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METHOD DETAILS 

Cell culture and differentiation 

Primary SVF preadipocytes were cultured according to previously published protocols (Gupta et al., 

2012; Ota et al., 2015) with slight modification. Briefly, stromal vascular cells (SVC) were isolated 

from inguinal subcutaneous WAT from 6-8 week old male C57BL/6J mice. The tissue was rinsed in 

PBS, minced, and digested with 1mg/ml collagenase type D (Roche 11088866001) and 1mg/ml 

Dispase II (Sigma-Aldrich D4693) in PBS with 1mM CaCl2 for 40 minutes in a 37C shaking water 

bath. The digest was filtered to exclude large debris and separated into the adipocyte (supernatant) 

and SVC fractions (pellet) by spinning cells at 300 RCF for 3 minutes. The SVC fraction, which 

contains preadipocytes, was washed once and then plated in warm culture medium (DMEM with 

10% FBS + 100U/mL pen/strep + 2.5ug/ml amphotericin B) for 2 hours and then washed with culture 

media to remove cell debris and non-adherent cells, thus enriching for preadipocytes which adhere 

well to the culture surface. Cells were further grown in culture for one to two passages before plating 

cells for experiments.  

OP9 and 3T3-L1 cells were cultured according to previously published protocols (Ahrends et 

al., 2014; Park et al., 2012; Wolins et al., 2006). OP9 cells were cultured in 20% Fetal Bovine Serum 

(FBS) in growth media consisting of MEM-α (Invitrogen, # 12561) and 100 units/mL Penicillin, 

100µg/mL Streptomycin, and 292 μg/mL L-glutamate (Invitrogen, # 10378-016). 3T3-L1 cells were 

cultured in 10% bovine calf serum in growth media consisting of DMEM, 2 mM l-glutamine, 100 U/ml 

penicillin, and 100 U/ml streptomycin.  

To induce differentiation of SVF preadipocytes, OP9 cells, and 3T3-L1 cells, confluent cells 

were treated with a differentiation medium containing a commonly used DMI (dexamethasone / 



IBMX / insulin) stimulus to initiate adipogenesis. DMI consists of dexamethasone (dex), a synthetic 

glucocorticoid; 3-isobutyl-1-methylxanthine (IBMX), an inhibitor of phosphodiesterase that increases 

cAMP levels; and insulin. Applying the DMI stimulus consisted of replacing the media on the cells 

with growth media plus 10% FBS, 0.25 mM IBMX (Sigma Cat # 7018), 1 uM dexamethasone (Sigma 

Cat #D1756), and 1.75 nM insulin (Sigma Cat # I6634) (DMI Stimulus I). Two days after initiating 

differentiation, Stimulus I was removed from the cells and was replaced with DMI Stimulus II 

consisting of growth media plus 10% FBS and 1.75 nM insulin  for two more days. As noted in some 

experiments, corticosterone (Sigma Cat #174) was used instead of dexamethasone. Also, for other 

experiments as noted, rosiglitazone (Cayman, USA) was added to the media to result in a final 

concentration of 1 to 10 uM.  

 To apply pulses of dexamethasone, corticosterone, or other stimuli, the current media on the 

cells was gently removed. To remove all traces of the previous stimulus, the cells were then washed 

by adding fresh growth media to the cells and removing it three times. Then the new stimulus was 

applied to the washed cells.  

 

Immunofluorescence Staining 

OP9, 3T3-L1, and SVF preadipocyte cells were fixed with 3% paraformaldehyde in PBS for 30 min. 

Then the cells were gently washed 3X with PBS. Permeabilization was carried out with 0.1 % Triton 

X-100 in PBS for 15 minutes on ice, followed by blocking with 5% bovine serum albumin (Sigma 

#7906). The cells were stained with DAPI (1:20000), anti-PPARG (1:1000 Santa Cruz Biotech #sc-

7273), anti-PPARG2 (Abcam ab45036), anti-CEBPB (1:1000, Santa Cruz Biotech #sc-150), anti-

CEBPA (1:1000, Santa Cruz Biotech #sc61), or anti-FABP4 (1:200, Abcam, #ab13979).  Alexa 

Fluor-514 (#A31558), 594 (#A11032) and 647 (#A31571) (1:1000, Invitrogen) were used as 

secondary antibodies. 

