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A binding model for nonpeptide antagonists of integrin o,/33 has been developed through docking
analyses utilizing the MMFFs force field and the recently published crystal structure, 1JV2.
Results of this docking study have led to the identification of a novel binding model for selective
antagonists of oS3 over oy pfBs integrins. Four different chemical classes are shown to bind in
a similar fashion providing a measure of confidence in the proposed model. All o83 and oy pf33
antagonists have a basic nitrogen separated some distance from a carboxylic acid to mimic
RGD. For the a,8; antagonists under present consideration, these charged ends are separated
by twelve bonds. The basic nitrogen of the active o33 ligands are shown to interact with D150
of a, and the ligands’ carboxylic acid interact with R214 of 3 while adopting an extended
conformation with minimal protein induced internal strain. In addition, an energetically
favorable interaction is found with all of the active a3 molecules with Y178 of a, when docked
to the crystallographically determined structure. This novel interaction may be characterized
as w—m stacking for the most active of the a,(3 selective antagonists. The proposed model is
consistent with observed activity as well as mutagenicity and photoaffinity cross-linking studies
of the a3 integrin.

Introduction

Integrins are a family of cell surface glycoproteins
that are considered pharmaceutical targets in a number
of therapeutic areas since they play a crucial role in
cell—cell and cell—extracellular matrix interactions.
Although integrins have been implicated in a variety
of therapies for cancer, macular degeneration, and
arthritis among others so far the only anti-integrin
therapy has been achieved by targeting the platelet
specific integrin aypB3.172 The vitronectin receptor, o33
integrin, which recognizes an RGD peptide sequence in
many extracellular proteins, has been identified as a
target for osteoporosis. Osteoporosis is a disease char-
acterized by low bone mass where it is thought that the
bone resorption cycle exceeds bone formation during
normal remodeling of the bone tissue, which goes on
throughout life. The maintenance of normal bone mass
depends on a tightly coupled process between two types
of bone cells: the osteoclasts that resorb bone and the
osteoblasts that are responsible for bone formation. An
initial step in osteoclastic bone resorption is the adher-
ence of osteoclasts to bone surfaces which is thought to
be mediated by o83 integrin, expressed in great abun-
dance by the osteoclasts.* An antibody to this integrin
inhibited bone resorption in vitro, and subsequently the
efficacy of this antibody was also demonstrated in an
in vivo bone resorption model.>® In addition to the
studies with o3 antibodies, several studies utilizing
either echistatin, an RGD-containing 49 amino acid
peptide, RGD peptides or most recently RGD mimetics
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further demonstrated that a3 integrin is a valid target
for osteoporosis.” Consistent with these findings, the 3
null mice exhibited mild osteosclerosis due to dysfunc-
tional osteoclasts.®

Since the discovery of integrins about 20 years ago,
there have been numerous studies on the structure of
the integrins. The overall shape and dimensions of
integrins have been determined by electron microscopy.®
Integrin oo and § subunits are transmembrane proteins
expressed in surface membranes as heterodimers. The
extracellular structure of both subunits is best charac-
terized as a large “head” region supported by a long thin
tail extending into the transmembrane region with the
two heads coming together to form the putative binding
site. The head of the o subunits features the so-called
S propeller motif, seven homologous blades packed in a
cylindrical fan shape, and the ~200 residue “inserted”
or I domain (also homologous to the A domain of the
von Willebrand factor), therefore called | or A domain.
Crystal structures of the A domains (aA) of several
integrins have been determined, and an important
feature of this domain is the metal-ion-dependent adhe-
sion site (MIDAS).1° However, the ay, subunit was not
predicted to contain this domain while the 3 subunit
was predicted to have an aA-like domain (8A).1! The
existence of a MIDAS motif in 3 was predicted in a
naturally occurring mutation of Y119D in oy p833 integrin
that resulted in abnormal ligand and cation binding
functions.1?2 Later a MIDAS motif was predicted to
occupy the top of the g strand (BA); however, until
recently this motif has not been directly demonstrated
to bind metal ions.!! Xiong et al. identified a MIDAS
motif in the SA domain of the f3 subunit when they
determined the crystal structure of the extracellular
segment of o33 integrin in the presence of Ca?*.13
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Figure 1. Two-dimensional representation of molecules used in present docking study.

