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ABSTRACT: The solution structure of the catalytic fragment of human fibroblast collagenase (MMP-1)
complexed with a sulfonamide derivative of a hydroxamic acid compound (CGS-27023A) has been
determined using two-dimensional and three-dimensional heteronuclear NMR spectroscopy. The solution
structure of the complex was calculated by means of hybrid distance geometry-simulated annealing using
a combination of experimental NMR restraints obtained from the previous refinement of the inhibitor-
free MMP-1 (1) and recent restraints for the MMP-1:.CGS-27023A complex. The hydroxamic acid moiety
of CGS-27023A was found to chelate to the “right” of the catalytic zinc whergthmethoxyphenyl sits

in the S1 active-site pocket, the isopropyl group is in contact with H83 and N80, and the pyridine ring

is solvent exposed. The sulfonyl oxygens are in hydrogen-bonding distance to the backbone NHs of L81
and A82. This is similar to the conformation determined by NMR of the inhibitor bound to stromelysin
(2, 3). A total of 48 distance restraints were observed between MMP-1 and CGS-27023A fréfe3D
edited!’C-filtered NOESY and 3D'N-edited NOESY experiments. An additional 18 intramolecular
restraints were observed for CGS-27023A from a'2D-filtered NOESY experiment. A minimal set of

NMR experiments in combination with the free MMP-1 assignments were used to assign the MiJP-1

13C, and®™N resonances in the MMP-1:CGS-27023A complex. The assignments of CGS-27023A in the
complex were obtained from 2BC-filtered NOESY and 202C-filtered TOCSY experiments.

The rational design of protein inhibitors based on structural mensional experiments in conjunction with a refined structure
information has proven to be an extremely valuable method of the target protein to solve the structure of the complex
for drug development as evident from the recent success with(10). Previously, we presented the near compléte 15N,

HIV protease inhibitors4—6). A fundamental component *CO, and'3C assignments, solution secondary structure, and
of the structure-based approach to drug development is thedynamics for MMP-1 {1) and the refinement of a high-
iterative refinement of a novel inhibitor through a succession resolution solution structure of inhibitor-free MMP-1)(

of protein-inhibitor structures7(-9). This necessitates a These results provide the initial framework for such a
relatively high-throughput of the structure determination structure-based drug development program. In this paper, we
process for each new protetinhibitor complex by either  present the determination of the solution conformation of
NMR! or X-ray methodology. A rapid approach for NMR MMP-1 complexed with a sulfonamide derivative of a
structure determination utilizes X-nucleus filtered multidi- hydroxamic acid compound (CGS-27023A).

The matrix metalloproteinase (MMP) family is a highly

* Atomic coordinates for the 30 final simulated annealing structures active set of targets for the design of therapeutic agents for
(BAYK) and the restrained minimized mean structure (4AYK) of . . -
MMP-1 complexed with CGS-27023A have been deposited in the the disease areas of arthritis and oncology (for reviews, see

Brookhaven Protein Data Bank. refs 12—1_6). The MMPs are involv_ed in thg remodeling gnd
;To whom correspondence should be addressed. degradation of extracellular matrix proteins and are highly
h ggg:rrttmgrr]‘tt gff gﬁ;%chlgltescggglcoegsy' regulated. The apparent loss in this regulation results in the
1 Abbreviations: MMP-1, matrix metalloproteinase-1; DBT;1,4- pathological destruction of connective tissue and the ensuing

dithiothreitol; NMR, nuclear magnetic resonance; 2D, two-dimensional; disease state. There have been a number of X-ray and NMR
3D, three-dimensional; HSQC, heteronuclear single-quantum coherencestructures solved for the catalytic domain of MMPs com-

spectroscopy; HMQC, heteronuclear multiple-quantum coherence ; ; il ,
spectroscopy; TPPI, time-proportional phase incrementation; NOE, plexed with a variety of inhibitors2 17-28), a crystal

nuclear Overhauser effect; NOESY, nuclear Overhauser enhancedStructure of collagenase complexed to its@®)( and an
spectroscopy; TOCSY, total correlated spectroscopy; COSY, correlated NMR structure of inhibitor-free MMP-11)).

spectroscopy; CBCA(CO)NH; £to Ca to amide proton to nitrogen ; ; ; AN
(via carbonyl); C(CO)NH, carbon to amide proton to nitrogen (via There is a relatively high sequence homology0%) in

carbonyl); HNHA, amide proton to nitrogen ta@ proton and HNCA, the catalytic domain between members of the MMP family
amide proton to nitrogen ta-carbon correlation. resulting in a close similarity in the overall three-dimensional
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fold for these proteins. Despite this overall structural eters for each of the experiments used in determining the
similarity, there exists distinct substrate specificity between solution structure of the MMP-1:CGS-27023A complex were
these enzymes, particularly between the three majoras reported previouslyp).

classes: collagenases, stromelysins, and gelatinases. The The resonance assignments and bound conformation of

most distinct structural difference between the MMPs is the
relative size and shape of the' @bcket. Additionally, there

CGS-27023A in the MMP-1:CGS-27023A complex were
based on the 2B?C/*?C-filtered NOESY §6, 47, 2D 2C/

are some critical residue differences between the MMPs in 2C-filtered TOCSY 46, 47, and 2C/*?C-filtered COSY

the active site which may also contribute to substrate
selectivity. In addition to using the structural information
for designing potent inhibitors to the MMPs, there may be
a benefit in designing selectivity between the various
subtypes 30—34). Since an NMR structure of stromelysin
complexed with CGS-27023A has been previously reported
(2, 3), the structure of MMP-1 complexed with CGS-27023A
reported in this manuscript provides a unique structural
comparison of a biologically active nonpeptidic inhibitor
bound to two related MMPs.

MATERIALS AND METHOD

CGS-27023A Synthesig sulfonamide derivative of a
hydroxamic acid compoundCGS-27023A, was prepared
according to the literature procedurgs). Thus, the sul-
fonamide derived fronp-valine andp-methoxyphenylsul-
fonyl chloride was converted to thert-butyl ester. Alkyl-
ation with 3-picolyl chloride and removal of thert-butyl
ester (HCl/dioxane) afforded the corresponding acid. The
hydroxamic acid was formed via the carbodiimde procedure
(EDC/HOBT/NMM, then tert-butylhydroxylamine). Re-
moval of thetert-butyl protecting group (HCI/EtOH) and
conversion to the HCI salt yielded CGS-27023A.

NMR Sample PreparatiorUniformly (>95%) '°N- and
15N/*3C-labeled human recombinant MMP-1 was expressed
in Escherichia coliand purified as described previouslyl(

20) except that anion exchange was carried out on Source

30Q anion-exchange resin (Pharmacia, Piscataway, NJ).
The MMP-1:CGS-27023A NMR sample contained 1 mM
I5N- or 15N/*3C-labeled MMP-1 with CGS-27023A in a 1:1

experiments 48).

