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ABSTRACT: We recently reported a computational method (CHAMP) for designing sequence-specific
peptides that bind to the membrane-embedded portions of transmembrane proteins. We successfully applied
this method to design membrane-spanning peptides targeting the transmembrane domains of the RIIb subunit
of integrin RIIb�3. Previously, we demonstrated that these CHAMP peptides bind specifically with reasonable
affinity to isolated transmembrane helices of the targeted transmembrane region. These peptides also induced
integrin RIIb�3 activation due to disruption of the helix-helix interactions between the transmembrane
domains of the RIIb and �3 subunits. In this paper, we show the direct interaction of the designed anti-RIIb

CHAMP peptide with isolated full-length integrin RIIb�3 in detergent micelles. Further, the behavior of
the designed peptides in phospholipid bilayers is essentially identical to their behavior in detergent micelles.
In particular, the peptides assume a membrane-spanning R-helical conformation that does not disrupt
bilayer integrity. The activity and selectivity of the CHAMP peptides were further explored in platelets,
comfirming that anti-RIIb activates wild-type RIIb�3 in whole cells as a result of its disruption of the
protein-protein interactions between the R and � subunits in the transmembrane regions. These results
demonstrate that CHAMP is a successful chemical biology approach that can provide specific tools for
probing the transmembrane domains of proteins.

Membrane proteins account for approximately 30% of the
entire human proteome; however, studies of their transmem-
brane (TM)1 domains have lagged behind due to limitation
of their availability, the complexity of the model systems
used to study membrane proteins (e.g., micelles, phospholipid
vesicles, and bicelles), and, in particular, the lack of

exogenous probes with high affinity and specificity (1).
Conventional antibody-based probing techniques are only
useful for water-soluble regions of proteins. Currently, there
is no widely used chemical biology method for specifically
targeting the TM domains of proteins using exogenous
agents.

Computational protein engineering has made major strides
(2). There are now a variety of methods of designing proteins
that recognize water-soluble regions of target proteins (3–6),
but few companion methods for targeting TM regions have
been successful. Recently, we reported a general strategy
for the computational design of TM domain-targeted pep-
tides, designated the CHAMP (computed helical antimem-
brane protein) method (7). We illustrated the utility of
the method by designing peptides that specifically recognize
the TM helix of the R subunit of the platelet integrin RIIb�3.
The TM helices of the R and � subunits of integrin RIIb�3

are thought to associate heteromerically in unstimulated
platelets and to dissociate following platelet stimulation (8–10).
We showed that anti-RIIb, a peptide designed to target the
RIIb TM helix, activated RIIb�3 by disrupting the heteromeric
RIIb-�3 TM helix-helix interaction of the resting integrin
(Figure 1). These results illustrate the potential of the
CHAMP method for generating high-affinity molecules that
bind to and modulate functions of membrane proteins.

In this paper, we validate the specificity of the anti-RIIb

CHAMP peptide using biophysical methods to confirm that
it recognizes full-length integrin RIIb�3 in vitro and in living
cells. We found that anti-RIIb selectively binds to the isolated
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full-length integrin RIIb�3 in detergent micelles and phos-
pholipid bilayers, assumes a membrane-spanning R-helical
conformation that does not disrupt the bilayer integrity, and
activates RIIb�3 by disrupting the association of RIIb and �3

transmembrane helices. These results support the notion that
CHAMP is a general method for designing membrane-
spanning peptides targeting protein TM domains.

