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Schedule 
 

Thursday, May 7, 2015 

10:00 AM Registration, Continental Breakfast, Poster and Sponsor Booth Setup 

11:00 Welcome:  Yoichi Osawa, Ph.D., University of Michigan (Pendelton) 

11:10 Keynote Speaker 
P450s and Drug Metabolism: Yesterday, Today, and Forever,  Paul Hollenberg, 
Ph.D., Professor, Department of Pharmacology, University of Michigan. 

11:50 Oxidations of Endogenous Substrates by Human P450s: Lessons for Mechanisms 
of Metabolism of Drugs,  F. Peter Guengerich, Ph.D., Tadashi Inagami Professor of 
Biochemistry, Department of Biochemistry, Vanderbilt University 

12:30 PM Lunch (Ballroom) 
 
Students and Postdocs Network with Industry Scientists (Parker) 
 
Poster Viewing and Visit Sponsor Booths 

2:00 Moderator:  Steve Wrighton, Ph.D., Independent Consultant 
 
Vitamin D as a Source of Inter-Individual Variability in the Regulation and 
Expression of Intestinal CYP3A4,  Kenneth Thummel, Ph.D., Professor and Chair, 
Department of Pharmaceutics, University of Washington 

2:40 Half-Life Extension Strategies for Biotherapeutics in Drug Discovery,  Larry 
Wienkers, Ph.D., Executive Director, PKDM, Amgen 

3:20 Break 

3:40 Moderator:  Richard Voorman, Ph.D., Covance 
  
Development, Characterization and Application of a Humanized PEPT1 Mouse 
Model for Studying Peptide/Mimetic Absorption and Pharmacokinetics,  David E, 
Smith, Ph.D., John G. Wagner Collegiate Professor, Department  of Pharmaceutical 
Sciences, University of Michigan 

4:20 Aldehyde Oxidase and Donor Variability: Is Estimating Human Clearance 
Possible?,  Matthew Hutzler, Ph.D., Director, In Vitro Metabolism, Quintiles 

5:00 Poster Session (Author Available), Sponsor Booths and Mixer 

7:00 Dinner at University of Michigan | Museum of Art 
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Schedule 
 

Friday, May 8, 2015 

7:30 AM GLDMDG Open Business Meeting (Crofoot – 1st floor) 
 
Continental Breakfast, Poster Viewing and Visit Sponsor Booths 

8:45 Moderator:  Anthony Lee, Ph.D., AbbVie  
 
Quantitative Systems Pharmacology in PKPD and Beyond, Saroja Ramanujan 
Ph.D., Sr. Scientist, Group Lead, Translational & Systems Pharmacology, Genentech 

9:25 In Vitro DMPK Screening to Accelerate Drug Discovery, Kelly Desino, Ph.D., Group 
Leader, Drug Metabolism & Pharmacokinetics, AbbVie 

10:05 Break 

10:25 Moderator:  Stephen Hall, Ph.D., Lilly Research Labs 
 
Application of the Humanized Mouse Liver Model: A Preclinical Model of Human 
Drug Disposition and Toxicity?  Yingying Guo, Senior Research Scientist, Drug 
Disposition, Lilly Research Labs, Indianapolis 

11:05 Molecular Dynamics of Human CYP2D6 Provides Insights Into Structure, Function, 
and Susceptibility to Inactivation of Polymorphic Variants of CYP2D6.  Kyle F. 
Sunden, Student, Department of Chemistry, Kalamazoo College 

11:20 Influence of Carboxylesterase 1 Genetic Polymorphisms on the Metabolism of 
Oseltamivir and Methylphenidate. Jian Shi, Postdoc, Department of Clinical, Social, 
and Administrative Sciences, College of Pharmacy, University of Michigan 

11:35 Closing Remarks:  Paul Hollenberg, Ph.D., University of Michigan 
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Posters 
 

1. Incorporation of the Cyt b5 – Cyt P450 Complex in Nanodiscs Characterized by Solution 

NMR 
 
Meng Zhang, Rui Huang, Rose Ackermann, Sang-Choul Im, Lucy Waskell, Anna Schwendeman and 
Ayyalusamy Ramamoorthy 
 
University of Michigan, Ann Arbor, MI 
 
Cytochrome P450s (P450s) are a ubiquitous superfamily of enzymes found in all living 
kingdoms. They are responsible for the metabolism of a dazzling array of substances, 
including over 75% of the marketed drugs. Mammalian P450s are mostly located on the 
endoplasmic reticulum membrane. Their structure and function have been reported to be closely 
related to the membrane environment. In this study, we introduce a modified nanodisc for the 
study of cyt b5 – P450 interactions, which eliminates detergents from the membrane mimetic. 

Successful incorporation of both proteins on the same side of the nanodisc and formation of 
the productive complexes are characterized by solution NMR. Our study also suggests stronger 
binding between the two proteins in nanodiscs compared to in bicelles. 

 

2. Multi-Cycle Production of Metabolites with Human P450 Systems 
 
Enrique Martinez2, Shuvendu Das1, Denis Callewaert2 and Mani Subramanian1 

 

1 Center for Biocatalysis and Bioprocessing, The University of Iowa, Coralville, IA, 2 Oxford 
Biomedical Research, Inc., Rochester Hills, MI 
 
The large-scale preparation of drug metabolites is typically a lengthy and problematic step in 
pharmaceutical development. We have characterized a robust P450 Catalytic System (PCS), which 
contains unmodified recombinant human cytochrome P450 (CYP) and oxidoreductase enzymes. The 
engineered inclusion of cofactors and antioxidants within its semipermeable structure greatly 
stabilizes the PCS and increases its usable lifetime. The present study focused on evaluating the 
ability of PCS expressing different isoforms to absorb and sequester substrate and generate 
additional product in multiple reaction cycles. After incubation at 30°C with 500 µM substrate for an 
initial 4 hour reaction cycle, the PCS was pelleted via low speed centrifugation and resuspended in 
fresh buffer containing glucose-6-phosphate but no additional substrate, and incubated for an 
additional 4 hours (cycle 2). The substrate and product concentrations in the reaction supernatant 
and that sequestered within the PCS system after each reaction cycle were determined by reversed 
phase HPLC. The second cycle produced significant amounts of additional product.  
 
The PCS retained activity for multiple reaction cycles performed at 30° - 37°C with substrate 
concentrations ranging from 200 – 1,000 µM. Similar results were obtained for reaction volumes 
ranging from 200 µL to 400 mL, with the larger scale reactions typically yielding several milligrams of 
product. After the first reaction cycle, the PCS could be stored at 4°C overnight without significant 
loss of activity. 
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3. Identification of a putative proton delivery network in a microsomal cytochrome P450 2B4 
F429H mutant. 
 
Yuting Yang1, Haoming Zhang1, Weishu Bu1, Sangchoul Im1, Michael Tarasev1, Freeborn Rwere1, 
Naw May Pearl1, Jennifer Meagher2, Cuthbert Sun1, Jeanne Stuckey2, and Lucy Waskell1*. 
 
1 Dept. of Anesthesiology, University of Michigan and VA Medical Center, 2215 Fuller Rd., Bldg 
31, Room 225, Ann Arbor, MI 48105; 2 Life Science Institute, University of Michigan, 210 
Washtenaw Ave., Ann Arbor, MI 48109. 
 
The highly conserved Phe429, the first residue of the β-bulge on the proximal side of the heme of 
microsomal cytochrome P450 2B4, has been mutated to a histidine. The Phe429 His mutant of P450 
2B4 has been crystallized with 4-chlorophenol imidazole bound to the iron (Yang et al, 2014). 
While the overall structure of the mutant is similar to that of the wild type protein in a closed 
conformation, a hydrogen bond has been noted between the δN of the histidine and the thiolate of 
the axial cysteine. Biochemical characterization of the mutant demonstrates a >90% loss of activity, 
an 87 mV increase in the redox potential, and an increase in the stability of the oxyferrous and 
hydro peroxo intermediates in the variant. The properties of the mutant are explained by the 
structure which demonstrates an electron- withdrawing hydrogen bond between the heme axial 
thiolate and a hydrogen on the δN of the histidine. 
 
The structure was also determined of the mutant with the detergent, Cymal-5, bound in the substrate 
binding pocket ~ 7Å away from the heme iron. Surprisingly an unprotonated carbonyl of acetic acid 
was bound to the heme iron. The other acetate carboxyl oxygen is protonated and forms a hydrogen 
bond with the OH group of the conserved active site Thr302. Hydrogen bond formation with the 
axial acetate was a result of the conserved active site motif (AGXET) moving closer to the 
center of the porphyrin due to the absence of a bulky heme-bound inhibitor as in the 4-CPI structure 
discussed above. Analogous movements of the I helix likely occur in the course of a normal 
catalytic cycle when either water, oxygen, or OOH¯ are the small sixth heme ligand. This structure 
reveals a putative proton delivery network on a microsomal P450 that is similar to that of P450 
camphor. 
 
Yang Y., Zhang H., Usharani D., Bu W., Im S., Tarasev M., Waskell L. (2014). Structural and 
functional characterization of a cytochrome P450 2B4 F429H mutant with an axial thiolate-histidine 
hydrogen bond. Biochemistry, 53(31), 5080-5091. Doi:10.1021/bi5003794.  
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4. IVIVE DDI victim risk assessment: rCYP phenotyping vs chemical inhibition in human 
hepatocyte 
 
Xiaofeng Li, LaTeca Glass, Daisy Deng, Jinrong Liu, Kelly Desino, Yau Y Lau, Tom Suhar and 
Ganesh Rajaraman 
 
AbbVie Inc., North Chicago, IL, USA 
 
Information regarding clearance pathways and possible DDI victim liability early on in the drug 
discovery process can greatly influence decision making and SAR strategy.  An HT-CYP Phenotyping 
assay implemented at Abbvie in early 2013 was designed to help project teams identify compounds in 
lead series with <50% metabolic contribution through a single CYP (especially CYP3A4) to avoid 
victim DDI liability.  Though the approach helped several projects to advance compounds to 
milestones, there are drawbacks to the HT-CYP Phenotyping assay. The assay does not capture any 
non-CYP metabolic pathways in addition to being cost prohibitive and analytically intensive.  The HT-
Chemical Inhibition assay was subsequently developed using human hepatocytes to capture both 
CYP and non-CYP metabolic pathways using Azamulin (CYP 3A4 specific inhibitor) and 1-ABT (pan 
CYP inhibitor). The assays both use the HT platform of the current human hepatocyte clearance 
assay to determine fraction metabolized by CYP3A4 and CYPs. In a comparison study using 21 
literature and in house compounds with known clinical DDI, the HT-Chemical Inhibition assay 
predicted clinical DDI magnitude as well as the HT-CYP Phenotyping assay but with increased 
capacity, reduced cost, and decreased analytical run and review time. In addition, the HT-Chemical 
Inhibition assay has the potential to predict clinical DDI magnitude for compounds that have metabolic 
contributions from non-CYP pathways based on 21 literature and in house compounds.  
 
