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Abstract

In this thesis we study theoretically the dynamics of the free cytosolic Ca2+ concentra-

tion. We construct a mathematical model of the Ca2+ dynamics in pancreatic acinar

cells. Although this model refers to a particular cell type, it also allows us to study

some aspects of Ca2+ signatling in general. We begin by analysing the dependence

of the Ca2+ oscillations on the plasma membrane transport. F\rrther we study the

propagation of intercellular Ca2+ waves in a pancreatic acinus.

It has been observed experimentally that, in many cell t1pes, calcium fluxes across

the plasma rnembrane a.ffect inositol trisphosphate IP3-induced calcium oscillations.

Since lP3-induced calcium oscillations involve the cycling of calcium to and from the

endoplasrnic reticulum, it is not well understood how they can be so strongly a.ffected

by membrane fluxes. We use a mathematical rnodel to answer this questionl a model

that relies on the introduction of a slow variable, the Ca2+ load of the cell. Our

model predictions a.re confirmed by experimental results. Since similar behaviour is

observed in two other models of IP3-induced Ca2+ oscillations, it is possible that this

bifurcation structure is a generic feature of Caz+ oscillation models.

The effect of intercellular coupling on the oscillatory dynamics is investigated the-

oretically. It is dernonstratecl that junctional calciurn diffusion can account for the

co-ordination and synchronisation of cytosolic calcium oscillations in a coupled triplet
of cells under the assumption of constant IP3 concentration in each indiviclual cell.

Ftuthermore a bwo dirnensional version of tliat model, where Ca2+ and IP3 are as-

suned to diffuse within as well a^s between the cells, has been studied numerically.

Cornpared to the results frour the analysis of the ODE rnodel, the results from the

xl



xii Abstract

analysis of the PDE model (in tw'o spatial clirnensions) reveal some interesting spatial

effects of the cliffusion, and of the geornetry of the cells on the collective oscillatory

behaviour of the systen. Based on this combined approach, a suggestion about the

specific role of both Ca2+ and IP3 in the intercellular Ca2+ signalling has been made.
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Preface

The work ptesented in this thesis ilttrstxat€q ou one haad. how ngthematies oari be

r:sed to arlsrftrer physiological questioas, and on the other hand it ie an qncil.nple of
hovu physiologiel questious may p.ose vey lnteresting math'smatical problens. It is
an iuterdiseipliua,ry stndy which requires solid mathematical lnrowledge as well as

a vel]. good understandiag of the physiologieal pnoc€sges underlying the problenis

under investigation. Al'tb-ougl comiug,from pure matbematics baekground I barae

always been interested in learning more about,its applicatious. The opportunity to
wsnk with Prol James Srreyd rilds Bn exeellent ahianee to do thisn and I re;ally eqioyed

ir!

T,his thesis consists of4 ehapters:

Ghapter 1 gives a ge-neral introductio.n to thE phy.siologlo of tJre p,ancreetic acinar

cells and tbe caleium sigaaning. It alqo cnntains a bdef qrreffiew of previous

modelling wotk done in this ffeld.

Chapter 2 e;plaius the modelliqg details. Mathmatical analyses of the nodel de-

sc,ribed in this chapter have been published in [113, 115-].

Chapter 3 addrEsses' a peudcular physiological qumtion about the role of the plasrna

membrane transport for the calcium ose-illatione w,hieh are based onrfl,uxes:a,eroes

the endoptrasrnie reticultrn. This work has appeared in [114, 129].

GhaBter 4 eontains a qtathc:natieal study o{ ealoium oecillations and wavw in a

'cv



xvi Preface

triplet of pancreatic acinar cells. The results from this study have been submit-

ted for pLrblication to the Biophysical Jounal.

All the work presented in this thesis has been done in close collaboration rvith Dr.

David Yule and his colleagues from the University of Rochester Medical Center. USA.




