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[ Abstract] Objective To establish a human a-synuclein nuclear localization signal transgenic mouse model and
investigate the effects of a-synuclein nuclear localization on the behavior of mice. Methods Human a-synuclein nuclear
localization signal and EGFP lentiviral vectors were constructed. Transgenic mice were created with the microinjection
method. Using PCR and Western Blot method to identify the genotypes and protein expression of the transgenic founder
mice and their offsprings. The immunofluorescence was used to examine the localization of human a-synuclein in the mouse
brain tissue. The behavioral changes of the transgenic mice were evaluated by the open field test, rotarod test, and O maze
test. Results The hSNCA-NLS gene was successfully inserted into the mouse genome, the human a-syn was successfully
expressed, and the human a-syn has localized with the nuclear. Further studies found that human a-synuclein nuclear
localization signal transgenic mice had significant motor dysfunction, astrocyte proliferation and inflammatory response at 2
months of age and exhibited significant anxiety-like symptoms and reduced expression of the y-aminobutyric acid ( GABA)
gene at 9 months of age, which persisted until 12 months of age. Conclusions A human a-synuclein nuclear localization

signal transgenic mouse model has been successfully established. The mice exhibit significant motor dysfunction and
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anxiety-like symptoms. The successful establishment of this model provides a foundation for studying the role of a-syn

nuclear localization in Parkinson’s disease.
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Table 1 PCR primer sequences
B A P E1L7]

Gene name Primer

F:5 -TGTGGCTGCTGCTGAGAAAACC-3’

R:5’ -TTCCTTCCTGTGGGGCTCCTTC-3’

F.5’-CCTCGTGACCACCCTGACCTAC-3’
R:5"-GATGTTGCCGTCCTCCTTGAAGTC-3’

SNCA

EGFP
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P X 2 2 [ 7 48 h, LK AILBE K Ab B, A AL 35 1)
FREENR 4 pm, YIFH R F 65 CHUAER R, H #1
Itk Ak, Z& 18K sk, PBS 35230 5 min, EDTA 45
& WA B W AT U FAE . 25 min, BTIRIBE R
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1% 70 °C 15 min, SRR qPCR 55 & vt
PEATHEOEE & ,20 pL /) qPCR AR 54 : Mix 10
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1.3 ZFiTESR
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I + bRiE2E (2 £ s) K FEn, W H GraphPad
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2.1 WINYERRIEFSHEUWELER
W1 19 hSNCA-NLS kL Fl EGFP %3 J5ki
RS AR A BR A B 2R 47 0 7L 2h ) 3k I 2 5k
18955 7 AR pLV-hSNCA-NLS #1238 8 /& pLV-EGFP
R R 2R | R 5 B AR R 25 L 1

F2 qPCR 51T
Table 2 qPCR primer sequences

K2

Gene name

ist/iE1L)

Forward primer

TS

Reverse primer

GAPDH 57 -TTCAACGGCACAGTCAAGGC-3’
IL-1a 5’ -GTCGGGAGGAGACGACTCTAA-3’
IL-18 5’ -ATGCCACCTTTTGACAGTGAT-3’

IL-6 5’ -TAGTCCTTCCTACCCCAATTTCC-3’
IFN-y 57 -GAGGAACTGGCAAAAGGATGGTG-3’

NF-«kB 5’ -ACAACTATGAGATGAACTCCGGG-3’

NOS2 5’ -GACGAGACGGATAGGCAGAGATTG-3’

GABA 57 -TTCAGTGGTTGTAGCAGAAGATGG-3’

57 -GACTCCACGACATACTCAGCACCC-3’
5’ -GTTTCTGGCAACTCCTTCAGC-3’
5’ -ATGTGCTGCTGCGAGATTTG-3’
5’ -TTGGTCCTTAGCCACTCCTTC-3’
57 -GCTGATGGCCTGATTGTCTTTC-3”
5’ -GATAGCAGTGGGCTGTCTCC-3’
5’ -AACTCTTCAAGCACCTCCAGGAAC-3’
5’ -TCAAGTGGAAGTGAGTCGTCATAAC-3’
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@

Gia

VB010000-9389rbj.
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&
V40 early oA FozaR
ORF_Stuffer
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\&’\*aim;\-
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1A EGFP 185 TR 4 A 3 ; B . hSNCA-NLS 1855 5 24K 1513,

