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Drug Metabolism and Disposition 

Formation of PPIs from PPI-thioethers in FMOs. (R)- and (S)-PPIs were also 

detected in thioether-fortified incubated samples with FMO1, FMO3, and FMO5, but 

the yields were significantly lower than those in HLM incubations (Supplemental Fig. 

1). And the formation in FMO-deactivated liver microsomes (by heating) showed no 

difference with that in the untreated liver microsomes.  

Characterization of GSH conjugates by Q-TOF MS. In the incubation of RAB with 

GSH, the two GSH conjugates were detected by UPLC-Q-TOF. Based on the accurate 

molecular weight and related fragmentation information, the components were 

speculated as benzimidazole-GSH conjugate and [RAB-H2O]-GSH conjugate. The 

detailed information including chromatograms, low collision energy mass spectra, and 

MS2 mass spectra are provided in supplemental materials (Supplemental Fig. 2). 

To prove that the inhibition of reductive metabolism in liver subcellular fractions 

by NEM, EA, and MD was caused by the depletion of thiols, GSH conjugates of each 

inhibitor were detected by a Waters Synapt Q-TOF system. In positive ion mode, the 

singly charged [M+H]+ ions at m/z 433.137 (NEM-GSH), 610.103 (EA-GSH), and 

478.216 (MD-GSH) were observed in a low collision energy spectrum. The MS/MS 

spectrum showed the indicative characteristic fragment ions associated with the 
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cleavage of the GSH moiety (Supplemental Fig. 3-C, F, and I).  

The product ions at m/z 358.106 and 304.095 were derived from the neutral loss of 

glycine portion (75.032 Da) and pyroglutamic acid portion (129.043 Da) and from 

NEM-GSH conjugate’s parent ion m/z 433.137, respectively (Supplemental Fig. 3-C). 

The cleavage of the cysteinyl C-S bond of the GSH moiety attributes to the formation 

of m/z 158.028. The fragmentation pathway of the EA-GSH conjugate was similar to 

that of the NEM-GSH conjugate (Supplemental Fig. 3-F). The conjugate of MD and 

GSH underwent a two-electron oxidation, so its [M+H]+ was m/z 478.126. The high-

abundance product ion m/z 331.074 was formed by the neutral loss of glycine and water 

(Supplemental Fig. 3-I). These results confirmed the hypothesis that NEM, EA, and 

MD inhibit the transformation of PPIs to PPI-thioethers through the depletion of the 

PPI-thioethers biological reducing agents such as reduced GSH and cysteine. 

DFT calculations and NBO analysis. The structures of four PPIs (OME, PAN, LAN, 

and RAB) were optimized by the M06-2X method at the 6-31g(d) level basis set. To 

confirm that the optimized conformation is indeed a minimum on the potential energy 

surface, normal-mode vibrational frequencies were calculated at the same level. NBO 

charge populations demonstrated the optimized conformations. All of these calculations 

were performed using the Gaussian 09 suite program. 

The detailed NBO charge population is shown in Supplemental Table 1, which 

indicates a positive correlation between the NBO charges of sulfur atoms in these 

compounds and the reaction rate. 
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Supplemental Fig. 1. Formation of (R)- and (S)-PPIs after incubations of PPI thioethers 

(3 μM) in HLM (1 mg/mL) and 1 mg/mL three isoforms of recombinant FMOs (FMO1, 

FMO3 and FMO5). (A): (R)-OME. (B): (R)-PAN. (C): (R)-LAN. (D): (R)-RAB. (E): 

(S)-OME. (F): (S)-PAN. (G): (S)-LAN (H): (S)-RAB 

Supplemental Fig. 2. Extracted ion chromatogram (EIC) of benzimidazole-GSH 

conjugate and [RAB-H2O]-GSH conjugate in the incubations of GSH solution (1 mM) 

and RAB in positive mode with the following MS2 spectra. (A) EIC of benzimidazole-

GSH (m/z 424.13). (B) low collision energy mass spectra of benzimidazole-GSH (m/z 

424.13). (C) MS2 mass spectra of benzimidazole-GSH (m/z 424.13). (D) EIC of [RAB-

H2O]-GSH (m/z 649.21). (E) low collision energy mass spectra of [RAB-H2O]-GSH 

(m/z 649.21). (F) MS2 mass spectra of [RAB-H2O]-GSH (m/z 649.21). 

Supplemental Fig. 3. Extracted ion chromatogram (EIC) of NEM-GSH, EA-GSH, 

and MD-GSH conjugates in HLCs (1 mg/mL of protein) and GSH solution (1 mM) 

incubations in positive mode with the following MS2 spectra. (A) EIC of NEM-GSH 

(m/z 433.14) in NEM-treated HLCs. (B) EIC of NEM-GSH (m/z 433.14) in NEM-

treated GSH solutions. (C) MS2 spectra of NEM-GSH (m/z 433.14) in NEM-treated 

GSH solutions. (D) EIC of EA-GSH (m/z 610.10) in EA-treated HLCs. (E) EIC of 

EA-GSH (m/z 610.10) in EA-treated GSH solutions. (F) MS2 spectra of EA-GSH (m/z 

610.10) in EA-treated GSH solutions. (G) EIC of MD-GSH (m/z 478.13) in MD-

treated HLCs. (H) EIC of MD-GSH (m/z 478.13) in MD-treated GSH solutions. (I) 

MS2 spectra of MD-GSH (m/z 478.13) in MD-treated GSH solutions. 
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Supplemental Table 1. 

The selected NBO charge of important atoms in four PPIsa. 

Atom PAN LAN OME RAB 

q(S) 1.317 1.319 1.326 1.339 

q(O) -1.004 -0.994 -0.989 -0.998 

aAll charges are given in au. 
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