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appl i cHO BIMSHY7 09/826,,583 filed April 6, 2001, and U. SPCRESHY 875 onal
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Rl GHTS TO | NVENTI ONS MADE UNDER: PONSORED RESEARCH AND
DEVELOPMENT Wor k descri bed herein has been supported, in part, by National
Institute of Healdpogs REFEIGOEE4Y RELATHIS ABPLICA TSONSeS Covernnent nay

therefore have certain rights in the invention. BACKGROUND OF THE
| NVENTI ON Cr yst alThiszapiplioatiansts arontwpatipane-ped of §l-Suronpro visienddipalenyi cal and

chem cal ,.ar.ts. | £l | v,, a..high-qual ity crystal o rget _.conmpound
can be ag%léﬁab%léao'@?@i% llgﬁf%prr lé?t ?é)bnl ’ %c*’n‘hfd‘ﬁg r%tv %l%'}af(l)agtgétaaf%ﬁg%?&r ate

t hr ee- db @St QI filel Tued 2, 2001, This patn@giplicaildn Sisé blatras ghomyttandl.S.
structure information_can. then be utilized to.predict functionality and

. car he
behavi @Fovifionahgateniapplicatjon na, 883¢ 3,52 diled Sentembardds 2ON - pFRfse88or s sinple. A
t ar get | ' éismr@ft ' / e chem cal
envi roggrgnt igpgﬁtwgs | slge(g{:@;eﬁh?@?%gt I;ég%?[?l} @galyﬁmsﬁt ered such that the

target is less soluble and reverts to the solid phase in crystalline form

This cha | | ' ﬁll sl ] VOducin a
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of the target matgskaescrittdMeAf hihddRWBYRIted] RIPR) By NatioA R Jastabiclor crystal
Is generally difficult, and sonetines inpossible, requiring nmuch trial and

error &edltiparaneHee0 ¥ 2t0e Py Unigdd Sthies Coseaymané may tipyetare have qoptaint he hi ghl y
conpl ex. structure of even sinple biological' conpounds neans that they are
not arrgﬁg%lng o ec%'?‘rgn"'ng a highly-ordered crystalline. structure..

Therefore, a researcher nust be patient and nethodi cal, experinenting with
a |large nunber of con@BACKGROONITO¥FSIRE INY¥EZINTON al t eri ng paraneters such
as sanple 5 Cctober 05. WD 02/ 082047 PCT/ USCR/ 10875 concentrati on, sol vent -
type, countersol% 5%%@!%@%@?%&%54&0 ‘Hﬂe&h'{hﬁ |“Hﬂgﬁcﬂpﬁ‘%u°&,@?mt“@ obtain a

“high quad | $pecRichy, Al highlqubfity @fdaldf 8 g E@onsinl @aR Bl ahalpgbdty 2kly

difﬁ:'a_qtion techniques to produce an accurate three-dimensional structure of the target.

Thié-”t,l‘i-réc-dimensional structure information can then be utilized to predict functionality
and Behﬁﬁor of the target.

In theory, the crystallization process is simple. A target compound in pure
form is;;ii's‘_‘solved.inrsolventr. The chemical environment of the dissolved target matérial is
thér_i- altcrcd such that the target is less soluble and reverts to the solid phase in crystalline
forri_;rri.r Thls change in chemical environment tybica_ily accomplished by intfoducing a

| crystallizmg agent that makes the target material is less soluble, although changes in 7
teﬁpefature and pressure can also influence solubility of the target material. o
In practice however, forming a high quality crystal is generally difficult,-
and goghefi.mes impossible, requiring much trial and error and patience on the part of the
rcséérchf:r.. Specifically, the :highly complex structufe of even simple biological -
' -compquhds_ means that they ‘are not amcn_ziblc to forming a highly ordered érystallinc,r
stmétﬁr(t;._ Therefore, a researcher must be pétient and methodical, experimenting with a

large number of conditions for crystallization, altering parameters such as sample



Accordingly, there is a need in the art for nethods and structures for
perform ng hi gh throughput screening of crystallization of {Qgteper 2005
materials. 5 SUMMARY OF THE | NVENTI ON The present invention sets forth

met hoWQ#d033¥47uct ures for performng high throughput FETEERPBETDT
crystallization of target materials. Methods and structures.for purifying
smal | asdt@SioRYsolRal Wt AouherddlRint &R, fehfperadireVdndetiratidngdh ofdvr aghput
screening of crystallization of a target material is 10 acconplished by

si nul tebiaspadiigh qualitoenysiahif ia faciaaryeal on bepbtaingdgbelinat eri al at a known

concent rati on | Ao SRl Aeld i Hfcch BRIRSHSPnefholl GEPLARIESRET T ui di c

device. The mcrofa ul vice I's then mani pulated to vary the

sol verferfoaniigHigiatirouphpit sceaeningodf dripstaltinativinesfargttveatebyissi mul t aneousl y
providing a | arge nunber of crystallization environnents. Control over

changed sol vent conditio ' I I ety of 15 techni ques, )
i ncl uding but not [im tMﬁ&%&%ntﬂgﬁﬁ?@vg)&l l'izi ng agent through :
excl usi on of vol pE, LiMNdvBRi G RYrih RBhbARARRIuchirePlor peFeinying AN ol | ed
volumes of crystallizing agent as determ ned ltbﬂ%t the di mensions of the

ni cr oftheughputdencening of crystallzation hAtangst matgreads. i Methods andairusfures/fost j uncti ons
defined .by. i ntersectjng orth nat fl ow s. 20 An enbodi nent of a

met hod"6f: H%tsg‘ralﬁr?ﬁmgie\s?gyﬂ%ysgglaggtéornyésr 5}5#’2‘?%{3‘%39%'[ to pronote -
crystal lization Highahapkaicercehing of beyspillezmdon of awegdtinenertdipr i ses |
provi di ng a_ chanber havi‘;gx_a volunme in _an el astoneric hl g;:tk separated from

a 18ontacepmplished by simultango WF@“&&P@F‘&W@ZM g%?da@ﬁbﬁS‘F‘VF‘ﬁ & sure to
the c Q:Bhéé?l:traﬁgﬁ s 32) n Clétyb@tchmﬁcrls R RRT R 2R8 hSGE @dvib&lt hd he chamber

and the volunme isr y a calibrated 25 anount, thereby excluding from
t he chaheabricacal fldidztdedice 4 ther nefmipulstey st wdr itheastolvent cowaptrasionThi s net hod

may further copprjse providing a second fluid to an openin f t-he
chanb&fch ahile gg‘?i’?f& _ﬁrﬁh’_ﬁ‘ﬁ“ﬁ@ﬁ?‘b‘fé& REovihnzd large %‘H’&lﬁ rtoﬁﬁpg[aﬁémh% rane
rel axQavhaked. CBArONdval SRingPO@SIIVERTcRBfichdMag ddshliTRdned vitabiyige of a
crystallizing agent is drawmninto the chanber. This nmethod may al so

f U6t hdechnigyes.i ineluding byanet| linsitédrtatetsring of EoisilizigREeAERBRIZ® . with varyi ng
cal i brated. volunmes. An enmbadi nent of a s em.f or | 1§zl a target
mat er ieﬁfﬁflﬁm ozggggﬂnbeaﬁ%'@%ﬁ &W“frg%é’ PHEREN y‘?érpfég&ﬁ%cﬁ%ﬁ&{c%%?ivé@%gjfel astoneric

bl ock dratdligindGgént aFidetefmingd byt @tnarRpabof theanitiofluidid dévicg ontmisst a vol ume
of a solution of the target 2 5 Cctaober 2005 WO 02/ 0820- 17 PCT/ US02/ 10875

mat er ichpnnel rcction ipoamasay of i errtipps definedhyentersecing prahogs Yation with

t he cQﬁ%&ﬁ the flow channel introducing a volunme of a crystallizing
agent 1nto si‘he chanber. The crystallization systemmy further conprise an
i @0l ati on st ructAn embodifrieptio £8lntethod of metering 2 volume of a crystallizing agent

to promote crystallization in accordance with the present invention comprises providing a
chamber having a volume in an elastomeric block separated from a control recess by an
elastomeric membrane, and supplying a pressure to the control recess such that the
membrane is deflected into the chamber and the volume is reduced by a calibrated

25  amount, thereby excluding from the chamber a 'calibr_ated volume of a crystallization

. sample. This method may further comprise providing a second fluid to an opening of the

chamber, and ceasing application of the pressure such that the membrane relaxes back to
an original position and the cali_bréted volume of a crystallizing agent is drawn into the
chamber. This method may also further comprise the paralielization of multiple

30  chambers with varying calibrated volumes. |

_ An embodiment of a system for crystallizing a target material in

accordance with the present invention comprises an elastomeric block including a

microfabricated chamber configured to contain a volume of a solution of the target
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selectively isolate the chanber fromthe fl ow channel as the fl ow_channel
receives a 5 volune of a crystallizing agent, and then to ﬁ%g@efﬁ%oﬁzhanber
into (“gﬁ%g&gzo\ﬁth the flow channel to alter a solution condition within
the ch Al ternatively, the crystallization systeRGRYSR U her
conprise a control channel overlying the chanber and separated from the
chanbemateyial an® ainiardabriched Mevbélangelde fluebdomhenication wilethelchagaber, t 0 excl ude

a caljbrated vol une of _sanple solution fromthe chanber, sucgh that

r el axalP _“'o‘%’af‘ﬂ%] ‘E@?‘ﬁ@%aa%“'aﬁé’&é cprtalians preat we %fﬁa@bﬁﬁ e

cryst atdyitaNRgtiAD8RIent PaP flkiRr eBAPRSS an isbMidN S ucih ebRBddrveloy, the
crystallization systemmay conprise a plurality of first parallel flow

channesedectifelylisplate damehamibeuirporthodlow chanepl getherfinvechaninel teepives apl ural ity of
second ral.l el .ow_ channel rt.,hogonal t,0 _and. i nter.sect.j he first

T o CYolRE B Byl EAAAN SR 0 B9 e SRR SEHAGIRIM PR T L1ST ) 6
i n fl uikEnselnrouhecaddlgtivndchbitien Mathin et chlainbzd. NBltagahtels tiedcrydiatlizaionar r ay of
sol ution environnents can be created at the t'éunct i ons. Anot her enbodi ment

of a sysegnmpyfughy somprsca sppteel changet ovealy g the chambes apd sepgried Ph ¢ he
Preseihe LHNBRL 1AM FOMBENS e Abaftl AR RIREAGIeInBHe (A Dkfude o
cnanper con

m crof abri cate _ I gured to contain a volune of a solution of the
t ar getcabibrated eolitak of sandple seiutist didohi thi charag@nsuchalsd relekationrof theui d

C nication with the.mcrofabricatied chanber through a dialysis nenbrane,
0 G Rbig dEives 4R ESTEHER SRIERE StBE FERLHE 8501 1O PREMIOGor mat er | a

| Nt o tMgtHer ¥Rdrakdvely, 1Rk @YQRNizAESEHNRIT may BSmpAsYSpRakdtity bGrsPgRMel ' €SErvoi r
may be formed in a second el astoneric block, the dialysis menbrane may be
pr eserflowichaninglstin dlugd epsmpnpicatiorhividl k targefdnathealdind 4/ plusalieaficaond nay 25

conpri Yy L0k Lodu h r r oi r and
Chon JnE By FRlndr BERSRRSo Ak HER B R R R iR PRgt ¥
cryst gilhdaliiyngf jandtivhgcthe Setbfd iflakw dhannds tofldid RemmainidatibAevithiraesent i nventi on
cQnpri ses ﬁh_argi ng a chanmber of a mcrofabricated el astoneric block with a
pigEpeht syeh thakan aFyeef selition;egyironpents ean brtrertadadh8o vol une of a
cryst glhdi@h§9 agent into the chanber to change a sol vent environment of the
chanbér. The volunme of crystallizing agent may be introduced into the
chanber by def oAnother ambodiraentafarsystemifoncystelizig[ g matahbhmber to

excl ude the vol of the sanple fromthe chanber,, foll d by relaxing the
merbr ARErD ek Fepeesymt nen comrgars Brianingeny bioeR e agent to 11 ow
i Nt 0 trhieroTisidARId. chahber dfiguRidto chR@inVOVdliRe OF a 3ofatick bPRRargd05 WO

