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About the Conference 
 
Introduction 

This workshop aims to bring together mathematicians and physicists working 

on biological problems to exchange ideas and to explore the possibilities of 

collaboration. 
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Useful Information 
 

Time & Venue 

June 15th-17th, 2015 

Lecture Hall (100-L), Math Building, SJTU, No. 800, Dongchuan Road, 

Minhang District, Shanghai, China 

 

 

Accommodation 

Minhang Hotel (闵行饭店) 

202 Lan Ping Road, Minhang, Shanghai 

 

 

Check-in 

We have reserved a hotel room for you in your name so that you can directly 

check in at the reception once you arrive. 

 

 

Breakfast 

Hotel rate has already included breakfast. The breakfast will be available from 

7:00am-9:30am. 

 

 

Transportation Directions 

From Pudong International Airport (PVG) to the Department of Mathematics, 

SJTU 

Please give the following message to the taxi driver: 

请送我到闵行区东川路800号上海交通大学数学楼。 

请走S32（从1号航站楼上S32）到剑川路下，到红绿灯处往右拐上剑川路，左拐至沧源路，

再左拐至东川路，进东川路 800 号（近永平路）大门进，进门后向左，然后向北直行200

米即可见数学楼。 

 

From Hongqiao International Airport (SHA)/Hongqiao Railway Station to the 

Department of Mathematics, SJTU 

Please give the following message to the taxi driver: 

请送我到闵行区东川路800号上海交通大学数学楼。 

请走S4到剑川路下，到红绿灯处往右拐上剑川路，沿剑川路向西，左拐至沧源路，再左拐 

至东川路，进东川路 800号（近永平路）大门进，进门后向左，然后向北直行200米即可见 

数学楼。 
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From Pudong International Airport (PVG) to the Minhang Hotel 

Please give the following message to the taxi driver: 

请送我到闵行区兰坪路 202 号闵行饭店。 

请走 S32（从 1 号航站楼上 S32）到剑川路下，到红绿灯处往右拐上剑川路，左拐至沪闵路， 

右拐至江川路，再右拐至兰坪路。 

酒店位于兰坪路、江川路交叉口，在兰坪路从北向南开的右手边（不过江川路）那个角上 

 

From Hongqiao International Airport (SHA)/Hongqiao Railway Station to the 

Minhang Hotel 

Please give the following message to the taxi driver: 

请送我到闵行区兰坪路 202 号闵行饭店。 

请走 S4 到剑川路下，到红绿灯处往右拐上剑川路，沿剑川路向西，左拐至沪闵路，右拐至

江川路，再右拐至兰坪路。 

酒店位于兰坪路、江川路交叉口，在兰坪路从北向南开的右手边（不过江川路）那个角上 

 

Please ask the driver call +86 13681693260 (telephone number of Qing Chen) 

for emergency 

 

 

Internet Access 

Wireless internet access is available in the conference venue. 

The user name is mathconference and the password is: 12345678 

 

 

Emergency Contact 

Contact: Qing Chen (Cell: +86 13681693260) 
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Shuttle Bus 
 

 

June 15, 2015 

8:00 am* Departure from Minhang Hotel to conference site 

11:40 am Departure from conference site to Liuyuan Restaurant 

1:15 pm Departure from Liuyuan Restaurant to conference site 

6:00 pm Departure from conference site to Campus Cafe 

8:30 pm Departure from Campus Cafe to Minhang Hotel 

 

 

June 16, 2015 

8:30 am* Departure from Minhang Hotel to conference site 

11:40 am Departure from conference site to Liuyuan Restaurant 

1:15 pm Departure from Liuyuan Restaurant to conference site 

6:00 pm Departure from conference site to Campus Cafe 

8:00 pm Departure from Campus Cafe to Minhang Hotel 

 

 

June 17, 2015 

8:30 am* Departure from Minhang Hotel to conference site 

11:40 am Departure from conference site to Liuyuan Restaurant 

1:15 pm Departure from Liuyuan Restaurant to conference site 

5:30 pm Departure from conference site to Campus Cafe 

8:00 pm Departure from Campus Cafe to Minhang Hotel 

 
 

