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Glymproteins 1% (GPIIb) and IIIa (GPIIIa) form the Ca s+-dependent GPIIbjIIIa complex, which acts as the Flbrinogeu n~%ptor ou activated 
phuelets. GPIIb and GPIIIa are synthe as single peptide chains. The GPIIb prmor is processed ~o~l~~~ to yield two disulphide- 
bonded chains, GPIIbx and GPIIbjI. The ~~IIb~IIa compiex has two membrane attachment sites located at the C-tern&i of GPIIb/I and GPIIIa. 
The short cytoplasmic tails of GPIIb/I and/or GPIIIa become most likely associated to the cytoskeleton of activated platelets. In the present work 
the C-terminal amino acid residues of platelet GPIIb#l and GPIIIa have been analyzed by protein-chemical methods and compared with those 
predicted fram cDNA analysis. We were able to eon&m the positions of the C-termini in both glycoproteins and the identity of the C-terminus 
predicted For GPIIIa, i.e. threonine. However, ghttamine, not glutamic acid as predicted for GPIIb/I from the human erythroleukemic celi Iine 
and ~g~~~~ ceils, was found ta be the C-terminal amino acid of GPIIb@, This indicates that the glutamic acid in the GPIIb precursor is 

Platelet; GPIIb~IIIa; C-terminal sequencing: Mass spectrometry; Posttranslati~l rn~~~~t~on 

GPIIb and GPIIIa form a surface-oriented, 
Ca2+-dependent heteradimer which serves as the 
fibrinogen receptor at the surface of activated platelets 
fl]. GPIIb (136.5 kDa) is made up of two chains, 
GPII~xK (114 kDa) and GPIfbp (22.5 kDa) [2], joined 
by a single disulphide bond f3f between ar Cys-826 and 
p Cys-9 [4]. GPIIIa (91.5 kDa) [2] is a single-chain, 
highly disulphide-bonded protein [S]. The cDNA se- 
quences of GPIIb- and GPIIIa-like glycoproteins from 
HEL, megakaryocytes and e~d~tbelial cells suggest 
that GPIIbc does not possess any tra~smembrane seg- 
ment and, therefore, is fully extracellular, and that 
GPIIb@ and GPIIIa each possess a single transmem- 
brane segment and a short cytoplasmic tail [a-9], so 
that most of their mass is extracellular and involved in 
the r~og~tion of adhesive proteins, The ~~opl~rni~ 
domains of GPIIl$ and/or GPIIIa would most likely 
be responsible for the association of the platelet 
fibrinogen receptor to the cytoskeleton of activated 
platelets [ IO,1 11. Therefore, a detailed structural 
knowledge of the cytoplasmic moieties of GPIIb and 

GPIIIa is ueeessary to ~derst~d the moIecular steps 
of the platelet response to aggregation agonists involv- 
ing the cytoplasmic domains of the GPIIb/IIIa com- 
plex. In the present work the cytoplasmic ends of the 
GPIIb/IIIa complex are characterized by isolation and 
amino acid ~uen~e analysis of C-terminal fragments~ 

2. MATERIALS AND METHODS 

2.1. Materials 
TPCK-trypsin was from Sigma; porous gIass beads (CPG-10,200 

mesh, 37.5 nm pore diameter) were from Corning. Chromatography 
columns and buffers were as previously described f3,5]. 

Preparation of human platelets, platelet plasma membranes, and 
the isolation of GPIIb, GPIIIa and CM-GPIIbfi were described 
previously j3,5], Pully reduced and alkylated GPIiIa was prepared by 
reduction of pure GPffIa $3 m&ml in 50 mM Tris-HCl, pH g&I with 
I% (v/v) 2-rn~~~~ban~l(2 min, I#K& and alkylation with 1.5; 
m&r excess of iodoacetate over reducing agent. 

