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Supporting Information.   

Supplementary Methods. 

Generation and Characterization of tsa1!  tsa2!  strain.  To create a targeting construct for 

disrupting the TSA2 locus, 500 bp upstream and downstream of the TSA2 coding sequence (5’-

UTR and 3’-UTR, respectively) were amplified out of S. cerevisiae genomic DNA using the 

primers described in Supplementary Table 1 with standard PCR conditions.  The amplified 

products were sequentially cloned into pBluescript II vector containing a HIS3 rescue cassette 

cloned into the BamHI site using the restriction sites described in the primer sequence.  Correct 

production of the targeting construct was confirmed by restriction digestion and DNA 

sequencing.  Wild-type (BY4741) or tsa1!::kanR strains were transformed with the targeting 

construct and plated to His dropout medium.  PCR genotyping was performed to confirm 

disruption of the TSA2 locus (Supp. 7A).  The strain’s phenotype was also characterized for 

H2O2 sensitivity (Supp. Fig. 7B).   
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Supplementary Table 1.  Primers Used for Cloning, Site-Directed Mutagenesis, and 
Deletion Mutant Production. 
Primers for Cloning Tsa1 into pET45b (KpnI/XhoI) 
 Forward:  5’-GGGGGGGTACCGTCGCTCAAGTTCAAAAGCAAG 
 Reverse:  5’-CCCCCCTCGAGTTATTTGTTGGCAGCTTCGAAG 
 
Primers for Cloning FLAG-fusion proteins into p416-GPD (FLAG tag underlined) 

FLAG-Trx2 (SpeI/XhoI) 
Forward:  5’-GGGGACTAGTATGGATTACAAAGATGATGATGATAAAGTCACTCAATTAAAATCCGCTTC 
Reverse:  5’-GGGGCTCGAGCTATACGTTGGAAGCAATAGCTTGC 

 
FLAG-Tsa1 (SpeI/XhoI) 
Forward:  5’-GGGGACTAGTATGGATTACAAAGATGATGATGATAAAGTCGCTCAAGTTCAAAAGCAAGC 
Reverse:  5’-GGGGCTCGAGTTATTTGTTGGCAGCTTCGAAGTATTCC 

 
FLAG-Trr1 (HindIII/XhoI) 
Forward:  5’-GGGGAAGCTTATGGATTACAAAGATGATGATGATAAAGTTCACAACAAAGTTACTATC 
Reverse:  5’-GGGGCTCGAGCTATTCTAGGGAAGTTAAGTATTTCTCAG 

 
Site-Directed Mutagenesis Primers (Mutation Sites in Bold) 
 C31A-Trx2 

Forward:  5’-CTTTTTTGCCACATGGGCTGGGCCATGTAAAATGATTGC  
Reverse:  5’-GCAATCATTTTACATGGCCCAGCCCATGTGGCAAAAAAG 

 
 C34A-Trx2 

Forward:  5’-GCCACATGGTGTGGGCCAGCTAAAATGATTGCACCAATG 
Reverse:  5’-CATTGGTGCAATCATTTTAGCTGGCCCACACCATGTGGC 

 
 C31,34A-Trx2 

Forward:  5’-GCCACATGGGCTGGGCCAGCTAAAATGATTGCACCAATG 
Reverse:  5’-CATTGGTGCAATCATTTTAGCTGGCCCAGCCCATGTGGC 

 
 C47A-Tsa1 
 Forward:  5’-CCATTGGCCTTCACTTTCGTCGCTCCAACCGAAATCATTGCTTTC 
 Reverse:  5’-GAAAGCAATGATTTCGGTTGGAGCGACGAAAGTGAAGGCCAATGG 
 
 C170A-Tsa1 
 Forward:  5’-AAGAACGGTACTGTCTTGCCAGCTAACTGGACTCCAGGTGCTGCT 
 Reverse:  5’-AGCAGCACCTGGAGTCCAGTTAGCTGGCAAGACAGTACCGTTCTT 
 
Primers for tsa2! Targeting Construct 
 Tsa2 5’-UTR primers (XhoI/EcoRI) 
 Forward:  5’-GGGGCTCGAGGTTCTCAACGGGCTTATGCTAG 
 Reverse:  5’-GGGGGAATTCGAACTTCTGCTACCATGATTGG 
 
 Tsa2 3’-UTR primers (SpeI/NotI) 
 Forward:  5’-GGGGACTAGTGCCAATAATTAATCTTCGCACG 
 Reverse:  5’-GGGGGCGGCCGCGACAAGACTATGCCAATTGAG 
 
Primers for Genotyping tsa1! and tsa2! Strains 
 wt TSA1 locus 
 Forward:  5’-TGCGTTTAAGGTGTACGAAAACCC      
 Reverse:  5’-AAACCACCTTCCTTTCTTGGGA 
 
 wt TSA2 locus 
 Forward:  5’-ATTATCTTAACTATATGCGCCCCTC 
 Reverse:  5’-CATGCCAGTAAGGAATATTCAGAGT   
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tsa1!::kanR locus 
 Forward:  5’-TGCGTTTAAGGTGTACGAAAACCC 
 Reverse:  5’-CTGCAGCGAGGAGCCGTAAT 
 
 tsa2!::kanR locus 
 Forward:  5’-ATTATCTTAACTATATGCGCCCCTC 
 Reverse:  5’-CTGCAGCGAGGAGCCGTAAT 
 
 tsa2!::HIS3 locus 
 Forward:  5’-GATTAGCGACCAGCCGGAATGC 
 Reverse:  5’-ACTCAATGGATTCGTTAACAGTAGG      
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Supplementary Table 3.  Relative Toxicities of DVSF, DAD, DEB, HN2 in RKO Cells. 
 Molecule IC50 (!M)a 