The 2D *2C/*?C-filtered COSY and 2DC/*2C-filtered
TOCSY spectra were recorded with 512 complex points in
t;, 2048 real points ifp, and 64 scans/increments. The 2D
12Cp2C-filtered NOESY spectra were recorded with 256
complex points irt;, 2048 real points irt;, and 128 scans/
increment. Spectra windows for all 2D isotope-filtered
experiments were 8064.5 Hz in both dimensions with the
carrier at 4.75 ppm.

The MMP-1:CGS-27023A structure is based on observed
NOEs from the 3D"N-edited NOESY 89, 40, 3D °C-
edited??’C-filtered NOESY 49), and3Jux. coupling constants
measured from the relative intensity otiHtross-peaks to
the NH diagonal in the HNHA experiment3). The 3D**N-
edited NOESY and 3D'3C-edited?’C-filtered NOESY
experiments were collected with 100 ms and-300) ms
mixing times, respectively. The 3EFC-edited’C-filtered
NOESY spectrum was recorded with 32 transients/increment
with 26, 84, and 512 complex points in(*3C), t, (*H), and
tz (*H), respectively. Carrier positions i and3C are at
4.75 and 43 ppm, respectively. The spectrum windows are
3600, 5040, and 8064.5 Hz ta (*3C), t, (*H), andt; (*H),
respectively. The acquisition parameters of all other experi-
ments for MMP-1 with CGS-27023A were identical to
parameters reported previously for free MMP1). (

Spectra were processed using the NMRPipe software
package %0) and analyzed with PIPPY) on a Sun Sparc
Workstation. When appropriate, data processing included a
solvent filter, zero-padding data to a power of 2, linear
predicting back one data point of indirectly acquired data to
obtain zero phase corrections, linear prediction of additional

ratio. The sample was prepared by repeated buffer exchang&oints for the indirectly acquired dimensions to increase

using 26-30 mL of solution containing 10 mM deuterated
Tris-Base, 100 mM NaCl, 5 mM Cag;10.1 mM ZnC}, 2
mM NaN;, 10 mM deuterated DTT, and 0.2 mM CGS-
27023A in either 90% KD/10% D,O or 100% BO. Buffer
exchange was carried out on a Millipore Ultrafree-15
Centrifugal Filter Unit. Excess CGS-27023A was removed
by additional buffer exchanges where CGS-27023A was
removed from the buffer.

NMR Data Collection All spectra were recorded at 35
°C on a Bruker AMX600 spectrometer using a gradient
enhanced triple-resonancél/*3C/*>N probe. For spectra
recorded in HO, water suppression was achieved with the
WATERGATE sequence and water-flip back pulsés, (37).

resolution. Linear prediction by the means of the mirror
image technique was used only for constant-time experiments
(52). In all cases, data was processed with a skewed sine-
bell apodization function and one zero-filling was used in
all dimensions.

Interproton Distance Restrainthe NOEs assigned from
3D 13C-edited?*C-filtered NOESY and 3DB°N-edited NOE-
SY experiments were classified into strong, medium, and
weak, corresponding to interproton distance restraints of 1.8
2.7 A (1.8-2.9 A for NOEs involving NH protons), 1-8
3.3 A (1.8-3.5 A for NOEs involving NH protons), and 18
5.0 A, respectively %3, 54. Upper distance limits for
distances involving methyl protons and nonstereospecifically

Quadrature detection in the indirectly detected dimensions assigned methylene protons were corrected appropriately for
were recorded with States-TPPI hypercomplex phase incre-center averagingsg).

mentation 88). Spectra were collected with appropriate
refocusing delays to allow for 0,0 090,180 phase
correction.

The assignments of théH, 1°N, and '3C resonances of
MMP-1 in the MMP-1:CGS-27023A complex were based
on a minimal set of experiments: 2BI-'5N HSQC, 3D'*N-
edited NOESY 389, 40, CBCA(CO)NH ¢@1), C(CO)NH
(42), HNHA (43), and HNCA @4). The acquisition param-

Structure CalculationsThe structures were calculated
using the hybrid distance geometry-dynamical simulated
annealing method of Nilges et al. (198&6] with minor
modifications 67) using the program XPLORSQ), adapted
to incorporate pseudopotentials fdxn, coupling constants
(59), secondary3Ca/*3Cf chemical shift restraint6(), and
a conformational database potentiélil( 62. The target
function that is minimized during restrained minimization
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and simulated annealing comprises only quadratic harmonic 2HZ
terms for covalent geometr§Jyn, coupling constants, and X SHET
secondany*3Ca/*3CS chemical shift restraints, square-well 3HE1 o
guadratic potentials for the experimental distance and torsion . oo
angle restraints, and a quartic van der Waals term for 3HD1
nonbonded contacts. All peptide bonds were constrained to O\\
be planar and trans. There were no hydrogen-bonding, o lewBi2 \y
electrostatic, or 6-12 Lennard-Jones empirical potential N/\\ SHD2
energy terms in the target function. HO )

The restraints used for the refinement of the inhibitor- \N
free MMP-1 NMR structureX) were amended with the 48
distance restraints observed between MMP-1 and CGS- 1HB
27023A from the 30°C-edited?’C-filtered NOESY and 3D ~
15N-edited NOESY experiments and the 18 intramolecular (HCGF:G.) (HG2")
restraints Observed for CGS._2.70.23A from the 20-filtered Ficure 1: lllustration of the sulfonamide derivative of the
NOESY experiment. The inhibitor-free MMP-1 NMR re-  hydroxamic acid inhibitor (CGS-27023A) with the corresponding
straints were modified as appropriate for residues in the proton labels.
vicinity of the active site (86-83, 114-119, and 136-142) ] ) ] o
by either removing restraints inconsistent with the MMP-1: trajectories differ by upward of 10 A ensures a distinct

CGS-27023A structure and/or by the addition of new €xploration of conformational space for the ensemble of
restraints observed in the complex. Additionally, the MMP- MMP-1:CGS-27023A structures determined from the simu-

\CH3 (3HH")

3HE2

(R)|1HA

1:CGS-27023A complex was refined using gy, cou- lated annealing protocol.

pling constants determined from the HNHAZ{ experiment Computer Models of MMP Complexed to CGS-27023A.
and secondar§®Co/*3C chemical shift restraints from the ~Molecular modeling was carried out using the Sybyl mo-
assignments for the complex. lecular modeling package from Tripos, Inc. (St. Louis, MO)

