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(57) ABSTRACT

The invention genera

assemblies for displacing

droplets from o vies: itate the collection and

tranafer of the droplets while minimizing sample loss. [n
(Continued)

10X Ex. 1001, Page 1

1. An assembly, the assembly comprising:

a microchannel in a horizontal plane;

at least one droplet formation module comprising a
sample inlet, an immiscible fluid inlet, and a junction,
wherein the junction is located between the sample
inlet and the microchannel and the droplet formation
module is configured to produce droplets comprising
the sample surrounded by the immiscible fluid: and

at least one downstream separation chamber comprising a
droplet receiving chamber inlet and at least one droplet
receiving outlet, wherein the separation chamber is
upright to the microchannel and out of the horizontal
plane;

wherein the droplet formation module and the separation
chamber are in fluid communication with each other via
the microchannel; and wherein the separation chamber
has a wider cross-section than the microchannel cross-
section to accumulate a plurality of droplets comprising
the sample and is of a volume suflicient to separate the
plurality of droplets comprising the sample from the

immiscible fluid within the sQaratiDn chamber.

(086 and 087 IPRs, Ex. 1001 (‘837 patent) at Title, 88:2-23).
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U.S. Patent No. 9,896,722

N R 1. A method of reducing contamination associated with
sample handling, comprising:
v» United States Patent o Pueat Nz US 9806722 B2 providing an aqueous fluid comprising a sample through
(54)  SYSTEMS FOR HANDLING MICROFLUIDIC (56) eferences Cites a Sample inlet;
S e providing an immiscible fluid flowing through a main
) s D e i s S Stn coon o channel that is in fluidic communication with the

(73) Assignee: Raindance Technolagies, Tnc.
Billerica, MA (US)

v sample inlet, wherein the main channel is in a horizon-
tal plane;
partitioning the aqueous fluid with the immiscible fluid to
form a plurality of droplets in the main channel,
wherein at least one droplet comprises a sample;
flowing the droplets toward a downstream separation
chamber that 1s in fluidic communication with the main

() Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days

(21)  Appl. No.: 15/415,044

(22) Filed:  Jan. 25,2017

(65) Prior Publication Data

(63) o No, 13/855,318,
0. 9,562,837, which

(Continued)

(31} Int, CL

C12Q 1468 (2006.01)
BOIL 340 (2006.01)
(Continued) channel
(52} US.CL 1
CPC ... CI2Q 146848 (2013.01); BOIL 3502715

wherein the separation chamber has a wider cross-section
than the main channel cross-section and the separation
chamber 1s disposed perpendicular to the main channel;

separating the plurality of droplets from the immiscible
fluid in the separation chamber based on the different
densities of the droplets and the immiscible fluid.

(2013
(©

(58) Fleld of Classifica
CPC e €12Q 2

L 3502753 (2013.01);

C12Q 2565/629, C12Q
ARG 2Q 1/00; C12Q 1/6848;
(Continued)

COLLECTION  504TING.
WOOULE  MODULE  MODULE

10X Ex. 1001, Page 1

(088 and 089 IPRs, Ex. 1001 (‘722 patent) at Title, 88:2-23).
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“Separation Chamber”

Patent Owner

“chamber sized to
accommodate multiple
droplets and an immiscible
fluid in separated form”

“a space that is
substantially enclosed”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 7



“Droplet Receiving Outlet” (‘837 Patent)

Patent Owner

Means plus function or

“a structure connected to
“portion of the separation the interior space of the
chamber where droplets  chamber and configured so
are collected” that substantially only
droplets flow into it when
exiting the chamber”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 8



“Coupled” (Dependent Claims 7 and 9 of the ‘837 Patent)

Patent Owner

“operably linked” “fastened or joined”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 9



Background on

Ismagilov and Quake
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Ismagilov
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10X Es. 1004, Page 1 (Ex. 1004 (Ismagilov), Figs. 3A, 4, 7A, 38;
086 Paper No. 26 (POR) at 8-9;
088 Paper No. 26 (POR) at 8-9).
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Quake

ZO020HS

s United States

uz Patent Applicati
Quake et al.

(54) MICROFABRICA
DEVICES AND METHODS

(75)  Inventors: Stephen R. Quake, |
(US): Todd Thorsen)
(Us)y

Comespondence Address:
DAREY & DARBY P
805 Third Avenue

New York, NY 10022 (US)
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(51)

US 2002/0058332 Al

1 and
wiew

B a function of the cross-sectional arca of 1he chan
the coll concentration, the laticr Iy dotorming
of acceplable values of P discussed above. From these
relationships, it s then casy to calealate the maximum
channel length between the detection and discrimination
region which would ensure that cells do nol changs order or
position in the line of cells. In prastice, the channel length
betwesn the detection and discrimination regions is betacen
about 1 gem and abowt 100 g,

[91] Shear forces may affec at which the
cells move through the microfvidic d particularly
when g eells ane io be sorted and eollected. Experiments
have i high clectr

s, in the range of 2-4
es and 5-10 kViem for yeast

cells wsing electroporation. Al these volia
cell lysis, although membrane permeation w
avoid ane permeation and cell lysis
that the electric fieks applied 1o move cells inoany of the
described fow technigues is less than about 60 Viem and
st preferably less than abour 100 Vien.

it s prefermed

EXAMPLE 7
[0192] Elastomeric Microfabricated Doviec

[0193] This Example demonstrates the manufscture and
operation of & disposshle microfsbricated FACS device,
which can Innunun as a stand-alone device or as 2 compo-

than conventional
times. In this example, the microfabricated chip bad a

\f‘é m;u.‘hin = and rlllllllplb-hulll run

detection volume of approximately 250 and single channel
throughput of sboul 20 cellssecond. The device obtained
subsiantial enrichment of micron-s fiworescent bead
populations of differeat colors. In additicn, populations of F.
coli cells expressing green fAvorescent profein were sepa-
rated, and enriched, from a hackground of non-Auorescent
(wild type) E. coli cells. The bacteria were also fund 1o be
wiahle after extraction from the sorting device.

[#194]

Preparation of the microfabricated device

[95] A silicon wafer was elched and fabricated as
described atove and in (12). Aller standand contact photo-
graphy techoigques 1o patiern the oxide sarface of the
silicon wafer, 2 + E0s mixlure was wsed 1o elch the
waler by RIE. The silicon waler was then subjected o
Furiher etch with KOH 1o expose the silicon undermeath the
oxide Laver, theseby Fomming 2 mold For the silicone elas-

E it of chan-

wold Forms a “T* arrangenm
nensions of the chanoels may racge broadly,
ng approximately S<d um dimension

6]

A representative device of the invention
The & I-.h i

tive master meld out of a
licone elasiomer chip was made by mixing
Gieneral Eleciric BRIV A15 n.\mnpllm.llk (34a) In!__g[ht.r aml
pouring onte the etched silicon wafer, Afler curing in an
oven For wo bours at 80° O, the elastomer was peeled from
the waler and bonded hermetically 10 a glass cover slip for
sorting. To make the elastomer bydrophilic the clastomer

May 16, 2002

chip was immersed in HO(pH=2.7) at 60 degrees © for 40
1y, the surface could have been coated
wiw in 955 cthanol and diluted 10X
that the master wafer can be reused

to 60 min. Allc rnali

indefinitely. The devics shown has channcls it

wide at 1he wells, narmowing 1o 3 gm al the so
{discrimination region}. The channel depth is
wells are 2 mm in dismeter.

[0197]

25) & shown in FIG. 8. Inthis system, the flo
be provided by voliage clectrodes for electro-
ol or by capillaries for pressure-driven conir
tion system can be photo multiplicr tubes or
depending upon ibe application. The inlt

collection wells were incorporated ino the ol

om three sides of the =T forming three chann

and 7). The chip was adbered 1o a glass
mounted onto the microscope.
[0198] Three platinum electrodes. were each
separste wells, A watercooked argon laser (
LO0 W msercury lamp (for beads) Focused 1
immersion objective (Olympus Plan Apo 600
used 1o excite the Huorescence and & charge-c
{(‘( D) camera ook the ima;
m a 630 nmx M emi 0 filter (Chromal
W region was approximately 5w 10
T-junction and bas a window of approgimat
dimension. The window is implemented with af
able slit. Using ene or two Hammatan R928 phy
mbes (hins —K50 WV} with custom current-to-v
fier, or using photodiodes, as detectors, and
emission fillers (depending on the Auoresoend
remi(=) from the detectoris) were converted bo)
Hurr-Broown OF128 optical amplifier { 107 WA
National Instrument PC1200 board and prog
compuler, The vollages on the elecimdes ane
pair of Apex PAAZ HV op amps powered by A
supplies. The thind ckcirode was ground, /
sellings on the P20 boand analog o
b

af the fluids. Thus

In this crvbodiment the cell-sorting
mounted on an inverted aptical microscope (2]

To select For red

platinum electrodes car

[0197] In this embodiment the cell-sorting device was
mounted on an inverted optical microscope

35) as shown in FIG. 8. In this system, the flow control can
be provided by voltage electrodes for electro-osmotic con-
trol or by capillaries for pressure-driven control. The detec-
tion system can be photo multiplier tubes or photodiodes,
depending upon the application. The inlet well and two
collection wells were incorporated into the elastomer chip
on three sides of the “T” forming three channels (FIGS. 6
and 7). The chip was adhered to a glass coverslip and
mounted onto the microscope.

I
. Furthermore, diff
ice can be

ferent compuier programs, e

wolled procedures using Known programming
[n199]

Sorting Experiments

Ihis embodiment of the microfabri
used 1o sorl Auorescent beads
engibs in differcnl ratios up o

: ave
per hwrlhmughpul (Ses FIGS, 9-12). Exira reservoir wells

were incorporated inlo the owter side of the thre
chip inorder 1o avoid ion-depletion

voir wells, One micron diamets

ween 20 in various ratios and dilur

af the different colored flusrescent beads, having ratios as
led below, were injected inlo the inlet well in 10 1o 3y
The enllection wells were filled with the same

imdi

f g
buffer,

10X E

and platioum clectrodes

ended in PES (137 mM NaCl, 2.7 mM KCL 4.3 mM
H0, 1.4 mM KH,PO,) wilh 105

wler-con-
technigues.

icated FALS
of different
3500 heads

¢ wells of the

r beads were
BSA (1 g1y
ons. Sarmples

x. 1006, Page 45

088 P
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(Ex. 1006 (Quake) at 1 197;

086 Paper No. 26 (POR) at 9-10;

aper No. 26 (POR) at 9-10).




Ismagilov and Quake

Are Missing Several Elements
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Ismagilov and Quake Are Missing Several Elements

With respect to the ‘837 patent,
Ismagilov and Quake are missing
several elements of the claims,
Including but not limited to:

1) “separation chamber”

2) ‘“‘upright to the microchannel and
out of the horizontal plane”

3) “wider cross-section than the
microchannel cross-section to
accumulate a plurality of droplets”

4) ‘“volume sufficient to separate the
plurality of droplets”

5) “droplet receiving outlet”

(086 Paper 26 (POR) at 29-43, 48-49).

With respect to the 722 patent,

Ismagilov and Quake are missing

several elements of the claims,

Including but not limited to:

1) “separation chamber”

2) “disposed perpendicular to the main
channel”

3) “wider cross-section than the main
channel cross-section”

4) ‘“‘separating the plurality of
droplets”

5) “collecting the separated droplets”

(088 Paper 26 (POR) at 22-36, 42-43).
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Ismagilov and Quake Are Missing Several Elements

Direct Testimony
of Petitioner’s Expert Dr. Fair

101. There are two main theories of invalidity. First, 10X 1dentifies prior art
disclosures meeting the broad constructions implied by Bio-Rad’s mfringement

contentions: specifically, collection wells. Ismagilov discloses a collection well

(Ground 1) and anticipates. Further, a person of ordinary skill in the art would have

been motivated to combine Quake for additional information regarding the structure

of a well of a microfluidic device (Ground 2).

(086 Ex. 1008 (Fair Dec.) at 1101,
086 Paper 2 (Petition) at 23-24;
088 Ex. 1008 (Fair Dec.) at 195;
088 Paper 2 (Petition) at 22).
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Ismagilov Is Missing Several Elements

11. Ismagilov discloses collection wells or reservoirs that are a separation chamber
with a droplet receiving outlet under Bio-Rad’s interpretations. Ismagilov discloses

2% Cl

an “outlet port,” “an area of a substrate that collects or dispenses . . . plugs” and may
“communicate with a well or reservoir.” Ismagilov, 9:5-8, 14:36-38. Ismagilov
describes after a manifold an “outlet™ that “can be adapted for receiving, for example,
a segment of tubing or a sample tube, such as a standard 1.5 ml centrifuge tube.
Collection can also be done using micropipettes.” Ismagilov, 17:27-30. Collecting
fluids by micropipette requires a container with a volume of liquid to pipette and an

opening to insert the pipette, i.e. a collection well. Fair, 19 129-132 (citing Ex. 1040,

Ex. 1041).