02/ 082047 PCT/ US02/ 10875 crystallizing agent may be introduced into the

c Rnb anaterjalesnd appbiallizingageainesavoir it fuidsommynigptiagerith heoxi mate to the
champar el ORBE Abydl U BIHR Rt the RRPHE AR TIBERL T g
agent to picvchi@ow btHeasirgetdaterie) inf the cRatallAhy agdnbhfesublimdhef crystal li zi ng
crystallizing agent reservoir may be formed in a Second elastomeric block, the dialysis
membrane may be present within the elastomeric block, and the dialysis membrane may
25  comprise a polymer introduced between the chamber and the reservoir and then subjected
to cross-hnking.
| An embodiment of a method for crystallizing a target material in
accordance with the present invention comprises charging a chamber of a microfabricated
elastomeric block with a volume of solution of the target material; and introducing a
30  volume of a crystallizing agent into the chamber to change a solvent environment of the
chamber. The volume of crystallizing agent may be introduced into the chamber by
' dcforming an elastomer membrane overlying the chamber to eiclude the volume of the
-sample from the chamber, followed by relaxing the membrane to cause the volume of a

- surrounding crystallizing agent to flow into the chamber. Alternatively, the volume of

3



5 agent maybe introduced into the chanber by diffusion across a dialysis
menbrane. Still further alternatively, the chanber may be® $EtIbsE @ a
junction between a first flow channel orthogonal to a second fl ow channel,
and wWEP &2 He sanple is flowed through the first fl SWTAHANHSIS and t he
crystallizing agent flowed through the second flow channel. An array of
such ctgshhlizingneynthmayled innedudey iato-thkcliandrer be tavesppirg 4 Qolhimestf set  of

par al | el ow channel s orthogonal to a.second set o ar al | fl ow

f |
P nersh e en HepHEHe Ba RN SeRBE 7 AR 1SS d

cryst ahddiddiiad baeaRh td QWRMer At Bb OR st isesRAtiofdiow dilfmBibals to create an
array of solution conditions. An enbodi nent of a nmethod for crystallizing a

t ar get crystabizingl ageniriptoi the sharnbpry Hudkdrmdfematysisitae volpmepfagetaliizioga target -,
material solution in t Lesenc f u Vi r phol ogy
calsgul %qeggmt%%gérﬁlyg“ %ﬁgt(f@ﬁﬁﬁ%%rg)gr&f‘@?&{ %%osr? a(]:)q? al gl\ér@%q'f‘%flﬁ%f the target

material . 1n cer$ail furgiiEbaliérBiesy, tidilamver phpbegyfinadybyt ajeactibre form of a
regul ar norphol ogy of a mneral surface, or {leatureé f a ﬁg{?’ collductor
subst r batwesst fiest Aat dhpnnal otheganapiey seapndfieys ghanash apd wherrip fssamg

cryst afslf ZtedIRubifiS st T Chainehd4 P &gstagﬁ%@i’z{gﬁ:ﬁ@ﬁ@@e& hréghQhdance with

the present invention conprises providi get material solution within

a m crscaindt flowichahnehafh erray afi suchrebembien gnay bealsfiped by hijwmictigndgoveenian fluid -
C n.cation w he mcro fabricated ch r. An. ai cket, i s provided
btoe oS OF el docettiid orBRiareFiod sesi oty dalRRLe. ¢ ne |
cryst alith Zhmiplef6WEd BirbdS@8 firdl flohechaHAROindRIQAlidmEent fldwe I pocket into
the target material solution. In certain 25 enbodi nents, the air pocket nmay

be secthraghithe sscordbflowchanytels oromats amredy of splpdiew gerditiens.nat eri al utili zi ng
m crocontact priptin hni gues | t he
present inventi o}r%eg'goéée ffm gsgme&oﬁ%ﬁ%@%@ﬁé@é@%ﬁ%@%ﬁé lﬁgg‘%‘ﬁ%‘?%s descri bed

I N noriatrdeicihg a ciystaNizingGlenoOfd daidet inAenbsolutionlinthe presenat baa bedacki gures. 30
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig:t;. | is an illustration of a first
elldst drvinga magpbeloey catcylased ogervsns 3 templae dpmpioRpalien abt eyst#! 9idhe2/ 082047 5

Ot ober. } o . . .

el ast Oms% ?géfeggeg;%g g&%ﬁ or?%%rg%ﬂ%ftl%gh%ré}%é Cntllﬁ%léagk Eﬁlffg&lﬁs%%ﬂ?g an

i | | ustmatpholvggioft nenehbsirfiverdirdedtaypeof afenkicgndutor enlsiatt patomediy .

mcro ghi ned nold and positioned over the top of the elastomeric |ayer of
1t Ogr'vléh

Fig. 1 -4 is an il ustration corresponding to Fig. 3, but show ng the
second el ast omegj embBYREen 884 hle@idado Oy itk alth@et abdriabbpshgureri ¢ | ayer.

20  diffusion in accordance with the present invention comprises providing a target material
solution within a microfabricated chamber, and providing a recrystallizing agent in fluid
communication with the microfabricated chamber. An air pocket is provided between the

- chamber and the recrystallization agent, such that the crystallizing agent diffuses in the
vapor phase across the air pocket into the target material solution. In certain

25 embodiments, the air pocket may be secured in place through formation of 2 hydrophobic
material utilizing microcontact printing techniques.

" These and other embodiments of the present invention, as well as its__
advantages and features, are described in more detail in conjunction with the text below

and attached figures.

30 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an illustration of a first etastomeric layer formed on top of a

- micromachined mold.



Fig. 5is an illustration corresponding to Fig. 4, but showing the first
and second el astomeric layers bonded together. Fig. 6 is aRPF(4Eation
corresponding to Fig. 5, but showing the first 10 m cronmachi ned nold
renpve anmséfbl anar substrate positioned in its place PAV§SO2/R75s an
illustration corresponding to Fig. 6, but showing the elastoneric

struct ure seal ed Fimt2ds hh@lystraiar ofasesondtlastombgs laygBlommedon tapmif asect i onal

Vi ew correspo di(? ﬁ Fig. 7A, showing an open flow channel. 15 Figs.
7C-7G &MEF aF&E‘F g‘m"‘gns showi ng steps of a nethod for forming an

el astoneric strugidngs BRNtRBaGoSINRE SaStomeFiORH cf bPFIpA2 s@RMealRdneiRSt OMeri ¢

| ayer. Fig. 7His a front sectional view showing the valve of Fig. 7B in an
act uat enicwprtkinedmgld @ positioged prérike toptad sheelrsiamepe FyatefEe. lappl i ed _
pressure for various . 20. -chan S . Fl 0.9 41 [ I response of
a 100nmx 100gnx lg?rﬁ'%‘Il@%rr'nllg:‘lrsgyé?nv(@”%g#g?d"{:gltg Fllg %ib#' y%{ﬁ)tv@éé@te itsg%glfj vi ew of

t he valelsgtoftferibilgyer pokitbwpdiongopef thetfirstelasaimdrivdlapanbrane. 25 Fig. | 1 is a
front sectional view of an alternative enbodjne H) of a.val v% hagi ng a flow
channel with a clit&eds apHhisiratien cuerespandyns te Ag'i‘g 4t shasreg heduttiapdyi ew of an
on/ of f L0 i _ iQpal el evation view along |ine 23B-23B in
Fig. 15‘%%@55@1’[%}3"&%%5& 1?%%62%%2% c view of a peristaltic punping system
30 Fig. 13B i s aFipétis enillusehtearatorespanday talfopd, buhshovimg thelirstn Fi g. 13A

Fig. 14.is a araph ow ng,experjnentally achi.eved punpi ng rates vs.
1 80 semibrar it BekDR et S5PS plituPrae potbiSuEIa RS i oF K. 13, s
5 Cctober 2005 WBid) Z/a0i8 20 AiTushiationSiees g8l fol Big. 4, %Mt blfovdng e schematic vi ew

of one control line actuating multiple flow lines sinultaneously. Fig. 15B
i s a selesioperr sEnadygsealad onevtheplenyy subseato6B- 26B in Fig. 15A Fig. 16 is a

schematic ill ust i o - : '%% - : mt flow
t hrough vari ous g hﬁ%llés); fré?t&]él"'i&fﬁl ?l)é@gcogr?égé]&@i}{ %lg'g]é’%g(\)/ﬁng?gr of an
addr esspdil ow eliinebn chanber structure. Fig. 17B is a bottom plan view of a

control channel |ayer of an_addressable. reaction chapher st.ructure 10 Fig.
178 i's an expl odEESpErsSeErikusitent owqgét%lﬁd}fé‘ég%@?@?‘?ré%‘ﬁlp%ﬁ“

elastomeric structure having a membrane formed from a separate elastomeric layer.
Fig. 7H 1s a front sectional view showing the valve of Fig. 7B in an
actuated state. .
Fig. 8A and 8B illustrates valve opening vs. applied pressure for various
20  flow channels,

Fig. 9 illustrates time response of a 100pmx100pumx10pm RTV

microvalve.
Fig. 10 is a front sectional view of the valve of Fig. 7B showing actuation
of the membrane.
25 Fig. 11 is a front sectional view of an alternative embc;diment of a valve

having a flow channel with a curved upper surfﬁce.
Fig. 12A is a top schematic view of an on/off valve.
Fig. 12B isa sectional elevation view along line 23B-23B in Fig. 12A
_ Fig. 13A is a top schematic view of a peristaltic pumping system.
30 -Fig. 13B is a sectional elevation view along line 24B-24B in Fig. 13A
Fig. 14 is a graph showing expenimentally achieved pumping rates vs. .

frequency for an embodiment of the peristaltic pumping system of Fig. i3.



chanber structure forned by bonding the control channel er of F - 17B to
the top of the flow layer of Fig 17A Fig. 17D|sasect|%ﬁ)&i° ber 0% i on
view corresponding to Fig. 17C, taken along line 28D-28D in Fig. 17C. 15
Fig. W 2408 g"‘%chematl c of a system adapted to selecti vBCHUSIFHSIS I uid fl ow
into any of an array of reaction wells. Fig. 19 is a schematic of a system

adapt ed for sel egigaly 2 id foplsahenidtowievb of veetontal lihé adtudtingunclplmel s. Fi g.
20A is bottom lan view of first layer (i.e.: the flow channel layer) 20
of el aﬂﬁ% ¢s ynuliane@psl¥habl e flow array. Fig. 20B is a bottom plan view of

a control channe,! pstels PlecRomiibloritah e RloHR 1inc@0BAI6RA Filll 854 20C shows
the. alignnent of the first layer of elastoner of Fig. 20A" with one set of

cont rol channel sFignlgisa a';bqnatd: illasteatiopfof @ raltiplexed vstem gdapggigo Fig. 20D -
sho i@?e al i gnment of e first layer of elastomer of Fig. 20A with
ot‘ﬁ’é‘?" n‘faﬂ?l“sﬁ él s in the second |ayer of elastomer of Fig.