Disclosure: This presentation was sponsored by AbbVie. AbbVie contributed to the design, research, 
and interpretation of data, writing, reviewing, and approving the publication Xiaofeng Li, LaTeca 
Glass, Daisy Deng, Jinrong Liu, Kelly Desino, Yau Y Lau, Tom Suhar and Ganesh Rajaraman are 
employees of AbbVie. 
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5. Metabolism and Disposition in Humans of ABT-126, an α7 Neuronal Nicotinic Receptor (NNR) 
Agonist 
 
Melissa J. Michmerhuizen, Hong Liu 
 
AbbVie Inc., North Chicago, IL, USA 
 
ABT-126 is a potent and selective α7 neuronal nicotinic receptor (NNR) agonist previously studied for 
Alzheimer's disease (AD) and the cognitive impairment associated with schizophrenia (CIAS). 
ABT-126 showed potent and selective binding to human α7 NNR, whereas it had low affinity at a 
variety of other neurotransmitter receptors, ion channels, and enzyme targets, providing broader 
support for the compound's selectivity. ABT-126 exhibited preclinical efficacy profile across multiple 
cognitive domains of relevance to AD and CIAS with the lack of nicotine-like abuse liability and CNS 
stimulatory activity. Metabolism and disposition of ABT-126 was investigated in human after a single 
oral dose of [14C]ABT-126.  ABT-126 showed good absorption.  At least 81.5% of dosed radioactivity 
was absorbed in human.  Metabolism is the primary clearance pathway of ABT-126. Drug related 
material was primarily eliminated in urine (81.5%), followed by feces (12.4%), with only small portion 
of radioactivity recovered as parent drug (6.6% in urine, 12.2% in feces). M1 (N-oxide) and M11 
(direct glucuronide) are major metabolites in plasma and excreta.  Enzymatic studies suggested M1 
formation was primarily mediated by FMOs with small contributions from CYP 3A4 and CYP 2D6. 
M11 formation was mediated by UGT 1A4. The plasma exposure of M1 is greater in preclinical 
toxicology species at the NOAEL doses than in humans. M11 was also observed in monkey plasma 
with greater exposure as compared to human. Both M1 and M11 were pharmacologically inactive. 
 
In summary, ABT-126 is a BCS Class 1 drug that is primarily cleared via urine as metabolites in 
human. Two major metabolites, M1 and M11 were identified in circulation. Both metabolites are 
pharmacologically inactive and covered in preclinical safety species.  
 
Disclosure Statement: This presentation was sponsored by AbbVie. AbbVie contributed to the design, 
research, and interpretation of data, writing, reviewing, and approving the publication. All authors are 
employees of AbbVie. 
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6. Improved synthesis of Abiraterone Analogs as CYP17A1 inhibitors and their Structure Activity 
Relationship 
 
Sunil Kumar Upadhyay, Richard J. Auchus 
 
Department of Internal Medicine, MEND, University of Michigan Health Sciences, Ann Arbor, MI 
48109 
 
Prostate cancer is now the second most prevalent cause of death in men in the USA and Europe. At 
present, the major treatment options include surgical or medical castration. These strategies cause 
ablation of the production of testosterone (T), dihydrotestosterone (DHT) and related androgens by 
the testes. Although initially successful in most patients, the disease eventually progresses as 
castration-resistant prostate cancer (CRPC). In CPRC, many androgen-regulated genes become re-
expressed, demonstrating persistent androgen action. Because castration does not affect adrenal, 
prostate and other tissue androgen production, therapies to block residual androgen action in CPRC 
have been developed, including potent androgen antagonists and synthesis inhibitors. 
 
The key enzyme (CYP17A1), which catalyzes the biosynthesis of androgens from pregnane 
precursors, is the target of the orally-active CYP17A1 inhibitor abiraterone acetate (AA). AA 
decreases adrenal and intratumoral androgen biosynthesis and prolongs survival and quality of life in 
CPRC. We have developed abiraterone (Abi) analogs differing in the A–B ring substitution patterns: 
3α-hydroxy-Δ4-Abi, 3β-hydroxy-Δ4-Abi, 3-keto-Δ4-Abi, 3-keto-5α-Abi, 3α-hydroxy-5α-Abi and 3β-
hydroxy-5α-Abi. Synthesis of 3-keto-5α-Abi started with 3β-hydroxy androsterone, protecting the 
hydroxyl group with acetyl, and forming enol-triflate of 17-keto, which was treated with 3-diethylpyridyl 
borane by Still-coupling (yield ~85%).  Acetyl group was  cleaved  by  potassium  hydroxide  to  afford  
3β-hydroxy-5α-Abi,  which  was  oxidized by chromium trioxide to get 3-keto-5α-Abi (yield ~90%). 3α-
hydroxy-5α-Abi was prepared from 3β-hydroxy-5α-Abi by inverting the stereochemistry at C-3 via 
Mitsunobu Reaction. Starting material for 3β-hydroxy-5α-Abi is much cheaper than 3α-hydroxy-5α-
Abi, hence the developed synthesis is very economic. Synthesis of 3-keto-Δ4-Abi started with DHEA 
using the same procedure as earlier, except oxidation of 3β-hydroxy-Δ5-Abi to 3-keto-Δ4-Abi using 
Oppenauer oxidation, in overall improved yield for both coupling and Oppenaur reactions. Like Abi, 
these 2- pyridyl steroidal analogs all show ~1 nM spectral affinity constants (Ks) with purified, 
recombinant human CYP17A1 protein. Here, we report improved syntheses with very good yields, 
which enabled synthesis on multi-gram scale for animal studies. We developed detailed SAR to 
understand the structural requirements for high-potency steroidal azole inhibitors. 
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7. Use of the Sound Review Software to Rapidly Quantitate Standard Curve Concentration 
Experiments 
 
Lance Heinle, Patricia Stuart, Mary Larsen, Gary Jenkins, PhD 
 
Global Pharmaceutical Research and Development, AbbVie Inc., North Chicago, IL, USA. 
 
Sound Review™, a commercial software package from Apricot Designs and Sound Analytics, was 
used to process LC-MS/MS data where standard curves were employed to quantitate accurate 
concentrations (plasma protein binding).  The software package allows for the easy viewing of the 
standard curve fit, accuracy of standards, and calculated concentrations; while allowing a single 
button click to drop/add standards that do not pass the fit criteria (% accuracy, BLQ, etc…).   The use 
of this software has decreased the processing time for a typical binding experiment by 80%, from 90 
to 18 minutes when compared to using a traditional software package (Analyst). 
 
This presentation was sponsored by AbbVie. AbbVie contributed to the design, research, and 
interpretation of data, writing, reviewing, and approving the publication. All authors are employees of 
AbbVie. 
 
 
 
 
 
 
 
 
 
 

8. Activity & Kinetic Characterization of Human CYP2D6 Polymorphisms 
 
Sarah M. Glass, Rina Fujiwara, Victoria M. Osorio, Michael J. Glista, Parker W. de Waal, Laura Lowe 
Furge 
 
Department of Chemistry, Kalamazoo College, Kalamazoo, MI 49009 USA 
 
Cytochrome P450 enzymes (CYPs) are a heme-containing enzyme superfamily that have a major 
role in the metabolism of drugs in humans. CYP2D6 is highly polymorphic with over 100 different 
allelic variants and is responsible for approximately 15% of CYP-mediated drug metabolism. 
Molecular modeling simulations of the allelic variants CYP2D6*1, *17-2, *17-3, *34, and *53 with and 
without a ligand suggested that varied flexibility and substrate binding-pocket accessibility within the 
allelic variants may alter interaction abilities.  
 
In the current study, CYP2D6 allelic variants were expressed and purified to further characterize 
these interactions with ligands. Physical and kinetic studies with the variants will be compared to 
molecular dynamics models and be used to broaden the understanding of these interactions 
(Support: NIH 1R15-GM086767-02). 
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9. Mechanism-based inactivation of human cytochrome P450 3A4 by a piperazine-containing 
compound 
 
Bolles AK, Fujiwara R, Briggs ED, Nomeir AA, Furge LL 
 
Human cytochrome P450 3A4 (CYP3A4) is responsible for the metabolism of more than half of 
pharmaceutic drugs, and inactivation of CYP3A4 can lead to adverse drug-drug interactions. The 
substituted imidazole compound 5-fluoro-2-[4-[(2-phenyl-1H-imidazol-5-yl)methyl]-1-
piperazinyl]pyrimidine (SCH 66712) has been previously identified as mechanism-based inactivator 
(MBI) of CYP2D6. The present study shows that SCH 66712 is also a MBI of CYP3A4. Inhibition of 
CYP3A4 by SCH 66712 was determined to be concentration, time, and NADPH dependent. In 
addition, inactivation of CYP3A4 by SCH 66712 was shown to be unaffected by the presence of 
electrophile scavengers. SCH 66712 displays type I binding to CYP3A4 with a spectral binding 
constant (Ks) of 42.9 ± 2.9 µM and the partition ratio for SCH 66712 was determined to be 11. 
SCH66712 is one of the first MBIs to be shown to be potent inactivator of both CYP2D6 and CYP3A4. 
 
 
 
 
 
 
 
 
 

 
10. SCH 66712 and EMTPP are the First Potent Mechanism-Based Inactivators of Both Human 

CYP2D6 and CYP3A4 
 
Rina Fujiwara1, Amanda K. Bolles1, Erran D. Briggs1, Amin A. Nomeir2, Laura Lowe Furge1 

 

1Department of Chemistry, Kalamazoo College, Kalamazoo, MI and 2Amin Nomeir Pharmaceutical 
Consulting, LLC, Milford, NJ 
 
Cytochrome P450s (CYPs) are heme-containing enzymes that metabolize small organic molecules 
including drugs. CYP3A4 and CYP2D6 are responsible for more than 70% of pharmaceutical drug 
metabolism and inactivation of these enzymes can lead to drug-drug interactions.  The substituted 
imidazole compounds, 5-fluoro-2-[4-[(2-phenyl-1H-imidazol-5-yl)methyl]-1-piperazinyl]pyrimidine 
(SCH 66712) and 1-[(2-ethyl-4-methyl-1H-imidazol-5-yl)methyl]-4-[4-(trifluoromethyl)-2-
pyridinyl]piperazine (EMTPP), have been previously identified as mechanism-based inactivators 
(MBIs) of CYP2D6. The current study shows SCH 66712 and EMTPP are also MBIs of CYP3A4. The 
partition ratios for SCH 66712 and EMTPP were 11 and 94, respectively. The rates of inactivation, 
kinact, and inhibition constant, Ki, were 0.21 min-1 and 1.6 µM for SCH 66712, and 0.046 min-1 and 11.7 
µM for EMTPP, respectively. Whole protein MS analysis was consistent with a binding stoichiometry 
of 1:1 for both MBIs on CYP3A4 apoprotein. To determine the site of modification of the enzymes, 
MS analysis of digested peptides of inactivated enzymes was performed. Additionally, inactivation 
mechanisms of enzymes by possible electrophiles of SCH 66712 and EMTPP are proposed based in 
part on metabolite studies (Support: NIH 1R15-GM086767-02). 
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11. Generation and Initial Characterization of a Novel Humanized Mouse Line for hPEPT1 Gene 
 
Yongjun Hu, David Smith 
 
Department of Pharmaceutical Sciences, College of Pharmacy, University of Michigan, Ann Arbor, 
MI, 
 
Purpose. The proton-coupled oligopeptide transporter PEPT1 is predominantly expressed in the 
small intestine and mediates the uptake of protein-digested di-/tri-peptides and peptide-like drugs 
from intestinal lumen. However, species differences have been observed for dipeptide uptake in yeast 
expressing rat, mouse and human PEPT1. The purpose of this study was to generate and 
characterize humanized PEPT1 mice, which were nulled for the mouse PEPT1 gene and expresses 
the human transporter in organs where PEPT1 was normally expressed. 
 
