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Abstract

PXR is a xenobiotic receptor that regulates drug metabolism by regulating the expression of drug-

metabolizing enzymes including CYP3A4. It can be modulated by chemicals with different 

structures, functional groups and sizes. X-ray crystal structures of the ligand binding domain of 

human PXR (hPXR) alone or bound with agonists reveal a highly hydrophobic ligand binding 

pocket where the aromatic amino acid residue W299 appears to play a critical role in ligand 

binding. Here, we have investigated the role of W299 on the functional consequence of hPXR 

ligand binding. We first found that substitution of W299 with a hydrophobic residue retained its 

response to rifampicin, but substitution with a charged residue altered such agonist response in 

activating the transcription of CYP3A4. The activity of hPXR mutants on CYP3A4 expression 

correlates with the ability of hPXR mutants to interact with co-activator SRC-1. We further 

demonstrated that the effect of replacing W299 by residues with different side chains on hPXR’s 

function varied depending on the specific agonist used. Finally we interpreted the cellular activity 

of the hPXR mutants by analyzing reported crystallographic data and proposing a model. Our 

findings reveal the essential role of W299 in the transactivation of hPXR in response to agonist 

binding, and provide useful information for designing modulators of hPXR.
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1. Introduction

Nuclear receptors are ligand activated transcription factors that control various biological 

functions including metabolism, development, reproduction, and aging [1, 2]. Pregnane X 

receptor (PXR) was first established as a xenobiotic nuclear receptor involved in drug 

metabolism by regulating the expression of cytochrome P450 [3], phase II enzymes, and 

drug transporters [4]. In addition to regulating drug metabolism, PXR has also been 

associated with many human diseases by regulating various signaling pathways. Binding of 

agonist to PXR causes dissociation of co-repressors, recruitment of co-activators, and 

subsequent activation of gene expression [5]. PXR consists of a highly conserved DNA 

binding domain (DBD), a C-terminal ligand binding domain (LBD), followed by an 

activation function 2 domain (AF-2) [3].

Numerous crystal structures of PXR LBD alone or in complex with agonists have been 

solved [6–13]. PXR has a hydrophobic, flexible, and promiscuous ligand binding pocket [6], 

and it can be activated by a diverse set of ligands including drug candidates, prescription 

drugs and herbal medicines such as rifampicin, paclitaxel, ritonavir, clotrimazole, 

TO901317, SR12813, and St. John’s Wort [14–16]. Activation of PXR may cause drug-drug 

interactions [17]. The transcriptional activity of PXR is controlled by ligand binding [18], 

and can also be modulated by posttranslational modifications at certain PXR residues [19–

21]. Computational studies indicated that the most important hot spots of PXR for ligand 

binding are defined by W299, F288, and Y306, which are highly conserved hydrophobic 

aromatic acid residues [22]. However, the roles of these residues in ligand binding and the 

functional consequence have not yet been characterized in detail.

Here, we report the change of cellular activity of various W299 mutants of human PXR 

(hPXR) at both the basal and agonist-induced levels in human liver carcinoma cell line 

HepG2 and/or human intestinal epithelial cell line LS174T. We have found that depending 

on the nature of the side chain of the amino acid substituting W299, agonistic activation of 

CYP3A4 promoter can be substantially altered which could be interpreted by analyzing 

existing X-ray crystal structures of hPXR. This is the first report on detailed structural and 

functional analysis of the role of W299 on agonist-induced activation of PXR, which can aid 

in the development of modulators of PXR with potential implications in reducing PXR-

mediated drug-drug interactions and human diseases.

2. Materials and Methods

2.1 Materials

HepG2 human liver carcinoma cells and LS174T human intestinal epithelial cells were 

obtained from the American Type Culture Collection (ATCC, Manassas, VA). Cell culture 

reagents were obtained from Invitrogen (Carlsbad, CA); anti-FLAG M2 and anti-β-actin 

antibodies, DMSO and compounds (rifampicin, SR12813, TO901317) were purchased from 
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Sigma-Aldrich (St. Louis, MO); charcoal/dextran-treated fetal bovine serum (FBS) was 

purchased from Hyclone (Logan, UT); blocking buffer, anti-mouse, and anti-rabbit IR Dye 

secondary antibodies were from LI-COR Biosciences (Lincoln, NE).

