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ABSTRACT

The secret of biological systems lies in their phenomenal ability to organize in ways that
allow them to perform a wide variety of functions under changing intermal and external
conditions. This ability typically relies, not on the single element (be it a macromalecule
or even a cell), but rather on the coordinated activity of a large number of elements.
In a gngle cell, thousands of proteins intricately work together to sustain all metabolie
activities as well as to perform a varety of tasks that vary from organ to ongan in the body.
At a higher level, different cells communicate by transmitting and receiving biochemical
and electrical signals. Thus, cooperation between elements is the rle at every level of
organization and the ability to develop such robust mechanisms stands at the heart of
biological functionality.

This thesis considers the spontaneous spatio-temporal beating activity of a developing
culture of heart cells and of self-amembled networks of cells. Issues dealing with rhythm
generation, the onset of synchronization and temporal eorrelations within and among cells
are addressed. Special emphasis was placed on understanding the functional fransitions
from cells to groups of cells and to extended networks. Experimental results are reported
as well as modeling thereof.

Cultured heart cells from ventricles of newborn rats have the capacity to beat sponta-
neously. In time, these cells also migrate, group together and establish electrical cell-to-cell
conpling, and eventually self assemble into extensive, contimious networks. To character-
ize the spontaneous activity of the cells during this wide range of developmental stages,
long-time non-invagiwe spatio-temporal recordings of the activity were necessary. To that
end, a novel optical method of continuous, non-invasive and high-resolution measurement
was introduced to record the cells” contractile activity, The optical field was captured by
a CCD camera and transmitted to a computer, where real-time motion detection was per-
formed on a pre-specified number of arcas of interest. Off-line peak detection then yielded

corresponding time-series of contraction times. In this way, contractions of sngle cells