We have previously reported on the design of RGD
mimetics as potential antithrombotic ligands targeting
the fibrinogen receptor, oy pf3 integrin.’41 In general,
opPs and ayfB3 antagonists are characterized as zwit-
terionic structures that retain the o-carboxylic acid of
aspartic acid and a basic moiety that mimics the arginyl
guanidine present in the RGD triad. Previous work from
our laboratory demonstrated that potent and selective
o3 antagonists can be generated from selective fibrino-
gen receptor (oypf3) antagonists by the introduction of
alternative guanidine replacements at the N-terminus.6
This effort led to the hypothesis that the N-terminus of
an ayfs antagonist was preferentially interacting with
the o, subunit while the C-terminus interacted with the
f3 subunit. In the absence of any crystal structure for
oyf3, neither the binding site nor the bound conforma-
tion of any potent small molecule antagonists could be
adequately modeled. With the availability of the crystal
structure of a3 integrin,’® it became possible to model
the binding of small molecule ligands to o3 which led
to a consistent picture of binding and the focus of the
research presented below. Consistent with previous
SAR, it is found that the basic nitrogen of the ligand
interacts with ay, in particular D150, while the ligand’s
acid component interacts with R214 of 3. In addition,
an unexpected finding of 7—x stacking interaction for
the “exo-site substituent” with Y178 of oy, correlates
with increased activity and specificity for a,S3.%

Ligands. The structures of the ligands, employed in
the present effort, are depicted in Figure 1. Molecules
1—8 can be divided into four distinct classes. Molecules

1-3 belong to the sulfonamide class, 4 and 5 are RGD
mimics, and 6 and 7 are constrained glycine amides.16-18
Molecule 8 is the o83 antagonist reported by Glaxo-
SmithKline as SB 273005.1° The affinities of these
compounds for the a3 receptor were determined by a
scintillation proximity bead-based binding assay using
125]-labeled 1 as the ligand.1® In this a3 Scintillation
Proximity Assay (SPAV3), the a3 integrin was purified
from HEK 293 cells overexpressing human recombinant
ovf3. The method is essentially as described for purifica-
tion of a,A3 from human placentae by Yamamoto et al.2°
The assay utilizes lyophilized wheat germ agglutinin
scintillation proximity beads and has been previously
described in detail.1®

The efficacy of these compounds was also tested in
inhibition of platelet aggregation (PLAGGIN assay)
since the principal platelet integrin is o83 which
shares the same $ subunit with ,33.1¢ The assay results
for 1—8 are shown in Table 1. Molecule 2, selective for
ouipfs, has been included as a negative control for the
binding model. In 2, there are 15 bonds between the
carbon atom of the carboxylic acid and the basic nitrogen
atom, whereas the similarly charged groups on the a3
specific ligands are only separated by twelve bonds.
Displacement of *251-labeled 1 from human recombinant
ovf3 (SPAV3 assay) suggests that compounds 1, 3—8
interact with the same sites on the a,f83 receptor.
Therefore, any ligand—protein interaction model should
account for the binding of these four different chemical
classes.
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Table 1. Results for Each Molecule in the o3 (SPAV3) and
aipfs (PLAGGIN) Binding Assays

I1Cs0
molecule ID class SPAV3 (nM) PLAGGIN (nM)
1 sulfonamide 0.08 1600
2 sulfonamide >1000 10
3 sulfonamide 0.07 260
4 glycine-containing 8.8 >10000
5 glycine-containing 111 >10000
6 glycine-constrained 0.35 >10000
7 glycine-constrained  0.04 776
8 benzazepine 0.15 >10000

Modeling. When a crystal structure or high quality
homology model can be constructed, the first step in a
modeling experiment is to produce a model of how the
small molecule of interest and the protein interact.
These models provide a better understanding of the
important residue interactions and assist in the iden-
tification of specific regions of the small molecule
suitable for modification during lead optimization. The
primary objective from a modeling perspective is to
provide knowledge and insight for the fast development
of potent and selective drugs. Research efforts to
optimize lead compounds, i.e., modify lead compound
structure for optimum binding and pharmakinetics
properties, are directly impacted by these modeling
efforts. To obtain useful models of the small molecule
and protein interactions, the conformational space of the
ligand and possibly the protein are sampled. The
binding energy between ligand and protein, determined
by the sum of intramolecular energies of the ligand and
protein and the intermolecular interaction energy be-
tween the ligand and the protein, is employed as a
yardstick to evaluate the validity of the model. Models
that yield good intermolecular interactions without
creating significant internal molecular strain are con-
sidered more plausible. Internal strain is directly mea-
sured from deviations from normal bond lengths, bond
angles, and torsion angles. In addition to energetic
considerations, models that were consistent with the
results of both natural mutations and mutagenesis of
the subunits as well as photoaffinity cross-linking
studies on the a3 integrins were also favored in the
present effort.12.21-23

