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Abstract
Recently,developing molecuar biology and system biology, the mechanism of the circadian rhythm in which the inside of

the body rhythm of the living thing is ruled is being clarified at the cell level. On the other hand, it is thought that various
sicknesses are related in the medicine and pharmacology to the disorder of the circadian rhythm. To control the disease
caused by such an abnormality the rhythm syndrome, it proposes the method of controlling the cycle by using Speed
Gradient Algorithm that is one of the nonlinear control techniques for the circadian rhythm with an abnormal rhythm.
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1.Introduction

　 Recently, the circadian rhythm with about 24 cycles of
the hour from the viewpoint of the system biology is actively
researched. This rhythm mechanism controls the rhythm of
the entire body like not only bureau lives, sleep, the blood
pressure, and the temperature but also the hormone and
the internal secretion systems, etc. to the suprachiasmatic
nucleus in hypothalamus of the living body in the peculiar-
ity. The existence of the circadian rhythm is proven by all
almost the living thing kinds, and the mechanism at the
cell level is being clarified on some seeds because of the de-
velopment of a molecular biology approach. Especially, the
mathematics model of the mechanism is proposed by Gold-
beter as for the circadian rhythm in Drosophila treated by
this research.

On the other hand, the disorder of the circadian rhythm,
that is, abnormality the rhythm syndrome is observed under
special conditions of cancer, sleeplessness, and a mental dis-
ease, etc. in the medicine and pharmacology. The research
to make the sickness controlled by recovering the rhythm to
man under such a condition is done.

In this research, it proposes the technique for achiev-
ing this rhythm recovery by using a circadian rhythm in
Drosophila expressed by nonlinear state equation proposed
by Goldbeter. The circadian rhythm with an abnormal
rhythm is considered to be a plant system and the circadian
rhythm with an normal rhythm is considered to be a refer-
ence system, the recovery to the normal rhythm is achieved
by syhchronozing the rhythm of the plant system with the
rhythm of the reference system . By using Speed Gradient
Algorythm that is one of the nonlinear control techniques,
it is shown that the control system only dependent on per
mRNA concentration that can be only observed in circadian
rhythm is possible.

2.Molecular model of Circadian rhythm in
Drosophila

Fig.1 shows a molecular model of circadian rhythm pro-
posed by Goldbeter. [1]
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　　　　　　　　 Fig.1 : Molecular model [1]

　 First of all, the genetic information on the per gene is
transcribed in per mRNA(MP) in the cell nucleus. per
mRNA moves from the nucleus to the cytoplasm, translates
genetic information and generates protein PER0(P0) with
the ribosome of the cytoplasm. Then, protein PER0 is phos-
phorylated in reversible manner into the forms PER1(P1)
and PER2(P2). On the other hand, the tim gene operate in
symmetry. That is, the genetic information is transcribed to
tim mRAN(MT) in the cell nucleus, after moves to the cyto-
plasm, it generates protein TIM0(T0), then, protein TIM0 is
monophosphorylated into TIM1(T1) and bisphosphorylated
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into TIM2(T2) in reversible manner. The fully phosphory-
lated forms of protein PER and TIM becomes a PER-TIM
complex(C). Then, the PER-TIM comlex is transported
into the nucleus. The PER-TIM complex in the nucleus(CN)
exerts a negative feedback on the production of per and tim
mRNAs.

This molecular model was expressed by Goldbeter by the
following chemical reaction equations.

ṀP = vsP
KIP

n

KIP
n + CN

n

−vmP
MP

KmP + MP
− kdMP (1)

Ṗ0 = ksPMP − V1P
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Ṫ2 = V3T
T1

K3T + T1
− V4T

T2

K4T + T2

−k3P2T2 + k4C − vdT
T2

KdT + T2
− kdT2 (8)

Ċ = k3P2T2 − k4C − k1C + k2CN − kdcC (9)

ĊN = k1C − k2CN − kdNCN (10)

3. Mutant model

The cycle of the circadian rhythm in the Drosophila short-
ened and the phenomenon were observed long. that un-
derstands this is related to the mutant of the gene of the
drosophila and cuts it . The model of this mutant can be re-
produced according to the Goldbeter model. In document
, it specifies which parameter is related to the mutant by
changing the parameter of the model, and the observation
of the change in the cycle of that time. As for short mutant

persat the cycle, it is understood that maximum collapse
speed kdNof compound protein (CN) in the cell nucleus is
related. It is shown that persmutant appears by improving
the resolution ability of the adjustment factor of the gene
expression in the cell nucleus , and this responds to the fact
of increasing kdN of Goldbete molecular model. The cycle
becomes hour when assuming kdN = 0.5, and the behavior
of the rhythm of day with persmutant is reproduced by the
simulation. Moreover, generation speed k3 of complex pro-
tein (C) of the cytoplasm is related to long mutant perlat
the cycle. It is shown that the PER-PER complex is formed
in perlmutant and the cycle of day rhythm becomes long by
obstructing the appearance of the PER-TIM complex. This
responds to the fact of decreasing generation speed k3 of
the PER-TIM complex. It comes to indicate 28 hours at
the cycle when assuming k3 = 0.4, and the behavior of the
day of of perlmutant rhythm is reproduced by the simula-
tion. Figure. shows this.
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normal drosophila

4. Problem setting

　 It is assumed input vmP(t)that can adjust parameter
vmPof the controlled object. Moreover, the control system
based on MPand MPrwas designed as shown in figure be-
cause the signal that was able to be actually observed as
day rhythm was only MP
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It thinks the reference model is composed, and output
MP(t)of the controlled object is synchronized with the out-
put signal MPr(t) Here as an evaluation function

Q(t) =
1

2
(MP (t) − MPr(t))

2 (11)

Is introduced. This evaluation function Q(t)

Q(t) → 0 as t → ∞ (12)

When becoming it, synchronization is achieved. Input
vmP(t)that achieves this is decided. Next, the method of
deciding input vmP(t)that achieves (11) according to the
SG algorithm is shown.

