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Part I:  Model Equations ([1])
1. Rates and Equations for the Whole-body Physiological Model

LIVER RATES:
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BLOOD RATES (Transport and Decay):
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FAT RATES:
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MUSCLE RATES:
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HORMONAL GROWTH RATES:
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MODEL EQUATIONS:
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2
Rates and Equations for Glycogen Regulatory Circuit Model
GLYCOGEN REGULATORY CIRCUIT:

[image: image101.wmf]

[image: image102.wmf]

[image: image103.wmf]

[image: image104.wmf]

[image: image105.wmf]

[image: image106.wmf]

[image: image107.wmf]

[image: image108.wmf]

[image: image109.wmf]

[image: image110.wmf]

[image: image111.wmf]

[image: image112.wmf]
Part II :  Tables

1. Parameter Values ([1])

Note that where literature was available, parameters were selected to meet published criteria (Table S.1-S.7). Where it was not, the parameters were chosen to be within a physiologically relevant range and at the same time minimize the discrepancy from the experiments by Hue et al.
Table S1
Parameter Values for Liver Reactions
	Reaction
	Parameters
	
	Reaction
	Parameters

	vL1
	kL1 = 3 mM*min-1
kmL1 = 7.7 mM [2]
ep1 = 10
	
	vL6
	kL6 = 1 mM*min-1
kmL6 = 0.22 mM[3]
p2 = 1

kp2 = 2 mM
ep4 = 10

	v-L1
	k-L1 = 4 mM*min-1
km-L1 = 1.3 mM[4]
ep9 = 10
	
	vL7
	kL7 = 1 mM*min-1
kmL7 = 0.0204 mM [5]
ki8 = 2 mM

	vL2
	kL2 = 200 min-1
kmL2 = .57 mM[6]
	
	vL8
	kL8 = 0.1 mM-1*min-1
ki4 = 3 mM

	v-L2
	k-L2 =  20 min-1
km-L2 = 1.4 mM[7]
	
	vL9
	kL9 = 0.1 min-1

	vL3
	kL3 = 0.1 mM*min-1
kmL3 = .01 mM[8]
ep2 = 10

en1 = 10
	
	vL10
	kL10 = 0.1 min-1

	v-L3
	k-L3 = .1 mM*min-1
km-L3 = 0.0034 mM [9]
ep8 = 10

en6 = 10
	
	vL11
	kL11 = 0.6 min-1
ep5 = 10

	vL4
	kL4 = 2 mM*min-1, 

kmL4 = 0.18 mM [10]
ki13 = 2 mM, 

ep3 = 10, 

en2 = 10
	
	v-L11
	k-L11 = 0.01 min-1

	vL5
	kL5 = 0

kmL5 = .03mM [11]
	
	vL12
	kL12 = 0.6 min-1
ep6 = 10

en4 = 10

	v-L5
	k-L5 = 0.1 mM*min-1
km-L5 = 0.8 mM[12]
	
	vL13
	kL13 = 0.5 min-1
ep7 = 10

en5 = 10

	vL14
	kL14 = 0.01 min-1
ep10 = 10

en7 = 10
	
	vL19
	kL19 = 0.01 mM-1*min-1
ep11 = 10

en8 = 10

	vL15
	kL15 = 0.01 min-1
p1 = 1

kp1 = 0.5 mM
ki5 = 1 mM
	
	vL20
	kL20 = 0.2 min-1

	vL16
	kL16 = 0.01 mM-7*min-1
	
	vL21
	kL21 = 0.001 mM*min-1
en3 = 10

kmL21p = 0.4 mM [13, 14]
kmL21g = 4.3 mM[123 15]

	vL17
	kL17 = 0.01 mM*min-1
ki1 = 0.1 mM
	
	v-L21
	k-L21 = 0.2 min-1
en3 = 10

km-L21a = 21 mM[16]
km-L21k = 0.22 mM[16]

	vL18
	kL18 = 0.01 min-1
ki2 = 1 mM
	
	vL22
	kL22 = 0.01 min-1


Table S2
Parameter Values for Blood Reactions (Transport, Decay and Feed)
	Reaction
	Parameters 
	
	Reaction
	Parameters 

	
	
	
	