Methods. A new humanized mouse line for hPEPT1 were successfully generated using a 
microinjection technique with BAC construction containing the entire hPepT1 genomic DNA. The 
mRNA transcripts and protein expression were assessed in humanized, knockout and wildtype mice 
by real-time qPCR and immunoblots, the intestinal permeability of glycylsarcosine (GlySar) by in situ 
single-pass perfusions along with its in vivo oral absorption.   
 
Results. No phenotypic abnormalities were observed in humanized mice. These animals were viable, 
fertile, grew to normal size and weight, and had no significant differences in clinical chemistries as 
compared to wildtype and PepT1 knockout mice. The humanized mice had intense small intestinal 
hPepT1 expression and distribution, similar to that of mPepT1 in wildtype mice, and greater but minor 
expression in colon. Select relevant genes were not aberrantly expressed in the intestine and kidney 
of humanized mice, although minor changes of gene expressions were observed in some tissues. In 
agreement with expression studies, the intestinal permeability of GlySar in humanized mice was 
about 70% of that observed in wildtype mice. In contrast, the jejunal permeability of GlySar in PEPT1 
knockout mice was only about 2% of the value observed in wildtype animals. The results were 
confirmed by in vivo oral dosing studies in which the plasma concentration-time curves of GlySar 
were virtually superimposable between humanized and wildtype mice, and about 2-fold greater than 
the AUC observed in PEPT1 knockout mice after 5 nmol/g oral dosing. 
 
Conclusions. The findings demonstrated that the functional activity of PEPT1 was fully restored in 
humanized hPEPT1 mice. Moreover, PEPT1 expression was similar between humanized and 
wildtype mice, with somewhat greater expression and function of PEPT1 in the humanized animals. 
This novel transgenic mouse model should prove useful in examining the physiological, 
pharmacological and pathological roles and relevance of the hPEPT1 protein.   
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12. Advanced Method Development for Drug Transporter Protein Quantification by LC-MS/MS 
 
Junli Ma, William Chiou, Sonia M De Morais, Daniel A Bow, Gary J Jenkins 
 
AbbVie Inc., North Chicago, IL, USA 
 
Drug transporters can play an important role in drug disposition by mediating drug entry into and 
efflux out of cells. Quantification of drug transporters on the cell surface (plasma membrane) can 
enable Physiologically Based Pharmacokinetics (PBPK) modeling for predicting drug disposition in 
human. Functional transporters reside at the plasma membranes (PM); therefore, quantification of 
transporter proteins requires isolation of PM. Quantification is achieved by determining the 
concentrations of transporter-specific peptides generated by trypsin digestion using LC-MS/MS.  The 
aim of this study was to optimize the quantification process by comparing three different plasma 
membrane protein preparation methods, as well as two protein digestion methods. These methods 
were tested using a human embryonic kidney (HEK293) cell line stably expressing the OATP1B1 
(organic anion transporting polypeptide 1B1) transporter. The quality of PM preparation was 
assessed by Western Blot analysis for Na/K ATPase (PM marker) and Calreticulin (ER marker), and 
the digestion quality was assessed by detection of tryptic peptides using an LC-MS/MS (Eksigent-
QTRAP6500). The results indicated that the Plasma Membrane Protein Extraction Kit (Abcam) and 
In-Solution Tryptic Digestion kit (Thermo Scientific) provided the best combination for reliable 
quantification of OATP1B1. This new procedure can be used to provide reliable information to enable 
the prediction of drug transport in human. 
 
This presentation was sponsored by AbbVie. AbbVie contributed to the design, research, and 
interpretation of data, writing, reviewing, and approving the publication. All authors are employees of 
AbbVie 
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13. A mechanistic non-clinical assessment of Drug-Drug Interactions (metabolism and 
transporters) with the Hepatitis C Virus (HCV) regimen: Paritaprevir/r, Ombitasvir and 
Dasabuvir 
 
Daniel A.J. Bow1, Jinrong Liu1, Olga Kavetskaia1, Rajeev Menon2, Sonia M. de Morais1, Marjoleen 
Nijsen1, Jens Sydor1 and Volker Fischer1 and Mohamad Shebley1 

 

1Drug Metabolism Pharmacokinetics & Bioanalysis, 2Clinical Pharmacology & Pharmacometrics, 
AbbVie Inc. North Chicago, IL, USA 
 
Background: HCV-infected patients often require the use of concomitant medications, which can lead to drug-
drug interactions (DDIs).  In non-clinical studies, drug metabolism and transporter mediated interactions were 
assessed for each compound in the 3 direct-acting antiviral regimen (3D) of ombitasvir (NS5A inhibitor), 
dasabuvir (NS5B polymerase inhibitor) and Paritaprevir (protease inhibitor identified by AbbVie and Enanta). 
Paritaprevir is co-dosed with ritonavir, a potent CYP3A inhibitor, to improve overall paritaprevir exposure. 
 
Methods: DDI potential for each compound was predicted using non-clinical data, clinical exposure, and the 
mechanistic static models according to the 2012 FDA DDI guidance.  Each of the compounds in the 3D regimen 
was evaluated as a substrate, inhibitor, or inducer of the major drug metabolizing enzymes and transporters.  
Non-clinical data informed mechanism-based clinical DDI study design; DDIs were evaluated in healthy 
volunteers.  
 
Results:  DDI predictions (victim and perpetrator) with metabolizing enzymes (CYPs and UGT1A1) and 
transporters (uptake and efflux) are shown in the table; compounds within the 3D regimen predicted to contribute 
to or be impacted by DDI are highlighted. No interactions were predicted with renal transporters. 
 

Mechanism DDI Predictions 

CYP3A 
Ritonavir (inhibitor) ↑ exposure of sensitive substrates 
Strong inducers ↓ 3D exposure  

CYP2C8 Strong inhibitors ↑ dasabuvir exposure 

OATP1B1/3 
Paritaprevir (inhibitor) ↑ exposure of sensitive substrates Strong 
inhibitors ↑ Paritaprevir exposure 

Efflux (P-gp and/or BCRP) 
3D ↑ exposure of sensitive substrates  
Strong inhibitors ↑ 3D exposure 

UGT1A1 3D ↑ exposure of sensitive substrates 

 
 
Consistent with the non-clinical DDI assessment, the 3D exposure in healthy volunteers decreased with potent 
CYP3A inducer (carbamazepine) while dasabuvir exposure increased following co-administration with potent 
CYP2C8 inhibitor (gemfibrozil).  Following administration of the 3D regimen, exposure of the OATP/BCRP 
substrate (rosuvastatin) increased while no clinically relevant increase in the P-gp substrate (digoxin) or UGT1A1 
substrate (raltegravir) exposure was observed.  Additionally no clinically relevant increase in 3D exposure was 
observed following co-administration with OATP inhibitor (atazanavir) or OATP/P-gp/BCRP inhibitor 
(cyclosporine). 
 
Conclusions: Overall the non-clinical studies and mechanistic static DDI predictions for metabolism and 
transporters showed good qualitative translation to the clinical observations for the 3D regimen. 
 
Disclosures: This abstract was sponsored by AbbVie.  AbbVie contributed to the design, research, and 
interpretation of data, writing, reviewing, and approving the publication. All authors are AbbVie employees. 
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14. Development of hepatic flavin-containing monooxygenase in chicken and pig  
 
Steven Hu 
 
Zoetis, Inc. Veterinary Medicine Research and Development, Kalamazoo, MI 49007 
 
The Flavin-containing monooxygenase (FMO) is a class of metabolizing enzymes which are 
considered to be important for metabolizing heteroatom (N, S, or P)-containing compounds.  Hepatic 
FMO activity is much higher in minipig than in monkey and human based on literature data.  
Understanding of FMO in animals is valuable for medicine research and development in animal 
health.  There is some understanding of developmental FMO in human and pre-clinic species, but the 
information of developmental FMO in livestock is limited.  In this work, hepatic FMO activities in 
chicken and pig were investigated at different ages from day 1 to their industry slaughter ages using 
benzydamine N-oxidation.  The age profiles of hepatic FMO are quite different in chicken and pig.  
High FMO activity was observed in chicken liver at day 1 post hatch.  This activity reduced 
significantly with age but bounced back at age 56 days in chicken.  Oppositely FMO activity was low 
in day 1 old pig liver but rapidly increased to peaked level in 2 weeks, then gradually reduced from 
age 2 to 20 weeks. These information can help us further understand metabolizing enzymes in 
livestock. 
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15. Quantitative Systems Pharmacology (QSP) for Crohn’s Disease (CD) Drug Discovery 
 
Oliver Ghobrial1, Bradford McRae2, Igor Mikaelian2, Candace Graff1, Marjoleen Nijsen1, and 
Mohamad Shebley1 

 

1Global Translational Modeling (DMPK-BA); 2 Immunology Discovery Biology (ABC), AbbVie Inc. 
North Chicago IL 
 
Background/Purpose: Crohn's disease (CD) affects over 1 million individuals in the United States.  
Complex interactions between host genetics, gut microbiome, epithelial barrier function, the immune 
system, and environmental insults, are thought to play a role in disease pathogenesis through an 
unknown sequence of events. Complexity of the biological systems underlying CD disease as well as 
limited understanding of targets’ modulation impact on the disease network are major factors 
contributing to the delay in drug discovery for CD.  QSP (Quantitative Systems Pharmacology) is fit to 
support the CD drug discovery & development challenges.  QSP holds promise to enable a more 
holistic understanding of the target interactions as it relates to disease and the subsequent impact on 
the biological systems underlying CD. 
 
Methods: A CD QSP platform was developed to describe the homeostatic interactions between the 
microbiome, epithelial barrier, and immune system in health. This CD platform is intended to capture 
the biological processes and feedback loops involved in health and disease. Clinical and IBD animal 
models data will be incorporated in the next version of CD QSP model, to help advance our 
understanding of how predisposing genetic factors or dysregulation in this system via environmental 
insults could contribute to development of the CD phenotype. 
 
Results: A CD QSP platform v1.0 was developed to explore competing hypotheses of CD 
pathophysiology (e.g. contribution of single gene variants or combinations to disease etiology, role of 
M1/M2 macrophage…etc.)  These hypotheses will be tested against multiple data sources for 
feasibility.  This first step approach in CD QSP platform construction will complement our efforts to 
enhance confidence in targets, biomarkers, and help focus research efforts by resolving competing 
hypotheses, thereby increasing probability of proof of concept success and reduce attrition. 
 
Conclusions: The efficacy of novel therapies can be simulated in this newly developed CD platform 
for a rapid assessment of therapeutic potential, and is envisioned to be impactful before embarking 
on molecule/biologics generation and lengthy/expensive preclinical efficacy and safety assessment.  
Development of therapies to slow or even reverse CD in IBD patients will benefit from these systems 
based model insights, as well as the ability of the CD platform to identify other, non-obvious pathways 
for therapeutic targeting.   

