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DRUG METABOLISM AND DISPOSITION 

 

SUPPLEMENTAL MATERIALS  

Materials and methods for L-tryptophan and bacterial modulation of intestinal and hepatic 

gene expression 

Chemicals.  L-Tryptophan and indole-3-proprionic acid (IPA) were purchased from Sigma-Aldrich 

(St Louis, Missouri).  

Animals.  All mice were housed according to the Association for Assessment and Accreditation 

of Laboratory Animal Care International guidelines, and studies were approved by the Institutional 

Animal Care and Use Committee (IACUC) at the University of Washington.  C57BL/6J CV mice 

were purchased from the Jackson Laboratory (Bar Harbor, ME) and were allowed to acclimatize 

for one week.  At 60 days of age, CV mice were orally gavaged with vehicle (corn oil, 10 ml/kg) 

or 10, 20, or 40 mg/kg of tryptophan for 6 consecutive days (n = 3, 5, 5, and 5 respectively).  GF 

mice in C57BL/6 background were provided by the University of Washington Gnotobiotic Animal 

Core (GNAC) Facility (the initial GF breeding colony was established with mice purchased from 

the National Gnotobiotic Rodent Resource Center [University of North Carolina, Chapel Hill]).  At 

90 days of age, GF mice were orally gavaged with vehicle (phosphate buffered saline [PBS], 10 

ml/kg) or 40 mg/kg IPA for 4 consecutive days.  For both experiments, tissues were collected 24 

hours after the final dose.  Livers were collected and flash frozen in liquid nitrogen.  The large 

intestinal contents were flushed using ice-cold PBS containing 10mM dithiothreitol (DTT), and 

centrifuged at 20,000g for 1h at 4°C to collect pellets.  The duodenum, jejunum, ileum, and large 



intestine tissue were also collected and immediately frozen in liquid nitrogen.  All samples were 

stored at -80°C until further analysis.  All chemical solutions were sterilized using a Steriflip 

Vacuum-driven Filtration System with a 0.22 μM Millipore Express Plus Membrane (EMD 

Millipore, Temecula, CA).  All gavage needles and syringes were sterilized by autoclaving.    

Bacterial 16S rRNA Sequencing and Data Analysis.  Bacterial DNA was isolated from large 

intestinal content pellet of CV mice using an OMEGA E.Z.N.A. Stool DNA Kit (OMEGA Biotech 

Inc., Norcross, GA) per the manufacturer’s protocol.  The concentration of DNA was determined 

using a Qubit fluorometer (Thermo Fisher Scientific, Waltham, MA).  Bacterial 16S rRNA V4 

amplicon sequencing was performed using a HiSeq2500 second generation sequencer (250bp 

paired-end) (Beijing Genome Institute, Shenzhen, China) (n=3 per group).  De-multiplexed and 

quality-filtered FASTQ files were analyzed using various python scripts in QIIME (Caporaso et al., 

2010).  Briefly, paired-end reads of the same sample were joined using join_paired_ends.py.  

Joined FASTQ files of all samples were each labeled with a unique identifier and then merged 

into one FASTA file using split_libraries_fastq.py for downstream analysis.  Chimera sequences 

generated from PCR amplification artifact were removed using identify_chimeric_seqs.py, and 

reference-based chimera detection was performed using usearch61 against the Greengenes 

13_8 operational taxonomic units (OTUs) database (99_otus.fasta) 

(http://qiime.org/home_static/dataFiles.html).  OTUs were first picked using 

pick_open_reference_otus.py against the reference database followed by de novo OTU-picking 

of unaligned sequences, and both forward and reverse strands were considered.  OTU tables 

were then sorted, format-converted, and taxonomy-summarized from L2 (phylum) to L7 (species) 

using various python scripts in QIIME.   

RNA isolation and RT-qPCR of host Ahr- and Pxr- target genes.  Total RNA was isolated from 

liver and intestinal tissues using RNA zol Bee reagent per the manufacturer’s protocol (Tel-Test 

Inc., Friendswood, TX).  RNA concentration was determined using a NanoDrop 1000 

Spectrophotometer (Thermo Scientific, Waltham, MA) at a wavelength of 260nm.  Integrity of total 



RNA samples was confirmed by gel electrophoresis with visualization of 28S and 18S rRNA 

bands under ultraviolet light.  Reverse transcription was performed using a High Capacity cDNA 

Synthesis Kit (Applied Biosystems, Foster City, CA).  The cDNAs were amplified by PCR using 

SsoAdvanced Universal SYBR Green Supermix in a BioRad CFX384 Real-Time PCR Detection 

System (Bio-Rad, Hercules, CA).  Data were normalized to the geometric means of the ddCq 

values the housekeeping genes.  

LC-MS quantification of tryptophan and metabolites. Targeted metabolomics of tryptophan 

and related metabolites has been published elsewhere:   

Heitkemper M, Han CJ, Jarrett ME, Gu H, Djukovic D, Shulman RJ, and Raferty D, Henderson 

WA, and Cain KC (2015) Serum Tryptophan Metabolite Levels During Sleep in Patients With and 

Without Irritable Bowel Syndrome (IBS). Bio Res for Nursing 18: 193-198 

Zhu J, Djukovic D, Deng L, Gu H, Himmati F, Chiorean EG, and Raferty D (2014) Colorectal 

Cancer Detection Using Targeted Serum Metabolic Profiling. J. Proteome Res. 13: 4120-4130. 

HepaRG Cells. Undifferentiated HepraRG cells were received as a gift from Dr. Edward Kelly 

and were grown according to the manufacturer’s instructions (Biopredic International, Rennes, 

France).  Briefly, 2mL of undifferentiated HepaRG cells (1x105 cells per ml) were plated onto 6-

well plates and maintained in growth media for 2 weeks with the media being changed every 48-

72 hours.  Following proliferation, the cells were differentiated for two weeks:  3 days using 50% 

growth media and 50% differentiation media and then 11 days using 100% differentiation media.  

Differentiated HepaRG cells were treated with vehicle (0.1% dimethyl sulfoxide), tryptophan (10 

µM, 100 µM, or 250 µM), or IPA (100 µM or 250 µM) for 24 hours followed by total RNA isolation. 

Data analysis.  Statistical differences for bacteria, RNA expression for tryptophan-treated groups, 

tryptophan quantification, and HepRG cell mRNA expression were determined using one-way 

analysis of variance (ANOVA) followed by Duncan’s post-hoc test (p<0.05).  Statistical differences 

between IPA-treated groups were determined using Student’s t-test (p<0.05).	


