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DRUG METABOLISM AND DISPOSITION   



SUPPLEMENTAL METHODS 

Targeted proteomic quantification of hepatic uptake transporters 

Liver tissue samples were homogenized in a FastPrep 24 bead mill homogenizer (MP 

Biomedicals, Santa Ana, CA). Membrane proteins were isolated from the samples using the 

ProteoExtract™ Native Membrane Protein Extraction Kit (EMD Millipore, Billerica, MA) per 

manufacturer instructions. Protein concentrations of the extracted membrane fractions were 

determined using the bicinchoninic acid (BCA) protein assay kit (Pierce, Rockford, IL). The 

extracted membrane proteins were reduced, denatured, alkylated and digested as described 

elsewhere with minor modifications (Balogh et al., 2012, Kimoto et al., 2012).  

Aliquots containing 200μg (or less) of membrane protein were prepared in triplicate in 40 

mM ammonium bicarbonate with 1.36 w/v% sodium deoxycholate. The proteins were reduced 

with 6 mM dithiothreitol (DTT) for 5 minutes at 95°C followed by alkylation with 15 mM 

iodoacetamide for 20 minutes, protected from light. Aliquots containing 200μg of human serum 

albumin were processed under the same conditions for subsequent use as matrix in the 

construction of an external calibration curve. Proteins were digested with trypsin at 37°C for 24 

hours using a trypsin to protein ratio of 1:20. The reaction was quenched by acidification with 

0.2% formic acid (FA). Stable isotope labelled (SIL) peptides were added to each sample as 

internal standards and unlabelled peptides were spiked into the human serum albumin matrix 

samples to serve as standards for the calibration curve. The samples were centrifuged at 16,000g, 

4°C, to pellet the acid-precipitated sodium deoxycholate, and the supernatant was concentrated 

by evaporation under nitrogen flow prior to reconstitution in 0.1% formic acid for LC-MS/MS 

analysis. 

 Targeted LC-MS/MS quantification of NTCP, OAT2, OAT7, OATP1B1, OATP1B3, 

OATP2B1, and OCT1 peptide surrogates was conducted on a SCIEX 6500 triple quadrupole 

mass spectrometer operating in ESI mode coupled to a Shimadzu LC-30AD unit. The mobile 

phases were 0.1% FA in water (A) and 0.1% FA in 90:10 acetonitrile:water (B). A 10 μl sample 

was injected onto a Phenomenex Kinetex C18 analytical column (2.6 μm, 100 Å, 100 x 3mm) 

and analytes were separated at a flow rate of 0.5 ml/min using a gradient program starting at 

5.5% B for 5 minutes, followed by a linear gradient of 5.5 to 33.3% mobile phase B over 40 

minutes, a hold at 33.3% B for 5 min, a washing step using 100% mobile phase B for 5 minutes, 

and finally re-equilibration for 4 minutes. The doubly charged parent to singly charged product 



ion transitions for the analyte peptides and their respective SIL peptides were monitored using 

optimal declustering potentials, collision energies, and collision cell exit potentials for each 

peptide (Supplemental Table 1) with the following mass spectrometer instrument settings; 5 kV 

ion spray voltage, 10 V entrance potential, 10 V collision cell exit potential, and 500°C source 

temperature. Three transitions were monitored for each peptide, of which one transition was used 

for quantification and the other two were used for peptide verification. Data were processed 

using Analyst 1.6.2 (MDS SCIEX, Ontario, Canada). 

 

Multiplexed global proteomic analysis of liver tissue samples  

 

Lab 1. Liver samples were lysed in a Next Advance Bullet Blender (Averill Park, NY) using 1 

mm silica beads. Samples were heated to 100°C for 15 min and clarified by centrifugation. Each 

sample was subjected to trichloroacetic acid precipitation and resultant pellets were resuspended 

in 8 M urea, 50 mM Tris HCl, pH 8.0 with the addition of Complete Protease Inhibitor cocktail 

(Roche, Basel, Switzerland). Protein concentrations were quantified by Qubit fluorometry (Life 

Technologies, Carlsbad, CA). Duplicate aliquots of 100μg protein of each sample were reduced 

with 12 mM DTT for 1 hour and alkylated with 15 mM iodoacetamide for another hour at room 

temperature. Proteins were digested with trypsin overnight using an enzyme to substrate ratio of 

1:20. The samples were acidified in FA and subjected to solid phase extraction (SPE) on an 

Empore SD C18 plate (3M, Maplewood, MN). Samples were lyophilized and reconstituted in 

140 mM HEPES, pH 8.0, 30% acetonitrile for Tandem Mass Tag (TMT) labelling. Peptide 

labelling was carried out according to manufacturer’s instructions (Thermo Fisher Scientific, 

Waltham, MA). After labelling, samples were pooled and subjected to SPE. Labelled peptides 

were subjected to high pH reverse phase fractionation on a Waters XBridge C18 column 

(2.1x150 mm, 3.5 μm) at a flow rate of 0.3 ml/min. Fractions were collected every 30 second 

from 1-49 min and thereafter pooled to create 12 combined fractions, frozen, and lyophilized, 

followed by reconstitution in 0.1% trifluoroacetic acid (TFA) for LC-MS/MS analysis. 

