SUPPLEMENTARY DATA 1 – MODEL DOCUMENTATION
Free fatty acid uptake by a combination of diffusion and an active transport process with CD36 



 [1]    
  [2]

Activation of free fatty acids by Acyl-CoA Synthetase 


 for numerical value see Supplementary Data 4
 0.005   [3]
 0.649   [3]
 0.0064 [3]


 for numerical value see Supplementary Data 4
 0.0054 [3]
 0.034 [3]
 0.0041 [3]


 for numerical value see Supplementary Data 4
 0.0086 [3]
 0.666 [3]
 0.0024 [3]

Mitochondrial β-oxidation by Carnitine palmitoyltransferase 1 (CPT1) 


 [4]

[5]
  [6]
[7]

Esterification of Glycerol-3-phosphate by glycerol-3-phosphate acyltransferases (GPAT) 


 [8]
[9]

Esterification of lysophosphatidic acid with a long-chain acyl-CoA by acylglycerolphosphate acyltransferase (AGPAT) 


 mM  [10]
[10]

Hydrolysis of phosphatidate by phosphatidate phosphatase-1 (PAP) 


  [11]
 [11]

Phospholipid synthesis by diacylglycerol choline phosphotransferase (CPT)


 [12]

Phosphatidylcholine export


Synthesis and degradation of ApoB 

Degradation of ApoB is the sum a basal and an insulin dependent degradation rate.

 
 [13]
 [13]
 [13]

Synthesis and Secretion of VLDL
The very low density lipoprotein (VLDL) is synthesized by MTP mediated transfer of TAG from the ER to ApoB.







Synthesis of TAG by DGAT1 
DGAT1 resides in the ER membrane and synthesizes   used for VLDL synthesis and nascent LD formation.



 [14]
 [15]



Synthesis of TAG and filling of LDs by DGAT2 
DGAT2 resides either in the ER membrane and synthesizes   used nascent LD formation or distributes to LD surface synthesizing, directly filling LD of class n.


 [14]
 [15]

The distribution of DGAT2 between the ER and the different LD classes   depends on the number of LDs in each fraction  and the radius  of the LDs.






Filling of LDs of class n diminishes the cellular content  in the respective class and increases the cellular content of in class n+1 by shifting TAG from  to . This shifting rate depends on the relative volume  between class n and class n+1.


The change of  is the sum of filling of this class accompanied by shifting of  into this class, and shifting from this class in the next bigger class.

Synthesis of nascent Lipid Droplet (without protein coating)
Nascent lipid droplets,  ,lacking protein coating are synthesized from the ER membrane TAG pools.




Perilipin (Plin1)

Plin1 binds reversibly to large LD in dependence on LD radius and fraction of free LD surface  .  describes the fraction of LD surface occupied by .






ADRP (Perilipin 2)

ADRP binds reversibly to medium size LD in dependence on LD radius and fraction of free LD surface .  describes the fraction of LD surface occupied by .





Tip47 (Perilipin 3) 

Tip47 reversibly binds primary to small lipid droplets in dependence on LD radius and fraction of free LD.   describes the fraction of LD surface occupied by .






Nascent Lipid Droplet coating with Tip47 
Nascent lipid droplets are coated with Tip47.



Binding of CGI58 to LD






Binding of ATGL to LD  
ATGL binds to fraction of empty LD surface ().  Phosphorylation () of CGI58 in response to hormonal stimulation leads to binding to and thereby activation of ATGL.





Lipid droplet degradation by adipose triglyceride lipase (ATGL)

The first step in LD triglyceride degradation is performed by ATGL.



Lipid droplet degradation by hormone sensitive lipase (HSL) 


HSL can hydrolyze TAG, although its main activity is DAG hydrolyzation. HSL is activated by phosphorylation of . 



Hydrolysis of monoacylglycerol by monoacylglycerol lipase (MGL)

Final step in LD triglyceride degradation is performed by MGL.



Lipid droplet fusion
The fusion of lipid droplets is regulated by fsp27. The fusion rate  between LDs of size i and j depends on the radii of the two LDs involved: The larger the size difference the faster the fusion rate. LDs with maximal size () cannot fuse.

Fusion of LDs of class i and j with i>j diminishes the cellular content and  in the respective class and increases the cellular content of . is filled with . Analogous to LD filling, TAG is shifted from  to . This shifting rate depends on the relative volume  between class j and class j+1.











Stoichiometric matrix
  
























List of the maximal enzyme activities 
	Identifier
	Name
	Maximal activity (Vmax-value/kcat)

	
	Diffusive FA uptake
	   1.2442e+05 h-1

	
	CD36 dependent FA uptake
	   9.3312e+05 h-1

	
	Acyl-Coa Synthase
	   3.1104e+06 mM/h

	
	Carnitine palmitoyltransferase 1
	   1.6000e+03 mM/h

	
	glycerol-3-phosphate acyltransferases
	   5.4000e+02 mM/h


	
	acylglycerolphosphate acyltransferase
	   5.4000e+02 mM/h

	
	phosphatidate phosphatase-1
	   3.6000e+03 mM/h

	
	choline phosphotransfer
	   3.6000e+00 mM/h

	
	Phosphatidylcholine export
	   3.6000e+03 h-1

	
	ApoB synthesis 
	   3.6000e+03 mM/h

	
	ApoB degradation
	   2.8800e+04 h-1

	
	Microsomal transfer protein
	   1.080e+01 mM-1h-1

	
	VLDL export
	   5.7600e+01 mM/h

	
	DGAT1 at ER
	   2.8800e+02 mM/h

	
	DGAT2 at ER
	   3.0240e+02 mM/h

	
	DGAT2 at LD
	   3.0240e+02 mM/h

	
	Change of lipid droplet TAG due to DGAT2
	-

	
	Nascent lipid droplet synthesis1
	   3.6000e+00 h-1

	
	Nascent lipid droplet synthesis2
	   3.6000e+00 h-1

	
	Perilipin binding to LD
	   1.8000e+04 h-1

	
	Perilipin dissociation from LD
	   3.6000e+03 h-1

	
	ADRP binding to LD
	   1.2600e+05 h-1

	
	ADRP dissociation from LD
	   3.6000e+03 h-1

	
	TIP47 binding to LD
	   3.6000e+03 h-1

	
	TIP47 dissociation from LD
	   3.6000e+03 h-1

	
	Nascent Lipid Droplet coating with Tip47
	   3.6000e+03 h-1

	
	CGI58 binding to LD
	   3.6000e+03 h-1

	
	CGI58 dissociation from LD
	   3.6000e+03 h-1

	
	ATGL binding to LD
	   3.6000 µm-2h-1

	
	ATGL dissociation from LD
	   3.6000e+01 h-1

	
	ATGL binding to CGI58
	   3.6000 µm-2h-1

	
	ATGL dissociation from CGI58
	   3.6000e+01 h-1

	
	adipose triglyceride lipase
	   7.920e+00 h-1

	
	
	3.600e+03 h-1

	
	hormone sensitive lipase acting on LD TAG
	   5.4000e-03 
mM µm-2h-1

	
	hormone sensitive lipase acting on LD DAG
	   5.4000e+00
mM µm-2h-1

	
	monoacylglycerol lipase
	   3.6000e+03
mM µm-2h-1

	
	Lipid droplet fusion
	   1.8000e-02
mM µm-2h-1 
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