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STABILINSATION FEATUREN

RELATED APPLICATIONS

{0001} This application claims the benefit of ULS. provisional application Ser. No.
617820463, filed May 7, 2013, which 1s hereby incorpornted heveln by refercnce i its
catirety.

{02 Also mcorporated hevetn by reference i their entivety are ULS. provisiomal
applications Ser. Nos. 617344 434, filed July 22, 2010, 61470 515, filed Apnil {, 2011,
61/470,520, filed Aprid 1, 2011, and 61/590,499_ filed January 25, 2012, and U.S wility

application Ser. No. 137147679, filed Aagust 3, 201 L.

BACKGROUND

{0003] Currently the processing of bivlogical samples has a manber of key drawbacks.

high reagent costs: high consumable costs: and fabour-intensive protocois and processes,
which are highly susceptible to cross-contamination. For these reasons complete control
and isolation of each individual sample within the biochemistry process cannot currently be
enswred, Composite fiquid cells {CLCs), as described in ULS. utility application Ser. No.

13/147.679, offer sohutions to many such problems.

{H04] Some applications of CLCs Involve heating reagents and biological samples
contamed in a CLC. Such applications can include cell screening, inumunoassays,
nuclercribonucleic acid sample extractions, nucleic acid isolation/purifications, various
different methods of noaclere acid amphification {inchuding PCR, dPCR, gPCR, TMA,
BDNA, LCR, ete)), and mecleic aoid library preparation for sequencing. Ovcasionally s CLC
may contain a gas, for example, ambient atr that has been trapped in or absorbed by the
CLC, or gascous by-products of chemieal reactions taking place side the CLC. The
presence of gas in a CLC, eapeeially & CLC andergeing thermal changes, can create
problems in handling, aligning, stabilizing and/or immobibizing the CLC, problems that
might not exist in a larger reaction vohome. Misaligmment can be a particular problem for
optical detection systerss that rely on accurate placement of the CLC at a predetermined

sife.
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SUMMARY
[0005] Devices, systems and methods for making and handling hquid samples are

disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

{8006] FIGS. 1~12 schematically show various hquid cell stabilisation features from above,
and 1 side cross~-section, m some cases mcluding stabilized CLCs.

{0867] FIG. 13 15 a plot of the standard deviation of mtensity at cach of eight nodes with
vartous different geometric gas stabilisation features and with no geometrie gas stalnlisation

features.

DETAILED DESCRIPTION

{6008] To avoud the problems associated with gases retained m CLUs, one can, for example
nuniize the likelihood that CLCs will be formed contaming gas in the first place,
nunimize the degree o which gas enters a previously formed CLC, or encourage gas
present i a CLC to exit the CLC,

{8089] Degassing some or all of the reaction connponents prior 1o processing can result in
CL.Cs that contam less gas than would otherwise be present. A typical method of degassing
a fluid s to place it in negative prossure 0 remove any dissolved gases. Heating anddor
agitating the Huid while under negative pressure can augmend this process. Thus method can
sigmificantly reduce the presence of, if not 100% removing, dissolved gases. Following
heating, agitation and/or the apphication of negative pressure, the degassed hquid can be
stored o a vacuun-sealed vessel, Ideally, the degassed fhaid is typically used immediately
or shortly after processing to miminuse the reabsorption of pases.

{0010} In static svstems, optical detection can be emploved to track any gas production and
accouant for the resalting movement, reaction loss or reduction in data quality. Optical
detection systems are typically expensive, complicated to integrate, and require exionsive
computational power 1o work effectively.

