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ABSTRACT

This research was about the mathematical model for biorhythm dynamics. The model
was the mathematical model of Neurospora that light is the incentive. What we had to do with it
was to calculate equilibrium points to study about the stability of the model and used Routh-
Hurwitz Criterion in order to find parameters. Besides, some using numerical method and

solution curves could be verified all conditions.

Keywords: Biorhythm Dynamics, Neurospora, Stability
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Abstract. This research is about a developed mathematical model for
Neurospora biorhythm. The model can preserve useful in clarifying the
periodic biological phenomena system, and save much time for the Neurospora
mechanism experiments. Both of the biochemical variables and the light-dark
cycle are considered in the set of differential equation. A bifurcation analysis
and the state of variations in the parameters are carried out to determine which
parameter has greatest effect on the system. Computer Simulations of the
biorhythms of this model for two types of states, stable and limit cycle are also
performed.

Keywords : Neurospora Biorhythm, Bifurcation Analysis, Limit Cycle, Stable

1 Introduction

Interest in biorhythm mathematical model has been growing in recent
years as a result of several active and at times controversial, areas of research.
The day/night or circadian rhythms with circulating melatonin in vertebrates or
a neurospora biorhythm model with light/dark cycle is well known and
reasonably well understood [1, 2]. It is well documents for this research is
about a modified mathematical model for neurospora biorhythm. Biological
systems have long been proving by theoretical models that useful in clarifying
the conditions in which periodic phenomena [3, 4]. The previous model for
oscillations resulting from negative feedback loop was due to Goodwin [5].
The purpose of the present article is to examine both of the biochemical
variables and the light/dark cycle by the sets of differential equation system.
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2 Model Formula

2.1 Mathematical Model

The sole negative regulation based on resulting for the previous model
studying oscillations Drosophila [4, 6]. The role of the PER-TIM complex in
the negative feedback on gene expression in Drosphila is done by FRQ in
neurospora [7]. A further differential pertains to the effect of light, which
controlled TIM degradation in the fly [8-11]. The modified mathematical
model system of neurospora biorhythm differential equations is

M A S S (1)
df 4 K+ K, +M

dic =k M~k F. +k,F —kF, 2
Fow 1y =t 3)
dt K,+F

dI:‘N =k o=k =V i (4)

L

In these system (Eq.1-Eq.4), there are 4 variables M, F., F,, and F,,
in equation (Eq.1) denote the concentrations of the frg mRNA and the cytosolic,
stable and nuclear forms of FRQ respectively. F, = F. + F; + F), is the total

concentration of FRQ protein which is denoted F,. Parameter v, denotes the
rate of frq transcription, the constant K, related to the threshold of the frq

transcription before nuclear FRQ represses this process. The constant # is the
Hill coefficient, v, is the maximum rate of frg mRNA degradation and the

Michaelis constant K, related to frg mRNA degradation and eventually L is
the illuminance which is its unit is /ux or Ix. The constant £, is the rate of
FRQ protein synthesis, the constant &, and %, denoted the transport of FRQ

protein into and out of the nucleus of Neurospora in the 2" equation (Eq.2).
The third equation (Eq.3) the constant £ is the rate of cytosol FRQ which is
turned to be stable FRQ, the constant v, is the maximum rate of stable FRQ

degradation and Michaelis constant K, related to this process. And the last

equation (Eq.4), the constant v, is the maximum rate of nuclear FRQ
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degradation and Michael’s constant K, related to this process. The process is
shown in the Fig.1.

LIGHT
e  nattLIEE '
' 1
v i
v, firg transcription Nuclear FRQ (F,)
k T l k,
k, v,
Jrq mRNA (M) » FRQ(F) "

Vi l

Fig.1 Scheme of the model for circadian oscillations in Neurospora

2.2 Model Analysis

The system described by equation (Eq.1) to (Eq.4) has two positive
steady state (0,0,0,0) and (M 0,FCO,FSO', FNO) where

A\ K, (FpL+K(L+v,)) ,
Fy (L=v,)+ K] (L=v,+v,)
kM, +k,F
Fr=| k7| -1- Ve oFy = ALA N Ly
° I—y My ) k +k
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kK| kM, + k| | —K7 - — V;M
L-v, 9
Km + MO
Fy, =- S -
Kn
k| kM, +k,|| -k - ' V}M
L vlll :
Km + MO
(k+k)| —v, +— i) =
1

The non-vanishing steady state (M 0,FCO,FSO,FNO) interested in solving

by bifurcation analysis. We applied for studying a linearization of the system at
its steady state and do consider stable and limit cycle analysis.

