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Abstract

In various cell types cytosolic calcium (Ca*") is an important regulator. The possible role of Ca** release from the inositol
1,4,5-trisphosphate (IP3) receptor channel in the regulation of the phosphorylation—dephosphorylation cycle process involved
in glycogen degradation by glycogen phosphorylase have theoretically investigated by using the Li—Rinzel model for cytosolic
Ca*" oscillations. For the case of deterministic cytosolic Ca** oscillations, there exists an optimal frequency of cytosolic Ca**
oscillations at which the average fraction of active glycogen phosphorylase reaches a maximum value, and a mutation for the
average fraction of active glycogen phosphorylase occurs at the higher bifurcation point of Ca*" oscillations. For the case of
stochastic cytosolic Ca®" oscillations, the fraction of active phosphorylase is strongly affected by the number of IP5 receptor
channels and the level of IP; concentration. Small number of IP; receptor channels can potentiate the sensitivity of the activity
of glycogen phosphorylase. The average frequency and amplitude of active phosphorylase stochastic oscillations are increased
with the level of increasing IP; stimuli. The various distributions for the amplitude of active glycogen phosphorylase
oscillations in parameters plane are discussed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Intracellular Ca®" is a primary regulator with variety
of cell functions, for example, early response to injury
of brain tissue [1], neurotransmitter release [2], synap-
tic plasticity [3], gene expression [4], and cell death [5],
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etc. Phosphorylation—dephosphorylation cascades rep-
resent one of the most exquisite modes of cellular
regulation. A prototypic example of phosphoryla-
tion—dephosphorylation cascade involved in metabolic
regulation is the one controlling the balance between
glycogen synthesis and degradation. The coordinated
changes in the phosphorylation status of glycogen
synthase and glycogen phosphorylase are under hor-
monal control through the activation of protein kinases
by cyclic AMP (cAMP) and cytosolic Ca**. The
control of glycogen phosphorylase by cytosolic Ca®*
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provides a prototypic example to study the impact of
Ca®" oscillations on cellular regulation.

Recently, Gall et al. [6] have studied theoretically
the effects of simple cytosolic Ca*" oscillations on
the activation of glycogen phosphorylase controlled
by the phosphorylation—dephosphorylation cycle
based on bicyclic cascade model proposed by Carde-
nas and Goldbeter [7] in hepatocytes. It is found that
cytosolic Ca®" oscillations reduce the threshold for
the activation of the enzyme, that the cytosolic Ca**
oscillations can potentiate the response to a hormonal
stimulation, and that cytosolic Ca®" oscillations in
hepatocytes can contribute to increase the efficiency
and specificity of cellular signaling as shown exper-
imentally for gene expression in lymphocytes [4].
Rozi and Jia [8] have investigated the effects of
complex cytosolic Ca®" oscillations on the regulation
of the activation of glycogen phosphorylase. It is
predicted that an average level of the fraction of
active phosphorylase is nearly independent of the
level of external stimulation increasing during the
cytosolic Ca®" bursting oscillations.

Cytosolic Ca*" shows complex spatio-temporal
oscillatory profiles in a large number of cell types.
A number of mathematical models have been pro-
posed. Some assume that IP; is necessarily oscillatory,
or assume the existence of two pools for Ca®" and
emphasize the effect of Ca®"-induced Ca”'-release.
Some assume that inhibition of Ca”**-release by en-
doplasmic reticulum (ER) Iuminal calcium or by
cytosolic calcium is crucial, and some even assume
the involvement of ER membrane potential. These
models that give qualitative description of how oscil-
lations might occur were developed before important
features of IP5- and Ca”*-gated channel opening were
characterized. It has been found that the release of
Ca*' from intracellular pools can be mediated by two
types of receptor channel proteins, the IP; receptor
(IP5R) [9,10] and the ryanodine receptor (RyR) [11—
13], which have quite different gating properties and
single channel conductances. The generation of cyto-
solic Ca*" oscillations does not require the presence of
both types of Ca**-release channel. In addition, it has
been observed that the Ca”’’-release channels are
spatially organized in clusters. The collective opening
and closing of several calcium release channels in a
cluster causes Ca®" puffs or sparks observed in experi-
ments [14—18].

