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Introduction

Miro-Flux prototype

● Gene editing is becoming a central tool for modeling genetic
variability in drug discovery workﬂows.
● While gene editing methods vary widely, a common characteristic is
the need for an automated system for delivering the gene-editing
machinery into cells and validation prior to analysis.
● We report the fabrication of an original, miniaturized digital
microﬂuidic (DMF)-based platform for electroporation.
● The novel instrument is fast, automated and ﬁt for parallel scale
processes that will expand the scope of genome editing.

Here, we introduce a DMF-based
system, a) The Miro-Flux, which
performs miniaturized
electroporation reactions,
reducing expensive reagents
and minimizing the number of
precious cells per reaction.

Experimental workflow
a)

Several droplets will be inserted sequentially and are mixed together to
create the reaction droplet (containing cells and RNP complex components).
The reaction droplet is driven on top of the EP zone to get transfected, then
warm media dilutes the samples before extraction.

b)

Technology
Miro Technology (Miroculus) consists of: a) single-use cartridges, b)
Miro-Flux system and c) software for automated protocol execution (not
shown).

● Entire electroporation process
performed in a b) cartridge on the
custom eboard.
● Single cartridge provides up to 8
reactions simultaneously.
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● 48 reactions
● 6 8-plex cartridges
● Multiplexes with
liquid handlers
● Miniaturized
reactions

The system utilizes electromechanical forces for manipulating (i.e.,
move, merge, mix and dispense micro- to nano-liter volumes) ﬂuids
across a surface of patterned electrodes in an automated fashion.
Schematic below illustrates the prototype instrument using
electromechanical forces for high-throughput gene editing via
electroporation.

High-throughput electroporation
Miro-Flux can perform 48 individual reactions simultaneously. The
instrument is designed to work seamlessly with any liquid handler
allowing for high-throughput electroporation.
Schematic below shows how the instrument scales the number of
reactions.
Top left:
Single
reaction zone
individual
experiment.
Bottom right:
48 reaction
zones.

Miro-Flux electroporation
Transfection of cells was successfully achieved using the custom DMF
electroporation setup. The custom conﬁguration required unique pulses to
achieve high transfection results. The parameters tested were pulse time (1
ms to 100 ms), input voltage (0.05 kV to 0.5 kV) and distance between
electrodes (0.5 mm to 5 mm). After iterating through a range of parameters,
>85% transfection was achieved with >90% viability of K562 cells using GFP.
Preliminary results provides proof
the Miro-Flux can transfect primary
T cells using CRISPR editing in
reduced reaction droplets. Reaction
volume of 10 μL minimizes the # of
cells, CRISPR reagents and buffers.

Right: 48
reactions
using same
cells but with
different
guides.

Mobility of miniaturized droplets of cells
Using electromechanical forces for manipulating suspension of live cells
is a superior method for miniaturizing of live cell transport and mixing.
Experiments were performed characterizing DMF cell manipulation (cell
density range, mobility limitations, working buffer, etc.) Additionally,
tests were performed proving the electromechanical forces do not harm
or alter the cells during mobility.
Right: 8
reaction
zones
(single
cartridge)
moving
1.5 μL
droplets.

Above: 10 μL reaction droplet being
electroporated by the Miro-Flux.
Left: Schematic of the electrical current
through the droplet.

Conclusions
● Miro-Flux prototype is a novel electroporation solution, designed to
automate the electroporation workﬂow for gene editing applications.
● Miniaturized features - manipulating droplets as low as 1.2 μL coupled with an scalable design allows for high-throughput reactions
(up to 48 reactions in parallel).
● Possible to electroporate any cell type, including primary T cells.

