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Supplementary Figure 1. Effects of hepatic knockdown of ATF6 on HFHS diet-fed mice. Eight-
week-old male C57BL/6 mice were fed on a chow diet for 2 weeks or a HFHS diet for 12 weeks, 
followed by treatment with Ad-GFP or Ad-dnATF6 via tail vein injection for 2 weeks. (A) Effects of 
ATF6 knockdown on body weight and liver weight in HFHS diet-fed mice. (B) Body composition 
analysis of Ad-GFP or Ad-dnATF6 mice fed with chow or HFHS diet. (C) The calculated HOMA-IR 
was assessed. The data are represented as the mean±SEM, n=5-7. *p<0.05, versus chow and Ad-GFP; 
#p<0.05, versus HFHS and Ad-GFP. 
 

 
 
 
 
 
 
 
Supplementary Figure 2. Effects of hepatic ATF6 knockdown on transcription of genes involved 
in triglyceride and cholesterol biosynthesis. The expression of key genes involved in fatty acid and 
triglyceride synthesis such as SREBP-1c and FAS (A), as well as key genes involved in cholesterol 
biosynthesis such as SREBP-2, HMGCS, and HMGCR (B) was measured by quantitative RT-PCR 
(n=4-7). 
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Supplementary Figure 3. Effects of dnATF6 on tunicamycin-induced expression of URP mediators 
in HepG2 cells. (A) nATF6 induces the transcriptional activity of ERSEI or ERESII reporter plasmids 
in HEK293T cells. Cells were cotransfected with the luciferase reporter plasmid encoding ERSEI or 
ERESII element, along with pShuttle-myc-nATF6 (myc-nATF6) or empty vector pShuttle-CMV (EV), 
and then cultured for 48 hours. (B) dnATF6 is sufficient to inhibit tunicamycin (Tm)-induced expression 
of URP mediators in HepG2 cells. Cells were infected with Ad-GFP or Ad-dnATF6 for 48 h, followed 
by incubation without or with Tm for overnight. The data are represented as the mean±SEM, n=4-5. 
*p<0.05, versus EV or Ad-GFP; #p<0.05, versus Ad-GFP and Tm. 
 

 
 
 
 
 
 
 

Supplementary Figure 4. Inhibition of ATF6 is sufficient to repress the transcriptional activity of 
PPARα in human Huh7 hepatocytes. Twenty-four hours post infection with Ad- GFP or Ad-dnATF6, 
cells were cotransfected with the luciferase reporter plasmid encoding 3xPPRE element, along without 
or with the expression plasmid encoding PPARα and then cultured for 48 hours. The data are 
represented as the mean±SEM, n=4-5. *p<0.05, versus Ad- GFP and pcDNA; #p<0.05, versus Ad-GFP 
and PPARα. 
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Supplementary Figure 5. Effects of hepatic inhibition of ATF6 on lipogenic gene expression in the 
mouse livers in response to fasting. Eight-week-old male C57BL/6 mice were treated with Ad-GFP or 
Ad-dnATF6 adenoviruses via tail vein injection for a week, and then subjected to feeding or fasting for 
24 h. The expression of key genes involved in fatty acid and triglyceride synthesis such as SREBP-1c, 
ACC1 and FAS was measured by quantitative RT-PCR. The data are represented as the mean±SEM, 
n=4-6. *p<0.05, versus the fed mice treated with Ad-GFP. 
 

 
 
 
 
 
 
Supplementary Figure 6. Effects of hepatic overexpression of active nATF6 on HFHS diet-fed 
mice. Eight-week-old male C57BL/6 mice were fed on a chow diet for 4 weeks or a HFHS diet for 12 
weeks, followed by treatment with Ad-GFP or Ad-dnATF6 adenoviruses via tail vein injection for 2 
weeks. (A) Effects of nATF6 on body weight in HFHS diet-fed mice. (B) Body composition analysis of 
Ad-GFP or Ad-nATF6 mice fed with chow or HFHS diet. (C) The calculated HOMA-IR was assessed. 
The data are represented as the mean±SEM, n=5-7. *p<0.05, versus mice treated with chow and Ad-
GFP; #p<0.05, versus the mice treated with HFHS and Ad-GFP. 
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Supplementary Experimental Procedures 
 