The bound conformation for CGS-27023A was generated ON @ Silicon Graphic_s Inc. Indigo Il. The matrilysin (MMP-
using QUANTA97 and CHARMM (Molecular Simulations ~ 7°1MMR), neutrophil collagenase (MMP-8:1MNC) and
Inc., San Diego), and the XPLOR topology and parameter strom_elysm (MMP-3:2SRT) complgxe; were used for de-
files were generated using XPLOR2B3]. Generation of veloping the molecular model of inhibitor CGS-27023A
the bound conformation of CGS-27023A is described in the Pound to the enzymesl§, 21, 64. Since the coordinates
following general procedure. The initial CGS-27023A struc- for the stromelysin:CGS-27023A complex were not yet
ture was created using the QUANTA97 2D-sketcher ap- available 2, 3), the CGS-27023A inhibitor was merged into
plication and was subjected to 500 steps of CHARMM the active site cavity of each of the available MMPs based
minimization. This was followed by an additional 500 steps ©n the protein overlaps as depicted in Figure 6A. According
of restrained minimization using the 18 intramolecular CGS- 0 the published structural descriptions of the protein inhibitor
27023A NOE restraints with the NOE scaling factor set to interactions %, 3, a set of nested energy refinement
500. procedures g, 65 was used for optimizing the modeled

The starting MMP-1:CGS-27023A complex structure for complexes of the MMPs bound to the inhibitor. The protein
the simulated-annealing protocol was then obtained by SUPErpositions were generated based on a rigid body fit
manually docking the bound conformation of CGS-27023A Minimizing the root—mean—squ_are deviations betwe_en the
into the restrained minimized average structure previously Packbone atoms of all the proteins. The dckets described
determined for the inhibitor-free catalytic domain of MMP-1~ Within were represented as Connolly solvent accessible
(1). CGS-27023A was then subjected to 1000 steps of su_rfaces and generated with the MOLCAD algorithm from
CHARMM minimization with the 18 intramolecular NOE  11iPOS, Inc. using a 1.4 A water probe.
restraints where the coordinates for MMP-1 were kept fixed.

The structure was then further minimized with both the 18 RESULTS AND DISCUSSION

intramolecular CGS-27023A restraints and the 48 distance CGS-27023A Resonance Assignments and Bound Confor-
restraints observed between MMP-1 and CGS-27023A while mation. The primary structure of CGS-27023A along with
keeping the MMP-1 coordinates fixed. This approach ap- the proton naming convention consistent with Gonnella et
proximated the positioning of CGS-27023A in the active site al. (1997) is shown in Figure 1. The MMP-1:CGS-27023A
of MMP-1 without distorting the MMP-1 structure. The final NMR sample was composed BC/**N labeled MMP-1 and
structure was exported as a PDB file and used as the startingunlabeled CGS-27023A. Thus, traditional 2D-NOESY, COSY,
point for XPLOR simulated annealing protocol where all the and TOCSY spectra of CGS-27023A in the presence of
residues in the structure were free to move. Since the initial MMP-1 were determined from 2EC-filtering experiments
stage of the simulated annealing protocol corresponds to(46—48) where only cross-peaks between protons attached
high-temperature dynamics (1500 K) with a relatively weak to '>C carbons are observed. These experiments efficiently
XPLOR NOE force constant (2), the initial MMP-1:CGS- filter all protein resonances and allow for the straightforward
27023A structure does not bias the structure determinationanalysis of the CGS-27023A spectrum. Chemical shift
process since the structure is effectively free to explore the assignments for CGS-27023A complexed with MMP-1 along
available conformational space. Additionally, each iteration with the previously reported assignments for free CGS-
of the simulated annealing process begins with a random27023A and CGS-27023A bound to stromelyghdre listed
trajectory for the molecular dynamics. The fact that these in Table 1. It is interesting to note that while the observed
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Table 1: Chemical Shifts of CGS-27023A vation that the protons on the-methoxyphenyl ring are
degenerate suggesting rapid ring flips when complexed to
either MMP-1 or stromelysin.

proton MMP-1 (ppm) stromelystrippm) freé (ppm)

1HA 4.59 4.55 3.94 CGS-27023A does not adopt a preferred conformation in
1HB 2.30 2.36 211 !

HG1* 0.89 0.87 0.79 the absence of MMP-1 as evident by the lack of structural
HG2* 0.98 1.08 0.79 NOEs. Therefore, the observed NOEs and conformation of
2HB1 5.20 4.97 4.74 CGS-27023A in the presence of MMP-1 is strictly a result
2HB2 .20 4.53 4.74 of the binding of CGS-27023A to MMP-1. The observed
2HD1 8.22 8.19 7.68 .

SHEL 762 751 708 intramolecular NOEs for CGS-27023A bound to MMP-1
2HZ 8.60 8.53 8.33 were obtained from the 2B5C-filtered NOESY spectra and
2HD2/ 8.68 8.59 8.32 are listed in Table 2. A number of the observed NOEs cor-
3HD1/2 7.88 7.71 7.52 ial i i i

SHEL/2 7 os 696 605 respond to a sequent'lal interaction WhICh have no effect on
3HH* 405 3.06 3.83 the overall conformation of the inhibitor and were not used

in the refinement of CGS-27023A or the complex. The weak
NOE between 1HA and 2HD2 was attributed to spin diffu-
sion since HG1* is positioned between 1HA and 2HD2 and
Table 2: Observed NOEs for the Bound Conformation of cannot be accommodated for in the bound conformation. This
CGS-27023A was confirmed from the relative intensity of this NOE in
CGS-27023A  NOE class CGS-27023A NOEclass  the 50 and 100 ms mixing time NOESY. A stereoview of the

a Chemical shifts as reported by Gonnella et al. (1997).

