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I nter national Conference on
M or phogenesis and Pattern Formation
in Biological Systems
- Experiments and Models -
in memory of the 50th anniversary of Turing's ~ seminal paper"
(The chemical basis for morphogenesis)
Chubu Univer sity, Nagoya, Japan, September 24-27, 2002

Scope

The internaional meeting mpb2002 is really integrative (experiments and
theories) and interdisciplinary(from gene to medicine, ecology) meeting.. We
hope that mpb2002 will be a stepping stone or a trigger of the new research field
for the future. The meeting is held in the specid year 2002 of the 50th
anniversary of Turing's "seminal paper" (The chemicd basis for morphogenesis),
which we have put as the subtitle of the meeting.

Advisory board

Atsuo liyoshi (President of Chubu Univ., Japan), Tadashi Noguchi (Dean, College
of Bioscience and Biotechnology, Chubu Univ., Japan), James D. Murray
(Professor, Univ. of Washington, USA)

Organizing committee

T. Sekimura (Chubu U.,Japan) (chair), P. Maini (U. Oxford, UK) (co-chair),
S. Noji (Tokushima U., Japan), M. Kakehashi (Hiroshima U., Japan),

M. Chaplain (U. Dundee, UK), J. Sherratt (Heriot-Watt U., UK),

K. Okada (Kyoto U., Japan), N. Ueno (Natinal Inst. Basic Biology, Japan),
K. Inouye (Kyoto U., Japan), T. Hara (Hokkaido U.. Japan),

R. Morita (Natura History Museum, Chiba, Japan).

SpOoNSor: Chubu University
cosponsored by the Japanese Association for Mathematical Biology (JAMB),
the UK Society for Mathematical Biology,
Research Project on Dynamics of Developmental Systems
funded by the Ministry of Education, Culture, Sports,
Science and Technology, Japan.
supported by the Japan Society for the Promotion of Science,
Research Project on Dynamics of Developmental Systems
funded by the Ministry of Education, Culture, Sports,
Science and Technology, Japan.
The Wellcome Trust, UK; the Society for Science on Form,
Japan.
Main topics
1)Morphogenesis and pattern formation in animals
(molecular basis, gene expression, developmental genetics, and models)
2)Morphogenesis and pattern formation in plants
(molecular basis, gene expression, molecular genetics, and models)
3)Morphogenesis and differentiation pattern formation in multi-cellular
organisms.
(Experiments and models)
4)Modelsfor pattern formation and experiments
(Positiona information, Turing instability, etc.)
5)Spatid pattern and structure formation in ecological systems
(experiments and models)
6)Spati o-temporal pattern formation in epidemiology
(Spread of disease, Viral(HIV virus, ..) dynamics, etc.)
7) Morphogenesis and pattern formation in medicine
(Cancer, wound healing, heart, etc.)
8)Diversity of biological patternsin the fossil record and their meaning
in morphological evolution
(Aspects from Cambrian explosion, functiona and theoretical morphology,
etc.)

9)Relationship between ontogeny and phyl ogeny
(Linking experimental or genetic aspect to pattern formation model)

Invited persons from outside of Japan

H. Meinhardt (Max-Planck Inst.,Germany), H. Othmer (U. Minnesota, USA),

F. Nijhout (Duke U., USA), M. Lewis (U. Alberta, Canada),

V. Capasso(U. Milano,ltdy), D. Heckel (U. Melbourne, Australia),

A. Vogler (The Natural History Museum, London and Imperial College,UK),

V. Nanjundiah (Indian Ingtitute of Sciencelndia), E. Savazzi (Uppsda U.,
Sweden),

T. Herben (Academy of Sciences of the Czech Republic), D. Tautz (U. Koeln,
Germany),

M.J. Everhart (Fort Hays State U., Kansas, USA), B. Grenfell (U. Cambridge,
UK),

T. Pedley (Cambridge U., UK) and others.

Japanese invited persons

M. Mimura (Hiroshima U.), N. Shigesada (NaraWomen's U.),

H. Honda (Hyogo U.), S. Kondo (TokushimaU.), S. Kuratani (OkayamaU.),
R. Takaki (Tokyo U. Agriculture and Technology), S. Mawatari (Hokkaido U.),
H. Inaba (U. Tokyo), A.Sasaki (Kyushu U.), Y. Usami (Kanagawa U.),

T. Tabata (U. Tokyo), S. Hayashi (National Ingtitute for Genetics, Mishima),
M. Hasebe (Natinal Inst. Basic Biology, Japan), T. Ubukata (Shizuoka U.),

K. Endo (U. Tokyo), M. Matsushita (Chuo U.), S. Miyazima (Chubu U.),

M. Yokozawa (National Inst. for Agricultural Environment), and others.

Important deadlines

Registration May 31, 2002
Abstract submission June 30, 2002
Early registration fee ~ June 30, 2002

Registration fees
Registration fees include admission to all sessions, a program and
abstract book, Welcome reception, Conference dinner, coffee and tea

