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Temporal dependence of neuronal alpha-synuclein oligomerization and nuclear translocation
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Abstract:

[Background] Paraquat (PQ), one of the environmental poisons associated with sporadic
Parkinson's disease (PD), can cause abnormal aggregation of alpha-synuclein (a-syn), but the
research on its conformational changes and subcellular localization is limited.

[Objective] To investigate the effect of PQ on a-syn conformation and subcellular localization in
dopaminergic neurons.

[Methods] Forty-eight SPF C57BL/6 male mice were selected and randomly divided into a
control group and a model group. The model group was intraperitoneally injected with PQ
(15 mg-kg™), and the control group was intraperitoneally injected with 0.9% normal saline, twice
a week for eight weeks to construct a PD-like mouse model. The changes of neurobehavior (by
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open field test and pole climbing test) were observed to evaluate motor ability of mice. Immunohistochemical staining (IHC) was used to
detect the expression levels of tyrosine hydroxylase (TH) and a-syn in the midbrain. Western blotting (WB) was used to measure the
protein expression levels of TH and a-syn in midbrain. Human neuroblastoma SH-SY5Y cells were used as dopaminergic neuron in vitro
models. After the cells were treated with PQ (100 umol-L"l) for 0, 12, 24, 36 and 48 h, the expressions of a-syn in whole cell,
cytoplasm, and nucleus were detected by WB; the expression level of extracellular a-syn was detected by enzyme-linked immunosorbent
assay (ELISA); the change of a-syn location was observed by immunofluorescence assay (IFA).

The neurobehavioral tests' results showed that compared with the control group, the residence time in peripheral area of mice
in the PQ model group increased with the increase of exposure time (P <0.05), the residence time and moving distance in the central
region decreased (P<0.05), and the pole climbing time increased (P <0.05). The mouse IHC results showed that compared with the
control group, the number of TH positive cells in the midbrain decreased in the model group at week 6 and 8 (P<0.05), while the
expression level of a-syn increased at week 4, 6, and 8 (P<0.05). The WB results of mouse showed that the relative expression of TH
decreased significantly after 6 and 8 weeks of PQ exposure (P<0.05), and the relative expression of oligomer a-syn increased after 4, 6,
and 8 weeks of PQ exposure (P <0.05). The WB of in vitro models results showed that the relative expression of a-syn in cells increased
with time (R’=0.7440, P <0.05); the relative expression of a-syn in cytoplasm increased firstly and then decreased with time (P <0.05);
the relative expression of a-syn in nucleus increased with time (R>=0.7913, P <0.05). The IFA results of in vitro models showed that the
expression of oligomerized a-syn increased and translocated to the nucleus (P < 0.05). The ELISA results of in vitro models showed that a-

syn increased with the increase of PQ exposure time (P < 0.05).

PQ can increase the expression of a-syn in dopaminergic neurons, induce oligomerization and translocation to the nucleus.

paraquat; alpha-synuclein; oligomerization; nuclear translocation; Parkinson's disease

B & (paraquat, PQ) B — M E AT AIARY
1A 2% 9% ( Parkinson's disease, PD) 15 &5 1-FRE-4-7F
Bt R FMFRIBBREFY, BERANEBHRRAE
T PQEES PD BRNMIEMNMEX, HPFEA PQ Y
RETEAE BHRNFLIEIN T —1ELL L [OR(95%C1)=2.5
(1.4~4.7)1% PD NEERIBHIR S B RFEDN R
1% 2 H (alpha-synuclein, a-syn) 7£ % & (dopamine,
DA) BE TR TN REF AL B 57 /) VA (Lewy body, LB) H
R THI T MEERKD, a-syn I SEMEEIER
S TREFAANEME, RIERET a-syn BAERER
D FEFIMEMNERIK, R, FEEKHBEZ
FEEAREMN", EY a-syn B—FEEHIRTEA,
EHE TR R IG. AR+ 2z,
EBEERERETH a-syn AlgEEBRTFFEEARZF
MMAIEERBE Y, £ PD BEMAL D, ML TH
fZA a-syn WRAEAEAF BERRER, £
K8 129 B LRI IAT a-syn BUSZE (L SRIZ 5240/
S, ALk, a-syn WERACHBARZS ERBE
S5 PDNRESRE. ARRBIERES PQ
(15 mg-kg™) WRFJ AR PO H/NRREL B A
R AR SH-SYSY 4BRRYESD DA BEFRLZTTRUASME
BSRIRAFIEBRE T a-syn WS R EHTIBT A
EA1L, A 91EEH PQ X¥ PD BIBURA IR HIE IS KR,