(086 Paper 2 (Petition) at 36;
see 088 Paper 2 (Petition) at 36).
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FIG, 42 shows o schematic disgram (left side} of o
mierofluidic network and a |'\|n|||gr1|'\|\ {right side) of the ink
plug region of the microfleidic nework in which the gra-

dients were Formed by varying the flow res,
FIG. 43 shows a 'GLl)\.III.I[I& disgram (lefi side} of
[raiest a h (right sade) of
Tysoeyie erystals foroed in s microfuidic network using

aradients

29,091 B2

&

weh s soft Hithography, As used berein, the term
 nelides those that are called, known, or elassifiel
as mierofabricated devices. A devi coonding 1o the nven-
thon may have dimensions between about 0.3 cm o about 15
ifor & ‘inch wafer) cm per side and berween about |
micrometer 10 about 1 em thick, but the dimensions of the
device may also lie ouside these ranges.

The teem “discrimination region” refers ko @ part of or 3

Ismagilov Is Missing Several Elements

that facilitate

The term *“inlet port” refers to an area of a substrate that
receives plug-fluids. The inlet port may contain an inlet
channel, a well or reservoir, an opening, and other features
e entry of chemicals into the substrate. A
substrate may contain more than one inlet port if desired.
The inlet port can be in fluid communication with a channel
or separated from the channel by a valve.

solicd, guid, or gaseous phase. A o
form or shape such s tubular or c
variahle ( spered ) diieter along its len
more cross-sectional shapes abong its length such as rec
gular, circular, or triangular. A channel is typically made of
a suitable matesial such as o polymer. netal, gla
dte. or oiber relatively inent materials, As used hesein, the
term “channel” inchedes microchannels that are of dimen-
siols suitable for use in devices. A petwork of channels
refers o a multiplicity of channels that are typically con-
nected o in communication with each other. A channel may
be connected to ot Jeast one other channel through ancther
rype of conduit such as o valve,

The tenn “chemical” refers 1o o substonce, compounsd,
mixture, solution, emulsion, dispersion, mokecule, ion,
dimer, macromelecule such as o [m'l\ mer or profein, hio-
molecule, precipitate, crystal, cal muokely or group,
particle, nanoparticle, reagent, reaction product, solvent, or
fluid any one of which miy exist in the solid, liquid, or
wiseous state, and which s typially the subject of an

The tenm “detection region™ refers to a part of or o

on in a substrate or channel wherein a chemical is

identified, measured, or sorted based on o predetermined

or characteristi

e “device” refens e a device fabrcited or man-

factured using fochniques such s wet o dry etching sndor
1 Ttk 1 of @ 1

21

6

PO TI T TIyI T
a cerlain extent.

The temm “inbet port” refers 10 an are of a substrate that
receives plug-fluids. The inlet port may contain an inlet
channe! 1 upening, and other features
that faciliate the eniry of chemals into the subsirate. A
substrate may contain more than one inlet port i desired.
The inlet port can be in fluid communication with a channel
or separated from the channel by a valve.

The temn “nanoparticles™ refers 1o atomic, molecalar or
macromolecular particles typically in the length scale of
approximately 1-100 nanometer range. Typically, the novel
and differentisting properties and fanctions of anoparicles
are observed or developed at o eritica] length scale of matter
typically under 100 nm. Nenoparticles may be used in
eonstructing nancscalke stoctures and they may be integrated
into Iargrr m—ncnul mmpnmﬂtn. systems and ar\'hltrcmrﬁ

well or reservoi

umlu.r I nm {
0.1 1) or it may be larger than 100 i (e,
reanforced polymers have the onique feture proxi-
wately 200-300 am function of the lecal hrllha.-c or
bonels between the mnoparticles and the polymer).

Tie term “u ion compesition” refess

2. Y
||x\r\:|r|u:]|.-

substance

growing imio a crysial under conditions suitable for crystal
formation. A mucleation composition may, for example, be
induced o ondergo crysiallization by evaporation. changes

7.129,091 B2

9
n resgent eoncentrution, adding o swbstance such s a
precipitant, seeding with o solid matedal, mechanical agi-
tation, o seaching of a surface in contact with the nucle
ation composition.

The term “outlet por™ refers o an area of a substrate that
collects o dispenses the plug-fluid, carmer-luid, plugs or
reaction product. A substrate may contain more than ene
outlet port if desired.

The tenm “particles” means any discrete form or nnit of
matter. The tenm “particle™ or “paricles” includes atoms,
molecules, jons, dimers, polymers, or biomolecules.

“The term “particulate™ refers to a cluster or ngglomeration
of particles such as atoms, molecules, Jons, dimers, poly-
mers, or biomolecules, Particulates moy comprise solid
matter or be substantially solid, but they may also be porons
or partially hollow, The contain o liquid or gos. In
addition, particulates may be homogeneous or heteroge-
feous, that is, they may eomprise one or more substanses or
muterials.

“Plugs” in acvordanse with the present invention are >

Tormed ina substrate when a stream of a0 least ove plug-fluad
i introduced o the ow of @ carier-Nuid in which it is
substantially immiscible. The fow of the fuids i the device
15 induced by i driving force or stimulus that arses, dire
or indireetly, from the presence or application of, for
example, pressure, radiaticn, heat, vibration, sound waves,
an electeic field, or a magnetie field. Flugs in accordance
with the present invention may vary in size but when
Tormed. their cross-section should be substantially similar w
the cross-section of the channels in which they are formed.
When plugs merge or get trapped inside plug traps, the
eros-section of the plugs may change. For example, when
a plug enters a wider channel, its cross-section typically
Increnses.

Further, phugs in aceordance with the present invenfion
vary in shape, and for example may be spherical or
non-spherical. The shape of the plug may be independent of
the shape of the be o deformed
sphere traveling in a rectangular channel), The plugs may be
in the form of plegs comprising an squeons plug-Muid
containing oRe OF More regent ane or more prod-
ucts formed from a resetion of the reagents, wherein the
aqueous plug-Auid is surounded by a non-polar or hydio-
phobic Muid such i an oil. The plugs may also be in the form

al r " balaice Sl

<l

s

B3

10
different plug-fluids are used in the present invention. When
both plug-Muids contain reagents, the Muids are tvpically
misiihle, but can also be partially immascible, so long as the
reagents within each plug-flsid an reet to form ot least one
product or intermediate.

The term “polymer™ means any substance or compound
that is composed of two or more boilding Blocks (‘mers")
t are repetitively linked o each other. For example, a
“dimer” is & compound in which two building blocks have
been joined together. Polymers inchude both condensation
and addition polymers. Typical examples of condensation
polyiners include polyamide, polyester. protein, wool, silk.
polyurathane, cellubose, and polysilowane. Examples of
addition polymers are polyethylene, polyisobutylene, poly-
acrylonitrile, poly(vinyl chloride), and polystvrene. Other
exumples include polymers hoving enhanced elevtrical or
axplical properties (4., o nonlinear optical property) such as
elecioeonductive or pholorefiactive polymers. Polymers
include both linear and branched palymers

“Thie term “protein” gencrally relers o a set of amino asids
linked together ususally in o specifie sequence. A protein can
be either naturally-occurring or man-made. As usal herein,
the term “protein” ineludes amino acid sequences that have
been medified w Lum..nn moselies or groups such m SUGALE,
polymers, metall groups, arli
ling groups, moieties or groups that enhapce or participate in
a process such ag intmmolecular or inenmolecular electron
tranefer, moieties or groups that facilitete or induee a protein
into assuming a particular conformation or series of confor-
mations, moeties or groups that hinder or inhibit o protein
from assuming a particular conformation or series of con-
formations, meieties or groups that induce, enhance, or
inhibit protein folding. or other mojeties or groups that are
incorporated into the amino acid sequence and thet are
intended 1o modify the sequence’s chemical, hiochemical, or
binlogical properties. As used herein, a protein inchudes, but
is not limited to, ensymes, structural elements. antibodies,
hormeones, electron carriers, and other macromolkecules that
are involved in processes such as cellular processes or
activities. Proteins typically have up o four struetiral levels
that include prmary, secordary, ter el quaternary

refiers 0 a physical, <hemic:

or biokogical transformation that invelves at lest
n n 1

z

The term “outlet port™ refers to an area of a substrate that
collects or dispenses the plug-fluid, carrier-fluid, plugs or
reaction product. A substrate may contain more than one

outlet port 1f desired.

wre that includes one or more nueled capable of

which a reaction or precipitation ca
plug.
embodiments at et one plug- flusd Ay ot col
reagent. The reagent may be soluble or insoluble in the
aolvent. The plug-fluid may contain a surfactant. An least tvo

conlain:

i

reaction with one or more components of other plug-Auids
zent-containing carsier-fluid in the substeate 10
produce one or more reaction products or intermediates
which may undergo a further reaction or series of
A peagent comtained in oo plog-fluid may undergo

aclions.
a reacticn

" Y
10X Ex. 1004, Page 42 10X Ex. 1004, Page 43

(Ex. 1004 (Ismagilov) at 8:41-44;
086 Paper 26 (POR) at 30-31,
088 Paper 26 (POR) at 23-24).

(Ex. 1004 (Ismagilov) at 9:5-8;
086 Paper 26 (POR) at 30-31,
088 Paper 26 (POR) at 23-24).
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17
channels, valves, and ather elements can be designed and
fabricated from various substrate materials. When external
radiation sources or detectors are employed, the detection
region is preferably vovered with a clear cover material to

18
by inlet ports 204, 205, 206 in the case of Jaminar streams).
A preferred scheme is one in which the aqueous plug-Huids
initially coflow preferably along a short or minimal distance
bef ing in contact with th ier-fluid, Ina preferred

allow optical access to the fluid fow

s N ing in water, an
heating to about 330° C. while applyiny

st A group of manifolds (a region consisting of several

weseecaien - channels that lead to or from a common channel) can be

logation on the substrate, chip, or devic
discrimination or sarting points. Ch

ar et on - jncluded to facilitate the movement of plugs from different

diflerent fimes/distances into 1 feld off
Channels can alse be designed to merg

N s/distances. = =
LTS cee  @Alysis units

channels that lead to or from a comn
included to facilitate the movement of

ted into the substrate at differen

through the plurality of branch channels and

=ancemaivninol {0 the appropriate solution outlet. Manifolds are preferably

mamenwceny  fabricated into the substrate at different depth levels. Thus,

branich channels of each unit inta a mal
the flow of selution to an outler. The o
ng, for example, a s

s e devices according to the invention may have a plurality of

can also be done using micropipettes.

e analysis units that can collect the solution from associated

the invention are primarily used 1o [
plugs.

cantly mix at or before they are introf
channel. The plug-fluids may form dis!

b i ol branch channels of each unit into a manifold, which routes

weasentd  the flow of solution to an outlet. The outlet can be adapted

{luid via inlets of dillering size. The ¢o
fluids in the plugs may be adjusted by

radsieion) for receiving, for example, a segment of tubing or a sample

FIG. 2Ais a schematic diagram contf
transport and plug transport in a channe

srmatmrl tube, such as a standard 1.5 ml centrifuge tube. Collection

(marked in red and bive) form Jamis
separated by a “divider” aqueous strear

semsnisrned can also be done using micropipettes.

the plug-fluids typically occurs within 1f
in laminar flow transport, fluid mixing]

with high dispersion, as shown in the opper igure. Tn e
upper figure, the time t at a given point d, can be estimated
from ty=d, /1, where d1 is the distance from d=0and U s the
flow velocity. In the lower figure, the time 1) is given by
t,=d,/U.