	

	vtL1
	ktL1 = 100 min-1
	
	vtF1
	ktF1 = 0.01 min-1
ep12 = 10

	vtL2
	ktL2 = 0.1 min-1
	
	vtF3
	ktF3 = 0.01 mM-7*min-1
en9 = 20

	vtL3
	ktL3 = 0.1 min-1
	
	vtS1
	ktS1 = 0.01 min-1
ep13 = 10

	vtL4
	ktL4 = 0.1 min-1
	
	vtS2
	ktS2 = 1 min-1

	vtL5
	ktL5 = 0.1 min-1
	
	vtS3
	ktS3 = 0.01 min-1

	vtL6
	ktL6 = 1 min-1
en10 = 10
	
	vtS4
	ktS4 = 3 min-1
en11 = 10

	
	
	
	
	

	vd_Bgluc
	kd_Bgluc = 0.015 min-1
	
	vd_Blac
	kd_Blac = 0.01 min-1

	vd_Bins
	kd_Bins = 0.015 min-1
	
	vd_Bket
	kd_Bket = 0.01 min-1

	vd_Bglucgn
	kd_Bglucgn = 0.015 min-1
	
	vd_Balan
	kd_Balan = 0.01 min-1

	vd_Bffa
	kd_Bffa = 0.015 min-1
	
	vfeed
	kfeed = 0.5 mM*min-1


Table S3
Parameter Values for Fat Reactions
	Reaction
	Parameters
	
	Reaction
	Parameters

	
	
	
	
	

	vF1
	kF1 = 0.1 min-1
ep14 = 10
	
	vF4
	kF4 = 0.1 min-1
en12 = 10

	vF3
	kF3 = 0.2 min-1
ep15 = 10
	
	vF5
	kF5 = 0.1 mM-2*min-1


Table S4
Parameter Values for Muscle Reactions
	Reaction
	Parameters
	
	Reaction
	Parameters

	
	
	
	
	

	vS1
	kS1 = 0
	
	vS4
	kS4 = 0.07 min-1

	v-S1
	k-S1 = 0
	
	v-S4
	k-S4 = 0

	vS2
	kS2 = 0.02 min-1
	
	vS5
	kS5 = 0.5 min-1

	vS3
	kS3 = 0.01 min-1
	
	vS_dket
	kS_dket = 0.01 min-1

	v-S3
	k-S3 = 0.01 min-1
	
	
	


Table S5
Parameter Values for Glycogen Regulatory Circuit Reactions 
	Reaction
	Parameters
	
	Reaction
	Parameters

	vg3
	kg3 = 1200 min-1 [17]
kmg3 = 0.0004 mM [17]
	
	vg6
	kg6 = 300 min-1 [17, 18] 
kmg6 = 0.005 mM [17, 19]
s2 = .001 [17]
kgi = 10 mM [17]

	vg4
	kg4 = 300 min-1 [17]
kmg4 = 0.0011 mM [17, 20]
	
	vg7
	kg7 = 1200 min-1 [17]
kmg7 = 0.015 mM[17]

	vg5
	kg5 = 1200 min-1[17, 21]
kmg5 = 0.01 mM[17, 22]
	
	vg8
	kg8 = 300 min-1 

kmg8 = 0.00012 mM [17, 23]

	vg5, vg7, vg8
	s1 = 100 [17]
kg2 = 0.5 mM [17]
	
	
	


Table S6
Additional Parameter Values for Glycogen Regulatory Circuit in Isolation ([17, 24-26])
	Parameters
	
	Parameters
	
	Parameters

	capkt = 0.00025 mM
	
	PP2A = 0.000025 mM
	
	g6pt = 0.7 mM

	It = 0.0018 mM
	
	k11 = 0.000043 mM
	
	kgi = 10 mM

	kt = 0.0025 mM
	
	k22 = 0.0007 mM
	
	s1 = 100

	pt = 0.07 mM
	
	ki = 0.1 mM
	
	kg2 = 0.5 mM

	st = 0.003 mM
	
	campt = 0.01 mM
	
	s2 = 0.001

	PP1 = 0.00025 mM
	
	kg = 349.5 mM
	
	


Table S7
Parameter Values Pertaining to Non-Metabolite Regulators (Insulin, Glucagon and cAMP)
	Reaction
	Parameters
	