Since the discovery of the integrins, substantial
amounts of data have accumulated regarding the loca-
tion of potential ligand binding sites. The earliest
identification of the ligand sites was achieved using the
platelet integrin oypB3.2* Initially, several naturally
occurring mutations in the B3 subunit which cause
Glanzmann thrombasthenia, a severe bleeding disorder,
were useful in the identification of these binding sites.
Two of the naturally occurring mutations are in the
putative SA domain, D145Y and D145N.1223 In indi-
viduals who have the D145Y mutation, the platelet
o1pP3 levels were almost normal but the ability to bind
the natural ligand fibrinogen was lost. Importance of
the R214 residue in the 3 subunit was established by
binding studies utilizing peptides or antibodies corre-
sponding to the 211—-222 residues which was also
confirmed by natural mutations at R214 in f3.25-%
Previous cross-linking studies with RGD ligands using
either o33 or a3 integrins not only established that
the o and S subunits had to be in close proximity for
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Figure 2. Interfacial region between a, (yellow) and 5 (green)
"heads”. Residues colored red indicate the putative binding
region.

binding, but also defined the regions of binding in each
subunit.’221 More recently, Scheiber et al. showed that
the C-terminus of echistatin (an RGD-containing 49
amino acid peptide) could also be cross-linked to the
region spanned by residues 209—220 of the 3 subunit.28
Using these results as well as structure—activity rela-
tionship that was developed through in-house research,
a large region between the a, and 3 subunits was
targeted as the potential docking site.

Initially both in-house and third party docking soft-
ware was utilized in the search for specific ligand
binding sites within the larger targeted region. In
Figure 2, a 3D picture of the “head-to-head” interfacial
region of the o, and 3 subunits is shown with the axis
of the cylindrical motif of the seven  propellers of the
oy subunit lying horizontally. There are four calcium
atoms shown at the bottom of the S propellers and
another associated with the MIDAS site in 3 The
general region of the putative binding site is also
depicted in Figure 2, where residues 145—154 and 212—
220 are colored red for o, and f33, respectively. The
problems encountered in the automated docking calcu-
lations are exemplified by FLOG, Merck’s in-house
docking program.2® This method relies on a database of
precomputed conformations for sampling the 3D con-
formational space. For these studies a database of 100
conformations with a root-mean-square-deviation (RMSD)
of at least 0.6/ between each conformation was gener-
ated using the knowledge-based program et for each of
the candidate ligands.3° Using a grid generated for the
interface region, each conformation was docked and
scored based upon overlap of desired properties, e.g.,
H-bond donor, H-bond acceptor, polar, hydrophobic, and
van der Waals interactions. It was found that treating
our highly charged ligands as H-bond acceptors or
donors was inappropriate resulting in docked conforma-
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tions dominated by hydrophobic and van der Waals
interactions. Similar to the results of FLOG, the third
party docking programs were also found to treat charged
interactions poorly.

Since suitable binding conformations that were con-
sistent with experimental data that accounted for the
charged nature of the ligand were not identified, it was
decided to dock the ligands by hand. In this controlled
docking procedure the ligand is placed into a reasonable
position and then energy-minimized. From the crystal
structure and the mutagenicity data, it seemed plausible
that D148 or D150 in ay interacted with N-terminus
while R214 (f3) interacted with the C-terminus of the
ligand.

