
S4 Table. Differential equations, expressions and variables of the liver compartment. 

 

S4.1 Table. Differential equations by species in liver component. 

Species Ordinary Differential Equation 

Glucose 𝑑𝐶#$%&'(

𝑑𝑡
=
𝐽#$%
,&-,&'( − 𝐽#$%

&'(,,&-

𝑉&'(
+ 𝜌#$3,#$%×𝑅#$3,#$%&'( + 𝑅#$6,#$%&'( + 𝑅789:;,#$%&'( − 𝑅#$%,<<;&'( − 𝑅#$%,#$3&'(  

Glycogen 
𝑑𝐶#$3&'(

𝑑𝑡
=

1
𝜌#$3,#$%

×𝑅#$%,#$3&'( − 𝑅#$3,#$%&'(  

Glycerol 𝑑𝐶#$6&'(

𝑑𝑡
=
𝐽#$6
,&-,&'( − 𝐽#$6

&'(,,&-

𝑉&'(
− 𝑅#$6,#$%&'( − 𝑅<<;>#$6,9#&'(  

Free Fatty Acids 𝑑𝐶<<;&'(

𝑑𝑡
=
𝐽<<;
,&-,&'(

𝑉&'(
+ 𝜌#$%,<<;×𝑅#$%,<<;&'( + 𝑅789:,<<;&'( − 𝑅<<;,789:&'( − 𝜌9#,<<;×𝑅<<;>#$6,9#&'(  

Triglycerides 𝑑𝐶9#&'(

𝑑𝑡
=
−𝐽9#

&'(,,&-

𝑉&'(
+ 𝑅<<;>#$6,9#&'(  

Keto Bodies 𝑑𝐶789:&'(

𝑑𝑡
=
𝐽789:
,&-,&'( − 𝐽789:

&'(,,&-

𝑉&'(
+ 𝑅<<;,789:&'( − 𝑅789:,<<;&'(  

Amino Acids 𝑑𝐶;;&'(

𝑑𝑡
=
𝐽;;
,&-,&'( − 𝐽;;

&'(,,&-

𝑉&'(
+ 𝜌;;,?@:×𝑅?@:,;;&'( − 𝑅;;,?@:&'( − 𝑅;;,789:;&'(  

Protein 
𝑑𝐶?@:&'(

𝑑𝑡
=

1
𝜌;;,?@:

×𝑅;;,?@:&'( − 𝑅?@:,;;&'(  

Ketoacids 𝑑𝐶789:;&'(

𝑑𝑡
= 𝑅;;,789:;&'( − 𝑅789:;,#$%&'(  

 

S4.2 Table. Calculation of variables in differential equations in liver component. 

Variable Equation Ref. in Figure S3 

𝐽#$%
,&-,&'( ℎ#$%_C&DEF

,&-,&'( ×𝐺𝐿𝑈𝑇1 + ℎ#$%_C&DEK
,&-,&'( ×𝐺𝑇 ×𝐶#$%,&- 𝑣F&'( 

𝐽#$%
&'(,,&- ℎ#$%

&'(,,&-×𝐶#$%&'( 𝑣M&'( 

𝐽<<;
,&-,&'( ℎ<<;

,&-,&'(×𝐶<<;,&- 𝑣N&'( 

𝐽9#
&'(,,&- ℎ9#

&'(,,&-×𝐶9#&'( 𝑣K&'( 

𝐽#$6
,&-,&'( ℎ#$6

,&-,&'(×𝐶#$6,&- 𝑣O&'( 



Variable Equation Ref. in Figure S3 

𝐽#$6
&'(,,&- ℎ#$6

&'(,,&-×𝐶#$6&'( 𝑣P&'( 

𝐽789:
,&-,&'( ℎ789:

,&-,&'(×𝐶789:,&-  𝑣Q&'( 

𝐽789:
&'(,,&- ℎ789:

&'(,,&-×𝐶789:&'(  𝑣R&'( 

𝐽;;
,&-,&'( ℎ;;

,&-,&'(×𝐶;;,&- 𝑣S&'( 

𝐽;;
&'(,,&- ℎ;;

