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Abstract  In this presentation the hydro dynamical 
condition of quorum sensing in the biofilm growth is 
investigated using convection diffusion reaction equation 
and analyzed environmental condition. It is used to analyze 
the influence of hydrodynamics and structural 
heterogeneities on mass transfer in this quorum sensing 
mechanism.   The future direction of stochastic model of 
quorum sensing in bacteria is given. 
Keywords  Quorum Sensing, Biofilm, Quorum Sensing 
Molecule (QSM), Mathematicalmodelling, Hydrodynamics 

 

1. Introduction 
Quorum sensing means a cell –cell communication in 

bacteria, which is use to coordinate the group behaviour 
based on population density. This process is regulated by the 
quorum sensing molecule (QSM) and when it is reached to 
apparent threshold concentration of QSMs then the cells 
become induced and undergo gene expressions [23, 
26].Quorum  sensing  was  originally  discovered  in  
the  luminescent  bacterium  Vibrio  fischeri.  Vibrio 
fischeri is a marine bacterium which can be found both as 
free-living organism and as a symbiont in the light producing  
organ  of  an  animal  host,  such  as  the  Hawaiian  
bobtail  squid.  The  host  provides  a  nutrient-rich 
environment  for  the  bacterium  and  the  bacterium  
provides  light  for  the  host.  It was observed that liquid 
cultures of Vibrio fischeri produced light only when large 
numbers of bacteria were present. As a free-living organism,  
Vibrio  fisheri  exists  at  low  densities  and  appears  
to  be  non-luminescent.  At  high  cell concentrations,  
the  level  of  the  auto-inducer  becomes  sufficient  to  
induce  transcription  of  the  genes  that produce the 
enzyme luciferase, leading to bioluminescence. A single cell 
is not capable of producing enough luciferase to cause 
visible luminescence. Using quorum sensing, the cell can 
save its effort for the time when sufficient similar cells are 
around, so that their combined action produces a visible glow. 
The bacteria thus behave differently in the free-living and 
symbioticstates. It is important for pathogens to co-ordinate 
their virulence to escape the immune response of the host and 

establish a successful infection. The luminescence in Vibrio 
fischeri is controlled by the transcriptional activation of the 
lux genes. Most quorum sensing signals are small organic 
molecules or peptides [27]. Although several quorum 
sensing systems are known, perhaps the two most thoroughly 
described systems are the acyl-HSL systems of many 
Gram-negative bacteria and the peptide –based signaling 
systems of many Gram- positive bacteria [16, 17, 18]. In this 
context, Ward et al. [1, 3, 23] proposed the mathematical 
modeling of quorum sensing and anti-quorum sensing in 
bacteria and the asymptotic analysis is also studied.  A 
multi-phase mathematical model of quorum sensing in a 
maturing Pseudomonas aeruginosa is developed by Ward et 
al. [4, 5]. Dockery and Keener introduced a mathematical 
model for quorum sensing in Pseudomonas aeruginosa using 
ordinary differential equations and partial differential 
equations which is a more realistic model than others 
[15].Müller et al. analyzed thisCell-cell communication by 
quorum sensing and dimension reduction [24, 25]. 
Majumdar et al. [27] also studied mathematical model and 
stability analysis of quorum sensing mechanism. 

Quorum sensing bacteria determine their population 
density by the production, release and monitoring of one or 
more diffusible quorum sensing molecules [23]. Different 
kind of bacteria uses different QSM. We are listed few of 
them here in the Table1. 

This bacterial phenomenon is occurring in the microbial 
communities which are known as biofilm .Bacteria in the 
biofilm is protected by the EPS matrix from the external 
stress. Hydrodynamic environment have directly effect on 
this bacterial talk [6, 7, 8, 9] .These two social phenomena 
exhibited by bacteria quorum sensing and biofilm 
development are very much connected .The nutrients 
availability accelerate the quorum sensing 
mechanism .Increase the flow indicates the convective 
supply of nutrients is increased that means the growth is 
increased, thus the quorum sensing is accelerated. QSM are 
produced and diffused in a biofilm colony into aqueous 
phase are transported downstream which delays local up 
regulation. If the QSM concentration of the aqueous phase is 
higher than in the biofilm colonies, QSM will diffuse into the 
colony and promote up regulation even cell densities are 
relatively low [19,21]. In this context many author proposed 
different mathematical model and tally this model with 
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experimental data. Isaac Klapper and Jack Dockery 
introduced mathematical description of microbial biofilms 
[22]. Alpkvist et al. [2] studied three-dimensional biofilm 
model with individual cells and continuum EPS matrix. 
Chopp et al. [10, 11, 12] analyzed mathematical model of 
quorum sensing in a growing P. aeruginosa biofilm and 
dependence of quorum sensing on the depth of a growing 
biofilm.Cogan developed a two-fluid model of biofilm 
disinfection [13, 14].In this paper we want to investigate the 