EXPERIMENTAL PROCEDURES

General Peptide Synthesis. Peptides were synthesized
using an Applied Biosystems 430A peptide synthesizer at
0.25 mmol scales. These peptides were synthesized on a Rink
Amide AM resin (200-400 mesh) (Nova Biochem) with a
substitution level of 0.71 mmol/g. Activation of the free
amino acids was achieved with 2-(1H-7-azabenzotriazol-1-
yl)-1,1,3,3-tetramethyluronium hexafluorophosphate metha-
naminium (HATU, 0.40 M solution in DMF). The reaction
solvent contains 25% DMSO and 75% NMP (HPLC-grade,
Aldrich). Side chain deprotection and simultaneous cleavage
from the resin were performed using a mixture of trifluo-
roacetic acid (TFA), thioanisole, 1,2-ethanedithiol, and
anisole (90:5:3:3, v/v) at room temperature, under a N2 flow
for 2 h. The crude peptides collected from precipitation with
cold diethyl ether (Aldrich) were dissolved in a mixture of
2-propanol, acetonitrile, and water (6:3:1) and then lyoph-
ilized overnight. The peptides were then purified on a
preparative reverse phase HPLC system (Varian ProStar 210)
with a C-4 preparative column (Vydac) using a linear
gradient of buffer A (0.1% TFA in Millipore water) and
buffer B (6:3:1 2-propanol/acetonitrile/water) containing
0.1% TFA. Elution of the purified peptides occurred at
approximately 75% buffer B. The identities of the purified
peptides were confirmed by MALDI-TOF mass spectroscopy
on a Voyager Biospectrometry Workstation (PerSeptive
Biosystems), and their purity was assessed using a HP1100
analytical HPLC system (Hewlett-Packard) with an analytical
C-4 column (Vydac) and a linear A/B gradient.

The coumarin label of anti-RIIb and anti-RIIbmut was
attached using the standard method (12). Two additional
glycine residues were coupled to the amino terminus of the
peptide resin using standard manual peptide synthesis condi-

tions. The Fmoc protection group was removed with 20%
piperidine in DMF. Resin was rinsed with DMF four times,
then swelled with dichloromethane, and drained. 7-Hydroxy-
coumarin-3-carboxylic acid (Anaspec) was dissolved in a
pyridine/DMF/DCM mixture (12:7:5) to prepare the 0.1 M
solution. The resulting solution was added to the resin. The
suspension mixture was stirred at room temperature in the
dark until the ninhydrin test indicated that the reaction was
complete.

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electro-
phoresis (SDS-PAGE). Electrophoresis was carried out using
precast SDS-polyacrylamide gels (12% NuPAGE 10-well
Bis-Tris gels, Invitrogen). The peptide samples were prepared
in buffer [10 mM HEPES (pH 7.5), 60 mM N-octyl �-D-
glucopyranoside, 0.5 mM CaCl2, and 0.02% NaN3] and
incubated overnight. Before electrophoresis, each sample was
incubated at 90 °C for 7 min. Electrophoresis was carried
out at room temperature with NuPAGE MES SDS running
buffer (Invitrogen) at 125 mV for 55 min. The resulting gel
was stained using a NOVEX stain kit (Invitrogen).

Fluorescence Anisotropy Assay. The full-length integrin
RIIb�3 protein in buffer [7.9 mg/mL, 10 mM HEPES (pH
7.5), 60 mM N-octyl �-D-glucopyranoside, 0.5 mM CaCl2,
and 0.02% NaN3] is prepared using the previously reported
method (13). Fluorescence polarization experiments were
conducted on an ATF105 spectrofluorometer (Aviv Instru-
ments, Inc.) using a 0.3 cm path length cuvette. Spectra were
recorded at 25 °C using 1.0 nm slit widths. Excitation at
408 nm was used for the coumarin-labeled peptide. Anisot-
ropy measurements were recorded upon titration of the
integrin RIIb�3 protein at varying concentrations into a
solution of 64 nM anti-RIIb CHAMP peptide. Data analysis
was carried out using a previously described method (14).