Protein assay was performed according ta [IS]. Amino acid 
analyses were performed with a Biotronlk amino acid analyzer after 
hydrolysis at 110°C in 6 N HCl far 24 h. N-terminal sequence 
analysis was carried out as de&bed in 114). 

~~~~~~~e~~f address: 3. i3onz&z-Radriguez, institute de 
Quimica-Pi&a, CSIC, c/Serrano, 119, 28006 Madrid, Spain 

Abbreviakms: GPIIb, glycoprotein IIb; GPIIIa, Slycoprotein IIIa; 
CM-GPIIIa, CM-GPIIbfl, fnfly reduced and c~box~ethyIat~ 
~ycu~rot~n IIEa and IIb& respe&~eIy; HEL, human 
e~oleuke~c c&I fine 

Aminopropyl glass beads were prepared according to [IS], and the 
arn~~~r~p~I side chains converted into i~t~~~~t~ side chains ac- 
eordlng to 1161. Protein (5 nmol) was coupied to the d&vat&d z&ass 
beads (25 mg) in 200 pl of 1% SDS, 0.1 M sodium bicarbonate, pH 
9,0 at 45% for 3 h, and the reaction stopped with a molar excess of 
n-propylamine over reactive side chains. The coupling yield was 
80-90% as estimated by amino acid analysis. 

C-terminal sequence dete~nation was carried out according to 
117], except that the hydrolysis was done in 0.2 M ac~oh~o~ate~ 
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0.5 M sodium phosphate, pH 8.3 at 55°C for 30 min [18]. The ex- 
tracted 2-thiohydantoin derivatives were analyzed by reverse-phase 
HPLC [17] using a Lichrospher 100 RP-18 (5 cm) column (Merck, 
Darmstadt). Standard 2-thiohydantoin derivatives were prepared as 
described [19]. 

Isolation of the CNBr-degradation fragment containing the C- 
terminal segment of GPIIb@ was performed as described 1201. Tryptic 
digestion of this fragment (10 mg/ml in 50 mM ammonium bicar- 
bonate, 0.1% (v/v) N-ethylmorpholine, pH 8.0) was done at an en- 
zyme/substrate ratio of 1: 100 (w/w) for 3 h at 37°C. The tryptic 
peptides were separated by reverse-phase HPLC using a Vydac C4 
(10 pm, 30.0 nm) column, and acetonitrile gradient elution. 

Mass spectra were recorded with a mass spectrometer HSQ 30 (Fin- 
nigan MAT, Bremen) equipped with an atom gun (Ion Tech Ltd, 
Teddington, England). Peptides were dissolved in acetonitrile/acetic 
acid/water (50: 10: 40, v/v/v) and mixed with glycerol [21]. 
Esterification of peptides was carried out by treating 10 nmol of 
freeze-dried peptide with 50 ~1 of 1 M isopropanol in 12 N HCl over- 
night at room temperature. 

3. RESULTS AND DISCUSSION 

Fully reduced and carboxymethylated GPIIbfl was 
cleaved with CNBr, and the peptide containing the C- 
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terminus of GPIIb@ (8(117-137)) was isolated by 
reverse-phase HPLC as previously described [20]. This 
peptide was sequenced up to glycine 136, i.e. the 
penultimate residue. In order to identify the C-terminal 
residue of platelet GPIIb,&, CM-GPIIb@ was chemically 
sequenced from its C-terminus (see section 2). Two 
cleavage cycles were successfully effected, the amino 
acids recovered being glutamine and glycine, respec- 
tively (Fig. 1B). When the same chemical method for 
C-terminal sequencing was applied by us to known 
standard proteins, agreement with published results 
was obtained, e.g. for horse heart cytochrome c: 
glutamic acid and asparagine, for human serum 
albumin: leucine, glutamine and serine, and for whale 
sperm apomyoglobin: glycine and glutamic acid (data 
not shown). To confirm the result with GPIIb,fY the C- 
terminal CNBr-fragment ,8117- 137 was digested with 
trypsin, yielding two peptides, CR1 (8125-137: 
NRPPLEEDDEEG(E/Q)) and CR2 da1 19-123), after 
reverse-phase HPLC separation (Fig. 2). The peptide 
CR1 (8125-137) was analyzed by mass spectrometry 
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Fig. 1. HPLC analysis of the thiohydantoin-amino acid products of 