FIG. 2B shows a photograph and a schematic diagram that
depict mixing in waterivil plugs (upper schematic and
photograph) and in laminar streams (lower schematic and
photograph) comprising only aqueous plug-fluids. The oil
(carrier-fluid in this case) is mtroduced into channel 200 of
a substrate. Instead of oil, water is introduced into the
corresponding channel 207 in the case of mixing using
Jaminar streams. The three aqueous plug-flrids are intro-
duced by inlet ports 201, 202, 203 into the carrier-fluid (and

55

6

Solvents compriving he plug-Tuids may be dilerent or some
of them may be identical or similar. As in FIG, 2, the oil is
introduced into an inlet port 400 of a substrate while the
aqueous plug-fluid is introduced in separate inlel porls
401-405. The water plugs then flow through exit 406. A
preferred scheme is one in which the aqueous phug-fluids
would initially coflow preferably along a short or minimal
stance before coming in contact with the oil. Ina preferred
embodiment, the distance traversed by the coflowing plug-
fluids is approximately or substantially equal to the width of
the channel, One or more of the aqueous plug-fluids may
comprise plain water, buffer, solvent. or a plug-fluid, and at
least one aqueous plug-fhrid would preferably initially sepa-
rate at least two other aqueous streams before the aqueous

10X Ex. 1004, Page 47
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(Ex. 1004 (Ismagilov) at 17:27-30;
086 Paper 26 (POR) at 32-33;
088 Paper 26 (POR) at 35-36).
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Using nanoliter plugs in microfluidics to facilitate and understand

protein crystallization
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Pratain ization is important for ining protain
structures by X-ray diffraction. Nenoiter-sized plugs —
agueous droplets sumounded by a flucrinated carmer fluid —
have besn appiied to the scresning of protein crystallization
conditions. Preformed amays of plugs in capillary cartridges.
anahla sparse matrix screaning. Crystals grownin plugs insida
a microcapillary may be analyzed by in stu X-ay diffraction.
Sereening using plugs, which ara easly formed in PDMS

. slic channels, fa simple and ic.al, and minimi
consumption of the protein. This approach also has the
potential to improve our undarstanding of tha fundamantals of
protain crystallization. such as the effect of midng on the
nuckeation of crystals.
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Introduction

This paper reviews recent applications of nanoliter plugs
in protein crystallizaton and the resulting improvements
in our understanding of the crystallization process. Macro-
molecular crystals are important in seuctural biology,
both for determining the three-dimensional strucoures
and functions of molecules and complexes [1,27,3-6],
and for understanding ultrafast macromolecular dynamics
[7°,8]. Protein crystallization is carried out by combining
and confining a protein solution with crystallization
reagents. The cryvstallizarion of many proceins is sill
difficult [%] and, because of a lack of fundamental under-
standing, the optimal conditions for protein crystallizaton
cannot be predicted a priori [10-12]. Mixing of solutions,
phase behavior, and nucleation and growth of crystals
need to be thoroughly understood in order to make
pmtein crystallization a more rational process. In the
mecan time, a large number of screens are still required
to find the best crystallizaton conditions fora protein [1].

The protein supply is usually limited, especially for
cukaryotic proteins. The 05-1.0 pl wlume of concen-
trated procein solution per erial, used in tradi donal crystal-
lization methods, makes screcning large numbers of
precipitants difficult for such proteins. It is also labor
intensive @ manually set up a large number of screens,
and to harvest and mount the crystals. New tools for
protein crystallization are required and are being devel-
oped [12-17], to both improve our understanding of and
accelerate protein crystallization.

Tools are needed to improve screening of
crystallization conditions and to

understand crystallization

In traditional methods of potcin crysallization, the pro-
tein and reagents are deposited into crystallization wells
by pipetting [1]. The volume and composition of the
mixture may then be further controlled through equili-
bration by vapor diffusion or dialysis. By confining the
mixture of protein and precipitant to a smaller volume,
the consumption of the prowin can be rduced. Robotic
systems have been developed to sutomate crysml lization
processes and w dispense solutions into  nanoliter
volumes (much smaller than traditional pipetting meth-
ods) [13,14,18-20.21%22]. In robotic systems, nanoliter
volumes of reagents are dispensed inm microwells or
microchambers. Thousands of trials can be casily sct
up perday. These systems are finding important applica-
tions in high-throughput pmtein crystallization centers
[19,20.23] and in the pharmaceutical industry. However,
the upfront equipment cost of these systems is higher
than what many individual laboratories can justify. Lower
cost, smaller systems are needed for such laboratorics,
which often work on difficult but scicntifically very
impormnt macromolecular targets.

Microfluidics provides a method for combining and con-
fining crystallzation reagents in volumes as small as or
smaller than those dispensed by robotic systems [24,25].
Microfluidic chambers combined with elastomeric
PDMS [polyidimethylsiloxane)] val ves have beendevel-
oped, and used for protein crystallization [15] and for
studving the crvstallizaton phase diagrams of proteins
[26%*]. In these systems, crystallization requires several
actively contmlled microfluidic valves for cach trial,
necessitating the use of specialized microfluidic chips
that are still rather expensive. The permeability of
PIIMS to water and organic molecules, which is proble-
martic for crystallization experiments, is being addressed
by the development of new fluorinaved elasmmeric mare-
rials [27].

Cument Opinion in Structural Biclo gy 2005, 15:548-555
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Figure 6. Preformed cartridges of plugs enable the combination of a
large number of reagents with a sample in sub-microliter vol-
umes.*#'#l 3 b) Four different reagents stored as an array of plugs in a
capillary. The plugs are separated by a fluorocarbon carrier fluid, as
well as air bubbles (in b), to prevent cross-communication between
the plugs. Scale bars: 200 pm. c) Merging of plugs from a preformed
cartridge with a target sample stream through a T junction. The
resulting array of plugs is transferred into a receiving capillary and the
trials are collected. d) Photograph of the T junction. Reprinted from
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Newral and Elocironic Nesworks, Academic Press, San
[Hesgo, Calif', 1990.) algorithms. For example, patiems that
rise in blood or saliv lysis may correspond 1o certain
aoemal o abnomal (e, dise e, infisction, poi-
soning) conditions invalving, for exampls, human aad anie
mals,

over e possible o create intelligent microf-
luidic systems in accordance with the invention, where the

nnnlum:un'ln.m | reactions perform not only detection,

will contain \'um\'i\'nl amounts of mate
gel-based valves {Lin ot o
tion of hydrogel-based microval

s

Sy, 2002, vel, 11, pp. 4555 Yu e al 1
biomimetic ydroge] valve for microfluidic l. Phys.
Lett, 2001, vol. 78, pp. 2589-2591; Bebe o al, “Functional
hydrogel structures for sutonomons fow control inside
microfluidic chan atwre, 2000, vol, 404, 588.). These
valves can be used 1 control flows § em a5 4 20

he s
fumction of the simple pleg composition. Feed forward and
even Feedback (e, by using the hydrogel valves 1o contml

the fow of the inpat streams) networks may thus
and used for analy:

inear networks o

129,091 B2

14

membrane proteins, In addition to being o simple and
ecomonieal metlod of setting up thousands of crvstallization
trials in @ matler of minules, a system scconding to the
invention will enable unigue time conirol of processes such
as the mixing an i
A system
wsed 1o conirol protein crysts y
shor time-scale events such s nucleation but also long
time-scale events such as cryatal prowth

Further, the devices and methads of the present invention
may be nsed in b put, kinetic, and
g the 10°5107 sece
metheds aecording 1o the

i)

1 time regine

ice

paenl invention nequire oaly between about o
ters ti ahe few microliters of each solwtion,
of such devices and methods melude e

iy The device may have one or more outlet ports or inlet
ports. Each of the outlet and inlet ports may also commu-

Channels and Devices

In one aspect of the invention, a deviee 15
incluckes one or more subsirales oo
ot separated from

connectivity of the channels (Hijel .
Fecognition in Coupled Chemical Kinetic Systems,” Sei-
‘ﬁl) 335-337) l\u\ alao to leam patterns by

.lnw‘ g E . ot
demic Press. . 19903 Such intel
microfluidic devices wnld Jmn- unprecedented capabilities
|\‘J fully utonomous detection. snalysis, and signal pro-

2 sing those of biological and current

man-made systems
The devices and methods of the imvention are also vsefil

in gepomics and profeomics, which are used to adentif
thousands of new hiomolecules that need 10 be charace
izedd, or are available only in minute quantities. In paricalar,
the specess of genomics and proteomic:

ud for effcicar, high-hroughput meck
Wlization. X-ray structure

tein ery:

demntiebad] picate with a well or reservoir. The inlet and outlet ports may

with the first & means for apply

ithin the substrate.

pressure fo o Muid
A de

A
strates of the present invention may compriseg
I'he device may hove one or more outlet

ports. Fach of the outlet and inket ports may 3
ni

Fluid can be iniraduced into the chanaels via i
s, Typic syringe pup is e whe

the predominant method of strscturl of
wever, despite significant effores 1w mklu-.l.uml

e ol I.I‘\‘iLI"IAIlIl‘JL macremolecular o
tion largely remains sn empirical feld. with no "LIIA.JJ]
theory to guide a rational approach. As a resolt, empirical
screening hus remained the most widely used method for
crystallizing protein:

The follewing are: 5o provide applications of the
deviees and methods according 1o the invention. For
example, a number of problems still beset high-throughput
Kinetics and provein erystallization, When it comes to defer-
mining protein strueture and quanitatively ascertaining pro-
tein interactions, there are at least two technological chal-
lenges: (1} most rohotie technology still only automate
existing methods and are ofien 100 u.‘s(]'(lm\ for o small

vi and (2) there remains the nieed for

i of sk nuuumu’ volumes of fuids over perinds
ranging from seconds 1o days.
Thus, varions devices and methods according 1o the
preseut inventiva are designed o provide novel and efficient
means for high-throughput erystallization of soluble and

s

seesmeret means. Typically, a syringe pump is used, wherein the flow

buuwu a plug Hmd imlet JI)J a channel o
carrier-fluid such that plugs form which are
ar i size 0
which are substanti

thie chanmel in the plug-forming region. In one

oz e 1n fluidd communication with the channels or reservoirs
wess e that they are connecting or may contain one or more valves.
et Fluid can be introduced into the channels via the inlet by any

sz rate of the fluid into the inlet can be controlled.

the subsimte may comtmn a plusaliny of plog-forming
reginns.

The different plug-forming regions may esch be con-
neeted 1o the same or different channels of the substrate,
Preferably, the somple inlet intersests a first chonnel such
that the pressurized phig fuid is introduced into the first
channel ol an angle 1o 8 stnsm of correr-Muid passing
through the first channel. For example, in preferred embods-
ments, the sample inlet and first channel ntercept
Teshaped junction nlet is perpens
i el However,
the sample

A first channel may in e communie; uv.nh[muurmou
branch channels st another junction o “branch point™,
forming, for example, a T-shape or a Yeshape, Other shapes
nel geametries may be used as desived. In exem-
plary enbodiments e angle between iulersecting channels
is in the of from abhout 507 1o about 1207, Paric

10X Ex. 1004, Page 45
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(Ex. 1004 (Ismagilov) at 14:36-42;
086 Paper 26 (POR) at 31-32;
088 Paper 26 (POR) at 24-25).
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Direct Testimony
of Patent Owner’s Expert Dr. Anna

In my opinion. the absence of wells and reservoirs from
the definition of outlet port, when they are included in the definition of an inlet
port just a few paragraphs earlier. indicates to a POSA that thev are not part of the

outlet port.

And again. had
the imventors intended there to be a specific function for a well or reservoir at the
outlet. namely to accumulate fluids in any manner rather than to simply facilitate
movement of fluids out of the device using the standard customary techniques

known in the art that I described above. they clearly could have done so.

(086 Ex. 2016 (Anna Dec.) at 11121, 125;
086 Paper 26 (POR) at 30-31;
088 Ex. 2016 (Anna Dec.) at 11 103, 107;
088 Paper 26 (POR) at 23-25).
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Direct Testimony
of Patent Owner’s Expert Dr. Anna

122. Petitioner also points to a separate disclosure in Ismagilov describing
that the outlet port “may also communicate with a well or reservoir.” (Pet. 36
(citing Ex. 1004 at 14:36-38)). However, in my opinion this separate disclosure
does not teach that the “well or reservoir”—which may be in communication with
an outlet port—is functioning as a separation chamber at the outlet of the device.

123. Talso do not believe that this section of the specification. or any other
portion of the specification. provides a description of the structure, function. or

operation of any wells or reservoirs that may communicate with an outlet port.

(086 Ex. 2016 (Anna Dec.) at 11122-123;
086 Paper 26 (POR) at 31-32;
088 Ex. 2016 (Anna Dec.) at {f 104-105;
088 Paper 26 (POR) at 24-25).
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Direct Testimony
of Patent Owner’s Expert Dr. Anna

129. 1 believe that Petitioner is improperly equating the term “outlet,” i.e.,
“manifold outlet™ with Ismagilov’s prior disclosure of an “outlet port™ even though
Ismagilov does not actually refer to the “manifold outlet™ as a “port™ of any kind.

As Ismagilov states. the “manifold outlet™ is only described as “facilitating the

movement of plugs™ from different analysis units. (Ismagilov at 17:18-22).

