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A B S T R AC T Platelets from patients with Glanz-
mann's thrombasthenia have a distinct molecular
alteration of the plasma membrane surface, namely
decreased amounts of a major glycoprotein designated
as Ilb (apparent mol wt 142,000). To identify other
possible surface defects of thrombasthenic platelets,
we labeled the membrane polypeptides of normal and
thrombasthenic platelets by two different techniques:
lactoperoxidase-catalyzed iodination and galactose oxi-
dase oxidation, followed by reduction with tritiated
sodium borohydride. Labeling patterns were deter-
mined after the polypeptides were separated by two-
dimensional polyacrylamide gel electrophoresis. Be-
fore the second dimension was run, platelet samples
were incubated with a reducing agent, 8-mercapto-
ethanol, to cleave the disulfide bonds of certain gly-
coproteins; the resulting changes in electrophoretic
mobility permitted better resolution of individual
molecules. Comparison of the labeled polypeptides of
normal and thrombasthenic samples after reduction
indicated decreased labeling of two major glycopro-
teins in thrombasthenic platelets: IIb and III (ap-
parent mol wt 114,000). The relative proportions of
radioactivity incorporated by these polypeptides were
about 60 and 80% less than control values, respec-
tively. With either Coomassie Blue or periodic acid-
Schiff's reagent, glycoprotein III stained much less
intensely in thrombasthenic compared to normal sam-
ples, indicating that the observed labeling deficit was
caused by a decreased concentration of the molecule
rather than steric inaccessibility on the membrane sur-
face. Analysis of normal plasma membranes by af-
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finity chromatography showed that glycoprotein Ilb has
receptors for lectin from Lens culinaris, the common
lentil, whereas- III does not. Weconclude that a char-
acteristic feature of Glanzmann's thrombasthenia is a
decreased concentration of two discrete glycoproteins
in the platelet plasma membrane.

INTRODUCTION

Glanzmann's thrombasthenia, an inherited disorder
of blood platelets, is characterized by a prolonged
bleeding time, abnormal clot retraction, a normal
platelet count, and the absence of platelet aggrega-
tion (1, 2). Although certain enzymatic differences
have been reported for thrombasthenic vs. normal
platelets (3-5), the molecular basis of the disorder
appears to be an altered membrane surface, as sug-
gested by several lines of evidence (6-9).

The first convincing demonstration of a specific
membrane defect on thrombasthenic platelets came
from the work of Nurden and Caen (10, 11). Using
polyacrylamide disc-gel electrophoresis to separate
membrane polypeptides and glycoproteins, and peri-
odic acid-Schiffs (PAS)1 reagent to stain carbohydrate,
they could not detect a major PAS-positive glycoprotein
and concluded that its absence was a distinguishing
feature of thrombasthenia. More recent stuLdies (12)
have established that this glycoprotein, now termed

1 Nomenclature and abbreviations used in this paper:
Our notation system for glycoproteins follows the current
convention (13, 14), in which Roman numeral I designates
the molecule with the highest molecular weight, Roman
numeral II the next highest and so on. The letters a, b,
and c denote discrete molecular species within molecular-
weight classes, and subscripts a and /3 denote the sub-
units (alpha or beta chains) of individual glycoproteins. DOC,
sodium deoxycholate; PAS, periodic acid-Schiff's reagent;
SDS, sodium dodecyl sulfate.
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lIb, is indeed altered in thrombasthenic platelets, but
that the alteration is a decrease in concentration rather
than a complete absence of the molecule.

Analyzing the plasma membranes of thrombasthenic
and normal platelets for differences in polypeptide
composition is complicated by the presence of numer-
ous proteins and glycoproteins, some with nearly
identical molecular weights (13). Further, surface pro-
teins may be altered during the preparation of platelets
for electrophoresis, and some do not stain well enough
to be clearly identified. Lactoperoxidase-catalyzed
iodination of membrane polypeptides, followed by
two-dimensional electrophoresis of nonreduced-re-
duced samples, circumvents these problems and per-
mits a more comprehensive analysis of plasma mem-
brane composition (13). These procedures were there-
fore adopted for further investigation of the exposed
proteins of thrombasthenic platelets. Reported here is
evidence that Glanzmann's thrombasthenia is char-
acterized by decreased concentrations of two dif-
ferent membrane glycoproteins: IIb and another major
glycoprotein, termed III.

