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Pregnane X receptor (PXR, or SXR, steroid and xenobiotic receptor) and constitutive androstane receptor (CAR) are two of the 
main transcriptional regulators of drug metabolizing enzymes, notably the cytochrome P450 family, and other proteins relevant 
to ADME studies, such as drug transporters. Biochemical high-throughput screening (HTS) assays were developed for human 
PXR and CAR using the LanthaScreen™ time-resolved fluorescence resonance energy transfer (TR-FRET) technology. These 
assays enable the discovery and evaluation of compounds that bind to PXR, or compounds that modulate the association of 
coregulator-based peptides with PXR and CAR. Competitive binding to PXR is detected by a compound’s ability to displace a 
fluorescent PXR ligand (tracer) from the GST-tagged receptor, which results in a loss of FRET signal between a terbium-labeled 
anti-GST antibody and the tracer. This type of binding assay is analogous to radioligand-based assays, except that it eliminates 
handling of radioactivity and enables a homogenous, “addition-only” format. The coregulator-based peptide assay relies on a 
conformational change in the receptor that takes place upon ligand binding, whereupon the association of CAR with a 
fluorescein-labeled coregulator peptide is disrupted (by inverse agonists) or enhanced (by agonists). Similar to the competitive 
binding assay, this interaction is detected by monitoring the FRET signal between a terbium-labeled anti-GST antibody and the 
peptide. The effect of ligand-binding on coactivator peptide association with PXR can also be evaluated. These LanthaScreen™
assays offer a robust method for screening novel compounds for interactions with PXR and CAR, and enable the discovery of 
potential drug-interaction liabilities early in the drug development process.

Abstract Materials & Methods
Materials – Purified human PXR-LBD(GST), purified human CAR-LBD(GST), Fluormone™ PXR Green, fluorescein (Fl)-labeled peptides, terbium-labeled anti-GST tag 
antibody (Tb-anti-GST), and assay buffers were from Invitrogen Corp. (Madison, WI). The PXR protein is produced by Invitrogen under an exclusive agreement with 
Puracyp, Inc. (Carlsbad, CA). All PXR assays were conducted in 384-well black polypropylene assay plates (cat. no. MP101-1-PP) from Matrical, Inc. (Spokane, WA) and all 
CAR assays were conducted in 384-well black polystyrene plates (cat. no. 3677) from Corning (Acton, MA).

Test Compound Preparation – All test compound stock solutions and serial dilutions of test compounds were prepared at 100X the final assay concentration in 100% 
DMSO. Compounds were then diluted to 2X the final assay concentration in assay buffer and dispensed into assay plates (10 µL/well).

PXR Competitive Binding Assay – Fluormone PXR Green (5 µL/well) and then a mixture of PXR-LBD(GST)/Tb-anti-GST (5 µL/well) was added to each well containing 
test compound or DMSO solvent control for final concentrations of 40 nM Fluormone PXR Green, 5 nM PXR-LBD(GST), and 5 nM Tb-anti-GST. Assay plates were then 
incubated at room temperature for 1 hour.

PXR Coregulator Peptide Assay – PXR-LBD(GST) (5 µL/well) and then a mixture of Tb-anti-GST/Fl-SRC1-4 peptide (5 µL/well) was added to each well containing test 
compound or DMSO solvent control for final concentrations of 5 nM PXR-LBD(GST), 5 nM Tb-anti-GST, and 500 nM Fl-SRC1-4 peptide. Assay plates were then incubated at 
room temperature for 1 hour.

CAR Coregulator Peptide Assay – CAR-LBD(GST) (5 µL/well) and then a mixture of Tb-anti-GST/Fl-PGC1α peptide (5 µL/well) was added to each well containing test 
compound or DMSO solvent control for final concentrations of 5 nM CAR-LBD(GST), 5 nM Tb-anti-GST, and 125 nM Fl-PGC1α peptide. Assay plates were then incubated at 
room temperature for 1 hour.