*: Please wait at the hotel lobby five minutes before the departure time. 
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Conference Schedule 
 

Day 1, June 15, 2015 

8:20-8:50am Registration 

8:50-9:00am Opening Remark David Cai 

Morning Session: Chaired by Leihan Tang 

9:00-9:50am Agent-Based Modeling of Early Biofilm Formation Erik Luijten 

9:50-10:40am Motion in thin films of bacterial suspensions Yilin Wu 

10:40-11:30am A minimal model for cell migration Nicolas Meunier 

Lunch at Liuyuan Restaurant 

Afternoon Session I: Chaired by Benoit Perthame 

1:30-2:20pm 
Role of adhesion forces and wound geometry in 

epithelial repair mechanisms 
Luis Almeida 

2:20-3:10pm Mechanics and Statistics of Bacterial Locomotion Hepeng Zhang 

 

Coffee Break 
 

Afternoon Session II: Chaired by Jiandong Huang 

3:30-4:20pm 
Fluctuating-rate model and stochastic phenotype 

transition of a single cell 
Hao Ge 

4:20-5:10pm 
Relationship between promoter sequence and its 

strength in gene expression 
Yunxin Zhang 

5:10-5:40pm 
A discrete probabilistic model for senescence signal 

and heterogeneity of telomeres lengths 
Thibault Bourgeron 

 

Dinner at Campus Cafe 
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Day 2, June 16, 2015 

Morning Session: Chaired by Luis Almeida 

9:00-9:50am 
The Hele-Shaw free-boundary asymptotics for fluid 

models of tumor growth 
Benoit Perthame 

9:50-10:40am Engineering bacteria to attack cancer Jiandong Huang 

10:40-11:30am On a chemotaxis-haptotaxis system Youshan Tao 

Lunch at Liuyuan Restaurant 

Afternoon Session I: Chaired by Kyoung Jin Lee 

1:30-2:20pm Cross-diffusion models in population dynamics Yuan Lou 

2:20-3:10pm 
Mathematical models for cell proliferation, 

differentiation & de-differentiation 
Pik-Yin Lai 

 

Coffee Break 
 

Afternoon Session II: Chaired by Hepeng Zhang 

3:30-4:15pm 
Pathway-based mean-field models for E.coli 

chemotaxis 

Min Tang 

4:15-5:00pm 
Bilinearity in spatiotemporal integration of synaptic 

inputs 

Douglas Zhou 

5:00-5:45pm New data on pattern formation Chenli Liu 

Dinner at Campus Cafe 
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Day 3, June 17, 2015 

Morning Session: Chaired by Yuan Lou 

9:00-9:50am 
Sequential pattern formation as a front instability 

problem 
Leihan Tang 

9:50-10:40am 
Mathematical description of bacterial motion by 

chemotaxis: aggregation and waves of concentration 
Nicolas Vauchelet 

10:40-11:30am Chemotactic waves and their applications Zhian Wang 

Lunch at Liuyuan Restaurant 

Afternoon Session I: Erik Luijten 

1:30-2:20pm 
Spiral, planar and circular circadian waves within 

biological master clock, Suprachiasmatic nucleus 
Kyoung Jin Lee 

2:20-3:10pm 
Instabilities and the emergent dynamical structures in 

active liquid crystal 

Xiaqing Shi 

 

Coffee Break 
 

Afternoon Session II: Chaired by Min Tang 

3:30-4:20pm A Mechanochemical Model for Cell Polarity Lei Zhang 

4:20-5:10pm 
Optimization, Adaptation, and Initiation of Biological 

Transport Networks 
Dan Hu 

Dinner at Campus Cafe 
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Abstracts of Talks 

 

Role of adhesion forces and wound geometry in epithelial repair 

mechanisms 

 

Luis Almeida 

Université Pierre et Marie Curie 

luis@ann.jussieu.fr 

 

We will describe work on epithelial wound healing in drosophila pupae and some more 

recent work on gap closure in monolayers of MDCK cells or keratinocytes. These works 

concern mathematical modeling of the contraction of actomyosin cables and/or 

lamellipodal crawling. We are particularly interested in the influence of the wound 

geometry and the adhesion to the substrate on the closure mechanism. 

