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Schedule 

Thursday, May 4, 2017 

10:00 AM Registration (Lobby) 
 
Continental Breakfast, Poster Setup, & Sponsor Booth Setup (Room 228; East 
Ballroom, South Hall) 

11:00 Welcome (Room 227; East Ballroom, North Hall) 

11:10 Moderator: Matthew Zaya, M.S., Zoetis 
 
P450 Structure-Function Studies at Large Scale: Application to 
Pharmacogenomics. Allan Rettie, Ph.D., Professor, Department of Medicinal Chemistry, 
School of Pharmacy, University of Washington, Seattle 

11:50 Genetic and Functional Studies of Chemotherapy-Induced Peripheral Neuropathy. 
Deanna Kroetz, Ph.D., Professor, Departments of Biopharmaceutical Sciences and 
Pharmaceutical Chemistry, University of California, San Francisco 

12:30 PM Lunch (Room 228; East Ballroom, South Hall) 
 
Students/Postdocs Networking Lunch with Industry Scientists (Room 242; Brown 
and Gold Room) 
 
Poster Viewing and Sponsor Booths 

2:00 Moderator: Stephen Hall, Ph.D., Eli Lilly & Company 
 
Quantitative Proteomic Analysis for Membrane Proteins in Healthy and Disease 
Tissues to Delineate Drug Clearance and Intracellular Disposition. Yurong Lai, 
Ph.D., Director of Drug Metabolism, Gilead Sciences, Inc., Foster City, CA 

2:40 Transporters in Xeno-Endobiotic Drug Interactions. Eve-Irene Lepist, Ph.D., Sr. 
Research Scientist II, Gilead Sciences, Inc., Foster City, CA 

3:20 Break 

3:40 Moderator: Laura Furge, Ph.D., Kalamazoo College  
 
Cytochrome P450 3A7: Fetal Drug Metabolism. Emily Scott, Ph.D., Professor, 
Medicinal Chemistry and Professor, Pharmacology, University of Michigan, Ann Arbor 

4:20 Structural Plasticity in Drug Metabolizing P4503A4. Tom Poulos, Ph.D., Chancellor's 
Professor of Biochemistry, Chemistry, and Pharmaceutical Sciences, University of 
California, Irvine 

5:00 Poster Session (Author Available), Sponsor Booths, & Mixer (Room 228; East 
Ballroom, South Hall) 

7:00 Dinner (Rooms 208-210; West Suite) 
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Schedule 
Friday, May 5, 2017 

7:30 AM GLDMDG Business Meeting (Room 242; Brown and Gold Room) 
 
Continental Breakfast, Poster Viewing & Visit Sponsor Booths 

9:00 Moderator: Richard Voorman, Ph.D., Covance 
 
Pharmacologically Active Acyl Glucuronide Metabolites of Indole-3-carboxylic 
Acid-based AMP Kinase Activators. 
Amit Kalgutkar, Ph.D., Research Fellow at Pfizer and Adjunct Professor, Department of 
Pharmacy and Biomedical Sciences at the University of Rhode Island 

9:40 Gut Microbiome: A Novel Frontier in Xenobiotic Biotransformation. 
Julia Yue Cui, Ph.D., Assistant Professor, Department of Environmental and Occupational 
Health Sciences and Center for Ecogenetic and Environmental Health, University of 
Washington, Seattle 

10:20 Break 

10:40 Moderator: Anthony Lee, Ph.D., AbbVie 
 
Non-CYP Drug Metabolism Pathways and Selected Case Studies. 
David Stresser, Ph.D., Principal Research Scientist, AbbVie, North Chicago, Illinois 

11:20 In Vitro and In Vivo Functional Testing of SNPs in the 3’UTR of CYP2B. 
Kimberly Burgess, Graduate Student, Indiana University School of Medicine, Indianapolis 

11:35 Posttranslational Regulation of CYP2J2 by Nitric Oxide.  
Ji Won Park, Ph.D., Postdoctoral Fellow, Department of Pharmacology, Emory University 
School of Medicine, Atlanta, Georgia 

11:50 Closing Remarks 
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Posters 
 
1. Improving OATP1B1 and OATP1B3 expression in human embryonic kidney (HEK) cells using 

viral transduction technique 
 

Lisa Hong Chen, Youngeen Anne Pak, David Bedwell, Kenneth Ruterbories*, Kathleen Hillgren 
 

Investigative Drug Disposition, Eli Lilly and Company, Indianapolis, IN, USA.  
*Retired Lilly Employee  

 
Background: Evaluating organic anion transporting polypeptide (OATP) 1B1 and 1B3 mediated drug-
drug interaction potential for new molecular entities is essential in drug development. Our group 
previously generated plasmid transfected cell lines to evaluate OATP liability. However, OATP 
expression levels were low resulting in narrow dynamic range. Thus, we transduced OATP1B1 and 
1B3 using lentiviral vector in HEK-293 cells to improve OATP1B1 and 1B3 expression. 

 
Method: OATP1B1, OATP1B3, and vector Lenti6.3 were constructed and transfected into a lentiviral 
package cell line Lenti-X-293T. The cells were selected by blasticidin (5 µg/mL) to generate stable 
cell lines. We confirmed OATP1B1 and 1B3 expression by flow cytometry and enriched OATP1B1 or 
OATP1B3 positive cells by Fluorescent-activated cell sorting (FACS). The uptake ratios and/or kinetic 
parameters of several known OATP1B1 and 1B3 substrates were compared in viral versus plasmid 
system.  

 
Results: Flow cytometry confirmed cell surface expression of OATP1B1 and OATP1B3. The uptake 
ratios in viral transduced cells increased up to seven fold over plasmid transfected cells. We also 
compared Cholecystokinin-8 (CCK-8)1,2 in the viral transduced and plasmid transfected OATP1B3 
cells and showed similar Km values with 10 fold higher Vmax value in viral transduced cells indicating 
higher expression of OATP1B3 in viral system. The Km value for rosuvastatin was also measured and 
was similar to literature value (Km =3.29±0.50 µM in viral OATP1B1 cell versus Km= 0.8 to 7.3 µM in 
literature 3, 4 and Km=6.40±1.16µM in viral OATP1B3 cell versus Km= 14.2 µM in literature 3, 4). 

 
Conclusion: We developed and validated a robust OATP1B1 and OATP1B3 expression systems 
using viral transduction to support discovery and development programs at Lilly. 
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2. Age-related change of hepatic UGT and SULT activities in male chickens and pigs 
 

Steven Hu 
 

Veterinary Medicine Research and Development, Zoetis, Kalamazoo, MI 
 

The hepatic activities of uridine diphosphate glucuronosyltransferase (UGT) and sulfotransferase 
(SULT) of male Ross 708 broiler chickens at the age of 1, 7, 14, 28, and 56 days and male 
Camborough-29 pigs at the age of 1 day and 2, 5, 10, and 20 weeks were investigated. 
Glucuronidation and sulfation of 4-nitrophenol were used to evaluate the activities. Porcine hepatic 
UGT and SULT activities were low at birth, peaked at around 5–10 weeks, and then declined. Both 
hepatic UGT and SULT activities of chickens were high at hatch and declined. Chicken hepatic UGT 
activity had a peak at the age of 28 days. Affinity of hepatic SULT to 4-nitrophenol is similar in 
chickens and pigs, but the affinity of hepatic UGT in pigs was about 10 times higher than that in 
chickens. 4-nitrophenol was predominantly conjugated by SULT instead of UGT in chicken livers from 
hatch to day 56. Conversely, hepatic UGT contributed predominantly in 4-nitrophenol conjugation 
than the SULT in pigs from birth to 20 weeks. Therefore, age has significant impact on hepatic 
activities of UGT and SULT, and the importance of UGT and SULT on conjugation is different in 
chickens and pigs. 
 