{0011} As explained i U.S. vulity application Ser. No. 13147679 stabilisanon featwres
can be ysed to immobihize or inder CLUs, and may be part of the process of creating,
moving, mixing, combining, splitting, processing and/or otherwise controtling CLUs on the
free surface of a carrser flwd. The shape of the stabilisation feature can be designed t©

encowrage the exit of gases from a CLC.
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{00121 FIG. | schematically shows an overbead view of o stabilisation feature having a
senerathy round central portion 181 and two channels 182, 183, FIG. 2 shows the same
stabilisation feature with a droplet 184 of encapsulating fhud stabilized i the central
portion. The stabilisation feature is shown from above and i cross-section from the side.
The channels 102, 163 allow for and encourage the escape of gases from the encapsulating
flukd. The escaped gas may cither be frapped in the channcls 162, 183 or may escape the
stabifisation feature entirely. Exit of gases from the CLC or encapsulating fluid can prevent
the CLC from floating off the stabilisation feature, and can improve the repeatability of
locating the CLC on the stabilisation foature, Without the channels, gas might be retaed
within the CLC; boeause of the shape of the stabilisation featwre, any gas released by the
CLC can exit.

{0013} FIGS. 3 and 4 sinnlarly show schematically a stabilisation featere that allows or
cncourages gas to escape from a CLL. o this case, the stabilisation featare defines a
generally frustoconical void with the free surface of the carrier fluid af the bottom of the
frastom. The CLC sits on the free surface of the carvier fluid, and the upwardly opening
conical shape encourages gas to escape from the CLC

[B8014] FIGS. 5 and 6 are schematically show an eabodiment similar 1o that shown in
FIGS, 1 and 2 but with four symmetrically positioned channels rather than two.

{0015] FIGS. 7 and 8 schematically show a gencrally diamond-shaped stabilisation feature,
where the short axis of the diamond retains the CLC, and the long axis of the diamond
defines channels through which gases mayv escape.

{6016} FIGS. 9 and 10 schematically show a stabilisation feature similar to that of FIGS. 1
and 2.

{0017] FIGS. 11 and 12 schematically show a generally clovedeaf-shaped stabilisation
feature with four exterior channels for gas escape.

{0018} As used herein, control surface can mean any material that contacts any of the
fluids. For example, stabilisation features can be part of the control surface, as can canals
or other connections. Controlers, such as control rods, control tubes, capillary metering
tubes, ete., designed 1o move, immobilize, create, combine or othenwise manipulate CLCs
or their constituent fluids, can also be a control surface.

{8019] #1G. 13 is a graph showing smprovement m location consistency due to the use of

gas stabilisation features. Design A included no feoatures designed to encourage gas to exit
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the CLCs. Designs B, C, D and ¥ included features such as those shown i FIGS. 1-12,
CLCs were formed with artificially introduced gases, and then located at each of 8
stabilisation features in cach of designs A-E. The CLUs were then opuically mterrogated.
The expermment was repeated nultiple times for each design. At each location the standard
deviation of the detected opuical counts was caleulated and is shown i FIG. 13, Design A
performs the worst, having the largest standard deviation of intensity counts. Designs B, C,
D and E perform better, with the best design, B, lowering the standard deviation six-fold or
MIOTE 111 SOMIE CASES.

{0826] In some embodiments the control surfaces have a circular shape.

{8021} i some embodiments the stabiisation feature consists of cireular through-hole that
1s hydrophobic. The through-hole is generated m a hydrophobic material,

{9822] In another cobodiment the control surface is formed in a material coated with a
hvdrophobic material,

[8023] As explaimed m ULS, unility application Ser. No. 13/147 679, stabilisation features
can have a variety of shapes and functions. Some are connected by “canals™ in 8 network.
In some cases, the canals in a network can serve the same function to encourage the exit of
gascs as the chamnels shown m FIGS, 1-12,

{0024] To cliniinate the problem of movement of the compostie hquid cells the control
surfaces are shaped to allow gases to escape, while matntatning the composite laquad cell in
the optiznun position for processing, for example, in liquid handiing, thenoal processing,
and/or durmg optical detection.

{6025} In one embodiment the control surface shape provides a preferential location for
wases, (o prevent interference with the composite Hopaid eell

[8026] One embodiment of this invention vses the density differences of fluids to ensure
gas free operation.

{0027} Onc embodiment the control surfaces allow flnd compumication between
composte liquid cell locations.