2.2 Cell culture, plasmids, and transfection

HepG2 and LS174T cells were maintained in modified Eagle’s minimal essential medium 

(ATCC) with 10% FBS, 2 mM L-glutamine, 100 units/ml penicillin, and 100 μg/ml 

streptomycin at 37 °C in a humidified atmosphere containing 5% CO2. The pcDNA3-

FLAG-hPXR expression plasmid (Flag-PXR) and the CYP3A4-luciferase reporter 

(CYP3A4-luc) were described previously [23]. The pcDNA3-FLAG-hPXR mutants 

containing various mutations as indicated were generated by Codex BioSolutions, Inc. 

(Gaithersburg, MD). Mutations were verified through nucleotide sequencing. Transfections 

were performed using FuGENE 6 (Roche Diagnostics, Indianapolis, IN) according to the 

manufacturer’s instructions.

2.3 Transient transfection and luciferase reporter gene assays

Detailed methods have been described previously [24]. Briefly, the cells were transfected 

with Flag-hPXR, CMV-Renilla (Promega, Madison, WI; as a transfection control and used 

for normalization), and CYP3A4-luc plasmids using FuGENE 6 (Roche Diagnostics). After 

24 h, cells were seeded in 384-well plates (5000 cells/well) in phenol red-free medium 

containing 5% charcoal/dextran-treated FBS and incubated for another 24 h before 

compound treatment. Compounds were transferred using a pintool device. The cells were 

incubated with compounds for 24 h before processing using the Dual-Glo Luciferase Assay 

System (Promega). Renilla luciferase activity of CMV-Renilla was used to normalize the 

firefly luciferase activity of CYP3A4-luc, and the CYP3A4-luc/CMV-Renilla ratio (the 

relative CYP3A4 luciferase activity, in arbitrary unit, or a.u) was used to indicate the 

CYP3A4 promoter activity. DMSO was used as negative control. Curve-fitting software 

(GraphPad Prism 4.0; GraphPad Software, La Jolla, CA) was used to generate the curves.

2.4 Mammalian two-hybrid assay

The CheckMate mammalian two-hybrid system (Promega, Madison, WI) was performed as 

described previously [24]. It consists of VP16-hPXR, Gal4-SRC-1, and a luciferase reporter 

pG5-luc co-transfected into HepG2 cells. The Gal4 vector (pBIND) constitutively expresses 

Renilla luciferase, which was used as an internal transfection control. The Dual-Glo 

Luciferase Assay (Promega) was used to measure luciferase activity, which is an indicator 

of protein–protein interactions. The relative luciferase activity for pG5-luc was determined 

by normalizing firefly luciferase activity with Renilla luciferase activity, and expressed in 

arbitrary unit (a.u).

2.5 Western blot analysis

All cell extracts were harvested in 1× RIPA buffer from Cell Signaling Technology, Inc. 

(Danvers, MA), and samples were centrifuged at 12,000 × g at 4 °C for 25 min. The samples 

were then boiled in sample loading buffer (Invitrogen) containing SDS, and equal amounts 

of samples were resolved on 4–12% SDS-PAGE gradient gels and then transferred onto 
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nitrocellulose membrane. The membrane was blocked and incubated with the indicated 

antibodies overnight at 4 °C. All Western blot analyses were performed on the Odyssey 

Infrared Imaging system (LI-COR Biosciences, Lincoln, NE). The intensity of each protein 

band was quantified using ImageJ 1.48 software [25]. The intensity of each protein band 

was normalized to that of β-actin to generate the relative intensity, with the relative intensity 

of the WT hPXR sample set as “1”.

2.6 RNA isolation and quantitative real-time polymerase chain reaction analysis (qRT-PCR)

The qRT-PCR experiment was performed as described previously [24]. Briefly, total RNA 

was isolated from HepG2 cells using Maxwell 16 LEV simplyRNA purification kits 

(Promega). qRT-PCR was performed using Taqman gene expression assays (Applied 

Biosystems, Carlsbad, CA) specific for CYP3A4, and β-actin (ACTB) was used as the 

reference gene according to the manufacturer’s protocol in an ABI 7900HT system (Applied 

Biosystems). The comparative Ct method was used for relative quantification of gene 

expression with the following formula: ΔCt = Ct (test gene) — Ct (ACTB); ΔΔCt (test gene) 

= ΔCt (test gene in treatment group) — ΔCt (test gene in vehicle control group); the fold 

changes of mRNA = 2−ΔΔCt, which indicated the relative mRNA level of the corresponding 

transcript relative to the control samples.