  



2015 Great Lakes DMDG Meeting  May 7-8, Ann Arbor, Michigan 

Page 16 

16. Computational prediction of drug metabolism: Two tales of the importance of protein 
flexibility for ligand binding to cytochrome P450 enzymes 
 
Markus A. Lill, Morgan E. Essex, Ying Huang, Laura J. Kingsley, Greg L. Wilson 
 
Department of Medicinal Chemistry and Molecular Pharmacology, College of Pharmacy, Purdue 
University 
 
Cytochrome P450 enzymes are responsible for metabolizing many endogenous and xenobiotic 
molecules encountered by the human body. About 75% of all drugs are metabolized by cytochrome 
P450 enzymes. Thus, predicting a compound’s potential sites of metabolism (SOM) is highly 
advantageous early in the drug development process. When considering promiscuous enzymes such 
as cytochrome P450 enzymes several pieces of evidence suggest that protein flexibility plays an 
important role in their ability to bind a diverse set of ligands and potentially complicates SOM 
prediction in such systems.  
 
Two different computational studies will be presented modeling ligand binding to cytochrome P450 
enzymes highlighting the relevance of including protein flexibility in those investigations. For 
predicting SOM for cytochrome P450 substrates, we have combined molecular dynamics simulations, 
ensemble docking, a quantum-chemically derived reactivity model, and quantitative-structure activity 
relationship (QSAR) approaches demonstrating that a combination of diverse computational tools is 
able to model protein-ligand interactions in such challenging, promiscuous protein systems. Applying 
this novel procedure to the eight major CYP enzymes, we obtained success rates for predicting the 
correct SoM ranging from 80% (top-1)/90% (top-2) for CYP3A4 to 97%/99% for CYP2B6. 
 
In the second study, we investigated the influence of protein flexibility throughout the body of the 
protein during ligand entry and egress.  In proteins with buried active sites, such as cytochrome P450 
enzymes, understanding how ligands migrate through the tunnels that connect the exterior of the 
protein to the active site can shed light on substrate specificity and enzyme function. We have 
developed a novel tunnel prediction and evaluation method named IterTunnel, which includes the 
influence of ligand-induced protein flexibility, guarantees ligand egress, and provides detailed free 
energy information as the ligand proceeds along the egress route. Applying this new method to 
cytochrome P450 2B6, we highlighted the influence of protein flexibility on the shape and accessibility 
of tunnels. More importantly, we demonstrated that the ligand itself, while traversing through a tunnel, 
can reshape tunnels due to its interaction with the protein. This process results in the exposure of 
new tunnels and the closure of pre-existing tunnels as the ligand migrates from the active site. 
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17. Experimental Microanalysis of the Formation of Insoluble Intracellular Drug Complexes 
 
Phillip Rzeczycki, Rahul Keswani, Gi Sang Yoon, Gus Rosania 
 
University of Michigan 
 
Changes in the arrangement of endogenous molecules or exogenous chemical agents within cells or 
tissues are sometimes associated with pathological effects of genetic mutations or toxicological 
effects of xenobiotics. Accordingly, the ability to quantify and study changes in the organization of 
molecules in unlabeled cells and tissue samples could further understanding of the effects of genetic 
mutations and xenobiotics on living organisms. Here, we are developing a quantitative polarized light 
microscopy and image analysis platform for studying the formation of ordered molecular aggregates 
in cells and tissues of living organisms, following prolonged exposure to a bioccumulating, orally-
bioavailable exogenous chemical agent. To develop this platform, the FDA-approved drug clofazimine 
was chosen as a model compound.  Using mice as an experimental model, the red color of 
clofazimine inclusions was used to independently validate the microscopy techniques and image 
analysis algorithms that were developed to detect and quantify the presence of ordered molecular 
aggregates formed by the drug in cells and tissues of treated animals. The results will demonstrate 
how this microscopy and image analysis platform can be used for detecting and studying ordered 
molecular aggregates within unlabeled tissue cryosections and live cells obtained from drug treated 
animals.  
 
 

18. Bioactivation of Indoles by Human Liver Microsomes with Glutathione as Trapping Agent: 
Formation of Novel Cyclic Cysteine and Cysteine-Glycine Adducts 
 
Kai Wang, Richard Burton, Shelby Anderson 
 
Quintiles, Bioanalytical & ADME Laboratories, Indianapolis, IN 46241, USA 
 
Metabolic bioactivation of drug candidates to reactive electrophilic intermediates can result in 
covalent adducts with cellular macromolecules, potentially causing drug-induced toxicity. Thus, 
awareness of “structural alerts” in drug design and understanding of reactive metabolite (RM) 
formation in lead optimization efforts are extremely important to minimize the potential of idiosyncratic 
drug toxicity. The indole motif is ubiquitously present in natural products and drugs. Although RMs are 
known to be involved in the chemical-induced toxicity of some indole derivatives, a systematic study 
of RMs of the indole motif has not been performed. In this study, compounds containing indole 
moieties (10 μM) were incubated with 1 mg/mL human liver microsomes (HLM) and 2 mM glutathione 
(GSH). These samples were then analyzed by ultra performance liquid chromatography coupled to a 
quadrupole time-of-flight high-definition mass spectrometer (UPLC/Q-TOF HDMS). Novel oxidative 
cyclic cysteine and cysteine-glycine adducts of a series of 2,3-unsubstituted indole derivatives, 
including Pindolol (a marketed drug), were observed. These cyclic cysteine adducts were also 
observed with cysteine (Cys) as the trapping agent. The mechanism for the formation of these 
thiazolidine adducts was investigated, in which cysteine could act as a binucleophile, and therefore 
comparable GSH adducts are not possible. In conclusion, the metabolic bioactivation of 2,3-
unsubstituted indoles forms a novel class of cyclic cysteine and cysteine-glycine adducts when using 
GSH as trapping agent. These cyclic adducts are likely to be a risk of false negative in a standard 
GSH adducts screening process. The toxicological implications of these cyclic adducts are still 
unclear. 
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19. Chemical and Fluorescence Analysis of Intracellular Drug Disposition within Macrophages 
 
Rahul K Keswani, Gi Sang Yoon, Sudha Sud, Phil Rzeczycki, Kathleen A Stringer, Gus R Rosania 
 
University of Michigan 
 
Purpose: One of the most unique characteristics of Clofazimine (CFZ) is its ability to be sequestered 
as Crystal-like Drug Inclusions (CLDIs) within mammalian tissues, particularly in macrophages. In this 
paper, we report the chemical characterization of CLDIs via 1H NMR, Powder X – Ray Diffraction (p-
XRD), Raman Microspectroscopy, Elemental mass composition analysis and Fluorescence 
microscopy. 
 
Methods: CFZ was fed as an oral diet over a period of 8 weeks to C57BL/6 mice leading to CLDI 
formation in the liver, spleen and peritoneal macrophages. Following mice sacrifice, tissue sections of 
various organs were prepared as per standard histological protocols. For chemical analysis, CLDIs 
were isolated from the spleen via gradient centrifugation whereas various crystalline salts and 
precipitates of CFZ were synthesized by precipitating CFZ dissolved in methanol with equal volumes 
of anti-solvents at pH 5. 
 
Results: The 1H NMR profile of CFZ-HCl (CFZ crystal obtained via HCl precipitation) is identical to 
that of the CLDIs with +δ=0.2 ppm for the aliphatic protons compared to CFZ. All other peaks in the 
NMR profile also exhibit a +δ shift indicating additional protonation of CFZ when in CLDIs. CFZ-HCl 
also shows a similar 1H NMR profile, strongly suggesting that CLDIs are hydrochloride salts of CFZ. 
p-XRD and Raman spectroscopy indicated that CLDIs share an identical structural organization 
relative to CFZ-HCl and CFZ- HBr. In contrast, several diffraction planes and Raman peaks observed 
in the triclinic free-base form of the CFZ crystal were missing in CLDIs and CFZ-HCl. Furthermore, 
nanoSIMS characterization yielded a much higher chlorine content (~500-fold, >10-fold) within CFZ 
tissue sections compared to non-drug treated tissues and CFZ-HCl, respectively. Fluorescence 
microscopy revealed that both CLDIs, CFZ-HCl and CFZ-HBr have an identical far-red fluorescence 
unobserved in other CFZ precipitates. Utilizing the highly specific fluorescence, the presence of 
CLDIs was confirmed to be targeted towards macrophages via the use of the pan-macrophage anti-
F4/80 counter-staining marker. 
 
Conclusions: As measured via chemical, structural and optical fluorescence analyses, we elucidate 
a novel chloride precipitation mechanism for xenobiotic accumulation within macrophages. 
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20. Mechanism of Drug-Drug Interactions Mediated by Monomeric Human Cytochrome P450 
CYP3A4. 
 
I. G. Denisov, Y. V. Grinkova, J. L.  Baylon, E. Tajkhorshid, S. G. Sligar 
 
Department of Biochemistry, Center for Biophysics and Computational Biology, and Beckman 
Institute for Advanced Science and Technology, University of Illinois at Urbana-Champaign, Urbana, 
IL, 61801 
 
We analyzed the heterotropic interaction between two different drugs mediated by monomeric 
CYP3A4 incorporated into a native-like membrane environment. The mechanism of this interaction is 
deciphered by global analysis of multiple turnover experiments performed under identical conditions 
using the pure substrates progesterone (PGS) and carbamazepine (CBZ) and their mixtures. 
Activation of CBZ epoxidation and simultaneous inhibition of PGS hydroxylation are measured and 
quantitated through differences in their respective affinities towards both a remote allosteric site and 
the productive catalytic site near the heme iron. Molecular dynamics simulations indicate functionally 
important conformational changes caused by PGS binding at the allosteric site at the protein – 
membrane interface and by two CBZ molecules positioned inside the substrate binding pocket. 
Structural changes involving Phe-213, Phe-219, and Phe- 241 are suggested to be responsible for 
the observed synergetic effects and positive allosteric interactions between these two substrates. 
Such interactions with allosteric site are likely to be an important part of the heterotropic activation of 
CYP3A4, as well as other xenobiotic metabolizing cytochromes P450 that are also involved in drug-
drug interactions. Importantly, this work demonstrates that a monomeric CYP3A4 incorporated in the 
lipid bilayer can display the full spectrum of activation and cooperative effects that are observed in 
hepatic membranes. Supported in part by NIH grant GM33775 to S.G.Sligar. 
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21. Population Pharmacokinetics and Inter-Occasional Variability of Mycophenolic Acid in Lung 
Transplant Recipients with Cystic Fibrosis 
 
X. Wang, M. R. Feng, H. Nguyen, D. E. Smith, J. Park  
 
University of Michigan, Ann Arbor, MI 
 
Purpose 
Mycophenolic acid (MPA) is an immunosuppressant and the major active metabolite of the prodrug 
mycophenolate mofetil (MMF) that is widely used for the prophylaxis of acute allograft rejection in 
solid organ transplantation. The objective of this work was to develop a population pharmacokinetic 
(PK) model for MPA in adult lung transplant recipients and compare the PK parameters in patients 
with (CF) or without (NCF) cystic fibrosis. 
 
Methods 
Ten lung transplant patients (5 CF and 5 NCF) were enrolled in this pilot, open-label, pharmacokinetic 
study. Three separate 12-hr PK visits were conducted for each patient with at least a 2-week break 
between each visit. Patients were admitted to the clinical research unit after an overnight fast, and 
had serial blood samples drawn at various times in accordance with the morning MMF dose. 
Demographic (age, weight, gender) and clinical (serum creatinine, albumin, creatinine clearance) 
data were collected, and a population PK model was developed using nonlinear mixed effects 
modeling (NONMEM). The contribution of physiological and pathological factors, and the inter-
occasional variability were assessed. 
 