&'(,,&-×𝐶;;&'( 𝑣FT&'( 

𝑅#$%,#$3&'(  𝑘#$%,#$3&'( ×𝐶#$%&'(× 𝐶𝑚𝑎𝑥#$3&'( − 𝐶#$3&'( ×𝐼𝑆 𝑣FF&'( 

𝑅#$%,<<;&'(  𝛼#$%,<<;&'( ×
𝐶#$%&'(

\]^_,``a

𝐾𝑀#$%,<<;
\]^_,``a + 𝐶#$%&'(

\]^_,``a
 𝑣FM&'( 

𝑅#$3,#$%&'(  𝑘#$3,#$%&'( ×𝐶#$3&'(×
1 + 𝛼#$3,#$%_de&'(

1 + 𝐴𝐴𝑅
𝐴𝐴𝑅gg×𝐾𝐼eEd,h

\ijk,l
 𝑣FN&'( 

𝑅<<;>#$6,9#&'(  𝑘<<;,9#&'( ×𝐶<<;&'(×𝐶#$6&'( 𝑣FK&'( 

𝑅<<;,789:&'(  𝑘<<;,789:&'( ×
𝐶<<;&'(

\``a,mnop

𝐾𝑀<<;,789:
\``a,mnop + 𝐶<<;&'(

\``a,mnop
 𝑣FO&'( 

𝑅789:,<<;&'(  𝑘789:,<<;&'( ×𝐶789:&'(  𝑣FP&'( 

𝑅#$6,#$%&'(  𝑘#$6,#$%	&'( ×𝐶#$6&'(×
1

1 + 𝐼𝑆
𝐾𝐼#r#<_srh

 𝑣FQ&'( 

𝑅;;,?@:&'(  𝑘;;,?@:&'( ×𝐶;;&'( 𝑣FR&'( 

𝑅?@:,;;&'(  𝑘?@:,;;&'( ×𝐶?@:&'( 𝑣FS&'( 

𝑅;;,789:;&'(  𝑘;;,789:;&'( ×𝐶;;&'(×(1 + 𝛼;;,789:;_du&'( ×
𝑃𝐼
𝑃𝐼T

) 𝑣MT&'( 

𝑅789:;,#$%&'(  𝑘789:;,#$%&'( ×𝐶789:;&'(  𝑣MF&'( 

 

  



 

S4.3 Table. Additional variable definitions in liver component. 

Variable Description 

𝛼#$%,<<;&'(  Scaling factor of reaction from glucose to free fatty acids in liver 

𝛼#$3,#$%_de&'(  Scaling factor of physical activity dependent glycogenolysis in liver 

𝛼;;,789:;_du&'(  Scaling factor of protein intake dependent reaction from amino acids to ketoacids 
in liver 

𝐴𝐴𝑅 Ratio of concentration of ATP to ADP 

𝐴𝐴𝑅gg Ratio of concentration of ATP to ADP at steady state 

𝐾𝐼eEd,h ATP depletion regulated glycogenolysis inhibition scaling factor 

𝐾𝐼#r#<_srh Insulin mediated gluconeogenesis from fructose inhabitation scaling factor 

 

S4.4 Table. Parameters related to the liver module. 

Name Value Unit Estimation Method 

ℎ;;
&'(,,&- 1.46×10T 𝐿×𝑚𝑖𝑛~F Collectively estimated in baseline 

model 
ℎ789:
,&-,&'(, ℎ789:

&'(,,&- 5.00×10~F 𝐿×𝑚𝑖𝑛~F 

𝑘789:;,#$%&'(  2.88×10~M 𝑚𝑖𝑛~F 

𝑘?@:,;;&'(  9.92×10~F 𝑚𝑖𝑛~F 

𝑘#$%,#$3 3.74×10~K 𝑚𝑖𝑛~F×𝑚𝑀~F 

𝑘#$3,#$% 6.32×10~K 𝑚𝑖𝑛~F 

𝐴𝐴𝑅gg 2.00×10F Dimensionless 

𝐾𝐼eEd,h 4.00×10F 𝑚𝑖𝑛~F 

𝛽<<;,789: 6.00×10T Dimensionless 

𝐾𝑀<<;,789: 1.25×10T 𝑚𝑀 

𝐾𝐼#r#<_srh 1.47×10M 𝑚𝑖𝑛~F 



 