 

 

 

A discrete probabilistic model for senescence signal and 

heterogeneity of telomeres lengths 

 

Thibault Bourgeron 

Université Pierre et Marie Curie, Paris VI 

bourgeron@ljll.math.upmc.fr 

 

In eukaryotes, the absence of telomerase results in telomere shortening, leading to 

replicative senescence, an arrested state that prevents further cell divisions. While 

replicative senescence is mainly controlled by telomere length, the heterogeneity of its 

onset is not well understood. We propose a mathematical model based on the molecular 

mechanisms of telomere replication: at each replication of a cell, the lengths of the 

telomeres evolve according to a Markov chain and the senescence occurs when a 

deterministic function of the lengths reaches a threshold. Using simulations fitted on 

experimental data obtained from individual lineages, we are able to quantify the 

senescence signal. We decompose the sources of senescence heterogeneity into 

interclonal and intraclonal components, and show that the latter is based on the 

asymmetry of the telomere replication mechanism. We also evidence telomere 

rank-switching events with distinct frequencies in short-lived versus long-lived lineages, 

revealing that telomere shortening dynamics display important variations. Thus, the 

intrinsic heterogeneity of replicative senescence and its consequences find their roots in 

the asymmetric structure of telomeres. 
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Optimization, Adaptation, and Initiation of Biological Transport 

Networks 

 

Dan Hu 

Shanghai Jiao Tong University 

hudan80@sjtu.edu.cn 

 

Blood vessel systems and leaf venations are typical biological transport networks. The 

energy consumption for such a system to perform its biological functions is determined 

by the network structure. In the first part of this talk, I will discuss the optimized 

structure of vessel networks, and show how the blood vessel system adapts itself to an 

optimized structure. 

 

Mathematical models are used to predict pruning vessels in the experiments of zebra fish. 

In the second part, I will discuss our recent modeling work on the initiation process of 

transport networks. Simulation results are used to illustrate how a tree-like structure is 

obtained from a continuum adaptation equation system, and how loops can exist in our 

model. Possible further application of this model will also be discussed. 

 

 

Fluctuating-rate model and stochastic phenotype transition of a 

single cell 

 

Hao Ge 

Peking University 

haoge@pku.edu.cn 

 

Multiple phenotypic states often arise in a single cell with different gene-expression states 

that undergotranscription regulation with positive feedback. Recent experiments show 

that, at least in E. coli, the genestate switching can be neither extremely slow nor 

exceedingly rapid as many previous theoretical treatments assumed. Rather, it is in the 

intermediate region which is difficult to handle mathematically. Under this condition, 

from a full chemical-master-equation description we derive a Fluctuating-rate model in 

which the protein copy number, for a given gene state, follows a deterministic mean-field 

description while the protein-synthesis rates fluctuate due to stochastic gene state 

switching. The simplified kinetics yields anonequilibrium landscape function, which, 

similar to the energy function for equilibrium fluctuation, provides the leading orders of 

fluctuations around each phenotypic state, as well as the transition rates between the two 

phenotypic states. This rate formula is analogous to Kramers‟ theory for chemical 

reactions. 

 

Then we apply the fluctuating-rate model at single-cell level for Lac operon. We show that 

the stochastic gene-state switching can significantly broaden the environmental 

parameter ranges for the existence of bistability induced by positive feedback, which can 
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be beneficial dealing with unpredictable environmental changes. We also demonstrate 

that the transition rates between different phenotypic states achieve the maximal value at 

the intermediate region of gene-state switching, and the barrier term in the Kramers‟-like 

rate formula can also help to distinguish two categories of bistability. Our study 

highlights the constructive role of molecular fluctuations for the functioning of cells as 

individual biological entities. 

