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Quantitative data on the dynamics of  cell signaling induced by 
different stimuli requires large sets of  self-consistent and dynamic 
measures of  protein activities, concentrations, and states of  modi-
fication. A typical process flow in these experiments starts with 
the addition of  stimuli to cells (cytokines or growth factors) under 
controlled conditions of  concentration, time, and temperature, 
followed at various intervals by cell lysis and the preparation of  
extracts. Microfluidic systems offer the potential to do laborious 
assays in a reproducible and automated fashion [1].

Figure 1 shows quantification of  the stimulation of  a T-cell line 
with antibodies performed in a micro-fluidic device with integrat-
ed cell lysis. The device is capable of  resolving the very fast kinet-
ics of  the cell pathways, with protein activation levels changing 
4-fold in less than 15 seconds [2]. The quantification of  the lysate 
is currently performed off-chip using electrophoretic separation. 
To effectively extract meaningful data from cellular preparations, 
many current biological assays require similar labor-intensive 
sample purification steps.

Micro-electrophoretic separators have several important advan-
tages over their conventional counterparts, including shorter 
separation times, enhanced heat transfer, and the potential to be 
integrated into other devices on-chip.  However, the high voltages 
required for these separations prohibit using metal electrodes in-
side the microfluidic channel. A PDMS isoelectric focusing device 
with polyacrylamide gel walls [3] has been developed to perform 
rapid separations by using electric fields orthogonal to fluid flow.  
This device and its variants have been shown to focus organelles, 
low-molecular-weight dyes, proteins, and protein complexes (Fig-
ure 2a) in seconds.  Simulations have driven the development of  
improved device configurations, such as tandem IEF stages (Fig-
ure 2b).

Figure 1: The ERK signaling in Jurkat E6-1 cells stimulated 
with α-CD3 for different times.  Stimulation and cell lysis were 
performed with the microfluidic device (chip stimulation) and 
with conventional methods (POS control). The error bars denote 
one standard deviation.  This fast ERK response is resolved with 
relatively small variations between experiments performed with 
the same stimulation conditions, showing the reproducibility of 
the stimulation and effectiveness of the integrated lysis in the 
microfluidic device.

p Figure 2: a) Focusing of Alexa 488 conjugated Protein G at 
various levels of unlabeled mouse IgG.  Plotted are fluorescent 
intensities of Protein G alone (dotted line), 5µg/mL of IgG 
(dashed line), and 22µg/mL (solid line) that show the focusing 
of the IgG-Protein G complex.  The proteins were focused in less 
than 20 seconds with an applied voltage of 30 V. b) Photograph 
of improved tandem-IEF device.  Nine outlet fractions enable 
subsequent orthogonal separation and analysis. 
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