 
 
 
 
 
 
 

3. Using information models for DMPK data and workflow 
 
Andrew Lemon, Peter Vijn, Richard Burgess 
 
The Edge Software Consultancy Ltd., 77 Walnut Tree Close, Guildford, Surrey, GU1 4UH, UK 
 
This poster demonstrates the advantages of taking a workflow driven approach to data collection in 
drug discovery and development organisations. The reliance on generic spreadsheets requiring 
manual data handling steps can lead to inefficiency and human error. Time is lost checking to see if 
data reaches defined quality criteria and if it is ready for the next step in a process. We will discuss 
new tools used to reduce manual data manipulation and decrease the need for data checking, 
therefore increasing efficiency, standardization and quality. In the context of specific assays from 
DMPK and ADME we will show how combining workflow and data analysis helps to free scientists 
from the drudgery of daily tasks. 
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4. Cytochrome P450 variant characterization studies: A cautionary tale 
 

Cameron P. Capper, Hwei-Ming Peng, Richard J. Auchus 
 

Department of Internal Medicine, Division of Metabolism, Endocrinology and Diabetes, University of 
Michigan, Ann Arbor, MI 

 
Cytochrome P450s 11A1 (P450 11A1; P450scc) and 11B1 (P450 11B1; 11β-hydroxylase) are 
expressed in mitochondrial membranes and catalyze critical steps in steroidogenesis. Mutations in 
these mitochondrial P450s can lead to clinically significant cortisol deficiency, resulting in congenital 
adrenal hyperplasia (CAH) and in 11β-hydroxylase deficiency, as well as hypertension. 
Characterization of the residual enzyme activity, if any, in these mutant proteins is necessary to 
determine the relative contribution of the decreased enzyme activity to the phenotype. We assessed 
the impact of mutations identified in P450 11A1 and P450 11B1 from patients with clinical syndromes 
of CAH on steroid synthesis and enzyme stability. Plasmids were constructed to express the human 
P450 11A1 and P450 11B1 cDNAs in two environments: 1) bacterial expression, purification, and 
reconstitution with electron transfer proteins and 2) mammalian cell culture, using either non-
steroidogenic HEK293T cells or V79 cells, two cell lines with endogenous adrenodoxin (ADX or 
ferredoxin-1) expression to support mitochondrial P450 activity. Compared to wild-type enzyme, 
purified P450 11A1 mutation E314K demonstrated no discernible difference in catalyzing the 
conversion of cholesterol or 22R-OH cholesterol to progesterone. When transiently expressed in 
HEK293T cells, however, immunoblotting determined that the E314K cDNA affords a truncated 
species with no full-length enzyme present in intact cells. The whole-cell result is consistent with the 
clinical presentations and suggests that the whole-cell system better mimics the physiological 
environment in a patient, whereas the purified, reconstituted system lacks the proteolysis observed in 
mammalian cells. Additionally, three CYP11B1 mutations (R448P, H465L, G206V) were identified in 
patients with biochemical evidence of 11β-hydroxylase deficiency. The cDNAs encoding these 
mutations were transiently transfected in V79 cells, and conversion of 11-deoxycortisol to cortisol was 
measured. All mutant proteins showed no activity compared to wild-type, despite some variations in 
the patients’ clinical features such as severity of hypertension. These data highlight the importance of 
utilizing a combination of in vitro systems to characterize the activity and stability of enzyme 
mutations identified in patients with these disorders and to completely decipher the underlying 
relationship between a mutation and the clinical phenotypes and mechanisms of enzyme impairment. 

 
  



2017 Great Lakes DMDG Meeting  May 4-5, Kalamazoo, Michigan 
 

Page 6 

5. Mechanisms of allosteric effects in CYP3A4 mediated drug-drug interactions 
 

I.G. Denisov, Y.V. Grinkova, S.G. Sligar  
 

Departments of Biochemistry and Chemistry, School of Molecular and Cellular Biology, University of 
Illinois, Urbana-Champaign, IL  

 
CYP3A4 is an important drug-metabolizing enzyme in the human liver, metabolizing a large fraction 
of the marketed drugs. The large substrate binding pocket of CYP3A4 can accommodate multiple 
substrates. In addition, a peripheral binding site located at the protein-membrane interface can also 
bind substrates and effectors and contribute to the allosteric properties of the enzyme. Recently we 
demonstrated that the binding of progesterone (PGS) at this allosteric site activates carbamazepine 
(CBZ) epoxidation, and suggested that this was due to a specific conformational change of the F-F’ 
loop, containing residues Arg212, Phe213, and Asp214. We have probed the relative contributions of 
these residues by using single-point mutations. In order to mimic a native-like environment, CYP3A4 
and its redox partner, cytochrome P450 reductase (CPR), were incorporated into Nanodiscs 
containing a POPC bilayer. Product formation, NADPH oxidation and spectral titration experiments 
were performed using both PGS and CBZ as substrates. Our results show that Phe213 is critically 
important for the heterotropic interactions between PGS and CBZ, representing the main allosteric 
switch for activation of CBZ epoxidation by optimizing the packing of substrate for catalysis, when 
PGS is present at the peripheral site. This approach provides a direct experimental probe for drug-
drug interactions mediated by CYP3A4 in the native-like Nanodisc membrane with controlled 
composition. Supported by NIH MIRA grant GM118145. 
 

 
 
6. Self-assembling peptide nanodiscs mimicking the endoplasmic reticulum: A new tool for 

studying cytochrome P450 
 

Carlo Barnaba1, Thirupathi Ravula1, Sang-Choul Im2, Lucy Waskell2, Ayyalusamy Ramamoorthy1 

 
1Biophysics Program and Department of Chemistry, The University of Michigan, Ann Arbor, MI 
48109-1055, USA 
2Department of Anesthesiology, The University of Michigan, and Veterans Affairs Medical Center, 
Ann Arbor, MI 48109-1055, USA 

 
Cytochrome P450 is a membrane anchored protein located in the cytosolic side of the endoplasmic 
reticulum (ER). Biophysical and biochemical characterization of this class of enzymes, as well as the 
redox partners cytochrome-P450 reductase (CPR) and cytochrome b5 (cytb5), is generally achieved 
using membrane mimetics, such as bicelles or nanodiscs. Simplicity has been the key rule in design 
the phospholipid composition of reconstituted biomimetic. This strategy fails in capturing the 
complexity of the lipid micro-environment that can modulate P450s activity. In this work, we 
reconstituted CYP2B4 in peptide-based nanodiscs (4F-ND) having a lipid composition that reflects 
the ER. A biophysical characterization of these 4F-ER-ND nanodiscs is provided, showing that are 
able to monomerize CYP2B4. Most importantly, the spin-state equilibrium of P450 in the ER 
biomimetic is shifted to low-spin state, indicating that the microenvironment is analogue to a native 
ER. These nanodiscs can provide a new tool to study ER membrane protein in a more-likely native 
environment.  
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7. Attenuation of nitric oxide-stimulated CYP2B6 degradation by mutation of tyrosines to 
alanines 

 
Choon Myung Lee and Edward Morgan  

 
Department of Pharmacology, Emory School of Medicine, Atlanta, GA 30322 USA 

 
We showed previously that human cytochrome P450 CYP2B6 undergoes NO-dependent 
proteasomal degradation in response to the chemical NO donor DPTA NONOate and biological NO 
generated by NOS2 in HeLa and Huh7 cell lines expressing CYP2B6. In addition, we showed that 
CYP2B6 is also down-regulated by NO stimulated by inflammatory cytokines in primary human 
hepatocytes. We hypothesized that NO radicals may produce protein adducts mainly in tyrosine 
and/or cysteine residues, causing CYP2B6 down-regulation. We selected 7 possible tyr and 1 cys 
residues based on solvent accessibility from CYP2B6 modeling and made 8 mutants HuH7 cell lines 
(HuH7-2B6V5 Y111A, Y203A, Y226A, Y235A, Y244A, Y317A, Y380A, C180S). In addition we also 
made HuH7-2B6V5 Y190A, a major nitrated residue in rat CYP2B1(an homolog of CYP2B6), as well 
as 2B6V5-Y268A, and Y354A HuH7 cell lines, in which these tyr residues were identified as 
predominately nitrated tyr by peroxynitrite by in vitro (1). We treated these 11 mutant HuH7 cell and 
WT CYP2B6 HuH7 cell lines with DPTA NONOate and examined NO sensitivity by measuring 
CYP2B6 degradation. We could not identify a significant single amino acid responsible for NO-
dependent CYP2B6 down-regulation. However, HuH7-2B6V5 Y317 and Y380 cell lines were less 
sensitive to DPTA NONOate treatments, suggesting that these tyrosine residues were responsible for 
NO-dependent down-regulation of CYP2B6.  We generated a double mutant HuH7 cell line of 2B6V5 
Y317A/Y380A, but we could not examine the NO-responsiveness of the mutant 2B6 due to extremely 
low levels of expression.  In addition, we generated 11 different mutant HuH7 cell lines (HuH7-2B6V5 
Y226A/Y203A, Y226A/Y235A, Y226A/Y244A, Y226A/Y380A, Y317A/Y203A, Y317A/Y235A, 
Y317A/Y244A, C180S/Y203A, C180S/Y235A, C180S/Y244A, C180S/Y380A). Among them we were 
able to express successfully only five mutants (Y226A/Y244A, Y226A/Y380A, Y317A/Y203A, 
Y317A/Y235A, and Y317A/Y244A) in HuH7 cell lines.  Mutants containing either Y317A or Y380A 
showed less NO-responsiveness compared to either Y226A/Y244A mutant or WT-2B6. However, we 
identified Y226A/Y380A and Y317A/Y244A mutants as the most responsive tyrosine residues for NO-
dependent 2B6 downregulation.  We also generated tetracycline-inducible hNOS2 HeLa cell lines 
with the above 11 single mutants. We found similar results in HeLa-hNOS2-2B6 mutant cell lines as 
with the chemical NO donor. In addition, we showed Y190A mutation also attenuated 2B6 down-
regulation by biological NO.  Our results suggest that tyrosine residue(s) are the major targets for NO-
dependent CYP2B6 down-regulations. Currently we are examining the tyrosine nitration of CYP2B6 
by LC/MS/MS. Supported by grant 2R01GM69971 from the National Institutes of Health 