  In cases in which BODIPY was used to stain lipids, permeablization was carried out more 

gently using 0.05% saponin (Sigma #47036), to better preserve the lipid structure, followed by 



blocking with 5% bovine serum albumin (Sigma #7906). The cells were then stained with the 

antibodies listed above, plus BODIPY 493/503 (1µg/ml, Molecular Probes #D-3922). 

 

Defining differentiation 

We have previously shown that the transition from a proliferating preadipocyte precursor cell into a 

mature, non-proliferating adipocyte capable of accumulating lipid occurs via a bistable switch from 

low PPARG expression in the cell to high PPARG expression (Ahrends et al., 2014; Park et al., 

2012). As shown in Figure 1B, a histogram of PPARG expression for a population of differentiating 

adipocytes shows two peaks of PPARG expression - low and high.  The high state predicts the 

subsequent lipid droplet formation. We thus define a cell as being differentiated if its level of PPARG 

placed the cell in the high PPARG-expressing peak of the cell population which correlates with high 

lipid accumulation and markers of mature adipocytes such as adiponectin and GLUT4 (Figures 1B, 

S1A, and S1B). 

 

siRNA preparation and transfection 

Diced pool siRNA for CEBPB and YFP was generated as described previously (2, 3). OP9 cells 

were transfected with siRNA by a reverse transfection protocol. For each 96-well well, 2 pmol of 

diced-pool siRNA were diluted in 10µl of Opti-Mem I Medium. 0.2µl of RNAiMax (Invitrogen 

#13778150) diluted in 10µl of Opti-Mem I was then added, mixed well, and then incubated for 10 

minutes at room temperature. This mixture was then placed into a 96-well, and OP9 cells were 

added (15,000 cells suspended in 80 µl of growth medium without antibiotics). After 24 hours, the 

media was replaced with differentiation media to induce differentiation following differentiation 

method. siRNA for FABP4 (Dharmacon ON-TARGETplus SMARTpool #11770) and AllStars 

Negative Control siRNA (Qiagen #SI03650318) were purchased from the respective manufacturers 

and were transfected using lipofectamine RNAiMax (Invitrogen #13778150), following manufacture 

suggested protocol for forward SiRNA transfection. 



Measuring protein decay rates using cyclohexamide 

To obtain protein decay rates, 10,000 OP9 cells were seeded in 96-well plates) one plate for each 

timepoint. Cells were induced to differentiatiate with DMI for 24 hours. Cyclohexamide was added at 

a final concentration of 30uM. Cells were fixed and stained at different times after addition of 

cyclohexamide, and immunofluorescence was used to quantify protein concentration following the 

protocol shown in Figure 1B. Half-lives were obtained by fitting first order exponential decay curves 

to the data. 

 

Measuring mRNA decay rates using Actinomycin D and RNA FISH 

To carry out an mRNA decay timecourse, 10,000 OP9 cells were seeded in 96-well glass plates 

(Greiner), one plate for each timepoint. Actinomycin D (Cat #A1410, Sigma) was applied 5 minutes 

before the first timepoint (t=0 hours) at a concentration of 5ug/ml.  Cells were fixed with 4% 

formaldehyde for 15 min, stored in 75% ethanol at 4°C. RNA FISH was performed using the 

Affymetrix Quantigene ViewRNA ISH cell assay (Affymetrix eBioscience, San Diego, CA). FISH 

probes for mouse PPARG, CEBPA, CEBPB, and FABP4 were purchased from Affymetrix 

eBioscience.  Cells were rehydrated in PBS for 10 minutes and then permeabilized with a detergent 

solution provided by the assay kit for 5 min at room temperature. The cells were incubated with 

diluted FISH probes (1:25) at 40°C for 3 hrs. Cells were then hybridized with the three different 

probes provided by the assay kit: preamplification probe, amplification probe, and label probe which 

were carried out by incubating cells with a probe for 30 min at 40°C. Finally, cells were incubated 

with Hoechst (1:10,000 in PBS) for 5 min, washed three times with PBS, and left in PBS for imaging.  

