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Abstract Many biological phenomena about quorum
sensing in bacteria are driven by experimentally and
mathematically in the last few decades. Symbiosis, virulence
etc. are the major area in which these theoretical models
work well. But no specific origin was established so far
which can explain quorum sensing itself. This weakly
nonlocal fluid dynamical model of bacterial communication
system introduces a pancake model which involves the
intrinsic noise of the system to explain the origin of quorum
sensing. The internal structure of quorum sensing analogues
to Zeldovich model and origin of internal noise in this
mechanism is responsible for quorum sensing.
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1. Introduction

The phrase “Quorum sensing” means a cell-cell
communication that bacteria use to assess their population
density in order to coordinate the gene expression of the
community [3].QS mechanism has a group behavior and the
multicellular  activity. The bacterium  Psedomonas
aeruginosa, Vibrio fischeri, Vibrio harveri, Vibrio cholera
and many more use this QS mechanism which was observed
about 30 years ago. The behavioural traits vary dramatically
with the population density [2]. Bacteria determine their
population density by producing diffusible quorum sensing
molecules (QSM) and switch on the behavioural when the
population of bacteria increases so too does the QSM
concentration, until some apparent threshold is reached.
Quorum sensing is considered in the context of cell — cell
signaling between intra and inter species. The
communication process is coordinated by quorum sensing
molecules (autoinducer). QSM have some characteristics
feature (1) the production of the quorum sensing signal takes
place during specific stages of growth, under certain
physiological conditions, or in response to environmental
changes; (2) the quorum sensing signal accumulates in the
extracellular milieu and is recognized by a specific bacterial

receptor; (3) the accumulation of a critical threshold
concentration of the quorum sensing signal generates a
concerted response and (4) the cellular response extends
beyond physiological changes required to metabolize or
detoxify the molecule. When all four criteria are met, a
molecule can be classified as QSM. The most interesting
feature of these quorum sensing signals were well defined in
the year 2002 by Winzer. These metabolites can induce,
during their release, their own uptake system and the
production of enzymes required for their breakdown. This
indirectly influences the expression of genes from other
linked metabolic pathways [7, 8]. Mathematical modelling is
one of the important tools to study natural systems.
Researchers like Anguige, Dockery, Ward and Majumdar
have developed several mathematical models of quorum
sensing systems based on experiments and analyzed the
system in detail [9,10,11,12,13,14,15,16]. Still, certain
important facts about QS systems are not understood
properly. The hydrodynamics and the origin of noise in the
QS mechanism are undiscovered. In this paper we sketch the
dynamics of the QSM which has a velocity and we consider
viscosity as ad hoc term vV?u which has an artificial effect
in the fluid. We find out origin of noise in QS from the noisy
Burgers equation and the internal structure of the quorum
sensing mechanism using Zeldovich approximation which is
analogous to pancakes [6]. In this present work weakly
nonlocal fluid dynamical equation is utilized in which
viscosity term is physically motivated.

2. Origin of Noise and Internal Structure

Schriodinger-Madelung Fluid

We consider that quorum sensing occurs in a
Schrédinger-Madelung fluid with viscosity vgcpy and
density p .The velocity of QSM is denoted by v which is
given by the fluid. Let us define the peculiar velocity field as
the vector filed u =+ — Hr (where H = a/a and a is a
scale factor). The quantity (Vu)y is called the velocity
gradient tensor, the symmetric part of this gradient is rate of
strain tensor and antisymmetric part is the vorticity tensor
[1].

Form Euler equation of peculiar velocity field we find
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Where % = Us.py 18 the kinematical viscosity, p is known
dynamical viscosity and changing the time scale from t to b.

After rescaling we get v = 2o ,x=r/a(t) and
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Now using Schrodinger and Poisson equation and Hamilton
— Jacobi canonical transformation we have,
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For this weakly nonlinear regime¢p =~ 8 and

i) 3
St @ Vv == Vo (5)

We define shear tensor as
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We get Vo = =V, @)
Now kinematical velocity is defined like
Uiy = =5V In p (8)

Finally from the symmetric part of the velocity gradient
we have
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If we define Avy,, =v —
expression as

Vgin , We write the general
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where Vn —Ugenm V2{AVy;,) is a noise term .This
equation is corresponds to noisy Burgers equation and
Zeldovich approximation if vy;, — 0 which find out the
importance of internal structure of quorum sensing.
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Alternative Fluid

Now we change the fluid which has the nonlocal term in
potential is Uy, = —%Ap where v, is consider as a
Kinematical viscosity of this fluid [4].In this alternative

fluid we find out ¢, = —%Vzp and in the similar
1

manner we obtain Uy, = EV'D .Then from the symmetric

part of the velocity gradient we write a general expression
of the noisy Burgers equation as follows

Z—Z + . V)V = vy, V20tV

3. Discussion

This is a framework of the internal structure of the quorum

sensing mechanism in bacteria .The source of internal noise
in quorum sensing is originated from some perturbation due
to velocity of the QSM. The kinematical quasivelocity
Upin = USC%V Inp and uy, =
actual mechanical motion, but does contribute to the
transfer of momentum and concentration of energy [5].
¢pis of quantum mechanics represent the probability
distribution of the single QSM. The origin of viscosity term
is also investigated in QS mechanism and this viscosity
property which makes QSM together into caustics predicted
by Zeldovich approximation [1]. Viscosity is also related to
temperature. So QS in also connected to temperature of the

fluid. Kinematical Viscosity Uscnm :%

%Vp does not represent

u .
and vy =2 is

referred to as diffusivity of momentum because it is
analogous to diffusivity of mass. Quorum sensing
mechanism depends on the internal noise. For this certain
noise quorum sensing occurs and this communication
process also can be destroy for a particular threshold of
noise .Whenever the QSM is released by a single bacterium
in the system fluid ,which is assumed to follow
Schrédinger-Madelung or Alternative fluid characteristic ,it
creates a noise .The event of the release of the quorum
sensing molecule creates a source of fluctuation in the fluid
which is carried out by the diffusion mechanism throughout
the fluid .The possibilities of interaction with other bacterial
cells increase with the inversing fluctuation made by the
QSM .When the noise reached a threshold level the
stationary takes place and this fluctuations is actually turned
as quorum sensing .Consequently the group behavioural
pattern changes by the manipulation of given expression.

4. Conclusions

This  biochemical phenomenon is theoretically
investigated here. For future it will be verified in
experimentally. Using different fluid this quorum sensing
mechanism and the dynamics of QSM can be investigated.
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