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Figure S2

Alpha-synuclein

IMDVFMKGLSKAKEGVVAAAEKTKQGVAEAAGKTKEGVLYVGSKTKEGVVHGVATVAEKTKEQVTNV
GGAVVTGVTAVAQKTVEGAGSIAAATGFVKKDQLGKNEEGAPQEGILEDMPVDPDNEAYEMPSEEG
YODYEPEAL40

Tau

IMAEPRQEFEVMEDHAGTYGLGDRKDQGGYTMHQDQEGDTDAGLKESPLQTPTEDGSEEPGSETSDA
KSTPTAEDVTAPLVDEGAPGKQAAAQPHTEIPEGTTAEEAGIGDTPSLEDEAAGHVTQARMVSKSK
DGTGSDDKKAKGADGKTKIATPRGAAPPGOQKGOQANATRIPAKTPPAPKTPPSSGEPPKSGDRSGYS
SPGSPGTPGSRSRTPSLPTPPTREPKKVAVVRTPPKSPSSAKSRLOTAPVPMPDLKNVKSKIGSTE
NLKHOPGGGKVQIINKKLDLSNVQSKCGSKDNIKHVPGGGSVQIVYKPVDLSKVTSKCGSLGNIHH
KPGGGQVEVKSEKLDFKDRVQSKIGSLDNITHVPGGGNKKIETHKLTFRENAKAKTDHGAEIVYKS
PVVSGDTSPRHLSNVSSTGSIDMVDSPQLATLADEVSASLAKQGL 441

TDP-43

IMSEYIRVTEDENDEPIEIPSEDDGTVLLSTVTAQFPGACGLRYRNPVSQCMRGVRLVEGILHAPDA
GWGNLVYVVNYPKDNKRKMDETDASSAVKVKRAVQKTSDLIVLGLPWKTTEQDLKEYFSTFGEVLM
VQVKKDLKTGHSKGFGFVRFTEYETQVKVMSQRHMI DGRWCDCKLPNSKQSQDEPLRSRKVEFVGRC
TEDMTEDELREFFSQYGDVMDVFIPKPFRAFAFVTFADDQIAQSLCGEDLIIKGISVHISNAEPKH
NSNRQLERSGRFGGNPGGFGNQGGFGNSRGGGAGLGNNQGSNMGGGMNFGAFSINPAMMAARQAAL
OSSWGMMGMLASQONQSGPSGNNONQGNMOREPNQAFGSGNNSYSGSNSGAAIGWGSASNAGSGSG
FNGGFGSSMDSKSSGWGM 4

X Cleaved by CTSK after this residue (P1 position)

X Cleaved by CTSG after this residue (P1 position)



Figure S3

Asyn Vinax (aM/min) b TDP-43 Vmax (nM/min)
WT Mutant WT Mutant WT 5o Mutant WT e Mutant
CTSD CTSE 0.0 0.0 0.0 0.0
A30P 0.0 0.0 0.0 0.0 0.0 00 500 34
DAL 0.0 0.0 0.0 0.0 135.2 1125 34.1 21.0
G51D 0.0 0.0 0.0 0.0 0.0 00 0.0 00
A53T 0.0 0.0 4502 17.2 0.0 0.0 0.0 0.0
CTSB CTSF CTSB CTSF
A30P 149.7 116.7 0.0 0.0 61.2 45.0 0.0 0.0
E46K 172.2 176.1 0.0 0.0 131.0 333.4 0.0 0.0
G51D 152.4 144.1 0.0 0.0 945.3 1116.8 0.0 0.0
A53T 149.3 175.7 0.0 0.0 181.0 0.0 0.0 0.0
CTSL CISK 454 90.0 0.0 0.0
A30P 130.6 184.6 59.1 109.7 CTSL CTSK (InM)
E46K 30.9 45.0 2000.0 2000.0 2000.0 2000.0 87.3 637
GS1D 220 5 20000 m 2000.0 2000.0 2000.0 2000.0
2000.0 2000.0 992 1083
AS3T 83.1 73.0 44.9 0.0 2200 00 333 50000
CTSS CISV 2000.0 2000.0 52.5 374
A30P 161.8 252.7 323.6 397.8 CTSS CISY
E46K 0.0 0.0 16.0 16.1 38.2 46.8 181.0 196.3
G51D 0.0 0.0 148.1 133.4 938 435 205.0 155.4
A53T 76.0 77.4 228.6 255.5 1453 159.1 822 79.0
AEP 306.5 2000.0 2163 265
A30P 0.0 0.0 115.2 61.9 161.7 124.9
E46K 0.0 0.0 AEP
G51D 0.0 0.0 0.0 0.0
A53T 0.0 0.0 0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
Tau Vmax (nM/min)
WT Mutant WT Mutant
CTSD CTSE
0.0 0.0 0.0 0.0
2000.0 2000.0 2000.0 2000.0
0.0 0.0 0.0 0.0
0.0 0.0 535 0.0
CTSB CTSF
2000.0 2000.0 40.4 0.0
2000.0 2000.0 0.0 0.0
140.4 198.8 0.0 0.0
16.3 8.6 0.0 0.0
CTSL CTSK (1 nM)
2000.0 2000.0 289.7 170.0
2000.0 2000.0 722 120.5
2000.0 2000.0 0.0 0.0
2000.0 2000.0 0.0 0.0
CTSS CTSV
23.6 58.5 0.0 0.0
20.7 0.0 0.0 0.0
0.0 0.0 65.0 459
23.8 28.5 126.9 146.1
AEP
42.8 29.1
95.7 0.0
0.0 0.0
0.0 0.0
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Figure S5