 

Measuring mRNA decay rates using Actinomycin D and RT-PCR 

 

 

Measuring mRNA decay rates using 5EU 



 

 

 

 

Image Acquisition 

Images were acquired on an ImageXpress MicroXL automated epifluorescence microscope 

(Molecular Devices; Sunnyvale, CA, USA) using 10X Plan Fluor objective and a 2560 x 2160 pixel 

Andor Zyla 5.5 sCMOS camera with a 16-bit readout. A camera bin of 1 was used for fixed cell 

imaging, and a camera bin of 2 was used for live cell imaging. 

 For fixed-cell imaging, cells were plated in 96-well, optically clear, polystyrene plates (Costar 

#3904) For live-cell imaging, 7,000 - 8,000 OP9 cells were plated >6-12 hours prior to imaging in full 

growth media in 96-well optically clear, glass-bottom plates (either Greiner Sensoplate or Invitro 

Scientific).  

Living cells were imaged in FluoroBrite DMEM media (Invitrogen) to reduce background 

fluorescence. Before image acquisition, the full growth media was switched to media consisting of 

FluoroBrite DMEM with 10% FBS and 1% Penicillin/Streptomycin. Time-lapse imaging was performed 

in 200 ul of media per well. Cells were imaged in a humidified 37degC chamber at 5% CO2. Images 

were taken every 10 min in CFP, YFP, RFP channels (depending on the experiment). Total light 

exposure time was kept less than 600 ms for each time point. Two, non-overlapping sites were 

imaged per well. 

 

Image Processing and Analysis 

Segmentation 

Cells were segmented for their nuclei based on either Hoechst staining (fixed-cell imaging) or H2B-

Turquoise (live-cell imaging). Nuclear segmentation was performed as follows: A Laplacian of 

Gaussian filter was applied to the nuclear image to identify the edges of cell nuclei. Pixels within the 



nuclei edges were identified as cell nuclei and pixels outside the nuclei edges were identified as 

background. To split cells in contact with their nearest neighbor(s), a custom segmentation algorithm 

was implemented to detect and bridge concave inflections in the perimeter of each object (hereafter 

referred to as the ‘deflection bridging algorithm’).  

Signal Measurement 

Each channel global background subtraction was used to measure all immunofluorescence and 

fluorescent protein intensities as follows: the nuclear mask was dilated by 50mm and the background 

for the image was calculated as the mode pixel intensity of all non-masked pixels. Nuclear 

immunofluorescence and nuclear fluorescent protein signals were calculated as median nuclear 

intensity. In the case of CEBPB, the sum nuclear intensity was used instead because it exhibited a 

punctate pattern due to its centromeric localization in the nucleus. 

Tracking 

The deflection-bridging algorithm was implemented on every object in the first imaging frame, and 

then only adaptively in subsequent frames. This was accomplished by iteratively tracking cells in 

each frame, detecting probable merge events (as discussed below), and selectively implementing 

the deflection-bridging algorithm on putative merged objects. This method reduced the probability of 

over-segmentation, increased processing speed, and improved tracking fidelity. Tracking of cells 

between frames was implemented by screening the nearest future neighbor for consistency in total 

H2B-Turquoise fluorescence. This ‘conservation of total fluorescence’ was further exploited to detect 

merges or splits, which allowed recovery of overlapping traces. Mitosis events (called at anaphase) 

were called when the total H2B fluorescence of the two nearest future neighbors of a given cell were 

both between 45-55% of the total H2B fluorescence of the past cell. Frame-to-frame jitters were 

accounted for by registering sequential H2B-Turquoise images by cross-correlation. 



Workflow used to generate single OP9 cell colonies with endogenously tagged CEBPB and 
PPARG (Figure S3): 

A) Construction of DNA plasmids  

A.1) Construction and design of the donor template 

CRISPR-mediated genome editing was used to tag the N-terminus of endogenous PPARG and 

CEBPB with Citrine (Griesbeck et al., 2001), a bright version of the yellow fluorescent protein. We 

tagged the PPARG2 isoform since it is the PPARG isoform that is highly expressed in adipose tissue 

and that controls fat cell differentiation. CEBPB has three isoforms LAP*, LAP, and LIP, and we 

chose to tag the longest isoform LAP* at the N-terminus. The DNA repair template to promote 

homology directed repair (HDR)-mediated insertion of the fluorescent protein (FP) was constructed 

by inserting the cDNA of FP-3xGly flanked by two 800 bp homology arms into the entry vector 

backbone pENTR1a (Addgene Plasmid #17398). The repair template was assembled such that after 