Peptides were analysed by nano LC-MS/MS and LC-MS/MS/MS using an Easy-nLC 

1200 UPLC system interfaced to an Orbitrap Fusion Lumos mass spectrometer (Thermo Fisher 

Scientific, Waltham, MA). Peptides were loaded onto a trapping column (75 μm x 2 cm) and 

eluted over an analytical column (75 μm x 75 cm) packed with 2 μm C18 PepMap resin. Each 



sample was separated over a 2h gradient at a flow rate of 300 nl/min. The data were acquired two 

ways: data-dependent MS2 mode and synchronized precursor selection (SPS) MS3 mode. In 

both cases MS1 scans were acquired in the Orbitrap at a resolution of 120,000. For the MS2 

method, precursors were isolated with the quadrupole mass filter set to a width of 0.7 m/z and 

fragmented using higher energy collisional dissociation (HCD) at 40% normalized collision 

energy (NCE). Product ions were acquired in the Orbitrap at 50,000 resolution. For the MS3 

method, MS2 scans were acquired in the ion trap using collision induced dissociation (CID) at 

35% NCE. Five product ions were isolated using synchronized precursor selection and 

fragmented further using HCD at 65% NCE. MS3 scans were acquired in the Orbitrap at a 

resolution of 50,000 from m/z 100 to 200. For both methods the mass spectrometer was operated 

with a 3 second cycle time. 

 

Lab 2. Liver samples were homogenized in 8 M urea, 1% SDS, 50 mM Tris HCl, pH 8.5 with 

the addition of Complete Protease and PhosSTOP phosphatase Inhibitor cocktails (Roche, Basel, 

Switzerland). Protein concentrations in the lysates were quantified using the Pierce micro BCA 

assay (ThermoFisher Scientific, Waltham, MA). Aliquots of 200 µg of protein were reduced 

with 5 mM DTT and alkylated with 15 mM iodoacetamide, followed by protein precipitation 

with methanol/chloroform/water (4:2:3 ratio). The protein pellets were resuspended in 8 M urea, 

100 mM EPPS, pH 8.0 and the solutions were diluted to 4M urea with 100 mM EPPS, pH 8.0. 

LysC (Wako Chemicals USA, Richmond, VA) was added at 20 ng/μl (1:50 protease to protein 

ratio) and the proteins were digested at 25°C for 12 h. Following the LysC digestion, the urea 

concentration was diluted to 1 M with 100 mM EPPS, pH 8.0 and trypsin (Promega, Madison, 

WI) was added at 10 ng/μl (1:25 protease to protein ratio). Trypsin digestion was carried out at 

37°C for 8 h and the reaction was quenched with TFA. Peptide samples were desalted on Waters 

tC18 SepPak cartridges (Waters Corporation, Milford, MA) and dried by centrifugal evaporation. 

Dried peptides were resuspended in 200 mM EPPS, pH 8.0 and peptide concentrations were 

quantified using the Pierce peptide fluorescence assay (ThermoFisher Scientific, Waltham, MA). 

The samples were split into duplicates and labelled with TMT 10-plex reagents at a 8:1 ratio 

(TMT reagent:peptide), incubating at 25°C for 2h. TMT reactions were quenched with 0.5% 

hydroxylamine and samples were acidified with TFA and combined. Labelled peptides were 

subjected to orthogonal basic-pH reverse phase fractionation on a 4.6x250 mm column packed 



with 3 µm ZORBAX Extend C18 material (Agilent, Santa Clara, CA), utilizing a 45 min linear 

gradient from 8% buffer A (5% acetonitrile in 10 mM ammonium bicarbonate, pH 8) to 35% 

buffer B (acetonitrile in 10 mM ammonium bicarbonate, pH 8) at a flow rate of 0.8 ml/min. 

Ninety six fractions were consolidated into 24 samples, acidified with FA and vacuum dried. The 

samples were resuspended in 5% FA, desalted on StageTips packed with Empore C18 material 

(3M, Maplewood, MN), and vacuum dried. Peptides were reconstituted in 5% formic acid, 5% 

acetonitrile for LC-MS/MS/MS analysis. 

Twelve of the 24 fractions were analysed by nano LC-MS/MS/MS on an Orbitrap Fusion 

Lumos mass spectrometer coupled to an Easy-nLC 1200 UPLC pump. Peptides were separated 

on an in-house packed 75 μm inner diameter column containing 0.5 cm of Magic C4 resin (5 μm, 

100 Å, Michrom Bioresources) followed by 25 cm of GP-C18 resin (1,8 μm, 120 Å, Sepax 

Technologies). A gradient of 5 to 30% acetonitrile with 0.125% FA was applied over 180 min at 

a flow rate of 400 nl/min. The mass spectrometer was operated in data-dependent mode. MS1 

scans were acquired at a resolution of 120,000. The ten most intense ions were selected for 

MS/MS. Previously interrogated precursor ions were excluded using a dynamic window of 75 

seconds ± 10 ppm. The MS2 precursors were isolated with a quadrupole mass filter set to a width 

of 0.5 m/z. MS2 scans were acquired in the ion trap using collision induced dissociation at 35% 

NCE. Ten product ions were isolated using synchronized precursor selection and fragmented 

using higher energy collisional dissociation of 55% NCE.  