2.7 Structural analysis and docking

Crystal structures of hPXR-LBD-rifampicin (PDB: 1SKX), hPXR-LBD-TO901317 (PDB: 

2O9I ), hPXR-LBD-SR12813 (PDB: 1NRL), and hPXR-LBD-compound 1 (PDB: 4XHD) 

were taken from the Protein Data Bank [9, 12, 13, 26] and analyzed using Pymol. Prediction 

of destabilizing effects of mutations on PXR were carried out using the program SIFT [27]. 

Simulated W299A mutations of hPXR were performed in Pymol and the volumes of the 

binding pocket for wild-type (WT) hPXR and mutant were measured using the software 

CASTp [28]. Docking studies were performed in AutoDock Vina version 1.1.1 [29] using 

PDBQT files generated in AutoDockTools (ADT) version 1.5.6 (http://

mgltools.scripps.edu). The ligands were extracted from the pdb files and docked to their 

corresponding intact hPXR-LBD (containing wild-type W299) or hPXR-LBD containing 

simulated W299A mutation. Amino acid residues adjacent to W299 or A299 (V211, F288, 

Y306, L308, L324, H327) were made flexible for docking.

2.8 Statistical analysis

Results are expressed as the mean ± standard deviation from a representative experiment 

(n=3) and error bars indicate the standard deviation. Statistical analyses were performed 

using Student’s t-test. Differences were considered statistically significant for p ≤ 0.05 (*), 

and non-significant (NS) for p > 0.05.

3. Results

3.1 Functional analyses of W299 mutants

Several aromatic amino acid residues including F288, W299, Y306 in the hPXR ligand 

binding pocket have been reported to be critical for ligand binding [22], and W299 is 

conserved across all species [30]. In order to understand the contribution of the bulky 
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residue W299 in ligand-induced CYP3A4 promoter activity, we have mutated W299 to 

hydrophobic (including other aromatic residues), uncharged polar and charged residues, and 

tested their activity by using CYP3A4-luc in luciferase reporter assays in either HepG2 or 

LS174T cells. In HepG2 cells, W299G and W299D mutants markedly reduced both basal 

and 5 μM rifampicin (RIF)-induced CYP3A4 promoter activity, when compared to WT 

hPXR (Figure 1). In contrast, mutations of W299 to residues with hydrophobic side chain, 

such as W299A, W299V, W299L, and W299F, retained the inducibility by RIF, similar to 

the WT hPXR. W299C, W299S, and W299C-F288C, while remained inducible by RIF, they 

were moderately less active than the WT hPXR. Interestingly, although W299A-F288A 

behaved similarly to WT hPXR, W299A-F288A-H327A and W299A-F288A-Y306A both 

markedly reduced their activity, similar to W299G and W299D.

3.2 Differential regulation of W299 mutants by different hPXR agonists

To further investigate the effect of mutations at W299 and related residues on hPXR activity 

we used additional PXR agonists SR12813 (SR) and TO901317 (TO). As shown in Figure 

2A, both W299D and W299A-F288A-Y306A were not substantially induced by any agonist 

tested. Interestingly, while RIF and SR activated W299A and WT hPXR similarly, TO 

robustly activated the WT hPXR but only weakly activated W299A. W299A-F288A 

retained its inducibility by RIF but markedly reduced its response to SR, and lost its 

inducibility by TO. W299G markedly reduced its response to both RIF and SR, and lost its 

inducibility by TO. Figure 2B showed the protein levels of all hPXR constructs, WT and 

mutated. We also evaluated the hPXR mutants in another cell line LS174T, and observed 

similar trend of responses to different agonists (Figure 3).