TR-FRET Measurements – The TR-FRET ratio (520 nm/495 nm ratio) of each assay well was measured using an Infinite™ F500 plate reader from Tecan (Durham, NC).  
An excitation filter centered at 340 nm (35 nm bandwidth) was used to excite the terbium-labeled antibody, and emission filters centered at 495 nm (10 nm bandwidth) 
and 520 nm (25 nm bandwidth) were used to detect the terbium and fluorescein emission intensities, respectively. A post-excitation lag time of 100 µs followed by an 
integration time of 200 µs was used to collect the time-resolved emission signals.

Figure 1 – LanthaScreen™ Assay Principle

• A panel of HTS assays was developed for studying ligand and coregulator peptide interactions with PXR and CAR 
using the LanthaScreen™ technology. The assay panel allows for rapid evaluation of the direct interactions between 
test compounds and these nuclear receptors.

• Ligand-dependent and independent interactions with a panel of coregulator peptides was assessed with PXR and 
CAR. As expected, significant ligand-independent constitutive association was observed with CAR (Figure 3). Known 
agonists for both receptors caused peptide recruitment, while inverse agonists of CAR disrupted constitutive 
association between the receptor and peptides.

• Overlapping ligand selectivity was observed for PXR and CAR (Table 1). However, the glucocorticoids mometasone
furoate and fluticasone propionate, the calcium channel antagonist nifedipine, and the HMG-CoA reductase inhibitor 
SR-12813 were selective for PXR (>100X potency). CITCO and the 5α-androstan-3β-ol were found to be selective 
for CAR (>100X potency).

• The PXR and CAR assays were robust, with Z’-factor values 0.71-0.91, and were stable during room temperature 
incubations (Table 2).

Results and Conclusions
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Figure 3 – PXR & CAR Interaction with Coregulator Peptide Panel

Table 2 – HTS Assay Statistics and Stability

Figure 5 – PXR & CAR Assays: Dose-Response Profiling

The LanthaScreen™ terbium chelate absorbs light at 340 nm and its emission spectrum is 
characterized by four sharp emission peaks, the first of which (495 nm) is able to transfer 
energy to fluorescein if the two molecules are within close proximity. The emission of 
fluorescein can then be measured in the silent region (520 nm) between the first and 
second terbium emission peaks.
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The LanthaScreen™ terbium chelate has a fluorescent lifetime that is orders of magnitude 
longer than signals from fluorescent compounds or light scatter from precipitated 
compounds. Energy transfer can be measured after these interfering signals have 
completely decayed, resulting in an assay that is resistant to false positives and false 
negatives from such phenomena.
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Figure 2 – LanthaScreen™ Nuclear Receptor Assay Schematic
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5 nM receptor, 5 nM Tb-anti-GST antibody, and 500 nM of each fluorescein-labeled peptide were incubated at room temperature for 2 
hours in the presence or absence of ligand. While ligand-independent association with coregulator-based peptides was observed for 
both receptors, this constitutive association was much more pronounced with CAR. Reported agonists for PXR (T0901317) and CAR 
(CITCO) increased receptor interaction with many of the coregulator peptides tested. The CAR inverse agonist, clotrimazole, disrupted 
the constitutive association between CAR and coregulator peptides to varying degrees.

Table 1 – PXR & CAR Assays: Dose-Response Profiling

Figure 4 – Binding of Fluormone™ PXR Green to PXR
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Fluormone™ PXR Green was titrated with 3 nM PXR-LBD(GST) and 5 nM Tb-anti-GST antibody and 
incubated at room temperature for 2 hours. The TR-FRET ratio from non-specific binding and diffusion-
enhanced FRET was established by inclusion of excess competitor (50 µM SR-12813). The KD value for 
binding of Fluormone™ PXR Green to PXR-LBD(GST) was calculated to be 41 ± 3 nM (average ± standard 
deviation from 3 independent experiments).