HG1*—1HB M 1HB-2HD?2 W bound conformation of CGS-27023A is shown in Figure 2.
Egi:g:gl/z \?v gmfggg% V'\\/I/ Previous to our solution of the conformation of CGS-
HGT*—3HD1 W IHA2HBL/2 W 27023A bound to MMP-l, Gonne_lla_et al. (1995) published
HG1*—2HE1L W 1HA-3HD1 M the bound conformation of two similar analogues (I-1 and
HG1*—2HD1 w 1HA-2HD2 W [-2) of CGS-27023A bound to stromelysin using transfer
ﬂgi:_ﬁﬂéz Vv\\// %:31//22:3382 w NOEs. A distinct feature of I-2 was the base stacking of the
He2*_1HB M 3HEL/2-3HDL/2 s p—metthJ)xyphenyI rr}mg and the pyrldy! ring ashQV|dentkb)éTR-
HG2*—1HA S >HEL2HD1 s NOEs between the two aromatic rings. This stacked ring
HG2*—2HD2 w 2HE1-2HZ M conformation is clearly distinct from the “splayed” ring
1HB-1HA w 2HD1-2HZ w conformation observed for CGS-27023A bound to MMP-1
1HB-2HB1/2 W

(Figure 2). This “splayed” conformation for CGS-27023A
is consistent with the lack of any observable NOEs between
chemical shifts for CGS-27023A in MMP-1 and stromelysin the two aromatic ring systems while being consistent with
are comparable (accounting for the slight pH difference of the NOE between 2HB1/2 and 3HD2. Another distinct
6.5 in MMP-1 and 6.8 in stromelysin), there are some feature of the CGS-27023A “splayed” conformation is the
significant differences. Particularly, two distinct resonances proximity of a single methyl from the isopropyl moiety to
were observed for 2HB1 and 2HB2 in stromelysin compared both the pyridyl ando-methoxyphenyl rings. This is con-
to a single resonance in MMP-1, which is shifted 0.23 and sistent with the observation of a number of aromatic NOEs
0.67 ppm downfield relative to stromelysin. Additionally, to only one methyl group in the 2EFC-filtered NOESY

the two methyl groups in the isopropyl moiety have a smaller spectra (Table 2).

chemical shift dispersion in MMP-1 (0.09 ppm) compared  Resonance Assignments for MMP-1 in the Complée.

to stromelysin (0.21 ppm). These results imply a different nearly complete resonance assignments for inhibitor-free
environment for these resonances in MMP-1 and stromelysin. MMP-1 (11) provided the starting point for the assignments
Consistent with the stromelysin assignments was the obser-of MMP-1 in the complex. Three important observations

Ficure 2: Cross-eyed stereoview of the MMP-1 bound conformation of CGS-27023A.
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FiGURE 3: Plot of the MMP-1 NH M) and**N (O) chemical shift
perturbations (ppm) per residue upon binding CGS-27023A. For B
clarity, the scale of thg-axis has been reduced resulting in the JHD2  SHD1/2 aHH
chemical shift perturbations for a few residues being off-scale. | R |
- . , Y aLiss 08
facilitated these assignments and suggested a simple “boot- 2
strap” approach using a minimal set of NMR experiments. ¢ 5 k ovisyl 5
First, as apparent by the chemical shift perturbations in the , : , : , L6 o
2D H-"N HSQC spectra (Figure 3%90% of the MMP-1 Jﬁ' —T4 3
residues was not perturbed by the presence of CGS-27023A. . . o 4s 3
This indicates that the majority of the MMP-1 structure is ¢ i e s139a .
unaffected and that only residues-88, 112-124, and , , . 4 _r
134-143, which are in close proximity to CGS-27023A, 8.0 7.0 6.0 50 40
incur a chemical shift change. Therefore, the backbone TH Fy(ppm)

assignments of residues in the vicinity of CGS-27023A were Fgure 4: (A) Amide strips taken from the 30°N-edited
obtained by following sequential NOE connectivities in the NOESY-HSQC spectrum of (top) inhibitor-free MMP-1 and
3D N-edited NOESY spectra by starting with unaffected (bottom) MMP-1:CGS-27023A for L81 and A82. The intermo-

; ; i ; ecular NOEs between MMP-1 and CGS-27023A are boxed and
residues sequential to perturbed residues. The SImpIeS1:abeled. The diagonal peaks are indicated by an asterisk. Intraresidue

approach was to foI_Iow_sequentiaI NHH NOEs by using Ha-NH, HB-NH, Hy-NH, and H-NH are labeled. Sequential NOEs
the symmetry function in PIPFSQ). are indicated by a solid arrow. (B) Two expanded regions from
Second, while significanfH and >N chemical shift two different3C (F1) planes corresponding to L18¥115y and
perturbations occur for residues in the vicinity of CGS- S13% of the'*C-edited’C-filtered NOESY spectrum. The CGS-
27023A, the general NOE pattern is intact. Simple compari- ﬁzgigﬁnrgéggagczs d%rgelj‘tl’iﬁfd and NOEs from a single residue
son of the 3D**N-edited NOESY spectra of the inhibitor- y '
free MMP-1 and MMP-1:CGS-27023A readily identifies the removing restraints inconsistent with the MMP-1.CGS-
sequential and intraresidue NOEs in the MMP-1:CGS- 27023A structure and/or by the addition of new restraints
27023A spectra (Figure 4). Thus, the assignments wereobserved in the complex. Inhibitor-free MMP-1 NMR
further confirmed by the presence of additional sequential restraints were identified as inconsistent with the MMP-1:
NOE cross-peaks such as N#He and NH-HS NOEs. CGS-27023A structure when the restraint was consistently
Additionally, this provided a straightforward approach to violated in structures calculated for the complex. Since the
side-chain'H assignments. restraints from the inhibitor-free MMP-1 structure determi-
Third, *3C chemical shifts did not incur any significant nation did not exhibit any distance violations greater than
chemical shift perturbation even for residues in close 0.1 A or dihedral angle violations greater thaf, hny
proximity to CGS-27023A. While the NOE patterns in the observed violation with the MMP-1:CGS-27023A structure
3D *N-edited NOESY spectra were sufficient to assign all was inherently incompatible with the new complex and
the residues perturbed by CGS-27023A, additional confor- generally violated in most if not all the calculated structures.
mation of the assignments was obtained from proper con- This technique effectively filters out any bias in the structure
nectivity in the HNCA and CBCA(CO)NH experiments and determination process for the complex by giving the NOEs
from the proper spin systems in the C(CO)NH experiments. observed for the MMP-1:CGS-27023A absolute precedent
These data established the observation thaf@eesonances  over the inhibitor-free MMP-1 restraints. This method
in the MMP-1:CGS-27023A complex were essentially permitted the structure of the active site of MMP-1 to be
identical to the inhibitor-free MMP-1 assignments. determined primarily by the observed intermolecular NOEs
Structure DeterminationThe refinement of the solution  between MMP-1 and CGS-27023A and the CGS-27023A
structure of MMP-1:CGS-27023A was based on distance andintramolecular NOEs while the remainder of the protein is
dihedral restraints determined for the high-resolution solution predominately defined by the inhibitor-free MMP-1 re-
structure of inhibitor-free MMP-1 appended with the intra- straints. These results are consistent with the observation that
and intermolecular NOEs from the MMP-1:CGS-27023A the conformation of residues distal to the active site were
complex. The inhibitor-free MMP-1 NMR restraints were unchanged in the complex since chemical shifts for these
modified as appropriate for residues in the vicinity of the residues are essentially identical between the free and
active site (86-83, 114-119, and 136:142) by either complexed form of MMP-1.
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Table 3: Structural Statistics and Atomic rms Differerices