3.3 Substituting W299 with charged residues compromises the function of hPXR

To further investigate the critical role of W299 in the activity of hPXR, we extended our 

studies by mutating W299 to several other amino acids with different side chains. Similar to 

W299D, substitution of W299 with other charged residues such as lysine and glutamate 

(W299E and W299K), causes a loss of function in HepG2 cells (Figure. 4). Similar to 

W299G (Figure 2A), W299N responded to RIF to a lesser extent when compared to the WT 

hPXR, but lost its inducibility by SR and TO (Figure 4). In contrast to both W299G and 

W299N, W299H responded to SR and TO to a lesser extent when compared to the WT 

hPXR, but lost it inducibility by RIF. Similar to W299A (Figure 2A), W299T was induced 

robustly by both RIF and SR, but not by TO (Figure 4). As expected, double mutant 

W299D-F288A exhibited a complete loss of function (Figure 4). The activities of WT hPXR 

and various W299 mutants with different side chains are summarized in Table 1 (based on 

data shown in Figures 1, 2A and 4).

3.4 Mutations at W299 affect the interactions of hPXR with SRC-1

To determine whether the activity of hPXR mutants as observed in the luciferase reporter 

assays correlates with their ability to interact with co-activator, we performed mammalian 

two-hybrid assay which measures the interaction between hPXR and the steroid receptor 

coactivator-1 (SRC-1) [31]; SRC-1 is known to mediate the ligand-induced activation of 

PXR [32, 33]. As expected, RIF and SR significantly increased the interaction between 
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hPXR and SRC-1 (Figure 5). W299V behaves similarly to the WT hPXR in the luciferase 

reporter assay (Figure 1). The interaction between W299V and SRC-1 was also increased by 

both RIF and SR (Figure 5). On the other hand, at low concentration RIF and SR failed to 

enhance the interaction between SRC-1 and W299D or W299G, and the interactions were 

only marginally increased at higher concentrations (Figure 5), consistent with the luciferase 

reporter activity (Figure 1).

To further verify the observations made in the luciferase reporter assays, we investigated the 

impact of W299 mutations on both basal and agonist-induced CYP3A4 mRNA expression 

levels at different RIF concentrations in HepG2 cells. HepG2 cells were transiently 

transfected with EV (control), WT hPXR, and the individual hPXR mutants. Overexpression 

of the WT hPXR or mutant in which W299 was substituted with a hydrophobic residue 

(W299A and W299V) markedly increased the RIF-induced CYP3A4 as compared to EV 

(Figure 6). RIF also induced CYP3A4 mRNA expression in EV-transfected cells through the 

endogenous hPXR. In contrast, the charged mutant W299D and triple mutant W299A-

F288A-Y306A showed no substantial enhancement of RIF-induced CYP3A4 mRNA 

expression as compared to EV.

3.5 Structural interpretation of the observed hPXR activities

Structural analysis provides a rational explanation for the observed functional consequences 

of these mutants at a molecular level. A large number of crystal structures of PXR-LBD in 

complex with various agonists have been reported, which show that W299 is an important 

amino acid residue that interacts with most of these ligands. In addition, W299 forms part of 

a hydrophobic pocket, interacting with several nonpolar residues such as F288, L324, L308, 

V211 and F292. Additional π-stacking contacts exist between W299 and F292 (Figure 7A). 

All these interactions are important in keeping the structural integrity of the LBD for ligand 

binding. Therefore, mutations from the hydrophobic W299 to a charged amino acid (such as 

E, H, D or N) would disrupt these hydrophobic effects, leading possibly to a partial 

unfolding of the LBD. However, mutation to a smaller and still hydrophobic residue such as 

alanine would not be able to impart such dramatic structural alteration. In addition, 

mutations to polar but uncharged residues such as in the case of W299S might not affect 

folding significantly as confirmed by the luciferase reporter assay data. Protein destabilizing 

effects of the mutations were predicted using the program SIFT, which anticipates that 

substitutions with V, M, F, I and L would be tolerated, while the rest of the amino acids 

would result in protein destabilization. These predictions are consistent with cell-based 

assays with the exception of alanine (discussed in the following paragraph). The residues 

serine and cysteine were also predicted to be destabilizing, but experimental data showed 

partial PXR activation. As the program cannot distinguish highly from mildly destabilizing 

mutations, it is possible that these mutants (W299S and W299C) are at the borderline in 

destabilizing hPXR.