	Reaction
	Parameters

	vL1, vL3, vL4, vL12, vL13, vL14, vL19, vL21, v-L21, vtL6, vtF1, vtS1, vtS4, vF1, vF3, vF4
	kDins = 1 * 10-6 mM
	
	vglucgn
	kglucgn = 2 * 10-9 mM*min-1

	v-L3, vL20, vtF3
	kDins2 = 0.75 * 10-6 mM
	
	vc1
	kc1 = 1 mM*min-1
kcm1 = 4 * 10-8 mM

	v-L1, vL3, v-L3, vL4, vL6, vL11, vL12, vL13, vL14
	kDglucgn = 4 * 10-8 mM
	
	vc2
	kc2 = 1 * 10-5.5 mM*min-1
kcm2 = 1 * 10-6 mM

	vL19
	kDcAMP = 1 * 10-5.5 mM
	
	vgc1
	kgc1 = 6 * 1010 mM-2 min-1
k-gc1 = 1.3953 * 1015 mM-1 min-1

	vins
	kins = 7 * 10-4 mM*min-1
	
	vgc2
	kgc2 = 6 * 1010 mM-2 min-1
k-gc2 = 8.5714 * 1013 mM-1 min-1

	vIgluc
	k1ins = 6 * 10-4 mM*min-1
kmins = 8 mM
ni = 10
	
	vIgluc, vc1
	ni = 10

	vGgluc
	k1glucgn = 5 * 10-9 mM*min-1
kmGlgn = 8 mM
ng = 10
	
	vGgluc, vc2
	ng = 10


2. Parameter Sensitivity 

Sensitivity analysis is carried out for each reaction parameters, as listed before. These parameters are varied by 10 fold (up and down) to the baseline values.  The sensitivity constant C is defined as the fold change in blood glucose concentration to the fold change of parameter when system reaches the fed steady state with a constant glucose input. For example, kL1 can be varied between [0.3, 10.17], causing a change in blood glucose from 8.48 mM to 7.10 mM.

Table S8
Blood Glucose Sensitivity Due To 10-fold Changes In Parameter Values In Liver 
	Reaction
	Parameters 

(Baseline values)
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	vL1
	kL1 = 3