 

 

Engineering bacteria to attack cancer 

 

Jiandong Huang 

The University of Hong Kong 

jdhuang@hku.hk 

 

Cancer remains a leading cause of death with current therapeutic methods.  Novel 

therapies are therefore in urgent needs.  One potential method is to use bacteria as 

cancer therapeutic agent.  Since bacteria can sense their environment, distinguish 

between cell types, synthesize and deliver drugs into cancer cells, attempts are made to 

program bacteria to attack tumors.  Current advances in synthetic biology technology 

offer great opportunities in refining this approach.  In this talk, Dr. Huang will discuss a 

stepwise approach to program bacterial strains that are able to detect tumor 

microenvironment, effective in killing cancer cells and safe to normal tissues. He will 

present data to show that the engineered bacteria, equipped with a newly designed 

system that is capable to express and deliver therapeutic proteins and RNAs, have potent 

therapeutic effects on the primary tumors in both immunocompromised and 

immunocompetent mice. More importantly, metastasis was greatly reduced when mice 

were treated with the engineered bacteria. However, the mechanisms underlying cancer 

killing is not completely understood.  Possible mechanisms of killing will be discussed. 

 

 

Mathematical models for cell proliferation, differentiation & 

de-differentiation 

 

Pik-Yin Lai 

National Central University, Taiwan 

pylai@phy.ncu.edu.tw 

 

I will discuss our recent model [1] that incorporates cell proliferation with differentiation 

into different cell types, allowing backward de-differentiation [2] and cell movement. The 

cell population densities can be described by coupled reaction-diffusion partial 

differential equations, allowing steady wavefront propagation solutions. The wavefront 

profile is calculated analytically for the simple pure growth case, and analytic expressions 

for the steady wavefront propagating speeds and population growth rates are obtained for 

the simpler cases of 2 and 3- stage lineage systems. These analytic results are verified by 
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direct numerical solutions of the reaction-diffusion PDEs. Furthermore, in the absence of 

de-differentiation, it is found that as the mobility and/or self-proliferation rate of the 

down-lineage descendant cells become sufficiently large, the propagation dynamics can 

switch from a steady propagating wavefront to the interesting situation of propagation of 

a faster wavefront with a slower waveback. Such a unique mode of propagation has also 

been obtained in the competitive Lokta-Volterra system for population dynamics [3]. For 

the case of a non-vanishing de-differentiation probability, the cell growth rate and 

wavefront propagation speed are both enhanced, and the wavefront speeds can be 

obtained analytically and confirmed by numerical solution of the reaction-diffusion 

equations. Regulatory feedback can be incorporated in our model [4] and its effects will 

also be discussed. 

 

1. "Model on Cell population Growth with differentiation and de-differentiation: 

Reaction-Diffusion Equation and Wave propagation", M.X. Wang, Y.J. Li, Pik-Yin Lai*, 

and C. K. Chan*, Euro. J. Phys. E 36, p.65 (2013). 

2. "Uncontrolled growth resulted from de-differentiation in Skin cell proliferation 

model", J.Y. Chang, Pik-Yin Lai*, Phys. Rev. E 85, 041926(2012). 

3. "Population dynamics and wave propagation in Lotka-Volterra system with spatial 

diffusion", M.X. Wang and Pik-Yin Lai*, Phys. Rev. E 86, 051908 (2012). 

4. "Regulatory Effects on the population dynamics and Wave Propagation in a Cell 

Lineage model", M.X. Wang, Y.Q. Ma, and Pik-Yin Lai*, J. Theo. Biol. (2015). 

 

 

Spiral, planar and circular circadian waves within biological 

master clock, Suprachiasmatic nucleus 

 

Kyoung J. Lee, Byeongha Jeong, Cheol Hong Min, Hyun Kim 

Korea University 

kyoung@korea.ac.kr 

 

Any coupled network of nonlinear oscillators has a potential to exhibit largescale 

collective patterns and waves, which are often much larger than that of the constituent 

elements. Such examples are abundant in nature, particularly in biological world, 

including the tiny organ Suprachiasmatic nucleus (SCN) that is composed of thousands of 

clock cells. It has been known for some years that SCN supports circadian phase waves, in 

which the level of free cytosolic calcium ion concentration as well as the levels of various 

clock genes and proteins are oscillating in time, with their phases progressing slowly over 

the entire SCN. Some important questions immediately follow: Is there any wave 

organizing center like cardiac pacemakers (SA or AV nodes); do the SCN circadian waves 

take any specific form or direction of propagation; is there a characteristic wavelength or 

unique conduction velocity? In this talk, I will report a set of exciting new experimental 

data and analysis answering those questions, which were largely unanswered previously. 