[0628] Example Node Shapes

{60291 In one embodiment the stabilisation feature has a tapered vertical profile, creating a
fanned shape, & narrow base and wider top dimension as in FNG. 4. The shape can be
frastoconical as shown, or any other sort of taper.

{0030} In one embodiment the taper is wider at the top than the bottom,
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{0031} A preferved shape is that of o circular shape with one or more smaller geometrical
shapes offset from a contral location for the composite hguid celf as in FIGS. 1-12

{0032} In one embodiment the shape is that of a semi-circle, see figure 9

{0033 In one embodiment the shape 15 an clongated channel.

{0034} In one embodiment the control surfaces are stationary

{HI35] In one cimbodiment the control surfaces move.

{036] In one cbodiment the contrel surfaces move and the shape features are paralicl
the direction of motion.

{0837 In one embodiment the control surfaces move and the shape features are
perpendicular to the direction of motion,

{0038} In one embodiment the control surfaces move and the shape features are diagonad to
the direction of motion

{039] In ong cwmbodiment the control sarfaces are heated.

{0040 Seabilisarion Merhod

[8641] In one embodiment an encapsulating fuid is deposited on the free surface of a
carrier flaid. The encapselating fluid 15 then heated or cooled. A biological sample is then
dispensed, generating a compostie hiquid cell,

{00842} In one embodiment an encapsulating fluid is deposited on the free surface of o
carrier fluid. A biological sample is then dispensed, generating a composite hiquid cell. The
cell is then heated or cooled prior to biolegical processing.

[0043] In one cimbodiment the heating or cooling s rapidly performed,

{6044 In one embodiment the encapsulating fluid 1s retumed to ambicat temperature.
{0845] In one embodiment the encapsulating had 1 mamtained at a thermal sct point for
biclogival processing,

{00846} In one embodiment an encapsulating fhuid 15 deposited on the free surface of a
carrier fluid. The encapsulating fluid is then agitated. A biological sample is then dispensed,
gencrating a composite Hgaid cell

{0047} In one cimbadiment an encapsulating fluid is deposited on the free surface of a
carrier fluid. A biological sample is then dispensed, generting a composite iguid cell. The
composite liquid coll is then agitated prior to biological processing.

{0048] in one embodiment the agitation is mechanical.

{0049} In one embodiment the agitation is fluidic.
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{0054] In ong ewbodiment the agitation is pressure induced.

1005Y] Cordain Mecific Embodiments

{0032} A stabilization feature can be used to immobilize a compaosite lquid cell. The
stabilization foature can include a hydrophobic wall defining a vessel. The vessel can
define a central portion sized and shaped to snugly contain a composite bquid of a
predetermined stze, a vertieal axis, and at least one chanpel portion adapted to flow gas
away from the central portion. The vessel generally defines a cross-sectional shape w a
plane perpendicular to the vertical axis. In some embodiments the cross~sectional shape is
constant along the vertical axis. In some embodiments the cross-sectional shape is not
constant dong the vertical axis. For example, the vessel may be tapered so that the cross-
scetion a shape 1s larger at or near one end of the vessel than at or near the other end of the
vessel.
{8033] In somwe embodiments the ceniral portion can be substantially cucaelar, In some
embodiments the cross-sectional shape can be, for example, substantially rhombod, oy
circular, or cloverieaf-shaped.
[8054] In some embodiments the at least one channel portion can be substantially civealar,
or substantially rectanguiar. In some embodiments the at least one channel portion can he
offset horizontally from the central portion. In some embodiments the at least one channel
portion is a plurality of channel portions, while in other embodiments the at least one
channel portion is a single chasnel portion, A plaratity of channel portions can be ovenly
or unevenly circumfeorentially spaced around the vertical axis. For example, two chamael
portions can be spaced 180 degrees apart from one another around the vertical axis, or four
channel portions can be spaced 9 degrees apart from one another arowund the vertical axis.
{0055] In some embodiments a stabilization feature for tmmobilizing a composite higaid
cell can include & hydrophobic wall defining a vessel. The vessel can define & contral
portion sized and shaped to snugly contain a composite hgumd of a predetermuned size, and
a vertical axis. The vessel can have a cross-sectional shape in a plane perpendicalar to the
vertical axis, and the cross-sectional shape can be tapered along the vertical aas so that the
area of the cross-sectional shape is larger at a top of the vertical axis than at a bottom of the
vertical axis. In some cmbodinwents the vessel can have a plarality of cross-sectional
shapes each in a plane perpendicalar fo the vertical axis, and all of the plorality of cross-