PQ( 4l E >98%, =& Sigma), R a-syn Z L&

{&(ZE cell Signaling Technology) , % a-syn BT fEH
{&(3E[E Abcam, Proteintech) , B & EL 2 1L BB (tyrosine
hydroxylase, TH) & 52 52 FZ 11K (£ [E Santa Cruz), &
Lamin B1 S 5efEHA(EE Abcam), & B-actin 5o fE
iR, R GAPDH B [EHiiA. BB BRI —FE
HHR(PEICRPEZESHEDIRAREGIRAE]) , SH-SY5Y
(P ER F AR Y REZ R = ERRAMRE) ,
Be4 Mm;&(FBS) (£& Biological Industries) , DMEM/F12
EEAHE(EE Gibco), BREHM(PEILREREE
B BRARE), REER 1(EE McE), 2&H1gEUR
&, cAEHEENNXFZ(PERERIEEY
HIRERAR), ZE0/MERERRIGAFIE(FE L
BIEEMRRBRASED, A a-syn BEEX R KT SE
I%(enzyme linked immunosorbent assay, ELISA) #0115
HE(PE LEESEREMRERERAE), Smart 3.0 /)
ST R R G (FEYLSF Panlab A T)) , AAATEB A MY
(FELSHFRRERAR), EEEEB XN, ED
IR RRAN . BB AR 2 45( Gel Doc XR) (3£ Bio Rad) ,
BIEXR N ENIR. BBRRERF(FEE ECHO),

SPF 2% C57BL/6 i1 /NER 48 3, {RE(2242) g,
BTEERKELRIH O [ iR E ST
YRS SCXK(T)2020-0001], BT EER KF LKL
RO EHYEFCIEZE RS EIZE, RIS ERT
BEXR, a#HITRR(HES: IACUC- NYLAC-2020-172)
mFRE S(25+1) °C, ;2 E N 50%~60%, ¢4 T B HIX
KFBR, EAFIHR 2~3 RN, ENERAF—RARE
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3% 48 R/NEHEN DA 2 4H: SNBAMBREAFTHS
24 R, SWRAFIFNERE 0.9%FIBEK, BERIA
BERE ST PQ(15 mgkg ™), BAEST 2 RB N HIESE
5T 40 6. 8 Ao

1.3 METRHFEMNR

TAEMAERSER 2dFHT. (VI HE
% 7R AHF I NRERIMERNE EITAMER
RIT N B/ NEBMEN 7 F(50 cmx50 cmx25 cm) A
RX, KEZIM D AERKNERR 20 X5
(6 ML 14 NMMEAXIEE) . A Smart 3.0 11
SNER ER IR IER 10 min R/NR EWE SN K £
X FN S X 15 B9 1T 3 BE B AN P AERY 18], (2) e
MEL0: BE—ER N 25 mm BIARBKEE F—HR1K 50 cm.
$ 1 cm BOARFF L, KT EE EDHB LU BB
B AR, 18R/ B MARIK £ T RETHE EMETE,
1.4 B AR IR

INB(E4A n=4) BEFE 5T 0.3%(FREH 0 BH1E
(B 10g AEFH 01 mL), ERXEMEEFI, 5553
GOE, REEOERFET 0.9%(REDE) £IEE
KEEMAARLTEBERIEET (RED) ZE
FREZHPR 20min(E2BEE. S8R &LE). KL
W SKEX A, HIG AR T 2R BEEERAT 4°C
KFEHPEE, 48 h FHRITHLATNL. Rk, AEEEIE,
R, FE 4 ume ZEBUNE(E4A n=4) ZFULH 0.9%
FIEHNKEFE, KEREDBPRALEHTEL
BERNE,