METHODS
Clinical material. Platelets from six normal donors and

from five patients who fulfilled the diagnostic criteria of
Glanzmann's thrombasthenia (1, 2) were studied. Two pa-
tients were sisters; another sister in the same family also
had thrombasthenia, and her platelets were the basis of
an earlier report (9). The remaining three patients, two
brothers and a sister, were from a different family and
all have been subjects in previous studies (15-17). All ex-
periments were repeated twice for each patient; an excep-
tion was two-dimensional electrophoresis, in which three
platelet samples were used, two from the first family and
one from the second. The relative proportions of label in-
corporated by glycoproteins did not vary from patient to
patient, so only representative results are presented in auto-
radiograms and fluorograms.

Chemicals. Carrier-free Na 1251, sp act 16 Ci/mg, was
purchased from Schwarz/Mann Div., Becton, Dickonson &
Co., Orangeburg, N. Y.; and tritiated sodium borohydride,
sp act 15 Ci/mmol, from Research Products International
Corp., Elk Grove Village, Ill. Sources of other chemicals
were: galactose oxidase (lot no. GAO 56K390) and /8-
galactosidase, Worthington Biochemical Corp., Freehold,
N. J.; neuraminidase (lot no. BZ 2497), Schwarz/Mann Div.;
bovine serum albumin, ovalbumin, azocasein, and a-methyl-
D-mannoside, Sigma Chemical Co., St. Louis, Mo.; chymo-
trypsinogen A, Mann Research Laboratories, New York;
and Moni-Trol, American Hospital Supply Corp., Miami,
Fla. The galactose oxidase (62 U/mg of protein) was found
to be heavily contaminated with proteolytic enzymes and was
further purified by the method of Hatton and Regoeczi
(18) to a specific activity of 830 U/mg of protein. It was
treated with phenylmethylsulfonyl floride (Sigma Chemical
Co.), 280 ,ug/ml, which inhibited the slight residual proteo-
lytic contamination. Neuraminidase was free of protelytic
activity as determined by the lack of hydrolysis of azocasein
(19). Lactoperoxidase, a gift from Dr. M. Morrison, was iso-
lated from bovine milk by the method of Morrison and Hult-
quist (20); myosin was isolated from human platelets as

described by Pollard et al. (21). Sodium dodecyl sulfate
(Sigma Chemical Co.) was recrystallized from ethanol, and
acrylamide (Eastman Organic Chemicals Div., Eastman
Kodak Co., Rochester, N. Y.) from chloroform. All other
chemicals were reagent grade.

Isolation of platelets. Unless otherwise indicated, 17.2
ml of blood was drawn from each normal donor and each
thrombasthenic patient and mixed with 2.8 ml of acid
citrate dextrose (22). The blood was centrifuged immediately
at 160 g for 10 min at room temperature to obtain platelet-
rich plasma. The platelets were then separated from plasma
within 4 h after collection and washed as described by Mas-
sini and Luscher (23). The buffer for the first washing
step contained 0.12 M sodium chloride, 0.0129 M trisodium
citrate, and 0.03 M glucose; for the last step it contained
0.154 M sodium chloride, 0.01 M Tris, and 1 mMEDTA,
pH 7.4. The washed platelets were resuspended in the EDTA
buffer at a concentration of 1 x 109 platelets/ml. More than
99.9% of the cells isolated by this procedure were plate-
lets, as determined by phase-contrast microscopy.

lodination of washed platelets. 1 mCi of 125I followed
by 10 gl of 0.1 M sodium phosphate, pH 7.4, containing
0.25 nmol of lactoperoxidase, was added to stirred, washed
1-ml platelet suspensions containing 1 x 109 platelets (13,
14). Sufficient iodination was obtained by adding to the
platelet suspensions, at 10-s intervals, five 10-,ul aliquots of
freshly prepared 3 mMhydrogen peroxide solution (1 mM
EDTAbuffer), followed by 9 ml of the EDTAbuffer. The plate-
lets were sedimented by centrifugation, washed once with 10
ml of the same buffer and recentrifuged. After the buffer
was completely removed, the centrifugation tube containing
the platelet pellet was flushed with nitrogen gas. The plate-
lets were solubilized by rapid suspension in 0.2 ml of de-
aerated water, to which 0.1 ml of deaerated 10% sodium
dodecyl sulfate (SDS) was immediately added. The suspen-
sion was then immersed in boiling water for 3 min to
complete solubilization. The solubilization step and subse-
quent incubations were performed in an atmosphere of
nitrogen gas. The solubilized platelets were sealed under
nitrogen gas in a glass ampoule.