208 Figs. 21 ARE31B0MM MafWewodf Offiey tyepdf seatdrebatde raktiod thanbeosed val ve
structure in accordance with the present invention. Figs. 22A and 22B show
pl an \AUEERIE.| | ustrat i ng oper ation of one enbodi nent of a side-actuated

val ve structure ﬂ\‘/iPéW il en%falgblewgf [%'i‘E:hdnB&el%érQﬁan alili@ssaBR Shows a

cross-secti onal i ment o a conposite structure in
accordﬂmbnwhambéﬁWupnment invention. 6 5 Cctober 2005 WO 02/ 082047

PCT/ US02/ 10875 Fi. 24. shows ross-section not her enbodi rrent-
ofl%a  conposite %gflﬂg ikt ‘?XHIOZIE‘EB‘?rB%‘??Bchet“h&ttH%ag é}ﬁ T3 Rt i on. Fig. 25

shows RambeStruehird FsRfb b W&de RS clirRedi ﬁgs1mt&mme§bfe

structure 1 n accordance with e present invention. Fi gs. 26A-26D show
pl an vheflswilhyensf Fig 1’7y oper atl on of one enbodinent of a cell pen

structure in ac t he resent i nv 7f02(B show plan
and cross-secti ?gﬁﬁfmsﬁc{]ﬁ%ﬂﬁ ?’tfoﬁlgv'opé:f)g ?pgﬁalngftgizﬁ lgéboéigrrzrent of a

cel | GG 161 2885-280 mrplgcpm dance with the present invention. Fl gs 28A- 28B
“show plan views of operation of a wiring structure, util.izing
crldss- channel i fjigctd 6@ ﬁchefa%téf‘cﬁfdlaﬁ?ﬁé‘éﬁ\/ﬁqaﬁteﬂﬁ‘éS@%H&]ergma QP“-‘(ﬂ%Wpr esent

' nventlht%r:‘iny of an array of reaction wells.

Fig. 19 is a schematic of a system adapted for selectable lateral flow
between parallel flow chamnels.
Fig. 20A is a bottom plan view of first layer (i.€.: the flow channel layer)
20 of elastomer of a switchable flow array.
Fig. 20B is a bottom plan view of a control channel layer of a switchable
flow array.
Fig. 20C shows the alignment of the first layer of elastomer of Fig. 20A
with one set of control channels in the second layer of elastomer of Fig. 20B.
25 ' Fig. 20D also shows the alignment of the first layer of elastomer of
Fig. 20A with the other set of control channels in the second layer of elastomer of Fig.
20B. ‘ '
Figs. 21 A-21J show views of one embodiment of a normaliy-closed valve
structure in accordance with the present invention. _
30 Figs. 22A and 22B show plan views illustrating operation of one
- embodiment of a side-actuated valve structure in accordance w_ith the present invention.
Fig. 23 shows a cross-sectional view of one embodiment of a composite

structure in accordance with the present invention.

-




Figs. 29A-29D illustrate cross-sectional views of neteri ng E% VO 561
exclusion in accordance with an enbodi nent of the present ? 0ps Fig.

30 is a plan view of one enbodi ment of a recrystallization systemin

accor GRd20%eth one enbodi ment of the present inventiorPar/ir$ozanstg vol une
exclusion. 15 Fig. 31 is a plan view of one enbodi mrent of a
recrystallizati orplgmtsﬁmvgQcﬁ,ggg&q%gpv,%maﬁ&gﬂpgmehmnt ion utilizing
vol ume entrapment. Is a plan view of an alternative enbodi ment of a
recr yst:ambo&la:tatmntursmsicemﬂmewdoﬂlﬁm@ﬁenwthmhe pr esent i nvention
utilizing vol une r.apnent . Vi e rQtein
crystallization fy%?és PHS 3|°T°8 Cé‘é)n\ffrg Y'RY Ogﬁn&ﬂgcm Odc'im (ffor n accordance

Wi th t Bempbaeaniuciury@nictandeivitizinepreseasiavedimanel injection: Figs. 34A-34C
are_enlarged views ofa portion of the recrystallization systemof Fig. 32

shoWing its oper di8%R0AR0R shew plan yicyisdHusialing ppralion PEORLIMtmERhodi ment
of 2 ' BR8N fd LBRK M ackaniNed GlTh Ul ACGRR dRREGup LD Lhe present | avent] on
utilizing a | a ysI s menbrane : IS a cross-sectional view of another
enbodi nent of a ancEWAmBIshzanplmnamy&bmacnorm(ycﬂvckaﬂuetrammgropbneom esent
I nventi ' ' pl an .view of still

t di al -
et Pl Shtembodine %oqafaac'eﬁéﬁgéjiwrrrzfarr%*ﬁdange%g@r%merrrta'a‘ée&rla%nce With the

present inventi opigit b8A28BEhawdiad Vizhs ofepdtaaditef Hvlitng stBRtiee HiRYng
cross-sectional views of a process for formng elastoner structures by

boH¥li neross-ehapngl wngactipr il accprdenceryvigh tisoembasliment qfithgpregendinvsntial enbodi nent

of a structure i C C form ng
crystallization Eﬁva%%%eﬁhgls‘seﬂéé Pr E‘“t;?e&ﬁﬁ@q’gé‘%i%ﬁ%%@g&q’%%%/ 082047
PCT/ USERd1d480 i dccordadde witowseiabpdiaieny bPihe ptesamtahvatioanbodi ment of a
structure in accordance with the present i nvention for Perform’ ng

crystal lizati on Big ¢8pHt PlaRatv obons qrabesdment; of a rgarystialiigation sysiegi 11 ew of

still angidgkte W%bmt)nd-nﬁof %&‘é&éﬁ@mb tion ARG g&élﬂsr&he present
i nvention for perform ng crystallization by vapor ase rfusion. Fig. 42
shbws a pI an vi e\an)BImgha:h@cbwmf\cbna)émbochmenmfurrecnymaumammm v th the

present |nyentio sortrn sta f various sizes. Fig. 43 is a plan

vi ew o?cchfi/a&F? g’r‘tﬁé{“f V&Sf‘@ﬁﬁ[ﬁfa ’lﬂﬁm%v‘? EFraPIFYat i on. 10 systemin
accordance w th &je3piespRh vieW 80 Alerdtveickibadingt e refysamamn. Fig. 44 -

plots Log(RIB) vs. nunber of slugs injected for one enbodi nent of
system in accordance with the present invention utilizing volume entrapment.

Flg. 33 is a plan view of a protein crystallization system in allowance with

20 one embodiment in accordance with the present invention utilizing cross-channel
injection.

Figs. 34A-34C are enlarged views of a portion of the recrystallization

- system of Fig. 32 showing its operation.
- Fig. 35 is a cross-sectional view of one embodiment of a recrystallization
25  system in accordance with the present invention utilizing a dialysis membrane.

Fig; 36 is a cross-sectional view of another embodiment of a
recrystallization system in accordance with the present invention utilizing a dialysis
.membrane.

| Fig. 37 is a plan view of still another embodiment of a recrystallization
30  system in accordance with the preserrt invention utilizing a diaiysis membrane.

Figs. 38A-C show cross-sectional views of a process for forming
elastomer structures by bonding along a vertical line.

Fig. 39 shows a plan view of an embodiment of a structure in accordance

with the present invention for perforiming crystallization by vapor phase diffusion.
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a cross-flow injection systemin accordance with the present invention.

Fi g..45A shows a sinplified plan view of the alternative eff5beeA0%f the
chip utilized to obtain experinental results. 15 Fig. 45B shows as

si npl WG e@dsedil7ar ged pl an view of a set of three conpoed®@/Usel/1s7of the chip
shown in Fig. 45A. Fig. 45C shows a sinplified cross-sectional view of the
conpound wel | s Of i @15y vichSor A8BheWSoRmENSY diAi@@ysUMMRI | 2ing t he
results of one set 0 20 ¢ periments %or crystallization of glucose

i soneraserdahcegwith tha psévensingentiot fog penfdrmohg erysiallizagen by ahporiphgse 47B shows
phot og 'Eﬁgh of a crunbled protein crystal. Figs. 48A-B show phot ographs of

| ar ge, “"H*¥A™qual ity gl ucose isomerase crystals formed a chip. 25 Fig. 49
shows a Venn di ag?am SO h1ah PEwlo SRITIMA R EmBbdigienesf N&Aicure for -
cyrstallization of glucose isonerase. Fig. 50 shows photographs of a nunber
of 5g| waseewdanesowith ts@resepsingpriionf i9f pedorining rvpalizatien E&Hﬁt%mhé%di tion IS
Fig. 5&&‘@%&‘4\5 addi ti onal photographs of glucose isonerase crystals. 30 Fig.
52 is a Venn di agram sunmari zi ng experinments for crystallization of

prot ei nase K. FiBig. £Bhoshzailan vipwos Einnastmdimentyd hatruttoremdichyrdemevent i onal
m crobatch. Fig,. 53B shows rEzrot ei nase. K crystal s observed on the chip.

Fi g. S¥ith HispressAbingerionHer sArtiag ans I"aBPB%/%‘?‘?fase K crystals. 8 5 Cctober

2005 WO 02108204, PA3TL USA24 JR/SE 47l dterrafive SmBoMRIAL 8 LA HHIRBA | Zi NG
experinents for c?ystal It zat1 on of the beef liver catal ase protein_ Fig.

5dA s ystemeingicotrdayica prithothe pheseicieiertionaxilizigaiobee prtapaient.crystal s f or med,

by conventional mc a t ni ques, Fi 56B sh a_phot gar a of beef
5 liver catalas lﬁr%‘{)@f)ﬁc‘g?_ ¥ PB?‘R%W%H’EB "_Hﬁ?%%&) A oélgc?_f)n(r%agﬁ%eé’[)\g\{ th an
enbodi I &BEs-Abw liMjBctionsOSEAY inl 0¥ SRR Withing préséni iivéntddann di agram summari zi ng
experinments for crystallization of the bovine pancreas trypsin gr ot ei n.