HDR, the FP is inserted in frame at the N-terminus and separated with a 3xGly linker from PPARG 

and CEBPB, respectively. The pENTR1a backbone vector was digested with EcoRΙ-HF and BamHΙ-

HF (NEB), and assembled together with three DNA fragments coding for homology arm 1, Citrine or 

mKate2, and homology arm 2 using Gibson assembly(Gibson et al., 2009). The homology arm 

fragments were PCR amplified from OP9 genomic DNA with primers introducing a 15-20 bp 

overhang used for Gibson assembly. Similarly, the FP was PCR amplified from a DNA template 

using primers introducing the linker and an overhang for Gibson assembly. The sequences of the 

assembled donor vector constructs were verified by sequencing. 

 

A.2) Construction of the Cas9 plasmids  

To carry out CRISPR genome editing to make Citrine-CEBPB, we used Plasmid pX330-U6-

Chimeric_BB-CBh-hSpCas9 (pX330) (Addgene plasmid # 42230) to deliver the SpCas9 protein and 

guide RNA (Cong et al., 2013). A 20 nucleotide “targeting” sequence was inserted into the guide 

sequence insertion site of the pX330 plasmid to produce guide RNAs directed to the N-terminal of 



CEBPB. Targeting sequences were designed using the web tool, crispr.mit.edu. From the predicted 

target sites, the sequences with the highest scores and in proximity of the ATG were selected.  To 

carry out CRISPR genome editing to make Citrine-PPARG, we initially used the same single guide 

RNA strategy to insert citrine at the N-terminus of PPARG. However, we found that the majority of 

PPARG clones generated using SpCas9 had undesired off-target integrations of Citrine into the OP9 

genome. To reduce off-target integration events we switched to using the “double nickase” system 

which uses two different guide RNAs that create adjacent and opposing nicks in the DNA at the site 

of insertion (Ran et al., 2013). We found that using the double-nickase system greatly improved the 

specificity of Cas9-mediated double strand breaks at the PPARG locus.  To carry out double-nickase 

genome-editing, two different targeting sequences directed to the PPARG locus were designed as 

described above and inserted into the guide RNA site of two plasmids, pX335-U6-Chimeric_BB-

CBh-hSpCas9n (pX335) (Addgene plasmid # 42335) encoding the SpCas9 D10A nickase. 

Oligonucleotide duplexes encoding each desired targeting sequence were ligated into the BbsΙ cut  

sites of px330 or px335 , respectively. All constructs were validated by sequencing. 

 

B) Transfection  

To endogenously tag PPARG with Citrine, 1 μg of each of the two pX335 guide RNA/SpCas9n 

constructs and 5 μg  of the Citrine donor template were transfected into 1 million OP9 cells using 

Lipofectamine 2000 (Invitrogen) following the manufacturer’s protocol. To endogenously tag CEBPB 

with Citrine, 2 μg of the desired pX330 guide RNA/SpCas9 construct and 5 μg  the Citrine donor 

template were transfected into 1 million OP9 cells using Lipofectamine 2000.  

 

C) Clone selection by single-cell FACS 

Seven days post-transfection, single cells expressing Citrine were sorted into separate wells of 96-

well culture plates and allowed to grow. We chose to wait 7 days post transfection to avoid false 

positive fluorescent signal originating from the un-integrated donor DNA plasmid. 



 

D) Stimulus Response Test  

Once the single-cell colonies grew to 50% confluency, each colony was passaged into wells on two 

different 96-well plates. One plate was used to expand the colonies, and the other half was  

imaged using a Molecular Devices MicroXL fluorescence imaging system to select for clones with 

correct localization of the Citrine signal and the appropriate response to stimuli. Before imaging, 

PPARG clones were stimulated with Rosiglitazone for 24 hours to induce expression of the Citrine-

PPARG, and CEBPB clones were stimulated for 24 hours with DMI to induce expression of Citrine-

CEBPB. 

 

E) Differentiation capacity test 

Clones that expressed Citrine were further characterized for their differentiation capacity using the 

standard four-day adipocyte differentiation protocol detailed under “Cell Culture and Differentiation.” 

Clones that acquired mature adipocyte morphology and accumulated lipid droplets in response to 

DMI treatment were expanded and subjected to further validation steps. 