(086 Ex. 2016 (Anna Dec.) at 1 129;
086 Paper 26 (POR) at 32-33,;

088 Ex. 2016 (Anna Dec.) at 111,
088 Paper 26 (POR) at 25-26).
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is a function of the cross-sectional area of the channel and
the cell concentration, the latter typically determined in view
ol aceepiable values of discussed above, From these
relationships, it is then casy lo calculate the maximum
chanpel length betw the detection and discrimination
region which would ensure that cells do not change order or
ion in the line of cells. In practice, the channel length
n the delection and discrimination regions is between
about 1 gam and about 100 gem

[0191] Shear forces may affect the velocity at which the
cells move through the microfluidic device, particularly
when living cells are 10 be sorted and collected. Experiments
have shown that high electric fields, in the range of 2-4
kV/em for human erythrocytes and 5-10 kV/em for yeast
cells can be used to introduce DNA and other substances into
cells using electroporation. At these voltages there was no
cell lysis, although membrane permeation was possible. To
avoid membrane permeation and cell lysis, it is preferred
that the electric fields applied to move cells in any of the
described flow techniques is less than about 600 Viem and
most preferably less than about 100 Viem

EXAMPLE 7
[0192] Elastomeric Microfabricated Device

[0193] This Example demonsirates the manufacture and
operation of a disposable microfabricated FACS device,
which can function as a stand-alone device or as a compo-
nent of an integrated microanalytical chip, in sorting cells or
biological materials. The device permils high sensitivity, no
cross-contaminaiion, lower cost (o operate and manufacture
than conventional FACS machines and multiple-hour run
In this example, the microfabricated chip had a
on volume of approximately 250 1] and single channel
throughput of about 20 cells/second. The device obtained
substantial enrichment of micron-sized fluorescent bead
populations of different colors, In addition, populations of
cofi cells expressing green fluorescent profein were sepa-
rated, and enriched, from a background of non-fuorescent
(wild 1ype) E. eoli cells, The bacteria were also found to be
viable after extraction from the sorling dewvice.

[0194] Preparation of the microfabricated device

[0195] A silicon wafer was etched and fabricated as
described above and in (12). After standard contact photo-
lithography techniques 1o patlern the oxide surface of the
silicon waler, a CLF,/CHF, gas mixture was used (o eteh the
waler by RIE. The silicon wafer was then subjected 1o
furiber eich with KOI 1o expose the silicon underneath the
oxide layer, thereby forming a mold for the silicone elas-
tomer. The silicon mold forms a *“T" arrangement of chan-
nels. The dimensions of the channels may range broadly,
having approximately S=4 um dimension,

[0196] A representative device of the invention is shown
in FIG. 6. The etching process is shown schematically in
FIG. 7. Standard micromachining techniques were used o
create a negative master mold out of a silicon wafer. The
dispasable silicone clastomer chip was made by mixing
General Electric RTV 615 components (36) together and
pouring onto the etched silicon wafer. After curing in an
oven for two hours at 80° O, the elastomer was peeled from
the wafer and bonded hermetically 1o a glass cover slip lor
sorting. To make the elastomer hyvdrophilic the elastomer

May 16, 2002

chip was immersed in HCL (pH=2.7) at 60 degrees C for 40
1o 60 min. Alternatively, the surface could have been coated
with polyurethane (3% w/v in 95% ethanol and diluted 10X
in ethanol). It is noted that the master waler can be reused
indefinitely. The device shown has channels that are 100 gim
wide at the wells, narrowing to 3 gm al the sorting junction
(discrimination region). The channel depth is 4 gm, and the
wells are 2 mm in diameter.

[0197] In this embodiment the cell-sorting device was
mounted on an inverted optical microscope (Zeiss Axiovert
35) as shown in FIG. 8. In this system, the How control can
be provided by voltage electrodes for eleciro-osmotic con-
trol or by capillaries for pressure-driven control. The detec-
tion system can be photo multiplier tubes or photadiades,
depending upon the application. The inlet well and wo

on three sides of the “T" forminf
and 7). The chip was adhered
mounted onto the microscope,

collection wells were incorporat

[0198] Three platinum electrad
separate wells. A waler-cooled
100 W mercury lamp (for head|
immersion objective (Olympus P
used to excite the Auore:
(CCD) camera took the image. Te
emission a 630 nm+30 emission
detection region was approxima
T-junction and has a window of
dimension. The window is imples
able slit. Using one or two Hamm
tubcs (bias -850 V) with custon|
fier, or using photodiodes, as de
emission filters (depending on t
rent(s) from the detector(s) were|
Burr-Hrown OP128 optical ampli
National Instrument PC1200° b
computer. The vollages on the e}
pair of Apcx PA42 HV op amps
supplies. The third electrode
voltage settings on the PC1200 K
amplification to the platinum
swilching of the directions of
directed to either side of the “T7|
the valtage potential settings. Fur]
sorting in the microfluidic devi
ferenl computer programs, €.g
trolled procedures using known

[0199] Sorting Experiments

[0200] This embodiment of {
system was used to sont fluoq
emission wavclengths in differen]

mounted on an inverted optical microscope
35) as shown in FIG. 8. In this system, the flow control can
be provided by voltage electrodes for electro-osmotic con-
trol or by capillaries for pressure-driven control. The detec-
tion system can be photo multiplier tubes or photodiodes,
depending upon the application. The inlet well and two
collection wells were incorporated into the elastomer chip
on three sides of the “T” forming three channels (FIGS.
and 7).
mounted onto the microscope.

In this embodiment the cell-sorting device was

The chip was adhered to a glass coverslip an

per hour throughput (See FIGS. 9T2Y, Exira feservoir wells
were incorporated into the outer side of the theee wells of the
chip in order to avoid ion-depletion, and platinum electrodes
(with the ground electrode in the inlet well) were inserted
into the reservoir wells. One micron diameter beads were
suspended in PBS (137 mM NaCl, 2.7 mM KCl, 4.3 mM
Na.HPO, TH.O, 1.4 mM KH.PO,) with 10 BSA (1 g/)
and 0.5% Tween 20 in various ratios and dilutions. Samples
of the different colored fluorescent beads, having ratios as
indicated below, were injected into the inlet well in 1010 30
wl aligquots. The collection wells were filled with the same
buffer.

10X Ex. 1006, Page 45

(Ex. 1006 (Quake) 1197;
086 Paper 26 (POR) at 45-48;

088 Paper 26 (POR) at 39-42).
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No Motivation to Combine Ismagilov and Quake

Cross-Examination Testimony
of Petitioner’s Expert Dr. Fair

Q

A

Q

A

system.

It's your opinion that Quake used

these wells to collect droplets; i1s that right?

No.
What -- how did I get that wrong?

Quake did not use droplets, he

injected dye, which then he sorted based upon

red or green. And this 1s not a droplet-based

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

(Ex. 2017 (Fair Cross Tr.) at 141:20-142:2;
086 Paper 26 (POR) at 45-47,
088 Paper 26 (POR) at 39-41).
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No Motivation to Combine Ismagilov and Quake

If a POSA with Ismagilov would want additional information

regarding microfluidic structures, the POSA would have looked to the work of a

leader 1 developing early microfluidic devices: Quake. Fair, ¢ 107.

(086 Paper 2 (Petition) at 27-28;
088 Paper 2 (Petition) at 26).
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Free-Flow Packaging Int’l, Inc. v. Automated Packaging Systems, Inc.,

IPR2016-00350, Paper 7 at 14 (June 27, 2016)

“[Petitioner] does not explain what problems exist in the web of
Perkins [primary reference], or how those problems would have
been solved by Mykleby [secondary reference]. By [Petitioner’s]
own analysis, the problem of ‘continuous, quick production of
plastic bags’ 1s addressed by the web and apparatus of Perkins
Itself; it is unclear why a person of ordinary skill in the art would
have considered it desirable to further modify Perkins to include
the variable perforations of Mykleby.”

(086 Paper 26 (POR) at 46;
088 Paper 26 (POR) at 39-40).
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No Motivation to Combine Ismagilov and Quake

A POSA would have been motivated to combine Ismagilov with Quake.
Stephen Quake was well-known 1 microfluidics, and a POSA with Ismagilov would

have been motivated to combine with Quake for additional microfluidic structures,

including particularly wells or reservours.

(086 Paper 2 (Petition) at 26;
088 Paper 2 (Petition) at 24-25).
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Free-Flow Packaging Int’l, Inc. v. Automated Packaging Systems, Inc.,

IPR2016-00350, Paper 7 at 11-13 (June 27, 2016)

“Noting that the references differ only in their perforation
patterns, [Petitioner] contends that a person of ordinary skill in
the art would have considered the references “highly similar and
completely complementary,” and would “look to both
[references] to obtain advantages of the other.”

“[Petitioner’s] argument may be enough to show that the two
references are analogous art, see Wyers v. Master Lock Co., 616
F.3d 1231, 1238 (Fed. Cir. 2010), but simply demonstrating that
a set of references are all directed to the same problem is not, by
itself, a sufficient rationale to combine the references.”

(086 Paper 26 (POR) at 46;
088 Paper 26 (POR) at 39-40).
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No Motivation to Combine Ismagilov and Quake
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is a function of the cross-sectional area of the channel and
the cell concentration, the latter typically determined in view
ol aceepiable values of discussed above, From these
relationships, it is then casy lo calculate the maximum
chanpel length betw the detection and discrimination
region which would ensure that cells do not change order or
ion in the line of cells. In practice, the channel length
n the delection and discrimination regions is between
about 1 gam and about 100 gem

[0191] Shear forces may affect the velocity at which the
cells move through the microfluidic device, particularly
when living cells are 10 be sorted and collected. Experiments
have shown that high electric fields, in the range of 2-4
kV/em for human erythrocytes and 5-10 kV/em for yeast
cells can be used to introduce DNA and other substances into
cells using electroporation. At these voltages there was no
cell lysis, although membrane permeation was possible. To
avoid membrane permeation and cell lysis, it is preferred
that the electric fields applied to move cells in any of the
described flow techniques is less than about 600 Viem and
most preferably less than about 100 Viem

EXAMPLE 7
[0192] Elastomeric Microfabricated Device

[0193] This Example demonsirates the manufacture and
operation of a disposable microfabricated FACS device,
which can function as a stand-alone device or as a compo-
nent of an integrated microanalytical chip, in sorting cells or
biological materials. The device permils high sensitivity, no
cross-contaminaiion, lower cost (o operate and manufacture
than conventional FACS machines and multiple-hour run
In this example, the microfabricated chip had a
on volume of approximately 250 1] and single channel
throughput of about 20 cells/second. The device obtained
substantial enrichment of micron-sized fluorescent bead
populations of different colors, In addition, populations of
cofi cells expressing green fluorescent profein were sepa-
rated, and enriched, from a background of non-fuorescent
(wild 1ype) E. eoli cells, The bacteria were also found to be
viable after extraction from the sorling dewvice.

[0194] Preparation of the microfabricated device

[0195] A silicon wafer was etched and fabricated as
described above and in (12). After standard contact photo-
lithography techniques 1o patlern the oxide surface of the
silicon waler, a CLF,/CHF, gas mixture was used (o eteh the
waler by RIE. The silicon wafer was then subjected 1o
furiber eich with KOI 1o expose the silicon underneath the
oxide layer, thereby forming a mold for the silicone elas-
tomer. The silicon mold forms a *“T" arrangement of chan-
nels. The dimensions of the channels may range broadly,
having approximately S=4 um dimension,

[0196] A representative device of the invention is shown
in FIG. 6. The etching process is shown schematically in
FIG. 7. Standard micromachining techniques were used o
create a negative master mold out of a silicon wafer. The
dispasable silicone clastomer chip was made by mixing
General Electric RTV 615 components (36) together and
pouring onto the etched silicon wafer. After curing in an
oven for two hours at 80° O, the elastomer was peeled from
the wafer and bonded hermetically 1o a glass cover slip lor
sorting. To make the elastomer hyvdrophilic the elastomer

May 16, 2002

chip was immersed in HCL (pH=2.7) at 60 degrees C for 40
1o 60 min. Alternatively, the surface could have been coated
with polyurethane (3% w/v in 95% ethanol and diluted 10X
in ethanol). It is noted that the master waler can be reused
indefinitely. The device shown has channels that are 100 gim
wide at the wells, narrowing to 3 gm al the sorting junction
(discrimination region). The channel depth is 4 gm, and the
wells are 2 mm in diameter.

