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ABSTRACT: Integrin ( ~ 1 1 4 3  or glycoprotein IIb/IIIa (GPIIb/IIIa, 228 kDa) is a Ca2+-dependent, noncovalent 
heterodimer of glycoproteins IIb (GPIIb or (YIIb, 136 kDa) and IIIa (GPIIIa or P3, 92 kDa), which serves 
as the receptor for fibrinogen and other adhesive proteins at  the surface of activated platelets. We have 
determined the microsecond-range rotational motions of (~11bP3 in resting platelets, in isolated plasma 
membranes, and reconstituted in 1 -palmitoyl-2-oleoylphosphatidylcholine (POPC) bilayers. The mea- 
surements were based on the time-resolved phosphorescence anisotropy [ r ( t ) ]  of erythrosin-labeled F(ab) 
fragments [Er-F(ab)] of monoclonal antibodies bound to (~11bP3. In general, the r ( t )  decays were satisfactorily 
fitted to the sum of the two exponential terms and a constant, from which the initial anisotropy (6, = 
0.05-0.11), the short (41 = 1-14 ks) and the long (42 = 15-60 ps) rotational correlation times, and the 
limiting anisotropy ( r ,  = 0.02-0.07) were obtained. The observedvalues depended on the platelet preparation, 
temperature, Ca2+ concentration, and the antibody used. In accordance with data on the order parameter 
and the viscosity of the lipid bilayer of the platelet plasma membrane, 42 and r ,  of the cu~~&-Er-F(ab) 
complexes in the three preparations decreased with the increase of temperature, the r( t )  curves being fully 
reversible within the interval from 5 to 35 OC. On the basis of direct and indirect evidence, we exclude 
both (~11bP3 size heterogeneity, due to autoassociation or heteroassociation with membrane or cytoskeletal 
proteins, and the heterogeneous distribution of (YIIbP3 between lipid environments differing in microviscosity 
as the source of the two correlation times. We interpret that 41 and 42 represent the segmental motion 
and global rotational relaxation of the (YIlbP3 monomer. Thevalues of 42, estimated for the two transmembrane 
helices of the a11bP3 monomer, are much lower than the experimental values, which suggests that interactions 
between the lipid bilayer and ecto and/or endo domains of further limit the rotational mobility of 
aIIbP3. Finally, prolonged calcium chelation a t  35 "C, but not at  4 OC, immobilized the majority of L Y I I ~ P ~  
in the membrane, in agreement with previous functional and biochemical studies in whole platelets and in 
isolated a1lbP3 in solution. 

The integrin (YIIb@31 or heterodimer GPIIb/IIIa is the major 
glycoprotein at the human platelet plasma membrane con- 
stituting 15% of the total membrane protein and 3% of the 
total platelet protein. It serves as the receptor for fibrinogen 
and other adhesive proteins, after platelet activation by a 
variety of agonists generated or exposed upon vascular lesion, 
and plays a primary role in platelet aggregation, platelet 
spreading on the exposed subendothelium, and clot retraction; 
Le., in hemostasis (Plow & Ginsberg, 1989; Kieffer & Phillips, 
1990; Hynes, 1992). (YIIb@3 (228 kDa) is a Ca2+-dependent, 
noncovalent heterodimer formed by a disulfide-bonded two- 
chain subunit [GPIIb or (YIIb subunit (1 36 kDa): heavy chain 
(YlIbH (1 14 kDa) and light chain (22 kDa)] and a single- 
chain subunit (GPIIIa or @3,92 kDa) and, as predicted from 
the subunit's cDNA, has two transmembrane segments and 
two short cytoplasmic C-terminal tails (Kunicki et al., 1981; 
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Heidenreich et al., 1990; Zimrin et al., 1990; Lanza et al., 
1990; Rivas & Gonziilez-Rodriguez, 1991; Rivaset al., 1991c; 
Calvete et al., 1992a,b). The only knowledge available so far 
on the molecular dynamics of ( Y I I ~ @ ~  had been derived from 
the observation by light and electron microscopy of the lateral 
movement and association induced either by addition of 
monoclonal antibodies and lectins or upon platelet activation 
(Loftus & Albrecht, 1984; Isenberg et al., 1987; White et al., 
1990). Direct observation of the rotational dynamics of (YII&~ 
in the platelet membrane opens the possibility to probe the 
Ca2+-, lipid-, and temperature-dependent stability of the 
heterodimer in the membrane (Rivas & Gonzllez-Rodrfgu- 
ez,1991; Rivas et al., 1991a), the molecular mechanisms 
involved in the induction of receptor capacity (Hynes, 1992) 
and the auto- and heteroassociation upon platelet activation 
(Phillips et al., 1980; Loftus & Albrecht, 1984), and the 
modulation of the receptor mobility and function by the lipid 
composition of the bilayer of the plasma membrane (Mateo 
et al., 1991a). 

In the 20 years since the first two reports on protein rotational 
mobility in biological membranes (Cone, 1972; Naqvi et al., 
1973), a number of integral membrane proteins have been 
studied both in natural and in model membranes (Cherry, 
1979; Thomas, 1986; Jovin & Vaz, 1989). In general, technical 
limitations and/or lack of detailed structural knowledge of 
the proteins of interest did not allow adequate consideration 
of side-chain and segmental motions in the nanosecond range. 

0 1994 American Chemical Society 



Rotational Mobility of the Human Platelet Integrin (~11bP3 

However, the rotational motions in the microsecond and 
millisecond range dictated by the lipid bilayer have been 
studied extensively and interpreted in terms of molecular size, 
homogeneous or heterogeneous populations of rotational 
species (due to homo- or heteromolecular interactions), bilayer 
order andviscosity, and protein functional state. Thechallenge 
is to discriminate individual components in a complex 
anisotropy decay and assign the generally overlapping 
reorientational modes to specific molecular species or regimes. 

In the present work, the rotational motions of ( Y I I ~ @ ~  in the 
microsecond range were investigated in resting platelets, in 
isolated plasma membrane fragments, and in ( Y I I ~ P ~  recon- 
stituted in 1 -palmitoyl-2-oleoylphosphatidylcholine (POPC) 
bilayers, after binding erythrosin-labeled F(ab) fragments 
[Er.F(ab)] of monoclonal antibodies (mabs) whose epitopes 
have been already localized in the primary structure of a I I b  
and163 (Calveteet al., 1991a,b). Analysis ofthe time-resolved 
phosphorescence anisotropy of C Y I I ~ ~ ~ ,  measured by laser- 
kinetic spectroscopy, provided the first data on the restricted 
rotational mobility of a1&3 in the platelet plasma membrane, 
which at 35 OC can be described by two rotational correlation 
times (41 = 3 f 1 ps and 42 = 29 f 2 ps) and a residual 
anisotropy (r-  = 0.023). The dependence of these parameters 
on a number of experimental conditions was studied. We 
discuss the size-homogeneity of the ar1b03 rotating species 
and its homogeneous distribution in the lipid bilayer of the 
plasma membrane, and the relevance of the findings to the 
function of the fibrinogen receptor and by extension to the 
whole family of integrins. 