Fig. 58A shows aFightvbgfiapna simplidied pbanpask c&ts Altemasive eBPgmantohr oduced
10,0 SR B oo SRRIRNG e porer e Lpsin crytal s formed o
i 95a Venn di agr afigs4fBitawss agimpiifted apaged plan viawef abdtiof eireon of | ysozyne.
compound wells of the chip shown in Fig. 45A.
Fig. 45C shows a simplified cross-sectional view of the compound wells of
Figs. 45A-B. )
Fig. 46 shows a Venn diagram summarizing the results of one set of
20  experiments for crystallization of glucose isomerase. |
Fig. 47A shows a photograph of a salt crystal. Fig. 47B shows photograph
of a crumbled protein crystal.
Figs. 48A-B show photographs of large, high quality glucose isomerase
crystals formed a chip. |
25 F ig. 49 shows a Venn diagram summarizing a second set of experiments
for cyrstallization of glucose isomerase. .
Fig. 50 shows’bhotographs of a number of glucose isomerase crystals
formed utilizing the Hampton condition IS.
Fig. 51 shows additional photographs of glucose isomerase crystals. o
30 Fig. 52 is a Venn diagram summarizing experirﬁents for crystallization of | -
proteinase K. |
Fig. 53A shows a proteinase K crystal formed by conventional microbateh.
Fig: 53B shows proteinase K crystals observed on the chip. |
Fig. 54 shows photographs of additional proteinase K crystals.
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Fig. 60A shows a photograph of a | ysozyne crystal formed on a chig in 15
accordance with one enbodi nent of the present invention. FP§ct@d®eB28BoWs a
phot og a lysozyne crystal fornmed utilizing a conventional m crobatch
met hod.“?@{%&g%@ is a Venn di agram summari zi ng experi nenP§TAU§p2/10875
crystallization of Xylanase. Fig. 62A shows a photograph of a Xyl anase
crystal formed utfiBi ¥} sg YemOdisgamesuminpmginmexpeomanisior evstalligatéon ¢f g. 62B
shows r | anase crystal formed on a chip in accordance

W th aﬁhggrrgeﬁlgﬁgn al%{eqe}ﬂgeéynpr esent invention. Figs. 63A-B show photographs
of Xyl anase cryst dfig. $6x sieolvyid phdtdgragh &f the bedf liver eatalasdifiatstn viystalsone

enbodi lr};ant of the present ipvention. Figs. 64A-B show photographs of | arge,
hi gh” quaIMedbxeeperaenabmigTRBateh teobnigussy Aig 6P thopsiasdivieeadd ofibegt otein
forged ikt bdtgihfprBteieMstals BRAAL SPRERip W hdboPiice GRIACHI dFRidiREnddiend " €SNt
invention. Fig. 65 plofs a bar graph 8f crystallization hits generated on

t he varpresgst ingemdtosi ns for the conventional mcrobatch and hangi ng drop

t echni ques, and fQr chiyp_in.. accordance. w th one enbodi neat of the
bresent § mventi of g Ehcrersiiad iR bR aledhenBle Gylitieatin dhg

equi | i hnebdvare pdncidae trypsinpestkinonal m crobat ch and hangi ng drop net hods, and
for the mcro fluidic device in accordance with the enbodi nent of the

present inventi ofig-58%ethsera pitesrigh oftoyszeencaTiysoe cyveliprpdused 67A- C

sh p i b ' e C ed wells of
CnaOChith RLRALR, Pl 3 b 0L T8 paltkES, BRSRRlsIR eidion LATR 01 1=, 5
45 m n.acdérdance 8Athshevesntodinentagtisgpressint tivgstial. formation in silicone oil.
Fig. 68B 5 showg.a photqQgraph evidencing. the absence of crystal formation
inparaffin oil \.Ni’ntg- : légwﬁﬁ’&\/ﬁ%ﬂﬁﬁ%ﬁﬁf‘gﬁﬁ e@SPm’t“ﬁéﬂtXf‘Pfaﬁﬁ%@Ylé%t%‘tOﬁ of
Figs. ¢48,@he@wn on-chip, as nounted in a cryo-loop. Fig. 70A shows a plan
vi ew of” one enbodi nent of a crystallization grow ng chip in accordance
with an enbodi meffig.§0A showsragswiigraphvdiatlysnzymt@rista). fo0& ehawsipansi npl i fi ed

cress-sectional .view of the di nent of the ry. |, growi.ng chi,p shown
TR o SR B R o iR B ot ey F3E R e Bt awi nge
pl ot t i bfa BROLANE EFbiabforméd hSiligindaThar&BiohdlaMicalchanbmber f ace. Figs. 72A-B
show sinplified cross-sectional views of the attenpted 15 formation of a

ni croscopi ¢ fr ee Figa0d s aMenpdliagram ppimmariging gppenmenys forczystalizafion ofi xi ng of
sol uti L. a capillary tube as a result of the parabolic velocity
di stribation of pressure driven Poiseuille flow.

Fig. 62A shows a photograph of a Xylanase crystal formed utilizing a

20  conventional microbatch technique. Fig. 62B shows a photograph of a Xylanase crystal
formed on a chip in accordance With an embodiment of the present invention. ‘
Figs. 63A-B show photographs of Xylanase crystals formed utilizing a
chip in accordance with one embodiment of the present invention. A
Figs. 64A-B show photographs of large, high quality crystals of the B
25  subunit of topoisomerase VI protein formed utilizing a ship in accordance with one
embodiment of the present invention. 7
Fig. 65 plots a bar graph of crystallization hits generated on the various
proteins for the conventional microbatch and hangihg drop techniques, and for a chip in
accordance with one embodiment of the present invention. |
30 ) ‘Fig. 66 compares the phase space evolution and equilibration of the
~ conventional microbatch and hanging drop methods, and for the microfluidic device in

accordance with the embodiment of the present invention.



Figs. 74A-C show the mcroscopic free interface fornmed by sol utions having
different densities. . 20 Figs. 75A-D show a sinplified sch@f@Pec2@PPew of
the formation of a high quality mcrofluidic free interface resulting from
pr essYQ 9HeE2B4H - gas priming (POP) of a microfluidic sPETASHFESTH
accordance wth an enbodi nent of the present invention. Fig. 76A shows a
sinmplified plan Wigevs7ef-Ctshow phetogtdphs df equilitaidems of djes pecseotmmilwecat i on

through a flow chanpel .is controll by, a val.ve. 25 Fi 7 | ot
concerfpaghwels %P{Be ¢hup shownyf ‘ﬁo%gia X?Wﬁ‘&%ﬁ‘“’bﬂ‘&%‘gws’ ggf’gﬁ’s i me
f1ow @&t uation of the interface valve. Fig. 76C plots concentration of

the first solution in the first chanber versus time_follow ng actuation of
the interface vaFige6%h sh@094 pigogtaplyotgrzstal formatiqn inpdRonepy. FizA8Bhows -
three sets of pairs of,conmpound chanber ect 30, mi crochannel s of
di Pr erPs2dkglagre 'ed’.'de??%gg?eo%g%cﬁtﬂ ICP%PE?‘?}%?%P??PEP%%%@U@Lequi libration
di stance. Fig. 78igSéo¥ovsaiphotsivasiiordhe Ngtipasscrvithllofdiigs 62Bprowsonnect i ng .
m crochannel s. 10 5 Cct ober 2005 WO 02/ 082047 PCT/ US02/ 10875 Figs. 79A

shows @-ghiprasfmepndedingrye4a9Pt ur e designed to capture a concentration

gradient over a FiySiaiSfowdd fan (A8 BF Ql-enRRRSAEIF LARBEE di stance from

a free interfac t"aniniti nme. Fi 79C plots concentration versus

di st angrewingochipiif aceerdancet with ac embabdimesUdStbgpeesent invantion. Fig. 79D plots -
rel ati ve chamber_co tration yersus P 5 distance_at the . subse nt tine.
Fild. 80 shows anf @xﬂfﬁ S\ﬁ%wpﬁfe‘e‘gﬁ“é’s%ﬁﬁ%a{‘%é’h‘iw 8f%§egﬁ’|°8"ﬂ%1 8@#‘1% devi ce
I N aceudangswitgldhip SRwR BFER70AMERE lidhB-Bi 9. 81A shows an enl arged view
of a portion of one flow channel in ~accordance with an alternative

enmbodi ment of t hEigpriddehtaré simpihified schemiatic dgavAnghpRYing rOnesy@iosect i onal

vi ew al ong Li.ne Er B! gf th enl arged flow channel portion of Fig. 81A prior
to deal tdil%?‘PCS ‘,)gf‘? PR fr)t; “°row val ves to al |l ow diffusion between

crystal lizing apigat72anB shawGahplifidddrbal settioralvroef theharhptal Fig. 81C
shows cross-sectional view along |line B-B .of the enlarged flow channel
pddt i derBetiqr ¢f a 1gicressPpie dreq dnferfacn in ¢r2pllasfuPer nat i ve row val ves to al | ow

di 1 usi on bet weeg 6t Al it AARTbIABH: I ARIIIRLRG 3k reckl drinad] acent

chanbers. Fig. pl'6éts injecte ume versus nu of injection cycles
f or crpssbolic valveRy distritmtionjof ptdssure drieen Roisauilleflywof fl ow condi ti ons.
DETAI LED DESCRI PI:“I-iIgsq\lﬂ ~C-I;ﬁ(|)5w ?&E%?cgs$w%| ir%é:lrface formed by solutions
having different densities.
20 Figs. 75A-D show a simplified schematic view of the formation of a high
quality microfluidic free interface resulting from pressurized out-gas priming (POP) of a
microfluidic structure in accordance with an embodiment of the present invention.
Fig. 76A shows a simplified plan view of two microfluidic chamber whose
communication through a flow channel is controlled by a valve.
25 Fig. 76B plots concentration of the first solution in the first chamber
versus time flowing actuation of the interface vaive. Fig. 76C plots concentration of the
- first solut'ion in the first chamber versus timie foflowing actuation of the interface valve at
50% the duty cycle of fig. 76B.
Fig. 77A shows three sets of pairs of compound chambers connected by
30  microchannels of different length. Fig. 77B plots equilibration time versus equilibration .
distance. |

Fig. 78 shows four compound chambers Wwith different connecting

microchannels.
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20 1. Mcro fabri cation Overview The fol | ow ng discussion relates to
formation of microfabricated fluidic devices utilizing el 28ctober 2005
material s, as described generally in U S. patent applications 091826, 585
filed KOM08847 2001, 09/ 724,784 i |ed November 28, 2000CT/ES@/QYTE6E05, 520,
filed June 27, 2000. These patent applications are hereby incorporated by

reference. 25 1. Fidgst owshekbs Eﬂﬁétbﬁaidrmgcﬁx&m:ib desigwadiicbedstufa f abri cating
the present invention are provided. herein. is to be understqod that the
pr esentORGEREMHqngHadientayer ¢ ditansg Fig: ?%M%mr&ﬁnwwndw&%ﬁwf%e &oHer

of . t Neg ¢ BRiBINS at BRUHEAY tiRL. hﬂ %&P&&c%?%ﬁ%e&ixs GRPGE %H‘er&é‘e 30

present mcrostructures, 1 ncl ud fying the present nethods, are al so
cont enpiterfasd at a Fitgsquent time7 Big.| ]9&mlpatrelaae«qciamheaboxmeeﬁsstlmif veasusi r st

pre erred met hod qf faF icating the present mcrostfucture, (which may be
et oSS sokraqusaffitngy

se 8 to 18 illustrate sequential steps of a

second pr ef er r edFiE B GRoWE arll 8l EAL Vi of BRe BhBSEMent S L£EHIS hoMet ur e, (which
al so may be used as a punp or valve). 11 5 Cctober 2005 5 WD 021082047 |

PCT/ us@wqmwscqxéawelwﬂlb@eémea#tné@momhe preferred method of Figs. 1 to 7B
i nvol ves using {%?ﬁoggwseacﬁﬁ{%wl&y F 3 p9flof3r BhE nB%SEIRIE Ty and bonded.