kmL1 = 7.7  [2]
	5.93 e-03
1.83 e-03
	5.06 e-02

2.63 e-02

	v-L1
	k-L1 = 4

km-L1 = 1.3 [4]
	5.19 e-03

2.17 e-03
	4.83 e-02

3.59 e-02

	vL2
	kL2 = 200

kmL2 = .57 [6]
	8.58 e-04
4.16e-04
	1.77 e-02

8.76 e-03

	v-L2
	k-L2 =  20

km-L2 = 1.4 [7]
	1.10 e-04

8.55e-08
	2.36 e-03

1.84e-06

	vL3
	kL3 = 0.1

kmL3 = .01 [8]
	5.07 e-04 

7.74e-06
	3.20 e-03

1.66 e-04

	v-L3
	k-L3 = .1

km-L3 = 0.0034 [9]
	6.97e-05
6.36e-06
	1.49 e-03

1.37 e-04

	vL4
	kL4 = 2, 

kmL4 = 0.18 [10]
ki13 = 2, 
	3.51e-05
6.36e-06
8.46e-06
	2.76 e-04

1.37 e-04

8.17e-05

	vL5
	kL5 = 0

kmL5 = .03 [11]
	Reaction set to 0


	Reaction set to 0

	v-L5
	k-L5 = 0.1

km-L5 = 0.8 [12]
	9.28e-09

3.02e-13
	1.69e-07
6.48e-12

	vL6
	kL6 = 1

kmL6 = 0.22 [3]
p2 = 1

kp2 = 2
	3.97e-06
3.35e-06

1.10e-06
3.61e-07
	5.54e-05
5.29e-05
2.36e-05
7.76e-06

	vL7
	kL7 = 1

kmL7 = 0.0204 [5]
ki8 = 2
	9.06e-06

3.35e-06

4.06e-06
	7.13e-05
5.29e-05
4.35e-05

	vL8
	kL8 = 0.1

ki4 = 3
	1.02e-06
4.02e-07
	2.20e-05
8.65e-06

	vL9
	kL9 = 0.1
	1.51e-07
	3.25e-06

	vL10
	kL10 = 0.1
	4.02e-07
	8.64e-06

	vL11
	kL11 = 0.6
	1.02e-06
	2.20e-05

	v-L11
	k-L11 = 0.01
	5.17e-08
	1.11e-06

	vL12
	kL12 = 0.6
	5.17e-08
	1.11e-06

	vL13
	kL13 = 0.5
	4.42e-13
	9.49e-12

	vL14
	kL14 = 0.01
	1.48e-07
	3.19e-06

	vL15
	kL15 = 0.01

p1 = 1

kp1 = 0.5

ki5 = 1
	2.70e-08
7.43e-09
3.16e-09

1.53e-08
	5.79e-07
1.60e-07
6.80e-08
3.29e-07

	vL16
	kL16 = 0.01
	2.70e-08
	5.79e-07

	vL17
	kL17 = 0.01

ki1 = 0.1
	1.062e-08
7.20e-09
	2.28e-07
1.55e-07

	vL18
	kL18 = 0.01

ki2 = 1
	3.92e-07
2.18e-07
	8.43e-06
4.68e-06

	vL19
	kL19 = 0.01
	4.675e-07
	1.01e-05

	vL20
	kL20 = 0.2
	6.63e-06
	6.86e-05

	vL21
	kL21 = 0.001

kmL21p = 0.4 [13, 14]
kmL21g = 4.3 [123 15]
	3.33e-10
2.74e-10
1.13e-10
	7.17e-09
5.89e-09
2.44e-09

	v-L21
	k-L21 = 0.2

km-L21a = 21 [16]
km-L21k = 0.22 [16]
	4.45e-07
4.01e-07
4.02e-07
	9.57e-06
8.61e-06
8.64e-06

	vL22
	kL22 = 0.01
	1.13e-10
	2.445e-09


Table S9
Blood Glucose Sensitivity Due To 10-fold Changes In Parameter Values In Fat

	Reaction
	Parameters 

(Baseline values)
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	VF1
	kF1 = 0.1 min-1
	2.33e-13
	5.01e-12

	VF3
	kF3 = 0.2 min-1
	2.32e-13
	4.99e-12

	VF4
	kF4 = 0.1 min-1
	2.32e-13
	4.994e-12

	VF5
	kF5 = 0.1 mM-2*min-1
	2.43e-13
	5.23e-12


Table S10
Blood Glucose Sensitivity Due To 10-fold Changes In Parameter Values In  Muscle

	Reaction
	Parameters 

(Baseline values)
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	vS2
	kS2 = 0.02 min-1
	4.00e-13
	8.59e-12

	vS3
	kS3 = 0.01 min-1
	5.44e-07
	1.17e-05

	v-S3
	kF4 = 0.1 min-1
	1.55e-07
	3.34e-06

	vS4
	kS4 = 0.07 min-1
	5.44e-07
	1.169e-05

	vS_dket
	kS_dket = 0.01 min-1
	2.35e-13
	5.06e-12


Part III: Figures

S1.  Reactions Included in Liver Component of the Model ([1])

[image: image119.emf]
Figure S1.  Reactions Included in Liver Component of the Model. The corresponding rate of each reaction is described in the text.

S2.  Reactions Included in Liver Component of the Model ([1])

[image: image120.emf]
Figure S2.  Reactions Included in the Fat Component of the Model.  The corresponding rate of each reaction is described in the text.

S3.  Reactions Included in Muscle Component of the Model ([1])

[image: image121.emf]
Figure S3.  Reactions Included in the Muscle Component of the Model.  The corresponding rate of each reaction is described in the text.

S4.  Reactions Included in Muscle Component of the Model ([1])

[image: image122.emf]
Figure S4.  Reactions for Transport Across the Cell Membranes.  The corresponding rate of each reaction is described in the text.

S5.  Glucose feeding function 
[image: image123.wmf]
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Figure S5.  Glucose feeding function in the blood. The first run is for the system to reach fed steady state with a constant feeding rate in the blood; the second run is the post-adsorption state with a decreasing glucose feeding rate from the fed steady state (drops below 5% in 140 mins.) The third run is for a glucose stimulus to enter the system as a step function. 
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S6.  Glycogen concentration in fed and fasted livers.
Figure S6.  Glycogen concentrations in fed and fasted livers. 

Part IV: Major Enzymes/Signaling Proteins
Table S11.  The enzyme/protein names, abbreviations and the reactions are based on KEGG pathway. 

