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ABSTRACT: The deposition of coassemblies made of the small avsynucleinipidco-assembly  —-  Changes Inlpid propertieq

3C and *'P NMR

presynaptic protein, -synuclein, and lipids in the brains of patients is

the hallmark of Parkinson’s disease. In this study, we used natural e~
abundance **C and *'P magic-angle spinning nuclear magnetic resonance "~
spectroscopy together with cryo-electron microscopy and di erential
scanning calorimetry to characterize the brils formed by -synuclein in
the presence of vesicles made of 1,2-dimyristoyl-sn-glycero-3-phospho-L-
serine or 1,2-dilauroyl-sn-glycero-3-phospho-L-serine. Our results show oreyryclein aesynudlein - lipid
that these lipids coassemble with -synuclein molecules to give thin and ™™™ s
curly amyloid brils. The coassembly leads to slower and more isotropic

reorientation of lipid molecular segments and a decrease in both the temperature and enthalpy of the lipid chain-melting
compared with those in the protein-free lipid lamellar phase. These ndings provide new insights into the properties of lipids
within protein lipid assemblies that can be associated with Parkinson’s disease.
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Parkinson’s disease (PD) is characterized by the presence synuclein proto- brils."*> The term proto- brils has been
in the brains of patients of protein deposits known as used to describe these structures as they are observed to be
Lewy bodies (LBs)." LBs are mainly composed of the small thinner ( 5 nm in thickness**) and curlier than the mature
presynaptic protein, -synuclein,* but they can also contain brils formed by -synuclein in the absence of lipids.****
other molecules, including ubiquitin and lipids.>® The process Moreover, these proto- brils were found to be able to convert
by which di erent molecules coassemble with -synuclein to into mature brils through an increase in temperature.*
form LBs is not yet understood. Protein lipid coassemblies, in Finally, the concentration of -synuclein lipid-induced proto-
the form of lipoprotein particles or brils, have been reported brils formed in these experiments was found to be
for systems including -synuclein,* ® apolipoprotein A1,” and proportional to the concentration of the lipids (DMPS and
islet amyloid polypeptide.®° In particular, lipid molecules (i.e., DLPS) ([ brils]  0.1[lipids])," suggesting that lipids may
1,2-dioleoyl-sn-glycero-3-phospho-L-choline (DOPC) and 1,2- not only be involved in the initial steps of the reaction resulting
dioleoyl-sn-glycero-3-phospho-L-serine (DOPS)) have been in amyloid formation** but also act as reactants in this process.
found to coassemble with -synuclein to form protein lipid In this study, we used *C and *P MAS NMR, di erential
amyloid bril.® Moreover, the characterization of the brils scanning calorimetry (DSC), and cryo-electron microscopy
formed in the presence of DOPS/DOPC-containing bilayers (cryo-EM) to characterize the proto- brils formed by
using natural abundance '*C magic-angle spinning nuclear synuclein in the presence of DMPS and DLPS vesicles under
magnetic resonance (MAS NMR) spectroscopy™° showed that quiescent conditions at 30 °C for 4 d (see Methods in the
the lipid molecules within these brils are more rigid than ~ Supporting Information and refs 11 and 12 for more details).
those in the protein-free lipid lamellar phase.® Cryo-EM images show that -synuclein forms thin and curly
The presence of small unilamellar vesicles composed of 1,2-

dimyristoyl-sn-glycero-3-phospho-L-serine (DMPS) or 1,2- Received: October 14, 2019
dilauroyl-sn-glycero-3-phospho-L-serine (DLPS) has been Accepted: December 2, 2019
found to induce the formation of kinetically trapped - Published: December 2, 2019
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Figure 1. Cryo-EM images of proto- brils formed by -synuclein in the presence of DMPS and DLPS vesicles. The proto- brils were formed after
mixing 50 M monomeric -synuclein with 100 M DMPS (A) or DLPS (B) dispersed as small unilamellar vesicles in phosphate bu er at pH 6.5
and 30 °C and incubating this mixture for 4 d under quiescent conditions (see Methods in the Supporting Information for more details).

Figure 2. 13C MAS NMR spectra and dynamics of DMPS and DLPS in the pure lipid systems and within -synuclein proto- brils. (A and B) **C
CP-DP-INEPT MAS NMR spectra of the pure lipid systems (top) and of lipid-induced -synuclein proto- brils (bottom) (A, DMPS; B, DLPS)
measured at 60 (A) or 30 C (B), respectively. The molecular structure of DMPS (A) and DLPS (B) molecules and the assignment of the
resonances of their carbon atoms are shown above the corresponding set of spectra. **C INEPT, CP, and DP MAS NMR spectra are shown in red,
blue, and gray, respectively. The proto- brils were formed after mixing 100 M monomeric -synuclein with 2 mM DMPS (A) or DLPS (B)
dispersed as small unilamellar vesicles in phosphate bu er at pH 6.5 and 30 °C and incubating this mixture for 4 d under quiescent conditions. (C
and D) Relative intensities from the INEPT and CP experiments for the pure lipid systems (top) or for the lipids incorporated within -synuclein

proto- brils (bottom) at 60 °C for DMPS or 30 °C for DLPS. The ratio "?‘ﬂ depends on both the correlation time, , and the order parameter, |
CP

Scnl, for the C  H bond vector in the molecular segment; the relative value for each carbon atom is displayed using the color scheme shown at the
bottom of the gure.

brils in bulk solution under these conditions (Figures 1A,B brils acquired using atomic force microscopy and electron
and S1), an observation in agreement with images of these microscopy on dried samples.***#*°

7873 DOI: 10.1021/acs jpclett. 9b03005
J. Phys. Chem. Lett. 2019, 10, 7872 7877