1.5 /NEFTH, asynBEHLEUFLRE
(immunohistochemical staining, IHC)

R R Bk EE T pH=6.0 NIHBEREEE
WIERK AT 98 °C1EE 15 min, FEHBERRINEE
miaiEE RS | ESFR R 20 min; 1xPBS
% 3 ming 378; WFEMBEFFERE 10 min; SEII—HT TH
(1:300). a-syn(1:200); EFTEERN 4°CHEI R,
F _XREETEE 45 min, 1xPBST A% 3 min. 3 )X;
[ 7585 20 min; 1xPBST 3% 3 min. 3 /X; ZHii¥
B 20 min; 1xPBST /4% 3 min. 3 /X; DAB ‘25 10~20s;
ZIBIKAE 30s; HMARZRER 2 min; 1% ERIBERF D
b ss, HITHAK. B, FHFH, FARETHITHRRA,
Image J 1.52 B 2 TN E 8 E T BB XI5
AR EEEAETNENREAS,

1.6 /NEPR TH. asyn B9 E B & & EN T &
(Western blotting, WB) ;%420
545 100 mg 13 &0 A 4B 25 A0 N\ 800 pL Lysis

Buffer TR B2 AR NMBN LT DB, FIZFRIRK
BET 1.5 mL FULBIELER, lERE/C( 12000 rmin™,
10 min, B0 1E 5cm), BX L&, BCAEHITERTE
=2, FHEA LH 2197 50 pg, A 10%3 12%89+
"I B MR- RRGELIZE R LL 80, 120 V R HHTT
Bk, IBEEMEBEN D FEA/NKAIERE 100 V. R
EIEY KRB AR ERREERR _ALIBIR; 5%
ARE I =R 1] 1 h; 233U M0 N—#T TH(1:1000)«
o-syn(1:1000). GAPDH(1:1000). B-actin(1:1000)
4°C FELR, TBST &L 5 min. 3% MMAEHIRE R
L YEEFRIZ A —H1(1:2000) EEMF B 1 h, TBST /R I%
10 min, 37%; KA ECLIAFIEER, £BMIUFELRN
MRER, BB BB Image ) 1.52 D B
NEAFRAREE, ENEHREBSAESEHRE
BEZLEAERIENRIAE,
1.7 SH-SYSY AffIZs

KARETE 106l FME. %5 HEEN
DMEM/F12 1EF E #1755, A4 EIXE 80%~
85%HY FH 0.25%FRESH (L AR, IRERLL B 1:3 H1T(%
o BN EAE KHAAAE, AT AR ESI R AR S
&, IRIBLEEIZMT AR FIR,
1.8 SH-SYSY AfEHR a-syn B9 WB A

& SH-SYSY ZRBLIBRRE 1x10° D mL™ #H4%) 10 cm
IEFIS, FHABEKELY 80%, ZRE 100 umol-L™
PQ D RIALNIE 0. 12. 24 36. 48 h, WEMETF 2mL B
DEF, FEARESITHERIBARSMAXNE
AR SARR, BB N FE 2 MR, 1000xg. 4 °C B
O 5 min, LEFARER; A EWEARG, EEH
MEETHEMNLTZN R ARNBEHAM,
1000xg. 4 °C, B3 10 min, BN EENAMBEFAER; &
B INXS N B 7R A BB JTLE , 14000%g. 4 °C, B
10min, EEANAEZER; BCAEHITHARERTE
2. DHRAREER. ZERMEER(10 pg) FH1T
WB 48, AR “1.676
1.9 HE R ¥t % (immunofluorescence assay, IFA) &
M SH-sY5Y 4BBEIZH a-syn BUE(LER

