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Supplementary Figures

TDICQGALGDC(115)WLLAAIASLTLNDTLLHR
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Species Cal. mass Obs. mass Error (Da)
yl 175.12 175.11 0.01
y2 312.18 31211 0.07
y3 425.26 425.14 0.12
v4 538.35 538.21 0.14
y5 639.39 639.27 0.12
v6 754.42 754.30 0.12
y7 868.46 868.35 0.11
v8 981.55 981.42 0.13
y9 1082.6 1082.5 0.1
y10 1195.7 1195.6 0.1
yll 1282.7 1282.5 0.2
yl2 1353.8 1353.6 0.2
yl4 1537.9 1537.5 0.4
y15 1608.9 1608.6 0.3
yl8 2021.2 2021.1 0.1
y19 21242 2124.0 0.2

Supplementary Fig. 1 | MS/MS analysis of peak 3097.5 (peptide105-133) by MALDI-TOF/TOF (LIFT

mode).
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Supplementary Fig. 2 | Sequence alignment of human calpain 1 and two expressed proteins. The sequence

of human calpain 1 was downloaded from pubmed (accession: 2ARY_A). For Ji-11C115A protein, the

active site Cys115 was mutated to Ala (marked in red).



1: pI-II (purified)

2: ul-IIC115A (purified)
3: pl-II (cell lysis )

4: pI-IIC115A (cell lysis )
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Supplementary Fig. 3 | SDS-PAGE of pi-11 and pl-11C115A protein (purified/ in the cell lysis).



A

AA sequence coverage of pI-II:

GSSHHHHHHSSGLVPRGSHMASMTGGQOQMGRGSGRHENAIKYLGOQDYEQLRVRCLQSGTLFRDEAFPPVPQSLGY
KDLGPNSSKTYGIKWKRPTELLSNPQFIVDGATRTDICQGALGDC(115)WLLAAIASL TLINDTLLHRVVPHGQSFQNG
YAGIFHFQLWQFGEWVDVVVDDLLPIKDGKLVEF VHSAEGNEFWSALLEKAYAKVNGSYEALSGGSTSEGFEDFTG
GVTEWYELRKAPSDLYQIILKALERGSLLGCSIDISSVLDMEAITFKKLVKGHAYSVTGAKQVNYRGQVVSLIRMRN
PWGEVEWTGAWSDSSSEWNNVDPYERDQLRVKMEDGEFWMSFRDFMREFTRLEICNLTPDLDKLAAALEHHHHH
H

Start End Amino acid sequence Charge Cal. Mass Obs. Mass Error(Da)
17 31 (R) GSHMASMTGGQQMGR(G) 3 512.56 512.56 0.00
17 31 (R) GSHMASMTGGQQMGR(G) 2 768.33 768.33 0.00
42 51  (K) YLGQDYEQLR(V) 2 642.82 642.82 0.00
54 62  (R) CLQSGTLFR(D) 2 512.77 512.77 0.00
63 76  (R) DEAFPPVPQSLGYK(D) 3 516.60 516.60 0.00
63 76  (R) DEAFPPVPQSLGYK(D) 2 774.39 774.40 -0.01
85 89 (X) TYGIK(W) 2 201.17 201.17 0.00
85 89 (K) TYGIK(W) 1 581.33 581.33 0.00
92 109 (K) RPTELLSNPQFIVDGATR(T) 3 672.03 672.03 0.00
110 138 (R) TDICQGALGDCWLLAATASLTLNDTLLHR(V) 3 1033.2 1033.2 0.0
139 176 ®) 4 1097.1 1097.1 0.0