The first theoretical model for agonist-induced
cytosolic Ca®" oscillations based on microscopic ki-
netics of IP; and cytosolic Ca®" gating of the IP3R
was proposed by De Young and Keizer [19], which
provides good agreement with experimental record-
ings of channel opening. This model requires nine
variables for IP; receptor. Since the full De Young-—
Keizer model is symmetric in some of the three
binding processes (i.e. IP; binding, Ca*" binding to
activation site, and Ca®" binding to inactivation site)
and the IP; binding is at least 200 times faster than
other binding processes, a much simpler two variables
model based on the De Young—Keizer model was
proposed by Li and Rinzel [20]. The Li—Rinzel model
is analogous in form to the Hodgkin—Huxley formal-
ism for electrical excitability of neuronal plasma
membrane [21]. Recently, a stochastic version of
Li—Rinzel model is proposed by Shuai and Jung [22].

In this article, we employ Li—Rinzel model for
cytosolic Ca®" oscillations (including deterministic
and stochastic version) to simulate the possible role
of calcium release from the IP3R in the regulation of
the phosphorylation—dephosphorylation cycle process
involved in glycogen degradation by glycogen phos-
phorylase, since this process plays a vital role in the
regulation of glycaemia, and in providing glucose for
the organism between feeding in hepatocytes (for
review see Ref. [23]). In particular, we indeed explore
theoretically the effects of different numbers of IP;Rs
and different levels of IP; stimuli on the activation of
glycogen phosphorylase by stochastic cytosolic Ca**
oscillations. It should be pointed out that the random
Ca”" signals discussed are localized signals since the
stochastic Li—Rinzel model is applied for the local-
ized calcium signals released from the clustered IP;Rs
channels. Moreover, the channels of Ca>" are assumed
[22] to be close enough so that cytosolic Ca*" con-
centration can be considered homogeneous through-
out the cluster, and the diffusion between cluster and
environment is neglected without accounting for spa-
tial aspects of the formation and collapse of localized
Ca®" elevations.

2. Model

The function of glycogen phosphorylase is to
govern glycogen degradation. The enzyme acts as a
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sensor of blood glucose level, liberating glucose from
stored glycogen as needed. The dynamics of the Ca**-
associated phosphorylation cycle involves glycogen
phosphorylase: glycogen phosphorylase is converted
from the inactive h-form into the active a-form by
phosphorylase kinase, and is inactivated by a phos-
phatase. Phosphorylase kinase is a hexadecamer com-
posed of four different subunits (ayf47404). The
subunit is identical to calmodulin and mediates the
Ca*'-sensitivity of phosphorylase kinase [24]. The
minimal model based on the bicyclic cascade model
proposed by Cardenas and Golbeter [7] for the acti-
vation of glycogen phosphorylase taking into account
the regulation by cytosolic Ca** has been proposed by
Gall et al. [6]. The balance equation governing the
time evolution of the fraction of active glycogen
phosphorylase (X) is given by:

g—V(Z) 1-X
e " K@Z)+1-x

VM2(1 + O(G/(Kal + G))X
 K/(1+G/Kp) +X

with

Z4
R
as

K

K(Z)=——1—,
1+ 274 /K

(2)

where Z and G represent the intracellular concentra-
tion of Ca®" and glucose, respectively. In this model,
it has been assumed that glucose activates phosphor-
ylase phosphatase (of maximum rate V;,, and normal-
ized Michaelis constant K,) by decreasing the K,,, of
enzyme, with an activation constant K, and that
glucose further activates the enzyme by enhancing
its maximum rate by a multiplicative factor o, with an
activation constant K,;. Moreover, it is also assumed
that Ca®>" activates the phosphorylase kinase (of
maximum rate ¥V, and normalized Michaelis con-
stant K) by decreasing the K,,, of the enzyme, with an
activation constant K 6, and that Ca®" further activates
the enzyme by enhancing its maximum rate by a
multiplicative factor y, with an activation constant
K,s. In order to study the regulation by cytosolic

Ca*" of the glycogen phosphorylase, a constant cAMP
level has been assumed, and the rates of phosphory-
lation of glycogen phosphorylase kinase by the
cAMP-dependent kinases are taken as constant
parameters. The values of these parameters [6,8] are
G=10.0 mM, K| = 0.1, K,=0.2, K,1=K,»=10.0 mM,
K,5=K,6=0.5 uM, 0=y=9.0, V};=1.5 min~"', V,n=0.6
min~".

