CLAIMS

1. A fusion protein comprising a zinc finger protein (ZFP) domain and a
transcription repressor domain, wherein the ZFP domain binds to a target region of a
human alpha-synuclein gene (SNCA gene), wherein the target region is any one of SEQ

ID NO. 17-36 and the fusion protein is capable of repressing SNCA gene expression.

2. The fusion protein of claim 1, wherein the ZFP domain comprises six zinc
fingers and the fusion protein optionally represses expression of the SNCA gene by at
least 40%, 75%, 90%, 95%, or 99% with no or minimal detectable off-target binding

or activity.

3. The fusion protein of claim 1 or claim 2, wherein the transcription repressor

domain comprises a KRAB domain amino acid sequence from human KOXI.

4. The fusion protein of any one of the preceding claims, wherein the ZFP domain

is linked to the transcription repressor through a peptide linker.

5. A fusion protein comprising a zinc finger protein (ZFP) domain and a
transcription repression domain, wherein the ZFP domain binds to a target region in a
human alpha-synuclein gene (SNCA gene), wherein the ZFP domain comprises a DNA-
binding recognition helix sequence shown in the Table below, wherein the sequences

identification numbers are shown in the parentheses:

F1 F2 F3 F4 F5 F6
QSGHLAR | QRKDLTQ | RSDHLSR | TRDGLRQ | RSANLAR | DSSDRKK
(37) (61) (47) (97) (110) (120)
RSDNLST | RSDNLTR | DRSDLSR | RREHLRA | TSGNLTR | QRSHLSD
(38) (62) (64) (98) (111) (121)
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F1 F2 F3 F4 F5 Fé
ERGTLAR | MACCRYA | RSADLTR | QSGDLTR | QSGNLAR | RQEHRVA
(39) (63) (80) (99) (85) (122)
RSAHLSR | DRSDLSR | MSCCRSA | RSADLSR | QSGDLTR | QRSNLNI
(40) (64) (81) (100) (99) (123)
RSDNLSV | ASWILTQ | DRSDLSR | DRSNLTR | DRSHLTR | DRSNLTR
(41) (65) (64) (75) (45) (75)
LRHHLTR | VAEYRYK | RSDNLSV | RHSHLTS | RSDTLSA | RSADLSR
(42) (66) (41) (101) (112) (100)
RSDNLST | QSGHLSR | DAHHLHR | RSANLTR | DRSNRTT | HRSSLRR
(38) (67) (82) (102) (113) (124)
RSDDLTR | QKFPRDS | RSDHLTQ | DSANLSR | DRSNLSR | DRTSLKW
(43) (68) (83) (103) (44) (125)
DRSNLSR | HLCCLGR | RSCCLHL | RNASRTR | QSSDLSR | HRKSLSR
(44) (69) (84) (104) (51) (126)
DRSNLSR | DRSHLAR | RSDHLSE | TSSDRTK | DRSHLSR | DRSHLAR
(44) (70) (54) (105) (114) (70)
DRSHLTR | DRSHLAR | QSGNLAR | AKWNLDA | QSGDLTR | TQGYLRK
(45) (70) (85) (106) (99) (127)
TSGSLSR | QAGHLAK | DRSARTR | QSGHLSR | RSAHLSR | QSSDLRR
(46) (71) (86) (67) (40) (128)
RSDHLSR | QHAHRNT | RPDTLRD | QONATRTK | RSDALSR | DRSALAR
(47) (72) (87) (107) (115) (76)
NNRDLIN | TSSNLSR | RSDTLSE | NNRDRTK | QSSDLSR | HRSTRNR
(48) (73) (88) (108) (51) (129)
QNAHRKT | DNSTRIK | DRSNLSR | HLCCLGR | DRSNLSR | TSANLSR
(49) (74) (44) (69) (44) (130)
QRNHRTT | DRSNLTR | MSCCRSA | RSADLSR | RSAHLSR | TSANLSR
(50) (75) (81) (100) (40) (130)
QSSDLSR | DRSALAR | DRSYRNT | RRSDLKR | RSADLTR | DRSALAR
(51) (76) (89) (109) (80) (76)
DSSTRKT | QSATRTK | ERGTLAR | QSGDLTR | QSSDLSR | AASNRSK
(52) (77) (39) (99) (51) (131)
RSDNLSQ | ASNDRKK | YDYGRYT | DRSHLAR | QSGNLAR | DRSALAR
(53) (78) (90) (70) (85) (76)
RSDHLSE | QSNHRKT | VYEGLKK | QSGHLSR | RSDVLSE | DRSNRIK
(54) (79) (91) (67) (116) (132)
~QNAHRK | DNSTRIK | DRSNLSR | HLCCLGR | DRSNLSR | TSANLSR
T (55) (74) (44) (69) (44) (130)
~"QNAHRK | DNSTRIK | "DRSNLS | HLCCLGR | DRSNLSR | TSANLSR
T (55) (74) R (92) (69) (44) (130)
~QNAHRK | DNSTRIK | "DRSNLS | HLCCLGR | "DRSNLS | TSANLSR
T (55) (74) R (92) (69) R (92) (130)
~QRNHRT | DRSNLTR | MSCCRSA | RSADLSR | RSAHLSR | TSANLSR
T (56) (75) (81) (100) (40) (130)
~QRNHRT | DRSNLTR | "MSCCRS | RSADLSR | RSAHLSR | TSANLSR
T (56) (75) A (93) (100) (40) (130)
~QRNHRT | DRSNLTR | "MSCCRS | RSADLSR | "RSAHLS | TSANLSR
T (56) (75) A (93) (100) R (117) (130)
~QSSDLS | DRSALAR | "DRSYRN | RRSDLKR | "RSADLT | DRSALAR
R (57) (76) T (94) (109) R (118) (76)
~"DSSTRK | QSATRTK | ERGTLAR | QSGDLTR | QSSDLSR | AASNRSK
T (58) (77) (39) (99) (51) (131)
~"DSSTRK | QSATRTK | "ERGTLA | QSGDLTR | QSSDLSR | AASNRSK
T (58) (77) R (95) (99) (51) (131)
~"RSDNLS | ASNDRKK | YDYGRYT | DRSHLAR | QSGNLAR | DRSALAR
Q0 (59) (78) (90) (70) (85) (76)
~RSDNLS | ASNDRKK | "YDYGRY | DRSHLAR | QSGNLAR | DRSALAR
Q0 (59) (78) T (96) (70) (85) (76)
~RSDNLS | ASNDRKK | "YDYGRY | DRSHLAR | "QSGNLA | DRSALAR
Q (59) (78) T (96) (70) R (119) (76)
~RSDHLS | QSNHRKT | VYEGLKK | QSGHLSR | RSDVLSE | DRSNRIK
E (60) (79) (91) (67) (116) (132)
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6. The fusion protein of any one of the preceding claims, wherein the ZFP domain
comprises the DNA-binding recognition helix sequences as shown in a single row of

