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DESCRIPTION

BACKGROUND

[0001] In biosciences and related fields, it can be useful to export selected elements from a
micro-fluidic device. Some embodiments of the present invention include apparatuses and
processes for selecting a group of cells in a particular holding pen in a micro-fluidic device and
exporting the selected group from the micro-fluidic device.

[0002] Becker F F et al.: "The Removal of Human Leukaemia Cells from Blood using
Interdigitated Microelectrodes”, Journal of Physics D: Applied Physics, Institute Of Physics
Publishing Ltd., GB, vol. 27, no. 12, 14 December 1994 discloses the use of an electroaffinity
column containing an Interdigitated microelectrode array to retain human leukaemia cells
dielectrophoretically and thereby separate them from normal blood cells.

SUMMARY

[0003] The Invention Is defined In claim 1, which specifies a process of exporting a group of
cells from a micro-fluidic device.

[0004] The process Includes selecting a group of cells located in a holding pen located inside
an enclosure of the micro-fluidic device. The holding pen i1s one of a plurality of holding pens
located Inside the enclosure. The process further includes moving the selected group of cells
to a staging area Inside the enclosure, and exporting the selected group of cells from said
staging area, through a passage in the enclosure, to a location outside of said enclosure. In
certain embodiments, each holding pen In the enclosure Includes an isolation region
configured to hold a plurality of cells. In certain embodiments, moving the group of cells
Includes isolating the group of cells from all other micro-objects disposed within the micro-
fluidic device.

[0005] In certain embodiments, the selected group of cells is a single biological cell, such as an
iImmunological cell, a cancer cell, a transformed cell, a stem cell, or the like. In other
embodiments, the selected group of cells i1s a plurality of cells, such as clonal population of
biological cells.

[0006] In certain embodiments, selecting the group of cells includes determining that said
group of cells has a particular activity of physical characteristic.

[0007] In certain embodiments, selecting the group of cells includes directing a pattern of light
Into the micro-fluidic device such that the pattern of light surrounds the cells of the selected
group and activates DEP forces that trap the cells of the selected group. In certain related
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embodiments, moving the selected group of cells includes moving the pattern of light that
surrounds the group to the staging area such that, as the pattern of light moves to the staging

area, the cells of the selected group remain trapped by the DEP forces activated by the pattern
of light.

[0008] In certain embodiments, the staging area iIs located In a channel defined by the
enclosure of the micro-fluidic device. For example, the staging area can be adjacent to an
opening from the holding pen that contains the selected group of cells into the channel. In
other embodiments, the staging area iIs located within the holding pen that contains the
selected group of cells. In certain related embodiments, moving the selected group of cells to
the staging area includes allowing gravity to attract the group of cells to the staging area.

[0009] In certain embodiments, exporting the selected group of cells includes drawing the cells
of the selected group from the staging area, through the passage in the enclosure. In certain
embodiments, an export device Is used to draw the cells of the selected group through a
proximal end of the export device and thereby through the passage in the enclosure. In certain
embodiments, drawing the cells of the selected group through the passage in the enclosure
Includes generating a pressure differential that draws the cells of the group into the opening at
the proximal end of the export device. In certain embodiments, the export device Is inserted
INnto an export interface disposed over the passage In the enclosure before the selected group
of cells Is exported. In certain embodiments, Inserting the export device Iinto the export
Interface places the opening at the proximal end of the export device adjacent to the passage
In the enclosure.

[0010] In certain embodiments, the micro-fluidic device Iincludes an export interface that has a
self-closing cover disposed over and covering the passage In the enclosure. In certain
embodiments, an export device can be inserted into such an export interface by pressing the
proximal end of the export device against a separation in the self-closing cover and moving the
proximal end of the export device to a position adjacent to the passage in the enclosure.

[0011] In certain embodiments, the micro-fluidic device includes an export interface that has a
self-healing cover disposed over and covering the passage In the enclosure. In certain
embodiments, an export device can be Inserted into such an export interface by piercing the
self-healing cover with the proximal end of the export device and positioning the proximal end
of the export device adjacent to the passage in the enclosure

[0012] In certain embodiments, the selected group of cells i1s exported In a medium or other
solution having a volume of 1 uL or less. In other embodiments, the selected group of cells Is
exported in a medium or other solution having a volume of S uL, 10 uL, 25 uL, 50 yL, or more.

[0013] In certain embodiments, after the selected group of cells Is exported from the micro-
fluidic device, the staging area, the export interface, the export device, or any combination
thereof I1s Inspected for cells of the selected group that failed to get exported. In certain
embodiments, cells that failled to get exported are removed from staging area, the export
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Interface, and/or the export device. The cells that falled to get exported can be removed, for
example, by flushing and/or neutralizing the staging area, the export interface, and/or the
export device.

[0014] In certain embodiments, the enclosure of the micro-fluidic device Includes a first
passage and a second passage. In certain embodiments, the first passage is located adjacent
to a first end of the staging area and the second passage Is located adjacent to a second end
of the staging area. In some embodiments, the staging area has an elongated shape. In
certain related embodiments, moving the selected group of cells includes moving the group to
a position In the staging area that is located at the first end, at the second end, or between the
first end and the second end of the staging area. In certain related embodiments, exporting the
selected group of cells includes flowing a liquid from a first export device through the first
passage In the enclosure toward the first end of the staging area, and thereby generating a
flow from the first end of the staging area to the second end of the staging area. In other
related embodiments, exporting the selected group of cells includes drawing the cells of the
selected group from the second end of the staging area through the second passage In the
enclosure, into an opening at a proximal end of a second export device located adjacent to the
second passage.

[0015] In some embodiments, a process of exporting cells from a micro-fluidic device can
Include creating a flow of liquid medium in an enclosure of the micro-fluidic device directly to an
outlet from the enclosure for the medium. In certain embodiments, the flow of liquid medium is
In a channel located within the enclosure The process can also include selecting a group of
cells in a holding pen inside the enclosure, and moving the selected group from the holding
pen Into the flow path of the liquid medium. In certain embodiments, the flow of liquid medium
IS maintained sufficiently for the flow to sweep the selected group to the outlet and out of the
enclosure through the outlet. In certain embodiments, the flow of liquid medium is slowed or
stopped while the selected group i1s moved from the holding pen into the flow path.

[0016] In some examples useful for understanding the invention, a micro- fluidic apparatus is
provided. The micro-fluidic apparatus can include an enclosure configured to contain a liquid
medium and a passage through the enclosure. The micro-fluidic apparatus can further include
a channel disposed inside the enclosure and at least one holding pen which opens off of the
channel. In certain examples, the micro-fluidic device includes a plurality of holding pens which
open off of the channel. Each holding pen can be configured to hold a group of micro-objects.
In certain examples, each holding pen Is configured to isolate the group of micro-objects from
micro-objects in other holding pens In the micro-fluidic device. In certain examples, each
holding pen includes an isolation region.

[0017] In certain examples, the micro-fluidic apparatus includes an export interface. For
example, the export interface can be disposed on the enclosure adjacent to the passage
through the enclosure. In certain examples, the export interface comprises a cover that covers
entirely the passage through the enclosure. In certain examples, the export interface Is
configured to interface with an export device such that an opening in a first (or proximal) end of
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the export device Is located adjacent to the passage through the enclosure.

[0018] In certain examples, the cover of the export interface includes a separation that divides
the cover Into contiguous flaps. In certain examples, the flaps are biased to contact one
another and thereby cover entirely the passage through the enclosure. In certain examples,
the flaps of the cover are sufficiently flexible to move apart and form an opening that can
receive the first end of the export device when the first end of the export device Is pressed
against the separation that divides the cover into contiguous flaps. In other

the cover of the export interface includes a self-healing material that can be pierced by an
export device. In certain examples, such piercing forms a hole for receiving said export device,

but the hole can self-heal and thereby close when the export device I1s removed from the
cover.

[0019] In certain examples, the enclosure of the micro-fluidic device Iincludes at least one
staging area. In certain examples, the at least one staging area Is located adjacent to the
passage through said enclosure. In certain examples, the staging area iIs located In the
channel. In certain examples, the enclosure comprises a plurality of staging areas. In certain
embodiments, each holding pen in the micro-fluidic device includes a staging area.

[0020] In some examples useful for understanding the invention, a system i1s provided. The
system can include a micro-fluidic device and a means for trapping and moving a group of
micro-objects located within the micro-fluidic device. The micro-fluidic device can be any device
described herein. In certain examples, the means for trapping and moving the group of micro-
objects Is suitable for trapping a group of micro-objects located in a holding pen within the
micro-fluidic device and moving the trapped group of micro-objets to a staging area.

[0021] These and other aspects and advantages of the methods, systems, and devices of the
iInvention will be set forth or will become more fully apparent in the description that follows and
In the appended claims. The features and advantages may be realized and obtained by means
of the instruments and combinations particularly pointed out in the appended Examples and
claims. Furthermore, the aspects and advantages of the described systems, devices, and

methods may be learned by the practice or will be obvious from the description, as set forth
hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]
Figure 1A Is a perspective view of a micro-fluidic device.
Figure 1B Is a top, cross-sectional view of the micro-fluidic device of Figure 1A.

Figure 1C Is aside, cross-sectional view of the micro-fluidic device of Figure 1A.
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Figure 1D Is a partial, side, cross-sectional view of the micro-fluidic device of Figure 1A
llustrating insertion of an export device into an export interface.

Figure 2A Is a partial side, cross-sectional view of the micro-fluidic device of Figures 1A-1C
absent the holding pens (for ease of illustration) in which the selector i1s configured as a
dielectrophoresis (DEP) device.

Figure 2B Is a partial top, cross-section view of Figure 2A.

Figure 3 I1s an example of a process for exporting a group of micro-objects from a micro-fluidic
device.

Figure 4 shows an example of groups of micro-objects in holding pens in the micro-fluidic
device of Figures 1A-1C,

Figure 5 illustrates an example of selecting and trapping a group of micro-objects in one of the
holding pens.

Figure 6 shows an example of moving the trapped group of micro-objects from the holding pen
toward a staging area in the micro-fluidic device.

Figure 7 shows the group of micro-objects In the staging area.

Figure 8 Illustrates an example of an export device inserted into an export interface of the
micro-fluidic device of Figures 1A-1C.

Figure 9 shows an example of the micro-objects being drawn from the staging area into the
export device.

Figure 10 illustrates an example of a process for exporting a group of micro-objects from the
staging area.

Figure 11 Is an example process for neutralizing the staging area and export interface of un-
exported micro-objects.

Figure 12A Is a partial, perspective view of the micro-ftuidic device of Figures 1A-1C with an
embodiment of the export interface that includes a self-closing cover.

Figure 12B Is a partial, side cross-sectional view of Figure 12A.
Figure 12C shows an export device inserted into the export interface of Figures 12A and 12B.

Figure 13A 1s a partial, side cross-sectional view of the micro-fluidic device of Figures 1A-1C
with an example of the export interface that includes a self-healing cover.

Figure 13B illustrates an export device In the form of a hypodermic needle inserted into the
export interface of Figure 13A.