2.1. Deterministic Li—Rinzel model

The De Young—Keizer model is the first theoret-
ical model for agonist-induced cytosolic Ca*" oscil-
lations based on microscopic kinetics of IP; and
Ca®" gating of the IP;R [19]. This model assumes
that three equivalent and independent subunits are
involved in conduction in an IPsR. Each subunit has
one IP; binding site (m gate), and two Ca”" binding
sites (one for activation (n gate), the other for
inhibition (% gate)). Thus, each subunit may exist
in eight states with transitions governed by second-
order and first-order rate constants. Only the state
with one IP5 and one activating Ca®" bound contrib-
utes to the subunit’s open probability. All three
subunits must be in this state for the channel to be
open. Although the model is unique in giving in
detail gating kinetics, the number of variables is
relatively high. This model involves eight variables
plus the concentration of IP; as a control parameter.
Li and Rinzel [20] showed that the full De Young—
Keizer model is symmetric in some of the binding
processes and that the IP; binding is at lease 200
times faster than the Ca”" activation binding, while
the Ca”" activation binding is at least 10 times faster
than the Ca®" inactivation binding and the change
rate of [Ca’'] during oscillations. Therefore, the
nine-variables De Young—Keizer model can be re-
duced to two-variables model:

dz
E = Jrel - qumpa (3)
dh
=1 =)~ b @)

where J is calcium release flux from ER to the
intracellular space, and Jp,um, is calcium flux pumped
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from the intracellular space into the ER. The expres-
sions for these fluxes are:

Jrel = (] (vlmzcnzoiﬁ + Vz)(ZER - Z), (5)
ZZ
qump = V3W7 (6)
with
P
mey = )
P+ d
V4
N = )
Z+ds
J P+ d
oy = ardy ———
h 2 2P+d37
ﬁh = a227

P denotes the intracellular concentration of IP3, and
vi and v, are the rate constants of maximal IP;R-
mediated release flux and of a small leak flux,
respectively. o, and f3;, are the opening rate and
closing rate for 4 gates, respectively. In above model,
the fast variables m, n have been replaced by their
quasi-equilibrium values m, and n ., and a conser-
vation of the total cellular Ca®" implies the con-
straint: cog=Z+cZgr. The values of these parameters
[20,22] are: cp=2.0 uM, ¢;=0.185, v;=360.0 min~ ',
v,=6.6 min~', v;=54.0 uM min~', k=0.1 pM,
di=0.13 M, d,=1.049 pM, d;=0.9434 uM,
ds=0.08234 pM, a,=12.0 pM~' min~'. Parameter
P is considered as a control parameter.

2.2. Stochastic Li—Rinzel model

Egs. (3) and (4) describe the deterministic be-
havior of cytosolic Ca®" averaged for a large
number of channels. The small number of IP;R
channels in a single cluster suggests that a stochas-
tic formulation of these equations is necessary if
calcium release from a single cluster is considered.
Thus, there is an increasing interest for the theoret-
ical discussion on the stochastic dynamics of local
Ca*' release [25—30]. The deterministic Li—Rinzel
model (Egs. (3) and (4)) is a structure analogous to

the famous Hodgkin—Huxley formalism for electri-
cal excitability of neuronal plasma membrane [21].
In particular, fast activation and slow inactivation by
Ca®*" of the IP;R channel become analogous to
gating by membrane potential of the plasma mem-
brane Na' channel [20]. Following the deterministic
Li—Rinzel model, we only consider the stochastic
opening and closing process for gate 4 here. There
are several ways to simulate this stochastic scheme
(for detail see Ref. [22]). A widely applied approach
is to account for the number of ionic channels in
each state of the kinetic model [31-33]. The IP;R
channel can exist in four different states, and the
kinetic scheme describing the behavior of this
channel is given by:

o] =[] o= [12] o 5] (7)
Nnol= [n|=|m|=|n
T

where [n;] is the number of the channel with i open
gates, and hence [n3] labels the open state of the
IP3R channel. The total population of channels in
each of their possible states will be tracked with
time. The expression for the calcium release flux
replacing Eq. (5) is given by [22]:

Nhfo en
Jrel =1 (vlmionio Tp + Vz) (Zer — Z), (8)

where N and Nj_gpen indicate the total number of
IP;R channels and the number of Z-open channels,
respectively. Nj.open/N is the h-open fraction, replac-
ing #° in Eq. (5) of the deterministic model. A
change in parameter N is implicitly associated with
a change in the Ca®" flux through channels.

