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Cell culture and treatment 

FL83B mouse hepatocytes (ATCC
®
, Manassas, VA) were cultured and maintained in F-12K complete 

medium. The culture was grown and maintained at 37 °C in a humidified atmosphere containing 5% CO2. 

Cells were counted using the Trypan Blue method before all treatments. siRNA were purchased from 

Santa Cruz Biotechnology, Inc. (Dallas, TX): γ-GCSc siRNA, and Control siRNA-A, a scrambled 

nonspecific RNA duplex that shares no sequence homology with any of the genes, which was used as a 

negative control. Cells were transiently transfected with 100 nM siRNA complex using 

Lipofectamine™2000 transfection reagent (Invitrogen, Carlsbad, CA) following the method described 

earlier 
1,2

. In another set of experiments, cells were treated with L-cysteine (300 μM), N-acetyl-L-cysteine 

(NAC; 300 μM), or GSH ethyl ester (GSHee; 2.5 mM) (Cayman Chemical Company, Ann Arbor, 

Michigan), respectively, for 24 h. Buthionine sulfoximine (BSO) is an irreversible inhibitor of γ-

glutamylcysteine synthetase (Ki <100 μM), the rate-limiting enzyme for L-glutathione (GSH) synthesis, 

which depletes GSH 
3,4

. Cells were exposed to BSO (10 μM) for 12 h in basal medium (without serum or 

any growth factors). In another set of experiments, after BSO (10 μM) for 12 h in basal medium, cells 

washed twice with PBS and left either for 6h or 12h in basal media alone without BSO treatment 

(withdrawal). 

 

Cell viability assay 

Cell viability was determined using the Alamar Blue reduction bioassay. This method is based upon 

Alamar Blue dye reduction by live cells. Briefly, cells were plated into 96 well plates after treatment per 

the above-described protocols, AlamarBlue® Cell Viability Reagent (ThermoFisher Scientific, Grand 

Island, NY) was added, and the cells were incubated at 37 °C in the dark for 4 h. Absorbance was read at 

590 nm using a plate reader. Data are expressed as a percentage of viable cells. 
 

Analysis of mRNA expression using RT-qPCR 

Total RNA was extracted from cells or tissue using either an AllPrep DNA/RNA/Protein Mini Kit 

(Qiagen, Germantown, MD) or TRIzol Reagent (Invitrogen, Carlsbad, CA) following the manufacturer’s 

instructions. The concentration and quality of the extracted RNA were determined on a NanoDrop 

spectrophotometer. RNA (1 μg) from each sample was reverse transcribed according to the 

manufacturer’s instructions using a High Capacity RNA-To-cDNA kit (Applied Biosystems,  Foster City, 

CA) to synthesize cDNA. RT-qPCR was performed using the Applied Biosystems™ TaqMan™ Gene 

Expression Assays with primer/probe sets (Supplementary Table 1). The relative amount of mRNA was 

calculated using the relative quantification (ΔΔCT) method. The relative amount of each mRNA was 

normalized to housekeeping gene Glyceraldehyde 3-phosphate dehydrogenase (GADPH). Following 

Minimum Information for Publication of Quantitative Real-Time PCR Experiments (MIQE) guidelines, 

all of our experiments included technical replicates (n=3) and biological replicates (n=4). Data were 

analyzed using the comparative CT method, and the fold change was calculated using the 2
−ΔΔCT

 method 
5
 

using a 7900HT Real-Time PCR system and software (Applied Biosystems). The results were expressed 

as relative quantification (RQ). 
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Supplementary Table S1: List of FAM-labeled TaqMan® primer/probe sets used for quantitative RT-PCR analysis 
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Western blot analysis 

The tissue homogenates were processed for the immunoblotting studies. ∼100 mg of liver tissue was 

homogenized in RIPA buffer on ice using a rotor-stator to extract protein from the liver.  RIPA buffer (50 

mM Tris pH 8, 150 mM NaCl, 1% NP-40, 0.5% deoxycholic acid, and 0.1% SDS) was supplemented 

with protease and phosphatase inhibitors (1 mM PMSF, 5 μg/mL leupeptin, 2 μg/mL aprotinin, 1 mM 

EDTA, 10 mM NaF, and 1 mM NaVO4). For whole-cell extraction, after treatment, the hepatocytes 

(FL83B cells) were washed twice with ice-cold PBS and lysed in RIPA buffer. Lysates were then 

centrifuged for 10 min at 10,000 x g at 4 °C. Supernatants were collected and the protein concentrations 

determined using a Pierce BCA assay kit (Thermo Fisher Scientific, Rockford, IL) for Western blot 

analysis and HPLC assay. Equal amounts of proteins (20 μg) were separated on 10 % SDS-PAGE and 

transferred to a polyvinyl difluoride (PVDF) membrane. Membranes were blocked at room temperature 

for 2 h in a blocking buffer containing 1% BSA to prevent non-specific binding and then incubated with 

an appropriate primary antibody (Supplementary Table 2). The membranes were washed in TBS-T 