 
Lin HL1, Myshkin E, Waskell L, Hollenberg PF. (2007) Peroxynitrite inactivation of human cytochrome 
P450s 2B6 and 2E1: heme modification and site-specific nitrotyrosine formation. Chem Res Toxicol. 
20(11):1612-22. 
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8. Amino acid changes in allelic variants of CYP2D6 alter kinetics and susceptibility to 
inactivation  

 
Cydney M. Martell, Christi W. Cho, Sarah M. Glass, Victoria M. Osorio, Laura Lowe Furge 

 
Department of Chemistry, Kalamazoo College, Kalamazoo, MI 49006 

 
Cytochrome P450s (CYPs) are a superfamily of heme-containing enzymes that are responsible for 
the metabolism of many xenobiotics and other small endogenous substrates. CYP2D6 is a major 
P450 enzyme studied during drug development due to its ability to metabolize ~20% of all 
pharmaceuticals. Moreover, there are over 100 allelic variants of CYP2D6 resulting in a wide-range of 
drug responses among individuals including cases of adverse drug events. The kinetics and 
susceptibility to inactivation of four allelic variants - three with a series of distal mutations (*34, *17-2, 
*17-3) and one ultra-metabolizer (*53), and one active-site mutant (CYP2D6-T309A), were 
investigated in the current study. The variants were expressed in E. coli and characterized with the 
prototypical substrates bufuralol and dextromethorphan. Decreased activity was observed for *34, 
*17-2, and *17-3 while the increased activity of *53 confirmed it as an ultra-metabolizer. CYP2D6-
T309A displayed similar kinetic values as reference CYP2D6*1. The inactivation of 2D6 variants by a 
known-mechanism based inactivator, SCH66712, was investigated in a time- and concentration-
dependent manner for *1, *53, and T309A. Though *1 was inactivated by SCH66712, *53 and T309A 
were less susceptible to inactivation. These findings support the designation of T309A as the 
nucleophilic target for inactivation of CYP2D6 by SCH66712. The inactivation of *1 and *53 by 
SCH66712 was further investigated through determination of the partition ratio. Comparison of the 
partition ratio values showed *53 turns over more product before being inactivated than *1. The 
decreased rate of inactivation of *53 suggests that inactivation may be dependent on time and 
positioning of inactivator in the active site. (Support: NIH 1R15-GM086767-02) 
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9. Rolapitant is not a mechanism-based inactivator or tight-binding inhibitor of CYP2D6 in vitro 
 

Sarah M. Glass, Laura Lowe Furge 
 

Department of Chemistry, Kalamazoo College, Kalamazoo, MI 49009 USA 
 

Rolapitant is a NK1 receptor antagonist that was approved by the FDA in September 2015 as an 
antiemetic. Rolapitant is primarily metabolized by CYP3A4, a member of the P450 superfamily that is 
responsible for the majority of P450-mediated pharmaceutical metabolism. In in vivo studies, it was 
shown that rolapitant inhibits the activity of another major drug metabolizing P450, CYP2D6, for at 
least a week after just one dose. Because the inhibition time is long, we hypothesized that rolapitant 
might be a mechanism-based inactivator that irreversibly inhibits CYP2D6. Such inactivation could 
lead to adverse drug-drug events. Interactions of rolapitant with both CYP3A4 and CYP2D6 were 
investigated utilizing AutoDock molecular modeling, metabolism predicting software, spectral binding 
analysis, and in vitro inhibition assays. The results were compared with a known mechanism-based 
inactivator, SCH 66712, and a tightbinding inhibitor, quinidine. From this study, it appears that 
rolapitant is neither a mechanism based inactivator nor a potent tight-binding inhibitor. The in vivo 
inhibitory potency could be due to the drug’s long mean elimination half-life (7 days). Understanding 
the mechanism of inhibition by rolapitant could have clinical relevance in preventing drug-drug 
interactions caused by CYP2D6 inhibition during polypharmacy often occurring during cancer 
treatment (Support: NIH 1R15-GM086767-02). 
 
 
 
 
 
 
 
 
 
 

10. Lipid bilayer nanodiscs : A versatile tools for NMR structural characterization of cytochrome 
P450 and its redox partners 

 
Thirupathi Ravula1, Sang-Choul Im2, Lucy Waskell2, Ayyalusamy Ramamoorthy1 

 

1Biophysics and Department of Chemistry, 2Department of Anesthesiology University of Michigan, 
Ann Arbor, MI 48109-1055 (USA) 

 
Nanodiscs are small patches of lipid bilayers surrounded by belt protein/peptide or polymer. Control 
of lipid composition and its size makes them versatile tools for solubilizing membrane bound protein 
and make them accessible by NMR structural studies. Nanodisc provide near native membrane 
environment and keep the proteins in its fictionally active state. Cytochromes P450 (CytP450s) 
constitute an ubiquitous family of membrane proteins necessary for metabolism of various 
endogeneous and exogeneous substrates. Approximately 70% of all drugs are metabolized by 
cytP450s, hence major targets for developing drugs. Membrane bound nature of these proteins 
makes them inaccessible for structural studies. In the current study, we study these cytochrome P450 
and its redox partners in nanodiscs using NMR along with other biophysical techniques. 
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11. Amino acids proximal to the active site of CYP2D6 determine regio-selectivity and product 
distribution for metabolism of dextromethorphan 

 
Christi W. Cho, Sharat Kamath, Sarah M. Glass, Laura Lowe Furge 

 
Department of Chemistry, Kalamazoo College, Kalamazoo, MI 49006 

 
Human cytochrome P450 2D6 (CYP2D6) is involved in the metabolism of ~20% of pharmaceutical 
drugs though it comprises less than 5% of hepatic P450 content. In addition, CYP2D6 is one of the 
most highly polymorphic CYPs with over 100 allelic variants identified that contribute to inter-
individual differences in drug metabolism.  

 
In previous mutational studies, the aromatic residue Phe120 near the active site has been shown to 
participate in substrate binding and orientation. The rare, but naturally occurring *53 allelic variant of 
CYP2D6 has Phe120Ile and Ala122Ser amino acid changes compared to *1, reference CYP2D6. 
These amino acid changes cause *53 to display kinetics consistent with an ultra-metabolizer 
phenotype due primarily to increased vmax during metabolism of prototypical substrates such as 
bufuralol and dextromethorphan. In addition, *53 produced two novel mono-oxygenated metabolites 
of dextromethorphan as compared to formation of only dextrorphan (Odemethylated 
dextromethorphan) by *1.  

 
Likewise, our group has found that mutation of the active site Thr309 to an Ala (not an allelic variant 
of CYP2D6) results in highly altered metabolism of dextromethorphan and increased substrate 
turnover as compared to *1. The Thr309Ala mutant produced dextrorphan (O-demethylated 
dextromethorphan), 3- methoxymorphinan (N-demethylated dextromethorphan), 3-hydroxymorphinan 
(double demethylated dextromethorphan), and mono-oxygenated dextromethorphan. The shift from 
O- to N-demethylation by the Thr309Ala mutant was profound and supports previous findings that 
Thr309 may be involved in oxygen activation. 

 
Together these findings support the roles of Phe120 and Thr309 in determining product regio-
selectivity when dextromethorphan is the substrate. These changes in product regio-selectivity may 
also explain differences in susceptibility to mechanism based inactivation by these enzymes as 
compared to CYP2D6*1. 