VVPHGQSFQNGYAGIFHFQLWQFGEWVDVVVDDLLPIK(D)
180 198 (K) LVFVHSAEGNEFWSALLEK(A) 3 726.04 726.05 -0.01
203 233 (K) VNGSYEALSGGSTSEGFEDFTGGVTEWYELR(K) 4 836.88 836.88 0.00
203 233 (K) VNGSYEALSGGSTSEGFEDFTGGVTEWYELR(K) 3 1115.5 1115.5 0.0
235 245 (K) APSDLYQIILK(A) 2 630.86 630.87 -0.01
250 271 (R) GSLLGCSIDISSVLDMEAITFK(K) 3 767.06 767.06 0.00
201 298  (R) GQVVSLIR(M) 2 436.27 436.28 -0.01
301 327 (R) NPWGEVEWTGAWSDSSSEWNNVDPYER(D) 4 800.09 800.10 -0.01
301 327 (R) NPWGEVEWTGAWSDSSSEWNNVDPYER(D) 3 1066.5 1066.5 0.0
334 344 (K) MEDGEFWMSFR(D) 2 717.80 717.80 0.00
353 364 (R) LEICNLTPDLDK(L) 2 687.35 687.36 -0.01

Supplementary Fig. 4 | Identification of pl-11 by MS/MS annotation with LC-HR-MS/MS (qTOF). A)
Amino acid sequence coverage of -1l and m/z’s of all tryptic peptides verified by MS?.



B.

TDICQGALGDCWLLAATASLTLNDTLLHR

Species Cal. mass Obs.mass Error(Da) | Species Cal. mass Obs. mass Error(Da)
MS1
+2
10335 b2 217.08 217.08 0.00 v18 1011.1 1011.1 0.0
b3 330.17 330.17 0.00 y18+% 1062.6 1062.6 0.0
103%2 b4 433.18 433.18 0.00 y2072 1120.1 1120.1 0.0
N bs 561.23 561.24 -0.01 y2172 1148.6 1148.6 0.0
b6 618.26 618.25 0.01 y2272 1205.2 1205.2 0.0
b7 689.29 689.29 0.00 y2372 1240.7 1240.7 0.0
b8 802.38 802.38 0.00 y24+2 1269.2 1269.2 0.0
y2 312.18 312.18 0.00 y25+2 13332 1333.2 0.0
t v3 425.26 425.26 0.00 y25+ 889.14 889.13 0.01
|I|nuuluhl.'t y
1032 1034 1036 v4 53835 538.36 -0.01 2672 1384.7 1384.7 0.0
miz
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Supplementary Fig. 4 | Identification of pl-11 by MS/MS annotation with LC-HR-MS/MS (qTOF). B)
MS/MS annotation of peptide TDICQGALGDCWLLAAIASLTLNDTLLHR (m/z=1033.2, +3 charge).



A.

AA sequence coverage of ul-1IC115A

GSSHHHHHHSSGLVPRGSHMASMTGGQOMGRGSGRHENAIKYLGQDYEQLRVRCLQSGTLFRDEAFPPVPQSLGYKDLGP
NSSKTYGIKWKRPTELLSNPQFIVDGATRTDICQGALGDA(115)WLLAATASLTLNDTLLHRVVPHGQSFQNGYAGIFHFQLW
QFGEWVDVVVDDLLPIKDGKLVFVHSAEGNEFWSALLEKAYAKVNGSYEALSGGSTSEGFEDFTGGVIEWYELRKAPSDL
YQILKALERGSLLGCSIDISSVLDMEAITFKKLVKGHAYSVTGAKQVNYRGQVVSLIRMRNPWGEVEWTGAWSDSSSEWN
NVDPYERDQLRVKMEDGEF WMSFRDFMREFTRLEICNLTPDLDKLAAATEHHHHHH

