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trode placed at opposite ends of the microfluidic channel to create an electrical field within
the channel and an ejection device to eject at least one cell porated within the electrical field.
A cassette may include a substrate, a die coupled to the substrate, a microfluidic channel
defined within the die, the microfluidic channel including a necked portion to receive a cell
therein and at least two electrodes each placed at a first and a second end of the microfluidic
channel to apply an electric field to the cell above a proration threshold and a cell gjection
device to eject the cell from the die.



WO 2018/226240 PCT/US2017/036732

FORATED CELL EJECTION DEVICES

BACKGROUND

(60011 Transfection of celis is the introduction of nucleic acids such as
deoxyribonucieic acid (DNA), proteing, and/or other molecules into a celi. This
may be done to alter the genetic identity of the cell or otherwise change the
hehavior of the cell. This allows, in an example, the production of genetically
modified organisms that may ve used in scientific research, medications, or food

industry related endeavors.

BRIEF DESCRIFTION OF THE DRAWINGS

[6002] The accompanying drawings illustrate various examples of the
principles described herein and are part of the specification. The illusirated
examples are given merely for liustration, and do not limit the scope of the
claims.

[G003] Fig. 1 is a diagram of a microfluidic device according to an
example of the principies described herein.

iG004] Fig. 2 is a block diagram of cassette according to an example of
the principles described herein.

[6005] Fig. 3 is a block diagram of a cell gjection system according to an
example of the principies described herain.

[GO06] Figs. 4A and 4B are perspective top and botlom views,
respectively, of a cassette according {o an example of the principles described
herein.
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[GO07] Fig. 5 is a block diagram of a cell ejection system according o an
example of the principles described herein.

[G008] Fig. 8 is a perspective view of a microfiuidic channel according to
an example of the principles described herein.

[0009] Fig. 7 is a block underside cutout view of the die of Fig. 4
according to an example, of the principles described herein.

F6010) Throughout the drawings, identical reference numbers designate
similar, but not necessarily identical, elements. The figures are not necessarily
{0 scale, and the size of some parts may be exaggerated to more clearly
iiustrate the example shown. Moreover, the drawings provide examples and/or
implementations consistent with the description; however, the description is not

limited to the examples and/or implementations provided in the drawings.

DETAILED DESCRIPTION

[6011] As described above, transfection processes allow for the
introduction of molecules into a cell membrane in an attempt to alter the
performance, behavior, and/or altributes of the celi. Transfection may be
accomplished via three different methods: viral, lipofection, and
electrotransfection (i.e., transfection via electroporation). Viral transfection
includes the use of a virus to introduce the molecule into the cell membrane.
The virus may have the molecule coupled {0 it and, as the virus attacks the cell,
the molecule is injecied into the cell. However, viral transfection may be
relatively laborious in comparison o other transfection methods and may have
the additional potential of introduction of unwanted viral componenis into the cell
itself.

[6012] Lipofection is a method that uses liposomes 1o introduce the
molecules through the cell membrane. The liposomes may be made of, for
example, phospholipid bilayer that easily merge with the membrane of the cell.
However, similar {0 viral transfection, lipofection may be relatively more
laborious in comparison to other transfection method and may also infroduces

surfactants into the cell membrane during the process.
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[6013] Electrotransfection, transfection via electroporation, is the process
of using an electric field {0 cause pores to form in the surface of the cell
membrane allowing, for a period of time, certain molecules or other materials to
pass into the cell. Currently electrotransfection is also a laboricus process {o
optimize but often delivers the highest yield of nucleic acid material or other
molecules into the cell. Currently, however, during the electrotransfection
process, a user will to manually place the cells into a transfection chamber and
remove them, batch-by-batch, rendering the process relatively labor intensive (o
explore a large space of transfection conditions. Additionally, separation of a
cell among a number of cells individually in order to complete the transfection
process after the poration process may be additionally laborious. Failure to
property single out a cell may limit the type of molecule or other substance
transfected info the cell membrane 1o a single substance thereby limiting the
different types of plasmids created during the transfection process.

