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 Cell detachment is central to a broad range of physio-
pathological processes, however, there are no quantitative 
methods to study this process.1 The control of cellular 
attachment and detachment on solid substrates is 
important in applications ranging from tissue engineering 
to medical implants.2 Here we report a novel method for 
spatially and temporally controlled cellular detachment: 
Programmed Sub-Cellular Release (PSCR) and present 
the first quantitative results of the dynamics of cell 
detachment at the sub-cellular level.  
 In programmed sub-cellular release (Fig. 1), a chip-
based device comprising an array of gold lines on a glass 
substrate is fabricated using photolithography (Fig. 2a-b). 

An adhesion-promoting RGD peptide sequence is 
chemically tethered to the gold lines via a thiol linkage. A 
computer-controlled voltage pulse results in detachment 
of the thiol groups.  Upon local release of RGD peptides 
from a pre-selected electrode at the cell periphery (arrow 
in Fig. 3a), there is a delay in the overall morphological 
response of the cell, after which the cell contracts and 
eventually reaches a new configuration of smaller area in 
contact with the substratum (Fig. 3a).  This response can 

be characterized with an induction time, t0 and a 
contraction time, τ, according to the equation in Fig. 3b.  

 Molecular inhibition studies verify that the PSCR 
method can detect molecular level differences in cells.  
These studies implicate acto-myosin contractility in the 
control of both the induction and contraction phases of 
release. 
 Live cell imaging of PSCR released cells, transfected 
with GFP-Paxillin, reveal that focal adhesions on the 
released electrode disappear during the induction time, 
before the cell begins to contract.  Live-cell imaging of 
actin dynamics, in cells transfected with Lifeact-GFP3, 
reveal that the actin stress fibers begin to contract prior to 
cell contraction. These results suggest that the detachment 
and the contraction of the actin stress fibers before the 
onset of global cell contraction is associated with the 
disappearance of the focal adhesions on the release 
electrode, and provide intriguing insight into the process 
of cell detachment.  
 Programmed sub-cellular release of cells is a new and 
versatile technology that can be used to functionally probe 
focal adhesion, actin filament, and cell detachment 
dynamics by releasing cells in a spatially and temporally 
controlled manner. 
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Figure 1. Programmed sub-cellular release.  Schematic 
illustration showing local release of RGD-integrin 
complexes. 

 
Figure 3.  (a) Sequence of images for a typical cell release 
experiment.  A voltage is applied to an electrode (indicated 
by the red arrow) at t = 0.  After release of the cell from the 
gold line at the left, there is an induction time before the cell 
begins to contract. (b) Plot of normalized cell contraction 
versus time for the cell shown in Fig. 3b The solid line is a 
fit to the equation ΔL(t) ΔLm = 1− exp − t − t0( ) τ[ ] with t0 
= 43 s and τ =16s. 

 
Figure 2.  (a) Photograph of a device showing the electrode 
array and contact pads.  The electrode array is located at the 
center of the device with each gold line connected to a 
contact pad.   The inset shows a reflection microscope image 
of the 10 µm wide gold lines at 20 µm pitch.  (b) Low 
resolution phase contrast image of the gold lines at each end 
of the electrode array with cells plated on the device.  (c) 
Overlayed fix and stain images of a Swiss 3T3 fibroblast 
cell spanning multiple stripes: actin fibers (red), vinculin 
(green), and cell nucleus (blue).