MATERIALS AND METHODS 

Materials. ( A )  Reagents. Erythrosin 5’-isothiocyanate 
(Er) was from Molecular Probes (Eugene, OR); pepsin and 
papain were from Worthington (Freehold, NJ), and glucose 
oxidase, catalase, and grade I apyrase were from Sigma. 
Chromatographic materials were from Pharmacia (Sweden). 
The other chemicals and biochemicals were of analytical or 
chromatographic grade. 

( B )  Monoclonal Antibodies. Murine mabs anti-aIIb (Ml,  
M3, M4, and M5) and anti-83 (P6, P37, and P97), all of the 
IgG class, were prepared according to immunization and fusion 
protocols and screening assays described previously (Melero 
& GonzUez-Rodriguez, 1984). Antibodies were purified from 
ascitic fluids after sequential 25%- and 50%-saturated (NH4)2- 
SO4 precipitation. The 50%-saturated (NH4)2S04 precipitates 
were subjected to affinity chromatography on protein 
A-Sepharose, according to the manufacturer’s instructions. 
The purification process was monitored by SDS/PAGE and 
enzyme immunoassay, as described before (Calvete et al., 
199 1 a,b). 

F(ab) fragments of the purified antibodies were prepared 
by papain digestion at an antibody/enzyme (w/w) ratio of 
100, at 37 OC for 4-1 2 h, depending on the particular antibody 
(Parham, 1986). The digestion products were subjected to 
ion-exchange chromatography on DEAE-Sephacel (Phar- 
macia). The F(ab) fragments eluted in the flow-through 
fraction, freeof undigested IgG and the Fc fragments. Control 
of the digestion and F(ab) purification was by SDS/PAGE, 
enzyme immunoassay, and size-exclusion chromatography on 
Sephacryl S- 100 or analytical ultracentrifugation (Beckman 
Model E). 

F(ab’)2 fragments on the purified antibodies were prepared 
by pepsin digestion at an antibody/enzyme (w/w) ratio of 50, 
at 37 OC and pH 5 for 9-12 h, depending on the particular 
antibody (Johnstone & Thorpe, 1988). The digestion products 
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were subjected first to ion-exchange chromatography on 
DEAE-Sephacel, and the flow-through fraction, which was 
free of undigested IgG and Fc fragments, was purified further 
by size-exclusion chromatography on Sephacryl S-200. Con- 
trol of the digestion and of the purified F(ab’)~ was done by 
SDS/PAGE, enzyme immunoassay, and analytical ultra- 
centrifugation. 

( C )  Erythrosin Labeling of F(ab) Fragments. Labeling of 
purified F(ab) fragments with Er was carried out at a dye/ 
F(ab) molar ratio of 10, for 2 h at room temperature, at pH 
8.0 and in the dark. The free dye was separated from Er- 
F(ab) by exclusion chromatography on a Sephadex G-25 
column (1 cm X 30 cm), with a bed volume about 30 times 
larger than the samplevolume. The labeling molar ratio [Er] / 
[ F(ab)] was determined spectrophotometrically using qhm 
= 85 mM-’ cm-l for Er and ~ 2 8 0 ~ ~  = 70 mM-l cm-l for F(ab). 
The labeling molar ratio obtained for the different Er-F(ab)s 
ranged between 0.9 and 1.6. The Er-F(ab) solutions were 
stored at -130 OC, and the labeling ratio was checked before 
use, after clarification by ultracentrifugation in an Airfuge 
(Beckman). 

Platelet Preparations. ( A )  Whole Platelets. Platelet 
concentrates were prepared immediately after blood extraction 
from healthy volunteer donors and left for 2 h at room 
temperature under gentle stirring with a rocking table. 
Washed platelets were prepared from platelet concentrates 
by three successive centrifugations at 120g for 4 min, to 
eliminate remaining erythrocytes and leukocytes. The su- 
pernatant was centrifuged at 125Og for 10 min and the pellet 
resuspended gently in washing buffer (35 mM citric acid, 103 
mM NaCl, 5 mM KCl, 1 mM CaC12, 1 mM MgC12, and 5 
mM glucose, pH 6.5) and washed twice in the same way. 
Finally, the platelets were resuspended in working buffer (1 37 
mM NaCl, 2 mM KCl, 12 mM NaHCOs, 0.3 mM NaHP04, 
1 mM CaC12, 1 mM MgC12, 5 5  mM glucose, and 5 mM 
Hepes, pH 7.4) containing 25 Mg/mL apyrase. 

( B )  Platelet Plasma Membranes. The platelet plasma 
membrane fraction was obtained from outdated platelet 
concentrates (72 h after blood collection in blood banks), after 
washing, glycerol loading, and subcellular fractionation by 
sucrose density gradient centrifugation, as described previously 
(Eirin et al., 1986). 

( C )  Isolation of (YIIbPS. The integrin a11b@3 was prepared 
from the platelet plasma membrane fraction as described 
elsewhere (Rivas et al., 1991b). Briefly, after differential 
extraction of platelet plasma membranes with Triton X- 100, 
the 4% Triton supernatant was subjected to ion-exchange 
chromatography on a DEAE-Sephacel column equilibrated 
in 50 mM Tris-HC1 (pH 7.0)/25 mM NaCl/l mM CaCl2 
and 0.5% Triton X-100. The retained fraction, eluted with 
0.5 M NaCl in the same buffer, contained 80-90% of the 
(~11bP3 loaded onto the column, and was 4-fold-enriched in 
C Y I I ~ P ~  compared to the original membrane. This fraction was 
loaded onto a Sephacryl S-300 column equilibrated in 50 mM 
Tris-HC1 (pH 7.4)/0.1 mM CaC12/0.025% NaN3 and 0.2% 
Triton X-100. The second band eluted from this column was 
c~11b@3 with no detectable phosphorus and constituted 85% of 
the a11bP3 originally loaded onto the column. The protein was 
concentrated on a DEAE-Sephacel column, rechromato- 
graphed on the same Sephacryl S-300 column, yielding 47 f 
8% of pure c~11bP3 with respect to the (~11b83 content of the 
starting platelet membrane. All isolation steps were performed 
at 4 OC. 