5. Speed Gradient Algorithm [2]

The Speed Gradient Algorithm that is one of the methods
of solving the nonlinear control problem is described. First
of all, general differential equation

ẋ = F (x, u, t) (13)

x ∈ Rn , u ∈ Rm, t ≥ 0

It is thought control object. The control purpose of this
system is expressed in the form of the evaluation function.

Q(t) = Q (x, t) (14)

The time along (14) of this evaluation function differentia-
tion is requested.

Q̇ =
∂Q(x, t)

∂t
+ (∇xQ(x, t))T F (x, u, t) ≡ ω (x, u, t) (15)

The speed inclination of ω along input u is calculated.

∇uω (x, u, t) =

(
∂ω(x, u, t)

∂u

)T

=
(

∂

∂u

(
∂Q

∂t
(x, t) + (∇xQ(x, t))T F (x, u, t)

))T

=

(
∂F (x, u, t)

∂u

)T

∇xQ(x, t) (16)

The following control algorithms are obtained by using the
speed inclination of this objective function.

5.1 Simple Speed Gradient Algorithm

du

dt
= −Γ∇uω (x, u, t)　,　　Γ = ΓT > 0 (17)

However, Γ is assumed to be a positive definit value symmet-
ric matrix. The above expression is a control rule that moves
in the direction where the objective function decreases by
the speed inclination of the objective function at time, and
this is called a simple Speed Gradient algorithm.

5.2 Finite Form Speed Gradient Algorithm

Speed Gradient Algorithm with shape of limited

u(t) = u0 − Γ∇uω (x, u, t)　,　　Γ = ΓT > 0 (18)

It is said Finite Form SG algorithm.

6. Decision of vmP according to Speed Gradient Al-
gorithm

When you differentiate objective function Q(t)at time

Q̇(t) = (MP(t) − MPr(t))

[
vsP

KIP
n

KIP
n + PN

n(t)

−vmP
MP(t)

KmP + MP(t)
− kdMP(t) − ṀPr(t)

]
(19)

Is obtained. Next, this is requested and speed inclination
∇vmPQ̇(t)of partial differential target function is requested
by input vmP

∇vmPQ̇(t) = − (MP(t) − MPr(t))
MP(t)

KmP + MP(t)
(20)

It proposes two SG algorithms based on the expression.

du

dt
= −γ∇uQ̇,　γ > 0　 (Basic type)　 (21)

dvmP

dt
(t) = γ (MP (t) − MPr(t))

MP (t)
KmP +MP (t)

(22)

u(t) = u0 − γ∇uQ̇t,　γ > 0　 (Basictype)　 (23)

vmP (t) = vmP0 + γ (MP (t) − MPr(t))
MP (t)

KmP +MP (t)
(24)

However, vmP0 nominal value 0.7 of vmP by an initial value
of input vmP Moreover, γ was assumed to be 0.5 here.

7.1 Recovery to 24 hour of mutant pers
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kdN = 0.5 nM and an pers mutant rhythm occur. The value
of other parameters and reference model’s parameters uses
the following values.

vmP = vmT = 0.7 nMh−1, vsP = vsT = 1 nMh−1,

KmP = KmT = 0.2 nM, ksP = ksT = 0.9 h−1,

vdP = vdT = 2 nMh−1, k1 = 0.6 h−1, k2 = 0.2 h−1,

KdP = KdT = 0.2 nM, n = 4,

k3 = 1.2 h−1, k4 = 0.6 h−1, KIP = KIT = 1 nM,

K1P = K1T = K2P = K2T = K3P = K3T =

K4P = K4T = 2 nM, kd = kdc = kdN = 0.01 h−1,

V1P = V1T = 8 nMh−1, V2P = V2T = 1 nMh−1,

V3P = V3T = 8 nMh−1, V4P = V4T = 1 nMh−1

The beginning time of the control was assumed to be 300
hours.
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　　　　　 Fig.4 : Recovery at pers mutant rhythm cycle

7.2 Recovery to 24 hour of mutant perl

k3 = 0.4 nM and an perl mutant rhythm occur. The value
of other parameters and reference model’s parameters uses
the nominal values. The beginning time of the control was
assumed to be 300 hours.
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　　　　　 Fig.5 : Recovery at perl mutant rhythm cycle

[1] J.Leloup, A.Goldbeter, ”A Model for Circadian
Rhythms in Drosophila Incorporating the Formation of
a Complex between the PER and TIM Proteins”, Jour-
nal of Biological Rhythms, vol.13, no.1, pp.70-pp.78,
1998

[2] A.L.Fradkov, A.Yu.Pogromsky, ”Introduction to con-
trol of oscillations and chaos”, World Scientific Pub-
lishing, 1999

4/4


