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MATERIALS AND METHODS 

 

Chemicals 

Dimethyl sulfoxide (DMSO) and CITCO were purchased from Sigma Chemie GmbH 

(Deisenhofen, Germany), atorvastatin and rosuvastatin was kind gift from Lek 

Pharmaceuticals (Ljubljana, Slovenia).  

 

Protein Expression and Purification 

The pGEX-4T-GST-hCAR (gift from Jean Marc Pascussi, INSERM, France) and pGEX-

2TK-GST-hRXRa-LBD (Addgene, Cambridge, MA, USA) plasmids were transformed into 

the BL21 (DE3) E. coli strain. The overnight culture was grown for 12 h in Lysogeny broth 

(LB) media containing 100 µg/mL ampicillin with shaking (180 rpm) at 37°C. The culture 

was inoculated in 6 x 0.25 L of LB media with 100 µg/mL ampicillin and grown at the same 

conditions until the optical density at 600 nm reached the value of 0.6-0.9. The protein 

expression was induced with the addition of 0.1 mM IPTG (Isopropyl β-D-1-

thiogalactopyranoside) and bacteria were grown for additional 4 h. The cells were 

harvested by centrifugation (20 min, 4000 rpm, 4°C). The cell pellet (1 part) was 

homogenized in precooled mortar and pestle together with Alumina (Sigma-Aldrich, St. 

Louis, MO, USA) (2.5 part) until the composition of the mixture was pasta-like and then 

re-suspended in extraction buffer (140 mM NaCl, 10 mM Na2HPO4, 1.8 mM KH2PO4, 

pH 7.5). Cell debris was removed by centrifugation (20 min, 11400 rpm, 4°C). The cleared 

supernatant was loaded on a GST affinity column (Clontech, Palo Alto, CA, USA) 

according to the manufacturer instruction. Column fractions were pooled and 
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concentrated/dialyzed with PBS buffer using Microcon YM-30 centrifugal filter (Millipore, 

Bedford, MA, USA).  

 

SDS-PAGE and Western blotting 

Purity of isolated GST-hCAR and GST-hRXRα-LBD were checked by SDS-PAGE and 

western blot analysis. Firstly, proteins were loaded onto 10% polyacrylamide gel, 

electrophoreticaly separated and dyed with Coomassie Blue. Secondly, proteins were 

loaded, separated and electrophoretically transferred onto polyvinylidene flouride 

membrane (Immobilon-P, Millipore, Bedford, MA, USA). After transfer, the nitrocellulose 

membrane was treated with blocking solution (5% non-fat milk in PBS-Tween buffer). 

Blotted proteins were probed with mouse anti-glutathione-S-transferase-antibody (Sigma-

Aldrich, St. Louis, MO, USA) or anti-CAR-antibody (R&D Systems, Minneapolis, MN, 

USA) both at 1:1000 dilution over night at 4°C. The membrane was washed 3 times with 

PBS-Tween buffer (PBST) and incubated for 1h at room temperature with goat anti-

mouse HRP-conjugated secondary antibody at dilution 1:5000 (Jackson Immunoresearch 

Laboratories, West Grove, PA, USA). The membrane was washed 3 times with PBST 

and once with PBS and specific bands were detected by enhanced chemiluminiscence 

ECL (Pierce, Rockford, IL, USA) and signal was read using LAS-3000 (FUJIFILM, Tokyo, 

japan) 

 

Surface Plasmon Resonance 

The interaction of rosuvastatin, atorvastatin and CITCO was measured using a Biacore 

X analytical system and CM5 sensor chip (Biacore, GE Healthcare, Uppsala, Sweden). 
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All measurements were performed at 25°C. The system was primed twice with running 

buffer (100 mM TRIS, 140 mM NaCl, 0.005% surfactant P20, pH 8.0). The running buffer 

was filtered through 0.22 µm filter and degassed prior to use. The carboxymethyl dextran 

surface of CM5 sensor chip was activated with a 7 min injection of a 1:1 (vol/vol) mixture 

of 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC) and N-hydroxysuccinimide 

(NHS). Proteins GST-hCAR and GST-hRXRα-LBD were mixed in 1.5:1 mg ratio and 

protein complex was concentrated on Amicon ultracentrifugal filter (Millipore, Billerica, 

MA, USA). Protein complex (CAR and RXR) was diluted to final concentration 150 µg/µL 

in 10 mM Na-acetate (pH 5.0) and applied on the second flow cell. Protein complex was 

injected in three short pulses (2x 2 min and 1x 4 min) to reach the immobilization level 

around 8300 response units using standard amine coupling (Johnsson et al., 1991). The 

surface of both flow cells was deactivated with 7 min injection of ethanolamine. The first 

flow cell served as a reference cell for subtraction of non-specific binding.10 mM stock 

solution of each analyte was prepared in DMSO and diluted into a series of concentrations 

with the running buffer to detect direct binding with immobilized GST-hCAR/GST-hRXRα-

LBDs. DMSO was added to running buffer to diminish the difference in a refractive index 

between the samples and running buffer. Final concentration of DMSO for each analyte 

solution was adjusted to 1% vol/vol. The association lasted for 120 s and dissociation was 

monitored for additional 60 s at a flow rate 10 µL/min. No regeneration was needed. Each 

analyte was tested in three parallel titrations using different concentrations depending on 

their solubility. The equilibrium binding responses were determined from the binding 

levels 5 s before the end of sample injection. KD values were determined by the fitting of 

the data to the steady state affinity model using BIAevaluation software.  
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In silico modeling: Ligand-based  

