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TECHNICAL INFORMATION
We have analyzed the adhesion of a cell to another cell or to a surface and its detachment from that
cell or sutface by micrompipette aspiration or by centrifugal forces. The objective is to evaluate the
histories of adhesion force and energy during the entire processes of conjugation and detachment. Based
on the idea that the cell itself can be used as a mechanical transducer, we seek a scheme to simultaneously
calculate the adhesive properties, such as binding force and energy, and the mechanical properties, such as
the viscoelastic constants, from the observed cellular deformation under controlled applied loading. The
cortical shell-liquid core model has been adapted for the cell as indicated in the proposal. A sequence of
constitutive equations with increasing order of approximation and level of complexity are employed in the
analysis. For the cortical shell, these include a uniform and isotropic prestress tension, the shear and area
elasticity, and the bending elasticity. For the liquid core, these include incompressible inviscid fluid and
incompressible Newtonian fluid. Depending on the complexity of the governing equations, the boundary
value problems have been solved using an exact analytical method, an approximate analytical method
based on small strain linearization, and a regular perturbation method based on the difference between the
shear and area elastic moduli.
The major findings include the appropriate rheological model for nucleated cells in the cell-cell
adhesion experiment using micropipette manipulation. The adhesion force and energy to be evaluated are
scaled by the mechanical properties of the cell, since it is the cell that is being used as the mechanical
transducer to measure the adhesive properties. For this reason, it is critical to used a proper rheological
model and eveluate from experimentally measured cellular deformations the intrinsic mechanical properties
and adhesive properties simultaneously. We found that the deformed shape of the cell can be predicated
extremely well by a simple model of a quasi-static liquid core enclosed in a cortical shell with a uniform
and isotropic prestress tension. We showed that the inclusion of cytoplasmic flow is not necessary for the
accurate prediction of the cell shape. We demonstrated that the friction between the cell and the pipette
mount is critical and can significantly affect the model prediction. We also found in our system the
increase of adhesion strength during the process of detachment, is in consistent with the published results
in other systems.
Not only do the experimental results provide a validation, and point to the limitations of the theory,
but the mathematical models also suggest new experiments. We have already identified a lipid vesicle
system as an ideal model for studies of the diffusive molecular behavior described in one of the PI's
mathematical models for transient cell adhesion. Experiments with this new design is underway.
Some of the work has been published (see list below). Others are at various stage of preparation.
One Ph.D. student and one undergraduate student have been working under the support of this grant.
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