[G014] The present specification describes a microfiuidic device that
includes a microfiuidic channel including an electrode placed at opposiie ends
of the microfluidic channel to create an electrical field within the channel and an
gjection device to eject at least one cell porated within the slectrical field.
[6015] The present specification further describes a cassetie that
includes a substrate, a die coupled to the substrate, a microfluidic channel
defined within the die, the microfluidic channel including a necked portion o
receive a cell therein and at least two electrodes each placed at afirst and a
second end of the microfluidic channel to apply an electric field to the cell above
a proration threshold and a cell ejection device to eject the cell from the die.
iG016] The present specification further describes a system for gjecting &
fluid into an assay including an electrical dispensing device and a cassetle
comprising at least one dispense head, the at least ong dispense head 1o gject
at least one cell therefrom, the dispense head including a microfluidic channel
having an electrode placed at opposite ends of the microfluidic channel o direct
an electrical field toward the cell {0 cause poration to occur on the cell.

[G017] As used in the present specification and in the appended claims,

the term “poration” is meant to be understood as a process of creating pores
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within a membrane of a cell. In an example, the poration process is completed
by passing a cell through an electric field.

[6018] Further, as used in the present specification and in the appended
claims the tern “transfection” is meant to be understood as a process of
introducing a paricle through the membrane of a cell. Still further, the term
“particle” is meant to be undersiood as any element that could be infroduced
into a cell through the membrane of the cell.

[6019] Additionally, as used in the present spedcification and in the
appended clgims, the term “a number of” or similar language is meant io be
understood broadily as any positive number comprising 1 o infinity; zero not
being a number, but the absence of a number.

[0020] in the following description, for purposes of explanation, numesrous
specific details are set forth in order to provide a thorough understanding of the
present systems and methods. It will be apparent, however, 1o one skilled in the
art that the present apparatus, systems, and methods may be practiced without
these specific details. Reference in the specification 1o “an example” or similar
language means that a particular feature, structure, or characteristic described
in connection with that example is included as described, but may or may not be
included in other examples.

[6021] Turning now to the figures, Fig. 1 is a diagram of a microfluidic
device (100} according to an exampie of the principles described herein. in an
example, the microfluidic device (100} may include a microfluidic channel (105)
having at least two electrodes (110) placed at opposite ends of the microfiuidic
channel (105) and an gjeciion device (115).

iG0Z22] in an example, the microfluidic channel (105) may include a
narrowed portion placed between the slectrodes (110). In an example, the
rmicrofiuidic channel (105) allows a number of celis to pass therethrough and
may be forced to pass through the narrowed portion of the microfiuidic channel
{(105}. This may cause the cells to pass through the narrow portion at a cell by
cell basis or af least in a single file manner.

[6023] As the cells pass through the narrowed portion of the microfluidic

channel {(105), one of the electrodes (110) placed at one end of the microfluidic
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channe! {(105) may be arranged such that an electrical field is directed toward
the narrowed portion of the microfiuidic channel (105). Ancther elecirode (110}
may be placed at a second end of the microfluidic channel (105} with that
glectrode (110) also being arranged {o direct an slectric field toward the narrow
portion of the microfluidic channel (105). With both of the slectrodes (110}
arranged to direct an electric field fowards the narrow portion of the microfiuidic
channel (105), a generally uniform electrical field may be realized within, at
least, the narrow portion of the microfluidic channel (105). In an example, the
electrodes (110) may implement a voliage that applies an electric field across
the narrow portion of the microfluidic channel {105) based on the type of cell
being passed through the microfiuidic channel {(105).