	ENZYME  (Enzyme Commission number and name)

     REACTION

	HK (EC 2.7.1.1  hexokinase)
GLK  (EC 2.7.1.2  glucokinase)

     ATP + glucose = ADP + glucose 6-phosphate

	PK  (EC 2.7.1.40  pyruvate kinase)

     ADP + phosphoenolpyruvate = ATP + pyruvate

	LDH  (EC 1.1.1.27  lactate dehydrogenase)

     pyruvate + NADH + H+ = lactate + NAD+

	PDH  (EC 1.2.1.51  pyruvate dehydrogenase)

     pyruvate + CoA + NAD+ = acetyl-CoA + CO2 + NADH

	PC  (EC 6.4.1.1  pyruvate carboxylase)

     ATP + oxaloacetate = ADP + phosphoenolpyruvate + CO2

	CS  (EC 2.3.3.8  citrate synthase)

     ADP + phosphate + acetyl-CoA + oxaloacetate = ATP + citrate + CoA

	MDH  (EC 1.1.1.37  malate dehydrogenase)

     malate + NAD+ = oxaloacetate + NADH + H+

	MS  (malate shuttle)

     transports malate across mitochondrial membrane

	ALT  (EC 2.6.1.2  alanine transaminase)

     alanine + α-ketoglutarate = pyruvate + glutamate

	AGT  (EC 2.6.1.44  L-alanine-glycine transaminase)

 L-alanine + glyoxylate = pyruvate + glycine

	PEPCK  (EC 4.1.1.49  PEP carboxykinase)

     ATP + oxaloacetate = ADP + phosphoenolpyruvate + CO2

	G6Pase  (EC 3.1.3.9  glucose-6-phosphatase)

     glucose 6-phosphate + H2O = glucose + phosphate

	GS  (EC 2.4.1.11 glycogen synthase)

     UDP-glucose + (1,4-glucosyl)n = UDP + (1,4-glucosyl)(n+1)

	GP  (EC 2.4.1.1  glycogen phosphorylase)

     ATP + glucose = ADP + glucose 6-phosphate

	CL  (EC 2.3.3.8  ATP citrate lyase)

     ATP + citrate + CoA = ADP + phosphate + acetyl-CoA + oxaloacetate

	AC  (EC 6.4.1.2  acetyl-CoA carboxylase)

     ATP + acetyl-CoA + HCO3- = ADP + phosphate + malonyl-CoA

	FASN (EC 2.3.1.85 Fatty Acid Synthase)

acetyl-CoA + n malonyl-CoA + 2n NADPH + 2n H+ = a long-chain fatty acid + (n+1) CoA + n CO2 + 2n NADP+

	ACS  (EC 6.2.1.3  acyl-CoA synthetase)
     ATP + a long-chain carboxylic acid + CoA = AMP + diphosphate + an acyl-CoA

	CPT1 (EC:2.3.1.21 carnitine O-palmitoyltransferase 1)

palmitoyl-CoA + L-carnitine = CoA + L-palmitoylcarnitine 

	HMGS  (EC 2.3.3.10  HMG-CoA synthase)

     acetyl-CoA + H2O + acetoacetyl-CoA = 3-hydroxy-3-methylglutaryl-CoA + CoA

	DGAT (EC 2.3.1.20 diacylglycerol O-acyltransferase)

acyl-CoA + 1,2-diacyl-sn-glycerol = CoA + triacylglycerol

	LPL (EC 3.1.1.34  lipoprotein lipase)

triacylglycerol + H2O = diacylglycerol + a carboxylate

	PP-1 (EC 3.1.3.16  protein phosphatase-1) 

a phosphoprotein + H2O = a protein + phosphate

	GSP (EC 3.1.3.42 [glycogen-synthase-D] phosphatase)

[glycogen-synthase D] + H2O = [glycogen-synthase I] + phosphate

	CAPK cAMP dependent protein kinase

	PK (phosphorylase kinase)

	INS (Insulin)

	GCG (Glucagon)

	cAMP (Cyclic adenosine monophosphate)
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(a)  Glycogen concentration in fed livers after a glucose stimulus enters blood stream at t=0.  





(b)  Glycogen concentration in fasted livers after a glucose stimulus enters blood stream at t=0.  
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