Incorporation of CYIIb@3 into Liposomes. We followed the 
same procedure used before (Rivas & GonzBlez-Rodriguez, 
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1991). (~11bP3 (2 mg/mL), in 50 mM Tris-HC1 (pH 7.4)/0.1 
mM CaCl2/0.025% (w/v) NaN3 and 2% (w/v) Triton X-100, 
was mixed with 1-palmitoyl-2-oleoylphosphatidylcholine 
(POPC) (Avanti Polar Lipids, Inc.) at a 1/3 (w/w) protein/ 
lecithin ratio and left at room temperature for 1 h under gentle 
agitation. After centrifugation at 3000g for 10 min, the 
supernatant was diluted with the same buffer but without 
Triton, to bring the detergent concentration below its critical 
micellar concentration (0.01 6%) (Rivas & Gonzdlez-Rod- 
riguez, 1991). The diluted mixture was concentrated in a 
membrane concentration device (Amicon) and subjected to 
several dilution-concentration cycles to eliminate the deter- 
gent. The a~~b&lecithin bilayers formed in the final 2-mL 
sample were pelleted in conical tubes in a Beckman TL 100 
ultracentrifuge at 60 000 rpm for 30 min. The a~~&-lecithin 
pellet was resuspended at 1 mg/mL (~11bP3 in working buffer 
containing 0.1 mM Ca2+ and 0.1 mM Mg2+, and subjected 
to 4 cycles of 30 s of sonication under nitrogen and in an ice 
bath, using a microprobe at maximum power (Kontes- 
ultrasonicator). 

( ~ l l b P 3  Labeling with Er-F(ab) Fragments. Labeling of 
samples of 100 pmol of C Y I I ~ ~ ~  in whole platelets (6 X lo8 
platelets), in isolated platelet plasma membrane (1 5 5  pg of 
total membrane protein), and in POPC liposomes was 
performed in conical tubes using a 1-3-fold molar excess of 
Er-F(ab) fragments, at room temperature for 30-60 min and 
in the dark. Labeling in the presence of a 1 5-fold molar excess 
of unlabeled F(ab) with respect to the Er-F(ab) of the same 
antibody was routinely carried out as a control of unspecific 
labeling, which was found to be negligiblein all cases. Samples 
were freed of unbound Er-F(ab) by sedimentation: platelets 
and platelet plasma membranes at 4000 rpm for 10 min and 
at 14 000 rpm for 15 min, respectively, in an Eppendorf 
centrifuge; and aI&-POPC liposomes at 60 000 rpm for 30 
min in a Beckman TL 100 ultracentrifuge. The pellets were 
resuspended gently and washed twice in working buffer in the 
same way. Identical samples subjected to all the steps but 
incubated with unlabeled F(ab) or in working buffer alone 
were routinely prepared and used as controls of scatter and 
intrinsic phosphorescence in the phosphorescence anisotropy 
decay measurements. 

Cross-Linkingof al&rEr-F(ab) Complexes in the Mem- 
brane with F(ab’)l Fragments. (~11bp3 in whole platelets, 
isolated platelet plasma membrane fragments, and POPC 
liposomes, labeled with Er-F(ab) of a given mab as described 
above, was incubated with F(ab’)2 of the same or other CYIIb- 
or &-specific mab at F(ab’)2/a1& molar ratios between 1 
and 3 for 30 min at room temperature in the dark. The samples 
were either washed once to free them of the excess of F(ab’)2 
or transferred directly to the spectrometer. In some exper- 
iments, the order of incubation was altered, and whenever the 
pair of Er-F(ab) and F(ab’)2 fragments used came from the 
same antibody or from antibodies competing between them- 
selves, then a very low signal, between 1/10 or 1/20 of the 
control sample [incubated only with Er-F(ab)], was obtained. 

Calcium Chelation by EDTA at  Different Temperatures. 
C Y I I I , ~ ~  in whole platelets, isolated plasma membrane fragments, 
or POPC liposomes, labeled with Er-F(ab), was incubated in 
the spectrometer cuvette holder at the desired temperature, 
and upon recording the control phosphorescence anisotropy 
decay, EDTA in concentrated solution was added in the 
quantity required, according to the starting calcium concen- 
tration, pH, and temperature of the sample, to decrease the 
free calcium concentration to the desired value (Rivas & 
Gonzdlez-Rodriguez, 199 1). The phosphorescence anisotropy 
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decay was then obtained at different time intervals. 
Time-Resolved Phosphorescence Anisotropy Measure- 

ments. Phosphorescence anisotropy measurements were 
carried out using a laser flash kinetic spectrometer and 
following a methodology that has been reviewed recently (Jovin 
& Vaz, 1989). Excitation of the erythrosin probe attached 
to the samples of interest was with a 10-ns, 1-4-mJ, 10-Hz 
vertically polarized pulse at 5 14 nm, generated by an excimer 
laser (EMG-50; Lambda Physics, Gottingen, FRG) pumping 
a dye laser (FL 2000, Lambda Physics) at 308 nm. The laser 
dye was Coumarin-307. The sample, about 50 nM a11b@3 
(equivalent to 3 X lo8 platelets/mL, 80 pg of total protein of 
platelet plasma membrane/mL, or 50 pmol/mL L V I I ~ ~ ~  
incorporated in POPC liposomes), was placed in a 5 mm X 
5 mm quartz cuvette and freed of oxygen by addition of an 
enzyme mixture of glucose oxidase (25 pg/mL, final con- 
centration) and catalase (1 5 pg/mL), and 50 mM glucose as 
the substrate. The erythrosin-polarized phosphorescence was 
measured through a train of optical filters: 2 mm of a saturated 
aqueous solution of potassium dichromate; a rotating film 
polarizer; a KV 550 filter (Schott, Mainz, FRG); and a RG 
645 long-pass filter (Schott). The detector was an EM1 98 16 
QGA photomultiplier electronically gated to suppress the 
prompt fluorescence coincident with the excitation pulse 
(Yoshida et al., 1989). In general, records of lo3 phospho- 
rescence decays were accumulated for both emission polarized 
components (measured in alternation, 50 pulses of each 
component at a time). Files of these records were analyzed 
individually and as the sums of 3-5 files, so as to reduce the 
statistical noise component. The results of the latter analyses 
are reported in tables and figures. The decay curves of the 
total emission of phosphorescence, S(t) = 4l(t) + 2Z~(t) ,  and 
phosphorescence anisotropy, r(t) = [ZIl(t) - ZL(t)]/[Ill(t) + 
2Z1(t)], were generated from the parallel (Ill) and the 
perpendicular (IL) polarized components of the phosphores- 
cence. The experimental S(t) curves were fitted by a nonlinear 
least-squares method to multiexponential functions, with 
lifetimes ~ i ,  from where weighting factors were derived for 
the analyses of the r(t) decays, which required the sum of two 
exponential terms and a constant, according to the expression 

(1) r(t) = a1 exp(-t/4,) + a2 exp(-t/42) + r m  

In eq 1, a1 and a2 are the preexponential terms (amplitudes) 
related to the contribution of each of the two exponential 
components; 41 and 42 are the rotational correlation times, 
related to the diffusion constants of the rotating species and 
therefore a measure of the rotational, segmental, and wobbling 
motions of the probe and the protein complex to which it is 
attached (Jovin & Vaz, 1989; Kinosita et al., 1984); and r, 
is the limiting anisotropy, that is, the anisotropy of the 
equilibrium distribution of the probe after rotational depo- 
larization, within the time rangeof the experiment. The initial 
anisotropy Tin. was calculated as the sum of the decay 
amplitudes, a1 and a2, and r,. 