Attenuated Total Reflection Infrared (ATR-IR) Spectros-
copy. ATR-IR spectroscopy was performed as previously
described (15). Briefly, the purified anti-RIIb peptide was
solubilized in a 1:1 (v:v) mixture of 2-propanol and H2O
containing 0.1% HCl, frozen, and lyophilized. This process
was repeated for a total of three rounds to remove any TFA
salts from the purification process. The anti-RIIb peptide was
then solubilized in a 1:1 (v:v) mixture of 2-propanol and
H2O, mixed with an appropriate volume of lipid dissolved
in CHCl3, and dried under a stream of N2. The lipid
composition was a mixture of 1-palmitoyl-2-oleoyl-sn-
glycero-3-phosphocholine (POPC) and 1-palmitoyl-2-oleoyl-
sn-glycero-3-[phospho-rac-(1-glycerol)] (POPG) (7:3 molar
ratio). The final peptide:lipid ratio in the sample was 1:50.
The dried peptide/lipid film was subjected to high vacuum
for 2-3 h to remove any traces of solvent. The film was
reconstituted in 5 mM HEPES-buffered D2O at pH ∼7.1 by
vigorous vortexing. The peptide/lipid suspension was then
extruded 17 times using an Avestin liposofast mini extruder
(Avestin Inc.) equipped with two stacked polycarbonate
membranes with an average pore diameter of 200 nm. The
peptide-containing vesicles were deposited on the ATR
crystal, gently spread with a Teflon bar to form a film, and
dried under a gentle stream of N2. Infrared spectra were
recorded on a Nicolet 4700 infrared spectrophotometer
(Thermo-Electron Corp.) equipped with a DTGS detector, a
ZnSe wire-grid polarizer, and a home-built flow chamber to
allow a stream of N2 bubbled through D2O to flow over the
sample during collection. The internal reflection element was

FIGURE 1: Schematic diagram of integrin RIIb�3 regulation. Because
the RIIb and �3 subunit TM domains interact when integrins are
inactive, any process that destabilizes this interaction would be
expected to allow dissociation of the TM domains with concomitant
integrin activation. In platelets, this occurs when platelets are
stimulated by agonists such as adenosine diphosphate (ADP),
inducing binding of the talin phosphotyrosine-binding domain to
integrin �3 subunit cytoplasmic domains (11). CHAMP peptides
activate platelets by blocking the interactions between the TM
helices of the R and � subunits of integrin RIIb�3. Extracellular
ligands for integrin RIIb�3 (e.g., fibrinogen) are shown as black tubes.
Question marks indicate unclear interactions.
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a zinc selenide ATR crystal (80 mm × 20 mm × 3 mm)
with an angle of 45° yielding 25 internal reflections. A total
of 512 scans at polarizations of 0° and 90° were collected
for each sample. Spectra were recorded at 2 cm-1 resolution
and analyzed using the OMNIC software package for peak
deconvolution and area analysis. The helix orientation angle
was calculated from the spectra as previously described (16)
with the exception that the value used in this study for the
crystal refractive index was 2.42 (ZnSe).

Dye Release Assay. Lipids were purchased from Avanti
Polar Lipids Inc. (Alabaster, AL) and used without further
purification. Formation of large unilamellar vesicles with
entrapped Tb(DPA)3 was performed as previously described
with several modifications (17). POPC and POPG dissolved
in chloroform were mixed (7:3 mol:mol) with a trace amount
of L-3-phosphatidylcholine-1,2-di[14C]oleoyl (Amersham Bio-
sciences). The lipid mixture was initially dried under a stream
of N2 and then further desiccated under vacuum for at least
3 h to remove any residual chloroform. The dried lipid film
was then stored under a head of N2 at -20 °C until it was
used. To form liposomes, the lipid film was rehydrated in
HBS buffer [10 mM HEPES and 100 mM NaCl (pH 7.1)]
containing 5 mM TbCl3 (Molecular Probes, a division of
Invitrogen, Carlsbad, CA) and 15 mM 2,6-pyridinedicar-
boxylic acid (DPA, Sigma-Aldrich, neutralized to pH 7.0)
to yield a final lipid concentration of 20 mM (typically a
final volume of 0.5 mL was used). The sample was
vigorously vortexed for at least 3 min to ensure complete
resuspension of the lipid film. The sample was then subjected
to seven rounds of freezing in a dry ice/acetone bath and
thawed at 37 °C, to increase trapping yield. The sample was
then passed 21 times through a Liposofast extruder (Avestin
Inc., Ottowa, ON) with two stacked polycarbonate mem-
branes, each with a pore size of 200 nm. Liposomes were
then separated from untrapped molecules by gel filtration
on a Sepharose CL-2B column [Sigma, 1.0 cm (inside
diameter) × 22 cm]. The lipid concentration was calculated
by measuring radioactivity in liposome-containing fractions
after the column with a comparison to the radioactivity in
an aliquot of liposomes that was taken before the gel filtration
step. Liposomes were stored at 4 °C and used for up to 1
week after preparation. Each liposome preparation was
checked for nonspecific leakage before use by monitoring
the fluorescence in the absence of any externally added
analytes.