In an alternative .eastorre may be cured "in place".
| n t headcotdaowé wghdaatxempnvemnlbcdlm&ned;f'the pﬂé‘sﬁtt&mtenuanrﬁtgeSSB ishowdhe

I stoneric str cturewh C of fluid of_ga Referrlng
i g°r°§s-scatl?*?33§tewle% E*hgﬂeﬁt aﬁf@f@f{ BpeRastion pFIE. Sithchi ned nol d
10 MBYp At th ARAEAIR S FANeRaHWTRES vAleIBAYBRIiARabn BLiWeER BryRia® i ng

met hods, including but not limted to photolithography, "on-ml1ing, and
el ect ragenbauhtarget miateprabishadjacest dambises. Jagr8 1 (shoms-onesstsectenhahvicd 10 has a

R g e R A R R O S

f or medattemndtive rd@ vaRad fldlfRe gifAfsiol el eiBdryfalliong agdit.and tagQShatddal
correspondlg‘% in dinmension to protrusion 11), as shown. As can be seen in

Filg. 2n adissetshamBfEr o- machi ned mold 12 having a raised protrusion 13

extendi ng ther eabigng, b ol ANLE o AGERTCRLBSIYISHCS fhayss 22 15 i

cast on top of suc at A rece ormed in

i ts bathiaoml $ienf mgetion preaspoarttiingf flowichedidonensi ons of protrusion 13. As can
be seen in the sequential steps illustrated in Figs. 3 and 4, second

el astoneric layer 22 is then renoved fromnold 12 and pl aced on top of

first el ast 0”B'E'I%ILEWﬁEg@mﬁ@I@NmpqﬁEmSﬁq?QN\@N?mﬁnd' ng along the
bottom surface of second
20 L Microfabrication Overview
- The folld.wing discussion relates to formation of microfabricated fluidic
devices utilizing elastomer materials, as described generally in U.S. patent applications
09/826,585 filed April 6, 2001, 09/724,784 filed November 28, 2000, and 09/605,520,
filed June 27, 2000. These patent applications are hereby incorporated by reference.
25- ‘ '
1. ©  Methods of Fabricating - _
Exemplary methods of fabricating the present invention are provided
" herein. It is to be understood that the present invention is not limited to fabrication by
one or the other of these methods. Rather, other suitable methods of fabricating the
30  present microstructures, including modifying the present methods, are also contemplated.
Figs. 1 to 7B illustrate sequentia!l steps of a first preferred method of
fabricating the present microstructure, (which may be used as a pump or valve). Figs. 8 to
18 illustrate sequential steps of a second preferred method of fabricating the present |

microstructure, (which also may be used as a pump or valve).
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20 el astoneric layer 22 will forma flow channel 32. Referring to Fig. 5,

the separate first and second el astoneric Iayers 20 and 225 @Qrtaper 2§05 re

t hen bonded together to forman integrated (i.e.: nonolithic) elastoneric
st r ucW 82/@82047As can been seen in the sequential st ep @®CTRISgY10865 and 7A,

el astoneric 25 structure 24 is then renoved fromnold 10 and positioned on

top of a planar auR&lRteRpihthed, he pedBTOPmSARA of Fidsi Uto 7B idtiveé Bisinghen
el astonmeric structure 24 Plas been seal ed at its. bottomsurface to planar

subst r nteecumi elpdemeriayers which 4re pssembledoanddivaded | Inzg. alfFFf@“ﬁ?
81 ast Ok 1fyed bf HELUEES nlaf U cecli®FPRLE! InftRL Ritobing ERLrshdL HGRI Y any
p a ar Su V an sea

smoot h* tra getoformng IS way I s that
the 3f:falasiaressia tisd dslambmemmrmyurbevlpdebanbmmm wllohesf flladidr g&s- used. I n

preferred aspect su ate. 14 is furt her  advant age of
usithg glass is tﬁrﬁf P‘@'F%@sl:‘gsp 5ﬁ's‘3a%ma°h9'£$ ’Sdiffw'glﬁﬁl gﬁ‘f@rrogatlon
of el agpl,eRREd &.Bﬁmﬁlnay BQ@aUrﬁﬁt%H‘b?'arrﬁlmlﬂrb?E&%hM&{ay sancBﬁ‘ﬁrc%lséﬁ{ gONEric ‘
structure may be bonded onto a flat el astomer |ayer e same nethod as

12 5 oneﬁmdx, ipglodiny\buORyt BREA 2O phmmhmhyomsnm ﬁﬂ%é’@c%bb@m formng a
permanﬁg]tg hi gh-strength bond. This may prove advantageous when hi gher
back p ' are used. As can .be seen in Fig. 7A and 7B, flow channels 30

and 32 are pref englhiy be sichP@sE6-radchitied amgt 4 0thas QﬂﬁsairIMd”tﬁrprwasﬁblﬁlsnall
menbrane 25 of substrate 24 separating_ 5 the t of flow channel 30 from

t hO poextending thercalongh £ fiest elastomeric é&)@f ép #w%%rb@et%f myd A spchstipst rate 14 is
gl ass. sfR R Qéé%tﬁﬁl%eoff ngéd Ghe %ﬁé@ s Mel&sﬂﬁne%f&?ﬁ 2&%@&59&? I C

structures may be reuse vant age of
usi ng ¢draspording inathmpﬁmmai pnse-usbmgl)rmysﬂimwerrpl oyed. Alternatively, planar

substrate 14 may be an el ast Itself, .which advant ageous when
10 hi gher back pf\é%'h e&cchIR E%@daseﬁ‘?g %F‘Wo‘&a‘gfm%/dd%ﬂ%c& FaMg4st descri bed

may beraYs%H 'pﬁﬂrutsﬂmf Bréiétéhﬁgr t’{l&te'slfo% A Pﬁbv?ddﬁe ERBRI Gﬁﬂﬁaﬁéﬁ@ lé}fer an
el astoneri¢c material different than that form n'g the walls of 'the channels

of1% heisdtastiondop Fhinold/kl, iaa showmisnelc thiat o recess 3owill e fopned iy g kaftonh  Fi gs.

-7G 15 Referrin /C _afirst mero chined nold. 10 is prowded

M cro- W@Sﬁf%ﬁpﬁ%@{}g E(b&ﬁélémgnst’(ms (?r(ftlmnséonolrfgr otrusion .11 extending
thereal ong. |n FigcarBe sechiih Sl hagtiamaepcillugyaed R0Figs Xastd, seeohdp of first.

m cro-nmachi ned nold 10 such that the tOP of the first %I astorrerlc | ayer 20
i s fl ugpstomenc taper 32oks thgn regioyed fiophmolst 1 ansk placsdn ton of fiFt glastiepierige

SCCOMNSNE A0Stk 03 LAARB S LT ogbariagep. o er o
Al20er nelhstomenyg layére220ed] foesh a B phamelB2l be fornmed by injection nolding In
Fig. 7E second lq“;:f%;r?rign% 1&ig.n5e, dhengpgra%azﬁrg? i\lllllcp Second € Iasstgrgle C a}yztn% Ooa?ld13
22 (Fig. 4) are then bonded together to form an integrated (i.e.: monolithic) elastomeric
structure 24. '
As can been seen in the sequential step of Figs. 6 and 7A, elastomeric
25 structure 24 is then removed from mold 10 ard positioned on top of a planar substrate 14.
As can be seen in Fig. 7A and 7B, when elastomeric structure 24 has been sealed at its
~ bottom surface to planar substrate 14, recess 21 will form a flow channel 30.
The present elastomeric structures form a reversible hermetic seal with
nearly any smooth planar substrate. An advantagé to forming a seal this way ié that the
30 elastomeric structures may be peeled up, washed, and re-used. In preferred aspects,
planar substrate 14 is glass. A further advantage of using glass is that glass is transparent,
allowing optical interrogation of elastomer channels and resen;oirs. Alternatively, the

elastomeric structure may be bonded onto a flat elastomer layer by the same method as

12



extending therealong is al so provided. Second el astoneric er 22 is cast
on top of second nold 12 as shown, such that recess 23 isg%‘?]?@{i%ﬁ)%sits
bottom surface 25 corresponding to the dinmensions of protrusion 13. In Fig.
7F, se®&hW/08rM3t omeric layer 22 is renpved from nol d 12P&r@soploated on top
of third elastoneric |ayer 222. Second el astoneric |layer 22 is bonded to

third eleagitedabote, fatiig 2BetmtankRl And Higledir&gich@sl OMMEE Maypk@ek 224 using
techni ques described in detail below. At this point in the process, recess
23 f or AdVIRfagsons pheyhigher task pagssengs pieised.3 wi || form fl ow channel 23. In
Fig. 7G el astone(d g,k : i d | ) I ned
moUd 10 and 11 1ot eraetac feite PARRGTEIARR chalhelt a0 pdda dRk BB

el ast ondesposed @ yerngle to ancardtior vidnaedali ogatthare X5ooffsabsiraen24 sdpagatimiped (i . e. :

nmonQl i thi c l.ast qmer i tructure 24 avi nbrane conposed of a

sep rat‘QC‘é’%’é’gFg’H‘e‘?‘ﬁaB“ﬁféﬁ‘FO’%%f%}P&O&‘ BB shsgli o 02/ 082047

PCT/ US02/ 10875 AR Prefbradlt ApBEL: it YBsHag: s Bhss PRANISARARDMsidgt S bottom
surface to_a planar substrate’'in the manner descri bed above in Connection

wi t h Figdss isAhatithe pieaens glastomsrigstrugtupsaugyt eaipdsiedrup, seahdd and reusedi 14 f or m

| riant . f . il I .
cong und s adiiroek W URE B 1o AEAARY SN DS be B AiterbtReEy e
menbr aplanposubstate tl 6 nixg tecmpasecaf itself, ¥hivhmadyeprowd advantagebanwhdie

el §t0 ricb terial of the remainder of the structure. This is inportant
bedfus B'ghREbAKPLESTRES aZetfed| astic properties of the menbrane play a key

role in operati%cmetﬁ&%ﬁﬁ&ﬁogpﬁgg%%edHa%g,e BHEPE fi’)hln,cﬁvﬁm:cgﬁesepar ate

el astoner layer to readil e su to conditioning prior

i ncor pbadng e mantrand degipeised b Hareelastbmadt uragerial @iffserd itsanuthatefdrmingdbd ai |
bel ow, es, of potential.l esirabl e .conditiop include the

nt ¢ outElE BRnE EnfhingRN e ddvied! LS vl Bt Mg SoUERER TR per i ¢
act uat Fipe. mE-7Ghe  nenbrane, and/or the introduction of dopant into the
menbrane in order to alter its elasticity. Wile the above nethod is

i | lustrated in cBsfadng orFigi 16, 7 Brshinigovaidhingd malg 1rspeayidsiaddisrrer i ¢
et SehERTESN Bl AR5, 880 Bl LB BEEEDLC, 0
be enfitsbylastomerit dayer 2his dastér iopudlfiritayiersmathisdtbpot 1d ashaRthetopat eri al
that arg . tao be bonded together. For exanple, a shaped |ayer of_ elastoneric
mat er i afthe. _t&_‘aa@mea&cg;wr% is ﬁagwth tha R GF Btisedrneqrivsptrysaml ngThisr - by
O s e o A Mol AP Cl e maRU R = 20
al 2er nentp weoldd0 ejativeeth thekuwen beight éfeninediiind bist Altemat velydhedesiali | i zi ng
?ﬁ\e/el o&ggg%ouqa bgt%g&n%%sylhsutccggg%ﬂihgt ed within el astoner nmateri al - However ,
7 In Fig. 7E, second micro-machined mold 12 having a raised protrusion 13
extending therealong is also provided. Second elastomeric layer 22 is cast on top of
second mold 12 as shown, such that recess 23 is formied in its bottom surface
25  corresponding to the dimensions of protrusion 13.
In Fig. 7F, second elastomeric layer 22 is removed from mold 12 and

placed on top of third elastomeric layer 222. Second elastomeric layer 22 "is bonded to

third elastomeric layer 20 to form integral elastomeric block 224 using techniques

described in detail below. At this point in the process, recess 23 formerly occupied by
30  raised line 13 will form flow channel 23.

| In F:g 7G, eléstomeric block 224 is placed on top of first micro-machined
mold 10 and first elastomeric layer 20. Elastomeric biock and first elastomeric layer 20
are then bonded together to form an integrated (i.e.: monolithic) elastomeric structure 24

having a membrane composed of a separate elastomeric layer 222.
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|

met hods in accordance with the present invention are not limted to
utilizing photoresist. 25 Other materials such as netals cB8&drksrd80%erve
as sacrificial materials to be. renoved selective to the surroundi ng

el ast BG2/0§284¢ri al , and the nethod woul d remai n wit hi nPERYSIEHSHe of t he
present invention. For exanple, gold netal may be etched selective to RTV
615 el ast omer ut WHeaiehgtohltgicappetaps 24ahss ke stdal atntstottom sulac@to 4 ayer and