B 3x10° DN ml BEZEMEIETEAN
14 mm IE Y 24 LR, FHRKE 70%E 4, 5
£ RE 100 pumol-L PQ R0 IR LA B A [B) B j8) ; Fi,2 BY
PBS /A5t 5 min. 3 X, BFLIIATUR s%ZRFEETE
ZHEE 10 min, PBS 75 £ 5 min. 3% ; AT 53 K 0.5%
TritonX-100 #& B8 5 min, PBS j& 7 5 min. 3 X; 4°C 1%
BSA £ {#] 1 h, PBS 35 % 5 min. 3 X; MO a-syn —#1
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(1:100), F 4°CEBE7&; PBS E 5 5 min. 3%, 1
NRFEZH(1:100) , ZBEHES 1 h, PBS 555 5 ming
3R, BXHARRRIE Fr, ZARREEI07E A DAPI RUEIK
FLE S/ 240 EGETEREREERENRHR
B MERT2—MAUSEE - ITEBEHFANRE
MIFEBESRERCREILRAIVEEREL, BRI
FRIC4BRETZ DAPI, L1 BB FEFRIE a-syn, LREBRFEIRIC
W E-T. FBAEGRDTRE Image ) 1.52 DIEH
RIXW RS RENHEMIZE,
1.10 SH-SY5Y 4Rl Li&E& a-syn BY ELISA 143

£RE 100 pmol-L™ PQ 73 5 A0 IBARRE 0. 12, 24,
36. 48 h, BILEN BB R, TEESIRE AR _EINFFNAE SR
BRI 40 uL, AEBMENER 10 u, BRIE
4); AEREHIRGE 37 °C BB 30 min; FERIX,
BT, BB W% 30s. 5%, 18T, SFLINNEEAR X
50 uL, BT A FL; HREE 37 °CEE 30 min; AER
X, BT, BB I% 30s. 5 X, 8F; BFLEMAESR
7 A50 uL, FINANE & B 50 uL, BEREFES, 37 °C
B R 15 min, SFLINAZ LR 50 uL, KLER N, XL
FTEFLIASE, 450 nm REKNERFL D &,
111 FirFEDH

T2 AR LU + s7=R7~, KA GraphPad Prism 8.0.2
B FITHRIT DT RIS RER S AIIE L
B A AT E 97 (One-way ANOVA) , £H 8] i Lt
1R F Dunnett-t 1059, #2307K# a=0.05,

2 &R
2.1 P ZBX/NRIEEHEE IRV
U i7Lie4E R EBR(E 1A), SXFBALLE, EH

A/ N EA XIS = Y [E) 84, o XI5 (= BE Y ] b
(& 1B), RS £ FEREEBER/(E 10), ZESR
BHRITFEX(P<0.05), 127~ PQ Al 5|i/NR B E1T
FEMMRRIT L, CHFRRERER(E 1D),
S53ERALLER, 6 EF 8 AEELA/)\ER AV €T B 8] BE
BN, ERERITFENX(P<0.05),
2.2 PQZFEX/NEAM TH. a-syn FRIXHIE M
HCERER(E 2A), THIHER AR B ERE,
STHRA B R AT E L BMR B, MIEE AR
PQ ZLEEBYEIE N, TH PRI Z AR L B ISR, 6.
8 ASXRABLLEREBARITFRENX(P<0.05) (E 28),
WB EREHER, SXTRAMEL, HEATE 6. 8 F
THRZEZRLD, ERERITFEN(P<0.05), HC &
RER(E 2A), a-syn PR B 2IFEHEE, WRANRI

MERMEE, M P ZRSEEIE NN, a-syn FAMER
KR EZF A IN(R’=0.8410, P<0.05), 4. 6. 8 A5 XA
ABLEERBRITFERN(P<0.05) (& 2C). WB 45
B 2R, A a-syn BRAENRASHERSH
[B)HE N HTHE N ( R*=0.989 8, P < 0.05) , DA REFHZZTT o-
syn BRERBIRZAIE IN(E 2D, 2F)

o £ 20 IR o EEE
b . s N
STERA | FS
; 15
E
% 10
& g g a
e Lip] < °
! N
¥ 4 6 8
B8]/
8000 =R A 15 [D] =WERA —mRa
€ 6000 || 12 a = " a
@ 'E 10 a
nJ 4000 E
=
% 2000 g >
0 0
4 6 8 4 6 3
] Aia)/

