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Micro-droplet characterization and its application for
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Abstract: Recently, the droplet microfluidic system attracts interests due to its high throughput and low cost to detect and
screen. The picoliter micro-droplets from droplet microfluidics are uniform with respect to the size and shape, and could be
used as monodispensed micro-reactors for encapsulation and detection of single cell or its metabolites. Therefore, it is
indispensable to characterize micro-droplet and its application from droplet microfluidic system. We first constructed the
custom-designed droplet microfluidic system for generating micro-droplets, and then used the micro-droplets to encapsulate
important amino acids such as glutamic acid, phenylalanine, tryptophan or tyrosine to test the droplets’ properties,
including the stability, diffusivity and bio-compatibility for investigating its application for amino acid detection and
sorting. The custom-designed droplet microfluidic system could generate the uniformed micro-droplets with a controllable
size between 20 to 50 um. The micro-droplets could be stable for more than 20 h without cross-contamination or fusion
each other. The throughput of detection and sorting of the system is about 600 micro-droplets per minute. This study

provides a high-throughput platform for the analysis and screening of amino acid-producing microorganisms.

Keywords: microfluidic chip, high throughput screening, micro-droplet, stability, diffusivity
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Fig. 1 Diagram of droplet microfluidic system.
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Fig. 2 Design diagram of the microfluidic chip (A)
and photograph of PDMS microfluidic chip (B). The
chip contains an oil inlet (OIL) that joins two aqueous
inlet channels (EM1 and EM2) at two narrow junctions.
The channels are 40 pm deep. The channels before the
electrodes are 50 um wide. The channel on the side of
the electrodes leading to the “SORT” output is 40 pm
wide, while the channel furthest from electrodes
leading to the “WST” output is 60 pm wide.
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Fig. 3 Generation of monodispensed micro-droplets
on the microfluidic chip. The 14 pL aqueous droplets
(30 pm) were generated in mineral oil containing
surfactant by flow-focusing. Scale=100 pm.
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micro-droplets.

Effect of surfactants on cell viability in
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Fig. 5
from the custom-designed droplet microfluidic system

Stability of micro-droplets. Micro-droplets

were stable and did not coalesce after 20 h incubation
at room temperature. Scale=100 pm.
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Fig. 6 Aqueous phase exchange between micro-droplets.
The sample E3 represents as a positive control with
high fluorescence signal. The sample E1 and E2
represents the droplets alone and the sample ME
represents the droplets after mix of E1 and E2.
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micro-droplets with 10 umol/L and 20 pmol/L glutamic
acid, respectively. When the PMT signal from the
florescence in the micro-droplet with 20 pmol/L
glutamic acid is higher than the threshold (in gray), the

Detection and sorting of the mixed

dielectrophoretic sorting is triggered via the response
of AC pulse (black bar) and micro-droplet will flow
into ‘SORT’ channel. Otherwise, the sorting is not
triggered and the micro-droplet with 10 pmol/L
glutamic acid will flow into ‘“WST’ channel.
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