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MATERIALS AND METHODS: 

Proteins and reagents. Recombinant acetylated α-synuclein (α-syn) was expressed in E. Coli 
BL21(DE3) (Stratagene) using human α-syn (pRK172)1 and yeast NatB genes.2 Cell cultures 
were first grown in LB media at 37 °C. After reaching an OD600 nm = 0.6, the temperature was 
subsequently dropped to 21°C and the cells were induced with IPTG (1 mM) for 20 h. Cells were 
harvested by centrifugation using a Sorvall SLC6000 rotor at 6,000 rpm for 20 min. Purification of 
the acetylated α-syn was adopted from a previously described protocol for non-acetylated α-syn.3 
To lyse the cells, cells were resuspended in lysis buffer (100 mM Tris, 300 mM NaCl, 1 mM EDTA, 
pH 8.0 supplemented with 1 mM PMSF) and stirred under N2 for 10 min followed by a 10-min 
heat treatment in a boiling water bath. The cellular debris were removed by centrifugation (Sorval 
SS34, 18,000 rpm for 30 min, 4 °C). The supernatant which contained α-syn was then titrated to 
pH 3.5 by the addition of concentrated HCl, stirred for 10 min at 4 °C, and separated from insoluble 
materials by ultracentrifugation using a Beckman Ti45 rotor at 30,000 rpm for 30 min at 4 °C.  
Following two changes of dialysis into a low salt buffer (20 mM Tris, pH 8), the protein was then 
applied to a HiPrep DEAE column (GE Healthcare) and eluted with a linear salt gradient.  
Fractions containing α-syn was subjected to another round of anionic exchange chromatography 
by using a MonoQ column (16/10, GE Healthcare). All steps were carried out at 4 °C. To confirm 
the purified protein under these conditions was monomeric, gel-filtration chromatography was 
used. A typical elution time of 53–59 min was obtained on a HiLoad 16/60 Superdex 75 prep 
grade column (GE Healthcare). Filtered buffers (0.22 µm) were used for all experiments. Purity of 
acetylated α-syn was assessed by SDS-PAGE (NuPAGE 4–12% Bis-Tris, Invitrogen) and 
confirmed by mass spectrometry (NHLBI Biochemistry Core). Based on mass spectrometry, the 
acetylation was 100 % with a small population of methionine oxidized species. Purified protein 
was stored at −80 ºC until use. Protein concentrations were determined using a molar extinction 
coefficient estimated on basis of amino-acid content: ε280 nm = 5,120 M−1 cm−1. Purified Cathepsin 
L (CtsL) (C6854-25UG) from human liver was purchased from Sigma-Aldrich (St. Louis, MO) and 
used as received. 

Degradation reactions of α-syn. Purified α-syn was buffered exchanged into pH 5 buffer by a 
PD-10 column and subsequently filtered through a YM100 spin column (MWCO 100 kD, Millipore) 
to remove any potential aggregates. In glass vial, α-syn monomer (15 µM) was incubated with 
cathepsin L (15 nM) in reaction buffer (50 mM NaOAc, 20 mM NaCl, 5 mM DTT, pH 5) in a total 
volume of 500 µL and agitated at 600 rpm at 37 °C in a Mini-Micro 980140 shaker (VWR). 
Reactions (50 µL) were taken either every 15 min between 0 to105 min or after 23 h and 
terminated with 2M GuHCl final conc. For α-syn fibril experiments, α-syn monomer (15, 29 or 40 
µM) was agitated at 600 rpm in glass vials for 3 d at pH 5 and 37 °C in a Mini-Micro 980140 shaker 
(VWR). Aggregated samples were centrifuged at 16,100 g for 20 min and the supernatant was 
discarded. Fibril pellets were re-suspended in reaction buffer at desired concentrations. Brief bath 
sonication (10 min) was performed to give a more homogenous sample. Fibril degradation was 
performed in sealed glass vials (with magnetic stir bar) containing 500 µl solution with 150 nM 
CtsL. Reactions (50 µL) were taken at 0.5, 1, 2, 3, 4 or 23 h and terminated with 2 M GuHCl final 
concentration. 