Figure 13C shows a hypodermic needle inserted into a different part of the export interface of
Figure 13A.
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Figure 14 Is a partial, side cross-sectional view of the micro-fluidic device of Figures 1A-1C with
an example of the export interface that includes an attached tubular export device.

Figure 15A 1s a partial, perspective view of a micro-fluidic device that includes a plurality of
export interfaces.

Figure 15B Is top, cross-sectional view of Figure 15A illustrating a staging area that comprises
a middle portion between opposite ends.

Figure 15C Is a side, cross-sectional view of Figure 15A.

Figure 16 Is a side, cross-sectional view of the micro-fluidic device of Figure 15A Illustrating
export devices inserted into the export interfaces.

Figure 17 Is a top, cross-sectional view of a micro-fluidic device comprising holding pens and
multiple staging areas in a flow path in the device.

Figure 18 Is a top, cross-sectional view of a micro-fluidic device comprising holding pens and a
staging area, with the holding pens opening from a channel that is separated by a continuous
barrier from the flow path in which the staging area is located.

Figure 19A1s a top, cross-sectional view of a micro-fluidic device comprising holding pens with
staging areas located in a channel from which the holding pens open, adjacent to the opening
to each holding pen.

Figure 19B Is a side, cross-sectional view of the microfluidic device of Figure 19A.

Figure 20 illustrates an example of a process for exporting micro-objects from the device of
Figures 19A-19B.

Figure 21A I1s a partial, side, cross-sectional view of a micro-fluidic device In which export
Interfaces can be located directly adjacent to the holding pens.

Figure 21B 1s a partial, top, cross-sectional view of a micro-fluidic device in which the holding
pen Includes an isolation region, a portion of which is a staging area.

Figure 21C Is a partial, top, cross-sectional view of a holding pen in a microfluidic device In
which the holding pen includes an isolation region and a connected staging area.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0023] This specification describes exemplary embodiments and applications of the invention.
The invention, however, Is not Iimited to these exemplary embodiments and applications or to
the manner in which the exemplary embodiments and applications operate or are described
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herein. Moreover, the figures may show simplified or partial views, and the dimensions of
elements In the figures may be exaggerated or otherwise not Iin proportion for clarity. In
addition, as the terms "on," "attached to," or "coupled to" are used herein, one element (e.g., a
material, a layer, a substrate, etc.) can be "on," "attached to,"” or "coupled to" another element
regardless of whether the one element is directly on, attached, or coupled to the other element
or there are one or more Intervening elements between the one element and the other
element. Also, directions (e.g., above, below, top, bottom, side, up, down, under, over, upper,
lower, horizontal, vertical, "x," "y," "z," etc.), If provided, are relative and provided solely by way
of example and for ease of illustration and discussion and not by way of limitation. In addition,
where reference Is made to a list of elements (e.g., elements a, b, ¢), such reference Is
Intended to include any one of the listed elements by itself, any combination of less than all of
the listed elements, and/or a combination of all of the listed elements.

[0024] As used herein, "substantially” means sufficient to work for the intended purpose. The
term "substantially” thus allows for minor, insignificant variations from an absolute or perfect
state, dimension, measurement, result, or the like such as would be expected by a person of
ordinary skill in the field but that do not appreciably affect overall performance. The term
"ones” means more than one.

[0025] The term "aspirate” as used with respect to a micro-object means to move the micro-
object utilizing a pressure differential, and an "aspirator” is a pressure differential generating
device.

[0026] As used herein, the term "micro-object” can encompass one or more of the following:
Inanimate micro-objects such as microparticles, microbeads (e.g., polystyrene beads,
Luminex™ beads, or the like), magnetic beads, microrods, microwires, quantum dots, and the
like; biological micro-objects such as cells (e.g., embryos, oocytes, sperms, cells dissociated
from a tissue, blood cells, hybridomas, cultured cells, cells from a cell line, cancer cells,
Infected cells, transfected and/or transformed cells, reporter cells, and the like), liposomes (e.g,
synthetic or derived from membrane preparations), lipid nanorafts, and the like; or a
combination of Inanimate micro-objects and biological micro-objects (e.g., microbeads
attached to cells, liposome-coated micro-beads, liposome-coated magnetic beads, or the like).
Lipid nanorafts have been described, e.g., In Ritchie et al. (2009) "Reconstitution of Membrane
Proteins in Phospholipid Bilayer Nanodiscs,” Methods Enzymol., 464:211-231.

[0027] The term "flow," as used herein with reference to a liquid, refers to bulk movement of
the liquid primarily due to any mechanism other than diffusion. For example, flow of a medium
can involve movement of the fluidic medium from one point to another point due to a pressure
differential between the points. Such flow can include a continuous, pulsed, periodic, random,
iIntermittent, or reciprocating flow of the liquid, or any combination thereof. When one fluidic
medium flows into another fluidic medium, turbulence and mixing of the media can result.

[0028] The phrase "substantially no flow" refers to a rate of flow of a liquid that is less than the
rate of diffusion of components of a material (e.g., an analyte of interest) into or within the
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liquid. The rate of diffusion of components of such a material can depend on, for example,
temperature, the size of the components, and the strength of interactions between the
components and the fluidic medium.

[0029] As used herein In reference to a fluidic medium, "diffuse” and "diffusion” refer to
thermodynamic movement of a component of the fluidic medium down a concentration
gradient.

[0030] As used herein In reference to different regions within a microfluidic device, the phrase
"fluidically connected” means that, when the different regions are substantially filled with fluid,
such as fluidic media, the fluid in each of the regions Is connected so as to form a single body
of fluid. This does not mean that the fluids (or fluidic media) in the different regions are
necessarily identical in composition. Rather, the fluids in different fluidically connected regions
of a microfluidic device can have different compositions (e.g., different concentrations of
solutes, such as proteins, carbohydrates, ions, or other molecules) which are In flux as solutes
move down their respective concentration gradients and/or fluids flow through the device.

[0031] A microfluidic device or apparatus of the invention can comprise "swept" regions and
"unswept” regions. An unswept region can be fluidically connected to a swept region, provided
the fluidic connections are structured to enable diffusion but substantially no flow of media
between the swept region and the unswept region. The microfluidic apparatus can thus be
structured to substantially isolate an unswept region from a flow of medium in a swept region,
while enabling substantially only diffusive fluidic communication between the swept region and
the unswept region.

[0032] "Sterilizing” a biological cell means rendering the cell unable to reproduce.

[0033] As used herein, a "group” of micro-objects can be a single micro-object or a plurality of
micro-objects. The group of micro-objects can be a clonal group of biological cells (e.g., one
cell, a plurality of cells, or all of the cells from a clonal colony). A colony of biological cells is
"clonal” If all of the living cells in the colony that are capable of reproducing are daughter cells
derived from a single parent cell. "Clonal cells" are cells of the same clonal colony.

[0034] In the Invention, a group of cells is captured : from a selected holding pen In a micro-
fluidic device and moved from the holding pen to a staging area, where the cells of the group
can be exported from the micro-fluidic device. Each holding pen can isolate biological cells In
the holding pen from biological cells in others of the holding pens (e.g. by having the biological
cells located In an isolation region of the holding pen). The cells captured from the selected
holding pen can be clonal cells, and embodiments of the invention can select a particular group
of clonal cells in a micro-fluidic device, move the clonal cells to a staging area, and export the
clonal cells from the micro-fluidic device while maintaining the clonal nature of the group.

[0035] Figures 1A-1D lllustrate an example of a micro-fluidic device 100 comprising holding
pens 156, a selector 122, and an export interface 162. As will be seen, the selector 122 can
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select and move micro-objects (not shown) from any of the pens 156 to a staging area 172
Inside an enclosure 102 of the device 100, and the export interface 162 provides an interface
Into the enclosure 102 for an external export device 182 that can export the micro-objects (not
shown) from the staging area 172.

[0036] As shown In Figures 1A-1D, the micro-fluidic device 100 can comprise an enclosure
102, a selector 122, a flow controller 124, and an export interface 162 for an external export
device 182. As also shown, the micro-fluidic device 100 can include auxiliary elements such as
a control module 130, a source of electromagnetic radiation 136 (hereinafter an EM source
136), a detector 138, and/or the like.

[0037] The enclosure 102 can define a flow region 140 and hold a liquid medium 144. The
enclosure 102 can comprise, for example, a micro-fluidic structure 104 disposed on a base
(e.g., a substrate) 106. The micro-fluidic structure 104 can comprise a flexible material, such
as rubber, plastic, an elastomer, silicone (e.qg., patternable silicone), polydimethylsiloxane
("PDMS"), or the like, which can be gas permeable. Other examples of materials that can
compose microfluidic structure 104 include molded glass, an etchable material such as silicon,
photo-resist (e.g., SU8), or the like. In some embodiments, such materials - and thus the
microfluidic structure 104 - can be rigid and/or substantially impermeable to gas. Regardless,
the microfluidic structure 104 can be disposed on the base 106. The base 106 can comprise
one or more substrates. Although Iillustrated as a single structure, the base 106 can comprise
multiple interconnected structures such as multiple substrates. The micro-fluidic structure 104
can likewise comprise multiple structures, which can be interconnected. For example, the

micro-fluidic structure 104 can additionally comprise a cover (not shown) made from material
that i1s the same as or different than the other material in the structure.

[0038] The micro-fluidic structure 104 and the base 106 can define a micro-fluidic flow region
140. Although one flow region 140 i1s shown In Figures 1A-1C, the micro-fluidic structure 104
and the base 106 can define multiple flow regions for the medium 144. The flow region 140
can comprise channels (152, 153 in Figure 1B) and chambers, which can be interconnected to
form micro-fluidic circuits. Figures 1B and 1C illustrate an inner surface 142 of the flow region
140 on which the medium 144 can be disposed as even (e.g., flat) and featureless. The inner
surface 142, however, can alternatively be uneven (e.g., not flat) and comprise features such
as electric terminals (not shown).

[0039] As shown, the enclosure 102 can comprise one or more Inlets 108 through which
medium 144 can be input into the flow region 140. An inlet 108 can be, for example, an input
port, an opening, a valve, another channel, fluidic connectors, a tube, a fluid pump (e.g., a
positive displacement syringe pump), or the like. The enclosure 102 can also comprise one or
more outlets 110 through which the medium 144 can be removed from the flow region 140. An
outlet 110 can be, for example, an output port, an opening, a valve, a channel, fluidic
connectors, a tube, a pump, or the like. As another example, the outlet 110 can comprise a

droplet outputting mechanism such as any of the outputting mechanisms disclosed in U.S.
Patent Application Serial No. 13/856,781 filed April 4, 2013 (attorney docket no. BL1-US). All or
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part of the enclosure 102 can be gas permeable to allow gas (e.g., ambient air) to enter and
exit the flow region 140. For enclosures that comprise more than one flow region 140, each
flow region 140 can be associated with one or more Iinlets 108 and one or more outlets 110 for
respectively inputting and removing medium 144 from the flow region 140.

