A Model tor Bleb Expansion Using the Level Set Method

S.H. Dinuka S de Silva!, Emmanuel Asante-Asamani’

Department of Mathematics, Clarkson University'

“Registration and travel support for this presentation was provided National Science Foundation (NSF erant DMS — 1757085).”

Background Mechanical Model Ongoingl: Interface Tracking

> A bleb iS d hemispherical pI’OtI'llSiOIl Of the cell membrane Mechanical description of cell Viscoelastic model of Startmg cell Imp licit function ¢(x’ Y )
caused by localized decoupling of the cytoskeleton from Xio Cortex and cytoplasm ; ”
/\\\ L Zz 0.5
the plasma membrane. . " o
Linking ——
Protein | '
< Cortex f - : '—\ Ce | 08 | A
Cytoplasm T ; — > — | s o o — ,
o _ — ——  §- .5 V obtained from
«—P—> Linking Protein <€— Bleb / - _,kw e IR l Mechanical model
‘l' - ﬁ - /I Cytoplasm’  Cortex | * |
Membrane;, T " ’ =
Nucleus N ~ Recover zero-level set ..

. S 1\ P
Cell Cell with Bleb o |

» In Voigt model 7, T, are viscous elements and k. is the

» How do cells coordinate their movement using blebs? clastic element . el Transported implicit
ransported cc function ¢ + V.V = 0

» How do blebbing cells adjust their movement in response > The velocity field can obtain by using following equations

to stress 1n their environment? b oam— (k4 (L1 R
» How does cell shape effect bleb size? zz T (Tc) 1+ (Ta i Tc) ! Ongoing 2
» Which proteins regulate blebbing? r == —< 1+ — Iy

Tc

> Here, Fy = P,y — (F, + Fg + F)) » Effect of cell shape & » Effect of adhesion
Research Obj ective > Py = 2Yfenk (R, Fy = (Fs. 7)1, Fg = Bk(x)7, and curvature on bleb size strength on bleb size
» The current focus of our research is to investigate the role \ T
of cell. shape and membrane-cortex adhesion strength on Al o orithm and Result é} TII7- %
bleb S1ZC Cell with normal adhesion
> Compute force at each membrane point, F7* Unpolarized cel strenet
| Methodology | [, |
» Update viscoelastic strain, [;' = - ‘ (1 — e(=ke/ Tc)(”At)) @

Cell MOVGment > CaICUIatC Vel()City, (xzn)n — (E) l;l’l + (i + l) F'ZT} Cell with strong adhesion

T Tq Tc Polarized cell strength

» Update membrane position, ()™ = (&;")™ + At (&)™

Iteration:1 Iteration:2 Iteration:3

Modeling @ | o - .
0 O - O . @ _ | Reference |
> Mechanical » Numerical approximation of

-10 0 10 -10 0 10 -10 0 10

response of VGlOCity field (Mechanical n— oGS ctlcEs » Liu Yang, Janet C Effler, Brett L Kutscher, Sarah E Sullivan, Douglas N
proteins to stress model) 5 | s L s | Robinson and Pablo A Iglesias, Modeling cellular deformations using the
. : : level set formalism, BMC Systems Biology 2008, 2:68 do1:10.1186/1752-
> Mechanics of the » Interface tracking (Hamilton- : Q | Q | o Q | 0509-2-68
movement Jacobi equations/ Level set 10 0 10 0 0 10 0 0 10 » Chuan-Hsiang Huang, Ming Tang, Changji Shi, Pablo A. Iglesias and Peter
framework) i orafion:3 Hetaon:9 N Devreotes. , An Excitable Signal Integrator Couples to an Idling

- ° | ° | ° | Cytoskeletal Oscillator to Drive Cell Migration, Nat Cell B10l.2013
> Model —» [7 > o, +V.Vgp =0 0 Q | o Q Lo Q | November;15(11):1307-1316.doi1:10.1038/ncb2859
» Tyson RA, Zatulovskiy E, Kay RR, Bretschneider T., How blebs and
v 0 v : v : N pseudopods cooperate during chemotaxis, PNAS. 2014;111:11703--11708

In Silico experiment