Mutations of W299 to alanine, however, displayed some interesting and initially unexpected 

results depending on the agonist employed in our cell-based assays. Even though W299A 

was only weakly activated by TO (which robustly activated the WT hPXR), RIF and SR 

were able to induce W299A to almost a similar extent as the WT hPXR. This discrepancy 
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among different agonists can be explained by comparing the crystal structures of hPXR-

LBD in complex with any of the three agonists. Replacement of the bulkier tryptophan by 

the smaller alanine would open some space that allows for ligands to move around. It is 

estimated that the W299A mutation would increase the volume of the binding pocket by 173 

Å3 for SR, 145 Å3 for RIF and 167 Å3 for TO. There are slight differences in volume 

between the three structures because the flexible ligand cavity conforms its shape depending 

on the ligand bound. In the case of TO, the additional space allows the ligand to wiggle, and 

therefore potentially compromise hydrogen bonds formed by E285, H327 and H407 (Figure 

7B). However, the t-butyl moieties in SR (Figure 7C, represented as spheres) fixes the 

ligand in such a way that the added space that is formed would not be sufficient for the 

ligand to move around. RIF is such a large molecule that the additional space resulting from 

the mutation would also not be significant (Figure 7D). To test the hypothesis arising from 

the visual analysis of the crystal structures, we conducted docking studies with the simulated 

W299A mutant, where the side chains of neighboring residues (V211, F288, Y306, L308, 

L324, H327) were made flexible and allowed to refine during the docking process, because 

it is conceivable that the point mutation might affect the orientation of adjacent residues 

upon ligand binding. As expected, docking poses of SR (Figure 7C, carbon atoms in pink) 

and RIF (Figure 7D, carbon atoms in pink) in the W299A mutant are superimposable to the 

ligand structures observed in the crystal structures of the WT protein (Figures 7C and 7D, 

carbon atoms in white). However, docking results show that TO is noticeably displaced 

towards the void resulting from the W299A mutation (Figure 7B, carbon atoms in pink) 

when compared to the orientation of the ligand in the crystal structure (Figure 7B, carbon 

atoms in white). Hydrogen bonding is visibly compromised due to the reorientation of TO in 

the W299A mutant.

4. Discussion

PXR is an important xenobiotic nuclear receptor that controls the metabolism and excretion 

of harmful chemicals [34]. In addition, PXR is involved in various human diseases [35]. The 

activity of PXR can be regulated by small molecule modulators and post-translational 

modification of specific amino acid residues. Previous studies have identified such residues 

that are critical for PXR activity. Agonist binding causes PXR to recruit co-activator 

resulting in transcriptional up-regulation of its target genes [36]. Mutation of PXR residues 

that may not be posttranslationally modified but critical for ligand binding may affect ligand 

interaction and its functional consequences.

The natural variants of PXR protein have been identified and showed different basal and 

ligand-induced CYP3A4 promoter activity. These PXR protein variants may play a role in 

CYP3A4 expression and may be involved in altered sensitivities to carcinogens or atypical 

responses to drugs [37]. Interestingly, some of the previously identified naturally occurring 

variants (V140M, R148Q, D163G, R381W, A370T and I403V) are located within or close 

to the LBD of PXR [37–40]. However no naturally occurring mutation of W299 has been 

reported. PXR contains a promiscuous ligand binding pocket that consists of 28 amino acid 

residues [6]. Previous reports showed that mutation in the ligand binding pocket can 

influence the receptor activity upon ligand binding [6, 13]. W299 is present in the ligand 

binding pocket of PXR. It contains a large side chain and is involved in hydrophobic 
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interactions with ligand [6, 13, 26]. It has been reported that mutation of W299 to alanine in 

CV-1 (monkey kidney cell line) cells has no effect on receptor activity; but the authors were 

unable to explain the role of this residue though this is an important residue for ligand 

binding [13]. However, the discrepancy can be explained by performing the experiment in 

more physiologically relevant human cellular systems such as HepG2 and LS174T cells. We 

have generated various W299 mutants of hPXR and analyzed their functional consequences 

on CYP3A4 promoter activity in HepG2 and/or LS174T cell lines. Table 1 summarizes the 

activities of the mutants based on the nature of the side chains of the substituting residues. 