[0197] In this embodiment the cell-sorting device was
mounted on an inverted optical microscope (Zeiss Axiovert
35) as shown in FIG. 8. In this system, the How control can
be provided by voltage electrodes for eleciro-osmotic con-
trol or by capillaries for pressure-driven control. The detec-
tion system can be photo multiplier tubes or photadiades,
depending upon the application. The inlet well and wo

on three sides of the “T" forminf
and 7). The chip was adhered
mounted onto the microscope,

collection wells were incorporat

[0198] Three platinum electrad
separate wells. A waler-cooled
100 W mercury lamp (for head|
immersion objective (Olympus P
used to excite the Auore:
(CCD) camera took the image. Te
emission a 630 nm+30 emission
detection region was approxima
T-junction and has a window of
dimension. The window is imples
able slit. Using one or two Hamm
tubcs (bias -850 V) with custon|
fier, or using photodiodes, as de
emission filters (depending on t
rent(s) from the detector(s) were|
Burr-Hrown OP128 optical ampli
National Instrument PC1200° b
computer. The vollages on the e}
pair of Apcx PA42 HV op amps
supplies. The third electrode
voltage settings on the PC1200 K
amplification to the platinum
swilching of the directions of
directed to either side of the “T7|
the valtage potential settings. Fur]
sorting in the microfluidic devi
ferenl computer programs, €.g
trolled procedures using known

[0199] Sorting Experiments

[0200] This embodiment of {
system was used to sont fluoq
emission wavclengths in differen]

mounted on an inverted optical microscope
35) as shown in FIG. 8. In this system, the flow control can
be provided by voltage electrodes for electro-osmotic con-
trol or by capillaries for pressure-driven control. The detec-
tion system can be photo multiplier tubes or photodiodes,
depending upon the application. The inlet well and two
collection wells were incorporated into the elastomer chip
on three sides of the “T” forming three channels (FIGS.
and 7).
mounted onto the microscope.

In this embodiment the cell-sorting device was

The chip was adhered to a glass coverslip an

per hour throughput (See FIGS. 9T2Y, Exira feservoir wells
were incorporated into the outer side of the theee wells of the
chip in order to avoid ion-depletion, and platinum electrodes
(with the ground electrode in the inlet well) were inserted
into the reservoir wells. One micron diameter beads were
suspended in PBS (137 mM NaCl, 2.7 mM KCl, 4.3 mM
Na.HPO, TH.O, 1.4 mM KH.PO,) with 10 BSA (1 g/)
and 0.5% Tween 20 in various ratios and dilutions. Samples
of the different colored fluorescent beads, having ratios as
indicated below, were injected into the inlet well in 1010 30
wl aligquots. The collection wells were filled with the same
buffer.

10X Ex. 1006, Page 45

(Ex. 1006 (Quake) 1197;
086 Paper 26 (POR) at 45-48;

088 Paper 26 (POR) at 39-42).
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No Motivation to Combine Ismagilov and Quake

the surface hydrophilic, The deviee is then placed ono
1 U\l]u 1 Uik (25525 ¢
I =
chanmels and wells, The chip has a detection reg

(19
an Unif 0
Ismagil Us 7.129.091 B2 US 2002/0058332 Al May 16, 2002
[ o ] 23
2
(54) Taykor dispersion broadens and dilutes sample plugs &
Somme of the sample is freguently lefi behind the plug as a i B
tail. Crverlap of The 5 usally Jesds W0 cross-contami- a (FDMS), prefecsbly PDMS s cast from a mobd mads [0221] Ekcrodes
nation of samples in different phugs. Thus, samples are ofien & by ciching the nogative image of these chanacls inlo the Two of .
e - ooF o PR ra e PR » 0222 o of the above clectrodes arc driven by high
(78] Inventos “This application claims priority to U8, Provisional Appli- © introduced into the channels individually, separated by same type of erystalline silicon wafer used in scmiconductor [v.:hu ]L operational amplifiers (op-amps) capable of su nl%-
cation No. 6379927 filed on May 9, 2002 and LS, bulfer washes. On the uber g samples with ";'"UL" the sume I‘“h“;—quu"- I;:: ing \.'ilugm af 4150 V. The thifd electrode is sonnected 1o
provisional Ammlics 304 549 il long buffer plugs. o tem with buffer catures are uscd o foerm e - electrical @round [« By 3 .
Provisional Application No. 601394,544 filed on Jul. 8, b‘.\\g\u.ﬂ ,,.un:Iu» sedicen the throughpit \\t e sysiens pattern of the channels wncured liguid silicone rbber the clectrical ground (or zero wolishof the high voltage
s zc:oz. the entirety of which are incorporsted herein by I BOF. flos ransport & ! . is poured onto these molds plased in the boltom of o Petr \I‘IJ'{ml‘ clvﬂlmm‘u ‘thr wnln]m. up»rm‘m the driven ulau-
(731 Assigng reference. . o sooer] the ciatd ; rodes are placed in the collection and waste we <
¥ 10 resctants are introduced into a plug .mdu.uupuumlb\ EOF, dish. Tr specd the curing, thess pourcd molds arc baked round ._-L\,L-l rode is placed in the sample well. The op-
BACKGROUND heir residence fime (and reaction time) can be cakulued After the PDMS has cured, it is removed from oa op of the 5700 a0, 1 ontaal v ; !
(*) Matice: . simply by dividing the distance traveled in the channel by mold and rimmed. In a chip with onc sct of channels 10 analog converirs (DACs). The maximum volige
SR the velogity, This linear trnsport allows preise cogtml of (% forming a *T", three holes are cut into the silicone nbber ap  DACS 1 = 16 is +—5 W, whicl i o
the ends of the *T7, for example wsing a hole r similar ¢ [MACS generale s +-3 V, which d
(2 1o that nsed for cutling holes in cork, and sometimes ealled fication factor of 30 The 150 W limit is determ
s form the sample, wasie ar power supply to the amplificrs, which are rated for +-1
SUMMARY ACCORDING TO THE INVENTION o1 i Time DAC ek om s cand L P10 e
y from MNational Instruments, Austin, Tex ) mounted
The bole a1 one arm of e T s used for collecting the soried  Personal computer. The card alse coatains multiple channels
sample while the opposite arm s treated as waste, Before af analog o digital converters (ADCs) ane of which is used
[ s, the PDMS device is placed ina hot bath of HOL o make for measuring the signal generated by photo mi Lier

{PMTs). This card contams two DACS A third DAC can be
wsed to drive the third electrode with an additional high
vallage op amp. This would provice s
ent, if desired, and some additional ope

In accordance with the invention, a method of conducting
a reaction within a substrate is provided that comprises ¢
introducing a carrier-fluid into a first channel of the sub-
strate; introducing at least two different plug-tluids into the
first channel; and ressure to the first channel to
induce a ﬂu1cl flow 1n the substrate to form substantially
mprising a mixture of plug-fluids.

TTarged Tnd does o sasorh T e Walls. Thows
be a serious limitetion in applications th
that are ofen charged and tend io adsorh on o w0 SUMMARY ACCORDING To THE INVENTION
surfaces, In addition, hi i

described above. [0223]  Without being bound by any theory, il is be lieved
[0217] Note that any of o all of these manufacturing and ~ that the eleciroddes drive the How of sample through the
preparation s:k.p-. <an be done by hand, or they can be g
the oper and use of the device,

2181 The above assemblv i

the sample well with sample. In this embodiment, it is
preferred that the flow of material through the device (i.e. the
Aow of sample) be dtiven only by the electrodes, e. 2. using
clectro-osmotic and/or electrophoretic™ forces.
trodes may be in place during loading, or they can be placed
into the wells after loading, to contact the buffer.

avollage gradienl is established in the chanpels, This is done

s placed on ap inveried Zeiss

FOL TS G gnalysis often require filleation 10 remove paniculates.

snurces of high voliages such as porable analyzers my 1o . . . . . FroTe (b, 00 oTieT well 1 Foated st all e chamicls T VolTage T The cleciode 1 one well (o7 miliple wells, m
;,IL.“:“ ,ML.u“ B SIS S porle nnslyren may nt = m.""m'.)"‘:“"h the invention. a method of eonducting with buffer, w0 avoid the formation of air poc . Ader the multi-channel embodiments) s made the same as the voliage
y - . L a reaction within 8 subsirate is providod tht comprises channels fill the remaining wells can be loaded with buffer, at the junction or branch point, whese the channels me c
Flows driven by pressure are typically significontly Jess introducing o carrier-fuid ino o first channel of the sub- as necded, to fill or cquilibrate the deviee. The mput or mode at one well of the fwo or more wells

sensitive to surface chemistry thon The main disad

i strate; introducing at least two different plug-fiwids into the sample well is typically loaded last so that the fiow of liguid i rised or kowered. 1o produece a gradient between that well
vantage of pressure-driven flows is

¥ first channel; and applying pressure to the first channel 1o in the channels is initially dirccted towards it. Generally, m.i [m branch point e o nu
o paraholic Aow profile instead of the fat profile of EOF,  induce o fiuid flow o the substrate to form substantially equal volumes of huffer or sample are loaded into each well. :

Solutes in the middle of the channel move much faster identical plugs comprising a mixture of plug-fluids. The This is done in order o prevent a net fow of liquid in any
(aabout Twice The average velocity of the fow) than solutes plug-Muids are immiscible with the carmer-Muid. During ion onee all of the wells ars loaded, including loadin
the walls of the ehannels. A pars 0 plug formation, the cross-section of the plug is substantially mple well with sample. In this embodimem, it is
normally leads 1o high du,,pumou in pressure- ~driven flows: simsilar to the emss-section of the first clunnel, so that the prefesred that the flow of material through the device U The
a plug of solute injected into o chanel i immedianely plug is substantially in contsct with all walls of the first t]tyw of sample) be driven only by the clecimdes, ¢.g2. using
distorted and stretched aloag the channel. This distonion is channel Afier plug formation the cross-section of the plug electm-nsmolic andior « ulmphonlu\. forces. The elec- and collec)
sommewhat reduced by solute transpost via diffusion from the miy be smaller than the cross-section of the channel. A thin trodes may be in place dunng boading, or they can be placed Irowdes 1o el
midkdle of the channel wwards the walls and back. But the &5 layer of carrier-fluid typically exists besween the wall of the inte the wells afler loading, o contact the buffer. well
distortion is made worse by diffusion along the chunne {the channel and the plog. although in some cases this layer
overall dispersion is own ay Taylos dup:u-u\ﬂ] disappears. In general, each plug is substamtially similar in

b flow inte the waste cha nm-.l
e owell, until a particle or cell is identified for
e fow s diverted into the collestion channel
m well by adjusting the vollages atl the elec-
or reduce the gradient toward the waste
S or increase the gradient toward the col

ez

o pre

10X Ex. 1004, Page 39 10X Ex. 1006, Page 47

(Ex. 1004 (Ismagilov) at 2:50-58; 086 Paper 26 (POR) at 45-48; 088 Paper 26 (POR) at 39-42). (Ex. 1006 (Quake) at 1220; 086 Paper 26 (POR) at 45-48; 088 Paper 26 (POR) at 39-42).
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Ismagilov and Quake Are Missing Several Elements

Cross-Examination Testimony
of Petitioner’s Expert Dr. Fair

Q Now, as part of your obviousness

analysis, did you start with the idea that a

person of ordinary skill would have recognized

contamination problem and then solved it or did
you start with the claim language and then
analyze the prior art?
MS. JAMESON: Objection to form.
THE WITNESS: I would have to say I
started with looking at the claim language

and I found appropriate references to cite

in an invalidity analysis.

But that was not -- first and

foremost, I was looking for reading the method
of the limitations on reading prior art under

the methods claimg -- claim elements.

(Ex. 2017 (Fair Cross Tr.) at 52:23-53:8, 54:16-19;
086 Paper 26 (POR) at 47-48;
088 Paper 26 (POR) at 41-42).

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Ismagilov Is Missing Several Elements

Accused 10X Well Ismagilov’s Collection Well (Illustrative)
(@)
™
O -—— O
ol e Q cork bore diameter
i > M~ (compatible with micropipette,
O — O\_ >1mm, e.g. 2 mm or 4 mm)
o — M~ —
K AS) /
i “. up to 1 cm thick PDMS
8 (upstream droplet
up to generator not
: 10 mm pictured)
& \% T l SO — microchannel
/" height =~ 50 pm
(= 0.05 mm)
r‘i glass cover slip
Oy
M~
S

(086 Ex. 1071 (Fair Rep. Decl.) at 137;
086 Paper 31 (Sur-Reply) at 10-13;
088 Ex. 1073 (Fair Reply Decl.) at 133;
088 Paper 31 (Sur-Reply) at 10-13).
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Ismagilov and Quake Are Missing Several Elements

Cross-Examination Testimony
of Petitioner’s Expert Dr. Fair

Q0 When is the first time you used a
pipette to remove a droplet from a chip and move

it off chip?

n I don't think I've done that.

) You'wve never done that?

il Not on electrowetting chips, no.
Q On any other chips?

n Not that I can recall.