Early fee (before June Later fee (after June
30, 2002) 30, 2002)
Ordinary 10,000 Japanese Yen 13,000 Japanese Yen
Student 6,000 Japanese Yen 8,000 Japanese Yen
There exist two ways to send registration fees,
1) Bank transfer through UFJ Bank:
Account 3864027
Number:
Bank UFJ Bank Kozoji Branch No.245 (Foreign
Connection: participant)
Chuodai 2-5, Kasugai, Aichi 487-0011,
Japan
TEL: +81-568-91-7211
UFR) 1T BERFXE (EF 24
( Japanese participant)
Name: mpb2002
2) Check payable to:

The International Conference mpb2002



send payments to:

Prof. Toshio Sekimura

Organizer

Department of Biologica Chemistry
College of Bioscience and Biotechnology
Chubu University

Kasugai, Aichi 487-8501

Japan

Tel: +81-568-51-6109

Fax: +81-56-52

Home Page: http://mpb2002.chubu.ac.jp
E-mail: mpb2002@isc.chubu.ac.jp

Traffic access

Kasugai City

Chubu University

aul BLwEANU| NSIBVBIN

Ka
Higashi Meihan Expressway

Komeki I.C.

Maigtyi, g I:cmalcl J‘%f‘

Kasugai I.C.

Nagovya International Airport

Shin Seto k
sﬂ‘pwﬂ

Fuligaoka

Get off at Kasugsi Station Get off at Kozojl Stationon the | Approx. 30 min. By car from
From Tokyo to Nagoya on the JR Chuo line and take JR Chuo Line and take a Nagova International Airport
the school bus 10 the university. | Meltatsu bus to the university
100~114min. by Shinkansen
'— Nozom/Hikaei 19 min. by express train 24 min. by express train
| JRChuoLineKasugalStation R ChuoLineKozoll Station L
From Osaka to Nagoya School bus Weftstsu bus for Chubu Daigabusmae
Change to school bus; approx. Ghanga th Meftetsy bus for Ghubu
Shin-Osaka Station Y8 i to Ghubu Univeraity Delgekirmes end get off et Chudu
52~59min. by Shinkansen BT DOaigakumae |aparox 10 min)
—EMHMI uggmaacmrllm.ws ot &2 Weitetsu bus for Chuby Dalgaku-mae

*JR trains run every 5-10 minutes from early moming to late at night.
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Analysis of A Chemostat Model for Bacteria and Bacteriophage
Graduate School of Science and Engineering, Shizuoka University
50030166  Hirotatsu Sakakibara

Abstract

In this paper, we consider the dynamical properties
of the time delayed chemostat model composed of the
resource, two bacteria (one is sensitive and the other
is immune to predation) and virulent bacteriophage.
First, we consider the boundedness of the solutions
of the model. Second we consider local and global
stability of equilibria of the model. Further by using
the geometric stability switch criterion in the delay
differential system with delay dependent parameters,
we present that stable equilibria become unstable as
the time delay increases. We further show that the
coexistence is possible for short latent period and for
large reproduction rate of the phage.

Chemostat model
We consider the dynamical properties of the time
delayed chemostat model described by

Basic assumption
(H-1) ai(R) > az(R) for all R > 0.

(H-1) implies that sensitive bacteria S (t) is superior
to resistant-bacteria S,(t) with respect to taking up
of the resource.

Boundedness

Now we introduce a new variable m, (t) (the den-
sity of a phage-infected sensitive bacteria:) into this
chemostat model:

ml(t) = Sl(f)P(f) — ,uml(t) — e"”Sl(t — 'T)P(f — T)
and m, (0) > 0 as its initial value.

(i) For sufficiently large ¢t > 0 and any ¢ > 0, the
solution (R(t), S1(t), Sa2(t),my(t), P(t)) satisfies

0 < R(t) + S1(t) + Sa(t) +my (t) %t) <l+e

(i) I > B — 1, then my(t) = 0 and P(t) = 0 as
t — oo.

R(t) = p(l— R(t)) — a1 (R)Si(t) — az(R)Sa(t)

Si(t) = ar(R)Si(t) — uSi(t) — S1(t)P(t)

Sa(t) = az(R)Sa(t) — uSa(t)

Pit) = pe S (t—71)P{t—1)—puP(t)— Si(t)P(t).

Here R(t), Si(t), S2(t) and P(t) are the concentra-
tions of the resource, the densities of two bacteria and
bacteriophage, respectively.

Further, g is the flow rate through the chemostat.
Resource enters the chemostat at the rate of p. 7 is
the latent period (the time delay between the attack
by a phage on the first bacteria and the resulting
reproduction of new phages) and 3 > 1 is the re-
production rate of the phage from the infected first
bacteria. The «; is the bacteria’s taking up rate of
the resource and satisfies «;(0) = 0 and increasing in
R > 0. Note that the first bacteria is assumed to be
sensitive to predation of the phage but the second is
immune to predation.