Tritium labeling of washed platelets. Treatment of plate-
lets with galactose oxidase followed by reduction with triti-
ated sodium borohydride, [3H]NaBH4, permitted specific la-
beling of surface galactose and galactosamine residues in
glycoproteins (24). Incubation of 1 ml of washed platelets
containing 1 x 109 platelets/ml with 10 U of Vibrio cholerae
neuraminidase for 1 h in Tyrode's solution at 37°C was fol-
lowed by incubation with 7.5 U of galactose oxidase for 1.5 h
at 37°C. Then 2.5 mCi of [3H ]NaBH4 was added and the mix-
ture was incubated for 1 h at 37°C. The cells were washed
between each incubation step and then solubilized an-
aerobically as described for the iodinated samples and elec-
trophoresed.

SDS-polyacrylamide gel electrophoresis. For one-dimen-
sional gels, samples of labeled, SDS-solubilized platelets
(10-20 gl containing 50 ,ug of protein) were mixed with 50
,l of sample buffer either in the presence or absence of
reducing agents. Protein concentrations were determined by
the method of Lowry et al. (25) with Moni-Trol as the stand-
ard. Nonreduced polypeptides were separated by incubating
the samples at 1000C for 3 min with an anaerobic buffer
free of reducing agents. To obtain complete reduction, the
samples were heated at 100°C for 10 min with a buffer
containing 10% ,8-mercaptoethanol. The samples were elec-
trophoresed in a commercial slab-gel apparatus (Model
220, Bio-Rad Laboratories, Richmond, Calif.) by the method
of Laemmli (26). The resolving slab (16-cm width, 9-cm
length, and 0.15-cm thickness) contained 7.5% acrylamide and
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0.1% SDS and was covered with a 1-cm layer of 3%
acrylamide stacking gel. The slot for each sample was
0.8-cm wide. Electrophoresis was performed at 25 V for
approximately 18 h (the time required for the tracking dye to
reach the bottom of the gel). The polypeptides were stained
with Coomassie Blue (27). Carbohydrate staining by the
PAS procedure required a high concentration of protein;
therefore, 400 ,usg of protein was analyzed in cylindrical
gels prepared as above and stained with PAS reagent (14).
Molecular weights were estimated2 from comparisons with
standard proteins: platelet myosin (200,000 mol wt), /3-
galactosidase (130,000 mol wt), bovine serum albumin
(68,000 mol wt), ovalbumin (43,000 mol wt), and chymotryp-
sinogen A (25,700 mol wt).

For nonreduced-reduced two-dimensional electrophoresis,
approximately 50 ,lI of iodinated, SDS-solubilized platelets
containing 200 Mg of protein was mixed with 50 Al of
nonreducing sample buffer and electrophoresed in the same
slab-gel apparatus as described above. The lane containing
the resolved platelet polypeptides was trimmed to a width of
6 mmand incubated in 5 ml of the reducing sample
buffer containing 10% ,3-mercaptoethanol for 15 min at 60°C
to reduce the disulfide bonds of platelet polypeptides.
The acrylamide strip was rinsed twice with the electrode
buffer and placed on top of the stacking gel of the second
slab. This sample was electrophoresed for 90 min at 15 V
and then 25 V until the tracking dye reached the bottom of
the gel. Protein staining and molecular-weight determina-
tions were performed as described for one-dimensional
gels.

Autoradiography. Stained gels of iodinated platelet sam-
ples were dried under vacuum and stored next to X-ray
film (Royal X-O-Mat RP/R-St., Eastman Kodak Co.). After
1-5 days of exposure, the film was processed as suggested
by the manufacturer. Fluorograms of gels containing triti-
ated samples were prepared by the method of Bonner and
Laskey (30). In one experiment (Table I), iodinated poly-
peptides were cut from the gels and the amount of radio-
activity was determined with a gammaradiation counter.