(Ex. 2017 (Fair Cross Tr.) at 43:9-16;
086 Paper 26 (POR) at 33-34;
088 Paper 26 (POR) at 26-27).
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In re Fritch, 972 F.2d 1260, 1266 (Fed. Cir. 1992)

“[I]t 1s impermissible to use the claimed invention as an
instruction manual or ‘template’ to piece together the
teachings of the prior art so that the claimed invention
1s rendered obvious.”

(086 Paper 26 (POR) at 47-48;
088 Paper 26 (POR) at 41-42).
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Ismagilov Is Missing Several Elements

Accused 10X Well Ismagilov’s Collection Well (Illustrative)
(@)
™
O -—— O
ol e Q cork bore diameter
i > M~ (compatible with micropipette,
O — O\_ >1mm, e.g. 2 mm or 4 mm)
o — M~ —
K AS) /
i “. up to 1 cm thick PDMS
8 (upstream droplet
up to generator not
: 10 mm pictured)
& \% T l SO — microchannel
/" height =~ 50 pm
(= 0.05 mm)
r‘i glass cover slip
Oy
M~
S

(086 Ex. 1071 (Fair Rep. Decl.) at 137;
086 Paper 31 (Sur-Reply) at 10-13;
088 Ex. 1073 (Fair Reply Decl.) at 133;
088 Paper 31 (Sur-Reply) at 10-13).
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Ismagilov and Quake Are Missing Several Elements

Ismagilov's Collection Well + Quake's Dimensions

Ismagilov's Collection Well (lllustrative)

cork bore diameter
{compatible with micropipette,
> 1mm, e.g. 2 mm ar 4 mmi)
—

<

[ p————p
up to
10 mm

up to 1 cm thick PDMS

(upstream droplet
generator not
pictured)

microchannel

f height =~ 50 um

(=10.05 mm)

glass cover slip

cork bore diameter = Zmm
{compatible with micropipette)

e —
Fi
9.5 mm thick
PDMS
— &
{upstream drople
9.5 mm generator not
pictured)

microchannel

—=F height =4 um

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

f (=0.004 mm)

glass cover slip

(086 Ex. 1071 (Fair. Reply Decl.) at 142;
086 Paper 31 (Sur-Reply) at 15-16;

088 Ex. 1073 (Fair Reply Decl.) at 138;
088 Paper 31 (Sur-Reply) at 15-17).
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Ismagilov and Quake Are Missing Several Elements

Cross-Examination Testimony
of Petitioner’s Expert Dr. Fair

Q Okay. If I asked you to design a
system where the cutlet well was in the same
plane as the channel, could you do that?

A You could you do that, but if the
collection well that you're describing has the
same height as the channel, then it would be

very difficult to do separation of oil and

liguid and droplets.

So the early waste reservolrs that we
built were, 1n fact, designed to have the same
height as the channels 1n our devices. And they
were just holding -- they just were there to
hold the droplets, not to separate from the oil.

Q You did not put the outlet wells
vertical to the channel until you declded you

wanted to separate?

iy That's correct.

(Ex. 2017 (Fair Cross Tr.) at 69:2-18;
086 Paper 26 (POR) at 39-40;
088 Paper 26 (POR) at 32-33).

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Secondary Considerations

B/11:2020 Terms and Conditions | Bio-Rad

10.Limited License. Subject to the Agreement, and to the terms and conditions of any license provided by Bio-Rad that
is specific to a particular product (which shall govern with respect to such product in the event of conflict with the
terms herein), Bio-Rad hereby grants to Buyer a non-exclusive, non-transferable, non-sublicensable license to use

Hams > Trading Terms

Terms and Conditions

AR TERMS AN CONBITIONS OF SALE the Good(s) provided to Buyer by Bio-Rad only in accordance with the written published manuals and instructions
e B8 oo, .t 2 e 11 Gt G 0 i LBV ) B iy b e P 5 e g [ Pagary e s srdie | provided by Bio-Rad. Buyer understands and agrees that except as expressly set forth in this Agreement (or in the
Included with Blo-Rad's writien quotation (i any) Guotation®) and acknowledgement of the PO or Invalos with shipment (inwoics”) ars Incorporated herein by refersnce, and such . . . . . - . -
e e e o e S P Bio-Rad-provided license specific to a particular Good), ne night or license to any patent or other intellectual property
cont & prew - "y are Incons| ‘with The t2ms. o, nvolce or Mese Standard Terms ions of Sale. Agreament Is e . - . . - - - - - -
12 Bl 2ty 01 e o oo 1 iy = e Buyer e comtion 1 - 15 oceied e 0. owned or licensable by Bio-Rad is conveyed or implied by this Agreement. In particular, no right or license is
S moes) mtreae 3 o e Wi e e o of i e Bt g conveyed or implied to use any Goods provided hereunder in combination with a product not provided, licensed or
. ororaens o oL Agpetmar unces By Samoetes f e Sre. o Ay o e i, | ificall ded by Bio-Rad f h This limited i [ its the B i the Goods i
e s of i Apeement, herBoer curowedoe o cheno sore i Aresmert specifically recommended by Bio-Rad for such use. This limited license only permits the Buyer to use the Goods in
D i ey b SO B PSR ave: .t 1k o b Eel oy iy Kot o ekt d ith | | d |ati inB : | f busi
v g by an s o mprsertathe, ok e Sty sy rert o it accordance with local laws and regulations in Buyer's normal course of business.

‘communications issuad Dy Buyer, or () ansing from prior coursas of dealing, usages of rade, of verbal agreements
not reduced to wiiting and signad by Blo-Rad. Any such dfferent or additional terns or condifons are hersby
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(Ex. 2022 (Bio-Rad T&C of Sale) at 2;
086 Paper 26 (POR) at 53-54;
088 Paper 26 (POR) at 47-48).
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Secondary Considerations

genomeweb

Bio-Rad to Acquire RainDance Technologies
Jan 16, 2017
This article has been updated from a previous version to correct the number of droplets generated by the

RainDance digital PCR system.

NEW YORK (GenomeaWeb) - Bio-Rad Laboratories announced today that it has agreed to acquire rival
droplet-based PCH systems manufacturer RainDance Technologies for an undisclosed amount. The
acquisition is expected to close during the first quarter of 2017.

RainDance's systems include RainDrop Digital PCR, ThunderStorm, and ThunderBolts Next-Generation
Sequencing Enrichment. The RainDance system partitions samples into some 10 million droplets, which is
purportedly 500 times greater than the number generated by the Bio-Rad s

The RainDance intelsctual property portfoio willsxtend Bio-Rad's resch il [H@inDance's systems include RainDrop Digital PCR, ThunderStorm, and ThunderBolts Next-Generation

ap.pll.uatiuna and strengthen its position in the area of droplet digital PCR, Bi ) o . .
said in a statement. Sequencing Enrichment. The RainDance systemn partitions samples into some 10 millien droplets, which is

"We look forward to expanding our offering to provide life science and clinig

solutions for a wide range of n\ucleic acid detection applications," Schwartz :: “ |r.:|'::| r.: '.!:: I _':.' 5':":' ti ITIEE QFE!EI E F thﬂl‘l thE I'I U I'I'ItIEr gEﬁEFE‘tEd b'_:," thE B |C|_ H Ed 5:-.-'5'tEFI"I 5.

Droplet-based PCR from both Bio-Rad and RainDance has been developed
applications, viral load monitoring, as well as copy number variation and m

io-fad announced last wesk the launch of a sgle-cell ssquencing syster] 11188 AINLIANCE Intellectual property portfolio will extend Bio-Rad's reach into next-generation sequencing
RainDance iso has severslparnerships n he cinical space. tsiedam| - @PIRIiCAtiONS and strengthen its position in the area of droplet digital PCR, Bio-Rad CEQ Norman Schwartz

Myriad Genetics, for example, which uses 30 in-house RainDance Thunders

reactions for target amp |f|{'r-ﬂ‘D1 prior to sequencing. RainDance has also p S_a |d |r‘| ﬂ EtEtEmEl.n‘t’
. v

Biosciences to co-develop and commercialize solutions for de novo whole-

However, RainDance also reduced its staff by about 10 percent last year anGprmer g prammeT MmEr poonT
offering citing market conditions.

Schwartz had hinted in a Q3 earnings call in November that it was scoping out M&A possibilities and
something might come to pass in the following three to six months. It's most recent major acquisition prior
to RainDance was of GnuBio in 2014 for $110 million. At the JP Morgan Healthcare Gonference last week
Bio-Rad said it is targeting late 2017 for the launch of a sequencing system developed from the GnuBio
technology and that the system will initizlly focus specifically on targeted sequencing for the oncology
market.come 1S state privacy laws ﬂ=rtr‘| residents specific consumer privacy rights, which we

respect as described in our priva tement. To opt-out of our making available to third parties
ion relating to cookies ard 5 r‘1| ar technologies for advertising purposes, select "Opt:

nform ut”.
chilanay ha vl cookiesrmeisd iguisitiiotsor seBithiBaBrivacy
Accept H Opt-Out More Info

. (Ex. 2014 (GenomeWeb: Bio-Rad to Acquire Raindance Technologies) at 2;
PR B ot 086 Paper 26 (POR) at 53-54;
088 Paper 26 (POR) at 47-48).
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10X GENOMICS, INC.,
Petitioner
V.
BIO-RAD LABORATORIES, INC.,
Patent Owner

Inter Partes Review NOoSs.
IPR2020-00087 and -00089

Patent Owner’s Demonstratives
Consolidated Hearing January 27, 2021

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Outline of Argument for

1) Claim Construction
2) Background on Thorsen
3) Thorsen Is Missing Several Elements

4) Thorsen Is Not Enabled
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Claim Construction
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“Separation Chamber”

Patent Owner

“Bio-rad’s interpretation of
this term must be broad
enough to include an open
well”

“chamber sized to
accommodate multiple
droplets and an immiscible
fluid in separated form”
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“Droplet Receiving Outlet” (‘837 Patent)

Patent Owner

“Bio-rad’s interpretation of
“portion of the separation this term must be broad

chamber where droplets enough to include the
are collected” opening at the top of an
open well”
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“Coupled” (Dependent Claims 7 and 9 of the ‘837 Patent)

Patent Owner

“Bio-rad’s interpretation of
this term must be broad
enough to include the use
of a pipette to move
droplets from an outlet to a
vessel”

“operably linked”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Patent Owner

“fluid containing “a compound,
molecules, cells, small composition, and/or
molecules (organic or mixture of interest, from
organic) or particles” any suitable source(s)”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Background on Thorsen

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Thorsen

Microfluidic technologies for high-throughput screening applications
Citation

Thorsen, Todd (2003) Microfluidic technologies for high-throughput screening applications. Dissertation (Ph.D.),
California Institute of Technology. hitps /resolver caltech edu/CaltechETD etd-12012002-092026

Abstract

In this thesis, | present a strategy for the design and development of microfluidic devices for high-throughput
screening applications, such as mutant enzyme libraries expressed in prokaryotic hosts, where a few point
mutations at the DNA level translates to hundreds of thousands of enzyme variants. The work falls into three
main sections. Section | addresses fundamental research in polymer chemistry, where | explore the suitability of
several polymers for microfluidic applications, examining properties such as molding, fluorescence, solvent
compatibility, and adhesion/sealing to glass substrates. Section Il describes my development of a two-phase
microfluidic device, in which | report on crossflow-based dynamic formation of picoliter-sized water droplets in a
continuously flowing oil-surfactant stream_ A predictive model describing the fluid dynamics of droplet formation
in this model is presented as well as its applications in screening bacterial populations. Section lll reports the
development of multilayer soft lithagraphy technology using silicone rubber to build addressable high-density
microfluidic arrays with thousands of integrated mechanical valves. This technology, which introduces the
concept of fluidic large scale integration, is presented as a high-throughput parallel method to analyze bacterial
enzyme expression at the single cell level The detection of enzymatic activity in these high-density microarrays
is described, comparing a self-constructed solid-state laser apparatus with a modified scanner (Axon Industries) -
used for looking at DNA arrays. The 087 Petltlon alleges

Item Type: Thesis (Dissertation (Ph.D.))
Subject Keywords: high-throughput screening; microfluidics; soft lithography

gt Brenlr | ottt Jnethie of Trtmolosy that the Challenged Claims are anticipated or obvious in light of the incubation

Division: Chemistry and Chemical Engineering

Major Option: Biochemistry and Molecular Biophysics
Thesis Availability: Public (worldwide access)
Research

Advisor(s): + Roberts, Richard W. (advisor)
« Amold, Frances Hamilton

Thesis Committes: R e Chapter 4. (087 Pet. at 12-15).