From Egs. (1), 2), (3) and (4), we consider the interval of steady state
points that satisfy the stability. Due to (MO’FC(,’FSOJFNO) is the steady state
point so g,(MO,FCO,FSO,FNO):O ;i=1,2,3,4

Since the solution converges to (M 0sFe,s Fs, s Ex, ),we transform the non-

linear equations by defining new variables that is

m=M-M,, f.=F-F., f=F-F ad fy=F-F, If M,F. F;
and F, converges to (MO,FCO,FSO,FNO), m, f., f5 and f,, converges to 0. So
we obtain M =m+M,, Fi. = f. +F. ,Fy = f+F; and Fy, = f,, + Fy,

where M, Fi. ,F; and F, are constants. Then, the system has been

@:d(M—MOLdM
dt dt dt
=g (Mo +m,FC0 +fcan,, +fS,FN0 +fN)

=& (MO’F(.'(,’FSO’FNO)
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df. d\f.-F,) dF,
Z;;z ((dt C)= d;zgz(MOchanso:FNo)

:gz(Mo'*'m,Fc,, + foo By, + fso By, +fN)

df. d\ F. -—FO dF,
_dti= ( Sdt 5 ): dtvzga(Mo,FCo,Fso,FNn)

=g3(Mo +m, Fp + fo, Fy + fo, Fy, +fN)

d d| F -Fy, dF.
i;:’= (th N)= d;lzgz;(Mo:Fcanso’FNo)

=g4(M0 tmFe + fo Fy + [, Fy, +fN)

We expand the right hand side by using the Taylor approximation. So we get

(2—,;128'1 (MO:FCO’F:S‘DsFND)+2%(M0,FCO’F:S‘O=FN;,)m+:%(M0’FCO’FSO ’FNu)fC |

C

9 E
a—z(MO,FCD,FSO,FNO ) fs+ 31%; (Mo, B By, By ) £ +O(R)

%agz (MO,FCU’FSO,FNO)+%§;—(MO,FCO,FSO,FNo)m+§%(MO,FCU,FSO,FNO)]”C +

(o}

2 0,
a—f::—(Mo,FCosto’FNo)ff +%(M°’FC0’F50’FN0)fN +O(h)

dgf;s—:c% (Mo,Fco,Fso,FN‘,)'*'%(MO’FCO’FS‘,’FNO)m+§}g«%(M°’FC0’FSO’FNo)fC *

5 5
_a%:'(Mo:FCO aFSo ’F'No)f:9 +a—§:j(M°’FCo’FSo’FN0)fN +O(h)

df, og
Y - g (MO,FCO,FSO,FN0)+$(MO,FCO,FS",FA

a B, By B F ) o

C

0 3
afr: (Mo, Py, F, Fy, ) £ +§;(MO,FCO,FSO,FNO)fN +0(h)

but g, (M, Fy . Fy . Fy, ) =0 3i=1,2,3,4



Proceedings of the 6th IMT-GT Conference on Mathematics, Statistics and its Applications ICMSA2010)

