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The transition of α-helical or unfolded peptides and proteins to β-sheets and subsequent amyloid
formation are characteristic for neurodegenerative diseases like Alzheimer’s or Parkinson’s disease.
The interactions of amyloidogenic peptides with surfaces such as biological membranes are con-
sidered to play an important role regarding the onset of secondary structure changes.We focused on
interactions of the peptide with the hydrophobic air-water interface. Additionally, the metal binding
properties of the model peptides have been investigated. The amyloidogenic model peptide used
in this study was designed with regard to neurodegenerative diseases. It comprises different stable
conformations depending on environmental conditions as well as metal binding sites, comparable
to those of the natural occurring amyloid β-peptide causing Alzheimers disease. Therefore we are
able to focus on the very early stages of amyloid formation recently discussed as the crucial steps
in neurotoxicity.
The structure of the adsorption layer of the peptide alone or complexed to Cu2+ or Zn2+-ions at
the air-water interface have been studied by grazing incidence X-ray diffraction using the liquid
surface diffractometer at BW1.

Figure 1: Scattered intensity I , normalized to the incoming intensity I0 versus the in-plane component of
the scattering vector Qxy. The Bragg peak (20) is corresponding to the H-bond distance in the β-sheet layer
observed by GIXD of a VW29 surface layer (0.3 µM VW29, 0.6 µM Cu2+ in bulk, 20 ◦C, 10 mM PBS,
pH 7.4, 150 mM NaCl) compressed to π = 30 mN/m. [1]

Combining X-ray diffraction with a total reflection setup leads to a highly surface sensitive scat-
tering technique. A synchrotron X-ray beam grazes the air-water surface on a Langmuir trough
fulfilling total reflection conditions. The intensity of the diffracted beam as a function of the ver-
tical and horizontal scattering angles is accessed and transformed into the vertical and horizontal
scattering vector components. Grazing incidence X-ray diffraction was used to characterize the
VW29 surface layer.
Interestingly the β-sheet formation differed depending on the added metal ions. We used the pres-
ence of a typical Bragg peak with Qxy ≈ 1.3 Å−1 as evidence for ordered β-sheets at the interface.



Figure 2: Scattered intensity I , normalized to the incoming intensity I0 versus the in-plane component of
the scattering vector Qxy. The Bragg peak (01) is corresponding to the longitudinal repeat distance in the
β-sheet layer observed by GIXD of a VW29 surface layer (0.3 µM VW29, 0.6 µM Cu2+ in bulk, 20 ◦C,
10 mM PBS, pH 7.4, 150 mM NaCl) compressed to π = 30 mN/m. [1]

Without metal ion complexation VW29 only aggregates after compression of the surface layer to
30 mN/m, the bilayer-monolayer correspondence pressure. With additional Cu2+-ions the peptide
seems to aggregate immediately after adsorption to the interface, while CD-spectra verified a stable
unfolded conformation under similar conditions in bulk. In contrast, addition of Zn2+-ions results
in a rather defined β-sheet layer.
Experiments at equilibrium surface pressure (π ≈ 20 mN/m) and after compression to 30 mN/m
typically revealed a peak corresponding to the repeat pattern of the β-sheet at Qxy ≈ 1.33 Å−1

(figure 1). Using d = 2π/Qxy the β-sheet repeat distance was calculated to d ≈ 4.73 Å for all layers
which contained detectable β-sheets.
In the case of Cu2+-complexed VW29 at 30 mN/m, an additional end to end distance of 52.40 Å
indicated by a Bragg peak at Qxy = 0.124 Å−1 could be detected (figure 2). The two peaks can
be indexed, assuming a rectangular unit cell with the H-bond distance a = 4.73 Å (peak (20)) and
the longitudinal distance b = 52.40 Å (peak (01)). The structure presumably consists of parallel
β-sheets, as no indication for a repeat pattern with the double H-bond distance was observed. The
length of the unit cell does not correspond to the length of the peptide molecule in extended β-
sheet conformation, indicating a structure where only parts of the molecule are incorporated into
the β-sheet structure.
The correlation lengths calculated using the Scherrer equation differ according to the metal ions
present in the sample. For non complexed VW29 at 30 mN/m it is 235 Å indicating 50 aligned and
H-bonded β-sheet strands with 4.73 Å repeat distance. The uncompressed Zn2+ complexed sample
exhibits a very high correlation length (exceeding the resolution of the experiment of ≈ 780 Å)
perpendicular to the β-sheet strands.
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