s

charged. For ORGAerminated surtactants, bigh valuss of n {2 16 e predorred for

V)

making these surfaciants otb-soluble and proventing them fronventenag the aqm—:ms:s;
phase. In FIG. 24, compounds that have batween about 3 1o 6 BG wwts attlached toa
thicl are sufficient 1o prevent the adsorption of proteins fo 8 monolayer of thiols on
gold, and ars sthaoy prefiorred for neriness. i addition, sarfactanty tht have been
showt 10 be blocompatibls in Soorocarhon bload substinaes may also be usedag

additivies fo fuorinated carmter Hoidy
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APPLECATHING: RINETH MEASURBEMENTS AN ARSAYR
The devives and methods of the invention st bealsn used for performing
sxperiments typleally done in, for example, & puoratiier plate whare a fow agonis

N

arsowixed 8 many concomrations and then monitored andfor analy This can be

s

done, for exay composition, stopping the How if

el e

sesded, snd then mdmutoring the plugs. The assays may be positionally encoded, that

1w the

e

is, the m’;n}gﬁs’.}sétian of the phag may be dedoced from the posttion of the pla

channgd, The dow and methods of ths lpvention may bo used 3o perforns high-

throuphput seresring angd assays useful, for example, i disgnostios and drug

s
e
o

diseovery, In particudarn, the davices arad methods of the invention van beoused ©
perform relfatiesdy fast kinetic meoastromants

The ah%.ii‘i:_y sox perform fast meamirerunts hay revoluticndzed the fteld of
biodogiond dynanties. Examples ohade studies of prowein € fulding snd oytochrome
£ folding, These measursments are performed using fast Kinstics nstrnaments that
13 rely on torbulencs toomix solutions raptdly. To schieve tebulence, he chormsds angd
the flow ratey normually have 1o be Targe, wiuch rediiuve lavge sample volumes,

Commsrctally svariabio instrunsnie for porfomidng mr:d kinctivs studics cagr acuess

fves on the order of s The rapeoved on-chip vovston of @ capilary glass-ball

mixer gives a dead S of about 48 ps with & How rste of more than abous 038

20 lfsec. The mindsturizanon of these existing methods 1s genarally hovted by the
veput remnent of lngh How rale o generate babalenee, Mintaturization afforded by
doevices suul mothods sccording o the nvention s advantageous beosuse W allows, for

€ .

CRAMPND qu\m\;g\zm g charactetiz ;ﬁi{‘i} from P e I‘i&iilfip‘iﬁéﬁi(}il and gysus aola i&i’i

of stmuch wider range of bromoleniles including those available ondy in minne

I3 quantities, e, microgram quantines. b adilition, these new tochigues and

instraments afford & wide range of nocossible fine seales fo moastronsats.
Time contro] s fiportant i many chanueal and ochemiscal procesies

Typioally, stopped-flow ype instrunents are used 1 measure reaction kinetios.

These bypes of instraments typicaily rely on hoebuwlent Sow to sux the reagents and

30 wansport then while mintnuzing dispersion. Bevaves babulent Sow oczars in udses

faoy g3

with relatively large diametorsand at ogh Sow sates, stopped-flow instruments tend

b

to use large vodumen of reggents (2.0, on the order of mivs), & microthuidic anslog of

a stoppah-Hlow Dot that consunes sowdl voluwnes of reagents, eug, on the srder

aof pdfonin, woadd be wselld I varions applications such as dlagnostios. Thaw S
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s

s
e
o

20

sgrofiuidic devices have not been sble tooumpete with opped-low nsiraments

beosuse BOY is usnally 100 slow {although 11 has Tess disparsion), and pressuse-ditven
flonws tend to sufler from dispeeston, Iy addition, mixing is usually very dow in bath

sSysteny.
Stopped-low ingtroments typleally have subsmiliisseond tuixing sl conld b

usefil for experiments where such fast mixing 18 required. The deviges and rasthods

oof the tnvention allow seb-mitlisecond msssuremaonts sawell T pargoudar, the

~up o @ sub-seroaad bat

presont invention cin be sdvamiageonus for reactiony that o
stosver than shout 1 or aboot 1 oullisecond (st time soale or where the primary
concarn i the sedute vodume reguived o perform g measurenant
Further, a pluy s gonorsted with dve resctive components, H Can 8eive a5 3
myicroresctor as the plug s transported down g cluoasd. A plug's property, sueh aa s

opcal property, can then be messured or montiored as 8 function of distanes rom a

given nodnt ov region of @ chatusd or subsirate. When the plugs are granspovisd 4t s

constant flow rate, o regction tow can be directly detstiningd froan g given distanse

3

Toprobe the compogition of the plug as It exits g channel, the consants of the phigs

iy be injorted into & maas speotroninder {e.g, an olootrospray masy spectronntor)

Y

o

fromvan ongd of the channel. The tme corresponding 1o the ond of the channed way be

varted by changing the How rate. Mubiiphe outlets may be desy

channels to probe, for ovaraple, the plug contents using & mass speotrometer at
sufiple distaree and e ponts.
An advantige of the devives snd mathods of the fnvention is that when plugs

ave formed continoousty, wmtrinsically slow methods of ohxervation can besed. For

H b
i S

exantple, plugs flowing at a flow rate of about 10 onvds througha distance of abou |

wimn From a poind of antgtn would beabout 10 o old. T tBiy cage, the vvention i

parnicuiarty sdviidagoous bevause it allows the ust of 3 relatively stow detestion

saethod to repeatedly perform s wsasurentent of, for example, 10 meold plues for

«‘é's‘hmiw unlimited time. Fn conirast, £ obServe a readtion i a st ;};\{\dnﬁ»on

exparinient & 1 Sme, say, between shoan D and 11 os, one only has about ¥ ms o tehe
dita. Moreover: the prosent imveattion sllows w10 oldain information tnvelving
complex reactions gt severs! tmes, simdmvecusty, sioply by observing the channels
at different distances fog the polnt of otigin,

et - each

The resotion inwe cun be mowdtored at vanous painds along a ©

point will correspond to & different veaciion or mixing Ume Given 8 conmtant Thad

- 56w
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Bow rate u, onemay detenming a reaction tlme corvesponding fo the vanoua fmes 1y,

ot o oalong the chanedl Thaos, 18 the distanes hebween cach pair of potmis noasd
w-l, which -s:{}:sis‘ats§;3c;3ﬂd s e fe and G, e the same For g given value of o, then the

saction Ums cosresponding o point n along the chanoel may by cglenlated from ¢, =

=

L4s
-
jout
]
e
£

Thus, one can conveniently and repeatedly moniiy & reaction af any given time
in priveiple, the subuirate of the present invention allows one 1o cOver a greater

2

thnte period for monitoring 8 reaction by sumiply extendhing the tenggh of the channel

that is 1o b nronitoend a1 & given o rate o by devreanng the fow nte over a gdven

A

chavngd distance {see, for ovample, Flg 223 In FRy 22, the ollowing can be

Y introduoced into the fodlowing indnts: eneyme into intets T30, 2205, 2310, 2218
bl bvto dolets 2307, 2206, 2311, 2216 substrate toto indots 2203 2267, 2213,
2217 bl intoctnbets 2204, 2208
22T, IS I FIG 22, a carter faad Hovws through the chevod portions 220, 2221

223 from lefl tovight The chamed portions sncdosed by the dotted sgquare

VR 2209 222%, 223%, 2337 repueeay Diglds of view By the prpose of moniioning s

redChion st virtous poiis aloay the Chanusd
The swme pringiple applivs to s altornate ombodiment of the prosor
invertion, whore the distance mm‘\pa\s‘dw 0@ potnt b Irom & common point of
origin dlong the channet Gl from that corvesponding 1o another channel by
20 powerormuoliiples of & This can he seen more clearly Trom the following discusaion,
Given @ constant flutd ow rateow, one may deternuing & reaction fime correspemnding

tor the vatlous imes Ty, Ty I, .. b along the channel. Tha, i the distance betwaen

each patr of points nand w1, which correspond 1 thons §, and ., are the same fov g

gtven value of o, then the resction time corresponding o point nalong the channel

say be calvulated from o nliue Inog velatively mare complex chinnel geomaivy

such as the one shicsasn I FIGL the corresponding equating is given by

w Wt the coacion mes al various poinds b vares ay & power

In one aspedt, channeds secording to the nvention are used that place o s

LS
.
e

Tadd ol view differsod regdons that corvespnd to Gitrsast time podats of 3 reaction

The channels according 1o the tvvention dow various measurements such a3 those of

~

a complete resctiom profile, a secten of Hnearly xepav

required for the deternunation of an wital reaction

iadly separated Ume points (e,
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s
e
o

20

ather sxpossntiad wnalyaisl Time soaley o an bmage frame can be varted from
microsecsruls i sseonds by, Ry sxampie, ohanging the togal How rate and vhannel
fength,

FIG. 22A-D show varicus sxamples of

acnording to the invention fix obtaining Mnetic bdoe w::e cpticat

o

magss, The fllustrated channel systems arg switable for studies such as messurements
of enzyme Kinetios 1 the presence of inhibitory. The device shoserrin FIRG 220 has
miufiiple outists that can be closed or spemad. In the dovice shown tn FHE 22D,

aferably only ome outlet 13 open at o e A the faatest How rates, the wop outley iy

abdy open, providing reduced pressure fur ffow th 1‘{mgth # short thad path 1

and a lary BOY i.i‘s SAmic fRige formensurenents al the same totad fargsERan

{";

I FIG 22, wis the number of segments Tor a ghven channe! langth | traveled
by the reaction mbxre intime 4 (see g 73, second full paragraph for a related
discussion of reaction thyes gmnd channe! borugthel These systerns allow the sontred of

-

the ratio of reagents by varving the flow rates. The systams also allow g quick

spruntification of enzyme inhibition.

Forexample, ribonuciease & ca be used with knowen inhibitors such as

nuclenside complexes of vanadugn and oxovanadicon foay and other small molenudes

N

such as '~diphosphoadenosine Y ephosphate and 5 -diphosphosdenosine 27

phosphate. The kinstizs may be characterized by obigiving data and making

Lanewsaver-Burk, Badie-Hotsiee, or Hanes-Wolle plots in an expenment. The

~.

using oaly 8 few miceoliters of the protedn and

4

experimeant can be serompdishad
inhibitor solutions, This capability is particularly uselial for charaoterisiag new
prostaing soud tnhibitors that ave available i only meinude quanliies e, MmISrogrut
smnnties,

Kinetic measuranionta of seactions produding a fhrorgscent signal canbg
performed according o the invention by analyzing & sngle inage obtamned using, for

£33 *‘““Ep{&‘. an \)‘\’ii& ad sy

woope. Lot exposures (Le, about T ssconds) have been

od tormeasure fast (e, aboul 2 millissconds) kinetios, Thin way possibie benaass

118 sontingous How sesteny, Sme iesimply egoal wo the distance dbvided by the flow

e iy secordancs with ths invantion, the aocscsible

[EEE T

s ghout 00 seendudy, whichi can beg

weska i the flow is substantially slowed down or stopped. Tepically, the time seale

« 5% ~

L
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depends on the longth of the chanesd (e, wp toabout 1 msteron a 3-noh diamatsy

chip}ata bvw Heonw rate of ahout 1 ownds, which is genemally Hrotted by the stability of

the syringe panps, but way be poproved using pressure pumping, The fastest e
scale is typteally Hotted by the mixiog toe, but imay be reduesd 1o about 20 wa in

s

the progent ivention. Mixing thme s gensrally linnted by twoomain factors: {13 th
mixing distance {e @, approximately 1018 times the width of the channel ) snd {0
the fow rates {og, approcimately 300 sunds, dependding on the capiliary raonber and
shee prossurs drog ropated o debve the fowd Mixing distense s normally almost
incdepeadent of the ﬂf}w vate. By using suvtable dosigns of sucroflaidic channelys, or

b
3

spetworks of mdorodlddic chaanels, s wide rangeof kinetic experimnts can by

s
e
o

parformed.

Redocing the channel stze gensrally reduces the mxing e g 1t also

’/:-

increases the pressure required to drive a flow, The sguation below desoribes the
pressure drog, AP (nanity of Pa), for a single-phase Hovw ina rectangudar capilary:

i3 AF =28 420ulind EgnAH

!

where 11 (ods) ia the veloohy of the flow, p (klograndmetersecomd, kg m™

viscostty of the thad, T {m) is the length of the capiliary, & (m) in the hetght o
{:a.p%iiar* and b {md s the width of the s gni'iazajy. Thors is generally s phesical
Brattation on how ool pressure g mierofhadie device san withstand, a.g, abowt 3

20 atw For POMS and abont § st for glass and St Thas Bonutanon becomes cveoial for
very sinall channels and restvists the totad length of the chanaed and s de dynamic
rsnge (the totd distoee thoough which }“!sv ¥ yate can be puundained 8t g

sraxarmun pressure divided by dhe axdng distancs) of the muesurament.
FIG 23 depiots s mivrodhudic network avsording 1o the invention with
23 channelheights of FSand 2w, The channe! design shown W FEG 23 tlusinites how

8 dynapss mnge of ahout HIU et be athioved by chaggng the cross-section of the

e

channels. Pnder these condifions, mining time in the winding chaonsl s astimated &

&

3

be abeagt 2% psoand observation ttme i the serpenting channels are extiniated o be

about 3 ms
30 AxFH 23 shows, rapid miding ovcarsin the 2 gove 1 1 ey {height x widihy

chanmels and mensuraments are Taken Incthe 2 a2 g chuaneds, The whie in

FIG. 23 shonws the distiiboting of the pressure drop, flow velocity, and flow Ume asq

funetis

b

of the channel cross-section dinmnsions. A transition from a b-pm wids to 3-

wi seide channels should ocaw smoothiy, with plugs matntaintng ther stabiitty and
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deceeasing thetr velooily when they move from a 28w wide inte & 530 wide

t§

3%
$i

channal, Changing the wdth of the chanael cauy be easily done and casily
meorporated inte a mask demgn, The height of the channel can be changed by, Qo

example, using photoresist layers havivg twiy differem belghts that are sequaially

s

spua o, Tor sxanple, o xiticon waler. A fwo-step sxposare method aray then be waed
o obtain @ puerefiudic netwvork baving the sdesired cross-seotion dimensions.

In another exarapte of the apphicaton of the desdoss and mwthods of the
presont invention, the Toldirg of RNase P ostal viie donwin (8 RMA Calomainy of

Raottioy sobiilis ribozyme am be noveatipated wsing channaly ace sxrding o the

s
e
o

inventionn, . BINA Tolding i an important problent that rensains largely unsolved due to

Hnutations i oxisiing technology, Understanching the rate-Tiniting step wtertiary

RMA fudding e lmportant o the design, modifoation, and elugidativar of thee
genlutionary relationship of functional RN& structures,

The folding of P RNA Cdomain s knows o invalve three populated spegies
15 enidded (U, interneedinme (D), and native {4 folded statey. Within the first
witlisecond, the native secondary dradiive and some of the fertary siviotive woddd

B abroady Tolded {the BNA i soinpacted o about 3% of the native dinensiond

&

o~

d geing conventional technigues such as

hat this thve repime sumat be resoly

i3

ng chayds and substrates gocording to the iﬂ.w:‘-ﬂtiam the nime-

stoppadeflow s

k] n

20 dependesce of the ¥ RN A folding kineties upon the addition of b

Vartous fypes of assays {eg., proten assays} kaowss in the art, including
shsorbance assays, Lowry assays, Hartree-Larwry g, Biuret sssavs, Bosloed
assava, BOA assavs, etg., car be wsed, or saitably adapted for use, i conpunction with
the devices and methads of the pventinn. Proteins tn solution absorh wltmviclet Haly
23 withvabsorbanos mincdnu ot sbont 280 and 300w, Amind acidy setth aromatie ringy
ey the privvary resson for the absorbance poak af 380 nm. Peptids bonds are

b several

ittty reaponsibie for the _;ma"k at 200 am. Abaorhance as

advantages. Absorbance assays are fast and convenient since no adiitional resganis
o incubations are required. Mo protein standard seed be prepared. The assay doss
30 worconswne thy protan and the redaticrnbip of absorhanee to protetsy conerratinn ix
Hnear. Porther, the assay can be performed using only a UV gpectrophotomeater.
The Lowry assay 13 an often-cited goneral uss proteinassay. Bowas the
meathod of chols for accunite protein deferminstion for cell fractniong,
chromatography fractions, sozyme praparations, and 8o on. The bicinchoninic agid

- 60 ~
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ERUIAY aenay is based on the sams privcipde, bat it van be dong vone step. Howsves,
the roodified Lowry s done exdirely at voom rempeniioe. The Hartreo version of the

Lowsry assay, @ more vecent modilication that uses Tivwver reagents, fraproves the

vty with somg proteins, i3 less Tikely o be inconpatibles with soms salt

P

sodttions, provides 3 more Huear responss, and ix1ess fikely 10 become satarated.

s

in the Harvres-Lowry assay, the divaleat coppse ion forms a complex with

veptide bonds under alkaling conditions fresehich 1818 reduced to 2 mongvalent ion.

§ groups of tyros tophan, and oysisine

honcvalont copper toat and the radical

roact with Folin reagent to produce an unstable product that becomen reduced 1o

s
e
o

molvbdenumtungsten blue. by addinios to standard Hguid handling supplies, the

assxy only reguires & spectraphotometer with ndrsesd lavop sud filser, Glass or

sotn,

pexpansive pobysiyrense cuveties niay be wsed.
The Biurst assay 18 gimtlar in prnciple w that of the Lowry, however it

fnvolves o single inoubation of 20 mingtex. In the Blurst aszay, ender afkaline
5 conditios, substines contairang two or morg peptide bongds form @ purple complax

with copper salts {0 the reagent. The Bluret assay offer sdvamtages in that there are

¢ sgeds {anmmonium sabiy being ong such agonty, wud thore was
fower reported doviations than with the Lowry or wltvavinist a:‘nss‘.@;}:}tian methods
However, the Biuret conswmes much mossmatenial. The Biaret is agowed general
20 prodein assay for batches of mateniad for which yield is nota problem. o additiont
atarsdard Boad .Efmnéiizag -smpp}.it\:s, a visible Hghy spectrophotonseter s noeded, with
Oy, Glasys or nexpenwive polyvstyrens
vettes may be wed,

The Bradtord a y fast ancd usss about the same anwung of proteimn as

23 the Dowsy assey, By fabrbvaccuntie and smiiples that sreodi-of rangt tart b rotastad
withis punues, The Bradfond is reconunended Tor goneral use, vspocially for
determining protein contentof cell fractions and ssacdsing protain concentrations for

gel electropharasis.  Assxy mat

instruction booklet are available frons Blo-Rad Corporation. ’.‘s"ha-assay tw hased on
30 the observatioe that the abseebamre maxinum e an goidis solution of Coomassis

Brilliam Bloe G-250 shifts from 453 poy 1o 388 non when binding 1o proftein ocoars,

Both hydrophodric and tonie interactivar stabilize ths grdonic o of the dve, caustag

a visible color changs. The sssay is usofid sinee the ax

tnction coefficient of g dye-

albumin complex sohstion 13 sonstant over g 10-Told soncentrafion rangs. Inaddition
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tor standard hopad han iimg supplies, a vizible hght spootrophotometey 18 neaded, with

maximum asmdssion in the region of 395 am, on the border of the visible specinn

v

(v special lamp or Glter usually needed). Glass o polystyrens cuvetes may be used,

o)

but the color reagent stains both, Ths s cuvelies arg

e

s

The bicinchoninic ackd {BLAY asany is avatiable in kit fory

{Rackford, L This procedure is quite ap pnmw £ 0 nieraier ;}‘m‘w methods, The

BOA 1 used for the same reasony the Lowey inused. The BOA assay 1s advantageos

frvthat i rompuires a sngle stop, and the codor reagent iy stalde undeor atkatine

eondinony. BOA reduces divalent copper don to the monovalent ton wder alkaline

s
e
o

conditiveiy, as 13 aconniplished by the Polin reagent o ths Loowey assay. The
advantsgs of BUA is that the reagent is faisly stable under alkalive pondition, and van
e prctuded w the copper solation to sflow 8 ong slep prosedare, &

mdvbodsmuam/tungsten bug product ts produced ss with the Lowry, In addition

oo

standard Hgold handling supgpdies, g visibde Hight spectrophotomeater is needed with

PE 0 transmission sst o 502 nny Glasy or Deexpsasive polysiyrene cuveites may b used.
The range of cotcenrations that can be momsorad using the above assays
rargs from about 20 microgramy 1o Jmg for absorbancs st 280, botweoen about 1-100
setcrograms for abaorbance w205 am, bobween shout 2-100 micrograms for the

v, betwoen abod =10 myg R the Bruret assay, between gbont- -

= S

Muodified Lowry asg
20 20 migrograms for the Bradford sssayv, and herween about §.2-50 micragrans for
BCA msay. Maoy sssays based on i‘im;}zr aoste o changes i Muorescencs have been
devedoped srud could be performed using roethods sl devicss of the lnvention,
& detatted deseniption of various physical and chemdeal assavs is provided i

A K frsnuare fed ), Mack

s Sedere and Fraogice of Fharssax

&

23 Publishing Company. chap: 3¢ " Anabyvals of Medicinals,” pp 437400 (1905 rand in

refrences sited thereln while chapter 30 of the she roforense gﬁmvzi&&s & detaifed

desoriphon of varios biodogioal asdavs, inchigde Strametne

asaavs based onacid-baso e stecipiiation reactions, redox reactions, and

complexation reactions, spectromeiic wethody, slectrochenucal mathods,

ES

30 cheomglographic methods, and otherarethuady soch 3 pastanelni assays, asayvs

iy \\i\i\"lii veligneirio messirsments and messuremsnds of 0}1’*{3&&; rotat O, s Ao

b

ceavity, snd radioactivity. vibed inchude aesavy of anayme

co:n:z“;zis‘ﬁ:}g substances, proximate asssys, alkalotdal drug »

ogioa! tosts

- 63~
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suh an pyrogen tost, bacterial endotogin tok, depressor substances test, and bistogeal

reciivity tosts fa-vhie and f-wiro)

U 8 Sl TR v awe s ngs E e A a par A o &y, ROV S 5: 3 U
In addition, Neswagiore e Sovence soud Procctice of Phavmany, AR

Genparo (ed.3, Mack Publishing Company, chap. 31, "Clhieal Anglvsis)” pp. 301333

s

{95 and refrences cited therein provide a detailsd desoniption of varioue methods

of charscterizatons and quantiaton of blood and other bady fuids. o particular, the
reference includes 8 detailed destription of vartous tests wiud asaays ivobving various
Body Huid components such as erytlrocvies, humoglobin, thrombooyte, reticudnoyites,

3

blood glucose, momproten nirogen compoands, ensvmes, sdoectrolvies, blood-eolume

s
e
o

seitbe prechanisins, sl blood coggulation

and sryvthing

NONLINEAR AND STOCHASTHC SENSING

Stochastic behavior has been observed i many tmportan chersieal reactions,

2

such ax irmrganms ohismical reactionn, combustion and

pe

g.an. aatocatalviic reactions

5 explosions, and in polymsnization of sickie-call hemoglobin that Teads s sicklesell

anetwia. Orvstallization sy also be considerad an sinccatalyviic process. Soverad

These reactions tend o

thearetical troatiments of these
bo highly seasitive o miving,
Consider the extenstvely studizd stochastip autopatadviic chensioal reastion
20 between NaOO: sond NSO febilorie-thiosulfate reaction).  The wmechanism of thi

reaction can be described by reactions {1 and 2},

48,07+ CIO + dH T 0T e Vo {}?_{*‘; {13
R0+ 2 OIO + Hals s “«o S IHT 0P mate 00 o [HTTICR (2}

whaete [H Tstands for
ceaciion (11 dominnies and maintana e basio pH of the ';'eaa:i:is;m mininee (sinee the rate
ofthis reaction v iz divectly proportional {1 L i reaction cousumes 11 and is autor

R A At

inhibitory) Reaction {2) dominates st acidic pH {since the rate of this reagtion varies

30 fwprogurtion e JHITTOT] this rondtion produces bath W and CF wd is
superavtocatabyicy PG 271 shows the reaction diagram for beo ssactions
correxpoarting 1o the surves 211, 312 The rates of the two reactions {referred 1y here
ax reaction 211 and reaction 212) are equal 8t an unstable oritical point &t & certain
pih The Bfstimeof the readiion mixiures of NaUith and Ma$: Oy at this oritical point

- 63~
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erucially depands on \m;ua fn the absepce of stivring, stochastie fuctations of {17}

0 soludon genenue a lovalized increass i JHL This tncrease in [307] nurginally

tnoreases the vate of reaction 212, but it has a much strongsy sceclevating sffect on

3
of the iniitd] Hociuation), The initied chemical wave then trigpees the raptd reaction
of the sntive Unstirved mbxiures of MaClOy and a8, are stable vdy for s
fow seconds, and these Hochstions arise oven 1w the prasence of stirning.

i PG 21 depdets o reaction diagram iHudtrating sy gostable pant i the

chlorite-thiosdfate reaction. AR} vslues belowe the eritical point, the slow reaction

{1y duaninatss. &t {E*i‘*'fi values above the critteal poing, the aatecatalviic reactica {2}

A

dominates. The resction mixture at the [H Pvalue equad o the oritical point is

¥

metastable in the absence of Huctuations, Under perfect mixing, the efferts of smadl

%A

3 fluctuaiions averags out and the gystem remainy in g metastable state. Under
tmperfect mizing, Huctitions that reduce THT grow more slowly than those that
frereane {H7] doeto the autocatalviio nature of reaction (2} wnd the reaction mixture
thus rapdly becomes aadic

ity kuows that chantio Howsshoudd have a strong oifect on diffusive

20 wansport seithin the fudd Canomalons diffudon™) B isalso baown that chaotie
dynamics can brad oy poreGaussian trapspont properties O ateange Kineties™). Iy one
sspect secording 1o the invention, these highly wstable mivtures sy stabifized 0 the
presence of chantic mixiagusing chasnely arcording 1o the tnvention becaume thig
miking can sffecrively suppress fluctntions. This invention can be usesd o

23 wulevstand the effvcts of mixing on the stochastichehavior of such systems neinding

X 3

forexample, th

fo o lannar flows the fow profile i the nuddis of the channglbia Hat and there

Flusruations dnvolving [H 1 that srise in the middle

el

5 virtually no copvective mixing.

oot the channel can groay and cause complate dm:.mm;}osit?.ims of the teaction nuxiure.

30 Slow muxiug reduces the probabifity of uctuationsin plags moving thyough st

chavmels. When fluctostions that ocour o the centers of vortices sre not sfficiently
place. I the pressd invention, chaotie mixing in plugs moving Buoah winding
« 3w
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channels efficieptly mix e luctuations, and thus sebstantially fewer orne
C}.’?i‘sﬂiﬁ‘;i‘iﬁ(}{‘"% ACHTONS are ‘Q:\?QC‘C\:‘?G B QOCUT.

In a stmple lamioar Qo theve s noovially very Bitle or no velowity gis

& D

and substoiatly no mi..\.::iné_g at the center of the vhannel. Thaus, fhuctuatons that ariss
3 in the chlorite-thiomdiate reaction nusture prepared ot the entical [H7] are able to
gronw and Iead o rapid decomposition of the reaction muxturs. Propagation of
chemical Fongs in autoostalyvte reactions oocureing i laminar Sows hag boen
descrild with numsricyd simudations, sud back-propagaticat has bom predicted (that
{3, 9 ronoion front fraveling upstrean of the divection of the Taminar flow). Lising the
1Y method of the present invention, this hack-propagation invodving the reastion between

NaCiE and Na S0 vnder lamiosr Sow conditions was observed.

In scordance with the tovention, cheotis ow within plogs that Sow theoug

winding channels suppresses fluctuations swd @gives rise to stalile reaction mixnuses,

§'~‘¥

a,

There exintg, of course, @ Habte probabibiny that Suctuabons ¢an wiss even in u

x

13 chaotioally stirred plug In one axpect according to the frvvertion, the detadls

svolution of these reactions ave monitored waing v high-spead digitdd camera. The

plugs are proforably separated by the off and are not in comnumization with cach
other: sothe reaction of one plug will not affeet the bebwpvior of the netghboring plag.

Statistivs covering the behavior of thousmuds of plugs can b obtatned quickly undey

20 substandally idenvcal experimental conditiona.

Whether a Hoctuation woudd be ableto tiigper an anoestalyiic reasiion

depends on factors such as the magoiude of g Ruchuation snd is Tifetme. The
Bietime of a Huctuation is tepisally lmited by the nding v iy the systems, In an

wiativred solution, mxing 15 by diffusion and guite slow, and fuctuaions nwgy persist

25 and fead fomauioatiab vl reactions. Inow sttresd solotion, the Bfstime of o fluctustion &
s

retatively short, and ondy large fluctuations bave sufficiont tine 1o Chuse an

srtocatalviic reaction,

Mixing ime and the Hfetinme of fluctnstions typivally depend on the sizeof

plugs. nixing w aocslerated and Suchuations are suppressad,
30 However, Lo solution SR
ahouy I \\ noladiter concen = By will contain ondv a fow B fons per
plog (abont 107 moles or about 6 B inna). When sueh small plugs ave fovmed, the

surnber o W dons in them wall have a Polsson distribution.
-« 68 -
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A rmpoetapt axpocimental shallonge is o extablish that the stochastic

3

bebavior iy these systems s due mainly to internal fluciuations of concentrions.

o

Chihver foctors that may act as sources of notxe and instability are {1 lemporal

flustuaticns in the How rates of the neo

RINgG resgsad Mremng, w drich canlead to the
23

s

formation of plugywith varving amouwnts of reagsnts, {2 temperaturs fuctogtions in

sohutions i s ndorefluidic device, which may avise dus o, R example, Homdnation

by a mitrosoope; and 3y flucteations due o impuriiey in carrter-fhdds leading o

sariations iy the surfase proporties of diffurent plug

Morofhadio avstems according to the invention may be used to probe various

s
e
o

thowe that show stochastiy behavisg in

=

chennical and bovhemival provesses, sueh as
bulk due to thetr nonlinear kinetics. They can slso by nsed o investigating provesses

that coour i systems with very soall vedumes {eg, abont 1 gy, which corvespords

fff/

o the vedume of 8 bactenial celly. In systems with very small volumes, even simpis
feantions ane expected woeedhibit sochantin belaviy due to the small nomber of
1% molegulex Invatized in these vidumes:
Avtocstalviic resctions prosent an exciting oppovhutity for highly sensitive
detection of minugte amouity of sutocatalysts.  Soveral systems arg known to oparate

83

o this principle, aibver-halide photography baing the mostwidelv used. I sibvar-

habide photography, the energy of plustoss o

decompose an enwudaiog

2 ofsilver halide A0 wto nanometersized particles of metaliosidver. & film thatis

3 <

smbedded with the sibver particles is then chemically mnpdifisd by the sddition of s
mstastible poyture of & soluble gilver(l) sult and a redusing sgent (hydroguinons).

&

Mutallic sifver particles catalvis veduction of athver{ly by hydroquinons, feading to the

growth of the initial silver particles. Another exgmple of an swtocatalytic reaction is
23 the pobrmerass-chm reaction (PR which iv & vory effective waplificagon wyddind
that has boon widely vied in the dctogicsd scisnses,
Howergr, @ difemma oocurs when destgnng
vty and amplifivation. To achieve a very highly

aystem typically has 0 be made very nsstable. Onthe other hand, an xsnsiisﬁ;}k? syaten

¥

30 is very senstlive 1o notse and has @ very short lifetime. Also, in watable systems, s

diffipudr to disungaish betvwean spontanesus decompesition sid g reaction caased by

the ¢ ;wtc caspect, microfhuidie devices aecording 1 the nventinn, which
ad comapantnsadalisation, are used o overconte this problam.

- & -
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3% G Ty

To demonstrate the potential of migrodloidi
tovention, ¢ mivrofluidic systorn accordig o the ivention 1s vssd 0 handle unstadile

wintures. bt one apphestion, a sueroteidic systen according to the lnvenuon iy

prefivably wred to contral & stuchastio reaction bepwessr Natli0, and MaS:; 0y In

s

particalar, this reaction is prefirably waed for a Iighdv sensttive anplification procgas.
a plag containing an unsiable reacuor  mixture of MaClOy and Nal (s s

marged with o small plug containing arn s of H sufficient to bring the losad

pemcenivation of 7 above oritical, o rapid avtocstalviic roactions is gonerally

trigeerad. This attoostalytio reaction typically loady 1o the production of farge

ted)

s
e
o

amounts of H Thuy, & wesk chemdeal sigasl, e, asnall amount of HUL s vapidiy

~

amphified by an unstabls resction mixtare. Thus, for oxample, this approach can be

¥

wsed o investigate blologioal reactivam auch av those that ivvolve ersvies, inwhich

o

s} smoowns of HU arve prodoeed.

The ghove gutocatalviic system possessss several franres that contribate to s

13 aovelty and usefulness, Tivone aspeot, an wrntabde sraplifying readtion nuxiurs is

t-artycsnd s Gsed withibny williseconds befors ¥ has o chancd o decomping,

’)‘/

Preforsbdy, the systom s compartmentadized soa roaction that ocsurs in one
gomnpartment does not affect & reaction in anothor compartment. Tha

compartmentadization allows thewands of independent experinuads to I conducind

20 i seconds psing only meinute quanfintes of samples. Importantly, chaotic sdxing in

the system reduves Suctuations and stabilizey the reantion micture

&

The applications of coatrodled autocstalytie sxaplification o sccordance with

2

the nvention are not Hmited o the datection of protons or Do fons. For sxample,

£

& {0 - 3-Be-PAPY Yperonomonosulfate oxidation reaction can also be used

23 indiveotly, for exsinple; For o detection of sroall amonng of mw\zda\ac which gan be
used a8 o fabeling ehzyme bound o an sntibody. The {Ca{li -3

PAPS Vperoxonumosndiate ontdation reaction, which has been characterized

2%
3

sttt of vinlet bis{ 2-{5-brownos

analyviioaily, mvolves the mucsatalyiic deconi

cidhylazop-S-(N-propii-Nasulfopropyt-anine-phenolato] cobaltste, (Collllp-5-Re-

1333

e g g > SRR S
30 PAPS) upon axidution with polaxsiws perpxomonosuliate to prsducs eoliaisea Co

fons, which serveas the awgocaialyst (the orderof autocatad vals has v been
established for this regotion), (Endoer of , "Kinetie determingtion of trace cobaliih

348355 Endaer ol

al autocstalviie indicanion,” Tadamag, TO9R, vol, 47, po.

”Iz

"Augocatalvie decompesition of ¢cobalt complexes as an indicator syatem for the

- 67 -
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determination of trace amonnty of vobalt and effectors,” dacdpye, 1996, vl 121 pp.
IGT394)
Coll{5-Be-PAPS reducad -+ HSGg -
Co™ o+ SR PAPRS Joxidized © HRQY
3B

PAPS sl peroxovoonnsuline producss an sbmpt loss of color 1o ghve a colorless

a o LT ) N e
Addivon of small amounts of Uo7 1o the vioket wmixture of the { T

s

sohton. The time delay before this decomposition depends on the amonnt of the

'\’3 r ‘ . W g o Y e Cowe vy
Co™ added o the solution, This rom son yasd to detect concentrations of

2 N 11 S
Tt as dow sz 1030 W moled. 3

other fons (VIVY Oe(HD, OV M, Pelih, Wl Colil) and Zadllyy.

he roagtion shows good selectivity 1 the prosence of

s
e
o

The devives and msthods avcaring to the imvsation may be applisd o other
auteoatal yie reactiony, sonw of whick have been dexeribed fn incuganic, organic and
binlowieal chemisiry. Reavtions of transition metal tons such ss Or(TH) (BI2) M

or cotloidal MGy, and reactions of halides and onohalides are oflen autovatalyiin.

3 3
3 H

15 Aumwatlvsis invelving {anthanides (87 ) and aotintdes (UY) has also teen reporisd.

Albof

)

=
b

hose clagionts are potential fargets for detedtion and monttoring in chemios

g fron using

waste, drinking witer, or binlogivel Suids. Iotripuing possibilities an

SSYIIICREG autoatalyiic resdtions o detest mirmsy arnounts of optically active, chirsd
spurities, such as biomolzeolen

20 Iis also possible to design new sutocatalyiie reactions. Swtocatalysisis
abundant 1 biclogy, and many evevimes are autocatalviic {e.g, caspaser ivolved in
progranuned cell death, Kinsses invobegd in regulavion and amplicav o, awd other
enavies parlicipating in roetaboliom, signad ransdoction, and blood coamdation.
Eowistons of perflugeocarbors such as perfluorodecsline (PFD are usest ax blood

23 substinies i nimans g sargeriagsnd shoold be compatible with a varisty of

odoggond prolesuley. Sipeg the feadbility of guantitative moasuremants of Snzyvime

o

kinetios has besn denmomstirsted nsing plugs fosmed according o theinvention, plags

formed sceording 1o the invention may alxo be applizd o the dete

o af bedog

autocatalysis,

30 The devices sad methaady according to the present invention are not hmited fo

~

the detection of the gutecatalvar tself, For svamiple, the Tabeling of an analyie using
an gutocatalyst is also within the scope of the prexent invention, Blomolecules are

often labelad with metsilic nanopaniicles. Such m s:’i‘s‘:;’i.‘éi(: nanopartisiesy

sffective awtooatalysts for the redoction of mstal jons to megals, Profersbly, the

- 68 -
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svateme and methods of the prossat invention sreed vthe visual detection of s

single modecule oV IIN &, RNA | or protoin labadad with nanoparticles via an

autocatalytie pathway, o prebminary expesiments in accordance with the mvention,

chean parficle formation snd wamsport within plugs were ciserved,

s

{n addition, the generation of metal {e.g, copper, silver, gold, nickaly deposits

and nanopsriicies upon chenvoal reduction also procesd by an sutocatsviig

wmachaman, These reactions arg comamonty used for electroless deposiion of metaly

¥

sened shondsd Do uselad fo the detestion of puimuts anuamty of motaliie particles. The

prosence of netallic particloy rowator can be indicative of the prosence of oparating

¥

i

s
e
o

mechanicad devizes, In one aspect acoording o the invention, dovices and methods

{
acearshing fo the rovsntion are nsad o doteot the presenve of winute of face guanditios
of metallic particles.

The devices i accordance with the present mvention ave simple b deo

SR

3

S

B,

(’J

consigne minute amoeunts of matensal, and robawst They do not require high voltage

3 o

5 sourcss and can be opsrated, for soample, using gravily or 8 pocket-sized source of
compressed §ir D One agpest; the'systoms adeording 1 the nvertion are used in
partable and band-held dovices.

s 1, thore waovery

Auteentalvio reastiony show a thres

5

abrapt temporal change from unreasted muxture to resoted puxtrs. In the cass where

20 tmeds equal to distance, this sbmpt trangiton over 8 short digtance can bo observed
wsing the devices and methods of thewvention. The fme (and distanes} ix very

~

sensitive w the inttial concentrstion of the catsdysy, snd thus i should be sasv 0
determine the conventration of the awtocatalyst in the sample by noting how far the
rerciion sysiem Wavelsd belore B reatied.

23 Orvexdmple of an autodadyiic processds Blood cosgnlation. i very

sonsitive o flow and muixing, therefore experimenting with i1 10 the absenes of flow

gives vareliable resulty or rasudis that have little relevance 1o the read Bnotion of the

coagulabion vass

de. & f\?(‘*§ sucrefluidic systom may be diffiounls o use with hlood
becmise muee coagilatian ooours, i blocks the chanpel and stops the flow i the
30 waerottuidio device. In additon, cougudated blood serves s an mtuvatalysty svan
svalb smenns of cosgolated Blood in the channels can make meamrernents
unraliable,
These protients can be ovsrcome ysing the devices of the preseat fnvengion.
Using plugy, avtocatalviie reactions can be easily condvollad; and the formation of

-G
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s

s
e
o

20

sobid clots seoadd not bea problent hecause aoy sodids Tormed will betrapaported
marde the plugs ont of the chivnel without blocking the channel and without leaving
autovatalyie vestdue, In addition, How inside plugs can be eastly controllad and

aciusted 1 resemble How wader physiological voanlitions.

-~

Toaddress the seusitivity of Bleod coagudation (o surfacses (the cagoade

sl tissue

””
4

sovmally infitated on the sweface ) nuoroscopic beads containing invnos

Taotor £the cascade intatory on the aorface nuey be added 1o one of the streams and

o

transported inside the plugs. Also surfactants may be used to contrad surface

by

chewmistry.
Thus, the devices and metheads of the invention may by used, fre exanipie, to

.

fost hsrweweel] the o

$500¢]

dation cascade functions {e.g., for humophalin or the e

m
S

o foem thrombua} under vealistic flow conditfvnns, This text would be pasticulardy

¥

sfuable in diagnostios. Blood may beinjected vt one stream, and 8 known

-~

s, factor VHa) canbe

Ry

concentratiom of & modeculs knowi 10 Induce coagalation {e
added through another stroam prioy o plug formation, At s given flow rate, normal

Blood seondd congmlate at a oortain distance {svhineh corresponds (0 @ given tme),

which can by observed optivally by Uscattoning o misroscopy. Blood of
homophibiae patients would congulato at g later e This type of testing wonld be

.

asefid belore surgival op
AR 3o

succesaful child delivery, eapecially swhen hamophilia 1 suspocted. Fetalieahng sy

gticis, In pacticudar, thiz type of tosting is important for
b performed stnee only mimitsc gtz of blood arsreguived by systoms seoording
o the inventionn, The Blood may be ngected directly froun the patient ov collsoted in
the prosence of sntivoagolating agent (for sxample EDTAG, and then reconstitated in
he plug by adding Ca™ In some casey, the sddition of € at oy be sufficient o
inttiate the congalgtion cascade

v of the invvention may also be used 1o ovaluaie the

The devices and meths
efficaey of anticosguiating agents wider reglistic Row conditions, Plugy canbe
formed front nowmal blood {which maay be used directly or reconstituted by adding

-y RF : s .
Ca™ or other agontsy, an agent kaown 1 induce coagulation, and sn agent (o several

b comnparad) belng tosted ax s antiveagulation agent. The

concentrarons of hese agents can be varted by varving the flow rates. The distance

at which cosgulation ovours i noted, and the efficaey of various agents 10 prevent

soaguintion is comparad, The effvor of flow conditions snd pressnce of varions
cownpounds Wthe syatem on the effidacy of anticosgulation agents can be vestigatsed
« e
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s
e
o

20

quickly. The same techoigues may also by nead tovaluate sgonts that oyase, tathey

prevent, cosgadatinn. Thess tests conld be invaluable o evaluating drag cantidates.

RTHESIR
{n sconvdancs with the present invertion, 8 msthod of cosntucting & reastion
within & substrate s provided. The veaction 18 initiated by idroducing two OF more

plug-fhdds containing reactngs into the sabatrate of the present tavention,

]
3

In one aspest, the plug-Buidy include g reagent sl sobvent su

ohy that mixipg of
the plog-floids resalls in the formanon of & reaction praxdugt. o another evabaodiment,

one of the flug-Huds may b reqgent free aind simply soastain Haid, o this

enthodimen, mixing of the plug-Huids will allonw the vomcentration of the reagent in

the plug to b et pulated,

The reactiov can be initiated by forrsing plugs from each plug-Ruid anc

sufeseguentdy merging thexe differenmt plogs,
Whaar plugs are mergest to form mergest pivg& tha firs
way be substannially similar

plugs may Bave difforent relat

o

sreroflgdico reactoryare opsrated i paratlel to pzi‘-ﬂ\-‘ida; subst

The devives and methods of the wvention can be

nanopartivies Naxuspaz*i;ic‘i ex that are monodisperse arg important as sensors and
shectronie coanporents but are difficaln o syathestes (Tandads of o, Chem, Mg

2001, vl 12, pp 3B433858). o one aspeet, monodisperses nanoparicles of
suneonductors and noble metals are &:jg-»'z'_s.‘;}wsizad. wnder Ume control using channsls

e

acmrﬁing 1o the frovention {(Park er o,

i, wol, 105, pp. T1G38-

PIG35Y Fag sucleation iy preforably dnduced by rapded mixing, thereby silowing

thsse panoparticles o grow for g controtiod poriad of time. Then theiy gi‘{)’.\ﬁk‘fﬁ iy

ving

the flow rate and therefore the growth tme In addivon, devices scoording o the

invesdion van e astd 0 moniior the senthesy of mowparticles, and thas obiain

ssnopsriicies with the desired propenies. Fov example, the vanoparticle formation
may ba puonitived by measuring the changes i the color of himinsgsance o

o

abs’es}rm?mx of the nunopsuticles. T addition, the growth of nanoparticles puy be

839
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pped by introducing a stveam of guenching reagent at a certatn position along the
main channel.
Rapid millisscond mixing generated in chavsels according o the invention

can hely ensure the formation of wmaller and mauch more ma se nancgsartiches

7 _,;‘

wparidsies synthestzed by conventivanal mixt { sohtions. FlG 13 shows

148
oo
hocad
o
]
s
2t
poec
&
=

the UVLVIS spectrs of CAS nanoparticles formed by rapid muxing in plugs (ghter
shade speotruny with sharp absorption peak) and by conventonal mixing of sobittong
{darker shade spoctruny). The sharp absouption peak obtained for symthesis conductet

in plogs indicates that the nanoparicles formed arg highly monodisperse. In addition,

s
e
o

the blue~shifl Ghift towards shorter wavglengthn) of the sbsorption peak indicates that

the partivles formed are soall.

~

FIG. 14A-B iHustratss the syathens of CdS nanoparticles performed ty PDAS
muorofiuidic chamels o single-phase agueous laninar How (FIG, 148 sl in
agueons phigs that were surroanded by water-inntscibde perflfoorodscaline (FHG.

13 1B In FIGN AR, U0 was intrastucsd inpeinlate 1400, 1303, Apuenus stremn
was introduced Into indets 1901, 1404, and %% was introdoced b inlets 1407, 14038
In FiGe 194, an agueous apream flowed through channel 1400 while in FHE 1R od
Howeed through chanael FO7, FHG 144 shows pomions of the channols 1408 and

1414 at e 0 minotes swd pogtions of the chamnads 1409, 1411 av e =30

20 winctes. B o beseorin FIG. 1A that when lamingr flow s used i the syathess

farge amoonts of CdS precipitate formn on the channel walls, When plugs weere wzed

for the synthesix, all Ud8 formed inside the plugs, sl mo swrfice comanination was

cheerved. FIG 13 iHlustrates a teehaigue for the syatheaiz of CdR nanoparticles,

whish s siscusssd in detsil o Exanple 13 below,

23 The follovdny mdthods atearding o the fvention can be used Insvnthesis
ol ving nanopartticles

{a} ustnyg selfassambled monodayers o nudleate nandparticles with grvatal

ped

strushures not aecessible under homogensous mucieation conditions {e.0., conredling

solymorptusm by controlling the stfaoe o which nuclsation takes place)

36 () ustog mergmg of phags 1o ereute vovseshell nuopariiclss o range of

core and shell sizes. Ina streany of plogs of g frst channed, swmall core nanoparticles

£ 0

sized g marter of fovw millizetudy, The CdSe

\
R

F yeith solatiosns such ag thoss contiaining

=

s seeds for Huxn

38

ilps, aoting gs of Zak, thus allow

840
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o
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the formatios of CdSedoore ¥ dnNMehell} namoparticles. Corp-shel] particlas with wove
than pwo tayers may be oblained by stmply repesting fur nworging progess move than

Lo,

{u} using marging of plugs fo orgate composite napopartivles. For examy

sinall nanoparticdes of Udle and InS can be fiomed using Mreams of plugs from two

separate channels, Merging of these streams Isads ©© aggregaton of these particles 1w

Re)

e

form larger nanopanticles contatning CdReZn composite. The compoaite

nanoparticios that contiin only 8 fow of the original nanopartivies can beo made noes

centrosymmetiio, which may have hderesting photophysical proporties

(<) uning the devicey and methody avcording tothe tnventivn to synthesizs

3

meadivaily porta nanoparticles, sueh as sncapsulated drugs and composite drugs.