Universiti Tunku Abdul Rahman, Kuala Lumpur, Malaysia 814
Then, the system has been
g, og %, og
dm\ | =2L(M,,F. F Fy, ) =M, F. F,F, ) LM, F F,F) =M, F F F
E BM( 0s4'cys sy Na) aFC( 037cy> s, Ava) 61:;( 0>1cy> bs, No) a N( 0> ¥cy> s, .vu)
dj g og g g m
% a—A;(MO’FCn’F:Y‘,’FNa) i(Mn:FcnaEvo’EvD) a_FZT(Mo’Fq,szEvn) ﬁ(Mo’Fcn’ﬂn’Eva) fc
= ¢ § ! +0(h)
il g % y %, og S
=50 o Moo B P, ) a—F;(Mn,Fcn,Fsﬂ,Eva) a—F;(Mn,Fcn,an,Evn) ﬁ(M‘,,&n,Fsﬂ,&n) 7
Yyl |og dg dg. dg
dt 'aﬁ(Mch,,’an’FN,,) ﬁ(Mu:Fcn,Ev,.»Fvﬂ) a_é(Mnch‘,)Fs,,’Ev,,) W(MWFC,QFZX},)FND)

where 4x4 matrix
Mocho’Fl'oa FNO

is called the Jacobian Matrix of the system at

So we linearized system at (MO,FC0 Fy  Fy, ), the system becomes

PANETTE AR T Al TR WO TN,
dt < 0 =
. agz %11, 1, R ) %-(MO,F ) 2 . B, B Fohy) oMo P o) ||
@ | o, E 7 1)
% ag1 (MO’FCD’E&’FA ) —g%(Mo FCD’F%’F;\ ) ag;(M ") :§:/ (M S N) .‘;S'
df ) 0 9 g
7;\ g4 (M RASED By, ) a—;g::(M N) af::( o B, ) g:] (M Nn)
After we find derivatives of g, (MO,FC0 3 Fo s P, ) ;i=1,2,3,4 , it has been
‘ Kn Fn—l
damy |-, Lz 0 0 o - Ny
dt (K, +M,) (Kz +FN0)
A k (h+8) 0 b K
6;{ B 0 k FWPPES 0 fC ©
s “(k,+F, ) ’
dt (Ki+5,) In
df_N 0 k, 0 —k, =V Ko
dt (KdN +F )
Let
Kn Fn—l
A ZL"’OZ ,B' = K, s ,C'= K and D' Koy
(K,"+FA',10) (Km+M0) (Kd+F Ky +F, )
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which we substitute to (6) ,so0 we can use

—v, B’ 0 0 —v A
ko —(k+k) 0 k,
J=
0 k —v,C’ 0 (7
k, 0 —k,—-v,D'

Let det(J—A1)=0

—v,B'=1 0 0 —v A’
k, —(k+k)-4 0 k.
b ( 1 ) 2 N0 (8)
0 k —v,C'=1 0
0 k, 0 —k,—v, D=1
Hence Aval’+a, A’ +ad+a, =0 )
where a,=k+k +k,+Cv,—Dv, +Bv, (10)

a,=-Dkv,, +Bkv,+Bky —BDv,v, +Cv,(k +k ~Dv, +Bv,)+
k(k,+Cv,— DV +Bv,)
(11)
a, =—Bv (—kk, + Dkv, + Dkyvy, )+ Cv,(Bv, (k +k,)~Dv,(k+Bv,)+
k(k,—Dv,, +Bv )+ Akky,
(12)

a,= C'vd (—B'vm (—kk, + D'kde + D'klde) + A'klkzvs) (13)

We find the stability of steady state points by using Routh-Hurwitz
criterion that we don’t have to find the eigenvalues. The conditions are @, >0,

a,>0, a,20 and aa,a, >a’ +a’a,. If the parameter values satisfy these
conditions, the steady state points will be asymptotically stable.
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3 The Parameter Values and Numerical Simulations

3.1 The Parameter Values

From Egs. (1), (2), (3) and (4), we consider the illuminance (L) for four
values is

1. L=0.002 lux

The steady state point is(3.16032 ,1.89301,0.40514 ,1.18785), in case
of limit cycle. The parameter values of limit cycle state are v, =5.5, v, =1.0,
v, =3.0,v, =17,k =0.7, k=04, k =08,k =005 K,=02, K,=0.8,
K,=12,K,, =02, n=4,L=0.002

The steady state point is(1.96913 ,0.997289 ,0.184038 ,1.63128) , in
case of stable. The parameter values of stable state are v, =4.5,v =0.5,

v, =3.0, v =17,k =07,k =04,k =1.8,k, =0.5,K, =2.0,K, =0.8,
K,=12, K,y =12,n=4,L=0.002