RESULTS 

(rl&j Labeling with Er-F(ab) Fragments in Resting 
Platelets, Isolated Platelet Plasma Membranes, and POPC 
Bilayers. The aIIb-specific (MI, M3, and Ms) and &-specific 
(P6, P37, and P97) mabs have affinities for CVIIb& in the 
membrane and in solution in the 0.5-10 nM range (L6pez, 
1991). Thus, a 1-3-fold molar excess of Er-F(ab) over (~11b83 
sufficed to saturate the O L I I ~ ~ ~  samples. Unspecific labeling 
was checked by preincubation of the three a11bP3 preparations 
with a 15-fold molar excess of the Er-free F(ab) over the 
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Table 1 : Representative Phosphorescence Lifetimes (71) of Er-F(ab) Fragments of (YIlb- and &Specific Monoclonal Antibodies Bound to Intact 
Human Platelets (P), Platelet Plasma Membrane Fragments (MI, and a11d3-Containing Liposomes (L)' 
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P M L 

F(ab) T ("C) 71 (PSI 72 (P) 71 (PS) 72 (PSI 71 (Ps )  72 (PSI 

147 (0.80) P97 5 13 (0.12) 156 (0.88) 13 (0.18) 155 (0.82) 12 (0.20) 
20 14 (0.13) 135 (0.87) 13 (0.18) 140 (0.82) 12 (0.22) 126 (0.78) 
35 15 (0.17) 11 1 (0.83) 12 (0.21) 110 (0.79) 11 (0.27) 106 (0.73) 

P6 20 11 (0.4) 96 (0.6) 10 (0.4) 95 (0.6) 12 (0.19) 132 (0.81) 
P37 20 14 (0.27) 105 (0.73) 14 (0.28) 110 (0.72) 12 (0.26) 105 (0.74) 
M1 20 13 (0.27) 102 (0.73) 12 (0.26) 100 (0.74) 12 (0.25) 104 (0.75) 

0 The phosphorescence decays were obtained using 200-ps full scale in the digitizer. The numbers in parentheses are fractional amplitudes. Sample- 
to-sample variation in lifetimes and amplitudes was - 10%. 

Er-F(ab) of the antibody used for labeling. The erythrosin 
phosphorescence intensity in these controls was less than 2% 
of that in Er-F(ab)-labeled samples, demonstrating that the 
nonspecific binding of Er-F(ab) to the three preparations was 
negligible. 

Phosphorescence Intensity Decay Kinetics of Er-F(ab) 
Fragments in Solution and of the aI&rEr-F(ab) Complex 
in Membranes. The phosphorescence emission of the different 
Er-F(ab) bound to ( ~ 1 1 b p 3  in the different membrane prepa- 
rations was corrected for contributions from light scattering 
and intrinsic luminescence of the sample, by subtraction of 
the blank obtained with membrane samples treated in the 
same way as the labeled samples, except that Er-F(ab) was 
replaced by Er-free F(ab). The relative magnitude of the 
blank signals was negligibly small (0.01%). In general, the 
emission decays were satisfactorily fitted by two lifetimes 
(Table 1). Depending on the particular c~11bP3 preparation, 
the labeling antibody used, and the observation time range, 
the short lifetime was 10-20 ps with a fractional amplitude 
of 0.12-0.40, whereas the long lifetime was in the 95-140-ps 
range and, as expected, decreased with increasing temperature. 
In general, there were little differences in the Er-F(ab) 
phosphorescence lifetimes, at a given temperature and ob- 
servation time range, between samples of whole platelets, 
isolated plasma membranes, and liposomes; however, signif- 
icant differences wereobserved for specific Er-F(ab) fragments 
such as P6, for which ~2 and its amplitude were lower by 30 
ps and 20%, respectively, in platelets and isolated membranes 
compared to liposomes (Table 1). 

Phosphorescence Anisotropy Decay of Isolated Er-F(ab) 
Fragments in Viscous Solutions. The transient phosphores- 
cence anisotropy of Er-F(ab) fragments of the mab P37 was 
measured at 68.8% (w/w) sucrose in water at 20 OC (7 = 3.5 
P) to assess the extent of emission depolarization caused by 
fast motions of the Er probe and by the segmental flexibility 
of the F(ab) fragment itself. The initial anisotropy, Gn,, was 
0.08 f 0.01, and the anisotropy decay was fitted to a 
monoexponential function (4 = 18 ps). These parameters 
are similar to those found before for F(ab) fragments from 
other mabs under the same experimental conditions (Pecht et 
al., 199 1) and are in reasonable agreement with the rotational 
correlation time of 30 ns obtained for F(ab) fragments in 
water, using nanosecond fluorescence anisotropy (Oit et al., 
1984). 

Phosphorescence Anisotropy Decay of q b P r E r - F ( a b )  
Complexes in Resting Platelets. The parameters of the time- 
resolved anisotropy decays of different Er-F(ab) fragments 
bound to resting platelets at several temperatures are included 
in Table 2, and typical decay curves are shown in Figure 1. 
The general pattern observed is a positive initial anisotropy 
( r in . ) ,  a two-exponential decay, and a residual anisotropy ( rm) .  
The Er-F(ab)-P97 fragments were the most extensively used, 

Table 2: Phosphorescence Anisotropy Decay Parameters of 
Er-F(ab) Fragments of CYIIb- and &Specific Monoclonal Antibodies 
Bound to a1&3 in Whole Platelets (P), Isolated Platelet Plasma 
Membrane Fragments (M), and POPC Liposomes (L)O 

Er-F(ab) T("C) a1 61 (PS)  a2 6 2 W  rim. r- 
P6 P 20 0.037 2 f 1 0.022 29 f 2 0.097 0.038 

M 20 0.040 1 f 2 0.020 30 f 5 0.099 0.039 
L 20 0.022 6 f 1 0.020 39 f 2 0.074 0.032 

P37 P 20 0.017 6 f 2  0.013 3 7 f 3  0.072 0.042 
L 20 0.040 2 f  1 0.014 15 f 5 0.100 0.046 

P97 P 5 0.016 9 f 1 0.024 58 f 2 0.087 0.047 
20 0.017 6 f 2 0.020 48 f 2 0.069 0.032 
35 0.032 3 f 1 0.018 2 9 f  2 0.073 0.023 

M 5 0.015 6 f  1 0.021 6 0 f  2 0.077 0.041 
20 0.021 6 f 1 0.020 42 f 2 0.070 0.030 
35 0.023 4 f 2 0.017 27 f 4 0.062 0.022 

L 5 0.016 8 f 2 0.022 61 f 3 0.077 0.032 
20 0.018 4 f  2 0.021 35 f 2 0.066 0.027 
35 0.033 3 f 1 0.018 26 f 2 0.073 0.022 

M1 P 20 0.025 3 & 2 0.010 23 f 2 0.072 0.037 
M 20 0.01 8 f  2 0.068 0.058 
L 20 0.010 4 f 2 0.011 18 f 2 0.069 0.048 

M3 P 20 0.025 4 f 2 0.014 50 f 5 0.073 0.034 
M5 P 5 0.09 5 f 3 0.012 40 f 2 0.072 0.051 
a Errors based on sample-to-sample variation. 

