Life-Sciences

Fig. 1. — Fibroplasts; c)
cells with nuclei b) cross-
section with enhanced
actins (credit: Dr Louise
Smith).

Fig.2. - Cell @)
compressed struts —blue,
tensioned fendons —

yellow b) stiffening.

Fig. 3. — 400 cells.

— Process: a)
appears b)
finishes.
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Infroduction

.he cytoskeleton is a tensegrity structure (1). The
mechanics is important to the cells: “"Change the
mechanicalstresses on cancer cells and they can start
to behave more like healthy ones” (2). The displace-
ments and stresses change in the biological materials
due to the growth, division and death of the cells (3).
The cells receive signals for the actions. This constitufes
the agent-stress based models of the tissue (4).

Methodology

The cell consists of nucleus, actins, microfubules,
membranes and collagen, Fig. 1.

The actins and microtubules are tendons and strutfs.
They are viscoelastic, prestressed, keep volume when
deformed, stiffen when tensioned. The icosahedral
tensegrity structure is in Fig. 2.

The data is in (3). We perform the design sensitivity
analysis, DSA (5). The fields are sensitive fo the lengths
of the elements. The parameters are grouped into
clusters - the cells and the groups of clusters. This is the
mechanotransduction sensitivity.

Formulation
We adopt the Updated Lagrangian formulation,
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where Bl and B[ are the nonlinear and linear opera-
fors, N is the shape functions matrix, AS is the stress
increment, T is the Cauchy stress matrix, Aq is the
displacement increment, Af and At are the body
forces and the boundary fractions.
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The AS depends on total stress S, shearmodulus (G),
bulk modulus (K) and strain AE,
—t

n
@ AS=D(S, G, KOAE G(N=Cotd Giexp <T>
i=1 i
tis time and 4, are the relaxation times of the parallg
dampers. i
The differentiated equation (1) w.r.t. the desigri
variable his of the form N
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AQ is the r.h.s. of (1) and AF is the infernal forceé
increment
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The (3) and (4) define the direct differenﬂoﬂor%
method.
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Numerical aspects i
The parallel program includes the solver MUMPS
(6). We use the Newton-Raphson technique for solving
the (1). The DSA creates r.h.s (4) to the (3). We solve cxsI
many equations as the design variables using Ios’
friangularized stiffness affer the iteration loop. 3
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Example

We analyze a honeycomb pattern of the single
layer cell matrix, Fig 3. The layer slides and is fixed. If is
tensioned on the left. The tissue is scratched affer 0.1
sec. We observe the sensitivity fields of the displace-
ments w.r.t. the design variables: 3 cells in which all
microtubules change their lengths. The sensitivities are
shown at the start and the end of the process, Fig. 4.

The most sensitive places are close to the chosen
cells when the scratch appears. Finally, the gradients
become distributed on left side of the scratch. The
change of the design parameters in the cells affects
entire structure and the gradients are of range higher.
The structure approaches failure.

Remarks ¢

We present the DSA parallel algorithm valid fo
nonlinear path dependent systems. The application’
the computational systfems biology. :

References

(1) D. Stamenovic, Effects of cytoskeletal prestress on ¢<
rtheological behaviour, 1, Acta Biomaterialia, 255-202
(2005).

(2) C. AINSWORTH, Stretching the imagination, Nature, 498
Dec, 696-699 (2008). ]

(3) E.W. Postek, R. SmaLLwoob and R. Hose, Nodal Positions
Displacement Sensitivity of an Elementary JcosahedOf
Tensegrity Structure, COMPLAS X, Barcelona (2009):

(4) M. HoLcomee, S. Coakley and R. SmALLwooDp, A gene 4
framework for agent-based modelling of complex 12
tems, EURACE Working paper WP1.1, Depor’rmem‘ 0
Computer Science, University of Sheffield, October 2000

(5) M. KLEBER, H. ANTUNEZ, T.D. HiEN and P. KOWALCZYK, Parameér®
Sensitivity in Nonlinear Mechanics, Wiley & Sons (1997):

(6) P.R. AMESTOY, A, GUERMOUCHE, Y.-R. L"EXCELLENT and S. PRAZS

Hybrid scheduling for the parallel solution of INES

systems, Parallel Computing, 32, 2, 136-1566 (20006).