« Amold, Frances Hamilton
E’fn@g%gw (087 Paper 27 (POR) at 7;
' 089 Paper 26 (POR) at 7).

chamber system of Thorsen Chapter 3 or the serpentine channel system of Thorsen

Defense Date: 23 September 2002

Non-Caltech tharsen (AT} mit edu
Author Email:

Record Number: CaltechETD:etd-12012002-092026
Persistent URL: 'https://resolver caltech edu/CaltechETD etd-12012002-092026

Default Usage No commercial reproduction, distribution, display or perfermance rights in this work are
Policy: provided.

ID Code: 4701
Collection: CaltechTHESIS
Deposited By: Imported from ETD-db

10X Ex. 1003, Page 4

(Ex. 1003 (Thorsen)).
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Thorsen Chapter 3 Incubation Chamber

A ° | |so00um - c
e |
Incubation \ Crossflow
Chamber \ ‘ Junction 1 I
i e I} -
RO, i i valves/'- | -

Figure 3.28: Schematic of silicone crossflow device with incubation cavity. A)
Microfluidic chip design. Black layer - flow layer: Grey layer - control layer. B) High
resolution image of actual chip showing crossflow junction and incubation chamber. C)

High resolution of sorting junction in chip showing valve structures.

(Ex. 1003 (Thorsen) at 101;
087 Paper 2 (Petition) at 31,
089 Paper 2 (Petition) at 29).
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Thorsen Chapter 3 Incubation Chamber

200um A 200um B

Figure 3.29: A) Water droplets entering incubation cavity of Sylgard 184 device.

B) Sorting of droplets using elastomeric valves.

(Ex. 1003 (Thorsen) at 103;
087 Paper 2 (Petition) at 32;
089 Paper 2 (Petition) at 31).
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Thorsen Chapter 4 Serpentine Channel System
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Figure 4.2: Serpentine channel design for
biochemical screening chip. Monodisperse
water droplets in mineral 01l/2% Span 80
retain a coherent pattern as they flow

towards the device outlet.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

(Ex. 1003 (Thorsen) at 116;
087 Paper 2 (Petition) at 36;
089 Paper 2 (Petition) at 33).

54



The Thorsen Incubation Chamber

Is Missing Several Elements

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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The Thorsen Incubation Chamber Is Missing Several Elements

With respect to the ‘837 patent, the *  With respect to the ‘722 patent, the
Thorsen incubation chamber is missing Thorsen incubation chamber is missing

several elements of the claims,
Including but not limited to:

several elements of the claims,
Including but not limited to:

1) “separation chamber” (087 Paper 27 1) “separation chamber” (089 Paper 26

(POR) at 29-31)

(POR) at 25-27)

2) “volume sufficient to separate the 2) ‘“‘separating the plurality of
plurality of droplets” (087 Paper 27 droplets™ (089 Paper 26 (POR) at

(POR) at 46).

35).
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The Thorsen Incubation Chamber Is Missing Several Elements

Figure 3.29: A) Water droplets entering incubation cavity of Sylgard 184 device.

B) Sorting of droplets using elastomeric valves.

(Ex. 1003 (Thorsen) at 103;
087 Paper 2 (Petition) at 32;
089 Paper 2 (Petition) at 31).
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The Thorsen Incubation Chamber Is Missing Several Elements

Direct Testimony
of Patent Owner’s Expert Dr. Anna

129. Thorsen also describes in Chapter 3 how the droplets and o1l enter and 130. The ‘837 patent explains that the purpose of the “separation chamber”

leave the incubation chamber fogether. (See, e.g., Ex. 1003 at 103 (“Generated is to separate droplets from the immiscible fluid so that they may be collected at

water droplets entered the ‘incubation’ cavity, where they encountered a sharp
drop m flow velocity (Figure 3.29A). After ~ 1 hour, the droplets had passed
entirely through the cavity and re-entered the narrow (~60 um wide) outlet
channel, where they are flowed toward the T-junction for valve-based sorting.”)).
In my opinion, even if the droplets separate from the o1l while inside the incubation

chamber, they would no longer be separate when they leave the incubation

chamber.

the “droplet receiving outlet.” Because the o1l and droplets would re-disperse and
both would exit the incubation chamber together, the separation and collection of

droplets described in the ‘837 patent that takes place in a separation chamber does

not occur in the incubation chamber of Thorsen Chapter 3.

(087 Ex. 2016 (Anna Decl.) at 1129-30;
087 Paper 27 (POR) at 30-31;
089 Ex. 2016 (Anna Decl.) at 1119-20;
089 Paper 26 (POR) at 26-27).
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The Thorsen Incubation Chamber Is Missing Several Elements

Cross-Examination Testimony
of Petitioner’s Expert Dr. Fair

Q Could you collect only droplets from
the incubation chamber?

o Not with the configuration shown here.
Because you need immiscible o1l surrounding the
droplets in the outlet flow.

So this 1is more or less a flow-through
system where you get separation 1n the chamber,
in the incubation chamber, and then you take the

output for sorting.

Q Right. So as the droplets leave the
chamber, they go out with the ©il; right?
A The outlet channel 1is drawing some of

the oil that's present in the system.

0 Okay.

A The droplets by sedimentation clump to
the bottom down to the glass floor. The ©0il is
lighter. It floats up, but the droplets are
surrounded by o0il. As they are leaving, you're

drawing both droplets and oil.

(Ex. 2017 (Fair Cross Tr.) at 85:13-86:6;
087 Paper 27 (POR) at 38-39).
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The Thorsen Incubation Chamber Is Missing Several Elements

Direct Testimony
of Patent Owner’s Expert Dr. Anna

Further, in my opinion, a

POSA would interpret this image — where some of the droplets have clear centers,

and some are almost completely black — to show droplets that are in multiple

layers, not all resting on the bottom of the incubation chamber.

(087 Ex. 2016 (Anna Decl.) at 1131;
087 Paper 27 (POR) at 31,
089 Ex. 2016 (Anna Decl.) at 1121,
089 Paper 26 (POR) at 27).
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The Thorsen Incubation Chamber Is Missing Several Elements

Direct Testimony
of Patent Owner’s Expert Dr. Anna

In a planar image
such as this one, droplets with curved iterfaces will refract light passing through
the droplet, diverting the light away from the initial incidence angle. This leads to
the appearance of clear droplet centers, since light remains largely unretfracted
nearest the centers of the droplets, and dark edges, since the curved edges refract

light the most dramatically. The presence of multiple layers of droplets would

further refract and scatter the incident light, creating dark regions of the image in

which the individual droplets are difficult to distinguish and count. Placement of
the droplets out of the plane 1s not possible in a planar microscope through-image

such as this one.

(087 Ex. 2016 (Anna Decl.) at 1131;
087 Paper 27 (POR) at 31,
089 Ex. 2016 (Anna Decl.) at 1121,
089 Paper 26 (POR) at 27).

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 61



The Thorsen Incubation Chamber Is Missing Several Elements

*  With respect to the ‘837 patent, the *  With respect to the ‘722 patent, the
Thorsen Incubation Chamber is missing Thorsen incubation chamber is missing
a “droplet receiving outlet.” (087 Paper “collecting the separated droplets”
27 (POR) at 37-41). (dependent claim 2). (089 Paper 26

(POR) at 35-38).
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The Thorsen Incubation Chamber Is Missing Several Elements
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Figure 3.28: Schematic of silicone crossflow device with incubation cavity. A)
Microfluidic chip design. Black layer - flow layer: Grey layer - control layer. B) High
resolution image of actual chip showing crossflow junction and incubation chamber. C)

High resolution of sorting junction in chip showing valve structures.

(Ex. 1003 (Thorsen) at 101;
087 Paper 2 (Petition) at 31,
089 Paper 2 (Petition) at 29).
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The Thorsen Incubation Chamber Is Missing Several Elements

Cross-Examination Testimony
of Petitioner’s Expert Dr. Fair

Q Could you collect only droplets from
the incubation chamber?

o Not with the configuration shown here.
Because you need immiscible o1l surrounding the
droplets in the outlet flow.

So this 1is more or less a flow-through
system where you get separation 1n the chamber,
in the incubation chamber, and then you take the

output for sorting.

Q Right. So as the droplets leave the
chamber, they go out with the ©il; right?
A The outlet channel 1is drawing some of

the oil that's present in the system.

0 Okay.

A The droplets by sedimentation clump to
the bottom down to the glass floor. The ©0il is
lighter. It floats up, but the droplets are
surrounded by o0il. As they are leaving, you're

drawing both droplets and oil.

(Ex. 2017 (Fair Cross Tr.) at 85:13-86:6;
087 Paper 27 (POR) at 38-39).
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The Thorsen Incubation Chamber Is Missing Several Elements

Cross-Examination Testimony
of Petitioner’s Expert Dr. Fair

Q So 1t's your belief on Page 74 of your
declaration we see the droplets, there is a
clump of droplets; right?

A Right.

@] And then there is what looks 1like a

curved part of the incubation chamber; right?
Y.\ Right.
0] And there 1s a single line of

droplets; right?

A Right.

(Ex. 2017 (Fair Cross Tr.) at 132:21-133:5;
087 Paper 27 (POR) at 40-41).
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The Thorsen Incubation Chamber Is Missing Several Elements

Cross-Examination Testimony
of Petitioner’s Expert Dr. Fair

Q And your understanding 1s that that 1is

showing the outlet of the incubation chamber?

iy Correct.

Q And that's what your oplinion 1s based
on?

iy Correct.

Q Got 1t. Okay. 2And that's what
you're -- 1s the basis for your opinion that

there is a droplet receding outlet as recited by

the claims?

¥y Yes.

(Ex. 2017 (Fair Cross Tr.) at 133:6-16;
087 Paper 27 (POR) at 40-41).
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The Thorsen Incubation Chamber Is Missing Several Elements

Cross-Examination Testimony
of Petitioner’s Expert Dr. Fair

Q And, Dr. Fair, looking at the sentence
that you read -- excuse me. Earlier on the page
you were readlng the sentence, "Generated water

droplets entered the incubation cavity where
they encountered a sharp drop in flow velocity,"
Figure 3.29A.

Was that the sentence you were reading

from?
A Yes. Okay. So Figure A, as the
caption says, water droplets entering the

cavity, they slow down and accumulate. So I had

that bkbackwardes.

(Ex. 2017 (Fair Cross Tr.) at 133:6-16;
087 Paper 27 (POR) at 41).
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The Thorsen Incubation Chamber Is Missing Several Elements

A = 500um e c
R |
Incubation ’ Crossflow ‘
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Cross-Examination Testimony
of Petitioner’s Expert Dr. Fair

Figure 3.28: Schematic of silicone crossflow device with incubation cavity. A)
Microfluidic chip design. Black layer - flow layer: Grey layer - control layer. B) High
resolution image of actual chip showing crossflow junction and incubation chamber. C)

High resolution of sorting junction in chip showing valve structures.

(Ex. 1003 (Thorsen) at 101).

Q. Okay.

If T asked you to go in with a
micropipette and collect droplets from the
top schematic in figure 3.28, where would
you do that?

MR. GERRITY: Objection to form

and beyond the scope of reply.

h. Well, vyves, I have not offered
any opilinion in my responsive declaration
regarding how you would collect with a

micropipette 1n this configuration.

(Ex. 2041 (Fair Reply Cross Tr.) at 200:11-20;
087 Paper 32 (PO Sur-Reply) at 7).
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The Thorsen Outlet Wells

Are Missing Several Elements

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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The Thorsen Outlet Wells Are Missing Several Elements

With respect to the ‘837 patent, the *  With respect to the ‘722 patent, the
Thorsen outlet wells are missing several Thorsen outlet wells are missing several
elements of the claims, including but elements of the claims, including but
not limited to: not limited to:

1) “separation chamber” (087 Paper 27 1) “separation chamber” (089 Paper 26

(POR) at 32-37)

(POR) at 28-33)

2) “volume sufficient to separate the 2) ‘“‘separating the plurality of
plurality of droplets” (087 Paper 27 droplets™ (089 Paper 26 (POR) at
(POR) at 46). 35).
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The Thorsen Outlet Wells Are Missing Several Elements
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Figure 3.28: Schematic of silicone crossflow device with incubation cavity. A) o o
o
Microfluidic chip design. Black layer - flow layer: Grey layer - control layer. B) High © o
=, % : : : : . 2 o} o
resolution image of actual chip showing crossflow junction and incubation chamber. C) ° o 100pm ©
High resolution of sorting junction in chip showing valve structures.

Figure 4.2: Serpentine channel design for
biochemical screening chip. Monodisperse
water droplets in mineral 011/2% Span 80
retain a coherent pattern as they flow

towards the device outlet.