35"c i 
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FIGURE 1 : Phosphorescence anisotropy decay of Er-labeled F(ab) 
fragments of the p3-specific mab P97 bound to intact platelets 
measured a t  the indicated temperatures, as described under Materials 
and Methods. The smooth lines are the decay curves generated with 
the best-fit parameters given in Table 11. 

and therefore we refer primarily to data obtained with this 
mab, unless stated otherwise. The apparent fin. values ranged 
from 0.05 to 0.10, indicating a >50% depolarization in the 
submicrosecond time range, since erythrosin ro = 0.26 (Jovin 
& Vaz, 1989). As expected, r- and the rotational correlation 
times, 41 and 42, decreased with increasing temperature from 
5 to 35 "C. 41 was in the 2-IO-ps range, while 42 was around 
60 ps at 5 OC and decreased to 25 1.1s at 35 OC, without large 
changes in their relative amplitude. r- and the rm/rin. ratio 
decreased with temperature, the actual average values for rm 
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FIGURE 2: Time-resolved phosphorescence anisotropy of Er-F(ab) 
fragments of the mab P97 bound to ( Y I ~ &  reconstituted in POPC 
liposomes, as described under Materials and Methods, measured at 
the indicated temperatures. The smooth lines were generated with 
the best-fit parameters given in Table 11. 

being 0.047 at 5 OC, 0.032 at  20 OC, and 0.023 at 35 OC. 
When the Er-F(ab)-labeled platelets were subjected to a 

temperature cycle starting at  20 OC, passing through 5 and 
35 OC, and then returning to 20 OC, the anisotropy decay 
curves were fully reversible. The anisotropy decay parameters 
were not much influenced by the subunit specificity and the 
epitope location for the different F(ab) fragments used, 
compared with those of P97, except for the faster 4 2  found 
at  20 OC when using M1 (Table 2) and the single-exponential 
decay of anisotropy found at  20 and 35 OC when using M5 
F(ab) fragments, with 4 values in the 15-20-ps range (data 
not shown). 

Phosphorescence Anisotropy Kinetics of arIb&-Er-F(ab) 
Complexes in Isolated Platelet Plasma Membranes. To assess 
the contribution of heteroassociations of a11bP3 with non- 
membrane components, mainly skeletal proteins, to the 
rotational dynamics of L Y I I ~ ~ ,  a reduced number of experiments 
was carried out in isolated plasma membrane fragments labeled 
with Er-F(ab). It was found that the phosphorescence 
anisotropy decays and the temperature dependence of $1~42,  
and r.. were quite similar to those in whole platelets (Table 
2). One exception was provided by the Er-F(ab) fragments 
of M1, an antibody for the N-terminal region of the light 
chain of the (UIIb subunit. Both at  5 and at 20 "C, a single 
decay component was observed together with high values of 
rm (0.06-0.07) and rm/fin. (0.85) (Table 2). 

Phosphorescence Anisotropy Kinetics of aI&3-Er-F(ab) 
Complexes in POPC Bilayers. Two sets of experiments were 
performed after Er-F(ab) labeling of the isolated heterodimer 
reconstituted into POPC liposomes. The aim was to assess 
the contribution to the rotational dynamics of C Y I I ~ ~ ~  in whole 
platelets of both the heteroassociations of a11bP3 with other 
membrane components and the heterogeneous distribution of 
a11b03 between different lipid environments. Comparison of 
the anisotropy decay parameter in liposomes with those in 
whole platelets and in isolated membrane fragments, using 
Er-F(ab)-P97, shows that 41 and 42 and their preexponential 
terms were quite similar in the three preparations, the major 
difference being in the r.. values at  5 OC, which were lower 
in the reconstituted heterodimer, as expected (Table 2 and 
Figure 2). The values of 42, observed at 20 OC and using the 
Er-F(ab) fragments of either P37 or M1, were shorter than 
those measured with either P6 or P97 at  the same temperature. 
In addition, the rm/fin, ratio observed with Er-F(ab)-M1 was 
higher than the ratio observed with other mabs, as also found 
above in isolated membrane fragments. 

Table 3: Phosphorescence Anisotropy Decay Parameters of 
Er-F(ab) Fragments of (YIIb- and &-Specific Monoclonal Antibodies 
Bound to al& in Whole Platelets, Isolated Platelet Plasma 
Membranes. and POPC Bilavers' 

P37 

P97 

M5 

P97 

P97 

Whole Resting Platelets 
0.020 3 f 1 0.014 34 f 3 0.071 0.037 

M5 0.020 6 f 2 0.015 70 f 10 0.072 0.037 
0.017 6 f 2 0.020 48 f 2 0.069 0.032 

M3 0.013 1Of 2 0.021 56 f 3 0.067 0.033 
M 4  0.020 3 f 1 0.014 54 f 3 0.078 0.044 
M 4  0.010 2 f 1 0.026 43 f 3 0.080 0.044 
M5 0.030 8 f 3 0.013 60 f 5 0.083 0.040 
M5 0.018 6 f 2 0.023 47 f 2 0.080 0.041 
P37 0.048 2 f 1 0.024 37 f 2 0.112 0.040 

0.020 20f 1 0.063 0.043 
P37 0.013 17 f 2 0.007 61 f 4 0.064 0.044 

0.021 6 f 1 0.020 42 f 2 0.070 0.030 
M3 0.018 6 f 2 0.018 43 f 2 0.071 0.035 
M5 0.013 5 f 2 0.020 43 f 3 0.065 0.032 

0.018 4 f 2 0.021 35 f 2 0.066 0.027 
M3 0.027 3 f 1 0.024 36 f 2 0.080 0.021 
M4 0.014 2 f 1 0.022 32 f 2 0.067 0.031 
M5 0.017 7 f 2 0.018 50f 2 0.072 0.037 
P37 0.095 3 f 1 0.020 22 f 2 0.110 0.045 

Isolated Platelet Plasma Membrane Fragments 

POPC Bilayers 

Measured at 20 "C after incubation with F(ab')2 fragments of aIIb- 
and ,93-specific monoclonal antibodies. Errors based on sample-to-sample 
variation. 
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FIGURE 3: Phosphorescence anisotropy decay of Er-F(ab) fragments 
of the mab P97 bound to intact platelets measured at 20 O C ,  after 
incubation with F(ab')2 fragments of mabs P37, M3, M4, and M5, 
as described under Materials and Methods. The P97 curve is the 
control without incubation with any F(ab')2. For the sake of clarity, 
the original decay curves are omitted, and only the decay curves 
generated with the best-fit parameters are represented. 

