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a-Synuclein Induces Pore-like Impairments of Mitochondrial Membrane

WANG Zhi-Peng, GAO Ge, DUAN Chun-Li, YANG Hui"

( Department of Neurology, School of Basic Science and Medicine, Capital Medical University, Center for Parkinson’ s Disease

Beijing Institute for Brain Disorders, Key Laboratory for Neurodegenerative Disease of the Ministry of Education, Beijing 100069, China)

Abstract As the first pathogenic gene of Parkinson’ s disease (PD), a-synuclein (a-syn) was found to
play an important role in the development of PD. Although studies have found that a-syn has damage
effect on mitochondria, its mechanism of damage to the mitochondrial membrane is not yet clear. The
purpose of this study was to investigate the effect of a-syn on the morphology of the mitochondrial
membrane and to find more microscopic observations of mitochondrial membrane changes. The
mitochondrial membrane potential was decreased by 17% (P <0.01), and the mPTP opening was
increased by 20.5% (P <0.01) in a-syn transgenic animals as compared with the wild type animals.
Moreover, the release of mitochondrial cytochrome-C in the transgenic group (P <0.01) was increased
by 64% , which might lead to mitophagy and apoptosis. Atomic force microscopy (AFM) showed that the
surface of mitochondrial membrane of a-syn transgenic group is unsmooth. After overexpression of a-syn
in primary neurons, there are many small pores on the mitochondrial membrane, and the pores with a
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diameter of 60200 nm and a depth of 20-60 nm might be caused by a-syn. The primary neurons

overexpressing full-length and N-terminal of a-syn were observed by transmission electron microscope and

vacuolar mitochondria and autophagy vesicles were detected, which indicated that the N-terminal of a-syn

caused the damage of mitochondria. This study found that overexpression N-terminal of a-syn could

induce pore-like damage on the mitochondrial membrane.
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Red Green

Fig.1 «-Syn overexpression results in a decrease in mitochondrial membrane potential
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Transmembrane potential (red/red+green)

Mitochondria were isolated from

mouse brain cortex tissue, and then incubated with JC-1 (1 pL) at 37°C for 10 minutes. ( A) As the mitochondrial membrane

potential was decreased, the fluorescence changed from red to green. (B) Quantitative analysis of mitochondrial membrane potential

was shown as the ratio of red mitochondria to all mitochondria. Values were presented as the mean + SEM of three independent

experiments. Unpaired ¢-test, ™ P <0. 01, compared with WT group (WT; wild type; TG: a-syn transgenic)

A Calcein AM

Fig.2 «-Syn leads to mPTP open abnormally

Calcein AM+CoCl,

WT

TG

B

0.20F

o
o
T

w3k

(Ratio of B/A)

Mitochondrial membrane permeability

Mitochondria was isolated from mouse brain cortex tissue and incubated with

Calcein AM (1 pL) at 37°C for 15 minutes, which has green fluorescence in the mitochondria endothelium, then CoCl, (1 pL) was

added. CoCl, could enter the mitochondria to cancel green fluorescence when the mPTP abnormally open ( A). Quantitative analysis

of mitochondria membrane potential was shown as the ratio of Calcein AM in the group of mitochondria treated with CoCl, over the

group without CoCl, treatment (B). Values are presented as the mean + SEM for three independent experiments. Unpaired ¢-test, ™

P <0.01, compared with WT group (WT: wild type, TG: a-syn transgenic)
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Fig.3 Increased release of Cyto ¢ in a-syn transgenic mice
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(A) Western blot analysis of Cyto ¢ expression in a-syn

transgenic mice. Mitochondria were isolated from mouse cortex tissue, using Invent kit (MP-007) , and the proteins in lysates were
separated by 12% SDS-PAGE. The COX IV and B-actin were used as loading control. Quantitative analysis of Cyto ¢ release and
overexpression of a-syn are shown as the ratio of TG to WT (B, C). Values are presented as the mean = SEM for three independent

experiments. Unpaired ¢-test, ™ P <0.01, ™ P <0.001, compared with WT group ( WT: wild type, TG: a-syn transgenic)

(A)

(B) WT

‘e

L
3 500 nm

(©)

Number of pore

WT

Fig.4 Mitochondria of a-syn transgenic group become swollen with unsmooth surface

TG

Mitochondria were isolated from

mouse brain and fixed on the mica plate by 4% polyoxymethylene for 10 minutes. (A) AFM was used to scan the mitochondria. (B)
The lines of mitochondrial membrane were drawn by nanoscope. (C) The depth more than 10 nm was defined as a pore and the pores

were counted in 30 mitochondria of each group. Values are presented as the mean + SD for three independent experiments. Unpaired

t-test, ™ P <0.001, compared with WT group ( WT: wild type, TG: a-syn transgenic)
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Control

Fig.5 Overexperssion of a-syn and N terminal leads to pore-like damage

a-Syn  N-o-syn del-N-a-syn

Mitochondria were isolated from primary neuro

cells (A), overexpressed a-syn primary neuro cells (B), or cells overexpressed plasmids of deleted N-terminal of a-syn (C) or N-
terminal of a-syn (D) infected with lentivirus. AFM results showed that the N-terminal was the major domain of a-syn in the
induction of pore-like damage on the mitochondria. The magnified image and red circles refer to the pore-like damage. Values are
presented as the mean = SD for three independent experiments. Unpaired ¢-test, ™ P < 0. 001, ™ P < 0.0001, compared with

control group and del-N-a-syn
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Fig.6 N-terminal of a-syn leads to the change of mitochondrial shape

The primary neuro cells were overexpressed with

plasmids of a-syn or N-terminal of a-syn by infection of lentivirus, and then cells were fixed with Glutrral. Representative images

scanned by TEM. LV-GFP as a negative control, a-syn and N-terminal of a-syn could induce spongiform of mitochondria (arrow)
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