TDP-43
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Figure S6
a SH-SY5Y cells
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Figure S7

da a-Syn WT a-Syn A30P a-Syn A53T
Full Lysate Lysosome Fraction Full Lysate Lysosome Fraction Full Lysate Lysosome Fraction
Days 0 5 0 5 0 5 0 5 0 5 0 5
15
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Lamp1 100
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Table S1

Sequence Name |peptide sequence Sequence Name peptide sequence |Sequence Name peptide sequence
alpha-syn_1-18 REGMDVFMKGLSKAKEGVVAAGGR |tau_1-18 RGGMAEPRQEFEVMEDHAGTYGKR tdp43_1-18 RKGMSEYIRVTEDENDEPIEIGKR
alpha-syn_14-31  |RNKGVVAAAEKTKQGVAEAAGNGR [tau_14-31 RKGHAGTYGLGDRKDQGGYTMGSR  tdp43_14-31 RKGEPIEIPSEDDGTVLLSTVGKR
alpha-syn 27-44  |[RDPAEAAGKTKEGVLYVGSKTGSR |tau_27-44 RKTGGYTMHQDQEGDTDAGLKGQR tdp43_27-44_C39A RDGLLSTVTAQFPGAAGLRYRGDK
alpha-syn 40-57 |[RDGVGSKTKEGVVHGVATVAEGNR (tau_40-57 RPGDAGLKESPLQTPTEDGSEGKR  tdp43_40-57_C50A RDGGLRYRNPVSQAMRGVRLVGDR
alpha-syn 53-70  [RGGATVAEKTKEQVTNVGGAVGKR |tau_53-70 RKGEDGSEEPGSETSDAKSTPGGR  tdp43_53-70 RSGGVRLVEGILHAPDAGWGNGKK
alpha-syn 66-83  [RKGVGGAVVTGVTAVAQKTVEGSR |tau_66-83 RKGAKSTPTAEDVTAPLVDEGGRR  tdp43_66-83 RDGAGWGNLVYVVNYPKDNKRGDR
alpha-syn 79-96  [RGGQKTVEGAGSIAAATGFVKGSR  [tau_79-96 RKGLVDEGAPGKQAAAQPHTEGKR tdp43_79-96 RDGKDNKRKMDETDASSAVKVGSR
alpha-syn 92-109 [RGGTGFVKKDQLGKNEEGAPQGNR (tau_92-109 RKGQPHTEIPEGTTAEEAGIGGQR  tdp43_92-109 RDGSAVKVKRAVQKTSDLIVLGSR
alpha-syn_105-118 |RRGKGEGAPQEGILEDMPVGGKGR [tau_105-122 RKNEAGIGDTPSLEDEAAGHVGKR  tdp43 105-122 RKSDLNVLGLPWKTTEQDLKEGSR
alpha-syn_114-125 |RSRKGEDMPVDPDNEAYGKGGR  [tau_118-135 RDNAAGHVTQARMVSKSKDGTGGR tdp43 118-135 RKGQDLKEYFSTFGEVLMVQVGNR
alpha-syn_121-132 |RGRKGDNEAYEMPSEEGGGKGR  [tau_131-148 RQGSKDGTGSDDKKAKGADGKGSR tdp43 131-148 RSDLMVQVKKDLKTGHSKGFGGDR
alpha-syn_128-140 |RNRGKPSEEGYQDYEPEAGGKR  [tau_144-161 RDGGADGKTKIATPRGAAPPGGDR  tdp43_144-161 REPSKGFGFVRFTEYETQVKVGGR
tau 157-174 RESAAPPGQKGQANATRIPAKGDR  tdp43_157-174_C173A RDGTQVKVMSQRHMIDGRWADGGR
tau_170-187 RDGRIPAKTPPAPKTPPSSGEGNR  tdp43 170-187_CC173AA RSSGRWADAKLPNSKQSQDEPGKR
tau_183-200 RGGPSSGEPPKSGDRSGYSSPGKR tdp43_183-200_ C198A  REGSQDEPLRSRKVFVGRATEGGR
tau 196-213 RDGGYSSPGSPGTPGSRSRTPGDR  tdp43_196-213_C198A  RKSGRATEDMTEDELREFFSQGGR
tau_209-226 REDRSRTPSLPTPPTREPKKVGDR  tdp43_209-226 RNGEFFSQYGDVMDVFIPKPFGSR
tau_222-239 RDGEPKKVAVVRTPPKSPSSAGDR  tdp43_222-239 RKSIPKPFRAFAFVTFADDQIGSR