Cross-Linking of cuIIb@rEr-F(ab) Complexes in Mem- 
branes by F(ab92 Fragments. One way to assess the state of 
autoassociation of a molecular component within a supramo- 
lecular assembly is by specific homo-cross-linking. Thus, the 
a~~&-Er-F(ab) complexes in the different preparations (whole 
platelets, isolated plasma membrane fragments, and POPC 
liposomes) were incubated with heterologous F(ab')2 fragments 
of q I b -  and &-specific mabs, to observe the modifications in 
the phosphorescence anisotropy decay produced by ( Y I & ~  cross- 
linking. As seen in Table 3 and Figure 3, most of the F(ab')2 
fragments increased rm in all the preparations and affected 42 
to a variable extent. With two Er.F(ab)-F(ab')z pairs (P37- 
M5 and M5-P37), 42 either doubled with respect to the control 
value (P37) or became detectable compared with the control 
for M5. In no case was an immobilization of (~11bB3 by cross- 
linking observed. 
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FIGURE 4: Phosphorescence anisotropy decay of Er-F(ab) fragments 
on the mab P97 bound to intact platelets measured at 35 OC, before 
and after incubation with EDTA at 35 "C for 50 min to lower the 
Ca2+ concentration to 0.1 nM, as described under Materials and 
Methods. The smooth lines were generated with the best-fit 
parameters. 

Effect of Calcium Chelation on al&rEr-F(ab) Complexes 
in the Membrane. Given the Ca2+-dependent stability of the 
a11&3 heterodimer, we studied the effect of free calcium 
concentration on the phosphorescence anisotropy decay of 
a~~b&-Er.F(ab) complexes in whole platelets and in isolated 
platelet plasma membrane fragments. We measured r ( t )  at 
several temperatures, after decreasing the free calcium 
concentration at the required level by addition of EDTA (see 
Materials and Methods). After 50 min at 35 OC and 0.1 nM 
Ca2+, the phosphorescence anisotropy decay of a11ba3-E~- 
F(ab) complexes in whole platelets was fitted to a single 
exponential (4 = 20 ps) (Figure 4). The main modification 
observed was a substantial increase of the residual anisotropy 
from 0.030, at the physiological free calcium concentration, 
up to 0.053. In membrane fragments at 20 OC, calcium 
chelation with EDTA caused only a slight increase in rm. 

DISCUSSION 

We have shown in this study that a 50 nM concentration 
of a~~&--either in whole platelets (3 X lo8 platelets/mL, at 
about 8 X lo4 copies of (~11ba3 on the surface of a human 
platelet), or in platelet plasma membrane fragments (80 pg 
of total membrane protein/mL), or reconstituted in POPC 
liposomes (at a 11600 rYIIbp3/PoPc molar ratio)-is sufficient 
to perform transient phosphorescence anisotropy experiments 
and assess the rotational mobility of the fibrinogen receptor 
in the membrane, after specific and uniform labeling with 
Er-F(ab) fragments prepared from (YIIb- and &-subunit specific 
mabs directed to known epitopes in (~11bp3 (Figure 5 ) .  Whole 
antibodies were avoided for labeling because they may bind 
to the Fc receptors present at the platelet surface or, being 
bivalent, may cross-linkthe a1&3. It should be noted, however, 
that F(ab) fragments are not exempt from phenomena such 
as patching and capping and/or receptor-antibody internal- 
ization by endocytosis or by simple lateral diffusion to the 
surface-connected canalicular system of the platelet (Wencel- 
Drake, 1990). 

A number of previous studies, dealing with the structure 
and motions of c~1&3, should be summarized before discussing 
the rotational motion of ( Y I & ~  in the platelet plasma mem- 
brane. On the one hand, most of the 228 kDa of the 
heterodimer mass is extracellular, and of the three constitutive 
polypeptide chains, only two ((YIIbL and /33) transverse the 
membrane and do so only once (Heidenreich et al., 1991; 

Biochemistry, Vol. 33, No. 1, 1994 271 

axb PS - 
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FIGURE 5: Pictorial scheme of ~YII& in the human platelet membrane 
to indicate, to the best of our knowledge, the relative location of the 
epitopes of the mabs [Ml ((TIIbL 4-24), M3 (a11J-i 849-856), M4 

log), and P97 (b3 260-300)] used in this work, the oligosaccharide 
chains (-+), the calcium and fibrinogen binding sites, the trans- 
membrane and cytoplasmic segments, and the N- and C-terminals 
of a d - ,  and Bo. 

Zimrinetal., 1991;Lanzaetal., 1991). Thus,theheterodimer 
has 2 short cytoplasmic tails (20-50 residues each) and 2 
transmembrane segments, most probably in an a-helical 
conformation, which leads us to an estimate of the trans- 
membrane cross-sectional area of 1.3 nm2. The external 
domains have been mapped by epitope and ligand binding site 
location, proteolytic cleavage, and functional determinations 
[see Calvete et al. (1991a,b, 1992a,b) and references cited 
therein] from where indirect evidence on subunit and het- 
erodimer molecular flexibility has been gathered. In addition, 
the molecular flexibility of a11b/.?3 is manifested by the head- 
two-tail forms seen in the electron micrographs (Keifer & 
Phillips, 1990; Rivas et al., 1991c) and by the rotational 
correlation times ($1 = 3 f 1 ns, 42 = 15 f 3 ns, and 43 = 
150 f 20 ns) determined in Triton X- 100 solutions by time- 
resolved fluorescence anisotropy (M. P. Lillo, G. Rivas, J. 
Gonzdlez-Rodriguez, and A. U. Acuiia, unpublished results). 
The longest correlation time, 43, is much shorter than expected 
for the overall rotation of any model compatible with the 
physical parameters for the a11b83 monomer in solution (Rivas 
et al., 1991~).  The rotational correlation times (41 = 11 f 
2 ps, 42 = 65 f 4 ps, and r ,  = 0.01 0 )  have also been determined 
for isolated a11bP3 monomers directly labeled with eosin-ITC 
and reconstituted in egg yolk lecithin vesicles and measured 
by polarized laser-kinetic spectroscopy (A. U. Acuiia, K. R. 
Naqvi, and J. Gonzdlez-Rodriguez, unpublished experiments). 
Finally, the lateral heterogeneity, order parameter, and 
microviscosity of the platelet plasma membrane (Mateo et 
al., 1991a,b) andPOPC bilayers(Enge1 & Prendergast, 1981; 
Kinosita et al., 1984) have been determined by time-resolved 
fluorescence polarization. 

From the combined data above, we predict that a combi- 
nation of several motions contributes to the observed phos- 
phorescence anisotropy decay of a~~b&-Er-F(ab) in the three 
preparations studied here: the tethered motions (twisting, 
rocking, and bending) of the erythrosin probe itself and of the 
Er-F(ab) fragments bound to a11ba3; the segmental motions 
of small and large domains of (~11ba3 to which the Er-F(ab) 
fragments are bound; and, finally, a combination of uniaxial 
rotation, about the membrane normal, and wobbling, about 
axes in the plane of the membrane, of the whole a11bB3 monomer 
or any of its putative homo- or heteroassociation products in 
the membrane. 