 

F) Further validation  

F.1) Validation of citrine-CEBPB clones 

We first performed genomic PCR with different primer sets to look at the genotype and verify correct 

insertion of Citrine into the CEBPB locus. The first PCR was performed using primers annealing to 

regions flanking the site where Citrine is inserted (Supp. Table 3, Figure S5A). Using this set of 

primers, CEBPB tagged clones were shown to be heterozygous, and the PCR products were 

subjected to sequencing. The second set of PCRs was performed using primers annealing to 

regions around 5’ and 3’ ends of the inserted Citrine. (Supp. Table 4, Figure S5B). Both reactions 

resulted in a single band, indicating that Citrine was correctly inserted into the 5’ end of the CEBPB 

locus in all clones.  



 Next, Western blot analysis of citrine-CEBPB clones was performed using anti-GFP antibody 

and anti-CEBPB to verify protein expression and to check for the correct molecular weight of the 

tagged protein (Figures S5C-D). The size compatible with the correct predicted molecular weight of 

citrine-protein fusion were shown for each clone. The anti GFP blot shows the expression of tagged-

CEBPB and did not detect any free GFP. The anti CEBPB blot shows the expression of the three 

CEBPB isoforms (LAP*, LAP, LIP) in OP9 cells. In the citrine-CEBPB clones, the LAP* isoform is 

shown to be tagged with citrine as expected. 

 Next, Southern blot analysis was performed to confirm locus-specific knock-in using a probe 

directed towards citrine. All examined clones showed the presence of a specific copy of citrine within 

the genome, as evidenced by the detection of a single band of expected size (1.5kb) in the Southern 

blot (Figure S5E). 

 Finally, immunohistochemistry analysis was used to validate correct nuclear localization and 

differentiation capacity of the clones (Figure S5F-H). Colocalization of the citrine fluorescence signal 

with the immunohistochemistry signal of the untagged proteins throughout four days of 

differentiation, was used to choose clones for live cell imaging. The selected clone CEBPB-3 

differentiated well and showed similar expression of citrine-CEBPB and untagged CEBPB over the 

timecourse of differentiation (Figure S5F). Thus, clone CEBPB-3 was subsequently used for all  

further experiments. 

 

F.2) Validation of citrine-PPARG clones 

The same steps used for CEBPB validation were used to validate the PPARG clones (Figure S4).  

Since it passed all the validation criteria described above, the PPARG-2 clone was used for all the 

timecourse measurements in the current manuscript. 

 

T7 assay 

The cutting efficiency of Cas9 with the designed guide RNAs was determined using a T7 



Endonuclease assay. The assembled plasmids (pX330 or pX335) were transfected together into 

OP9 cells with a construct containing mCherry in the Clontech C1-vector (mcherry-C1). The 

mCherry-C1 served as a co-transfection marker for cells that are likely transfected with pX330 or 

pX335 plasmids.  The constructs were transfected at a 1:10 ratio of gRNA-pX330 or gRNA-pX335 to 

mCherry-C1 into OP9 cells using Lipofectamine 2000 (Invitrogen) following the manufacturer’s 

protocol. Seventy-two hours post-transfection, the mCherry-C1 expressing cells were sorted by 

FACS, grown up using our standard cell culture protocol, and genomic DNA was extracted using a 

Qiagen DNeasy Blood and Tissue kit. Approximately 600 bp of the genomic DNA (~200 and 400 bp 

around the predicted cut site) was amplified by PCR and used for a T7 assay that was carried out 

using Surveyer® mutation kit hybridization conditions (IDT, cat # 706020). Briefly, 200ng DNA was 

hybridized in a thermocycler to form heteroduplexes of cut and uncut DNA strands, incubated with 

T7 endonuclease I (New England Biolabs, Cat #M0302S) for 1 hour at 37 °C to cleave mismatched 

heteroduplexes, run on a 10% TBE polyacrylamide gel (Invitrogen) and stained with ethidium 

bromide. The fraction of strands that were cleaved by T7 endonuclease, as visualized by the gel, is 

representative of the cutting efficiency of the CRISPR constructs. For each site of interest, the 

CRISPR construct that showed the highest cutting efficiency was used to direct insertion of Citrine. 