Preparation of the Lens culinaris lectin affinity column.
Lectin was isolated from the common lentil (Lens culinaris)
by the procedure of Howard et al. (31). The final purifica-
tion step consisted of adsorption on Sephadex G-100 (Phar-
macia Fine Chemicals Inc., Piscataway, N. J.) and elution
with 0.05 M D-glucose. Analysis of the purified material by
SDS disc-gel electrophoresis showed a single band. The
lectin (60 mg protein) was dialyzed against 0.2 M sodium
bicarbonate, pH 9.5, and added to an equal volume (10 ml)
of cyanogen bromide-activated Sepharose 4B (Pharmacia
Fine Chemicals, Inc.) (32) in the presence of 0.1 mMMnCl2
and 2%a-methyl mannoside. The resulting slurry was stirred
for 18 h at 4°C, and after 0.75 g of glycine was added,
was stirred an additional 2 h. Unattached lectin was removed
from the Sepharose beads by three washes with 10 vol of
0.05 MTris, pH 7.6. The beads were isolated by centrifuga-
tion, suspended in 10 ml of 1.2% sodium deoxycholate
(DOC), poured into a glass column (1.1 x 8 cm), and washed
successively with 10 ml of 1.2% DOC, 50 ml of 2.5% a-
methyl mannoside in 1.2% DOC, and finally with 1.2%
DOC.

Isolation of platelet receptors. Platelet plasma membranes

2 Many of the membrane polypeptides in this study con-
tained carbohydrate and disulfide bonds, two factors that
can result in errors in determination of molecular weight by
SDS-gel electrophoresis (28,29). Consequently, the molecular
weights for glycoproteins are apparent only.

were prepared by the glycerol lysis method (33) from pooled
platelet concentrates within 24 h of blood collection. Isola-
ted platelet membranes were solubilized in 1.2% DOCand
centrifuged at 100,000 g for 1 h (about 90% of the membrane
protein was solubilized). The clear supemate, containing
2.5 mg protein in 5 ml, was allowed to flow through the
L. culinartis lectin column over a period of 30 min. The
column was washed with 50 ml 1.2% DOC, until the optical
density (OD280) of the eluate reached background, and then
with 50 ml of 2.5% a-methyl mannoside in 1.2% DOCto
elute material with receptors for L. culinaris lectin. Most
of the proteins were not retained and flowed directly
through the column. No further ultraviolet-absorbing material
was eluted until a-metiyl mannoside was added. After the
OD280 of each 2.0-ml fraction was determined, the tubes
containing the "flow-through" material and the a-methyl
mannoside-eluted peaks were pooled, dialyzed extensively
against H20, lyophilized, solubilized in 2%SDS, and analyzed
by electrophoresis.

RESULTS

lodination of normal and thrombasthenic platelets.
At least six glycoproteins, with molecular weights
ranging from 97,000 to 170,000, are normally exposed
on the platelet membrane surface (13). Wheniodinated
membrane polypeptides of normal platelets were
separated by electrophoresis without reduction, and
the distribution of radioactivity determined by auto-
radiography, five distinct bands, corresponding in
electrophoretic mobilities to glycoproteins la, Ib, hIa,
Ilb, and III, were present (Fig. 1). An additional
glycoprotein, IV, has a molecular weight similar
to that of glycoprotein III but iodinates much less
readily (13) and was therefore not detected by this
technique. Comparison of the polypeptide composi-
tion of normal vs.. thrombasthenic platelet samples
indicated strikingly decreased iodination in regions
corresponding to the electrophoretic mobilities of
glycoproteins lIb and III on thrombasthenic platelets.

Nonreduced-reduiced twvo-dimensional electrophore-
sis. Cleaving the disuilfide bonds of platelet mem-
brane glycoproteins has a profound effect on their
electrophoretic mobilities (13). When the bonds that
link glycoproteins to small subunits (/3-chains) are
cleaved, the electrophoretic mobilities of the larger
subunits (a-chains) are greater than those of the parent
molecule. Conversely, cleavage of intramolectular di-
sulfide bonds causes a decrease in electrophoretic
mobility. Thus, glycoproteins can be more completely
separated by nonreduced-redtuced two-dimensional
electrophoresis than by simple one-dimensional
separation.

The iodinated polypeptides of normal and throm-
basthenic platelets were separated by nonreduced-
reduced, two-dimensional electrophoresis. In the first
step of the procedure, solubilized platelet polypeptides
with intact disulfide bonds were separated by elec-
trophoresis. Separation in the second dimension was
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FIGuRE 1 Autoradiogram of 125I-labeled polypeptides sepa-
rated in acrylamide gels. Washed platelets from two throm-
basthenic patients and two normal donors were labeled by
lactoperoxidase-catalyzed iodination and solubilized anaero-
bically in SDS. The sample was electrophoresed with disul-
fide bonds intact (no reduction) directly on a 7.5% poly-
acrylamide slab gel, stained for protein, and dried. The
figure is an autoradiogram of the dried gel. Normal controls
are designated as 1 and 4, and thrombasthenic samples
as 2 and 3.

