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Interaction between Ganglioside GM3 and EGF Receptor Transmembrane Peptide

2A E!E
i LA in Model Lipid Bilayers.
WLNEOES

Glycosphingolipids (GSLs), which are known to mediate cell adhesion and protein recognition, accumulate in functional
domains in biomembranes and exert their glycan functions. The lateral intermolecular affinities of GSLs that induce the
formation of such functional domains are of great interest and still poorly understood. In particular, ganglioside GM3 (Fig.
1), which has been reported to be associated with type 2 diabetes and allergic asthma, is an early biosynthetic product with
the simplest structure among sialic acid-containing glycolipids. GM3 is also known to inhibit phosphorylation of the
epidermal growth factor (EGF) receptor and to control the translocation of signals regulating proliferation or differentiation
into the cytosol®. Since dimer formation via the transmembrane region is essential for the activation of the EGF receptor,
GM3 may affect this process. It has also been reported that GM3 is associated with lipid raft domains, suggesting a hypothesis
by which GM3 controls the localization of EGF receptors to these domains?.
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Figure 1 Structure of ganglioside GM3

In this study, to elucidate such lipid-membrane protein interactions in detail, we attempted to reproduce the mechanism of
affinity between GM3 and the EGF receptor transmembrane region in a homogeneous model lipid bilayers. First, we
synthesized a novel fluorescently labeled transmembrane peptide and evaluated its behavior in lipid bilayers. Then, we
attempted to establish an experimental system for quantitative analysis of the affinity between the peptide probe and GM3. In
particular, since conformation of single-pass transmembrane proteins are easily subjected to experimental conditions in
aqueous sample and exhibit a very short binding lifetime to lipids, the results are affected by various errors. By optimizing
several conditions, we overcame the problems in sample preparation and measurement, and achieved quantitative evaluation
of the affinity.

i. Synthesis of fluorescently labeled peptides and analysis of their behavior in model lipid bilayers

A 34-residue hydrophobic peptide corresponding to the EGF receptor transmembrane (TM) region (Table 1) was elongated
by solid-phase synthesis, and its N-terminus was labeled with the fluorophore NBD (nitrobenzoxadiazole) to prepare a new
probe (NBD-TM).

Table 1 The sequence of EGFR-TM which was derivatized to NBD-TM.

sequence
human EGFR (638-671) TNGPKIPSIATGMVGALLLLLVVALGIGLFMRRR
EGFR-TM TNGPKIPSIATGMVGALLLLLVVALGIGLFMSSS

The purification of crude TM peptide was achieved by HPLC. The use of an eluent
containing formic acid promoted sequence-specific adsorption of highly
hydrophobic peptide on the column and resulted in good peak separation (Fig. 2).

absorbance at 465 nm

Figure 2 HPLC chromatogram; * = NBD-TM.
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Self-quenching experiments with bilayer samples revealed that the NBD-TM probe reconstituted into lipid bilayers and
controlled dimer state in response to the density of the TM peptide in the lipid bilayers (Fig. 3). When the membrane contained
5 mol% GM3, the fluorescence intensity increased significantly and the self-quenching accompanied with peptide
dimerization was suppressed. This indicates that NBD-TM was reconstituted into membranes and that the dimerization
behavior corresponded to the environment in the membrane.
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Figure 3 Concentration-dependent self-quenching of NBD-TM in lipid bilayers.

ii. Investigation of lipid bilayer conditions for the specific interaction between GM3 and the transmembrane peptides.

As a result of examining the concentration conditions for Férster Resonance Energy Transfer (FRET) measurements, NBD-
TM was incorporated at 0.005 mol% in a lipid bilayers consisting of DOPC (1,2-dioleoyl-glycerophosphocholine) with
fluorescently labeled GM3 (ATTO594-GM3). It has been reported that ATTO594-GM3 is a probe labeled with a large
hydrophilic fluorescent group and behaves similarly to natural GM3 in membrane bilayers®. Under these conditions, NBD-
TM represented explicit increase of FRET efficiency in response to temperature increase. On the other hand, NBD-PE, in
which the head-group of phosphatidylethanolamine (PE) is labeled with NBD, was used as a control in FRET experiments. It
showed no effect with temperature change (Fig. 4). Thus, we found that the interaction between TM peptide and GM3 could
be specifically observed with minimal error-causing effects such as TM peptide aggregation and background FRET due to
random diffusion of FRET pairs in the membrane.
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Figure 4 Results of FRET/temperature change measurements using NBD-TM or NBD-PE as donors.

The association constants were calculated from the FRET efficiency, and the values of binding free energies were obtained
by van't Hoff plot (AG = —10kJ/mol; AH = 20 kJ/ mol; AS = 100 J/ K mol). The result of AG was corresponded with
the energy landscape of the TM-TM association (AG =—10.5 ~—11.7 kJ/mol)*. This supports the fact that quantitative analysis
of the interaction between GM3 and TM peptide in lipid membranes was achieved by FRET analysis using NBD-PE as a
control. Based on the positive AH and AS features, the binding mode of TM peptide to GM3 was inferred to be a hydrophobic
interaction. This indicates that the insertion and orientation of the EGF receptor transmembrane peptide are controlled in the
presence of GM3. This is consistent with the observation of specific FRET under high temperature conditions, when the
peptide is likely to be unstable in the membrane.

These results indicate that the hydrophilic head-group of GM3 stabilizes the orientation of the TM peptide of the EGF
receptor through a specific interaction around the surface of the membrane bilayers.
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