An aliquot of Tb(DPA)3-containing liposomes was added
to HBS supplemented with 10 mM EDTA for a final
concentration of 20 µM total lipid in a volume of 1700 µL.
Samples were allowed to equilibrate for approximately 5 min,
at which point initial intensity readings were taken (F0).
Peptides (or controls) were then added to the sample from a
concentrated stock in DMSO to yield the desired peptide:
lipid ratio and allowed to equilibrate for 10 min with constant
stirring, at which point emission intensity was again recorded
(F). Leakage was normalized to the fluorescence intensity
value for complete vesicle disruption induced by addition
of detergent (FM).

Hemolysis Assay. The hemolytic effects of the anti-RIIb

and anti-RIIbmut peptides were tested using a previously
described method (18). Suspension of human erythrocytes
(RBC, 1%) with peptides of different concentrations were
incubated in 150 mM sodium chloride and 10 mM Tris buffer

(pH 7.0), in the presence or absence of 1 mg/mL bovine
serum albumin (BSA). The samples were prepared by
combining 400 mL of the RBC suspension and peptide stock
solutions (10 mM in DMSO). After incubation at 37 °C for
1 h, the samples were centrifuged at 14000 rpm for 5 min,
and the OD400 of the supernatant was measured.

Transmission Electron Microscopy (TEM). Electron mi-
croscopy of purified integrin RIIb�3 heterodimers was per-
formed as previously described (19). We prepared rotary-
shadowed samples using a modification of standard procedures
(20) by spraying a dilute solution of molecules in a volatile
buffer (0.05 M ammonium formate) and glycerol (30-50%)
onto freshly cleaved mica and shadowing it with tungsten
in a vacuum evaporator (Denton Vacuum Co., Cherry Hill,
NJ). All specimens were examined in a FEI/Philips 400
electron microscope (Philips Electronic Instruments Co.,
Mahwah, NJ), operating at 80 kV and at a magnification of
60000×.

Fluorescence-ActiVated Cell Sorting (FACS). Freshly
isolated platelets were added to 200 mg/mL FITC-conjugated
fibrinogen and then incubated with 20 µM ADP or 2 µM
anti-RIIb CHAMP peptides in the presence or absence of 5
mM EDTA for 3 min at room temperature. After incubation,
the platelets were fixed with 0.37% formalin in PBS buffer
for 10 min, then washed, and examined by FACS analysis
as previously reported (21).

RESULTS AND DISCUSSION

Anti-RIIb was prepared using Fmoc solid-state peptide
synthesis (SSPS) with HATU as the activating agent to
overcome the difficulty of synthesizing membrane-embedded
protein sequences (22). Double coupling conditions were
used at the �-branched amino acid residues. High purity was
confirmed by chromatography. A control peptide, anti-
RIIbmut, in which the three Gly residues in the “Gly zipper”
motif (GXXXGXXXG) were mutated to Leu (23), was also
synthesized, as was a peptide, designated RIIb-TM, spanning
residues Trp968-Lys989 of RIIb (Figure 2A). For binding
measurements using fluorescence spectroscopy, we prepared
7-hydroxycoumarin-3-carboxamide-labeled anti-RIIb (coum-
anti-RIIb) and anti-RIIbmut (coum-anti-RIIbmut) via a linker
to the N-termini of the peptides.

