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1  Supplementary Figures
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 Figure S1. MS confirmation of synthesized FRET peptide reporter of BoNTA.
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[bookmark: _Hlk92399337]Figure S2. Evaluation of the cytotoxicity and cell-penetrating activities of BoNTA proteins in N2a cells. (A) The effects of CPP fusion on the cytotoxicity of BoNTA. (B-C) Immunofluorescence (IF) analysis of the cell-penetrating activity of CPP-BoNTA with 4 h incubation. (B) Representative images. Scale bars, 20 m. (C) Quantification of the mean fluorescence intensity of BoNTA positive cells. (D-E) Histogram showing TissueFAXS cytometry analyses of co-localization of BoNTA proteins and SV2 receptors in mouse N2a cells (Related to Figure 2C). SV2 (D) and BoNTA (E) are analyzed in Texas Red and FITC channels respectively. Three biological replicates are performed and 1,000 cells are analyzed for each replicate. (A and C) The data are shown as mean ± SD (n = 3). Statistical analysis is performed using Student’s t test.
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Figure S3. Analyses of time-dependent muscle-weakening effects of (A) Botox (B) BoNTA (C) TAT-BoNTA (D) Pep1-BoNTA (E) ZFP3-BoNTA (F) BoNTA-ZFP3 (G) ZFP3-BoNTA-ZFP3 using DAS assay.


2 Supplementary Table

Supplementary Table 1. Primer sequences for CPP-BoNTA cloning.
	Primer name
	Sequence ( 5’ to 3’ )

	BoNTA-FWD
	gcgcgtctagaatggattataaggatgacgacgacaagggttccggttcccatcatcaccaccatcacagttccggcgtggacctgggtttcgagaacctgtacttccagggtatgcctttcgttaataaa

	BoNTA-REV
	atataaagcttttacagagggcgttcgcccca

	TAT-BoNTA-FWD
	gcgcgtctagaatggattataaggatgacgacgacaagggttccggttcccatcatcaccaccatcacagttccggcgtggacctgggtttcgagaacctgtacttccagggtggtcgtaaaaaacgccgc

	TAT-BoNTA-REV
	atataaagcttttacagagggcgttcgcccca

	Pep1-BoNTA-FWD
	gcgcgtctagaatggattataaggatgacgacgacaagggttccggttcccatcatcaccaccatcacagttccggcgtggacctgggtttcgagaacctgtacttccagggtaaagagacctggtgggaa

	Pep1-BoNTA-REV
	atataaagcttttacagagggcgttcgcccca

	ZFP3-BoNTA-FWD
	gcgcgtctagaatggattataaggatgacgacgacaagggttccggttcccatcatcaccaccatcacagttccggcgtggacctgggtttcgagaacctgtacttccagggtgaaaaaccgtacaagtgc

	ZFP3-BoNTA-REV
	atataaagcttttacagagggcgttcgcccca

	BoNTA- ZFP3-FWD
	gcgcgtctagaatgccttttgtgaacaagca

	BoNTA- ZFP3-REV
	gcgcgaagcttcttgtcgtcgtcatccttataatccatggaaccggaaccgtgatggtggtgatgatggaaacccaggtccacgccggaactaccctggaagtacaggttctcgccggtatgggtacgttg

	ZFP3-BoNTA-ZFP3-FWD
	gcgcgtctagaatggattataaggatgacgacgacaagggttccggttcccatcatcaccaccatcacagttccggcgtggacctgggtttcgagaacctgtacttccagggtgagaagccgtataaatgcc

