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Coordinate transformation for displacement versus time tracking: The set-up for imaging the 
dielectrophoretic translation of oocysts is shown in Figure S1a and S1e. Based on data from high 
frame per second (~30 fps) movies of oocyst translation under FDEP, the displacement (x) is 
tracked as a function of time (t) for particles translated away from the constriction tip under 
negative DEP (NDEP) and towards the constriction tip under positive DEP (PDEP). For NDEP, 
the translation of oocysts that were originally at rest at the constriction tip prior to application of 
AC field at the particular frequency of interest is recorded as displacement versus time of field, 
onwards from the constriction tip along a particular displacement vector (Figure S1f). For PDEP, 
the translation of oocysts that were originally at rest in the region immediately outside of the 
constriction gradient prior to application of AC field at the particular frequency of interest is 
recorded as displacement versus time of the field, towards the constriction tip along a particular 
displacement vector (Figure S1g). While the measurements are done in two dimensional space, 
we can cut down the computations for the force calculations by half by performing the following 
coordinate transformation. Since the cells always move in a straight line, either towards or away 
from the constriction tip, for the duration that they are acted upon by DEP, hence, we can track 
their translation along a particular displacement vector and change our frame of reference so that 
their motion takes place only in one of the two axes. In order to accomplish this, the coordinate 
system in which the motion is recorded must be transformed from the standard to a system that 
has been rotated by an angle that is equal to the angle that the oocyst’s trajectory makes with the 
centerline, along the device axis (Figure S1(i)). Note that the angle of rotation must always be 
measured in the counter-clockwise direction from an axis of the standard coordinate system to 
the corresponding axis of the new system. This transform renders one of the dimensions 
unnecessary, thereby enabling the computation of the force in one-dimensional space. In this 
manner, the experimental raw data acquired in the form of video, is processed to yield a table of 
position versus time; i.e. (x,y,t) coordinates for the analyzed oocysts and then transformed into a 
linear (y,t) set by using the following coordinate transformation: 

 

The modified displacement data as a function of time is algorithmically smoothed by using a 
high-order polynomial fit, since the faster displacements under higher FDEP require higher frame 
rates for accurately tracking displacement over time, versus the slower displacements. 
Furthermore, while the oocyst is several pixels large in the video images, the tracking only 
records one central pixel per frame, which leads to some degree of noise in the data, which can 
be smoothed out using the polynomial fit. Hence, having a larger number of displacement versus 
time points, as obtained with the field non-unifoprmity of enhanced spatial extent for the 
constriction device improves the accuracy of the computed DEP force data. To ensure an 
effective smoothing, we check for the lack of jagged features on the derivatives of Eq. (S1). As a 
result we obtain (dx/dt) and (d2x/dt2) for the oocysts at a particular applied field and frequency, 
after each of the disinfection treatments, which can be used to compute the FDEP frequency 
response in the direction of the particle trajectory (“track” direction). 
Normalizing for field non-uniformities: Within the constriction device, the profile of the electric 
field and hence, FDEP, varies depending on the displacement vector of the oocysts. This can 
create a variation in FDEP of up to an order of magnitude, depending on displacement direction 
and distance of the oocysts in relationship to the constriction tip of a given device. Hence, we 
normalized all the data for field differences from the velocity tracked direction (track) to that 
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