2. L=1lux

The steady state point is (3.79256 ,2.87819 ,1.06361 ,1.31337), in case
of limit cycle. The parameter values of limit cycle state are v =S5.5,
v, =2.0,v,=4.0,v,, =22,k =09,k=0.6,k =0.7,k, =0.25,K, =0.3,

K, =08,K,=14,k,, =04,n=5L=1

The steady state point is (2.91103,1.71046 ,0.483161,1.05131) , in
case of stable. The parameter values of stable state are v, =4.0,v, =2.0,
v,=4.0,v,, =22,k =09,k=0.6,k =1.7,k, =1.25,K_=0.3,K,=0.8,
K,=14,K,, =04,n=5,L=1

3. L =400 lux

The steady state point is (1.80224 ,0.792509 ,0.0875122 ,0.525576),
in case of limit cycle. The parameter values of limit cycle state are v, =95,
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v, =470.0,v, =65.0,v,, =4.5,k, =5.0,k = 6.6,k =5.5,k, =1.1, K, =0.04,
K, =0.6,K,=1.0,K, =0.1,n=4,L =400

The steady state point is(1.41521,0.880271,0.199032 ,0.541681) , in
case of stable. The parameter values of stable state are v, =95, sv, =470,
v, =35.0,v,, =15k =50,k=66, k =15,k =0.1, K, =0.04, K, =0.6,
K,=10,K, =0.1,n=4,L =400

4. L =1000 lux

The steady state point is(1.65897 ,0.995047 ,0.0237696 ,0.328634),
in case of limit cycle. The parameter values of limit cycle state are
v, =250 ,v,, =1200,v, =150,v,, =6.5,k, =5.5,k=3.5,k =6.0,k, =1.0,

K, =0.04,K =04,K,=1.0,K, =0.05n=4,L=1000

The steady state point is(1.64031,2.11531,0.0519199 ,0.497184) , in
case of stable. The parameter values of stable state are v, =250,v, =1100,
v, =150.0,v, =65,k =55,k=35,k =10,k =10, K, =0.04, sK, =0.4,
K,=10,K, =1.5n=4,L=1000

3.2 Numerical Simulations

We can verify all parameter values by using numerical method, the
fourth-order Runge Kutta method, and solution curves as follows.
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Fig. 2. In case of limit cycle state, frg mRNA and total FRQ protein vs.
time in 5 hours with L =1000 /ux.
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Fig. 3. In case of limit cycle state, frg mRNA vs. nuclear FRQ in 2-dimension
and frqg mRNA vs. nuclear FRQ vs. total FRQ protein in 3-dimension with
L =1000 lux.
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Fig. 4. In case of stable state, frg mRNA and total FRQ protein vs. time in 5
hours with L =1000 Jux.
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Fig.5. In case of stable state, frqg mRNA vs. nuclear FRQ in 2-dimension and
frg mRNA vs. nuclear FRQ vs. total FRQ protein in 3-dimension with
L =1000 lux.



Proceedings of the 6th IMT-GT Conference on Mathematics, Statistics and its Applications ICMSA2010)
Universiti Tunku Abdul Rahman, Kuala Lumpur, Malaysia 820

4 Conclusion

The model for Neurospora and Drosophila, we modified the new
Neurospora model with light. That is the incentive which is the system (Egs.
(1), (2), (3) and (4)). More importantly, we considered the illuminance as
follows

(i) L=0.002 lux, for example, is moonless clear night sky with airflow.
(il) L =1 lux, for example, is full moon overhead at tropical latitudes.
(ili) L =400 [ux, for example, is sunrise or sunset on a clear day.s

(iv) L =1000 lux, for example, overcast day or typical TV studio lighting

From the system, we can find the steady state points and parameters
which satisfy limit cycle state and stable state as follow in section 3. These
values can be verified by using the fourth-order Runge Kutta method and
solution curves that show in previous section. Moreover, all parameters will be
very useful for scientist or researcher who would like to restrain the growth of
Neurospora because it always grows in their laboratory and experiments.
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