[0024] In an example, the electrodes (110} on a single end of the
rmicrofividic channel (105) may be the electrodes (110) activated. In this
example, a gradient electrical field may be produced within the narrow portion of
the microfluidic channel (105}, Further, the gradient electrical field produced by
the electrodes (110) on the single end of the microfluidic channel (105) allows
the cell to gradually come into a relatively higher electric field regions. By doing
s0, the reproducibility of any transfection process may be increased because
the reproducibility of the electric field used to porate the cell will be present.
Indeed, there would be a poini within the spectrum of the electric field created
by the electrodes (110} on the single end of the microfividic channel (105)
where each of the cells will undergo the poration process. Where the poration
process is consistently reproducible, the reproducibility of the transfection will be
relatively more likely.

iGOZE] When the electric field is applied to any cell, the cells become
porated. Specifically, transient poration of the membrane of the cell is achieved
as the cell passes through the narrow portion of the microfluidic channel (105}
where the electric field is concenirated using the electrodes (110). The intensity
of the electric field, and in tum the voltage used 1o create the electric field, may
be varied depending on the type of cell to be porated, the length of the narrow
portion of the microfiuidic channel (105), the width of the microfluidic channel

(105}, and the solution used to carry the celis through the microfluidic channel
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{105}, among other characteristics of the system. The present specification,
therefore, contemplates a microfluidic device (100} that may apply an adjustable
amount of voltage to the electrodes (110) in order to achieve a relatively higher
transfection rate than would otherwise be accomplished using the other
transfection methods described herein.

[6028] The electrodes (110) may be made of any conductive material that
can direct an electrical field within the microfiuidic channel (105) as described
herein. As will be described in more detail herein, the slecirodes (110) may
have a voltage supplied to them via a number of electrical fraces formed within
and/or on the microfiuidic device. These eleclrical traces may be selectively
glectrically coupled 1o an electrical dispensing device that may carry the
microfiuidic device (100) over a well plate to dispense at least one cell from the
microfiuidic device (100). The electrical dispensing device may be the source of
the voltage used by the microfiuidic device (100) to, at least, create the elecirical
field in the narrow portion of the microfluidic channst (105).

[6027] The gjection of the cell from the microfiuidic device (100) may be
accomplished using an ejection device (115) placed downstream of the
microfiuidic channel (105). The gjection device {115) may be a piezoelectric
device that, when an electric charge is applied to it, causes the at least one cell
to be ejected out of the microfiuidic device (100). Aliernative ejection devices
may also be used such as a thermal excitation device and the present
specification contemplates the use of such alternative ejection devices. Similar
io the electrodes (110) described herein, an elecironic dispensing device may
be provided as the voltage source for the activation of the ejection device (115).
iG0Z8] in an example, the gjection device (115) may include a detecior
that detects the presence of at least one cell within a firing chamber housing the
ejection device (115). In an example, the gjection device {(115) may include a
detecior that detects the type of celi within the firing chamber. These detectors
may be used to allow the microfluidic device (100) 1o eject a single cell from the
microfiuidic device (100) and into an individual weli of 3 well plate. Inan
example, this allows for the porated celis to be individually ejected into wells

defined within a well piate or into a disposal location such as a spiticon.
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[6029] i an example, any transfection elements such as DNA, proteins,
antibodies, among others, may be provided in a transfection reservoir of the
microfiuidic device (100). In this example, the transfection elements may be
circulated through the narrow portion of the microfluidic channel (105) and/or
within other microfluidic channels/reservoirs within the microfluidic device (100}
in order {0 complete the transfection process.

F6030) in an example, the microfluidic device (100) may be completely
devoid of any transfection elements or transfection reservoir. In this example, a
single cell may be ejected into a well of a well plate where a predetermined
transfection element is kept. The ejection of the porated cell by the gjeciion
device (115) gjects the single cell before the pores created in the membrane of
the cell close up. In some instances, the pores may close within 15 to 45
minutes of poration by the electrodes (110).

[6031] Fig. 2 is a block diagram of cassette (200) according to an
example of the principles described hersin. The cassetlte (200) may include a
substrate (205) with a die (210) coupled thereto. The die (210) itself may
include at least one microfluidic channel! (215) have a necked portion (220) and
a piurality of electrodes (225) placed at opposite ends of the microfiuidic
channel (215). The die (210) may further include a cell ejection device (230)
used {0 eject at least one cell from the die (210) and cassette (200).