Results 
For both CF and NCF patients, MPA serum concentration-time profiles were best described by a two-
compartment PK model with first-order absorption. Significant inter-occasional variability in oral 
clearance (CL/F) was observed in CF patients. The model incorporating an inter-occasional variability 
term for CF patients significantly improved model prediction. The estimated MPA parameters (± SE) 
for NCF patients were: CL/F = 8.97 ± 1.37 L/hr, V1/F = 40.1 ± 14.7 L, Q/F = 23.8 ± 5.6 L/hr, V2/F = 
2190 ± 3670 L, and Ka = 2.19 ± 1.15 hr-1. CF patients had a slower absorption rate (Ka = 0.70 ± 0.23 
hr-1) and a greater CL/F (11.7 ± 2.2 L/hr). Relative oral bioavailability of CF patients against NCF 
patients was 0.81. 
 
Conclusion 
Lung transplant recipients with CF had about 20% lower relative oral bioavailability and significant 
inter-occasional variability in CL/F. The population PK model developed in this study can be used to 
optimize MPA dosing in adult lung transplant recipients.  
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22. Altered HNF4α Activity Contributes to CYP2D40 Induction during Pregnancy in Mice 
 
Miaoran Ning, University of Illinois at Chicago, Kwi Hye Koh, University of Illinois at Chicago, 
Hyunyoung Jeong,  
 
University of Illinois at Chicago 
 
CYP2D6-mediated drug metabolism is increased during human pregnancy. To identify mouse 
endogenous Cyp2d gene(s) that show induction during pregnancy, we examined expression levels of 
Cyp2d homologs in Tg-CYP2D6 mice at different gestational time points (i.e., pre- pregnancy, 
pregnant, and postpartum). The mouse genome harbors nine CYP2D6 homologs, belonging to the 
Cyp2d family: Cyp2d9, 2d10, 2d11, 2d12, 2d13, 2d22, 2d26, 2d34, and 2d40. Cyp2d11 was not 
examined due to its male specific expression [1]. The qRT-PCR results showed that Cyp2d40 
expression increased 6-fold at term as compared to pre-pregnancy level while the remaining 7 Cyp2d 
genes did not exhibit increased expression during pregnancy in the mice. Of interest, our previous 
studies have shown that increased transactivation of CYP2D6 promoter by hepatocyte nuclear factor 
(HNF) 4α, triggered by altered expression of small heterodimer partner (SHP) and Krüppel-like factor 
9 (KLF9), is potentially responsible for CYP2D6 induction during pregnancy [2, 3]. To determine 
whether HNF4α plays a key role in the increased expression of Cyp2d40 (similarly to that of CYP2D6) 
during pregnancy, we examined pregnancy-mediated changes in Cyp2d40 expression in mice where 
hepatic HNF4α is conditionally knocked-down. To this end, Cyp2d40 mRNA expression at different 
gestational time point was compared in mice carrying one vs. two copies of Hnf4α allele in liver 
(Hnf4α+/- and Hnf4α+/+ respectively). In Hnf4α+/- mice, Cyp2d40 basal expression was decreased 
by 6.5-fold, and Cyp2d40 induction during pregnancy was abrogated. This indicates a key role of 
HNF4α in Cyp2d40 induction during pregnancy. Chromatin immunoprecipitation assays using mouse 
liver tissues collected at different gestational time points revealed a 2.7-fold increase in the 
recruitment of HNF4α to Cyp2d40 promoter at term pregnancy as compared to pre- pregnancy, 
suggesting that pregnancy enhances direct transactivation of cyp2d40 promoter by HNF4α. To 
examine whether SHP and KLF9 modulate HNF4α transactivation of Cyp2d40 promoter, siRNA-
mediated gene silencing and transient transfection studies were performed, respectively. In mice, 
Cyp2d40 mRNA expression did not differ in mice administered with siRNA against SHP as compared 
to the mice with scrambled siRNA. In HEK293T cells, co- transfection of KLF9 expression plasmid 
with HNF4α expression plasmid did not alter HNF4α transactivation of Cyp2d40 promoter. Taken 
together, our results indicate that Cyp2d40 is induced during pregnancy in mice by enhanced 
promoter transactivation by HNF4α. 

Wong, G., et al., Gene family of male-specific testosterone 16 alpha-hydroxylase (C-P- 450(16 
alpha)) in mice. Organization, differential regulation, and chromosome localization. J Biol Chem, 
1989. 264(5): p. 2920-7. 
 
Koh, K.H., et al., Altered expression of small heterodimer partner governs cytochrome P450 (CYP) 
2D6 induction during pregnancy in CYP2D6-humanized mice. J Biol Chem, 2014. 289(6): p. 3105-13. 
 
Koh, K.H., et al., Krüppel-like Factor 9 (KLF9) Promotes Cytochrome P450 (CYP) 2D6 Expression 
during Pregnancy in CYP2D6-humanized Mice. Manuscript in press. 
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23. Role of eIF3a expression in cellular sensitivity to radiation treatment  
 
Rima Tumia, Z Dong, Jian-Ting Zhang 
 
Department of Pharmacology and Toxicology and IU Simon Cancer Center, Indiana University School 
of Medicine, Indianapolis, IN, USA 
 
Translation initiation involving eukaryotic translation initiation factors (eIFs) is a crucial mechanism in 
controlling gene expression. eIF3a has been shown previously to regulate protein synthesis and 
cellular response to cisplatin treatment. Its expression has also been shown to negatively associate 
with prognosis. In this study, we tested a hypothesis that eIF3a regulates synthesis of DNA repair 
proteins, which in turn regulates cellular response to ionizing radiation (IR) treatments. We found that 
eIF3a overexpression sensitizes cellular response to IR while its knockdown causes resistance to IR. 
We also found that eIF3a over-expression increases IR- induced DNA damage and decreases Non-
Homologous End Joining (NHEJ) repair activity by suppressing expression level of NHEJ repair 
proteins such as DNAPKcs. Consistently, eIF3a knockdown decreases IR-induced DNA damage and 
increases Non-Homologous End Joining (NHEJ) repair activity by enhancing expression level of 
NHEJ repair proteins. Together, we conclude that eIF3a plays an important role in cellular response 
to DNA-damaging treatments by regulating synthesis of DNA repair proteins and, thus, eIIF3a likely 
plays an important role in the outcome of cancer patients treated with DNA-damaging strategies. 
 
 
 
 
 

24. Role of PDGF-D in Gemcitabine Resistant PDAC 
 
Jenny Beebe, Li Qin, Yangyang Hao, Zizheng Dong, Yunlong Liu, and Jian-Ting Zhang 
 
Department of Pharmacology and Toxicology, IUSCC, Indiana University School of Medicine 
 
Pancreatic ductal adenocarcinoma (PDAC) patients have a 5-year survival rate of just 7%, largely 
due to intrinsic and acquired resistance to gemcitabine, the first line treatment for PDAC. The 
mechanism of gemcitabine resistance still remains largely unknown, creating a problem in successful 
treatment of PDAC. Recently, we found that gemcitabine resistant PDAC cell line, G3K derived from 
the parental MiaPaCa-2 cells, had epigenetic changes due to alteration of Uhrf1 and DNMT1 
expression (Mol Pharmacol. 2014 Nov;86(5):561-9). Global profiling analysis of gene methylation 
revealed 66 genes with methylation change that are consistent with gemcitabine resistance. One of 
these genes, PDGFD, was validated to have increased expression in the gemcitabine resistant G3K 
cells compared with the parental MiaPaCa-2 cells and confirmed in another gemcitabine resistant 
PDAC cell line FgR, derived from the parental Fg cells. PDGF-D is known to activate MAP, Akt, 
mTOR, NF-κB, Notch, and STAT3 via binding to its receptor, PDGFR-β, a receptor tyrosine kinase. In 
this study the role of PDGF-D in gemcitabine resistant PDAC was evaluated and we found that 
PDGF-D overexpression may contribute to acquired gemcitabine resistance by binding to and 
activating PDGFR-β, leading to STAT3 activation. 
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25. Folate-Dependent Hydrolysis of Acetyl-Coenzyme A by Recombinant Human and Rodent 
Arylamine N-Acetyltransferases 
 
Marcus W. Stepp, Galina Mamaliga, Mark A. Doll, J. Christopher States, and David W. Hein  
 
Department of Pharmacology and Toxicology, James Graham Brown Cancer Center, School of 
Medicine, University of Louisville 
 
Arylamine N-acetyltransferases (NATs) are drug and xenobiotic metabolizing enzymes that catalyze 
the N-acetylation of arylamines and hydrazines and the O-acetylation of N-hydroxy- arylamines. 
Recently, studies report that human NAT1 and mouse Nat2 hydrolyze acetyl- coenzyme A (AcCoA) 
into acetate and coenzyme A in a folate-dependent fashion, a previously unknown function. In this 
study, our goal was to confirm these findings and determine the apparent Michaelis-Menten kinetic 
constants (Vmax and Km) of the folate-dependent AcCoA hydrolysis for human NAT1/NAT2, and the 
rodent analogs rat Nat1/Nat2, mouse Nat1/Nat2, and hamster Nat1/Nat2. We also compared 
apparent Vmax values for AcCoA hydrolysis to N- acetylation of the substrate para-aminobenzoic 
acid (PABA). Human NAT1 and its rodent analogs rat Nat2, mouse Nat2 and hamster Nat2 catalyzed 
AcCoA hydrolysis in a folate- dependent manner. Rates of AcCoA hydrolysis was between 0.25 – 1% 
of the rates for N- acetylation of PABA catalyzed by human NAT1 and its rodent orthologs. In contrast 
to human NAT1, human NAT2 and its rodent analogs rat Nat1, mouse Nat1, and hamster Nat1 did 
not hydrolyze AcCoA in a folate-dependent manner. These results are consistent with the possibility 
that human NAT1 and its rodent analogs regulate endogenous AcCoA levels. 

 
 
 

26. Overexpression and Purification of CYP2D6 Variants for in vitro Analysis of Differences in 
Kinetic Properties and Susceptibility to Mechanism-Based Inactivation.  
 
Michael J. Glista, Rina Fujiwara, Victoria M. Osorio, Sarah M. Glass, Michael J. Hicks, Laura Lowe 
Furge.  
 
The human CYP2D6 gene exhibits significant polymorphic variation at the species level, resulting in a 
highly variable capacity for different individuals to metabolize CYP2D6 substrates.  More than 100 
different CYP2D6 alleles have been identified to date, many of which vary in catalytic activity.  Those 
with typical rates of catalysis are referred to as intermediate metabolizers (IMs), those exhibiting 
reduced activity are called poor metabolizers (PMs), and those exhibiting more rapid activity are ultra-
metabolizers (UMs).  As CYP2D6 is responsible for the metabolism of about 20% of commercially 
available drugs, a more complete understanding of the factors underlying the variable activity of its 
polymorphic forms might enable clinicians to tailor some prescriptions to better address the needs of 
individual patients.  Here, we outline our labÕs progress in the expression and purification of several 
variant CYP2D6 proteins.  Our aim is to clarify structure-function relationships between different 
CYP2D6 polymorphisms and their impact on the enzymeÕs metabolic capacity. Our results 
demonstrate that variation in CYP2D6Õs primary structure has a significant impact on the ratio of 
active to inactive enzyme recoverable via our purification protocol.  In addition, using spectral binding 
titrations with the ligand SCH 66712, we found that reported differences in variant activity did not 
correlate with differences in spectral binding constants. 
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27. Modeling and Simulation of Intracellular Drug Biocrystal Formation 
 
Tehetina Woldemichael and Gus Rosania 
 
University of Michigan, Ann Arbor, MI 
 
Purpose: Clofazimine (CFZ) is an orally administered drug that has been used worldwide to treat 
patients with leprosy and tuberculosis (TB) diseases, curing over 14 million people in the last twenty 
years. After administration, the drug accumulates and forms crystals in humans as well as mice. 
However, the mechanism by which this takes place is not well defined. Furthermore, the mechanism 
by which cells remain viable in the process is unknown.  By performing computational study, we will 
address cellular conditions that are essential for the formation and maintenance of Clofazimine 
crystals. 
 