 DVSF 34 + 3b    
 DAD 30 + 1c 
 DEB 130 + 40 
 HN2 10 + 2    
aToxicity was measured using the WST-1 assay described.  IC50 values (the concentration at 
which WST-1 conversion was 50% of the control) were determined using GraphPad Prism.  
bValue is from Chem. Res. Toxicol. (2011) 24, 1457-1459.  cValue is from Chem. Res. Toxicol. 
(2011) 24, 81-88.  
  



 7 

Supplementary Figure Legends. 
 

Supplementary Figure 1.  Representative Mass Spectra to Establish Identity of Trx2.  Two 

representative collision-induced dissociation (CID) spectra showing the fragmentation of 

peptides derived from Trx2.  In this case, the Trx2 peptides migrated at the same location on the 

gel where a cross-linked Tsa1 species also electrophoresed (at ~36 kDa).  The same peptides 

were isolated in the gel region where a cross-linked Trr1 was isolated (at ~54 kDa).   

 

Supplementary Figure 2.  Representative Mass Spectra to Establish Identity of Tsa1.  Two 

representative CID spectra showing the fragmentation of peptides derived from Tsa1.  The 

digested cross-linked species of Tsa1 that yielded these peptides migrated with Trx2 at ~36 kDa.   

 

Supplementary Figure 3.  Representative Mass Spectra to Establish Identity of Trr1.  Two 

representative CID spectra showing the fragmentation of peptides derived from Trr1.  The 

digested cross-linked species of Trr1 that yielded these peptides migrated with Trx2 at ~54 kDa. 

 

Supplementary Figure 4.  Modification of Trr1-TAP by DVSF.  Yeast cultures expressing 

Trr1-TAP were exposed to increasing concentrations of DVSF.  Protein lysates from treated cells 

were resolved by SDS-PAGE, transferred to PVDF membrane, and probed with antibodies 

against the TAP tag (anti-protein A) or against Pgk1 (loading control).  Cross-linked complexes 

are indicated with arrows.  Results are representative of two independent experiments.   

 

Supplementary Figure 5.  Toxicity of DEB and HN2 in S. cerevisiae and RKO Cells.  (A) 

Yeast cells in mid-log phase were exposed to Me2SO (vehicle) or varying doses of DEB or HN2 
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for 1 h.  Cultures were diluted in a series of 10-fold dilutions, spotted onto YPD medium, and 

monitored for survival/growth after 48 h at 30°C.  Results are representative of two independent 

experiments.  (B) RKO cells were incubated with DEB or HN2 over a concentration range from 

~320 nM to 1 mM for 24 h at 37°C.  Viability was measured using the WST-1 assay, with 100% 

survival set at the amount of WST-1 conversion in the Me2SO (vehicle) control.  Results shown 

are the average of two independent experiments done in quadruplicate + SEM.   

  

Supplementary Figure 6.  Decreased Cross-Linking of FLAG-Trx2 in Yeast Lacking Tsa1 

and Tsa2 Following Exposure to Structurally Diverse Bifunctional Electrophiles.  Wild-type 

(BY4741) or tsa1! tsa2! yeast expressing FLAG-Trx2 were exposed to 300 !M DVSF for 1 h.  

Protein lysates from cultures were subjected to immunoblot for the FLAG tag (to detect changes 

in cross-linked complexes containing Trx2) or Pgk1 (loading control).  An asterisk indicates a 

non-specific band.  Results are representative of two independent experiments.   

 

Supplementary Figure 7.  Active Site Cys Residues Mediate Cross-Linking of Recombinant 

Tsa1 Treated with DVSF or DAD.  Wild-type (wt) or mutant Tsa1 (10 !M) was treated with 

Me2SO (vehicle), DVSF, or EVSF (A) or Me2SO, DAD, or DEM (B) for 24 h at 37°C as 

described in the Materials and Methods.  Samples were resolved using SDS-PAGE and 

visualized with Coomassie blue staining.  Results are representative of two-three independent 

experiments.   

 

Supplementary Figure 8.  Genotypic and Phenotypic Characterization of the tsa1!  tsa2!  

Mutant.  (A) Validation of strain by genotyping.  Genomic DNA was isolated from the yeast 



 9 

strains shown at the top of the figure.  PCRs were set up with primers specific for the wild-type 

(wt) loci for TSA1 and TSA2, a deleted tsa1 gene (where gene disrupted with a kanR cassette), or 

a deleted tsa2 gene (where gene was disrupted with either a kanR cassette or HIS3 gene).  The 

tsa1! tsa2! strain shows PCR products consistent with both genes being disrupted.  (B) 

Phenotypic characterization of strains with hydrogen peroxide sensitivity.  Serial dilutions of 

strains diluted to OD600 = 0.5 from stationary phase cultures were plated onto YPD plates 

containing Me2SO (vehicle) or 3 mM H2O2 and grown for 48 h at 37°C.  As expected, the tsa1! 

strain and the tsa1! tsa2! strain showed increased sensitivity to H2O2 when compared with the 

wt control.  Results are representative of three independent experiments.    
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