Channel Dinensions Mcrofabricated refers to the.size of, f,eatures of an
| el it FE

el ast oMgRarsubIRAlR I fhemapag desciibed SPAv ISR Aem)epr&f%nt of the
Present, 1 aMe BELRd By YRR Bhak 1 will R hbRthhfheRB0l east one di mension of

m crofabricated structures is controlled to the 14 5 Cctober 2005 WO

02/ 082047 PCT/ USDk¢ 14876 fabricatem thethed illugmatedgboyaingonimetion Withsi on being -

m ¢r osgopi L bel ow 1000 . ..M craf abri | | ' | ves
se%’i coﬁ'@gcf%&(}o&%%é a}év‘é SFN iSﬁ"itéﬂ%{#l%q[ﬁ%gb@g%%&ngé%h%?éoriﬂﬁshgé?ap hy and
Spi NcogbdnAgatd Rateridl Safl 8R Gnesinéy mherigl ofktie eerhaindean o€ tith smewsiranBhisen the .
m croscopic level, with at |east sone of .the di mengi on of

t he )
m cr of impdrtant betagseghe thigkiess and plastic pEPReriigsH apmbrage plyakaygelp in
resol veli pmge L | i SR tREEhrard iatbbaanghs 30, 32, 60
and: 62-63 e er%ftﬁFesd%éégé%\g\fng%rf {h(l)l&gpht%ﬁ afﬁgfvlgos 0 at?out 10: 1.?‘%\
non- exghdidy ke silhjatedh cohdicivning pees toincwipdtation onto dlepelhstomer gaickme.accor dance
wi t h enbaodi nents of the presen iq}venti.og IS ‘ObI}: 1 Ei? 100:.1 qore
prid er Apiscyssed nydeigl eloyyg esralgfgnfially desigbly fopditignnelude the o o op)
31t OndBadorioh e AR CHEURAAL Ay ADRARingl polles ARG 0RO and 62
have w dths of about | to 1000 "m crons. non-excl usive |ist of other
r angesmembwing; dral/@fthé Intnadudtammd|dopant inlcbe tembsancip opdasipalieitsnt s of t he
present, invention is 0.01 to 1000 microns, nore preferably 0.05 to 1000
m cr on¥3s e preferably 0.2 to 500 microns, nore preferably 1 to 250
mcrons, and nO$thiRtRS S5cvhnyetAdd fsall2fited iarcomsectibn eripll ringharined W dt hs
include 0.1 gm 1 gm 15 2 5 gm 10 gm.20 gm 30 m 40 0 gm 60 gm
705m <oped C@GOWH?LMGTSKHF"QIW WPlli%(Pﬂg‘R{Hdiwfg‘HP 0%&6‘“&{“1@51 160 gm 170

P ow cghBeggmPRyedils is B AhHe Bl aecifine DB ot Bl oone

" non- exahpleiyedtd fofh td individiral tayages shipedeshistnaric hatenalthataielsbd n accor dance

with 20 enmbodi nents of the present invention is 0.01 to 00. m crons, nore
pr ef er bdgd ogsther o Forpygmple Péﬁ?iegr}ﬁ)“’é.(’gregﬁmcwﬁ?ﬁalt%) “% ‘HPE?‘%@% , and
hore p ffloYorinftQiohdBo iy 8Py mcARIdE ublieh@ chbthitalettRingAndioer ONs, and
nost p{erg:ﬁjamgyorémtollo ?ri cr%(r)nséy_gxerrpl ary ghannel dept hs i ncl ude

i 20 udsacgfibiabthateriaB. 0 Aisgnysed boISwoim codjuniio withdlg segond pxgmplarym 2 m 3 gm
4 m 5 d7.5 gm 10 gm 12.5 gm 15 pm 17.5 gm 20 pm 22.5 25 gm 25
gm 3 m" 40 gm 50 gm 75 gm 100 m 150 Am 200 m and 250 pm -

An alternative method fabricates a patterned elastomer structure utilizing
development of photoresist encapsulated within elasfomer material. However, the
methods ixi accordance with the present invention are not limited to utilizing photoresist.

25 Other materials such as metals could also serve as sacrificial materials to be removed
selective to the surrounding elastomer material, and the n_;ct‘nod would remain within the
scope of the present invention. For example, gold metai may be etched selective to

RTV 615 elastomer utilizing the appropriate chemical mixture.

30 2. Layer and Channel Dimensions _ .
Microfabricated refers to the size of features of an elastomeric structure

fabricated in accordance with an embodiment of the present invention. In general,

- variation in at least one dimension-of microfabricated structures is controlled to the
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The flow channels are not limted to these specific dinensign ranges and
exanpl es given above, and may vary in width in order to af@@é"f‘)bﬁhgow ‘
magni tude of force required to deflect the nenbrane as discussed at |ength
bel ow MP &K tiction with Fig. 27. For exanple, extrenePgTM&sruRrs| ow
channel s having a width on the order of 30 0.01 gmmay be useful in

opt i calmiansh levdlpwitiapitast 3hé QiSensih HbigCHEsRdopia (Hetbridw Pedmpm). El ast oneric
structures which include portions having channels of even greater wi dth
than JESEfpbRlgH Bpically dnvalees ssareadpriar eMBMS fabrisadan fechiiguesrmuclon, and

XA o5 oot S R0 N0, 02O T RORLIRAL ARl g o0 o

utilizing such w sin reservolr an

channelonghe madroscepic 1divd, VHtlast lemst some béterdmamsyorbef thasitictdfildicafedr mechani cal
sta i”%ﬁ't ln an. exengl ary enbodi mi)tlnt, ell ast oneric Ia%er 22 of Fig. 1is

i crPONE eI EYRE A EroseqRe; LA PRAN Y[RV AHAB G e SUBE e abl y _

approxi mately 4 mipicférfde asPedi® ToRX Ehdnnti 80! 35 160%hd 62378RHbRS hdvdi ckness of
the el astoner |ayer in accordance with other enbodi nents of the present

i nvent Mofthrte-dsathiatées efisbant -1 A ramoexolusivedist af othenjangerpfivaidé-om 10

m cron : L GI: . ccordingl menhr ape, 2o, of Fig. 7B

separ a'? F tgr?tfoos\(}vmg%%g%e s%‘g‘r‘%ﬁ%%ﬁégmgg}ﬁé? “:’f’e?e)/ﬂig%'ﬁ}o"tlﬁ ﬁgkﬂg"s]s&)g]f’ bet ween

about @nddd prefetallAl i S QRfore Posferaphel:@naR0:y, shdhottprefeBhyn3-¢rnens;1. nore -
nore preferably I. to 100 m crons, nore &eferably 2

prﬁger ?{?I@/ 0. 21to 250 q to ] :

t 050 BHEPlany 3spashiflozy ehannels B0, 52,169 and 6aihave madthaef aput 1 to AA0Q hi ckness
of el aglig@Rsi b ﬁl?%%]r r;%% i ' i - Qf oneric

| ayer 2(_5. Ex‘gf?%ﬁbaérﬁgllu%ﬁ{l)lgtane thic gtgggﬁéﬁgfﬂ%‘g ng%%%rsrl]n%&c%gg%te 0.03 m

0. 05 | with egnbbdpnents df3he pResgnhin@nBiomis 0.05 tor] 000 mcré@nsymade praferabin0.05. 5 gm 10
pm 12.5 15 m 17.5 0 5m 25 m 30 40 50 m 75 gm
100 m P BGVgRCTSEgRe P"%%]E?bié{ 0%@25@ “EB@“an%rG@fﬁe?gﬁm%éP g?rﬂ MIGENS1 000 p. m

3. S0t nd-boseRRBCI CO0IGRRPIBLRTARY Kharble PSR fuck S, Ry, DONded

together chemcally, using chemstry'that is intrinsic to e nmer s
cohbpr i 2ipng Stehe, Bhime2thpoh, 80 ast, cdgrm) $y@ins60 pi 30 pmi,S0aimddy/umt bgo bondi ng
conpri ses Lalvo conigonent "addition. cure" bonding. In a preferred aspect,
the valodtl tmy dtGrms 130 pay dAR pon 180 mendé0twRdi7Rerm H0 pmnlmg2ibus
bondi ng..i | C Layers i ' rent chemstry. Alternatively, a
25 ho gégh%\@ g%%?‘%‘gb%(j“bgﬂggg%%ﬁgb\%ﬁgh all layers would be of the sane

chemi stry. Thir dFigw dHagnéleSPETE, isa,earell@sﬁa@me%ﬂhayseﬁsnmuoqpohﬁa@hk.y be gl ued
toget her by an adhesive instead. In a_ fourth aspect, the el astoneric

| ayer sAiQY-Belusie fisfathesranges pé Aspthoabidew chagelnaracegrdmaatily. 1 n one
aWthﬂ@odmgﬁ’@ SPERYReRANEVAlion'i09.A' @qbeﬁﬁ{iéﬁn£,q¥&%%r&%ﬁbly 0.05 to

500 microns, more preferably 0.2 to 250 microns, and more preferably 1 to 100 microns,
more preferably 2 to 20 microns, and most preferably 5 to 10 microns. Exemplary
| channel depths include including 0.01 pum, 0.02 pm, 0.05 pum, 0.1 pm, 0.2 um, 6.5 pm, 1
pm, 2 pm, 3 pm, 4 pm, 5 pm, 7.5 pm, 10 pm, 12.5 pm, 15 pm, 17.5 pm, 20 um, 22.5
25 pm, 25 pm, 30 pm, 40 pm, 50 pm, 75 pm, 100 pm, 150 pm, 200 pum, and 250 pm.
The flow channels are not limited to these specific dimension ranges and
' _examples given above, and may vary in width in order to affect the magnitude of force
required to deflect the membrane as discussed at length below in conjunction with
Fig. 27. For example, extremely narrow flow channels having a width on the order of
30 0.01 pm may be useful in optical and other applications, as discuéscd in detail below.
Elastomeric structures which include portions having channels of even greater width than

described above are also contemplated by the present invention, and examples of
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30 conposed of the sane el astoner material, wth the same chemcal entity
in one layer reacting with the same chenmical entity in theOstoRer2408yer to
bond the | ayers together. In one enbodi nent, bondi ng between pol yner

chai nvoodz/dsedee el astoner |ayers nmay result 16 5 Cct oberCROSE/MEI02/ 082047
PCT/ US02/ 10875 from activation of a crosslinking agent due to |ight, heat,
or chemcal. reaction with a., . hen : j ; tively in a
het er 6’88@@6’8&3 glurtliging St"ﬁgwel %ﬁ@%@%ﬁelﬁmﬁ?gp&gﬁoﬁéﬁ 131[@; fferent

el ast QuRfiret stimdt@es.al S, with a first chemcal entity in one |layer 5 reacting

with a second chem cal entity in another | r. I.n on l.ar

het er ogenous a%@cﬁl?s‘?‘ﬁéﬁ%lﬁgfﬁisﬁ&y &@é%@‘ﬁgfgﬁmfﬁhaﬂf%gﬂg@ggzcﬁaée

| ast Lo i i t | f
el as %g@@?m é‘a{ﬁéﬁﬁﬁfgﬁggagﬁg}eﬁway&mwﬁge1999@%&0&@@6&:0&51 wo | ayers o