A. Structural Statistics

SAD (S_A)r (g\)rfreeb
rms deviations from experimental distance restraints (A)
all (2482) 0.015+ 0.002 0.015 0.014
interresidue sequentidi (— j| = 1) (686) 0.008+ 0.004 0.007 0.011
interresidue shortrange @ |i —j| < 5) (472) 0.012+ 0.003 0.017 0.013
interresidue long-rangeéi(— j| > 5) (637) 0.013t 0.002 0.018 0.017
intraresidue (537) 0.00& 0.006 0.001 0.000
H bonds (849 0.035+ 0.006 0.027 0.034
CGS-27023A (66) 0.045 0.007 0.032
rms deviation from exptl dihedral restraints (deg) (425) 0.2254 0.040 0.258 0.137
rms deviation from exptl @ restraints (ppm) (135) 1.1% 0.02 111 1.09
rms deviation from exptl 8 restraints (ppm) (115) 1.06 0.03 1.07 1.06
rms deviation frontJy, restraints (Hz) (118) 0.73 0.03 0.64 1.15
Froe (kcal mol2)f 26.2+94 25.9 22.2
Fior (kcal mol)f 1.2940.46 1.65 0.46
Frepe (kcal molb)f 26.1+2.3 83.8 100.5
FL—j(kcal mol1)9 —688+ 13 —625 —616
deviations from idealized covalent geometry
bonds (A) (2604) 0.00% 0 0.003 0.003
angles (deg) (4669) 0.468 0.015 0.443 0.488
impropers (deg) (1434) 0.398+ 0.035 0.326 0.364
PROCHECK
overall G-factor 0.2H 0.01 0.29 0.28
residues in most favorable region of Ramachandran plot HAD 89.9 89.9
H-bond energy 0.7% 0.05 0.90 0.90
no. of bad contacts/100 residues 43.0 1.9 4.5
B. Atomic rms Differences (A)
. . . . ordered
active-site residués residues 7137, 145-163 secondary structute side chaif:
CGS-27023A backbone all backbone all backbone all all
[SAVS SA 0.28+ 0.08 0.54+0.03 0.92+0.17 0.43+:0.03 0.80£0.04 0.29+£0.04 0.64+0.06 0.53+0.03
SALVS (ﬁ)r 0.34+0.12 0.60+0.13 1.01+0.17 0.45+-0.04 0.88+£0.05 0.31+0.04 0.71+0.07 0.58+0.04
(SA) vsSA 0.20 0.27 0.44 0.14 0.37 0.10 0.32 0.23
SA Vs (ﬁ)mee 0.91 1.27 0.51 0.75 0.31 0.52 0.60
(SA) VS SA)ree 1.00 1.31 0.48 0.75 0.31 0.56 0.60
SA 1.05+0.17 155+0.25 0.66+0.08 1.09+0.06 0.43+0.05 0.82+0.07 0.80+0.07

[SALVS (SA)free

aThe notation of the structures is as followSsACare the final 30 simulated annealing structurﬁ_ﬁ; is the mean structure obtained by
averaging the coordinates of the individual SA structures best fit to each other (excluding resiéyd8&-144, and 164169); and $A). is the

restrained minimized mean structure (residue463) obtained by restrained minimization of the mean strucéx¢56). The number of terms for
the various restraints is given in parenthe&€ke inhibitor-free MMP-1 restrained minimized mean structure (residuéd$3) previously determinied
by NMR (1). °None of the structures exhibited distance violations greater than 0.1 A or dihedral angle violations greaterdfambackbone
NH—CO hydrogen bond there are two restraintgi—o = 1.5-2.3 A andry_o = 2.5-3.3 A. All hydrogen bonds involve slowly exchanging NH
protons.cThe torsion angle restraints comprise 451341, 1021, and 34,2 restraints{The values of the square-well NOEyog) and torsion
angle Fwr) potentials (cf. egs 2 and 3 in ré#) are calculated with force constants of 50 kcal mbA~2 and 200 kcal mof! rad 2, respectively.
The value of the quartic van der Waals repulsion teFm) (cf. eq 5 in ref56) is calculated with a force constant of 4 kcal malA—* with the
hard-sphere van der Waals radius set to 0.8 times the standard values used in the CHBRMM{irical energy function5g, 68, 69. 9, 5 is
the Lennard-Jones-van der Waals energy calculated with the CHARMM emperical energy functiomanihétuded in the target function for
simulated annealing or restrained minimizatiGhhe improper torsion restraints serve to maintain planarity and chiréllingse were calculated
using the PROCHECK progran7@). “Only heavy atoms from the CGS-27023A structure were used for the rms calcul@tiertesidues in the
active site correspond to 8®5, 112-124, and 134143."The residues in the regular secondary structure arel935;), 48—53(52), 59—65(33),
82—85(34), 94—99(0s), 27—43(0w), 112-124(02), and 156-160(s). "The disordered side-chains that were excluded are as follows: resigiées 1
residues 138144, residues 164169; Arg 8 from @&; Glu 10 from G&; GIn 11 from &; Arg 17 beyond ©; Glu 19 from G; Asn 20 from G;
Asp 24 from G; Arg 27 beyond @; Asp 31 from G; Glu 35 from G); Lys 36 from G; GIn 39 from G5; Asn 43 beyond ¢; Lys 51 from G;
Glu 54 from CG/; GIn 56 from G; Arg 65 beyond ©; Asp 70 from G; Asn 71 from G/; Asp 75 from G; GIn 86 from G; Glu 99 from G; Glu
101 from G; Arg 102 beyond @; Asn 105 beyond €; Phe 107 from @; Argl 108 beyond ©; Glu 109 from @&; Asn 111 from G; Arg 114
beyond ©; Glu 119 from @; Ser 123 beyond £ lle 132 from G/; Asp 145 from @; GIn 147 from @; GIn 150 from @©; GIn 157 from ©;
and Arg 162 beyond &

The final 30 simulated annealing structures were calculated (SA) structures of human MMP-1 in the MMP-1:CGS-
on the basis of 3275 experimental NMR restraints consisting 27023A complex is provided in Table 3 and the restrained
of 2482 approximate interproton distance restraints, 84 minimized average solution structure of the MMP-1:CGS-
distance restraints for 42 backbone hydrogen bonds, 42527023A complex is shown in Figure 5A. The atomic rms
torsion angle restraints comprised of 165134 W, 102y, distribution of the 30 simulated annealing structures about
and 34y, torsion angle restraints, 1£8yy, restraints, and  the mean coordinate positions for residuesl37 and 145
135 G and 115 @ chemical shift restraints. A summary 163 is 0.43+ 0.03 A for the backbone atoms, 0.800.04
of the structural statistics for the final 30 simulated annealing A for all atoms, and 0.53 0.03 A for all atoms excluding
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of 0.77+ 0.05, and only 4.5 1.0 bad contacts/100 residues
are consistent with a good quality structure comparable to
~1 A X-ray structure.