FIGURE 2: (A) Sequences of the anti-RIIb CHAMP peptide, the
control peptide anti-RIIbmut, and the targeted RIIb-TM helix. (B)
SDS-PAGE of anti-RIIb (lane 1), coumarin-labeled anti-RIIb (lane
2), and anti-RIIbmut (lane 3). (C) Computational model of anti-RIIb
bound to the RIIb TM domain. The model predicts that anti-RIIb
(red stick) recognizes the “hot spot” on the RIIb-TM binding surface
(light blue) with spatial complementarity at the helix-crossing site.
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To confirm that the designed CHAMP peptides, as well
as its target RIIb-TM, take up structured conformations in
artificial membrane systems (detergent micelles) and undergo
oligomerization as previously reported in cellular membranes
(7, 24), we used SDS-PAGE to study the oligomerization
state of the free and tagged anti-RIIb peptides as well as anti-
RIIbmut. SDS has previously been shown to provide a
micellar environment that mimics phospholipid bilayers (25).
We found that both anti-RIIb (3.7 kDa) and coumarin-labeled
anti-RIIb (4.0 kDa) migrated as dimers (Figure 2B), consistent
with a previous experiment using the TOXCAT system that
measures transmembrane domain interactions in bacterial
membranes (7). By contrast, anti-RIIbmut migrated as a
monomer, which confirmed that the Gly zipper motif is
critical for the interhelical recognition. Taken together, these
results indicate that detergent micelles are a valid model
system for studying CHAMP peptide-target interactions.
They also demonstrate that CHAMP peptides have a high
propensity to homodimerize, even in the presence of exces-
sive competing detergent molecules.

Previously, we found that anti-RIIb associates with a short
peptide (ca. 3 kDa) corresponding to the TM region of the
RIIb subunit of integrin RIIb�3 in micelles and phospholipid
vesicles (7). However, RIIb�3 is a complex macromolecule
(ca. 230 kDa) containing two nonidentical transmembrane
domains. To demonstrate that anti-RIIb also binds to the Rllb

transmembrane domain in full-length RIIb�3, we used fluo-
rescence anisotropy titrations of anti-RIIb to full-length RIIb�3

in N-octyl �-D-glucopyranoside micelles. The fluorescence
anisotropy of a coumarin-labeled peptide in solution cor-
relates with its tumbling and rotational rates (14). However,
when the coumarin-labeled peptide is bound to a much larger
protein, its tumbling is constrained and the level of polariza-
tion increases. The advantages of this assay are that it does
not require immobilization of either the receptor or the ligand,
requires small amounts of peptide and protein as fluorescein
has a high quantum yield, and can be readily developed into
a high-throughput format. We added increasing amounts of
coumarin-labeled anti-RIIb or anti-RIIbmut to a constant
concentration of an RIIb�3 solution and monitored the
resulting polarization increase. Plotting the anisotropy of
coum-anti-RIIb as a function of the concentration of RIIb�3

revealed a binding isotherm with an apparent Kdiss of (1.3 (
0.2) × 10-5 in mole fraction units, indicating that the peptide
also binds tightly to the intact integrin (Figure 3). The control
peptide, coum-anti-RIIbmut, displayed an ≈100-fold lower
affinity for RIIb�3. We also found that coum-anti-RIIb specif-
ically recognized the TM domain of integrin RIIb, but not
that of integrin Rv, demonstrating that these CHAMP peptides
can differentiate closely relevant homologous integral mem-
brane targets (7).

Integrins are inactive when their TM domain-containing
stalks are in the proximity of each other and active when
the stalks separate (19, 26). Consistent with our previous
report, transmission electron microscopy (TEM) of purified
rotary-shadowed RIIb�3 in buffer containing N-octyl �-D-
glucopyranoside and 1 mM CaCl2 revealed that the majority
of inactive RIIb�3 molecules had a closed configuration with
their stalks touching at the their tips (19). By contrast, when
anti-RIIb was present, most of the RIIb�3 molecules had an
open configuration with separated stalks. Statistical analyses
indicated that the presence of 5.0 µM anti-RIIb induced the

majority of integrin RIIb�3 molecules to convert to their active
form (Figure 4). By contrast, anti-RIIbmut induced negligible
activation at the same concentrations. These observations are
consistent with the notion that anti-RIIb activates RIIb�3 by
disrupting the TM heterodimer, maintaining the integrin in
its inactive state.