[0040] As shown In Figures 1B and 1C, holding pens 156 can be disposed In the flow region
140. For example, each holding pen 156 can comprise a barrier 154 disposed on an interior
surface 142 of the enclosure 102. There can be many such holding pens 156 in the flow region
140 disposed In any pattern, and the holding pens 156 can be any of many different sizes and
shapes. For example, the holding pens 156 can comprise a structure as described In U.S.
Provisional Application Serial No. 62/058,658, filed October 1, 2014. Thus, for example, the
holding pens 156 can include a connection region (not shown) and an isolation region (not
shown). As shown In Figure 1B, openings of the holding pens 156 can be disposed adjacent to
a channel 152, 153, which can be a conduit for medium 144 flowing past the openings of more
than one pen 156. The opening of each holding pen 156 can allow for the natural exchange of
liguid medium 144 flowing in a channel 152, 153 but each holding pen 156 can otherwise be
sufficiently enclosed to prevent micro-objects (not shown), such as biological cells, in any one
pen 156 from mixing with micro-objects in any other pen 156. Although eight pens 156 and two
channels 152, 153 are shown, there can be more or fewer. For example, there can be a single
channel fluidically connected with 100, 250, 500, 1000, 2500, 5000, 10000, 25000, 50000,
100000, or more holding pens.

[0041] Medium 144 can be flowed In channels 152, 153 past openings In the holding pens
156. The flow of medium 144 In channels 152, 153 can, for example, provide nutrients to
biological micro-objects (not shown) In the holding pens 156. The flow of medium 144 In
channels 152, 153 can also provide for the removal of waste from the holding pens 156. For
holding pens 156 that comprise an isolation region, exchange of nutrients and waste between
the Isolation regions and the channels 152, 153 can occur substantially only by diffusion.

[0042] As also shown, there can be a staging area 172 in the flow region 140 and thus inside
the enclosure 102. The staging area 172 can be simply an area on an interior surface 142 of
the enclosure 102, which can be marked or unmarked. Alternatively, the staging area 172 can
comprise a structure in the flow region 140 such as a depression into the surface 142 (as
shown In Figures 1B-1D), a platform (not shown) extending out of the surface 142, barriers
(not shown) (e.g., similar to barriers 154), chambers, or the like. Regardless, as shown In
Figure 1D, the staging area 172 can be disposed adjacent to (e.g., across the flow region 140
from) a passage 174 through the enclosure 102 and into the flow region 140. The passage
174 can be from outside the enclosure 102 to inside the enclosure 102. The passage 174 can
be, for example, a hole in the enclosure 102.

[0043] The export Interface 162 can provide an iInterface to the passage 174 into the
enclosure 102 for an external export device 182, which can be a device that is external to the
enclosure 102. As shown In Figure 1C, the export interface 162 can be disposed on the
enclosure 102 adjacent to (e.g., over and/or within) the passage 174. The export interface 162
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can comprise an opening 164 to the passage 174. The export interface 162 can further
comprise a cover 166 over the opening 164. The cover 166 can be removable or otherwise
breachable by the export device 182, which can be inserted into the opening 164 in the export
Interface 162 to engage the passage 174 into the enclosure 102. Although shown as distinct
entities, the export interface 162 and the micro-fluidic structure 104 can be integrally formed of
the same material and thus be portions of one physical entity.

[0044] The export Interface 162 can comprise, for example, a flexible material such as
polystyrene or any of the materials discussed above with respect to the micro-fluidic structure
104. Alternatively, the export Interface 162 can comprise a hard or stiff material or a
combination of flexible and hard or stiff materials. Examples of the cover 166 include a cover
that can be attached to and detached from the enclosure 102, a cork like structure (not shown)
that can be inserted into the opening 164 but i1s smaller than the passage 174, or the like. As
will be seen In Figures 12A-13B, other examples of the cover 166 include a self-closing cover
1206 that can be pushed open by the export device 182 and an export interface 1302 in the
form of a pierceable, self-healing structure.

[0045] As shown In Figure 1D, the export device 182 can be a hollow tube-like structure. For
example, the export device 182 can comprise a tubular housing 184 that defines an interior
passage 186 from a first end 188 to an opposite second end 192. With the cover 166 of the
export interface 162 removed, the export device 182 can be inserted into the opening 164 In
the Interface 162 such that the first end 188 Is brought into proximity or contact with the
enclosure passage 174. An opening 190 at the first end 188 of the export device 182 can thus
be placed adjacent to the passage 174 into the enclosure 102.

[0046] In some embodiments, the export device 182 can be a pressure differential generating
device (e.g., an aspirator, a positive displacement syringe pump, an air displacement pump, a
peristaltic pump, or the like). For example, the export device 182 can be connectable to a
source capable of generating a pressure differential (not shown), which can generate a
pressure differential from the first end 188 to the second end 192 of the export device 182.
The export device 182 can thus be configured to draw micro-objects (not shown) from the
staging area 172 through the passage 174 into the opening 190 in its first end 188 through the
Internal passage 186 to the second end 192, where the micro-objects (not shown) can be
collected or otherwise disposed of. Examples of the export device 182 Include a pipette, a
tube, a hollow needle such as a hypodermic needle, combination thereof or the like. The
Internal passage 186 of the export device can have a diameter of about 5 um to 300 um (e.g.,
about 25 to 300 um, about 50 to 300 ym, about 75 to 300 um, about 100 to 300 um, about 100
to 250 ym, about 100 to 200 um, about 100 to 150 um, about 150 to 200 ym, or any other
diameter or range defined by one or more of the foregoing endpoints).

[0047] The export device 182 can further comprise a sensor (not shown) capable of detecting
micro-objects that pass through the export device. The sensor can be located proximal to the
export interface 162. Alternatively, the sensor can be located distal to the export interface 162
(e.g., at the distal end of the export device 182). The sensor can be, for example, an imaging
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device, such as a camera (e.g., a digital camera) or a photosensor (e.g., a charge coupled
device or a complementary metal-oxide semiconductor imager). Alternatively, the sensor can
be an electrical device, such as a device that detects changes in complex impedence when
micro-objects pass by.

[0048] The selector 122 can be configured to create selectively electrokinetic forces on micro-
objects (not shown) In the medium 144. For example, the selector 122 can be configured to
selectively activate (e.g., turn on) and deactivate (e.g., turn off) electrodes at the inner surface
142 of the flow region 140. The electrodes can create forces in the medium 144 that attract or
repel micro-objects (not shown) In the medium 144, and the selector 122 can thus select and
move one or more micro-objects in the medium 144. The electrodes can be, for example,
dielectrophoresis (DEP) electrodes.

[0049] For example, the selector 122 can comprise one or more dielectrophoresis electrode
devices, optical (e.g., laser) tweezers devices, and/or one or more optoelectronic tweezers
(OET) devices (e.g., as disclosed in U.S. Patent No. 7,612,355 (which Is Incorporated in its
entirety by reference herein) or U.S. Patent Application Serial No. 14/051,004 (attorney docket
no. BL9-US) (which Is also Incorporated in its entirety by reference herein). As yet another
example, the selector 122 can include one or more devices (not shown) for moving a droplet of
the medium 144 in which one or more of the micro-objects are suspended. Such devices (not
shown) can Include electrowetting devices such as optoelectronic wetting (OEW) devices (e.qg.,
as disclosed in U.S. Patent No. 6,958,132) or other electrowetting devices. The selector 122
can thus be characterized as a DEP device in some embodiments.

[0050] Figures 2A and 2B illustrate an example in which the selector 122 comprises a DEP
device 200. As shown, the DEP device 200 can comprise a first electrode 204, a second
electrode 210, an electrode activation substrate 208, a power source 212 (e.g., an alternating
current (AC) power source), and a light source 220 (which can be the same as or different than
the EM source 136). Medium 144 in the flow region 140 and the electrode activation substrate
208 can separate the electrodes 204, 210. Changing patterns of light 222 from the light source
220 can selectively activate and deactivate changing patterns of DEP electrodes at regions 214
of the inner surface 142 of the flow region 140. (Hereinafter the regions 214 are referred to as
"electrode regions.")

[0051] In the example Illustrated In Figure 2B, a light pattern 222" directed onto the inner
surface 142 illuminates the cross-hatched electrode regions 214a in the square pattern shown.
The other electrode regions 214 are not illuminated and are hereinafter sometimes referred to
as 'dark” electrode regions 214. The relative electrical impedance across the electrode
activation substrate 208 from each dark electrode region 214 to the second electrode 210 is
greater than the relative impedance from the first electrode 204 across the medium 144 in the
flow region 140 to the dark electrode region 214. llluminating an electrode region 214a,
however, reduces the relative impedance across the electrode activation substrate 208 from
the illuminated electrode region 214a to the second electrode 210 to less than the relative
Impedance from the first electrode 204 across the medium 144 in the flow region 140 to the
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lHluminated electrode region 214a.

[0052] With the power source 212 activated, the foregoing creates an electric field gradient In
the medium 144 between illuminated electrode regions 214a and adjacent dark electrode
regions 214, which In turn creates local DEP forces that attract or repel nearby micro-objects
(not shown) In the medium 144. DEP electrodes that attract or repel micro-objects in the
medium 144 can thus be selectively activated and deactivated at many different such electrode
regions 214 at the inner surface 142 of the flow region 140 by changing light patterns 222
projected form a light source 220 (e.g., a laser source or other type of light source) into the
micro-fluidic device 200. Whether the DEP forces attract or repel nearby micro-objects can
depend on such parameters as the frequency of the power source 212 and the dielectric
properties of the medium 144 and/or micro-objects (not shown).

[0053] The square pattern 222" of illuminated electrode regions 214a illustrated in Figure 2B Is
an example only. Any pattern of the electrode regions 214 can be illuminated by the pattern of
light 222 projected into the device 100, and the pattern of illuminated electrode regions 222
can be repeatedly changed by changing the light pattern 222.

[0054] In some embodiments, the electrode activation substrate 208 can be a photoconductive
material, and the Iinner surface 142 can be featureless. In such embodiments, the DEP
electrodes 214 can be created anywhere and in any pattern on the inner surface 142 of the
flow region 140 In accordance with the light pattern 222 (see Figure 2A). The number and
pattern of the electrode regions 214 are thus not fixed but correspond to the light pattern 222.
Examples are illustrated in the aforementioned U.S. Patent No. 7,612,355, In which the un-
doped amorphous silicon material 24 shown In the drawings of the foregoing patent can be an
example of photoconductive material that can compose the electrode activation substrate 208.