The structural statistics determined for the MMP-1:CGS-
27023A complex are essentially identical to the values
previously determined for the inhibitor-free MMP-1 NMR
structure 1). This result is not surprising since a majority
of the restraints used in the refinement of the MMP-1:CGS-
27023A complex originated from the inhibitor-free MMP-1
refinement. This similarity in the structural statistics between
the inhibited and inhibitor-free MMP-1 structures indicate
that the addition of CGS-27023A to the refinement does not
seriously distort the MMP-1 structure. In addition, it suggest
that the intermolecular NOEs observed in both the!3i»
edit NOESY and the 3D-C-edited?’C-filtered NOESY
spectra are sufficient to properly define the structure of CGS-
27023A in the active site. The quality of the NMR data to
properly define the complex is also supported by the well-
defined coordinates for CGS-27023A and the active-site
residues, where the atomic rms distribution is 0:28.08
and 0.54+ 0.03 A for the heavy atoms and backbone atoms,
respectively.

Comparison of the MMP-1:CGS-27023A and Inhibitor-
Free MMP-1 NMR Structure3.he overall fold of the MMP-
1:CGS-27023A complex is identical to the inhibitor-free
MMP-1 NMR structure. The similarity between the two
structures is apparent from a comparison of the atomic rms
distribution for the backbone atoms for the restrained
minimized MMP-1:CGS-27023A complex and the inhibitor-
free MMP-1 NMR structure where the rms difference
corresponds to 0.48 A. The rms difference between the
structures is within the rms distribution for the ensemble of
structures calculated for the MMP-1:CGS-27023A complex,
indicating that the inhibited and free structures are essentially
identical within experimental error. Again, this result is not
unexpected based on the methodology used to determine the
structure of the MMP-1:CGS-27023A complex and given
the experimental observation that a majority of the protein
is unaffected by the presence of CGS-27023A.

A more interesting comparison is the observed rms
difference for residues comprising the MMP-1 active site in
the inhibited and free structures. In this case, the atomic rms
FIGURE 5: (A) Ribbon drawing of the restrained minimized mean distribution for the backbone atoms is 1.0 A, indicating a
structure of the MMP-1:CGS-27023A complex. The figsstrands significant difference between the two structures. It is
are shown in blue, the three helices are shown in red, and theimportant to note that residues P+38144, which corre-
ga:%l:gs (gsrﬁgcv)nagg tzrg‘r‘;s(p:r?r'ﬁ)c"’;‘rf i’f‘sr?hseho‘g’; tﬁjsn";‘rr]‘ ddg;}szacl) ponds to an active-site dynamic loop, were not included in
tr?e S1pocket. The inhibit(?r is shov)\//n asa sticpk figure. The moéjel he Overa"_ structure con_1par|_soh]0. Th's indicates that the
was generated with Quanta 4.1 (Molecular Simulations, Inc., San conformation of the active-site residues and CGS-27023A
Diego). (B) Expanded view of the MMP-1:CGS-27023A complex are effectively determined from the experimental NOEs in
where the MMP-1 ac_tive s_ite is shown as a solid su_rface with CGS- the Comp|ex while the remainder of the protein is unaffected
27023A shown as liquorice bonds generated using the program g gyfficiently determined from the inhibitor-free MMP-1
GRASP {1). Blue and red indicate positively charged and . . S
negatively charged surfaces, respectively. restraints. The observed difference between the |nh|b|te(_j and

free MMP-1 structures appears to correspond to a relatively
uniform expansion of the active site to accommodate CGS-
disordered surface side chains (Table 3). The high quality 27023A without any significant reorganization of the struc-
of the MMP-1:CGS-27023A complex by NMR is also ture.
evident by the results of PROCHECK analysis and by a As we previously reportedl(), a surprising finding for
calculated, large negative value for the Lennard-Jones the MMP-1:CGS-27023A complex was the observation that
der Waals energy {688 + 13 kcal mof?'). From the residues P138G144 are highly flexible and dynamic as
PROCHECK analysis, 90.& 1.0 of the residues lie within  evident by generalized order paramete®§ pf <0.6 and
the most favored region of the Ramachandpe# plot, an from the lack of NH assignments for some of these residues
overallG-factor of 0.21+ 0.01, and a hydrogen bond energy presumably due to exchange broadening. These results were
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Table 4: Observed NOEs between CGS-27023A and MMP-1

NOE NOE
CGS-27023A MMP-1 class CGS-27023A MMP-1 class

Moy et al.

to R114, V115, and L135, among others. The isopropyl group
is in contact with H83 and N80 as evident by the strong and
selective NOEs between HG1* and HG2* and the N80 and
H83 side chains. Finally, the pyridine ring is essentially

Egg: mgg %; \'>/Iv %:Ell ﬁig ggi \,\//IV solvent ex_posed a_md erxib_I(_a by the lack of NOEs to MMP-
HG2* N8O Ha. M 3HH* V115 Hy2# M 1. These interactions position CGS-27023A such that the
HG1* N80 Ha w 3HE1 H118HB1 W hydroxamic acid moiety of CGS-27023A chelates to the
%EB% Tgf;ﬁ V\X/ 33';5{ Eﬁg hﬁi \’\/AV “right” of the catalytic zinc and the sulfonyl oxygens are in
3HD2 L81 Hy W SHH* H118 Hng M hydrogen-bonding dlstanc_e to_the baqkbo_ne NHs. of L81 gnd
3HD1 L81 H31 W 3HE1 E119 hp# w A82. The hydrogen-bondlng interaction is consistent with
3HD2 L81H1# M 3HH* L135HO1# M the large chemical shift-perturbation of the backbone NH
3HE2 L81 H1# W 3HH* L135 Ho2# W and N of L81 and A82.