environmental conditions like hydrodynamics and nutrients 
availability, affective mass transfer and conversion process. 
These factors are very important in the formulation of 
quorum sensing and the biofilm formation .We are also draw 
an outline of future perspectives of the stochastic model of 
quorum sensing and biofilm growth which is very essential 
to find out the effect of noise in this spatiotemporal 
phenomena .This mathematical model of quorum sensing 
mechanism also investigates the origin of this noise. 

Table 1.  Structures of Some Quorum Sensing Signal Molecules 

.Signal Structure Organisms 

C4-HSL (an AHL) 

 

Aeromonas hydrophila, 
Pseudomonas aeruginosa 

C6-HSL 

 

 

Erwinia carotovora, 
Pseudomonas 

aureofaciens, Yersinia 
enterocolitica 

3-Oxo-C6-HSL 

 

E. carotovora, Vibrio 
fischeri, Y. enterocolitica 

3-Oxo-C8-HSL 

 

Agrobacterium 
Tumefaciens 

Autoinducing Peptide 
(AIP)-I 

 

 

Straphylococcus aureus 
Group I strains 
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AI-2 (S-THMF-borate) 

 

Vibrio harveyi 

Competence and 
Sporulation Stimulating 

Factor (CSF) 
Glu – Arg – Gly – Met – Thr Bacillus subtilis 

Farnesol 

 

Candida albicans 

 

Figure 1.  Schematic illustration of quorum sensing system of V.fischeri 

2. Mathematical Model 
Now we introduce a mathematical model which focuses 

on the hydro dynamical conditions of quorum sensing. Based 
on the some assumptions that the quorum sensing system not 
only involving the production of only one QSM but also to 
the primary QSM of multiple QSM quorum sensing 
system[23] .Our model is to assume a well-mixed population 
of cells and convection diffusion reaction equation describes 
the hydrodynamic environment of the quorum sensing 
mechanism in the biofilm growth. Let A be the QSM 
concentration in the fluid, D denote the diffusion 
coefficient,𝝑𝝑 be the average velocity of the QSM and R 
describes sources of the QSM concentrations. 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= ∇(𝐷𝐷∇𝐴𝐴) − ∇. (𝝑𝝑𝑐𝑐) + 𝑅𝑅   (1) 

with boundary condition Ω . 

The hydrodynamic flow field is supported by the 
incompressible Navier- Stokes equations and the continuity 
equations for the conservation of liquid mass. 

3. Discussions 
Physical configurations can be described by different 

characteristic quantities of their fluxes, forces and 
geometrical shapes. This quorum sensing system is studied 
by these characteristic ratios.Area enlargement (Ae) refers 
the geometrical structure of this system .Reynolds 
number(Re) ,Schmidt number (Sc) , Peclet number (Pe) are 
refer environmental conditions  that means hydrodynamic 
and the nutrients availability of the systems and Sherwood 

Low   Population density       High 

Virulence genes up-regulated 

QS Signal –receptor 

 

 

QSM 

e.g. biofilm formation, toxin production 

QS receptor 

QS regulated genes 
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number (Sh)quantifies mass transfer[21]. 
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 0 gives the steady state behavior of the quorum 
sensing system .The equation (1) is directly connected with 
the equation of continuity where  −𝐷𝐷∇𝐴𝐴   term comes 
from the Fick’s First law which is known as diffusive flux 
that arise due to diffusion .on the other hand (𝝑𝝑𝑐𝑐) term is 
known as advective flux .D,𝝑𝝑, R are vary in space and time 
that is why we can also consider the Rayleigh–Bénard 
convection. 

When R= 0 then the equation (1) becomes a stochastic 
differential equation. R=0 means there is no reaction takes 
place and this equation describes the motion of QSM where 
the A describes the probability distribution of QSM is also 
equivalent to Langevin equation. In the Langevin equation 
there is a noise term and this noise is regulated the quorum 
sensing mechanism [20]. 

4. Conclusions 
Mass transfer and the environmental conditions are 

analyzed in this mathematical approach of quorum sensing 
system. This system is also influenced by the bulk flow. The 
convection diffusion reaction equation with R=0 is nothing 
but a stochastic differential equation which is equivalent to 
Langevin equation. This Langevin equation has potential to 
describe the source of noise and the noise regulated quorum 
sensing. 
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