performed after the disulfides in the resolved poly-
peptides were cleaved with 10% f3-mercaptoethanol.
With this two-dimensional electrophoretic procedure,
any component not containing a disulfide linkage
appeared on a diagonal line, since its mobility was

the same in both directions. Any shift from the line
indicated that the polypeptide contained a disulfide
bond. In Fig. 2A, an autoradiogram of a normal sample,
all six previously identified (13) glycoproteins are

resolved. Only the a-chains of the dimeric glyco-
proteins, Ib and IIb, are visible, since the 8-chains
migrate off the 7.5% acrylamide gel (13). Wehave not
yet determined if the additional radioactive component
present, Ice, is also glycosylated. The decrease in
electrophoretic mobility of glycoprotein III after reduc-
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tion with 8-mercaptoethanol resulted in good separa-
tion of the molecule from glycoprotein IV, which was
unaffected by reduction. The labeling pattern of re-
duced polypeptides from thrombasthenic platelets
(Fig. 2B) showed two conspicuous differences from
the pattern of normal reduced samples: there was
greatly decreased iodination of IIbc, and of III, now
distinct from IV.

Quantitation of labeling differences. To quantitate
the observed differences in iodination among major
membrane polypeptides of thrombasthenic vs. normal
platelets, we compared the amounts of radioactive
iodine incorporated into the various glycoproteins.3
Compared in Table I are the mean amounts of radio-
activity incorporated by glycoproteins Iba, IIb<,, and
III, relative to that of Ia. In thrombasthenic samples,
glycoproteins IIba and III incorporated about 60 and
80% less radioactivity than the corresponding fractions
of normal samples; incorporation by IbG, was essentially
the same in both groups.

Tritium labeling of normal and thrombasthenic
platelets. Lactoperoxidase-catalyzed iodination
labels only cell-surface tyrosyl and histidyl residues
and is not specific for glycoproteins (35). Another label-
ing technique, specific for carbohydrate residues, was
therefore used as an alternate to iodination. This tech-
nique utilizes oxidation by galactose oxidase followed
by reduction with tritiated sodium borohydride to
specifically label surface galactose and galactosamine
residues in glycolipid and glycoprotein (29). Labeling
patterns of glycoproteins in thrombasthenic vs. normal
platelets were determined after separation of polypep-
tides by gel electrophoresis. Comparison of auto-
fluorograms of reduced samples (Fig. 3A) indicated the
same decreased labeling of glycoproteins IIbc, and III
in thrombasthenic platelets seen on autoradiograms of
iodinated samples (Fig. 3C). In addition, the protein-
stained gels (Fig. 3B) also showed decreased staining
of a polypeptide corresponding in molecular weight
to glycoprotein III. Whenan autofluorogram of the tri-
tiated normal sample was slightly overexposed, all

3 Absolute values for platelet samples could not be com-
pared because the extent of iodination depends on a number
of variables (e.g., the rate of hydrogen peroxide utilization
by the platelet) and results often vary widely among subjects.
However, since only a small percentage of each surface
component is iodinated (34), the amount of label in each
component is proportional to its concentration on the mem-
brane surface. Accordingly, on a platelet sample from one
individual, the amount of label incorporated by one platelet
membrane glycoprotein, relative to that incorporated by an-
other, is independent of the total amount of label incorporated.
This is shown in Table I, where the ratios of glycoprotein
iodination within either normal or thrombasthenic groups
were independent of the amount of iodination. Various
iodinations of human erythrocyte stroma have produced simi-
lar results (35).
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FIGURE 2 Separation of iodinated polypeptides of normal (A) and thrombasthenic (B) plate-
lets by nonreduced-reduced two-dimensional electrophoresis. Thrombasthenic and normal
platelets were washed, labeled by lactoperoxidase-catalyzed iodination, solubilized anaerobi-
cally in SDS, and subjected to two-dimensional analysis. The samples were first electro-
phoresed without reduction (disulfide bonds intact). Polypeptides resolved by this separation
were then reduced with 10%B-mercaptoethanol to cleave disulfide bonds and electrophoresed
in the second dimension. The figures are autoradiograms of the dried gels. In B, the dotted
circles indicate the positions of Ilba and III in gels of normal samples. Slight labeling
by Ilb0 and III could be seen if the autoradiograms were overexposed. The gel to the left of each
diagonal is a one-dimensional separation of the reduced sample.
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TABLE I
Relative Distribution of Radioactive Iodide among Major