 
Support: NIH 1R15-GM086767-02 

 
  



2017 Great Lakes DMDG Meeting  May 4-5, Kalamazoo, Michigan 
 

Page 11 

12. A comprehensive functional assessment of nonsynonymous variants of carboxylesterase 1 
 

Xinwen Wang, Nada Rida, Jian Shi, Hao-Jie Zhu 
 

University of Michigan, College of Pharmacy, Ann Arbor, MI 48109-1065 
 

Background: Carboxylesterase 1 (CES1) is the most abundant drug metabolizing enzyme in human 
livers, responsible for the metabolism of many clinically important medications. CES1 function varies 
significantly among individuals, and genetic variation is a major contributing factor to CES1 
interindividual variability. To date, over 2000 single nucleotide polymorphisms (SNPs) have been 
identified within the CES1 gene. However, the functions of most of the CES1 variants remain 
undetermined. In the current study, we comprehensively examined CES1 nonsynonymous SNPs and 
haplotypes for their effects on CES1 activity and expression using transfected cell lines and individual 
human liver tissues. 

 
Methods: A total of twenty CES1 variants were selected based on the criteria that the SNP or 
haplotype has a minor allele frequency (MAF) greater than 0.5% in a population, or the variant is 
located within 5Å distance from the active site of CES1. The mutant CES1 plasmids were generated 
by site-directed mutagenesis and transfected to human embryonic kidney cells (Flp-In™-293). The 
mRNA and protein expression levels of the CES1 variants were determined by real-time PCR and a 
targeted proteomics assay, respectively. In vitro incubation studies were carried out to evaluate the 
activity of these variants on the metabolism of the CES1 substrates clopidogrel and sacubitril. 
Additionally, the effects of several common CES1 variants and haplotypes on CES1 expressions and 
activity were further validated in 50 individual human liver samples. 

 
Results: Among the tested CES1 nonsynonymous SNPs, a total of five SNPs, including L40Ter 
(rs151291296), G142E (rs121912777), G147C (rs146456965), Y170D (rs148947808), and R171C 
(rs201065375) were found to be loss-of-function variants for sacubitril and clopidogrel metabolism. 
The L40T failed to produce a functional CES1 protein due to a premature stop codon in the exon 2 of 
the mutant gene. Except for the L40T, all the remaining loss-of-function variants reside near the 
CES1 active site. The variant G147C displayed dramatic decrease in CES1 mRNA and protein 
expressions, indicating that this mutation could result in instable mRNA products and subsequently 
decrease the protein expression. Similar to the previously reported loss-of-function CES1 variant 
G143E (rs71647871), the G142E variant led to null CES1 activity without altering mRNA and protein 
expressions. Interestingly, CES1 protein expressions of the Y170D and R171C variants were 
substantially lower than the wild type whereas mRNA levels were comparable between the variants 
and the wild type gene. We suspect that this is due to that the Y170D and R171C proteins are more 
susceptible to protein degradation. In addition to the loss-of-function variants, the CES1 SNP E220G 
(rs200707504) resulted in 79% and 96% decreases in the activity on sacubitril and clopidogrel 
metabolism, respectively, without affecting the CES1 mRNA or protein expression. None of the CES1 
haplotypes affected the CES1 expression or activity in the transfected cells and human livers. 

 
Conclusion: In summary, this study represents the first comprehensive functional assessment of 
CES1 nonsynonymous variants and haplotypes. With further clinical validation studies, the variants 
with deficient CES1 function can be used as genetic biomarkers to individualize pharmacotherapy for 
patients treated with CES1 substrate drugs. 
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13. Tritium radiolabelled antisense oligonucleotides for ADME studies  
 
K. Webbley, S. Harris, J. Bloom, C. Henson, V. Wilson, C. Hawes, D. Price, J. Haffenden 
 
Pharmaron 
 
Antisense Oligonucleotides (AOS), continue to elicit interest as novel therapeutic agents designed to 
specifically and selectively inhibit the production of various disease related gene products. For 
efficacy to occur, the therapeutic material must reach the site of action in quantities sufficient to 
produce the desired therapeutic effect. An understanding of the pharmacokinetics of ASOs and, in 
particular, the mechanisms by which oligonucleotides accumulate in tissues and in cells is therefore 
critical for the development of effective antisense therapeutics.  
 
The use of radiolabelled drugs remains the gold standard for studies of adsorption, distribution, 
metabolism and excretion (ADME). The aim of the current work was to investigate the use of tritium 
as a convenient radiolabel for oligonucleotides. A number of synthetic pathways are potentially useful 
in the manufacture of radiolabelled ASOs and identifying a method to properly incorporate a 
radiolabel into the ASO is important for accurate determination of the pharmacokinetics of ASOs.  
 
Quantitative analysis of blood samples showed the radioactivity had a long half-life in the body (40.7 
hours). The AUC(0-t) was 64.2 (µg equiv*hr/mL), AUC(0-∞) was 189 (µg equiv*hr/mL) indicating that the 
period of exposure to [3H]-labelled oligonucleotide and derived radioactive material was much greater 
than the initial sampling period.  
 
QWBA data shows radioactivity is widely distributed after dosing, with greatest concentrations 
observed in the kidney/urinary bladder, salivary glands, bone marrow, uterus and liver. 
Concentrations remained high in these tissues 24 hours after dosing, with high concentrations 
measured in the spleen and pancreas at later times. Notable radioactive concentrations were also 
seen in the lymph nodes and gastro-intestinal tract mucosa.  
 
The data obtained in this study demonstrates that good quality pharmacokinetic and tissue 
distribution data can be obtained following radiolabelling of oligonucleotides with tritium. The 
properties of the tritium label (high activity, short path length) provide quantification of tissue 
concentrations with excellent spatial resolution. The tritium label also enables cellular distribution to 
be determined using microautoradiography techniques. 
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14. Bile Acid and Bile Salt Transport Profiling of Human MRP2 (ABCC2) and MRP3 (ABCC3) 
 

Shelby C. Hullett1, Y. Anne Pak1, Beáta Tóth2, Márton Jani2, Erzsébet Beéry2, Teresa Heslop3, Mike 
Bayliss4, Neil Kitteringham4, Kevin Park4, Richard J. Weaver5 and Peter Krajcsi2 

 

1 Eli Lilly and Company, Indianapolis, IN, USA, 2 Solvo Biotechnology, Budaörs, Hungary, 3 
GlaxoSmithKline R&D, Ware, England, 4 CDSS, Liverpool University, UK, 5 Servier, Suresnes, France 

 
Hepatocytes express MRP2 (Multidrug Resistance-associated Protein 2, ABCC2) on their canalicular 
membrane, while MRP3 (ABCC3) is present on the sinusoidal site. Both have been considered to be 
bile salt transporters. Although taurocholate transport is well studied on these transporters, a more 
diverse panel of bile acids (BAs) / bile salts (BSs) has not been investigated to date. In this study, we 
tested interactions of various BAs and BSs, including chenodeoxycholate (CDC), 
glycochenodeoxycholate (GCDC), taurochenodeoxycholate (TCDC), taurocholate (TC), 3-sulfo-
chenodeoxycholate (3S-CDC), and 3-sulfo-glycolithocholate (3S-GLC) with MRP2 and MRP3 in 
various vesicular transport experiments using membrane vesicles from HEK cell lines expressing 
MRP2 or MRP3. To optimize conditions, the effect of DTT and GSH on bile salt transport was tested 
and indicated that addition of both enhanced the rate of transport in MRP2 as well as in MRP3. An 
initial feasibility screen was conducted to determine which BA or BS gave a significant transporter-
mediated response in either MRP2 or MRP3. Time courses were performed using those BAs or BSs 
that had acceptable uptake windows in the feasibility screen: 3S-CDC and 3S-GLC for MRP2, and 
TC, GCDC, TCDC, 3S-CDC, and 3S-GLC for MRP3. Although the feasibility screen indicated 3S-
GLC as an MRP2 substrate and TCDC as an MRP3 substrate, full time course experiments did not 
support these findings and were therefore excluded from kinetic studies. Kinetic parameters were 
determined using GCDC, TC, and 3S-GLC in MRP3- and 3S-CDC in MRP2- and MRP3-expressing 
vesicles. While more moderate transport was predicted for 3S-CDC in MRP2 and TC in MRP3, the 
kinetic data and CLint values show efficient transport of 3S-CDC, 3S-GLC, and GCDC in MRP3. In 
summary, this study using vesicles from HEK-MRP2 and HEK-MRP3 cell lines has allowed for 
substrate specificity and the kinetic characterization of bile acid / bile salt transport. 
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15. Immunohistochemical localization of glutathione S-transferases in normal and diseased 
humans using tissue microarray technology and a panel of isoform-specific antibodies  

