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Materials. Simvastatin was obtained from Sigma-Aldrich. Flucona-
zole was obtained from VWR.

Yeast Strains and Growth Conditions. All experiments were per-
formed in the W303 background unless otherwise noted. Se-
cretion assays used a bar1 mutant strain, which was a gift from
the Fink laboratory (Whitehead Institute, Cambridge, MA). The
standard lithium acetate transformation protocol was used for all
transformations (1). To select for single integrants, ∼50 ng of cut
plasmid DNA was used in the transformation, resulting in a mix
of single and tandem integrants. To select for tandem integrants,
∼500 ng of cut plasmid DNA was used in the transformation.
Although all data used fusions with fluorescent proteins, un-
tagged α-synuclein (α-syn) splice isoforms were retested in
multiple experiments and behaved similarly.
Standard conditions were used for all yeast growth. For ga-

lactose induction, unless otherwise noted, cells were grown to log
phase for 6–8 h in synthetic medium containing glucose before
being diluted into synthetic medium containing raffinose for
overnight growth. Log-phase cells then were diluted into syn-
thetic medium containing galactose for induction. Unless oth-
erwise specified, cells were induced for 6 h.
For screening suppressors and enhancers, a standard lithium

acetate transformation protocol was adapted for use with 96-well
plates (1, 2). After 2 d of growth, galactose plates were scanned,
and the density of the spot was analyzed using ImageQuant TL.
This process was repeated at least three times for each strain.
Synthetic medium included 0.67% yeast nitrogen base without

amino acids (Fischer Scientific) supplemented with amino acids
as needed (MP Biomedicals) and 2% (wt/vol) sugar. Yeast ex-
tract/peptone medium included 1% yeast extract, 2% peptone,
2% glucose adjusted to pH 7.0, and 2% sugar. Plates included
2% agar.

Plasmid Construction. A seventh exon of α-syn was found recently.
Therefore, in many previous works, α-synΔ4 is referred to as
“α-syn lacking exon 3” or “α-syn126,” and α-synΔ6 is referred to
as “α-syn lacking exon 5” or “α-syn112” (3). α-Syn splice isoforms
were generated using overlap-extension PCR with Pfu Turbo
(Agilent Technologies). The second round of PCR also added
the sequences required for subcloning via BP reaction into
pDONR221 (Invitrogen) (4, 5). The resulting entry clone then
was used in an LR reaction to move the insert to a variety of
necessary entry vectors, all from the pAG series (6).
For screening previously established genetic modifiers of

α-syn–induced toxicity, the hits were cherry-picked from the
Yeast FLEXGene collection (7). Any gene used in low throughput
was cherry-picked from the original library and sequence-verified.
If required in a different backbone, the gene was moved to
pDONR221 by BP reaction and then to a vector of the pAG
series by LR reaction. mKate-CHC1 and mKate-VPS21 were
inserted with the same protocol into pRS-GPD-mKate-ccdB.

Single-Insertion PCR Analysis. Colony PCR was used to screen all
strains for those with a single insertion in the correct locus (Fig.
S1A). Correct strains were those that PCR-amplified bands with
primers A+B and C+D but not A+D and B+C. Those that were
correct by this first screening were analyzed by long-extension
PCR (Roche).

Microscopy Processing. Cells were induced following standard
galactose induction before visualization by fluorescent micros-
copy. Cells were spun down, washed, and resuspended in 1× PBS
before being viewed with a Plan Apochromat 100×/1.40 NA oil
objective lens on a Nikon Eclipse Ti microscope at room tem-
perature. Images were taken with a CoolSNAP HQ camera
(Photometrics). Z stacks were taken above and below the plane
of focus and then were deconvoluted by using the 3D deconvo-
lution algorithm in the NIS-Elements HR software.
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Fig. S1. Diagram showing the primer placement for testing for single integration of pRS plasmids. Primers were designed to be used regardless of the identity
of the inserted gene. Colony PCR was used with primer sets A+B, C+D, A+D, and B+C. A+B and C+D would result in a band if there was a correct insertion; A+D
would result in a band if there was no correct insertion, and B+C would result in a band if there were tandem insertions. After this screening, long-extension
PCR was used with primers A+D to confirm the results.
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Fig. S2. (A) Fluorescent microscopy of α-syn-GFP–expressing cells with the addition of an empty vector or mKate-clathrin heavy chain 1 (Chc1p). (Scale bars,
2 μm.) (B) Fluorescent microscopy showing colocalization of α-syn-GFP and mKate-vacuolar protein sorting 21 (Vps21p). (Scale bars, 2 μm.)