In addition, I will discuss how these analysis relate to the phase shifting (or resetting) 

property of the biological clock. 
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New data on pattern formation 

 

Chenli Liu 

Shenzhen institute of Advanced Technology 

cl.liu@siat.ac.cn 

 

TBA 

 

 

Cross-diffusion models in population dynamics 

 

Yuan Lou 

Ohio State University, Renmin University 

lou@math.ohio-state.edu 

 

Cross-diffusion system is an important class of reaction-diffusion problems. At the 

individual level, the basic underlying assumption for cross-diffusion is that the transition 

probability only depends upon departure conditions, e.g., population density and 

environmental condition at the departure location. We will mainly discuss the 

Shigesada-Kawasaki-Teromoto model for two competing species. This talk is based on 

joint works with Wei-Ming Ni, Michael Winkler, Shoji Yotsutani. 

 

 

Agent-Based Modeling of Early Biofilm Formation 

 

Erik Luijten 

Northwestern University 

luijten@northwestern.edu 

 

Bacterial biofilms are surface-associated, multicellular, morphologically complex 

microbial communities. Much work has focused on factors affecting surface adhesion of 

Pseudomonas aeruginosa, and it is known that this bacterium secretes the Psl 

exopolysaccharide, which promotes surface attachment by acting as „molecular glue.‟ 

Through a combination of experimental and simulation work, we have elucidated the role 

of Psl in the self-organization of individual surface-attached bacteria into microcolonies, 

the first step in communal biofilm organization. We have developed new agent-based 

models that, combined with massively parallel tracking of bacteria, demonstrate that 

P. aeruginosa deposits a trail of Psl as it moves on a surface, which influences the surface 

motility of subsequent cells that encounter these trails and thus generates positive 

feedback. Both experiments and simulations indicate that the web of secreted Psl controls 

the distribution of surface visit frequencies, which can be approximated by a power law. 

Using engineered strains with inducible Psl production, we show that local Psl 

concentrations determine post-division cell fates and that high local Psl concentrations 
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ultimately allow elite cells to serve as the founding population for initial micro-colony 

development. 

[1] K. Zhao, B.S. Tseng, B. Beckerman, F. Jin, M.L. Gibiansky, J.J. Harrison, E. Luijten, 

M.R. Parsek and G.C.L. Wong, Nature 497, 388–391 (2013). 

[2] B. Beckerman, K. Zhao, G.C.L. Wong and E. Luijten, Biophys. J. 2015 (submitted). 

 

 

A minimal model for cell migration 
 

C. Etchegaray1, 2, N. Meunier2, M. Piel3, R. Voituriez4 
Universite Paris Descartes 

Nicolas.Meunier@mi.parisdescartes.fr 
 

Cell migration plays a key role in many physiological processes, such as embryogenesis, 

wound repair, or metastasis formation. Cell migration is the result of a complex activity. 

It involves many different time and space scales, which makes it difficult to understand. 

Our goal is to build a minimal model of cell trajectories, which includes the different 

scales involved in cell migration. 

 

1 Universite Paris-Sud, 

Bat. 425, Faculte des Sciences d'Orsay, 91405 Orsay cedex 

christele.etchegaray@math.u-psud.fr 

2 MAP5, CNRS UMR 8145, Universite Paris Descartes, 

45 rue des Saints-Peres, 75270 Paris Cedex 06, France 

nicolas.meunier@parisdescartes.fr, nicolas.muller@parisdescartes.fr 

3 Institut Curie, 

26 rue d'Ulm 75248 Paris cedex 05, France 

matthieu.piel@curie.fr 

4 Laboratoire de Physique Theorique de la Matiere Condensee, UMR 7600 CNRS, UPMC, 

4 Place Jussieu, 75255 Paris 

 

 

The Hele-Shaw free-boundary asymptotics for fluid models of 

tumor growth 

 

Benoit Perthame 

INRIA-Rocquencourt and Institut Universitaire de France 

benoit.perthame@ljll.math.upmc.fr 

 

The growth of solid tumors can be described at a number of different scales from the cell 

to the organ scales. For a large number of cells, the 'fluid mechanical' approach has been 

advocated recently by many authors in mathematics or biophysics. Several levels of 

mathematical descriptions are commonly used, including only elastic effects, nutrients, 

active movement, surrounding tissue, vasculature remodeling and several other features.  