(Ex. 1003 (Thorsen) at 101;
087 Paper 2 (Petition) at 31,
089 Paper 2 (Petition) at 29).

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

(Ex. 1003 (Thorsen) at 116;
087 Paper 2 (Petition) at 36;
089 Paper 2 (Petition) at 33).




The Thorsen Outlet Wells Are Missing Several Elements

Cross-Examination Testimony
of Petitioner’s Expert Dr. Fair

Q Okay. If I asked you to design a
system where the cutlet well was in the same
plane as the channel, could you do that?

A You could you do that, but if the
collection well that you're describing has the
same height as the channel, then it would be

very difficult to do separation of oil and

liguid and droplets.

So the early waste reservolrs that we
built were, 1n fact, designed to have the same
height as the channels 1n our devices. And they
were just holding -- they just were there to
hold the droplets, not to separate from the oil.

Q You did not put the outlet wells
vertical to the channel until you declded you

wanted to separate?

iy That's correct.

(Ex. 2017 (Fair Cross Tr.) at 69:2-18;
087 Paper 27 (POR) at 34;
089 Paper 26 (POR) at 30).
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The Thorsen Outlet Wells Are Missing Several Elements

Direct Testimony
of Patent Owner’s Expert Dr. Anna

135. Thorsen also does not disclose anything about the dimensions or
design of the alleged “outlet wells” in Chapter 3, and depending on the design of
the alleged “outlet wells,” droplets may or may not separate from surrounding oil
based on density.

136. Further, I agree with the testimony Dr. Fair provided during his

deposition where he explained that it was not necessary for an outlet well to be out

of the horizontal plane of the channels to accommodate “thousands™ of droplets.

(087 Ex. 2016 (Anna Decl.) at 1135-36;
087 Paper 27 (POR) at 33-34;
089 Ex. 2016 (Anna Decl.) at 1125-26;
089 Paper 26 (POR) at 29-30).
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The Thorsen Outlet Wells Are Missing Several Elements

Patent Owner Response

Finally, Petitioner argues that “[u]nder Bio-Rad’s interpretation, an open

claim limutation.” (087 Pet. at 48). Specifically, Petitioner argues that 1f the 10X
chambers highlighted in yellow 1n the 1image below constitute “separation
chambers” within the meaning of the ‘837 patent, then so too must the “outlet

wells” allegedly disclosed in Thorsen Chapter 3. (/d.).

well with droplets that have a different density than the immiscible fluid meets this

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

(087 Paper 27 (POR) at 34;
089 Paper 26 (POR) at 30).
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l
6 Oil/Surfactant
1T Cells/Enzyme
| :
, : =
/I -srfer + Substrate
7 \

(087 Paper 27 (POR) at 36;
089 Paper 26 (POR) at 32).
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The Thorsen Outlet Wells Are Missing Several Elements

*  With respect to the ‘837 patent, the *  With respect to the ‘722 patent, the
Thorsen outlet wells are missing a Thorsen outlet wells are missing
“droplet receiving outlet.” (087 Paper “collecting the separated droplets”

27 (POR) at 41-44). (dependent claim 2). (089 Paper 35-38).
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Direct Testimony Cross-Examination Testimony
of Petitioner’s Expert Dr. Fair of Petitioner’s Expert Dr. Fair
Thus, for a micropipette to be able to collect liquid, the liquid must first be collected 0 What is the minimum dimension of a
in a container that (1) is of a sufficient volume for the pipette tip to be inserted, (2) micropipette?
has an opening through which the pipette can be mserted, and (3) the liquid 1s of a A The ones we have, which are the
sufficient volume that the micropipette can collect it. This describes an outlet well . .
smallest, are 1 millimeter.

(sometimes called a collection well). (Ex. 2017 (Fair Cross Tr.) at 159:13-16;

. ) 087 Paper 27 (POR) at 43-44;
(087 Ex. 1008 (Fair Decl.) at 1130; 089 Paper 26 (POR) at 38).

087 Paper 27 (POR) at 43-44;
089 Ex. 1008 (Fair Decl.) at 160;
089 Paper 26 (POR) at 37-38).
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The Thorsen Outlet Wells Are Missing Several Elements

Petitioner’s Reply

Dr. Anna 1s PO’s only support for the first
argument, and her opinion 1s a conclusory assertion without citation that 1 mm “1s
much larger than any of the structures described by Thorsen.” Anna. q153. However.
Thorsen discloses “inlet holes punched with a large diameter (~5mm) beveled steel

punch.” Thorsen, 44.

(087 Paper 30 (Reply) at 24;
089 Paper 29 (Reply) at 20).
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-
I l T T
Diene-based polymers likd 2 . 2 - 2 D 1 e l]_ E — b a S. e d 0 l} m e‘ l S the methylene chloride and precipitation of the ruthenium catalyst in the mixture prior to

problem encountered with PD!

petrolenm cracking process, Dt

=
o

polymer (vs. pure DCPD). resulting in several failed polymerizations duc to boil off of

polymerization. The co-polymerizations also leave trace amounts of uncured monomer

trapped in the devices. whose potent smell is an undesirable product. However. the co-

well as inorganic acids and bases. The polymer ranges in color from optically clear to
pale yellow after polymerization, depending on the catalyst, and exhibits low background
fluorescence. However, DCPD is not inherently elastomeric. exhibiting a high degree of
crosslinking upon polyvmerization that classifies it as a duroplastic. Its mechanical
toughness and chemical resistance has made it a popular polymer for use in aerospace,
marine, ballistic, and electronic applications.
Dicyclopentadiene (DCPD)
Structural and Mechanical properties

DCPD has excellent molding capabﬂitiesu: and is primarily vsed for injection
molding of items such as hazardous chemical storage tanks, boat shells, and printed
circuit boards. The neat polymer is mechanically tough, with a Young's modulus value of
1.5-3.0 GPa. depending on the catalyst employed for the crosslinking. The
polymerization reaction s initiated by organometallic catalysts like the Grubb's reagent
(Figure 2. ). which opens the vinyl bonds of DCPD using a mechanism in which a
covalent intermediate is formed between substrate and catalyst (Figure 2.7). The reaction

is commonly referred to as ring opening metathesis polymerization. or ROMP

10X Ex. 1003, Page 38

polymers with a high fraction of 1.5-COD show exccllent coverslip adhesion (tested up to
30 days without delamination)
Chemical Resistance: Bulk and Microfluidic

Chemical resistance of the DCPD/COD co-polymers was comparable to
polyDCPD devices. No swelling was observed for water and all alkanes (C7 - Cyg) in bulk
tests in which solvent was pipetted on the surfaces of the co-polymers. Microfluidic tests

with pressurized solvent were still difficult to conduct because we had not developed a

Microfluidic tests
with pressurized solvent were still difficult to conduct because we had not developed a
good methodology to punch small inlet holes in the relatively tough devices. Devices cast
from the silicon molds still needed to have inlet holes punched with a large diameter
(~5mm) beveled steel punch. making the clamping apparatus still necessary for fluid

mtroduction.

| 10X Ex. 1003, Page 44

(Ex. 1003 (Thorsen) at 38, 44;
087 Paper 30 (Reply) at 24;
089 Paper 29 (Reply) at 20).
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8

devices for sorting DNA and cells using electrophoretic tec]m.lques"a. so this provided a
natural starting material for my early studies. As PDMS proved to have inadequate
chemical resistance against most oils, exhibiting swelling and degradation. my work
‘broadened to investigate other groups of polymers. including dienes, urethanes and block

co-pelymers. A summary of this research follows.

221 Sili h d Palvimer:

2.2.1 Silicone-based Polymers

Figure 2.4: Fabrication of one-
layer PDMS devices fabricated
from a wet-etched silicon wafer
master mold. Top: Casting and
coring process for PDMS.
Bottom: Channel mold for four
devices (bird's eye view). Dotted
1 s ot of A oot itk

most common and widely used elastomer 15 PDMS, having the basic repeating unit,

[(CH3):8i0] (Figure 2.1)

CH3 CH3 CH3

! I
-0-58i-0-S8i-0-Si-0-| _
[ [ | Figure 1.1: Structure of repeating PDMS
CHz  CH3 CH3 subunits.

Polvdimethylsiloxane (PDMS)

Polydimethylsiloxane (PDMS)

10X Ex. 1003, Page 27

a 20G (I.D.= 585 um) beveled steel punch at the channel ends and the devices were

sealed hermetically to No.l glass coverslips (VWR) at either room temperature (23°C) or

in the oven (80°C) for 4 hours.

Holes were then punched with

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

a 20G (I.D.= 585 pum) beveled steel punch at the channe] ends and the devices were
sealed hermetically to No.1 glass coverslips (VWR) at either room temperature (23°C) or

in the oven (80°C) for 4 hours.

10X Ex. 1003, Page 31

(Ex. 1003 (Thorsen) at 27, 31;
087 Paper 32 (Sur-Reply) at 11;
089 Paper 31 (Sur-Reply) at 10-11).
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Petitioner’s Reply

Patent Owner’s Sur-Reply

Exs. 1077, 1078, 1079). Thus, if the Board finds Thorsen does not disclose outlet
wells large enough to accomunodate a nucropipette tip. 1t would have been well
within the knowledge and skill of a POSA to use a commercially available 2 mm or
4 mm cork borer (or Thorsen's “~5mm™ punch) to produce an outlet well that would

accommodate a micropipette tip.

087 Paper 30 (Reply) at 24-25;
089 Paper 29 (Reply) at 21).

This argument also
tails. Thorsen discloses how to make the hole punches in his Chapter 3 and 4 devices,
i.e. byusing a 20G (1.D.=585 um) beveled steel punch. A POSA would have had no
reason to deviate from this procedure, nor does Petitioner provide any such reason.
Instead, Petitioner starts with the claim element (“droplet receiving outlet™) and
looks backwards to craft an argument that the element would have been obvious.

This is improper hindsight.

087 Paper 32 (Sur-Reply) at 12;
089 Paper 31 (Sur-Reply) at 11).
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Cross-Examination Testimony
of Petitioner’s Expert Dr. Fair

Q

z

Q

When is the first time you used a
pipette to remove a droplet from a chip and move

it off chip?

I don't think I'we done that.

You'we never done that?

Not on electrowetting chips, no.

On any other chips?

Not that I can recall.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

(Ex. 2017 (Fair Cross Tr.) at 69:2-18;
087 Paper 27 (POR) at 42-43,;
089 Paper 26 (POR) at 37).
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In re Fritch, 972 F.2d 1260, 1266 (Fed. Cir. 1992)

“[I]t 1s impermissible to use the claimed invention as an
instruction manual or ‘template’ to piece together the
teachings of the prior art so that the claimed invention
1s rendered obvious.”

087 Paper 32 (Sur-Reply) at 12;
089 Paper 31 (Sur-Reply) at 11).
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4.6 Conclusions

Microfluidic technologies for high-throughput

Thorsen, Todd (2003) Microfluidic te
California Institute of Technol

afe

Working on the development of a microfluidic crossflow assay emphasized the

In this thesis, | present a strategy for

screening applications, such as mutal acetate soly
hain Sacions. Section | addrecece 14 product als
Sompatioity, and adhesion/secing o] s difficult dynamic integration process between biochemical and micromechanical systems.
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o . . : . e
icrofuidi artays with fousands of 46 cd Progress was made in making the crossflow device a true microfluidic mixer, capable of
concept of fluidic large scale integrati
enzympé expression gl the singlte gce-llkl

is described, comparing a self-constr We
usgd fortlxoc?lvsing a?DNg arra)lﬂfs. ' § - - - . . ~ § § . . g
Hom Type: | Thesis (Disse smerss;  encapsulating picoliter volumes of two aqueous components exactly at the position where
Subject Keywords: high-throughp| Progress w:
Degree Grantor: ' California Inst] . . .
Division: |Chemistry an =cpsiati  the two reagents combine. pNB esterase was chosen as a model enzyme on the basis of
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assays in this system.

(Ex. 1003 (Thorsen) at 127,
10X Ex. 1003, Page 127 087 Paper 27 (POR) at 48-50;
089 Paper 26 (POR) at 41-42).
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Patent Owner’s Sur-Reply

First, Petitioner’s argument that Thorsen 1s presumed enabling and that “PO
has not overcome that presumption” (Reply at 24) ignores the law. Where, as here,
a Patent Owner makes a non-frivolous argument that the prior art 1s not enabled, the

presumption no longer applies, and the burden shifts to the Petitioner. In re Morsa,

713 F.3d 104, 106 (Fed. Cir. 2013).

(087 Paper 32 (Sur-Reply) at 15-16;
089 Paper 31 (Sur-Reply) at 15).
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Thank You
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