[0055] In other embodiments, the electrode activation substrate 208 can comprise a circuit
substrate such as a semiconductor material comprising a plurality of doped layers, electrically
Insulating layers, and electrically conductive layers that form semiconductor integrated circuits
such as 1s known In semiconductor fields. In such embodiments, electric circuit elements can
form electrical connections between the electrode regions 214 at the inner surface 142 of the
flow region 140 and the second electrode 210 that can be selectively activated and deactivated
by the light pattern 222. When not activated, each electrical connection can have high
Impedance such that the relative impedance from a corresponding electrode region 214 to the
second electrode 210 1s greater than the relative impedance from the first electrode 204
through the medium 144 to the corresponding electrode region 214. When activated by light In
the light pattern 222, however, each electrical connection can have low impedance such that
the relative impedance from a corresponding electrode region 214 to the second electrode 210
IS less than the relative impedance from the first electrode 204 through the medium 144 to the
corresponding electrode region 214, which activates a DEP electrode at the corresponding
electrode region 214 as discussed above. DEP electrodes that attract or repel micro-objects
(not shown) In the medium 144 can thus be selectively activated and deactivated at many
different electrode regions 214 at the inner surface 142 of the flow region 140 by the light
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pattern 222. Non-limiting examples of such configurations of the electrode activation substrate
208 Include the phototransistor-based device Iillustrated in Figures 21 and 22 of U.S. Patent
No. 7,956,339 and the devices 200, 400, 500, and 600 illustrated throughout the drawings In
the aforementioned U.S. Patent Application Serial No. 14/051,004, filed October 10, 2013.

[0056] In some embodiments, the first electrode 204 can be part of a first wall 202 (or cover)
of the enclosure 102, and the electrode activation substrate 208 and second electrode 210 can
be part of a second wall 206 (or base) of the enclosure 102, generally as illustrated in Figure
2A. As shown, the flow region 140 can be between the first wall 202 and the second wall 206.
The foregoing, however, Is but an example. In other embodiments, the first electrode 204 can
be part of the second wall 206 and one or both of the electrode activation substrate 208 and/or
the second electrode 210 can be part of the first wall 202. As another example, the first
electrode 204 can be part of the same wall 202 or 206 as the electrode activation substrate
208 and the second electrode 210. For example, the electrode activation substrate 208 can
comprise the first electrode 204 and/or the second electrode 210. Moreover, the light source
220 can alternatively be located below the enclosure 102.

[0057] Configured as the DEP device 200 of Figures 2A and 2B, the selector 122 can thus
select a micro-object (not shown) in the medium 144 in the flow region 140 by projecting a light
pattern 222 into the device 200 to activate one or more DEP electrodes at electrode regions
214 of the inner surface 142 of the flow region 140 Iin a pattern that surrounds and captures
the micro-object. The selector 122 can then move the captured micro-object by moving the
light pattern 222 relative to the device 200. Alternatively, the device 200 can be moved relative

to the light pattern 222.

[0058] Although the barriers 154 that define the holding pens 156 are illustrated in Figures 1B
and 1C and discussed above as physical barriers, the barriers 154 can alternatively be virtual
barriers comprising DEP forces activated by the light pattern 222.

[0059] The flow controller 124 can be configured to control a flow of the medium 144 in the
flow region 140. For example, the flow controller 124 can control the direction and/or velocity of
the flow. Non-limiting examples of the flow controller 124 include one or more pumps or fluid
actuators. In some embodiments, the flow controller 124 can include additional elements such
as one or more sensors (not shown) for sensing, for example, the velocity of the flow of the
medium 144 in the flow region 140.

[0060] The control module 130 can be configured to receive signals from and control the
selector 122, EM source 136, the detector 138, and/or the flow controller 124. As shown, the
control module 130 can comprise a controller 132 and a memory 134. In some embodiments,
the controller 132 can be a digital electronic controller (e.g., a microprocessor, microcontroller,
computer, or the like) configured to operate in accordance with machine readable instructions
(e.g., software, firmware, microcode, or the like) stored as non-transitory signals in the memory
134, which can be, for example, a digital electronic, optical, or magnetic memory device.
Alternatively, the controller 132 can comprise hardwired digital circuitry and/or analog circuitry
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or a combination of a digital electronic controller operating In accordance with machine
readable instructions and hardwired digital circuitry and/or analog circuitry. The control module
130 can be configured to perform all or any part of any process, function, step, or the like
disclosed herein.

[0061] The EM source 136 can selectively direct electromagnetic radiation into the enclosure
102. The electromagnetic radiation can Iinclude a wavelength that 1s absorbed by and/or
excites a label, such as a chromophore (e.g., a fluorophore). The electromagnetic radiation
can comprise a wavelength in the visible or ultraviolet regions of the electromagnetic spectrum.
The EM source 136 can be, for example, a laser light source, a light emitting diode (LED), a
high intensity discharge lamp, or the like, which can be controlled by the control module 130 to
direct light beams at specific target areas inside the flow region 140. The detector 138 can be
a mechanism for capturing images (e.g., digital images) of the flow region 140 including, for
example, the pens 156, micro-objects (not shown) in the medium 144, and the staging area
172. The detector 138 can also capture images of the export interface 162. Examples of
suitable imaging devices that the detector 138 can comprise include digital cameras or
photosensors such as charge coupled devices and complementary metal-oxide-semiconductor
Imagers. Images can be captured with such devices and analyzed (e.g., by the control module
130 and/or a human operator).

[0062] In some embodiments, the pens 156 can be shielded from illumination (e.g., by the
selector 122, the EM source, and/or the detector 138) or can be only selectively illuminated for
brief periods of time. Biological micro-objects 402 (see Figure 4) can thus be protected from
lllumination or illumination of the biological micro-objects 402 can be minimized before the
biological micro-objects 502 (see Figures 5 and 6) are exported.

[0063] Figure 3 illustrates an example process 300 for exporting a group of micro-objects from
a micro-fluidic device according to some embodiments. The process 300 can be performed
with the micro-fluidic device 100 of Figures 1A-1D, The selector 122 can be configured as a
DEP device as shown In Figures 2A and 2B. The process 300 is not so limited, however, but
can be performed with other micro-fluidic devices.

[0064] At step 302, the process 300 can move a group of micro-objects from a holding pen In
the micro-fluidic device to a staging area. The group can consist of a specific one or more of
the micro-objects in the holding pen. Figures 4-7 illustrate an example.

[0065] As shown In Figure 4, there can be groups 402 of micro-objects in a plurality of the
holding pens 156. For example, the micro-objects can be biological cells, and each group 402
In one of the holding pens 156 can be a clonal colony of cells. As also shown, a flow 404 of the
medium 144 can be provided, for example, from the inlet 108 to the outlet 110.

[0066] As illustrated in Figure 5, one of the groups 402 in one of the holding pens 156 can be
selected. A particular group 402 and/or holding pen 156 can be identified, for example, from
Images of the flow region 140 captured by the detector 138 (see Figure 1A). The selection can
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be based on the physical characteristics of or an activity associated with the micro-objects In
the holding pen 156. Such physical characteristics can include, e.g., the number of micro-
objects, their size, their morphology, or the like. Activity associated with the micro-objects can
Include, e.g., production or presentation of an antigen of interest (such as an antibody,
cytokine, growth factor, metabolite, cancer cell marker, or the like), rate of growth, or any
combination thereof. In Figure 5, the selected group 402 is labeled 502. Although the selected
group 502 is illustrated as including all of the micro-objects in a pen 156, the selected group

502 Includes less than all (e.g., 1, 2, 3, 4, 5, or so) of the micro-objects in the group 402 In the
pen 156.

[0067] In the example shown In Figure 5, the selected group 502 of micro-objects Is trapped
with a light trap 504, which can be generated by the selector 122 configured as the DEP device
200 of Figures 2A and 2B. For example, the light trap 504 can comprise a contiguous pattern
of activated DEP electrodes 214 that enclose the selected group 502. As discussed above, the
DEP electrodes 214 can be selectively activated by a pattern 222 of light directed onto the
electrode activation substrate 208 (see Figures 2A and 2B).

[0068] As shown In Figure 6, the light trap 504 can be moved from the holding pen 156 toward
the staging area 172, which also moves the selected group 502 of micro-objects. The light trap
504 can then be moved Into the staging area 1/2. As discussed above, the light trap 504 can
be moved by changing the light pattern 222 directed onto the electrode activation substrate
208. Images of the flow region 140 captured by the detector 138 can facilitate selecting,
trapping, and moving the group 502 to the staging area 172.

[0069] The light trap 504 can be configured to, for example, repel the micro-objects in the
medium 144. The light trap 504 can thus keep the micro-objects of the selected group 502
Inside the trap 504 and keep all other micro-objects from every other group 402 outside of the
trap 504. The light trap 504 can thus prevent both the micro-objects in the selected group 502
from mixing with any other group 402 of micro-objects in the device 100 and any micro-object
that is not of the selected group 502 from mixing with group 502 during step 302 of Figure 3.

[0070] As shown In Figure 7, once the selected group 502 is In the staging area 172, the light
trap 504 can be turned off. As shown In Figure 7, the flow 404 (see Figure 4) of medium 144
can be turned off so that the micro-objects of the selected group 502 are not flushed from the
staging area 172. Alternatively, the light trap 504 can be kept on In the staging area 172 to hold
the group 502 In place In the staging area 172 against a flow of medium 144 in the flow region
140. As yet another alternative, the staging area 172 can include physical barriers (not shown)
that can hold the group 502 In place against a flow of medium 144 In the flow region 140.

[0071] At step 304 of Figure 3, the process 300 can export the group 502 of micro-objects
from the staging area 172. Figures 8 and 9 illustrate an example.

[0072] As shown In Figure 8, the cover 166 of the export interface 162 can be removed, and
the export device 182 can be inserted into the interface 162 such that the opening 190 In the
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first end 188 of the export device 182 is In proximity or contact with the passage 174 into the
enclosure 102. As shown In Figure 8, the opening 190 In the first end 188 of the export device
182 can thus be adjacent to the group 502 of micro-objects in the staging area 172.

[0073] As shown In Figure 9, a pressure differential can be created in the export device 182.
The micro-objects In the group 502 disposed In the staging area 1/2 can thus be drawn
through the passage 174 into the enclosure 102 and into the interior 186 of the export device
182. The micro-objects of the group 502 can then be collected or otherwise disposed of at the
second end 192 of the export device 182. Alternatively, the export device 182 Is not a pressure
differential generating device or a pressure differential is not created, but another mechanism
draws the micro-objects in the group 502 into the export device 182. For example, a flow (not
shown) of the medium 140 can be generated that washes the micro-objects in the group 502
from the staging area 172 into the export device 182. Other forces that can be employed to
export micro-objects can include gravity and magnetic force. As yet another alternative, a
combination of forces can be used to draw the micro-objects in the group 502 into the export
device 182, such as a flow of the medium 140 and a pressure differential generated by the
export device 182.

[0074] Figure 10 i1s an example process 1000 by which step 304 of Figure 3 can be performed.
As will be seen, fluid flow can move the micro-objects of the group 502 from the staging area
172 Into the export device 182. Such fluid flow can include the flow of the medium 144 In the
device 100, a pressure differential by the export device 182, capillary forces by the export
device 182, and the like.

[0075] At step 1002, the flow 404 (see Figure 4) of medium 144 In the flow region 140 can be
substantially stopped. For example, the control module 130 can cause the flow controller 124
to substantially stop the flow 404. Alternatively, the flow 404 can be slowed at step 1002. At
step 1004, the export device 182 can be inserted into the export interface 162, for example, as
shown In Figure 8. At step 1006, the outlet 110 of the micro-fluidic device 100 (see Figures 1A-
1C) can be closed. Any other exits (not shown) from the enclosure 102 other than the export
Interface 162 can also be closed.