{&) combanatorial syithesis of core-shall particles and other complex systems,
For exwople, the ningsesnce of Cd8e/Zn® particles may be mopitored and the
condittons adjusted to produse particles with vartous core and shell sizes, various
doging mpurities in the core and shell, and various Hgand compositics on the surface
of the particles, Theae can be oomdocied i road tme using g device aocording 10 the
frvansiion, The entire procsss gan also be sutomated:

SUILOY AN hods aocording i the prosent frovention may also be use
Fhe slevioos andd mothed seding b the prasent fnvenion ey adso benyed

s

np pedvmers, Since the invention allows procize control of the Sming of

a polymerization reaction, one or more proparties of a pobymer such as molecdlar

Y

wetght, polvdisperaity and blockiness can by readily controlied or adpasted. In

%

skdition, use of the subsirate of the present invention allows the user fo preg

Ay fovo

block vopolymers by merging plugs within a device, since the path length of the

channel will correspon

& speoiiico duration of the polymerization reasction,

Stmntlarly, a living polymer chatn Can ba tanminated with g apectiic and group 1o yield

fo addiion, combinatoral libranes of drug canslidates may be synthesizsd

Py

-

ssing similar approaches. The library may hoencoded using the positiont of plags i a
channal. Flugs of varisble composition may be oreatsd by Va&r_fgiz}g flow rates.

Conbanation of synthesta of the Bbhoey way e cominnsd with acresning wond assays

perfoomed on the same mivrofluidic ohip according o the present imvention. In some

enthodinmsnts, morglang, splitting and sotiing of plugs may Bs used during synthesiy,

ARGHYE, O

’7/

ol

g
X rg
v
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Al of the above synthesis mothods of the presont invention can e nsed 1o
form macroscopic quarities of one or more reaction products by minning multipls
reaclions in pavallel

S PARTICLE REPARAY

INN/SORTING USING PLUGS

The flow within the moving plags can be used for separation of polymers and

particleg, Plugs can bepsed for separation by frst osing Sow within g moving phig to

gotablish a distribution of the polymars or particles inside the ug {for exanple, an

- o~

excess of the pobyvimer Juaide the Front, back, vight or left dde of the plog} sad thon

s
e
o

asing spitting o s¢f

irate and 1aolate the part of the plug containing higher

b

concentration aof the polymers or particles. When two polymers or particles are

present mside the plug and setabiish different distriludions, slitling van by ossd

e

separste thee polvmers o partioles. This approach may be vsseful, for exmngle, in

achioving on s microfhudic chip any ofl byt not limited 1o, the following: separation,

tF 0 parificstion, concentrating, mombrane-dess dialbvsis, and filteation.

CRYSTALLIZATION
The devicoy avd mothods of the sovention aliow Hast, inoxpensive
oyimginrization of existiag orystallization mothods and other mathodsthat van be
20 adapted intn, for example, novel protein sereoning and grystallization techaigues. The
srystadbsation methods according to the nvention may b applied toovanous doags,

materialy, small modeonlses, macromoleades, solloidad snd nanoparticles, or any of

,..
o
oo
7
o
oo
o
%
Lo
~
fo®
=2
o
)

their combinations. Many relevant protein structurss rematy undeters

srystallization. Also, many tntereating ¢

"\’,’3
P-4
o]
s
7,
o]
-3
pesd
P
o5
P
o
b S
oo
s

<

g
o
o
s
-4
i3
=

3 mmicropram uaaniitdes. Thus, 8 sCrecming proess must p{a&mit thie use

sounts protein for analyais, Codrent ¢

determing the idesl conditions for protein arystallizaton oo a nulligram %uia,

B2

st methods secording 1o the invention tmprove current bensh-top

Drovicos s

mothodoiogy avatlable 1o single users, and evables higher throughput ssdomated
it sstennowith improved speed, sample evmsonmy, wd entindy new methods of

controfting cvvstatiization,

rra
M 5

A nrorofluidie system aocording tor the tnvention can beapptied tothe

erystallizapon of small madeculss or nworowmolecudes and thely complexes.
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For sxample, svstoms and msthods v accordanes with the present fovestion

may ingchnde butb are not Hmatad for {1} biologival macromolesules {ovtasolin protoins,
sxtracelinlar protetns, mevebrane proteins, DN&, RNA, and complex combinations
thereof) {23 pra- wnd post-ransiaionally modified Mologioal molgoudes (ncluding

s

bt net izzmteﬁ 0, phosphorviated, sulfolated, glvoosylated, &ﬂ}iq'{gitin&wi St
proseing, as well as halogenated, sbasic, alkylaed, eto. nucieie avids); {3) deliberarsly
devivatized macromolesuies, such as heavy-atony labeled DS, RNAs, and proteins
{arnd comploxgs thereofl, selonomuthionine-labeled prodeing gnd nuslete seids (and

comyoves thereoD halogensted DM A&, RNA&s and protoims {and complexes thereaf

s
e
o

{4 whode viruses or large colislar pariicles (such as the aibosomae, replison,

o

sphicensome, tubulin 'f,’dasm-:ms. actin Hlaments, chromosormes, eto ) 3 amalls

sdecuds compounds such as drugs, Tead compouands, Bgaads, salis, and ovgardo o

2

oA

a

mgtalio-organic u}t?n'pfmmis; {5y wroall-medeonig/biolowical macromaiscuie complexes
{egr, dragdprotem complexss, ensvmedsulatrate complexes, engyvmefprodas
1% conplexss, enzvmeregulator complexes, ensymefinhibiny complexss, and

combinations thereofy (7 colloidal partcies; and (8 nanopariicles

ofirably, a g

fisation technique sccording to the prosent

frrvention fnvobves oo primary soreening stepst aorude sereen of erystallization

paramsters using relatively small ¢}

wigds with g lavge mumber of sinall phigs, and s

20 finesoreen nsing larger chavoeds and larger plugs to obtmn diffracton-quality

N

crvatals, Fow exampls, ten orade sereens performed using channeds with a {38 gy

sesectional dimension and with mwore or loss cne thonsand T30-pieoliter {play
ghoags correspanding 1o 16 mpfnl o concantration of @ protein (10,000 wials el
will beptestly reguive sbont 1S udl of solution, produce crystals up 1o shont {10 ;\sxm}:\‘

23 msize and will consume approdmately 18 gg ofpravein. Up o 30800 mere of such

Afine soroan

phugy van b formed i about | second i these microffuidic netwasd

arcund optimal conditionz {3 chanmneds iy expeoted 10 usomere or logs 30

plugs. Another ~3 gL of soluticer and anether 3O wy of the predein are expected ty be

consumed, This cap produce coystals up o (100 pmY hasizel Approvipugely 30

30 pluges van be fonmed sboegt every sseond orso. The throughpd of the aysiom will
%uma&ﬂ be determined by the mte of plug formagon, svd may be hmbed by how

capidiy the flow rates can be varied, Prossure oontrod nusihods that opecats at

frequenciss of 100 Heare wvailable wub may be
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notworks Unger of ¢, "Vionolithio falwicated valves and pumps by mudtiiayer solt
Hehography, " Sofence 2000, vod L 388, pp . 113-1160)

Crvstal properties such as appearancs, sive, optical guality, and diftvactive

properties may be characterized and measursd under diffirent conditions. Faw

s

e, 2 Raxis o Xeray detector mowted s Bigake RU 200 rotating ansde X

[y

ray generator, which iy sguippad with double fovusing mirvars and an MSC

crvosystem, may be used For 91 least some of the charaoterizations and measuraments.

&

A wvochrotvon bewn may bo uselid for charscterizationr of small orystals. Also, these

dovices and methods sy be usad to bhuild pvorofhadic systoms according to the

s
e
o

mventivat that avg compatible with structurad Mtudies wning veray beams,

A sigoifivant problse involving onrrent an

determuming the condittons for forming orvatals wath optimal dii‘f{'}'&zmiv& pmpeﬁiex

Bormally orystals have 1o be grown, salated, mounted, and thely diffeaciive propenties

determined uning an $-ay generator ar a synchrotron. Microthadio systemy with thin,

Pac o B

13 awrscattering wally would be desirable for determining the diffractive properties of
crysialy inside s microfhndis system. Preforably, orvstallizgton is carried o iside
this syrtom using nvthods according ot ivention, which are doseribed hesein

The orystals are sxposad to -ray beams gither to datgrming thalr structore or

diffractive mropertiey (he sove e} Forexammple, 2 PRDMY nismbrane

R

¥

20 defining two side oalls of the channels could be sanchedched between two very than
glass plates (defining the top and bottewn walls of the channely} that do nt
stgnificantly scattey Neravs, Thus, the devicss of the invention offer s further
advantage b that stroctural characterization could be conducted while the sample is
inside the nucrofluidie devige. Thus, the ssmple can by characterized witluny the

23 nesd to ke out the sionpde, cogl orvstal, Troas the devigg

w

The prosent crms withe

wr throughput muittanated s

fproved apeed, samnpds sconsmyy, and entively e methady of contratbing

erystallizaton. Microfluidic versions of nucrobately, viapor phase diffusion and FIR

o

toctuuoies may becaried oot using the prasent inventiop, as deseribed below, or

it g conddnation of these techaigrons wr other techuwiyues.
nuclzaton and growth §‘§ gxes may be carvied out i disores steps through merging

plugs, as deseribed he

Soreering for protoin orvstaliization can Involve varying a numder of

i

parametors, Buning cvvstallivation soresning, 3 large munber of chemical compounds

- Fh -
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may e smploved. These compounds wrlode salts, small and lares moloondar weight

organic compounds, buffers, hgands, soudbmolocule agents, detorgonts, peptides,
crosshinking agonts, and devpvatidng sgents, Together, these chemicals can boused o

sary the tonic strangth, g solute concentration, m\i target concentration i the plug,

S and can sven be used to modify the target. The desired concentration of these
chenyoals o schieve orvstallizaton s variable, snd can rangs from sanomolar 10
molar concentrations.

Apvpical orvstailization mix may contain oot of fixed, ot corpitdcaly-
doterpined, types and concenttatons of precipitation agont, bullors, salts, and other
i snall mplscular chensical additivas,
cryopretectants, sde ). Water i s key solvent in many orystallization wials of
bicdogiead fargsds, as many of these modeculss may require hvdvation 1 stay ative
srsd folded. 'i}'r@c:-i_'i:ﬁ'i'ati ob jgens act o push largets from a soluble w0 insolubls state,
and may woek by volums exclasion, changing the dielsetrie constant of the sobveny,
% charge shislding and malecular crowding. Procipiiation agents vornpatible with the

FOMS materdal of corfain enbodimedtts according 1o the invenion include, bt are

not Hmited o, novenlatie salts; high molesular welght polymurs, polar sobvants,

sepenuy solotions, bigh molecolar seaipht aleoholy, divalent metals)

Prectmtation agents, which {nslude large and small ninlecalar weight ovgandes,
20 aswved] as cortain salts) may be used From under 139 w0 upreards of 0% concentraiion,

o Frown < 08M togreater than 90 coneentration. Waterussif can act in g

prectipitating manper oy samples tha reguire s certain fevel of onie strenanh to stay
sutubde. Marny precipitation agents may alses be mived with one another o increass the

chentical diversity of the crpstaliization soreen. Devices aveording o the tnvention

23 are veadity compstthio with # broad ratige OF steoh coimpnindy,

s

A noneschusive hist of sslts that may be usad as ;‘u\m;t\mm RECTHE B8

folloress: tantrates (L4, Na, B, NK, KHL phosphates fha, Na K e, NG
CSpoCa, n, NHgy formates (L1 Na, K, NedR, Mg, Ny

aoetates (L4, Na, B, Na
e (L, Na, K, Naf®, NG ohlondes (L4, Na, B, Na/R, My, Ca, Za, Mo, O Rb,
300 MR sullates (LD Na, BONWK, Mi“i,\{_;nhde:‘:x_\ui 1, Ta, K WK, N gludamateg
(L3, Wa, K, Na'B, NH,.
A nonexclusve Hay of organic materials that may baused as precipitation
FOE 1000, PEG 15000 PEG 2K PEG R3S
L PEG-MME

-‘...,:3
L)
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s
e
o

20

MME K PEGMME 3K PEG-DME 2K dioxane; methanoly athanol 2-batanal s~
butanot, hutsnol] offaming o600 isopropanol, Tamethyi-Td-pentanedial, 1,8
fsanediol.

apants, typival pif
and 105 and:

concentration of buffer gonerally Hoes bebween 007 and 035 ML The ndovefluidics

Solution pH can be vaned by the inclusion of budTeri

ranges for hivlogical materials By anywhuere betwgen values of 3

devices desortbed In this document ave readily compatble with o bvoad rango of pH

watues, particndarly those suited to biologisal targe

A nonexclumive hist of possible usffers that wowy be used according 10 the
ventog 8 81 Pllows: Ma-acetate, HEPER, Na-vacodylaiy; Na-oitrate; Wa-sucetngie;
Na-K-phosphate; TRIS, TRIS-maleate; intdazole-maleste; bistnispropang;, TAPS,
CHARS, MES, and andasols.

Additives are sinall molecules that affect the solubility andior actbvity
behavior of the target. Such compounds van speed up crystaliization scresning or
produse alternate srvsial forno or polymoerphs of the target. Additives catiake nearly

anycomesivable Torm of chemiesd, bot are typloally mone and polyvalent salts

{iorgatic or crganich engyniy Hgands {subsirates, producty, allosteric sffnctorsy,

fcy

N

chewical erosstinking ageats, detorgonty andfor hipida, heavy metaly, organomatallic

R N

w«
”r.'

compounds, frgoe amounts of pregipitating sgenis, aod unall molecul ;18

Lt

Hewelg

arEamaN.
&

}

The fedlowing i3 a noneschustve Tt of addittves that may be wzed in

seordance with e tnvemion: T-hurana; DMBO; hevansdiol] ethanol, msthanal;

2
3

fsopropanot; sodiom Huceide; potassnan horide, anmontom Huonds; Hihium

chiortde anhydrous, swgnesium chloride hexahydrawy sodium chiotide; cleium

chioride dibvdrare potssiuny chlofide) stmonnan chlonde! sodinn iodide

ssiun wodide; amnoniwn dodiae] sodium thiooyanate, potassiwn thidoyanate;

frthiom mivats) wagnesium witrate hexabedrate; sodivenitrate; potassnam nifvaty;

szt Tormate;

amonien aitrale magnesinm formate; sodum foomate; |

ammioniun Formoste Tthiwn aostre dihvdogde) wagnesium acelate tervabydrate; zine
acetate dibyvdrate, sodiven avetate trihydrate, culotmy acelate hydrats potassiom
cetale; ammonium scette; lthium sulfate monobydrate; nmgrresivm sulfate
heptai’; drate; sodivm sulfste decahdrate; potassiuny sulfate] anunonium aaltan 8-
soibivn tartrare dibydrate; potsssivm soding tarirate totralvedrate; di-anumanium

tartvate; sodion dibvdrogen phosphate monehydrate | di-soilivgn hydrogen phosphate
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27
3

dihvdeais: potaastom dibvedrogeyn pheaphats; di-potassium hvdrogen phosphats;

anronium dihydrogen phosphate: de-anunosdn hydrogen phosphate; trishithiom

ES ¥

ciivate fewabyvdrate; t-sodian citrate diipdrate) Bl-potassiun olirate ynonchydrate

Sammonium hydrogen cirate; bashum chlorids; cadminm obloride dibydraty,

s
ra

obattous chiotide dibyvdrate, cupric chiorids dibydrate) strontivn chiloride
haxabydrate;, yinium chlonde hexabydrate) ethvlene gveol Glyeerol anhydrous, 1,8
hexanediol, MPD! pobrethyvlene glyeo! 400 mrimathviamine HOT, goanidine HOY

3 ~

urea; L2 3-bhoptanctrioll benzamidine HOL dioxang; cthanod fso-propaned; sucthanol;

sodivan fodide; L-cysteine; BOTA sodiayn el MATD ATP disodiun salt D+~

s
e
o

ghucose memshydrais, T suoross; xviitol; « ;‘s‘:\m\é;m sparmine tetra-HOE &+
antnneapretc ackl, 1 S-diemipopentane HOE 1 0-diandnohexans 1%
£

betaine mopohydrate; polyvinyipyorolidone B 1A novedetergent sulfiv-hetaine 185,

diaminoocctaney; whvoine, phvoviglvesl-glvoing havamiserchalt trickdomide; tarine;

LN

aor-datergent sulfo-bstaing 201 phenol, DYVRO dexran sulfate sodivn el

< 1.3 butansdiol] podypropylene ghyool BB,

15 Jeffamine MaQ0; 2.5 Hexanediod; (4

fod batanediol teri-butanel, 1.3 propanedicl acetomtrile! gamms bubvrolactone

propanol othyi sectate acctone; diehioromethany; a-butanal; oeﬂmz‘;sgﬁ;
U PCER nossstinelone giveol mossdadecyt sther, nonaothviene ghyeod
monotauryl ether! polyoryethylane (93 sther; cotanthylene glyen! monododeoyt ather

2 ovtaethylene ghveol numolaay? ether polvogyettorone (83 laury ether, Dodeeyl- 8-

D-mattopyranoside; Laarie sord sugrose sston Cyelobeovbpontyl-f-D-maltosids;

Honaethyiene ghveol outviphendd ather, Ceptvlisimethiviammonmng bromide, 8 N
bis(3-Dgloconmmidopropyl RAeoxycholaming, Deoyl-P-maltopyranosidey

Lawryldimethlamine outde;, Cvelobexyl-pentyl- f--DBamaltonde; »-

]

2 Bodecybultfobetsioe, 34 Dodervidimethviantmonmisiproprae-tasitonats; Noayl-fi--

Deglunopyrannaide; Qotyb-f-Dhioghucopyranoside, 350

Prowthvidecylamine-fi—oxide] Methyl O-{N-heprvicarhanoyin-1-
glucopyranoside; Reorose monoegproviae seOotanovi-P—D-acofirasesylao-D-
ghicnpyranoside; Heptyl -B—-Dhioglucopyraneside; Ooiyi-f—Dglucopyranoside,
30 O Cvoloheodpropyi-f—Damalinside, Cocloheovibutanovi-A
shviclucamidy pedecyiauifubetaine, 3{Deovbmathslammonioipropang-
tatfonate; OQotmwybAameihvl glucamide, OMEBEGA, Heoop-f--Dhalncopyranoside;

Bri} 35 Bey 88, Triton X114, Triton X-305; Triton N-405; Tween 20; Tween 8

P
« TN
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potvorvethylens{®idenyd sther polvonvethvlene{Sidend sthey;

Dicanoyi-N-

pelvoyvethylene{1Gidodecy! ether potyoxyethy cm{"é}im\ea\i ethery

ydroxyetinviglucendde; Pentasthylene ghyonl monoootyl etbu 3-{{3~

chofamidopropyl dimethvianunomio-lpropans sulfimate; 3-{{3-Cholamidoprom

s

dimetindammanic] hydromo-L-propane sulfonars, Cyeloboxyipentanovl<N-
hyvdronyethviglucasmide) Nonapoyi-Netrpdrorvethy glucamide; Oydlohexylpropanad-
K-hvdrawvethvlshicamidy, Domnoyl-N *hy‘:irs:myeﬁfs}fi glusamide; Cyelohanvlethanoyvi-
Pi-hydressvothyighucmnide; Beasvhifimethyldodeoy! anmunoatam bromidsy ne

¥

Hexadeoyl-f-Danshopyraneside; s-Tetradeoyl-f-Damaltopyranoside; s Tridesyd-

,,,,,
bt

f-Demaliopyransside] Dodeoyipoly{ethvieneatyeoether); o-Tetradeoy N Al dimettod

smmonio- bywopanesiditngte) s-Undeoyl-B~D-naltopyranoside; a-Deoyt B

Aucopyranosids, -

thiomsdtopyranowide; sedodesviphasphocholing w1
freckfursnosyl movadecanoate, suorose mono-caprate) bs-Nome-fi-13-

LI 4

thioglicopyranoside; p-Noayl-f-D-thiomahovranoside, WN-DRodeovi-N A

13 {dimethlammongoibutveate; s«Nongl-8 - Demaltopyranoside; Cyolobeodt-butyl D
malioside p-Ooipl-f-Dthiomadiopyraposide; w-DBeoyiphosphochadine, s
Nonviphosplowholing, Nonanoyb-N-owthylghcamide, Ts-Hepiyl- -1

*::x'}fi sathyl Bemabtoside, s
slobexyvi-methyl-H-D-

24

reat orvetal o Hash-coolingin g

=

Cryosodveatls are agents that stabilize g 1

Hepnid proprarss, Haoeid sthene, or gaseoas siioges o

=

crvogen suwh s Hould mitrogen,

hefiom {all at approxvimately 100 120 %K psuch that crvstal beconss embedded in
sitreous glass vather than e, Any numbsr of salts or small molsoular weight ormsmic

hade but e not

2% compounds can b used a3 8 oryoprofeetant, and typical ones ine
tted tor MPDL FEG-H00 {as well as both PEG devvastves and igher maolscnlar

wetght PEG compounds), glvesrad, sugars {xylitol, sorbited, ervihnitod, suerme,
@ F1 3 5 J : N

ghicose, 10.), eihylene glyool, sleobols {'hm'ih short- angd fong chan, both volmitde and
aomvolatite), LaGAe, LICH LHCHO:, LibGy, L8O, \isﬁx{} Agk, Malll, Nallb,,

300 NaNOy, gte. Again, vuterials fromy which sugrofuidiss devices v geoordance with

the present invention ave fabdcated may be compatible with g range of such

gennfrends,
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o
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Aany of these chemicals can be obtained in predefined woreening kiss from a
vartety of verslors, meluding bud not Hmaterd to Hampton Rescareh of Laguna Nignel,

CA, Bmerald Biostootwres of Batnbrdge Istand, WAL and lena BioScienee of Jeua,

Gernunty, thet sllow the researcher o pa

1 both sparse matixand grid sa

wuch of

o

i

expeniments. Sparse matriy soreens aftempt W randomly sampde o
precipitant, buffer, and additive chenuical space as poesible with as few conditions as
possible. Grid sovesns typioatly constst of sysiamatio varigiions of two or theee

parsmoirs against ouw anothey feur

g}s‘t‘ci;‘ﬁitzm’t concontration vy, pH) Bothivposof
soreens have boow emploved with succeas in orysiallizanon wials, and the mugority of

chennicaly and chemical contvinstions used iy these sereens are compatible with the

chip design and matricss 1o accovdanos with embodiments of the pressexl frevgadion,

Moreover, current and futve designs of nuorofloidic deviges may enable Pexibde

-;

eombinatonial seresming of s sy of differem chemicnds against a partioniay trgst

2 ~ Feld >

2

oF set of targsts, a process that s difficult with sither robutic orhand soresning. Thix

¥
17

e

tatter aspest is partizularly miporisng for optimizing initial suscessss generated by

first-pass sgreams,

a3

In adddition 1o chendoal variabdlity, & host of other parameters san be vaned

daringorvatatzatgon scrcening. Such parhristors fnelade W are not Bogted v {1

vodame of orystalitzation trial, (2 ratio o

target sedadion o oryatadbization soluticuy

{31 target concentrationg £9) coorvatallizanon of the rarget with 8 secondary small or

by

macromiotevale, {3} hydeationy, (0} bpabation g (73 temperature; (8) pressure;, {9
conttact slaces, {10 madifications to target moletutes; snd {11) gravity.

Ahthough the discussion below refers to protetns, the partivalar devices wr
methody described can also be used or suitsbly adaped for the ovystatlization of other
tvpes of swpled such gy thase wengoned ghove fer, sall molecnles, other
macromotesaios, nanoparticles, solloida] particies, ot ) iy one aspest of the prosont

3

statitcation s condugted osing muniaturieed puoradbs

frrventis B3N IHW‘IH!‘! jey

condittony. The process consists of two steps. First, plugs are preferably formed

wheretn the concentrations of the protetn, praciprtant, and addires ave schjusted by
varyiug the velative fow rates of these sobsienrn. This step conresponds (0 ¥ soresning

step, Onoe the ngsi‘;in'mﬁ concentrattons have been found, the flow ratey can they be

kept constant af the optimal conditinny, T this step, phags arg preferaldy travapocted

through the channel as they form. Seconul, the fow is proferably stopped oe the

t.

$

desired number of plugs are formad, The plugy sre then praforably allowed 1o

- 81 ~

549

Exhibis029



mcubte: o some embodimants according to the invantion the o may be
gontinned, muher thav stopped. o those embodiments, the fow s maintatoed
o

sufficiendy stovweand the channels arg made w z'i‘i'xcie:mi);-‘ long that plugs spend

sufficient fime in the channsds for erystallization to sccur (from tens of mimues

3 wieks, ot may b fotsr or dowe)

In ane aspect, upon ormaion of the plugs, they are trapped wsing sxpansions
iy the charmgds, The expansions actas dead volame elemants while the plugs are
boing formed in the presence of flow, Thus, the copansives do not irderfore with the
flow of the plugs throueh the chansel. Oonce the flow e stopped, srfacs tonsion

HY drvves plugy into the expansions whers surfaee tension i mintmized. The e-xg:?sz;s'isicms

~3

may b, bud s not lnuted to, oval, round, square, rectangularn, or star-shaped. |
partiouiar, ¢ -ar-shaped speosio may prevent adherence of the phug o of aorystal

tor the walls of the expansion. The ratio of the &

s of the expansion opening o the
width of the channel may be vaned based on empincal resudts for & partioudar set of

% conditiomn, PG 10 aschematio iHustration of g teroiluidic devicg acomading o
the venton thatilustrates the gapping of plugs. I experinents, plogs wers

sustained v porfusrodosaling imide achannel By one dav, sod did sy appesr 0

change during that fowe G refractive mddey mismach between the Huorinated mod

agueous phase was itroduesd 1o aid in vissalizatdon of plugs).

o~

20 The method describod above sllows a bigh degree of control over protein angd
previpiant conwentrations. I also allows a bigh degres of vontrad over @ range of time

sostfes through the control of phag size sved composition, FIG. 17 shoves a schematic

s with vaniable coenpositd

+
13

of & migrofvidic method for forming plt

ons for protein

T

Contingously vartsd flow rges of the nooming sregins arg prafirably

crystatiiz

23 uaed to Torm plugs with vanous concentrations of the protein, preciphation agents,

sl additives, In FRG 17, for example, the following can be introduced mo the
sartons ndaty buffors Into talets VL 172, PREG intovindet V83 salt ntoidet 174

sobvert into infet 175 and protein into ifet 178 These vanous sohitions can onfera

chanpel 177 throngh which a carier fludd such as g?ss;xzii"}*\k.\x‘zfsa:ixiec.ﬁiixm florws, Fow
30 wxample, # Danetsr long vhannel with 1 200580 g crows section wan baoussd e foom

gpproximately tvo hundred 6 nll (oanolitecy plugs. 18 sach plug comtains &:m}'ugh

=

proein to formy g $am wrvstal, 200 trisls will congume only about 1.2 gl of
appreximatedy 10 mgfmb protein sofution (12 ug of proteind. About ovs miruag may

be sufficient o form plugy e these trals.
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i anothey iwu: avcording to the fnvention, alter plugs age Bed as

deserthed abow & nuorobatoh systern, show evaporation theough a vary thin
PDMS mewmbrane {or another wentbrane sith slight water permeabiliny) is preferably

6. Scstow decrease ethe

wsed for added voatrad over the srvstallization pro

s

vodume of the plag during svaporation iy expested (o produce a trajeutory of the
sobution throngh the erpstallization phase space shoilay o that o & vapor diffusion
sorpariment. Mence, this method, in addibon o mivrobaich methods, can b wsed 1o
nifmatize and oplimize vapor ditfusion nuthods,

frithe vapor diffusion method, a drop cordaining protein, stabibizing buffers,

s
e
o

preciiants, andfor erystallizativg agenia is allowed to eguilibrate i a clossd systam
with s pruch tarper reservsr. The reseressr nsually contains the same chamicsds
mitous the protein but at anover all logher conostration so that water prefventially
gvapivates from the drop. Woondivions ave right, this will produce a wradual invreass
in protsn concentration sucl that @ few crvatale may fam,

i3 Vapor difftision can be performed in several ways, The one most ofter used 15
called Hanging Throp Technigue, The drop s placed o g glass coverslip, which is

3
3

then mverted and geed o seal & vmall rosorvolr in g Lanbeo Plate. After a partod of
sovora! hours 1o weeks, micrascopie erystals may fortr and continue 1o wrow. The
other set up ts kncewn a3 Sitting Drop. In this methead a drop (usualty =10l

20 placed in a depression by either g Mioro Bridge in a Linbro Plate or a glass plate and
again placed in a closed svstem o equibibvate with oomoch larper weervon, One
nsually uses the sitting drop technigue the drop has very low swrface tension,

mgking 8 hard to tum upside down or H the drops need (0 be larger than 20ul. Alsa,

Pgrow Dettsr using one techaigue or the other,

23 oarunther embechsent, the plogy dre preforably formed and transpovtedauch

i with the procipitation agont s punimized or

¢ be nsed 10 achieve

7
P

Jek:

wampls, poodle ruxing using spnral chanagd

o
S

this mul also 1 oreate wtorfzces between the protein and the precipitation agant.

s

Alrernstively, combining two strasms of ;\iug& mal {;mt&s:ri’iam withonat mm“gi SR IRY

establish a fse i,: verface sfler the fow s stopped. _E'.}ifﬁ,i,sii oot the ;‘3?{;31@?& ns gimi
precipiiates through the tnterface induces cryatalizagion. This v anv analogue of the
Froe-fnter Hitfusion p 1t may be performed under eithse the mivrabatch

vapew diffusion condifivns as desdribed abova

« 83 ~
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Proferuddy, thy spacinyg between plogs can be ingrassed or the onl composition
changed to rodies plug-plag diffusion, Por example, s spacing of shout 2.8 i in
parailin ol can be gsed which has been shown to be an eifeative bamter o aguenus

diffusion in arystatfization maly,

s

Visually tdentifving s with corved surfaces ean be g

challenge when performing nuorobatch experiments, o an aspect acoording to the

o~

tvention, 8 method based on nuatching the vefvactive indices of carvier-fhaid vath that

of the plug fhad fo ¢

ion is used. Mivrnscopic demsotion 1s proforably

~

@erﬁmm? o by osing shatlow chameds and by marching the rofractive indices of

L

~

sr-fluid mixntores 1o thoss of the aguscus solutions.

,,,,
o
oo
o
5
P
=
.

In addstion, at least threg other aovel methods of vestresdling protein
eryatallizations are despribed below: (1 b using suvface chaamistey o effent nucleation
of protetn erystaly; (23 using different mixing methods o effect orystallization, and {‘3}

performing protein crvstals sseding by separauing mecleation and growth phasss in

Controb of suclestion s one of the Bfoaly stepy i profein covatathivadon.

s sl cation 1s stalistisally 2 meowe Hrvorgblo procoss than its selution-

phase cownterpant. fdeal surfaces for hetorogeneous musdeation have complomentary
electrosiatic maps with vespect to their macromvdecular counterparts. Oritieal nuled
20 AP RO e o 1 anrTaoes than i sodotic Farther the desreeof
S AYe Iove 3EHO O 3RCHE S0rTaoss g 1 sodutton,  basthern, e Qogres o
supersaturation reguired for hetsrogeneoes nucleation s moeh lesy than that eaudred
for the formation of solution-phase nuclel. Swrfaces such ss swihieon, orystalline
mingrals, spuxide secfaces, polystyrene beads, and hair are koown 1o nfluencs the

efficiency of protein oryvstallizaton, Few stusties have been done, bt provaising

23 vesults bave beon shovnt for protoin Srvstalfization &t he methvl, ivdazale, hydroxyl,

sl exrboxyhis aad mblod moncdayers on gold. Using self-

assemblad mondda vataliized over a broadsr ranige of

S, proteiag were ¢

crystallizanon conditions and at faster rates than when using the traduional sianized

glass,

30 FIG. 18§y p sehamuatic Hlintration of g vthod for voadredling haterogeneus
nuclsation by varying the surface chemistey an the interface of si agqueoas plug-fluid
and 8 carrfec-futd, Tn FIG 18, plugs are Tormed in the presencs of severs] solutions

2,

of surfactants that possess different function

po

groups (feft side of the diagram). The

o

vight side of FIG. 18 shows the sagueous phase regiony i which a precipitant, solveni,
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IBG, 181, and 182, respmctivedy: The

and protiin may be introdoced inte inlets

composition of the surfactant monelayer is preferably consrafled by \:‘ar}f‘%‘ng the flow

rates. bvancther appdication of the wethod Hostrated 10 FHG I8, the surfae
chomistry van be vanted continuousty. The sudpulation and contral of the surface

s

cheguistry catt be wxed for screening, assava, orvstallizations, and other applications
wherg surfics chenmstry i important.

Inone aspent of the tnventioey, heterogenesons nuckeaton of protoins is
cemrodiof by forming aguscus plugs ing carronflaid, preforably containing thuoro-

sotuble surfactanty if the carsfer-flad 1z a thusocarbon, Vaeving the relative flow

s
e
o

rates of the surdistant soluttons may generats xowids variaty of lped-diquid tnterte
conditions that can lead 1o the formation of mived monolavers or mdxed phases
sepavated monslayvers, Prafirably, several surfactanis are waed to contrn! the

huterogencous nucleation of protein crvstals, Eitwlene-ubvond monolayers arve

greferably used 1o reduce hateronsnsoss vucleation, and monolavers with elscieostatic
3 propecties somplentsntary o those of the protein arve prafucably used to enhuowee
3

bsteronenemis nocleation. These mathods for conmralling hedorogeneons nuclsation

> o ooy sohance the formation of ervstals that ave somllby difficeh

"

wae oty may alao beoused to induce or enhanes the Tormation of

tal polymorphs that are relatively wore stable o better ordered.

20 Az mentioned shove, controd of nockeation is highly desived 1noan advaneed
srystadlsation soreen. One method that can be vsed o achisve controt of nucleation
involves the transfer of nucleating erystals fivmm one soncentration w another Vi

dihatton. Thix method, which has besn applisd in macroscopic systems primaniy

vapor ditfusion, was intended 1o shlow deconpling of the at and growth

23 phases. This method 38 Aiffcudt o porforny waing tradinonat mothods of

erystaflization beoanse muclostion oceurs foug before the apprarance of nioroon
FRG @ i hustrates o mathod of sspatabing nucleation and growth ssinga

ornluidie petwodk acoordis

¢ 1 the present Inventiont using profoiny as a gon-
tingting sxample. The lolY side of FIG. 19 shows plugs thay are formed preferably

30 aining Wi concentrativns of protio sl precipilant. o FIG. 19, the following ¢ be
frvoduced imo the vartous inbts steren buffer into inlets 191, 196 PEG o infety

W, 197, ety 104, 189 and pivteln indo

precipiiant intn infets 193,
i th

204, and 2035 of the channel correspond o regions where fast wacleation

200, (i flows throw 301, 202 from tef toright. The

inlols 1%

f;.,
<’,

N
R}

poriions 2
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S

ooours (203), oo nocleation cocars (204), and whers orvstal growth ccaury {2031 The
gopeontrations used wre those that coreasporad 1o the suclvating region fu the phase

diagram, Noclesbion osours 85 the plugs wmove through the channel 1o the jusclion

over & sertain perind. Profeorably, these plugs are then merged with plugs coontaining a
S projeqnsolution at @ point corresponding 10 & nretastable {growth, rather than
nuclestion} region (right side of FIG. 191 Thue slep axwds mucleanion snd promotes
crvatal growth, When the combined chinmel has been Blled with merged plugs, the
How is proferahly stopped and the nudlet aliowed to grow © proghuce talx
Noolsaton thne can bho varted by varving the flow rate alony the nuclestion
Y channel. The nucleus i prafocably wsed as a sesd ory tor # hwrgsy plug with

sofution concentations that correspoust to 8 mutastable reglon. Existing sdwa

indicate the formation of nuclet within less than abont & minutes.

Flud puxing is b Pacleation and
grovwth, Methods sccording to the invention are prowided that §§m\ # precise and
13 reproducibly degree of comrol over mixing, FHr 20 flustrates twg of thipee mathods.
%orasthod of mixing preforsbly pleces the solution into & mictestion zone of the phase
diagram without causing procipitation. Proferably, gentle auxing (FIG. 20, feftetdsy
i3 used to achiove this by proventing, redoging, orminimising contact botweon
concentrated solutions of the protetn and precipitant. Alternatively, rapid paxing

2 (PRI 20, righ side) 1 usedd fo achiove this by allowd go through the

N

previpitation zone sefficiently qackly ¢ ?pi.iaiix:_m. The

(;:
<3
£
=
o
2
27
&
v-\
i,
¢
B
=
oo
C
<5
be
=
ol
e}
s
%
=
PN
e

two methods used s exaraples vvadve the uss of ¢
and serpentine channels for rapid mixing

The two methods W sccordance with the nverdion depiotesd 1o FHG, 20 can be

23 ysed o detenming the offect of wiking on protedn covataibsation. o addition, the

vitricass methods for contrafling mixing desoribed provis ::‘\? SAOW BUNIE i

g inowhich

qf-'r-
1)
i
i
pod
e
omt
fort
s
o
s
e
=
[
)'
¥
s
=
=
P
3;’
e
5007
ol
oot
£
i
e
L
oot
jo]
W
o]
%
A
923
v
-4
=
poor
,,,

stratah chansels, chaoti

o

twielig Mmay of may m ocour} can b safion, among othse things.

After obtaining the o av of the above desonbed techaiques, the

30 ervatals may be remoesd from the microltaidin devige fov struvtare diderannation. In

other vesterps, the fagile and gelatinous natare of protein orystals rakes orvstad

collactivm ditficudt. For %X;Zii',np?& remoning protein eeystaly from solid surfaces can

damage ther 1 the it of usele The prosent invention offers a solution

X

this problem by noclesting and growing orystals i gudd envivonensats, In an aspadt
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according to the invantion, a thin wetting laver of 8 carcientlund covered sath &

surfactant is used wrenahie or faciitate the separatiom of & growing ovystal froen s

solid surface. When the orystals Torm, they may be separated from de FOMS laver

By using & thn laver of s carer-flukd

s

I ov aapect, @ micrailoidic device of the present system can inciude furthey
inchade capillary tubing suitable for collectng plugs Fthe capillary device”| FIG, 46}
The tubing iy preferably composed of g material th provents unconrotied
gvaporation of ssdutions {such axy water) through its wall, Further, use of the gapillary

tubing can enabie direot soroeming of orvstads by w-vay diffracton analysis orother

s
e
o

spmotrophotometric detection/analysts means smploving £.8., optizal o infrared
detestion. Plags in the capiflary tubing bave been found 1o be stable and shist not show
signs of svaporation svey several mionths, even in the sbsence of hamidity contrpl,
Thersfors, the capiflary device can be inoubated for a much longer fms thavealls

PIS wicrofhurho chips, Water diffusionr can be controlled by varsing the starting

.

1% salt concenyration diifsrences s well the distanve between plugs, Produstion of
cryveiabe diveetly nsids the copiliary tubes can facilitade on-chip diffraction without

harving o maove the o },smi aronnd.

Upon Tormation of plugs w the FOMS portion sah thalr transfer indo capnilary

tibing, the How rates are Moppead, the capliary wibing is disconnected from the

0y

20 PDMS portion and the onds e sesled by capillary wax. The capillary tobing may be
incobated wnder suitable crvstatiieation conditions {e.g, temperature stey untl crestals
Yormt tnsde the plugs, Formation of orvstads can he monitored using optisal dstection

anddor xwray diffraction methods, Crvatats grosws at the had-tutd totecface can be

P

3
31

ensily removed from the capiiiary by gentle How, or by breakiong the capiflary and

25 witking the haandout, Upoit formation of suitable ervatals, the papillavief ard fYoren

sl strustores sre dircetly deterndned from roside the caplisry wsing & g svndlotron

£ & & e

’-e"

adiation, Because s method obviates the problem of Randling and mhounting

talx snd because it can Dcilitate the dotermination of structure dirsetly fram

within the capallavy, ¥ may be especially suiable for bigh-throughpg, fally sutomated
38 wrystalBestion,
The plugs i the capithry tubing can be stable in bosh bydrophilic {eg, tresged
with by chroanic acidy o hydrophobiz (e, stlanized) capiifarien for ovar 2 montd,

even i the caprtlary iy placed verttoally fiwr over three davs.
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Theuse of xetay czaa_g}i.‘aiaa:‘y tubing for prototnrorvstallization can also be applied

.

toa controdied vapor diffusion progess whieh londs il o diront mondtoring and

stractural determination of protein erystals o the capillary tebing (FIG 491 In thes

ot

modified vapor-daffuston provess s gevay of plugs iy geoerated i the channel

P x

5 portton of o capilfary device (a desenibed above) where the protein and precipitang
plugs alternate with plugs contaming 8 ligh concentratioroof precipitant. Synnge

pumps attaghed 1o the capiliary device causs the plugs to How o suitebde w-ray
capttlary tubing. At the conclusion of the experiment, the How is stopped, the

o~

capillary 1 disconneoted frowm the PUMS portion and the ends are sealed with

$ vapillary wa. The eoray vapiflacy v incebated ander optirnal conditivum wntil orystals
form tnside the plogs.
The uae of carner Taud {oily permeadle o water caumes the water from the
srughy from the ol fesan the plugs that are low it csmolarity oto
pheags that are hugher iy oswlarity, thereby imersssimg the conventration of the
I3 protem and precipriants bt the plugs for orvetallization. The rate of water transfer
fromn the plugs and the amout of water tramsfzerad badweo s of plugs
sy be controlled by wing oils having different water permeabsh i‘_ies, by changing
the size or distance bebween plugs or by altering the precpiant concentrations

hetween the different types of plugs @ fleronoe in camoelarity
20 between the &ifterent plog typest Al of these pavamesters can be conrventently

altered by chavging the relative fow rates of the aqueous and carvier-faid Hul)

w33 Z-irtflocrppropyhmethyvisdorane (FMS-121 1 van be a suntadde

carrier-oil Hnd for this procedure

$One scheme for generating slternating plugs by vapor diffusion invelves

st

28 artaching fowr differont syringes to g POMS doevics, sach syringe assoeiated with a

syringe purng o wtrodonmg each of sgueous solubions A B ao respadtive

=3

aqueons el channels and for wireduding each of carvier od] Huwds €, Drinto

e

cespoctive ot nlot chanmela. The aguesus solutipns can be tho same or different.

w
i,
o
fo
joo
S
et
]
o
gL
D

Hatiet aspuoous solubions can also be co-introduced together 1n one ar
3% both cs:f the two agienus channels, In primomple, the same ol or ditferent oils may

be gaed rothe e ot indats. In anther cuse, ong ol inded cheamel s parallel to the

fnain channel; the other aal indet channel s verticg! fothe nuin clanng] and s
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positiongd between the twa aqueons mist channeds o separate the two aguenus
streamty into alternating plugs.

Importantly, the How rates of solgtions A and B way bechangsd m a

sorrelated fashion, Thos, when the How vate of solufion A s e

L

sodutinn As s dedrassed, the flow rate of sohutions B, 18 alsg intreased aad
1 8. is also deersased. Thin conn allosw one o maingan a constant difference
in asmolanity hebween the plugs of stream A and stream B to ensore that tansfer

§

from all plugs & w all plugs B occurs at Muoveover, i the How

rates of the corresponding & and B sireams are chaoged v g covrelatad fashuon,
10 the composihion of plugs B vaill reflect the composiion of plags A theveby
atlpwing one to incorporats markers nte the B streany plags w serve us a code for

the plugs 0 the & streamy, Thug, of the two types of plugs are moade in a correlated

way, s tvpe of droplet may be used for orvstalbizationy, while the cadsy
¥ ¥3 3 5

droplet 1s wsed for desing provided 3t contams o fabed conferting o read out with

i
(¥

respedy fo orystatiization. In other words, absorption/Shusrescent dyes or x-ray

org i e B osivsams to

scadtermngfabsorbing mateniads can be mevrporated 1y

foaoiliade optival densaty guentificstion or xeray it

resdd ont of relative proteim and preaipatant coneenirabions in the A streanos. This
approach e provade a poverfid means R optinizing orystailization condibions

20 for subsequent scale-up cxponmonts,
The use of markers may be parformed vsing @t ¢il that i unpermenhla to
water {as m rmcrobateh procedure} o prevent ranafer of water o any uthe
muenial bebwean the A plogs and B plugs. Alterpatively, the B plugs oy

sshdiionally wcorporate a hig ems{sgh cabisw

heoncentration of dehydration ag

precipiiands} it cotgunetion with g water-permeatds od as deseribed ghove. In thas

way, the B oplogs can serve both as markers for the & plugs and as sinks for excess

%

watgr. Qils that are selentively permenbie o maeris

3
A

als other than water may alsn

b ased o induce trarrdtr of othee watenals botwecsas the plugs and theough the sl

Abermuing plugs nay be geoergted using 8 range of chaonel geomeatries

30 The plugs may also sliernate in patterns other than ABAB. For exanple, othey

SBIAA

AR, stoY sy be obtuned wheve tranakey of wader

pattorns Gsudh as Sud

frant A plups adjacent to B plugs is faster than transfer of water from the middle A

- 8%~
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L

i
(¥

gy

plug. This can wreste Conditions favarahle for ereating ovsluple, shifferont sosof
grystallization condittons. The alternating droplet systams may be extended w
Trssvie than bwve types of plugs allemanting o the same channel o capilisgy oy
axample. A plags with the orystaliivation sohbrons, B phags wath the dehvdeating
agents, and O plugs with markers or with 8 coyopratectant}

The above described capliary svstems are not Himited 1o protein
orystallization - other types of rystallizabions and experiments may be
performad. For example, the vapor diffusion/alternsting droplet approsch can be
exterwded to g, @ procsas Ry concentrating matersads {aach as protein). Such &

provess would be effected theough diflusion of water phxg;: that are relatively low

m osmedarity o plugs havd emolarity, 1t should be noted, howeves,

that sohation materiady in the Qifferent plog tepes de not have 10 be agquesas in

nature, but can b m the Adternativedy, the A aed B plugs
do not hsve 1o be sosolotion b all, bt cany tnstead be wy the form of ennalsions oy
BUNPOTSIONS.

v witl begler toone shied i the gt thet while the above techniguesare

&

ved 1y detail for the covatalhization of profeins, fechaiques simlar to the oneg

P
%
ke
£
o
&%

desoribed above may also be s.ir;‘-c:sii for the ervstalbization of other substansey, including

other Bomolecutes o aynthenie chenveals. I addition, e devices and methoda

aceorsing fo the frvvsuiion mg

v be peed o purfoerm coserystathation. For exsnple, a

crystal comprising wmore than one chemioal may be obtained, for example, theough the

use o at least one sream of proetn, 2 stream of precipitant, annd optionally, 8 streamm

eonprising a thivd chemioad such a8 an inhibitor, another protein, DNA gto. One may

then vary the conditions to determing thoss that are optiral foy forming & oeorvstal.