 

We will focuss on the links between two types of mathematical models. The `microscopic' 

description is at he cell population density level and a more macroscopic, description is 

based on a free boundary problem close to the classical Hele-Shaw equation.  Asymptotic 
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analysis is a tool to derive these Hele-Shaw free boundary problems from cell density 

systems in the stiff pressure limit. This modeling also opens other questions as 

circumstances in which instabilities develop. 

 

This work is a collaboration with F. Quiros and J.-L. Vazquez (Universidad Autonoma 

Madrid), M. Tang (SJTU) and N. Vauchelet (LJLL).  

 

 

Instabilities and the emergent dynamical structures in active liquid 

crystal 

 

Xiaqing Shi1 

Soochow University 

sxiaqing@gmail.com 

 

Active matter, which is a physical abstraction of running animals, flying birds, marching 

locusts, swimming bacteria, migrating cell and even cytoskeleton, has been a new 

building block for physicists over the last decade or so to understand the common 

collective behavior in these non-equilibrium systems. The liquid crystal state of active 

matter is of particular interesting since the collective dynamics is coupled with large scale 

liquid crystal order. Dynamic instabilities are widely observed in active liquid crystal 

systems. This often leads to large-scale collective motion in active nematics. Here we 

would like to show the interesting dynamical properties of two model active nematic 

systems when instabilities take place.[1-2]  In a toy active nematic system where the 

interaction only tends to align intersecting needle particles, we predict long-wave length 

instabilities and further show large-scale chaotic evolution in such system.  We also use 

hard elliptic rods instead of penetrable toy needles to simulate active nematic state. We 

find the instability in deep nematic order is characterized by the active unbinding of 

topological defects. These defects behave very differently to non-active systems. We 

further reveal that their anomalous dynamics may lead to large-scale collective motions 

in such active liquid crystal system. 

 

Reference: 

[1] Xiaqing Shi, Hugues Chate & Yuqiang Ma, New J. Phys. 16, 035003, (2014). 

[2] Xiaqing Shi, Yuqiang Ma, Nature Commun. 4, 3013, (2013) 

 

 

Sequential pattern formation as a front instability problem 

 

Lei-Han Tang 

Beijing Computational Science Research Center 

Hong Kong Baptist University 

leihan05@gmail.com 
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Pattern formation is a fundamental process in embryogenesis and development. In his 

seminal paper half a century ago, Turing proposed a mechanism for spontaneous pattern 

formation in biological systems that involve the diffusion of two types of morphogens 

(“activator” and “inhibitor”) whose interaction stimulates their own synthesis. Starting 

from random initial perturbations, the Turing model typically generates patterns via the 

development of finite-wavelength dynamical instabilities in confined geometries. 

Recently, a collaboration led by Terry Hwa at UCSD and Jiandong Huang at HKU 

conducted experiments of pattern formation in open geometry through control of the 

synthetic chemotactic circuit of bacteria[1]. The growth process can be modeled 

quantitatively via Fisher-Kolmogorov type equations that exhibit traveling wave solutions. 

A key feature of the current model is a concentration-dependent diffusivity of the active 

species which can be tuned in the experiment through control of gene expression. 

Theoretical analysis of the traveling wave solution reveals key parameters that span the 

phase diagram of the system[2]. Linear stability analysis of the traveling wave yields a 

localized mode which undergoes a Hopf bifurcation at the onset of the striped phase. The 

autonomous diffusion control together with the open, expanding geometries offered by 

growing biological systems, give rise to novel strategies to generate well-defined patterns 

in space and time.  

 

[1]  Chenli Liu et al., Science 334, 238 (2011). 

[2]  Xiongfei Fu et al., Phys. Rev. Lett. 108, 198102 (2012). 