 
Carolyn Jagadics, Kevin Patrie and Denis M. Callewaert  

 
Oxford Biomedical Research, Inc., Rochester Hills, MI 48309  

 
Differential expression of GST A, M & P classes in mammalian tissues has long been recognized, 
and class-specific antibodies have been successfully employed to differentiate mechanism(s) of 
action of toxins. The discovery of multiple A and M class isoforms, as well as additional classes of 
cytosolic GSTs may allow for their broader applications for organ-specific toxicity. Several 
investigators have examined the expression of specific GST isoforms in a number of human and 
rodent tissues. However, localization has been rigorously confirmed for only some selected GSTs and 
only in a limited number of tissues. We have developed a panel comprised of 12 monoclonal and 
polyclonal antibodies to recombinant human cytosolic GSTs, and have rigorously confirmed the 
absolute specificity of these antibodies for individual GST isoforms. Using Tissue MicroArray (TMA) 
technology, we have determined the localization of most cytosolic GST isoforms in specimens 
obtained from 25 normal human organs as well as over 20 different tissues with distinct pathologies. 
In addition to visual inspection of the expression of GST isoforms in all of the tissues examined, 
quantitative IHC analysis was performed using Defineins® technology. The resulting expanded 
knowledge base for the localization of GST isoforms in human tissues should enrich their applications 
for drug development and toxicological analyses. Also, some of the observed differences in the 
expression of individual GST isoforms between normal and diseased specimens may be exploited as 
an aid to the diagnosis and management of specific diseases. One intriguing example involves 
observed differences in GST isoform expression among normal prostate specimens vs. prostatic 
hyperplasia and adenocarcinoma of the prostate. 
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16. Characterization of the CD loop mutants in microsomal cytochrome P450 2D6 
 

Yuting Yang, Koyu Fujita, Pan-Fen Wang, Sangchoul Im, Naw May Pearl, and Lucy Waskell 
 

Department of Anesthesiology, University of Michigan and VA Medical Research Center, 2215 
Fuller Rd, Ann Arbor, MI 48105 

 
A loop between helix C and D of cytochrome P450s is located on the proximal surface in the vicinity 
of the -bulge containing the conserved cysteine. The CD loop is typically flexible and varies in length 
and amino acid contents in different P450s. It is normally short in P450s metabolizing specific 
substrates and long for P450s working on diverse chemicals. The function of the CD loop has not 
been extensively characterized. Mutations of the CD loop residues in microsomal cytochrome P450 
2B4 resulted in decreased activity and weakened binding affinity for cytochrome P450 reductase and 
cyt b5 (higher Km) (Bridges, Gruenke et al. 1998). This suggests the CD loop participate in reductase 
or cyt b5 interaction. The conformations of the CD loop are sensitive to substrate binding (Wilderman, 
Shah et al. 2010, Colthart, Tietz et al. 2016) which suggests it influences substrate interaction and 
structural flexibility of the enzyme. In contrast to 2B4, the CD loop of 2D6 is more rigid and displays 
limited number of conformations. In this study, seven mutants, L144A, L144N, L144F, K146A, K147A, 
K146A&K147A, G143A&G145A were designed in 2D6 to modify the flexibility, surface charge, and 
solvent accessibility of the CD loop and were characterized to verify the role of the CD loop in 2D6.  
 
 
 
 
 
 
 
 
 
 
 
 

17. High resolution probing of the role of the membrane on the CPR-CYP2B4 interacting interface 
and electron transfer pathways 

 
Mukesh Mahajan, Elke Prade, Meng Zhang, Sang-Choul Im, Katherine Gentry, G. M. 
Anantharamaiah, Lucy Waskell & Ayyalusamy Ramamoorthy 

 
University of Michigan, Ann Arbor, MI 48109 

 
Membrane associated cytochrome P450 enzyme complex is involved in diverse physiological 
processes like drug metabolism, steroidogenesis and bioactive metabolite production. To accomplish 
these key processes, FMN binding domain (FBD) of NADPH-cytochrome P450 oxidoreductase 
(CYPOR) delivers two electrons to cytP450s in a sequential manner. Molecular binding interface 
between full length-FBD (having both soluble and N-terminus transmembrane domain) and full length 
CYP2B4 in lipid nanodiscs was probed using solution state-NMR spectroscopy. It has been shown 
that the isolated FMN binding domain adopts identical structures as FBD in full-length CPR, and is 
sufficient to transfer electrons to CYP2B4. 
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18. Data-independent and data-dependent acquisition strategies combined with ion mobility for 
drug metabolism and pharmacokinetics 

 
Jayne Kirk1, Russell Mortishire-Smith1, Sherri Naughton2 and Mark Wrona2 

 

1 Waters, Wilmslow, UK, 2 Waters, Milford, MA, US 
 

Data independent strategies for complex mixture analysis, particularly within a higher throughput 
pharmaceutical environment offer significant efficiency advantages in that they enable a generic, non-
biased strategy for data acquisition, suitable for compound identification. The poster will discuss data-
independent-acquisition strategies such as full scan low and high collision energy acquisition in ion-
mobility enhanced variant (HDMSE) for use in DMPK applications.  

 
Data dependent strategies remain an important tool in the MS toolbox for when MS/MS spectra 
through quadrupole mass selection is required. The acquisition mode Product Ion Confirmation 
(PICs) will also be discussed, as this affords, within one acquisition, low energy, high energy and HS 
MS/MS (ion mobility enabled) spectra reducing the need for repeat injections. IMS plus quadrupole 
mass selection affords greater selectivity leading to more definitive MS/MS spectra in complex matrix.  

 
A large number of closely eluting metabiolites including hydroxylations, di hydroxylations and various 
glucuronidated species were accurately resolved, measured by m/z and CCS (to less than 3 ppm and 
2 % CCS accuracy) and clean product ion spectra obtained by both techniques. Whilst HDMSE 
implementation enables greater dynamic range and routine extrapolation of CCS values for parent 
and metabolites, data dependent modes can be necessary for unambiguous IDs. The utility of HD 
(ion-mobility enhancement) and quality of data between the modes for DMPK research will be 
discussed.  

 
Two commercially available drugs, nefazodone and buspirone were incubated in hepatocytes at 10 
µM substrate concentration and samples prepared for analysis by protein precipitation. Aliquots of 
each sample set were spiked into human urine at a ratio of 1:10. HDMSE, Product Ion Confirmation 
(PICS), IMS-enabled DDA data sets were acquired on a VION IMS-QTof mass spectrometer. Data 
were acquired and processed using UNIFI, a workflow driven informatics platform, for effective and 
efficient data interrogation and reporting. 
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19. Preparation and characterization of the complex of cytochrome P450 2B4 and cytochrome 
P450 oxidoreductase incorporated into amphipol A8-35 

 
Shen Cheng, Paul F Hollenberg, Yoichi Osawa, Haoming Zhang 

 
Department of Pharmacology, the University of Michigan Medical School, Ann Arbor, MI 48109 

 
The catalytic activity of cytochrome P450 (P450) requires protein-protein interactions with its redox 
partner, cytochrome P450 oxidoreductase (POR). Due to their hydrophobic nature, mammalian 
P450s tend to form various oligomeric aggregates in solution, which makes it difficult to investigate 
specific intermolecular interactions and to obtain structural information of the complex.  

 
Here we report on preparation and characterization of the complex of CYP2B4/POR in Amphipole A8-
35, referred to as 2B4/POR/A8. Incubation of 2B4 and POR at equal molar ratio in Amphipole A8-35 
spontaneously incorporates 2B4/POR into the self-assembled nanoparticles of A8-35. The formed 
2B4/POR/A8 is readily purified by His-tag affinity and size-exclusion chromatography. Analysis of 
2B4/POR/A8 by SEC-MALS shows a mono-dispersive elution profile with an average Mw of 304 kDa, 
indicative of a homogenous dimer of 2B4/POR in A8-35. 2B4/POR/A8 is fully active with a specific 
activity of 38±3.0 nmol nor-benzphetamine/min/nmol of P450 for demethylation of benzphetamine, 
and a NADPH consumption rate of 93±0.2 nmol NADPH/min/nmol of P450. Chemical crosslinking 
studies of 2B4/POR/A8 by N-(3-Dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride (EDC) 
leads to formation of a single crosslinked band for the complex that is confirmed by western blotting. 
This is in marked contrast to the crosslinking of 2B4/POR reconstituted in phospholipids that gives 
rise to multiple crosslinked bands. We have used high resolution LC-MS/MS to identify the sites of 
interactions in 2B4/POR/A8. 