PARTHILE SEPARATIONRORTHNG USING PLUGK

The flow within the sroving §tz'§zzags- can be ussd for separation of polyvoers and

particles. Plugs can be used S separation by frst sdng Hove within g moving plug to

svtablish a distribution of the polymviers or particles mside the plug (fovssample, an

g
sppvers of the polymer fnside the froat, back, night or left sideof the plug and the
using splithng to separats s sedate the part of the plug costaining tagher

concentration of the polymers or parteles. When two polymers or particles are
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prevent instds the plug and extablish difforent distdiibations, splifting can boeused o

The invventon is Tarther desoribed belowe, by way of the following examples.

Ir will be appreciated by prrsons of tzsxt'dis_msf;@ shill in the art that this exampls {5 ong of

s

smbodinrents and 1x merely Hustrative. i partivudar, the devics angd methad
described . this example dncluding the chanpel srdlutectuvey, vadves, switching and

fovarconted! devives and methods) may beveadily adapted, e, waedin conjunciion

£y

with oneor morg dovices or mcthods, 5o that plugs may be analyvzed, chavastenzed,

smonitored, and/or sorted as destred by a2 user

EXAMPLE
Example 1 - Fabvwation of Microfhuidie Devicss and a1 Gensral Experimsntal
Procedure
Microthadic deviges with hydrophilic channel surtaces wers fhlwicated using
P50 rapid protodvping in podvdimethivisiiovane, The channst surfaces were rendered
vdrophobic either by silanization or heat tragiment. To silanize the sncfaces of
channels, Ondecativere- 112 S otrabyvdroociyl - Tarichiovosiiance {Lintted Chomtoal
Techoologios, Ine y vapor was apphisd (o the nlats of w devico with dey trogen ss a
carrier gad ab arvand $R60 mm He above about 1 atm pressurg. Vacoam was
20 simultanecusly applied to the ondet of the device & abont 550 v Hy below
atmospherto pressare, The silans vapor was applied fiv 8 poriod of betwenn alunyg 143
fours. To treat the chanoels using hsat, 3 devivs was placed In an oven w
approximately 12°C for aboot thiee howrs. Altsrnatively, a device can be heatsd i a

>

Panasonis " Thy Genluay™ 1300 Watt microwesve avety 31 powst setto 187 for abeayt

23 ton minutes.

Oils and squecus solutions wore pumped through devicos using a kdSaienific
syringe pump (Model 2003 or Harverd Apparatus PhLY 28 pump. Hamilion
Coanpany GASTIGHTY syringes wore used {10-350 gl and Hamilion Company 30
gauge Teflon™ needios wers used to sttach the syringes o the devices. (5ls and

30 ageous sobitions wers pemped throaagh desvieoss ot volmetnie How sites ranging

fromt aberd Q3 onn o abay 100 wWldmin

Agqusous solutions wers eolorsd using Cravols Original Formuls Markers ot

o

Feerodn Indicgtor {0023 8, Fidher Sctentifiod. Oils that wars used insluded

e Toorodecaling (mntirs of oy and rany, B8%, Acros Organtosy,
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perfluaroperhydrophenanthrene {tech,, Alfa-Aesary or IHUTHZHZH
perfluorooctinol {28%, Alfi-Aesar). The experiments were typieally performied using
11 saxaures of perdluerodecaline and THUIHZH ZHperluorooctanel.

The sxperinments werg mpniiorsd using # Licg MEFLIT sterenscope with

§  Foster (SchotteFostee, LLC fk-‘ti’@dsts.iasi»:um, Photographs of the experiments were faken
with s Spot Insight Color Camery, Moded # 32,0 (Diagnosne Instraments, Inc) Spoy
Applicaton version 3 4 8.0 wag usad 1o take the photographs with the cameann,
Hxampie ¥ ~ Varying the Converdration of Agqueous Solotons i Plugs
1 The befl side of cach of FIGR, 2540 shows g schematio diagram of the

mivroiluidic network and the axp{irim@mai wswuiitions, The right side of each of

238-C shows microphotographs iflustrating the THomation of plugs uaing
Qiffersot concentoions of the aqueous stresms, Agueous sodutions of food dyes
{redédark and greendight and water constinited the thres streamns,. The velmatnic
¥E 0 flow miss of the three solutions {given in ) arg bnulicated. The dark streant is
wore visoomrs thary the Heby stree Therefore, the Girk Guore wisoong) stremmy moves

%

Ymore slowly and oveapioy a larger fraction of the channed at g

{mgasuwrsd in mm/

given volumemie fow rate,
PG, 45a) shows g schematie of they naterofloidic network used 1o demonsirate
20 thaton-~chip dilutions can be accomphshed by varving the How rates of the reagoms,

frs FIG. 452), the reagenty ars itroducsd thrvough imdets 457 433 «while the dilounn

batter s inmdpoed 't"i‘:é:‘ou.gh indet 4320 &n ol stream Sorws through channel 434 The
blue rectangle nuthines the figld of view for images shown in FIG. 43¢kd). FIG 43b)
shows a graph quantiiving this dilutton method by measuring fuorescencg of &

253 solution of fluorsseein diluted o plugs v the miorochannel. Dot ave st for 80
experiments o which Husrescem was Howed through one of the three indets,
whisrs Chessures 8 Choeatons 11V are mesaarsd and expacted Huoresoain
comzentration. FHG 4580 shows photograpbs dusirating this dilition methed
with streams of food dyes 835, 4536, 457 having How ratex of 45 nlds, 10 nlds, and

3P Bl respestively. PG 43(d) shows photographs iusirating this ddution

3 atreams of food dyvex 458, 459, 460 haviog How ratss of 10 nldy, 45

cand T0nlds, respectively Carvier Hmd vins flowed 8t 80 wlds

O3~
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Eeampls 3
Netwesks of piorochannals with rectangdar oross-sections were fabricated
using rapid prototvping in PDMS. The PDME used was Dow Coving Sylgard Brand

Elastomaer, and devices wary serled using & Plasoa Prop U (891

N

Supplies). The surfacss of the devices wors sandsrsd hydropdubae by babing the

devices at 120 for 2.4 houars,

In PG 26, the rod aquecus streams wers MoeCormick™ rad food coloring

{watsr, propyiens ghvesd, FRDEQ Red $0and 3, propyiparaben), the grosn aguedt
strenma were MoCormick™ green food coloring (water, propylone glveol, FII&Q

vellone 8, FID&T blue 1, propylparabeny diluted 11 with watyr, and the colorless
streams were witter, PR used was & 101 mixture of pertlnoredecsline Goninture of
cisoand trans, 98% Acros Grganiesy 1 TH 2H 2Hperflusrnpotanael {Acros

15 while the FEEOR

Organivs). The red agqueous sirsams were infroducad in indet 360,

2203 I FIG 260, The colorlens

treams were introduced in inlets 2

AU K

SGUEOY was introduced o indetn 261, 384, The dark shadings of the Sremms
and plugare due oiialy front the red dye whils the lighter shadings soe dug mainly

fromt the groen dye,

Agueous solutions wore manped aatng 100 ol Hanilton Gastight seringes
{1788 surtes, TLLY or 80 gl BOE gastight syringss, PFDY was pumped wusing Imb
Famthon Gastight syringes {17 sertey, TLLY The syringes were attached to
miterofluithe devives by means of Hanulton Tellon nesdes {30 gauge, 1 hub)
Syringe pumps Trom Haveard Apparvatas (FED 2000 Wnfusion puraps; speotsdly-
ordered brones bushings were attached to the devving mechanism 10 stabilize

pnpiog) were used 1o inflise the aqusous sofutions and PFR.

-

Microphotographs were takan with a Letca MII23 stereomicroseope and g
NPQT fsight Oodor Gigital camera {j&.’iod@i $3.2.0, Diagnostic Instrunents, Ind).
SR Advanced software fversion 3400 for Windows, Diaganestic nstruments, Ined

was used to voliont the images hing was provided from a Machine Vision Strobe

K-Stroba X 1200 {208y, %2@‘5’) ARV, Porkin Blowee Optoelectronios). To oidain an

¥ e

tage, the shudder of the camera was opened for 1 second and the strobe Hght was

Hashed ongewith the duration of the fash bang about 18as
intgges wars anabveed using NI Inags s 2 Tmage d. Doage dwas uaed

to mneasure poriodds aud lenughs of plugs frow microphoiographs such as shunwn in Fig,

- Periids corrdsponded o the distanes from the venter of one plug o the wanter
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of an adjavont plog, aad the length-of & plag was the distance from the axireme front

X Pasy

2

o the extreme back of the plug {see FIGL I8 for the definitions of front and back}
Measurerpents wers intally wade in pixels, bot cogld by converied 1o absolute

o )

neasursinents by comparing them 10 ¥ measurermsnd i pixels of the Sun v

L4s
s
judd
poss
[
Amamr
povs
b2t
et
=
Aad
=
[
.

To make messurements of the optical intensity of Fef SCMNLMY complexes in

wierophotographs were convarted From RGE w0 CMYK color mode i Adobe

v
et
bty
e

o~

(]
£4 4]
oy
e

Phctoshop 6.0 Using the ssmne programy, the yollow color channels of the

sercrophotographs were then iscdated and corverted to graysesls tmages, and the

s
e
o

intervies of the gravscde imagey were mverted, The vellow ¢odor channel was

te

chosser to reduce the intonsity of bright reflections at the extromutiss of the plugs and

at the witerfaor betwesar the plogs and the chamud, Following the woek dons w

‘ . x . . = R T s v
Phetoshop, regions of plugs containing bigh concentrations of Fe{RONY
complexes appearsd white while reglons of low concatration appesred black, Llsing

¥E 0 Image § she intensity was nigasured across a thin, rectangular region of the plug

tooated halBway betoveon the front and back of the plug Owhie dashed Hoesin FIG

Gy
f

CVRIRIY WA Bot capabls

abih The camers used to ke the micrpphotogmaphs of the

of making ooty moasuremonts of optival denaity. Theratare, the moasuremaonty of

o

of the plot of ety versus redative

i"{

ooy

nteiiy weare not quantitative. Severa

[y

20 posinown aovess the chismel (FIG 270) were shafted vertically by loss than S0 units of

tptensity fo adivet for non-wiforn iemiations of differsat parts of the tiages,
These adiustmends were justified becauss 11 was the shaps of the shstribution that was
of interest, rather than the sbeohute conventration.

PG 29a1-b) shows plats of the s

s of psviods and stzes of plugs as g
23 funetion of totd Towrvelocite FIG 3000 and wasr Traction (W FIG 38 Yalues

SO072 and 061 while valuez of the

of capiltary nomber {00 ) ware G001
Reynoldsnomber (R were 1239 310, 621, and 231 sach-of the oo and K value

a:orz‘;‘t—)s._zg‘.ktsmtiis}g 1o a setof data points with water fractions {wi 028, 0 52, 052, and
P20 e dada polnts fron top fo bottony in FIG 30AN In tuen, sach of these seis of
30 duda ponds correxpaanly o a paritcudar e velocity ay shonen o PIG. 2%a) Plugsan
FIG. 290 travel arabout 30 millimeter’second {mondsl All meanwrements of Tength

and stzs ars velative o the witdth of the chanusls { S,
FIG 30 shows nierophatographs Hlustrating wesk dependonce of parfuds,

Uadgde ol

tength of plugs, and How patdrns instde phugs on total Bovevelpeity.

Py

S
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FIGL 30 shovws a diagrann of the suorotloidic network. Hare, the same solutions wers

usest as i the experivwnd cowresponding o FIG. 27, Tha Fel! solution wis

mtroduced toto indet 301 while the coloddess aguecns stremmns were iroduced nlo

irbets 302 303, The swme carvter Quid as ussd in the FiG

sxperimet was fowed

i~

fnto channel 3040 The right side of FIG, 310 shows microphotographe of phug

s

formed

at the ssme water fraction {020, but at different totud Hlow velooities (20, 34, 100,

130 mods from top o §}{7>ii{_m}}. (_ia;;)i_i:'im‘j}f nombers were $ 00 LY QO038, G 80T and

R ER N O

&

responding Roynoldsnumbers were 1.24,

s
e
o

wewing the distribution of periods and longths of plugs

b=

)

where the water fractons were 020, 040, and 873 respectively. The tota! Sow
vefooity was about 3 mmds, O, = 00036, By 310 i all vases.
FIG 37 shows the effecss of wnittal conditions on mixing by reciroudsting How

inside plugs moving through stratght ndocochannels, PR 2741 shows that

P Pied

\

¥R recircaiasing flow {(shown by black arvews) effistensty mdxed solutions of mmagents

S iii.{i}f tocalized 1o the Front and back halves of the plug. Notations of

o

are the samio ax thet in FIG, 28 FIG, 27a2) shosws that

ating Tow (shown by black grrows) dhd not efficianddy miy solutions of

reageits that were Dittally localized fo the et snd vight halves of the plugs. The kel

20 side of PR Z27H) showws g schematic diagram of the sicrofluidic network. The twe

sodostess aqueons stresma weye ntynduosd tnte infets 271, 372 white & caorviey thad in

1 £
il

thy form of perflnorodecaiine Howed through channel 273, These sofutives did

perturd the flow patterny inaide plugs.

-u-ac
,.«

The vight side of FYG 270} shows microphotographs of pluns of varig

23 longthy near the plag-formisy regientof the microfudic network IOy seater Bactions

of frovn O B up 10 10O FIG. 2701 shows g graph of the relative oprical intonsity

complexes n plugs of varving loagths, The intensitiss ward meas

LG e right O = 0.0 across the width of & plug (hunwen by white

dashed Hees 1 FIG 2781 p-a2)) after the plug bad traveled 4.4 thmes iy ongth theough
30 the siralght miorochannel, The gray shaded srsay indivaie the wallx of the
nugrochannel. FIG. 2702y ix the same ss FIG. 2701 ) except that each plug had
travarsed @ distanee of 1.3 mm. The 7 of each water fraction {'Hf}“} werg 183 (wf
S 133 Qe Q0 THT Oef 030, 9.7 {wf 04A0), 0.8 {0605, 4.6 (wf Q.73 and

-0~

4
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T eF O R4, where o ¢ the distangs traveled by the plag

T
plug

£
3 Experiments were e{m(iamwii o ivvestigats the merging of plugs using
differant channel funciions (T oy Yeshaped), oross-sections, and fow rates {see FIG
Fa-d). The Bgures onthe left side of FIGE. 33a-d show top viows of nuerofluidic
networks that comprise channcls having vither uniform or nonuatform dimension
{5 the same or Sifforen chavmel shamoters). The corveaponding fauwes ou the vight
HY ave micrpphotographs that nolede s magmified view of two plug streans (from the
tyen separate chammels poetions of which form the branches of the Yoshaped junction}
that merges 1o 8 common channel,
I FIG 33, the atbtowater volumetnio ratio was 41 in sach pair of ot and
water inlets. The o streams swers troduced o tnlety 32, while the agueons
153 streams were introduced into inlets 331, 333, The flow rates of the combined

calfwater stromy past the Junction where the ol and water meet was 88 mawds. The
channoly, whivh were sectangebar, had dimensions of SO Gwidthy x 30 Chelglt) am”
Axn showr in FRI 33s, plogs that fow i untforme-sized chaonels

only when they simultansousiy ardved atthe Teunction, Thus

20 chanvels oecur infrequentty. In addition, lagwing plags were ?\“s eai§y not able o
gatch ap owith tesding plogs along the eoanmon chanmel.

FIG, 330 iusuates plug merging ovswring between plugs ariving at differem

tmes at the Yeshaped jonction (magnifisd view shoveny The oif stresms werg

ntroduced toto inlers 334, 336, while the ggusous streamy were introdused hvto inlets

3 35337 PR 30D, the flow rates For the combined ollhwiter tThad past the
junction where the ol and watdy medt were 4.9 mumy's for chatad 346 {}ﬁ%m SQx M
o channel ) and B.6 aomds for channel 347 (e 25 x50 wm ehannal). The sil-to-
water eolametsie ratio was 44 1 in cseh pair of ofl ssd water inlets. The two shannels
{tho branch chamaels ) morged 1o 8 common channe! 348 that bad 8 HH % 30 ant’

30 wroseesention. As shownin the figaee, the larger plags froan thes bigger channel are
able o merge with the smaller p’iiigﬁ from the narrpwey channel even when they do
nod arrive 3t the funetion af the same e, This i3 because lagping
able to carctoup with the leading smalier plugs once the plugs ate 1o the conunom

chanoeh
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FiG 3¢ depicts insphass merging e, phig merging upon simubianemas

arrival of at Jeast by plugs at a junction) of plugs of difforent sizes goverated vsing

different ofbwiter ratios at the tveo pairs of Inkets, The ol sirgams were infrodoced

e inde

s

The How rate corresponding 1o zhc Hund steearm through channel 348
11 ot -to-water volwnetnio sane was 4.0 man's, wiile that z‘:‘n:mugh channel 350

corresponding 1o the 41 al-to-vater voltmerte ratio was & % minvs. Bach branch

o0

channal of the Y-shaped porticat of the notwork (magnified view showny had o

A
=~

dimension of 30 ¢ 84 wn” while the common channal 381 {thoe channel 1o which the

s
e
o

branch ohiannel

b

mergs) was 128 € S0

FIG 33d iHustvates defeots {Le, §}§‘ls§,‘§ that fail s voderge morging o when they

woold wormaily merge under typieal ovideal conditions) producsd by Suctoations in
thy relative velodity of the bwo inconvng strewms of plugs. The il streams ware

imroduced intoinlets 342, 344, while the sgusous strsams were introduced inte biddety
P 0 393, 3485, hnthis gowmriment, the How rate oormssponding to the thald strsam through

chanoe! 382 requdting frova 1 D offgo-water volumetric ratto was .0 mads, while

that through channel 333 corresponding 0 the 11 ofdeswater volumetric ratis was

& ¢ s Fach branch chimel that formed one of the twe branches of the Weshaped

oo

interseciion {magnified view shuwn) was $0 x 50 pm® while the common shannel 354

R

20 (the chanpel fo which the two branch channels mergey is 128 x 8 ™

Exarople 8 ~ Splitting Plugs Using a Constrivted Junotion

Dy

The sphitting of plogs wan investigated using a channel network with a
congtrictsd funotion. In tlus case, the plugs split and Towed past the pmotion o twn
23 separate branch chanaals (v this Case, branch channels arg the channels to which g
Function bramchies out) that are at a 180%-angle to cach ather (oo FIGE. 3du-conshr of
which show g chanpel network viewad frogy thetop) Iy these experime
pressures, Pyand Py, past the constnioted junction were variod such that e

(FIG, 3db)or PoU P FIG 380 Herg, the relative prossures werg v

30 the relative helyhits of the channels that wers under prassaces Py and By Sinee longer
s dend wosplit move reliably, this branching pot {or punction) was made narrowse
than the channel to slongate the plugs. FIG. 344 shows a schematic dlsgram of the

channe! network used in the experinwat. The off and water were introdused mto
a7
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infets 34 and 3401, vespaotively. Tha ol to-wader ratio was €01 while the flovw rate

S

past the funciion where the i anel water meot was 4.3 mm/s

FIG, 34b 15 a npgrophiotograph showing the sphitting of plugs into plugs of

~

spproxinmately one-half the size of the initial plugs. The chaone O, whinh were

3 rectangular, had a croxs-xection that measwred 36 x 30 gm®. The constricted section
of the channel 3402 z*;gifzt noxt to thy branching point measured 2% x 80 gm’. The
vutler prassures, P and Py, Were ahott the sgme 10 both braneh charnels, Here, the
vlugs split inte plugs of gpproximiately the same

PG 34 iy a nderophotograph showioyg the asveumemic sphitting of plugs {F
Y the splitting of plugy bt plugs of tilfursnt szss o lengths) which cocurred when }}_g

< Py The mivrophotogrsph shows that larper plugs {someehat rectangular in shape}

a3

Sonwed aloag the chanel with the Towsy pressure Py, while simallsr phugs {s;.%inm‘iczé 3

%

shapel flowed alony the channel with the higher presswre Py Asin FIG 34b, eachi ¢

& ~

05 cvose-soction nisasured 30 € S0 um®. The constricted ssctiom of the

e
’\{-/
i
o

the channe

15 channel 3403 at the hmosion measured 35 x 50 une”

Example & ~ Splitting Plugs Without Using a Coostricted hunction
The sphitting of plogs was ivestigated nsing & channe! nobwork without 8
constriction sueh as the pne showa in FIGS, 3%-c. The channsd nepwork wsed was
20 anwilarto that showain FRG 34{a) oxoept that here the plugs spliv and flowed pastthe
Jessstion in bwo sepavate chanpely at 3 90%angle to sach sther (the plug How batag
The ol and sgueous stresrps (401 ofb agueons stresm mtto)

B

represemiad by arrs

o iptrodhred bto inlets 3300 and 3MH vespectively. &n oil-only stream fowed

gy

through channel 3302, Al chaonvels had g cross-ssotion of 30 1)

Gt The Bow
I3 vate used was 43 mawndS. FIGS . 38a-0 which reprasent top viewy of 4 charnnd

network, show that plugs behave differently comparad 0 the plugs in Exangle 3

whea they How past

unotion i the absende oF a channel constriction, such as a
constriotiont showan in FIGS. 350 AxFIEG 3%c shows, when By < Py, thee plags

remsined titact after passing througly the junoton. Funther, the plugs waveled along

30 the channsd that had the lower preasurs {8y in FIG 350) wiale the intervening ol

streson sphit ot the juncuon,. The splitting of the ol streany at the fupcton gives nise o
& shorter suparation between plugs Howing along the channal with pressure Py

compargd O the separation bepwaen plugs in the chanpel upstreant of the branching

BORRE O Junelion
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Erample 7 - Monitoving Autosatalvtio Resctions Using s Miorefhudic System
FG 37 lustrates the design of an sxperineent tevobving chemiesl

SN ii‘ "aiu‘ﬂ T \ﬂ{ii Mo dewi It \RQO\Q‘QQ W2 “%3(‘ ‘i)\i‘i?i 21 ihﬁi [E13Y ‘}i\

favestigation of @ stochastic awtooaialyis reaction, e tHusdratss how the

devices of the present ipvention can be used w© snudy the acid-senutive autocatalyiic

veaction between NaCl and MaSx 0y On the leftside of the micrafhadic netwark, &

Ny

02, an oats

o
l‘l

thrye-channel infot introducey s aqueocus strean through channed 3
throueh chamned 3701 sndan estevase through chavmet 3703 G Howed throagh

channels 3713 %

’wi

14, The reachion betesen exter and esterase vield plugs 3704 that

contaive a small amount of acid. Ow the vight side of the ndoreflutdic pevtwork, the

o

fveechanne! tnlsd intredures NatUIO: througdy tndet 3705, an agusous strsam through

fdet 3706, 8 pH indivator tuongh indet 3707 s second sgueaus stream through inle

F70H, ad NaS; 04 throogh channs] 3709 A carser flaid flopes through channads
3T 3T, Unstitved mixtures of MaClOy and NalS;2; are highly unsiabls and even

a shighy conCentraton Hactuation within thay miatiee Teads 1 rapid deconiposition.

37
¢

1 contalsng Nalli,

Thuy, the plugs 3 15 B0 mixturs muest not only by quickly

sarxaed bt also promptly waed after formation. Tn s ;}rf;zps‘m:ﬁ syperinwent, the swey

chaunnels monicde chaogenuxing. When odlighily aeidic plog of the sstar-

r;

o L ke

Na%: O noxture at the condag

resction i3 oerged with a plug of &

3

region 3712, an sutouatadviie reastion will gersrally be triggered. Upon rapid mixing

of thexe two plugs, the resulting plugs 3711 become stromgly acidic. The pH fnddicaty
introdoced in the five.channel inlet to used to viznalize this entire amplification

[HESOSS,

mple 8 - Using Chendoal Reactions as Fighly Seasitive Autoamplifyiog Datection
Elements o Mivrofnidhe Devices
I one aspect acvording to the nvention, # sequsmsial amplifiostio

controlled stocatadytic systerns v used 1o amphify samples that contain sing

e
2
o
fouc
i
24
ima %
"2
/,4
=
.
R
e
s
Joss
e
j570)
e
po
7
-~
el
s
Fel
“%
o
pees
s
=
ot
=
o
P
54
]
P

musleoubss of autoratal vets oo samples contiimng 2

P

aay ntecatalvst such that the a npiai‘s\ & autovatalyst can be {i@\;eu ol the naked sve

g

can be detectad with the naks Although syvstame displaving stochastic hadavior
are expectad o display h;\nbh sve:mif vity and simphification, various sutocatalytio

avstems can be used in aceotdancs with the invention, & seguentigl amphificatio

¥5

3

O -
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asing the onorathadic devices socording to the fvvention can be lusirated using

1
:

ceaction that has been characterized analviiondly: the autocatalytic decomposition of

victel bigi 35 -bramorpyridyiaes - S{ 8 pre

o

vl ‘v.:'\\e"f?&{ii'i\(}pi'{} pyanuno-phenclato]

cobaltate, (a5 Be-PAPS), upon coidation with potassium peroxamnososalfite io
produse colorless Do’ tons, Hers, the Co™ jons serve as the auocatalyat (the coder

of sutocataivsis, m, has 0ot been swablished o this resctiong,

CofHN-5-Br-PARS rndusad + HEQY —
Co™ o [SSBeRARSlonidized + HRQO (3

Additon of mmall amonnts of €07 1o the violer nisture of (Csf HURS-Br
PAPS and peroxompnosul fats prodoces s abrapt foss of volor 1o give 8 sodorless
sotution. The fime delay before thix decsrpposttion depends on the amous of the
ot added wothe solution. This reaction has bean usad 1w detest soncentrations of
good selentivity in the
D NHIT, Cuddl and

o as low as gbout 1210 mwleff. The reaction shosws

vrevenee of pther tona {VEVY OB, Ce{Vh, Madlh, Py

s resction for amplficatron, a suorofludic sovwork s shown in PIGL

38 s prefuvably wsed. Anunsiabls sodetion of ol SBr-PAPS hogueot a0

peroxomeonnsuifie ot pH=T buffer in large plugs are preferably formad in a2 channed,

Thase Jarge plugs ave preferaldy splitin accordance with the bvvention into these
diffurent sizes of pima\ Preforably, the phug sizes are {Jamy = 10 Ein the St

' ' he necond channel: and (100G wmt = B Lin the third
aarspity v preferably used in the faboiostion of

=8

wiastors Yot these mderofludic channgs,

Example ¥ - Mudti-Stage Chomical Amplification o Migrofluidic Devicey For Single
Mislecute Distection

FIG 3% tustrates a msthod for a nmlti-stage chonucal amplificstion for single
sl detections aetag nuorofldio devicss seomding to ths ivention. Thia

exanpie tHustrates the use of an anweatabviie resciion bebwesy CoHD-3-Br-PFARR

{introduced througdy indet 3803} and KHSO, (ntraduced through nlet 3801 n s pHl

=7 buffer fintroduced throtgh infet 3802) that s avtocatalyred by U0 fons. QU

2

streams ave allowed W flow through channels 3804, 3805, This reaction mixiure

~ 300 -
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foontaned i plugs 38T ¥ s unstable and decomiposss ramdiy (tsizawrx 1 ey when
rably

]

N T T T ol W . et
simall amounts of Cof 3810 are added. Thus, thes roaciion maxture s pref

f"(

wired quickly and used osediaiely, The reaction mikture is preferably Ls*an.spaiwd
. SN 3 oy N PP 3 e
through the natwark dn (Qpm)y, (10 pmy, (100 wmY size plugs. On the left side of the

microfluidic setwork, the approgivately Tum’ plogs of the taivzed

form s g junction of two channels (shown i green )

oy R N . ; Y i ad © ini o
Co o and plags containing the reatton mivtre resulis fn g *“&;mi atocatalytie

reacticns. By using an amplifieation cascade fnvwhich largee sndd lary
reaction miktire are wsed for smplification, each Co™ ton o a plug can be amplified
to abust 107 Co' fons per plug. The result of amplificstion 15 visually detectable.

The (10 wnY phgs sre preforsbly morned with larger (100 pm ¥ phugs in the

&

third chanred to give approximansly $010° molefU sedution of Co™ ions,

me“
R

Autocstalytie decomposition i the apps‘oxisymmiy L oplugs will produce plugs

S el b o N T 2 o4y ey
ROV with about 24x10% Oo tons {45107 moledly, The How rates in thiy system
are praferably controllad carsfully to control the time that plugs spend 1o ¢ach brel

The time provided for araplificaton is preferably fong eoough o allow wraplification

slony

o substangially reach completing, bat short enough 1o provent oy wimmi
docompasifion.

pluags.

b3
&

g ditterent phug stzes 1y advantageous when merging

2w size of abeut (TpmY are praforably formed by Howivg & sample
posiaininng aboul 33107 mole/L Co through chansst 38308, This reaction can be
nxed 1o detsot O at thig, or lowsr, goncentration (Endo ey o, "Kingtic

determination of race cobalt(il) by vizusl autocatalviic indication,™ Foluie, 13968,

vk, 9383, Eagdo er o, "Autovatalyiic decomposition of cobalt oomplexes

ww

as sl ndicator svstem o the determinition of frace anunuis afcobalt sl offediars,

Wy e & correspnrtin volume of

1906, vol. 121, pp. 3913241 These plugs

S 1 and carry et @ feyw cobalt fons, on averags about 1.8 fofs per plag

{_:::a:;‘,:‘:—:spﬁ-;}stiia_fsg to & Podsson distrilngion) These plugs 3810 are preferably merged
with the {1 poY plogs 3811 containing the Co{IIN-S-BeP AP paroxmuponosaline

s ) R T
miaiure {abowt S mudedl)

Upon sutoeatal vite decomposiion of the complex, the munber of Co™ fons in

the merped plug 3807 will increses by & factor of hetwean about 107 10 1.2 104 Cp™

o

A1 moledL i 2wy These pin Ty mersed wath e (10
: 3 3 B %

o
motefl). The

1eonidining the unstabde miviare {about 43

Py

~ 131 -
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concentration of Oo™ ions fn these aggr:t;:’ss“f;mim ately s preforabdy abog

107 moles whieh 1sosntd The
vnber o Co® 7 tony will incrgass b by afactorof iwik\r.:*rs aben 107 10 abowt T40 107

olug i plugs 3808, The s solution is dark vindst (&

for Cof BN BePAPS L Chanrsds are preferaldy desi

ad f0 oreate an um*wi path

through a least ten consscutive 100 am plugs. Thess plugs will provide an

approximately T-mom long optical peth, with absovbance of the starting 43107 molerL

sobutivat of abowt 8.4, This absowbaree can be deteated by an wchip photodetsotor o
with the naked eye. 007 i prosont in the swnple solution, an sutocatalytic caseade
will rosull i the disappeanmnes of the color of the reaction mixture

At low concantrtions of U0° in the swrmgde, the systom may show stochsstic
fchavior, that is, not every O o would give tise tooa decompositinn casesd

&

Howevey, the attractive feature of thds system is that thousands of texty can be gartied

outin a matter of seconds, and Matistics and averaging can be ;m,a‘.ﬂ'.’»rim;\(i. Preferably,
a serpuence of controlied autorstalviic amplification reactinng leads 0 @ visual

detection of singlejous.

Exaapie 1 - Easyme Kinonioy
A proroftuidie chip accoeding (o the lveniion was used to mossure

7AL a8

ok

mithisecond dngle-nenover kinetes of ribormaclease & (RN¥ase & BO3I L2
welb-studied svme. Sobemicroliter sample consuniption makes the microflunhic
chip especially attractive for perfoming such measuremants hecause they require
high concentrations of both the erzvme and the substrate, with the enovine usad tn
TATES OXOSS,

The Hindiic messirentonid were parformiad by monitoring the steady-state

rom the olesvags of & fluorogenic substrste by RiNase & as the

reaction mixure Howsed down the channel {see FIG. 401 I FIG 30, a substrate,

buffvr, and ENase A were introdused imto indets 301, 401, and 403, respestively. A

3.

carder fluisd Sowed *izr{}ugh chapmet 404, The srpod of the product at & given

reaotiont G ¢ s was calualated from the tndensity of Heorescenee at the

corvesponding distanee point of {m} (= B whore 37 = 0043 s is the veleoly of the

flow), The channely were designed to wingd so that rapid chaotis mixing was induced,.

and were degioned o HEwithin tee fetd of view of the ndoroscoms 30 that the entive

veaction profile conld b msasurad (o one spatially resobvad nage Sebwyn’s test

-~ 302 -
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bt

P

%)

(2]

&

{Dmggleby, R, Sepne Kiedios gead Mdechandsae, #4830 Acadenio Press: San

Diegey, 1898, vol 249 pp 61290, Sebwyn, ML Rewchio, 8 ;}‘;;&s‘, Ao 'i{:?{ii v,

03, pp i@i»—i@:’i} was suncessiully porforawed o this
The fow mie of the stock solution of 150 1M ol wis ke constang
toonnoniain 30 g of BNase & withio the plugs. By varving the flow oues of thy

s £

buffer and substrate {ses FHE 433, progress curves wery obtsined Tor sight diffin

o
£
LS

subatrate concenirations, Py

s

eS8, the simpls reaction equation i [P = {8141~

Exp(-36), where {8 15 the inttal snmyme concentration, |Y }{\ s the initiad substrate

CI}

sdineis-durnceest ate constant. To ofdain o vwes aecuraie fitio the “%5;?:'&, the timg

delay &, reuadved o aux a fraction of the reaction mintere Fiwas acemmted for

An attractive feature of the microflutdic systens vsed iy that the regction

xiure can e obierved a1 thme v = O here v nd deadonime),. Thiy feature wilkused

1o determine Ay, and § 1o this device by obtaioings sixing aave using Boo-3{ Os

e
g

yaisvn ay provicusty dessribed {Bong ef @f, drgew. Chem It Bl 2002, vel, 42, pp

i i (P 5 2 L STalI-Expi-kit-A1,0))

S N it TS 5 24
ety A e 47 el
TOET7EY mwd correcting for § Horences i diffusion constants { Noeck ef ol
Sepenoe, 2 G5 pp 6470511 Al oighy progress curves gave a good i with
the same rate constant of 1HO0R2530 17, The simpler theorgtical fin gave

indistinguishable rate constants. These results are in agresment with provigus studiss,

< v v 0 SR - R
where cleavage rates of oligonucisctides by ribosnirlesses were showen to ba ~ 1 57

Thus, this oxanipde domonstrates that millisceond kinctiosy with mitlissoond

reaointon Care be porformed rapidly and economically usivig & inigrochset ohap

o the wvention,  Bach fluorescenes inage was acquired for 2 &) sl

o

sagent solutions, Thase éxpevimends with stoppeds

guire al teast sevaral lnandreds of microlilers of solutions. Vohuses of
sbowt 2 pdare sufficeattor <358 kinelic sxperimends ver g ange of concenrations,

Fabrication of these devices inn PN is straightforward (MeDonald, ef of., decounix
Chern, Rex, 2002, vol. 38, pp. 491458 and no spe \,,ieiziize\:i Q{}Hipiﬂi’iﬁﬁ‘{ exceptfor a
standard miroscops with 8 COD camera is needed o nan the sxpeviments. This

sstont cowdd serve as an nexponsive and ecompwiicn! compleoment o stoppad-fiosw

for g bromd vange of

X b3

Eipeho oxpatimeis i chooisity and blochomnstry.

o

methosgda

f;d
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The systems and methods of iis ¢ presseat ivention are preferably used o

N\

, fudding 1 the tims nange froon tens 8

gemrdogt kingtic measurements of, for examp!

s

mierosectanlds 1o handreds of ssconds. The systens and methods

mvention allow kinetie measuwraments using only soall amounts of s

~

folding of umdreds of Gfferent BMA omtants con be measured and the effsstof

miufation on folding cstablished. By ong gspect avcording to the nvention, the kinetios

QF RMA §’<‘.>i{i:i;:ag in proforably measorad by adding Me™ 1o solutions of provicusly

Regy

s
e
o

synthesized unfolded RNA laboled with FRET poirs in different positions. In
acosyelsnne with the iovention, the concsatrationns of Ma™ are preferably varied i the
€04 o 0.4 pd range by varying the flow rates {xee, for sample, FIGR, 23ak0) i
rapidly determine the folding Kinctios over a rangs of conditions. The abihity 1o
inteurate the signal over many seconds using the steady-Thow microfloidic devipes
5 acpording to the invention van further improve sssttivity,

howerd in FRGR, 23350 the concentrations O agqueows sohitions inside the

W
)
¥,

vlugs can be controliod by ehanging the fow mates of the smpiosas strowas: In FIGS

e X

TR0, sepivenry streanas were introduced e indots 281388

aboot 4.6 plsmin for the wo aguecos streams angd 2.7 glimin was used for the thivd
20 wiream The streavs with the 27 plinin volnetne flow rate was mtroduced i the

feft, suddle, and nghy wmlst in FIGS. 382y}, respectively. A carner fluad in the fam

2 ¥
L

of perfluorcdsealine was introdoesd fnto channel 239, 300, 261, The worresponding

o &~

photographs o each of the nghe side of FIGS. 3:%;&'}«:} Hlustrate the formation of

Y
s

plugs with different concentrations of the aqueous streamsy. The various shadings

23 ngide the strogres and phugs antse from the use of aguenus seligions of food d

{rodidack angd greendight, which allewed visualization, and water were used as the

thres streams, the darker shading arising mainky from the rad dve color while the
Hghrer shading arising maindy from the gresn dye color. The dark stream is more
vigoous than the hght stream, therefore bumoves stowses (v vomds) aid ocoupies a

N

30 larger fraction of the channel &t 8 ghven volumatsie Sow rars fin oimind,

Eeampls 12 - Nasoparticle Expariments With and Without Plugs

FES 1R st

6 @ technigue fur the syrdhesls of Cd8 nanoparticies |

cre experiment, nanepariicles were formed in g micorpfliddic setevork. The chanoels

> i {\}\ -
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fan)
e’

o
R

of the microthadic device had 30 por x 30 in conss-sections. A Roorinated cartees

fhad (1000 wiv maxwrs of partluorohexane s IH TH 2H N 'w;ﬂ'ﬁu»::s:"s;}im‘iam}i} WAS

3

Howed théough the main chamnel 11 13 povwin™ . An aqueous soludon, pH = 114, of

.80 M Gl and 8 830 ;M 3omercaptopropianie acid was Sowed shecugh thed

.( &%

wroar indet channel 187 at § gl min’, An acuisous solutorof 880 mM

$ug

polyphosphates NafPO0, was Hovwed throoeh the central indet ¢

axde

harged 152 a8 ub
i’ and an agueons solaton of 0.96 mM Nip$ was floaed through the vight-most

fifet chanoel 183 w0 8 pdl min”, To terainate the growth of nang

solution of 26 2 oM J-morcaptopropionio soid, pH = 131, was

frottom Grfet of the device 157 at 28w mdn S PIGL 19 shows vartous z‘ss:g;i(}ns or
pwands along the channel corresponding 1o repions or pointy where nucleation 154,
wowth 158, and termination 136 neoors. Based on the UVCVIS speciuung,
subatagially monodisporse napopariicles foroed 1 this experiment.

Manoparticies were also former witheust ncrofiuidives. Solutizas of TdlE,
polvphosphates, NaX, and Somercapiopropionio acid, identesl (o those used in the
microfaidics experinrent; wersused, O3 mdo of the sodution of TdCH and 3+

sreaptoproptonie acid, 3.8 adl of polyphosphatos solution, snd 8.8 ml of NS

sodutionwere combingd ty g cuvetie, and the covelts way shaken by hand,

frmmediately after puxing, 1.8 mb o 26 oM Jemercaptopropione actd was addsd

tos thee peaction mintare o terminate the reaction, and the covells was again shaken by
hanl. Based on the UVSVIR specinue, substansally polydispsrese nanopartisies

%

formed o thes expodiment,

Example 13 -~ Orvstallization
Wepwaorks of midorochunnels wers Fabrivated using rapid prowdyping in
polvdimsthyisitoxane (POMS) The POMS was purchased from Dow Coring
Sylgard Brand 184 Silicone Blustonigr, The POME devives were sealed afler plasta
o

oxidation frostment o Plasma Prep TSP Supplies). The devices were rondered

hydrophobie Ty baling the devives at 126°C fiw 24 bours. Minrophs

taken with a Letca MEILA storvomicroseope and 1 SPOT Invght color digital camera

S

f’dodel#3 2.0, Disgnostic stnanants, Ine). Lighting was provided from a Machineg

istont Sorohe Nestrobe XI200 (20 Hz, 12 pF, 800V, Porkin Elmer QOptoelgotronics).

~ 305 -
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To obiatn s btage, e shutter of the camers was oponed for 1 second @yl the strobe
Huht was flashed once with the duration of appeoximately 10 ps.

3

Arpreos solulions were pumped using 10 1! or S0 @b Hamilton Gastight

Sludd was pustped vsing 30 gl Hamihon Gastight

syringes (1700 sertes). Carde
{

were attached o microfluidic deviges by msans

L4s
ey
-
oy
o
sy
el
b
%
2

of Teflon tubing {Welon Wire & Cable Ine, 30 pauge). Syringe pumps o Harvard

Apparatus (PN 2000 bwere ased 10 inject the Bguids toto mivrochannets.

. AFerobaich Cryntallingion free Micrafhedio Chonaed

s
e
o

Microbatoh erystatiization conditions can be achigved. This sxperiment shonwws
that size of plugs can be maintained and evaporation of water prevented. Yo tlus easg,
the PDMS devicos hay besn sosked inwater cvernight belore the expertynent iy ocdey
tor saturate POMS with water, The device was keptunder water dhating the
experimant. During the experiment; the How rates of carrter-fhaid and Malll sohtion
P8 were 2.7 plindroand 10 glimin, respeotivedy. The Bow was stopped by cutting off
the Teflon ubing of both carrer-fldd and NaCl solation.

FIG, 16 shows o sehammaie dlugtration of 8 mieradluidic device acntading 10

the nvention sad aoau

>,;

phestograph (}.f\pii;sgs of 16 aqusous Nall sustained 1noil

The carper-fluid 1 porfloorodecaline with 2% THUH 2H 2Hperflucenoctanol,

20 Inatde sowmiorochaned, plogs showed i zs.pp'rac:ia.b? change u size,
5. i{rgw Fiexicm Orysdalfizarion i Mivrochaanels: Controlling Evaporation of

This expetina shows that svaporation of water o plugs can be conrolied
23 by scaking devices in M watel for shottery gmounty of e of not sosking & sl The e

of evaporation can be also controliad by e thickunesy of POMSE uwsed in the

o,

fabricadion of the devics, Bvaporationraig can be'inoreased by keepung the dévice

a solution of salt or nther sing the device in pure water.

The plog fraps ave sepavated by narrow rogions that halp foree the plugs o

300 theowaps

i this experimen, a composite glassPUMS device was
and & mieroscopy stide Fisher, 380881 s

e and the PDRS ware reatad in plasma dlesner

as made bvdrophobic by frst baking the dex

~ 166G -

874

Exhibij029



hours then slanising it by {ndecatluore- 1L LA detiabvdvoostv il 1~
trichiorosifane{ huted Chemiosd Techoologies, o}
Dunng the experiment, 8 Sow ol carmen-flgdd at L0 pl/minowas establishe

thea flow of aqusous solution was extablished ar g total ratg of 48 g.ﬂ..fst_nfa‘_n.. Phug

§  formation was observed inside the microchanmel, The Hlow was stopped
approximatdy 3-10 minutes sfterwards by applving a pressurs from the omatlet and
stapping the syringe pumps at the same time.

FIG. 41 shows a microphotograph {middie and right sided of the watse plugs
rogiont of the microfludic setwork, Fite 41 (o) show the plogs st tme =0 and =2
HY  hours, respectively, Red agueous sedation is 50 %6 watseman red inkc in 008 M Nadd
sofution. Ink streams wers thevdntrodoosd inw inlete 411 4912, 413 Aovvot] stremm
fhwed through channel 414, The camtee-Huid s FC-3283 (30 Flawrinest Ligquid)

~

with 2% THOIH 2H 2 perflucrasdecanel. This pi‘s.{:stogs‘a:ph demonstrates that the

'

evaporation of watsr throggh PRMS can be controdied, and thus the concentration of

g;,

i3 the contents insids the drops can by inersased {tlds is eguivalent to nicrobatch

crysiailizationy FIRG SH) shows o diagram of the siorofluidic network.

i~

Daring the experiment, a How of carrier Hluid at 1.8 wl/nun was established,

20 then How of agueous selution was eatablished at s towad e of 2.1 plimin Plug
formation was nbserved tde the micrnchannel. The {lc 3¢ stopped

gpproximately S0 mimites afterwards by applviog @ pressare from the outlst sud
stopping the svringe pumps at the same g
FIG. 39 shows g disgrem (ed side) of o mivrafhuidic netvaek acoording o the

25 Vet Agquoeots shredms were introdaced o inlefs 38T 3002, 3003 widle an ol

P

stream Howed theough chanael 3904 FIG. 3% also shows s ndorophotograph {nght

sida} of the water plug region of the siorothodiv network, Ths Image shiovs waater

P T

plugs attachod tothe FDME will, Thus attachment ocours when fow soncentrstions of
asurfactant, o less-effective surfactds are usad Io thiv case THUIH IHIH-

30 perfluoroocianol is less effestive than TH IR S geflooradseanol, T this

experimant the off 1 FO328E3 30 Fluoripert Liguidywisth 2% THUH2H IH-

perffuorooctznnt s the wrfactant.

2 R ¥, '3 I
£ Eyawmpon-af Frarein Crvsiodisaion

~ 307 -
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Draring theexperiment, & low of ot at 1O gl was astablished. Then the

w3 o

itally flows of lysazyme and

How of water was established at 0.1 plimin ¥
pracipitant were extablished ot 0.2 nldmin, Plug Tormation was obesrved inside the

mvorochannel. The How of water was reduced 10 2ero after the flonw insids the chanmned

5 became stable, The flow was stopped approximstely 3-10 minutes afterwards by
applying & prossurs from the dutlet and stopping the syringe punps &t the same e
Fig 36 depiats Dysoryme orystals grown frowater phugy o the seells of the
microfiuidhe chamnel, Lysosynty orysials started 1o apposr inside agueous plugs bath
ingde and ourside plog raps W approcimately 10 nunutes. The imnge of the thoee
1 erystady i PG 36 was taken 1 hour after the How was stopped. Lyvsorynm orystals

3

appeny coloresd beeause they were observed undsy polarized fight. This s eosnvoon for
profeis cryatals,

The loft side o FYG. 36 % a dingran of somivorothadic netwewk aceanding to

the inventionr while the nght side is microphotograph of the orestals formeed in plogs

5 in the microfluldiz nepwork, A precipiting, Iyvsozvime, and watsy wate inlrodused inde

inlers 3001, 3602, and 3603, vaspegtively, O was Sowed through channel 36040 The

4 by

Pvaoeyn sodution containg 100 o vvine 1 005 M sodiuny acstass §pR 4.7

the protipiiant solution containg 30%% wiy PEG (MW, 5000}, 1O M Matll and 008 M
5 FOSG283 {30 Flageinert Liqoid) with 10

20 SR IR EHLIH 2R perfluoro-octinsdd. The suorochanned device was soabed m FCO-

>

sohin acstate {(pH 4.7 The cam

JIBIHRC for one B beflrs experiment.
FIG. 3% ghows thay plug traps are vt reguiired for Tommation of erystals in a
sivrofividic nepwonk, FRE 32 shows a digpran (et sider of the micrpthsiche

nsetwork, & precipitant was indroduced inte ivdet 331, Dvsozyns was ntroducesd o

23 niey 322, and s aqueons stresnt was introduced 1o indet 333 b way Hoved

zhm;agh channel 334 FIG 32 also shows mucrophatographs {middie and right side}

of fvsomynte orvstaly grown tside the miorofliddie channal, The edperimental

condiifon s sanve axin FRE 3.