gﬂg; Ifngk?l\%# \\’,Vv %';HDZ LPllsgsl-g w As stated previously, the low order parameteg) (
3HD1 A82 HN M 3HD2 Y137 HB# W observed for P138G144 in the inhibitor-free MMP-1
1HA A82 HN w 3HE2 Y137HB# W structure are nearly identical to the order parameters observed
3HD1  AB2H3# M 3HE2 S139 H M in the MMP-1:CGS-27023A complex, indicating that the
EL pe2ipr W D2 SIsW S presence of CGS-27023A does not significantly alter the
HG1* H83 HB1 M 3HE2 Y140 HB2 W dynamics of these residues in the complex. This may appear
HG1* H83 H32 M 3HH* Y140 HB2 W contradictory given the significant amount of NOEs observed
3HH*  R1l4H# W 3HH*  Y140He2 W between residues Y13%'140 and CGS-27023A, but it is
gngi \\;ﬁg :ﬁz o %::i ﬁig mz v important to remember that the observed NOEs result from
3HH* V115 Hyl# W 3HD2 Y140 H. W a time-averaged conformation. Thus, the conformation of the
3HE1 V115 Hx M 3HE2 Y140 Hx S dynamic loop only needs to be within5 A to CGS-27023A

identical for the inhibitor-free MMP-1 structure. An interest-
ing observation from the refinement of the inhibitor-free
MMP-1 structure was that, despite the lack of distance

for a fraction of the time to generate an observable NOE.
Additionally, since it was previously observet)) ¢hat the
rms distribution for these residues in the inhibitor-free
MMP-1 structure is relatively small for a flexible region,
this diminishes the likelihood that the dynamic loop would

restraints, the rms distribution of the backbone atoms of thesebe at an extreme distance-b A) from CGS-27023A. These
residues is less than expected when compared to theanalyses suggest that the interaction of CGS-27023A with

disordered N- and C-terminug)( This appears to be caused

residues Y137#Y140 is probably not a significant compo-

by a limited amount of accessible conformational space sincenent of the overall binding energy of CGS-27023A with
these residues are confined to an extended conformation byMMP-1. This is also consistent with the lack of NOEs and

a relatively large separation~(8 A) of the well-defined
residues at each end of the dynamic-loop.
Description of the MMP-1:CGS-27023A Structura.

the solvent-exposed description of the pyridine ring. The
remainder of the CGS-27023A molecule is well defined by
the interaction with other residues of MMP-1, but the only

ribbon diagram of the restrained minimized average structureresidues the pyridine ring is in position to interact with are
of the MMP-1:CGS-27023A is depicted in Figure 5A. The the residues in the MMP-1 dynamic loop. Therefore, the
interaction of CGS-27023A in the active site of MMP-1 was primary binding stability for CGS-27023A probably comes
determined primarily by 18 intramolecular NOEs for CGS- from the hydroxamic acid interaction with Zn, the hydrogen-

27023A and by a total of 48 intermolecular distance restraints bond interaction with L81-A82, the interaction of the

between MMP-1 and CGS-27023A. Examples of the quality

isopropyl group with N80 and H83, and the fit of the

of the NMR spectra are shown in Figure 4, and the observedp-methoxyphenyl in the SIpocket.

intermolecular NOEs are listed in Table 4. The key MMP-1
residues involved in the interaction with the inhibitor

correspond to three distinct MMP-1 regions: residues N80,

L81, A82, and H83 fronf-strand IV; residues R114, V115,
H118, and E119 fromx-helix II; and L135, P138, Y137,
S139, and Y140 from the dynamic looplj. These residues
comprise the Sland S2 pockets of MMP-1, which is

Comparison of the MMP-1 and Stromelysin:CGS-27023A
StructuresThere is a high structural similarity in the catalytic
domain between members of the MMP family as evident
by the best-fit superposition of the backbone atoms for MMP-
1, stromelysin, matrilysin, and neutrophil collagenase (Figure
6A). This is consistent with the 40% sequence homology
for these proteins. Despite this overall structural similarity,

consistent with the observed chemical shift perturbations for there exist distinct differences between these structures in

residues 86-85, 112-124, and 134143 (Figure 3). These
results are consistent with CGS-27023A binding to the right
side of the catalytic Zn. An expanded view of the fit of CGS-
27023A in the S1and S2 pockets of MMP-1 is shown in
Figure 5B.

The interaction of CGS-27023A in the active site of
MMP-1 is consistent with the observed “splayed” bound
conformation determined exclusively from the intramolecular
NOEs for CGS-27023A. Thep-methoxyphenyl of CGS-
27023A sits in the SIpocket of the MMP-1 active site. This
positioning is evident from the observed NOEs from 3HH*

the vicinity of the catalytic Zn. This is apparent by the
conformational differences of the two variable loops corre-
sponding to residues T164110 and Y146-V146 in the
MMP-1 sequence (Figure 6A).

The most distinct structural difference between the MMPs
is the relative size and shape of thé Sdcket. This is clearly
evident by the defined Spockets for MMP-1, stromelysin,
matrilysin, and neutrophil collagenase depicted in Figure 6B.
It is important to note that CGS-27023A was simply docked
into the available X-ray structures of stromelysin, matrilysin,
and neutrophil collagenase based on its complex with
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FiGure 6: (A) The stereoview of the superposition of backbone atoms for MMP-1 (white), stromelysin (yellow), matrilysin (green), and
neutrophil collagenase (red). The dotted circles indicate the variable loop regions in the vicinity of the catalytic site. Loop 1 corresponds
to residues T104-Y110 and loop 2 correpsonds to residues-Y\t446 in the MMP-1 sequence. (B) The'Sibckets of MMP-1, stromelysin,
matrilysin and neutrophil collagenase with CGS-27023A docked in for comparison.

MMP-1 and is included as an aid to compare the relative Therefore, in developing potent and selective inhibitors to
size and shape of the Spiockets. The large difference in  the MMPs, these structural and sequential differences become
size in the S1pockets for MMP-1 and stromelysin is striking instrumental in the design of the inhibitor.

as illustrated in Figures 5B and 6B. CGS-27023A effectively ~ Since an NMR structure of stromelysin complexed with
fills the available S1 pocket for MMP-1, but there is CGS-27023A has been previously report2d3) and there
additional space available in the stromelysiri Sdcket. In is a high sequence homology (61%}) and structural simi-
fact, the design of stromelysin inhibitors has taken advantagelarity between the two enzyme§,(2, 18-20, 22, 24, 26,

of this deeper Slpocket by using a biphenyl substituent in 27, 29, a direct comparison of CGS-27023A bound to both
another series instead of timethoxyphenyl in CGS-  MMP-1 and stromelysin may provide insight into the speci-
27023A to bind into the SIpocket 83, 34. In addition to ficity of MMP inhibitors and assist in the drug design proc-
the significant conformational difference between thé S1 ess. On the basis of the observed NOEs between CGS-
pockets, there are some critical differences in the sequence®7023A and MMP-1, there are only two MMP-1 residues, N80
between the MMPs in the active site. This difference in the — V and R114— L, that are involved in direct interaction
amino acid composition of the MMPs active site can be with CGS-27023A which are distinct from the stromelysin
dramatic, corresponding to a change from a hydrophobic active-site sequence (Table 4, Figure 7), but there is a 3-fold
residue to a charged residue which would greatly effect the difference in the affinity of CGS-27023A to stromelysin and
nature of the interaction between the inhibitor and the protein. MMP-1 (12 nM versus 31 nM, respectively35).
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by affecting the relative position of 2HB1/2HB2 with the
p-methoxyphenyl group.

