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Computational model

Description

A mathematical multi-compartment model of mouse hepatic lipid and plasma lipoprotein metabolism
was used to predict the dynamics of metabolic adaptations induced upon pharmacological activation of
LXR [1]. The mathematical model contains three compartments representing the liver, blood plasma,
and periphery (Figure S3). The liver includes the production, utilization and storage of triglycerides and
cholesterol, as well as the mobilization of these metabolites to the endoplasmic reticulum where they are
incorporated into nascent VLDL particles. These VLDL particles are subsequently secreted in the plasma
compartment and provide nutrients for peripheral tissues. The model furthermore includes the hepatic
uptake of free fatty acids from the plasma that predominantly originate from adipose tissue. Finally,
the model includes the reverse cholesterol transport pathway, i.e., the net transport of cholesterol from
peripheral tissues back to the liver via HDL. In the present study several small modifications were made
compared to the model used in [1]. As FFA derived from triglycerides are oxidized in mitochondria which
are located in the cytoplasm, it was assumed that no oxidation takes place in the endoplasmic reticulum
compartment [2]. Therefore, latter oxidation reaction was discarded from the mathematical model.
Furthermore, the FFA concentration in the plasma was explicitly modeled using an ordinary differential
equation (%), which includes a net additive efflux of FFA from adipose tissue and a subtractive
uptake flux of FFA by the liver. Finally, two states were added to the model (27Gdni.,, and T7cdnisz)
representing the fractions of de novo produced triglycerides in the cytoplasm and endoplasmic reticulum.
This adjustment was required to allow for relating experimental data of the fractional contribution of de
novo lipogenesis to the model.

Model equations

The mathematical model contains eleven metabolic species Z (Table S2) interlinked by twenty-nine flux
interactions (Table S3). The flux equations are based on mass-action kinetics. The ordinary differential

Table S2. Overview and description of the state variables included in the mathematical model.

State Name Description
T TEC Hepatic free cholesterol
Ty TCE.,. Hepatic cholesteryl ester (cytosol)
T3  TCEpg Hepatic cholesteryl ester (ER)
Ty TTG.,. Hepatic triglyceride (cytosol)
X5 TTGpp Hepatic triglyceride (ER)

T TTGdnl.,, Hepatic de novo triglyceride (cytosol)
T TTGdnly, Hepatic de novo triglyceride (ER)

g T7rGyv.p,  Plasma VLDL-triglyceride

T9 TCvipL Plasma VLDL-cholesterol

10  TCupr Plasma HDL-cholesterol

11 TEFA Plasma free fatty acid
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Figure S3. Computational model of hepatic lipid and plasma lipoprotein metabolism. The
mathematical model is composed of three compartments representing the liver, blood plasma, and pe-
ripheral tissues. The liver compartment includes reactions comprising the production, utilization and
storage of triglycerides and cholesterols, and the mobilization of these metabolites to the endoplasmic
reticulum, where they are incorporated into nascent VLDL particles. The VLDL particles are secreted
in the plasma compartment where they serve as nutrients for peripheral tissues. Remnant particles are
taken up and cleared by the liver. The model furthermore includes the hepatic uptake of free fatty acids
as well as HDL-mediated reverse cholesterol transport. ApoB, apolipoprotein B; CE, cholesterylester;
ER, endoplasmic reticulum; FFA, free fatty acid; FC, free cholesterol; HDL, high-density-lipoprotein;
TG, triglyceride; VLDL, very low density lipoprotein.



equations are given by:
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Where the square brackets indicate the concentration of a specific metabolite. The blood plasma volume,
given by Vijigsma, was assumed to be 1 mL [3].



Table S3. Overview and description of the fluxes included in the mathematical model.