30 Example B Qilssoluble Swristants fiw Dharged Sarfaces

{1 socovdines with the nventios sasfrciants that are solubledn

perfluonnated phases arg preferably used 1o oreate positively and negatively-charusd

interfaces. To crente charged surfaces, neutral surfetants that ean be charged by

interactions with water, €2, by protonation of an soune of & guanidinguin group {FIG
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248, o deprotonativns of 2 carbogyhie actd groap (FIG. 2400, are preferably wed

Proferably, charged surfices are used 0 repad, invaodniize, or stahilize charged

biomaotecales, Negatively charged swrfaces sve uselid for handling DN& apd BRA

without sinthce adsorption. Prefierably, buth negatively and po ret

g

surfaces areused 1o contrdd the muclestion of protein covatals, Many nootead

s

%

Huorinated surfsctams with andic and basic groups {\‘Ri‘(’:{j{)}{'}?i: RECH MMy,
RECH 00N Aldrieh)

Tox of Weminated surfotuds, o modifization and

wster, Flutrachem,

athesize oliynethylone

2

\

fmprovernent of 8 proceduee basad ow tho senthests of pacfloore nop-onie surfactants

AN

i3 proforably used. In one azxpeot, the syathesis relios on the higher acidity of the

Sy

s
e
o

1 A

Ruovinated sloohad 1o prevent the podyveondemsation of the oligoethylsne glyead. The
mvnhifled senthexty uses o selective banviation of one of the aleohad groaps of
ohigosthylens glyood, followed by sctivation of the ofhwr slochad group as a wsvlste
A Willisnson condenantion ix then performsd under phase ransiar conditions

3

15 followed by g fnsl deprotsction step viz catalviic hvdrogenstion using paltadhm on

Exampie 18 - Formation of Plogs in the Presence of Fluonnated Swrfsctangs and

Surtace Tenston

20 The surface teaston of the ofl wvater interface has to be sufficienthy high

prder to maintain a love vadue of sapiliary munber, O, The loorosaslactantioater

er-insoluble fuorcsnrfactants have ot been characterized, but these

ingerfaces for wak

surfactants ave predicted 1o redure surface temron stmilar o thay claerved in & svatsm

involving Span o hexansSwater irgerthcs (ahowt Whaaim). The swface tepsions of

I3 theaqueousMfluorous erfices are preforabiv measurad in the presence of

Husrosurfactants using the hang wihod, A vidoo microscopy appwratus
speoifically construsted For performnng those measursments has beenused to

= %)

he-charsctorize interfioes. sthesis o funtinated

surfactants compaining peefluorcallyd chaing and an oligoethylene slyeo bead gronp.

X

Exarople 18 ~ Forming Gradients by Varving Flow Rates

FiG, 42 showy go experiment invodving the formation of wradienty by varying

the How rates. I this expariment, nepvorks of microchannels wore fabrivated using

&

vapid prototyping in polvdimnsthylsioas (PIRRL The width and height of the

- 9 -
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channel were both 38y 108 TH, TH 2H 2 parfhiuwaderanol in
serfucroperhvdrophenanthrens was used axv o, Red squsous solusion prepared from

armian red ok in 008 A Nai solation was introduced nto inler 421, The oil

S % W

tchannel 4 alimin Agueous stroamy were introduced o

h

To geuerate the gradicry of tuk 1o theslaael, the ol water flow

vate was graduadly increased from .08 ulimin 1 823 pddnin i1 20 seconds at & ramyp

b2

rate of B0 ulfmin per second, At the samo time, ink How rafe was graduatly
deeveased o .28 plimin w0 0,08 Wlimanin 20 ssconds at a ravap rde of -
.01 ddman per second, The tota! Slow e was constant s O 28 plimin, The

10 established gradiont of ink concamtration mside the plags csa be Sleasrty seen fromy
FHG 42 the plogs forther from the inlet see darker sinee they were fovmed st 5 higher
ek Qlow tam.

-
B
d

Fraample 17 - Lysczome Urystallizatton Using Gradients

o
R

Fige 43 illostratey an experiment involving the formation of lysorome cvvstals

using gradients. The channel regions 4358, 437 corvespond 10 channel vegions with

vory Tow precipiant © 438 corresponds to nptimal

rangeof preciptiant concentration.  bnthis experiment. networks of wierochannels

3

wers Sbricated using rapid prsedypiag in pobvdimethvistioxane {PDME)Y The widih

20 of the choned was 130 i and the Betght was 100 pan. 10% THVEHZHES

perffuorodecarnt in perflooropsrhvdrophensthesrs was used a8 ol

Dhoring the cxperiment, g flow of oil theongh chasnel 434 ar 1.0 plimin s

poe fee ¥

extablished Then the flow of water introduced through inlet 432 was established at

¥

2 o The flows of Tysoavme fndroduned duough inder 431 and precipitant

23 introduced througt thiished at 02wy PMugs foosed insddde the

channel. To create the gradient, waer Sow rate was st gradually decreased fron

3% it o 0.0F wdimin over 438 seconds ata ravep rafe of (001 wWindn per 1.8
sooonuds), then increased hack 1 038 phin in 45 seoonds at @ ramp rate of (.01
whisdn per 1.5 seconds) & the sone fime, proaipitses Tow rate was gradually

3P fnorshsed From 08

{001 gdfoim per 18 seconds), then deorsased 1o Q08 plaai o 48 sevoads at a ramyp

'ffr‘
,,;
o
e

rate Of (001 plfonin pae 1.3 secondsy, The flow was stopped Ty pulling outd
- 110
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tubing immediately after wader and precipitant Tow rates returmed 10 the stasting

vatnes. The phags oreated o thus way contained consteg comosatration of the protain
but vardable concentration of the precipitant: the concentration of the precipitant was
fonwest 1o the beginning and the el of the chanmed, and 1 ‘pe.;ztkeiji in the middle of the

i~

channel {ihc, centar vow), Ounly the plogs in the middie of the channel have the

s

B o

il concentration of preat ;}‘:tam. for hesozyme orystallization, as confirmed by

aside plugs n the conterrow. Visughisation was

Py

ghyserving Tysonyieg erstalg

’l,

X

porfomicd under polarized tight. Proforably, all flow ntes would bo varted, not juss

the proapitant and water.

s
e
o

"

Example 18 - Lysasyme ovvstallizatinn in capillavies using the miorobatch analog

maethod

To grow fyaosyn werde plugs withan capitbaries, 2 10 3l Hamalton

syeinge was filled watl 10O mgdfmd tysozyme in 0.08 M Nads buffer {pHd Ty and

ancther 180 pd Hamilton syemge was flled with 30% Sode) MPEG 5000 with 2.0 M

it
s

NaCl e 008 M NaAe bufler (pH4 7y as prempatant. A S0l Haswdltow syringe
filled with PEP (10%% PFOY was the o supply. Al three syringes werg attached 1o

the PIIMS e o Ap

dilarydevice snd devven by b

LS ~

s \\mx PRHTPDS

{(PHDR0OE . The capibiary hag s ioner diameter of 818 s and outer diamsster
A of O 20 save G flow rate woas 1O ulindr and betl lyspzyme and precipitant

sphaion were gt 0.3 glmm. The channel sean filled with o1l firt, Protets and

preapaant sireams convergad wmediately belore grsnng the channel o form
1gs, After the captlary (Mampton Research) was filled with the plogs
comdammg lysoeyme, the flows were stoppd. The captliary was dissonnectsd

25 fFroow the PRIME device, sealed with wax and stowed i an moubator (1870 A

-

i aagn;;:sﬁfarsﬁd wither an hour sud was stalde for at least 14 davs

§
3

Iysoevme cryst

withowt chapgs of size or shape (VK

xawvnpde 19 - Thaonatn orystallization i capilares using the microbateh analogue
3¢ waethod
Bxperiment 1. A& 10 @ Haalton syrmge was iilled with 30 mgdmid

thaumating ia 001 M ADA boflyr {pH 6.5} and snother 10 g Hamilton sy nings s
~itt-
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1.3

st
LS

20

Hiled with ©.5 M Nall T

vatew 01 MOHEPES (pH 7.0 A 50 gl Hamilion
syringe Gilled with PEP {10% PP was the off supply. Al three syninges weeg
sitached o the PORMScapllary device and derven by Harvird Apparsios syringe

pumps {FEDZ0NOY The capilisry has an woer diameter of 0,18 v and outer

diameter of 020 mm. Uhl Sow rade was 1.0 giman and both theumatin sugd

»

presapitant solution wers at 403 whiowm, The channel was filled with eal first

Frotem and precipitant sfreams were mixgd nomadiately before entenng the
channel to form plugs, Aftsr the capiflary (Hampion Research) was filled with

protedn plugs, the Hows were stopped. The capiltary svas cut frong the PDMS

device, sealed by wax amd stored bt an mcubator (IR The thaumatin orystal

-xv\i

appeared m 243 size or shagse

s and was

change (FIG 47R). Some thawmatn orvstals grew it the imerface of proten

e

sohution and ofl, while others sppesred to attach to the capitlary walll

Esxperyment . Thoomatin crystalx eesrg grown tmsids o capaliary tube wang

&

et
oo

fotd

1fl

ogdvals thaomatin e GUIM pH 6.5 ADA buffer and & precipiiant solntion of 1M
Na'lQ tarteade g QUM pH 7.5 HEPES buttee. Protewm ardd precipiiant solutions
were mipxed o g 4] proteauprectpitant ralin, A Hoonnated carsser flund was a
saturated solution of FSN swrisctant in FUIIRZ . The capilary was imoubated &t 18
degrees {1 Tewragonal crysials appeared within B days { Flr 4848, By Moy

ban

diffraction was perfornred at BioUARS statton MBMAO at the Advanced Photon

)

Sourge &t Argomne National Laboratory, Beoamy wavelsngth was 094 The fingd
lengih of a smgle covxtal was estimated ot 100-150 nigrons.

Clapdlanes were cut 1o the appropriage length wathout disturbing erystals
comtainng phags, resealed nsing capdiany waz, and mowsed ow elay-tipped
cryoloop beddsry at a distance of 12 /455 mrn from base (o orystal, The holder

WS pia ced on the xe-ray goniomater. Crystals were centerad on the beavn

thaumatind sxposures. Distance from

sarnple 1o detsctor svay P30 mm, Diffraction to bettor than 2.2 & was abiained,

Example 20 - Vapor Diffusion Protein Crystaliization in Capillanies By &n

Alternating Dvoplet Systam

- 312 -
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i,
F)
o~

st
LA

20

~

The prnaaple of ansferring waker inside s capitiary from one set of plugs 1o

3

e

s hier set of plogs is Hesteated in FRG 500 Bos
(SO

Fed SCNJy with 2283 MUE RO Two 30 gl BHamilton syringes weve filled with FM&-121

v, w1 pl Hanolton sydioge was

filbed with B.01 Fe ¥oand another B gl Hamibton syringe was filled with 001 M
{Gelsot, Ing) {saturated svith PRG), which provided the ofl supply.. All fouwr svringss
were attached to the PO capiliary dovice and delven by Harvard Appavatus syrings
pumps (PHDZC00Y. The capiilary bay an inner diametsr of {018 mue and outer
dramgter of 020 mre. One ol the ol indet channels was Tighween the two sgueous
infera channels 1o separate the two agpieous streams when forming the alternating
plugs. This eal iolet channe! was vertical (o the main chaonel and had a Sow rate of
2.8 wloun. The other off imdet chanoel bad & Sowe rate of 1.0 glimin sd yeas paralisd
to the matrrehanoel, Both of the agtieous sobntions had a How rage of 0.3 glimin

3

Aher ostablishing slternating agqueous dropled streams i the gaptiary, the Nows

4
-
%
2%
£
&

stapped, and the capilfany was disconnected fron the PRMS devics, sealed with wax
st stored inan ingcubator 8t IR The size and color change of the plugy were
monitored with ¥ Letea micrmcope (MET23Y having & cotor CCD camera {SPOYY
Tnsigle, Thsgrestis Ingramenty, Ino

Fotlowing the stoppags of flow and sealing of the capiliary tube, plugs

contaivirg 801 M Fe{S8C

wowater were villow, while those containing 6.1 M
PofSUNY aned 208 3 KNGy inwater were redl {FIG. 504). However, FHE 301

showy that 8 o3, the vellow plugs wears redused 1 size and were mawe

plugs invreased in size and were move difuted, This

demuonstration veflects vapor diffusion conditions in the capitiary tube that ave

predictad to facitae prossin orystaflieation. Thes techoigus can be further
adapiad (o other applications reguirtag congentratiom of reagents, sachias proatetas.,

Alisraating plugs from bwo differest sguoous solutions may be gonerated in

:n#

accordance with severgl repressadative geomaetries g8 sof frrth o PG
prngiple, the same ol or different oy vy be wsed wothe bwo il wndets, One
scheme for gonerating slternating pl

depgoted b PG STAL o this case, ons 1

snother with 1.3 & NaCl

PEP Covtth 100 PR provided the anl supply. Al owe syringes were attachad 1o

the POMS device and devven by Harvard Apparatns syringe pumps (PHDIN00)
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Alternatively, multiple solotions can be cosmroduced together v each of the tw

>

appecus chatmels as depicted ta FIG. S18. In cach of thess two cases one of the

3

ol inlet channeds swias batwsen the bwo agoeous indet channels. This ol wde

(r

channel was used 10 Separate th twd aqussns strearms e alierraiimg phags snd

3

8 weas vertical to the main channel, havving & flow rate of 2.0 alimin, The otherold
et chavned was paraliel o the mans chanoed sod had s How vate of 1.8 plim
Each of the tevo aqueons solutions had How vades of 0.5 gloun. Alternating plugs

ware Fourud toform m the chammel {FIG, 310

FICH 32 lhuatrates another example of generating alternating plags from

10 vwo different sgueous solutions. In this case, one 10 pl Hamilton synnge was
Aled with (01 FedSON), the other weith 1.5 M NaCl Twea 530 pl Haoulten synnges
fifled with FMS-121 (sanurared with PFO) provided the o sepply. Al Hour
Ayringes were attachad 1o the device and driven by Harvard Apparatus synings
prmps { PHDIZOGOY One of the ot mlet channels was betwesr the two aqueons

15 inder chaoteds and was used o sepavate the o aguenns stremma priog 1o formation

of alternating plogs {(FIG, 324, This ail inlet channet was vertieal to the mamn
channsl and had 2 How rate of 18 gloun. The other oul siveam had s flow rate of
1.3 oo and was paralied to the man chaonsl. Bach of the two agueons

o

sotutions had Sow rates of O.F pulfwan. Allernating phigs were found to form in
20 the charmel{FHG, 328y
Othe

deptoted i FIG, 53 Imponantly, the flow rates of solutions & and B may be

geomeiries that can support the Formation of allernaning plugs are

Eoted

P
w
,,»

oo

changed 1 a correlated fRashion (FIG 34} Thus, when the How rate of splution &4

 awrsased wnd solution Ay i deoreased, the How rate of sulutiony By woadsoe
2% woereased and soduvon By s also deereased. This prnetple, deprared s FIGL 34,

gaetul for nudntammg a constant difference 1o sall concentration betyveen th

plogs of stresm & svd stream B o ensure that travsfer frow all plugs A to sl plugs
B ocours gt a comstant rate
FIGL 54 provides o schematioHustration of 8 device Ror prepanng plugs of
300 varving profein conveniranions where the flow rates of the & and B stresens change
& corrslated fashion, In thds sxample, &, through & are for protein solution,

~y

bat¥er and precipriants, such as PRG

ovsabis. Highly concentrated salt solunons

-~ il
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L

Q

are ayected throuph By~ 8y The How rate ravro of indet &0 that of TR

maitamed constant., Thersfore all of the protem plugs will shenk st @ rate siailay

e rates of corresponhing Acand B stregmg are
changed w2 gorrelative fashion, the composition of plugs B will reflect the
compeatiion of phags & Therefore, one can meorporate markers into the B streany
plugs to serve as a cosde for the plugs inthe A strearn. e other wiords,
shaorpiiondluoressent dyves o xoray scattsring/absorbing mustenals can be
wrrporated womsrkers i the B streams to faciiitate optical or x-rav-mediated
guantificating so as to provide a read oud of relative prodian and precipitant
comranirations tr the A strepms. Thus approach can grovide o powerful means for

%

optimimng ervstdbration conditions for sebseguent seale-np experiments.
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{b} Applving the basic technology

(i} To develos the microdroplat technplogy for massively paralisl sereening of potential enzyme inhibitors,

{ii} To-devalop the microdroplst technology tor whole proteome analysis of protein-proteln Interactions.

{ii}}y Yo evolve superior catalysts for biofusl cells.

¥ Bummanry

Deacribe the proposed researsh in & style that would ve acssssible 1o an nferested 14 year old [up fo 4000 chars]

Miniaturisation has been ang of the halimarks of tachnological pragress. In the realm of electkronics and somputing the number of trangistors per
integrated cirgut hes roughly doubled every year since thelr invertion in 1881 resulting in processors such as the Intel Pentiun 4, which coraiin 42
million fransistors, The Peptium 4 can also switch al 3.2Chr (3.2 bilion cycles per second) resuiting in & guite asionishing computing power,
Unfortunately, in no fislds other than computing and electronics have mindaturisation produced such dramatic progress.

W new plan to develop 8 new techiology, Microdroplat Technology, whinh wili produss similar leaps in bictogy, chemistry and drug diseovery. itis
nesed of the e of miriaturising the volume of bidisgical and chemicel reactions: Nonmatly, sach experiment in biclogy or chemisiry is parfommed in a
tube or muifi-wel plate, Using Micredroplet Technology, each experimentis performiet In g sepsrate microscopic droplat, with' a volumie one billian
fimes sraalier tham g conventional assay, These droplels will be formied, manipuiated and snalysed in 2 microfividic system, Sonsisting of 3 network of
mitroscopit channels through which the droplets will flow in 2 stream of ofl. The droplets will be made and anslysed at 10KHz {16,000 per secondy.
Ve will ereste integraled ricrofiuidic chips, which can maske, fuse, spiit, incubate and switch: droplets and will have applications in many areas of
soiencs. i this Frogramme, we aim 10 demonstrale thieir use 1o search large numbers of compaunds for new drigs, to lnvestigate Interactions betwaen
proteins incslls and to develop néw cataiysts for fust o,

L. Beneficiaries

Desotibe whawill beneill from the research [up to 4000 chars}

Micrndroplet Technplogy 5 applicadle to arange of discipiines, vehich £3n explollt massively paraliel exparimental formats. il should prove usell to
resemrchens in felds ranging through protein engingenng; directed evaiution, protenmics, srganic cheristry and materials solence,

It has the pofential o supersede in vive and in vitre selection and directed evolution fechnigues inciding SELEX and phage display, and io
ravelutionise high-theoughput sereening, o coretschnology inthe phiarmaceuticel industoy, Conseguanily:ihe most abvicus cammercial bensficiaries will
bein the phammaceutical and blotech sectors.

One of the most important applicattons. of Microdroplel Tachnelogy is Bkely to be inthe generation of new protein and low motecular weight drugs.
Hence, tha fechnology is aise fikely fo have a significant tmpast in heatthcare.

Microdropiet Technology also has the polential io have a significant commercial impact inthe generation of new molacules Tor non-medical
applications. For example, enaymes generated Bsing Missodroplet Technology have potential appiications in many fietds. Many of these applications
also fiave the polential 1o have significant bensficial effects for the-environment. Enzymes enginesrad Using micrpdroplet teehnology can ba used as
patatysis Tor ‘grean’ chemisiy, for exampls, 10 catalyse the production of biojusls (suchas athanol}, and as catalysts i biofuel ceils, which could
sventually function ag envirpnmenially fiiendly alternaiives fo conventional batteries.

Section £.3 Date Printed: DBA1/20 16 Q8 2408/08/ 20041630
Date Saved: GSOW2004 1627
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Ma. Project Studeniships

NameiPost Wdentifier

Sat Date London (Vi) Stipand i)

Total

Kb, Visiting Researchers Pleate provide the detalls of any additinna) visiting researchers on' 3 separate sheet in the same Termat 25 below,

Details

Vigiting Ressarchar i

Visiting Rosearcher 2

Yisiting Researcherd

Title

Forename(s)

Suraame

Home Organisation

Givision or Departmeant

Address Ling 1

Address Ling 2

Address Ling 3

TovniCity

Adminisirative AreaiCounty

Fosial Cade

Couniry

Telephone

Wil \isiling Researchar be supponting dependanis?

YWhat annual salary would hest organisation pay staff of
the Vigiting Researcher's stelus? {£)

i salary contribldion regquired from ERPBRC, state:

{i} percentage of normal salary baing received from any
athier source

{1y nermal salaty If less than given ahows (£)

Tolal pumber of visiting researchers

pic. Public Gommunication Training Funds (PCTF}

Do you wish o apply for Public Gommunication Treiring Funds? YES{I MO B

(7]
]
<3

tion 1.7

Oate Printen: (8/0

ACAGHINO-1EIA0
| ONO0HR004 16127
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?i, Travel and SBubsistence

estination and purpoge ' Jotal £
{i; Within UK

() Cutside UK

Conferenes Travel (E500 par researcher por vear X 52 person-years) 26,000
Visht to Prof. Weit2’ 1ab at Harvard {16 visils of 4 weeks atf £2000 gach) 32,000
Vizit to Prof. Bibetie's Iab (B visits of 4 weeks at £1000gach} 8,000

Total £ 88,000

3 Constnnablies

Uescription Total £
ensumables for projest "Microfiuidics” (£15000 par year 1 18 person-years) 225000
Consumables for project "Smslimolecule Soreening” (E16500 per vear x 11 person-years) 181,800
Censumables for project "Appl. Diy. Evolution™ (218500 per yesr k11 person-years) 481,800
Cangumables for preject "Froteomicg” (E17000 per year x 11 person-yeais:é : ’ 187,000
Consumables for Informatics, computing (E8000 x4 years) . 20,000

Total £ THE.0600

P, Exceptional lfems

Description ‘ : Totgl €

Fefurbishmant costs fordedicated new [abspace for this project 100,000
Yotai £ 100,000

Recicn 1.8 Diste Peinterk 08112018 03:2400/0R/2004.36:30

Date Saved: DHUGRNNA 18527
S SRPUEPSRE) v1
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4. Equipment {single items between £3,000 and £89,938, including VAT)

Boscription Counatry of Defivery Basic npert VAT E Total £
Hanmufactuoe Dair price £ duly £
AKTA purifier 10XT {including FRLE, Frac 850 fraclion Swedan QU0B/2005 48,531 ¢ {1 48,531
coliector, ABND autosampler and sugporty - Amersham
Bigeciences .
Gitson Nebula HPLT 7 Anachiem United States CHOBI2G05 53,840 ] Q 53,840
SBECC LT Freezee! Tharmo Life Sciancas Uinited Kingdom O12/2005 17,780 g g 17,780
2% MU Raesearch PTE220 Dyad PR maching {with 86+ | United States OHOGI2008 189,840 t] g 19,940
werdl block-andd 4548 blook)
Eppendorf 8417R refrigerated benchtop cenirijuge Germany 01/06/2005 2,773 g Q 2,773
Therme Savant SGR100R Integrated Gel Riyer United Siates O1/06/2005 4,150 1] 0 4,155
Eppendorf Conceniralor {Speed¥ac) Carmarny OHDE/2008 4,000 g 0 4,000
Avestin EmulsiFle-C3 High Pressur Homgeniser Canads OHOR200E 13,400 { Q 13,400
2% High speed camera Fhantom w2 Lniled Siates 31/C6/2008 41,518 o 4] 41,618
2% lnverted microcope United Kingdom OGBI2005 411,240 ] ¢} 413,245
B syringe pumps Usited Kingdom OHDRIRNGE 7,600 0 ] 7.800
2 Benapta fibre optic probes and sensors for detedtion | Uinied Kingdom 406/2008 84,000 { 4] 84,000
of divps and sorting
Thinky mixeridegasser -Jdapan g1/08/2008 3,144 i} 4] 2,141
Camputer equipment {or machines and researchers, United Siates D1/06/2005 17,008 G 0 17,000
softwares (ns office} )
Microtitrepiale reader (luergscence) [Moleculer Urilted Stades 01/07i2005 22450 3] (] 22,480
Devices]
FlashSean 550 Diode arvay plats reader PAnalytk Germany QLNE/2005 45800 f 0] 48,800
Jena)
Owen CGermany 082005 5,000 i ¢ 5,000
Vaguun pumnp [Edwardal Unifed States BAHE2008 4,000 0 i3 4,004
Plagma Cleanser United Kingdorn C1/08/2005 15,0080 0 0 14,000
Kask aligner Linited Kingdom 0140812008 88,500 o iy §8,500
T programmable hot plates Unifed Kingdom 00852005 6,000 0 {1 8000
Contingengy Funds ' United Kingdom Q110672005 [5.000 § 0 85,000
SBpir coater {x2) Uinited Kingdom G0BI2008 8,740 4] 0 8,740
Benapta fibre oplic probes and sensors far detection United Kingdom CHI07I2005 42000 t) g 42,060
of tiops. ang sorfing
3 Genapta alignment systems United Kingdom GO72005 24,000 G ] 24,000
Totalx | 698,403
R. Large Capital {single items £100,000 and over, including VAT
Description Country of Dalivery | Basic pricg Import VAT E Tatal £
Manufaciure Date £ duty £
Total £ iy
Sa. Bervices
Servie Insirumeniis) Usits Costt
Totat | © ]

Section 1.2
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2 OTHER INFORMATION

information in the section will be used Tor adninisirative purposes inchuding the selection of peer reviewsrs.

A Mominated Referaes

Plesss give delalis of 3 referees whom thie EFSRE may approach for assesament of this research proposal.

Betails Referse 1 Referee 2
Title Dr Professor
Forename(s) Benfanin Suy Chris A
Surname Ravig Hunter
Urganisation Univarsity of Oxford

Divisinn or Degartment

Dxford Chamistry

Address Lina 4

Quford Shermistry

Department of Chemistry

Agidress line 2 University of Oxford University of Sheffisld
Address Line 3 Dysor Perring Laboratory

TownCity Cixford Shetlield
Administeative Ares Dufordshire South Yorkshire
Postal Sode QX1 3G7 53 THF

country Linited Kingdom Linited Kingdom
Telephone DIERR 275552 G114 22 29476

Fax 01865 275674 0114222 8336

E-mall Ber.Davis@eham.oxacuk o hunter@sheflisid.ac.uk
Botalls Roferse 3

Title Professor

Foranams]s) Dan Saleh

Surmame Tawiik

Crganisation

Division-or Deparment

Address Ling 1

Deparimeni of Biclegical Chemisiry

Address. Ling 2

The YWelzmann Instilute-of Science

3
Addrezs Line 3

TewrdCity Rahovot
Admirdstrative Area

Postal Code 78100

Courtry inrasl

Telephore GOUT 288343637

Fax 0087288344118

Email f.awﬁk@waaizmann. acd

Sestion &1

Oaie Printed: Q8/C1/30%8 08:24 000312004 18:30
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«

4. ADDITIONAL DETAILS OF PROPOSAL

Presents details of agditiona! investigators, recognised researcharns and projest pariners,

B. Investigators {continued)

Defalls Co-lavestigator 2 Go-dnvestigstor &
Tite Dr Dr

Forename(s) Florian Andrew David
Sumame Holifeider Guiffiths

Organisation

Universityof Cambridge

Medical Reseanch Coungil

Division or Degarment

taboratory of mmeuuiar Hinlogy

Biochemisiry
¥

Past wilt oullast preject {Y/N) v
% fime sommitted {0 project 30 % 80 %
COther cormmitments

{description and average howrs

parweek)

. Recognised Researchers {continued)

Recognised Researcher 3

Recognised Researcher 4

Forenameds)

Surname

Crganisation

Divigion or Depadment

% tirne committed o project

#ib, Visiting Researchers {sontinued)

Cratails

Visiting Researchet d

Visiting Researcher § Yigiting Ressarcher g

Tills

Foranameds)

Surmanme

Home Organisation

Disision or Department

Address Ling 1

Addrass Line 2

Addregs Line 3

TownfCily

Administrative Area/County

Pastal Code

Country

Teolephons

Fax

E-mail

Fost haid

Wil Visiting Pesearchers be supporting dependants?

What annual salary would hest organisation pay staff of
the Visiting Researcher's stalus?{R)

i salary cortribution reguired froen EPBRO, state:

{i} percentage of novmai salgry belng received from any
ciher spufce

{ii) nornal salary iTfess than giver above {£)

Sactinn 4.1

{ate Saved: CBI0W/2004 16:27
Je-8RPY{ERPERC v

Exhi

Bifa2031



&, Project Partners {continued)

Details.

Partner 3

Partnerd

Marme of pariney organisation

Duwision/Depsniment

Address Ling 1

Address Ling 2

Address Line 3

TowrsCity

Adminisirative AregiCounty

Postal Code

Cauntry

Title/Fofename(s) of Contagt

Sumame of Contact

Contact's Address (f different
fromy organigation address}

Address Line 1

Adiress Lina 2

Address Ling 2

Town/Gity

Administrative
ArsalCounty

Posial Code

Country

Telephone

Fax

E-mail

Birect sontribution 1o project

Dascrintion

¥alug £

Rascription

Yalve £

&, gash

0

. eguipmentimaienials

¢: secondmant of staff

d. other

Sub~Total

ingirest contribution o
project

2. use.of faciitics/equioment

h. siaff time

G. gther

Sub-Total

Total Contribution

Total Valpe {including contribulions
frorn additional projest partners)

Section 4.2

fate Printed: 08/01/2018 $R:2400/08/2004.36:30
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UNITED STATES PATENT AND TRADEMARX OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

CASE IPR 2015-01157

Patent 8,889,083

10X GENOMICS, INC. )
Petitioner )
VS, )
THE UNIVERSITY OF CHICAGO )
Patent Owner )

Videotaped Deposition of
Peter David Olmsted, Ph.D.
Wagshington, D.C.
May 13, 201¢

9:0C a.m.

Veritext Legal Solutions

Mid-Atlantic Region

1250 Evyve Street NW - Suite 350
Washington, D.C. 20005

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830
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Videcotaped Depositicon of Peter David Olmsted,

Ph.D. held at:

Sterne Kessler Goldstein Fox
1100 New York Avenue, N.W.

Washington, D.C.

Pursuant to Notice, when were present on behalf

th

of the respective parties:

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830
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Page 3

APPEARANCES
On behalf cof the Petiticner:

ELDORA LYNN ELLISON, Ph.D.,

=
i
1e]

DEBORAH STERLING, Fh.D., Esqg.
DAVID H. HOLMAN, Ph.D., Esg.
STERNE KESSLER GOLDSTEIN 00X
1100 New York Avenue, N.W.
Washington, D.C. 20005
202-371-2600
eellison@skgf.com
desterlingeskgf.com

dholman@skgf.com

On behalf of the Patent Owner:
EDWARD R. REINES, Esqg.
WEIL, GOTSHAL & MANGES, LLP
201 Redwood Shores Parkway
Redwood Shores, California 94065
650-802-3022
edward.reines@weil.com

Also Present:

-

Maribeth Powerg, Videographer

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830
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Page 4

I NDE X

EXAMINATION OF PETER DAVID OLMSTED, Ph.D. PAGE

BY MR. REINES 6

EXHIBITS

PREVIOUSLY MARKED EXHIBITS

Exhibit 1001 U.%. Patent 8,882,083 B2
Exhibit 1004 J.8. Patent Application

Publicatiocn

UsS2002/0058332 Al

Exhibit 1006 U.8. Patent 6,524,456 B1
Exhibit 1085 Declaration of Peter

David Olmsted, Ph.D.

Exhibit 2010 Article entitled "The origins

and the future of

microfluidicst

{Exhibits included with transcript.)

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830
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11

12

13

record.

representing Veritext,

And the time is approximately 2:08 a.m.

Sterne Kesggley Goldstein Fox.,

Genomics, Incorporated, versus the University

of Chicago. Thisg case 1s filed in the United

states Patent and Trademark Office, Case No.

IPR 2015-01157.

David Olmsted.

oy

ba-

artieg they represent.

Gotshall for Railin Dance.

THE VIDEOGRAPHER: We are now on the

My name ig Maribeth Powers

The date today i1s May 13th, 2016.

This deposition 1s being held at

The caption of this case 1s 10X

~.

]
[

FPeter

o}
-
o}

The name cf the witnes

At this time the attorneys present

he room will identify themselves and the

(wi

MR. REINES: Edward Reinesg from Well

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830

Exhibijq32
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Page 6

MZ. ELLISON: Eldcra Ellison
together with Deborah Sterling and David Holman
for 10X Genomics.

THE VIDEOGRAPHER: Cur court
reporter, Bonnie Russo, representing Veritext
will swear in the witnesg, and we can proceed.
PETER DAVID QLMSETED, Ph.D.,
being first duly sworn, to tell the truth, the
whole truth and nothing but the truth,
testified as follows:

EXAMINATION BY COUNSEL FOR THE PATENT OWNER

BY MR. REINES:

Q. Please state vyour name and address
for the record.
A My name 1s Peter David Olmsted. T

reside at 3126 Dumbarton Street, Northwest, in

Washington, D.C.

Q. What 1s vyour current Jjob position?
A, I am the Joseph Semmes Ives Chair in

physicsg at Georgetown University. So I'm a

professor of phvsics.

Q. You submitted a set of opinions in

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830

Exhibij032
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Page 7

this case; 1s that correct?

€3

be

A, I did submit a set of opinions.
G. And how long -- how much work have
1 done in this case so far?

I understand vou may need to

timate, but as reasonably accurate as vyou can

~

Of the order of 20 hours, 20 to 25

g

urs. Let me think a little bit. I may have

As I ask you guestions today, I want

yvou to do what vou need to do to answexr it as

most - - as accurately as you can do it.
A, Sure., Sure. I understand.

Itt's between 20 and 30 hours.

o. Have vou ever had vour deposition

taken bpefore?

A, I have ncoct had my deposition taken
before
Q. Did vou meet with counsel for 10X in

preparation for your deposition?

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830

Exhibijp032
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Page 8

A I did meet in preparation.
Q. When was your meeting?

AL I met vyesterday. And I met

earlier in the week on Monday.

Q. What was the duration of vyour

meeting yesterday?

A, We spend most of the day.
O. Based on the fact that vou

counsel in preparation for the deposition,

agsume that vou have a

the process. But let me highlight some of the

important points.

A Thanks.
G . First, because the court

taking down what's being said, 1it's

for vou to wait for me

before vou give vyour answery and for me to
for you to complete your answer before I

next guestion and for your counsel to

objections when we're not speaking and so

forth.

That's not typical conversation.

briefly

met with

general understandil

reporter's
important

to complete my gues

ask my

interpose

I+11
ng of

tion

wailt

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830
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Just scometimes pecple run afoul of that.

let's all do our best. And I may remind vyou of

that. That i1s just for purposes of the record.

Do you understand those things?

A I understand.
G . During the course of the deposition,

you may want to take a break to stretch your

legs, u

2]
D

the lavatory, whatever 1t 1is.

=]
Cu

know, a

Is that understandable?
A That's understood, ves.
Q. During the course of the deposition,

I'll be asking you questions. If you deon't

understand a guestion or any aspect of it,

th

me know. If you don't say anything, I'11
assume you understcod my guestion.

Is that fair?

A That's fair.
Q. Is there any reascon you can't give

yvour best, most accurate answers today

concerning the subject matter of this caserx

-n

A, There's no reason.

Let me

at an appropriate time we'll do that.

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830
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Page 10
Q. Ckay. You're -- vou're not taking

any medication, are you?

AL No.
Q. Okavy. Do you understand that this
proceeding was -- 1s based on a petition filed

by 10X to invalidate the '083 patent?

A I understand the petition invelves
the patent.

Q. Do yvou know anything about what the

----- what's in the petition?

A, I haven't geen the petition.
Q. Okavy. Do yvou have -- do vyvou know

what the theory of the petition was in terms of

what the theory of invalidity specifically was?
A I do not --
Q. Dkav.
A -- know the theory of invalidity.
Q. And yvou undevstand that originally

10X usged a different expert, Frofessor Huck?

Did vou --
A I understand - -
c. == know that?

Veritext Legal Solutions
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A, -- that there

Q. Did vyou read

original report?

A I have not re

report.

Q. Do yvou have a
original theory was in
invalidity?

A. I have not re
report

O Right

But do you ha
-- otherwise?

A I have not re
report.

Q. Dkav. Let me

I understand
Professor Huck's report
based

in this matter is

understanding of what t

Professgsor Huck in that
A, I have not re

-
H

Page 11

wag another expert.

Professor Huck's

Professor Huck's

3
aa

ny idea what his

there rvegarding

ad Professor Huck's

ve an understanding in
ad Professor Huck's

start again.
you haven't read
upen which the petition
, kbut do yvou have an
he theory was pursued by
submission?

ad Professor Huck's
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report, and I have not discussed the theory of

Professor Huck's report.

With anvybody.

L@

N

No. Noc.
Q. I got to be careful about noes

because --

A Okay. So let me -- let me --

0. It may be the opposite of what
said.

A, Okay. So -~ so I have not read
Profegsor Huck's veport.

Q. Okavy.

A, So without having read Professo

Huck's report, I cannot actually say what
Professor Huck's theory is. So I have no
the cpportunity to read Professor Huck's

and know what his theory 1s.

¥
w
i.l

[N

Huck's report or the original petition?
A I did not.
Q. Have vyou ever written any paper

regarding droplets in microfluidics?

vou ever ask to see Professor

I

r

t had

report
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A I wrote a paper in 1997 that
involved droplet breakup and formation in

microfiuidic scales.,

Q. In micrefluidie --

A, At microfluidic length scales.

G . What doesg that mean?

A So what that means 1s, at the scale
of nanometers, which isg the typical size at

which one finds droplets, I wrote a paper about

droplet forming and breaking up in a surfactant

solution.
O. Have vyvou ever worked hands-on in a
lab with microfliluidic devices?

A, I have collaborated with

experimentalists who had worked with

microfluidic devices, and we worked together on

experiments involving microfluidic devices.

Q. When wasg that?
A, That was in -- so that was in 2008.
Q. Would vou describe vourself as a

A I am a theoretician.

theoretician asg compared to an experimentalist?
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O. What 1s the first instance that
you're aware of a -- of a droplet approach
actually working in a microfluidic device?

M5. ELLISON: Objection. Scope.
BRY MR. REINES:
Q. Would vou like the guestion read
back?
A No. The -- I think the guestion was
when was I first aware o0of -- well, please read
the guestion back.

Sure.

0D
.

What is the first instance that
yvou're aware of of a droplet apprcach actually

working in a microfluidic device?

A I can't recall exactly when.
Q. Do you have any information on that

subject at all?

A I started becoming aware of
microfluidics shortly after my Ph.D. in 1991.
Q. Can you identify any system that
vou're aware of where droplets actually worked

in a microfluidic device?
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A,

|
h

irst become aware of
microfluidics in 1991. And then through the
"90s microfluidics were very prevalent, and
became more prevalent s0, at confervences
starting in the early '90s.

And during that time I would have
seen a number of talks where people presented
results about microfluidic droplet formation.

Q. Can vyou identify any worker that vou
believe ever made droplets work in a
microfluidic system?

A, I've geen Stephen Quake, who'sg the
subject of the patent, give talks in the late
"90s and early 2000s where he was presenting
work on droplet formation.

Q. Do yvou know 1f he ever actually had
a working droplet system, based on what he
reported?

MS. ELLISON: Objection. Scope.
Relevance.

THE WITNESS: In his talks he

presented work which showed droplet formation
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in a number of ways, if I recall correctly.

BY MR. REINES:

5]

Q. Do you have any i1dea when that was?
A Ag I've sald this was I think in

late 1990s or early 2000s.

£

Q. Can you be any more -- by early 2000

A Earily -- '0 --

0O -- the early --

B 2000, 2001, 2 -- somaewhere in --

o, Okay.

A, -- somewhere in this range.

Q. Can vou be any more specific than
that multirange period?

A I cannot be more specific.

O. Prior to vour work in this case, had

vour heard of Professor Quake?

A, I had heard of Professor Quake.
o, Prior to vour work in this case, had

vou heard of Professor Huck?

B, I had not heard of Professor Huc
o, Pricr to vour work in this case, had
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vou heard o

A, I had not.

g. Prior Lo your w
you heard of Professor Wh
A I have heard of

Whitegidesg,

And who 1s Prof

0D
.

vour understanding?

A Profegsscocr White

University, and he has wo

and a number of other are

Q. And what i1s his
field?

A, Profegsor White
in the field.

0. Have vou ever b

a journal called Physics

A I have heard of

Q. And what- - can
that journal 1is?

A, Physics Today 1

published by the American

Professor Ismagolov?

Page 17

ork in this case, had

itesides?

Professor

esgoy Whitesgides, to

gides 1s at Harvard

rked on microfiuidics

as.
in the

reputation

gides 1sg well known

eard of a paper -- of

Today? Physics Today?

Physics Todav.
vou describe what
s the

monthly Jjournal

Physical Society.
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Q. And have you heard of the journal

Nature?

AL I have heard of the journal Nature.
Q. Would vou descrilbe for the recoxrd

what the stature i1s of the journal Natur
relative to your -- this -- yvour scientific
tudies?

Let me make 1t easier.

Would vou agree that Nature is one
of the leading, if not the leading, journal in
the scientific field that yvou work in?

A Nature 1s seen ag a very prestigious
journal by manvy.

G . Let me show vou what's been marked
previously as Exhibit 2010. You have the nice
color version there.

Now, I -- I trust yvou subscribe to
Nature, have access to Nature on a regular
bagis?

A I do not subscrike to Nature, but I
do have accegs to Nature through the Geocrgetown

University library system.
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inveolving
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What

scie
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nicrofluidics; is

Page 19

consider

L@
i
=]

3

vourself an expert

that right?

an expert In fluid mechanics

physics, which 1s the

rlying science behind microfluidic.

Q. Do you consider yourself an expert
he field of microfluidics itgelf?

A I'm an expert in the fluid mechanic

interfacial science that underlies

ofluidics and, in particular, in the

of flow and confined gecometries

surfactant fluidics.

o, And why are vou reluctant to say
vou're an expert in microfluidics beyond

7
In other words, why don't you just
"Yes, I am an expert in microfluidics®?
's the caveat there?

MS. ELLISON: Objection. Form.

THE WITNESS: I'm an expert 1in the
ntific areas that are necessary to both
rstand and deploy microfluidic devices --

s

Veritext Legal Solutions
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BY MR. REINES:

C. Right.
A, -- that includes the phyvsics.
o. Right.

The -- the flow in confined spaces.
A Exactly.

o. That's vour expertise, correct?

Q. But you don't -- but vou -- vou
wouldn't call vour -- vou wouldn't hold

vourself out to the patent office as an expert

in other aspects of microfluidics, such as

the -- the type of injection eguipment you use
to get the droplets in the system; 1g that

right?

MS. ELLISON

vo

Objection. Form.

THE WITNESS I can -- I -- excuse

ae

~

me . My expertise in fluid mechanics allows me
tc assesgs injection devices and to try to
provide design criteria for things such as
injection device, Microfluidics is a huge

field, so there are many areas 1n which I'm an

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830

Exhibijp032



(o

Oh

Page 21

expert in.

BY MR. REINES:

Q. Now, in vour Georgetown web site,
right, that -- you have a web site on

Georgetown that describes vour work and your --

A. I -~

e ] ~ ey 3 os

. - regearch that has --
A I do have a web site.

Right.

L@

-

There's no mention of microfluidics;

is that vight?

A I don't recall what 1s on my web
site.
Q. Do you -- can vyou say that there 1is

any such reference to micrefluildics in your web
site?

A I cannot say because I -- I can't
recall what I've put on it.

0. Okavy. And is there any reference to
droplets as being an area of expertise for you
on your web site at Georgetown?

A I don't think there 18 a specific
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reference to droplets on my web site. The
reason I'm saying I don't think is I work in a
number of areas, as vou have seen.

Q. Have vyou ever persoconally used a
microfluidic device?

AL I've worked with experimentalists

who have usged microfluidic --

0. Right.
A -- device,.
Q. But the guestion is have vyou ever

used a microfluidic device?

A I've -- I've worked with the
experimentalists who've used it.

G . Okav. But --

A I have advised on the experiments
that thevy're doing. I have helped analvze
their data. I've provided calculations which
underlie the -- both design of the experiments

as well as the analysis of the data. Sc in

this respect, I've worked with the microfluidic

devices,

Q. Okavy. So it's - - it's important --

Veritext Legal Solutions
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I -- I understand what you're trying to do, but
at some point it's -- you need to be responsive
to the question. So I don't mind you -- if vou

think vou need to provide context to give an
accurate answer, 1f that's a fair thing, then
I'm not going to -- not - - as you can tell, I'm
letting vou do that. I'm not contesting that.

But when you give me kind of a mixed
answer an then I ask a specific piece of it,
I'd appreciate 1f vyvou just directly answered my
guestion. You can do 1t how you want, but I'm
going to make a record about it. So -- and we
may disagree with opposing counsel or whatever.

But I mean when I ask you something
very specifically 1ike that, I -- I think T
deserve a straight answer. Sc you'll have to
decide how much vou want to give straight
answers or not as we go through.

Have vou ever personally fabricated
a microfluidic device?

Leave aside what other people might

have done.
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A I have advise

of devices.

O But vou haven
yiy Andg - -
Q. -- personally

M5. ELLISON:

interrupted

MR. REINES

MS. ELLISON:
answey.

THE WITNESS:

ag a theoretician

role has been

my

devices.

el

BY MR. REINES:
Q. Ckavy. So let me maybe do it this
Way: Because you're a theoreticilan --
A Thecretician.

Q. -- theoretici

A It's okavy.
Q. - you have n

rthe witness.

involved

Page 24

d on the construction

fabricated them,

Ed, I think you

Let him finish his

My -- my role has been
in the project.
to advise on the

an --

ot personally used,
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h

abricated or created microfluidic device
yvourself, but yvou've advised in that proc

Is that --

A I have advisged --

Q. -- a falr summary?

A I have advised in the process o

Q. Okavy.

A, -- making microfluidic devices.

Q. And do you know whether any of
systems were used for -- with a droplet

approach?

A I do not know.