 

 

Pathway-based mean-field models for E.coli chemotaxis 

 

Min Tang 

Shanghai Jiao Tong University 

tangmin@sjtu.edu.cn 

 

Recently, the biochemical pathways regulating the flagellar motors were uncovered. This 

knowledge gave rise to a class of kinetic-transport equations, that takes into account an 

intra-cellular molecular content and which relates the tumbling frequency to this 

information. It turns out that the tumbling frequency depends on the chemotactic signal, 

and not on its gradient.  

 

We first derive the standard Kinetic-transport model which heuristically includes 

tumbling frequencies depending on the path-wise gradient of chemotactic signal, after 

appropriate rescaling. The main difficulty is to explain why the path-wise gradient of 

chemotactic signal can arise in this asymptotic process. And then build a new kinetic 

system of PBMFT under the assumption that the methylation level is locally concentrated, 

whose turning operator takes into account the dynamical intracellular pathway. We 

recover the PBMFT proposed by Si et al. as the hyperbolic limit and connect to the 

Keller-Segel equation as the parabolic limit of this new model. An augmented 



 

16 

 

Keller-Segel equation with macroscopic intercellular signaling pathway dynamics, which 

can explain the experimental observation of in fast varying environment is proposed. 

 

 

On a chemotaxis-haptotaxis system 

 

Youshan Tao 

Donghua University 

taoys@dhu.edu.cn 

 

This talk addresses a chemotaxis-haptotaxis model for cancer invasion, which describes 

the mutual interactions between cancer cells, enzymes and extracellular matrix. The 

system consists of two parabolic PDEs, one of which possesses two cross-diffusion terms 

reflecting the biased movements of cells due to chemotaxis and haptotaxis, coupled with 

an ODE. Inspired by some new observations or approaches toward this system, we could 

discuss the boundedness and asymptotic behavior of the solutions. This is a joint work 

with Michael Winkler (Paderborn) 

 

 

Mathematical description of bacterial motion by chemotaxis: 

aggregation and waves of concentration 

 

Nicolas Vauchelet 

Université Pierre et Marie Curie, Paris VI 

vauchelet@ann.jussieu.fr 

 

Chemotaxis is the phenomenon in which cells direct their motion according to a chemical 

present in their environment. Since experimental observations have shown that the 

motion of bacteria (e.g. Escherichia Coli) is due to the alternation of 'runs and tumbles', 

mathematical modelling thanks to a kinetic description has been proposed. The starting 

point of the study is the so-called Othmer-Dunbar-Alt model governing the dynamics of 

the distribution function of cells. From this system, macroscopic model can be derived 

after rescaling. When the taxis is small compared to the unbiased movement of cells, the 

scaling must be of diffusive type. The limiting model allows to recover the travelling pulse 

observed in experiments. We will focus in this talk in particular in the interaction 

between several species. When taxis dominates the unbiased movements, a hyperbolic 

limit can be derived, leading to aggregation equations. For such system, blow up in finite 

time of solutions is observed. Then a study of solutions in the sense of measures for the 

aggregation equation has been carried out. The numerical simulation of such solutions is 

then very challenging. 
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Chemotactic waves and their applications 

 

Zhian Wang 

Hong Kong Polytechnic Univesity 

mawza@polyu.edu.hk 

 

Compared to the classical chemotaxis models with linear chemotactic sensitivity, 

logarithmic sensitivity has more specific applications in modeling biological processes 

such as the bacterial movement and onset of tumor angiogenesis. The typical patterns 

generated by the logarithmic sensitivity are traveling waves which were explicitly 

observed in the experiment. However the logarithmic sensitivity induces a singularity and 

hence brings a great challenge for mathematical analysis. In this talk, the recent progress 

of existence and stability of traveling waves of chemotaxis model with logarithmic 

sensitivity will be reported and some new insights and open questions will be discussed. 
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Bacteria living in confined geometries are commonly found in clinical and natural 

environments.  We are particularly interested in the behavior of bacteria confined in 

thin liquid films, because thin-film environment is relevant to biofilm formation, 

swarming, and bacterial colonization in interstitial space between tissues.  In thin-film 

environment, the interactions between cells and fluid boundaries give rise to unexpected 

patterns of cellular motion and fluid motion, such as circulating flows around single cells, 