Methods:  The rate of crystal formation obtained from our wet-lab studies was incorporated to an 
established model that studies the regulation of lysosomal pH under physiological conditions. Certain 
parameters were modified to accommodate the formation of crystal in a cell while maintaining 
physiological conditions, which is an attribute of cell viability. These parameters included lysosomal 
volume, surface area, and densities of ClC-7 and V-ATPase molecules. 
 
Results: Using our model, we performed a simulation of crystal formation in a lysosome over a 24-
hour period. We conducted further simulations and confirmed the attainment of physiological 
conditions.  
 
Conclusion: Our model supports observed results obtained from wet-lab studies that live cells can 
accommodate the accumulation of Clofazimine and its subsequent transformation into crystals.  
 
 

28. Electron Microscopy Analysis of Nitric Oxide Synthase Reveals Large Domain 
Rearrangements 
 
Adam L. Yokom1,3, Yoshihiro Morishima2, Miranda Lau2, Min Su4, Alisa Glukhova3, Yoichi Osawa2, 
and Daniel R. Southworth1,4 

 

1 Department of Biological Chemistry, 2 Department of Pharmacology, 3 Program in Chemical Biology, 
4 Life Science Institute, University of Michigan Medical School, Ann Arbor, MI 
 
Nitric oxide synthase (NOS) is required in mammals to generate NO for the regulation of blood 
pressure, synaptic response and immune defense. The neuronal NOS (nNOS) isoform is activated by 
Ca2+-dependent calmodulin (CaM) binding between the reductase and oxygenase domains. This 
binding is necessary to coordinate electron transfer for both interflavin and FMN-heme steps during 
catalysis. Analysis of full-length holoenzyme has recently revealed the structure of intact nNOS dimer 
and nNOS:CaM complex. Using negative stain electron microscopy, a conformational ensemble of 
nNOS has been identified and a dramatic reductase change upon CaM binding is observed. The 
reductase domain of nNOS has been described in 2D class averages and shows a rearrangement of 
the FMN subdomain to a more accessible state. The interchange between an open and closed 
conformation may be inherent in the nNOS dimer and the FMN rearrangement might lead to insight 
into the mechanism of other FMN containing proteins, specifically the cytochrome P450 reductase 
family. 
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29. Clofazimine crystal-like drug inclusions (CLDIs) downregulate TLR2- and TLR4-mediated 
inflammatory response in murine macrophages 
 
Gi Sang Yoon, Rahul K. Keswani, Sudha A. Sud, Kathleen A. Stringer, Gus R. Rosania. 
 
University of Michigan, Ann Arbor, MI 
 
Purpose: Clofazimine (CFZ) is a physiologically well-tolerated antibiotic that is FDA-approved for the 
treatment of leprosy. In mice, as in humans, most of the drug is actively sequestered by macrophages 
where it is mostly found as CLDIs. There have been several reports of CFZ anti-inflammatory action 
but the underlying mechanism for this property is unknown. To begin to elucidate this mechanism, we 
aimed to characterize the ability of CLDIs to alter TLR-mediated inflammatory response of murine 
macrophages.  
 
Methods: Cultured RAW 264.7 macrophages were incubated with CFZ solutions or CLDIs, which are 
actively phagocytosed, and then stimulated with either a TLR2 or TLR4 agonist, Pam3Cys or LPS, 
respectively. Primary peritoneal macrophages were isolated from C57BL/6 mice that were fed with 
CFZ for 8 weeks, which results in the formation of CLDIs in macrophages, and stimulated with the 
same TLR agonists. TLR-mediated inflammatory response was assessed by measuring cell viability 

by XTT assay; TNF-  release by ELISA; and NF-κB and MAP kinase activation by Western blot and 
immunofluorescence microscopy. 
 
Results: The soluble form of CFZ reduced viability of RAW 264.7 cells to 19% at 8µM, whereas 
CLDIs only moderately decreased viability to 81% at 40µM. Phagocytosed CLDIs downregulated 
TLR2 and TLR4 expression in a dose-dependent manner, whereas the soluble CFZ had a minimal 
effect. In accordance, TLR2- and TLR4-dependent immune signaling pathways were affected upon 
stimulation with maximal inhibition at 40µM CLDIs, evidenced by suppression of NF-κB activation and 

TNF-  release by 84% and 73%, respectively. However, CLDIs enhanced the activation of anti-
inflammatory ERK and Akt pathways. In correlation with RAW 264.7 cells, CLDI-containing peritoneal 
macrophages from 8 week CFZ-fed mice also exhibited reduced TNF-α release by 90% compared to 
normal peritoneal macrophages in response to Pam3 and LPS ex vivo. 
 
Conclusion: The biocrystalized form of CFZ, CLDIs, are less cytotoxic and exert powerful anti-
inflammatory properties by downregulating TLR2- and TLR4-elicited immune responses compared to 
the soluble form of CFZ. Therefore, CLDIs may offer an alternative safer, yet more effective method 
for delivering CFZ or CFZ-like drugs to treat inflammatory disorders. 
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30. A Three Dimensional Structural Model of Intracellular Crystal-like Drug Inclusions 
 
Rahul K. Keswani, Jason Baik, Ashtamurthy Pawate, Paul J. A. Kenis and Gus R. Rosania 
 
Department of Pharmaceutical Sciences, University of Michigan 
 
Beyond their known roles in innate and acquired immunity, tissue remodeling, wound healing, and 
regeneration, macrophages are also involved in the disposition of xenobiotics. Recently, we have 
reported that clofazimine (CFZ), a weakly basic, lipophilic antibiotic that is FDA-approved and part of 
the WHO list of essential medications, massively bioaccumulates in macrophages where it forms 
intracellular crystal-like-drug-inclusions (CLDIs). Here, we present a structural model of the three 
dimensional molecular organization of CLDIs. Based on the single crystal structure of CFZ-HCl 
(submitted to CCDC – Cambridge Crystallographic Data Center, deposition number: 1053818), we 
propose that CFZ molecules in CLDIs adopt an orthorhombic configuration with 8 molecules of CFZ-
HCl per unit cell. Two faces of the CFZ-HCl unit cells are clearly identified as being hydrophobic (100 
and 001) whereas the third face with a predominant presence of the HCl moiety of the CFZ-HCl salt is 
hydrophilic (010). CFZ-HCl crystals are denser than the triclinic crystals of the free base form of the 
drug (CFZ-TC). More specifically, CFZ-HCl has a calculated density of 1.36 g/ml while CFZ-TC has a 
density of 1.3 g/ml. This is due to the reduced interplanar distances between CFZ molecules (56%) in 
CFZ-HCl as well as differences in the chlorophenazine torsion angle in CFZ-HCl relative to CFZ-TC. 
Powder X-Ray Diffraction (p-XRD) patterns of CLDIs reveal a signature peak at 2θ = 7.3° which is 
indexed as the 002 plane in the CFZ-HCl crystal lattice. This plane is responsible for the layered 
organization of the CLDIs. Each layer is formed by different molecules within the same unit cell and 
the interface between the layers is the region with the highest disorder in the crystal. We infer that this 
disordered crystallographic plane corresponds to a true, physical crystallographic instability, evident 
as the perfect cleavage planes observed in deep-etch freeze-fracture TEMs of CLDIs.  This proposed 
structural model not only explains many of the known molecular features of CLDIs, but also provides 
a framework for designing future experiments aimed at probing the mechanisms of xenobiotic 
sequestration, as well as the many interesting physical, chemical and biological properties of CLDIs.  
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31. Clofazimine exhibits profound anti-inflammatory activity in vivo by boosting systemic IL-1RA 
expression 
 
Gi Sang Yoon, Sudha Sud, Rahul K. Keswani, Kathleen A. Stringer, Gus R. Rosania 
 
University of Michigan, College of Pharmacy 
 
Purpose: Clofazimine (CFZ) is a physiologically well-tolerated antibiotic that is FDA-approved for the 
treatment of leprosy. In mice, as in humans, most of the drug is actively sequestered by macrophages 
where it is mostly found as crystal-like drug inclusions (CLDIs). Intracellular CLDIs, but not the soluble 
form of CFZ, are known to enhance IL-1RA production and dampen pro-inflammatory signaling in 
macrophages in vitro. However, whether CLDIs can exert a similar anti-inflammatory effect in vivo 
has not been established. Therefore, we tested whether CLDIs can dampen the acute inflammatory 
response in a well-established carrageenan-induced footpad injury model in mice.  
 
Methods: Wild type or IL-1 receptor antagonist (IL-1RA) KO C57BL/6 Mice (4-5wk) were fed with 
CFZ-enriched or control chow for 6 or 8wks. To induce inflammation, hind paws were injured by 
intraplantar injection of 30μl of 2% carrageenan in PBS and the contralateral paw with PBS alone. 
Swelling of the foot was monitored from 4h to 7 days post-injury by measuring paw volume. At 4h, 
48h and 7days post-injury, the mice were sacrificed and inflammatory mediators such as, TNFα, IL-
1β, and IL-1 (IL-1RA), were measured in the paws and plasma using ELISA. 
 
Results: Paw measurements show that CFZ-treated mice exhibited a dramatic (65%) reduction in 
paw swelling as early as 24h post-injection compared to untreated mice and continued to show 
reduced swelling until 7days. Also, expression of TNFα and IL-1β were radically dampened in injured 
CFZ-treated paws compared to injured untreated paws. As CFZ-treated mice showed high 
concentrations of IL-1RA in plasma compared to untreated mice, IL-1RA KO mice were tested to 
investigate the involvement of IL-1RA in mediating the anti-inflammatory effects of CFZ. In IL-1RA KO 
mice, CFZ-treatment had no effect in reducing carrageenan-induced paw inflammation compared to 
untreated and injured littermates. Moreover, IL-1RA KO mice displayed high baseline levels of IL-1β 
and TNFα in the paw, and remained constant regardless of CFZ treatment and/or injury. In particular, 
the impact of IL-1RA absence on inflammation was noticeable as early as 4h post-injury as IL-1RA 
KO mice exhibited more profound swelling at 4h post-injury compared to WT mice.  
 
Conclusion: CLDIs can dampen carrageenan-induced acute inflammation by drastically enhancing 
the systemic production of IL-1RA, while suppressing the expression of TNFα and IL-1β at the site of 
injury.  
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32. Insights into Steroidogenesis: Characterizing polymorphisms in CYP17A1 
 
Cameron P. Capper1, Jiayan Liu1, Lauren McIntosh1, José M. Larios1, Michael D. Johnson2, Paul F. 
Hollenberg1, Richard J. Auchus1, James M. Rae1.  
 