GE] A B SRRiEasihisE, e, fe5ERRhRKE; 8 15
LRI EES; ¢ ¥ 5B HEES; b: [erFatiaE.
a: SXERALLE, P<0.05,
1 FH/NRIIBEIEENZK (n=8)
Figure 1 Changes in motor ability of mice in each group (n=8)

2.3 PQ ZEXT SH-SY5Y AR a-syn FIXAIEN

WB £ R E /R (E 3A), a-syn BERAHEI RIA
= £ B8] fk #i 1% 1 IN(R’=0.7440, P<0.05), H
24, 36, 48h 5 0h B EEB AR ITFEEX(P<0.05)
(E 38B),
2.4 PQ Xt SH-sYsY FARRARREIZP a-syn BYRZE

WB £ R B R (E 4A), a-syn BERAAERTRIX
= ME 0 (E] ki M 18 IN(R*=0.7913, P<0.05) , A
24,36, 48h 5 0h AL ERBRITFEX(P<0.05)
(&l 4B)o IFA WHLER B/ (E 40), 5 0h 4H4BLL, 4T
BRAFEDHEAOLFRERSEEIG IR
EAFZEEMN, HREAS oh AELLESRIESRIT
FEMN(P<0.05)(E 4D), B &R 58 EZX LR,
Hohi R ETE 24, 36, 48h 5 0h HIBLL ERE S
ITFEEN(P<0.05)(E 4G), 127~ a-synfE HAEIZER
SKBAZ S, 5 oh AELL, RS EIRVIE I, £T
BRIESEBRNAHEMUREEDIEN, RIAFBRE
Hoasyn 26 BITEEHFEN, HMRAEERK
(Bl 4F), 5 oh A4ELL, RBXEBEFE D HEMAEZ
HraZENERE MR HEEMIZEEM, HREAS
0h AL ERBIBRITFERN(P<0.05) (E 4E), B
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FERNBEZFHMIER, REA a-syn BAIAEEMHE T L
BERANEAHEANEARZD, B R AREE
24. 36. 48 h 5 0 h AL ERBAITFEEN(P<0.05)
(B 4G),

TH
T80 pm 18(':! um 180 um 180 um
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1.5
& ] 4
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B-actin
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ik os
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S 4F 6@ sA
GE]A: N AR TH. a-syn IHC ZE(x200) ; B: /NE AN TH BEIEARAR
WE; ¢ /NEFM o-syn FHMRIAE; D: /NEAFM TH. a-syn &
BEWE; B THEEBESEEE; F asyn EEEFTEEE, a:
5x38R4BELER, P<0.05,
2 FBE/DNEPR TH RE a-syn REER (n=3)

Figure 2 TH and a-syn expressions in the midbrain of mice (n=3)
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Bl a: 5XFEBALLIR, P<0.05,
3 PQ 43E SH-SY5Y ARRAFREYEG a-syn HIRAER
(n=3)
Figure 3 Expressions of a-syn in SH-SY5Y cells after PQ treatment
for different time (n=3)
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4 PQ RIE SH-SY5Y it RREBY B G4+ a-syn K9

X1ER (n=3)
Figure 4 Expressions of a-syn in the nucleus of SH-SY5Y cells
treated with PQ for different time (n=3)
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24. 36 h 5 0h HELLERERITFE X (P<0.05)
(B 5B)o ELISA 5 R 2 /R (& 5C), SH-SYSYAR A FTFE X

B9 a-syn ERFEMRFIMEIZ I, ERZAS oh AL,
ERERITFERN(P<0.05),

0.15
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- . T
. pas a :
a-synBREECK | [ 15 2 2
> = 0.10
g g a
%10 4« a 3
& S
ﬁé £ 005
< 0.5 =~
= 2
B-actin [memm s ——— 3 0.0 55 0.00
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