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ABSTRACT 
A critical limitation of many microfluidic analytical devices is the disparity
between macroscale physiological samples (e.g., whole blood, serum,
tissue extract, etc.), and the microscale sample volumes actually
processed by microfluidic devices. We have developed a novel world-to-
micrlfluidic interface mating an external module (for large-volume sample
intake and extraction) to digital microfluidics (DMF)1 (for microscale
purification and enrichment). To demonstrate the capabilities of the new
method, we implemented the extraction of total RNA from real-world
volumes of whole blood samples and concentration on the microscale.
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We introduced a new world-to-microfluidic interface in which an
extraction module coupled to a DMF-based purification module. The new
method is fast and automated relative to conventional methods (pipet,
centrifuge, etc) and is capable of yielding good-quality total RNA –
essential in many downstream molecular biology applications (e.g., real-
time-PCR, microarray analysis, RNA-Sequencing, etc.). This work is an
important first step in our efforts to develop fully automated methods for
biomarker discovery (i.e., clinical transcriptomics).

World-to-microfluidic system comprises three distinct regions:
macroscale Extraction Module, DMF-based Purification Module and
Extraction–Purification modules Interface. To couple the modules, the
Extraction Module was lowered until the open ends of its Transfer Tubes
made contact with the Bridging Electrode (patterned on bottom DMF
plate) at an ~70°angle and adjacent to air gap between the DMF plates
[2].

 Total RNA extraction from real-world volumes (25, 50 and 100 μl) of blood
samples.

a) RNA Extraction Module: (1) position of reagents; (2) mixing and incubating Lysis Solution with
blood sample; (3) mixing and incubating RNA Binding Beads with blood lysate. b) Concentrating
and purifying RNA from hundreds of microliters of reaction mixture volume down to the microliter
scale (~ 5 – 10 μL) on DMF.

 Qualitative and quantitative analysis of extracted total RNA.
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 Total RNA extraction from
real-world volumes (25, 50
and 100 μl) of whole blood
samples. The new method
proved to be very efficient–
RNA yields were analogues
to those from conventional
method, and in some cases
better.

 Bioanalyzer gel-like images
reveal sharp 28S and 18S
ribosomal RNA bands in
the 1,000–4,000 bp region
indicative of intact total
RNA. A260/280 ratio ≥ 1.8
(pure total RNA) and RNA
Integrity Numbers ~ 7
(good-quality total RNA).

 Total RNA isolated from 50
μL of blood sample in qRT-
PCR targeting three genes:
beta-2 microglobulin (B2M),
GAPDH (glyceraldehyde 3-
phosphate dehydrogenase)
and PPIB (Peptidylpropyl
isomerase. As shown, target
amplification was successful
with highly consistent Ct
values.
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