osmotic spreading of colonies, and collective swimming.  Here we will introduce these 

motion patterns and discuss the implications for general self-propelled particle systems. 
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The first part of the talk focuses on the mechanical principle that a single bacterium uses 

to propel itself. We show that though widely-accepted resistive-force theory qualitatively 

describes the underlying principle of zero Reynolds number propulsion, it fails 

quantitatively in the biologically relevant regime due to the negligence of hydrodynamic 

interactions. In the second part, I will discuss a range of emerging phenomena observed 

in experimental systems consisting of many bacteria. These phenomena originate from 
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interactions between self-propelled organisms; they include anomalous density 

fluctuation, scale-invariant correlation, turbulence-like flow pattern, and hydrodynamic 

clusters. 
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Cell polarization is the first step of cell migration. Polarization toward the attractant is a 

complex process that is related to both physical and chemical factors. Most existing 

mathematical models are based on reaction diffusion systems and only focus on the 

chemical process during cell polarization. However, experiments reveal that membrane 

tension plays a critical role for cell polarization, which may act as a long-range inhibitor 

that diffusion-based mechanisms are insufficient to generate. In this talk, we will present 

a mathematical model that incorporates the interplays between Rac, filamentous actin 

(F-actin), and membrane tension for the formation of cell polarity. Our model shows that 

the cell polarization is more sensitive to external stimuli under low membrane tension, 

and membrane tension increases upon the establishment of polarization. Furthermore, 

our simulations demonstrate that aspiration (elevation of tension) and release (reduction 

of tension) result in decrease and recover of the activity of Rac-GTP, respectively, and 

relaxation of tension leads to the formation of new polarity of the cell body when the cell 

with morphology of pseudopod-neck-body is severed. The framework of our coupling 

model can be naturally extended to study more complex biological systems involving both 

chemical and mechanical factors, such as the migration of cancer stem cells. 
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Promoter strength, or activity, is important in genetic engineering and synthetic biology. 

A constitutive promoter with a certain strength for one given RNA can often be reused for 

other RNAs. Therefore, the strength of one promoter is mainly determined by its 

nucleotide sequence. One of the main difficulties in genetic engineering and synthetic 

biology is how to control the expression of a certain protein at a given level. One usually 

used way to achieve this goal is to choose one promoter with a suitable strength which 
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can be employed to regulate the rate of transcription, which then leads to the required 

level of protein expression. For this purpose, so far, many promoter libraries have been 

established experimentally. However, theoretical methods to predict the strength of one 

promoter from its nucleotide sequence are desirable. Such methods are not only valuable 

in the design of promoter with specified strength, but also meaningful to understand the 

mechanism of promoter in gene transcription. In this study, through various tests, a 

theoretical model is presented to describe the relationship between promoter strength 

and nucleotide sequence. Our analysis shows that promoter strength is greatly influenced 

by nucleotide groups with three adjacent nucleotides in their sequences. Meanwhile, 

nucleotides in different regions of promoter sequence have different effects on promoter 

strength. Based on experimental data for E. coli promoters, our calculations indicate that 

nucleotides in the −10 region, the −35 region, and the discriminator region of a promoter 

sequence are more important for determining promoter strength than those in the 

spacing region. With model parameter values obtained by fitting to experimental data, 

four promoter libraries are theoretically built for the corresponding experimental 

environments under which data for promoter strength in gene expression has been 

measured previously. 
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A neuron receives thousands of synaptic inputs from its dendrite and integrates them to 

process information. Many experimental results demonstrate the dendritic integration 

could be highly nonlinear, yet few theoretical analyses have been performed to obtain a 

precise quantitative characterization analytically. Based on asymptotic analysis of a 

passive cable model, we derive a bilinear spatiotemporal dendritic integration rule for a 

pair of time-dependent synaptic inputs. Surprisingly, the above rule, which is obtained 

from idealized models, can be verified both in simulations of a realistic pyramidal neuron 

model and in electrophysiological experiments of rat hippocampal CA1 neurons. Our 

results demonstrate that the integration of multiple synaptic inputs can be decomposed 

into the sum of all possible pairwise integration with each paired integration obeying a 

bilinear rule. 

 