[0076] At step 1008, the flow 404 of medium 144 in the flow region 140 can be resumed.
Because the export interface 162 Is the only open exit from the enclosure 102, the direction of
the flow 404 will be toward and into the export interface 162, and the flow 404 can accordingly
sweep the micro-objects of the group 502 from the staging area 172 toward the export device

182.

[0077] At step 1010, a pressure differential in the export device 182 can be created, which can
draw the micro-objects of the group 502 into the interior 186 of and toward the second end 192
of the export device 182. Alternatively, no pressure differential is created at step 1010, and the
flow generated at step 1008 alone (optionally coupled with other forces, such as gravity or
magnetic force) draws the micro-objects of the group 502 from the staging area 172 into the
export device 182. Some embodiments of the export device 182 thus do not have pressure
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differential capabillity.

[0078] Once the group 502 of micro-objects has been drawn into the export device 182, the
flow 404 of medium 144 can again be substantially stopped or slowed at step 1012, and the
export device 182 can be optionally removed from the export interface 162 at step 1014. A
pressure differential by the export device 182 can also be turned off at step 1012 or 1014. At
step 1016, the outlet 110 of the micro-fluidic device 100 can be opened, and the flow 404 of
medium 144 in the flow region 140 can again be resumed at step 1018.

[0079] The process 1000 1s an example only, and variations are possible. For example, the
order of the steps 1002-1018 can, In some Iinstances, be different than shown. In addition, not
all steps need to be performed. For example, the export device 182 can be substantially
permanently connected to the export interface 162, making it possible to skip steps 1004 and
1014. Similarly, for serial export of micro-objects from different holding pens 156, the outlet 110
can be closed for the first export, but then remain closed for subsequent exporting steps.
Accordingly, step 1016 of process 1000 can be skipped, steps 1006 and 1016 of process 1000
can be skipped, steps 1014 and 1016 of process 1000 can be skipped, steps 1004, 1006,
1014, and 1006 of process 1000 can be skipped, or steps 1004, 1006, and 1014 of process
1000 can be skipped.

[0080] Referring again to Figure 3, at step 306, the process 300 can neutralize any un-
exported micro-objects at the staging area and the export interface. For a variety of reasons,
one or more of the micro-objects of the group 502 might not be exported as part of step 304.
For example, a micro-object might unintentionally remain in the staging area 172. As another
example, a micro-object might get stuck in the export interface 162.

[0081] For a variety of reasons, such un-exported micro-objects at the staging area 1/2 and
export interface 162 might need to be neutralized. For example, in some applications, it can be
Important to keep the micro-objects in one of the groups 402 from mixing with the micro-
objects in another of the groups 402 (see Figure 4). For example, as noted, each group 402 of
micro-objects in the pens 156 can be a clonal colony of biological cells, In which case, it can be
Important to prevent a living cell that is able to reproduce in one group 402 from mixing with
another group because the colony into which the cell is mixed would no longer be clonal. If a
micro-object from the group 502 was left in the staging area 172 or the export interface 162,
the un-exported micro-object could mix with the next group 402 of micro-objects to be removed
from a holding pen 156, moved Into the staging area 172, and exported through the export
Interface 162.

[0082] Step 306 can be performed Iin any of a variety of ways. For example, the detector 138
can capture images of the staging area 172 and the export interface 162, and those images
can be inspected for un-exported micro-objects from group 502. The images can be inspected
by a human operator and/or utilizing image processing algorithms executed by the control
module 130. Any detected micro-objects can be neutralized in any of a variety of possible
ways.
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[0083] For example, un-exported micro-objects at the staging area 172 and/or the export
Interface 162 can be removed utilizing the selector 122 (e.g., configured as the DEP device
200 of Figures 2A and 2B), by flushing the un-exported micro-objects from the staging area
172 and/or export interface 162, or the like. As another example, step 306 can be performed
by repeating step 304 one or more times without first moving a new group of micro-objects into
the staging area 172 at step 302.

[0084] As another example, If the un-exported micro-objects are biological cells, the un-
exported biological cells can be neutralized by sterilizing or killing the un-exported cells. Figure
11 illustrates an example process 1100 for performing step 306 of Figure 3 when the micro-
objects are biological micro-objects such as cells. At step 1102, a treatment can be applied to
the staging area 172 and the export interface 162. The treatment can kill or sterilize the
biological micro-objects. For example, the treatment can comprise flushing a chemical agent
that 1s fatal to or sterilizes the biological micro-objects through the staging area 172 and export
Interface 162. As another example, the treatment can comprise directing electromagnetic
radiation that is fatal to or sterilizes the biological micro-objects onto the staging area 172 and
the export interface 162. For example, the EM source 136 can direct laser beams onto the
staging area 172 and the export interface 162. In some embodiments, the detector 138 can
capture images of the staging area 172 and/or export interface 162, and such laser beams can
be specifically directed at any biological micro-objects detected in the images. Other examples
of killing or sterilizing un-exported cells at the staging area 172 or the export interface 162
Include the use of electricity, heat or cold, lysis (e.g., with a mechanical cutting micro-
Instrument), ultrasonic vibrations, or the like.

[0085] At step 1104, the process 300 can flush the staging area 172 and export interface 162
to wash away any biological micro-objects in the staging area 172 or export interface 162. For
example, the staging area 172 and export interface 162 can be flushed with medium 144. As
another example, the staging area 172 and export interface 162 can be flushed with de-ionized
water.

[0086] At step 1106, the staging area 172 and export interface 162 can be inspected for un-
exported biological micro-objects. For example, the detector 138 can capture images of the
staging area 172 and export interface 162, which can be inspected for un-exported biological
micro-objects as discussed above. If un-exported biological micro-objects are detected, the
steps of applying a treatment 1102 and flushing 1104 can be repeated until no un-exported
micro-objects are detected at step 1106.

[0087] The process 1100 of Figure 11 1s an example only, and variations are contemplated.
For example, the inspecting step 1106 can precede the treatment 1102 and flushing 1104
steps, which iIn some embodiments, are thus performed only If un-exported micro-objects are
detected. As another example, the process 1100 can be performed without one or both of the
flushing step 1104 or the inspecting step 1106. As yet another example, the process 1100 can
be performed without step 1102, such as by flushing un-exported biological micro-objects into
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a waste receptacle.

[0088] Indeed, the devices and processes Illustrated in Figures 1A-11 are examples, and
variations are contemplated. Figures 12A-16 illustrate examples of such variations.

[0089] Figures 12A-12C illustrate another example of an export interface 1202, which can thus
replace the export interface 162 in any of the figures or discussions herein. As shown, the
export interface 1202 can be disposed on the enclosure 102 over the passage 17/4. The export
Interface 1202 can comprise an opening 1204 to the passage 174, a cover 1206 comprising a
separation 1208 (e.g., a slit) and flaps 1210, and an entry opening 1222.

[0090] As shown In Figure 12B, the separation 1208 can define and thus separate the flaps
1210. For example, the separation 1208 can comprise one or more slits in the cover 1206.
Although the cover 1206 is illustrated as comprising one separation 1208 and two flaps 1210,
the cover 1206 can comprise more separations 1208 and flaps 1210. Regardless, the cover
1206 can comprise a flexible, resilient material, and the cover 1206 can be constructed such
that internal resilient forces bias the flaps 1210 into proximity or contact so that the cover 1206
covers entirely or substantially entirely the passage 174 through the enclosure 102. The
flexibility of the flaps 1210, however, can allow the flaps 1210 to move apart in response to the
force of the first end 188 of the export device 182 being pressed against the cover 1206 In the
vicinity of the separation 1208. As illustrated in Figure 12C, the flaps 1210 can move apart,
allowing the first end 188 of the export device 182 to be moved into proximity or contact with
the passage 174 into the enclosure 102. Although not shown, the resiliency of the flaps 1210
can move the flaps 1210 back into contact such that the cover 1206 covers entirely or
substantially entirely the passage 174 as shown Iin Figure 12B as the export device 182 Is
removed from the export interface 1202.

[0091] The cover 1206 can thus be closed except when the end 188 of the export device 182
IS pressed against and through the cover 1206, in which case the cover opens 1206 to receive
the export device 182. As the export device 182 i1s removed from the cover 1206, the cover
12006 self closes.

[0092] The entry 1222 portion of the export interface 1202 can function as a guide that
facilitates insertion of the export device 182 into the export interface 1202. As illustrated, the
entry 1222 can comprise sloped sidewalls 1224.

[0093] Figures 13A-13C Illustrate another example of an export interface 1302, which can
replace the export interface 162 in any of the figures or discussions herein. As shown, the
export interface 1302 can be disposed on the enclosure 102 over the passage 1/4. The export
Interface 1302 can comprise a block of material that covers (and thus is a cover 166) entirely
the passage 174 as shown In Figure 13A. The material, however, can be sufficiently pliant to
be readily pierced by an export device 1304 as shown In Figure 13B. In Figure 13B, the export
Interface 1302 Is plerced by pressing a first end 1388 of an export device 1304, which can be,
for example, a hypodermic needle or the like, through the export interface 1302, which thus
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forms a hole 1306 In the export interface 1302. The export device 1304 can be especially thin
but otherwise generally like the export device 182. Thus, while inserted through the export
Interface 1302 as shown In Figure 13B, a first end 1388 of the export device 1304 can be In
proximity to or contact with the passage 174 into the enclosure 102, and micro-objects (not
shown In Figure 13B) can be drawn into an opening In the first end 1388 of the export device
1304 generally as discussed above with respect to the export device 182. The export device
1304 i1s thus an example of the export device 182 and can replace the export device 182 Iin any
of the figures or discussions herein. The material of the export interface 1302 can be self-
healing so that the hole 1306 made by the export device 182 closes as the export device 1304
IS removed from the export interface 1302. Examples of a self-healing material for the export
Interface 1302 include silicone. As Illustrated in Figure 13C, the export device 1302 can be
pierced multiple times in multiple places by the export device 1304. Rather than being a
structure separate from the micro-fluidic structure 104, the export interface 1302 can instead
be a portion of the micro-fluidic structure 104 immediately adjacent to the staging area 172. In
such a case, the structure 104 need not include the passage 174.

[0094] Figure 14 shows yet another example of an export interface 1406, which can replace
the export interface 162 In any of the figures or discussions herein. In Figure 14, the export
Interface 1406 can be a fixed attachment mechanism that permanently fixes an access tube
1402 to the enclosure 102 such that a first end 1488 of the tube 1402 is In proximity to or
contact with the passage 174 into the enclosure 102. Micro-objects (not shown In Figure 14)
can be drawn Into an opening In the first end 1488 of the access tube 1402 generally as
discussed above with respect to the export device 182. The access tube 1402 iIs thus an
example of the export device 182 and can replace the export device 182 In any of the figures
or discussions herein. As shown, the access tube 1402 can comprise a valve 1408, which can
open and close an Interior passage In the tube 1402 from the first end 1488 to the second end
1492. The valve 1408 can be, for example, closed except while exporting micro-objects from
the staging area 172. However, the access tube 1402 need not comprise a valve 1408, as

caplllary forces and adjusting the rate of fluid flow through flow region 140 can substitute for
valve 1408.

