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A.

I've explained that, in droplet systems, the droplets do
not -- no. They've — they’'ve come -- the droplets have
been -- been formed, and they don't necessarily contact
the walls of the container.

Whereas, in segmented flows, the segmented flows are
contained within the full width of the container.

And from a flow perspective, do you consider that to be
fundamentally different?

| do.

Olmsted Dep. Tr. (May 13, 2016) at 94:13-95:2
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L Emerging Research Fronts On February 10, 2011, Thomson Reuters released data identifying the
world’s top 100 chemists over the past 11 years as ranked by the
impact of their published research.
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Srisa-Art Publication

Anal Chem 2007, 73 8852 6855

High-Throughput DNA Droplet Assays Using

Picoliter Reactor Volumes

Monpichar SrisaArt,! Andrew J. deMello,*t and Joshua B. Edel

Department of Chemstry and instiude of Biomedical Engineerng imperial College London, South Kensingfon, Londen,
SWT 247 United Kingolorm

Droplet-based microfluidic systems provide a controlled environ-
ment in which to perform rapid mixing, isolation of picoliter-size
fluid volumes, and rapid variation of reaction conditions. An
elegant example of this facility has been demonstrated by
Ismagilov and colleagues, in which they used droplets to measure
reaction kinetics on the millisecond time scale.! rapid binding
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Leng Article

Microfluidic crystallization

Jucques Leng and Jean-Baptiste Salmon”

Ismagilov et al did major work concerning droplet micro-
fluidics’® and concerning the chemistry of the surfactants and oils
used to perform the above experiments.®® Indeed, in order to
mimic perfect microbatch conditions, they identified fluorinated
oils that were nearly impermeable to water, and synthesized
oligoethylene glycol-capped perfluorinated surfactants that
prevented protein adsorption at the interface of the droplets. To
- handle membrane proteins, they also used perfluoroamines that
zes | provided high surface tension.

PTX535-006 (reference 61 is Roach)
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Roach Article
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Anal. Chem. 2008, 77, 785796

Controlling Nonspecific Protein Adsorption in a
Plug-Based Microfluidic System by Controlling
Interfacial Chemistry Using Fluorous-Phase

Surfactants

L. Spencer Roach, Helen Song, and Rustem F. Ismagilov*
Department of Chemistry, University of Chicago, 5735 South Elfis Avenue, Chicago, Minois 60637

Comtrol of surface ehemistry and protein adsorption is
important for using microfluidic devices for biochemical
analysis and high-throughput screcning assays. This paper
describes the conirol of proiein adsorption at the liquid

liquid interface in a plug-based microfluidic system. The
microfluidic system uses multiphase flows of immiscible
fluorous and aqueous fluids t form plugs, which arc
aqueous droplets that are completely surrounded by
fluorocarbon oil and do not come into dircct contact with
the hydrophobic surface of the microchanncl, Protein
adsorption at the aqueous—fluorous interface was con-
trolled by using surfactants that were soluble in fluoro-
carbon eil but insoluble in aqueous solutions. Three
perfluorinated alkane surfactants capped with different
functional groups were used: a carboxylic acid, an
aleohol, and a triethylene glycol group that was synthe.
sized i il k
mentary methods of analysis, adsorption was character-
ized for several proteins (bovine serum albumin (BSA)
and fibrinogen), including enzymes (ribonuclease A (RNase
A) and alkaline phosphatase). These complementary
methods invalved characterizing adsorption in microliter-
sized droplets by drop mmmmcu-, and in nanoliter p]ugu
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imethylsiloxane) (PDMS). Black PDMS micro-
fluidic devices, fabricaied by curing a suspension of
PDMS, were used to measure the changes in
fluorescence intensity more sensitively, This system will
‘be useful for microfluidie bioassays, enzymatie kinetics,
erystallimtion, beeause it does not require
o it

chemistry and protein adsorption,
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at the aqueous - fluorous interface. This microfuidic system uses
multiphase flows of immiseible flsoruus and aqueous liquids to
form droplets (jlugs) and 1o transport them with rapid. mixing
and no Taylorlike dispersion! We have previously used the
system 1o measure enzyme Kinetics? and perform protein
erystallization’ s using submicroliter volumes of sample.
Mierofluidic systems are becoming increasingly useful for a
range of analylical” ©° and chemical processes,! 1# especially
systems relying on multiphase flows. Dropletbased microffuidic
systems are being developed by a number of groups'!* and
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Figure 1. Controlling surface chemistry in plug-based microfluidic
devices with surfactants at the agueous—fluorous interface. (a, b)
Schematic of surfactant molecules at the interface of an agueous plug
of protein in a microfluidic channel. (a) Ri-COOH surfactant provided
a noninert interface prone to protein adsorption. (b) R-OEG surfactant
provided an inert, biocompatible interface.