OO HE LI B i 2H 2058 5 Western Blot £
T AV o-syn FE/IN AR N 9 2R IA 15 B0, 45 2R & L
NI a-syn 76/ R4S LA B4R 1z 33k,
& 2B iR,

24 ANE osyn 5EHREZHIA THENHE
e

/N U ALZY) 7 1) G 3 5 S S B 45 AR R AR
WRIAINIE o-syn 5 20 L A% A B ik Ay 3 5 A5 ( D
Kl3),

PCR H:H A% E 4L Western Blot 25 FH KX E 45
SN 5 g A 45 SR 3 [m] 3% B 4 L TR /N B
=R,

2.5 ZEMANIE a-syn HEE/NRHIIEshIhEE
(=R

P25 R B 15 AR AR a-syn
INEUE N SRR A, 15 HOEGFP /)N LBl ) i
AT AR 1.2.3.6.9.12 H I 70375
55 (I 4A) e sc i (1 4B) , 45 5k B SE 5 4 /)N

RSV promoter 5" LTR-AU3

B w

VB210125-1312gjc. <|
9818 bp )

(SVAD Eariy b

ITRAUS HSNCA[NM_001375286.1)/SV40 NLS

B R AR

Note. A. EGFP lentiviral vector schematic. B. hSNCA-NLS lentiviral vector schematic.

Figure 1 Lentiviral vector schematic

hSNCA-NLS LGIP

A )
—290 by : - _
P Human i “; 17 kDa
~232bp a-synuclein
‘ GAPDH [ G S S G & S D = w0 80 | 6 (-

LEGIP hSNCA-NLS

TE:A:PCR %5 EGFP FIRLERL IR a-syn FeIE D/ NELAY BRI LI ST A28 B : Western Blot 16l EGFP FI% 58 AL AR ac-syn e ZE K /N

EAHLUP IR a-syn FiEKFE,

2 EGFP FZE AL ANVR o-syn T 3 IR/INERIE TR U437 T Western Blot 2 11 %578 25 51

Note. A. Electrophoresis analysis of EGFP and nuclear localization of human a-synuclein transgenic mice with PCR. B. Western Blot analysis was

performed to detect the expression levels of human o-synuclein in various tissues of the transgenic mice.

Figure 2 Genotyping analysis and protein identification results of the EGFP and nuclear localization of human a-synuclein

transgenic mice
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Human o-synuclein DAPI Merge Human a-synuclein DAPI Merge
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2 ©
S 3
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TE A IR c-syn TEREM X AR IK o BLC\ D E 43 BIARERIEIER 38 5 P ARFEAZ, B LC.DE A JR AR 3 5 47 ) 5 B2 AU au-syn
TEMLER (AL 15 C o NI o-syn FEI E AL E A7 D e AU o-syn 7E PRI E AT B AR o-syn ZERIRAZ I SLE A7,

3 AR a-syn TEAAIN XA 2 AL AU
Note. A. Expression of human a-synuclein in the entire brain region,where B, C, D, E represent the olfactory bulb, hippocampus, midbrain, ventral
tegmental area respectively, picture B, C, D, E are partial enlarged co-localization view. B. Co-localization of human a-synuclein in the olfactory
bulb. C. Co-localization of human a-synuclein in the hippocampus. D. Co-localization of human a-synuclein in the midbrain. E. Co-localization of
human a-synuclein in the ventral tegmental area.

Figure 3 Localization of human a-synuclein in various brain regions

T2 A EER s T B EE2ER, & 2.6 BEMAR osyn EER/NRHMEEH
B E NN a-syn LN AR T 28 fER

RERR AR, I HLX R AT R 0 50 — B 2/ R 12 B2 A B 15 H AR E 7 AR a-syn
A, N E NI 4, 15 H O EGFP /NI B ol IR
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Note. A. Movement distance of mice at different age in the open field. B. Residence time of mice at different age on the rotating rod.

Compared with EGFP group, P < 0.05, ™ P<0.01, ™ P < 0.001. (The same in the following figures)

Figure 4

H 0T 1.2.3.6.9.12 HIBEHHEFT O 265 505
RIVNET 9 A I 30 A BRI Y e 2
S, B —HEER 12 A, K 5 iR,

2007 ® LGFP
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Figure 5 Anxiety-like symptoms in nuclear localization

of human a-synuclein mice(n = 15)
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Figure 6 Nuclear input of human a-synuclein triggers astrocyte proliferation and inflammatory response
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Figure 7 Detection of y-aminobutyric acid mRNA levels(n = 3)
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