAC, and COOT. A summary of the diffraction
data and refinement statistics is presented in Table
II1.

Shieh et al.

Accession code

The structure of Compound 12 complexed with cat-
aTS5 has been deposited to RCSB with pdb code
3ljt.
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