[6032] in an example, the substrate (Z05) may be made of any resilient
material that allows the cassette (200) to interface with an automated ejection
system. In an example, the substrate (205) is made of a plastic. in an example,
the substrate (205) is made of polyether ether ketong (PEEK). In an example,
the substrate (205) is made of polyetherimide (FED.

[0033] The die (210) may be any device used eject any object and/or fluid
from the cassetie (200). In an exampile, the die (210) is a silicon die. Inan
example, the die (210) may include any number of layers of any type of
material. In an example, the die (210) may include a silicon substrate having a
rear face of the silicon die being exposed to atmosphere via a siot defined in the
substrate (205) and a reservoir also defined in the subsirate (205). A number of

cells, for example, 1o be ejected from the die (210) may be placed in the
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reservoir and, via the slof, may be provided {o the die (210} for ejection of the
cells. In an example, the die (210) may further include a nozzie plate layer that
includes a number of nozzles through which the cells are ejected.

[0034] Simnilar to the microfluidic channel (Fig. 1, 105) of Fig. 1, the
microfiuidic channel (215) may include a narrowed portion placed between the
electrodes (225). In an example, the microfluidic channel (215) allows a number
of celis 1o pass therethrough. As the celis pass through the narrowed portion of
the microfluidic channel (215}, one of the electrodes (225) placed at one end of
the microfluidic channel (215} may direct an electrical field toward the narrowed
portion of the microfiuidic channel (215). Ancther electrode (225) may be
placed at a second end of the microfluidic channel (215) with that electrode
(225} also directing an electric field toward the narrow portion of the microfluidic
channel (215). With both of the electrodes (225} directing an electric field
towards the narrow portion of the microfiuidic channel (215), a generally uniform
glectrical field may be realized within, at least, the narrow portion of the
microfiuidic channel (215).

[G035] i an example, transient poration of the membrane of the cell is
achieved as the cell passes through the narrow portion of the microfiuidic
channe! (215) where the electric field is conceniraied using the elecirodes (225).
The intensity of the electric field, and in tum the voliage used to create the
electric field, may be varied depending on the type of call 1o be porated, the
length of the narrow portion of the microfluidic channel (215}, the width of the
microfiuidic channel (215), and the solution used {o carry the ceils through the
microfiuidic channel (215), among other characteristics of the system. The
present specification, therefore, contemplates a cassette (200) that may apply
an adjustable amount of voltage to the electrodes (225) in order fo achieve a
relatively higher transfection rate than would otherwise be accomplished using
the other transfection methods described herein.

[6036] Again, the electrodes (225) may be made of any conductive
material that can be used to create an electrical field within the microfluidic
channel (215) as described herein. The electrodes (225) may have a voltage

supplied to them via a number of electrical traces formed within and/or on the
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cassetie {(200). These eleclrical traces may be selectively slectrically coupled to
an electrical dispensing device that may carry the cassetie (200) over a well
plate to dispense at least one cell from the die (210) coupled o the casselte
(2003, The electrical dispensing device may be the source of the voitage used
by the cassette (200) 10, at lsast, create the electrical field in the narrow portion
of the microfluidic channel (215).

FB037) The sjection of the cell from the cassette (200) may be
accomplished using a cell gjection device (230) placed downstream of the
microfiuidic channel (215). The cell gjeciion device (230) may be a piezoelectric
device that, when an electric charge is applied to if, causes the at least one cell
to be ejected out of the cassetie (200). Alternative ejection devices may also be
used such as a thermal excitation device and the present specification
contemplates the use of such alternative ejection devices. Similar to the
electrodes (225) described herein, an electronic dispensing device may be
provided as the voltage source for the actlivation of the cell gjection device
{(230).