 

Quantification of protein concentrations using the total protein approach 

Multiplexed global proteomic data were processed in MaxQuant v. 1.6.0.13 

(www.maxquant.org) using protein and peptide false discovery ratios of 0.01 (calculated based 

on forward/decoy database searching). Protein abundances were calculated from reporter ion 

intensities using the total protein approach (Wisniewski 2017). This computational method is 

based on the assumption that the summed MS signal for a given protein in relation to the 

summed MS signals from all proteins reflects its partial abundance in the sample. By combining 

this assumption with the molecular weight of the protein, its concentration was calculated 

according to Equation 1. 

 

𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑜𝑙 𝑔)  =
𝑀𝑆 𝑠𝑖𝑔𝑛𝑎𝑙𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑖

𝑇𝑜𝑡𝑎𝑙 𝑀𝑆 𝑠𝑖𝑔𝑛𝑎𝑙×𝑀𝑤 (𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑖)
⁄    Equation 1  

http://www.maxquant.org/


Supplemental Table 1. Optimized parameters for multiple reaction monitoring (MRM) of 

surrogate peptides selected for targeted proteomic analysis of hepatic uptake transporters.  

 
  MRM transitions   

Transport 

protein 
Peptide sequence

a Precursor 

ion (m/z) 

Product 

ion (m/z) 
DP (V) CE (V) CXP (V) 

NTCP 

GIYDGDLK 

440.9 710.4 50 20 15 

440.9 547.3 50 20 15 

440.9 432.2 50 25 5 

 444.9 718.3 50 20 15 

GIYDGDLK 444.9 555.3 50 20 15 

 444.9 440.2 50 25 5 

OAT2 

NVALLALPR 

484.1 753.5 70 30 10 

484.1 569.4 70 30 10 

484.1 456.3 70 30 10 

NVALLALPR 

489.1 763.5 70 30 10 

489.1 579.4 70 30 10 

489.1 466.3 70 30 10 

OAT7 

DTLTLEILK 

523.6 716.5 100 25 10 

523.6 829.5 100 25 10 

523.6 615.4 100 25 10 

DTLTLEILK 

527.6 724.5 100 25 10 

527.6 837.5 100 25 10 

527.6 623.4 100 25 10 

OATP1B1 

 587.8 961.5 80 25 16 

NVTGFFQSFK 587.8 860.4 80 25 16 

 587.8 656.3 80 25 16 

NVTGFFQSFK 

591.8 969.5 80 25 16 

591.8 868.5 80 25 16 

591.8 664.3 80 25 16 

OATP1B3 

NVTGFFQSLK 

570.9 927.4 80 23 16 

570.9 826.4 80 23 16 

570.9 622.4 80 23 16 

NVTGFFQSLK 

574.3 934.6 80 23 16 

574.3 833.6 80 23 16 

574.3 629.6 80 23 16 

OATP2B1 

SSPAVEQQLLVSGPGK 

798.8 711.9 80 35 16 

798.8 1155.6 80 35 16 

798.8 445.2 80 35 16 

SSPAVEQQLLVSGPGK 

802.9 715.9 80 35 16 

802.9 1163.6 80 35 16 

802.9 453.2 80 35 16 

OCT1 

ENTIYLK 

441.0 423.6 50 17 10 

441.0 260.2 50 17 10 

441.0 536.6 50 17 10 

ENTIYLK 

445.1 431.6 50 17 10 

445.1 268.2 50 17 10 

445.1 544.5 50 17 10 

DP, declustering potential; CE, collision energy; CXP, collision cell exit potential 
a
 Stable isotope labelled amino acid is shown in bold and italic. 

  



  
 

Supplemental Figure 1. Illustration of the workflow applied for the targeted proteomic and 

multiplexed global proteomic experiments. Proteins were extracted from the tissue samples, and 

subsequently reduced, alkylated, and enzymatically digested into peptides. For the targeted 

proteomic quantification, stable isotope labelled (SIL) peptides were added as internal standards 

post-digestion and peptide concentrations were determined by LC-MS/MS using an external 

calibration curve. For the multiplexed global proteomic quantification, peptides were labelled 

with tandem mass tag (TMT) reagents in technical duplicates and then the samples were pooled 

and fractionated, followed by LC-MS/MS/MS and LC-MS/MS analysis. Spectral intensities for 

the TMT reporter ions, formed upon fragmentation of the tags, were used to calculate protein 

abundances using the total protein approach (Wisniewski 2017). 
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