(50 mmol/L Tris–HCl, pH 7.6, 150 mmol/L NaCl, 0.1 % Tween 20) for 30 min and incubated with the 

appropriate HRP-conjugated secondary antibody (1:5000 dilution) for 2 h at room temperature. The 

protein bands were detected using ECL detection reagents (Thermo Scientific, Rockford, IL) and exposed 

to blue X-ray film (Phenix Research Products, Candler, NC). All of our immunoblot experiments 

included technical replicates (n=2) and biological replicates (n=4). Western blot scans were analyzed 

using ImageJ software (developed by Wayne Rasband, National Institutes of Health, Bethesda, MD; 

available at http://rsb.info.nih.gov/ij/index.html). Densitometry analyses of Western blots were 

normalized to β-actin (ratio). 

Supplementary Table S2: List of antibodies and its dilutions used for Western blot analysis 

Antibody 

Designation 

Type Antibody dilution and 

incubation time 

Molecular 

weight 

(kDa) 

Supplier (Catalog #)  

GCLC Rabbit Polyclonal 1:500, 4° C overnight 73 Abcam (ab53179) 

GCLM Rabbit Monoclonal 1:1000, 4° C overnight 31 Abcam  (ab126704) 

GSS Rabbit Monoclonal 1:10000, 4° C overnight 52 Abcam (ab124811) 

GSR Rabbit Polyclonal 1:2000, 4° C overnight 58 Abcam (ab16801) 

CYP2R1 Rabbit Polyclonal 1:1000, 4° C overnight 57 Abcam (ab79924) 

CYP27A1 Rabbit Monoclonal 1:1000, 4° C overnight 60 Abcam (ab126785) 

CYP27B1 Rabbit Polyclonal 1:1000, 4° C overnight 57 Abcam (ab95047) 

CYP24A1 Rabbit Polyclonal 1:1000, 4° C overnight 59 Abcam (ab175976) 

VDR Rabbit Polyclonal 1:1000, 4° C overnight 53 Abcam (ab3508) 

β-actin Mouse Monoclonal - HRP  1:25000, 2 h RT 42 Abcam (ab49900) 

Goat anti-Rabbit-HRP Secondary Antibody 1:4000, 2 h RT NA Millipore (12-348) 
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DNA dot-blot assay 

Genomic DNA was sonicated to generate fragments with lengths between 200 and 500 bp, denatured in 

2x DNA denaturing buffer (200 mM NaOH and 20 mM EDTA), incubated at 95 °C for 10 min, and then 

immediately chilled on ice for 5 min. The denatured DNA fragments were spotted onto a positively 

charged 0.2 μm nitrocellulose membrane (Bio-Rad, Hercules, California). Briefly, DNA spots were air-

dried for 15 min and UV-crosslinked (20 s, 1200J/cm
2
). Membranes were blocked in 1% BSA in TBS-T 

(50 mmol/L Tris–HCl, pH 7.6, 150 mmol/L NaCl, 0.1 % Tween 20) for 2 h at room temperature (RT). 

Afterward, the membranes were incubated with appropriate primary antibodies (5-methylcytosine (5-mC) 

(D3S2Z), rabbit mAb (CellSignaling #28692, Danvers, MA), 5-hydroxymethylcytosine (5-hmC) 

(HMC31), or mouse mAb (CellSignaling #51660, Danvers, MA)) diluted 1:1000 in 1% BSA in TBST for 

4 °C overnight. The membranes were washed in TBS-T for 30 min and incubated with the appropriate 

HRP-conjugated secondary antibody (1:5000 dilution) for 2 h at room temperature. After a final wash 

step, the membranes were incubated in Clarity Western ECL substrate (Bio-Rad, Hercules, California), 

and then 5-mC and 5-hmC were visualized using chemiluminescence and exposed on blue X-ray film 

(Phenix Research Products, Candler, NC). The membrane was stained with Methylene Blue (0.02% 

Methylene Blue in 3 M sodium acetate) after immunoblotting to ensure the equal loading. The 

membranes were destained by swirling them in distilled water. Dot-blot scans were analyzed using 

ImageJ software (developed by Wayne Rasband, National Institutes of Health, Bethesda, MD; available 

at http://rsb.info.nih.gov/ij/index.html). Densitometry semi-quantitative data analyses of the dot-blots are 

represented by fold change.  

 

EpiTect II qPCR assays 

DNA methylation was assessed using EpiTect II qPCR assays. The EpiTect II qPCR assays use 

differential digestion of unmethylated and methylated DNA, using methylation-sensitive (Ms) and 

methylation-dependent (Md) restriction enzymes, which reduces the risk of false-positive results. 