Glycoprotein Fractions of Thrombasthenic Platelets*

Incorporation of 125I by fraction

Ia Ib,, IIb, III

103 cpm = %of la

Control
1 5.8 8.6 = 148% 16.7 = 288% 34.6 = 598%
2 9.0 10.1 = 112% 22.9 = 255% 58.5 = 651%
3 5.1 6.2 = 121% 12.1 = 239% 24.7 = 487%
4 11.5 11.3 = 98% 16.2 = 140% 36.7 = 318%
5 14.0 17.5 = 125% 27.9 = 199% 65.1 = 466%
6 10.4 16.4 = 159% 27.1 -262% 60.0 = 569%

Mean %-SD (100) 127±23 230±53 515±118

Patient
1 3.3 4.8 = 145% 3.8 = 114% 4.0 = 120%
2 14.9 16.2 = 109% 16.2 = 109% 15.0 = 100%
3 9.7 12.2 = 125% 9.7 = 99% 12.3 = 126%
4 8.7 10.5 = 121% 10.3 = 118% 10.9 = 125%
5 5.6 7.2 = 129% 5.9 = 105% 7.2 = 129%

Mean %±SD (100) 126±13 109±7 120±12

* Normal and thrombasthenic platelets were labeled by lactoperoxi-
dase-catalyzed iodination, solubilized in SDS and reduced with 10%
,3-mercaptoethanol. The polypeptides were separated by electro-
phoresis on 7.5% acrylamide gels. After the precise positions of the
radioactive bands were determined by autoradiography, the bands
were cut from the dried gel and the amount of radioactivity
determined.

glycoproteins visible in the tritiated thrombasthenic
sample were present. The increased labeling by the
galactose oxidase procedure of some of the low molecu-
lar weight glycoproteins on the thrombasthenic plate-
lets could be a consequence of the alterations in
glycoproteins Ilb and III.

Protein staining of polypeptides from normal and
thrombasthenic platelets. The decreased labeling of
glycoprotein Ilb can be attributed to a decreased
concentration of the molecule, as shown by PAS
staining of polypeptides in thrombasthenic platelet
membranes (10, 11). In earlier studies, however, glyco-
protein III was not resolved from other glycoproteins
by carbohydrate staining of electrophoresed, partially
reduced samples (10-13), so that its decreased labeling
could be the result of either a decreased concentra-
tion or steric inaccessibility on the membrane surface.
The results from Fig. 3B indicated that the first al-
ternative was likely; i.e., that the concentration of gly-
coprotein III was lower in thrombasthenic platelets.
This alternative was examined further by staining
polyacrylamide gels for protein after the normal and
thrombasthenic membrane polypeptides had been
separated by nonreduced-reduced, two-dimensional
electrophoresis. Without disulfide bonding, glyco-
protein III decreased in electrophoretic mobility in
normal samples and was clearly separated from other
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polypeptides (Fig. 4A). In thrombasthenic samples
(Fig. 4B), there was only slight staining in the glyco-
protein III region, consistent with a decreased con-
centration of the molecule. A lower amount of gly-
coprotein IIb,e in thrombasthenic platelets was also
observed with this staining procedure. Staining with
PAS reagent (results not shown) likewise showed a
decreased concentration of glycoproteins Ilb and III
in thrombasthenic samples.

Affinity chromatography. Some glycoproteins in
the erythrocyte membrane aggregate in SDS and ap-
pear at more than one place on the acrylamide gel
(36). To determine if glycoproteins Ilb and III have
different carbohydrate residues, and hence are dis-
crete molecular species, we measured their relative
affinities for L. cutlinaris lectin, which binds primarily
to mannosyl and glucosyl residues in carbohydrate-
containing molecules (37). The approach for isolating
lectin receptors from the platelet plasma membrane
was similar to that described by Hayman and Crump-
ton (38) for use with lymphocyte plasma membranes.

A deoxycholate extract from normal platelet plasma
membranes was chromatographed on a L. culinaris
lectin affinity column (Fig. 5). The bound material
was eluted from the lectin by using an excess of the
specific haptene, a-methyl mannoside, indicating that
the bound material was specifically interacting with the
lectin via carbohydrate residues. No ultraviolet-absorb-
ing material adsorbed onto the column when Sepharose
4B alone was used.

Fig. 6 is an electrophoretic analysis of the proteins
eluted from the column. Comparisons of gels stained
for protein (Fig. 6A) and carbohydrate (Fig. 6B) showed
that glycoprotein Ilb was almost completely adsorbed
onto the lectin column. By contrast, glycoproteins III
and IV had weak affinity for the lectin. In addition,
glycoprotein lb and a small amount of Ila were also
bound and subsequently eluted from the column with
the haptene.

