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FLUORESCENT CARRIER AMPHOLYTE ASSAY FOR LABEL-FREE DETECTION AND IDENTIFICATION OF ANALYTES VIA ISOTACHOPHORESIS
Moran Bercovici,1 Govind V Kaigala,1 Christopher J Backhouse,2 and Juan G Santiago1
1Microfluidics Laboratory, Stanford University, CA, USA, moranb@stanford.edu
2Applied Miniaturisation Laboratory, U. of Alberta, AB, Canada, chrisb@ualberta.ca
We present a novel isotachophoresis (ITP) assay for label-free detection of analytes in aqueous solutions, and demonstrate its applicability to the detection and identification of chemical pollutants in tap water. We also demonstrate the use of this assay in a novel hand‑held device and with sample-to-answer time of a few minutes.

We detect unlabeled analytes indirectly by measuring their effect on a set of focused background fluorophores.  This background fluorescence signal is created using low concentrations of fluorescently tagged carrier ampholytes (CAs) added to the trailing electrolyte.  The CAs are a commercially-available mixture of hundreds of synthetic polypeptides commonly used in isoelectric focusing.  We tag this mixture with an amine-reactive fluorescent dye.  For ITP, the carrier ampholytes can be regarded as ionic species with a large distribution of effective mobilities.  In the absence of analytes, tagged carrier ampholytes form a continuous fluorescent zone in the channel.  An analyte focuses within this CA train at a highly specific location determined by its effective mobility.  In doing so, it displaces a subset of the CAs creating a gap (or “valley”) in the fluorescent signal. The assay allows detection of unknown toxins with little a priori knowledge of their electrophoretic properties.  Furthermore, no pre-treatment of the water sample is required. 

We demonstrate the application of the assay for detection of 2‑nitrophenol (2NP) and 2,4,6‑trichlorophenol (TCP) in tap water  (Fig. 1a).  Both chemicals are priority pollutants (US EPA), and considered potentially carcinogenic and mutagenic. Our limit of detection on the microscope is currently ~1
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, and we are working toward 10 nM detection. 

Finally, we present the integration of the assay on our hand-held isotachophoresis device.  Together, the device and assay have the potential to provide low-cost detection of a wide range of chemicals outside of a laboratory setting.

[image: image2.png]—
Q
~

(I

Signal

1 () Control

50 uM 2NP

Control

F 50 uM
e | [

TCP
ﬂl)__J\/\/\/\’\—-

10 uM

_E
OLIE LE 0 TE
0 500 1000 1500 400

X [wm]

500
t [s]

600




Figure 1.  (a) Detection 2NP and TCP in tap, on an epifluorescent microscope.  (I) The control shows several peaks, corresponding to impurities in the tap water (II) 2NP and TCP are mixed in the TE reservoir. Each displaces a subset of fluorescent CAs resulting in additional gaps in the signal. (b) Our hand-held device is a low-cost, self-contained portable system which integrates fluorescence detection, high‑voltage generation (powered via USB), switching, and processing.  (c) Detection of 2NP and TCP on the hand-held device. 
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