To simulate the effects of different numbers of
IP5R channel and different levels of IP5 stimuli on the
activation of glycogen phosphorylase by stochastic
cytosolic Ca*" oscillations, Eqgs. (1), (3) and (4) were
integrated by the forward Eular algorithm with a time
step of 0.001 min. In each calculation, the time
evolution of the system lasted 1000 min after transient
behavior was discarded.

3. Effects of IP; receptor-mediated cytosolic Ca**
oscillations on activation of glycogen phosphorylase

In the deterministic Li—Rinzel model (i.e. J is
given by Eq. (5)), the variation of concentration of IP5
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gives rise to intracellular Ca®" oscillations, and the
frequency of cytosolic Ca®" oscillations and the aver-
age cytosolic Ca>" concentration ((Z)) are increased
with the IP; stimulation level increasing [20]. The
bifurcation diagram for the intracellular Ca** concen-
tration (Z) is plotted in Fig. la (the dashed line).

10 n 1 2 1 L 1 L 1

0.8+

<= 0.6
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0.0 05 1.0 15 20
time (min)

Fig. 1. (a) The bifurcation diagrams of X (solid line) and Z (dashed
line) are plotted against the stimulus parameter, P. Within the range
of P values giving rise to oscillations, both the maximum and the
minimum of X and Z in the course of oscillations are drawn. (b)
Time courses of X (solid line) and Z (dashed line) at a given level of
P=0.5 uM.

Under the regulation of cytosolic Ca”" oscillations,
the fraction of active glycogen phosphorylase (X) can
also oscillate in the range of cytosolic Ca** oscilla-
tions (see the bifurcation diagram for X in Fig. 1a, the
solid line). In other words, the cytosolic Ca®" oscil-
lations induce the activation of glycogen phosphory-
lase oscillating. The time courses of Z and X are
shown in Fig. 1b when P=0.5 uM at which cytosolic
calcium oscillates. As can be expected from the
regulations considered, the peaks in cytosolic Ca*"
precede the peaks in fraction of active phosphorylase
[6,8].

To explore the effects of different IP5 stimuli on
the activation of glycogen phosphorylase, the aver-
age level of fraction of active phosphorylase ((X))
as a function of IP3 concentration (P) is plotted in
Fig. 2a. It can be found that, in the domain of
cytosolic Ca®" oscillations, (X) is increased with P
increasing firstly, and then has a little decrease.
There exists an optimal frequency of cytosolic
Ca®" oscillations (or an optimal IP; stimuli,
P=0.635 pM) at which the average fraction of
active glycogen phosphorylase reaches a maximum
value (see point A in Fig. 2a). It is interesting to
notice that the average fraction of active phosphor-
ylase drops suddenly from high level to low value
when the cytosolic Ca®" oscillation is over (see
point B at which P=0.655 pM in Fig. 2a). It
means that the average fraction of active glycogen
phosphorylase is very sensitive to the cytosolic
calcium oscillations at the higher bifurcation point
of Ca’" oscillations. In Fig. 2b, the relationship
between (X) and (Z) with variable P (P varies
from 0 to 1 uM) shows a steep sigmoidal nature
[6]. This result is a direct consequence of the
saturation of the converter enzymes by their sub-
strates, leading to a phenomenon known as ‘zero-
order ultrasensitivity’ [34], and of the cooperativity
in the kinase activation by Ca®" [35]. We compare
(X) activated by Ca®" oscillations (solid star) with
(X) activated by a sustained Ca®" level in Fig. 2b,
in which the solid line (i.e. the stable steady-state
value) is obtained by setting dX/d=0 in Eq. (1). It
shows that cytosolic Ca®" oscillations reduce the
threshold for the activation of the enzyme, or
potentiate the cell response.

In the stochastic cytosolic Ca”®" model (i.e. Jpe 1S
given by Eq. (8)), it has been shown [22] that, even
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Fig. 2. (a) The average value of X ((X)) are plotted against P. Point
A corresponds to the maximum value of (X). Point B corresponds to
P=0.655 uM, which is the higher bifurcation point for Z in the
deterministic case (see Fig. la). (b) (X) vs. (Z) (solid star) with
variable P (P varies from 0 to 1 puM). The line is the response of X
to a stimulation by a sustained Ca®" level (which is obtained by
setting X = 0 in Eq. (1)).

not in the range of cytosolic Ca>" oscillations as
shown in Fig. la, intracellular concentration of calci-
um can oscillate stochastically due to the random
opening and closing of IP5- and Ca®"-gated channels.
Fig. 3 gives the bifurcation diagrams for the stochastic
case, which plots both the maximum and minimum of

X and Z in the process of their stochastic oscillations.
We can see that, although the features of the deter-
ministic bifurcation diagrams are well reproduced
when the total number of channels is large (e.g.
N=100 000), the oscillation range in the stochastic
case is larger than that one in the deterministic case.
Now a question to be raised is how the stochastic
cytosolic Ca®" oscillations affect the activation of
glycogen phosphorylase, or what are the effects of
different numbers of IP;Rs and different IP5 stimuli
on the activation of glycogen phosphorylase by cyto-
solic Ca®" stochastic oscillations?