DTX-0286, Fig. 1
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Breslauer Article
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cs-based systems biology

David N. Breslauer, Philip J. Lee and Luke P. Lee

Received 3rd Novewber 2005, Accepted 23rd December 2005
First published as an Advance Article an the web 9th January 2006
DOL: 101039515632

Systems bialogy secks to develop a complete understanding of cellular mechanisms by studying
Tunctions of intra- and iler-cellular molecular interactions that trigger and coord
However, y of biological sy a

imentation to be a difficult task. Most hiological experimentation focuses on highly detailed
ignaling mechanism, which fucks the (hroughput necessary (o reconstruct

experimentati
‘microfluidic devices. Microfluidics provides the oppartunity
single- und multi-cellular level

ystem, while high-throughput testing often lacks the fidelity an
detail necessary to fully comprehend the mechanisms of signal propagation. Systems biology
n, however, ean benefit greatly from the progress in the development of

o study cells effectively on both a
Mk | |

with high-resolution and localized application

and

conditions with biomimetic physioloical conditions. Additionally, the ability
devices on a chip opens the door for high-throughput, high fidelity experimen|

aceurate and precise unraveling of the intertwined signa
workings of the cell.

ing systems that com;
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understanding of biological systems. Systems bivlogy s the
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required 1
molecular components in 4 biological system such that system
be wecarately predicted.’ To achieve this goul, ok
pedbimrepnny and technol
dynamic models of biological systems must be developed. T psrnion
approach to model develapment, as described by Ideker er s

s the use of existing data to formulate an initial madcl and the

subsequent use of the model 10 predict system responses to  Coreoenty
molecales ¢
various ations, These perturbations are then experi-
mentally applicd te the system and the ollected results are O 5P
used for further model refinement. An example sysiems model ~ Sulton
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OUTSIDE ATTORNEYS' EYES ONLY INFORMATION

performing such studies is protein adsorption into the
microfluidic device surface, however the same group developed
methods of altering droplet interfacial chemistry to actively
prevent such problems.®® These developments can be further
extended for the creation of artificial membranes on the
droplet surface.
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Heubner Article

\1|c|odmplch. A sea of appiicmions?

u Hue m uq v Shar Monpichar Srisa-Art,* Florian Holllelder,” Joshua B, Edel™ and

should also be noted that careful choice of surfactant formula-
tion was necessary to provide the droplets with enough stability
to avoid exchange of their components, fusion, change of volume
and aggregation in the reservoir. The selection of an appropriate
surfactant is extremely important. Roach et a/. demonstrated
that with proper choice of surfactant it is possible to decrease the
likelihood of protein localisation at the interface of the droplet
and allow uniform distribution throughout the whole droplet
(Fig. 5).'” For biochemical experiments this becomes crucial as

the active enzyme may lose actmty due to constraints imposed
by the o/w interface. In future, a set-up that allows continu

PTX989-006 (reference 109 is Roach)
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10X’s Triblock Surfactant

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

RAINDANCE TECHNOLOGIES, INC.
and THE UNIVERSITY OF CHICAGO

Plantiffs and Counterclaim

Defendants,
C.A No. 15:152-R(
v
OUTSIDE ATTOR]
10X GENOMICS, INC, INFORMATION

Defendant and Counterclam
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Pursuant to Rules 26 and 33 of the Federal Rules of (] F F

Counterclaim  Plantff 10X Genomics, Inc (“10X7), baseq

understancing, and belict of the facts and on the information of
which these Second Supplemental Responses are made, hereby p
responses and objections (collectively, the “Second Supplem,

“Second Supplemental Response”™) o RaimDance Technologid Figure 1 BKAP
.

Chicago’s (collectively, “Plaimiffs” and each, a “Plainifl™)

(collectively, the  and each, an “Interrogatory )

PTX 1202-007 (First Supplemental Response
-*m.::. to Interrogatory No. 7)
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10X’s Dibloc

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

RAINDANCE TECHNOLOGIES, INC.

k Surfactant

and THE UNIVERSITY OF CHICAGO

Plantiffs and Counterclaim

Defendants,
C.A No. 15:152-R(
v
OUTSIDE ATTOR]
10X GENOMICS, INC, INFORMATION

Defendant and Counterclam
Plainniff,

Pursuant to Rules 26 and 33 of the Federal Rules of (]