Reagents and antibodies—PPARα agonist WY14643 and antagonist GW6471 were purchased from 
TOCRIS Bioscience (Bristol, UK). Glutathione-Sepharose beads were from GE Healthcare (Piscataway, 
NJ). Mouse monoclonal myc-tag antibody (cat. 2276) was purchased from Cell Signaling Technology 
(Beverly, MA). Rabbit polyclonal PPARα antibody (cat. ab24509) was from Abcam (Cambridge, MA). 
Rabbit polyclonal GRP78 (cat. 13969), mouse monoclonal GST (cat. sc-138), mouse monoclonal β-
actin (cat. sc-69879), horseradish peroxidase-conjugated anti-mouse and anti-rabbit secondary 
antibodies, and protein A/G PLUS-Agarose beads were obtained from Santa Cruz Biotechnology (Santa 
Cruz, CA). 
 
Measurement of blood glucose, plasma lipids, FGF21 and β-hydroxybutyrate—Blood glucose 
concentrations were determined by AlphaTRAK Glucose Meter (Abbott Laboratories, IL). Plasma 
insulin levels were measured using Mercodia Ultrasensitive Mouse Insulin ELISA (Uppsala, Sweden). 
The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated as previously 
described(1, 2): HOMA-IR=plasma glucose concentration (in mmol/l) was multiplied by the plasma 
insulin concentration (in μU/ml) and then divided by the constant 22.5. Infinity Triglycerides kit (cat. 
TR22421) and Total Cholesterol kit (cat. TR13421) were obtained from Stanbio Laboratory (Boerne, 
TX). The Quantikine Mouse FGF21 enzyme-linked immunosorbent assay kit (cat. MF2100) was from 
R&D Systems (Minneapolis, MN).The β-hydroxybutyrate LiquidColor Test kit (catalog no. 2440-58) 
was from Stanbio Laboratory (Boerne, TX). 
 
Glucose-tolerance tests (GTTs) and insulin-tolerance tests (ITTs)—GTTs and ITTs were performed 
as described previously(3). For GTTs, mice were deprived of food for 16 h, and then were injected with 
glucose solution (1 g/kg body weight) intraperitoneally. Blood glucose was measured 0, 15, 30, 60, 90, 
and 120 min after glucose injection. For ITTs, mice were deprived of food for 6 h, and then were 
injected with short-acting human insulin (0.75 U/Kg, Eli Lilly). Blood glucose was measured 0, 15, 30, 
60, 90, and 120 min after insulin injection. 
 
Animal Fasting Experiments—Fasting analysis was performed in mice as described previously(4). 
Mice were divided into two groups: fed and fasted. The fed group was placed on a normal chow diet, 
and the fasted group was fasted for 24 hours before the end of experiments. Mice were sacrificed in a 
postprandial state under isoflurane anesthesia, and tissues were rapidly taken and freshly frozen in liquid 
nitrogen and then stored at -80 °C, or fixed for histology analysis. 
 
Cell treatment—Human embryonic kidney 293T (HEK293T) cells, and human HepG2 and Huh7 
hepatocytes were cultured and treated as described previously(1, 4, 5). Cells were cultured in DMEM 
containing 5.5 mM D-glucose, 10% fetal bovine serum, 100 units/ml penicillin, and 100 μg/ml 
streptomycin, and incubated in a humidified atmosphere of 5% CO2 at 37 °C and passaged every 2 days 
by by trypsinization. HepG2 Cells were infected with Ad-GFP or Ad-nATF6 for 24 h, quiesced in 
serum-free DMEM overnight, and then treated for an additional 24 h with or without GW6471 (10 μM). 
HEK293T cells were infected without or with adenoviruses for 6 h, followed by transfection with 
plasmids for 24 h; the media was changed, and the cells were allowed to recover for additional 18 h, and 
then treated for 6 h without or with PPARα agonist WY14643 (25 μM). 
 
small interfering RNA (siRNA) knockdown—Knockdown experiments of ATF6 in human HepG2 
cells were performed using siRNA oligonucleotides from GenePharma, China. The sense sequences of 
the siRNA oligos are as follows: siATF6-437, GUGGACUCUUAUUCUUCAATT; siATF6-1038, 
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GGAGACAGCAACGUAUGAUTT; Negative control siRNA, UUCUCCGAACGUGUCACGUTT. 
Cells were transfected with siRNAs using Lipofectamine 2000 (Life Technologies). 
 