tau_235-252 RDGSPSSAKSRLQTAPVPMPDGSR  tdp43 235-252_C244A  RKIADDQIAQSLAGEDLIKGSGR
tau_248-265 REGVPMPDLKNVKSKIGSTENGYR  tdp43 248-265 RNGLIKGISVHISNAEPKHNGSR
tau_261-278 RNGGSTENLKHQPGGGKVQIGDR  tdp43 261-278 REGEPKHNSNRQLERSGRFGGTDR
tau 274-291_C291A |RDGKVQINKKLDLSNVQSKAGER  tdp43_274-291 RSDGRFGGNPGGFGNQGGFGNGGR
tau_300-317 RDGVPGGGSVQIVYKPVDLSKGDR  tdp43 287-304 RTDGGFGNSRGGGAGLGNNQGGDR
tau 313-330_C322A |RSGVDLSKVTSKAGSLGNIHHGSR  tdp43_300-317 RDGGNNQGSNMGGGMNFGAFSGGR
tau_326-343 REGGNIHHKPGGGQVEVKSEKGNR  tdp43_313-330 RDGFGAFSINPAMMAAAQAALGNR
tau_339-356 RGGVKSEKLDFKDRVQSKIGSGDR  tdp43_326-343 RSGAQAALQSSWGMMGMLASQGKR
tau_352-369 REGSKIGSLDNITHVPGGGNKGTR  tdp43_339-356 RNKMLASQQNQSGPSGNNQNQGSR
tau_365-382 RSDGGGNKKIETHKLTFRENAGSR  tdp43_352-369 RKGNNQNQGNMQREPNQAFGSGSR
tau_378-395 RDGFRENAKAKTDHGAEIVYKGSR  tdp43_365-382 RKGQAFGSGNNSYSGSNSGAAGKR
tau_391-408 RMGEVYKSPVVSGDTSPRHLGSR  tdp43_378-395 RKGNSGAAIGWGSASNAGSGSGKR
tau_404-421 RDGSPRHLSNVSSTGSIDMVDGSR  tdp43 391-408 RKGAGSGSGFNGGFGSSMDSKGNR
tau 417-434 RKGIDMVDSPQLATLADEVSAGKK  tdp43 404-414 RNGSMDSKSSGWGMGGR
tau 430-441 RPKDEVSASLAKQGLGSR




Cathepsins

Pre-activation:

Protease concentrations and
pHs used for mass

Table S2

Mass spectrometry

time points:

CTSA

CTSB

CTSC

CTSD
CTSE
CTSF
CTSG

CSTH

CTSK
CTSL
CTSO
CTSS
CTSV

CTSX
AEP

Trans-activated with CTSL following the manufacturer’'s recommendation. The

spectrometry:

irreversible cysteine protease inhibitor E-64 was then added for an additional 41 nMin pH4.5 1h, 4h
30 min at 37 °C to allow for inhibition of CTSL.
N/A 20 nMin pH4.5 and 5.5 1h, 4h
Trans-activated with CTSL following the manufacturer’'s recommendation.The
irreversible cysteine protease inhibitor E-64 was then added for an additional N/A 1h, 4h
30 min at 37 °C to allow for inhibition of CTSL.
N/A 10 nMin pH 3.4 and 4.5 1h, 4h
N/A 10 nMin pH 3.4 and 4.5 1h, 4h
N/A 50 nMin pH 4.5 buffer 2h, 6h
N/A N/A 1h, 4h
Trans-activated with thermolysin following the manufacturer’s
recommendation. Phosphoramidon was then added to these preparations for N/A 1h, 4h
an additional 30 min at 37 °C to allow for inhibition of thermolysin
N/A 1nMatpH4.5 15min, 2h
N/A 8.0nMat pH4.5and 5.5 1h, 4h
N/A 25nMat pH 5.5 1h, 4h
N/A 10 nMat pH4.5and 5.5 1h, 4h
N/A 20 nM at pH 3.4 and 4.5 1h, 4h
Preincubated with dithiothreitol (DTT) followmg the manufacturer’s 50 "M at pH 3.4 and 4.5 1h, 4h
recommendation.
N/A 20 nM at pH 4.5 and 5.5 1h, 4h