 

Western Blot Analysis 

CRISPR-tagged clones and wtOP9 cells were stimulated for 48h with Rosiglitazone (Citrine-PPARG 

and FABP4-mKate2 clones) or for 12h with DMI (Citrine-CEBPB clones) to increase protein levels 

for western blot analysis of PPARG and CEBPB, respectively. The presence and integrity of Citrine-

tagged proteins was verified with an antibody directed to the tagged protein and by immunoblotting 

for GFP.  Cell pellets of citrine-PPARG clones were lysed on ice with nuclear extraction kit (Abcam), 

according to the manufacturer’s protocol, and quantified using a BCA assay (Thermo Scientific).  For 

citrine-CEBPB clones, cells were lysed on ice in RIPA lysis buffer (Millipore, CA) in the presence of 

protease inhibitors (cOmplete™, Mini, EDTA-free, Sigma Aldrich). All samples were boiled for 10 min 



at 96 °C in NuPAGE LDS sample buffer containing 1x reducing agent (Invitrogen). Lysates were 

separated by SDS–PAGE using the XCell SureLock Electrophoresis Cell on NuPAGE™ Novex™ 4-

12% Bis-Tris Protein Gels (Invitrogen). Proteins were transferred onto polyvinylidene fluoride 

membranes (Thermo Scientific) using the XCell II Blot Module (Invitrogen). Membranes were 

blocked by incubating with TBS with 0.1% Tween-20 containing 5% non-fat milk for 2h at room 

temperature or overnight at 4 °C for anti-GFP. Membranes were subsequently incubated overnight at 

4 °C with primary antibodies at a dilution of 1:1,000 (anti-PPARG, Santa Cruz Biotech #sc-7273) and 

1:2,000 (anti-CEBPB antibody, Santa Cruz Biotech #sc-7962) in blocking buffer or for 1h at RT at a 

dilution of 1:2,500 (anti-GFP abcam #ab290). Membranes were washed 3 times for 5 min using 

wash buffer (TBS with 0.1% Tween-20), and further incubated in 1:5,000 horseradish peroxidase 

(HRP)-conjugated secondary antibodies (anti-mouse and anti-rabbit (Cell Signalling #7076 and 

#7074) for 1 h at room temperature. After another set of three washes, antibody-bound proteins were 

visualized on film using supersignalTM West Femto chemiluminescence substrate (Thermo 

Scientific). 

 

Southern blot analysis 

To check whether Citrine and mKate2 was integrated at any unspecific loci, a southern blot was 

performed with a 32P-labeled probe directed towards Citrine. Two probes about 500 bp was amplified 

by standard PCR from a Citrine plasmid and gel purified. The labeled probe was prepared with the 

RadPrime DNA kit (Invitrogen) in the presence of dCTP [α-32P] (Perkin Elmer) and a clean-up step 

was performed using illustraTM MicrospinTM G-25 Columns (GE Healthcare), all according to the 

manufacturer’s guidelines. Genomic DNA was extracted using a Qiagen DNeasy Blood and Tissue 

kit, and 7 μg DNA was digested overnight. Digestion enzymes were chosen such that they cut 

around Citrine and generate fragments of ~1.8 kb, ~1.5kb and 1.9 kb for PPARG and CEBPB, 

respectively. Digested samples were separated with 1% agarose gel electrophoresis, and the gel 

was incubated 1x 20-min in 0.25M HCl followed by 2x 15-min in 0.5M NaOH/1.5M NaCl to denature 



the dsDNA. Subsequently, 2x 15-min washes were performed in transfer buffer (1M NH4OAc) to 

neutralize the gel. The DNA fragments were transferred via capillary forces from the gel to an 

Amersham Hybond-N+ membrane (GE Healthcare). Afterwards, the DNA was cross-linked to the 

membrane using ultraviolet light (0.3J/cm2; UVStratalinker 1800, Stratagene, La Jolla, CA). After 1h 

of prehybridization of the membrane at 65 °C in a Techne hybridizer HB-1D in hybridization buffer 

(0.5M sodium phosphate buffer pH 7.2, 7% SDS), the probe was hybridized overnight at 65 °C in the 

presence of salmon sperm DNA (100 μg/ml) to avoid unspecific binding of the probe. After 

hybridization, the blots were washed at hybridization temperature for 2x 15-min in each of the 

following buffers in sequential order: 0.3x SSC, 0.1% SDS, 0.1x SSC, 0.1% SDS 0.1x SSC, 1.5% 

SDS. The probe was visualized using a storage phosphor screen and TyphoonTM imager (GE 

Healthcare). 