 
In conclusion, we have developed a method, alternative to Nanodiscs, to prepare a homogenous 
2B4/POR complex in amphipole A8-35. The prepared 2B4/POR/A8 is fully active and may be useful 
for structural studies of the complex by cryo Electron Microscopy.  

 
*This work was supported by the National Institutes of Health Grant GM077430 and the University of 
Michigan Protein Folding Diseases Initiative. 
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20. Physical interactions of cytochrome b5 with human cytochrome P450 enzymes 
 

Aaron G. Bart1 and Emily E. Scott2 
 

Biophysics Program1,2 and Departments of Medicinal Chemistry2 and Pharmacology2, University of 
Michigan, Ann Arbor, MI 48109-1065 

 
Human cytochrome P450 enzymes metabolize drugs, detoxify environmental compounds, and 
synthesize many endogenous biomolecules. Binding of the small heme protein cytochrome b5 (b5) 
can increase, inhibit, or have no effect on P450 catalysis, depending on the specific P450 and/or 
substrate. Although some evidence points to allosteric modulation of P450 conformations, it is unclear 
how b5 produces disparate outcomes for different P450 enzymes. Solution NMR was used as a high-
resolution approach to systematically map the surfaces of b5 interacting with several different human 
P450 enzymes and ascertain the relative affinities of these protein/protein interactions. 

 
NMR analysis of b5 interactions with the xenobiotic-metabolizing cytochrome P450 enzymes 
CYP2A6, CYP2D6, and CYP3A4 suggests they interact with varying b5 surfaces. Addition of CYP2A6 
caused dramatic differential line-broadening of resonances for b5 residues in alpha helices 3 and 4, 
while titrating with CYP3A4 resulted in differential broadening corresponding to residues in alpha 
helices 2 and 4. In contrast, titrations with CYP2D6 caused minimal line-broadening of b5 resonances, 
suggesting a weaker interaction. Only when an excess of CYP2D6 was present were line-broadening 
effects observed, primarily for residues in b5 alpha helix 4. To evaluate the importance of these 
different b5 surfaces in complex formation, key anionic b5 residues were mutated. Consistent with the 
above observations, the D65N mutation in b5 helix 3 prevented formation of the b5/CYP2A6 complex, 
but not the b5/CYP3A4 complex. Conversely, the E49Q mutation in b5 alpha helix 2 significantly 
reduced formation of the b5/CYP3A4 complex, but not the b5/CYP2A6 complex. Ongoing studies 
include additional human P450 enzymes, but the data already in hand demonstrate that three 
different P450 enzymes interact in distinct ways with cytochrome b5. These varying P450/b5 
interaction modes and relative affinities may underlie or contribute to the differential effects b5 has on 
P450 catalysis. Thus, functional studies are used to validate the relevance of these P450/b5 
interactions using parallel evaluation of substrate oxidation. 

 
Overall, this study provides new insights on protein/protein interactions that modulate the function of a 
clinically important enzyme superfamily. 
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21. Non-specific binding affects TKI-transporter interactions 
 

Mingqing Chen, Alice A. Gibson, Navjot Pabla, Alex Sparreboom, Sharyn D. Baker 
 

Division of Pharmaceutics, College of Pharmacy and Comprehensive Cancer Center, The Ohio State 
University, Columbus, OH 

 
Background: Non-specific binding (NSB) in cellular in vitro experiments is generally highest for 
lipophilic organic bases with molecular weight >200Da that contain one or more halogens. Since 
these structural features are common in the class of tyrosine kinase inhibitors (TKIs), we 
hypothesized that NSB can impair a proper assessment of the extent to which transporters contribute 
to the intracellular uptake of TKIs.  

 
Experimental Design: Uptake studies were performed in Hela cells, and membrane fractions were 
isolated using a ProteoExtract kit after a 5-min uptake of radiolabeled TKIs (1 µM in HBSS). Firefly 
luciferase (FLU) derived from Photinus pyralis was transfected into Hela cells and FLU activity 
determined using chemiluminescence after addition of D-luciferin as the substrate. 

 
Results: Comparative cellular uptake studies indicated that trifluoromethyl-containing TKIs, such as 
sorafenib and regorafenib, show the highest NSB. In line with the thesis that this process arises 
largely from partitioning of TKIs into phospholipid membranes, we found that the membrane-
associated fraction of radioactivity was as high as 75% for sorafenib, but significantly lower for 
imatinib (<10%, P=0.0022). To overcome this artifact, we developed an assay based on FLU, an 
enzyme sensitive to benzimidazole ureas, and found that its activity can be potently inhibited by 
sorafenib with an IC50 <1 µM. 

 
Conclusion: Certain TKIs, including sorafenib, display extensive NSB in in vitro uptake assays 
designed to establish drug-transporter interactions due to partitioning into the plasma membrane. To 
increase the sensitivity and accuracy of uptake assays with such TKIs, alternate functional readouts 
of transporter-mediated uptake, such as a FLU-based assay for sorafenib, should be evaluated and 
validated. 
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22. Disease-drug interactions in various inflammatory states via effects on CYP-mediated drug clearance 
 

David E Coutant, Stephen D Hall 
 

Eli Lilly and Company, Indianapolis, IN, USA 
 

The body’s reaction to inflammation consists of a complex response (called the acute phase 
response) to autoimmune disease, infection, tissue damage, surgery, trauma, and tumors. The acute 
phase response involves both local and systemic reactions. Immediate local reactions include an 
accumulation and activation of monocytes/macrophages, and these cells then release acute-phase 
cytokines. (Miyao 1993) The acute phase response can result in an increase in circulating pro-
inflammatory cytokines such as interferon- (IFN-), interleukin-1 (IL-1), IL-2, IL-6, and tumor 
necrosis factor- (TNF-).(Harvey 2014)  There are also non-inflammatory cytokines such as IL-10 
and transforming growth factor beta (TGF-) that are responsible for the down-regulation of the 
immune response, and can decrease levels of multiple cytokines.(Gorski 2000)  

 
Increases in cytokine levels can in turn down-regulate both hepatic and intestinal metabolizing 
cytochrome P450s (CYPs), as well as drug transporters and conjugative enzymes such as the uridine 
disphospho-glucuronosyltransferases (UGTs).(Cressman 2012, Morgan 2009)  Effective disease 
treatment can lead to normalization of these CYP protein levels and cause disease-drug interactions, 
particularly during co-administration of narrow therapeutic index CYP substrates such as cyclosporine 
(a CYP3A substrate), theophylline (CYP1A2), or warfarin (CYP2C9). It is of great importance to 
consider the severity of the inflammatory disease state, and the magnitude of cytokine modulation, 
when considering the potential for disease-drug interaction.  

 
Herein we present which disease states have clinically demonstrated moderate-to-severe changes in 
the circulating drug exposure of sensitive CYP substrates. We examine which pro-inflammatory 
cytokines are known to increase in conjunction with changes in CYP-mediated clearance, and 
examine how the magnitude of increase in pro-inflammatory cytokines levels trends with severity of 
the inflammatory disease state. We review how the degree of inflammation and degree of CYP-
modulated drug exposure are related through review of several clinical examples. We discuss the 
outstanding question of whether changes in protein binding are clinically relevant, particularly in 
instances of moderate-to-severe inflammation. Finally, we model how changes in albumin, -1-acid 
glycoprotein, drug fraction unbound in plasma, cytochrome P450 content, and oral clearance change 
with time in response to inflammation. 
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23. Comparison of protein expressions of drug-metabolizing enzymes between human liver and 
the hepatic cell lines HepG2, Hep3B and Huh7 by SWATH and MRM-HR proteomics workflows 

 
Jian Shi, Xinwen Wang, Hao-Jie Zhu  

 
Department of Clinical Pharmacy, University of Michigan College of Pharmacy, Ann Arbor, MI 48109  

 
Several human hepatic cell lines including HepG2, Hep3B, and Huh7 have been widely used as an in 
vitro model for the study of Absorption, Distribution, Metabolism, Excretion and Toxicity (ADMET) of 
medications because of their greater availability and minimal inter-batch variability relative to primary 
hepatocytes. However, the validity of this model is still a subject of debate as the expression of 
ADMET proteins in the cell lines can differ significantly from that of human livers.  