the Table in claim 5.

7. The fusion protein of any one of the preceding claims, wherein the ZFP domain
comprises the DNA-binding recognition helix sequences as shown in a single row of

the Table in claim 5 ordered from F1 to F6.

8. The fusion protein of claim 6, wherein the ZFP domain comprises the DNA-
binding recognition helix ordered from F1 to F6, wherein the sequences are selected
from the group consisting of:

QSGHLAR (37), QRKDLTQ (61), RSDHLSR (47), TRDGLRQ (97),
RSANLAR (110), DSSDRKK (120) for F1 to F6, respectively;

RSDNLST (38), RSDNLTR (62), DRSDLSR (64), RREHLRA (98),
TSGNLTR (111), QRSHLSD (121) for F1 to F6, respectively;

ERGTLAR (39), MACCRYA (63), RSADLTR (80), QSGDLTR (99),
QSGNLAR (85), RQEHRVA (122) for F1 to F6, respectively;

RSAHLSR (40), DRSDLSR (64), MSCCRSA (81), RSADLSR (100),
QSGDLTR (99), QRSNLNI (123) for F1 to F6, respectively;

RSDNLSV (41), ASWTLTQ (65), DRSDLSR (64), DRSNLTR (75),
DRSHLTR (45), DRSNLTR (75) for F1 to F6, respectively;

LRHHLTR (42), VAEYRYK (66), RSDNLSV (41), RHSHLTS (101),
RSDTLSA (112), RSADLSR (100) for F1 to F6, respectively;

RSDNLST (38), QSGHLSR (67), DAHHLHR (82), RSANLTR (102),

DRSNRTT (113), HRSSLRR (124) for F1 to F6, respectively;
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RSDDLTR (43), QKFPRDS (68), RSDHLTQ (83), DSANLSR (103),
DRSNLSR (44), DRTSLKW (125) for F1 to F6, respectively;