DISCUSSION

Weconclude from these results that there is a paucity
not only of glycoprotein lIb but also of III in throm-
basthenic platelets. Our interpretation conflicts with
earlier judgments (10, 11) that glycoprotein III is un-
altered. One explanation is that glycoproteins III
and IV were not separated by previous electrophoretic
techniques (10-12). Although, as isolated without re-
duction, the two components have similar apparent
molecular weights (99,000 vs. 97,000), they can be
resolved after extensive reduction (13). The apparent
molecular weight of III increases from 99,000 to
114,000 when its disulfide bonds are cleaved by re-
ducing agents, while the electrophoretic mobility of IV
appears to be unchanged. This suggests that glyco-
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FIGuRE 3 Comparison of galactose oxidase/Na [3H ]BH4 labeling and lactoperoxidase-catalyzed
iodination of normal and thrombasthenic platelets. Platelets from a normal donor (gels 1, 3,
and 5) and a thrombasthenic pateint (gels 2, 4, and 6) were labeled by either the galac-
tose oxidase procedure or lactoperoxidase-catalyzed iodination. The polypeptides and glyco-
proteins were then solubilized in SDS, reduced, and electrophoresed on 7.5% polyacryla-
mide gels. The autofluorograms in A show the distribution of tritium in the gels of galac-
tose oxidase/Na[3H]BH4 labeled platelets. The polypeptides in B were stained for protein
with Coomassie Blue. The autoradiograms in C show the distribution of iodine in the gels of
lactoperoxidase-treated platelets. M refers to platelet myosin, A to platelet actin. The arrows
(*-) in gel 4 designate the positions of molecular weight standards myosin, 8-galactosidase,
bovine serum albumin, and ovalbumin, respectively.

protein III contains intrasubunit disulfide bonds and
glycoprotein IN does not. In previous studies, which
made use of partially reduced platelet samples (10-
12), this distinction could not be made and glyco-
protein IV in thrombasthenic platelets was incorrectly
assumed to be glycoprotein III.

There is ample reason to believe that glycoproteins
Ilb and III are distinct molecules. First, they have
unique molecular weights (13): they appear at dif-
ferent positions on the acrylamide gel, and are not
interconverted when incubated at varying tempera-
tures and times. Second, their polypeptide chains dif-
fer, as shown by the reaction of the molecules to
reducing agents (13). Unlike glycoprotein III, which
decreases in electrophoretic mobility after reduction,
glycoprotein Ilb dissociates into subunits upon di-
sulfide cleavage. Third, the two glycoproteins have
different labeling characteristics: III is labeled more
intensely by lactoperoxidase-catalyzed iodination and
Ilb more intensely by the galactose oxidase procedure.
Finally, normal glycoprotein IIb and III were partially
resolved by affinity chromatography with the lectin

from L. ctilinaris. This demonstrates that the two
glycoproteins have different lectin receptors.

The results of nonreduced-reduced two-dimensional
electrophoresis (Figs. 2 and 4) strongly suggest that the
molecular expression of the platelet membrane defect
in thrombasthenia is quantitative. Glycoproteins Ilb
and III always appeared in the same positions in
the gel as their normal counterparts, but in much
lower concentration. Even though their molecular
weights are unaltered, we cannot say with certainty
that these glycoproteins are completely homologous
with the normal components. This interpretation
agrees with studies of the inherited brush-border
membrane disease, in which sucrase-isomaltase pro-
teins are decreased in concentration and do not ap-
pear to be present in an altered form (39).

The phenotypic expression of Glanzmann's throm-
basthenia, inherited as an autosomal recessive trait,
is well characterized (1, 2). Still unclear is the genetic
basis for alteration of two different molecules in the
disease. A decreased concentration of these membrane
components with no observable change in the function
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FIGURE 4 Protein staining of normal (A) and thrombasthenic (B) platelet polypeptides
separated by nonreduced-reduced two-dimensional electrophoresis. Normal and thrombasthenic
polypeptides were separated by the procedure described in Fig. 2 and stained with Coomassie
Blue. The dashed circles indicate the positions of iodinated components in Fig. 2; the dotted
circles in B correspond to the positions lIb and III in gels of normal samples. The gel
to the left of each diagonal is a one-dimensional separation of the reduced sample.