sectional shapes are congroent. In some embodiments, the pharality of eross-sectional
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shapes are not all congruent. For example, near the bottom the cross-sectional shape nught
be sabstantially circolar, while near the top the cross-sectional shape could be substantially
rectangular or substantially clover-leaf-shaped. In some such embodiments, the vessel
might mclude one or more channel portions that extend downward from the top of the
vassel, bt do not reach the botton of the vessel.

{HI56] In some emboduments, a phaality of stahilization features can be part of a network,
The stabilization features in the network can be connected by a phuality of canals. Each
stabilization featare can be in fluid communication with one or more other stabilization
featwres by way of ong or more canals. In some embodiments, sach a network can melude
a carrter fiquid having a substantially horizontal free surface. and the central portion of cach
vessel can mclude a predeterpuned quantity of an encapsulating liquid. The carrier liqud
can be immiscible with the encapsulating liguad and denser than the encapsulating hquid so
that the cncapsudating Hguid floats on the free sarface of the carner lguid,

{86571 A method can mclude providing such a network that mcludes stabilization features
connected by canals. The method can include charging the plurality of canals and the
stabthization featares with a sufficient quantity of & carrier Baguid that the cavrier hquid has a
substantially horizonial free swiace throughout all the canals and stabilization featwres,
drawing a predetermined quantity of an encapsulating biquid from an encapsulating hiquid
nput, discharging the drawn predeternuned quantity of encapsulating biquid proximate to
one of the plurality of stabilization features, wherein the carrior Hquid is immuscible with
the cncapsulating liquid and denser than the encapsulating liguid so that the predeternuned
gquantity of encapsulating liquid floats on the free surface of the carnier hquid, drawing a
predetermined quantity of a sample ligpad from a sample-liquid input, and discharging the
deawn predetermined quantity of saraple figquid proximate to the discharged predeternuned
quantily of encapsulating hiquid to form a composite hquid cell on the free surface of the
carrier liquid, the sample hquid being tmouscible with the encapsulating hquid and with the
carvier liquid, so that the sample hquid does not mix with cither the encapsulating Hauid or
with the carrier Hquid.

{6058 1o some embodiments, such methods can include either heating or cooling the
discharged predetermined quantity of encapsulating Hguid, The heating or cooling can be
carried out cither prior fo, duting, or after discharging the predetormined quantity of sample

liquid.  In some such methods, the composite liquid cell can be maintained a predetermined
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thermal set point for a predetermined amount of time as part of a biological processing

protocol,
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CLAIMS
We clabm:
L. A stabilization feature for inunobilizing a composite liquid cell, the stabilization feature
conprising:
a hydrophobic wall defining 2 vessel;
wherein:
the vessel defines a contral portion sized and shaped to spugly contain a
conposite tiquid of a predeternuned size;
the vessel defines a vertical axis; and
the vessel defines at least one channel portion adapted o flow pas away

from the central portion.

o

. The stabilization featare of claim | wherein the vessel has a cross-sectional shape in a
plane perpendicalar to the vertical axis, and the cross-sectional shape 13 constant
along the vertical axis.

3. The stabihizaton featare of clamm 1 wherein the vessel has a cross-sectional shape ina
plane perpendicidar to the vertical axis, and the cross-sectionat shape is not constant
along the vertical axis,

4. The stabitization feature of claim 3 wherein the vessel is lapered so that the cross-
sectional shape s larger higher along the vertical sxs,

3. The stabilization featwre of auy of clains {-4 wherein the condral portion iy substantially
cireular.

¢. The stabilizaton feature of any of claims 1-5 wherein the at least one channel portion is

offset hortzontally from the central portion.

i

. The stabilization feature of any of claims 1-6 wheremn the at least one channel portion is a
plurality of channel portions.