 
In the present study, we first conducted an untargeted label-free quantification of the global proteome 
of the cell lines HepG2, Hep3B, and Huh7 in comparison with human livers using the Sequential 
Window Acquisition of all THeoretical mass spectra (SWATH) workflow. In addition, a targeted 
proteomic workflow, named High-Resolution Multiple Reaction Monitoring (MRM-HR), was utilized to 
validate the SWATH data by comparing the expression profiles of pre-selected drug-metabolizing 
enzymes (DMEs) between human livers and the cell lines.  

 
The SWATH study quantified a total of 3290 protein groups from the cell lines and human livers. 
Though 2292 protein groups were common across all samples, the proteome profile of human liver 
was significantly different from the hepatic cell lines. A total of 104 DMEs including 80 phase I 
enzymes and 24 phase II enzymes were quantitated in human liver and the cell lines using the MRM-
HR workflow. In general, the quantification results from SWATH were in good agreement with that 
from the HRM-HR study. With several exceptions, such as the enzymes ALDH1A1, ALDH4A1, 
ALDH5A1, AKR1C1, DHRS2, GPX4, GSR, GSS, GSTM3, GSTP1, HNF4A and METAP1, most of the 
DMEs are expressed at a substantially lower level in the cell lines relative to that in human livers. 
Moreover, the expression profiles of DMEs vary markedly among the three hepatic cell lines.  

 
Our results indicate that protein expression profiles of DMEs differ significantly between human livers 
and the hepatic cell lines HepG2, Hep3B, and Huh7. Appropriate caution must be exercised when 
considering these cell lines for ADMET study, and interpreting the data from the studies based on 
these cell lines. 
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24. Cytochrome b5 Increases the coupling of NADPH consumption to androgen-product 
formation for the 17,20-lyase activity of human cytochrome P450 17A1 

 
Sangchoul Im¶,‡,§, Hwei-Ming Peng†,‡,§, Naw May Pearl¶,‡, Adina F. Turcu†, Juilee Rege†, Lucy 
Waskell¶,‡, Richard J. Auchus*,†,‡ 

 
University of Michigan, Ann Arbor, MI 48109 

 
Human cytochrome P450 17A1 (steroid 17-hydroxylase/17,20-lyase) is required for all androgen 
biosynthesis and is the target of abiraterone, a drug used widely to treat advanced prostate cancer. 
The presence of cytochrome b5 (b5) markedly stimulates the 17,20-lyase reaction with little effect on 
17-hydroxylation; however, the mechanism of this b5 effect is not known. We determined the 
influence of b5 on coupling efficiency—defined as the ratio of product formation to NADPH 
consumption—in a reconstituted system using 3 sets of substrates for the 17- hydroxylase and 17,20-
lyase reactions: progesterone, pregnenolone, allopregnanolone, and their 17-hydroxylated 
derivatives. Rates of NADPH consumption ranged from 4-13 nmol/min/nmol P450 for all substrates. 
For the 17- hydroxylase reaction, progesterone oxidation was the most tightly coupled (46%) and 
negligibly changed upon addition of b5. With pregnenolone and allopregnanolone, NADPH 
consumption and coupling were lower than with progesterone, but coupling rose to 46-61% with b5. 
Rates of NADPH consumption were similar for the 17-hydroxylase and corresponding 17,20-lyase 
reactions for each steroid series. The 17,20-lyase reaction was only 0.5% coupled for 17- 
hydroxyprogesterone and 6% for 17-hydroxypregnenolone, and b5 increased coupling to 10% and 
44%, respectively. For P450 17A1 mutations E305G and R347H, which selectively impair 17,20-lyase 
activity, b5 failed to rescue this uncoupling with 17-hydroxypregnenolone (2-4%). Mutation T306A, 
which impairs proton delivery to the oxyferrous P450, is poorly coupled for all substrates, yet b5 
increases coupling to 27% for the 17,20-lyase reaction with 17- hydroxypregnenolone. We conclude 
that b5 stimulation of the 17, 20-lyase reaction primarily derives from increased coupling efficiency. 
 
 
 
 
 
 
 

25. HRMS using a Q-Exactive series mass spectrometer for regulated quantitative bioanalysis: 
How, when, and why to implement 

 
Robert M Sturm 

 
Zoetis (VMRD-GTR-PDMA) 

 
High-resolution MS (HRMS) has seen an uptake in use for discovery qual/quan workflows, however, 
its utilization in late discovery/development has been slow. Past reports comparing HRMS to triple 
quadrupole (QQQ) instrumentation to date have indicated that HRMS instruments are capable of 
producing data acceptable for regulated bioanalysis, however lack the sensitivity required for sub 
ng/ml LLOQ assays. Recent advances in HRMS instrumentation have closed the sensitivity gap with 
QQQ and have even provided improved selectivity and sensitivity over QQQ SRM assays. Herein, 
the authors will describe how, when, and why HRMS (specifically Q-Exactive series mass 
spectrometers) should be considered for implementation in regulated quantitative bioanalysis assays. 
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26. Blockade of heme-mediated assembly and activation of neuronal NO synthase with peptides 
 

Dana Felker,1 Miranda Lau,2 Amanda Davis,2 Yoshihiro Morishima,2 Haoming Zhang,2 Rudy J. 
Richardson,1 Yoichi Osawa2 

 
1Department of Environmental Health Sciences, The University of Michigan School of Public Health, 
Ann Arbor, Michigan 48109-0632 
2Department of Pharmacology, The University of Michigan Medical School, Ann Arbor, Michigan 
48109-0632 
 
The insertion of heme to the apo-protein of P450, guanyl cylase, and NO synthase (NOS) is 
facilitated by the Hsp90:Hsp70 chaperone machinery. We have used neuronal nitric oxide synthase 
(nNOS) as a model to study this process. The nNOS is a P450-class hemeprotein responsible for the 
production of nitric oxide, an important signaling molecule involved in a variety of physiological and 
toxicological processes. Thus, the regulation of nNOS is of great interest. A major regulatory 
mechanism is the insertion of heme into nNOS monomers, which then undergo a large 
conformational change leading to dimerization and activation of the enzyme. Both Hsp90 and Hsp70 
are involved in heme insertion in vivo however the site of chaperone-nNOS association remains 
unknown. Previous studies have shown a small peptide targeting the dimerization interface of EGFR 
abolished Hsp90 association. Here, a similar approach was employed to identify sites of chaperone-
nNOS interaction. Ten peptides directed at three sites of dimer interaction on the oxygenase domain 
were found to limit the heme-initiated assembly of active nNOS dimer. Two peptides targeting areas 
outside the dimerization interface had no effect. Peptides also interfered with chaperone-mediated 
nNOS assembly in a cytosol-dependent system. Future experiments will determine if peptides block 
heme insertion or assembly of dimeric nNOS in vitro. Modified peptides will be administered to cells 
to determine if inhibition persists in the presence of the chaperone machinery, which is implicated in 
heme insertion and nNOS regulation in vivo. These data demonstrate a potential method for 
customizable inhibition of hemeproteins.  