[0095] Figure 15A shows a partial perspective view of a micro-fluidic device 1500 that can be
an example of a variation of the device 100 of Figures 1A-1D. With a few exceptions, the
micro-fluidic device 1500 can be like the device 100, and like numbered elements In Figures
15A-15C can be the same as in Figures 1A-1D.

[0096] As shown In Figures 15A-15C, the export interface 162 can be a first export interface of
the micro-fluidic device 1500, which can also include a second export interface 1562 disposed
over a second passage 1574 through the enclosure 102 into the flow region 140. Otherwise,
the second export interface 1562 can be similar to the first export interface 162. For example,
the second export interface 1562 can comprise an opening 1564 to the passage 1574 and a
cover 1566, which can be similar to the opening 164 and cover 166 of the first export interface
162 as discussed above. As also shown, the passages 174, 1574 into the enclosure 102 and
thus the export interfaces 162, 1562 can be on opposite sides of the enclosure 102 and need
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not be aligned one with the other.

[0097] The micro-fluidic device 1500 can also have a staging area 1512 that differs from the
staging area 172 of the device 100. For example, as shown In Figures 15B and 15C, the
staging area 1512 can comprise a first end 1518, which can be generally aligned with the
passage 174 and thus the first export interface 162; a second end 1514, which can be
generally aligned with the passage 1574 and thus the second export interface 1562; and a
middle portion 1516 between the ends 1514, 1518. Otherwise, the staging area 1512 can be
ike the staging area 172 of the device 100 as discussed above. The device 100 can
alternatively have a staging area like 1512, which can thus replace the staging area 172 In
Figures 1A-11 and the discussions above.

[0098] The process 300 of Figure 3 can be performed with the micro-fluidic device 1500 as
follows. Step 302 can be performed generally as discussed above. For example, although not
visible In the views shown In Figures 15A-15C, the device 1500 can include holding pens 156
each of which can hold a group 402 of micro-objects, for example, as shown in Figure 5. The
holding pens 156 can iInclude isolation spaces in which the groups 402 of micro-objects are
located. A group of micro-objects can be moved from a holding pen 156 to the staging area or
a portion thereof (e.g., the middle portion 1516), generally as illustrated in Figures 4-7.

[0099] Step 304 can be performed as illustrated in Figure 16. The covers 166, 1566 of the
export interfaces 162, 1562 can be removed, and a first export device 182 can be inserted into
the first interface 162 such that the opening 190 In the first end 188 is In proximity to or contact
with the first passage 174 through the enclosure 102. The first export device 182 can be the
same as the export device 182 discussed above, and the foregoing can be the same as

discussed above.

[0100] A second export device 1682 can similarly be inserted into the second interface 1562.
The second export device 1682 can be the same as or similar to the first export device 182.
The second export device 1682 can thus comprise a hollow tube-like structure comprising a
tubular housing 1684 that defines an interior passage 1686 from a first end 1688 to an
opposite second end 1692. With the cover 1566 of the second export interface 1562 removed,
the second export device 1682 can be inserted into the opening 1564 In the second export
Interface 1562 such that the first end 1688 iIs brought into proximity or contact with the second
passage 1574 into the enclosure 102.

[0101] With the export devices 182, 1682 Inserted into the export interfaces 162, 1562 as
llustrated In Figure 16, a flow of liquid (e.g., medium 144) can be generated between the
opening 190 of the first export device 182 to the opening 1690 of the second export device

1682, with the flow of liquid passing through the portion of flow region 140 adjacent to staging
area 1512. To facilitate such a flow of liquid, a pressure differential can be generated between

the opening 190 of the first export device 182 and the opening 1690 of the second export
device 1682.
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[0102] For example, as shown In Figure 16, a flow of liquid (e.g., medium 144) can be
generated from the second end 192 to the first end 188 of the first export device 182. This can
create a flow 1604 in the enclosure 102 from the first end 1518 to the second end 1514 of the
staging area 1512. The flow 1604 can sweep the selected group 502 of micro-objects from the
middle portion 1516 of the staging area 1512 toward the second end 1514 and thus the
opening 1690 at the first end 1688 of the second export device 1682. At the same time, a
pressure differential can be generated from the first end 1688 to the second end 1692 of the
second export device 1682. Such a pressure differential can draw the selected group 502 of
micro-objects through the second passage 1574 In the enclosure 102 and into the second
export device 1682. The micro-objects of the selected group 502 can then be collected at the
second end 1692 of the second export device 16382.

[0103] The selected group 502 of micro-objects moved to the staging area 1512 at step 302 of
Figure 3 can thus be exported at step 304. Thereafter, the staging area 1512, the first export
Interface 162, and/or the second export interface 1562 can be flushed and/or neutralized of
un-exported micro-objects at step 306, generally as discussed above.

[0104] Figure 17 illustrates another variation of the device 100 of Figures 1A-1D. As shown,
the device 1700 of Figure 17 can comprise a plurality of staging areas 1772 each of which can
be like the staging area 172 as discussed above, and the device 1700 can include a plurality of
outlets 110a, 110b (which can be as the outlets 110 are described above). In some
embodiments, each staging area 1772 can be associated with a single holding pen 156.
Otherwise, the device 1/00 can be like the device 100 of Figures 1A-1D and like numbered
elements can be the same.

[0105] As lllustrated In Figure 17, a flow 1704 of the medium can be directed to the staging
areas 1//72. For example, all of the outlets 110 except for outlet 110a can be closed, diverting
fluid flow from channel 152 and creating a single flow path 1752 generally from the inlet 108 to
the staging areas 1772 and to the only open outlet 110a. Micro-objects (not shown In Figure
17) can be moved to a staging area 1772 by simply moving the micro-objects from one of the
pens 156 into the flow 1704, which can then carry the micro-objects to the staging areas 1772,
where the micro-objects (not shown) can be removed through an adjacent export interface (not
shown) as discussed above. Alternatively, In some embodiments, micro-objects (not shown In
Figure 1/7) can be moved from one of the pens 156 to a staging area 1772 and the flow 1704
can carry the micro-objects to and out of the outlet 110a. The outlet 110a can thus function as
an export interface. The outlet 110a can be like any of the examples of an outlet 110 discussed
above, including a simple hole through the enclosure 102.

[0106] Figure 18 illustrates a variation of the device 1700 of Figure 17. As shown, the device
1800 of Figure 18 can be generally the same as the device 1/00 (and like numbered elements
can be the same) except the device 1800 Includes a single barrier 1854 that defines the
holding pens 156 and divides channel 152 from flow path 1752. In addition, device 1800
Includes a single staging area 1772 (or none at all) located in the flow path 1752. As discussed
above with respect to Figure 17, a flow 1704 of the medium 144 can be created in the flow
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path 1752 by closing all of the outlets 110 except for the outlet 110a. Micro-objects (not shown
In Figure 18) can be exported from the device 1800 by moving the micro-objects from one of
the pens 156 to the staging area 1772, where the micro-objects (not shown) can be removed
through an adjacent export interface (not shown) as discussed above. Alternatively, micro-
objects (not shown In Figure 18) can be exported from the device 1800 by moving the micro-
objects from one of the pens 156 to the staging area 1772 or (if there is no staging area) into
the flow 1704, and flow 1704 can then carry the micro-objects to and out of the outlet 110a.
The outlet 110a can be like any of the examples of an outlet 110 discussed above including a
simple hole through the enclosure 102.

[0107] Figures 19A-19B Illustrate another variation of the device 1700 of Figure 17. As shown,
the device 1900 of Figures 19A-19B can be generally the same as the device 1700 (and like
numbered elements can be the same) except the device 1900 includes a channel 152 that also
functions as flow path 1752. In the embodiment shown, each staging area 1772 i1s located In
the channel 152, adjacent to the opening to a holding pen 156. However, the number of
staging areas In device 1900 can be less than the number of holding pens 156 and/or the
staging areas need not have specific locations in channel 152 (i.e., any location in channel 152
can be considered a staging area 1/772). As shown In Figure 19B (a side, cross-section of
device 1900), the inlet 108 to and/or outlet 110 from flow region 140 can be located above flow
region 140, and the outlet can function as an export interface having a passage 174. The
outlet 110 can be connected to an export device (not shown), generally in the manner
discussed above. Furthermore, the holding pens 156 can have isolation regions 1960 and
connection regions 1958, with the isolation regions 1960 fluidically connected to the channel
152 via the connection regions 1958. Micro-objects (not shown In Figures 19A-19B) can be
exported from the device 1900 by moving the micro-objects from one of the pens 156 to a
staging area 1772 in channel 152, and flow 1904 can then carry the micro-objects to the outlet
110 and out into the export device.

[0108] Figure 20 illustrates an example of a process 2000 for exporting micro-objects from the
device 1900 of Figures 19A-19B. As shown, at step 2002, the process 2000 can create the
flow 1904 of medium 144 in the enclosure 102 of the device 1900 directly to the outlet 110. For
example, the flow 1904 can flush medium 144 through channel 152 and out the outlet 110. The
flush at step 2002 can clear the device 1900 of micro-objects that may be present in channel
152, around the outlet 110 (i.e., export interface), and/or in the export device (not shown). In
certain embodiments, the amount of medium 144 flushed through the device 1900 at step
2002 1s at least 2 times (e.g., at least 3, 4, 5, 10, 15, 20, 25 times, or more) the combined
volume of fluid that the device 1900 and export device are capable of holding. The flushing
medium can be flowed into the channel at a rate of about 0.05 to 5.0 uL/sec (e.g., about 0.1 to
2.0,0.21t01.5,60.51t0 1.0 yL/sec, or about 1.0 to 2.0 uL/sec). The flow 1904 of medium at step
2002 can be continuous, pulsed, periodic, random, intermittent, or reciprocating flow of the
liquid, or any combination thereof.

[0109] At step 2004, the process 2000 can include slowing or substantially stopping the flow
1904 of medium 144 In channel 152. For example, the flow 1904 of medium 144 in channel
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152 can be slowed to a rate of about 0.05 uL/sec or less.

[0110] At step 2006, the process 2000 can select a group of micro-objects in one of the
holding pens 156 and, at step 2008, move the selected group into the channel 152 (e.g., to a
staging area 1772 located adjacent to the opening of the pen 156 or some other region of the
channel 152). Although not shown In Figures 19A-19B, the holding pens 156 can contain
groups of micro-objects 402 as illustrated in Figure 5. Steps 2006 and 2008 can be performed,
for example, as illustrated in Figures 5-7 except the selected group 502 1s moved into the
channel 152 of Figures 19A-19B rather than the staging area 172 of Figures 5-7. If a light trap
(e.g., like light trap 504 In Figures 5-7) I1s used to move the group of micro-objects 502, the
light trap can be turned off once the micro-objects 502 are situated in the channel 152.