When the intracellular concentration of IP; is
fixed at P=0.3 pM at which cytosolic Ca®" oscil-
lations do not occur for the deterministic case, we
show the temporal evolutions of X and Z for
different total numbers of IP3;R channel (N) in
Fig. 4. Fig. 4a demonstrates that the fraction of
active phosphorylase oscillates stochastically with
large amplitude by the regulation of cytosolic
Ca®" stochastic oscillations for the small total num-
ber of IP;R channels. With the increasing of the
total number of IP;R channels, the oscillation am-
plitude of the fraction of active phosphorylase
becomes smaller. The oscillations in the fraction
of active phosphorylase vanish when N is very
large (e.g. N=1000 in Fig. 4d). However, when

1.0 —

) I "
N=100000

Fig. 3. The bifurcation diagram of X (solid line) and Z (dashed line)
as a function of P for the stochastic case (N=100 000).
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Fig. 4. Time course of X is compared with the associated time courses of Z at P=0.3 pM level for different total channel number: (a) N=2, (b)

N=15, (¢) N=100, and (d) N=1000.

the total number of IP;R channels is fixed, for
example, N=20, the temporal evolutions of X and
Z for different intracellular concentration of IP5 are
shown in Fig. 5. It is found that there is no
variation (or oscillations) in the fraction of active
phosphorylase at the low level of IP3 stimuli (e.g.
P=0.2 M in Fig. 5a). However, under the regula-
tion of cytosolic Ca®" random oscillations, the
average frequency and amplitude in the stochastic

oscillations of the fraction of active phosphorylase
are increased with the increasing of the IP; level
(see Fig. 5b—d).

Figs. 4 and 5 also show that the oscillating
amplitude and frequency of the fraction of active
phosphorylase are determined by the concentration
of cytosolic Ca’" and its oscillating frequency.
The time scale of cytosolic Ca®" stochastic oscil-
lation process is faster than that of active phos-
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Fig. 5. Time courses of X and Z at a given channel number N=20 for P=0.2 uM (a), P=0.4 uM (b), P=0.6 uM (c), and P=0.8 uM (d).

phorylase. Therefore, significant dephosphorylation
of glycogen phosphorylase is only possible when
the time interval between two successive Ca’"
spikes is large enough. At higher frequency of
Ca®" oscillation, dephosphorylation between suc-
cessive Ca”" spikes is not complete and higher
(X) levels can be maintained. The phenomenon
that (X) levels depend on the frequency of cyto-
solic Ca®" oscillations is called as frequency
encoding [6].

The steep sigmoidal nature is also obtained in
the stochastic version (see Fig. 6a). It shows that
the threshold of (Z) for activation of phosphorylase
depends on the total number of IP;R channel. The
smaller the total number of IPs;R channel is, the
lower the threshold of (Z) for activation of phos-
phorylase is. Because the small IP3;Rs channels
cluster can induce large fluctuations in cytosolic
Ca®" concentration, the level of Ca?" sometimes
goes above the level required for activation of the
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Fig. 6. (a) (X) vs. (Z) with variable P (P varies from 0 to 1 uM)
for different total number of IP;Rs channels: N=2 (dot), 20 (dash)
and 200 (dash dot). The solid star is for the deterministic case (as
same as the solid star in Fig. 2b). (b) The mean value of X as a
function of the total channel number N at P=0.3 pM level
(square), 0.5 uM (circle), 0.655 pM (star) and 0.8 pM (triangle),
respectively.

phosphorylase, even if the mean level of Ca®"
(corresponding to the deterministic case) is below
the threshold. Our results demonstrate that small
number of IP;R channel can potentiate the sensi-
tivity of the activity of glycogen phosphorylase. An
interesting extrapolation of our results is that the

temporal evolution of cytosolic Ca*" needs to be as
deterministic as possible to avoid a ‘preliminary’
activation of the phosphorylase. In Fig. 6b, we
have plotted the average fraction of active phos-
phorylase against the total IP;R channel number
increasing for different level of IP3 stimuli. For the
low concentration of IP; (e.g. P=0.3 pM), (X) is
decreased as N increasing, however, for the high
concentration level of IP; (e.g. P=0.8 uM), (X) is
increased as N increasing. It should be pointed out
that, when the total number of Ca®" channel is
very large (i.e. N—oo), the values of (X) for
different P must tend to results for the determin-
istic case as shown in Fig. 2a.