To demonstrate that anti-RIIb takes up a membrane-
spanning orientation in phospholipid bilayers, we used
phospholipid vesicles as the artificial membrane system and
polarized attenuated total reflection infrared (ATR-IR)
spectroscopy to confirm that anti-RIIb spans the membrane.
ATR-IR spectroscopy exploits the fact that in an ordered
sample, a given bond will absorb infrared radiation differ-
entially depending on the polarization of the light and the
angle at which the bond is oriented relative to the polarized

FIGURE 3: Fluorescence polarization titration shows that full-length
integrin RIIb�3 selectively associates with anti-RIIb over anti-RIIbmut.

FIGURE 4: Transmission electron microscopy of purified RIIb�3 in
“closed” (A, in CaCl2-containing buffer alone) and “open” (B, in
CaCl2-containing buffer and 3 µM anti-RIIb) forms. Individual RIIb�3
molecules were visualized using TEM after rotary shadowing with
tungsten (magnification of 170000×; magnification bar ) 30 nm).
Integrin molecules are found either in the inactive state or in the
active state with their transmembrane stalks closed or open,
respectively. (C) Statistical analyses of the effects of RIIb-TM, anti-
RIIb, and anti-RIIbmut in activating integrin RIIb�3.
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light. If the secondary structure of a peptide is known, the
dichroic ratio (RATR) of the amide I absorbance when the
incident light is polarized at 0° to the amide I absorbance
when the light is polarized at 90° can be used to calcu-
late the angle between the helical axis of the peptide and
the bilayer normal. We observed the position of the amide
I vibration at 1656 cm-1, indicating that anti-RIIb adopted
primarily an R-helical conformation in the POPC/POPG
bilayers. This is consistent with the previously published CD
data (Figure 5). The RATR of 4.7 corresponds to an angle of
∼20°, indicating that the peptide was inserted nearly
perpendicular to the plane of the bilayer. The ∼20° angle of
insertion is not surprising considering the 33-amino acid
length of the peptide, which, if completely helical, would
form an R helix of ∼49 Å. This is somewhat longer than
the hydrophobic thickness of the POPC/POPG bilayer core
and could result in the peptide tilting to compensate for the
hydrophobic mismatch. The representative spectra of the
methylene stretching region of the polarized ATR-IR spectra
of POPC/POPG bilayers in the absence and presence of anti-

RIIb are shown in Figure 5C. The dichroic ratio (RATR) values
calculated from this region of the spectra are indicative of
bilayer ordering, as the major signal arises from the sym-
metric (∼2850 cm-1) and asymmetric (∼2920 cm-1) stretch-
ing of the CH2 groups in the lipid acyl chains (27, 28). The
comparison between the PCPG/PCPG bilayers with and
without anti-RIIb showed only a small difference in the
dichroic ratios, indicating that the peptide is not significantly
disrupting the internal organization of the bilayer or the
ability of the bilayers to stack into multilayers on the ZnSe
crystal (27).

Because amphiphilic peptides can cause cell lysis (29),
we examined the ability of anti-RIIb to permeabilize phos-
pholipid membranes. Anti-RIIb did not induce significant
leakage of a fluorescent metal complex, Tb(DPA)3, from lipid
vesicles at a lipid:peptide ratio of up to 10:1, suggesting that
the anti-RIIb peptide does not significantly perturb the cell
membrane (Figure 6). Further toxicity tests for these
compounds were conducted using a lactate dehydrogenase
(LDH) release assay. Platelets release LDH when their

FIGURE 5: ATR-IR. (A) Schematic representation of ATR-IR experiments. The helix angle with respect to the bilayer normal is calculated
using the ratio of the amide I absorbance band using 0° and 90° polarized incident radiation, RATR. (B) ATR-IR spectra collected at 0°
(parallel) and 90° (perpendicular) polarized incident radiation. (C) Methylene stretching region of the polarized ATR-IR spectra of POPC/
POPG bilayers in the absence (green) and presence (red) of anti-RIIb. The average RATR for pure POPC/POPG lipid bilayers was ∼1.45,
while the RATR for bilayers containing anti-RIIb was ∼1.33 (RATR values are averages of two or three independent samples).