DRSNLSR (44), HLCCLGR (69), RSCCLHL (84), RNASRTR (104),
QSSDLSR (51), HRKSLSR (126) for F1 to F6, respectively;

DRSNLSR (44), DRSHLAR (70), RSDHLSE (54), TSSDRTK (105),
DRSHLSR (114), DRSHLAR (70) for F1 to F6, respectively;

DRSHLTR (45), DRSHLAR (70), QSGNLAR (85), AKWNLDA (106),
QSGDLTR (99), TQGYLRK (127) for F1 to F6, respectively;

TSGSLSR (46), QAGHLAK (71), DRSARTR (86), QSGHLSR (67),
RSAHLSR (40), QSSDLRR (128) for F1 to F6, respectively;

RSDHLSR (47), QHAHRNT (72), RPDTLRD (87), QNATRTK (107),
RSDALSR (115), DRSALAR (76) for F1 to F6, respectively;

NNRDLIN (48), TSSNLSR (73), RSDTLSE (88), NNRDRTK (108),
QSSDLSR (51), HRSTRNR (129) for F1 to F6, respectively;

QNAHRKT (49), DNSTRIK (74), DRSNLSR (44), HLCCLGR (69),
DRSNLSR (44), TSANLSR (130) for F1 to F6, respectively;

QRNHRTT (50), DRSNLTR (75), MSCCRSA (81), RSADLSR (100),
RSAHLSR (40), TSANLSR (130) for F1 to F6, respectively;

QSSDLSR (51), DRSALAR (76), DRSYRNT (89), RRSDLKR (109),
RSADLTR (80), DRSALAR (76) for F1 to F6, respectively;

DSSTRKT (52), QSATRTK (77), ERGTLAR (39), QSGDLTR (99),
QSSDLSR (51), AASNRSK (131) for F1 to F6, respectively;

RSDNLSQ (53), ASNDRKK (78), YDYGRYT (90), DRSHLAR (70),

QSGNLAR (85), DRSALAR (76) for F1 to F6, respectively; and
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RSDHLSE (54), QSNHRKT (79), VYEGLKK (91), QSGHLSR (67),
RSDVLSE (116), DRSNRIK (132) for F1 to F6, respectively;

wherein the SEQ ID NO. of the sequence is indicated in parenthesis.

9. The fusion protein of claim 6, wherein the ZFP domain comprises the F1 to F6
recognition helix regions, and the phosphate contact mutations, if present, of the
DNA-binding recognition helix sequences selected from the group consisting of:

QNAHRKT (55), DNSTRIK (74), DRSNLSR (44), HLCCLGR (69),
DRSNLSR (44), and TSANLSR (130) for F1 to F6, respectively, and an R-to-Q
substitution at the (-5) position of F1;

QNAHRKT (55), DNSTRIK (74), DRSNLSR (44), HLCCLGR (69),
DRSNLSR (44), and TSANLSR (130) for F1 to F6, respectively, and an R-to-Q
substitution at the (-5) position of F1 and F3;

QNAHRKT (55), DNSTRIK (74), DRSNLSR (44), HLCCLGR (69),
DRSNLSR (44), and TSANLSR (130) for F1 to F6, respectively, and an R-to-Q
substitution at the (-5) position of F1, F3, and F5;

QRNHRTT (56), DRSNLTR (75), MSCCRSA (81), RSADLSR (100),
RSAHLSR (40), and TSANLSR (130) for F1 to F6, respectively, and an R-to-Q
substitution at the (-5) position of F1;

QRNHRTT (56), DRSNLTR (75), MSCCRSA (81), RSADLSR (100),
RSAHLSR (40), and TSANLSR (130) for F1 to F6, respectively, and an R-to-Q
substitution at the (-5) position of F1 and F3;

QRNHRTT (56), DRSNLTR (75), MSCCRSA (81), RSADLSR (100),
RSAHLSR (40), and TSANLSR (130) for F1 to F6, respectively, and an R-to-Q

substitution at the (-5) position of F1, F3, and F5;
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QSSDLSR (57), DRSALAR (76), DRSYRNT (94), RRSDLKR (109),
RSADLTR (118), and DRSALAR (76) for F1 to F6, respectively, and an R-to-Q
substitution at the (-5) position of F1, F3, and F5;