The amplitude of X stochastic oscillations
depends on the concentration of intracellular IP;
and the total channel number. The various distri-
bution for the amplitude of X in the P-N
parameter plane is shown in Fig. 7a, which is
a prediction by our computational simulations.
There are five phase regions in this plane. When
the IP; level is very low, the amplitude of X
oscillations is smaller than 0.2, and concentrates
on one value or several values, namely single-
value region (indicated by I in Fig. 7a). Mono-
tonically decreasing amplitude distributions are
mainly found for low P level, namely monoton-
ic-decrease region (indicated by II in Fig. 7a).
When cluster has only a few IP3Rs and P is
approximately 0.4 pM, a dumbbell-like amplitude
distribution (i.e. large probability occurs simulta-
neously in both the smallest X amplitude and the
largest X amplitude) is observed (indicated by III
in Fig. 7a). One-peak amplitude distributions are
mainly found for medium P level (indicated by
IV in Fig. 7a). For large P level, monotonically
increasing amplitude distributions are observed in
region V. In regions I, II, IV and V, the value of
N does not influence the shape of X amplitude
distributions. In Fig. 7b—e, we show four typical
amplitude distribution forms corresponding to the
points (b,c,d and e) as marked in Fig. 7a for
different regions (except region I), respectively.
The various distribution for the fraction of active
glycogen phosphorylase presented here is similar
to that for intracellular Ca®" stochastic oscillations
[22], and the puff amplitude distributions of
cytosolic Ca?" concentration have been observed
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Fig. 7. (a) The Various distribution of the X amplitude in the P—N parameter plane. Samples of the X amplitude distributions for points b, ¢, d,

and e marked in various regimes are shown in (b)—(e), respectively.

in experiments from Xenopus oocytes and Hela
cells [36-39].

4. Conclusions

In this article, by virtue of the Li—Rinzel model
based on microscopic kinetics of IP; and Ca*" gating
of the IP;R, we have studied theoretically the effects
of both deterministic and stochastic intracellular Ca**
oscillations on the regulation of a phosphorylation—
dephosphorylation cycle process involved in glycogen
degradation by glycogen phosphorylase a-form, re-
spectively. In particular, we have explored theoreti-
cally the effects of different numbers of IP;Rs and
different levels of IP; stimuli on the activation of
glycogen phosphorylase by stochastic cytosolic Ca**
oscillations.

For the case of deterministic cytosolic Ca®" oscil-
lations, our results showed that the average fraction of
active phosphorylase is increased with the concentra-
tion of intracellular IP; increasing, and that there
exists an optimal frequency of cytosolic Ca®" oscil-
lations at which the average fraction of active glyco-
gen phosphorylase reaches a maximum value. An
interesting result is that the average fraction of active
phosphorylase drops suddenly from high level to low
value when the cytosolic Ca®" oscillation is over. It

implies that a mutation for the average fraction of
active glycogen phosphorylase will occur at the higher
bifurcation point of Ca®" oscillations.

For the case of stochastic cytosolic Ca®" oscilla-
tions, our results showed that the fraction of active
phosphorylase is strongly affected by the number of
IP3R channel and the level of IP3 concentration. The
threshold of (Z) for activation of phosphorylase
depends on the IP;R channel number. The smaller
the total number of Ca®>" channel is, the lower the
threshold of (Z) for activation of phosphorylase is.
Small number of IP;R channel can potentiate the
sensitivity of the activity of glycogen phosphorylase.
Meanwhile, the average frequency and amplitude of
stochastic oscillations in the fraction of active phos-
phorylase are increased with the level of IP; stimuli
increasing. The various distribution for the amplitude
of X stochastic oscillations in the P—N parameter
plane has been predicted, which shows that there are
five possible shapes of amplitude distribution in the
fraction of active glycogen phosphorylase.
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