Before a model for the rotational dynamics of (~11ba3 in the 
membrane is discussed, some specific conclusions can be 

((YIIbH 143-151), M5 ((YIIbH 550-558), P6 (p3 300-),,P37 (& 101- 
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derived from the phosphorescence anisotropy decays of the 
a11bP3-Er-F(ab) complexes. Thus, the qn. values found were 
always <50% of the ro values ( -0 .26)  determined for the 
probe in rigid matrices (Jovin & Vaz, 1989), indicating a 
large submicrosecond depolarization, mainly due to motions 
of the probe and its macromolecular carrier, including the 
binding site on a11b@3. The r.. values and the rm/rin. ratios, a 
measure of the angular restrictions imposed by the membrane, 
were in general found more dependent on the temperature 
thanon thenatureof the membrane preparationor the epitope 
location of the reporter antibody. On the other hand, a 
comparison of the rotational dynamic behavior of cUIIbP3 
observed through a given Er-F(ab) (Le., epitope) in whole 
platelets, in membrane fragments, and in POPC vesicles at 
35 OC reveals no significant differences (Table 2). From this, 
we deduced that a11bP3, both in platelets and in isolated plasma 
membrane fragments, is not subjected to rotational constraints 
other than those taking place in POPC vesicles. This eliminates 
extrabilayer factors, such as platelet cytoskeleton and mem- 
brane skeleton, as well as interactions with heterologous 
membrane proteins. Furthermore, if we consider that aI IbP3 
in Triton X-100 solutions has no tendency to autoaggregate 
(Rivas et al., 1991c) and given the low ~I I&/POPC molar 
ratio (1 / 600)  used in the reconstitution experiments reported 
here, one would not expect a11bP3 to aggregate in POPC 
vesicles. This is corroborated by the lack of abrupt changes 
in $1, $2, and r- of a~~b&-Er-F(ab) in POPC vesicles over the 
5-35 OC range. Therefore, it is reasonable to conclude that 
the a11bP3 monomer is the main species of the fibrinogen 
receptor present in whole platelets, isolated plasma membrane 
fragments, and POPC liposomes at physiological temperature. 

It is significant that, although 41 and 42 of a11&3 in platelets, 
membrane fragments, and POPC vesicles decrease to the same 
extent on decrasing temperature (Table 2), r ,  in whole platelets 
and membrane fragments differs significantly from r.. in POPC 
vesicles already at 20 OC, and more pronouncedly at 5 "C. 
Our explanation for this is based on the lateral heterogeneity 
of the human platelet plasma membrane lipids (Mateo et al., 
1991 b). Thus, at 20 "C about 20% of the lipids are in solidlike 
(most probably cholesterol-rich) domains, the proportion of 
which should increase significantly at 5 OC (not measured). 
In contrast, POPC remains in a homogeneous liquid-crystalline 
phase at the same temperatures. Therefore, one would expect 
a1&3 to be homogeneously distributed in POPC vesicles down 
to 5 OC. On the other hand, upon lowering the temperature 
below 35 OC, the platelet plasma membrane lipids gradually 
form solidlike domains, forcing a11b83 to partition between 
the fluid phase and the solid domains. This would give rise 
to a population of a11bP3 molecules rotationally frozen in the 
microsecond time range, accounting for the higher r ,  in the 
platelet plasma membrane compared with POPC vesicles. 
Alternatively, (~11bP3 may aggregate within the liquid-crys- 
talline phase with the same dynamic consequences. In both 
cases, the rotational correlation times of a11bP3 monomers 
remaining in the liquid-crystalline phase of the platelet 
membrane would be the same as those in POPC liposomes at 
the same temperature, as it is experimentally observed. 

Before attempting an interpretation of the r ( t )  decays of 
(~11b83 in the membrane and given the multiexponential 
character of the decays of both phosphorescence and phos- 
phorescence anisotropy observed in the systems studied here, 
it is important to eliminate the possibility that any of the r ( t )  
time constants could be uncorrelated with the angular motions 
of the emitters. On the one hand, we have observed 
preparations in which the relative contribution of the fast 
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emission component is only arround lo%, and yet the two 
anisotropy decay times are clearly resolved (Tables 1 and 2). 
On the other hand, there are preparations, such as membrane 
fragments labeled with M1 and the isolated F(ab) fragments 
in viscous sucrose solutions, where a single rotational corre- 
lation time together with two emission components was 
observed. Hence, we can exclude that the values of 41 and 
42 are dependent on the phosphorescence lifetimes and, 
therefore, conclude that they are due to mechanical reori- 
entational motions of CYII~P~.  

We turn now to the analysis of the phosphorescence 
anisotropy decays of a~~b&Er-F(ab) complexes in the mem- 
brane based on two alternative models. If we assume that 
a11b83 rotates as a rigid-cylinder around the membrane normal 
with diffusion coefficient DII-the ideal uniaxial rotational 
model-then the rate of rotation is given by the Saffman and 
Delbruck expression Dll = kT/4Ahq, where A is the cross- 
sectional area of the transmembrane domain of aII& (2 X 
3.14 X 0 .4S  nm2), h is the membrane thickness, and q is the 
membraneviscosity (Jovin & Vaz, 1 989). Thismodel predicts 
for a11b63 two rotational correlation times of relative magnitude 
42/41 - 4 and an average rotational correlation time 
somewhere between 150 ns for a11bP3 in pure POPC bilayers 
(q20 = 0.5 P) and 300 ns for a11bP3 in the platelet plasma 
membrane (920 = 1 P). Even if a viscosity as high as 4 P is 
considered, the 4 value predicted is not much higher than 1 
ps. Given that the predicted rate of rotation of a11&3 in the 
membrane is practically the same as that observed in solution, 
which is unacceptable, we conclude that this model is too 
unrealistic for the case studied here. 

In the alternative model, the rate of wobbling motion, D,, 
is given by the expression D, = kT/6qcVS, where V, and f 
are the effective volume and the shape factor of the trans- 
membrane domain, respectively, and qc is the apparent viscosity 
in the wobbling cone (Kinosita et al., 1984). Here again, the 
predicted average rotational correlation time for a11bP3 
wobbling is much smaller than the actual 42 value obtained, 
as was found before for other membrane proteins (Myers et 
al., 1992). Therefore, according to the evidence discussed 
above which indicates that the most likely rotating species at 
physiological temperature is the monomeric receptor, we 
conclude that none of the models based on rigid molecular 
structures predict the actual experimental data. To explain 
the observed dynamic behavior, it is necessary that some ecto 
or endo domains of a11bP3 may introduce other drag factors, 
besides membraneviscosity, which further slow down the a1143 
rotational motions in the membrane. 