8. The stabslization feature of claim 7 wherein the plurality of channe! portions is two
channel portions spaced 180 degrees apart from one another around the vertical
AXIS.

9. The stabilization feature of claim 7 wherein the plurality of channel portions is four
channel portions spaced 90 degrees apart from ong another around the vertical axis.

10. The stabilization foatere of any of claims 1-9 whercin the af least ong channel portion is

substantially circular,
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11, The stabilization feature of any of claims 1-9 wherein the at least one channel portion is
substantially rectangudar,

12, The stabilization feature of any of claims 19 wherem the cross-sectional shape 15
substantially rhomboid.

13, A stabddization feature for inumobilizing a compostie Hiquud cell, the stabilization foature
CoAmpIsing:

a hydrophobic wall defiung a vessel;
wherein:
the vessel defines a central portion steod and shaped to snugly contain a
composite hiquid of a predetermined size;
the vessel defines a vertical axas; and
the vessel has a cross-sectional shape in a plane perpendicalar (o the vertical
axis; and
the cross-sectional shape 15 tapered alonyg the vertical axis so that the area of
the cross-sectional shape 1s larger at a top of the vertical axis than at
a bottom of the verteal axis.

14, The stabilization featare of claim 13 wherein the vessel has a plurahity of cross-sectional
shapes cach in a plane perpendicular 1o the vertical axis, and all of the plurality of
cross-sectional shapes are congruent.

15, A notwork comprising:

a plurality of stabilization features, cach according o any of claims 1-14; and

a plurality of canals connecting ecach of the stabilization features 1o at least one other
of the stabilization features such that cach stabilization featwe s 1 flaid
communication with at least one other stabilization feature.

16, The notwork of claim 15, wherem:
cach of the plurality of canals and each of the vessels of cach of the plurality of

stabilization featuves contains a carvicr liqqad having 3 substantially
hortzontal free surface;
the central portion of cach vessel contains a predeterniined quantity of an

cncapsalating hguid; and
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wherein the carrier hquid is immiscible with the encapsulating lipod and denser
than the encapsulating hiquid so that the encapsulating lpad floats on the
free surface of the carmer hiquid.
17. A method comprising:
providing a network accordmy to claim 13;
charging the plurality of canals and the stabilization features with & sufficient
quadity of a carrier higuid that the carrier liguid has a substantially
horizontal free surface throughout all the canals and stabilization features;
drawing a predetermined quantity of an encapsulating hguid from an encapsudating
hqund mput;
discharging the drawn predetermined quantity of encapsulating hiquud proximate to
one of the phuality of stabilizavdon featares, wherein the camier hiquid is
punuscible with the encapsudating hquid and denser than the encapsulating
tiquid so that the predetermined quantity of encapsulating liquid floats on the
free sarface of the carrier ligad;
drawing a predeternuned quantity of a sample liguid from a sample-hiquid input; and
discharging the drawn predetermined quantity of sample hqutd proximate to the
discharged predetermined quantity of encapsulating hiquid to form a
composite hiquid cell on the free surface of the carner hiquid, the sample
Hauid being impuscible with the encapsulating liquid and with the carrder
hquid, so that the sample hiquid does not mix with either the encapsulating
Liguid or with the carnier hiquid.
18. The method of claim 17 further comprising oither heating or coonling the discharged
predefersuned quantity of envapsudating hgueid.
19, The method of claim 18 wherein heating or cooling is carmied out prior to discharging
the predetermined guantity of sample liquid.
260, The method of either of claims 18 or 19 wherein the composite hgaid cell is mainiained
a predetermined thermal set point for 8 predetermined smount of time as partof a

biotogical processing protocol.
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