 



Description of Model 

 
1) Stim represent the stimulus. Assume Stim ~ CEBPB 
2) In the first equation, Stim and CEBPA are added together because CEBPB and CEBPA bind 

to the same DNA sequences and can replace each other at binding sites. 
3) Cooperativity of 4 for (Stim+CEBPA) because CEBPB and CEBPA have to dimerize in order 

to function and there are multiple CEBPB/CEBPA binding sites on the PPARG promoter. 
4) Z represents that FABP4 needs to activate PPARG in order for PPARG to have 

transcriptional activity on target genes like FABP4 and CEBPA.  
5) FABP4’s activation of PPARG is limited such that it can only increase 6-fold (max. Z = 1.2 * 

PPARG). 
6) Cooperativity of 2 in the second and third equations because there are multiple binding sites 

for PPARG on the CEBPA and FABP4 promoters 
7) Degradation rates correspond to 1 hour for PPARG, 3.5 hours for CEBPA, and 30 hours for 

FABP4. 
8) Lognormal noise (with mean=0, standard dev=30%) randomly to each simulation shown in 

Figures 7G and 7H through a noise term before the PPARG term in the equation calculating 
dCEBPA/dt. A noise term was added only to one equation for simplicity. We have 
established in previous work that adding a larger noise to a single parameter is similar to 
adding smaller noise terms to each parameter in different equations (Ahrends et al., 2014).  

 
 



Mice 

Seven-week-old C57BL/6J male mice were purchased from Jackson Laboratory (cat. 000664). Mice 

were housed on a 12h light/dark cycle (lights on at 7:00 hours) in the animal facility at Stanford 

University. All animal care and experimentation was conducted in accordance with current NIH and 

Stanford University Institutional Animal Care and Use Committee guidelines. Mice were housed in 

the animal facility for 7 days prior the start of experiments. 

 

Corticosterone administration experiment 

Mice (n=24) were divided equally into four groups. The first group of 6 mice was implanted with a 

corticosterone releasing pellet, the second group with a placebo pellet, the third group was injected 

with corticosterone, and the fourth group was injected with phosphate buffer solution (PBS). For 

pellet implantation, mice were anesthetized via inhalation of isoflurane. Placebo and corticosterone 

pellets (5mg, 21-day release; Innovative Research of America, Sarasota, FL, USA) were implanted 

subcutaneously with a trochar. Mice weighed an average of 24.2 ± 1.4 g, which results in a daily 

dose of 9 mg/kg/day. For injections, corticosterone complexed with 2-hydroxypropyl-β-cyclodextrin 

(C174, Sigma) was dissolved in PBS and injected subcutaneously once daily at 18:00 for 21 days 

with the same corticosterone dose (9 mg/kg/day) as released by the corticosterone pellets per day.  

 Body weight and food intake were monitored in all mice for 26 days. After 26 days, mice 

were anesthetized with isoflurane and sacrificed by cervical dislocation. The epididymal and inguinal 

fat depots were surgically removed and weighed, followed by standard preparation of paraffin 

sections and hematoxylin and eosin (H & E) staining. 

 

Measurement of corticosterone in blood serum 

In addition to the 24 mice used above, 12 mice were divided into four groups, treated in parallel to 

the 24 mice as described above in the "Corticosterone administration experiment" section, and used 

to obtain blood serum corticosterone measurements. Eighteen days after pellet implantation or daily 



corticosterone/PBS injections, blood was taken at multiple time points over a 15 h time period. At the 

first timepoint, blood was taken by nicking the tail vain. Blood samples collected at following 

timepoints were taken by removal of the crust formed after first blood withdrawal. The blood was 

allowed to clot by leaving it undisturbed at room temperature for 45 minutes. The clot was removed 

by centrifuging at 2000 x g for 15 minutes. The corticosterone concentration in the blood serum was 

determined using the Enzyme Immunoassay kit (K014-H1, Arbor Assays, Michigan, USA) following 

the manufacturer's instructions. 

 

Mouse Statistics 

All data are represented as mean ± SD or mean ± SEM and analyzed by ANOVA followed by 

Students t test. N indicates the number of animals per group. Results were considered significant if p 

< 0.05. 
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