[6038] it an example, the various microfiuidic channels (215} defined in
the die {(210) of the cassette (200) may include any number of additional
sensors used to detect the presence of a cell or a type of cell. Specifically, the
cassette (200) may be controlled by an electrical dispensing device o gject a
cell or certain type of cell from the die (210) following the poration process
accomplished by the electrodes (225}, The sensors may be any type of sensor
that can detect any cell or type of cell within any cavity of the die (210) such that
gjection of the cell may be selective. In an example, the electrical dispensing
device may send signals to the cassetie (200) to gject a certain type of cell into
a well of a well plate after the sensors have determined the presence of cell
and/or the presence of a specific type of cell. Although the sensors may be
included in any location within the die (210) of the cassetie (200), in an exampie
these sensors may be included in a firing chamber located at or near the cell
gjection device (230). This allows for immediate gjection of the cell into a weli
after the cell has been porated. In an example, a cell that is not 10 be siected

into a well of the well plate may, instead, be gjecied into a spittoon located by or
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on the well plate. This spittoon may hold those cells that are not 1o be included
with the cells undergoing the herein described transfection process.

(60391 i an example, any transfection elemenis such as DNA, proteing,
antibodies, among others, may be provided in a transfection reservoir of the
cassette (200). In this example, the transfection elements may be circulated
through the narrow portion of the microfiuidic channel (215) and/or within other
rricrofividic channels/reservoirs within the cassetie (200) in order 1o complete
the transfection process.

[6040] in an example, the cassette (200) may be completely devoid of
any transfection elements or transfection reservoir. In this example, a single celi
may be gjected into a well of a well plate where a predetermined transfection
element is kept. The ejection of the porated cell by the cell gjection device (230)
occurs before the pores created in the membrane of the cell close up. In some
instances, the pores may close within 15 {0 45 minutes of poration by the
glectrodes (225).

[6041] Fig. 3 is a block diagram of a cell ejection system (300) according
to an example of the principles described herein. The cell gjection system (300)
may include a cassetie (310) and an electrical dispensing device (305). The
cassette (310) may include a dispensing head (315) that has at leasi one
microfiuidic channel (320) defined therein with a plurality of elecirodes (325)
placed along a portion of the microfluidic channel (320). The cassette (310)
may similar {o the cassette (Fig. 2, 200) as described in connection with Fig. 2.
[6042] in an example, the cassetie (310) includes a number of electrical
leads leading from the dispensing head (315} to a number of electrically
conductive pads defined on at least one surface of the cassetie {(310). The
pads may allow the cassetie (310} to interface, electrically, with the slectrical
dispensing device (305) in order fo, at least, provide a voltage to the electrodes
(325} defined in the dispensing head {315) and cause the casseilte (310) o be
moved along a surface of the well plate.

[6043] in an example, the electrical dispensing device {(305) may include
a printed circuit assembly (PCA) that electrically interfaces with the pads and

glectrical traces defined on the cassette (310). With this interface, the
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glectrodes (325), at least, will be coupled 1o a voltage supply of the electrical
dispensing device (3058). Further, when the cassette (310) is, selectively,
electrically and physically coupled to the eleclrical dispensing device (305), the
glectrical dispensing device {305) may cause at least the dispensing head (315)
to be moved over any well defined in a well plate undemeath the cassette (310}
50 that a cell may be ejected from the dispensing head {315) as described
herein. This may allow each or a number of wealls of the well plate 1o receive a
cell or a number of cells so that the transfected or to be transfected cells can be
maintained. Thus, the cell ejection system (300) may be used to transfect
minute guantities of cells in minute volumes of fluids. This may save on the cost
of the transfection materials introduced into the cells during the transfection
process as well as allow for specific cells 1o be examined after such a process.
Further, with a well plate having a plurality of wells defined therein, each well
may maintain an amount of transfection material different from all other wells of
the well plate. This may allow multiple types of transfections to occur with the
use of a single well plate.

(60441 The dispensing head (315) may be similar to the die (Fig. 2, 210)
and ejection device (Fig. 1, 115} of Figs. 2 and 1 respectively. Particularly, the
dispensing head (315) may include a silicon substrate having a rear face of the
silicon die being exposed o atmosphere via a slot defined in a substrate similar
to the subject (Fig. 2, 205) of Fig. 2. A reservoir may aiso be defined in the
substrate to hold a number of cells, for example. These cells may be gjecied
from the dispensing head (315) and may be retained in the reservoir until such
gjection. The cells may be provided to the dispensing head (315) via a slot
defined in the substrate. In an example, the dispensing head (315) may further
include a nozzle plate layer that includes a number of nozzles through which the
cells are gjecied.

