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Characterization of Aggregation-induced Toxicity by
a-synuclein in Yeast

YU Shan-Shan ~~ LIYan"~  CHEN Guan-Jun LIU Wei-Feng

(State Key Laboratory of Microbial Technology, School of Life Science, Shandong University, Jinan 250100)

Abstract: Parkinson’s disease (PD) is the most common neurodegenerative movement disorder and
a-synuclein plays an important role in its development. Using the genetically tractable Saccharomyces cere-
visiae as a model system, the phenotypic repercussions and potential mechanisms of a-synuclein-induced
cytotoxicity are characterized through modulating its expression level and other cellular factors. Aggrega-
tion-induced toxicity is more dramatic upon elevated expression of a-synuclein than that induced at moder-
ate levels of expression. The induced toxicity is also enhanced by reagents such as dimethyl sulfoxide, which
increase intracellular levels of phospholipid and membrane, as well as ferrous ions and hydrogen peroxide,
both of which cause oxidative stresses in yeast cells. In contrast, over-expression of yeast homologue of hu-
man chaperone DJ-1, YDR533C, markedly alleviate the inhibition of growth afflicted by exogenous expres-
sion of a-synuclein. Taken together, the data presented suggest a role for protein folding machinery together
with quality control system in dealing with the aggregation of a-synuclein.
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Table 1 Strains and plasmids used in this study

Strains Genotype Source or reference
DH5cx F' Phi80dlacZ DeltaM15 Delta(lacZYA-argF)U169 deoR
recAl endAl hsdR17(rK-mK+)phoA supE44 lambda- thi-1
W303-1a Mat a canl-100 ade2-1 his3-11 trpl-1 ura3-1 leu2-3,112
(Plasmids) (Type of plasmids)
pRK-Wtsyn [7]
pPRK-A53Tsyn [7]
pYES2 21, URA3 Invitrogen
pRS304 Integrative, TRP1 [24]
pRS306 Integrative, URA3 [24]
pRS425 2, LEU [24]
pYES2-aSynWT 2, URA3 This study
pYES2-aSynAS3T 2, URA3 This study
pRS304GAL-aSynWT Integrative, TRP1 This study
pRS304GAL-axSynAS53T Integrative, TRP1 This study
pRS306GAL-axSynWT Integrative, URA3 This study
pRS306 GAL-axSynAS53T Integrative, URA3 This study
pRS425GAL- YDR533C 2, LEU This study
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1.1.2 ifF: GTC GATGG 39 YDR533C PCR
T4 DNA DNA Marker BamHl  Xbal
TaKaRa pYES2 ,
pYES2-YDR533C GALI
1.2 B3 CYCI YDR533C

120 BEBEKREBEFMEL:
W303-1a  YPD
( synthetic complete medium , SD) 1.7 g/L
( yeastnit rogen base , YNB)
20 g/L

5 g/L (NH4),S0, a-synuclein

(SG)
30C 200 r/min

LiAc/PEG [13] a-synuclein
YDR533C
SD-URA SD-LEU R

a-synuclein
SD-TRP(pRS304) SD-URA(pRS306)
; a-synuclein
SD-URA-TRP
PCR
1.2.2 [RHiHE: WTsyn  AS53T-syn
F1 (5 "CCGAAGCTTATAATGGATGTAT-

TCATGAAAGG3 g R1 (5 CGCTCTAGA T TA-
GGCTTCAGGTTCGTAG TC 37, pRKWT-
syn  pRK-A53Tsyn PCR
HindIIl Xbal
pYES2 ,

pYES2-WT-syn(A53T-syn)
pYES2-WT-syn  pYES2-A53T-syn ,
F2 (5 TGCGAGCTCA CGGATTAGAA-

GCCGCCG 39 R2(5"CCGGGTACCGCAAATT
AAAGCCTTCGAG 39 GALI
WT-syn  AS53T-syn PCR
Sacl Kpnl
pRS304  pRS306

pRS304-WT-syn(A53T-syn)  pRS306-WT-syn

(A53T-syn)
W303 , F3

(5 CTGGGTACCATGGCCCC AAAAAAAGTTTTAC
349 and R3 (5§ GCTCTAGATCAGTT TTTTAAAGC-

F4 (5 "AAGGAAAAAAGCGGCCGACGGATTAG-
AAGCCGCCG 39 R4 (57CCGCTCGAGGCAA-

ATTAAAGCC TTCGAG 39 pRS425

, pRS425-YDR533C
123 HERHMENE: SD

, SG
OD ,30 200 r/min ,
600 nm
124 AFAREEKFHLRE:
SD , 1%
DMSO 20 mmol/L. (NH,4),SO, 0.8 mmol/L
H,0, SG , oD , 30
200 r/min s 600 nm
3

2 R
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Fig.1 Maps of recombinant plasmids
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Fig.2 Expression of a-synuclein in yeast incurs growth inhi-
bition.

W303-1a cells carrying one-copy (a) or two-copy (b) of a-syn
integrated into its chromosome, or withOt-syn on an episomal
plasmid (c) were first cultured in SD medium. Cells were taken
to inoculate a fresh culture in SG medium containing 2% ga-
lactose at the same starting ODgop. Optical density at 600 nm
was read at the indicated time intervals.

FeSO, 0.8 mmol/L 20 mmol/L
., SD ;
SG , H,0, FeSO,
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a-Synuclein AS3T ( 4a, 4b)
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Fig.3 Dimethy sulfoxide enhances the a-synuclein-induced
cytotoxicity

W303-1a cells carrying one-copy of a-syn (WT or A53T) inte-
grated into its chromosome were inoculated into either SD with
2% glucose or SG medium with 2% galactose containing a final
concentration of 1% (V/V) DMSO. Optical density at 600 nm was

determined after culturing at 30  for 24h.
a CIWT-Glu
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Fig. 4 Oxidative stress increases the o-synuclein-induced
cytotoxicity

W303-1a cells carrying one-copy of a-syn (WT or A53T) inte-
grated into its chromosome were inoculated into either SD with
2% glucose or SG medium with 2% galactose containing a final
concentration of either 0.8 mmol/L H»O(a) or 20 mmol/L
FeSOy4 (b). Optical density at 600nm was determined after cul-
turing at 30°C for 24h and relative inhibition was calculated by
dividing the value of ODsg in the absence of by value of ODego
in the presence of FeSO4,
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Fig.5 Coexpression of YDR533C alleviates o-synuclein-
mediated toxicity to yeast. W303-1a cells carrying one-copy of
a-syn (WT or AS53T) integrated into its chromosome were
transformed with either pYES2-YDR533C or the control plas-
mid, pYES2. Relative transformants were inoculated into either
SD with 2% glucose or SG medium with 2% galactose with the
same starting ODgoo. Optical density at 600nm was determined

after culturing at 30°C for 24h
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