Q. Dther than Stephen Quake, do vo
know of anyone else that you believe has
with droplets in microfluidic devices?

A, Droplet formation 1is routinely
and shown in conferences, which is where
usually interact with scientists. So the

many -- many scien -- many instances wher

have seen droplet formation used as part of a

research tool.

A collaborator of mine from - -

S

egs.

those

1

wWOor

re

e I

ked

are
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is in France named Dr.

worked on droplet formations.
example.

o. Other than Dr. -- T

Panizza - -

A Profesgssor.
c. - Professor Panlizrza

Quake, can you identify anyone

worked in the area of droplets
devices?

A Wa'lve

Whitesgides.

Q. Okavy. Anvone else?
A There's Professor Pat

fnlle

ESPCI in France.

Does he work

0

A No.

Ch, it'g a

K

Q. What

was
2002 1n the area of

3 3o D
aevicasy

Pascal Panizza has

assgume

already mentioned Professor

rick

with Professor

different branch
from a different
the state of

droplets in

Page 206

That's an

Dr.

and Professor
else that's

in microfluidic

Tablin at

av)
1}

nizza?

group?
group.
the art in May

microfluidic
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MS. ELLISON: Objection. Scoype.
THE WITNESS: So in 2002, before

that time I had already seen, as I mentioned,

Stephen Quake give some gulte Ilmpressive talks.

And there were others whose names I cannot

remember who were also working in the field.

So my ilmpression at the tCime was that there was

already substantial progress made.
BY MR. REINES:

Q. What were the challenges for making

a working droplet system in microfluidic device

in May of 20027
MS. ELLISON: Ob+iection. Scope.

THE WITNESS: I cannot say with

certalnty what the challenges were specifically

in making microfiuidic drop -- droplet devices

in microfluidics because that's not an area in

which I was actively working with engineers at
that point.
BY MR. REINES:

£

vou answery the guestion?

Q. Based on vour work in this case, can
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MS. ELLISON: Same objection.

Scope.
THE WITNESS: The work on thig case
inveolves ~- well, the work that I have peen

asked to look at involwves the properties of --
of the different fluids, the carrvier fluid and
the agueous fluid, and any additives and how
one usesg these properties to be able to make
droplets. And --
BY ME. REINES:

O. But -- but answer my question, 1f
vyou would.

A, And there are significant challenges

posed.

Q. What are the most significant
challenges -- what were the most significance

challenges in May 2002 in trying to make a
working droplet system in microfluidic devices,
if you know?

M5. ELLISON: Obijection. Scope.

THE WITNESS: So the challenges

faced at that time are the kinds of challenges
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that Quake, in fact, tries to address. And the
prime challenge would be toc control the droplet
size and to control the uniformity of the
droplets.

BY MR. REINES:

Q. Anything else?
A It is necessary, if yvou make a

device, to be able to do all of this in a
reproducible manner. The principles have been
long established before then.

o. Now, if I understand vou, the field

of microfluidices was very active in the 1990s;

is that correct?

A (Witness nodding head.)
Q. You Just need to answer - -

g

Yeg.

Q. -- audibly.
A Sorry. That's correct.
Q. Starting from the early 19%S0s,

according to vou, right?

O, How come 1T tTook until Professor
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Quake's work that vou referred to, the --

identified the patent publication, for droplets

b

to be addressed in terms of what the challenges
were?
MS. ELLISON: Obiection. Scope.
THE WITNESS: I didn't say that it
tock until 2002 until Professor Quake's work.
BY MR. REINES:
Q. Qkav. Are you aware of any -- oh,

BOYry. You go.

A Go ahead.
Q. I was going to -- are you aware of
any working droplet system, other than -- that

occurred before the reports you've heard from
Professor Quake during this soxrt of four- orx
five-year pericd in which, you know, vou don't
know when it is, the end of the '9%90gs and the
beginning of the 2000s7?

A, Beginning in the early 'S0s, at
conferences, I started to see significant
amounts of microfluidics, including droplet

formation.
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Q. Were any of those working droplet
systems?
AL I saw droplets being formed, and I

saw sclentific research being conducted in

droplet formaticn in microfluidic geometry.

Q. Right.
But did vyou -- did you see a -- a

working microfluidic device with droplets being
reproducibly used?

A, I saw reproducible scientific data
which would have been produced from
microfluidic devices fabricated by -- I don't
know which methods.

g. And do you know who's doing this
work?

A, I don't recall.

O. So you were -- what were the issues
with the droplet systems that yvou learned about
in the 19%0s that prevented, you know, industry
from being able to use them at the engineering
level?

A I don't know what the ilgsues were.
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Q. How come you don't know?
A, So at that time most of the -- my

contact was at scientific conferences where the
emphasis was on the science of producing the
drops and not discussion at the scientific
conferences about applications to devices,

Just sco that the record'lsg clear,

0D
.

becausge there's been a littlile back and forth on
this, prior to what vou gathered from the
reports from Professor Quake at some time that
vou can't specify, but within a four- or
five-year period, are you aware of anyone else
reporting on successfiul experiments with
droplets on a microflulidic device; and if so,
who?

MS. ELLISON: Obiection. Scope.

THE WITNESS: I cannot recall names
during that period before.

BY MR. REINES:

C. And in terms of what challenges --
A But I --
o, Oh, sorvy.
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A But I recall seeing successiul
droplet formaticn being talked about at
conferences.

What the problems were in the 1990s

0D
.

that were faced by those tryving to apply
droplets to microfluidic devices, that's not
something vou know about because of your --
because of your status as a theoretician; is
that correct?

MS. ELLISON: Objection. Form,

THE WITNESS: Can you restate that?

BY MR. REINES:

Q. Yes.

What the problems were in the 19 --

let me start again.

You're not familiar with the

problems -- what the problems were in the 1990s

that were faced by those trying to apply

droplets to microfluidic devices, correct?
M5. ELLISON: Obijection. Form.
THE WITNESS: I wasn't discussing

the problems with people at that time.
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BY MR. REINES:

Q. S50 yvou don't know.
AL When -- when people gave scilentific

talks, they talked about the science of making
droplets, which is a nontrivial science.

Q. That wasn't my guestion, was what
they were talking about.

My guesgtion is -- vou're holding
vourself out as an expert for the patent coffice
on the subject, and my guestion 1is can you
reliably state what the problems were that were
faced by those trying to apply droplet science
to microfluidic devices in the 1990s?

M3. ELLISON: Obijection. Form.
Foundation.

THE WITNESS The problems that

v

would have been faced would have been exactly
the problems as I said before that Quake

discus

es in his patent. And these are the

6}

problems of how to form a droplet reproducibly
at a controlled gize; and then, once you have

formed these droplets, how do you control 1t as
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it flows to where vou want 1t to go.
BY ME. REINES:
Q. And in terms of addressing those --

that problem set that you Jusgt described,

)

creating droplets that are reproducible at a

controlled size and with controlled flow, what

are the -- the variables that go into that?

MS. ELLISON: Obiection. Scope.

THE WITNESS: The variables that go

into that include the properties of the two

are flowing, the flow rates that are imposed on

the fluids in the geometries and the properties

at the

L@

fluids,

the geometry within which the fluids

interface between the two fluids.
BY MR. REINES:

How complex a probklem was that in

May 20027

MS. ELLISON: Objection. Scope.

THE WITNESS: The basic principles

have been around for many, many vears before.

And they had been employved already to make

succegsful drops in the decade before 2002.
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The challenges posed, for example,
in the Quake patent involve trying to deo 1t in
a -- to -~ to make the drops in a -- in a
device which they could market.

My understanding is that there were

already devices before that. At the -- the
field is -- was reasonably mature.

BY MR. REINES:
Q. And when you say the field was
reasonably mature, vou're saving in May 2002
the field of droplets in microcfluidic devices

was relatively mature, correct?

e

That's vyour testimony?

M3. ELLISON: Obijection. Form.

THE WITNESS: The understanding of
how one uses these variablesg to create droplets
is well established.

BY MR. REINES:

o. Dkav. But vou can't name any worker
other than Cuake that did this in the 1990s,
correct?

M3. ELLISON: Chiection. Scope.
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THE WITNES

m

: I was at a number of
conferences and saw a number of talks where
people were making microfluidic -- making
droplets before then.
BY MR. REINES:
Q. Right .

You can't identify anvone prior to
Professor Quake that demonstrated the use of
droplets in a microfluidic device, correct?

Can you name someone or not?

That seems like a straight guestion

that submits to a "ves" or "no" answer.
Are vou still considering --
A So - -
c. - the question?
A So as I've said, I -- I -- I went to

a number of conferences and heard a number of
talks in the 1%%0s, before I heard Quake, Dby
workers talking about droplet formation.

Q. But vyvou can't identify anyone,

correct, by name?

A Quake was the most flamboyant that

T
i
>
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saw, s8¢ that was the name that jumps out at the
time

g. Can vou 1ldentify any other names?

MS. ELLISON: Objection. Scope.
BY MR REINES:

Q. There's no shame in Jjust saving vou
can’'t. S0 -~ but i1f vou want to continue this
way, that's okay. I've seen worse.

A I can't recall the names of the
people that I saw at the conferences.

Q. Have vou ever had a publication that

wa s

0D
.

microfluidics,

A

Whitesides

microfluidics

Ty
N o«
please.

A,

Page 38

accepted by Nature magazine?

I have not had a publication in

Who's move prominent in the field of

vou or Professcor Whitesides?

I would have to say Professor

i

ig more prominent in the field of

than myself.

If vou'd pick up Exhibit 2010,

Uh-huh.
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Page 39

Do you have that in front of you?

0

A, I have it.

And what vyvear is this article?

L@

~

S0 this article isg 1in 2006,

N

10O

Would you read the bolded abstract

th
el
{

-
jn)

isg paper in -- from Nature to voursell.

A Okavy.

L@

Do you see where Professor

hitesides in 2006 states that the field is

till at an early stage of development?
A I see that.
Q. Do you disagree with Professor

hitesides regarding the stage of microfluidics

in 2006°7°

MS. ELLISON

se

Obiection. Scope.

THE WITNESS: So microfluidics is
eally a technolcgy analogous to semiconductors
r lasers. So these techneologles have

ndergone evolution from basic science,

emonstrations, applications. And both those

industries continue to develop for over half a

C

entury.
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Now, microfluidics I believe will be
onn a par with these industries for how they
influence society.

Whitesides points out many
applications and demonstrations that have
already existed prior to this time. And he
states the field's at an early stage of
develcocpment. And I believe what he means by
"development" 1s development of large-scale
commercial applications.

The demonstration applications
includes protein crystallization, separations
in spectroscopy, screening for drug development
and calculations of cells and proteins and
singlie molecules.

So there are many applications and
fabrication techniques that he already ocutlines
in the paper.

BY MR. REINES:

Q. One ©f the big challenges that
Professor Whitesides identifies in 2006 1is

choosing and feocusing on initial applicaticons
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for microfluidics; i1s that correct?

Thi ig in the beclded three-gsentence

6]

abstract at the front. I guess fourth
sentence. Maybe five sentence.

MS. ELLISON

oo

{Inaudible.)
MR. REINES: Felt like I took a
break at that last guestion and answer.

THE WITNESS: He -- he

42}

tates
chocsging and focusing on initial applications.

BY MR. REINES:

O. Okav. So vou'll agree with
Professor Whitesideg that the -- the selection

and focusing on initial applications is
something that was in the era of 20067

MS. ELLISON: Objection. Form.

v

THE WITNESS: He cutlines many

plications, most of which cccur -- I mean all

W
T

of them occurred before this paper, ocbviously.
So my reading of this choosing of

initial applications 1s to choose which of

these applications - - which already existed
before this paper -- which of these
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applications he would -- are ripe for
commercial exploitation. That's my
understanding. The applications are noted --
many of them are already noted in the paper.

BY MR. REINES:

Q. And Professor Whitegsides savs the
solution to the problems in microfluidics will
reguire imagination and ingenuity in 2006.

Do vou agree with that statement?

It'g in that same bolded - -

A Sure.
Q. -- Lext.
A To progress from initial

applications, demonstration applications, to
full-scale commercial development alwavys
reguires ilmagination and ingenuilty.

Q. And turn to the conclusion, please.
And one of the things he states in the
conclusion is that he's helpful that
micreofluidics can become more than an active
field of academic research.

Do you see that?
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A I see that.

Q. And in 2006 were yvou hopeful for it

to become something more than an active field

of academic research?

MS. ELLISON: Obiection. Form.

Foundation.

THE WITNESS: It was clear to me in

2006 1t was going to be more -- that it, in

fact, was already more than an academic field

of interest.
BY MR. REINES:
see where Professor

Q. Do vyou

Whitesides says the field of microfluidics is

in its infancy?

It's in his conclusion.
A, Where he savys: "It ig also in its
infancy."
Q. Do you gsee that?
A, I see that.
Q. And he says a great deal of work

neaeds to be done before it can

-

a more than an - - a field of

be claimed to be

academlic research.
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statement?

active field of academilic regearch in 2006.

walting for that answer. I didn't anticipate
the time

the

2 in

not there already.

record at 10:42 a.m.

record at 10:52 a.m.

the deposition of Peter Olmsted.

Page 44

I see that.

Do you agree or disagree with that

isagree that it was only an

Ql

¥
i

Ckav.
MS. ELLISCN: Can we take a break?

MR. REINES: All right. Yes. I was

MS. ELLISON: Thank vou.

THE VIDEOGRAPHER: We are going off

Ly

(A short recesgs was taken.

THE VIDEOGRAFHER: We are back on

This is the start of Media Unit No.

BY MR. REINE

621

If yvou'd turn to Page 372, 1f you're
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A I am.

O. And under "New Science and
Technology, " do yvou see where Profesgsor
Whitesides states in this science publication:

"The development of microfluidics has just

Do you gsee that?
A, I see that.
Q. Okay. And i1s this journal peer
reviewed?
A The articles and letters in Nature
are peer reviewed. I don'’t know whether an
overview 1s peer reviewed, but presumably it

0D
.

And do vou agree with Professor
Whitegsidesg' statement that the development of
micro -- microfluidics has just begun as of the
2006 time period?
Can you answer the guestion?
A Yas.
So in the paper he points out a

number of applications which go back as far
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as -- from wha I can see, as far as 1997. So
in that period up until 2006, he ocutlines a
number of developments. So for the 10 or 15
yvears so before this paper 1is when the

to take off.

Ql

developments had really starte
And he does make the point --

G. Yesg?

A -- about -- sorry. I lost my --
well, he makes the point that there are many
applications sgtill to come for commercial
applications. But he outlines a lot that's

already happened in terms of development of

applications. So --
Q. Was there demand for microfluidic

systems that would work using droplets such as
described in the '083 patent in the 1990s?

MS. ELLISON: Objection. Scope.

THE WITHNESS: So in the 1%990g there
was demand for many of the applications that

roplet technoclogies will provide.

L4y

A,

BY MR. REINES:

0D
>
)
Q
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A Such as protein crystallization orx

bicanalyses.

G . And did that -- did that need begin
as - - I mean were you aware of that when you --

after vou said vou started microfluidics in the
early 19%0s87?

MS. ELLISON

se

Objection. Form.
Scope. Relevance.

THE WITNESS: Can you repeat the
guestion?

BY MR. REINES:

L)
<
D
16

You -- vyou testified that in the
1990s there were demands for applications for
droplet technology in -- in the context of
microfluidics.

My guestlion was wasg -- were those
existing when vou entered the microfluidics
field in early 19 --

A I believe I stated that there was a
demand for the applications that --

o, Droplet --
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Page 48

A, -- droplet technologieg can provide.
Q. Yeah.

A Yeah.

. Exactly.

A Ckavy. I -- I didn't state there was

a demand for droplet technologies, I believe.

o. Ckavy.

A Okavy.

then.

Sorry.

L@

Then let's be very clear of that

go what -- what was my testimony?

ja3]

You have to -- you have to --

dontt have it written in front of

me, S80...

Q. You have to be the source of vour
testimony.

A Ckavy

Q. Let's just go back to yvou testified
that, in the 19%0s, there was a need for the

performance that droplet technology could

provide, correct?

-~y
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Page 49

MS. ELLISON: Objection. Form.

Foundation.

BY MR. REINES:
Q. e that right?
MS. ELLISON: And scope
THE WITNESS: I believe I sgtated
that there was a demand for the -- gsome of

applications that droplet technoclogies can

provide.

BY MR. REINES:

0 Ckavy And - -

A And I guoted protelin crystallization
and biological analyses as examples.

Q. Okay. Wag the need for the
applications that droplet technology can
provide existent in the early 1990s --

MS. ELLISON: Objection. Form.
Foundation.
BY MR. REINES:

Q. -- when you entered the
microfluidics field?

MS. ELLISON: Cbjection. Form.

the
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THE

a need for

Page

In the 1990s

the application

that droplet

there was

50

A

technologies provide,

which includes protein

crystallization, bio and chemical analyses of

small examples. And this existed in the '90s.
BY MR. REINES:
G. I understand it existed in the '90s.

I've been asking several times did

it exist when yvou enterved the microfluidics

the earliy 19290s? Were you aware of

MS. ELLISON: Obiection. Form.
Scope Relevance,
THE WITNESS: It existed in the

1990s
BY MR. REINES:
Q. Throughout the 1990s.
Is that what you're saying?
A Yas.
Q Okay And was there alsoc a need at
that time -- the same time frame for

it
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reproducible droplet technology where vou could

control the size, uniformity and flow of

Well, let's just make 1t -- let
make 1t simpler.

Throughout the 19%90s was there
need for a droplet system that would -- c
be reprcducibkle and allow control of the
in crder to perform analyses such as on
biomolecules?

M3. ELLISON: Chiection. Scope
Foundation.

THE WITNESS

oo

There was a need
analyze to particular bioclogical material
such as proteins for crystallization, ox
biclogical samples, such as cells.
Whether that need could be sati
only by droplet technologies is something

-

cannot answer. A -- a need then can be

satisfied, and then there are of course many

different ways.

There was a need, and Quake's

-

the

me

a
ould

flow

-

to
S,

small

afied

T
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patent, for example, outlines a claim for

satisfving this need.

0D
.

do yvou know encocugh to say one way or the other

BY MR. REINEGS:

Can you say one way or the othe

whetheyry 1in the 19908 there was a need for

droplet system that would ke reproducible

allow

control of the flow sufficient to perform

analyses, for example, biomclecules?

If vou don't know, that's fine.

vou do know, then say "yes" or "no" or

whatever.

A

There was a need to look at

biological samples at a small scale. And

droplet technologles which can control the flow

in ways to make reproducible small scale

samples that can be analyzed as biologica

material, that is one technology that cou

provide -- satisfy such a need.

Ty

o«

which

Now let's talk about Exhibit 1004,

is the Quake patent application you

referred a few Cimes. I know you've got

r

and

1

1d

If

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830

Exhibi§032



(o

Oh

Ne]

10

11

12

13

Page 53

A. Ckay.

Ft
3
ol
-
D
[
H -
@
b._.l
63}
<2
O
-
<
D

Q. -- your own sget of

M5. ELLISON: I'"ll look at this one.

BY MR. REINES:

Q. - looking at. Well, vyou can look
at -- there's no magic to this one verse the

other one, but I'm giving it to you toc make

sure vyou have 1t.

B, Uhi-huh.
o, So you have Exhibit 1004 in front of

yvou that's the Quake patent application?

A I do.
Q. Do vou know whether there's any

exlsting valid patent out of this patent

application?

A Sorrvy. Can vou repeat the question?
O. Do vou know whether there's an

existing valid patent cut of the Quake patent
application that you're relying on?

helieve there is, but I'm not a

s
o]

rundred percent sure.
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Q. And what's your basis for believing

AL I'm not a legal expert, but my
understanding is that 1f this had not become a
full patent, there wouldn't be a dispute
happening now.

Q. What's your basis -- what's your --

A I'm nct --

o. -- logic?
A, - a legal expert.
O. But what's your loglc on that?

A My logic on that ig that, 1if it's a
patent, then it is -- let me see. That -- 1if
----- in the case of a successiul patent, certailn
rights are protected by the patent by law, and
that this dispute then relates to those rights.

Q. Qkav. You understand that this case
relates to whethexr the '083 patent 1s valid?

Do yvou understand that?

A I do understand that.
Q. Okay. And vou understand that this
----- as a legal matter, the -- the right as to
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whether Quake has patentabl

patent publication -- paten

ublication, that's not wha

e}
r
A

directly in this litigation.
Do you understand

Do vou understand
A Say that again.
Q. The legal -- that
guestion in this case as to
valid or not as a patent?

that? Because 1t just -- Vv

on a patent application. W

back.

You understand vo
on a patent application
A, I understand this
Q. Qkav.

A, - the patent app

O. And you have no 1
currently wvalid -- a wvalid
off of that, right?

That's not someth

as priocr artc,

patent's

Page 55
e inventions in his
t application

t's being challenged

there's no legal

whether Quake i1is

Do vou understand

cu're just relying
ell, let me step

u're just relving
correct?

is --

lication.
dea whether that 1is
been issued

ing yvou've looked

Veritext Legal Solutions
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and 30 hours' work on this?

Well, do vou know?

AL I -- I've answered that guestion. I
think it i1g, but I don't know for sure.
Q. And the basis for thinking it is is

because you think this 1s a competition --

proceeding 1is a competition as to whether the

Quake patent application's valid or the '083

patent's valid; 1is that correct?

A No, I don't think that's correct.
. Okav. What 1s youy --

if o--

g
-
h
1
|

O
pt
M

t me Jjust ask a simple guestion.

What is vyvour basis for stating that

you believe that the Quake has a -- currently
has a valid patent out of thisg application?

A I stated that, if it -- I'm not a

legal

S

expert. My understanding is that, 1f 1t

4

becomes a full patent, then there are certain

rights and protections afforded that patent

that have an influence on the '083 patent.

O. Where did vou gain that
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understanding?

MS. ELLISON:
caution the witnesgs not

of any communications

THE WITNESS:
BELLISON:
REINES
ELLISON:
guestion.
MR. REINES:
relying on it.
M&. ELLISON:
walve privilege, so...

BY MR. REINE

Isn't it the

0D
.

idea what patents, 1f

the Cuake application?

A S50 I cannoct
this has become a pate

G. Do vou know

in the Quake patent ac

Guake patent applicati

Page 57

I'm just goling to

divulge the substance

o

counsel .

Fith

Uh-huh.

But other than that --
Well --
-- he can answer the

----- well, 1f he is

We're not going to

[
P

truth that vou have no

any, have 1issued off of

Isn't that really tLrue?

say for certalin whethevr

nt or noct.

whether the technology
tually works -- in the

on publication actually

Veritext
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works?

A Yeg, it does work.
G . How do vou know that?
A, So I've seen them demonstrated in

talks. And Whitesides actually points out
successful applications based upon it.

When you say you've seen Quake

0D
.

demonstrated at talks, how do you know that
those are the device that is described in this
patent application publication?
A I can’'t say for sure that they use
the exact same device or devices.
Q. Do you have --
A But the talks --
BY MR. REINES:
0. -- any 1ldea what surfactant --
MS. ELLISON: Sorry. I don't think
he was finished.
THE WITNESS: But the -- the talks

were about that same time, 2000, 2001, 2002,

around then, which 1g when this work would have

been done.
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BY MR. REINES:

Q. Do you have any 1dea what
surfactants Professor Quake actually used?

A In which situation?

Q. In any.

AL In the patent application, Quake
denotes a number of different surfactants that
can be used.

o. Right.

My guestion isg, in the real world,

[N

o you know which ones he actually used?

A In which particular case?

O. Any case.

A So in any case, no, I do not. It
would have been a numbesr - - one of a number of
the -- gurfactants that he or clagses of

surfactants that he talks about in his patent.

Can you ildentify at all even one

0D
.

type of surfactant that yvou know Quake actually
used succegsfiully?
MS. ELLISON: Objection. Scope.

Relevance.
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THE WITNESS: An example would be

Tween.
BY MR. REINES:
o, So you know he used that?

g

He mentions Tween.

o He mentions a lots of things.
A Yes.
O. Let me be clear.

There's a difference between
mentioning in a list
a matevial.

Do yvou understand the distinction

between those two things?

A I understand.
Q. Okay. My guestion's not focused on

lists of what he identifies as potential

options. I'm asking about what he actually

usead.

e

Do yvou know what Procfessor (Quake

actually uses as a surfactant? Can vyou

identify even one?

M3. ELLISON: Chiection. Scope.

Someone

options and actually using
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Relevance.
THE WITNESS: If I read a scientific
paper which states that vou can use X, Y and Z,
which are named guite specifically, then as a
professional scientist my understanding is that
he will have used a surfactant from among that
list.
BY MR. REINES:
Q. When yvou say "from among that list,®

you mean one from among the list?

AL That's what I mean.
Q. Ckay. And -- but you have no idea

which one Professor Quake actually used, right?
M5. ELLISON: Obijection. Scope.
Relevance.
THE WITNESS: My assumption would be
that he would have used many.
BY MR. REINES:
0. But you don't have any factual
knowledge of that, do you? Not just surmise?
A So in Paragraph 200 of Quake on page

45, in Paragraph 209 of Quake on Page 46, he
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specifically talks about example systems that
contain Tween.

Q. And so based on that, you concluded
that he's used that surfactant; is that
correct?

AL That's one exzample of a surfactant
that he will have use

0. Right.

And you're basing that Jjust on this
application; is that correct?

A This application states that he used
Tween as an example.

Q. Right. But - -

A This was in Example 7. So it
doesn't mean that he exclusively used Tween

because he specifically talks about a number of

ifferent surfactants.

L4y

A,

Q. Right.
And when a -- a scilientist puts a
list of them, then you assume that they used at

leasgt one of them; i1g that correct?

I believe that was your testimony
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A That can often be the case.
Q Did vyou use - - when yvou collaborated

on droplet technology, which 1s what vyou

A I collaborated - - excuse me for
interrupting. I collaborated on microfiuidic

Q. Did you ever --
A Microfliuidic - -

----- collaborate with anyone on

0D
.

droplet technology in the context of a
microfluidic device?

A My collaborations were involved in
developing devicesg to look at flow fields and
understand the flow fieldsg in particular kinds

ds.

[

of flu
Q. Right.

But did vou ever -- did vyou ever

develop a droplet system 1in the context of

microfluilidias?

A So my research was 1in using
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de 25 to understand the flow

<
}_J -
@]

=3
}J
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=
0O
h
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o
=
jo1
}J
@]

fields. And thers

D
%

ras a research project
involved in understanding the appearance of
droplets in a particular system.

Q. Ckavy. Whatever work you're saying
vou did with droplets --

A Ckav.
O. - - -- I -- dit's -- you know, it's
too much energy to try to get a straight
angswer, Lo be honest.

Whatever work vou say you did on
droplets, did it involve fluorinated oil as a
carrier?
Can vyou answeyry that?

A My own work has not invelved
fluorinated oils in my research.

Q. At any -- have vou done any research
that's involved fluorinated oils at any time?

A I have collaborated with a group who
used fluorinated materials at surfaces in
polymers.

Q. Was that droplet technology?
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Page 65

A That wasg not related to droplet
technologies.
Q. Was 1t related to microfiuidics?
Well, 1if I say "related," then that
opens I guess the world up.
With all the --
A It was related to the development of
surface coatings.
Q. With all the droplet technology that
yvou've worked with over the yvears dating back
to the 19%90s, according to vou, did vou -- how

come you never experimented with fluorinated

oils?
A Ag I've explained, I'm a
theoretician. So I have not conducted

experiments myself.

Q. But you --
A, And I have worked with

experimentalists.

5

Q. Yeah. I think the impression vyou've
given here today is --

=2

A Uh-huh.

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830

Exhibij032




(o

Oh

oy
Yo

Page 66

-- that vou're a thecoretician, and

vou collaborate with experimentalists --

0D
.

about

s

0D
.

g

L@

That's correct.

----- so that vou're knowledgeable

experimental work with --

That's correct.
----- microfluidics, correct?
Uh-huh.

That's how you're representing

yvourself, right?

AL That's correct.

O. Okavy. So you can't -- when I'm
asking you about it, I -- we'll see if vou can
deny it, but I don't think -- you can't have 1t
both ways, the way I look at 1it.

A, I understand.

Q. In the collaborative work vyou've
done in the droplet field -- and I understand
that you -- your testimony is vyvou've worked

extensively in droplets dating back to the

early 19920s -- have you ever worked with

fluorinated oils?
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A, I have not.

How come you've avoided them?

L@

MS. ELLISON: Objection.

Foundation.

THE WITNESS: I have not worked with

them.

BY MR. REINES:

Q. Why not?
A There are many things I have not

worked with.
0. Right.

And I'm asking about flucorinated
oils because they're the one that's important
to this case.

You understand that the use of
fluorinated 01l as a carrier 1s an important

isgue in this case?

g
4

do.
Q. Okavy. And vou've never worked with
them, right? Fluorinated oils?

A I have not worked with fluorinated
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olls

Q. Ckavy. And have you done any cof vyour
theoretical work in the context of fluorinated
oils?

A So the theoretical work that I've
done in fluids will encompass and have been
focused on areas such asg hyvdrophobic and
hydrephilic fiuids and how surfactants can

behave at the interface.

Now, all of that work is relevant

for different kinds of immiscible fluids,

whether they be agueous in water -- sgsorry --
sorry -- immiscible fluids such as water and
o1l or different kinds of oils.

So from a theoretical point of view,

whether the oil is a fluorinated oil or a
hydrocarbon o0il is a change in a parameter 1in

o
o
T
} ad
o

the theory, . doesn't change the

application thecry.

So in that context, theocrys that

I've worked on related to

self-assembly and

interfacial structure in cil-water systems

are
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applicable to the general clasg of immiscible
fluids, which incorporates fluorinated oils.

Q. Is that as direct as vou can be Iin
answering my guestion?

A So the answeyry igs ves, fluorinated
oils fall under class of materials that
theories will apply to that I would have worked

on, but not specifically fluorinated oils.

Q. Do you have any explanation for why
all of the droplet work vyou've use -- vou've
work -- you've been involved with over the

decades yvou've never sgelected with vyour

collaborators fluorinated oil asg the carrier?

A, So the fundamental work that I've
been work -- doing l1s rvelated to behavicr of

liguids with surfactants which involve oils and
waters. And when in -- doing experiments Lo
investigate the fundamental scilence, in many
cases fluorinated oils aren't necessary.
They're more expensive, and experimentalists
can use hydrocarbon oils to understand the same

phenomenon.
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Cther than --

I under --
I'm sorry.

I understand that in applications

nated oils are 1lmportant.

Other than expense, is there any

justification you can give for why, in

dropliet work cver the decades dating

o the early 1990Cs, vou've never selected

V)]

oil?

+

I have nothing else to say for that,

Have -- have fluorinated oils been
consideration, vou know, one of the
you, when selecting cavrierx

in your droplet work?

In the research with my

to my knowledge, fluorinated

not a choice for their experimental

Why not?

I don't know why. As I've said,
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they are often more expensive. So maybe that's

Q. Okavy. That's just conjecture?
A Yes.
Q. Are you aware of the biohazards that

were known to people of ordinary skill in the
art in May 2002 in using fluocrinated oils?
MS. ELLISON: OCkbiection. Form.

Foundation. Scope.

BY MR. REINES:

O. Do vou have an answer?
A Can you restate the guestion?
Q. Are you aware of the biohazards that

were known to people of ordinary skill in the
art in May 2002 in using fluocrinated oils?

MS. ELLISON: OCkbiection. Form.
Foundation. Scope.

THE WITNESS: My understanding 1s
that fluorinated materials, as opposed -- well,
let me rephrase myself.

My understanding is that hydrocarbon

oils can incorporate into cell membranes --
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hyvdrocarbon oils --

Q. Can?

A, -- incorporate into cell membranes,
which 1s a potential problem. But the
flucocrinated oils may not face that problem.

Q. When vou say "may not face that
preblem, " 1s that something within your
expertisge?

A It's -- I should say this is not

completely within my expertise, so I will stop.

O. Do veou know what your collaborators
considered in selecting the carrier f£iuvid in -
in your droplet work that vyvou've been

-

testifyving about over the last couple of
decadesg?

MS. ELLISON OCkbiection. Form.

v

THE WITNESS

vs

In the work that I've
done, the hydrophobic material that were used
were standard hyvdrocarbon ocils, asg I've
mentioned before.

BY MER. REINES:

O. Do veu know which onesg?
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A . Dodecane, pentancl, those kinds of
oils

g. Do yvou know why those --

A. Short chain --

Q Oh, I'm sorry

A Short chain alcohol -- short chain
oils

Q. Do yvou know why those were selected

over other hydrocarbon oils?

A, You can use varietles of different
lengths of oils depending on the vigcositilies
that yvou want.

Q. Do you know why vyvour collaborators

for use in the droplet systems when vou

collaborated with them?

A The collaborators I worked with
chose materials for thei own - - well, chose

materials that were working.
Q. What materials were used by vour
collaborators when vou worked on droplet and

microfluidic technology where they were the --

selected the particular oils that were selected
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you were the theoretician, and they were
actually the experimentalist?

That was -- they were the ones
close the materials, correct?

A So when I was working on

microfluidic experiments, the materials were

chosen in the experiments by the

experimentalists.

Q. Qkav. And that's true with respect

to droplets and other work.

A, It's true for the work that we did.
Q. Okavy. And that'’'s because vou're a

theoretician, not an experimentalist, right?

M3. ELLISON: Obijection. Form.

BY MR. REINES:

0. Right?
MS. ELLISON: Obijection. Form.
BY MR. REINES:
0. The reascn why the experimentalists

selected the materials when you did work

-

area of microfluidics and droplets was because

they're experimentalists and vou're a

that

in the
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theoretician, right?
A In thisg context they had been
working on experiments before, so they had

well-developed systems.

L

So that, when vou collaborated with

others -- the only work you did, whethexr 1

o
=
=3
&
W0

actual experiments performed and physical work
done, i1s with collaborators in the
microfluidiceg field, correct?

A, In the area of microfluidics.

That's right.

O. And in all those instances, the
collaborators had already had working systems,
s0o vou weren't involved in the setup of the
system; 1s that correct?

A My role was not in choosing the
materials.

Q. In the work that you did in
microfluidics and specifically droplets, what
surfactant did vou use?

A So in the work that I did that
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inveoived droplet formation, so that work was --
that work was not done in collaboraticn with
somebody .

Okay.

0D
.

g

So that work was done of -- with --
I was doing theory to try to understand the

experiments that had been done. And those are

experiments that have been done actually using

lipids.
Q. Okay. So in the --
A Okav.
Q. -- droplet work that you've done in

your career that vou've been testifying about,

there was no experiments involved in that that

you were involved with, correct. That was just
historical stuff that you were analyzing.

A There were experiments that were
happening at the same time, just before. And
then that prompted us to do theory on it.

o. Will vou -- would yvou describe
yvourself as having been a collaborator on the

experimental work in droplet technology that
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yvou worked with?

A, I d4id not collaberate with the

experiments 1in that particular case.

o, In any work that yvou've done related
to actual droplet experiments, what was the

surfactant that that was used, if any?

Well, let me step back.

You were - -

A So - -
. - inveolved with some - - have vyou

ever bpeen involved with droplet -- experiments

in droplets, something more than just theocry?

A So I had a experimental student who

wag working on the formation of multilamellar
spherical drops which would appear out of a
surfactant solution, so surfactant oil and
water.

Q. Other than the work with the one

experimental student, have you ever done any

other work related to droplets -- have you ever
been involved in any other work related to

[N

roplets that's not theoretical?
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MS. ELLISON: Obijection. Form.

THE WITNESS: So the work with the
student was a three-vear project that involved
examining how the flow fields would induce a
lamellar layvered surfactant solution, oil,
water and surfactant, to turn into drops.

Then I had a collaboration with an
experimentalist who was looking at the behavior
of these multilamellar drops, and I
collaborated theoretically with those
experiments.

BY MR. REINES:

Q. Anything else?
A, So those are the extent of the

collaborvations or explicit supervigion of work

on material involving drops.

Q. When were those experiments?
A So the lipid tubule where the

cylindrical tubule broke up into drops, we did
the theory in 1996, and the experiments were
done 1993 and '94.

The work on lamellar surfactants
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that rolled up into spherical drops under flow,
that work I think was done between 2003 and
200¢6. Let me dust check to make sure. 2002
and 2006.

And the work done as a theorist
working with the experimentalists was done I

think in around 2000 -- between 2008 and 2009.

But I can't remember the date for sure.

o. Okay. Starting with the work
relating to droplets in the 1990s, did -- did

that involve fluorinated surfactants?
A, That did not.

Q. Why not?

AL It was not chosen by the

experimental system -- by the experimentalists.
0. Do you have any 1dea why or why not?
A No.
Q. Have you ever been involved in the

selection of materials for a microfluidic
system?
Let me - - let me ask 1t this wav:

Would yvou hold yourself out to the patent
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office as being an expert in the selection of
materials for droplets in a microfluidic
system?

A The droplet formation in

microfluidic systems involves the behavior of

as well as the water.

8o the -- the choice of which kinds
of head groups or the lengths of the tails or
the properties of the surfactants 1s something
I can advise on based on the physical
properties of the use.

Q. Please answeyry my guestion directly
regarding whether vou would hold vourself out
to the patent office as being an expert in the
selection of materials for droplets in a
microfluidic system.

I'm including the carvier fliuid, the
fluid that vyou use for the actual droplet, the
materials you use for walls, surfactant.

MS. ELLISON: Objection. Form,

BY MR. REINES:

surfactants at interfacesg and the oilsg involved
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L@

Pleasge answer it directly. That
should ke capable of a "vyves," "no" answer.
A I can -~

MS. ELLISON: Objection. Form.

THE WITNESS: I can provide advice
and expertise on how the choice of surfactant

and the choice of the oils and the water will
influence the properties cof the droplet
formation.

BY MR. REINES:

Q. Can you say anything more than that?
Are you willing -- are you willing

A So - -

Q. Let me ask you this: Are you

willing to say that you're an expert in the
selection of materials for droplets in a
microfluidic system?

I know you can give scme theoretical
advice in some aspects, but are you willing to
sayv that you're an expert on that subject?

MS. ELLISON: Cbjection. Form.
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THE WITNESS: I can provide an
understanding of how the materials, such as the
oil and the water and the "defectant® can be
used to help make drops which could be used in
a microfluidic system.

BY MR. REINEGS:

0D
.

Can you answer "yes" or "no" whether

yvou are an expert in the selection of materials

-+
o
K

droplets in a microfluidic system?

A I can provide an understanding of

how the surfactants chosen together with the
oils and the aquecus sgolution can help form the

drops during the action within microfluidic

devices.
Q. So I mean that's not my -- my

guestion 1s whether you can provide a "yes" or

=3

"no" answer. Ckay? So the following gquestion

ign't asking for substance.
It's can vou state "ves" or "no,"
one way or the other, are vou capable of doing

that, to the guestion of whether vyou're an

expert in the selection of the carrier fluid,
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and

o)
=
=
b
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T
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o
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ial and the

in a microfluidic system?
ISON: Obijection. Form
REINES:
can't answer "yeg® or "no, "

can answeyr "yves®™ or "no, "

ISON: OCkbiection. Form.

NESS I can rovide

3

ow the choice of surfactant

o1l and the water can

trcl the production of the

crofluidic device as well as

w through the device. And so

choice of the oils and the

factants.

NES: Move to strike

V)]
4]

REINES:

of this litigation, have you
ne to use a fluorinated

icrofluidic system?
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A I have not advised anyone to use a
micro -- a fluorinated surfactant.
Q. Have vou ever advised anyone to use

flucorinated oil as a carvier fluid?

A I have not advised someone to use
fluorinated oilg in an experimental system.

Q. Do you have any idea at all what
considerations a person of crdinary skill at --
in the art would have in selecting and
considering a fluorinated oil in May of 2002
for a droplet syvstem?

MS. ELLISON: Obijection. Form.

BY MR. REINES:

Q. Can vou answer tChe gquestion?
A ITt's my understanding, as I stated

before, 1is that hydrocarbon oilsg have a greater
tendency to go inside living systems and get
incorporated in membranes.

0. Is that an -- are you saying that
based on vour expertise, or is that just
something vou heard?

-n

A I also work in lipid membranes.
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Q. Dkavy. Other than that cocne fact, do
vou believe that vou're a expert in what =a
person of ordinary skill in the art in May of
2002 would consider in selecting -- in

considering fluorinated oi1l as a potential

carrier f£luid?
A Can you restate the guestion?
Q. Are vou expert in what a person of

ordinary skill in the art in May 2002 would

consider in selecting among different options

th

or the carrier oil --
MS. ELLISON: Objection. Form.

BY MR. REIN

3!
[

. - in the droplet svystem?
MS. ELLISON: Obijection. Form.
BY MR REINES:
¢ Please answer ag directly as vyou
can.
A. Soc a person of ordinary skill is a

hypothetical person who 1s aware of all
pertinent art.

I would be able to advise on the

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830

Exhibi§ 2032




(o

Oh

Page 8o

carrier fluid for a number of applications for

which I have expertise.

o. What are thosge?
A Which includes a number of

biclcgical materials. I've work on protein

folding, protein unfolding. I've worked on the

properties of membranes in cells.

I've worked -- and so I can advise

iy

on these types of applicaticons. And for other
applications, we have Lo see. And the choice
of the carvier fluid would depend on the
applications.

MS. ELLISON: Can we break for lunch
soon?

MR. REINES: Yeah. Let me have
about ten more minutes.

BY MR. REINES:

o, Would vou be competent in - - were
yvou competent in May of 2002 of selecting
materials for a droplet system in terms of the

carrier fluid, the droplets and the

surfactants?
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I'm not talking about advising
someone else on specific aspects.
Would vyvou be basically competent on
that topic?
Can you answer the guestion?
A So if I take myself back to 2002, I
had done some work at that point, and I would

be competent to advise on aspects of 1t. Itd

e more -- I'm competent now.
Q. Competent now to advise on aspects
of it, right?

A In 2 -- no. In 2002 I was competent

to advise on aspects of it.

C. But now you're --

A Now I'm --

0. -- fully competent?

A -- more competent, vyeah.

Q. So you wouldn't trust vour own

knowledge in 2002 to select the materials for a

droplet system, but now vyou might; is that

A In 2002 I could choose the materials
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for a droplet system, not for all applications
and for many fewer applications than I could
choose now.

Q. OCkavy. So there vou ave 1in May of

Would vou consider fluorinated oils
as the carrier fluid in May of 2002 as an --
for a droplet system?

A In 2002 I would have chosen an
oil-water surfactant system of which
fluorinated oils could have been one of them.

Q. My guestion was, in May of 2002,
would fluorinated oil have been a candidate as
the carrier fluid in a droplet system.

Can you answer that?

A It would have been a candidate.

MR. REINES: All right. Why don't
we take lunch.

THE VIDEOGRAPHER: We are going off

record at 12:23 p.m.

L

(A sghort rvecesgs wasg taken.

THE VIDEOGRAFPHER: We are back on

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830

Exhibi§ 2032



(o

Oh

Ne]

10

11

12

13

Page 89

the record at 1:06 p.m.
Thig 18 the start of Media Unit No.
3 in the deposition of Peter Olmsted.
BY MR. REINES:
Q. Let me show you the Ramsey patent,

456 patent. Thisg 1s Exhibit 1006.

s

nd are you generally familiar with
this kind of segmented continuous flow system?

MR. REINES: By the way, I think --
I do think this is going to be a seven-hour
deposition.

M5. ELLISON: Okavy.

THE WITNESS: I know about -- excuse
me .

I know about segmented flows.

el

BY MR. REINES:
Q. And do you recognize that the Ramsey

patent 1g about segmented flows?

A Yes.

Q. And Ramsey, this is not a droplet
system, correct?

A This is not a droplet system.
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Q. And from a flow dynamics

perspective, which 1s your expertise, what is

the difference between a segmented flow system

such as Ramsey and a droplet system such as the

'083 patent?

M3. ELLISON: Obijection. Form.

THE WITNESS: The gystems are
similar in that they both contain small
compartments of typically an agueous material.
But the difference is that, in a droplet
system, the dreoplets have pinched off and are
in the center of the channel. And one
difference 1s that, in segmented flows, they
are not distinct drops that are away from the
channel wall typically.

BY MR. REINES:

Q. Have vyvou had any experience with

segmented systems?

A, I have not.
G. And I'm scorry if vou answered this
e b4 2

before. I apologize.

th

But in tervms of the droplet work
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that veou did in the '90s and in the 2000s, was

that in the context -- was that on a
microfluidic -- in a microfluidic system?

A So the work that I did in the '90s
onn confined flows and -- so one piliece of work

wag on droplets that formed on lipid bilaver
tubules. And the otheyr pieces of work were on
the flow of complex fluids in confined

gecometries, and then the other one that I spoke

o

about was on how lamellar systems break up into

Q
=

oplets.
Q. Were any of those in microfluidic
systems?

AL One of the exzperiments was on
droplets that formed in lipid tubules induced
by lasers to induce the droplets. One of them
was in microfabricated devices specifically
made to look at the flow properties of complex

fluids. And the third that I spoke about wa

42}

looking at droplet formation due to sheer in
solutions.

MR. REINES: Move to strike as
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BY MR. REINES:

G. I'm - - I think there's a problem
with the way you're answering. I dont't -- I

think yvou're taking too long between the
guestions and answers and evading the -- the
guestionsg with often double-talk but certainly
nonresponsiveness.

And so I'm goling to escalate my
attempting to force you to comply with what I
view as the proper conduct of a deposition.
Your counsel may disagree. That's certainly
here right. This is my right.

-

And, yvou know, we may neec

¢
ot
O
0
I
0
e

you know, relief ocr -- or return. So that's -
that'e kind of 1it.

I asked vou a very simple guestion,
and I asked you multiple times. And I'd ask
vou to respond directly, which is, vou -- you
mentioned three different sets of work you did

in droplet systems.

Would you describe any of them as
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having been in microfluidic -- actually in
microfluidic systems.

AL The work in particular on studying
flow fields as a function of confinement, those
were microfabricated devices specifically made
for the purposes of studving these particular
flow fields.

There was a microfabricated
microfluidic devices designed for studying
these scilentific properties of the fluids that
were confined.

Q. How about the other two?

Please listen to my guestions and
respond to them,

A The first one was a case where it
wag not encapsulated inside an externally

5

by a

[

prepared device, but it was initiated

laser to induce the droplet formation.
And the second one, the droplets

were formed within a rheometer, which is a -- a

larger device to apply flow fields.

O. Are segmented flows and droplet
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systemg interchangeable for purposes of the
applications described in the '083 patent?

M3. ELLISON: Obijection. Form.
Foundation.

THE WITNESS: I am not aware of
whether theyv are interchangeable.

BY MR. REINES:

Q. Are -- are you aware whether
segmented flow systems and droplet systems are
fundamentally different?

M3. ELLISON: Cbhiection. Form.
Foundation. Scope.

THE WITNESS: I've explained that,

in droplet systems, the droplets do not -- no.
They've -- theyt!'ve come -- the droplets have
been -- been formed, and they don't necesgsarily

contact the walls of the container.

Whereas, 1in segmented flows, the
segmented flows are contained within the full
width of the container.

BY MR. REINES:

. And from a flow perspective, do you
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consider that to be fundamentally different?
A, I do.
M3. ELLISON: Obijection. Form.
Foundation. Scope.
BY ME. REINES:
G . Let's turn to the Quake patent
application.