DSSTRKT (58), QSATRTK (77), ERGTLAR (39), QSGDLTR (99),
QSSDLSR (51), and AASNRSK (131) for F1 to F6, respectively, and an R-to-Q
substitution at the (-5) position of F1;

DSSTRKT (58), QSATRTK (77), ERGTLAR (39), QSGDLTR (99),
QSSDLSR (51), and AASNRSK (131) for F1 to F6, respectively, and an R-to-Q
substitution at the (-5) position of F1 and F3;

RSDNLSQ (59), ASNDRKK (78), YDYGRYT (90), DRSHLAR (70),
QSGNLAR (85), and DRSALAR (76) for F1 to F6, respectively, and an R-to-Q
substitution at the (-5) position of F1;

RSDNLSQ (59), ASNDRKK (78), YDYGRYT (90), DRSHLAR (70),
QSGNLAR (85), and DRSALAR (76) for F1 to F6, respectively, and an R-to-Q
substitution at the (-5) position of F1 and F3;

RSDNLSQ (59), ASNDRKK (78), YDYGRYT (90), DRSHLAR (70),
QSGNLAR (85), and DRSALAR (76) for F1 to F6, respectively, and an R-to-Q
substitution at the (-5) position of F1, F3, and F5; and

RSDHLSE (60), QSNHRKT (79), VYEGLKK (91), QSGHLSR (67),
RSDVLSE (116), and DRSNRIK (132) for F1 to F6, respectively, and an R-to-Q

substitution at the (-5) position of F1.

10. The fusion protein of any one of the preceding claims, wherein the ZFP

domain comprises a DNA-binding recognition helix sequence set forth in a single row

of the Table below wherein the DNA-binding recognition helix sequences are in
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boldface, intramodule and intermodule linkers are underlined and R(-5)Q backbone

mutations are indicated by boldface and underline:

SEQ ID

NO

Amino Acid Sequences

(133)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSQSGHLARHIRTHTGE
KPFACDICGRKFAQRKDLTQHTKIHTHPRAPIPKPFQCRICMRNFSRS
DHLSRHIRTHTGEKPFACDICGRKFATRDGLRQHTKIHTGSQKPFQC
RICMRNFSRSANLARHIRTHTGEKPFACDICGRKFADSSDRKKHTKI
HLROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDT
AQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREI
HQETHPDSETAFEIKSSVRS

(134)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSRSDNLSTHIRTHTGEK
PFACDICGRKFARSDNLTRHTKIHTGSQKPFQCRICMRNFSDRSDLS
RHIRTHTGEKPFACDICGRKFARREHLRAHTKIHTGSQKPFQCRICM
RNFSTSGNLTRHIRTHTGEKPFACDICGRKFAQRSHLSDHTKIHLRQ
KDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQI
VYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQET
HPDSETAFEIKSSVRS

(135)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSERGTLARHIRTHTGE
KPFACDICGRKFAMACCRYAHTKIHTGSQKPFQCRICMRNFSRSAD
LTRHIRTHTGEKPFACDICGRKFAQSGDLTRHTKIHTHPRAPIPKPFQ
CRICMRNFSQSGNLARHIRTHTGEKPFACDICGRKFARQEHRVAHT
KIHLROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLD
TAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREI
HQETHPDSETAFEIKSSVRS

(136)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSRSAHLSRHIRTHTGEK
PFACDICGRKFADRSDLSRHTKIHTGSQKPFQCRICMRNFSMSCCRS
AHIRTHTGEKPFACDICGRKFARSADLSRHTKIHTGSQKPFQCRICM
RNFSQSGDLTRHIRTHTGEKPFACDICGRKFAQRSNLNIHTKIHLROQ
KDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQI
VYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQET
HPDSETAFEIKSSVRS

(137)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSQNAHRKTHIRTHTGE
KPFACDICGRKFADNSTRIKHTKIHTHPRAPIPKPFQCRICMRNFSDR
SNLSRHIRTHTGEKPFACDICGRKFAHLCCLGRHTKIHTGSQKPFQC
RICMRNFSDRSNLSRHIRTHTGEKPFACDICGRKFATSANLSRHTKIH
LROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTA
QQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIH
QETHPDSETAFEIKSSVRS
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SEQ ID

