Amyloidogenic proteins

Our research on amyloids is focused on four molecules involved in human disease: amylin, an
endocrine hormone involved in type 2 diabetes; a.-synuclein, a protein involved in Parkinson’s disease;

SEVI, an amyloid involved in HIV infectivity and Af}, the peptide responsible for Alzheimer’s disease.

Amylin - Amylin is an endocrine hormone that helps regulate blood glucose levels and controls
appetite [1]. In patients with type 2 diabetes, amylin misfolds into amyloid plaques. The plaques, or
soluble oligomer precursors, are implicated in the destruction of the pancreatic -cells that make
insulin and amylin in the end stages of type 2 diabetes [2]. We determined the NMR structure of
amylin in a micelle bound state [3]. The structure offers clues as to how amylin aggregates could
disrupt membrane function. We used total internal reflection fluorescence microscopy (TIRFM) to
image the growth of individual amylin fibrils and to study the role of secondary nucleation (growth
from pre-existing fibrils) in fibrillogenesis [4]. We have done extensive studies on the pH dependence
of fibrillogenesis and used kinetic data to characterize the pK, values of the two ionizable sites of
amylin (His18 and the N-terminal a-amino group) in the fibrils [5]. The studies are physiologically
relevant because amylin is stored in the -cell secretory granules at pH 5.5, conditions that hinder fibril

formation but is released into the extracellular matrix at pH 7.4, which favors fibril formation [6]. The
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cytotoxicity of amylin towards p-cells [5]. In separate studies, we have used a quenched hydrogen
exchange technique developed in my lab [7] to examine the location and stability of hydrogen-bonded
secondary structure in amylin fibrils [8]. Finally, we have looked at the effects of the
glycosaminoglycan heparin on amylin fibrillization, since amylin plaques in situ are complexed with
the glycosaminoglycan chains of heparan sulfate proteoglycans [9,10]. We found that heparin enhances
fibrillization in a manner that depends on the length of the polysaccharide fragments [11]. We used
nuclear magnetic resonance (NMR) to establish that the negatively charged heparin fragments bind to
the positively charged N-terminal half of amylin. We used FRET to determine that heparin associates
with amylin fibrils rather than enhancing fibrillization catalytically. We used TIRFM to show that
fluorescein-labeled heparin is co-localized with amylin fibrils. The mechanism of binding appears to
involve charge complementation between the negatively charged heparin helix structure and the

positively charged cross-f} sheet structure of amylin fibrils. To see how heparin affects the biological
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SEVI - SEVI is a naturally-occurring 40-residue

peptide fragment of prostatic acid phospahtase

identified in a screen of human semen compounds [12]. The peptide forms
amyloid fibrils that increase the infectivity of HIV up to 10°-fold, by
facilitating the fusion of HIV virions with target cells [12]. We have studied
the effects of metals on SEVI fibrillogenesis [13]. Metals such as Zn** and
Cu*, which are histidine ligands, inhibit fibril formation at concentrations
of 10-1000 M whereas Mg** and Ca®* have no effect. We used NMR to

show that Zn®* and Cu** bind to the two histidine residues at positions 3 and

23 in SEVI monomers. The metals appear to stabilize residual o-helix



structure. This may inhibit fibrillization by lowering the concentrations of SEVI monomer
conformations competent to assemble into fibrils. The observation is likely to be physiologically
important because zinc (~2 mM) and copper (~8 mM) in human semen occur at large concentrations
that should inhibit SEVI fibrillization [14]. By contrast, zinc and copper are present at low
concentrations in vaginal fluids. In the acidic environment of the vaginal tract (pH 4), the two
histidines in SEVI will be protonated and unable to bind metals. Consistently, we found that Cu** and
Zn** no longer inhibit fibrillization at acidic pH. Additional work on SEVI includes the development of
an E. Coli over-expression system that would allow us to produce isotope labeled samples of the
peptide for NMR quenched hydrogen exchange experiments and for solid-state NMR structural studies
of the fibrils.

a-synuclein - oa-synuclein is a 140-residue protein that forms fibrillar deposit in dopaminergic neurons

known as Lewy Bodies [15]. The protein is genetically linked to Parkinson’s disease [16]. We have
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AP - For the Alzheimer’s AP peptide we compared pK, values of the free and SDS micelle bound
states [22]. We also characterized the pH dependence of fibrillization and assigned the apparent pK, of

6.0 to residue Glu22, using variants of the A} peptide that replaced individual ionizable residues [22].
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Future directions: An area of interest is to look for inhibitors of fibrillization and cytotoxicity. To this

end we will study variants of the amylin hormone sequence that is involved in type 2 diabetes to
introduce charged residues, designed to interfere through electrostatic repulsion with fibril extension or
with the binding of oligomeric forms of the peptide to membranes. We are also planning to explore
derivatives of the short heparin polysaccharides that we have shown protect against amylin cytotoxicity
towards P-cells [11]. Cytotoxicity assays offer a powerful method to study how various solution
conditions or inhibitors affect fibrillization. Yet the physical basis of cytotoxicity remains poorly
understood. There is considerable debate on whether oligomeric forms of amylin or fibrils are
responsible for cytotoxicity [2,23-25]. We plan to address this by seeing how cytotoxicity varies as a
function of the amount of time amylin is aggregated. We will also use our recently acquired expertise
in fluorescence microscopy [4] to see how amylin interacts with single P-cells. Using ThT or
fluorescently tagged amylin to visualize the fibrils and a dye sensitive to cell viability, we can look at
whether cell death requires contact between the cells and fibrils and what cellular processes (e.g.
membrane integrity, mitochondrial function) are affected in the presence of amylin. Finally, in a
project funded by an NSF-Graduate Research Fellowship to my doctoral student Sarah Sheftic we want
to address the question of how fibrils are formed when multiple components are involved. We will use
kinetic assays to determine how AP fibrillization depends on the ratio of the AB40 and AP42 peptides

and on the presence of the NAC fragment of a-synuclein (residues 61-95), which is found as a



component of Alzheimer’s plaques. We will use TIRF microscopy in conjunction with fluorescently
tagged peptides to see if AP40/AP42 peptides and AP40/NAC co-localize in fibrils formed when

multiple components are present in the reaction.
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