—)p )
P phaee KR 155,
" p ) m, pP
Qa;)' L PRS- 1) s,
sensitive-bacteria  SiP, Plt-1)

. 4T

S )__.( m
(_ v s P s )
resistast-bacteria k“..a,(R\ s, Infected-bacteria

( 52 ‘, N
LR,
a.(R)S, o
resdurce

Figure 1: System of a chemostat.

Existence of equilibrium points
CASE 1 (p > a4(1)): Only Ey = (1,0,0,0) exists.
CASE 2 (n < az(1)): (i) Eo, Ey = (R1,51,0,0)
and Fy = (RAQ,Q, S5,0) exists for all 7 > 0 and 3 > 1.
(i) Es = (R, 81,0, P) exists if and only if

_ 1 R
T<7(Ry) = 6121(1;).
— I

m In E*—(&%’R—l)’ where 3*(R;) = 1+

(iii) When FEj exists and g < ay(R) is satisfied, Ey =
(R*, 8,83, P*) exists and
- 1 Jé] ai(R")
T<T(R")==—In——==, where "(R") =1+
(R = %o oo 5 (R)
CASE 8 (az(1) < pt < a;(1)): There exists no E; in

the above.

Local Stability

Ey is locally asymptotically stable if p > ay(1).
When p < a;(1), E; is locally asymptotically stable
if 7 > 7*(Ry), is unstable if 7 < 7*(R;) and is linearly
neutrally stable if 7 = 7*(R;). Es is always unstable.
Es is unstable if g < ag(R). Further Ej is locally
asymptotically stable if ag(R) < pt < a1 (R) and T =
0. E; is locally asymptotically stable when 7 = 0.

Global Stability
Suppose that the functions (1/R — 1)a;(R) (i =
1,2) are bounded for 0 < R < 1. Then the boundary

1- R’



equilibrium FEy is globally asymptotically stable for
any 7 > 0 v if > ay(1).

Suppose that the functions o;(R) (i = 1,2) are
given by simple mass action law a;(R) = m;R or
Michaelis-Menten formulation «;(R) = m;R/(n; +
R), (m; > 0,n; > 0). Further, assume that

B+ St
B < T
Then the boundary equilibrium FE) is globally asymp-
totically stable for any 7 > 0.

Suppose that the functions «o;(R) (i = 1,2) are
given by a;(R) = m;R or a;(R) = m;R/(n; + R),
(m; > 0,m; > 0). Then the positive equilibrium point
Ey = (R*,S;,S;5,P*) is always globally asymptoti-
cally stable if it exists (7 = 0).

T B

ar(1) > p > as(1).

7 =7"(R1)
T=71"(R")

s 10 1 " ) ﬁ

Figure 2: Local Stability of equilibrium point(y <
ai(1)). Eo, E» are unstable in all regions; Ej is locally
asymptotically stable in region A, is unstable in region B
and (' and linear neutrally stable when 7 = 7*(R1); E3 is
locally asymptotically stable if ag(f?) < p< a](f?,) and
7 = 0; Ej is locally asymptotically stable when 7 = 0.
All parameters except 3 and 7 are fixed.

Simulation

We considered the local stability and have proven
that Ej is unstable if g < az(R) and Ej is local
asymptotically stable when 7 = 0. Since the coeffi-
cients of characteristic equation depend on the time
delay 7, its local stability analysis is very compli-
cated. Here we use the geometric stability switch cri-
terion established by Beretta and Kuang. According
to the criterion, the stability of a given steady state
is simply determined by locating the zeros of some
functions of delay 7 which can be expressed explic-
itly and thus can be easily depicted by Mathematica.
Therfore we attempt to consider numerical analysis
by using stability switch criteria.

Stability Switch for E, (3 = 8)

Here, we cousider the equilibrium point £y with the
time delay 7 for 0 < 7 < 7*(R*). Fig. 3 shows the dis-
tribution of zeros of functions s} (7),n = 0. In fact,
g (7) has two zeros, the first at the value 79 = 0.3066,
the second at 71 = 22.8489, and s}(7) < 0 on
[0,7*(R")] for all n > 1. From the Routh-Hurwitz
criterion, we know that Ej is stable for 7 = 0. In
the interval [0,79), no stability switch occurs, hence

E, remains stable in this interval, and delay 7y gives
instability [see Fig. 4, Fig.5]. In the interval (19,7y),
E4 becomes unstable. The delay 7, gives the system
stability [see Fig. 6, Fig.7] ,that is, £y is stable for
T <T<T(R*).

sy (7)
20

15

10

To 5 10 15 20 ] T

-5
Figure 3: The distribution of zeros of s} (7),n = 0,1,---,
corresponding to the equilibrium point E4y. Here g =
8, m; = 0.30745,n; = 0.04, ms» = 0.153725, u = 0.0833.
We show the graph of (R,S;) near the point 79, 7;.
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Figure 6: 7=20< 7 Figure 7: m < 17 =229

Conclusion

In general by increasing the value of time delay,
system usually loses the stability. But for this system,
first. we lose the stability of equilibrium point but the
point becomes stable again by further increasing of
the value of time delay.

This is, because our system has a coefficient. which
depends on the time delay and the characteristic
equation has delay dependent coefficients.
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