[6045] The microfiuidic channel (320) and its associated elecirodes (325)
may be similar 1o the electrodes and microfluidic channels described in
connection with Figs. 1 and 2.

[60486] Figs. 4A and 4B are perspective top and bottom views,

respectively, of a cassetie (400) according to an example of the principles
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described herein. Figs. 4A and 4B is meant to be understood as an example
and the present specification contemplates the use of other forms of cassettes
(400} that achieve similar functions described herein.

iG047] As described herein, the cassette (400) includes a substrate (405},
a die {(410) coupled to the substrate (405}, and a reservoir (415) defined in the
substrate (405). The cassette (400) with its substrate (405}, die {(410), and
reservoir (415) may be similar 1o the cassette (Fig. 2, 200; Fig. 3, 310) as
described in connection with Figs. 2, and 3.

[G048] The substrate (405) may be formed o allow a user o insert or
otherwise interface the cassetie (400) with a system for ejecting a fluid into an
assay such as the electrical dispensing device (Fig. 3, 305) described herein. In
the example show in Figs. 4A and 4B, the substrate {(405) may include a handle.
The handle aliows a user to grip the cassette (400) in order {o manipulate the
cassette (400) and place the cassette (400) info the system used {0 eject a fluid
or object such as & cell into a well plate.

[6049] The cassetie (400) may further include a number of connection
pads (425) and electrical traces (430) so that the die (410) of the cassette (400)
can receive electrical signals directing when, where, and how 10 gject a cell
therefrom. In an example, the cassette (400) is moved relative to a well plate
positioned below the cassette (400) such that placement of the die (410) over
any portion of the well plate and gjection of the cell from the die (410) allows at
least one cell o be ejected inte any number of wells formed in the well plate.
The ejection of the cell from the die (410) is directed by a controller of, for
example the electrical dispensing device as described herein.

iG0ED] Thus, in order to aliow the cassetie (400} to interface with the
system for ejecting a cell into a well plate, the cassette (400) may include a
number of contact pads (425) that interface with, for example, a number of pogo
connectors on a printed circuit assembly (PCA) of the electrical dispensing
device. In the examples shown in the figures of the present specification, the
number of contact pads (425) is ten. However, the present specification
contemplates the use of less or more contact pads (425). The number of

contact pads (425) may be varied among different examples because the die
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(410} may receive signals from the PCA directing a number of
microelectromechanical systems (MEMS) devices to be activated.
Consequently, more or less contact pads (425) may be added or subtracted
from those shown in Figs. 4A and 4B based on the number of signals used to
activate any number of MEMS devices within the die (410). Not ali of the
contact pads (425) have been indicated in Figs. 4A and 4B in order to ailow for
betier understanding of the cassette (400).

[G051] In an example, a number of traces (435} may electrically couple
each of the contact pads (425) {0 a via (440). In other exampiles the contact
pads (425) themselves may be electrically coupled to their respective vias (440)
without the use of traces (435).

[0082] In an example, the contact pads (425) and traces {(435) may be
formed onio the surface of the substrate (405) using a laser direct sfructuring
(L.DS) process. During the LDS process, the non-conductive, metallic, inorganic
compounds are activated by a laser providing a surface into which a layer of
conduct metal may be deposited using, for example, an electroless copper bath.
The vias (440) may provide an elecirical connection to a number of other traces
{435} formed on an opposite side of the cassette (400).

[G0E3] Fig. 4B is a back, perspective view of the casseife (400) of Fig. 4A
according to an example of the principles described herein. The vias (440)
provide an electrical conneaction between the contact pads (425) on the front
side of the cassette (400) to a number of traces (435) defined on the back side
of the cassette (400). These traces (435) electrically couple each of the vias
(440} to at least one die pad defined on the die (410). In this manner, a PCA
may interface with the contact pads (425) defined on the front of the cassetie
{400} in order to send electrical signals to the die (410} {o cause the die (410) to,
at least, gject at least one cell therefrom.