Start End Amino acid sequence Charge Cal. Mass Obs. Mass Error(Da)
17 31 (R) GSHMASMTGGQQMGR(G) 3 512.56 512.56 0.00
17 31 (R) GSHMASMTGGQQMGR(G) 2 768.33 768.34 -0.01
42 51 (K) YLGQDYEQLR(V) 2 64282 64282 0.00
54 62 (R)CLQSGTLFR(D) 2 512.77 512.76 0.01
63 76 (R) DEAFPPVPQSLGYK(D) 3 516.60 516.60 0.00
63 76 (R) DEAFPPVPQSLGYK(D) 2 77439 77439 0.00
77 84 (K)DLGPNSSK(T) 2 409.21 409.21 0.00
85 89 (K) TYGIK(W) 2 2981.17 281.17 0.00
85 89 (K) TYGIK(W) 1 581.33 581.33 0.00
92 109 (K)RPTELLSNPQFIVDGATR(T) 3 672.03 672.03 0.00
92 109 (K)RPTELLSNPQFIVDGATR(T) 2 1007.5 1007.5 0.0
110 138 (R) TDICQGALGDAWLLAAIASLTLNDTLLHR(V) 3 10225 10225 0.0
139 176 (R) VVPHGQSFQNGYAGIFHFQLWQFGEWVDVVVDDLLPIK(D) 4 1097.1 1097.1 0.0
180 198 (K)LVFVHSAEGNEFWSALLEK(A) 3 726.04 726.04 0.00
203 233 (K) VNGSYEALSGGSTSEGFEDFTGGVTEWYELR(K) 4 836.88 836.93 -0.05
203 233 (K) VNGSYEALSGGSTSEGFEDFTGGVTEWYELR(K) 3 11155 11155 0.0
235 245 (K)APSDLYQIILK(A) 2 630.86 630.87 -0.01
250 271 (R) GSLLGCSIDISSVLDMEAITFE(K) 3 767.06 767.06 0.00
291 298 (R) GQVVSLIR(M) 2 436.27 436.28 0.00
301 327 (R)NPWGEVEWTGAWSDSSSEWNNVDPYER(D) 4 800.08 800.10 -0.01
301 327 (R)NPWGEVEWTGAWSDSSSEWNNVDPYER(D) 3 1066.5 1066.5 0.0
334 344 (K) MEDGEFWMSFR(D) 2 717.80 717.80 0.00
345 348 (R)DFMR(E) 1 568.26 568.25 0.01
353 364 (R)LEICNLTPDLDEK(L) 2 687.35 687.36 -0.01

Supplementary Fig. 5 | Identification of pl-11IC115A by MS/MS annotation with LC-HR-MS/MS (qTOF).
A) Amino acid sequence coverage of I-11C115A and m/z's of all tryptic peptides verified by MS?.



B.

TDICQGALGDAWLLAATIASLTLNDTLLHR

Species Cal. mass Obs. mass Error(Da) Species Cal. mass Obs. mass Error(Da)

b2 217.08 217.08 0.00 y9°2 541.80 541.80 0.00
MS1 b3 330.17 330.17 0.00 y11%2 641.86 641.86 0.00
b4 433.18 433.18 0.00 y1222 677.38 67738 0.00
10229 b3 56123 561.23 0.00 y13%2 733.92 733.92 0.00
6 618.26 618.26 0.00 y10 1195.7 1195.7 0.0
10225 b7 689.29 689.29 0.00 yil 1282.7 1282.7 0.0
A 72 345.15 345.16 -0.01 y12 1353.8 1353.7 0.1
b8 802.38 802.38 0.00 y14 15379 1537.9 0.0
b9 859.40 859.40 0.00 y14°2 769.44 769.43 0.01
10 974 .43 974.42 0.01 y15°2 804.96 804.96 0.00
b1l 1045.5 1045.5 0.0 y1672 861.50 861.50 0.00
b13%2 672.82 672.82 0.00 y17°2 918.04 918.04 0.00
142 729.36 729.36 0.00 y1§72 1011.1 1011.1 0.0
15+ 764.88 764.88 0.00 y19°2 1046.6 1046.6 0.0
b1672 800.40 800.40 0.00 y2072 1104.1 1104.1 0.0
om0 b177 856.94  856.93 0.01 y2172 1132.6 1132.6 0.0
182 892.46 892.45 0.01 y212 755.42 755.42 0.00
y2 312.18 312.18 0.00 y222 1189.2 1189.2 0.0
y3 425.26 425.26 0.00 y2372 12247 1224.7 0.0
4 538.35 538.35 0.00 y2472 125322 12532 0.0
¥3 639.39 639.40 -0.01 y25°2 13172 1317.2 0.0
6 754.42 754.42 0.00 y25°3 878.49 §78.49 0.00
y7 868.46 868.46 0.01 y2672 1368.7 1368.7 0.0
8 981.55 981.54 0.01 y26° 912.82 912.83 -0.01
¥9 1082.6 1082.6 0.0 y27+3 950.52 950.53 -0.01
y28° 988.86 988.87 -0.01
MS2 1022.9
Y,
b, b, 11326
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b
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Supplementary Fig. 5 | Identification of pl-11IC115A by MS/MS annotation with LC-HR-MS/MS (qTOF).
B) MS/MS annotation of peptide TDICQGALGDAWLLAAIASLTLNDTLLHR. (m/z =1022.5, 3 charge).
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A