Immunoblots and GST pull-down—Immunoblotting analysis was carried out as described 
previously(1, 4). In brief, mouse liver tissues or cultured cells were homogenized and lysed at 4 °C in 
lysis buffer (50 mM Tris-HCl, pH 8.0, 1% (v/v) Nonidet P-40, 150 mM NaCl, 5 mM EDTA, 1 mM 
EGTA, 1 mM sodium orthovanadate, 10 mM sodium fluoride, 1 mM phenylmethylsulfonyl fluoride, 2 
μg/ml aprotinin, 5 μg/ml leupeptin, and 1 μg/ml pepstatin). Cell lysates were centrifuged at 14,000 rpm 
for 10 min at 4 °C, and the resulting supernatant was used for immunoblotting analysis. Protein 
concentrations in cell lysates were measured using Bio-Rad Protein Assay Dye Reagent. For 
immunoblotting, 20–50 μg of protein were separated by 8-10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE), and then electrophoretically transferred to polyvinylidene difluoride 
(PVDF) membranes in a transfer buffer consisting of 25 mM Tris base, 190 mM glycine, and 20% 
methanol. The membranes were blocked with 5% non-fat milk in Tris-buffered saline with 0.1% Tween 
20 (TBST) and incubated with specific antibodies, followed by incubation with horseradish peroxidase-
conjugated secondary antibodies. Immunoblots were visualized by LumiGLO chemiluminescence 
detection kit (Cell Signaling Technology). The intensity of bands was quantified using ImageJ (National 
Institutes of Health, Bethesda, MD). For GST pull-down analysis, cell lysates containing overexpressed 
Glutathione S-Transferase (GST) tagged fusion proteins or endogenous proteins were incubated with 
Glutathione Sepharose 4B beads (GE Healthcare Bio-Sciences, PA) at 4°C overnight. The precipitates 
were washed three times with ice-cold lysis buffer, and then analyzed by immunoblots. 
 
Chromatin immunoprecipitation (ChIP)—ChIP assays were performed as described previously(6). 
The immunoprecipitated DNA was recovered by phenol/chloroform extraction and ethanol precipitation. 
Quantitative PCR was performed using the following primers targeting specific regions on the FGF21 
promoter: AGAAGCACTAGGATTGCATC (forward) and AAGTCTCCCAGCTGGCCACA (reverse) 
for PPRE1(-1039/-936); GGTTCCTGCCAAGTGTGTCA (forward) and 
GTGAACGCAGAAATACCAGA (reverse) for PPRE2(-96/-1); and TGCATTGATGCCCACCCACT 
(forward) and AAGTCCTTCCCCGGTGTACC (reverse) for the distal region (5200/5000). 
 