[0111] At step 2010, the flow 1904 of medium 144 in channel 152 can be resumed and the
selected group of micro-objects 502 can be carried with the flow 1904 and exported through
outlet 110, out into the export device (not shown), and through the distal end of the export
device.. During step 2010, the flow 1904 of medium 144 in channel 152 can be resumed, for
example, at a rate of about 0.05 to 0.25 ulL/sec (e.g., about 0.1 to 0.2 pyL/sec or about 0.14 to
0.15 ulL/sec). The flow 1904 of medium can be continuous, pulsed, periodic, random,
iIntermittent, or reciprocating flow of the liquid, or any combination thereof.

[0112] For process 2000 (as well as processes 300 and 1000), the export device can be
configured to export medium 144 (or other solution) into a receptacle, such as a test tube, a
well iIn a microtiter plate, or the like. The distal end of the export device (e.g., second end 192
In Figure 1D or second end 1692 In Figure 16) can contact the surface of a liquid contained In
the receptacle, thereby bringing the volume of exported medium 144 into direct contact with
the liquid In the receptacle. Alternatively, the distal end of the export device can contact a
bottom or side wall of the receptacle. Such direct contact, whether with the receptacle or a
liguid contained in the receptacle, can assist with reducing surface tension that might otherwise
tend to keep the volume of the exported medium 144 (or some fraction thereof) associated
with the export device.

[0113] Step 2010 of process 2000 can Include discarding unwanted medium 144 prior to
exporting the selected group of micro-objects 502. Once the group of micro-objects 502 has
been moved to a staging area 1772 (e.g., the region of the channel 140 located adjacent to the
opening of the holding pen 156 from which the selected group of micro-objects 502 was
removed (see Figure 19A)), there will be a "leading volume"” of liquid medium 144 that
occupies (1) the portion of the channel 140 located between the staging area 1772 and the
outlet 110, and (i) the interior passage of the export device (not shown), between the proximal
end (e.g., first end 188 of export device 182) and the distal end (e.g., second end 192 of
export device 182). As this leading volume of liguid medium 144 should not contain any micro-
objects, It may be desirable to discard it, for example, to a waste receptacle accessible to the
second end of the export device. Accordingly, step 2010 can include flowing a volume of liquid
medium 144 equivalent to a leading volume through the device 1900, such that the leading
volume Is discarded, then completing export of the selected group of micro-objects 502. After
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discarding the leading volume of liquid medium 144, but prior to completing export of the group
of micro-objects 502, the flow 1904 of liquid medium 144 In channel 140 can be slowed or
substantially stopped for a period of time sufficient to move the distal end of the export device
to a receptacle into which the group of micro-objects 502 can be exported.

[0114] Once the selected group of micro-objects 502 have been exported, step 2010 can
further include neutralizing any un-exported micro-objects that may be stuck in the channel
140, outlet 110, and/or the export device. Any of the neutralizing techniques discussed above
can be utiized. For example, the neutralizing technique can comprise or consist of flushing the
device 1900, Including the export device. Such flushing can constitute step 2002 of a new
round of export.

[0115] In one variation on process 2000, the liquid medium 144 used at step 2002 to flush the
channel 140, the outlet 110, and/or the export device (not shown) and at step 2010 to export
the selected group of micro-objects 502 can be replaced with an alternative solution. The
alternative solution can be suitable for processing of the group of micro-objects 502 after they
have been exported. The solution can be, for example, a solution that doesn't support cell
growth, a solution that cells do not tolerate well for long periods of time, or a solution
compatible with or useful for assaying biological activity. For example, the solution can be a
HEPES buffer, phosphate buffered saline (PBS), osmotically-balanced sugar water, or the like.
In this variation on process 2000, step 2010 can include a flushing step with liquid medium 144
such that the alternative solution Is washed out of device 1900. Provided that steps 2002
through 2010 are performed rapidly, exposure of the groups of micro-objects 402 (not shown)
located In the isolation regions of holding pens 156 to the alternative solution can be limited,
thereby substantially mitigating any damaging effect that the alternative solution might
otherwise have on the groups of micro-objects 402.

[0116] Any of the foregoing steps of process 2000, such as discarding a leading volume of
iqguid medium 144, or flushing and exporting in a solution different from liquid medium 144,
and any of the specific conditions, such as flow rates and the like, can be likewise applied In
processes 300 or 1000, as appropriate.

[0117] For any of processes 300, 1000, or 2000, the selected group of micro-objects 502
being exported can be exported in a pre-determined volume of medium 144 (or other solution).
The volume of medium 144 can depend on the number of micro-objects in the group and how
the group of micro-objects 502 1s going to be processed after export. Thus, for example, the
group of micro-objects 502 can be exported in a volume of medium 144 that is less than 5 uL
(e.g., less than 4 uL, 3 yL, 2 uL, 1 pyL, 750 nL, 500 nL, 250 nL, 200 nL, 150 nL, 100 nL, 75 nL,
50 nL, or less). Alternatively, the group of micro-objects 502 can be exported in a volume that
Is about 1 to 10 uL, 5to 15 uL, 10 to 20 uL, 15 to 25 pL, 20 to 30 yL, 25 to 35 yL, 30 to 40 L,
35 to 45 L, 40 to 50 yL, or any range defined by two of the foregoing endpoints. For single
cell genomics applications or the like, the group of micro-objects 502 can consist of a single
cell and the volume of exported medium 144 that contains the single cell can be relatively small
(e.g., less than 5 ulL). For cell line development or clonal expansion of cells, the group of
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micro-objects can include a plurality of cells and the volume of exported medium 144 that
contains the plurality of cells can be relatively large (e.g., 5 uL, 10 pyL, 25 yL, 50 uL, or more).
For assaying activity associated with micro-objects, the group of micro-objects 502 can include
one or a plurality of micro-objects and the volume of exported medium 144 that contains the
group of micro-objects 502 can be relatively small or relatively large, as appropriate for the
particular assay.

[0118] To prevent dilution and/or evaporation of the exported volume of medium 144,
particularly when the volume of exported medium 144 is small (e.g., 1 pL or less), the volume
of exported medium 144 (containing the group of micro-objects) can be exported into a non-
aqueous liquid, such as an oll (e.g., mineral oil). Alternatively, the volume of exported medium
144 can be exported into culture medium (e.g., fresh cell growth medium), assay medium
(e.g., containing appropriate assay components), or some other solution (e.g., PBS, cell lysis
buffer, and the like) suitable for subsequent processing of the micro-objects contained within
the volume of exported medium 144.

[0119] For any of processes 300, 1000, or 2000, the selected group of micro-objects 502 can
be exported individually or In series with other groups of selected micro-objects (i.e., the
processes 300, 1000, and 2000 can be repeated). In some embodiments, exporting groups of
micro-objects In series involves repeating specific steps of the process, while other steps In the
process are not repeated. For example, in process 2000 steps 206 and 208 can be repeated a
plurality of times without repeating steps 2002, 2004, and 2010, resulting in a plurality of
selected groups of micro-objects 502 being present in channel 140. During export at step
2010, pre-determined volumes of liquid medium 144 can be serially exported into different
receptacles. By adjusting the pre-determined volume of liquid medium 144 such that the
volume contains only a single group of selected micro-objects, mixing between the plurality of
selected groups of micro-objects can be avoided. Figures 21A-21C Illustrate additional
variations of the devices disclosed herein (e.g., device 100 of Figures 1A-1D or device 1900 of
Figures 19A-19B). As shown, the device 2100 of Figure 21A can comprise a passage 174
through the micro-fluidic structure 104 and an export interface 1302 in the form of a pierceable
cover adjacent to each of the holding pens 156 so that a hypodermic needle 1304 or other
such export device can pierce the interface 1302 and remove micro-objects (not shown In
Figure 21A) directly from a pen 156. Each passage 174, each export interface 1302, and the
hypodermic needle 1304 can otherwise be the same as likke numbered elements In Figures
13A-13C. Moreover, the device 2100 can otherwise be like the device 100 of Figures 1A-1D or
the device 1900 of Figures 19A-19B, and like numbered elements can be the same. Figures
21B and 21C show different ways in which the export interface 1302 can be adjacent to a
holding pen 156. In Figure 21B, the holding pen 156 Includes an isolation region 1960, a
portion of which forms a staging area 2172 above which the export interface 1302 can be
located. Micro-objects 204 (not shown) located in the staging area 2172 portion of the holding
pen 156 are thus accessible for direct export from the holding pen 156. In Figure 21C, the
holding pen 156 Iincludes an isolation region 1960 that Is connected (in this case, by means of
a passage) to a staging area 2172 above which the export interface 1302 can be located. As a
group of micro-objects 402 (not shown), such as a population of cells, multiplies in the isolation



DK/EP 3473699 T3

region 1960 of the holding pen 156 of Figure 21C, cells will begin moving into the staging area.
Such movement can be achieved, for example, by a force that includes gravity. Again, once
micro-objects are present in the staging area 2172, they are accessible for direct export from
the holding pen 156.

[0120] Rather than an export interface 1302 Iin the form of a pierceable cover 1302 and an
export device In the form of a hypodermic needle 1304 as shown In Figure 21A, the device
2100 can utilize any export interface and export device illustrated and described herein. For
example, the export interface 162 of Figures 1A-1D can replace any or all of the export
Interfaces 1302 In Figure 21A, and the export device 182 can replace the hypodermic needle
1304. As another example of a variation of the device 2100, rather than being a structure
separate from the micro-fluidic structure 104, the export interface 1302 can instead be a
portion of the micro-fluidic structure 104 immediately adjacent to a pen. In such a case, the
structure 104 need not include passages 174.

[0121] Methods of export that involve direct export from a holding pen 156 can be used to
export a selected group of micro-objects 502 in a very small volume of fluid medium 144 (or
other solution). For example, the export device (such as a hypodermic needle 1304) can have
a small volume of air located within the proximal end (i.e., the first end 1388 that gets inserted
Into/through the export interface 1302) prior to being inserted through the export interface
1302. Upon insertion, the export device can take up (e.g., aspirate up) a pre-determined
volume of liquid medium 144 that includes the selected group of micro-objects 502. The export
device can then be removed from the export interface 1302 and moved to an appropriate
receptacle, whereupon the volume of liquid medium 144 (along with the group of micro-objects
502) taken up by the export device I1s expelled into the receptacle. The air located within the
proximal end of the export device can thus prevent the exported volume of liquid medium 144
from mixing with fluid that would otherwise be present in the export device. In addition, by
avoiding an export path that goes through the channel 152, export interface 162, and/or the
length of the interior passage of the export device 182, an increase Iin exported volume due to
the selected group of micro-objects 502 spreading out as they travel and/or a loss of micro-
objects along the export path can be avoided. Moreover, the export device In this embodiment
(e.g., a hypodermic needle 1304) can be readily cleaned and/or un-exported micro-objects can
readied for further use by flushing the export device with a solution, such as a cleaning or
neutralizing solution. By flushing the solution through the export device and into an external

waste receptacle, introduction of potentially harmful chemicals into the microfluidic device (e.g.,
device 100, 1700, 1800, 1900, or the like) can be avoided.