NO

Amino Acid Sequences

(138)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSRSDNLSVHIRTHTGEK
PFACDICGRKFAASWTLTQHTKIHTGSQKPFQCRICMRNFSDRSDLS
RHIRTHTGEKPFACDICGRKFADRSNLTRHTKIHTGSOQKPFQCRICM
RNFSDRSHLTRHIRTHTGEKPFACDICGRKFADRSNLTRHTKIHLRQ
KDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQI
VYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQET
HPDSETAFEIKSSVRS

(139)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSQRNHRTTHIRTHTGE
KPFACDICGRKFADRSNLTRHTKIHTGSQKPFQCRICMRNFSMSCCR
SAHIRTHTGEKPFACDICGRKFARSADLSRHTKIHTGSQKPFQCRICM
RNFSRSAHLSRHIRTHTGEKPFACDICGRKFATSANLSRHTKIHLROQ
KDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQI
VYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQET
HPDSETAFEIKSSVRS

(140)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSLRHHLTRHIRTHTGE
KPFACDICGRKFAVAEYRYKHTKIHTGSQKPFQCRICMRNFSRSDNL
SVHIRTHTGEKPFACDICGRKFARHSHLTSHTKIHTGSOKPFQCRICM
RNFSRSDTLSAHIRTHTGEKPFACDICGRKFARSADLSRHTKIHLRQ
KDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQI
VYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQET
HPDSETAFEIKSSVRS

(141)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSQSSDLSRHIRTHTGEK
PFACDICGRKFADRSALARHTKIHTHPRAPIPKPFQCRICMRNFSDRS
YRNTHIRTHTGEKPFACDICGRKFARRSDLKRHTKIHTGSQKPFQCR
ICMRNFSRSADLTRHIRTHTGEKPFACDICGRKFADRSALARHTKIH
LROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTA
QQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIH
QETHPDSETAFEIKSSVRS

(142)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSDSSTRKTHIRTHTGEK
PFACDICGRKFAQSATRTKHTKIHTHPRAPIPKPFQCRICMRNFSERG
TLARHIRTHTGEKPFACDICGRKFAQSGDLTRHTKIHTGSQKPFQCR
ICMRNFSQSSDLSRHIRTHTGEKPFACDICGRKFAAASNRSKHTKIHL
ROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQ

QIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQE
THPDSETAFEIKSSVRS

(143)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSRSDNLSTHIRTHTGEK
PFACDICGRKFAQSGHLSRHTKIHTGSQKPFQCRICMRNFSDAHHL
HRHIRTHTGEKPFACDICGRKFARSANLTRHTKIHTGSQKPFQCRIC
MRNFSDRSNRTTHIRTHTGEKPFACDICGRKFAHRSSLRRHTKIHLR
QKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQ
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SEQ ID

NO

Amino Acid Sequences

IVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQET
HPDSETAFEIKSSVRS

(144)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSRSDDLTRHIRTHTGEK
PFACDICGRKFAQKFPRDSHTKIHTGSQKPFQCRICMRNFSRSDHLT
QHIRTHTGEKPFACDICGRKFADSANLSRHTKIHTGSQKPFQCRICM
RNFSDRSNLSRHIRTHTGEKPFACDICGRKFADRTSLKWHTKIHLRQ
KDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQI
VYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQET
HPDSETAFEIKSSVRS

(145)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSRSDNLSQHIRTHTGEK
PFACDICGRKFAASNDRKKHTKIHTGSQKPFQCRICMRNFSYDYGR
YTHIRTHTGEKPFACDICGRKFADRSHLARHTKIHTHPRAPIPKPFQC
RICMRNFSQSGNLARHIRTHTGEKPFACDICGRKFADRSALARHTKI
HLROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDT
AQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREI
HQETHPDSETAFEIKSSVRS

(146)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSDRSNLSRHIRTHTGEK
PFACDICGRKFAHLCCLGRHTKIHTHPRAPIPKPFQCRICMRNFSRSC
CLHLHIRTHTGEKPFACDICGRKFARNASRTRHTKIHTGSQKPFQCR
ICMRNFSQSSDLSRHIRTHTGEKPFACDICGRKFAHRKSLSRHTKIHL
ROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQ
QIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQE
THPDSETAFEIKSSVRS

(147)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSDRSNLSRHIRTHTGEK
PFACDICGRKFADRSHLARHTKIHTHPRAPIPKPFQCRICMRNFSRSD
HLSEHIRTHTGEKPFACDICGRKFATSSDRTKHTKIHTGSOQKPFQCRI
CMRNFSDRSHLSRHIRTHTGEKPFACDICGRKFADRSHLARHTKIHL
ROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQ

QIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQE
THPDSETAFEIKSSVRS

(148)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSDRSHLTRHIRTHTGE
KPFACDICGRKFADRSHLARHTKIHTHPRAPIPKPFQCRICMRNFSQS
GNLARHIRTHTGEKPFACDICGRKFAAKWNLDAHTKIHTGSQKPFQ
CRICMRNFSQSGDLTRHIRTHTGEKPFACDICGRKFATQGYLRKHT
KIHLROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLD
TAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREI
HQETHPDSETAFEIKSSVRS

(149)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSTSGSLSRHIRTHTGEK
PFACDICGRKFAQAGHLAKHTKIHTGSQKPFQCRICMRNFSDRSAR
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SEQ ID

NO

Amino Acid Sequences

TRHIRTHTGEKPFACDICGRKFAQSGHLSRHTKIHTHPRAPIPKPFQC
RICMRNFSRSAHLSRHIRTHTGEKPFACDICGRKFAQSSDLRRHTKI
HLROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDT
AQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREI
HQETHPDSETAFEIKSSVRS

(150)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSRSDHLSEHIRTHTGEK
PFACDICGRKFAQSNHRKTHTKIHTGSQKPFQCRICMRNFSVYEGL
KKHIRTHTGEKPFACDICGRKFAQSGHLSRHTKIHTHPRAPIPKPFQC
RICMRNFSRSDVLSEHIRTHTGEKPFACDICGRKFADRSNRIKHTKIH
LROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTA
QQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIH
QETHPDSETAFEIKSSVRS

(151)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSRSDHLSRHIRTHTGEK
PFACDICGRKFAQHAHRNTHTKIHTGSQKPFQCRICMRNFSRPDTL
RDHIRTHTGEKPFACDICGRKFAQNATRTKHTKIHTHPRAPIPKPFQ
CRICMRNFSRSDALSRHIRTHTGEKPFACDICGRKFADRSALARHTK
IHLROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDT
AQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREI
HQETHPDSETAFEIKSSVRS

(152)

MAPKKKRKVGVPAAMAERPFQCRICMRNFSNNRDLINHIRTHTGEK
PFACDICGRKFATSSNLSRHTKIHTHPRAPIPKPFQCRICMRNFSRSDT
LSEHIRTHTGEKPFACDICGRKFANNRDRTKHTKIHTGSQKPFQCRI
CMRNFSQSSDLSRHIRTHTGEKPFACDICGRKFAHRSTRNRHTKIHL
ROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQ
QIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQE
THPDSETAFEIKSSVRS

(153)

MAPKKKRKVGVPAAMAERPFQCRICMQNFSQNAHRKTHIRTHTGE
KPFACDICGRKFADNSTRIKHTKIHTHPRAPIPKPFQCRICMRNFSDR
SNLSRHIRTHTGEKPFACDICGRKFAHLCCLGRHTKIHTGSQKPFQC
RICMRNFSDRSNLSRHIRTHTGEKPFACDICGRKFATSANLSRHTKIH
LROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTA
QQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIH
QETHPDSETAFEIKSSVRS

(154)

MAPKKKRKVGVPAAMAERPFQCRICMQNFSQNAHRKTHIRTHTGE
KPFACDICGRKFADNSTRIKHTKIHTHPRAPIPKPFQCRICMOQNFSDR
SNLSRHIRTHTGEKPFACDICGRKFAHLCCLGRHTKIHTGSQKPFQC
RICMRNFSDRSNLSRHIRTHTGEKPFACDICGRKFATSANLSRHTKIH
LROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTA
QQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIH
QETHPDSETAFEIKSSVRS

41




SEQ ID

NO

Amino Acid Sequences

(155)

MAPKKKRKVGVPAAMAERPFQCRICMOQNFSQNAHRKTHIRTHTGE
KPFACDICGRKFADNSTRIKHTKIHTHPRAPIPKPFQCRICMQNFSDR
SNLSRHIRTHTGEKPFACDICGRKFAHLCCLGRHTKIHTGSQKPFQC
RICMQNFSDRSNLSRHIRTHTGEKPFACDICGRKFATSANLSRHTKI
HLROQKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDT
AQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREI
HQETHPDSETAFEIKSSVRS