XF24 Oxygen Consumption Assays and Bioenergetics Profiles—Oxygen consumption rates in live 
cells were measured using the XF24 extracellular flux analyzer from Seahorse Bioscience (North 
Billerica, MA), as described previously(4). HepG2 cells were seeded in a 24-well XF24 V28 cell culture 
microplate (Seahorse Bioscience) at a density of 20,000 cells per well in 200 mL of Dulbecco’s 
modified Eagle medium supplemented with 10% fetal bovine serum for 16 hours in a 5% CO2 incubator 
at 37 °C before the experiments. Cells were washed and incubated in 630 mL of nonbuffered Dulbecco’s 
modified Eagle medium (without sodium carbonate) at 37 °C in a non-CO2 incubator. Triplicates of 
each treatment were included in the experiments, and 4 wells evenly distributed in the microplate were 
used for the correction of temperature variation. During the experiments, oxygen consumption rates 
were measured for 3 minutes within a 7-minute interval, which also included a 2-minute mixing period 
and a 2-minute waiting period. A bioenergetics profile composed of basal mitochondrial respiration, 
adenosine triphosphate turnover, H+ leak, mitochondrial respiratory capacity, and nonmitochondrial 
respiration was determined by calculating the area under the curve. The oxygen consumption rate in the 
basal condition was first determined and used to calculate the basal mitochondrial respiration. After this, 
the adenosine triphosphate (ATP) synthase was inhibited by oligomycin (2.5 mmol/L), creating an 
accumulation of protons in the mitochondrial intermembrane space and a decrease in the electron 
transport chain activity, reducing the oxygen consumption rate. This reduction in oxygen consumption 
rate from the basal state reflected the respiration driving ATP synthesis in the cells (ATP turnover). The 
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remaining oxygen consumption rates were composed of the proton leak, which maintained minimal 
electron transport chain activity and nonmitochondrial respiration. In this situation of high proton 
gradient and low electron transport chain activity, addition of a mitochondrial uncoupler, carbonyl 
cyanide-ptrifluoromethoxyphenylhydrazone (FCCP, 1.5 mmol/L), allowed the electron transport chain 
to resume its pumping activity by dissipating the proton gradient across the inner mitochondrial 
membrane. This induced an increase in the oxygen consumption rate, and FCCP continually dissipated 
the protons across the membrane and the electron transport chain activity was challenged to its maximal 
capacity. The oxygen consumption rates during this phase reflected the maximal mitochondrial 
respiratory capacity. Furthermore, treatment with antimycin (4 mmol/L), an inhibitor of electron 
transfer, completely suppressed electron transport chain activity. As a result, the oxygen consumption 
rate decreased dramatically, and the oxygen consumed in this situation by the cells came from a 
nonmitochondrial respiration. Finally, the basal mitochondrial respiration was calculated by subtracting 
the nonmitochondrial oxygen consumption rate in antimycin A–treated cells from the oxygen 
consumption rate in pretreated cells. 
 
Generation of adenoviruses expressing nATF6 and dnATF6—The adenoviruses expressing human 
nATF6 and dnATF6 were generated using the AdEasy system as described previously(3, 4, 6). The 
cDNAs encoding human nATF6 (1 to 373) or dnATF6 (171-373) were cloned into the shuttle vector 
pShuttle-CMV. The resultant plasmids were purified using phenol/chloroform and linearized by the 
restriction endonuclease PmeI and used to transform the E. coli strain BJ5183-AD1 competent cells 
(Agilent Technologies) containing the supercoiled adenoviral vector pAd-Easy1 by  electroporation 
(2.5kV, 200 ohms, 25μF). Recombinant bacteria colonies were selectedkanamycin resistance and 
screened by restriction endonuclease PacI digestion to release a 4.5kb 3 kb fragment together with a 
35kb adenovirus vector fragment. Then, the recombinant adenoviral construct was purified using 
phenol/chloroform and linearized with PacI, then used to transfect packaging cell line HEK293A with 
Lipofectamine 2000 (Life Technologies) and harvest the around seven days post-transfection to produce 
adenovirus. The cells and cultured media harvested, and virus is released by three freeze-thaw cycles 
alternately using a 37 °C water bath liquid nitrogen. Then, adenoviruses were propagated in HEK293A. 
Briefly, cells were infected the adenovirus at a confluency of approximately 80% in DMEM 
supplemented with 4% fetal bovine serum, and the cells and cultured media were harvested 2-3 days 
post-infection when most of infected cells were rounded up. Virus is released by three freeze-thaw 
cycles of the infected HEK293A cells alternately using a 37 °C water bath and liquid nitrogen. The virus 
was purified Adenopure adenovirus purification Kit (Puresyn, Malvern, PA). 
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Supplementary Table S1. Quantitative RT-PCR primers 
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