[6054] As described herein, the cassetie (400) of Figs. 4A and 4B
includes a reservoir (415). The reservoir (415), in this example, may generally
be in the form of a funnel shape such that a user, during operation, may provide
at least one celi therein. In an example, the at least one cell is provided via a

biood sample being placed in the reserveir (415). The funnel shape of the
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reservoir (415) may funnel the sample {0 a siot defined above a proximal side of
the die (410). Thus, the funnel shaped reservoir (415) as shown in Fig. 4A may
provide a constant supply of fluid and or celis {0 the die (410) using gravitational
forces. As described above, additional reservoirs may be formed into the
substrate (405) to hold an amount of transfection fluid or material. In this
example, the transfection fluid or material may be provided {o the die (410}
similar to the at least one cell and may be mixed with the at least one call
before, during, or after the porstion process engaged in by the elecirodes (Fig.
3, 325) defined in the die (410).

[G055] Fig. 5 is a block diagram of a cell ejection system (500) according
to an exampie of the principles descrived herein. The cell gjection system {(500)
shows an electrical dispensing device (505) that carries a cassetie (400) over
and above a well plate (510). The cell ejection system (500) may direct a die
{410} coupled 1o the cassette (400) when and where o eject a cell (520) into an
individual well (515} of the well plate (510).

[G056] Fig. 6 is a perspective view of a microfiuidic channel (800)
according to an example of the principles described herein. As described
herein, the microfluidic channel (B00) inciudes a narrowed portion (805) aiong
the length of the microfiuidic channel (800). Additionally, at ieast one electrode
(610} may be placed at opposite ends of the microfiuidic channel (800}, The
rricrofividic channel (800) may be defined in the body of the die (410).

(G057 The slectrodes (610) may cause an electric field to be produced at
or near the narrowed portion (605). The elecirical field may increase away from
gach of the electrodes (610) generally in the direction of arrows (615). Inan
example, one of the electrodes (810) placed at opposite ends of the microfiuidic
channel (600) may be activated in order to produce a gradiently increasing
electrical field at or along the narrowed portion (805) of the microfiuidic channel
(600}

[G053] The dimensions of the narrowed portion {805} of the microfluidic
channel (600) may be varied based on the type of cell to be porated by the
electrodes (810). In an example, the length of the narrowed portion (605) may

be between 50 and 130 um. In an example, the length of the narrowed portion
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(805} may be between 80 and 120 um. In an example, the width of the
narrowed portion (805) may be between 5 and 35 um. In an exampie, the width
of the narrowed portion (605) may be between 15 and 30 um. In an example, a
maximurm width of the microfiuidic channel (800) may be between 140 and 160
um. Inan example, a maximum width of the microfluidic channel (800} may be
150 um. In an example the distance between an end of the narrowed portion
{605} of the microfluidic channel (600} and the electrode (810) may be between
80 and 100 um. In an example the distance between an end of the narrowed
portion (805) of the microfluidic channel (800) and the elecirode (810) may be
90 um. In an example, the width of the elecirode may be 15 um.

iG0EY] Fig. 7 is a block underside culout view of the die (410} of Fig. 4
according to an example, of the principles described herein. InFig. 7, the
gravitational force is applied out of the page when the cassette (Fig. 4, 400)
housing the die (410} is coupled o the electrical dispensing device (Fig. 5, 505)
as shown in Fig. 5.

[G060] The die {(410) may have a first upstream portion (705) that may
include any number of microfluidic channels, reservoirs, and/or pumps, among
other microfividic devices. In some examples, the cells may pass through or by
a number of devices to prepare the cell for poraiion by the electrodes (610)
and/or transport the cells through the narrowed portion (605) of the microfluidic
channel (800). Once the cells have passed through the narrowed portion (805)
they may be retained for some period of time in an accumulation area (710}
The celis may then be direcied towards a firing chamber (720) where an
glectrical dispensing device (715) ejects the cell out of the die {(410); in the case
of Fig. 7, in a direction out of the page.