Molecule 1 served as the reference for all binding
models since it was the displacement of this radioligand
that was measured in the SPAV3 assay.16 Using mul-
tiple conformations of 1, it was found that D148/D150
(o) and R214 (3) were at the appropriate distance to
accommodate an extended conformation. Using a hand-
generated conformation of 1 placed in a reasonable
binding orientation, protein atoms within 10.0A of the
ligand were identified as the binding site. The ligand
was then energy minimized in the binding site using
formal charges of +1 on the N in the pyridine and —1
on the O of the carboxylic acid using the MMFFs force
field in BATCHMIN with a dielectric constant of 1.0.31.32
Protein atoms were initially held fixed at their crystal-
lographically determined positions. The resultant ligand
conformation was then minimized in the absence of the
protein to remove protein—ligand interaction induced
strain in the conformation. This second relaxation was
performed for the neutral molecule using the 4r distance
dependent dielectric constant. Energy minimization of
the fully charged ligand in a vacuum would bring the
two charged ends together to form a cupped conforma-
tion. This relaxed conformation, complete with formal
charges, was placed back into the binding site and
minimized once again in the presence of the protein. The
conformational space of the ligands was sampled using
the conformation generator et.3° Using these initial
conformations combined with manual rotation of torsion
angles to overcome local minima, the docking procedure
was repeated many times for each of the ligands in an
attempt to find a ligand conformation with the least
internal strain and the best protein—ligand binding
interactions. The protein atoms, specifying the active
site, were redefined using the best binding mode of 1
identified as discussed above. Insignificant changes in
the protein—1 interaction occurred when 1 was mini-
mized in this redefined site. The binding site (Figure
3), defined for 1, was then utilized for the remaining
ligands. The residues, which define the binding site, are
given in Table 2. It is interesting to note that the 33
subunit contributes twice as many residues to the
binding site than a,, although as discussed below, a,
seems to be more important for selectivity of the o3
ligands.

Having identified the best binding mode for each of
the ligands in the rigid crystal structure, the side-chain
atoms of the protein within 5 A of the ligand were
permitted to relax along with the ligand. In this final
energy minimization procedure, all the protein backbone
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Figure 3. Binding site as defined in present model.

Table 2. Residue Numbers Identified in the Putative
Binding Site

total residue

subunit count residues in binding site
Qy 24 114,116—123, 145154, 177-179, 218, 219
Bs 50 119-127,156—158, 163, 164, 166, 167, 169,

170, 173, 177, 180, 182, 184, 187, 212—220,
250—254, 310—314, 318, 333—336

Table 3. Root-Mean-Square Deviations: Minimum RMSD
between Bound Conformations and Conformation of Closest
Energy Minimum?

RMSD (A):
molecule RMSD (A): RMSD (A): RMSD (A): flex-absolute
ID minimum side chain flex-conformational position
1 1.19 0.49 0.54 141
2 0.98 0.66 1.10 5.44
3 1.00 0.57 0.77 2.49
4 1.15 0.49 0.46 0.75
5 1.15 0.47 1.25 2.28
6 0.92 0.47 0.71 0.95
7 0.97 0.59 0.89 2.94
8 1.12 0.59 0.41 2.55

2 Side chain: RMSD of protein atoms before and after relax-
ation. Conformational: RMSD between small molecule bound
conformations in rigid and relaxed protein after overlay. Absolute
position: RMSD between small molecule conformations in rigid
and relaxed protein using 3D coordinates.

atoms and the side-chain atoms beyond 5 A of the
docked ligand remained in fixed positions.

Results and Discussion

In Table 3, the root-mean-square-deviation (RMSD)
are given for a number of ligand—ligand and protein—
protein comparisons. Column 2 (minimum) contains the
RMSD between the bound conformation and conforma-
tion corresponding to the closest local energy minimum
identified in vacuo for the neutral molecule. Since the
closest minimum is not always achieved simply by
minimizing the bound conformation in vacuo, 350
conformations were enumerated using the conformation
generator et, followed by energy minimization with
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Figure 4. Binding mode for molecule 1. Protein atoms in
crystallographically determined positions.

MMFFs. The isolated ligands were treated as formally
neutral and minimized using the 4r distance dependent
dielectric. The conformation in this set of energy mini-
mized structures with the lowest RMSD to the bound
conformation was identified and the RMSD reported in
column 2 (minimum) of Table 3. This RMSD is an
indication of the internal strain induced in the ligand
due to the protein interaction. Since all RMSD’s are
small, less than 1.2 A, it is apparent that the molecules
have not accumulated significant internal strain. The
RMSD between the crystal structure of the protein
binding site and the binding site obtained by relaxing
the nearest side-chains to the bound ligand is given in
column 3 (side chain). Since only side-chain atoms,
within 5 A of the ligand, were allowed to relax while
the remaining side-chain and main-chain atoms were
held fixed, it is not surprising that these RMSD values
are low. Interestingly, the ligands relax concurrently
with the side-chain atoms as shown in columns 4 and 5
of Table 3. Column 4 (flex-conformation) is the RMSD
between the original crystal docked conformation and
the relaxed docked conformation when superimposed,
while column 5 (absolute position) is the RMSD between
the two docked conformations, calculated using the
actual 3D coordinates. Differences in the binding modes
for the various ligands are more clearly manifested in
these last two RMSD analyses and by visualization of
the corresponding docked ligand.