Digestions were conducted as individual digests (Ms or Md), in combination (Ms+Md), and as mock 

digests in a SimpliAmp Thermal Cycler (Applied Biosystems), at 37 °C overnight (16 h), followed by a 

20 minute incubation at 65 °C to inactive the enzymes, as recommended by the manufacturer. The DNA 

is remaining after digestion was quantified using qPCR (Applied Biosystems 7900HT Fast Real-Time 

PCR System; 384-well), using primers flanking the region of interest and RT
2
 SYBR green fluor qPCR 

master mix (Qiagen). The PCR reactions were carried out using the following conditions: 10 min at 95 

°C, followed by 40 cycles of 15 min at 97 °C and 1 min at 72 °C, as recommended by the manufacturer. 

The relative amounts of methylation were calculated using an Excel-based data analysis template 

provided by the manufacturer, using delta-Ct values. The mock digest was used for initial DNA input 

quantification, the Ms digest to quantify methylated DNA and the Md digest for quantifying 

unmethylated DNA. The Ms+Md digest was used to quantify the undigested amount of DNA as a 

background control. EpiTect Methyl II PCR methylation-sensitive and methylation-dependent digest 



                                                                           

 

6 

 

control assays were used to test the cutting efficiency of the restriction enzymes and to ensure reliable and 

reproducible results.  

 

Supplementary Table S3: Details of CpG islands targeted by EpiTect Methyl II PCR Primer Assay 

for Mouse 

Gene CpG 

Island ID 

CpG Island Location TSS 

Position 

TSS 

Orientation 

Size Qiagen (Catalog #) 

CYP2R1 110354 Chr7: 121706083 - 121706583 121706486 Reverse 500 EPMM110354-1A 

CYP27A1 100226 Chr1: 74760192 - 74760405 74760147 Forward 213 EPMM100226-1A 

CYP27B1 101224 Chr10: 126486076 - 126486319 126485301 Forward 243 EPMM101224-1A 

CYP24A1 106871 Chr2: 170322710 - 170323048 170321927 Reverse 338 EPMM106871-1A 

VDR 104088 Chr15: 97738408 - 97739146 97738727 Reverse 738 EPMM104088-1A 
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Figure S1. 

Figure S1. Impact of high-fat-diet on circulating plasma 25(OH)VD3 and GSH.  (A) Bar graph showing 

Δ body weight, (B) Blood glucose, (C) plasma insulin, (D) HOMA-Insulin Resistance, (E) plasma GSH, 

and  (F) 25(OH)VD3 in HFD-fed mice for 16 weeks compared with those of mice with the control diet. 

Unpaired Student’s t-test was used to compare the control with the HFD group. *p ≤ 0.05 for a statistical 

test was considered significant. Data are expressed as mean ± SEM (n=6). 
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Figure S2. 

 

Figure S2. Effect of HFD on liver GSH biosynthesis pathway genes and oxidative stress 

parameters.  (A) RT-qPCR was performed to assess the level of GSH biosynthesis in the 

pathway of the target gene mRNA as indicated (n=4). (B-D) Liver protein carbonyl content, 

reactive oxygen species, lipid peroxidation from the livers of mice fed an HFD for 16 weeks 

compared with those from mice fed the control diet. An unpaired Student’s t-test was used to 

compare the control group with the HFD group. *p≤0.05 was considered significant. Data are 

expressed as mean ± SEM.  
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Figure S3. 

Figure  S3. GCLC siRNA alters GSH biosynthesis pathway genes and oxidative stress parameters.  

FL83B mouse hepatocyte cells were incubated with siRNA (100 nM) targeting GCLC mRNA for 24 h. A 

scrambled non-targeting siRNA was used as the control. (A) Cell viability. (B) RT-qPCR was performed 

to assess the level of GSH biosynthesis in the pathway of the target gene mRNA as indicated (n=6). (C-F) 

GSH, protein carbonyl content, reactive oxygen species, lipid peroxidation. An unpaired Student’s t-test 

was used to compare the control group with the treatment group. *p≤0.05 was considered significant. 

Data are expressed as mean ± SEM.  
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Figure S4. 

 

 

Figure  S4. Effect of GSH deficiency (BSO) on hepatocyte oxidative stress parameters.  FL83B mouse 

hepatocyte cells were treated with a GCL pharmacological inhibitor (BSO) (10 μM) for 12 h. (A) Cell 

viability. (B-D) Protein carbonyl content, reactive oxygen species, lipid peroxidation (n=4). An unpaired 

Student’s t-test was used to compare the control group with the treatment groups. *p≤0.05 was considered 

significant. Data are expressed as mean ± SEM.  
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