	ZFP3-BoNTA- ZFP3-REV
	agtacttctcgacaagcttagccggtatgggtacgttggtgtgcc




3   Supplementary Data

Protein sequence
BoNTA full-length sequence (BoNTAFL)
MPFVNKQFNYKDPVNGVDIAYIKIPNVGQMQPVKAFKIHNKIWVIPERDTFTNPEEGDLNPPPEAKQVPVSYYDSTYLSTDNEKDNYLKGVTKLFERIYSTDLGRMLLTSIVRGIPFWGGSTIDTELKVIDTNCINVIQPDGSYRSEELNLVIIGPSADIIQFECKSFGHEVLNLTRNGYGSTQYIRFSPDFTFGFEESLEVDTNPLLGAGKFATDPAVTLAHELIHAGHRLYGIAINPNRVFKVNTNAYYEMSGLEVSFEELRTFGGHDAKFIDSLQENEFRLYYYNKFKDIASTLNKAKSIVGTTASLQYMKNVFKEKYLLSEDTSGKFSVDKLKFDKLYKMLTEIYTEDNFVKFFKVLNRKTYLNFDKAVFKINIVPKVNYTIYDGFNLRNTNLAANFNGQNTEINNMNFTKLKNFTGLFEFYKLLCVRGIITSKTKSLDKGYNKALNDLCIKVNNWDLFFSPSEDNFTNDLNKGEEITSDTNIEAAEENISLDLIQQYYLTFNFDNEPENISIENLSSDIIGQLELMPNIERFPNGKKYELDKYTMFHYLRAQEFEHGKSRIALTNSVNEALLNPSRVYTFFSSDYVKKVNKATEAAMFLGWVEQLVYDFTDETSEVSTTDKIADITIIIPYIGPALNIGNMLYKDDFVGALIFSGAVILLEFIPEIAIPVLGTFALVSYIANKVLTVQTIDNALSKRNEKWDEVYKYIVTNWLAKVNTQIDLIRKKMKEALENQAEATKAIINYQYNQYTEEEKNNINFNIDDLSSKLNESINKAMININKFLNQCSVSYLMNSMIPYGVKRLEDFDASLKDALLKYIYDNRGTLIGQVDRLKDKVNNTLSTDIPFQLSKYVDNQRLLSTFTEYIKNIINTSILNLRYESNHLIDLSRYASKINIGSKVNFDPIDKNQIQLFNLESSKIEVILKNAIVYNSMYENFSTSFWIRIPKYFNSISLNNEYTIINCMENNSGWKVSLNYGEIIWTLQDTQEIKQRVVFKYSQMINISDYINRWIFVTITNNRLNNSKIYINGRLIDQKPISNLGNIHASNNIMFKLDGCRDTHRYIWIKYFNLFDKELNEKEIKDLYDNQSNSGILKDFWGDYLQYDKPYYMLNLYDPNKYVDVNNVGIRGYMYLKGPRGSVMTTNIYLNSSLYRGTKFIIKKYASGNKDNIVRNNDRVYINVVVKNKEYRLATNASQAGVEKILSALEIPDVGNLSQVVVMKSKNDQGITNKCKMNLQDNNGNDIGFIGFHQFNNIAKLVASNWYNRQIERSSRTLGCSWEFIPVDDGWGERPL

WT-BoNTA (His6-BoNTAFL)
MDYKDDDDKGSGSHHHHHHSSGVDLGFENLYFQG-BoNTAFL

TAT-BoNTA (His6-TAT-BoNTAFL)
MDYKDDDDKGSGSHHHHHHSSGVDLGFENLYFQGGRKKRRQRRRPQGGSGGSGGS-BoNTAFL

Pep1-BoNTA (His6-Pep1-BoNTAFL)
MDYKDDDDKGSGSHHHHHHSSGVDLGFENLYFQGKETWWETWWTEWSQPKKKRKVGGSGGSGGS-BoNTAFL

ZFP3-BoNTA (His6-ZFP3-BoNTAFL)
MDYKDDDDKGSGSHHHHHHSSGVDLGFENLYFQGEKPYKCPECGKSFSASAALVAHQRTHTGEKPYKCPECGKSFSASAALVAHQRTHTGEKPYKCPECGKSFSASAALVAHQRTHTGGGSGGSGGS-BoNTAFL

BoNTA-ZFP3 (BoNTAFL-ZFP3-His6)
BoNTAFL-GGSGGSGGSEKPYKCPECGKSFSASAALVAHQRTHTGEKPYKCPECGKSFSASAALVAHQRTHTGEKPYKCPECGKSFSASAALVAHQRTHTGENLYFQGSSGVDLGFHHHHHHGSGSMDYKDDDDK