FIGURE 6: Toxicity assays. (A) Dye release induced by anti-RIIb. POPC/POPG (7:3) vesicles containing trapped Tb and DPA were exposed
to anti-RIIb at various peptide:lipid ratios or to the known pore-forming peptide melittin. Peptides were incubated with the loaded vesicles
for 10 min before fluorescence was measured. Release was quantified using intensity before addition as a baseline (F0) and fluorescence
after the vesicles had been completely disrupted with detergent as a final maximum fluorescence (FM). (B) Hemolysis induced by the
CHAMP peptides. Human erythrocyte hemolysis induced by increasing concentrations of anti-RIIb (O), RIIb-TM (0), and anti-RIIbmut (])
in 10 mM Tris buffer (pH 7.0) and 1 mg/mL BSA.

8604 Biochemistry, Vol. 47, No. 33, 2008 Caputo et al.



plasma membrane is perturbed. In the presence of 10 µM
anti-RIIb, the level of LDH released by platelets is not
significantly higher than the negative control. Moreover, anti-
RIIb did not lyse human erythrocyte membranes at concentra-
tions of up to 10 µM.

Agonist-stimulated platelets undergo rapid RIIb�3-depend-
ent aggregation in response to agonists such as ADP when
the plasma protein fibrinogen binds to the activated confor-
mation of RIIb�3 (30). To directly demonstrate whether anti-
RIIb induces the active conformation of RIIb�3 in intact
platelets, we used fluorescence-activated cell sorting (FACS)
to assess FITC-labeled fibrinogen binding to platelets. The
difference in agonist-stimulated fibrinogen binding in the
presence and absence of the calcium chelator EDTA
indicated the amount of fibrinogen specifically bound to
RIIb�3. As shown in Figure 7, 2.0 µM anti-RIIb induced ≈50%
as much specific FITC-fibrinogen binding to platelets as did
platelet stimulation by 20 µM ADP. By contrast, anti-RIIbmut
exhibited little ability to induce fibrinogen binding to platelets
(data not shown). Thus, these data indicate that although it
is not as potent as a stimulus at ADP, anti-RIIb does directly
enable RIIb�3 to bind fibrinogen.

In summary, these results validate the CHAMP method
as a successful general chemical biology approach to
providing molecular probes with high affinity and specificity
for membrane-embedded segments of proteins. In particular,
the CHAMP peptide anti-RIIb provides a specific tool for
addressing the role of TM domain association in regulating
the function of the integrin RIIb�3. By blocking the site
on the RIIb TM helix that engages the �3 helix, anti-RIIb

activates the integrin, providing strong support for the
hypothesis that separation of the helices is required for
activation (10). CHAMP peptides provide a route to mol-
ecules that bind TM regions of their targets, expanding the
range of conventional antibody-based methods that can only
be applied to water-soluble regions of proteins. Given the
current interests involving studying the lateral TM helix
associations in membrane protein folding, assembly, and
signal transduction (31), CHAMP peptides may provide

much-needed reagents for probing these processes. Last,
although hurdles (such as poor solubility in aqueous solution)
associated with the physical properties of the peptides need
to be overcome, it is encouraging that engineered peptides
fromTMheliceshaveshownpromise inanimalmodels (32,33).
The CHAMP peptides can serve as lead sequences for the
development of more druglike, small-molecule peptidomi-
metic inhibitors of membrane protein-protein interactions,
which might ultimately find applications as clinical diag-
nostics or therapeutics.
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