CLQSGTLFRDEAFPPVPQSLGYK

S

~ Species Cal. mass Obs. mass  Error(Da) Species Cal. mass Obs. mass  Error(Da)
s
b2 293.099 293.099 0.000 b207? 1132.05 1132.05 0.00
b3 421.157 421.156 0.001 b227? 1242.09 1242.10 -0.01
b4 508.189 508.189 0.000 v3 367.198 367.197 0.001
OH bs 565.211 565.211 0.000 v4 480.282 480.280 0.002
b6 666.259 666.260 -0.001 y5 567.314 567.313 0.001
b7 779.343 779.337 0.004 y7 792.425 792.425 0.000
b8 926.411 926.408 0.003 Y772 396.716 396.715 0.001
MS1 b9 1082.51 1082.52 -0.01 y8 891.493 891.491 0.002
877.440 b10™ 599.273 599274 -0.001 y8™? 446.250 446.251 -0.001
bll 1326.58 1326.58 0.00 ¥9 988.546 988.544 0.002
877.775 b117 663.795  663.793 0.002 y10 1085.60  1085.60 0.00
877.105 b12 1397.62 1397.61 0.01 y107? 543.303 543.303 0.000
b1272 699.313 699.316 -0.003 yll 1232.67 1232.67 0.00
b12-H,0™ 690.308 690.308 0.000 y1172 616.837 616.838 -0.001
b13 1544.69 1544.68 0.01 vi2 1303.71 1303.71 0.00
b1372 772.847 772.848 -0.001 y1272 652.356 652.360 -0.004
b13-H0 1526.68 1526.68 0.00 y1572 852.441 852.437 0.004
b13-H,0™ 763.842 763.841 0.001 ylg™ 925.975 925.979 -0.004
n A
e et ars | ays P "850 b1472 821.374 821.376 -0.002 y18™ 1033.04 1033.04 0.01
miz bl6™ 919.434 919.433 0.001 y1972 1061.55 1061.56 -0.01
b16-H,0™ 910.429 910.425 0.004 y20™ 1105.07 1105.07 0.00
b1§72 1031.99 1031.98 0.01 y2172 1169.10 1169.10 0.00
MS?2 b1972 1075.51 1075.50 0.01 y2173 779.734 779.730 0.004
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Supplementary Fig. 6 | MS/MS annotation of B-ME modified peptides in pi-11 by FT-ICR-MS. A) A B-
ME modification (+75.9983 Da) occurs at Cys49 of the peptide CLQSGTLFRDEAFPPVPQSLGYK.
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B.