a-Syn

Table S3

Mutation Peptide sequence ::: CcTSB :::" CTSK :::'. CTSL :::'. CTss :::. CTsD :::'. CTSE
AS3T 51-GVATV A|E|/KT-59 57 (_7:_35) 56 (_312_”) 57 (_.,9720) 57 (_3:13) 55 (_702_91) sS (-B:AS)
GS1D | a7-GvivHGV/A|Tv-55 | 53 (-1::4;7) - - 53 (-1:;01) 53 (-52?75) 52 (-9;?34) 48 (-1023.35)
E46K | ao-vaisikTikiecv-a8 | 42 (-1::.33) a1 (-72:35) az (-925?04) a4 (-745?53) as (-1::.55) as (-1::.62)
AP | 24-a6/viaeascKk-3z | 25 (-113;157) 27 (-4:70) 27 (-92:25) 27 (-525?19) 26 (-10251.02) 26 (-911331)

TDP-43

Mutation Peptide sequence s':tle CcTsB :::; CTSK s’:tle CTSL s':tle CTSS sl:tIe CTSD s‘:tie CTSE

A321G 318-INPA|M MAAA-326 | 321 (-s:.m) 324 (_31713) 324 (-568.12) 321 (:) 322 (_397'7 2|32 . 4:_7 o)

A315T 314-GAFSIN |PA| M-322 321 (_6:.10, - - 319 (_72?32) 321 (g) 321 (_4";?76) 321 (-s};?om

Q331K 327-Q/AAL|QISSWG-335 | 327 (_72?99, 331 (_1: 2q) | 331 (_24‘.72) 331 (_2: as)| - 330 (-s?oo)

M337V | 336-MM/GMILAS Q Q344 | 337 (_sf:ss, 342 (_4201) - . 343 (_427 | 33 (_3;_79) 339 (_4: 36)

G298S 294-GGGAGLGNN-302 - - - - - - - - - - - -

Tau
Mutation Peptide sequence s‘;tle CTSB s'::.e CTSK s':tle CTSL s':tle CTSS s':tle CTSD s':tie CTSE

N279K 274-KVQIIIN KKL-282 | 279 (_7:-99) 279 (_5“517) 279 (_51‘57) 279 (-2:.70) 277 (-555.12) 277 (_4;20)

S305N 304-Gsval VY312 | 308 (_811?71) 308 | _423‘58) 309 (-sit.)ss) - - 308 (-s:.s a | 308 | (. 4;_00)

K257T | 253-LKNVK|S|KIIG-261 | 258 (_9?:04) 257 (_2; 09) | 257 (_62682) - - 260 (_717?40) 260 (-322?14)

P301S | 299-HV|PGGGSVQ307 | - . - - . . . . 300 | gaag) | - .




Table S4

a-Syn
25-QGVAEAAGK-33
A30P
25-QGVAEPAGK-33
40-VGSKTKEGV-48
E46K
40-VGSKTKKGV-48
47-GVVHGVATV-55
G51D
47-GVVHDVATV-55
51-GVATVAEKT-59
A53T
51-GVTTVAEKT-59
Tau
253-LKNVKSKIG-261
K257T
253-LKNVTSKIG-261
274-KVQIINKKL-282
N279K
274-KVQIIKKKL-282
299-HVPGGGSVQ-307
P301s
299-HVSGGGSVQ-307
304-GSVQIVYKP-312
S305N
304-GNVQIVYKP-312
TDP-43
294-GGGAGLGNN-302
G298s
294-GGGASLGNN-302
314-GAFSINPAM-322
A315T
314-GTFSINPAM-322
318-INPAMMAAA-326
A321G
318-INPGMMAAA-326
327-QAALQSSWG-335
Q331K
327-QAALKSSWG-335
336-MMGMLASQQ-344
M337V

336-MVGMLASQQ—-344