of any other cell type suggests several possibilities.
First, there could be a single mutation in a structural
gene that specifies both glycoproteins. If so, then
both components would be cleavage products of a
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larger precursor. Alternatively, the two polypeptides
might be specified by different genes having linked
expressions. Finally, there might be a defect in some
platelet-specific post-translational process (e.g., glyco-
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FIGURE 5 Affinity chromatography of
plasma membranes of normal platelets. Pla
were isolated by the glycerol lysis metho(
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ing disorders, i.e., storage pool disease, von Wille-
brand's disease, Bemard-Soulier syndrome, and factor
V deficiency, have also been examined by these tech-
niques and did not have the same abnormalities that
characterize thrombasthenic platelets.4 It seems likely,
therefore, that the reduced concentration of glyco-
proteins lIb and III is limited to thrombasthenia.

©2> In a previous study (12), increased iodination of a

component with an apparent molecular weight of ap-
O'b-o proximately 150,000 was observed in the platelets

/%,0 O.O_9-.O from three thrombasthenic patients. In the present
25 30 study, when iodinated samples were solubilized an-

aerobically and electrophoresed directly, no such
DOC-solubilized component was detected. It is not possible at this time

Ltelet membranes to say whether the previous result was an artifact of
d and solubilized sample preparation (since anaerobic conditions for
anes were chro- solubilization were not used) or if it was caused by a
lumn, containing variant subclass in thrombasthenia.
DOC)

The hapned Thrombasthenic platelets perform all the functionsDOG)was added
gnates the "flow of normal platelets, except that of aggregation. The in-
itaining receptors ability of these platelets to retract clots is no doubt
ie material eluted linked to their inability to aggregate. Because the
actions that were functional defect of these platelets is so limited,

it seems probable that one or both of the deficient
glycoproteins in these platelets is involved in platelet

sylation, proteolysis, phosphorylation) that is common
to both glycoproteins. At present, it is not possible
to distinguish between these possibilities. Determina-
tion of the protein composition of normal and throm-
basthenic megakaryocytes may help in determining
the genetic basis of the thrombasthenic phenotype.

Staining with Coomassie Blue appears to be the
simplest method for screening thrombasthenic platelet
samples for glycoprotein deficiencies. Protein staining
on acrylamide gels requires only 50 ,ug of protein,
the amount contained in less than 0.5 ml of blood,
assuming a normal platelet count. Both of the altered
glycoproteins contain disulfide bonds, however, so
special precautions are required to assess their con-
centrations. For instance, glycoprotein Ilb has a
unique molecular weight, but after reduction, the sub-
units IIbG and IIbs co-electrophorese with other poly-
peptides on one-dimensional gels. Accordingly, only
nonreduced samples should be used for evaluating the
concentration of glycoprotein IIb by protein staining
procedures. Glycoprotein III, by contrast, co-electro-
phoreses with other polypeptides in nonreduced gels,
but can be readily identified in gels of reduced samples.

Several workers have postulated that many variants
of thrombasthenia exist and that some heterogeneity
of the biochemical defect can be anticipated (2, 40,
41). However, of the eight patients (representing five
different families) whose platelets have been examined
by lactoperoxidase-catalyzed iodination, all have shown
similar quantitative decreases in glycoproteins lIb and
III. Platelets from patients with other inherited bleed-

4Phillips, D. R., C. S. P. Jenkins, M-J. Larrieu, and E. F.
Luscher. In preparation.

Ia -
Iba-

IEI-

A- ..M.

2 3 4 5 6
FIGURE 6 Electrophorograms of platelet glycoproteins con-
taining receptors for L. culinaris lectin. Platelet membranes
(gels 1 and 4) and materials forming peaks 1 (gels 2 and 5)
and 2 (gels 3 and 6) in Fig. 5 were electrophoresed on
7.5% slab gels. Gels 1-3 were stained for protein and gels
4-6 for carbohydrate. The gels contained 50 ,I.g protein (1-3),
400 ,ug protein (4 and 5), and 60 Ag protein (6). The slightly
lower molecular weight of IIb in gels 3 and 6 was caused
by a slight overloading of the gel to allow better visibility
of impurities.
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aggregation. On the other hand, the receptor involved
in aggregation might be a low molecular weight com-
ponent that is not detected by presently available
techniquies. Further work on the finctional role of
membrane glycoproteins in aggregation is needed to
resolve this important question.

Note added in proof. In recent experiments we have used
a modified procedure for the galactose oxidase labeling and
have obtained identical results (42).
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