TDICQGALGDCWLLAAITASLTLNDTLLHR

S ~ S ~ Species Cal. mass Obs. mass Error(Da) Species Cal. mass Obs. mass Error(Da)
S S b4 509.173 509.172 0.001 yl1 1282.71 1282.71 0.00
b4-H,0O 491.163 491.162 0.001 y12 1353.75 1353.75 0.00
b5 637.232 637.230 0.002 yl2+2 677.378 677.377 0.001
b6 694.254 694.252 0.002 y13 1466.83 1466.84 -0.01
b6-H,0 676.243 676.242 0.001 y14 1537.87 1537.88 -0.01
OH OH b7 765.291 765.290 0.001 yl4+2 769.439 769.437 0.002
b7-H,0 747.280 747.281 -0.001 y15 1608.91 1608.92 -0.01
b8 878.375 878.377 -0.002 y15+2 804.957 804.958 -0.001
b8-H,O 860.364 860.368 -0.004 yle2 861.499 861.502 -0.003
b9 935.396 935.402 -0.006 y17+2 918.041 918.042 0.001
MS1 b9-H,0 917.386 917.386 0.000 y18+2 1011.08 1011.08 0.00
b10 1050.42 1050.43 -0.01 y19+2 1100.59 1100.58 0.01
1084.21 b10-H,0 1032.41 1032.42 -0.01 2072 1158.10 1158.10 0.00
| bll 1229.43 1229.43 0.00 ¥20-H,0%2 1149.09 1149.10 -0.01
b12 1415.51 1415.51 0.00 y21:2 1186.61 1186.61 0.00
b13 1528.59 1528.61 -0.02 y21-H,0%2 1177.60 1177.61 -0.01
1084.88 bI3-H,0%  504.199 504.195 0.004 Y2222 1243.15 1243.16 -0.01
1083.87 bl5 1712.72 1712.74 -0.02 y23+2 1278.67 1278.67 0.00
bl6+2 892.380 892.383 -0.003 y24-H,0%2 1298.18 1298.17 0.01
1085.21 b17 1896.84 1896.84 0.00 y25+2 1371.21 1371.22 -0.01
' ¥3 425.262 425.261 0.001 y25+2 914.475 914.477 -0.002
v4 538.346 538.347 -0.001 y25-H,0%2 1362.20 1362.21 -0.01
¥ 639.394 639.395 -0.001 y25-H,0%2 908.472 908.473 -0.001
y6 754421 754425 -0.004 2672 1460.71 1460.71 0.00
y6-H,0 736.410 736.410 0.000 y26=3 974.145 974.143 0.002
1083 1084 1085 1086 1087 y7 868.464 868.468 -0.004 y26-H,0+2 1451.71 1451.71 0.00
miz y8 981.548 981.545 0.003 y26-H,0%2 968.141 968.148 -0.007
y9+-2 541.801 541.801 0.000 y27+2 1517.26 1517.24 0.02
y9-H,0 1064.59 1064.58 0.01 y27+3 1011.84 1011.84 0.00
y10 1195.68 1195.68 0.00 y27-H,07 1005.84 1005.84 0.00
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Supplementary Fig. 6 | MS/MS annotation of B-ME modified peptides in -1l by FT-ICR-MS. B) B-ME
modifications (+75.9983 Da) occur at Cys108 and Cys115 of the peptide
TDICQGALGDCWLLAAIASLTLNDTLLHR.
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uI-IT

Calculated exact mass: 42467.9 Da, Observed exact mass: 42467.9 Da, Error: 0.0 Da
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1041.81
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T00 7= +42
500 7 = +44 7z =443 1037.45  1017.03
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uI-II + 1 (shifted by 881.5 Da)

Calculated exact mass: 43349.4 Da, Observed exact mass: 43349.4 Da, Error: 0.0 Da
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Supplementary Fig. 7 | FT-MS data comparison of pi-11 and pl-11C115A samples. A) pi-11 and pi-11 + 1
sample. A shift of 881.5 was observed in -1l + 1 sample. The calculated exact mass of pl-1I includes 3 -
ME adducts (75.9983 Da each). The calculated exact mass of -1l + 1 includes 2 B-ME adducts and the
mass of 1 (957.5423 Da).
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pI-IIC115A