Counterclaim  Plantff 10X Genomics, Inc (“10X7), baseq
understanding, and belicf of the facts and on the information af
which these Second Supplemental Responses are made, hereby p
responses and objections (collectively, the “Second Supplem,
“Second Supplemental Response”™) o RaimDance Technologid
Chicago’s (collectively, “Plaimiffs” and each, a “Plainifl™)

(collectively, the  and each, an “Interrogatory )
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Figure 2. KmPEG
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PTX1202-001

PTX 1202-008 (First Supplemental Response
to Interrogatory No. 7)
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Chromium LandLord Reaction

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

RAINDANCE TE

and THE UNI
Plazntiffs and Counterclaim
Defendants,
C.A_No. 15-152-RGA
v
OUTSIDE ATTORNEYS' EVES ONLY
10X GENOMICS, INC, INFORMATION

Defendant and Counterclaim
Plaintiff.

10X GENOMIC
N

Pursuant to Rules 26 and 33 of the Federal Rules of Civil Procedure, Defendant and

Counte

m Plauntff 10X Genomics, Inc. (“10X"), based on its current knowledge,
understanding, and belief of the facts and on the information available 1 it as of the dae on
which these Third Supplemental Responses and Corrected First and Second Supplemental
Responses are made, hereby provides its thind supplemental responses and objections
icollectively, the “Third Supplemental Responses™ and each, 2 “Third Supplemental Response™),
corrected first supplemental responses (collectively, the “Corrested First Supplemental
Responses”™ and each, a “Corrected First Supplemental Response™), and corrected second

supplemental responses (collectively, the

orrected Second Supplemental Responses” and
each, a “Corrected Second Supplemental Response™) 1o the Second Set of Inerrogmories

(collectively, the “Interrogatories” and cach, an “Intesrogatory”) propoundsd by RainDance
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Phi29 DNA Polymerase
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_ Adaptor
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PTX 1204-011 (Corrected Second Supplemental Response

to Interrogatory No. 11)
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Contact Angle Method

Solid

Sia 11/10/2017 Supplemental Expert Rebuttal Report, 9123 1
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Du Noily Ring Method

Air
Pt-Ir ring

12

10X Ex. 1046, Page 12



Du Nouy Ring Method Apparatus
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Solid/Liquid Surface Tensions

A . »
IFT ( Verzﬁt)e Maximum Minimum
1 front 22.2 24.4 20
EG MM DG8
2 back 19.6 21.6 175
3 front 23.1 25.7 15.8
Probe MM DGS8
1 back 24.3 27.8 20.9
5 front 17.5 20.8 14.3
ddSEQ DNA ddSE
6 Q back Q 204 22 18.8
7 front 20.1 23.9 16.4
ddSEQ Cell ddSE
3 QCe back Q 18.6 212 16
9 front 151 18.7 1.5
Genome Chip V1 o 10X _
10 back 215 24.4 18.7
11 front 125 16 8.9
Genome Chip V2 on 10X
12 back 26.2 28.2 24.2
13 front 12.4 15.2 9.6
Gemcode Chip Kit ot 10X
m back 27.9 31.2 24.6
15 Tront 12.4 14.8 10.1
Single Cell V1 on 10X
16 back 19.2 21.2 17.3
17 front 183 205 16.1
Single Cell V2 fon 10X
18 back 17.6 195 15.7

14
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Liquid/Liquid Surface Tensions

Temperature (
Aqueous sample Oil sample °C) IFT (mN/m)
1 Water HFE-7500 23.93 51.42+).768
2 Water DG oil for EG 24.36 5.441 £0.342
3 Water DG oil for Probe 24.56 9.048 +£1.317
4 Duplex Assay for Probe DG oil for Probe 25.28 4,668 +0.400
5 S. aureus Assay for EvaGreen DG oil for EG 25.02 2.855 +0.048
6 ddSEQ with long DNA DG oil for EG 24.53 2.614 +0.812
7 ddSEQ with cell sample DG oil for EG 24.71 3.97 £1.778
hromi
8 Chromium Genome ¢ on}lpm'Genqme 25.17 “0”
Partitioning Oil
9 Chromium Genome v2 CI]IOIHII.H'II C.%enogle v2 2538 1.81+0.0497"
Partitioning Qil
10 Single Cell A Chip Kit Single Cell A Chip Kit 24.32 w0
Partitioning Qil
ingle Cell 3' Chip Ki
1 Single Cell 3' Chip Kit Single Cell 3" Chip Kit 25,50 g
Partitioning Qil
12 GemCode Chip Kit GemCode Chip Kit 25.59 «“”
Partitioning Oil

15
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