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The rhythmical contraction of the heart that drives the cardiac cycle involves the coordinated
and synchronized action of a large number of cardiomyocytes. Determining the force
contribution of an individual cardiomyocyte to overall heart contraction requires sensitive cell
force measurement devices. To measure the contractile force of a single cell, we have
produced elastic 3D cell culture scaffolds by means of direct laser writing (DLW) into a bio-
compatible photoresist (Ormocomp). These 3D scaffolds contain flexible beam elements of
submicron thickness which can be rhythmically deformed by single beating cardiomyocytes.
To obtain a quantitative measure of the involved cellular contraction forces, the cell culture
substrates were calibrated using the cantilever of an atomic force microscope as a micro-
indenter. Matching cell-induced beam deflections required applying external forces of about
50 nN, indicating that cellular contraction forces are of similar magnitude. Furthermore, by
adjusting the DLW write parameters, and thus the beam diameter (0.66 to 1.33 pm), the beam
stiffness could be fine-tuned over a range of almost one order of magnitude (0.05 N/m — 0.4
N/m). In conclusion, we have demonstrated that DLW can be used to fabricate 3D cell culture
substrates with tailored stiffness to measure a wide range of cellular contraction forces. In
future, this method could be expanded to systematically investigate the influence of three-
dimensionality and elasticity on other cell functions, such as the differentiation of individual
cells and on tissue formation.
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