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The conversion of soluble, nontoxic amyloid B-peptide (AfB) to aggregated, toxic Ap rich in B-sheet structures by
seeded polymerization is considered to be the key step in the development of Alzheimer’s disease. Accumulated evidence
suggests that lipid rafts (microdomains) in membranes mainly composed of sphingolipids (gangliosides and sphin-
gomyelin) and cholesterol play a pivotal role in this process. Our model membrane studies revealed the following
mechanism of Af aggregation in membranes. Soluble AS with unordered structures specifically binds to raft-like mem-
branes containing a ganglioside cluster, the formation of which is facilitated by cholesterol. The membrane-bound AS
forms an a-helix-rich structure at lower densities. At higher densities, Af undergoes a conformational transition to a -

sheet-rich structure that can serve as a seed for amyloid fibril formation. This model was confirmed at a cellar level using
rat pheochromocytoma PC12 cells. Amyloid fibrils formed in lipid rafts were cytotoxic, whereas fibrils formed in solu-
tion were almost nontoxic and had different morphologies. Thus, the role of membranes in Ag fibrillization is not merely
the acceleration of Af aggregation but the generation of toxic fibrils. Furthermore, nordihydroguaiaretic acid was found
to effectively inhibit the ganglioside-induced amyloidogenesis by preventing the binding of AfS to the membrane.
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Fig. 1. Binding of DAC-Ap to Liposomes of Various Lipid
Compositions5®
Relative fluorescence enhancement is plotted as a function of the lipid-
to-peptide molar ratio. Lipids: @, GM1/sphingomyelin/cholesterol (2/4/
4); O, GM1/phosphatidylcholine (2/8), A, sphingomyelin; [, phos-
phatidylcholine; M, phosphatidylcholine/cholesterol (2/1); <>, phos-
phatidylserine.
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Fig. 2. Secondary Structures of Af(1-40)

Circular dichroism spectra of the peptide were measured in the presence
of GM1/sphingomyelin/cholesterol (4/3/3) liosomes at GM1-to-Ap ratios
of 40 (dotted line) and 10 (solid line). The former spectrum with double
minima around 208 nm and 222 nm is typical of an o-helix, whereas the latter
with a minimum around 218 nm is characteristic of a S-sheet.
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Fig. 3. Amyloid Formation by AB(1-42) on PCI12 cell
mebranes!®
PC12 cells were incubated with 10 um AB(1-42) at 37°C for 24 h, and
stained with Alexa Fluor 647-conjugated cholera toxin subunit B (ganglio-
sides) and Congo red (amyloids). The arrows indicate ganglioside-rich
domains, on which Af selectively accumulated.
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Fig. 4. Negative-stain Transmission Electron Micrographs of
AB(1-40) Fibrils Formed in GM1/Sphingomyelin/Choles-
terol (2/4/4) Liposomes (A) and Aqueous Solution (B)®
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Fig. 5. Inhibitory Effect of Nordihydroguaiaretic Acid
(NDGA) on Amyloidogenesis by AS(1-42)19
PCI12 cells differentiated with nerve growth factor were incubated with
10 um AB (1-42) at 37°C for 24 h in the absence (A and B) or the presence (C
and D) of equimolar NDGA. Amyloids were stained with Congo red (A and
C). Corresponding differential interference images (B and D) are also
shown.
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Fig. 6. Summary of Af Aggregation Induced by Ganglioside
Clusters

Ap is essentially soluble, and takes an unordered structure in solution.
Once ganglioside clusters are generated, Af binds to the clusters, forming an
o-helix-rich structure at lower protein-to-ganglioside ratios, whereas the pro-
tein changed its conformation to a f-sheet at higher ratios. The f-sheet form
facilitates the aggregation (fibrillization) of Ap, leading to cytotoxicity.
NDGA can effectively inhibit the fibrillogenesis by preventing the peptide
from binding to the cluster through a direct AS-NDGA interaction.
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