RTV 6 one. cone is a two- part addition-cure silicone
r ubbercentRarctersAhickndral merevirefztably apppeximately Aramykick. dapr-eelugvnligiofs silicon

hydride (Si-H). grou The conyentional ratio. b ] . 1B 10 For
bondi A&PESKE Iﬁ%‘ﬁ%‘é?s ‘ﬁ%{’e Flastamgeiayey i %ﬁﬁanﬁe W@g’.;hcg;(g%égg é‘ﬁ{/":“%ﬁfq}r oups) and
the Otfgdent ithédliodAs bliwekn Bbo@ N8RRI toH (B UPAYicroicach chay@midrenstor ed
separately. Wien-the two 'layers are brought into contact and heated at

el evatZeemi Kiguiceangite 10may bond irreversibly forming a nonolithic

el astoneri c subs I LESR0 & tion,

el astoneric stru‘%‘%g’?e‘s‘g‘g?%‘@‘@‘??ﬁ?g?ﬁggy’??%???rﬁgﬁg%a‘?'d 182,0%331& 186, or
ali phatak & typiedl dciencds ofietybat ous0.0h aad 108Uimicmuy, mdreprafetally)0.GBotecryl 270

orlrr_ 245 from UCB em cal . li? one ent%odb[naﬂ&m;b accordance with the

pr es eMO0ITIGERE; BAre Rrpisrably @2 to 2pQIRJREFFIEraLL; U Pbri cat ed from

pure ?)%’%z‘aﬁﬂitolg(?ﬁm&?, Q?@H%Z%arcf%réblﬁi' 5 to BOHlieht. aX S EuokatheIRicknedpat ed at
pmtor nds at 170" C. Th

8000 S seco ) e top and bottom 20 | ayers were
i ni ti alflejastonresit layet 82 isikhoua ¥0@Hmes theghickness of elaptpmgiie dayghd@r ni tr ogen

utilizing Mbdel ELC. 500 deyi uf ac ed hy..El ec 1.1 & scorporation.
The. adberIEY RS CIERESEr BB PL] 1By O-0h Fdh P Reg 0 Sk B REE

React ip: By 89 0D %0, NQ! | 7 sMimst of2 br@aaynen 360
rrg‘ﬁuf ac ﬁirqgg%%bﬁgl%ﬁ %131/1 %ﬁﬁg&fﬁgﬂ@hg 5%%’uﬁ‘?ﬁgfzglpggt orrlg[rli c materi al
exhi bigmbo@aeras angl2891n 30 ympd®padbe ping T5tondlodgss, 128 lm, 2008qther

enbodi nent in accordance with the present invention, two-|layer elastoneric
st r uct20ganyd0quhaHi0 emt 20 nmoPlnmorsi WAOIIBA- of 25% Ebe 270 / 50% I rr245

I 25% i sopropyl al cohol for a thin bottom|ayer, and pure acryl ated

Ur et hane Ebe 270 as a top layer. The thin bottomlayer was initially cured
for 5 mn, and the togoft BitRsgrapti¢ Bahdiig cured for 10 minutes, under

ultraviolet light under nitrogen utilizin Model ELC § 00 .30 device
n@Buf act ured by Hrtesably ) qlasoragicjayas i’@ﬁ’."“%ﬁ‘gt% ﬁ'ﬁreé*a‘:ﬁﬁ%&?*ggwe t hen

cured (ﬁ%%nisxt&l}hmg ;&tmﬂ@{o 8 p%ﬁiomu‘?gﬁ&é iHRbaBsed dladovip thyens. a- 0. 5%

vol /v re of lrgacure nufactured by Ci ba- Cei gy, Chem cals. The
resul tNieg peéfesibbydid ondtgarangirises two component “addition cure™ bonding.

In a preferred aspect, the various layers of elastomer are bound together in

a héterogenous bonding in which the layers have a different chemistry. Alternatively, a
25  homogenous bonding may be used in which all layers would be of the same chemistry.
Thirdly, the respective elastomer layers may optionally be glued together by an adhesive
instead. In a fourth aspect, the elastomeric layers may be thermoset elastomers bonded
together by heating.
In one aspect of homogeneous bonding, the elastomeric layers are
30 composed of the same elastomer material, with the same chemical entity in one layer
| reacting with the same chemical entity in the other layer to bond the layers together. In

one embodiment, bonding between polymer chains of like elastomer layers may result
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exhi bited noderate elasticity and adhered to glass. 17 5 Cctober 2005 WO
02/ 082047 PCT/ US02/ 10875 Al ternatively, other bonding net ho#stabay28 ysed,
including activating the elastomer surface, for exanple by plasma
exposuwe 2&82hat the el astomer |ayers/substrate w || wondsezhesrspl aced in
contact. For exanple, one possible approach to bonding together el astoner

| ayer s feRiRAVHoPSS 4 HSsTARRIBEA! dullto 1ight Bkatf &1 dHmikal Reslctivn eﬂith51 al, "Rapid
Prototyping of Mcrofluidic Systenms in Poly (dimethylsiloxane)" Anal yti cal

Cheni sisesarqla ggmnicalzgecian74- 4984, i ncor por at ed herein by refer ence Thi s
aper di scusses ers to oxygen
pap rpgf&ﬂ{an‘%ég%h@.gtepcg%aégémsﬁxét la%i%@r%eﬁ'@'?%{{%} Jbrgy ! Y9

pl asma causes oxi dation ace I'rreversi ndi ng
occur r icoppuded of ﬂkfﬁeremlaswmhrmedatbagde,r\mthaeﬁrglchemd:al emity ircomt lagér. 10 Yet

anot her a roa h to bondi ether uccessrve | aye of elastoner is to
P 3 B RS Wit ARGl LS o8 Sunibeh U oMb orD AP RSN SBION & t hi n

| ayer gf ecur}%&ql@l]ﬁeée@aﬁgedsysmﬁ%sdm{v@ééstbﬁlea@miyeeotogaht;qaa)of a first
cured el astorrerl c "ayer. Next, a second cured el astoneric |ayer is placed

on top conptisechandingrtogetberdwp dawsrs of REY1LS5 sitiupact RTY mmlleoneayerwef uncur ed

I h d .1 t.hi
A or nieh ol e Gie boh P & o BRRSy bl hef S BRI 2 11T S

cured eb@sinosilicon Aydide (8i- Hbrgtdm@sfrrhst;omernadnﬂlrasd TRTV 8y®is WatBd on top
of a second cured elastoner layer. Curing the mddle thin el astqoner |ayer
aghf n FeskAnding, Ane ey he mgde W‘W{ﬁ% 1BKI-& cxpesstvamg greupst anskihe other wher e

encaps W;tﬂ%AOPB Ue. %QEJs%g;%gfl %guéﬁy 84 la eﬁmluféﬂ%‘é{)ﬁrgtcibehQﬂﬁ?c dwee 20

el astoner structure successive el astoneric layers may be
acconp laysrlaemh trpugindatoi cogtaotmdriedtedl s slevnted tauperatirg theyi tewdlisrecusibly

el astoner i c | a er nd an fICI al materi al patterned thereupon.
Bondi nf"Bet ed??é‘%“‘?‘éfy"éﬂaf fecurs due to i nt erpenetration and
reaction of the I}chi’éi&imﬂ:i}?'aﬁb%ct)ﬁfﬁr@ prEeH! Bderftl RS LiaiBmetid ¥Riictidek Ard he
poI mer chains of a cured el astoner [|ayer. Subsequent curing of the

t ofremied ufibgag Sypayd 182, dBdar £8G %@hgh&t@tqre@nnq thacrylatex wakps Ut ayer s and
create l.ast 0 ferring to the first nethod
o PR LBt 20 TR S BT Wy o100 10

of Figs astomeri e may be created by
spi n-coating an Rdhedmtiddigentin ﬁb@irdﬁ:ﬁwadﬁﬂle@rmﬂltdnﬁ&tﬂ)h fadlyer pm s for
30 seconds yielding a thickness of approximately 40 m crons. Second 30

el ast oﬁlértpeer%lyerctws H’ﬁSF fabricatedhiren mye agy ifedodisthrge ibeRd- & By e on
m Crofﬁardnges,edwgg@ﬁ stoho' 1?93&9&; 2117@5% e $§PA Aol Daked or

cured at out 8 hou e second astoneric I ayer 22 may be

bodedlagers ovek¢ nstialk wsd;dm&lrer nltﬂaay:dxrt 126t &ir 10abioutes 30E:rfrrogdyoutlizingsa hour s.

1.85 oEiglbl%EC %88 l{’!evice manufactured by Electrolite corporation. The assembled layers

were then cured for an additional 30 minutes. Reaction was catalyzed by a 0.5% vol/vol

mixture of Irgacure 500 manufactured by Ciba-Geigy Chemicals. The resuiting

elastomeric material exhibited moderate elasticity and adhesion to glass.

25 In another embodiment in accordance with the present invention, two-layer
elastomeric structures were fabricated from a combination of 25% Ebe 270 / 50% Irr245
/ 25% isopropyl alcohol for a thin bottom layer, and pure acrylated Urethane Ebe 270 as a
top layer. The thin bottom layer was initially cured for 5 min, and the top layer initially
cured for 10 minutes, under ultraviolet light under nitrogen utilizing a Model ELC 500

30  .device manufactured by Electrolite corporation. The assembled layers were then cured for
an additional 30 minutes. Reaction was catalyzed by a 0.5% vol/vol mixture of Irgacure

500 manufactured by Ciba-Geigy Chemicals. The resulting elastomeric material

~ exhibited moderate elasticity and adhered to glass.
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WO 02/ 082047 PCT/ US02/ 10875 M cromachi ned nol ds 10 and 12 pay. be gatterned '
photoresist on silicon wafers. In an exenplary aspect, a g cﬁﬂbéfl R 5740
phot or esi st was spun at 2000 rpm patterned with a high resol ution '
t ransWA@MH834 il m as a mask and then devel oped yi el di n§CTARYMSEF se channel
of approximately 10 m.crons in height. Wen baked at approximately 5 200C
for about 30 M nuiteSatidig, RRQLBhERL Thethds MNBbaRGd! thelddheeictivadipannel s
become rounded- I n preferred aspects, the nolds nay be treated with

t ri metthg Flepiosicssifagsefor exanusp by plasma exposHsue thatthe gealopisf or e each use in

or der | f 1Sl r Sl I

El ast g%‘??&%&tﬁgr‘i@lﬁh@ﬁgﬁm@ g(?liﬁg{l lhg]g(,g}ﬁ&%h 'ttlbg ir)rg)(E)armap:l ?f O%%Ipéﬁ%ﬁééﬁ Eﬁ;‘a«?% Foy, god
Ed. ddsadidpasgetbéraddsanmerdayens gamsrsat] of thepainemeaterighis sdtifoith by Duffysniper at ur e
bet ween .t hei Il ass. tr Ition. fenperature d liquefact, on tenperature.
£l 3ot Gl RAeIRPITYeng oL MRPstEts SETTES ot B Grieaty BlSa00e: RRLEBly rer

chai NCHA# m%gﬂ%g@ﬂomam@br@éw Redefh @e{e&&%&n ﬁmﬁé pzﬁﬁﬁ BfsciH8s

backbone chains in response to a force, wt ackbone ‘chains recoiling
"t o asdatexppungpolydimdiaydailoxane (RDMISS dayses (ofoxyhen plasroe causas geidaticn of

el ast def orym when.force..is applied but then.return to their original
shape TR R R TERRI B ERG 8 oGk Fhisp T wiy Slgiehe B B P oner i
mat er imaocoftaayt. be characterized by a Young's nodulus. Elastoneric materials
havi ng a Young's nodul us of between about | Pa - I TPa, nore 20 preferably
bdfween about ~10Y ganothepappepach tobpading dogsihassycosesivplayersiob glasomepss - |

GPa, : 5 - ef erably

bt e a5 o S, PIEPYRE ABHle Hipcifincr, Shelia S Ol aoen

I nventuncmed elastooeg Buech AR DY 5 ds amilredioal tep bAy fing cared@lusgnserildydrus out si de
of these, ranges, cou al so .be utjlize dependi ng upqgn. the needs of a
parti Xha sehofd ‘E,‘gf"%l Astomsrig e‘é?é%l‘?fr?g O&ftogﬂgg‘ﬁﬂg'élé‘%a FIStRRIdAY Sy be
fabri qfkeKinfmidlledaydr &€ untibd Sla¥roffer & MSh 08RE Yo ploduédla RERORING Y aspect, the
el astonmeric |ayers  may preferably be fabricated fromsilicone rubber.