Now, vou -- you knew the Quake --

Quake patent application was important, and vou

prepared for thisg deposition understanding
vou'd be gquestioned about it, the Quake --

A I did --

Q. -- patent application?
A, == prepare the Quake application.
Q. Okay. And do you have any

explanation at all why Quake used the carrier
fluids that he describes in this patent
application as compared to fluocrinated oils,
based on all yvour work in thisg matter and your
expertise?

A The main claim of Quake 13 that the

sample fluid is incompatible and admissible
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with the extrusion fluid. And in 116 Quake
gives examples of extrusion fluids, which
inciude decane - - he guoteg decane,
tetradecane, hexadecane or another oil.

And in my reading of Quake,
fluorinated oilg classifv as another oil. So
that's a -- certalnly an example that Quake
would have used, based on my reading.

So you believe Quake 1s proposing

L@

rthe uge of fluorinated o0il as the carrviey fluid

~
A

in his droplet system?
A Quake proposes using a number of --

well, he proposes using a carvier fluid which

is admissible with the agueocus phase. And that

encapsulates olls such as decane, tetradecane,
hexadecane or other oils which encompass
fluorinated oils. So fluorinated oils are
among the candidates that he vecommended for

rthe carrier fluid.

0!
T
o]
0!
0
53}
o
W
)
}J
T

Q. Ju could be any oil.

That's vour position?

s

Im 117 -~ no. That's not my
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position.

In 117 Quake is talking about agents
that could be added to the fluid to reduce
surface tensions. That ig he talks about
adding surfactants.

And the surfactants that he names

that could be added include Tween, Span,

42}
I
!

fluorinated oils and other agents. Soc a

Q. Are vyou answering my guestion

concerning carvier fluids, or are you answering

something else?

A I am answering a gquestion about
carrier fluids. And The reascn --

g. Let me re-ask the guestion, and then

you can do what yvou're going to do.

A, Dkav.
Q. Do vou believe that Quake 1is

disclosing the use of fluorinated o©oil as the

carrier fluid in his droplet system?
A Quake discloses the use of oils in

his droplet system.

C. And so that could be --
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MS. ELLISON: Were you finished?

TH

el

.

WITNESS: Among -- among those
oils includes nonfluorinated oils as well as
fluorinated oils.

In 117 he recommends using an
exemplary surfactant, including Tween, Span,
fluorinated oils. And my reading is that the
flucrinated oils listed as surfactants include

flucorinated surfactants, which would be

appropriate 1f one was using a fluorinated oil.

So flucrinated oils are a candidate
that Quake would consider.
BY ME. REINES:

G . Do vou believe that Professor Quake
discloses all oils as potential carrier fluids
for his droplet system?

A. Quake discloses that the fluid
that's the carrvier fluid weould be a nonpolar
solvent in the case where one has aguecus
droplet.

And that droplet -- that nonpolar

solvent would include oils. A variety of
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different oils could be known as polar
solvents.

G . All kinds of oils, rvight?

A, There are different oils one could

chcocose from.

G. Do vou know whether even 10X is

taking the position that Quake discloses

fluorinated o0il as a carrier fluid?

M5. ELLISON: Obijection. Scope.
THE WITNESS: Can you repeat the
gquestion?
BY MR. REINES:
Q. Yes.
Do vou know whether 10X, in its
petition, 18 taking the positicon that Quake

fluorinated o0il as the carrier

M5. ELLISON: Obijection. Scope.

Relevance.

THE WITNESS: I haven't read the

BY MR. REINES:

o, You don't know one way - -

fluid?
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A S50 --

Q. -- or the other?

A. So I don't know what's stated in 1t.
Q. Okay. Now, are you contending that

Quake discloses fluorinated oil as the carrier
fluid for the specific examples he gives?

MS. ELLISON Objection. Form.

se

THE WITNESS: I cannot tell whether
fluorinated oils are used in his examples. But
flucorinated oils are among -- among the
candidate oilg for the carrier matrix that can
be used.

BY ME. REINES:

Q. Can you tell -- do vyvou have any idea

from Quake's patent application what carrier

oil he actually uses?
A. Quake states that preferably the
fluid should be -- that acts asg the carrvier

fluid should be decane or another oil.

L@
]
O

vou know whether he actually uses
decane in any of his examples?

A, I don't know without reading through
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the examples in more detail.

Q. Read what vyou need to read.

Let me withdraw the guestion.

Will you agree that the Quake patent

application doesn't expregsly disclose a

fluorinated oil asgs a carrier fluid?

MS. ELLISON: Objection. Form.

WITNESS: The Quake application

(o8

iscloses the use of a nonpolar solvent as the

carvier fluid.

MR. REINES: Move to strike as

BY MR. REINES:

. Or you can continue.

A Which includesg decade and other
cils And other oilsg could include fluorinated
oils

MR. REINES: Ckay. Move to strike

the whole thing as nonresponsive.

BY MR. REINES:

£

Q. Can you say one way or the other

whether -- can you answer "yes" or "no" as to
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whether the Quake patent application expressly
discloses fluorinated oils as the carrier
fluid?

MS. ELLISON: Objection. Form. The
Quake application discloses use of oils as a
carrier fluid, which includeg decane, which is
expressly noted, as well as other oils, which
coulid include fluorinated oils.

MR. REINES: Move to strike as
nonresponsive.

BY MR. REINES:

Q. I asked vou whether vou could answver
"veg" or "no." I didn't ask vyvou for the
substance of your answer.

S0 because of your evasiveness, I'm
going to be asking vou, for certaln guesticns,
"Can vou answexr 'yes' or 'no'?"

I think vou're astute enocugh to
understand that that means the -- the answer 1
whether yvou can answer "yesg" or "no," not to
just push out whatever vou want to push out

onto the record. Okavy? So that's what I'm

]
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going to try to do.

Can you answer "yes" or "no" as to
whether the Quake patent application discloses
fluorinated oil expressly?

MS. ELLISON: Obiection. Form.

BY MR. REINES:

How long will that take vou to

0D
.

answer?

A. I believe I've already answered that
the Quake application discloses nonpolar
solvents which may include fluorinated oils.

Q. And that's as direct as vou're

willing to be to the guestion I asked, correct?

Is that correct?

Does that -- how long will it take
vou Lo answer that question as to whether
that's correct or not?

Do you need to read something in

order to answer my guestion?

A That's the answer to the guestion.
Q. And vou can't be any more direct

than that, correct?
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A I can't be any more direct than
rhat
Q. Okay. You are currently a

profegsor, correct?

A Correct.
Q. And you can answer that "yves" or

"no," correct?

A Correct.

Q. You considered the Quake patent
application in forming vour opinions in this

case; 18 that corvrect?

A, I did.

o. Are vou confident of that?

A I did

Q. The Quake application 18 assigned to

California Institute of Technology.
Is that true or not true in terms of
the patent application?
MS. ELLISON: Objection. Scope.

BY MR. REINE

621

. How long will it take vou to answer

that guestion?
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A The inventors are Stephen Quake and

Todd Thorsen, who are at Pasadena, Califcrnia

And Stephen Quake was at Cal Tech.
o. Have you eveyr met Stephen Quake?
A I've seen him give a talk.
0. Have vou ever --
A More than one talk.
Q. -- met him in person?
A I may have met him in person.
G Can vou say one way or the other?
A I don't think I met him, no.
0. Do vou have any explanation why

Professor Quake never expressly discloses

fluorinated 01l as the carrier fluid in his
patent application?

MS. ELLISON: Objection.
Foundation. Form,. Scope.

THE WITNESS: So Quake disgcloses
nonpolar solvents, which may include

fluorinated oils.

BY MR. REINES:
Q. Can you answer any more than that?
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A I don't know how he prepared the
application.

Q. Are there any specific fluorinated
oils disclosed in the Quake patent application
for -- as the carrier f£luid?

How long will it take you to answer
that guestion?

A So Quake discloses -- disclcses

nonpelar sclvents.

o. Is that asg regponsive as vou can be
to my guestion?

A. And these nonpolar may include
fluorinated oils.

Q. Did vyou understand what my question
was’y

A Yes

Q. Why didn't you state what you --
perception of my guestion was when you gave
those two answers after I asked you to be as
direct as you could be?

I just want to understand if you --

I don't want an argument that yvou aren't

Page 106
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understanding my guestions.

What was my --

A I understand --
Q. What did vou understand my guestion

to be when you answered that way?
A Your guestion was about whether
Quake explicitly names flucorinated oils.
O. Can you answer that question, the
one you just posed, as directly as you can?
How long will it take vou to answer
that question?

A Quake discloses oils, which include

6}

fluorinated oils.,
Q. Doeg Quake disclose any specific

-

fluorinated oils as the carrier fluidr?

A Quake disclosgses that oils can be
used ag the carrier fluid

0D
)
O
o
1]
0

uwake digclose any specific

fluorinated oils as carrier fluid?

i The examples that Quake discloses
specifically are decane, hexadecane,

Cetradecanea. But he also discloses other cils
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which would include fluorinated oils.

Q. Is that as responsive as yvou can be?
A The statement of other oils

-

encompasses fluorinated oils.

C. Doeg Quake disclose specific
fluorinated ollsg as the carrier fluilid in his

patent application?

A Quake disclose nonpolar solvents,

]

which include fluorinated oils.

. Are nonpolar solvents specific oils,
or is that a category of oils?

A. That's a category of oils that

includes oils such as decane and flucocrinated

0. Describe all the -- all the
different types cof cils that fall in that same
category, as many as you can name.

M5. ELLISON: Objection. Scope.

THE WITNESS: There are lots of
different oils.

BY MR. REINES:

Please name them all as individually

0D
.
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MS. ELLISON: Obiection. Scope.
THE WITNESS: 30 thege could be
hyvdrocarbons of different lengths,

fluorocarbons of different lengths, degrees of

fluorination. You can have hydrocarbons, which

have methyl groupses off the side which make them

a little more bulkier. There are many
different kinds of c©ils that one can use.
BY ME. REINES:
o, Name otherg.
MS. ELLISON: Obijection. Scope.

BY MR. REINES

ae

g. Are you unable to identify any other
oil that fits in the category referenced by
Professor Quake?

A So hydrocarbons of different lengths
encompasses things like pentane, decane,
dodecane, octadecane. So vou can change the

length as you like. And the same with the

flucocrocarbons. S0 there are a vagt get of oils

undexr thosge categories.
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Q. Are there others other than
hydrocarbons and fluorocarbons?
A There arve other molecules with

nonpolar groups.

Q. Please list them by category.
MS. ELLISON: Objection. Scope.
THE WITHNESS: I don't think at thisg

stage I can list them in any more specificity
than I have.

BY MR. REINES:

Q. Are there other types of oils that
would fit within what vou believe Quake 1is
disclosing for carrier f£luid other than

hydrocarbons and fluorocarbons?

A I believe there arvre. Most oils - - a
let of oils -- many oils fall into this
category -- these categories.

Q. Can vou identify them by category

the way you use the terms "fluorocarbon" and
"hydrocarbon®? Can you name others?
Are vou being --

A I cannot --
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O. -- evasive --
A I cannot --
. == intentionally?
A I cannot at this time.
o Why? Because vyou Jjust don't know
what they are?
Why can't vou?
A Because hydrocarbons encompasses a

large amount o©f the kinds of oils.

G. Right. And so do fluorocarbons.
A And so do fluorocarbons.
Q. Okavy. What other categories fall

within the scope?

I'm asking vou at the category
level. It can't be -- or whatever. I711 just
keep going.

Can vyou identify any other classes
of carrier oils that you believe are described
ag options by Professor Quake beyond your
argument that i1t's fluorocarbons and
hydrocarbons?

A At this point I cannot.
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0. Do vou believe there are others?

A Uh-huh. I do.

Q. Do vou believe there are thousands?
A, I don't believe there are thousands.
C. Do vou believe there are hundreds?
A of - - I dontt believe there are

hundreds of categories.

Q. How many categories do you believe

5

there are?

-

A 'm not prepared to make an

b

estimate.

. I that -- why -- why can't you make

42}

an estimate?
What would vou need to do to make an

estimate?

]

Let me ask vou this: Within the
category of hydrocarbon and fluoroccarbon, how
many different oils are candidates fovy carrier
fiuid to one of cordinary gkill in the art
reading the Quake patent application?

MS. ELLISON: Objection. Scope.

BY MR. REINES:
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Q. I'm not talking about category.

Specific oils.

M5. ELLISON: Obijection. Scope.

THE WITNESS: Within those
categoriesg, there will be tens to a hundr
that one could consider.

BY MR. REINES:

0. And are vou contending that Qua

(o8

igcloses actually examples of using
fluorinated o0il as the carrvier fluid in h
example section?

So the PTAB knows what your

contention is?

A So the P - -
0O Yep

2
-

didn't understand the word.

o, Do you contend that Quake discloses

using a fluorinated carrier oil for his

specific examples in the example section of his

patent application?

AL So in Example 7, for example, where

ed

ke

18

The

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830

Exhibijp032



(o

Oh

Page 114

he's talking about c¢ell sorting -- about
demonstrating scrting with beads and he goes on
for cells, he doesgn't state the oils that are
used in this section.

Q. So you have no idea what oil he's
using, right?

A So he may have used a fluorinated,

or he may have uged a hydrogenated.

o. You just have no idea, right?
A It's not stated here.

So, therefore, you don't know --

A. Right .

b

c. - correct.

A, It's not stated theve, so I don't
know.

Q. So yvou can't state with a reasonable

degree of confidence that Quake uses
flucocrinated oils for any of the examples 1in his
application.

Will you admit that much?

s

I don't know what oil Quake used in
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215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830

Exhibij032




(o

Oh

Page 115

his examples. He states that he could use

6}

decane or other oils.

G. Do vou understand from the Quake
patent application which he considers to be the
preferred oil for use as a carrvier f£luid?

AL It savs: Preferably the main
channels are nonpolar solvents. The fiuid
through the main -- the main channel is a
nonpolar solvent, most preferably decane or
another oil.

o, Do veou understand decane to be his
most preferable o0il for his carrier fiuid?

MS. ELLISON: Obiection. Form.

.

THE WITNESS: I understand that
there -- he's suggesting that there are choilces
that one can make.

Now, based on the fact that 117
talks about surfactants that include
fluorinated surfactants, my reading is that in
some cases one would choose a fluorinated oil,
and in gome cageg one would not choose a

fluorinated oil.

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830

Exhibifp032




(o

Oh

Ne]

10

11

12

Page 116

BY MR. REINES:

Q. Do vou know why Quake describes
decane as most - - most preferable or more

preferable?

M

[£2]
=1
g
i
i
45]
O
=z

Obijection.
Foundation.

THE WITNESS: Quake says 1t should
be most preferably decane or ancther oil.

BY MR. REINES:

Q. Are vyou denving that he includes
decane among what's - - considers most

preferable?

A I'm not denying that.

o. Are you sure’?

A There's decane or another oil.
Q. Right.

Are vyvou denvyving that decane is

identified as among the most preferable by

Quake?
A As well as another oil.
Q. Are you arguling, or are you giving

testimony here?
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first one he chocses is decane,

that.

REINES: All right. I'm going

so I agree with
ME .
to take a break.

THE

the record at

(A short

TH

=3

VIDECGRAPHER : We are going off

1:57 p.m.

recess was taken.)
JIDECGRAPHER ¢ We are back on

BY ME. REINES:
O. If vou could -- let me get you the

'383 patent.

but let me get

If v

Exhibit 1001.

ITE

difference between the

what Quake

has been marke
MS.
THE

a microfluidic

you

proposes

WITNESS: So

You probably have it right there,
it.

to Claim 1. This is

ou'd turn

look at Claim 1, what i1s the

system of Claim 1 and

in his application which

d as Exhibit 10047

ELLISON: Obijection. Scope.

Ciaim 1 taiks about

system with a channel,

a carrier
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fluid and then an agueous plug. And those are
the same elements that are in the Quake patent.
The difference ig that in here there
are gsome sgpecific things noted; whereas, in the
Quake patent the different oils are described

more generally --

BY MR. REINES:

o, And what are the --

A As surfactants.

. - specifics in Claim 1 that
differentiate the '083 patent from the Quake

tscliosure?

[H

h

MS. ELLISON: Obiection. Scope.

THE WITNESS: S0 in the '083 patent,
it specifically talk about which oilg and
surfactants are to be used.

Those oils and surfactants are also
encompassed within Quake's patent. They're not
explicitly named in the claims of the CQuake
patent. But a POSA reading 116, 117, would
have understood that those could be among the

categovries.
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And this 1s a specific example of

the surfactant oil system that one could u

63}
D

BY MR. REINES:
Q. You undergtand the Quake's not a

patent; it's a patent application.

A Patent application. Excuse me.
o Okavy.

g

Excusge me.

And vou testified earlier that the

L@

difference between Claim 1 of the '083 patent
and the Quake patent application was that there
were specific things noted in the Claim 1.

And my guestion to you 1s what were

MS. ELLISON: Objection. Scope.

-

THI S5 So in Claim 1 they

[E5)
=
b
]
=
[ex)

specify an example of the surfactants and oils
to be used in thelr claim.

Quake's patent application would be
read by a POSA as containing the same
materials, a flucorinated surfactant and

fluorinated oills.
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A fluorinated oil 18 named.

e
N o«

"fluorinated oil" to be a specific oil.

(@]

o0

(98]
9('j

of oils that could ke a carrier fluid, whereas

Quake doegn'tc?

fluorinated oils. So Quake's 1g actually a
broader class of materials which includes

fluocrinated and unfluorinated oills. The '083

patent

patent is different from the Quake in that

it dldentifies fluorinated oilsg as a clags

Page 120
BY MR. REINES:
Where in Claim 1 of the '083 patent
see a sgpecific oil?

MS. ELLISON

se

Objection. Scope.

3
:I:
ea]
=
-
]
-

<
=
10!
n

Claim 1 talks about

BY MR. REINES:

And you consider the term

It's a clags of oils.

And you're saying that -- that the

M3, ELLISON

vs

Obijection. Scope.

THE WITNESS Quake encompass

se

gpecifically focus on the -- on
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h

luorinated oilsg.
BY MR. REINES:

Q. So in your mind, Quake disclosges a
genus, while the '083 patent discloses
species --

MS. ELLISON: Objection.
BY MR. REINES:

of the oil?

WD
1
|

MS. ELLISON: Objection. Let me get

----- let me put my --

THE WITNESS: I'm not sure I
understand --

MS. ELLISON: -~ objections 1in.

Cbijection. Scope.

THE WITNESS: I'm not sure I

understand the guestion.
BY MR. REINES:
O. Does the Quake patent disclcse the
concentration of surfactant that should be
introduced into the system?

MS. ELLISON: Cbjection. Form.
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THE WITNESS: So in the examples,
Quake givesg some recipes that include
concentrations of surfactants.

BY MR. REINES:

Q. And in those examples, vyou have --
vou don't know what oil is the carrier fluid,

correct?

A Quake does not specify the ocil --

A, == as the carrier fluid.
Q Did he specify the surfactant?

2
b

believe he does. So in Example 7
he gives an example that includes Tween as
Q. To meaningfully evaluate the surface

tension effect of the surfactant in the
examples, would you need to know what the
carrier fluid 1is?

MS. ELLISON: Objection. Form.

THE WITNESS: The surface tension
between the two fluids will depend on the

carrier fluid, the agueous solution and the
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surfactant at

651

information to

rension.

BY MR.

hand.

o thoge --

gether

G . Right.

So in order to

surface tension is

concentration
o know
it is,
MS.
THE
determination

yes.

BY MR.

o. Now,

what ]

of the

correci?

ELLISON:

WITNESS:

doeg depends on

will

patent application at

problems
tubing of the
MS.

rIx T
1

relating --

flow

ELLISON:

WITNESS:

those --

will control

REINES:

and
surfactant,

what

REINES:
vou admit that the Cuake
Paragraph 8
including particles

chamber?

Page 123

that

the surface

evaluate what the

the effect of the
vou would need
specific carvrier fluid
Objection. Form.
The guantitative

those properties,

describes
on the
Object to form.

Yes. In Paragraph 8
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Quake states the particle absorption may cause
turbulent flow, which could give rise to issues

in looking at it using optical devices.

.

please,

Paragraph 94 Quake in his patent application

states

from adhering to the channels -- channel wallsg?

issues

materials adhering to the gides of the

channels, such as parvrticles and contaminantg?

A

that 1f you want the keep stuff from attaching

to the

examples he gives include cell particles, other

molecules.

-

probkblem of contaminant adhesion to the

Page 124

BY MR. REINES:

And if vyou turn to Paragraph 94,

do yvou see 1in the first sentence of

that he takes steps to prevent materials

Do you see that?

I see that.

And do yvou agree that one of the

that Quake is attempting to address is

Yeah. It states -- Quake states

wall, then you should coat 1t. And the

And one way he states to address the
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microfluidic walls 1s coating it with Teflon
right?

-

A That's what he states, ves.

¥
N
o
Q
}J
o

that case 1t would just be

coated with Teflon; vyvou wouldn't have to put an

additive in the fluids because 1t would -- it
would --

A Itc's made --

o. -- be precoated, right? It's

intrinsic,

A That's right.

O Yeah.

A, You could coat yvour material.
] And then an alternative way Lo

address this problem of contaminants on the
wall that's propesed by Quake ig covering the
walls with a surfactant.

Do you see that?

A, I do see that.

Q. Okay. And that's in Paragraph 947
A, I see it. That's in Paragraph 94,
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0. Ckay. And do you understand that
disclosure or a surfactant used to cocat the
walls to be in the nature of Teflon where it's
coated as sort of part of what the structure
ig, or do you understand that to be scomething
that's an additive to the reagents that flow
through the system?

MS. ELLISON: Objection. Form.
Scope.

THE WITNESS: I interpret that to
mean, in tervrms of surfactantsg, additives that
are added to the system together with otherxr
surfactants, for example.

BY MR. REINES:

Q. You - - vou say - - vou testified
surfactants added toc the system together with
other surfactants, for example.

What does that sentence mean?

MS. ELLISON: Objection. Form.
Foundation.

THE WITNESS: That's because

]

surfactants can pbe added as discussed in 117.
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Surfactants can be added te reduce surface
tensions, including the surface tensiocon at the
nonpolar agueous interface.

So while therve may be surfactants
added as mentioned in 0%4 and in 118,
surfactants can also be added which has a role
at the agueous water -- agueocus nonpolaryr
interface.

MER. REINES: Move to strike all that
as unrelated to the guestion.

BY MR. REINES:

Q. The surfactants that you referred
to, vou stated that they would be surfactants
added as additives coupled with other
surfactants. To me that's -- has an element of
doublespeak in it.

So let me gstep back at -- and try to

th

see 1f I can fillet this down.
In Paragraph 94 there's a reference
to surfactants that can be used to prevent

material contaminants from adhering to the

walls, correct?
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added Lo prevent

wall.

g

L@

understand you

other things, but I want to talk about the
surfactants in %94 that vyou just described.

Do yvou understand that?

A I do.

Q. Okavy. Those surfactants, as Quake
describes them, do vou understand that they are
additives that go in the reagents or that they
are precoatings that are an intrinsic part of
the walls or both?

There's three options. If vou can
come up with more or vyvou can add -- I guess you
could answer a totally different guestion. But
maybe you could try to answer that one.

A, I would think of those as additives

added

to the carrier

So the

Okay.

gsurfactants

material

Page 128

in 94 would be

from adhering to the

That's correct
Let's talk about those. I
want to make arguments about

fluid.
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Q. Ckay. My hands are high up in the

air, and I'm running around in circles.
All right. Now let's talk about

and 1its relationship to 94.

In 95 the reference to "preferred
surfactants that may be used include, " that's a
reference to the gurfactants from %24 and the

last sentence that says "Alternatively, the

channels may be coated with a surfactant?h;
that right?
A So one could read preferred

surfactantsg, which -- after which the list

folleows, as preferred surfactants following on

from '094.

0D
.

vou read 1t, since we're talking about vou,

O

since you're the cone testifyving today?

A Although Quake goes on to talk about

other applications of the surfactants later, in

this case these surfactants are -- I would
these as being first disclosged here in the

context of coating the channel walls.

When you say "could," 1z that how

95

is

(o8

rea
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Q. For purposes of preventing particles
-- contaminants from adhering to the walls.

A This context, ves.

Q. Right.

And when you say "in this context,”

vou mean Paragraphs 24 and 95.

A Yes.

o Of the surfactants disclosed in

Paragraph 95, how many of those do you

recognize - - how many of those were vyou

famillar with prioxr to your
matter?

A, Span, carboxylic acid
esters,

me do 1t

0
i
;...l
i,...i
w
]
LQ
-
P
=

A S5DS.
0O Let me withdraw the question, do 1t

A A number of them.
Q.  -- do it the other way around.
A Okay

involvement in this
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Q. Which of the surfactants disclosed
in Paragraph 95 of -- of Quake were you not
familiar with when vou became involved with

this case?

3

A. 50 the diphenols and the mercaptans

re

I'm not so familiar with. The other ones I
will have some expevience with and know about
through their use 1in a variety cf different
systems.

And the diphenols, where is that,

L@

what line? We don't really have the lines in
here. That's all right.

A Seven through eight, the phencls.

N
NS
g

re you familiar with the ionic

surfactants referenced here?

>

The SDg?

Q. Yes.

A Yeah. That's used gquite a lot.
o. In your view, are the surfactants in

Paragraph 95 suitable for controlling the
surface tension between the droplet and the

carrier f£luidgr
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A Yes, they would help control.

Q. A1l of them, according to yvou?

A Depending on the carrier fluid.

Q. You would need to know what the
carrier fluid 1is?

A Yeah. As we spoke about before, the

surface tension depends on the nature of the
carrier fluid and the encapsulant.

Q. Now, let me ask you this: Does vour
expertise on surfactants provide a basis for

vou to evaluate how these surfactants in

Paragraph 95 would work to prevent contaminants

from adhering to the walls?
M3. ELLISON: Obiject to form.
BY MR. REINES:

Q. Let me asgk it this way: Do you
agree with Professor Quake that the use of the
surfactants in Paragraph 25 would successfully
prevent contaminants from adhering to the
walls?

MS. ELLISON: Objection. Form,

Foundation.
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T

THE WITNESS: Yes. It depends on
the nature of the wall, the nature of the
contaminant. But generally, 1f the surfactant
goes to the wall, which it will because these
have a hydrophilic head and you're putting it
in a carvier fluid, the head will go away and
absorb onto the wall. That will rveduce the
surface tension kbetween the wall and the

carrier fluid, which then reduces some of the

attraction for particles to absorb at the wall.
And then -- then you can play, which

ig what they've done, presumably, with
different surfactants.

BY MR. REINEGS:

th

D
2
O
ot
)
o

gclentific principles
underlying the use of surfactants to prevent
contaminants from adhering to the walls 1s the
reduction of surface tension between the
carrier fluid and the wall itself; is that

correct?

A, That's one mechanism, veg.
o, What other mechanisms at work in
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Paragraphs 94 and 957

A Other mechanisms would be to adhere
onto the contaminants themgelves, which would
have the same effect.

Q. How does the reduction of surface
tension between the carrier fluid and the walls
remove potential contaminants from the wall --
from adhering to the wall?

A

€3]

o if a contaminant adheres --

M3S. ELLISON: Obtdection.
Foundation.

THE WITNESS: If something adheres
ro a wall, it will adhere -- adhere to the wall
because, amongst other things, there's a lower
energy for 1t near the wall; or alternatively,
there's a high surface energy between wall and
the material, so it displace the fluid near
wall.

So 1f yvou lower the surface tension

between the fluid and the wall, then you reduce

ot
ny
®
B

energy gain by going near wall so 1t won't

be as apt to go near the wall.
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The sgame principle would apply 1if

yvou had -- 1if the surfactant went to the
contaminant or to the object that's flowing.

BY MR. REINES:
Q. In Paragraph 9¢ Professor Quake has
described a particularly preferved embodiment

that uses the surfactant to coat the channel

walls to prevent contaminant attachment,

MS. ELLISON: Cbjection. Form.

THE WITNESS: So this i1s an example
of adding a surfactant to an oil in which it
would coat the channel wall. And in 94 he

talks about coating the channel walls to
prevent adhesion.

BY MR. REINE

621

so Paragraph 96 1s exemplary

(13

Q. ATie
parameters to use to ccat the walls to prevent
contaminant adhesion, correct, wvia -- wvia a
surfactant?

A And so, upon consideration of the
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carrier

interfaces, 96 discloses that -- discloses

surfactant concentratlions which will lead to

coating

.

interfaces, vou're referring here to the
interface between -- the interface that's being
addressed in Paragraph 96, according to you, 1is
solely the carrier-fluid wall interface; 1is

that correct?

talking

talk about the case of only having an extrusion

th

wall.

surfactant, he will end up coating the wall.

e
(N

that's being addressed in Paragraph 96 and not

others,

and the

luid -~

And in that case, upon adding the

Page 136

fluid in the wall only, not any other

-

the wall of the carrvier fluid.

When vyvou -- when you say not other

M3. ELLISON: Cbhiection. Form.

THE WITNESS: Soc in 96 he's -- he's
about -- the Quake, et al., theyv are

nothing else is mentioned -- and a

Right.

But when vou said the only interface

vou were refervring to the carvier wall

carrier - - the carrier fluid and the
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wall.

A

----- th

betwe

chann

fluid.

- .
flui

fluid

L@

A, Okav. The end of 96 -- at the end
of 9¢, Quake states: "So the surfactant in the

extru

iy

o
Paragraph 926 generally?

A

in this context, Paragraph 96, that the
surfactant will go to the -- well, some

surfactant will be absorbed onto the interface

etween the carrvier fluid and the channel wall.

Q. And the purpose of the -- the use of

the surfactants in Parvagraph 96 1s to prevent

Page 137

Excuse me.

Yeah. So the -- in thig case, the
& channel wallg are the channel walls
en the carrier f£luid and the -- the
el walls butt up against the carrier

So it's that interface, the carvier
and the channel -- the -- the carrier
and the channel wall.

Qkav. Why don't yvou start that

gion fluid cocats the channel wallg.®

What does that tell vyou about

So that telles me that the -- that,
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the adherence cof contaminants to the wall by
coating it, correct?
M3. ELLISON: Obijection. Form.
THE WITNESS: Yes, Surfactant

in 96 adheres to the carrier wall

Ql

that's adde
----- carrier fluid-channel wall interface. And
that will aid in keeping particles and
contaminants from adhering to the wall. That's

one use of the gurfactants.

BY MR. REINES:

ME. ELLISON: Can we take a break

soon?
ME. REINES: Yeah, sure.
BY MR. REINES:
Q. And the 2 percent preferred number

in Paragraph 96 by Quake, vou understand that

to be what would be the right amount of

surfactant needed to coat the wall to avoid the

problem of contaminated adhesion on the walls?
MS. ELLISON: Objection. Form,

Foundation.
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THE WITNESS: My reading is that, in
a particular preferred embodiment, there is a
certaln concentration of surfactant in the
fluid -~ in -- in the carriexr fluid.

With regards to the propertlies of
the channel wall, this will lead to coating of
the channel wall In a way that's beneficial.

BY MR. REINES:

Q. And then let me just ask there --
A But - - but - -
. - - in terms of -- if I understand

yvou, the disclosure of Paragraph 96 1s intended
to coat the channel walls.

Is there something that vyou can do
to ensure that the surfactant goes to the
channel walls rather than, for example, washing
out the bottom of the system without being
coated on the walls?

MS. ELLISON: OCkbiection. Form.

BY MR. REINES:

A

Q. In other words - - let me ask the

guestion again.
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Is there a way to preferentially
have the surfactant that's described in
Paragraph 96 go to the wall-carrier fluid
interface?

A Tt will go to the wall because of
the chemical differences between the carriervr
fluid and the wall. It's the chemical
differences between the carrier f£luid and the
wall that lead the particles to stick there.

BY ME. REINES:

o, Okav.

A And because there -- I'l1l stop.

MR. REINES: All right. Well, why
don't -- I think there's a request for a break,
so why don't we do that. Thank vou.

TH

=3

JIDECGRAPHER We are going off
the record at 3:12 p.m.
(A short recess was taken.)

TH

=3

JIDECGRAPHER ¢ We are back on
the record at 3:25 p.m.
This isg the start of Media Unit No,.

4 in the deposition of Peter Olmsted.

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830

Exhibif2032



(o

Oh

Ne]

10

11

12

13

Page 141

BY MR. REINES:

O If you turn to Paragraph 118, we're
getting closer to where vou want to be. So
we're getting there.

A. Okevdoke.
Q. Do vou have Paragraph 116 of Quake
in front of you?

A I do have it in front of me.

Q. Thank vou.

Paragraph 116 is about the droplet

formation process, correct?

A. Paragraph 116 describes the droplet

forming liguid.

Q. Okav.
A And 1t describes the fluid passing

through the channel in which the drops are
formed. It doesn't actually describe the
procesgs of forming the droplets.

Q. Fair enough.

So would it be fair to say Paragraph

116 is describing the fluids used at the point

of droplet formation?
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A Well, it describes the fluids -- the

5

twe fluids in the problem, which eventually end

up as droplets encased in the carrier fluid.

th

So those two fluids would have to be present
when the droplets are formed, ves.

Q. Now the -- Paragraph 117 states that
the fluids in the invention may contain
additives, correct?

Do you see that?

A It doeg say that.

. Yealh.

A Fluids may contain additives.

Q. And then there's a list of exemplary

surfactants.

Do you see that?

A, I see that.
C. Are thosgse the game surfactants that

are referred Lo 1n Paragraph 957

MS. ELLISON: OCkbiection. Form.

THE WITNESS 50 the exemplary
surfactants are introduced here and referred to

to control or coptimize droplet size, flow and
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uniformity. And Span, for example, 1is

explicitly noted in Paragraph 95 --

BY MR. REINES:
Q. Okavy.
A, -- as well as in this place.
Q. Let me attempt again. I'm not

talking about potential uses oxr vyour arguments
about what 117 means or any of that.
My guestion is just, in terms of the

physical surfactant itself, Jjust the noun

surfactant -- forget what application you're
using 1t for -- are the exemplary surfactants

described in Paragraph 117 all described
previously in Paragraph 257

Do you understand my guestion?

MS. ELLISON: OCkbiection. Form.

THE WITHNESS: Paragraph "195" states
that "Preferred surfactants that may be used
incliude but are not limited to," and then they
go and give a long list.

Paragraph 117 has a list of

surfactants, some of which arve explicitly note

5
a
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in 95, others of which are nct but would fall
under the "but are not limited to.*
BY MR. REINES:
o Okavy.
A So..

L@

But, in general, a person of

ordinary skill in the art reading the Quake

disclosure in May cof 2002 weuld understand that

the exemplary surfactants from Paragraph 117

are all encompassed within the description of

surfactants on in FParagraph 957

A

That's not how I would read it.

Okay.

A, Because 95 follows - - where ig 957
o, And again, to be clear, I'm not

referring to the functionality. I understand

vou have arguments on the functionality.

I'm just sayving just the -- the list
of surfactants as -- ag chemicals -- and I know

"chemicals" is the wrong word because they're

chemicals compounds, but --

A,

"Chemicals" is fine --
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Q -- you get --
A -- with me.
G. The -- the -- the chemicals of the

surfactants in Paragraph 25, do they encompass
all of the exemplary surfactants disclosed in

o e e
1177

MS. ELLISON: Objection. Form.

THE WITNESS: A POSA -- I'm socrry,
but --

MR. REINES: Yeah.

THE WITNESS: - I'm going come Dback
to the function. But a POSA reading 117 as a

paragraph would see that there 1s a function

~J1

implied in 11
BY MR. REINES:
Q. Dkav. What does that tell vou about

whether the surfactants disclosed in Paragraph

95 are the same as this -- encompass the
surfactants -- looks like a super set to me, at
least, or at least arguably -- of what's in
1177

M3. ELLISON: Cbhiection form.

ot
O
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And please make sure you let the

witnesgs finish his answer. I'm not sure he was
finished with the last one.

THE WITNESS: Well, 117 talks about
Tween, Span, fluorinated oils and other agents,
which encompasses a lot. And 9% gives a long

list which is not inclusive.,

MR. REINES: Okavy.

THE WITNESS: S0 both -- both sets
are fairly open. And then a -- a POBA would
think, well, what -- what are we going Lo use

them for?
BY ME. REINES:

Q. Let me do it this way: In Paragraph
117, the first exemplary surfactant referenced
is Tween.

Is that disclosed in Paragraph 957

A, S0 Tween 13 not listed by the brand
name "Tween®" but 1ts chemical name, which I
have here -- poly -- polvethyloxylated ester --
ig also not explicitly noted there, but I would

classify 1t as one of these surfactants.
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o, Which one would it fit in under --
in Paragraph 947

A Under the "carboxylacid® --
carboxylic acid esters and the et cetera.

Q. And then Span obviocusly is disclosed
in Paragraph 955, That's not --

A Uh-huh.

0. -- hard to -- you need to answer

with a word, not a noilse.

A Itis disclosed in 95.
O. And then vyvou -- then the -- the

third item, surfactant 117, is fluorinated

Do yvou see that?
Just two words.
Do yvou see that?

A The flucrinated materials are not

explicitly noted but would fall under the watervr

category. As I say, 1t's not limited tcoc, but

they're not explicitly noted there.

Q. And which broader category?
A Oh, they say "preferved surfactantg”
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may be -- "that may be used include but are no
limited to." So they'wve given a list in 95 of
surfactants that can be used, but it'g not
limited to those.

Q. One of ordinary skill in the art,
according to yvou, would understand that
flucorinated oils can be used as the gurfactant
introduced by Quake as useful for preventing
contaminant attachment to the walls?

MS. ELLISON: Objection. Form,
THE WITNESS: Upon reading 117, a

POSA would understand that flucorinated

surfactants, perhaps Tween, Span and the other

uniformity.
MR. REINES: Okay. I move to sgtrike
that as nonresponsive.
BY MR. REINES:
0. I asked vyvou 1f the fluorinated oil
surfactant that's disclosed in Paragraph 117 -
whether fluorinated oilg are disclosed also in

Paragraph 95. You said they are because 1t

-
A

agents, can help control droplet size, flow and

i
L

3
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says "including but not limited to.®
So my guestion to you is would a

person of ordinary skill in the art reading

Paragraph 9% understand that fluocrinated oilsg
are a suriactant that can be used for the
purpose of preventing the particles from
attaching to the walls?

MS. ELLISON: Objection. Form.

BY MR. REINE

621

. Do vou understand that gquestion?

A I understand the guestion.

Q. Okavy. What's the answer?

A So Paragraph 95 gives the principles

by which vou can use surfactants to help coat
the walls. And these are example surfactants
that are given, which in this context -- in
this case, fluorinated surfactants are not
explicitly listed.

But a POSA would need to know how to
build the whole device, which includes

information about stabilizing the droplets,

th

crming the droplets. That information 1s
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specified together with information abkout the

carvier fluids in 116 and 117.
In 116 the carrier fluilds can be

oils, which can include decane as well as

fluorinated oils. 117 discusg a -- a number of

surfactants that can aid in optimizing the

droplet size, which can incorporate fluocrvinated

surfactants.

So when taking the whole device into
congideration, a POSA would, upon choosing a
carrier fluid in the application at hand, then
turn to %5 for teachings about the surfactants'
properties to coat the walls and 117 for
teachings about surfactant properties Lo
control the flow and droplet size.

So a POSA would read 95 as
explaining and giving examples of surfactants
that can be used to coat the wall.

Q. Let's talk about paragraph 118.

In the second sentence of Paragraph

118 there's a reference to that the channels

may alsoc be coated additives ov agents such as
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surfactantsg, Teflcn or flucocrinated oils.

Do you see that?

A. I see 1t.
Q. Now, do vou understand additives orv

agents to be essentially synonymous with each

A, I understand both of them to mean
things that can be added to the -- to the

system.

Q. Do vou understand there to be a
difference between additives or agents 1in the
context of that usage in Paragraph 1187

A I would think of the surfactants as
being additives and Teflon, for example, as

being a coating that can be applied.

0. Do yveou understand there to be a
difference between additives or agents in -- as

-y

those terms are used in Paragraph 1187

Can you answer that question now?

A I would think of agents as being
something different from the material in the

channel wall and the carrier fluid.
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Q. The guestion is 1f --

A And --

¢. - agents or additilves are
different.

5

itives would be something that I

L4y

A Ad
would add to the carrvier fluid. Both cases vou
have material with -- that's actually different
from the channel wall.

Q. Qkav. And then do vou understand
surfactants to be different from Teflon, as

those terms are used in Paragraph 1187

g
-

undersgtand Teflion to be material
that's essentially permanently applied to the
wallg; whereas, surfactants are additives that
would absorbh to the wall.

Q. And what i1sg the difference between
surfactantes and flucrinated cils as those terms
are used 1in Paragraph 1187

A, The fluorinated cils mentioned in
118 would act as surfactants between a
hyvdrocarbon carrier fluid and the carrier --

and the channel walls. And as 1t would coat
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215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830

Exhibif032




(o

Oh

Ne]

Page 153

the channel walls if a choice had been made to
uge hydrocarbon carrvrier fluids.

Q. Why does this sentence distinguish
between gurfactants and fluorinated oils?

A Because they're different additives

0]

which could accomplish similar effects
depending on the nature of the -- of the
channel walls.

Q. So asg fluorinated oils are described
in Paragraph 118, they are not surfactants for
coating the channel wallg?

A. They are surfactant for coating the

channel walls because what I explained.

Q. Well, that's actually not what T
understood from vouy testCimony. But that is

what 1t 1is.

cr

A, Because if hey go to the
hyvdrocarbon oil-carviey wall interface, that's
what a surfactant does, is 1t tends to lower

the surface tension between the interface.

Q. Why isn't fluorinated oil a type --
why - - why do they use the term "surfactant?
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and "fluorinated c¢il" separately in that
sentence?

Is that question understandable?
MS. ELLISON: Objection. Scope.
BY ME. REINES:
Q. You're saying a -- a - - a
fluorinated oil, as that term 1s used in 118,

ig a tvee of surfactant, correct?

DA =

And I'm referring to
octadecafluorooctane and fluronononane.,

But you're saying those are
surfactants, right? Or not?

A These are surfactants -- these
particular chemical versions of fluorinated
oils are surfactants for the hydrocarbon oil
and the carrier wall interface. There are
other fluorinated surfactants, which are the
ones implied in 117, to act at the alir-water -
at the agueous-oil interface.

MER. REINES: I move to gstrike the
portion about 117.

BY MR. REINES:
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Q. Do vyou

flucrinated oils 1s separated from
£

"surfactants® in 118 1f it's just a type
surfactant?

Do you see where it says "such
surfactants, Teflon or fluocrinated oils"?

MS. ELLISON

se

Objection. Scope

THE WITNESS: I don't know.

BY MR. REINES:

Q. Do yvou know whether a person of

ordinary skill in the art in May 2002 wou

understand that fluorinated oills referred

118 were surfactants or not?

Profegsor Huck didn't understan

the usage.

MS. ELLISON: Obiection.

THE WITHNESS: gtate

Can you
guestion again?

BY MR. REINES:

Q. Do you have any explanation why

Paragraph 118 describes fluorinated oils

the word "or" as an alternative to surfac

have any explanation why

the word

of

asg

.

id

to in

d

using

tants
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if vou're sayving that you
surfactant?
AL In Paragraph 19
explain that a surfactant
tension between different
be between liguid-ligquid,
liguid-gas.
choice of

So the

surfactant depends on the

surface tension vou would

=gquivalently 1t depends
vou would like something ¢
So in the
carrier fluid
0il would actually act as
to that interface between
solid.

In the context o

fluorinated is affected --

hydrophilic head group wou
the surface tension and ai

optimizing the droplet siz

on

context of a hydroccarbon

and a channel

believe it's a

of my declaration, I
reduces a surface
phases. And this can

liguid-solid orx

material used for a
interface whose

like to reduce. Or

the surface to which
o absorb.
wall, a fluorinated
a surfactant and go
the fluid and the
f Paragraph 117,

olls with a

id then act to reduce
d in controlling and

e .
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So there are, in fact, two different
kinds of surfactants being discussed.
Surfactants that go to the fluid-solid
interface, and they go to the fluid-fluid
interface. They can be the same material, or
they could be different materials.

MR. REINES: Move to strike the
argument regarding 117.

BY MR. REINES:

Q. The term "surfactant® in Paragraph
118, that rvelates to coating the walls to
address the carrier fluid-wall interface,
correct?

A Yes. 118 is concerned with adding
eithery agentg or additives to coat the channel
wall.

Q. But the use of the term
"surfactant," rvight, in that sentence, in 118,
the -- the surfactants that are referenced
there are for the purpose of coating the walls,
correct?

That's what 1t says?
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A, Yeah. It -- here 1t references
surfactants to coat the wall.
O. And the reference teo fluorinated

oils in Paragraph 118, that's also referving

to -- for wall cocating, correct?

AL That's correct.

Q. And yvou don't have any explanation
for why surfactant -- why it says surfactants
or fluorinated oils 1f surfactant -- 1f
flucorinated oils are a type of surfactant, do

vou, 1in Paragraph 1187

A Surfactants can act at the

solid-liguid interface or at the liguid-aqueous

oil interface. In conventional -- in common
usage, people often use the word "surfactant”

to think about the oill-water interface.

C. I don't under -- I mean I don't know
1f it's just part of vour generalized argument
but I deon't understand why vyvou keep bringing

The gurfactants that are referenced

in that sentence in Paragraph 118 are specific
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to

to wall coating, correct?

A That's correct.

o. And the fluorinated oils referred
in Paragraph 118 are specific to wall coating,
correct?

A That's correct.

O S0 the fact that there's

theoretically cther interfaces that

useful for surfactants doesn't answer the

guestion as to why it says surfactants or

fluorinated oils, right?

Might because I checked my logic

at the hotel and didn't take it out?
A Well, in Paragraph 95 Quake has

listed explicitly a number of surfactants.

a POSA reading this might come along
oh, here's -- here's some gurfactants.
o Okavy.

A, And then thesge surfactants,

K

these -- in fact, as they show -- and I
which paragraph 1t was when we were talking

about the -- the Span. So Span 1s

might be

in

So

and think,

some of

forget

an example
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of one of these exemplary surfactants named in
95 that will go to the channel wall.
Fluorinated oils weren't listed in

95, so they wanted to make that explicit, I

G . Now, when vou introduce surfactants
in a system such as the Quake systems, you --
what do you do te tune it for the particular
interface that you want to address?

Is it concentration? Arve there
other things?

MS. ELLISON: Obijection. Form.

THE WITNESS: So the propensity of
it to sit at an interface or the relative
solubility of a surfactant in the solution
adjacent to the interface will depend on the

chemical differences between the -- here are

typically two more ATs in the surfactant, maybe

there are more.
Typically the -- 1if yvou're talking
about an agqueous-hydrocarbon intevrface, the

polarity and size of the head group compared
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with the size of the tailil group.
But plaving with these features vyou
can change the solubility in the parent

soluticn, which ccoculd be oil or could be water

depending on how -- go Quake talks about making

it soluble in oil, which is the preferred case.

a 2

And by playing with the parameters
of the head group and the tail group, you can
change the degree to which i1t adheres to one
surface or the other.

And 1f vyou change the concentration,

then you change how much it adheres; and

therefore, vou change the surface tension.

BY MR. REINES:
Q. Othexr than expense, 1s there -- what

is the downside of putting in too much
surfactant?