The computational molecular modeling studies were carried out using Discovery Studio 

2.5.5 (Biovia, San Diego, CA). Pharmacophore models attempt to describe the 

arrangement of key features that are important for biological activity and their generation 

has been widely described (Ekins et al., 2007). Previously generated pharmacophores 

for Pregnane X receptor (PXR) agonists (Ekins and Erickson, 2002; Bachmann et al., 

2004; Ekins et al., 2007) were employed to generate predictions for statins tested in this 

study. These pharmacophores represent 1.) the original published PXR pharmacophore 

using 12 diverse ligands with EC50 data from competition binding assays or CV1 cells, 

which has previously been used to predict affinity of imidazoles (Ekins and Erickson, 

2002; Bachmann et al., 2004; Ekins et al., 2007), 2.) a pharmacophore using 30 steroids 

with EC50 data from HepG2 cells using a reporter assay that may define a unique site 

within PXR (Ekins et al., 2007), and 3.) a pharmacophore using 31 diverse ligands (Ekins 

et al., 2007) with EC50 data from HepG2 cells using a reporter assay (Sinz et al., 2006), 

4.) A preliminary CAR pharmacophore published previously was also used(Ekins et al., 

2002). The structures of 9 FDA approved statins (atorvastatin, cerivastatin, fluvastatin, 

lovastatin, mevastatin, pitavastatin, pravastatin, rosuvastatin and simvastatin) were 

downloaded from ChemSpider (www.chemspider.com) and exported as sdf files. In 

Catalyst, the 3-D molecular structures were produced using up to 255 conformers with 

the best conformer generation method, allowing a maximum energy difference of 20 

kcal/mol. The pharmacophores were then applied to screen the compounds using the 

Best mapping method and rigid search using the ligand pharmacophore mapping 
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protocol. The quality of the molecule mapping to the pharmacophore was determined by 

the FitValue which is dependent on the proximity of a compound to the pharmacophore 

feature centroids and the weights assigned to each centroid, where a higher FitValue 

represents a better fit. Bayesian machine learning models for PXR were either generated 

with steroids (Ekins et al., 2009) or diverse compounds (Kortagere et al., 2009) and run 

with the ‘calculate molecular properties’ protocol in Discovery Studio. 

 

In silico modeling: Structure-based  

The Crystal structure of PXR and CAR were obtained from the Protein DataBank with 

codes 1M13  and 1XVP respectively (Watkins et al., 2003; Xu et al., 2004). The crystal 

structures were prepared for docking studies by adding hydrogen atoms and refining the 

structures using energy minimization techniques adopted in the molecular modeling 

program MOE (Chemical Computing Group, Montreal, Quebec, Canada). The ligands 

were modeled using the builder module and the compounds were optimized for geometry. 

Further all nine compounds were docked to the LBD of CAR and PXR using the program 

GOLD (ver 4.1, The Cambridge Crystallographic Data Centre, UK) as previously 

described (Willett and Glen, 1995; Jones et al., 1997; Kortagere et al., 2009). 
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Supplemental Figure Legend 

Supplemental Figure 1. Molecular structures of atorvastatin, rosuvastatin and CITCO. 

Supplemental Figure 2. SDS-PAGE (A) and Western blot analysis (B) of isolated GST-

hCAR and GST-hRXRα-LBD. (A) Isolated proteins were separated on gel electrophoresis 

and dyed using Coomassie blue. Lane 1: GST-hCAR with marker; Lane 2: GST-hRXRα-

LBD with marker. (B) Western blot analyses of isolated proteins. Lane 1: GST-hCAR 

detected by anti-CAR-Ab; M: marker; Lane 2: GST-hCAR detected by anti-GST-Ab; 

Lane3: GST-hRXRα-LBD detected by anti-GST-Ab. 

Supplemental Figure 3.  Atorvastatin mapped to the CAR pharmacophore. 
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Supplemental Table 1. Summary of ligand-based and structure-based results 

Molecule PXR-score 
- docking 

CAR-
score - 

docking 

Bachman - 
PXR model 

Krasowski 
diverse 

steroidal PXR 
pharmacophore 

BMS PXR 
pharmacophore 

CAR 
pharmacophore 

Bayesian PXR diverse Bayesian PXR 
steroidal 

Atorvastatin 74.8 73.18 3.39 
 

4.57 2.07 FALSE TRUE 

Cerivastatin 61.03 68.23 
  

4.29 0.48 FALSE TRUE 

Fluvastatin 60.91 60.86 
  

4.76 2.42 FALSE TRUE 

Lovastatin 52.46 61.59 
 

8.73 4.9 3.72 TRUE - lovastatin is in 
the model 

TRUE 

Mevastatin 57.49 59.23 
 

9.35 4.52 3.64 TRUE TRUE 

Pitavastatin 56.11 65.32 
  

4.12 1.61 FALSE TRUE 

Pravastatin 58.55 68.87 
 

6.6 5.4 3.26 TRUE TRUE 

Rosuvastatin 63.57 67.09 
  

4.41 
 

FALSE TRUE 

Simvastatin 52.4 64.04 
 

10.52 4.74 3.76 TRUE TRUE 

CITCO 54.26 63.02 
      

 