Similarly, there are differences in the observed intermo-
lecular NOEs between MMP-1 and stromelysin. In MMP-
1, NOEs are observed between the isopropyl methyls and
the backbone and side-chain atoms of N80 and H83, while
the backbone and side-chain atoms of A82 interact with the
p-methoxyphenyl group. Conversely, in stromelysin, A82
interacts with the isopropyl methyl group in addition to the
p-methoxyphenyl group. Additionally, an NOE is seen
between the pyridine ring and L81 in stromelysin where the
only NOEs to the pyridine ring in MMP-1 is to P138 and
S139.

These differences suggest a distinct orientation in the
positioning of CGS-27023A relative tgIV for MMP-1
compared to stromelysin, consistent with the observed
difference in the HG1*/HG2* assignment for CGS-27023A
complexed to MMP-1 and stromelysin, since the isopropyl
methyl groups would be in distinct environments. This subtle
difference in the orientation of CGS-27023A is probably
attributed to the sequence difference between MMP-1 and

Pl iy Umnam ke Lesp . . . . .
™ " 13 12 1 142 stromelysin, where N80 in MMP-1 is replaced by valine in
BISEF GRLANA HEYAAHEF LMYVFEVTEF H H H H H
2 hwLEEE LV AAREL T stromelysin. It appears that the bulkier valine side chain may

rotate the isopropyl group and the pyridine ring closer to
BIV as evident by the NOEs to A82 and L81, respectively.
Additionally, the hydrophobic valine side chain probably
and the side chains corresponding to the MMP-1:N80 (orange) ~ Provides a better interaction with the isopropyl and pyridine
stromelysin:V80 (green) and MMP-1:R114 (orange}jtromelysin: ring then the polar N80 side chain. The replacement of the
b M S, oot e asonaI aoie e P
site. MMP-1 residues wi¥h an observed NOEpto CGgS-27023A are MMP_.]' Wou!d al.so contribute to the observed HG1*/HG2*
underlined. chemical shift differences.
Molecular graphics analysis comparing the 3D NMR

Examination of the stromelysin:CGS-27023A complex as structures of the MMP-1:CGS-27023A complex with a
reported by Gonnella et al. (1997) and Li et al. (1998) stromelysin-inhibitor complex [2SRT 18), the coordinates
suggests a conformation generally similar to the MMP-1: for the stromelysin:CGS-27023A complex were not avail-
CGS-27023A structure reported herein (for comparison with able] was carried out to examine the regions in thé S1
MMP-1, the stromelysin residue numbering was adjusted by pockets of both enzymes where the amino acid side chain
83). As with MMP-1, thep>-methoxyphenyl group sits within  differences, N86— V and R114— L, occur. Figure 7 depicts

Ficure 7: (A) A graphics view describing the protein regions of
interest relative to the bound inhibitor CGS-27023A. The inhibitor,
catalytic zinc, S1pockets of MMP-1 (blue) and stromelysin (white)

the S1 pocket of stromelysin based on a similar set of NOEs
between 3HE*/3HD* and Y140 NH and between 3HH* and
H118 NH/HD1 for stromelysin compared with the NOEs

the protein regions of interest relative to the MMP-1-bound
inhibitor where the inhibitor, catalytic zinc, Spockets of
MMP-1 (blue) and stromelysin (white), and the side chains

between 3HE2/3HD2 and Y140dAHS and between 3HEL1/  corresponding to the MMP-1:N80(orange) stromelysin:
3HH* and H118 KB for MMP-1. Similarly, both structures V80 (green) and MMP-1:R114 (orange) stromelysin:L114
indicate a hydrogen bond interaction between the sulfonam-(green) differences are labeled. It is apparent that tHe S1
ide oxygens and residues L81 and A82 while the hydroxamic pocket of MMP-1 (blue) has limited space due to the larger
acid chelates the catalytic Zn. R114 side chain, whereas in stromelysin, the smaller L114
Despite these strong similarities, the data for the MMP-1 side chain results in an extension of thé Backet (white).
and stromelysin complexes do suggest some subtle differ-Examination of the inhibitor’'s PIgroup -methoxyphenyl
ences between the binding of CGS-27023A to these proteins.group) shows that it lies within the intersection of botH S1
The most striking difference are the distinct intramolecular pockets, thus, changes in the proteins at position 114 may
NOEs observed for CGS-27023A in both complexes. For not contribute to the observeg difference. Examination
MMP-1, NOEs are seen from HG1* to both 2HE1 and 2HZ. of the inhibitors isopropyl group (P@roup) shows that it
These NOEs are not observed in the stromelysin complexcomes into contact with the solvent-exposed &gion of
spectra. Conversely, NOEs between 3HD2 and 2HD1/2HD2 both enzymes. In Figure 7, the changes between the two
are observed in the stromelysin complex and not in the enzymes are MMP-1:N80 (orange) stromelysin:V80
MMP-1 complex. These observations suggest a stronger(green) where the N80 side chain is polar and the V80 side
interaction of the isopropyl group with the pyridine ring in chain is nonpolar. Analysis of the enzymes' $28gions
the MMP-1 conformation compared with a stronger interac- suggests that this interaction is consistent with the observed
tion between th@-methoxyphenyl and the pyridine ring in  potency difference since the isopropyl group of the inhibitor
the stromelysin conformation. This may account for the would form a more favorable interaction with the nonpolar
observed difference in the chemical shift assignments for V80 of stromelysin rather than the polar N80 side chain of
2HB1/2HB2 between the MMP-1 and stromelysin complex MMP-1.
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CONCLUSION

The studies described herein present the solution structure 23.
of MMP-1 complexed with a sulfonamide derivative of a
hydroxamic acid compound (CGS-27023A). The structure
was based on distance restraints from X-filtered NOESY
experiments in conjunction with the restraints from the
refinement of the inhibitor-free MMP-1 NMR structure. The
inhibitor was found to bind to the “right” side of the catalytic

Zn such that th@-methoxyphenyl ring sits in the Sfiocket,
the isopropyl moiety interacts with N80 and H83 fifV,

hydrogen bond interactions exist between the sulfonamide
oxygens with residues L81 and A82, and the hydroxamic
acid chelates the catalytic Zn. This inhibitor binds similarly
to stromelysin, but some subtle differences in the relative
orientation of CGS-27023A in the active site might be
attributed to the sequence difference between MMP-1 and

stromelysin.
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