Digital microfluidic system for LAMP-based detection of Trypanosoma brucei
using molecular beacon probes
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Digital microfluidics (DMF) is an emerging technology in the microfluidic field to
manipulate individual droplet on an electrodes array by electro-wetting forces.? Its
feature of electric driving and miniature footprint has promised it as a perfect
technology for point-of-care (POC) diagnostics.? In molecular diagnostics, Loop-
mediated isothermal amplification (LAMP) works at a constant temperature,®
significantly simplifies the requirement on reaction equipment. However, the widely
accepted DNA detection using a double-stranded DNA dye after LAMP is less
specific, given the possibility of primer-dimer formation.

In this work, we introduce a digital microfluidic system for LAMP detection of
pathogen nucleic acid using a molecular beacon probe. A heat sink with real-time
temperature sensor to provide the thermal regulation for the biochemical reaction
was integrated into the operation unit generating actuation voltage for DMF chip. The
DMF chip had a two-plate sandwich structure with the bottom plate patterned with
electrodes and coated with dielectric and hydrophobic layers, and a conductive top
plate drilled with holes for sample loading. A fluorescence microscope was used to
monitor the signal of reaction. In order to increase the specificity of LAMP reaction, a
low-Tm molecular beacon probe was designed on the single-stranded “loop” structure
on the by-product of LAMP reaction. In the proof-of-principle detection, 2 yL of LAMP
reaction samples containing purified Trypanosoma brucei DNA was loaded onto the
DMF chip, lowering the sample consumption for more than 10 times compared with
conventional LAMP off-chip. The amplification was finished in 30 min on-chip. The
melting curve analysis was accomplished within 8 min, much shorter than a
conventional gPCR machine which would take about 30 min.

In summary, the DMF system has been proved to be feasible for nucleic acid
detection based on LAMP and molecular beacon probes of disease pathogen with
high accuracy. The system structure is also open for further integration of sample
preparation and fluorescence detection for POC diagnostics.
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