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As the receptor on the platelet surface for von Willebrand factor, glyco-
protein (GP) Ib-IX complex is critically involved in hemostasis and throm-
bosis. How the complex is assembled from GP Iba, GP Ibp and GP IX
subunits, all of which are type I transmembrane proteins, is not entirely
clear. Genetic and mutational analyses have identified the transmembrane
(TM) domains of these subunits as active participants in assembly of the
complex. In this study, peptides containing the transmembrane domain of
each subunit have been produced and their interaction with one ano-
ther characterized. Only the Ibp TM sequence, but not the Iba and IX
counterparts, can form homo-oligomers in SDS-PAGE and TOXCAT assays.
Following up on our earlier observation that a Ibp-Iba-Ibp peptide
complex (af;) linked through native juxtamembrane disulfide bonds could
be produced from isolated Iba and IbR TM peptides in detergent micelles,
we show here that addition of the IX TM peptide facilitates formation of the
native a3, complex, reproducing the same effect by the IX subunit in cells
expressing the GP Ib-IX complex. Specific fluorescence resonance energy
transfer was observed between donor-labeled ap, peptide complex and
acceptor-conjugated IX TM peptide in micelles. Finally, the mutation D135K
in the IX TM peptide could hamper both the formation of the a3, complex
and the energy transfer, consistent with its reported effect in the full-length
complex. Overall, our results have demonstrated directly the native-like
heteromeric interaction among the isolated Iba, Ibp and IX TM peptides,
which provides support for the four-helix bundle model of the TM domains
in the GP Ib-IX complex and paves the way for further structural analysis.
The methods developed in this study may be applicable to other studies of
heteromeric interaction among multiple TM helices.
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Introduction

The glycoprotein (GP) Ib-IX-V complex (CD42) is

a membrane protein complex expressed primarily
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on the platelet surface and serves as a receptor for
many proteins involved in hemostasis and throm-
bosis, of which von Willebrand factor (VWF) is the
most prominent.' Through its interaction with VWF
immobilized at the damaged blood vessel wall, the
GP Ib-IX-V complex mediates the initial tetherin

and rolling of circulating platelets to the injury site.

Ligation of VWF to the complex sends an activating
signal into the platelet, which helps to activate
platelet integrin omp,P; and induce platelet aggre-
gation.”” Conversely, binding of the GP Ib-IX-V
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complex to VWF can be modulated by certain intra-
cellular signals through the cytoplasmlc domains of
several subunits in the complex.®” However, how
the GP Ib-IX-V complex mediates the signals across
the membrane, in both directions, is not clear, partly
due to the lack of understanding of assembly and
organization of this complex.

The GP Ib-IX-V complex is composed of four
different type I transmembrane proteins: GP Ibo, GP
Ibp, GP IX, and GP V.51 With the VWF-binding
site in its extracellular domain,"" GP Iba is linked
through membrane-proximal disulfide bonds to two
Ibp subunits.’? The disulfide-linked Ibp-Iba-Ibp
complex, also known as GP Ib interacts noncova-
lently but tightly with GP IX.” The resulting GP
Ib-IX complex is associated more loosely to GP V
with an apparent 2:1 stoichiometry."” Since remov-
ing GPV dld not impact the VWF-binding ability of
the platelet,' research efforts have concentrated on
the structure and function of the GP Ib-IX complex.

Efficient expression of the GP Ib-IX complex in the
plasma membrane of transfected mammalian cells
requires all of its three subunits,'* which accurately
reflects a symptom of the Bernard-Soulier syn-
drome, a rare hereditary bleeding disorder that can
be caused by mutations in either Iba, Ibp or IX
subunit."” Proper assembly of the GP Ib-IX complex
in the endoplasmic reticulum appears to be a pre-
requisite for its stability, trafficking and ultimately
efficient expression in the plasma membrane.!®
Although the molecular mechanism remains to be
elucidated, the good correlation between the com-
plex expression level on the cell surface and the
extent of its assembly in the cell has provided a
useful venue to probe organization of the GP Ib-IX
complex by mutational analysis. The interaction bet-
ween Ibp and IX subunits was found to involve the
N-terminal cysteme -rich region in the Ibp extracel-
lular domain.'” The transmembrane (TM) domains
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Fig. 1. The organization of the platelet GP Ib-IX
complex. The complex consists of one Iba subunit, two
Ibp sununits, and one IX subunit, all of which are type I
transmembrane proteins. Two juxtamembrane disulfide
bonds link the Iba and Ibp subunits. The extracellular
domains of all subunits contain leucine-rich repeats. A
parallel four-helix bundle model has been proposed for
TM domains of the GP Tb-IX complex.'® This illustration is
adapted from earlier publications.”'?

were recently identified as critical participants in
assembly of the GP Ib-IX complex.!® In particular,
we showed that replacing the IX TM domain with a
poly-LeuAla sequence lowered the expression level
of GP Iba, and hampered formation of native
disulfide bonds between GP Iba and GP Ibp.!” On
the basis of these studies, a four-helix bundle model
has been proposed for the TM domains of the GP
Ib-IX complex (Fig. 1).

Although mutational analyses have provided
valuable insight into organization of the GP Ib-IX
complex, the underlying structural basis remains
unclear. This is partly due to the lack of demonstra-
tion of direct interactions between isolated extra-
cellular or TM domains of the complex. Here, we
show that two methods, thiol-disulfide exchange
and fluorescence resonance energy transfer, have
been adapted to detect the heteromeric interaction of
the Ib-IX-derived TM peptides in detergent
micelles, thus providing direct evidence to support
the four-helix bundle model for the TM domains of
the GP Ib-IX complex. The methods adapted for this
study may be applied to other heteromeric TM-TM
interactions.

Results

The TM domain of GP Ibg, but not those of
GP Iba and GP IX, can oligomerize

Before assessing their ability to interact with one
another, we analyzed the self-associating ability of
each TM domain in the GP Ib-IX complex using the
TOXCAT assay. In the TOXCAT assay, a ToxR-TM-
MBP chimeric protein that contains the TM domain
of interest is expressed in the inner membrane of
Escherichia coli.?Y Dimerization of the TM sequence
brings together the neighboring ToxR domains in
the cytoplasm, which induce expression of chlor-
amphenicol acetyl transferase (CAT) in the cell.
Thus, CAT activity is a good indicator for the extent
of TM self-association in the membrane. As shown
in Fig. 2, the ToxR-TM-MBP constructs containing
the respective TM sequences of GP Iba, GP Ibp and
GP IX were expressed in E. coli at levels comparable
with those of GpA-WT and GpA-G83I, the control
constructs containing the wild type and mutated TM
domain of glycophorin A. MalE complementation
tests (Fig. 2c) and protease digestion of spheroplasts
(data not shown) confirmed that all the chimeric
constructs were inserted correctly into the inner
membrane of E. coli. Comparison of CAT activities
indicated that the Ibp TM domain dimerizes to an
extent approaching that of the strongly dimerizing
GpA-WT (Fig. 2b). In contrast, neither Iba nor IX
TM domain showed significant dimerization in the
assay.

We next assessed the ability of the TM domains in
the GP Ib-IX complex to interact with one another in
SDS. Three TM peptides, each of which contains the
TM domain of a subunit and its flanking sequences,
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