A series of compounds was tested using the PXR competitive binding, PXR coregulator peptide, and CAR coregulator peptide assays as detailed in the Materials & Methods.  In the competitive binding assay, the four compounds shown here 
bound PXR to varying degrees, with T0901317 being the most potent.  Compounds that were found to bind to PXR via the competitive binding assay also increased the interaction between the receptor and the Fl-SRC1-4 peptide in the PXR 
coregulator peptide assay, though the degree to which a given compound can increase this interaction varies, as seen by the different top plateaus of the dose-response curves.  The four compounds were also detected as ligands for CAR in 
the coregulator peptide assay.  CITCO and pregnanedione increased the interaction between CAR and the Fl-PGC1a peptide, while clotrimazole and T0901317 disrupted the constitutive interaction between CAR and the peptide.  See Table 1 
for a summary of these results.

-5 -4 -3 -2 -1 0 1 2
0.0

0.2

0.4

0.6

0.8

1.0

clotrimazole
pregnanedione

T0901317

CITCO

[compound] (log µM)

52
0 

nm
/4

95
 n

m
 ra

tio

-5 -4 -3 -2 -1 0 1 2
0.2

0.4

0.6

0.8

1.0

1.2

clotrimazole
pregnanedione

T0901317

CITCO

[compound] (log µM)

52
0 

nm
/4

95
 n

m
 ra

tio

-5 -4 -3 -2 -1 0 1 2
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8

CITCO

clotrimazole
pregnanedione

T0901317

[compound] (log µM)

52
0 

nm
/4

95
 n

m
 ra

tio

PXR Competitive Binding Assay PXR Coregulator Peptide Assay CAR Coregulator Peptide Assay

A series of compounds was tested using the PXR competitive binding, PXR coregulator peptide, and CAR coregulator peptide assays as detailed in the Materials & Methods. 
Each IC50 or EC50 value was generated using a 16-point titration of test compound in duplicate. Dashed lines (--) indicate no effect was observed when the compound was 
tested up to 100 µM. The degree to which a given coregulator peptide was either recruited or displaced was measured as a percentage of the response caused by a control 
ligand: 100 µM T0901317 (PXR binding and CAR peptide displacement assays), 10 µM T0901317 (PXR peptide recruitment assay), or 10 µM CITCO (CAR peptide recruitment 
assay).

The dose-response of control ligands and Z’-factor values were evaluated following varying incubation times at room temperature.  Z’-factor values were determined from 
control wells containing 1% DMSO (n=32) and a saturating concentration of ligand (n=32): 100 µM T0901317 (PXR binding assay), 10 µM T0901317 (PXR peptide 
recruitment assay), 10 µM CITCO (CAR peptide recruitment assay) or 50 µM clotrimazole (CAR peptide displacement assay). Z’-factor was calculated according to the 
method of Zhang et al (1999).

PXR-LBD(GST) is indirectly labeled using the Tb-anti-GST antibody. Binding of the fluorescent small molecule ligand 
Fluormone™ PXR Green to PXR can be detected by measuring FRET between the Tb-anti-GST and Fluormone™ PXR Green. 
Competitive binding to PXR is assessed by a test compound’s ability to displace Fluormone™ PXR Green and disrupt FRET.
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Coregulator Peptide Assay

The coregulator peptide assay can be performed with either PXR or CAR. The nuclear receptor (NR) is indirectly labeled 
using Tb-anti-GST. Binding of an agonist to the receptor causes a conformational change that increases the affinity of the 
receptor for a fluorescein-labeled coregulator peptide. Association of the agonist-bound receptor and peptide is detected by 
measuring FRET between the Tb-anti-GST and fluorescein-labeled peptide. In the case of CAR, binding of an inverse agonist 
results in a receptor conformation with a lower affinity for the peptide, and this can be detected via disruption of the 
constitutive association between the Tb-anti-GST and fluorescein-labeled peptide.
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