Valastyan et al. www.pnas.org/cgi/content/short/1324209111 3 of 7

www.pnas.org/cgi/content/short/1324209111


0.0 0.5 1.0 1.5 2.0
0.0

0.5

1.0

1.5

2.0

R squared 0.9316

R
el

at
iv

e 
G

ro
w

th
 o

f 
-S

yn
FL

 (T
ria

l 2
)

Relative Growth of -SynFL (Trial 1)
0.0 0.5 1.0 1.5

0.0

0.5

1.0

1.5

R squared 0.9303

0.0 0.5 1.0 1.5
0.0

0.5

1.0

1.5

R squared 0.8679

Relative Growth of -Syn4 (Trial 1)

R
el

at
iv

e 
G

ro
w

th
 o

f 
-S

yn
4

 (T
ria

l 2
)

Relative Growth of -Syn6 (Trial 1)

R
el

at
iv

e 
G

ro
w

th
 o

f 
-S

yn
6

 (T
ria

l 2
)

Fig. S3. High-throughput transformation of splice isoforms with genetic modifiers of α-syn–induced toxicity produced reproducible results. Each spot on each
graph represents the rate of growth of one splice isoform of α-syn strain transformed with one genetic modifier on two separate trials.
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Fig. S4. Spot test analysis of the α-syn splice isoform–expressing strains in the presence of all seven OSH family members. Glc, glucose.
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Table S1. Strain list

Strain Genotype

1× α-synFL GFP W303 mat a pAG306 Gal α-synFL GFP
2× α-synFL GFP W303 mat a pAG305 Gal α-synFL GFP pAG306 Gal α-synFL GFP
3× α-synFL GFP W303 mat a pAG304 Gal α-synFL GFP pAG305 Gal α-synFL GFP pAG306 Gal α-synFL GFP
4× α-synFL GFP W303 mat a pAG303 Gal α-synFL GFP pAG304 Gal α-synFL GFP pAG305 Gal α-synFL GFP pAG306 Gal α-synFL GFP
4× α-synFL DsRed W303 mat a pAG303 Gal α-synFL DsRed pAG304 Gal α-synFL DsRed pAG305 Gal α-synFL DsRed pAG306 Gal α-synFL DsRed
1× α-synΔ4 GFP W303 mat a pAG306 Gal α-synΔ4 GFP
4× α-synΔ4 GFP W303 mat a pAG303 Gal α-synΔ4 GFP pAG304 Gal α-synΔ4 GFP pAG305 Gal α-synΔ4 GFP pAG306 Gal α-synΔ4 GFP
1× α-synΔ6 GFP W303 mat a pAG306 Gal α-synΔ6 GFP
4× α-synΔ6 GFP W303 mat a pAG303 Gal α-synΔ6 GFP pAG304 Gal α-synΔ6 GFP pAG305 Gal α-synΔ6 GFP pAG306 Gal α-synΔ6 GFP
2× α-synFL DsRed W303 mat a pAG303 Gal α-synΔ4 GFP pAG304 Gal α-synFL
2× α-synΔ4 GFP DsRed pAG305 Gal α-synFL DsRed pAG306 Gal α-synΔ4 GFP
2× α-synFL DsRed W303 mat a pAG303 Gal α-synΔ6 GFP pAG304 Gal α-synFL
2× α-synΔ6 GFP DsRed pAG305 Gal α-synFL DsRed pAG306 Gal α-synΔ6 GFP
Vector a W303 mat a pAG303 Gal GFP pAG304 Gal GFP
α-synFL multicopy a W303 mat a pAG303 Gal α-synFL GFP pAG304 Gal α-synFL GFP
α-synΔ4 multicopy a W303 mat a pAG303 Gal α-synΔ4 GFP pAG304 Gal α-synΔ4 GFP
α-synΔ6 multicopy a W303 mat a pAG303 Gal α-synΔ6 GFP pAG304 Gal α-synΔ6 GFP
Vector α W303 mat α pAG303 Gal GFP pAG304 Gal GFP
α-synFL multicopy α W303 mat α pAG303 Gal α-synFL GFP pAG304 Gal α-synFL GFP
α-synΔ4 multicopy α W303 mat α pAG303 Gal α-synΔ4 GFP pAG304 Gal α-synΔ4 GFP
α-synΔ6 multicopy α W303 mat α pAG303 Gal α-synΔ6 GFP pAG304 Gal α-synΔ6 GFP
Aβ W303 mat α pAG305 Gal Aβ
bar1 mat a bar1 leu2 ura3 trp1 his2 ade1
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Table S2. Genes tested in high-throughput analysis of α-syn suppressors and enhancers
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Table S2. Cont.

The genes in this table were identified in refs. 1 and 2. Yellow highlighting marks effects that were different
between FL a-syn and the splice isoforms.
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