Calculated exact mass: 42359.9 Da, Observed exact mass: 42360.1 Da, Error: -0.2 Da
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pI-IIC115A+ 1 (no shift)
Calculated exact mass: 42359.9 Da, Observed exact mass: 42360.1 Da, Error: -0.2 Da
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Supplementary Fig. 7 | FT-MS data comparison of pi-11 and pl-11C115A samples. B) pl-11C115A and -
IIC115A + 1 sample. No shift was observed in pl-11C115A + 1 sample. The calculated exact masses of -
[IC115A and pI-1IC115A + 1 both include 2 B-ME adducts (75.9983 Da each).
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iy
b’ H z
[ NH o) N, © " .
o o Species Obs. mass Cal. mass Error(Da) Species Obs. mass Cal. mass Error(Da)
H
o N. o NG b2 217.08 217.08 0.00 yil1 1282.7 1282.7 0.0
H D, it | b3 330.17 330.17 0.00 y112 641.86 641.85 0.01
H b4 433.18 433.17 0.01 y1272 677.38 677.38 0.00
OH bs 561.23 561.24 -0.01 y1372 733.92 733.92 0.00
b6 618.26 618.26 0.00 y1472 769.44 769.44 0.00
b7 689.29 689.29 0.00 y1572 804.96 804.96 0.00
MSI b8 802.38 802.38 0.00 y1672 861.50 861.50 0.00
b9 859.40 859.40 0.00 y1772 918.04 918.04 0.00
19154 y2 312.18 312.18 0.00 y21+3 1085.3 1085.3 0.0
y3 425.26 425.26 0.00 y22+3 1123.0 1123.0 0.0
v4 538.35 538.34 0.01 b2 240.16 240.16 0.00
y5 639.39 639.39 0.00 b'3 339.23 339.23 0.00
y572 320.20 320.21 -0.01 b4 470.29 470.29 0.00
1014.5 y6 754.42 754.42 0.00 b's 569.35 569.35 0.00
y672 377.71 377.70 0.01 [M+4H+]-b'3 929.98 929.97 0.01
y7 868.46 868.47 -0.01 [M+4H+]-b2 954.75 954.74 0.01
y8 981.55 981.54 0.01 [M+3H+]-b'5 -3 1162.9 1162.9 0.0
w y9 1082.6 1082.6 0.0 [M+3H+]-b'3 -3 1239.6 1239.7 -0.1
y10 1195.7 1195.7 0.0
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Supplementary Fig. 8 | MS/MS annotation of 1-modified peptide by Q-TOF (m/z= 1014.5, +4). B ions of

1 were labeled by b’ and red color.
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S1 region

Supplementary Fig. 9 | Representative pose of 4 (thalassospiramide C) in the calpain model. The lowest
energy binding conformation of 4 shows the best pose to S1, S2 and S3 position of calpain in the model.

The double bond in the ring has a short distance to Cys115 and the phenol group forms a hydrogen bond

with Y202 (the enlarged view of S1 region shown on the right).
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ESI-TOF-HRMS

958.5500

Molecular formula: C,4gH,5sN;O5
Calculated: 958.5496

Observed: 958.5500
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Supplementary Fig. 10 | Characterization of 1 by HRMS and *H NMR (in methanol-d,).
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MS! (ESI-TOF-HRMS)

H oH 0 I[H\/\)L MS?(781.39 m/z)

FJ I—\IE]O Species Cal. mass Obs. mass Error (Da)
976.5600 )ﬁ/ b4 7029 470.42 -0.13
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v3 31218 31223 -0.05
v4 44324 44322 0.02
Molecular formula: C,gH75N;044 ¥3 34231 342.28 003
v6 629.34 629.44 -0.10
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Supplementary Fig. 11 | Characterization of 2 by HRMS and MS".
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ESI-TOF-MS

8244838
1

L

i

Molecular formula: C H;(N;O, ;5

Hw
SR

962.5804 \;;

H\/\/“\NH

Calculated: 962.5809

Observed: 962.5804
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Species Cal. mass Obs. mass Error (Da)
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Supplementary Fig. 12 | Characterization of 3 by HRMS and MS".
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ESI-TOF-HRMS

QAH*IN%
N

804.4547 H
Molecular formula: C,4HgN5Oq
Calculated: 804.4542
Observed: 804.4547
Il kJ = T U T U 1 v U
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Supplementary Fig. 13 | Characterization of 4 by HRMS and *H NMR (in methanol-d,).
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Supplementary Tables

Supplementary Table 1:

Docking results for the representative thalassospiramides.

conpound s e TSP MR AR v
Thalassospiramide A 4.29 2 -6.2 57
Thalassospiramide Al 3.98 5 -7.3 42
Thalassospiramide A5 4.95 3 -7 22
Thalassospiramide D 4.64 3 -1.4 21
Thalassospiramide D1 3.7 8 -6.8 35
Thalassospiramide B 3.98 10 -6.8 29
Thalassospiramide C 3.39 20 -8.1 3
Thalassospiramide E1 3.60 6 -7.6 21

[a]: the distance between warhead carbon and active site sulfur.
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