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Supplementary Figures 

 

 

 

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 µI-IIC115A protein, the 

active site Cys115 was mutated to Ala (marked in red). 
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           Supplementary Fig. 3 | SDS-PAGE of µI-II and µI-IIC115A protein (purified/ in the cell lysis). 
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A. 

 

Supplementary Fig. 4 | Identification of µI-II by MS/MS annotation with LC-HR-MS/MS (qTOF). A) 

Amino acid sequence coverage of µI-II and m/z’s of all tryptic peptides verified by MS
2
.   
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B. 

 

Supplementary Fig. 4 | Identification of µI-II by MS/MS annotation with LC-HR-MS/MS (qTOF). B) 

MS/MS annotation of peptide TDICQGALGDCWLLAAIASLTLNDTLLHR (m/z=1033.2, +3 charge).  
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A. 

 

Supplementary Fig. 5 | Identification of µI-IIC115A by MS/MS annotation with LC-HR-MS/MS (qTOF). 

A) Amino acid sequence coverage of µI-IIC115A and m/z's of all tryptic peptides verified by MS
2
.
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B. 

 

Supplementary Fig. 5 | Identification of µI-IIC115A 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. 

 

Supplementary Fig. 6 | MS/MS annotation of β-ME modified peptides in µI-II by FT-ICR-MS. A) A β-

ME modification (+75.9983 Da) occurs at Cys49 of the peptide CLQSGTLFRDEAFPPVPQSLGYK. 
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B. 

 

Supplementary Fig. 6 | MS/MS annotation of β-ME modified peptides in µI-II by FT-ICR-MS. B) β-ME 

modifications (+75.9983 Da) occur at Cys108 and Cys115 of the peptide 

TDICQGALGDCWLLAAIASLTLNDTLLHR. 
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A. 

 

Supplementary Fig. 7 | FT-MS data comparison of µI-II and µI-IIC115A samples. A) µI-II and µI-II + 1 

sample. A shift of 881.5 was observed in µI-II + 1 sample. The calculated exact mass of µI-II includes 3 β-

ME adducts (75.9983 Da each). The calculated exact mass of µI-II + 1 includes 2 β-ME adducts and the 

mass of 1 (957.5423 Da). 
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B. 

 

Supplementary Fig. 7 | FT-MS data comparison of µI-II and µI-IIC115A samples. B) µI-IIC115A and µI-

IIC115A + 1 sample. No shift was observed in µI-IIC115A + 1 sample. The calculated exact masses of µI-

IIC115A and µI-IIC115A + 1 both include 2 β-ME adducts (75.9983 Da each).   
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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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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 

 

 

H
1
 NMR 

 

Supplementary Fig. 10 | Characterization of 1 by HRMS and 
1
H NMR (in methanol-d4). 
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     Supplementary Fig. 11 | Characterization of 2 by HRMS and MS
n
. 
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           Supplementary Fig. 12 | Characterization of 3 by HRMS and MS
n
. 



19 
 

ESI-TOF-HRMS 
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Supplementary Fig. 13 | Characterization of 4 by HRMS and 
1
H NMR (in methanol-d4).  
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Supplementary Tables 

 

Supplementary Table 1: Docking results for the representative thalassospiramides. 

 

Compound 
Minimum 

warhead distance 

(Å) 
Number of docking poses 

with distance[a] <5Å 
Minimum AutoDock 

score (kcal/mol) IC50 (nM) 

Thalassospiramide A 4.29 2 -6.2 57 

Thalassospiramide A1 3.98 5 -7.3 42 

Thalassospiramide A5 4.95 3 -7 22 

Thalassospiramide D 4.64 3 -7.4 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. 

 

 