C-terminal sequential degradation of CM-GPIIbb and CM-GPIIIa. 
The standard thiohydantoin-amino acid derivatives (A) and material 
from the first two cycles of C-terminal sequential degradation of CM- 
GPII.6 (B) and CM-GPIIIa (C) were separated by HPLC on 
Lichrospher 100 RP 18 (5 pm) (25 cm x 0.46 cm), as described in 

section 2. Peaks are labelled using the one-letter abbreviations. 

44 



Vofume 263, number 1 FBBS LETTERS April 1990 

F 

8 

2 
0.2 

~ 

0.1 

J 

I(’ , 
.’ 

,’ 
,’ 

:’ 

48 min 

Fig. 2. Isolation of the tryptic digestion products of the CNBr- 
fragment CM-GPIIbfll17-137 by HPLC on Vydac C4 (see section 2). 

either underivatized or after esterification of the car- 
boxy1 group with isopropanol/HCl (see section 2). The 

(M+H+) obtained for the molecular masses 
underivatized and the esterified ,&125-137 peptide 

(1528 and 1823, respectively) (Fig. 3) provided further 
evidence that the C-terminal amino acid residue of 
platelet GPIIbfl is glutamine. However, glutamic acid, 
and not glutamine, was predicted by cDNA sequencing 
for GPIIbP in HEL and in megakaryocyte cells 
[7,12,22]. The most likely explanations for the 
discrepancy between the cDNA-predicted and the 
chemically established C-terminal residue for GPIIb@ 
are either that there are cell-type specific copies of the 
exon coding for the C-terminal, or that the C-terminus 
of the GPIIb precursor is posttr~slationally modified, 
as already observed in other proteins [23]. Recently, 
Prandini et al. [24] have sequenced the 3 ’ end of the 
GPIIb gene from a genomic library, containing an exon 
encoding the 19 C-terminal amino acid residues of 
GPIIb and a 3 ’ untranslated region; the sequence 
showed glutamic acid as the C-terminal residue. 
Moreover, the same authors showed that there is only 
one copy of the GPIIb gene per human genome. This 
indicates that the first explanation can be ruled out. 
The role of glut~ine, instead of glutamic acid, if any, 
in the interaction of the GPIIb/IIIa complex with 
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Fig. 3. Fast atom embedment mass spectrometry of the tryptic peptide CR1 @12J--137) co~es~n~ng to the C-terminal end of GPIW, both 
unmodified (A) and esterified (B) material being analysed. 
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elements of the activated platelet cytoskeleton requires 
further. investigation. 

Chemical C-terminal amino acid sequence analysis of 
fully reduced and carboxymethylated GPIIIa was also 
performed (see section 2). Two degradation cycles were 
successfully carried out, the amino acids obtained being 
threonine and glycine, respectively (Fig. 1C). This se- 
quence is identical to that predicted by cDNA analysis 
for GPIIIa from HEL and endothelial cells [6,8,9]. 

During recent years our laboratories have been 
engaged in the protein-chemical characterization of 
GPIIb/IIIa. Thus, peptides which correspond to more 
than 70% of the whole GPIIIa structure have been 
isolated and analyzed for amino acid and amino sugar 
composition as well as N-terminal sequence. So far no 
differences from the cDNA sequences deduced for 
GPIIIa from HEL and endothelial cells [6,8,9] have 
been observed, with the exception of the sequence at 
positions 623-627 initially published as EPYMT [6,9] 
and subsequently corrected to be GALHD [S], where 
our data are in accordance with the latter report. All 
results together strengthen the conclusion that the three 
different cell types, HEL, endothelial cells and platelets 
express the identical glycoprotein IIIa. 
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