Biophysical implications of Maxwell Stress in an electric field stimulated cellular microenvironment on biomaterial substrates
Supplementary information
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Figure S1: A comparison of the variation of potential (at r=R-) with respect to frequency for (a) conducting substrate and (b) insulating substrate. The potential is normalized with the transmembrane potential for both cases.
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Figure S2: The difference in stress variation with respect to r on (a) conducting substrate and (b)insulating substrate- stress decreases with r6 in (a) whereas it decreases with r8 in (b).
Electrokinetic Transport
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So far the effect of the applied electric field has been discussed in relevance to the cell and stresses on the cell. The electric field is known to cause hydrodynamic effects in the vicinity of the cell, which results in eddies in the medium surrounding the cell. Assuming incompressible flow in the low Reynolds number regime, the fluid velocity can be determined by considering the linear Stokes approximation of the complete Navier-Stokes equation,
where p(r) is the pressure profile, v(r) is the velocity profile, μ  is the kinematic viscosity of the fluid and Fext is the external point force due to electric field. The solution to the system of differential equations above is given by 
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[image: image7.emf]where O(r) is the Oseen tensor i.e, the Green's function of the Stokes equation,
[image: image8.emf]In the present system, the force due to the electric field is distributed over the entire medium as opposed to a point force considered in the above formulation. The fluid velocity at a point `r' in the presence of a force distribution f (r’) can be obtained by the superposition of velocities due to forces acting on the entire fluid. This is expressed as an integral as follows,
[image: image9.emf]where f (r’) is the force density at r’ and O(r,r’) is again the Oseen Tensor. The force density can be written in terms of the electric field (in the vicinity of the membrane) as,

The final expression for fluid velocity will be of the form,
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The velocities obtained from the above analysis are of the order of 1 μm s-1, which corresponds to a convective flux of 3 orders of magnitude greater than diffusive flux implying that in the vicinity of the cell membrane, the flux of ions/signalling molecules is much higher in the presence of electric field leading to better cell-cell communication. This phenomenon is known as Electrokinetic transport.

[image: image10.emf]Figure S3: Schematic representation of enhanced diffusion flux of signalling molecules in the vicinity of the cell under the influence of electric field