.l

For example, Quake says, you know, 2

h

percent 1s preferred over 5 percent for his

K

example in -- in 90 -- Paragraph 96.

MS. ELLISON

se

Objection. Form,

Foundation.
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THE WITNESS: So if you increase a
surfactant concentration, vou increase the
amount absorbed at the respective interfaces.
Eventually that reaches a limit. And vou could
also -- and maybe that limit's too high. Or
vou could get microfluidic structures that
start to change the fluid properties in the
carrier fluid.

Essentially vou would want tc choose
yvour surfactant concentration to optimize the
surface tCensions.

BY MR. REINES:

©
[ €3]

So you can have too much or too

A, You could have too much or too
little
Q. Now let's talk abkbout Paragraph 117.

Back to that.

In terms of the use of surfactants
for reducing the shear force needed to form
droplets in the intersecting channel, can vyou

explain how the surfactants would assist in
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-
s7?

that proce

42}

MS. ELLISON: Obiection. Form.

THE WITNESS: S50 upon adding a
surfactant to the -- the carrier fluid, for
example, the agueous f£luid that's pushed out
can be - - yvou have to push it out with a force
or flow rate. That's going push against the
bulging droplet, and the surface tensicn fight
agalnst that.

And so the point at which the
droplet breaks off ig then determined by the
mechanical forces of flow fighting against the
mechanical forces of the surface tension.

BY MR. REINEGS:

o, What is the interface?
A. The interface between -- so it's the
actual formation cf the drop. It's the -- you

push vour agueous phase out, and it's the
interface between the drop and the carrier
fluid where it first starts to form the drop.
So that's where the initial formation of the

droplet occurs.

S
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O. Is the ghear -- is 1t not the
interface between the -- the walls of the
formation apparatus and the -- and the liguid?

MS. ELLISON: Objection. Form.
BY MR. REINES:
Q. Isn't that the surface tensgion

that's being controlled here?

MS. ELLISON

vo

Objection. Form.
Foundation.

THE WITNESS: If you turn to Figure
16-4A, please, o0of the Quake patent.

BY MR. REINES:

g There.
A So that the T junction shows an

agueous sgolution being extruded out into the
oil carrier fiuid. And you can see the curved
meniscus of the agueous solution. So that
curved menigcus 1s providing a force acting
back against the fluid flow.

And the surface tension at the

agueous ©0il interface reduces -- the

surfactant, whatever 1s absorbed there that

Veritext Legal Solutions
215-241-1000 ~ 610-434-8588 ~ 302-5371-0510 ~ 202-803-8830

Exhibif2032



(o

Oh

Page 165

reduces the surface tension, will then reduce
the force that counteracts the shear forces.

So in that way adding a surfactant
lowers the surface tension and aids the initial
formation in addition to helping with the flow
and uniformity of it.

he - - the reference of the use

D
2
O
ot

of surfactants in Paragraph 117 to the droplet
formation process, that's referring to the
control -- the -- the -- the influence on
surface tension before there's a droplet
substantially encased by the carrier fliuid,
correct?

M3. ELLISON Obijection.

vy

THE WITNESS: That's --

o

MS. ELLISON: Form.

Prj

oundation.
BY MR. REINES:

Is that correct?

0D
.

g

That's one way --
M5. ELLISON: Obijection. Form.
Foundation.

Let me intervpose my objections.
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BY MR. REINES:

Q. Sorrvy. She cut vyvou off.
What's the answexr?

A That's one 0of the uses.
MS. ELLISON: He cut me off.

BY MR. REINEGS:

Q. When you say - -
THE WITNESS: Sorry.
BY MR. REINES:
Q. - - "one of the usesg,® the -- the - -

there's a reference in 117 to droplet formation
where 1t says "by reducing the sheer force
needed to extrude cor inject droplets into an
intersecting channel .

Do you see that?

A, I do.

Q. Okay. And just referring to that
clause, the surface tensgion that's being
infiuvenced by the proposed introduction cf a
surfactant is before there's a droplet that's
substantially encased by the carrier fluid,

correct, that clause?
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A The sentence says that the

surfactant can aid in controlling or optimizing

the size, flow and uniformity.

A POSA reading this and knowing
about the effects of surface tension would
realize that the droplet size refers to the
clause.

Surfactants will also influence how
the droplets flow and the uniformity of the

droplets once they've been formed.

Q. Okavy. Let me do it this wavy: Do
you see where 1t refers in Paragraph 17 -- 117

to reducing the shear force needed to extrude
or inject droplets into an intersecting
channel?

Do yvou see that?

A I O .

Ql

Q. That refers to the droplet formation
process, correct?

A That refers to the droplet formation
process.

. And during the droplet formation
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process that's being referenced in Paragraph
117, the surface tension that's being
controlled is not taking place while the
droplet 1s substantially encased in carrievr
fluid, correct?

M3. ELLISON: Obijection. Form.

THE WITNESS: Well, 1t -- it applies
all the way until 1t breaks off and then after
that as well. The surface tension at the
agueous carvrier interface i1 a property that

influences both what happens as 1t pinches

off -- so as it pinches off, it becomes totally
encased, and then off it goes -- and then it

influences what happens as 1t goes down.

BY MR. REINES

20

O. That's after the shear force is
reduced to extrude or inject droplets, the
latter part of that -- vour argument that the
surface tension is influenced by the surfactant
after the droplet is created and surrounded by
the carrier fluid, that relates to eventsg that

take place after the shear force i1s reduced to
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extrude or inject droplets intc an intersecting
channel, right?

And whether vou admit it or not,

A No. I don't -- I don't -- I'm not
sure I understand the guestion.
o Okavy.

g

Because sgurfactants, they reduce --

o. We'll dust argue it?
A, As soon as 1t comes 1in - - okay.
o, Now, let's take the droplet

formation process.

If you reduce the shear force needed
to inject droplets into an intersecting
channel, does that allow vou to control droplet
size better?

A It will help vou to control the
droplet size better.
0. Will it help you -- will it help

with the flow?

A It will also help with the flow.
O. And will it help uniformity?
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A. It will also help with uniformity.
O Now, I want to ask you, your -- your
theory of invalidity here in terms of the use
of surfactants in the specific way that's
described in the '083 patent, that centers on
the language in Paragraph 117, droplet size --
the -- that surfactants may ald in controlling
or optimizing droplet size, flow and
uniformity, correct?
MS. ELLISON: Objection. Form,
THE WITNESS: I don't understand

what yvou mean by my theory of invalidity.

BY MR. REINES:
Q. Do vou believe the '083 claims are

disclosed by the Quake patent application?

I

Do you know one way or the other?
A I was not asked to read the '083
patent, and I have not read it in sufficient
detail --
Q. Okavy.

comment on that.

s
ot
O

Now, the Quake patent digclocses a

0D
.
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number of ways to control droplet flow, size

and uniformity cother than surfactants, correct?

Such as shape?

A They may have. Yeg. For example,
in Paragraph 115, Quake menticons that
periodicity and drop in volume can depend upon
channel diameter, viscogity of the fluids, the
pressure. So there are a number of guantities
that can be emplcoyed to control droplet size.

Q. Now, can the Quake system flow

succegsfully 1if the surface tengion at the

droplet-wall interface is high -- let me start
again.
Can the -- would a person of

ordinary skill in the art in 2002 understand

that the Quake system can flow successfully

even 1f the surface tension at the droplet-wall

interface 1s not higher than the surface

tensicn at the droplet-carrier fluid interface?

M3, ELLISON

vs

Obijection. Form.
Scope.

THE WITNESS: Which surface
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Can yocu stat

BY

MRE.

Would a

L@

the art 1in 2002 underst

system can flow success

surface tensgion at the

ig not higher than the
droplet-carrier fluid 1
M5, ELLISON:
Scope.
THE WITNESS:
confused by which --
in

is a positive vour -

BY MR.
o, Okavy. Let me
way : Would a perscon of

art understand that the
successfully even if th
droplet-wall interface
surface tensgion at the
interface?

MS. ELLISON:

REINES:

rerson

which is a

REINES :

Page 172

e that again?

of ordinary sgkill in
and that the Quake
fully even if the

droplet-wall interface

surface tension at the
nterface?
Obijection. Form.

Sorry. I'm getting

negative, which

- YCOUIr Case.

..... let me try it this

ordinary skill in the

Quake system can flow

e surface tension at the
ig not higher than the
droplet-carrier f£luid

Chiection. Form.
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Scope.

THE
consider a
interfacial
droplet wall?

BY MR.
Q. Does
anything about
the droplet-wall
the surface
filuid interface?

M&.
Scope.

THE
tengsion between the
high compared
costs

droplet on

WITNESS:

case where

Quake teach

whether

interface

tension

ELLISON:

WITNESS:

the surface.

So you want

the droplet-c

tension 1s highexr or lower than the

REINES:

whether
the surface
must be
the

at droplet -

Objection.

So if the s

droplet and the

tc the carrier droplet,

vou a lot of energy toc adsorb

Therefore,

stick tce the surface.

If

the surface tension

lower, then,

it's the other way
between

in fact

aro
the agu
will

, 1t stick

Page 173

to

arrier

tension at
higher than

caryvier

Form.

urface
wall i3
then it
that
it won't
und, and
eoug wall is

onto the
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And this is
on surfacesg.
these properties of
know that
between the
surface in such a

wet the surface.

$So the proces

droplet sticking to

wetting to
been familiar with

back hundreds of vears

So if a POSA
wera

drops sticking to

the
And a POSA
droplets
vou need to have the
droplet, th

way that

the surface is cal
the gurface.

wetting

Page 174

property of droplets

would be familiar with

on surfaces and

surface tensions
the

e carvrier and

the droplet doesn't

s of the dropping --
led

And a POSA would have

problems. They go

5

-- hundred vears.

had discovered that the
the surface, the POSA

would realize that the surface tensions were
WEong.
BY MR. REINES:
Q. So it's -- 1it's vour --
ME. REINES: Let me -- T move to

strike that as

responsive

nonresponsive because

it wasn't

to the gquestion.
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12

REINES:

. But it's your view that, i1

for the Quake gystem Lo work, the su

tension at the droplet-wall interfac

higher or lower -- or must be higher

start again.

Do vou belileve i1g 1t a reqg

that a person of ordinary skill in ¢

would read into the Quake reference

surface tension at the droplet-wall

must than the surface tens

be higher
droplet-carrier fluid interface?

MS. ELLISON: Obijection.

Scope.

WITNESS: Quake wouild

and learn teachings that sur

can control and optimize the flow.

If a POSA had problems wit

flow, one problem 1s that 1t sticks

wall. Surfactants

the surface tension to bring the ten

between the agueous droplet and the

would allow a POSA
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down low enough that 1t will no longer stick to
the wall.

And so the POSA would then realize

that the POSA needs to tune the properties of

the channel surfactant and surfactant that goes
to the agueous-water interface -- in fact,
those could be the same surfactant -- such that

the droplet will not stick to the wall.

And because a POSA would have been
familiar with wetting problems, this would be
in theilr normal vocabulary.

MR. REINES: Move to strike as
nonresponsive.

BY MR. REINES:

Q. Would one of ordinary skill in the
art understand that, in implementing the Quake
system, that the -- would they believe that the
surface tension at the droplet-wall interface
must be higher than the surface tension at the
droplet-carrier fluid interface?

MS. ELLISON: Objection. Form,

Foundation.
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BY MR. REINES:

C. Would they believe that would be a
reguirement of the Quake system?

MS. ELLISON: Objection. Form.
Foundation.

THE WITNESS: I believe that a PUOSA
would very quickly vealize that that i1is the
situation, that a lower surface tension is
regulired between the droplet carrier interface
and between the droplet channel wall.

MS. ELLISON: Can we take a break

socon? We've been golng almost an hour and a

MR. REINES: Sure. Okavy. Now's

THE VIDEOGRAPHER: We are going off

the record at 4:49 p.m.

i

Ly

(A short recesgs was taken.

TH

=3

VIDEOGRAFHER: We are back on
the record at 4:59 p.m.
BY MR. REINES:

Do all of the surfactants in

0D
.
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paragraph -- referenced in Paragraph 118 use

hydrophilic head groups, in your opinion?

AL In Paragraph 1187
Q. That's correct.
A, So 118 lists additives or agents,

gsuch asg surfactants Teflong -- Teflon,
fluorinated oils, with two explicit fluorinated
oils named.

Those flucrinated oils do not have
hydrophilic head groups. But the other
surfactants that are encapsulated could include
hydrephilic head groups. That, in fact, the
example that Quake gives in the paragraph where
he adds Tween or Span was an example with
hyvdreophilic head groups.

So some cof them do and some of them
don't.

Some surfactante will have

0D
.

hydrophilic head groups, and sgome won't, right,
in the -- that Quake -- Quake describes?
MS. ELLISON: Objection. Form,

Foundation.
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BY MR. REINES:

6]

Q. I that not true?

M3. ELLISON: Obijection. Form.

THE WITNESS: The fluorinated oils
that are named here, the octadecafluorcoctane,
does not have a hydrophilic head group. The

other surfactants that would fall under the

word "surfactants® will include surfactants

that have hydrophilic head groups. That's how

I would read it.
BY MR. REINES:

O. In -- and asg one skilled in the art

reading Quake and selecting surfactants for the

channel walls may or may not use surfactants
that have hydrophilic head groups, correct?

Depending on what the wall is made
of, right?

A The cholce would depend on the wall
and the channel. And Quake gives an example.
S0 he guotes here octadecafluorooctane, which
ig one that doesn't have a hydrophobic head --

-

hydrophilic head -- excuse me - - and then the
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example -- I forget which paragraph it is --

where he plays with the concentration of Span

that has a hydrophilic head.

Q. Okay. Let's --
A But they are both examples chosen.
G . Let's take a situation for -- where

you want to prevent contaminants from attaching
to the wall, and vou're using a hydrophobic
head group for that on your surfactant.

Do you have that situation in mind?

A Hydrophobic or hydrophilic?
O, Phobic. Reverse. In the situation

where the channel wall i1s hydrophilic.
The channel walls can be either
hyvdreophobic or hydrophilic, correct?

Do yveou know that?

A They can be.

o Okavy.

A Yes.

Q. All right. So let's say vou're in a

situation where vou'rve following Quake's

-
H
i

disclosure, and you're using a hydrophobic head
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group to prevent contaminants fro

the walls.

Do yvou have that in min

Let me do 1t this way:
admit there are gituations where,
following Quake's disclosure, vyou
hyvdreophobic head group on a surfa

prevent contaminants from attachi
walls?
A, A hydrophobic head grou

hydrophilic head group.

Q. I''m --

A Are you --

Q. Hydrophobic.

A. And what would the tail

surfactant

Q. Hydreophilic or hydrophobic.

A If the molecule has a hydrophilic
and a hydrophilic moiety, that's something one
can use.

Q. If the head group -- if vou - - LE - -
if a person folleowing the Quake disclosure is

that you're asking about?

Page 181
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using a hydrophobic head group on the
surfactant to prevent contaminants from
attaching to the wall -- do yvou have that
situation in mind?

Please don't throw elbows.

Do vou have that situation in mind?

You've acknowledged that that
situation can exis

Do you have it in mind?

No? Got to go around again?
A Are you thinking of a surfactant
that 18 -- has a hydrophobic piece and a

hydrophilic piece or in which case?

g. If vou're following the Quake
reference, can you use - - are there situations,

depending on the materials of the channel wall,
where you use a flucorinated surfactant with a
hyvdrophobic head group?

MS. ELLISON: OCkbiection. Form.
Foundation.

THE WITNESS: The most natural case

would be o use a fluorinated surfactant with a
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hydrephilic head group. The reason being that

it was a molecule that's got a fluorinated tail

and a hyvdrophobic head group and both 1f head
and the tail are hydrophobic.
BY MR. REINES:

G . Will vou admit that there's -- if
you were following the Quake teachings, that
there's situation where vou'd use hydrophobic
head groups on surfactants to prevent

contaminants from attaching to the walls?

Itts okay -- 1f vou want to deny
A, I -- I -- I don't -- I don't see any

examples off the top of my head --

o Okavy.

g

-- or thinking about 1it.
Q. And so you're Jjust denving it,
right? Right?

Okavy. I can move on.

And so no -- there's no way Lo use
rhe Quake disclosgure at alli with surfactants

with hydrophobic head groups according to you,
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right?
The --

vou'll go that far?

It's impossible, right?

MS. ELLISON

se

Obiection. Form.

=
-
]
-
<
=
10!
n

I don't think anything

is impossible. Okavy. Some things are

impossible.

Quake talks about using fluocrinated

oils such as “"coctadecafluoride.® That's a

hyvdrophobic obiject.

BY MR. REINES:

Q. What 1is the head group on that

-~

fluorinated oil surfactant?

Just clock me out.

A So this molecule is a molecule
that's hydrophocbic. It's alsc fluorinated. So
if a POSA was using a nonfluorinated carrier
fluid and used this molecule as an -- an
additive to the fluid, it weuld go -- being
flucrinated, it is not so happy 1in the

hydrocarbon carrier. S the

G

it would go to

channel wall and, in that sense, act as a
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surfactant between the carrier

channel wall.
It's not a
separate head
It's a
hydrophobic and is
would act as
between the oil
o. The
disclosed in
lhave to have
M&S. ELLISCN
THE WITNESS
discloges
fluorinated oils.
surfactants to
of the droplets.

Fluorinated
will aid in this
hydrophilic
of that.

which I guess

molecule that
group and
molecule that is
oleophobic,
a surfactant
and the channel

flucorinated
the Quake

head groups

exemplary surfactants
In 117

aid in optimizing the properties

property
head group,
There are

is referenced 1079.

Page 185

fluid and the

hag a

tail group molety.

a flucrocarbon, is

meaning that it

on the interface

wall.
oil surfactants
disclosure, they don't
at all, right?
Objection. Form.

In Paragraph 117 Quake

-
i

that include

Quake digcloses thege

oll surfactants that
will have a
and a POSA would be

examples in Taylor,
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MR. REINES: Move to strike as
nonresponsive.
BY MR. REINES:

o, The guestion I had 18 are there
fluorinated o1l surfactants in the Quake
disclosure that can function without having any
head group at all?

A. There are molecules that can --
flucrinated molecules without a head group
which would act at the carrvier-wall interface.
They would not play a role at the
aquecus-carrier interface without having a head
group.

Q. Would the surfactants referenced in
Paragraph 118 of the Quake disclosure have to
have a head group?

A The surfactants disclosed in 118

ight not have

could have a head group, or they

=

a head group. And Quake giveg examples of both

in his -- 1in the patent application.
Q. Can the fluorinated olls referred to

in Paragraph 118 of the Quake disclosure have a
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head group that i1s hydrophcbic, according to

A The flucorinated oil that's listed asg

octadecafluorooctane 13 a hyvdrophobic meolecule.

So, therefore, it has hydrophobic character.
S50 it has a hydrophobic head and a hydrophobic

tail 1f one likes to charactevize 1t that way.

L@

Will vou -- where Quake states in
Paragraph 117 that surfactants may aid in
controlling or optimizing droplet size, flow
and uniformity, do you see that?

A I see that.

Q. Would that be accomplished by -- is

one way of accomplishing that by having

surfactants prevent contaminants from attaching

to the walls?

MS. ELLISON: Obijection. Form.

THE WITNESS: It's certainly true
that, 1f too many contaminants are attached to
the wall, then the -- the droplets won't flow
through because they will eventually clog it

up .
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But even in the absence of -- of
contaminants on the wall, the important issue
of whether the droplets will actually flow
without getting themselves stuck to the wall
needs to be addressed.

And in my opinion, that's one of the
important roles of the surfactants in
contrelling the flow and uniformity of the
droplets after they've been formed.

Q. If flow improvement 1s sought

pursuant to Paragraph 117 via the use of

surfactants, 1if the tactic that's being used is

to remove the wall adherence, then you wouldn't

have -- then vou could use surfactants that do
not have a hvdrophobic head group, correct?

MS. ELLISON: OCkbiection. Form.

ME. REINES: I mean -- excuse me --
yveah, 1t's hvdrophobic. I said the right
thing.

M5. ELLISON: Objection to form.

THE WITNESS: Can you repeat the

guestion?
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BY MR. REINES:
Q. If flow improvement pursuant to
Paragraph 117 of the Quake disclosure is
attempted through the use o©of surfactants with

the tactic of removing wall contaminants, you

could use a surfactant with a hvdrophobic head,

MS. ELLISON: Obiection to form.
Foundation.
THE WITNESS: I don't read 117 asg

remove contaminants

ot
O

the use of surfactants
from the wall.

BY M

o

REINES

G . It's - - thatts - - that's not - - to
your reading of Quake Paragraph 117, that
doesn't include at all the use of surfactants
to prevent contaminants from adhering to the
wall?

A No.

Q. No, 1t does not?
A, In my opinion, 117 does not address

the use of surfactants to avold contaminants
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sticking to the wall.

Q. Now, the sentence in the end of
Paragraph 117 that says this may affect droplet

volume and pericdicity or the rate or frequency
at which droplets break off into an
intersecting channel, that refers to the use of
surfactants as part of the droplet formation
process, correct?

M3, ELLISON

vs

Obijection.
Foundation. Form.

THE WITNESS So this sentence comes

X

immediately after the final clause of the
preceding sentence, which discusses the sghear
force to extrude -- to inject the droplets into
the channel. And then this injection process
will -- can be used to Influence droplet volume
and periodicity.

The rest of the preceding sentence
talks about the flow of the droplets and the
uniformity. And those are properties of what
happens after the droplets have started to go

downstream.
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BY MR. REINES:

C. I'm sure you have this, but this is
vour declaration which has been marked as
Exhibitc 1085.

Now, the

6]

econd -- 1f yvou turn to
Page 5, see vyour summary of the opinions?

A Okavy.

0

And the second cpinion says: "Quake
teaches adding surfactants to the oilil carrier
fluid to reduce the surface tension at the
droplet fluid-carrier fluid interface.*®
Do vou gee that?

A. I see 1t.

Q. And how did vou come up with that as
an opinion? What made vou choose that as an

opinion to rendexr?

A Cn Page 13 of my declaration,
Paragraph 24, I address this opinion. So

will summarize 1t.

Q. No, I don't want vou to summarize
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Q. What -- how did you decide that was
an opinion you wanted to include in your
declaration?

Let me ask it this way: You agree
that Quake discloses in multiple paragraphs the
use of surfactants to coat the walls, correct?

A For example, in Paragraph 118 he

taliks about surfactants to coat the walls.

o) Right

A That's in --

Q. And in 94 and 95 and 96, right?
A There are other examples, ves.

15
s}

2ight.

But vou didn't focus on those in
this opinion. You focused on Paragraph 117 and
yvour argument related to that.

Do yvou see that, the second item on

page - -

A, I see that.

o. How did vou make that decision as to
which of those two things to rely -- how did

-

vou make the decision not to rely on the wall
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coating surfactants to make this argument based
on Paragraph 1177

M3. ELLISON: Obijection. Form.
Foundation.

THE WITNESS: The bullet point
following this one on Page 5 states that I was
asked to congider the opinion of Dr. &ia that
the only teaching cof surfactants are those that
would not -- likely not include a hydrophilic
head group.

Paragraph 117 1s an example which is
given by Quake of the use of surfactants that
include hydrophilic head groups.

In paragraph 117, he points out that
surfactants will reduce the shear force needed
to extrude droplets into the channel.

A POSA would know that adding a
surfactant with a hydrophilic head group will

reduce the surface tension between the water

phase and the c©il -- and the carrier oil and
will be familiar with the fact that the gurface

tension 1s something that must be overcome by
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the shear forces to break it up.
BY ME. REINES:
Q. What does that have to do with the

guestion I asked vyou?

A You asked me the guestion how -- vou
asked me the guestion why did I ask about -- if

I paraphrase correctly, vou asked about why I
considered the use of sgurfactants with a
hydrophilic head group.
Is that an accurate phrasing of vyour
gquestion?
And my answer 1is that I was --
Q. No. I didn't ask that guestion at

all.

A, Can vou vepeat the guestion then?
Q. In yvour second bullet point, vou set

forth an opinion about Paragraph 117 of the
Quake reference and the droplet fluid-carriervr
fluid interface when you focused on
surfactants.

How come vou didn't reference all

the other paragraphs about surfactants in Quake
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which made clear that Quake focused on
preventing contaminants from attaching to -- to
the walls?

MS. ELLISON: Objection. Form.
Foundation.

THE WITNESS: I was asked to
considery the opinion of Dr. Sia that the only

teaching of surfactantse are those that will

Ql

likely not include a hydrophilic head group.

And the bullet point that yvou've
pointed out just above refers to Paragraph 117
in which surfactants with a hydrophilic head
group have been taught by Quake to modify the
properties of the droplet size, flow and
uniformity.

My final bullet point mentions that
agents for coating the channel wall have been
disclosed, but this 1g digtinct from the use of
the surfactants with a hydrephilic head group
to affect the droplet breakup and alsc
influence how well the droplets flow when thevy

go down the channel.
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BY MR. REINES:
Q. Do you agree with -- did vyou agree
that the surfactants disclosed in Quake 1in
Paragraphs 94, 95 and 96 might very well not

-

have a hydrophilic head group?

A Paragraphs 94, 95, 96 discloses that
agents should -- could be added to prevent

material from adhering to the sides of
channels. And 95 lists a number of these
agents which have hydrophilic head groups, but
it's not limited to those that have hydrophilic

head groups.

(o8

And, 1in fact, Paragraph 118, as
we've discussed, mentiong examples that don't
have hydrophilic head groups.

Q. Quake's disclosure doesn't describe

anything about head groups at all, correct?

MS. ELLISON

se

Objection to form.

THE WITNESS Quake has a number of

v

(o8

isclosures. And in the disclosures about
surfactants he explicitly names numerous

surfactants that have hydrophilic head groups.
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And he discusses the use of surfactants at the

oil-agueous interface.

0]

A POSA would understand surfactants
in that context together with the use -- the
naming of surfactants with hydrophilic head
groups as to refer to surfactants with
hydrophilic head groups in the context o©of the
air-water interface -- sorry -- water-oil
interface.

MS. ELLISON: I think --

nonresgponsive?

MS. ELLISON: I think we're at seven
hours.

MR. REINES: Okavy. We regerve all
rights on this. And we -- we, after reviewing
the transcript, may seek more time.

MS. ELLISON: We don't concede that
vou have any right to reserve, but so be it.

Let's go off the record.

THE VIDEOGRAPHER: We are golng off

the record at 5:36 p.m.
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(A short recess wasg taken.)
THE VIDEOGRAPHER: We are back on

the record at 5:51 p.m.

MS8. BLLISON: Dr. Olmsted, we don’

have any gquestions for vyou.

Thank vou very much for yvour time.

Have a good weekend, everyone.

THE VIDEOGRAPHER: Going cff the

record at 5:51 p.m
(Whereupon, the proceedings were

-
[
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CERTIFICATE OF NOTARY PUELIC

I, Bonnie L. Rusgso, the officeyr before
whom the foregoing deposition was taken, do
hereby certify that the witness whose testimony
appears in the foregoing deposition was duly
sworn by me; that the testimony of said witness
was taken by me in shorthand and thereafter
reduced to computerized transcription under my
direction; that said deposition is a tru

~

record of the testimony given by salid witne

42}

s
that I am neither counsel for, related to, nor
employed by any of the parties to the action in
which this deposition was taken; and further,
that I am not a relative or employee of any
attorney or counsel employed by the parties
hereto, nor financially or otherwilise interested

in the ocutcome of

Notary Public in and for

the Digtrict of Columbia

My Commission explires: June 30, 2020
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INTHE UNITED STATES PATENT AND TRADEMARK OFFICE

Control No.: 90/014,043 Confirmation No.;: 7357
Filed: February 9, 2011 Examiner: Elizabeth L. McKane
Patent No.: 8,304,193 Art Unit: 3991

Patent Issued: November 6, 2012
Submitted Via Electronic Filing On:
For: METHOD FOR CONDUCTING AN
AUTOCATALYTIC REACTION IN June 12. 2018
PLUGS IN A MICROFLUIDIC SYSTEM

Mail Stop Petition
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

CERTIFICATE OF SERVICE OF RESPONSE TO FIRST OFFICE ACTION IN
EX PARTE REEXAMINATION OF U.S. PATENT NO. 8.304.193

In compliance with 37 CF R. § 1.550(f), the undersigned, on behalf of the Patent

Owner, hereby certifies that a copy of the Response To First Office Action In Zx Parte
Reexamination of U8, Patent No. 8,304,193, and Exhibits 2001-2032 thereto has been served on
the Third Party Requester by first class U.S. mail on June 12, 2018, The name and address of the
party is served as follows:

GARDELLA GRACE PA.

P.O. Box 51977

Washington, DC 20091

Respectfully submitted,

WEIL, GOTSHAL & MANGES LLP
WELL, GOTSHAL & MANGES LLP

201 Redwood Shores Pkwy. 18/ Dervek C. Walter

Redwood Shores, CA Derek C. Walter, Reg. No. 74,656
Tel: (650)802-3934 Attorney for Patent Owner

Fax: (650) 802-3000 Email: derek walter@weil com
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Weil, Gotshal & Manges LLP

201 Redwood Shores Parkway
Redwood Shores, CA 540685-1134
+1 850 802 3000 el

+1 650 802 3100 fax

Derek C. Walter
derek.walter@well.com
650-802-3934

June 12, 2018

Mail Stop Petition
Commissioner for Patents
P.G. Box 1450

Alexandria, VA 22313-1450

Re: Reexanunation of U 8. Patent No. §,304,193
Reexam Control No. 90/014,043
Forr METHOD FOR CONDUCTING AN AUTOCATALYTIC REACTION INPLUGS IN A
MICROFLUIDIC SYSTEM

Sir:

Transmitted herewith for appropriate action ts the following document:

1. Response To First Office Action In Ex Partfe Reexamination of U.S. Patent No.
8,304,193,
2. Certificate of Service of Response To First Office Action In Fic Parfe Reexamination of

U.S. Patent No. 8,304,193;
3. Declaration of Dr. Samuel Sia Pursuant to 37 CFR. § 1,132 (Exhibit 2001); and
4. Exhibits 2002-2032.

Respectfully submitted,
WEIL, GOTSHAL & MANGES LLP

(8/ Derek C. Walter

Derek C. Walter, Reg. No. 74,656
Attorney for Patent Owner

Email: derel walter@weil com
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Electronic Acknowledgement Receipt

EFS ID: 32880079
Application Number: 90014043
International Application Number:
Confirmation Number: 7357

Title of Invention:

METHOD FOR CONDUCTING AN AUTOCATALYTIC REACTION IN PLUGS IN A

MICROFLUIDIC SYSTEM

First Named Inventor/Applicant Name:

8304193

Correspondence Address:

WEIL, GOTSHAL & MANGES LLP
ATTN: DEREK C. WALTER

201 REDWOOD SHORES PARKWAY
REDWOOD SHORES

us 650-802-3000

DEREK WALTER@WEIL.COM

CA

94065-1134

Filer:

Derek Charles Walter

Filer Authorized By:

Attorney Docket Number: P50031US00
Receipt Date: 12-JUN-2018
Filing Date: 03-NOV-2017

Time Stamp: 21:10:03

Application Type:

Reexam (Patent Owner)

Payment information:

Submitted with Payment

no

File Listing:
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Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
417935
. 20180612_193_ResponsetoFirs
- - - no 35
1 Respondent Brief - Owner tOfficeAction_NEW.pdf
0daec1al4b7508f0bc3638fSa160d62ddfb2)
dé6c
Warnings:
Information:
15858255
2 Respondent Brief - Owner Exs_2001_2014_vol_1_new.pdf no 480
25ec4488d6e448fbae7eaf9c03cfd611ef3e9
35
Warnings:
Information:
22797557
3 Respondent Brief - Owner Exs_201 5_2026d_fvol_2_1_new. no 365
p 2288c319fec88a49d6b479276b55df44dc2
a9f25
Warnings:
Information:
6463112
4 Respondent Brief - Owner Exs_201 5_2026d_fvol_2_2_new. no 152
p d0dd9058d6ae693a6f25951¢1a518f10290
89a08
Warnings:
Information:
25526659
5 Respondent Brief - Owner Exs_2027_2032d_fvol_3_1_new. no 184
p 75fc4bd3467e1a8091aab2b20788a49f3f13
Warnings:
Information:
23396197
6 Respondent Brief - Owner Exs_2027_2032d_fvoI_3_2_new. o 250
p 85236e4c1bd8b8fc9e8d3ed97001778aaf1
Bbee
Warnings:
Information:
19925657
7 Respondent Brief - Owner Exs_2027_2032d_fvoI_3_3_new. no 112
p 37b0c625cc6e9f68e097ba211e06778caf13]
b625
Warnings:
Information:
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20593346

Exs_2027_2032_vol_3_4 new.

8 Respondent Brief - Owner o no 104
p 601e5a8e86d310cf34e7765cda7dcf3aa7ab)
ocfé
Warnings:
Information:
21376409
9 Respondent Brief - Owner Exs_2027_2032d_fvoI_3_5_new. no 330
p c8097a3cedade0e60e490f965f1cbba7804d]|
1749
Warnings:
Information:
113855
10 Respondent Brief - Owner 2018-06-12_193_COS_NEW.pdf no 1
0d2063189b128cef82fa2fbf99497b703863
dc37
Warnings:
Information:
141234
20180612_193_Letter_of Tran
ief - N < no 1
11 Respondent Brief - Owner smittal_NEW.pdf
8e539885d5ac47c48f196f5ch14ff78bav812
3b9

Warnings:

Information:

Total Files Size (in bytes): 156610216

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Litigation Search Report CRU 3999

s

To: Elizabeth McKane From: Renee Preston

Location: CRU Location: CRU 3999

Art Unit: 3891 REM 4C75

Date: 08/12/2018 Phone: (571) 272-1607
Renee.preston@uspto.gov

U.S. Patent No. 8,304,193

1) I performed a KeyCite Search in Westlaw, which retrieves all history on the patent including any litigation.

2) I performed a search on the patent in Lexis CourtLink for any open dockets or closed cases.

3) I performed a search in Lexis in the Federal Courts and Administrative Materials databases for any cases found.
4) I performed a search in Lexis in the IP Journal and Periodicals database for any articles on the patent.

5) I performed a search in Lexis in the news databases for any articles about the patent or any articles about
litigation on this patent.

Litigation: Cases found

Status Description Court Docket Number
Open Bio-Rad Laboratories, Inc. Et Al v. 10x Genomics Inc. US-DIS-DED 1:15cv152
Closed 10X Genomics, Inc. vs. The University of Chicago US-PTO-ALE IPR2015-01163
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2017 WL a8z2as
United States District Court,
D. Delaware.

Civil Action No. 1:15—

Signed 01/26/2017

cv—-00152—RGA

US Patent 7
US Patent 8,3
US Patent
Constraed.

US Patent R
, US Patent 8,
{48, US Patent .7

L MORRIS NICHOLS, AR‘)HI

& H VEEL LIP W imington, DE; Karen

Hag.,, MORRIS, NICHOLS, ARSHT & T'CN\IELL

i x cines, Hsq. (argued),
LP, Rcdwood Shores

d\) WEIL, GOTSHAL

LLP, Wilmington, DE; Edw
WEIL,

JOTSHAL & MANGE

e XUt
LW

r, Esq. (arg

& MANGES LLP, dewoou Shores, CA. Attorneys for
Plaintiff

Ralick, qu ASHRBY & GEDDES, Wilmington,
ever Lvdon, Hag., ASHBY & GEDDES,

Wi nnoton DE ‘-d vew . Mays »XSHBY
GEDDES, W‘-;mlﬂ oton, 1ME; Esq.
{argued), IRELL & MANELLA iiP

Lo% Angeles,

CA; Andrer fancy, h&q I}\EL & MANELLA LLP,
Los Angeles, CA; Dvake (argued), qu
IRELL & MA\ELLA LLP Los Angeles, CA;
Chenvi Tuan, Hsq., IRELL & MANELLA LLP, Los
Angeles, CA. Attorneys for Defendant

9

sl

MEMORANDUM OPINION

'S, U.S. DISTRICT JUDGE:

*1 Presently before the Court is the issue of C]alm

construction of mui uph ferms 1n U8, Pai

3, and 8,
{ 3 }‘hc. Court has considered thc Partm
Joint { aim Construction Brief, (Civ, Act MNo., 15-152-
RGA, DL 933 The Court heard ord

Pecember 16, 2016, (0.1 105) (Hr'g 'I'r.).

argument on

L BACKGROUXND

Plaintifts filed this action on February 12, 2015, alleging
wfringement of six patents on behalf of both Plaintiffs,
(DL 1), Plaintiffs v i ot to these patents as the Ismagilov
patents. On April 23, 2015, Plaintiffs filed an a ncnc‘-ed
complaint asserting an additional patent, the £,
on behalf of Plaintiff RainDance only. (\U.i. 12:). On
March 25, 2016, Plaintifs filed a sccond amende
complaint in which they asserted only five of the Ismagilov

patents, leaving six patents currently in suit as listed
above. (D1 32).

H LEGAL STANDARD

“It 15 a bedrock principle of patent law that the claims
of a pdtem def ne the :::V@ntion to which the patentee
is e -:kd th ;

$) {en banc) (nternal

otation marks ormt*ca)

—

TF ere is no magic formula
or ?atcchtsm for conducting claim construction.” Instead,
the court is free to attach f‘l”

appropriate weight to
t of the statutes and policies

jou;
=

riate sources ‘in ligh

’hdl‘ m)‘orm patent law. "

ATRRIA
47581895, at ¥}

APProy

3 (quolm g

F. ! gditerdtmn in orwuml) When
construing patent clairas, a court considers the lieral

[—

anguage of the claim, the patent specification, and the

roseculion history.

3




th@ specification is
alw.iyx Enohlv relevant to the claim construction analysis,

Usually,

. Of Iht\( sources,

, 1t 18 dispositive; 1f 18 1 hc single best guld@ 0 thc

meaning of a disputed term.” at i
(internal quotation marks omitted).
c.,

{TThe words of a clate are generally given their ordinary

and customary meanmng.... [Which i3] the meaning that

the term would have to a person of ordinary skill in the

the time of the invention, Le., as of

=Y
oy

art i guestion at

the effective filing date of the patent apphication.” & at
131213 {citations and internal guotatio
Tjhc ordinary meaning of a

3

nmarks onutted).
L claim term is its mmnmg O
fan]ordinary artisan after reading the entire patent.” & at
1321 (internal quotation marks omitted). “In some cases,

the ordinary meaning of claim language as understood by
a person of skall in the art may be readily apparent even to
iay judges, and claim construction in such cases involves
fittle more than the application of the widely accepted
meaming of commonly understood words.” & at 13

When a court relies solely upon the intrinsic evidence—
the patcm clairos, the specification, and the prosecution

mst', 3 he court's construction 18 a dctcrmmdh(}n ()f

,,,)
tod
Ve
78

. The court reay also mako tactuai
'"onsﬁderatmn of extrinsic evidence,
“consists of all evidence external to the patent
and prosecution history, including expert and inventor
testimony, dictionaries, and learned treatises.”

ﬁnamgs based up()n
which

1% (internal guotation marks omitied).
: may assist the court in understanding
y technology, the meaning of terms to one

Extrinsic owdon
the underlying

skilled in the art, and how the wnwvention works. fd
css reliable and less useful
in claivn construction than the patent and its prosecution

history. Id

Extrinsic evidence, however, is |

*2 “A claim counstruction 1s persuasive, not because it
follows a certain rule, but because it d ofines terms in the
context of the whole pat“m

kXS

-

Iimllowsthﬂ a ¢ ‘iimmt
the in

omd tfcd)

HE CORSTRUCTION OF DISPUTED TERMS

A, The Patents—In—-Suit
pressure-driven plug transport and reactio

95

ai is directed to a device and method for
n. Claim 1 is

representative and reads as follows:

1. A method of conducting a reacrion within at least one
plug comprising the steps of:
introducing a carrier-fluid into a first mucrochannel of
a device;

simultancously introducing at least two streams of plug-
{luids into a first inlet tn fluid comnubication with the
first mucrochannel so that at least one plug forms in the
carrier-flud after the streams contact the carrer-fluid;
wherein:

a first plug-fluid comprises a first reagent;

a second plug-fluid

d comprises a second reagent;

each plug-fhud is immiscibie with the carrier-fluid; and

each plug comprises both the first and second plug-

{luids so that the reaction of the reagents substantially
occurs in the plug;
each plug is substantially surrounded by carrier.

1 patent, claim 1) (disputed terms italicized}.

ent is directed to a method for conducting an

autocatalytic
Claim 1 is representative and reads as follows:

reaction in plugs in a microfividic systern,

L. 4 methad for canducting an autocatalytic reaction in

plugs in a microfiuidic system, comprising the steps oft

providing the microfliidic system comprising at least
two channels having af least one junction;

flowing an aqueous fluid containing at least one
substrate molecule and reagents for conducting an
autocatalytic reaction through a first channel of the at
feast two channels;

chanpel of the at jeast

flowing an oil through the second

two channels;

agueous fluid

forming at least one plug of the ag

least one substrate molecule and

containing the at




reagents by partitioning the aqueous fluid with the
fiowing ot at the junction of the at least two channels,
the plug being substandally surrounded by an oil
flowing through the channel, wherein the at least one
plug comprises at least one substrate molecule and
reagents {or conducting an autocatalytic reaction with
the at least one substrate molecule; and

pr()viding conditions  suitable for the autecaralytic
reaciion in the at Jeast one plug such that the at least one
subst.,rate molecule s amplhfied.

(193 patent, claim 1) (disputed terms italicized).

The 4
JELvIRE

EN

t 18 directed to a method for conducting

reactions involving biological mwlecules in plugs in a

microfluidic system. Ciaim 1 is representative and reads as
follows:

1. A4 method for conducting a reaction in plugs in a
microfliidic system, comprising the steps oft

providing the microffuidic system comprising at
two channels having at least one junction;

contingously flowing an aqueous fhuid containing at
least one biclogical molecule and at least ong reagent for
conducting the reaciion between the biclogical molecule
and the at least one reggens through a first channel of
the at least two channels;

*3 continuously lowing a carrier fhnd immiscible wit

the aqueous fuid through the second channel of the 4
1

forming at least one plug of the agueous fluid
containing the at least one bivlegical melecide and

the at least one reagent by partitioning the aqueous
fluid with the flowing immiscible carrier fluid at the
junction of the at least two channels, the plug being
substantially surrounded by the immmisable carmer fhud
flowing through the channel, wherein the at least one
plug coraprises at least one bivlogical meleciide and the
at least one reagent for conducting the reaction with the
at least one biclogical molecule; and

providing conditions suitable for the reaction in the a
least one plug mvolving the at least one z?z'.::z/.::zgz'ca:

wofecule and the at least one reagens to form a reaction
product.

7 patent, claira 1} (disputed terms italicized).

The 'i148

is directed to a method of performing

PCR reactionsin contipuously flowing microfividic plugs,

Claim 1 18 representative and reads as follows:

'.

The '

v
H

1. A method comprising the steps of:

providing a microfliidic sysiem comprising one or more
channels;

providing within the one or more channels a
continuously flowing carner fluid comprising an oil
and a continuously flowing aqueous fluid comprising
target DINA or RNA molecules and at least one other
molecule in the fluid that can react with the target DINA
or RNA molecules under conditions in which the target
NA or RNA molecules and the other molecules in the
fhuid do not react with each other;

controlling flow rates of said aqueous {huid and said
carrier fluid to partiton the continuously flowing
aqueous fluid with the continuously flowing carrier
{luid to form a plurality of plugs of the aguecus fuid,
each having a substantially uniform size of about 200
um or less, wherein the target DNA or RNA in said
piurality of plugs represents a Poisson distribution, and
at least one member of said plurality comprises a single

arget DNA or RNA molecude and at least one of the
omet‘ moiecules that can react with the target DNA or
RNA molecule; and

providing conditions suitable for o

n at least one plug of th, plurality of plugs such
that the target DNA or RNA is amplified.

4% patent, claim 1} (disputed terms italicized).

t 18 directed to a device and method for

pressure-driven plug transport and reactions. Claim 1 1s
representative and reads as follows:

. A microfiuidic system comprising:
a non-fluorinared microchannel,

a carrier fluid comprising & fluorinated oil an
fluorinated surfactant comprising a hydrophilic head
group in the microchannel;

at least one plug comprising an aquecus plug-fluid
in the microchannel and substantially encased by

the cartier-fluid, wherein the fluorinated surfactant i




present at a concentration such t
X el |

at the plug-fhuid/microchannel wi
urface tension at the plug-fluid/carrier fluid

s higher
than su

interface.
(083 patent, claim 1) (disputed terms italicized).
The' t 1s divected to manipulating droplet size,

Claim i is representative and reads as follows:

I. A wmethod for droplet formation, the wmethod

comprising the steps oft

*4 providing a plurabity of aqueous fhuds each in its
own aqueous fluid channel in thad communication with

one or more imraniscible carrier fluid channels;

forming droplets of agueous fluid surrounded by an

irnmiscible carrier fluid in the agueous fluid channels;

applying a same constar pr ssure to the carner thud in

er fluid chanuoels: and

9

each of the immiscible carri

hy 1o produce droplets of agueous fluid
more outlet fuid channels,

H
s
]
s
)
<
=

(430 paterd, claira 1} (disputed terms italicized).

B. Disputed Terms

1. “microtinidic system”

a. Plaintiffs' proposed construction: * ‘microfluidics’
refers to a ficld
fluids through networks of channels, typically having

micrometer dimensions”

b, Defendant's proposed construction: “a substrate
imvolving the transport of fluids through

a network of chanoels havmg aHerometer

dimensions, i.¢.,
. Court's construction: “systern coraprised of at
least one substrate having a network of channels
of maicrometer dimension through which fluid
may be transported”
his term appears in asserted clat

Ly AR
1A, 1

Ed £
offuidic

and 4 s, Defendant wis hes 0 bmit a “muer
system’ to the subsirate. Defendant contends that the
patent describes the microfluidic system as a “lab-on-a-

5

that is referred to as

chip” which i3 a “physical object

that involves the transport of

throughout the specification. (D1 93 at
273, As support, Defendant points to the abstract, which

tates, “The present invention provides microfabricated

a “substrate”

2

ubstrates and methods of conducting reactions within
these substrates,” (7d; '014 patent at Abstract). Plaintiffs
the systerns are only “sometimes called labs-

o

counter that
on-a-chip” and reference descriptions of the system in the
specification that inciude components that are not on the
chip, (L1 93 at 15).

As an initial matter,  find Defendant’s reliance on
the abstract to be musplaced. The words “microfluidic
systern” do not appear in the abstract. {148 patent at
Ab ‘;tracr) Furthermore, the fact that the invention is said

“provide” substrates does not imply that the wventor
mtended “substrate” to be a synonym for “microfluidic

systenm.”

It seems clear to me that the inventor used the word
* to mean something differen
* Substrate is defined in the

- from the words
“device™ and “substrate.”
spectfication as
devices or chips are prepared or manufactured.” {Id
at 11:13-14). The specification further provides that

“a laver or piece of material {rom which

[IPN )

substrate “refers either to an entire device or chip or
to a portion, area, or section of a device or chup.” {(§4
11:17-19), In addition, “fa] device according to the
mvention preferably comprises af least one substrate.” (J4
at 14:28-29). The S}ecmcatmn in describing one use of
the invention, provides that “these devices and methods
may be used to build mmmmudlc systems according t
({d. at 51:16-17). In other words, dcv-»g
are reanufactured from one ormore substrates and devices
are used to builld microfhuidic systems. This indicates

the mvendion.”

that the term “microthuidic system” is intended to mean
something broader than the term “substrate.” There are
numerous other exanmles throughout the specification
lemonstrating that the inventor intended “system” to be

6(.

broader than “subsirate.” For example, the specification
describes synthesis of certain compgunus in reference to
the substrate (#d. at 47:57-58}, but relerences the system
when describing cerystaliization. (Id at S€3:24———26).