1University of Michigan Medical School, Ann Arbor, MI; 2Georgetown University School of Medicine, 
Washington, DC 
 
Cytochrome P450 17A1 (CYP17A1) is a steroidogenic cytochrome P450 enzyme that regulates 
cortisol and androgen synthesis. CYP17A1 hydroxylates progesterone and pregnenolone giving rise 
to cortisol precursors. In addition, the enzyme functions as a lyase, cleaving the 17,20 carbon bond of 
hydroxylated progesterone and pregnenolone to synthesize androgens. Given CYP17A1’s requisite 
role in androgen production, it has become a therapeutic target for prostate cancer. Abiraterone is a 
CYP17A1 inhibitor that suppresses androgen synthesis and is used clinically for metastatic castrate 
resistant prostate cancer (mCRPC). mCRPC is an advanced stage of prostate cancer refractory to 
androgen receptor (AR) antagonism but still sensitive to androgen deprivation. Previous studies have 
identified a single nucleotide polymorphism (SNP) (rs743572) in the promotor region of CYP17A1 that 
correlates with increased enzyme activity (Feigelson, et al. Can Res. 1998). Our studies have 
focused on investigating the impact of SNPs in the coding region of CYP17A1. We identified twelve 
nonsynonymous SNPs in CYP17A1 by querying the National Center for Biotechnology Institute’s 
(NCBI) single nucleotide polymorphism database, dbSNP, and The 1000 Genomes Browser 
(http://browser.1000genomes.org). We hypothesized that the resultant amino acid changes might 
impact steroid hormone synthesis by altering CYP17A1 hydroxylase and lyase activity. To test this 
hypothesis, full length wild-type CYP17A1 cDNA was cloned into a pCMV6-Neo expression vector 
and the variant constructs made using site-directed mutagenesis. Wild-type and variant CYP17A1 
constructs were transfected into HEK293T cells and their enzymatic activity determined. Briefly, cells 
were treated for 3 hours with tritiated ([3H]) progesterone and CYP17A1 enzymatic activity was 
determined by monitoring the production of hydroxylated (OH) metabolites analyzed by HPLC. In 
cells transfected with wild-type CYP17A1, 8.11% and 55.5% of the [3H]-progesterone was recovered 
as 16-OH progesterone, and 17-OH progesterone, respectively. Using the ratio of 17-OH 
progesterone to 16-OH progesterone as a quantitative measure of CYP17A1 enzyme activity, wild-
type CYP17A1 yields a ratio of 6.9+/- 0.05. In contrast, the SNP (rs200063521) which causes an 
aspartic acid to histidine amino acid change at residue 216, results in a 2.2 fold decrease in 16OH-
progesterone synthesis compared to wild-type suggesting altered hydroxylase function. CYP17A1 
protein expression, as determined by western blot analysis, suggests that a glycine to arginine 
conversion at residue 162 (rs141821705) results in decreased protein levels. Studies to further 
characterize the CYP17A1 variants are underway. This work could lead to a better understanding of 
the role of CYP17A1 SNPs in cancer progression and response to CYP17A1 targeted therapies such 
as abiraterone. 
 
K. Yamamoto et al., Sci. Rep.(Nature) 3(2013) 2556.; K. Yamamoto et al., Sci. Rep.(Nature) 3(2013) 
2538.; S. Ahuja et al., J. BIol. Chem. 288(2013) 22080-22095.; U.H.N. Dürr et al., J. Am. Chem. Soc. 
129(2007) 794-802. 
 
K. Yamamoto et al., Biochim. Biophys. Acta. 1848(2015) 342-349. 
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33. The Protein Targeting Factor Get3 Functions as an ATP Independent Chaperone Under 
Oxidative Stress Conditions 
 
Stephanie Gates1, Wilhelm Voth2,3, Markus Schick2, Sheng Li4, Fabio Vilardi3, Irina Gostimskaya3, 
Blanche Schwappach3,Ursula Jakob2, and Daniel R. Southworth1 

 

1Department of Biological Chemistry, Life Sciences Institute, University of Michigan, Ann Arbor, MI 
48109, 2Department of Molecular, Cellular and Developmental Biology, University of Michigan, Ann 
Arbor, MI 48109, 3Department of Molecular Biology, Universitätsmedizin Göttingen, 37073 Göttingen, 
Germany, 4Department of Medicine, University of California San Diego School of Medicine, San 
Diego, CA 92093 
 
Exposure of cells to reactive oxygen species (ROS) causes a rapid and significant drop in intracellular 
ATP levels. This energy depletion negatively affects ATP-dependent chaperone systems, making 
ROS mediated protein unfolding and aggregation a potentially very challenging problem.  Get3, a 
protein involved in ATP-dependent targeting of tail-anchored (TA) proteins under nonstress 
conditions, turns into an effective ATP-independent chaperone when oxidized. Activation of Get3’s 
chaperone function, which is a fully reversible process, involves disulfide bond formation, metal 
release, and its conversion into distinct, higher oligomeric structures. Oxidized and reduced Get3 
were evaluated by Size Exclusion Chromatography in tandem with Multi Angle Light Scattering (SEC-
MALS), which revealed multiple oligomers, the most stable of which was identified as a tetramer. This 
sample was evaluated by negative stain EM, which indicated a conformational rearrangement of the 
reduced Get3 dimer into the oxidized Get3 tetramer. The chaperone activity of Get3 is functionally 
distinct from and likely mutually exclusive with its targeting function, and responsible for the oxidative 
stress-sensitive phenotype. These results provide evidence that Get3 functions as a redox-regulated 
chaperone, shuttling between dimer to tetramer to effectively protect eukaryotic cells against oxidative 
protein damage. 
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35. Quantitative Mechanistic Static Model for the Prediction of Human Renal Transporter-
Mediated Drug Interactions 
 
Maria M. Posada, Kathleen M. Hillgren, Stephen D. Hall. 
 
Eli Lilly & Co., Indianapolis, IN, USA 
 
Purpose: The inhibitory potency of potential inhibitors of renal tubular secretion is determined in 
vitro as the concentration inhibiting 50% (IC50) of active transport or the inhibition constant (Ki). 
The International Transporter Consortium and the FDA recommend using a ratio of the unbound 
Cmax (Iu) to the IC50 of 0.1 or greater to identify potential clinically relevant inhibitors of renal 
clearance. However this risk assessment metric does not take into account the relative 
contributions of renal tubular secretion and glomerular filtration to the renal clearance of a drug. 
Here we propose a mechanistic model that would provide more meaningful renal transporter-
mediated drug-drug interaction (DDI) predictions and employs in vitro transporter uptake data or 
the renal clearance in humans. 
 
Methodology: The model (equation 1) is built based on the tubular secretion model (Brater et al. 
1994) and predicts the fold decrease in renal clearance in the presence of an inhibitor of tubular 
secretion. In the equation GFR represents the glomerular filtration rate, fu the fraction unbound of 
drug in plasma, Clint the active secretion intrinsic clearance, A the (1 + Iu/IC50) for the inhibitor, 
and B is the renal blood flow minus the filtration clearance (Q - fu∙GFR). The model assumes 
there is no passive or active reabsorption and that the rate-limiting step occurs at the basolateral 
membrane of the proximal tubular cells. The Clint used in the model can be scaled up from the in 
vitro transporter clearance multiplying by the average number of nephrons in a kidney or can be 
obtained from in vivo clearances. 
 
Equation 1. Predictive mechanistic static model for inhibition of renal secretion. 
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∙
∙
∙

 

 
Results: The model was tested using substrates and inhibitors of the organic anion transporters 
(OAT). The predicted and observed clearance ratios for the substrates in the presence of 
inhibitors were between 0.8 and 1.25 of the observed values for all substrates. Conclusion: In 
conclusion, the static model accurately predicts the decrease in the renal clearance of the OAT 
substrates by integrating the clearance filtration and the clearance of secretion. 
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36. Contribution of Drug Ionization to Prediction of Hepatic Clearance 
 
Luc R.A. Rougée1; Michael A Mohutsky1; David W. Bedwell1; Kenneth J Ruterbories1; Stephen 
D. Hall1 

 

1Investigative Drug Disposition, Eli Lilly & Co., Indianapolis, IN, USA 
 
The physiological pH of plasma is 7.4, while the intracellular pH of hepatocytes is 7.0, but in vitro 
assays are usually performed at the higher plasma pH. This pH differential can cause different ratios 
of ionized (charged) to non-ionized (non-charged) drug in plasma and liver cytosol. This ratio results 
in an unbound drug gradient that can substantially change predicted hepatic clearance and inhibition 
potency of ionizable drugs. Weak bases exhibit a positive cytosol to plasma unbound drug ratio 
whereas the opposite occurs for weak acids.  
 
In this study we determined the fraction unbound, Km, Vmax and intrinsic clearance (CLint=Vmax/Km) in 
human liver microsomes of probe substrates for CYP2C9 (diclofenac, S-warfarin), CYP2D6 
(bufuralol, dextromethorphan), and CYP3A4 (midazolam, dextromethorphan, testosterone), through 
metabolite formation, over a pH range of 6.0 to 9.0. Enzyme kinetics parameters (Km, Vmax, CLint) 
varied over the pH range and our findings suggest that, for these CYPs, these changes were not 
solely driven by the ionized or non-ionized species of their probe substrates.  
 
When comparing the physiologically relevant pH’s, 7.0 and 7.4, the ratio of CLint between pH 7.0 and 
pH 7.4 ranged from 0.4- to ~2-fold depending on the enzyme/probe substrate combination, with the 
smallest ratio observed for CYP3A4/dextromethorphan and the largest ratio for CYP2C9/S-warfarin. 
Changes in CLint reflected changes in both Km and Vmax at the different pHs. However, the changes in 
Km and Vmax were independent of each other. For CYP2D6 and CYP3A4 a higher fold change in Km 

between pH 7.0 and pH 7.4 than Vmax was observed, while the inverse was observed for CYP2C9 
and its substrates.  
 
The pH specific enzyme parameters and unbound fraction values were employed to predict hepatic 
clearance using the well-stirred model that included fraction unbound in plasma, blood to plasma 
ratio, hepatic blood flow and liver microsomal content. When the ionization correction was 
implemented, the fold change in predicted clearance between pH 7.0 and pH 7.4 ranged from 0.44 for 
CYP3A4/dextromethorphan to 1.92 for CYP2C9/S-warfarin. These findings suggest that the 
difference in in vitro parameters determined at pH 7.0 results in significantly different predictions of 
hepatic clearance for these enzyme/substrate combinations when compared to the traditional pH of 
7.4.  However, since the observed differences are enzyme and substrate dependent, a generic 
conclusion concerning predictive performance could not be determined. It is recommended that in 
vitro parameters be determined at pH 7.0 to provide appropriate in vitro to in vivo extrapolations for 
ionizable drugs. 
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37. Characterization of Cytochrome P450 Reductases that regulate the Stability of The FMN 
semiquinone 
 
Sangchoul Im1, Freeborn Rwere1, Chuanwu Xia2, Jung-Ja Kim2, Lucy Waskell1 

 

1 Department of Anesthesiology, University of Michigan medical School and VA medical Center, Ann 
Arbor, MI 48105 
2 Department of Biochemistry, Medical College of Wisconsin, Milwaukee, WI 53226. 
 