Recent lateral diffusion measurements of chimeric mem- 
brane proteins [transmembrane proteins that were converted 
to glycosylphosphatidylinositol (GP1)-linked proteins or GPI- 
linked proteins that were converted to transmembrane- 
spanning proteins] have shown that the major determinant of 
the high mobility of GPI-linked proteins resides in the 
extracellular domain. In such cases, the lack of interaction 
of the extracellular domain of GPI-linked proteins with other 
membrane components allows a diffusion constrained only by 
the motion of the membrane anchor. In contrast, the 
membrane interactions of the ecto domain of membrane- 
spanning proteins reduce 10-fold their lateral diffusion 
coefficients, with respect to GPI-linked proteins (Zahng et 
al., 1992). Since the a11b@3 monomer is the only molecular 
species in POPC liposomes, then the main molecular inter- 
actions restricting a11bP3 rotational mobility should be those 
between POPC and ecto and/or endo domains of CUIIb03. The 
retarding effect of the Er-F(ab) should be negligible, given 
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the similar results obtained with a~~b&-eosin (directly labeled 
with eosin-ITC) and a~~&-Er-F(ab) incorporated in egg yolk 
lecithin and POPC liposomes, respectively (see above). The 
drag, which may involve electrostatic and hydrogen bond 
interactions after water exclusion between (YIIb& and the 
surface of the bilayer and/or protein acyl group penetration 
into the bilayer, must be of the same nature and occurs to the 
same extent in whole platelets, isolated membranes, and 
reconstituted liposomes. Membrane lipid composition would 
then modulate a11bP3 rotational dynamics not only via 
membrane viscosity but also through lipid head-group com- 
position and protein acylation (Conforti et al., 1990; Smyth 
et al., 1992; Cierniewsky et al., 1992). It would be very 
interesting to know if the highly asymmetric lipid distribution 
in the platelet plasma membrane (Schroit & Zwaal, 1991), 
which is altered significantly after platelet activation, mod- 
ulates c~11bb3 rotational mobility. 

If the above interpretation of the phosphorescence anisotropy 
decays of (~11bp3 proves to be correct, then 41 must represent 
the substantial segmental motions of c~11bP3 in the membrane. 
Although the accuracy of 41 is low, due to the instrumental 
limitations, its value decreases between a third and a half on 
going from 5 to 35 OC. 

Two aspects remain to be discussed: the effect of F(ab’)2 
fragments and calcium chelation on the rotational-mobility 
of ~u11b83. We have already concluded that a11bP3 is mainly 
in the monomer form in the membranes studied here. 
Therefore, it is expected that by being bivalent and monoclonal 
the F(ab’)z fragments would (1) either not modify appreciably 
the a~~&-Er-F(ab) phosphorescence anisotropy decays (2) 
or form C Y I I ~ ~ ~  dimers, but not oligomers, if the binding site 
in a11bP3 is suitably located so as to allow cross-linking of 
nearest neighbors. Thus, dimerization, the only cross-linking 
form observable, should be accompanied by an increase in 42 
and in r,. Only two Er-F(ab)-F(ab’)z pairs (P37-M5 and 
M5-P37) (Table 3) exhibitedsuch behavior. Withother pairs, 
either no change or at most a moderate increase in 42 and a 
consistent increase in rm were observed. Unfortunately, we 
did not measure the extent of cross-linking by an alternative 
procedure. Thus, a full interpretation of these results requires 
the verification of cross-linking and determination of the fate 
of the F(ab’)-a~~&-Er-F(ab) complexes in whole platelets. 

Calcium chelation at 35 OC, both in whole platelets and in 
isolated membrane fragments, caused an irreversible and 
substantial increase in rin. and r ,  as well as important changes 
in the decay of the anisotropy, which could only be fitted to 
a single exponential with a rotational correlation time in the 
range of 20 ps. We regard these results as evidence for 
immobilization of the majority of the (~11ba3 monomers, the 
residual decay being mainly due to the hindered segmental 
motions observed in the control samples. This interpretation 
fits with previous functional and biochemical studies in whole 
platelets (Zucker & Grant, 1978; Shattil et al., 1985; Pidard 
et al., 1986) and in isolated a11bP3 in solution (Rivas et al., 
1991a,b), in which it was found that prolonged calcium 
chelation at  physiological temperature produces a loss of 
platelet aggregability and autoassociation of the a I I b  and ,t13 
subunits. 

CONCLUSIONS 

The main conclusion of this work is that at  physiological 
temperature, the large majority of a1&3 in the plasma 
membrane of human platelets is in the monomer form, free 
from interactions with other membrane and cytoskeletal 
proteins. As expected, the (~11b83 rotational mobility in the 
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microsecond range showed angular and rate constraints. 
Unexpectedly, however, the bilayer imposes a constraint on 
the rotational rate of (~11@3 much larger than that due to 
bilayer microviscosity. This effect is probably mediated 
through electrostatic and hydrogen bond interactions, after 
water is excluded in between c~11b@3 and the bilayer surface, 
and/or penetration of a11b83 acyl groups into the bilayer. This 
dynamic picture of C Y I I ~ ~  is consistent with previous mor- 
phological, biochemical, and functional studies in which it 
was found that the fibrinogen receptor autoassociates and 
associates with cytoskeletal or membrane skeletal proteins 
only after platelet activation, receptor induction, and fibrinogen 
binding (Plow & Ginsberg, 1989; Kieffer & Phillips, 1990; 
Hynes, 1992). Furthermore, we know that the fibrinogen 
receptor is acylated (Cierniewsky et al., 1989) and its function 
is modulated by specific lipids (Smyth et al., 1992). On the 
other hand, the irreversible immobilization of ( Y I I ~ @ ~  observed 
after prolonged calcium chelation at  physiological temper- 
atures is consistent with the loss of platelet aggregability and 
CYIIb- and &subunit autoassociation found before. Here we 
have also proposed that the fast rotational correlation time, 
41, represents the slowest segmental motions of (~11ba3 in the 
membrane. If that is confirmed by further work, then time- 
resolved phosphorescence anisotropy of c~1&3 in whole platelets 
and in model membranes would be an exceptionally good 
method to assess the mechanism of induction of the fibrinogen 
receptor (LYII~@~*); fibrinogen binding to a11&3*; autoasso- 
ciation of a11b@3* in the platelet surface and the heteroasso- 
ciation of L Y I I ~ @ ~ *  with skeletal proteins; modulation of the 
structure, molecular dynamics, and function of (~11b03 and 
rUIIbp3* by lipid head groups, membrane viscosity, acylation, 
etc.; signal transduction inside-out and outside-in through 
a I I b P 3  and cYIIb@3*; and Ca2+-, lipid-, and temperature- 
dependent stabilization of the (~11bp3 heterodimer in the 
membrane. 

Finally, since (~11bb3 shares a structural and functional 
pattern with the rest of the members of the integrin family, 
the present conclusions may generally apply to the micro- 
second-range rotational dynamics of these molecules. 
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