Mutating W299 to an amino acid with a hydrophobic side chain (V, L, A, F) retained RIF-

induced CYP3A4 promoter activity, comparable with WT hPXR. However, while RIF and 

SR activated W299A and WT hPXR similarly, TO robustly activated the WT hPXR but 

only weakly activated W299A. These observations suggest that mutation of W299 to even a 

hydrophobic residue might affect the response of hPXR to certain agonists. Mutation to 

amino acids with polar but uncharged side chain such as T or S retained the inducibility by 

RIF but may lose the inducibility by TO. W299N also retained moderate inducibility by RIF 

but not by SR and TO. However, mutating W299 to a residue with a charged side chain such 

as D substantially reduced its agonist-inducibility. Mutating W299 to E and K almost 

abolished the agonist-inducibility of hPXR. The behavior of W299H is interesting: while 

losing the inducibility by RIF, it retained moderate inducibility by SR and TO. A similar 

loss-of-function effect was also observed for the triple mutant W299A-F288A-Y306A. Our 

data from the mammalian two-hybrid assay suggest that substituting W299 with different 

residues affects the activity of hPXR, likely by affecting the interaction between hPXR and 

SRC-1. Together, our studies indicate that W299 is a critical residue; mutation of W299 to 

other residues might affect the response of hPXR to xenobiotics. These observations help 

explain why W299 is highly conserved.

Based on the analysis of the available crystal structures and docking studies, we propose that 

two major issues are at play by mutations at W299. Firstly, certain mutations can affect 

structural integrity of the protein leading to partial unfolding. As W299 forms part of a 

cluster of hydrophobic residues, substitution with a charged amino acid can be highly 

disruptive, as in the case with mutants such as W299D and W299E and W299K. This is 

consistent with the protein destabilizing effects of these mutants as predicted by the program 

SIFT. Secondly, mutating W299 to the smaller residue alanine increases the volume of the 

binding pocket, which can allow certain ligands to move around, and thus disrupting other 

important protein-ligand interactions. Such could be the case with the ligand TO, where 

hydrogen bonds in the vicinity could be susceptible to ligand movement. For ligands of 

larger size or less flexibility such as RIF and SR, the ligand is physically constrained that the 

extra space does not have a major impact on PXR activity. There is also the possibility that 

some of the mutants can mildly affect structural integrity, but the ligand acts as “glue” by 

providing additional interactions that hold the protein segments together. The strength of this 

“glue” would naturally depend on the type of the ligand: the large molecular size and 

considerable number of interactions of RIF with the ligand binding pocket would provide 

stronger protein structural integrity than TO, as observed in the reporter assays (Figure 2A).
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In conclusion, we have found that the W299 residue of hPXR is important for not only 

ligand binding, but also transcriptional activation in response to the ligand binding. Our 

results showed that the W299 mutants behave differently according to the nature of the side 

chain of the substituted amino acid. Structural analysis provided explanations for the 

contrary effect of hydrophobic vs. charged residues at W299 of hPXR. hPXR consists of a 

promiscuous ligand binding pocket. However, the function of the promiscuous PXR can be 

altered by the mutation of a single residue. It will be interesting to examine the functional 

consequences of mutating other critical hydrophobic residues present in the LBD of hPXR, 

and determine if the functional consequence of mutation is residue specific or geometry/

location specific. Because the residues present in the ligand binding pocket are critical for 

ligand binding, our data will be useful for structure-function studies of hPXR and hPXR-

based drug design and development.
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Figure 1. The effect of different W299 mutants of hPXR on basal and rifampicin-induced 
CYP3A4 promoter activity in HepG2 cells
HepG2 cells transiently transfected with WT hPXR or hPXR mutants as indicated, 

CYP3A4-luc, and CMV-Renilla were treated with DMSO or 5 μM RIF for 24 h prior to 

luciferase assay.
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Figure 2. The activity and expression of WT hPXR and hPXR mutants in HepG2 cells
(A) HepG2 cells transiently transfected with empty vector (EV), WT hPXR (hPXR) or 

hPXR mutant as indicated, CYP3A4-luc, and CMV-Renilla were treated with DMSO or 

different concentrations of agonists as indicated for 24 h prior to luciferase assay. (B) 

Western blot showing Flag-PXR (WT or mutants) protein levels in HepG2 cells upon (a) 