Cytochrome P450 reductase (CPR) transfers electron from NADPHFADFMN.  The FMN 
hydroquionone is considered the ultimate electron donor to microsomal cyts P450, where the red 
anionic semiquinone donates the electron in cyt P450 BM3.  To understand the biochemical and 
structural basis of these experimental differences between the two reductase, we have investigated 

three rat CPR deletion mutants, G141, G141/E142N (mimicking the corresponding loop in BM3) 

and G143.  The spectra of the three mutants were red shifted up to 12 nm at 454nm.  The G141 

and G141/E142N mutants reduced cyt c at essentially the same rate as wild type, whereas they 

were unable to support cyt P450 2B4 activity.  In contrast, G143 had reduced activity with both cyt c 
and cyt P450.  The redox potentials of the oxidized/semiquinone couples in the three mutants were 
lower (~280mV) than those of the semiquinone/hydroquinone couple (~-133 to -163mV).  All three 
mutant structures were determined.  In the oxidized FMN domain of the wild type, the flavin N5 does 
not form a hydrogen bond with residues in the adjacent “140s” loop.  The carbonyl of G141 is in the 
“O down” position.  However, the G141 presumably rotates to the “O up” position in the one electron 
reduced state so that its carbonyl forms a hydrogen bond with the N5H of the flavin, as in the case of 

flavodoxin, and thus stabilizing the neutral blue semiquinone.  In contrast, in the oxidized G141 
mutant, the N5 nitrogen hydrogen bonds to the backbone amide of the formation and stabilization of a 

blue semiquinone on N5.  The inability of the two G141 mutants to form and stabilize a blue 
semiquinone results in the formation of a transient anionic red semiquinone, which decays to the 

more stable 2-electron-reduced hydroquinone.  The shortened “140s” loop in G143 pulls the G141 
carbonyl away from the N5 of flavin and regidfies the “140s” loop, resulting in diminished hydrogen 

bond formation with the flavin N5 and resulting in destabilization of the blue semiquinone.  
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38. Transmembrane Interactions of Full-length Mammalian Bitopic Cytochrome P450-Cytochrome 
b5 Complex in Lipid Bilayers Revealed by Sensitivity-Enhanced Dynamic Nuclear Polarization 
Solid-state NMR Spectroscopy 
 
Kazutoshi Yamamoto,† Mac A. Caporini,‡ Sang-Choul Im,§ Lucy Waskell,§ and Ayyalusamy 
Ramamoorthy† 
 
†Biophysics and Department of Chemistry, University of Michigan, Ann Arbor, MI 48109-1055 
‡Bruker Biospin Corporation, 15 Fortune Drive, Billerica, MA 01821, USA 
§Department of Anesthesiology, VA Medical Center, University of Michigan, Ann Arbor, MI 48105 
 
The dynamic protein-protein and protein-ligand interactions of integral bitopic membrane proteins with 
a single membrane-spanning α-helix play a plethora of vital roles in the cellular processes associated 
with human health and diseases, including cell signaling, cell morphology regulation, and enzymatic 
catalysis. While an increasing number of high-resolution structures and dynamics of membrane 
proteins have successfully manifested an in- depth understanding of their biological functions, intact 
membrane-bound bitopic proteins complexes pose tremendous challenges for high-resolution 
structural studies by X-ray crystallography and conventional solution nuclear magnetic resonance 
(NMR) spectroscopy. Therefore, there is a growing interest in developing biophysical approaches to 
investigate the functional interactions of full-length bitopic membrane proteins embedded in lipid 
bilayers at an atomic-level. In this presentation, we demonstrate the feasibility of the state-of- the-art 
sensitivity-enhanced dynamic nuclear polarization (DNP) magic-angle-spinning (MAS) NMR 
techniques, along with a judiciously designed stable isotope labeling scheme, for probing the 
transmembrane interactions of membrane-bound bitopic proteins, namely the functional full-length 
mammalian ~72-kDa cytochrome P450- cytochrome b5 complex in lipid bilayers.1 The combination of 
these methodological developments enabled us to report the first atomistic-resolution 
transmembrane-transmembrane intermolecular interactions of the intact cytochrome P450-
cytochrome b5  complex embedded in lipid bilayers.  Additionally, the DNP sensitivity-enhanced two-
dimensional 13C-13C proton driven spin diffusion (PDSD) chemical shift correlations disclosed the 
transmembrane topology of cytochrome b5 utilizing distance constraints from protein-lipid 
intramolecular interactions. The results reported in this presentation would pave the way for structural 
and topological investigations of membrane-bound full-length bitopic protein complexes in 
physiological conditions. Furthermore, such structural information obtained in in- cell NMR 
spectroscopy could potentially provide game- changing insights into their functions, including the 
design of their novel inhibitors, and drugs.2 
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 Figure 1. DNP sensitivity-enhanced two-
dimensional REDOR-filtered 13C-13C chemical 
shift correlation spectrum of cytochrome b5-
cytochrome P450 complex embedded in DMPC 
MLVs.  DNP MAS spectra of cytochrome b5in 
DMPC MLVs at 12.5 kHz MAS, 600MHz and 99K. 
(A) 2D 13C/13C chemical shift correlation spectrum 
of selectively 13C-labeled cytochrome b5. (B) 
CPMAS 13C ssNMR spectrum with microwave 
irradiation on (red) and off (black). The total 
measurement time was 3 min. (C&E) 13C/15N-
REDOR-filtered 2D 13C/13C chemical shift 
correlation spectrum of selectively 13C-labeled-
cytochrome b5-U-15N-cytochrome P450. 
(D)Structural model of TM-TM interaction between 
cytochrome P450 and cytochrome b5. 

 
 Figure 2. In-Cell NMR investigation of 
cytochromes utilizing DNP-ssNMR. Two-
dimensional 13C/13C chemical shift correlation 
spectrum of live cells containing selectively-13C-
labeled cytochrome b5. 

 
References; 
K. Yamamotoet al., Sci. Rep.(Nature)3(2013)2556.;K. Yamamotoet al.,Sci. Rep.(Nature)3(2013) 2538.;S. 
Ahuja et al., J. BIol. Chem.288(2013) 22080-22095.;U.H.N. Dürr et al., J. Am. Chem. Soc.129(2007) 794-
802. 
 
K. Yamamoto et al., Biochim. Biophys. Acta.1848(2015)342-349. 

  



2015 Great Lakes DMDG Meeting  May 7-8, Ann Arbor, Michigan 

Page 35 

39. Script for automated identification of drug metabolite using predictive MS/MS CID 
fragmentation 
 
Siwei Li, Jing Lu, Duxin Sun  
 
University of Michigan, Ann Arbor, MI 
 
Metabolite identification plays a critical role in drug discovery and development. Accurate and rapid 
identification of metabolite can improve the stability and toxicity in drug discovery and development. 
Traditionally, metabolite identification by manual interpretation is time consuming and labor intensive.  
 
Currently, there are commercial software used for metabolite identification using high-resolution mass 
spectrometry, such as MetaSite. Due to the complexity of collision-induced dissociation fragmentation 
pattern, there is no free or open source software for drug metabolite identification, especially 
identification of modification position based on MS/MS. Here, we present a script for the simultaneous 
identification of drug metabolite and modification position using predictive MS/MS CID fragmentation. 
The different types of modifications from biotransformation can generate a set of various metabolites. 
Even the same modification, the different modification position can generate different fragmentation 
pattern.  
 
With prior knowledge of the parent drug and its fragmentation pattern, our script can generated the 
predictive MS/MS CID fragmentation library, which can be used for identification of metabolite and 
modification position. There are two sets of different drug metabolite identification demonstrated using 
predictive CID fragmentation. The extension of this script to the automated analysis of LC-MS data is 
ongoing. 
 
 

40. Molecular Dynamics of Human CYP2D6 Provides Insights Into Structure, Function, and 
Susceptibility to Inactivation of Polymorphic Variants of CYP2D6 
 
Kyle F. Sunden, Parker W. de Waal, and Laura Lowe Furge 
 
Department of Chemistry, Kalamazoo College 
 
Cytochrome P450 enzymes (CYPs) are a superfamily of enzymes that metabolize many small 
biologically active molecules. CYP2D6, which metabolizes ~15% of all drugs metabolized by CYPs, is 
expressed as over 100 allelic variants and is one of the most polymorphic of the P450 enzymes in 
humans. The polymorphisms can result in varied levels of activity and substrate specificity. A 
comparison of four of these variants via molecular dynamics was performed. Simulations for analysis 
with and without SCH 66712, a ligand and a mechanism-based inhibitor of CYP2D6, were compared. 
Protein stability was assessed by examining the flexibility of protein residues. With no ligand bound, 
*34, *17-2, and *17-3 were more flexible, and *53 was more rigid in comparison with *1. With the 
ligand in the binding site, structures were much more stable. Simulations with SCH 66712 were 
consistent with previous metabolic sites and binding energy. Substrate access and egress channels, 
as well as solvent channels and their bottleneck radii were analyzed to find major ligand 
access/egress pathways. The simulations suggest that SCH 66712 would be able to inactivate all 
variants tested, provided the flexibility of the protein enables the substrate to interact with the active 
site. 
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41. Influence of Carboxylesterase 1 Genetic Polymorphisms on the Metabolism of Oseltamivir and 
Methylphenidate 
 
Jian Shi, Xin-Wen Wang, Hao-Jie Zhu 
 
Department of Clinical, Social, and Administrative Sciences, College of Pharmacy, University of 
Michigan 
 
Introduction: Hepatic carboxylesterase 1 (CES1) is the primary metabolic enzyme responsible for 
the metabolism (hydrolysis) of oseltamivir and methylphenidate.  CES1 genetic polymorphisms may 
play an important role in the variation of disposition and therapeutic outcomes of many CES1 
substrate drugs. The purpose of this study is to examine the effect of the CES1/CES1VAR and 
CES1P1/CES1P1VAR genotypes and the CES1 single nucleotide polymorphisms (SNPs) -75T>G 
and G143E on the metabolism of oseltamivir and methylphenidate using a large set of individual 
human liver samples. 
 
Methods and Results: The genotypes of the G143E, -75 T>G, CES1/CES1VAR and 
CES1P1/CES1P1VAR were determined by PCR-restriction fragment length polymorphism analysis or 
DNA sequencing. CES1-mediated methylphenidate and oseltamivir hydrolysis were determined in 
104 individual human liver S9 fraction samples. Furthermore, absolute CES1 protein expressions in 
the liver samples were quantified by a novel LC-MS/MS assay. The results showed that neither CES1 
protein expression nor CES1 activity on oseltamivir and methylphenidate metabolism was 
significantly associated with the -75 T>G, CES1/CES1VAR and CES1P1/CES1P1VAR genotypes. 
However, consistent with our previous cell line studies, CES1-catalyzed oseltamivir and 
methylphenidate hydrolysis was significantly lower in the liver samples with the 143G/E genotype 
relative to those with the 143G/G genotype. No differences of CES1 expression were observed 
among different G143E genotypes.  
 
Conclusion: Our results suggest that the CES1 polymorphisms -75 T>G, CES1/CES1VAR and 
CES1P1/CES1P1VAR have no significant effect on the metabolism of methylphenidate and 
oseltamivir. Methylphenidate and oseltamivir metabolism could be impaired in subjects carrying the 
G143E variant. 
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