(156)

MAPKKKRKVGVPAAMAERPFQCRICMONFSQRNHRTTHIRTHTGE
KPFACDICGRKFADRSNLTRHTKIHTGSQKPFQCRICMRNFSMSCCR
SAHIRTHTGEKPFACDICGRKFARSADLSRHTKIHTGSQKPFQCRICM
RNFSRSAHLSRHIRTHTGEKPFACDICGRKFATSANLSRHTKIHLROQK
DAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIV
YRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQETH
PDSETAFEIKSSVRS

(157)

MAPKKKRKVGVPAAMAERPFQCRICMONFSQRNHRTTHIRTHTGE
KPFACDICGRKFADRSNLTRHTKIHTGSQKPFQCRICMOQNFSMSCC
RSAHIRTHTGEKPFACDICGRKFARSADLSRHTKIHTGSQKPFQCRIC
MRNFSRSAHLSRHIRTHTGEKPFACDICGRKFATSANLSRHTKIHLR
QKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQ
IVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQET
HPDSETAFEIKSSVRS

(158)

MAPKKKRKVGVPAAMAERPFQCRICMONFSQRNHRTTHIRTHTGE
KPFACDICGRKFADRSNLTRHTKIHTGSQKPFQCRICMOQNFSMSCC
RSAHIRTHTGEKPFACDICGRKFARSADLSRHTKIHTGSQKPFQCRIC
MONFSRSAHLSRHIRTHTGEKPFACDICGRKFATSANLSRHTKIHLR
QKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQ
IVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQET
HPDSETAFEIKSSVRS

(159)

MAPKKKRKVGVPAAMAERPFQCRICMOQNFSQSSDLSRHIRTHTGEK
PFACDICGRKFADRSALARHTKIHTHPRAPIPKPFQCRICMOQNFSDRS
YRNTHIRTHTGEKPFACDICGRKFARRSDLKRHTKIHTGSQKPFQCR
ICMQNFSRSADLTRHIRTHTGEKPFACDICGRKFADRSALARHTKIH
LROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTA
QQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIH
QETHPDSETAFEIKSSVRS

(160)

MAPKKKRKVGVPAAMAERPFQCRICMOQNFSDSSTRKTHIRTHTGEK
PFACDICGRKFAQSATRTKHTKIHTHPRAPIPKPFQCRICMRNFSERG
TLARHIRTHTGEKPFACDICGRKFAQSGDLTRHTKIHTGSQKPFQCR
ICMRNFSQSSDLSRHIRTHTGEKPFACDICGRKFAAASNRSKHTKIHL
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NO

Amino Acid Sequences

ROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQ
QIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQE
THPDSETAFEIKSSVRS

(161)

MAPKKKRKVGVPAAMAERPFQCRICMONFSDSSTRKTHIRTHTGEK
PFACDICGRKFAQSATRTKHTKIHTHPRAPIPKPFQCRICMQNFSER
GTLARHIRTHTGEKPFACDICGRKFAQSGDLTRHTKIHTGSQKPFQC
RICMRNFSQSSDLSRHIRTHTGEKPFACDICGRKFAAASNRSKHTKIH
LROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTA
QQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIH
QETHPDSETAFEIKSSVRS

(162)

MAPKKKRKVGVPAAMAERPFQCRICMQNFSRSDNLSQHIRTHTGE
KPFACDICGRKFAASNDRKKHTKIHTGSQKPFQCRICMRNFSYDYG
RYTHIRTHTGEKPFACDICGRKFADRSHLARHTKIHTHPRAPIPKPFQ
CRICMRNFSQSGNLARHIRTHTGEKPFACDICGRKFADRSALARHT
KIHLROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLD
TAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREI
HQETHPDSETAFEIKSSVRS

(163)

MAPKKKRKVGVPAAMAERPFQCRICMQNFSRSDNLSQHIRTHTGE
KPFACDICGRKFAASNDRKKHTKIHTGSQKPFOQCRICMOQNFSYDYG
RYTHIRTHTGEKPFACDICGRKFADRSHLARHTKIHTHPRAPIPKPFQ
CRICMRNFSQSGNLARHIRTHTGEKPFACDICGRKFADRSALARHT
KIHLROQKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLD
TAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREI
HQETHPDSETAFEIKSSVRS

(164)