[0122] Any of the steps of the process 300, 1000, 1100, 2000 of Figures 3, 10, 11, and 20 can
be performed with the export interfaces 1202, 1302, 1406 Iin Figures 12A-12C, 13A and 13B,
and 1406 or the outlet 110a of Figure 17 or 18 In place of the export interface 162 and/or the
export interface 1562 in Figures 1A-11 and 15A-16. Likewise, any of the steps of the process
300, 1000, 1100, 2000 of Figures 3, 10, 11, and 20 can be performed with the export devices
1304, 1402 of Figures 13A-14 In place of the export devices 182, 1682 In Figures 1A-11 and
16. Similarly, the process 300, 1000, 1100, 2000 of Figures 3, 10, 11, and 20 can be performed
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with the micro-fluidic devices 1500, 1700, 1800, 1900, 2100 of Figures 15A-19B and 21A-C
rather than the device 100.

[0123] Although specific embodiments and applications of the invention have been described
In this specification, these embodiments and applications are exemplary only, and many
variations are possible. For example, although the passages 174 are illustrated in the drawings
as passing through the top of the enclosure 102, the passages 174 can alternatively be
through a side or the bottom of the enclosure 102, and the export interfaces 162, 1202, 1302,
1406 (or outlets 110, 110a) can accordingly be on the side or the bottom of the enclosure 102.
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Patentkrav

— —
- -

1. Fremgangsmade (300, 2000) til udfeorsel af en gruppe af

celler fra en mikrofluldanordning, der har en 1ndeslutning,

der er konfilgureret til at 1ndeholde et vaeskeformligt medium,

en kanal, der er disponeret 1nde 1 1ndeslutningen, en flerhed

—

af opbevaringsaflukker 1nde 1 1ndeslutningen og en passage

gennem lndeslutningen, hvor hver opbevaringsaflukke at

—

flerheden af opbevaringsaflukker abner ud mod kanalen og er

pr—

celler

konfigureret til at 1ndeholde en klonal population a

pr—

og 1solere den klonale population af celler fra celler 1 andre

af flerheden af opbevaringsaflukker, hvilken fremgangsmade
omfatter:

udvaelgelse (2000) af gruppen a celler fra den klonale

population af celler, der er placeret 1 et opbevaringsaflukke,

pr—— pr——

SOm er én af flerheden af opbevaringsaflukker oa

pr—

mikrofluidanordningen, hvor den udvalgte Jgruppe af celler

pre——

omfatter mindre end hele den klonale population af celler;

p—
-

flytning (302, 2008) af den udvalgte gruppe af celler til et

opsamlingsomrade 1nde 1 1ndeslutningen; og

pr— pr—

udforsel (304, 2010) enkeltvis a cellerne af den udvalgte

pre——

gruppe af celler fra opsamlingsomradet gennem passagen dJgennem

lndeslutningen til en placering uden for 1ndeslutningen,

— — —

hvor flyvtning af den udvalgte gruppe af celler omfatter

—

selektiv frembringelse af elektrokinetiske kraefter 1 det

veskeformige medium, som tiltraekker eller frastgder cellerne 1

den udvalgte Jgruppe.

2. Fremgangsmade 1fglge krav 1, hvor flytningen omfatter

pre—— pre——

1solering af gruppen af celler fra alle andre celler, der er

disponeret 1 mikrofluldanordningen.

3. Fremgangsmade 1folge krav 1 eller 2, hvor  hver

pr—— pr——

opbevaringsaflukke af flerheden af opbevaringsaflukker

omfatter et 1solationsomrade, der er konfigureret til at

—

indeholde en flerhed af celler, og hvor udveksling at

— —

"ald mellem 1solationsomradet og kanalen 1

neringsstoffer og a

pre—— pre——

det vesentlige kun finder sted ved hjelp af di

"usS10n.
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4, Fremgangsmade 1fglge et hvilket som helst af kravene 1
til 3, hvor:

udvaelgelsen omfatter bestemmelse af, at dJgruppen atf celler har

1)

en bestemt aktivitet eller fysisk egenskab.

5. Fremgangsmade 1folge et hvilket som helst af kravene 1
11l 4, hvor udvaelgelsen omfatter selektivt frembringelse at
elektroklnetiske kKrefter pa gruppen at celler 1 det
veskeformige medium til tiltraekning eller frastedning at
gruppen af celler; og eventuelt hvor de elektroklnetiske

kraefter er dielektroforesekrefter.

—

0. Fremgangsmade 1fglge et hvilket som helst af kravene 1
til b5, hvor:

pr—— pr——

udvaelgelsen omfatter retning af et menster af 1lys 1nd 1

p—

mikrofluidanordningen, hvor mgnstret af lys omglver cellerne 1

den udvalgte gruppe og aktiverer dielektrofosekraefter, der

fanger cellerne 1 den udvalgte gruppe; og

— pr—

flvtningen omfatter flvtning at mgnstret a lvys t1l

opsamlingsomradet, hvor cellerne 1 den udvalgte gruppe

pr——

forbliver fanget af dielektrofosekraefterne, der aktiveres af

—

monstret af lys, nar meonstret af lys flyttes t1l

opsamlingsomradet.

—

7. Fremgangsmade 1fglge et hvilket som helst af kravene 1

ti1l o6, hvor opsamlingsomradet er placeret 1 kanalen, der er

disponeret 1nde 1 indeslutningen pa mikrofluidanordningen.

—

3 . Fremgangsmade 1fglge et hvilket som helst af kravene 1

—

til 7, hvor udforslen omfatter traekning af cellerne 1 den

udvalgte gruppe fra opsamlingsomradet gennem passagen 1

—

1ndeslutningen ved traekning af cellerne 1 den udvalgte Jgruppe

pr—

gennem en abning 1 en proksimal ende af en udfegrselsanordning;

og eventuelt

hvor traekningen omfatter frembringelse (1010) at et

tryvkdifferentiale, der trakker cellerne 1 gruppen 1nd 1

abningen 1 den proksimale ende af udfgrselsanordningen.
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9. Fremgangsmade 1fglge krav

omfatter

indsaettelse (1004) a

ey
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hvor wudforslen vderligere

f udfgrselsanordningen 1 en

udforselsgraenseflade, der er dilsponeret over passagen gennem

—

indeslutningen, til derved anbringelse af abningen 1 den

proksimale ende af udfgrselsanordningen tillstodende passagen.

10. Fremgangsmade 1feglge krav

omfatter et

deekker
daekslet

pr—
—

ved trykning af

selvliukkende daksel,

passagen, og hvor 1ndsaettelsen omfatter abning af

2,

den proksimale ende at

hvor wudforselsgraensefladen

der er dilisponeret over og

pr——

p—
-

udforselsanordningen mod en adskillelse 1 dakslet og flytning

—
e

op mod passadgen.

11. Fremgangsmade 1fglge krav

omfatter

dekker passagen,

dekslet med den proksimale

et selvhelende daksel,

pre——

anbringelse af den proksimale

tllstodende passagen.

ende

2,

0g hvor 1ndsettelsen omfatter gennemboring af

af den proksimale ende af udfegrselsanordningen, sa den steoder

hvor wudforselsgraensefladen

der er disponeret over o0g

pr——

pr—
-

af udfgrselsanordningen og

—

ende af udfgrselsanordningen

pr—

12. Fremgangsmade 1folge et hvilket som helst af kravene 1

11l 9, hvor den udvalgte gruppe

—

dl

celler udfores 1 et medium

eller en anden oplesning med et volumen pa 1 pl eller mindre.

pr—

13. Fremgangsmade 1folge et hvilket som helst af kravene 1

t1l 9, hvor den udvalgte gruppe aft

—

celler udfores 1 et medium

eller en anden opleosning med et volumen pa 1 pl til 10 upl.

pr—

14. Fremgangsmade 1folge et hvilket som helst af kravene 1

11l 13,
(1100)

udforselsgraensefladen for eventuelle 1kke-udforte celler af

den udvalgte Jgruppe;

en ny flyvtning (3060) af eventuelle 1kke-udforte eksemplarer af

cellerne

d

pre——

der efter udfeorslen vderligere omfatter inspicering

pr—

f opsamlingsomradet,

fra opsamlingsomradet,

udforselsgraensefladen.

udfeorselsanordningen og/eller

og eventuelt

ud:

pr——

—

"pgrselsanordningen og/eller
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—

15. Fremgangsmade 1fgolge et hvilket som helst af kravene 1

til 14, hvor:

passagen 1 1ndeslutningen er en anden passage 1 1ndeslutningen

pr—
—

ole er dlisponeret tl1lstodende en anden ende af

opsamlingsomradet,

pr—

flytningen omfatter flytning af den udvalgte Jgruppe til en

pre——

midterdel af opsamlingsomradet mellem den anden ende og en

—

modsat forste ende af opsamlingsomradet og

udforslen omfatter:
stromning (1008) af en vaeske fra en forste udfgrselsanordning

gennem en fgorste passadge 1 1ndeslutningen mod den fgrste ende

p—

p—

af opsamlingsomradet og derved frembringelse af en strem fra

pr——

den forste ende af opsamlingsomradet til den anden ende af

opsamlingsomradet og

crekning (1010) af cellerne 1 den wudvalgte gruppe fra den

pr—

anden ende af opsamlingsomradet gennem den anden passage 1

pre——

indeslutningen 1nd 1 en abning 1 en proksimal ende af en anden

udforselsanordning, der er disponeret tilstgdende den anden

passage.

pre——

16. Fremgangsmade 1folge et hvilket som helst af kravene 1-

—

15, der vderligere omfatter opretholdelse af den udvalgte

pre——

gruppe som en klonal gruppe af celler.

pre——

17. Fremgangsmade 1folge et hvilket som helst af kravene 1-

p—
-

le, hvor udfgorslen omfatter vudforsel atf et forudbestemt

—

volumen af det vaeskeformige medilium til derved udforsel af kun

—

den udvalgte gruppe af celler.
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Figure 3 300

302— | Move A Group Of Micro-Objects From A Holding
Pen To A Staging Area In A Micro-Fluidic Device

Export The Group From The Staging Area
Through An Export Interface

Neutralize Unexported Micro-Objects At The
Staging Area Or Export Interface
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Figure 10

1002— | -
Y Stop The Flow Of Medium

1004— | Insert An Export Device

Into An Export Interface

1006— | =
-~ Close The Qutlet

1008+ | Resume The Flow Of
| Medium

1000
[

1010— Create A Pressure '___ - —1012

N Differential In The Export Stop The Flow Ot Medium -

Device ' '

Remove The Export —1014

Device From The Export |

Interface
T 1 —1016
Open The Outlet

Resume The Flow Of | (1018

Medium
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Figure 11 e

1102— Apply Treatment To The Staging
Area And The Export Interface
1104—| Flush The Staging Area And The
Export Interface
110¢ Inspect The Staging Area And

The Export Interface

Figure 12A
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