 
This work was supported by NIEHS training grant ES007062 (DF), NIGMS training grant GM007767 
(AD), GM077430 (YO), and the University of Michigan Protein Folding Diseases Initiative. 
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27. Enhancing the degradation of misfolded nitric oxide synthase by activating heat shock protein 
70 

 
Amanda Davis1, Miranda Lau1, Samir Nath2, Erik Zuiderweg3, Dana Felker1, Yoshi Morishima1, 
Haoming Zhang1, Andrew Lieberman2, & Yoichi Osawa1 

 
Departments of Pharmacology1, Pathology2, and Biological Chemistry3 University of Michigan, Ann 
Arbor, MI 

 
Our lab has discovered that certain drugs, such as guanabenz, lead to the inactivation, covalent 
alteration, and degradation of neuronal nitric oxide synthase (nNOS). The covalent alteration occurs 
at the substrate binding cleft and this misfolded nNOS is selectively recognized by the heat shock 
protein 70 and 90 (Hsp70/90) chaperone system and targeted for CHIP (c-terminus hsp70 interacting 
protein)-mediated ubiquitination and proteasomal degradation. We have utilized nNOS as a model to 
determine the how Hsp70/90 chaperones regulate the degradation of misfolded proteins. During the 
course of our investigation we have demonstrated the overexpression of Hsp70 or activation of 
Hsp70 by the co-chaperone HIP (Hsp70 interacting protein) increased the degradation of misfolded 
nNOS. (Peng et al., J Biol Chem, 2012 & Wang et al., Nat Chem Biol, 2013) We are currently in 
search of small molecules that similarly activate Hsp70, as part of a collaborative project established 
by the University of Michigan’s Protein Folding Disease Initiative (PFDI). One approach utilizes a 
Thermofluor assay for the identification of small molecules that stabilize Hsp70. We have performed a 
trial screen of 727 compounds from the NIH clinical collection. Not surprisingly from the small size of 
our screen, we were not successful in identifying any potent compounds. However, one hit in our 
screen, S-omeprazole, was found to increase nNOS ubiquitination in vitro and increased nNOS 
turnover in HEK293 cells. Interestingly, the R-isomer of omeprazole does not thermo-stabilize Hsp70 
and does not increase nNOS ubiquitination, suggesting that S-omeprazole may be binding to a 
specific site on Hsp70. Consistent with these finding, preliminary NMR and docking studies indicate 
that S-omeprazole may be binding to a site on the n-terminal domain of Hsp70, that it is closely 
associated with the nucleotide binding site. We are currently working closely with our collaborators in 
the PFDI and the Center for Discovery of New Medicine (CDNM) to identify compounds with greater 
potency. Additionally, we have also found that activation of Hsp70 is a promising therapeutic 
approach for increasing the degradation of the polyglutamine-androgen receptor (polyQ-AR), a 
misfolded protein that causes a rare but deadly neurodegenerative disease spinal bulbar muscular 
atrophy (SBMA). (Wang et al., Nat Chem Biol, 2013) S-omeprazole also increased degradation of 
polyQ-AR in a PC12 cellular model of SBMA, suggesting that small molecules identified in this screen 
may work ubiquitously to enhance the degradation of misfolded Hsp70/90 client proteins. These client 
proteins include tau, α-synuclein, huntingtin implicated in Alzheimer’s, Parkinson’s, and Huntington’s 
disease. (Pratt et al., Annu Rev Pharmacol Toxicol, 2015). Activation of Hsp70 may provide a new 
therapeutic approach to treat neurodegenerative disease. 

 
This work was supported by NIGMS training grant GM007767 (AD) and GM077430 (YO), the 
University of Michigan Medical School’s Protein Folding Diseases Initiative, and University of 
Michigan’s Center for the Discovery of New Medicines.  
  



2017 Great Lakes DMDG Meeting  May 4-5, Kalamazoo, Michigan 
 

Page 25 

28. Membrane influences the structure, dynamics, and kinetics of cytochrome-b5-cytochrome-c 
complex 

 
Katherine Gentry, Elke Prade, Carlo Barnaba, Meng Zhang, Mukesh Mahajan, Sang-Choul Im, Lucy 
Waskell, Ayyalusamy Ramamoorthy 

 
University of Michigan, Ann Arbor, MI 48109 

 
Cytochrome b5 (cytb5) is a membrane bound protein vital for regulation of cytochrome P450 (cytP450) 
metabolism and is capable of electron transfer to many redox partners. Here, using cyt c as a model 
for cytP450, we report for the first time the effect membrane has on the interaction between full-length 
cytb5 and cyt c. As shown through stopped-flow kinetic experiments, electron transfer capable cytb5 - 
cyt c complexes were formed and incorporated into isotropic bicelles or lipid nanodiscs. Chemical 
shift perturbations and differential line broadening data measured from NMR experiments were used 
to map the binding interface between cytb5 and cyt c. Our experimental results identify differences in 
the binding epitope of cytb5 in the presence and absence of membranes, notably in the membrane 
containing cytb5 only the lower and upper clefts are involved whereas the membrane-free cytb5 also 
identifies a distal region. Using restraints generated from both cytb5 and cyt c, a complex structure 
was generated and an electron transfer pathway was identified. These results demonstrate the 
importance of studying membrane protein-protein complex formation in their native lipid environment. 
Our results also demonstrate the successful preparation of a novel peptide-based lipid nanodisc 
system, which is detergent-free and renders size flexibility, and its use for NMR structural studies of 
membrane proteins.  
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29. In vitro and in vivo functional testing of SNPs in the 3’UTR of CYP2B 
 

Burgess KS, Ipe J, Swart M, Metzger IF, Lu J, Thong N, Desta Z, Liu Y, Pearce R, Gaedigk A, Skaar 
TC 

 
Indiana University School of Medicine, Indianapolis, IN 46202 

 
BACKGROUND: 
MicroRNAs have been shown to regulate the expression of several CYP genes and SNPs within 
these genes have been predicted to create or abolish miRNA binding sites. We functionally tested 
SNPs in the CYP2B6 3’UTR in vivo and validated our findings in vitro. 

 
METHODS:  
In vivo, 114 healthy human volunteers phenotyped with efavirenz were genotyped for 3’UTR variants 
to determine the association of these SNPs with CYP2B6 activity, measured by Cmax and AUC0-48 
ratios (8-OHEFV/EFV). In vitro, human liver microsomes phenotyped with bupropion were also 
genotyped for CYP2B6 3’UTR variants. Luciferase plasmids containing miRNA binding sites (wild-
type and variant) from the CYP2B6 3’UTR were transfected into HepG2 cells with and without the 
respective miRNAs that were predicted to target and binding be altered by those variants. 

 
RESULTS: 
Among healthy human volunteers predicted to be normal metabolizers of CYP2B6 (non-carriers of *6 
or *18), the rs70950385 (AG CA) variant (MAF=0.23) was associated with decreased CYP2B6 
activity as measured by Cmax (1.6-fold; p-value=0.0085) and AUC ratios (1.8-fold; p-value=0.0271). 
Decreased rate of bupropion hydroxylation (1.7-fold, p-value=0.0235) was also observed in human 
liver microsomes among carriers of the variant. 

 
In HepG2 cells without miRNAs transfected, no changes were observed in luciferase activity between 
wild-type and variant plasmids. When transfected with hsa-miR-1275, luciferase activity was lower for 
the rs70950385 variant (CA) than the wild-type (AG) plasmid (2.0-fold; p-value=0.0035). These 
results were consistent with the predicted effect of this variant on miRNA binding. 

 
CONCLUSION: 
The rs70950385 (CA) 3’UTR variant was associated with decreased CYP2B6 activity in vivo and 
decreased luciferase activity in vitro. We conclude that this variant alters CYP2B6 gene expression by 
interfering with miRNA binding. Genetic variants in the 3’UTR may explain variation in drug 
metabolism and disposition. 
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30. Posttranslational regulation of CYP2J2 by nitric oxide 
 

Ji Won Park, Joan Cheng, Edward T. Morgan 
 

Department of Pharmacology, Emory University School of Medicine, Atlanta GA 30322, USA 
 

Nitric oxide (NO) is one of key cellular signaling molecules and involved in a number of biological 
functions including cardioprotection, regulating vascular tone and inflammatory properties. Beside its 
physiological roles, it has been known that NO affects drug metabolism by modulating the activity 
or/and expression of cytochrome P450 enzymes. In the current study, we tested the NO-mediated 
regulation of CYP2J2 that metabolizes arachidonic acids to epoxyeicosatrienoic acids. Huh7 cells 
stably transduced with pLX304-CYP2J2v5 were treated with DPTA-NONOate (DPTA) and the level of 
CYP2J2 proteins were decreased in a time- and dose-dependent manner. However, CYP2J2 mRNA 
levels were not changed with DPTA treatment. In addition, the protein synthesis inhibitor 
cycloheximide did not attenuate DPTA-mediated downregulation of CYP2J2. Because these results 
indicated posttranslational down-regulation of CYP2J2 by NO, cells were treated with DPTA in the 
presence or absence of protease inhibitors including proteasomal, lysosomal and calpain inhibitors to 
determine the mechanism of CYP2J2 down-regulation by NO. Remarkably, the down-regulation of 
CYP2J2 by NO was attenuated by calpeptin, a calpain inhibitor. Also, the proteasome inhibitors 
bortezomib showed small but significant restoration of CYP2J2 levels although ubiquitination of 
CYP2J2 was not detected. These data suggest that combined action of the proteasomal and calpain 
systems is involved in the NO-mediated down-regulation of CYP2J2. Supported by grant 
2R01GM69971 from the National Institutes of Health 
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