MAPKKKRKVGVPAAMAERPFQCRICMQNFSRSDNLSQHIRTHTGE
KPFACDICGRKFAASNDRKKHTKIHTGSQKPFQCRICMONFSYDYG
RYTHIRTHTGEKPFACDICGRKFADRSHLARHTKIHTHPRAPIPKPFQ
CRICMOQNFSQSGNLARHIRTHTGEKPFACDICGRKFADRSALARHT
KIHLROQKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLD
TAQQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREI
HQETHPDSETAFEIKSSVRS

(165)

MAPKKKRKVGVPAAMAERPFQCRICMQNFSRSDHLSEHIRTHTGEK
PFACDICGRKFAQSNHRKTHTKIHTGSQKPFQCRICMRNFSVYEGL
KKHIRTHTGEKPFACDICGRKFAQSGHLSRHTKIHTHPRAPIPKPFQC
RICMRNFSRSDVLSEHIRTHTGEKPFACDICGRKFADRSNRIKHTKIH
LROKDAARGSGGDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTA
QQIVYRNVMLENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIH
QETHPDSETAFEIKSSVRS
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11. The fusion protein of any one of claims 5-9, wherein the target region is any
one of SEQ ID NO. 17-36 and the fusion protein is capable of repressing SNCA gene

expression.

12. A nucleic acid construct comprising a coding sequence for the fusion protein of

any one of claims 1-11, wherein the coding sequence is linked operably to a

transcription regulatory element.

13. The nucleic acid construct of claim 12, wherein the transcription regulatory

element is a mammalian promoter that is constitutively active or inducible in a brain

cell, and wherein the promoter is optionally a human synapsin I promoter.

14. A recombinant virus comprising the nucleic acid construct of claim 12 or 13.

15. The recombinant virus of claim 14, wherein the recombinant virus is an adeno-

associated viral vector, an adenoviral vector, or a lentiviral vector.

16. A pharmaceutical composition comprising the nucleic acid construct of claim

12 or 13, or the recombinant virus of claim 14 or 15, and a pharmaceutically acceptable

carrier.

17. A host cell comprising the nucleic acid construct of claim 12 or 13, or the

recombinant virus of claim 14 or 15.

18. The host cell of claim 17, wherein the host cell is a human cell.
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19. The host cell of claim 17, wherein the host cell is a brain cell or a pluripotent
stem cell, wherein the stem cell is optionally an embryonic stem cell or an inducible

pluripotent stem cell (iPSC).

20. Use of a fusion protein of any one of claims 1-11, a nucleic acid construct of
claim 12 or 13 or a recombinant virus of claim 14 or 15, in the manufacture of a
medicament for inhibiting expression of alpha-synuclein in a human brain cell and
thereby inhibiting the expression of alpha-synuclein in the cell, wherein the cell is in
the brain of a patient suffering from or at risk of developing Parkinson’s disease, Lewy
body dementia, Alzheimer’s disease, multiple system atrophy, or another

synucleinopathy.

21. The use of claim 20, wherein the human brain cell is a neuron, a glial cell, an

ependymal cell, or a neuroepithelial cell.

22. The use of any one of claims 20-21, wherein the recombinant virus that

expresses the fusion protein is to be introduced to the cell.

23. The use of claim 22, wherein the recombinant virus is an adeno-associated virus

(AAV), optionally of serotype 9.

24.  Use of a recombinant AAV encoding a fusion protein of any one of claims 1-

11in the manufacture of a medicament for treating a synucleinopathy in a patient,
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wherein said recombinant AAV encoding said fusion protein is to be administered to

the patient.

25. The use of claim 24, wherein the AAV is to be administered to the patient via
intravenous, intrathecal, intracerebroventricular, intra-cisternal magna, intrastriatal, or

intranigral injection, or injection into any brain region.

26. The use of claim 24 or 25, wherein the synucleinopathy is Parkinson’s disease,

Lewy body dementia, Alzheimer’s disease, or multiple system atrophy.

27. A fusion protein of any one of claims 1-11, a nucleic acid construct of claim 12
or 13, a recombinant virus of claim 14 or 15, or a pharmaceutical composition of claim

16 for use as a medicament.

28.  Use of a fusion protein of any one of claims 1-11, a nucleic acid construct of

claim 12 or 13, or a recombinant virus of claim 14 or 15 in the manufacture of a

medicament for treating a synucleinopathy in a patient.
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