RIF [5 μM] and (b) DMSO treatment. The numbers below the protein bands indicate the 

relative intensity of the protein bands, with the wild-type Flag-PXR sample set as “1”. Anti-

Flag antibody was used to detect Flag-PXR. Anti-β-actin was used to detect β-actin (as 

loading control).
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Figure 3. The activity of WT hPXR and hPXR mutants in LS174T cells
LS174T cells transiently transfected with empty vector (EV), WT hPXR (hPXR), or hPXR 

mutant as indicated, CYP3A4-luc, and CMV-Renilla were treated with DMSO or different 

concentrations of agonists as indicated for 24 h prior to luciferase assay.
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Figure 4. The activity of WT and mutated hPXR in HepG2 cells
HepG2 cells transiently transfected with empty vector (EV), WT hPXR (hPXR) or hPXR 

mutant as indicated, CYP3A4-luc, and CMV-Renilla were treated with DMSO or different 

concentrations of agonists as indicated for 24 h prior to luciferase assay.
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Figure 5. Mammalian two-hybrid assay to determine the interaction between WT or mutated 
hPXR and SRC-1
Mammalian two-hybrid assays were performed in HepG2 cells transiently co-transfected 

with plasmids encoding Gal4-SRC-1 and the reporter gene pG5-luc, together with either 

empty vector pACT, or pACT fused to WT (pACT-hPXR) or mutated hPXR (W299V, 

W299G, W 299D) as indicated. The cells were treated with DMSO; RIF; or SR compound 

at the indicated concentrations. Luciferase assays were performed 24 h after the compound 

treatment. The relative luminescence for pG5-luc was determined by normalizing firefly 

luciferase activity to Renilla luciferase activity (Luciferase/Renilla).
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Figure 6. CYP3A4 mRNA in HepG2 cells transfected with empty vector (EV, to measure 
endogenous hPXR activity), WT hPXR (PXR) or hPXR mutant as indicated
Real-time PCR analysis of CYP3A4 mRNA expression in HepG2 cells was performed after 

48 h treatment with DMSO or RIF (5 or 10 μM).
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Figure 7. Effects of W299 mutation on hPXR activity as explained by computational analysis of 
hPXR structures
(A) W299 (blue stick) contacts several nonpolar residues (green and pink sticks) forming an 

important hydrophobic patch in the hPXR-LBD for ligand binding and structural integrity, 

which can be disrupted by replacement of W299 with charged residues (pdb code 4XHD). 

F292 (pink stick) is involved in π-stacking contact with W299. The AF-2 helix is 

represented in yellow. (B) TO docked to the W299A mutant (carbon atoms in pink) in 

relation to TO as observed in the WT crystal structure (carbon atoms in white). Hydrogen 

bonds to protein residues (lines with carbon atoms in white) are indicated with dashes. The 

sphere represents the region in the TO molecule to most likely clash against W299 (green 

stick) (C) SR docked to the W299A mutant (carbon atoms in pink) in relation to SR as 

observed in the WT crystal structure (carbon atoms in white). The t-butyl groups of the 

ligand (spheres) prevent the ligand from moving around due to steric hindrance even after 

additional space is created by replacement of W299 (green) with alanine. (D) RIF docked to 

the W299A mutant (carbon atoms in pink) in relation to RIF as observed in the WT crystal 

structure (carbon atoms in white). The large molecule RIF cannot move around even when 

additional space is created following W299 (green) replacement by alanine. The amino acid 

residues that were made flexible during docking are represented as blue surface (B–D).
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Table 1

Summary of activity of hPXR WT and mutants in HepG2 cells (CYP3A4 promoter activity; see Figures 1, 2A 

and 4 for details).

Type of substituting residue(s) WT hPXR or hPXR mutants RIF activity SR activity TO activity

None hPXR +++ +++ +++

Hydrophobic W299A +++ +++ +

W299V +++ not tested not tested

Charged W299D +/− +/− +/−

W299E +/− +/− +/−

W299K +/− +/− +/−

Double mutants W299A-F288A +++ +/− +/−

W299D-F288A +/− +/− +/−

Triple mutant W299A-F288A-Y306A − − −

+++ strongly active;

+ weakly active;

+/− very weak or inactive;

− complete loss of function
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