*5 Given this abundant evidence 1 the specification,
the fact that the in

systern” rather than a

ventor chose to claim a “microfluidic

“substrate,” a term the wventor
chose to expressly define, indicates that the invention
as claimed is broader than what Defendant proposes.

Therefore, T will reject Defendant’s proposal. Plaintilly’




proposed
not define
proposed a definition of the

construction, however, i3 useless, as it does
“microfluidic system™; rather, Plaintiffs
fleld of
gene ‘al Therefore, {will re;e.ct Plaintiffs' proposal as well.
Instead, I will construe “microfluidic system”
rised of at least one substrate having a

have
mucrofiuidics in

¢ mean
'system com
network of channels of micrometer dimension through
which fluid may be transported.” Defendant is prohibited
from argoing that a “microfluidic system”™ is limnited to or

the equivalent of a “substrate.”

2. “reagent”

aintifls' proposed construction: “A component of a
plug-fliuid that undergoes or participates in at least
one type of reaction.”

b. Defendant's proposed construction: “component
plug

's
of a plug-fluid that undergoes or participates
in at least one type of reaction in the substrate
to produce one

interraediates which may undergo a further

or more reaction products or

reaction or series of reactions”

6 -

c. Court's construction: “component of a plug-fiuid
that undergoes or participates i at least one
type of reaction to produce one oF more reaction
products or intermediates which may undergo a
further reaction or senies of reactions”

i‘: is term mpcai‘% in asserted claims in the

7 nis. This terra s expressly defined in the

19 Gt e
193 GOT R
LA, AN BRI

-¢

spec f cation of the various patents. (891 patent at 10:60—
). The only point of dispute 1s whether the reaction the

m undergoes must cccur in the substrate. Defendant

he definition from the speciflication requires
he substrate. (D1, 93 at 18) The

Anam\ that ¢
the reaction occur in
specification states:

he term “reagent” refers to a
coraponent of a plug-fhuid tha
undergoes or participates {e.g., by
influencing the rate of a reaction
or position of eguiibrium} 1o at
feast one type of reaction with one
or mare componenis of ather plug-
flf’?w’,i(l,i' ora rmgem--conmm E.’G’,g carrier-
Fluid i the substrate (o produce
one or
intermediates which may uvodergo

10re reaction products or

reaction or series of

a further

reactions.

(091 patent at 1h66-66) (ernphasiy added). Defendant
argues that the phrase “in the substrate” modifies both of
the talicized phrases in the guote above; in other words,
Diefendant believes “in the substrate™ modifies, and
provides the tocation for, the “reaction.” (131, 83 at 18}
Defendant contends that i has merely “simplifie[d] some
of the wording, while maintaining its core language.” (#d ).
I disagree. A more natural reading of this sentence is
one in which “in the substrate”™ modifies only “a reagent-
1g carrier-fluid.” Had the intent been to limit the

containiy
tocation of all reactions in the way Delendant’s propose,
ogically be written as, “at least
¥ This, in fact,
ndant's “simplification.”

the sentence would mo
one type of reaction in the substrate with ...
is precisely the effect of Defe

“The carrter fluid
18 the medium that carries the plug down a nucrofluidic
that a

Furthermore, as Plaintidts point out,

¥

channel.” (id at 33). It makes sense, then,
reaction involving the carrier fluid would necessarily take
place 1n the substrate. In contrast, I find nothing in
the specification or claims that bhmits the location of
plug-tluids to the substrate. For these

Defendant’s

that it limits the

reactions involving

reasons, 1 will reject 8 proposed construction

1
H
i

1o the extent t focation of the reaction.

I construe “reagent” to wean “component of a plug-
fluid that undergoes or participates 10 at least one type
of reaction to produce one or more reaction products or
intermediates which may undergo a further reaction or

series of reactions.”

Plaintifis' construction:  “No
construction necessary, but if construed ‘a shvmal

chenucal, biochenucal or biological transformation””

*$  a. proposed

b, Defendant's construction:  “a

chemical,

proposed

physical, biochemical or hiological

transformaation that substantiaily cccurs on 3

subsirate”

¢. Cowrt's  construction: chermucal,
biochemical or biological tr. ansiorm@hon

This term oppcd & in asserted claims in the 193,

“physical,

D9, and 4 ¢ As with the previous term, this term

by

s expressly defined in the specifications of the patents

x




and the only dispute is again about whether to impose a

limitation on the location of the reaction.

As an imutial meatter, 1 note that the definition in the
specification does not mention the substrate or otherwise
Bmit the location of the reaction. Defendant cites
extensively to the descriptions of certain embodiments
to argue that the only place a reaction may occur in
this invention as claimed is on a substrate. (D1 93 at
19-23). Plaintiffs counter that the specification discloses
at least one type of reaction, crystailization, which, in
certain embodiments, occurs offechip. (4d at 16-17)
Defendant attempts to rebut this argument by pointing
t0 a restriction requitement Uaposed by the exariner
during prosecution of the patent (01 95-3 at 268)
directing the wmventor to elect cither the “method of

conducting a reaction” or the “method of crystallizing a
substance.” (1.1, 93 at 44). Diefendant argues that because

crystaliization and conducting a reaction are distinct

mventions, Plainiiffs’ reliance on crystallization to show
that a reaction may occur off-chip 1y misplaced. (.1, 93
at 44).

I do pot find the restriction requiremem {0 be a persuasive
of this term. “{A)
patent applicant's response to a restriction requirement

may be used to mterpret patent claim terms or

reason to narrow the construction

as a

Y i

source of d %dam"

-

The appiicam‘s response raust, however, “‘owstitut ]
a clear and uvomistakable disclaimer of claim scope.”

id. Here, the applicant’s response

119 ¥ A

fflor exatunation purposss only.” (D4
95-3 at 272). Neither the examiner nor the applicant

the inventions,

addressed whether crystallization is a reaction, which is

the point of dispute between the parties. Furthermore,
even accepting that crystallization is sufficiently distinct

cfion

from other types of reactions so as to justify the rest
requirernent, this does not mean that crystallization isnot
iself a reaction. In fact, the specification clearly defines

“reaction” to include crystailization. (091 patent at 10:49—
39). Theratore, I find no support for imiting the location
secur to the substrate and 1 will adopt
Plaintifts’ proposed construction.

where “reactions”

4. “providing conditions suitable for fthe autocatalytic

2

reaction/the reaction/a polymerasechain reaction]

was to elect one of

a. Plaintifis’
of physical and chemical conditions that allow the

proposed construction: “Providing a set

[autocatalviic reaction/reactmn/

1 10 occur

CONSIFUCEION,

*7 b,  Defendant's
“requirtng a global set of physical and chemical

proposed

conditions that allow the [autocatalytic reaction/

reaction/ps
plugson a

1] 1o occur in

\ubsa ate”

c. Cowrt's counstruction: “Providing a set of

allow

physical and chemical conditions that
the {autocatalytic reaction/reaction/polym

B

wjto oceur.”
These terms appears in asserted claims in the 193, "H4Y,
tends. As an initial matter, Defendant has made
arding the phrase “requiring a global

endant

no argument reg

set” of conditions. It is unclear to me what Def

mtends to convey by “global set.” Since this 01’11'»7 adds
unnecessary confusion to the meaning of this term, | will
reject Defendant's proposed construction. Aside fromthis,
the only dispute between the parties {and the only thing the
parties argued) 18 whether the reactions must occur on ¢

uhstrate. For t'w reasons stated above in my construction
* T reject Drefendant’s

of “reacti s proposed limitation

and adcpt ‘Pm-mufs construction.

5. “detecting”

a. Plaintiffs' proposed comnstruction: “MNo construction
necessary.”

¢ 'detecting
refers to detecting in the detection region”

b. Defendant's proposed construciion:

y

c.  Court's
necessary.”
T}ns term appears 1 asserted dependent claims of the
. Befendant argues that the term must be

constryction:  “No  construction

CONSEr uod with reference to a detector or detection region,
terms that are defined within the specmcamon {B.1 93
at 45-49). In other words, Defendant does «
offer a construction, but seeks to limit the meaning of

10t actually

the term to restrict where “detecting” may occur. This
hmitation s not supported by the intrinsic evidence. While
the specification offers an express definition for “detection

29

express defimuon for “detecting,

used in the definition of “detection

there 1§ no

59

region,”
“detecting

nor is




region.” {391 patent at 7:61-64). Furthermore, the claims
at issue do not mention a detection region. Claim 22, for

mple calls for “detecting the presence of at least one
pl ug.” The specification indicates that, at least sometimes,
detec-:io 1 occurs after (‘C::.*,i
at 33:64-66). It seerns to me that while “detecting”

- the plugs leave the substrate.

may occur in the detection region, there is nothing in the

patent that bBuouts “detecting” in this way. Therefore, |
reject Defendant’s proposed construction and find that
1o construciion is necessary for this term. Defendant is
prohibited from arguing that detecting must ococur o a

detection region,

6. “A method for conducting an autocatalytic reaction
m phigs in a microfhuidic system”/“ A method for

conducting a reaction in plugs in a microfhuidic systern”

a. Puzmzﬁv proposed construction: “Preamble i8 not

boiting.”
ie is

b. Defendant's propased consiruction: “Preambie

Haiting.”

c. Court's construction: The entire prearable 18 not
reaction” and “ma

864
1

Hraiting. The terms crofluidic

systems” are Imting as previously construed.
These torms appear in asserted claims m the 487 and

The only dispute with respect to this

nAtent
patens.

term 1s whether the preamble is hmutng, Defendant

wishes to construe the entire preamsble so as to limit
the method such that the reaction takes place “in the
substrate.” Defendant argues that the preamble provides
an antec@dent basis for the claim termas “nucrofluidic
and “reaction.” (3.1, 93 at 52-53). Defendant

“the preambles specify where ‘the

system”
further argues that
reaction’ wwst occur” and, therefore, the preamble
18 necessarily Hmiting., (7d at 53) {emphasis omitied).
While portions of a preamible may be hmiting where
those portions provide an antecedent basis for terms
appeariag

in the body of the claim, it is inappropriate
{0 construe an entire preamsl ]

if the rest

¢ as limiting i
b ting.

fhe preambie lamua 3¢ states an mtende(. use fo'* the
mvention, “followed by the body of the claim, in wiuc

the claio Bmitations describing the inveation are recited.”
\. Furthermore, the invention as claimed is

[

{ A
S L N

“wiruc *umllv complete” without the remaining preamble
language. /d The claim elements are duplicative of the

" /,\

‘“ r‘.be a.,} cast one p}ug {18

3 patem, c]eum
1, claim 1) Nothing in the b }dy of the claims
‘herefore, 1

fur -:hcf limits the location of the reaction.

decline to construe the entire preamble or find that the
entire preamble s lrmiting, 1 find that the preamble is
hmiting only to the extent that it provides an antecedent
s “microfhuidic eaction,”

basis for the te systern” and

both of which T have already construed.

7. “a single target DNA or RNA molecule”

*8  a.  Plainfis construciion:  “No
construction necessary, but if consirued ‘a single

DNA or RNA molecule of interest” ™

proposed

b. Defendant's proposed construciion: “one target
) i o o
DNA or RNA molecuie”

. Court's construction: “one and only one target
DN A or RNA molecule”

]
Cid

This term appears in asserted claims in the 't .
With respect to Defendant's proposed construction, it is
not clear to me how “one” 18 materially different from
“a single.” That being said, i seems to me that what
Defendant is actually arguingis that the plugs may contain
one and only ong DNA or RNA molecule. (D1 93 at
70; He'g Tr. at 106:7-107:17). Defendant points to both
the specification and prosecution history to support its
argument. {1 93 at 6970, 72). Plaintiffs object that this
counstruction effectively reads out the word “target.” (/d
at 71).
I agree with Defendant. The specification makes clea
in descnbmg the possible concentrations of imnecuies i
plugs that “the reagent concentration may be adjusted to
1eugh that most of the plugs contain no more

be dilute en
than a single molecule or particle.” (148 patent at 20:

e
15-17). The specification also 15161(:&{,@@, that, “The plug
inciudes reagents sufficient for an autocatalytic reaction
including a first species of molecule in a concentration
such that the plug contains no more than a single molecule
of the first species.” (Jd art 2:58-61). The molecule “may
be DNA or RNA.” {{d at 2:65-66). This, il scems to
{ there may only be one DNA or RNA
molecuie in the plug. This reading 15 supported by the
prosecution history. In fact, an earlier version of claim | of

Lhe 148 patent specified that, “satd subset of the plurality

8
X ¥

me, indicates tha

slugs coraprises a single biological molecule.” (3.1, 95—

o ks




3 at 287}, The examiner rejected this claim under § 112,
first paragraph, asserting that this portion of the claim was
not adequately described in the specification. (Jd. at 289).

The applicant subsequently amended the phrase to read,
“said plurality of plugs represents a Poisson distribution,
and at least one member of said plurality comprises a
single target DNA or RNA molecule.” {4 at 287). There
18 no evidence in the prosecution history as to why the
applicant inserted the word “target” into the claim, but the

applicant argued for allowance on the basis that the new
i “acludef]asingle DNA or
RNA” 1s supported by the portion of the disclosure cited
it at 200 15-17). " The word
“target” also appears earlier in the claim in reference to the

anguage specitying that pluqs

above. ({d; see also

composition of the fluid: “a continuously flowing aqueouq
fluid comprising target DNA or RNA molecules.” {(/d

at claim 1). T thank that this use of the word * target is
not inconsistent with plugs having a ‘;ingie DNA or RNA

molecule, It seems clear from both the specification and
prosecution history that the inventor inte ndcﬁ- “a single
target DNA or KNA mo}ecule” 1o mean that the

i question contained one and only one DNA or RNA

¢ plugs
molecule

= While I agree in principle with Defondant's
interpretation of this claim term, Defendant’s propesed
construction does not provide any clarity on the issue
of whether the plugs contain one and only one DNA or
RMNA molecule or in any way add anything useful to the
existing claim language. Furthermore, 1 decline to adopt
Plaintiffs’ pos

because it is

»

sition on the meaning of “target”
unclear what is meant by “of interest,” but

not only

also because allowing for the possibility of more than
one DNA or RNA molecuie in the plug is inconsistent
with the intrinsic evidence. T will retain the word “target”
m omy construction, however, as it is used consistently
to describe the DNA or RNA
molecules that undergo reactions in the claimed method.
Therefore, 1 construe this term to mean “one and only one
target DNA or }\“4 A molecule.”

throughout the claim

8. “Poisson distribution”

a. Plaintifis' proposed consivuction
objects where there is an egual and independent
probability for each object to be distributed into any

one of a number of partitions”

“A distribution of

b, Defendant's  proposed  construction:  “a

of target DNA or RNA molecules
in plugs where there is an equal and independent
probability for each target DNA or RNA
molecule to be disiributed into any one of a
number of phags”

distribution

“distribution
DNA or RNA molecules in plugs where there is

Court's comsiruction: of target

(¢}

an equal and independent probability for each

target DNA or RNA molecule to be distributed

nto any one of a nuniber of pl Ug%"
This terre appears in asserted claims o the 14

Loe

Defendant would construe this ferm using references to
the claim language, which Plaintiffs complain introduce

ubpecessary redundancy, (DL 93 at 72 As i noted
at oral argument (Hr'g Tr. at 98:22-99:17),
not seem o be an actual dispute as to the meaning of
this termn. Although Defendant’s proposed construction
does introduce redundancy, it is also less abstract than
Plaintiffs’ proposal., Therefore,

there does

I will adopt Defendant’s
construction.

9. “non-fluorinated nucrochannel”

channel of a
not been treated to

a. Plainiiffs' proposed construction: “A
microftuidic device that has

mchiude fluorine atoms at its surface’

b, Defendant's  proposed  construction:  “a
rmucrochanne! that does not include one or more
fhuorine atons”

“microchanne! that is not
composed of a material that includes fluorine

c. Court's consrruction:

atorns or thatis treated to include flyorine atoms

at its surface (excluding the possible inclusion of

frapurities or contaminanis)”
This term appears in asserted claims in the O £,
Plaintiffs argue that Delendant's proposed consiruction
would encompass a microchannel that had an irapurity
or contaminant of ¢ven a single fluorine atom. (DL
93 at 733 Drefendant complaing that Plaintiffs' proposed
consiruction would lead o the “nonsensical” result that

a microchannel {abricated from a fluorinated polymer

would be a non-fluonnated microchanne!l if it had
not been treated. {/d at 753 At oral argument, the
parties agreed in principle that the presence of irapurities

would not create a fluorinated microchannel from an




otherwise non-fluorinated microchannel, but the parties

at 111:24-
term o mean:

did not agree upon exact language. (Hr'g Tr.
113-16). Therefore, 1 will constroe this
“muicrochanne! that is not composed of & matenial that
includes {luorine atoms or that is treated to
Defendant is prohibited
from argwmng that fluorine impurities or contaminants

include
{lyorine atoms at its surface.”

render a non-flucrinated microchannel fluorinated.

10. “biological molecuie”

a. Plaintiffs' proposed construction: *Molecules such as
DNA, RNA\ carbohydrates, and sugars and varants

thereof.”

b. Defendant's proposed construction: “naturally

occurring molecules such as proteins, DNA,

RMA, carbohydrates, and sugars”

¢. Court's construction: “molecules such as Droteins,
DINA, RNA, carbohydrates, and sugars’

3 VAT
ola QY

s in the
f a molecule must be
“naturally occurring” in order to be a biclogical molecule.

Defendant argues that the patend

*1¢ This term appears in asserted ¢
it. The parties dlsp.;,u, whether

“distinguishes between
‘hiological’ and “synthetic small meolecules' that are not
naturally occurring.” (12,1, 93 at 79}, Defendant further
urges that the patem “distinguishes between ‘biological
which it defines as ‘proteins, DNA RNA,
carbolwydrates, sugars, eic.” and °

815 Defe
biological molecules. (Jd at 7

molecules,”
‘hiomolecules.” ™ (4
ndant contends that biomolecules are not
9. Plaintitfs counter that
the patent expressly conteraplates the use of synthetically
maodified biological molecules, (Jd at 773 T agree with
Plaintiffs. Nowhere in the specification or claims 18 there
any mention of a requirement that biological molecules,
as the term 1s used in the patend, be naturally cccurring.
As Plamntffs point cut, the express defimtion of protein,
which Defendant recognizes as a biological molecuie,
specifies that a protein may he *

man-made.” (40

‘naturally-occurring or

patent at 11:4-5). Deien(.ugt has not

provided any citations to the mtrinsic record or any
extrinsic evide
would understand “biological molecule”

nce (o suggest that a person of ordinary skill

as used in the
atent to be restricted to only those biological molecules

ihat happen to be naturally occurring.

Defendant further objects to Plaintifts’ “open-ended list”

of molecules. (D1 93 at 78). While such an open-ended

fist is not ideal, I doubt it would be possible to create a
comprehensive st of binlogical raclecules. Furthermore,
the list Defendant objects t¢ corresponds precisely with
how the specification describes biological molecules. (407
patent at 20:54-55). Therefore, I will consirue “biological

molecule” as “molecules such as proteins, DNA, RNA,
carbohydra ” Defendant is prohibited from

tes, and s sugars.

N

arguing tha-: a biological molecule must be naturally

GeCurring,

11. “thereby”

a. Plaingfis pm')osm’ construction: “No construction

necessary.

b, Defendant's proposed construction: “in order to”

¢c. Court's comstruciion:  “No  construction

necessary.”

This term appears in asserted claims i the 430 patent,
Defendant contends that ifts construction 1s necessary
to clanfy “that pressure adjustment occurs during the
forming step in order fo produce droplets of a target
size. (DL 93 at 87y {emphasis in original)., Plaintiffs
counter that Defendant’s proposed coansiruction suggests
that the pressurﬂ 18 adjusted in order to form droplets
{i.e, that dmp cts are not formed prior to the pressure
ntj. (fel t 86). Defendant claims this is not the
mtent of its proposed construction, while also arguing
that “the pressur

adjustm

¢ adjustment step occurs in order fo

(fd at 88). I agree with Plaintiffs
that no construction of this term 18 necessary. The

specification makes clear that the pressure adjustment step

isundertaken in order to alter the size of the droplets being
formed, not to produce the droplets in the first place. (4.
patent at 5:23-28). Therefore, I find that ne
necessary for this terre and Defendant (s prohubited from
‘thereby” means “in order t0.”

produce droplets.”

construction is

[44

arguing that

¢ “No construction
of the

a. Plainifis' proposed consivuction

necessary, but if construe

method”

:d, ‘each and every ...

b, Defendant's proposed comstruction: “each and

every”




¢. Court's  counstruction:  “no  construction
necessary”
This term appears in asserted claims in the 091 and

083 nts, Having con \id@lbd the additional briefing

subnutted by the parties (D01 112), 1t seems to me that
there 18 no real dispute as to the meaning of this term as
it 18 used in the claims identified by the parties. Plaintiffs
seek to introduce “of the method” into the construction of
the terms, purportedly to prevent Defendant from arguing
that “each” is construed to include plugs or plug-fluids
other than those used in the claimed reethod. (5.1, 112
at 3} 1 think 1t 18 apparent {ror
the phrase “each plug-fiuid” is not meant to include every

1 the clavm language that

plug-fluid 1o the Universe without expressly including

such a lmitation in the consiruction of this term. For

examp]e, claim 1 of the

Y Y
O
e

o5

t describes the use of

the carrier-fiuid.” 1 think 1t 18 clear from this language

o
{e
1

that “each plug-fhud™ refers to the first and second plug-
fuds bisted carlier in the claim and not to every plug-
fluid in existence. Therefore, T find that no construction is
necessary, with the understanding that “each” refers only

he plu s and plug-Thads in the claim at issue and not
ug-fluids generally.

IV, CONCLUSION

*311 Within five days the parties shall subroit a proposed
order consistent with this Memorandum Opinion suitable
for submission to the jury.

Al Cliations

“a first plug-fuid” and “a second plug-fluid.” The claim  Not Reported in F.Supp.3d, 2017 WL 382235, 2017
then specifies that “cach plog-fluid is immiscible with ~ Markman 382235
Footnotes
The specification doas not use the word “target” in connection with the method claimed in this patent. The word is used

i a similar manner as in this claim, however, in the section on Crystailization. (148 patent at 51:54-58; 51:64-52:3). |
dediing {0 opine on the meaning of “target” on its own at this time since the intrinsic evidenca reveals that the meaning

e

of “target

in this context is irrelevant to the construction of the phrase at issue.

oy ey NI
B N R

7527
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Before DONNA M. PRAISS, CHRISTOPHER L.
CRUMBLEY, and TINA E. HULSE, Admmistrative
Patent Judges.

DECISION

Drenying Institution of Infer Parres Review

HULSE, Administrative Patent Judge.

LINTRODUCTION
(“Petitioner”™) filed a Petition

5
N
7~
H;

omnr“\, Inc.
i review of 1,11“1\ 1-9 and 11

er partes

™At e

. Paper ( P " Ihg University ot (hl(‘dﬁo
fil to the

QL

(“Patent Owner”) cd a Prdmman Response
Petition. Paper 9 (“Prehm.Resp.”)

We have jurisdiction under 35 US.C ¢

provides that an fnfer partes review may not be instituted

&%

reasonable likelihood that the
t to at kast 1 ﬂft

unless there 18 a

petitioner would prevail with resp

s Y
B3

claims challenged in the petmon." 33 USC

o
[Zos)

Upon considering the Petition and Preliminary Response,

we determine that Petttioner has not estab hshed a
1

reasonable likelithood that 1t would prevail in showing the

unpatentability of claims 1-9 and 11. Accordingly, we

1

decling to instituie an inter partes review of those Ciaims,

4. Related Proceedings

Petitioner identifies as a related matier RaimDance Techs
e, v 10X Gemomics, fnc., No. 1:115-cv-00152-RGA
(1. Del.). Pet, 55,
Petitioner  has petitions  for
mter parter review of related patents in IPR2615-
01162 (1U.5.8,273,573), IPR2015-01158 (U.5. §,329,407),
TPR2015-01157 (LLS. 8,889,083}, and TPR2015-01156
(U.5. 8,822,148).

also  concurrently filed

B. The 8193 Pasewr ( Ex. 1601)
relates to a method for conducting

an autocataly i reaction in plugs in a rmicrofluidic
systera. Ex. 1061, Title. Microfiuidic syx&ms 15 ansomt
fluids through networks of channels, typically having
micrometer dimensions. fd. at 1:20-22. According to the
Specification, the main advanta ges of microfiuidic systerns
are 1’1g‘r s seed and low consumption of reagents. Id
at 12526, The microfiuidic
various thmiwi and biocheraical processes, 1ocluding

systems may be used for

autocatalytic reactions, su
reaction. /d. at 44:38-61.

ch as the polymerase chain

Rather thar
microfit ldlu

1 rely on laminar flow of hquids through
-“,hemnels, the #1193 patent Specification

“plugs” in the
sysieni, Flghl‘f 2A-2, an embodiment of the system, i

describes using mricrotluidic droplets, or

annotated and is reproduiced below:

aqueous fluid

carriar Ruld

the fo
agueous Huid containing a

Figure 2ZA-2 depicts rmation of plugs, where the

substrate and reagents enters




id, \mh as an
3. The plug

a channel with

an inmumiscible carrier ﬂ
oil, to form a series of plugs. fd
volumes, which are dependent on dmnnd
from about 1 femtoliter to about 250 -mnoiners. id at
19:45 .54,

, Can range

O Hlvstrative Claim
Petitioner challenges claims -9 and 11 of the #1%
Claim 1, the
reproduced bel

01’1‘;},' independent claim, 1s Hlustrative and is

1. A method for conducting an autocatalytic reaction in

plugs in a microfluidic system, comprising the steps oft

1

providing the microfluidic system comprising at least

two channels baving at least one junction;

flowing an agueous fluid containing at lcast one

subsirate molecule and reagenis for conducting an

autocatalytic reaction through a first channel of the at

least two channels;
References Basis
Haf‘f1 and Quakez §102

HOANALYSIS

A. Person of Ordinary Skifl in the Art
The parties dispute the proper defimtion of a person
of ordinary skill in the art. Petitioner contends that a
a

1

of ordinary skill in the art would have had

[

PErson
Ph.D, in chemistry, biochemistry, mechanical engineering,
or a related discipline, with two years of experience

creating microfluidic devices,
Petitioner asserts that a skilied

in using, designing or
Pet. 3. Alternatively,
artisan would have had an M.S. or bachelor's degree
in one of those disciplines with four or five years of
additional relevant experience, respectively. f Patent
Owner disagrees with Petitioner's definition, arguing that
Petitioner overstates the level of ordinary skill in the art in
the 2002 time frame. According to Patent Owoer, a person
of ordinary skill in the art would have been a rescarcher
degree

miterested in microthuidics with at least a bachelor's

n a “hard science,” such as chemistry, physics, chemical
engineering, bhicengineering, or

Prelio. Resp. 34-3S.

mechanical engmeermg.

flowing an od through the second channel of the at least
two channels;
forming at least one plug of the fhud
contaming the at least one substrate molecule and
reagents by partitioning the aqueous fluid with the

flowing ot at the junction of the at least two channels,

ajueous

the plug being substantially surreounded by an oil

flowing through the channel, wherein the at least one

phug comprises at least one substrate mwlecule and
reagents {or conducting an autocatalytic reaction with

the at least one substrate molecule; and

providing conditions suitable for the autocatalytic
reaction in the at least one plug such that the at
one substrate molecule is amplified.

least

B. The Assevied Groands of Unpatentability
Petitioner challenges the patentability of claims 1-9 and
11 of the #1953 patent on the following grounds:

oo

Claims challenged

1-5, 78, and 11

For purposes of this Decision, we do not discern an
appreciable difference between Petitioner and Patent
Gwner's proposed levels of ordinary skl in the art
that would impact our ultimate conclusons, Patent
Owner does not indicate how many vears of experience
a “rescarcher interested in raicrofluidics”™ would have.
Accordingly, we determine that a person of ordinary skill
in the art would have at least a bachelor's degree in

chewustry, physics, cheraical engineering, bioengineering,
or mech
least four or five years of relevant experience. We also
the cited prior art as representative of the level

of ordinary skill in t h(: art. Se e {

anical engineering, or a related discipline, with at

consider

358 {Fe 1 {finding the absence of
'mh 155 on “}evd of S-(EH i the art ¢
rise to reversible error ‘where the prior art itself reflects an

does not OW(

prop-‘-arg level and a need for testimony is not shown’

o
Nt >-O

B. Clakm Constraction
I an dmter partes review, the Board interprets claim
ferms in an unexpired patent according to the broadest




reasonable construction in 1ight of the specification of

the patent iny vh

g Undcr thdl‘ standard, cmd m%cm any
special definttions, we give claim terms their ordinary
and customary meaning, as would be understood by one

of ordinary skill in the art at the time of 1hc invention.

20607, Any special dClelLOn:) for claim terms

1

e set forth with reasonable uia.nw deliberateness,

must b

i precision. See

N 3¢ \
AL PRV

{. “plag of the aquepus fluid ©

Claim ilcqmrmmmmﬁ at least one “plug of the agueous
fluid 7 Petitioner asserts that the broadest reasonable
interpretation of this term is “volumes of an aquecus fhud
surrounded by a carrier fluid in which it 13 substantially
imraiscible, such asa non-—polat‘ or hydrophobicfhuid, e.g
an oil, and the diameter of a plug is substantially similar
£ the cross-section of the channel in whach 1t is formed
and the aguecous fluid is separated from the channel
by a thin film of carrier flmd™ Pet. 13. Patent Owner
disagrecs, asserting that the term should be construed to
mean “volumes of aqueous fluid formed when a stream of
aqueous fluid is introduced into the flow of a substa
mmnuscible carrier-fiuid 7 Prelim. Resp. 19

ntially

At this stage of the proceeding, we find Patent Owner's
proposed con
it mth the Specification’s defi

n states: “ ‘Plugs

struction more persuasive because it 1s more
2

consisiet wtion of “plugs.

The Specific "1 accordance with the
present invent;on are formed in a substrate when a stream
of at least one plug-fhuid is introduced into the flow of a
carrier-fiuid 10 which it 1s substantially immiscibie.” Ex
1001, 9:27-30. To further himit the daim term, Petitioner
relies on the Specification’s disclosure of other optional
characteristics of a plug. For example, the Specification
states that the plug's “crosssection should be substantially

milar to the cross-section of the channels in which
they are formed.” Id at 9:34-37 {crophasis added}), The
Specification also states that the carrier fhuid “preferably”
wets the walls of the chanunels and, “/7Jf this condition ia
satisfied, the plug ... remains separated from the walls by
a thin layer of the carrierflnd.” 7d at 20:59-63 {emphasis
added}. Because neither of these disclosures expressly

Hinits the “plugs” of the claimed jnvention, we decline

to include these limitations from the Specification in the
broadest reasonable interpretation of the claim term.

Accordingly, on the curreni record, we determine the

broadest reasonable

mterpretation of the term “plugs of

the aqueous fluid” to be “volumes of agueous fluid formed
when a strears of aqueous fluid is introduced indo the fow

of a substantially immiscible carrier-fluid.”

2. “conditions suitabie for the antocaralytic
veaction in the at least one plug such that the
at least one subsivate molecule is amplified ™
Claim 1 recites “providing conditions suitable for the
caction in the at

autocatalytic r cast one plug such that

Petitioner

the at least one substrate
asserts that this Imitation

molecule is amplified.”
“would encompass at least
providing a stimulus such as radiation, heat, temperature
or pressure change, ulirasonic wave, or a catalyst to induce
a reaction that gives rise to the transformation of the
reagent to another reagent, intermedbate, or product.” Pet.
14, Patent Owner disagrees with Pe
to the extent that it straply requires a single stimuldus to
mduce an autocatalytic reaction {(regardless of whether
that stimulus 16 sufficient to tnduce the reaction). Prelow

titioner's construction

Resp. 21 According t¢ Patent Owner, a skilled artisan
would understand that the term refers “to a global set
of physical and chemical conditions that allows one to
conduct an autocatalytic reaction (including PCR) in
droplets.” fd

At this the proceeding, we determune that
Patent Owner's interpretation is more consistent with the
the claim torm

stage of
plain and ordinary meaning of , which
requires more than a single stivuhus to induce a reaction,
We are persuaded by Patent Owner's
the Specification sets forth certaln conditions that must
be addressed when conducting PCR in 3 wicrofhudic

argument that

droplet, inchuding unwanted adsorption of protemns on the
surface of the droplet. Prelim. Resp. 20 (citing Ex. 1001,
35:55-66), Accordingly, we consirue the clatm term as
requiring conditions that allow the substrate melecule to

be amplified in a microthudic system.
3. Remaining Claim Terms
Petitioner proposes constructions for other claim terms of

the #193 patent. Based on the
we determine that the remaining claim terms need not be

current record, however,

construed explicitly for purposes of this Becision,




C. Obviousness over Haff and Quake
Petitioner asserts that claims 1-5, 7-9, and 11 are
unpateniable as having been obvious over Haff and
Quake. Pet, 20-45, Petitioner relies on the testimony of its
leclarant, Withelm T.8. Huck, Ph.D3. {Ex. 1002). Patent
Owner opposes Petitioner’s assertion. Prelira. Resp. 26—
46, Based on the currend record, we determaine that

Petitioner has not estabiished a reasonable likelihood that

1

it would prevail in showing the claims are unpatentable as
having been obvious over the cited references.

1 Haff (Ex. 1821}

Hatl relates to automated machines for performing

mplification reactions for nuckeic acids, such as a
polymerase chain reaction (“PCR™). Ex. 1021, L1215
HalfY states that PCR has been performed in disposable
reaction tubes such as small, plastic microcentrifuge tubes
or test tubes that are placed in an instrument containing
a thermally controlled heat cachanger. Jd at 1:50-53,
HafT explains that rapid, small-scale PCR capillary tube
instruments have appeared in which the reaction mixture
is placed in capillary tubes, Jd at 2:7-12. The Specification
describes various capillary tube PCR in
different moeans to heat and coolthe PCR re

wtruments that use
action mixture
and different tube and fuid-handling means to move the
reaction mixture.

Figure 2 of Haff i3 one embodirnent and s reproduced
below:

Figure 2 depicts a systemn that uses a length of capilary
tubing 50 that is routed 1o and out of ho
cool zone 54 a number of times. /d at 9‘@‘ 63,
which contains PCR reaction mixture 53, and syringe 55,
which contains air or an irnmiscible fluid, are connected in
rallel with tubing 50, Ex, 1021, 10:20-32, Synnge 551
operated intermittently to mject air bubbles or immiscible
{fluid bubbles 1
53 in tubing 50, Jd at 1G:

t zone 32 and
Syringe 51,

inte the flow stream of reagent raixture
32-35, The use of bubbles
between “shig” flow where sample
“slugs” are passed through the capillary tubes. fd. at 9:50-

{aff, “[thle length of we tubing 50,
the length of tubing in each of the

the tlow rate of rhg reaction

samples results in

o

N

52. According to Ha
s wternal diameter,
hot and cool zones, and ¢
mixture inside the tube are all factors in the control of the

amplification.” fd. at 10:15-19.

2. Quake { Ex, 10034 )
Quake relates to mucrofiuidic devices and methods for
analvzing andfor sorting biological materials. Ex. 1004,
Abstract. Quake states that its device and methods “offer
several advantages over traditional flow cytometry devices




and methods.” fd 9 14, Quake's devices are designed

o comapartmentalize small droplets of agueocus solution
within microfluidic channels filled with ol id .9 3.
The devices comprise & main channel, th‘fough which
a pressurized stream of oil is passed, and at
sample indet channel, through which a pressurize

ieast one
d stream
of aqueous solution is passed. fd A junction joins the main

channel with the sample inlet channel. #d By adjusting
the pressure of the oil and/or the aqueous solution, a
pressure difference can be established such that the stream
of aqueous solution is sheared off at a regular frequency
as it enters the off stream, thereby forming droplets. Id

Figure 16A of Quake 1s reproduced below:

AQUBROUS SO

FIG. 16A
Figure 16A depicts the channel architecture for the droplet
extrusion region. Chanoel 1601 containing an aqueous
solution intersects with the main channel 1602 containing
otl. Ex. 1004 § 292, In preferred embodiments, the droplets
have a volurae of approximately 0.1 to 10 picoliters,
{d According to Quake, microfabrication of the device
“permuts other technologies to be integrated or combined
with flow cytomeiry on a single chip, such as PCR.” Id
§ 80.

3. Analysis
Petitioner asserts that the combination of Haff and Quake
teaches or suggests %af‘h fimitation of claims -8, 7-9,
and 11, Regarding

o

aim 1, Petitioner provides a claino

Lhdlt identifying th i sclosures of Haif and Quak‘: that
Pet. 21~

purportedly teach or suggest cach limitation.”

16A of
Qk ake depicts a microfhudic sysiem with two char -nds

having one junction. Pet, 22-23 {citing Ex, 1004 §§ 3, 292,

Fig. 16A). Petitioner also asserts that the combmatlon
of Haff's PCR device and Quake's microfluidics device
suggests flowing the aqueous sample fluid and the odl
through separate channels and forming a plug of aquecus
sample fluid in the oil. Pet. 23-25 (citing BEx. 1021, 121~
27, 10:20-35; Ex. 1004 99 3, 14, 20, 120, 290, Fig. 16A}.
Cuiake teaches that the aqueous droplets are encapsulated,
Pet. 28 {citing Ex. 1004

30, For example, Petitioner asserts that Figure

orsubstantiaily surrounded, by oil,
3] 100). Finally, Petitioner asserts that the combination of
Haff and Quake teach providing conditions suitable for

the autocatalytic reaction 1o the plug such that at least one

Wn.bau‘.?c molecule is amplified. Pet. 30 (citing Ex. 1021,

112-15, &:55-10:2) 1001519 Ex. 1004 § 50).

Petmoner then argues that a person of ordinary skill in
rtwontld have had }1 &S ‘gn to modify Hafl's method
ary t--bc evices with the microfhuidic

e with a reasonable expectation of success.
o Pemmner asserts that both references are
rming enzymatic 1'“acti0ns, such as PCR,
s’of aqu%osM’ﬁﬁds Id 31 {citing Ex. 1021,

s Ex 1004“{*‘[13 80, 113, 290; Ex. 1602

iso contends that a person of ordinary
would bhave had a reason to practice
thod in Quake's microfhudic device to
“amolnt of reagents needed, which is beneficial
‘the availability of the reagents and substrate are

limited. 7d at 33 {citing Ex. 1002 9 6353 According to

Petitioner, the reason to combine Quake with a PCR
method comes from Quake itself (i@ at 35), which teaches
that “[microfabrication permits other technologies to be
integrated or combined with flow cytometry on a single
chip, such as PCR.” Ex. 1004 § 80,

Petitioner argues that a person of ordinary skill in the
have had a reasconable expectation of success
i combining Haftf and Quake, Pet, 35-36; Ex. 1062 §
75. Dr. Huck explains that Quake teaches controlling the
flow of oif and the flow of the agueous sampie {luid to
generate an encapsulated stream of dmp lets. Ex, 1002 %
75. Dr. Huck also states that Quake te
concentration of the biological moie@u;

art would

s adiusting the

¢ to ensure that the

n a single biological molecule

¢ and method can be integrated
Dr. Huck concludes:

droplets contain no more thar
and teaches that the devic
with PCR. id /&cgmdmg




it would have required no more

than routine skill and knowledge
in the art for a [skilled artisan] to
adapt Haf¥s device to form a stream
of PCR
encapsulated,

reaction mixiure droplets
ie, substantially
surrounded by an o, which
droplets comprise a single substrate
DNMNA molecule, and to conduct
PCR anplification, an autocatalytic

reaction, 1o the droplets to amplify

the single substrate molecule,
i

In response, Patent Owner first argues that Haff is not

1

—

analogous art because the field of the #1193 paten

o

microfluidic devices, and Haft involves larger volumes

of fluids. Prelim. Resp, 26-28, Patent Owner also argues
that Haff is not reasonably pertinent to the problems
being addressed m the #1993 patent. Jd at 28-30.
not persuaded. Although Hai 1 does not disclose the use

of PCR in microfiuidic devices, we do not believe such

We are

IS
Y
-

disclosure is necessary to consider Haff to be analogous
art. “A reference is reasonably

it may be in a different {ield from that of the inventor's

pertinent if, even though
endeavor, it 18 one which, because of the matter with
which it deals, logically would have commended itself to
an inventor's attention in gonqdermg his ‘Hoblem

"
G

A ~
4 3

LA

011 the current rc(,ord we find hat Haﬁ

H
ia

(.bdosurc of PLR in larger-volume capillary tube devices
togically would have commended itself to the mventors'
attention when considering methods of conducting PCR
in smaller microfluidic devices. In other words, we find
that the inventors logically would have considered how
PCR s conducted in capillary tube devices to figure out

how to scale down the reaction for mucrofluidic devices.

Patent Owner also argues that the Petttioner does not

establish that one of ordinary skill in the art would
have had a reasonable expectation of success combining
Haff and Quake. Prelim. Resp. 37-46. In particular,
Patent Owner challenges Petitioner's assertion that the
combination of Quake and Hall would have been

“routine.” Patent Owner states that Petitioner's assertion

“ig undem ined by the lack of any reasoned explanation
in the Petition for why this combination would have been
t 4445,

successful.” id a

We have considered Petitioner's argurnents and evidence
together with the Preliminary Respouse, and, on this
record, we agree with Patent Owner that Petitioner has
not met the threshold for in
of the #I3 £, Pemmner and its declarant state
that it “would have required no more than routine skill
¢ art to adapt Hafl's capillary PCR
device to use Quake’s method of creating encapsulated

to perform PCR in a microfluidic device.” Pet.

uting an inter paries revigw

and knowledge in the

plugs ...
35-36. But Petitioner cites insufficient
thig statement. For example, Petitioner and its declarant
assert that a skilled artisan would have had a reasonable
expectation of suceess in doing so because “Quake teaches

evidence to support

that his microfluidic device designs can be used to perform
PCR.” Id at 31 {citing Ex. 1002 § 73); see alse id. at 30
(citinv Ex. 10048 80 in claim chart). Weare not persuaded,
however, that such a conclusory statement by itsell would
have given a person of ordmary skill in the art a reasonable
expectation of success in combining Haff and Quake,
We acknowledge that the Petition and Dr. Huck provide
an overview of the state of the art as of May 2002, Pet. 4-
10; Ex, 1002 %8 16-26, For exampie, the Petition describes
a microfhudic system for performung chemical reactions
in droplets. Pet. 5-6 {citing Ex. 1011} And the Petition
describes the development of PCR, including raicrofluidic
devices that could perform PCR on a nanoliter scale. /4 at
7-8: see, e.g., Ex. 1017 (describing continuous-flow PCR
chip). According to Petitioner, those microfluidic
“functioned by imjecting a stream of a single

on a
devices
PCR reaction mixture inte the device, which was then

microfluidic PCR chamber, where 'b: target

Pet. 8 {citing

flowed into a
sequence was amphified via thermocychng.”
Ex. 10029 22).

kground information, we determine that

has not ¢

Despite that back
Petitioner explained why a person of ordinary
skill 10 the art would have had a reasonable expectation
of success combining Hafl's capillary tube PCR system
with Quake's microfhudic system to amplily a substrate
in droplets. Simply stating that it
“routing” 19 insufficient, To the extent Petitioner relies

on the background :nfommuon to support a reasonable

would have been

expectation of success, Petitioner fails to explain any
connection between the two. For example, if conducting
PCR in

device was

with tha

a srream of reaction muxture in a nucrofluidic
known, Petitioner has not explained why,
t knowledge, it would have been routine (0




conduct PCR in droplers in a wicrofluidic device.
Moreover, even though Hafl describes conducting PCR in
a capillary tube device, neither Petitioner nor its declarant
explains whether the conditions for conducting PCR in

microfhndic droplets would differ, or why a person of
ordinary skill in the art would consider conducting PCR
in microfluidic droplets to be “routine.”

dependent claims 2-5, 7-9, and 11, are vopatentable a
obvious over Haff and Quake.

Petitioner contends that a skilled artisan would have had a
reasonable expectation of success because Quake teaches

how to obtain encapsulated aquecus plugs with a single the ¢l is fluoninated oil. Petitioner argues that claim 6 1
substrate molecule. Pet. 31, But even with that teaching,
Petitioner has not explaimed why that—or any teaching in
Haft or Quake—would establish a reasonable expectation
of su

unpatentable as obvious over Haft, Quake, and Rar
Pet. 4648, For the same reasons stated above with re

ceess in providing conditions that are suitable to
araplify a substrate molecule in a microfluidic plu ‘

P € piag. the cited references.

he unexplained opinion of Dr. Huck that it would have
required no more than routine skill and knowledge in i CONCLUSION
the art “to adapt Hafl’s device to form a stream of  We conclude that Petitioner has not established
PCR reaction nuxture droplets ... and to conduct PCR reasonable likelihood of prevailing on its assertions th
araplification, an autocatalytic reaction, in the droplets  claims 1-9 and 11 of the #193 patond
1o ampify the single substrate molecuie” (Ex. 1002 § 75) obvicus.
also is not persuasive. See 37 CF.R. § 42.65a) { "Expert

¢ unpatentable

testireony that does not disclose the un "'-erlymg facts or
data on which the opinionis based is ¢ nmlod to little orno IV, ORDER

the Petition is denied,

of objective support for an expert opinion may render
the testimony of little probative value in [a patentability]
determination”).

Footnotes
1 Haff et al, U.8. 8,035,880, issued Mar. 7, 2000 (Ex. 1021).
2 Quake et al., U, S 2002/0058332 A1, published May 16, 2002 {(Ex. 1004).

Without a sufficient explanation regarding  the
combination of Hafl and Quake, we deternune that
Petitioner has failed to establish a reasonable likelihood
that it would prevail in its assertion that ciaim i, or

i3

3. Gbvivusuess of Claim 6 over Haff (uake, and Ramsey
Clatre 6 depends from claim 1 and further requires that

o

e

to claim 1, we determine that Petitioner has mﬂ‘:g to
sufficiently that claim 6 1s unpatentable as obvious over

a
at
as

In consideration of the foregoing, it is hereby ordered that

HAT, Quake and Rams&ey3 §103 &
3 Ramsay et al, U.8. 6,524,458 B1, issued Feb. 25, 2003 (Ex. 1008).
We note that the claim chart identifies the last iimitation of claim 1 as “providing conditions suitable for the reaction in the

at least one plug involving the at least one biclogical molecule and the at least one reagent to form a reaction product.”
Pet. 30. The last limitation of claim 1, howavear, recites “providing conditions suitable for the aufocalalvtic reaction in the
at least one plug such that the at lsast one substrate molecule is amplified” Ex. 1001, claim 1 {(emgphasis added). Patent

Cwner did not object to the claim chart as incorrect. We, therefore, consider th:s to be a harmiess typographical error.