The binding models for ligands with the crystal
structure are shown in Figures 4—11, for 1—8, respec-
tively. The protein binding site, as depicted in Figure
3, is now shown primarily in ribbons with oy colored
yellow and f33 in green. In addition, three residues, D150
and Y178 of a, and R214 of j3, that are found to play
an important role in selective a3 binding are displayed
in stick mode. The ligand—protein interaction distances
for these three a3 protein’s residues are listed in Table
4 before and after the protein relaxation. The distances
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Figure 5. Binding mode for molecule 2. Protein atoms in
crystallographically determined positions.

Figure 6. Binding mode for molecule 3. Protein atoms in
crystallographically determined positions.

given in Table 4 are for the nearest ligand-residue heavy
atom separation and help characterize the binding site.

The basic nitrogen terminus of 1 interacts with D150
in oy while the carboxylic acid binds to R214 in 3 as
seen in Figure 4 and Table 4. The molecule has an
extended conformation and only makes a slight read-
justment when the side chains are allowed to relax as
indicated in columns 4 and 5 and seen in Figure 12. In
Figure 12, the solid-colored conformation is obtained
after relaxing the side chains. The same ligand—protein
interactions are maintained as with the crystal struc-
ture before relaxing the side chains. A new unexpected
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Figure 7. Binding mode for molecule 4. Protein atoms in
crystallographically determined positions.

Figure 8. Binding mode for molecule 5. Protein atoms in
crystallographically determined positions.

interaction is also depicted in Figure 4, namely a 7—x
stacking interaction between Y178 of a, and the phenol
adjacent to the sulfonamide of 1.3% This interaction,
previously identified as an “exo-site interaction”,4 is
treated as a hydrophobic contribution to binding energy
by MMFFs and is also observed in the binding modes
of 2, 3,4, 6, and 7. The shortest distance between heavy
atoms of these ligands and Y178 range from 3.7 A to
4.6 A, consistent with a 7—zx stacking interaction.
Molecule 5, which lacks the aromatic side chain, is found
to interact with Y178 through a hydrogen bond acceptor.
Molecule 7 also makes a similar hydrogen bond in
addition to the m—x stacking interaction. All eight
ligands interact in fashion similar to the charged
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Figure 9. Binding mode for molecule 6. Protein atoms in
crystallographically determined positions.

Figure 10. Binding mode for molecule 7. Protein atoms in
crystallographically determined positions.

residues D150 (o) and R214(3). All adopt an extended
conformation, except 2, which is forced into a cupped
conformation to make these contacts. Recall 2, included
as a counter example, is not an antagonist of a,/33 and
should not bind as the other ligands. When the side
chains of the binding site of 2 are allowed to relax, 2
moves the most of any of the ligands as indicated in
column 5 of Table 3 and Figure 13. In fact, 2 is the only
ligand to change contacts. Instead of interacting solely
with D150, the N-terminus of 2 interaction is equally
shared between D150 and D148, with D148 further
away from R214 than D150 as indicated in Table 4. Also
the interaction with Y178 is completely lost. Due to
rotational barriers it would not be expected that 2 could
change from a cupped to extended conformation during
this energy minimization. Attempts to dock extended
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Figure 11. Binding mode for molecule 8. Protein atoms in
crystallographically determined positions.

Table 4. Important Protein—Small Molecule Contact Distances

contacts in crystal contacts in relaxed

binding site binding site

molecule R214, D150, Y1782 R214, D150, Y178,2

ID A A A A A A

1 25 25  3.7(1) 25 2.4 4.0 (1)

2 25 25  46(1) 2.6 2.6 12.0(4)

3 25 25  3.7(1) 25 2.4 4.5 (1)

4 2.7 24 3.7(1) 2.5 2.5 3.9(1)

5 24 24 2.8(2) 2.5 2.6 2.7 (2)

6 2.4 24 3.6 (1) 2.5 2.4 3.5(1,2)

7 2.5 2.4 3.9(1,2) 2.5 3.0 5.0(1, 2)

8 2.4 2.5 3.8(3) 2.4 2. 4.8°(3)

aBinding type: (1) m#—x stacking; (2) H-bond acceptor; (3)
hydrophobic; (4) no binding interaction. ® Shared with D148 at 2.5
A. ¢ Hydrophobic interaction with Y166 in 33 at 3.6 A.