[0061] Although Fig. 7 shows a single microfluidic channel (800), any
number of microfluidic channels (800) may be bridged between the upstream
portion (705) and the accumulation area (710). In this example, the plurality of
microfluidic channesls (B00) may each porate different types of cells having,
potentially, different dimensions and poratability properties.

[6062] The specification and figures describes a porated cell ejection

device. The porated cell sjection device described herein allows a user (o
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explore a relatively large poration parameter space during cell poration process
S0 as to converge on an oplimum transfection conditions for a variety of different
types of cells. Additionally, the device and sysiems may achieve relatively
higher transfection efficiency with respect to other types of poration and/or
transfection devices. Still further, the cassettes, devices, and systems
described herein may allow a user to replicate that level of transfection
efficiency. The devices and systems also allow a user to explore a plurality of
plasmids and/or celis with relatively less labor using other systems. Still further,
the transfection of the porated cells produced by the electrodes in the
microfiuidic channel may be accomplished in minute guantities of fluids
containing cells. Even still further, the ejection of the celis may be on a cell-by-
cell basis thereby allowing a user o eject porated cells from the device into
individual wells of a well plate; each well potentially maintaining a different type
of transfection fluid or material.

[G063] The preceding description has been presented to illustrate and
describe examples of the principles described. This description is not intended
to be exhaustive or to limit these principles to any precise form disclosed. Many

modifications and variations are possible in light of the above teaching.
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CLAIMS

WHAT 1S5 CLAIMED 1S:

1. A microfluidic device, comprising:
a microfiuidic channel comprising:
an electrode placed at opposite ends of the microfluidic channel to
create an electrical field within the channel;, and
an ejection device o eject at least one cell porated within the electrical
field.

2. The microfluidic device of claim 1, wherein the microfiuidic channsl

comprises a necked portion.

3. The microfluidic device of claim 2, wherein the necked portion is between
10 and 35 mm wide.

4. The microfluidic device of claim 2, wherein the necked portion are the
width of a ceil.

5. The microfluidic device of claim 2, wherein the necked portion is between
25 and 85 mm wide.

8. The microfluidic device of claim 1, further comprising a reservoir
upsiream of the microfiuidic channel to hold the at least one cell for delivery

through the microfluidic channel.

7. The microfluidic device of claim 1, further comprising at least one nozzie

downsiream of the microfluidic channel.
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8. The microfluidic device of claim 1, further comprising a transfection fluid
reservoir to maintain transfection fluid therein and provide an amount of
transfection fluid through the microfluidic channel.

Q. A cassetite comprising:
& substrate;
a die coupled to the substrate;
a microfluidic channel defined within the die, the microfluidic channel
comprising:
a necked portion to receive a cell therein; and
at least two electrodes each placed at a first and a second end of
the microfiuidic channel to apply an electric field {o the cell above a
proration threshold; and

a cell ejection device 0 gject the cell from the die.

10.  The cassette of claim @, further comprising a number of nozzles formed

into the die from which the cell is gjected and into a well defined in a well plate.

11.  The cassetie of claim 9, further comprising a transfection fluid reservoir to
provide a transfection fluid to the cell within the die.

12. The cassette of claim @, further comprising a number of electrical
contacts formad on a surface of the cassetie to interface the cassetie with an

electrical connect that provides at least power to the cassette and die.

13, Acell gjection system comprising:
an electrical dispensing device; and
a cassette comprising at least one dispense head, the atleast one
dispense head 1o sject at least one ceall therefrom, the dispense head
comprising:
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a microfluidic channel having an electrode placed at opposite ends
of the microfiuidic channel to direct an electrical field on the cell 1o cause

poration to occur on the cell.

14.  The cell ejection system of claim 13, wherein the microfiuidic channegl
comprises a necked portion and wherein the electrical field is uniform

throughout the necked portion.

15.  The cell gjection system of claim 14, wherein the necked portion

comprises a width of between 10 and 35 mm.
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