LC-MS. Samples (30 µL) were separated using a Vydac 218TP C18 reverse-phase column (2.1 x 
50 mm, 5 µm, Vydac) and an Agilent 1100 series HPLC (Agilent Technologies) coupled to an 
Agilent G1946D mass selective detector (MSD) equipped with an electrospray ionization (ESI) 
interface (Agilent Technologies). Mass spectra were obtained using positive ion mode. The HPLC 
system and MSD were controlled and data were analyzed using LC/MSD ChemStation software 
(Rev. A.10.02, Agilent Technologies). 
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TEM. Samples (10 µL) were put on TEM grids (400-mesh formvar and carbon coated copper, 
Electron Microscopy Sciences) for approx. 2 min and wicked away by filter paper. An addition of 
10 µL of deionized water was then applied and wicked away immediately. A solution of 1% uranyl 
acetate (10 µL) is placed on the grid for 2 min, wicked away, and air-dried. TEM was performed 
using a JEOL JEM 1200EX transmission electron microscope (accelerating voltage 80 keV) 
equipped with an AMT XR-60 digital camera (NHLBI EM Core Facility). 

(1) Jakes, R.; Spillantini, M. G.; Goedert, M. FEBS Letters 1994, 345, 27. 
(2) Johnson, M.; Coulton, A. T.; Geeves, M. A.; Mulvihill, D. P. Plos One 2010, 5. 
(3) Pfefferkorn, C. M.; Lee, J. C. J. Phys. Chem. B 2010, 114, 4615. 
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Table S1. MS analysis taken after incubating recombinant α-synm (15 µM) with CtsL (15 nM) for 

15 and 30 min at pH 5 and 37 ºC.  
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Table S2. MS analysis taken after incubating recombinant α-synm (15 µM) with CtsL (15 nM) for 

45 and 60 min at pH 5 and 37 ºC. 
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Table S3. MS analysis taken after incubating recombinant α-synm (15 µM) with CtsL (15 nM) for 

75 and 90 min at pH 5 and 37 ºC. 
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Table S4. MS analysis taken after incubating recombinant α-synm (15 µM) with CtsL (15 nM) for 

105 min and 23 h at pH 5 and 37 ºC. 
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Table S5. MS analysis taken after incubating recombinant α-synf (15 µM) with CtsL (150 nM) for 

30 min and 1 h at pH 5 and 37 ºC. 
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Table S6. MS analysis taken after incubating recombinant α-synf (15 µM) with CtsL (150 nM) for 

2, 3 and 4 h at pH 5 and 37 ºC. 
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Table S7. MS analysis taken after incubating recombinant α-synf (15 µM) with CtsL (150 nM) for 

23 h at pH 5 and 37 ºC. 
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Fig S1. Purified human CtsL incubated with recombinant acetylated α-synm. LC traces taken as 

a function of time of α-synm incubated with CtsL (15 nM) at pH 5 and monitored at 210 nm. A small 

fraction of methionine oxidized α-synm, derived from purified acetylated α-syn is shown.  Peptide 

fragments are abbreviated as either N- or C-terminally derived peptides from full-length α-synm. 

For clarity, peptides derived from residues 1 to 75 are defined as N-terminal, while 76 to 140 are 

C-terminal. Peptide masses from each LC trace is shown in Table S1–4. 
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Figure S2. TEM images of α-syn fibrils (15 µM) at pH 5.  
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Fig S3. Purified human CtsL incubated with acetylated recombinant α-synf. LC traces taken as a 

function of time of α-synf (15 µM) incubated with CtsL (150 nM) at pH 5 and monitored at 210 nm. 

A small fraction of methionine oxidized α-synf, derived from purified acetylated α-syn is shown. 

Peptide fragments are abbreviated as either N- or C-terminally derived peptides from full length 

α-synm. Cleavage sites between residues 1 to 75 are defined as N-terminal, while 76 to 140 is C-

terminal. Peptide masses from each LC trace is shown in Table S5–7. 



 

S14 
 

 

Figure S4. TEM images of α-syn fibrils (15 µM) incubated with CtsL (150 nM) for 30 min at pH 5. 