Figure 12. Binding modes for molecule 1 before (green) and
after (gray) protein side-chain relaxation.

conformations of 2 in the crystal structure failed because
of the relatively long separation between the charged
ends.

Feuston et al.

Figure 13. Binding modes for molecule 2 before (green) and
after (gray) protein side-chain relaxation.

Molecule 5 is also of interest since it does not have
the side groups to make 7— stacking interaction with
Y178 and is the weakest antagonist considered here,
with a SPAV3 binding energy more than 4 orders of
magnitude greater than that of 1. However, in Figure
8, a hydrogen bond between the carbonyl on the ligand
backbone to the phenyl oxygen on Y178 can be observed.
The bound conformation of 5 is also an extended confor-
mation, without significant internal strain and main-
tains the three primary protein interactions with D150,
Y178, and R214 after relaxation (see Tables 3 and 4).

Molecule 8, similar to 5, also does not have a 7—n
stacking interaction with Y178. However, close exami-
nation of the binding mode for 8 revels that the trifluoro
group is within 3.8 A of Y178 and Y166 of a, and f3s,
respectively. The binding of 8 is depicted in Figure 11,
where both tyrosines are shown explicitly. In the Protein
Data Bank there are multiple examples of trifluoro-
methyl groups making similar hydrophobic contacts
with either a phenylalanine or a tyrosine as in the pre-
sent model, e.g., 1A29, 1CX2, 1G4P. From these consi-
derations, it is apparent that 8 is making an energeti-
cally favorable interaction with Y178 as well. This hy-
drophobic interaction, shared between the two tyrosines,
is also maintained after relaxation of the protein side
chains.

The molecules not addressed directly above, 3, 4, 6,
and 7, representing the sulfonamide, glycine-uncon-
strained, and glycine-constrained chemical classes, are
found to dock in a manner consistent with the binding
model. From Figures 6, 7, 9, and 10 an extended
conformation is depicted for each of these molecules.
Analysis of the binding conformations and protein—
ligand interactions for these oS3 specific antagonists
show little protein-induced molecular strain while mak-
ing charged interactions with D150 and R214 and n—x
stacking interaction with Y178.
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Conclusions

A model of the preferential binding of nonpeptide
ligands to the integrin o83 over oyp33 was developed.
The binding mode of these selective antagonists provides
a consistent model for the four different chemical classes
investigated. Results of docking analyses led to the
identification of a novel binding interaction for selective
antagonists of the a3 integrin. Four different chemical
classes are shown to bind in a similar fashion providing
a measure of confidence in the proposed model. All seven
of the a3 antagonists examined have a basic nitrogen
interacting with D150 of oy and a carboxylic acid
interacting with R214 of 3. Also, they all adopt an
extended conformation with little ligand—protein-
induced internal strain. All of the active molecules (1,
3, 4,5, 6, 7, and 8) have an additional energetically
favorable “exo-site” interaction with Y178 of ay, when
docked to the crystallographically determined structure.
Molecule 2, a selective antagonist of the fibrinogen
receptor, aypfs, is found to be inactive in the SPAV3
assay and is shown not to fit the binding model since it
must adopt a less favorable cupped conformation to
make the necessary contacts. Upon protein side-chain
relaxation, 2 is expelled from the binding site and only
maintains the original C-terminus interaction with
R214 of p3 while the N-terminus shares a charged
interaction with D150 and D148 of a.

The crystal structure of the extracellular segment of
integrin ay,f3 complexed to an RGD ligand, elucidated
by Xiong et al., confirmed the findings of the earlier
studies that the ligand binds at the interface between
the two subunits.?* The arginyl guanidinium group
bound by a bidentate salt bridge to D218 and to D150
and the carboxyl group of aspartic acid was in contact
with R214. In addition, a recent communication by
Gottschalk et al. identified the general binding region
of the basic terminus of their ligand as D148 and Y178.3%
Taken together, the proposed model is consistent not
only with observed activity as well as mutagenicity and
photoaffinity cross-linking studies of the o83 integrin
but with these recently published results.
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