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PURPOSE 
  
This project was conducted as a feasibility study, in preparation for 

including this work in the forthcoming ‘Instrumented Cell’ (IC) Strategic 
Initiative. The goal of the IC is to study individual cells; the goal of this feasibility 
study was to determine the best method for isolating large numbers of 
individual cells in a way that facilitates various types of environmental changes 
and intracellular measurements. We have the capability to do this with one cell, 
and sought to expand the number of cells that we could study simultaneously. 
Our specific goal for this feasibility study was to discover a way to isolate 
individual cells, and impale them on a nanopipette. This would enable samples 
to be introduced into and removed from a cell.  
 
TECHNICAL APPROACH 
 
Dielectrophoresis: A fixture was made to hold a gold metalized pipette 
perpendicular to a gold metalized cover slip. This fixture was a slotted piece of 
Delran. The slot was the width of a cover slip and had a screw mount for the 
securment of the pipette. The metalized pipette and cover slip had leads soldered 
onto them and these were connected to the amplifier and signal generator. The 
end of the pipette was placed approximately 80-100 microns away from the cover 
slip. This distance was difficult to determine. The slot was then filled with a 
solution of HMO cells suspended in a sugar solution consisting of distilled water, 
8.5% sucrose, and 0.3% dextrose. The conductivity of this solution was measured 
at 7 S/cm. An AC current was then applied between the pipette and the cover 
slip. A large range of frequencies and voltages were tried; the frequency would 
be adjusted to 15MHz and a voltage set. The frequency was then lowered slowly 
while maintaining the same voltage. As the frequency was dropped, the pipette 
tip was watched for any cell accumulation. This procedure was repeated using 
different voltages. Below 50 V there was no observable motion of cells. Above 50 
V and in the range of frequencies 2MHz-800 KHz there was a striking buildup of 
cells on the end of the pipette. Figures 1, 2 and 3 show the progression of cell 
buildup on the end of the pipette (taken at 10x magnification). The fuzzy haze 
around the pipette tip in figures 2 and 3 are cells. This buildup happened in 
about 4-5 minutes. 
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However, it was impossible to determine if a cell was impaled on the end 

of the pipette, the buildup of cells made it impossible to make out the tip. It was 
conclusive that there was a strong draw of cells towards the pipette. Whether this 
dielectrophoretic force can generate enough directed force to impale a cell onto a 
pipette tip would require further investigation. 
 
Fluid flow/entrapment: Since the technique of simultaneous entrapment and 
impalement seemed impractical based on experimentation, the method upon 
which we settled was a two-part process; first the cells are trapped in a flow-
through box, and then they are impaled.   An array of flow-capture boxes was 
designed as shown in Figure 4.  The intent was for the cell to flow into the box. 
The glass membrane could be deflected such that the cell could be impaled on 
the micro-fabricated silicon needle as shown in Figure 5. 
 The boxes were constructed using SU-8, a photopatternable epoxy spun 
on a flexible glass wafer.  A reverse pattern was made by using the SU-8 as a 
mold for a silicone version of the holes.  This in effect, created raised ‘boxes’ 
instead of holes.  The results showed that depression were effective, as seen in 
Figure 6.   Further work could certainly be done to optimize the capture box 
design. For example, scalloping of the edges could be added to retain the cells 
better.  The silicon microneedle work, necessary to impale and sample the cells, 
is feasible with this approach but could not be completed within the duration of 
this project.  
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Figure 6. Captured Beads 

 



 
 

 

CONCLUSIONS 
 

The results showed that depressions were effective in capturing cells; 
further work needs to be done to optimize the capture box design. This design 
appears to be viable, and has the advantage over needles of allowing both free-
floating and medium-attached cells to be examined. The size of the capture wells 
can be varied, depending on the size of the cells to be studied. We feel that this 
prototype can be developed to serve as a platform for the single-cell analyses 
upon which the Instrumented Cell initiative is predicated.  
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