Flux Name Equation Description
f1 Freprod P1 Hepatic de novo synthesis of free cholesterol
fa Fromet p2lrrc] Net hepatic catabolism of free cholesterol
f3 FoEfore, p3lrrc] Hepatic synthesis of cholesteryl ester (cytosol)
fa FoEdef., palrce,,,.] Hepatic conversion of cholesteryl ester (cytosol) to free cholesterol
s FcEforwn pslrrc] Hepatic synthesis of cholesteryl ester (ER)
fo  FcEdefsr P6[TCEDR] Hepatic conversion of cholesteryl ester (ER) to free cholesterol
fr Frgan.,. D7 Hepatic de novo synthesis of triglyceride (cytosol)
fs Framet.,, pslrra.,,] Hepatic catabolism of triglyceride (cytosol)
fo Frefore, DolTTG R Hepatic transport of triglyceride from the ER to the cytosol
fio  Frcdanigs P1o Hepatic de novo synthesis of triglyceride (ER)
fir Frcrorgg pll[xTGCyt] Hepatic transport of triglyceride from the cytosol to the ER
fiz  Frra,, p12]TrEal Hepatic uptake of free fatty acid
fis Frra,,., P13 Net efflux of free fatty acid from peripheral tissues to plasma
fis  Fvipr-t1c pra([Trcn] + [2TGdnizr]) Hepatic secretion rate of VLDL-triglyceride
fis  Fvipr_cE P15lTCELR) Hepatic secretion rate of VLDL-cholesterol
fie  Frcupty., p16lTTGy Loy Hepatic uptake of triglyceride via whole-particle uptake
fir Foeupty., P16lTCy oL Hepatic uptake of cholesterol via whole-particle uptake
fis Frcuptye. pizleray ] Peripheral uptake of triglyceride via whole-particle uptake
fio  Fc Euptper pi7lTcy .oy Peripheral uptake of cholesterol via whole-particle uptake
foo FoEforups P20 Peripheral efflux of cholesterol to HDL particles
for FoBuptups P21[TChpyL] Hepatic uptake of HDL-cholesterol
Ja2 Frchyd,., p1slerGy Loy ] Hepatic uptake of triglyceride via lipolytic enzymes
f23 Frghyd,., P19]TTGy Loy ] Peripheral uptake of triglyceride via lipolytic enzymes
foa FapoByroa P22 Hepatic secretion rate of apolipoprotein B
fos FrGdnimete,, pslrradnt.,.) Hepatic catabolism of de novo triglyceride (cytosol)
fae FrGdnifore,: PolTTGdnls g Hepatic transport of de novo triglyceride from the ER to the cytosol
for FrGdniforss p11lrradn.,.) Hepatic transport of de novo triglyceride from the cytosol to the ER
fos FvLDL-TGndnl P14[T7G g5 Hepatic secretion rate of non de novo VLDL-triglyceride
foo  FviLDL-TGdn P14[TTGdni g ) Hepatic secretion rate of de novo VLDL-triglyceride




Calculation of the VLDL particle diameter

The following strategy was followed to calculate nascent VLDL particle diameters (Dyrpr). As each
VLDL particle contains one apolipoprotein B particle, the number of triglyceride and cholesterylester
molecules per VLDL particle can be determined by correcting the specific lipid fluxes for the number of
apolipoprotein B proteins. The core volume of a VLDL particle was subsequently determined assuming
a molecular volume of 946.84 mL/mol for triglyceride (T'G,,) and a molecular volume of 685.48 ml/mol
for cholesterylester (CE,,,) [4]. A core radius (R.) was calculated from the core volume assuming a
spherical shape of the VLDL particles. Furthermore, the particle membrane accounts for an additional
two nanometers (R;) [5].

Dvipr = 2(Rc.+ Rs) (1a)
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Where N4 is the constant of Avogadro.

Calculation of de novo lipogenesis
The fractional contribution of de novo lipogenesis was calculated as follows in the computational model:
[2rGdnie, ) (t) + [#16dn15R] (1)

FConc(t) = (276, ) () + [27G 5] (t) + [2TGdnly, [(F) + [TTGdn1 5 r] (F) )

Calculation of the VLDL catabolic rate
The VLDL catabolic rate was calculated as follows in the computational model:

CRyLpL(t) = % ’
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