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Glucagon-like peptide-1 (GLP-1) elevates intracellular concentration of cAMP
([cAMP]) and facilitates glucose-dependent insulin secretion in pancreatic B-cells.
However, because of complex interactions between signaling factors and effectors, the
detailed mechanism underlying elevated insulin secretion has not been elucidated. We
thus utilized ‘bioinformatics’ to quantitatively analyze the GLP-1 effects. First, we
reconstructed a minimal mathematical model of GLP-1 receptor signal transduction,
which involves GLP-1 receptor, Gs protein, adenylate cyclase (AC), phosphodiesterase
(PDE). By fitting this theoretical reaction scheme to key experimental records of the
GLP-1 response, the parameters determining individual reaction steps were estimated.
The model reconstructed satisfactorily the dynamic changes in cAMP, and predicted
the activities of cAMP effectors, protein kinase A (PKA) and cAMP-regulated guanine
nucleotide exchange factor (cCAMP-GEF or Epac) during GLP-1 stimulation. The
simulations also predicted the presence of two sequential desensitization steps of the
GLP1 receptor that occur with fast and very slow reaction rates. The cross talk
between glucose- and GLP-1-dependent signal cascades for cAMP synthesis was well
reconstructed by integrating the direct regulation of AC and PDE by [Ca2*]. We finally
incorporated the GLP-1 signaling cascade model into the B-cell model. By cording the
PKA and Epac induced modulation on ion channels (L-type Ca2* currents,
Voltage-dependent K+ channels, ATP-dependent K+ channels), the GLP-1 effects on
the magnitude as well as the amplitude of bursts of action potentials were well
reconstructed. We will be able to quantitatively analyze the effects of GLP-1 on each
signaling effectors on membrane excitability and Ca2* signaling when models of Ca2*
releasing channels on endoplasmic reticulum (ER) are completed.
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L] GLP-1 (ligand)

[R] free GLP-1receptor

[Rd total GLP-1 receptor

[Ral active GLP-1 receptor

[Roi] desensitized GLP-1 receptor in state 1
[Rg2] desensitized GLP-1 receptor in state 2
[LR] GLP-1 receptor bound with ligand

[LRG] GLP-1 receptor bound with ligand and Gg
[Gd total Gs-protein

[G] G complex

[Gay] P and y subunit of Gg

[G.GTP] total GTP-bound a subunit of Gg
[GaGDP] GDP-bound o subunit of Gg

Vs total adenylate cyclase activity

Vac activity of adenylate cyclase with G protein unbound
V max_ac_t Maximum activity of V ac

Vaca activity of adenylate cyclase with GaGTP
V max_ac_a maximum activity of Vac g

fod ac fraction of Ca,CaM-dependent Vac ¢
Vcaac Ca,CaM-dependent component of Vac ¢

[CaM] Calmodulin

[Ca.CalM] Calmadulin bound with Ca® ions ([CasCaM]+ [CasCaM])
[CaaCaM] Calmodulin bound with 3 Ca®* ions
[CasCaM] Calmaodulin bound with 4 Ca®* ions

V poe activity of phosphodiesterase

V max_PDE maximum activity of Vpepe

KoL low K of PDE

Kmn high K, of PDE

f fraction of PDE with K mL

Sed_poe fraction of Ca,CaM-dependent Vppe

V cd_roE Ca,CaM-dependent component of Vepe
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A-1- Parameters determined based on GLP-1 signaling system in

pancreatic B—cell and a B—cell line

Total amount of Receptor. [Ry] 0.00434 uM
Binding between [L] and [R] K3=0.004 pM
A2 P determined by biochemical 1 g
Total amount of Gs. [Gy] 283 M
GuGTPy-dependent AC_G activation Kip=04 M
ATP dependent AC activity Kp=103 mM
ATP dependent AC_G activity Kp=0315mM
CayCaM-dependent AC_G actrvation K1 =0348 pM
CﬂZ’-d.ependenrACiG inhibition Kini=75 1M
Ca,CaM-dependent PDE activation K1n=0348 uM
cAMP dependent PKA activation K3=29pM. nz=14
cAMP dependent Epacl activity Kin=30 pM
cAMP dependent Epac2 activity Kip=20uM

The kinetics for the activation and deactivation of G, protein
K5=16s" k6=15"
&7 = 1200000 M5
B) Parameters determined in the present study by fitting specific
experimental records or measurements in references
Desensitization rate constants
k1=0.00255", k2 =0. 005833
#3=0.0002833 ™. k4 =0. 00005 s

Faster desensitization kinetics

Ultra slow desensitization kinetics

AC and PDE activities

Vac Viagee 2= 0.0006173 mM s

Vice Ve 2 ¢ =0.01738 mM 5”1
fraac=006

Vene Vi oz = 0.015 mM 57!
feame=02
Ko = 04148 yM,  Kpp =53.98 {M
F=0012

C) Parameters determined in the present study by fitting the overall
model scheme to experi: I records or ts in references
Binding between [G] and [LR] K3=0372 pM
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