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Supplementary Figure 1. The insulin-dependent glucose metabolism model.

(A) Block diagram of the AKT-dependent glucose metabolism model. The designations v1 through

v9 are the reaction IDs (Supplementary Figure 1B). The red lines indicate metabolic reactions that

are regulated by the insulin-dependent AKT pathway, whereas the blue line indicates the

G6P-induced allosteric effect of pGP. The insulin-dependent glucose metabolism model consists of

two sub-models, the insulin-dependent AKT pathway model and the AKT-dependent glucose

metabolism model. In this study, we newly developed the AKT-dependent glucose metabolism

model based on Michaelis-Menten kinetics for the metabolic reactions and mass action kinetics for

the G6P-induced phosphorylation of GP and the pAKT-induced gene expression of PEPCK. We also

used Michaelis-Menten kinetics for glucose transport because GLUT2, which is the major glucose

transporter expressed in hepatocytes, mediates the facilitated diffusion of glucose in an

insulin-independent manner (Tirone & Brunicardi, 2001). We used “The insulin to AKT module” in

the previously developed insulin-dependent AKT pathway model for the upstream pAKT signalling

pathway; the detailed reactions and ordinary differential equations used in this sub-model were as

previously described (Kubota et al, 2012), and the re-estimated parameters for the insulin-dependent

AKT pathway model are shown in Supplementary Figure 1H. (B) Reactions and parameters of the

AKT-dependent glucose metabolism model. “Re. ID” indicates the reaction IDs, which correspond

to “v#” in Supplementary Figure 1A. “Param. ID” indicates the parameter IDs. (C) Initial amounts of

the molecules used in the AKT-dependent glucose metabolism model. (D) Scale factors of the



reactions used in the AKT-dependent glucose metabolism model. (E) (F) Ordinary differential

equations used in the AKT-dependent glucose metabolism model. The effect of pAKT on the

regulation of the metabolic enzymes was implemented by changing Vmax Of the reaction rates (Mosca

et al, 2012). The simulations were performed using MATLAB (see also Materials and Methods). (G)

Extracellular and intracellular volumes in the ODEs. Extracellular volume corresponds to the volume

of media in the experiments, and intracellular volume were estimated (Le Cam & Freychet, 1977)

(see also Materials and Methods). (H) The parameter values for the insulin-dependent AKT pathway

model re-estimated in the current study (see also Materials and Methods). The parameter IDs P1 to

P18 and P23 correspond to those in the previous study (Kubota et al, 2012).
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Supplementary Figure 2. Specific deletion of reactions in the insulin-dependent

pathway.

(A) Deletion of the pAKT-mediated conversion of G6P to F16P. Deletion of the pAKT-to-F16P

pathway resulted in the disappearance of the transient increase of F16P, indicating that the direct

regulation of F16P by pAKT was responsible for the transient increase of F16P. (B)

Insulin-dependent responses of pAKT, F16P, PEPCK, glycogen, GLC¢ and pGP with constant

GLCe (which was maintained at its initial concentration). The maintenance of GLC¢x prevented the

decrease of F16P, indicating that the substrate depletion of extracellular glucose is responsible for

the decrease of F16P. (C) Deletion of the AKT-dependent suppression of PEPCK. Deletion of the

pAKT-to-PEPCK pathway prevented the sustained decrease of PEPCK, indicating that the regulation

of PEPCK by pAKT was responsible for the sustained decrease of PEPCK. (D) Deletion of the

pAKT-dependent production of G1P. Deletion of the pAKT-to-G1P pathway prevented the transient

increase of glycogen, indicating that the pAKT-to-G1P pathway is responsible for the transient

increase of glycogen. (E) Deletion of the G6P-dependent inhibition of pGP prevented the decrease of

glycogen, indicating that pGP is responsible for the adaptive response of glycogen. (F) Deletion of

the pAKT-mediated conversion of G6P to F16P and the pAKT-dependent suppression of PEPCK

prevented the decrease of GLCg that is observed in response to insulin, indicating that, in this model,

GLC is regulated by gluconeogenesis and glycolysis, but not by glycogenesis. Green dotted lines in

the right block diagrams represent the deleted pathway. The black, green and red lines indicate the
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various insulin concentrations used (0, 1 and 100 nM, respectively), and the solid and dotted lines

indicate the time courses obtained with each specific deletion model and with the intact model

(control, Figure 2A), respectively.
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Supplementary Figure 3
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Supplementary Figure 3. The sensitivity of F16P, PEPCK, glycogen and GLC to the

rate of insulin increase.

Responses of pAKT, F16P, PEPCK, glycogen and GLCc to the rate of insulin increase. These

responses were obtained using the simulation model. The rates of insulin increase are indicated using

colours. Black lines indicate the responses of the molecules without stimulation of insulin, and blue

lines and red lines indicate the responses of the molecules to the ramp stimulation and the step

stimulation, respectively, which are corresponds to Figure 4.
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Supplementary Figure 4
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Supplementary Figure 4. The structure types of incoherent feedforward loops.

There are four structure types of incoherent feedforward loops (Mangan & Alon, 2003). In this study,
we reveal that the network structure of glycogen regulation by insulin via pAKT forms an Incoherent
Type 1 and that of the 3-node network of pAKT, PEPCK and F16P forms an Incoherent Type 4 with
substrate depletion. Note that in our model, the transient response of F16P is mainly generated by an
increase via feedforward by pAKT and a decrease due to substrate depletion, rather than the negative

regulation via PEPCK (see also Supplementary Figure 2C).
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Supplementary Figure 5
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Supplementary Figure 5. The effect of decreasing the saturation or apparent time

constant on the responsiveness of PEPCK to an insulin pulse stimulation.

(A) The effect of saturation on the responsiveness of PEPCK to an insulin pulse stimulation. The
saturation was decreased by increasing the ECsg through increasing the V, 11 of “Phosphorylation of
FoxOl by pAKT” (Supplementary Figure 1B, Re. ID: v11, Param. ID: 30). Ten-min pulse
stimulation was used, and black dotted line indicates the basal level. The colour bar indicates the
values of V; v11. The inset represents dose-response curves of PEPCK against various concentrations
of insulin with the different values of V, y11, and the line colours of the dose-response curves
correspond to those of the time courses. ECso became larger as line colours turned from blue to red.
The ECs, of PEPCK with 1.5% x V2°_V11 (cyan line) were calculated to be approximately 0.07 nM
from the inset, which corresponds to that of G6Pase in the previous study (Kubota et al, 2012). (B)

The effects of the apparent time constant on the responsiveness of PEPCK to an insulin pulse
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stimulation. The apparent time constant was decreased by increasing the V; y12 of “mRNA regulation
of PEPCK by FoxO1” (Supplementary Figure 1B, Re. ID: v12, Param. ID: 32). Dotted lines indicate
each basal level. The colour bar indicates the values of V,. The indicated values “z” represent each
apparent time constant with the different values of V y1», and the font colours correspond to the line
colours. The apparent time constants became smaller as line colours turned from blue to red. We
computationally calculated the apparent time constants, which is the time required for the response to
reach 63.2% of the final value, from Supplementary Figure 5B. The apparent time constant of

G6Pase were 18 min (Kubota et al, 2012).
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