ZFP3-BoNTA-ZFP3 (His6-ZFP3-BoNTAFL-ZFP3)
MDYKDDDDKGSGSHHHHHHSSGVDLGFENLYFQGEKPYKCPECGKSFSASAALVAHQRTHTGEKPYKCPECGKSFSASAALVAHQRTHTGEKPYKCPECGKSFSASAALVAHQRTHTGGGSGGSGGS-BoNTAFL-GGSGGSGGSEKPYKCPECGKSFSASAALVAHQRTHTGEKP YKCPECGKSFSASAALVAHQRTHTGEKPYKCPECGKSFSASAALVAHQRTHTG

2

3

image3.tiff
DAS score

Days post treatment

Days post treatment

A Botox |
Dose (Ukg) WT-BoNTA Dose (Ukg)
4 : —— 11 4 3 jzi —*-o1
—— 26 2 —-03
g3 47 & 3 09
® 5 L 2 T -3
2 —— 19 o2 ——9
[s R —— 37 1 ——30
73 9%
o—— T T T o 1 {
e T T T T
0 2 8 4 0 1 2 3 4
Days post treatment Days post treatment
TAT-BoNTA Dose (Ukg) Pep1-BoNTA Dose (Ukg) ZFP-BoNTA Dose (Ukg)
. —=01 . —o—02 _ —e—008
——03 g 4 e 07 o 4 ——025
09 2 3 22 o 3 075
(7]
-3 2 e 7 2 ——25
—e—9 a2 20 o2 -7
——30 4 75 4 —-25
I I ——95 —e—215 I —-75
* Y T T + 0 0 T T T T T
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Days post treatment Days post treatment Days post treatment
BoNTA-ZFP. | -
s Dose (Ukg) ZFP,-BoNTA-ZFP, Dose (Ukg)
4 ——005 —— 01
2 ——015 o 4 —e—03
& 3 05 8 3 09
2 i 15 @ -3
a2 ——5 a2 -9
1 ——15 ——20
——45 1 ——30
o T T T T T 0
0 1 2 3 4 7 M M T M
0 1 2 3 4




image1.tiff
Normalized Area

[M+4H] 4+
567.7 Anticipated Found

1007 —— 226752 2266.8
HN-=Thr-(D)Arg-lle-Asp-GIn-Ala-Asn-GIn-Arg-Ala-Thr-Lys-Nle,~CONH
80+ FITC ! :
DABCYL
60
40 4
[M+3H] 3+
756.6
20 T L T T T T T
400 600 800 1000 1200 1400 1600 1800 m/z




image2.tiff
A& g ar
r{f"\ SIS A <
120 ST S S E
RT Q7T T T ¢ Z 200
= fis]
8 S
S 8 s 150
S 2
= 7]
g E 100
3 40 £
< o 50
Q >
(S} K}
o
o
B Mock WT-BoNTA TAT-BoNTA  Pep1-BoNTA ZFP:-BoNTA BoONTA-ZFP: ZFPs-BoNTA-ZFPs
<
[}
m
30
B2
5
=z
D Mock WT-BoNTA TAT-BoNTA Pep1-BoNTA ZFPs-BoNTA BoNTA-ZFPs ZFPs-BoNTA-ZFPs
55 N 55 55 55 5 '
200.0.00° lﬁio 00%) 200 2.0 % 97.94% 303 QT 96.92% soo 197/{9 §1% 1660.00% /{)00% 155 99.37% 2 45» 97.55%
o 7 \‘“'\ -0 : 0 Y
0 200 0O 190 O 170
E 85 85 85 85

27615025 | o7.08% 120/87.1p% 12.81%)11660.8§% 39.18%) 80 75

6| 33% 2061% 20091620 | 8.38% 1207 57.89% 12.11% 103 49225 50.78%
0 160 200 0 280 0 200

200

F ==
i;‘ :
>~

BoNTA (FITC)




image4.jpeg
’ frontiers