Hddev elastomenisrstrygiure b kiernetivedy, omenedelastahgreah be applikd torthabottorenphar y

aspec f . the.present inyv lop, . the.present,systens, ar fabricated from
o enentel o B aRE g VAR i B YEDEY 1 ¥R BRGR Bhfor o RERGR °50

si | aneuedeistonmsddyedr! Yatihg thd midanethol aRsenRr laybeagaly Jesuldivahatidnhe present.
systens are not limted to this one fornulation, type. or even this famly
of poP§AErenchthieglastomere Stfuetwse. el ast omeric pol ymer is suitable. An

i nportant requi RGRER f ' Lcat.i of the
present m croval ves -{elsléa?;ﬁléﬁgﬁ?Pf%ﬁﬁ?%&gz)ﬁ&prgp?ﬁiﬁygdFg%bg%#ﬁﬁl astoners 19
52@ct elastoni2d 6fvudc)BoidROd{7successive elastomeric layers may be accomplished by

pouring uncured elastomer over a previously cured elastomeric layer and any sacrificial

material patterned thereupon. Bonding between elastomer layers occurs due to
interpenetration and reaction of the polymer chains of an uncured elastomer layer with the
polymer chatns of a cured elastomer layer. Subsequent curing of the elastomeric layer
- 25 will create a bond between the elastomeric layers and create 2 monolithic elastomeric
structure.
Refemring to the first method of Figs'. 1 to 7B, first elastomenic layer 20
may be created by spin-coating an RTV mixture on microfabricated mbtd 12 at 2000
rpm's for 30 seconds yielding a thickness of approximately 40 microns. Second ,
30 elastomeric layer 22 may be created by spin-coating an RTV mixture on microfabricated ~
‘mold 11. Both layers 20 and 22 may be separately baked or cured at about 80°C for 1.5
hours. The second elastomeric layer 22 may be bonded onto first elastomeric layer 20 at k

about 80°C for about 1.5 hours.
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PCT/ US02/ 10875 together. In the case of nmultilayer soft |ithograph | ayers
of elastoner are cured separately and then bonded toget he? O §2é®1ene

r equi r&?wt hat cured | ayers possess sufficient reactivity to bond together.
Ei t her é’“?’é’%rs may be of the sane type, and are capdBl/BS@fl08dnding to
t hensel ves, or they may be of two different types, and are capable 5 of
bondi ng to each Mihemacined mqldssd f#id 2 maybé pattared plindoxgsist amsihctivesi ve

bet ween l.avetrs and the use of.ther l.ast oners. G ven t r emendous

di ver si“ﬁge%‘f fnpa(ﬂ %}‘r"fg‘lpiaﬁg?ﬂe&’ laiSé’épfl%gﬁig?%og?réo,%ore?)s/tn‘fﬁseﬁa“@ aﬁ%{’@g‘@’g} reaction

condi t ipatscmedwith pBigveidhti@dighispuRbcy ildehLa Mask and i@ deUEIBSd yialiingossi bl e

el astoner systens that could be usecf,to_ make nonolithic elastoneric 10

mi cr ov AN VESTRiapshpkappieirimatal ha misrortia hetahér Mehea haked algpproxiately i kel y be

dr | yen B¥oc FRENARSH ofiRlteDTht hASbALITRIGL: Bha RI-RELLL Bkl feodifl Von!

resi stance, stritfness, gas ereapi 1 y, Or tenperature stability. There

are namunds@nn fryfeasd aipeelsatcandlas mapbt womes with thiietiylalgsekilaic on  of the
cl asses of elastoners is presented here, with the intent of

-nost ¢ r’g/rlo ;
showi ngT fg;)t‘fh%ﬁr fenabruie tmnyte bafors each use tngrdely ta Proany adiesionpd sijicone

possi bhlypkt €s for bondi ng exist. Common el astoneric polyners include

pol yi soprene, pol ybutadi ene, pol ychl oroprene, polyisobutyl ene,

pol y(styrene-but adi ene-styrene), .the pol yuret hanes, and silicones. - :
Pol,yi soprene, pol ybutadiene ol ychl or opr.ene: Pol yi soprene, pol ybut adi ene,
angypolychloropréhe agﬁn§ﬂ?EB§FW%§?#§g 450 't r om di ene nonomers, and

t heref ore have Oﬂﬁcaguﬁhg(Qﬁmgnﬁﬁﬁnﬂgmﬁ%gﬂgﬁﬁFQELgpfE&E@%&gﬁm Thi s doubl e
bond al l ows the polyners to be converted to elastoners by vul canization

( essentipgpPmgrs 18 gereagal as polygeats eyisting #hadewpYriurk Bethsentheir glpss twsisior bonds by
heat i ' Il Llow h L) r ft lithography
by i rpereict TGS E R i BitaRit, PRERRAC RIS Lol bl fropul C1
encapshdcatiicche polyner Heain2adids sidekgo ysidhabimotibato paeliaohciling of the
Polyisobgé | ene; _Pure Polyisobuty] ene has no doubl e bonds, but is

crioss| packbene dapms én mepese (@ pdercankith thy backhopgchgmarecatims g spwwme the 109 of

I sopr | | | T | Yol dant doubl e
eﬁ}%ﬂsnaﬁéxﬁlzwméeﬁée @]ée Rikce, k@?ﬁg@e@h@tﬁﬁxe@&%ﬁﬁ Heh ¥orcB e

bonds on the Polyisobuty C which 30 may then be vul cani zed as
above. appied,(sit thes metubutadhein erigingt shapd wherPthle f¢k \is mneoviedt e ehsticityrene) is -

produced..by [.i ving ani oni c . pol ri,zatjaon (that,is,,the IS no natural
chai n-?‘g’fweﬂé)%c:'}aé%ﬂ%mﬁwf'ﬁ'g‘?%’. cihﬁ'f?féené by & SHEFIPYHEYS-ends can exi st
i Nt heElasto@@ri® tlaywals halii %K%s lodalub BF Hétdeerk anslitdapL— i arpa2fiore Oct ober
2005 WO 02/082047 PCT/ USO2/ 108 t he present photoresi st encapsul ation

syét errefgrblebeteensabguf 10 Ba —pl 095K, ofore preferablydetween about 20 Pa— T
GPa, more preferably between about 50 Pa ~ 10 MPa, and more preferzibly between about

. 100 Pa— 1 MPa are useful in accordance with the present invention, although elastomeric
materials having a Young’s modulus outside of these ranges could also be utilized
depending upon the needs of a particular application. |

25 The systems of the present invention may be fabricated from a wide
vaniety of elastomers. In an exemplary aspect, the elastomeric layers may preferably be
fabricated from silicone rubber. However, other suitable elastomers may also be used.

In an exemplary aspect of the present tnvention, the present systems are

-fabricated from an elastomeric polymer such as GE RTV 615 (formulation), a vinyl-

- 30  silane crosslinked (type) silicone elastomer (family). However, the present systems are

not limited to this one formulation, type or even this family of polymer; rather, nearly any
elastomeric polymer is suitable. Animportant requirement for the preferred method of

fabrication of the present microvalves is the ability to bond multiple layers of elastomers
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nmononer in the liquid | ayer poured on top of the cured |ayer). Inconplete
curing would allow honogeneous nultilayer soft |ithograph§ Qctolier 2005
bonding). The chemistry also facilitates naking one layer with extra

but adMh@/B2MY) and coupl i ng agent and the other 5 | aydiCT(UIB2N08Ffit h a

but adi ene deficit (for heterogeneous nultilayer soft |ithography). SBS is
a "t hefogehed laltasta3a®r multitenitisof lilgiraptho gy es. dfetdswintertaenqpeedit ure it nmelts
and becones plastic (as opposed to elastic); reduc%ﬁg&t he te%erature

I B

yi el dsSePawtely and thep poridedtpgethery filits scharae Eequups that gy
heat i NG, & %%é&ﬁh?@@ﬁond fl:getlﬁgxl Yedbid lﬂ?&” ?ez%rrﬁaym&gllﬁ@ﬁrﬁé 9pe,Gnd afOCyanat es

(A-A) and di-al cohdls or | -am nes since. there aré a |ar e variety
of d| ¢@ably@ﬁhomchnglmhdmseﬂvmbotlsymyrlm;@f twondi ffaignblaypes indlprfefcapang t ypes of

i PR et e (O Pocparigin netife e S PHSTEREHIITERLL, "os. Ry

615 lSantheU&ldﬂh&ﬁh@ﬁtSelﬁté}néxﬁ one | ayer and excess B-B in the 15 other
layer. Silicones; Silicone polyners probabl y have the greatest structural

variety, and al nEiven the wemendpup dierneoigobynarhemisiies PEFUSeRer ci al | v _ l
avai | aanﬂ[ he | Q0&ion J?)?xdﬁoﬂ%/ antdﬁ)ogo talg%dll?végsﬁll:fc% Qaug%mﬁg (615 (which

all ows™b eterogeneous nu | thograp ot or esi st
encapsef pissible)cldseamalsy stanty thxe eould mmss& tdmabeimohdiliithici eﬂasdmhqnc one of several

craosslipki ng nmethods used .in silicone y e em s ration of
DN cemprgalves nd pumpry Vagaonsin Q}W@Eeisaseiwg 'ak%f P%‘f‘“‘%) channel by
25 pr ens ks fop aﬁacﬁl%? Elaéfv:\i/i @1}‘;&59&@9 N&l. soMehttefib@nce! Bifftdds fga9nt secti onal

view cutting throug nnel” 32 in correspondl ng Fi g. 7A), showi ng an
open fparmbatflhtvactt:mpﬁealmrsmabﬁatyh Fig. 7H showi ng f| rst flow channel

30
cLo%ed by ressu SeLion ol A SEES Ll hAED Ruideiging o 71O

Menbr %f&h@ﬁnﬁt&ibﬁirﬁ&ﬁ&la&é&@oféi@%ﬁx@ﬁsﬁ?fé‘acnﬁ‘ed hete)@ithhke intgnt of sﬁdmag f1 ow
channel 30 and the bottom of second tlow channel. 32. As can be seen, flow

cH&nnehatzryen withrglggvely “siandard” pelysesn mapymagsibihties fardesding £855Fon of 1 ow
chann eenbrane 25
o derranonatsiHioshofer Hotdedipsbieh g W R s B 5 785707

PCT/ USiyid@iftityiend, fpofyl(s:tyh‘eﬁe-pasaﬂleng—stylelm)gﬂnefplolymmhatm,ednd%icoﬂﬁnor dingly, by -
varying the presﬁéﬁre in % (ﬂ | inearly actuable valving systemis
provi ded such t Y‘FPH&P%W& Fadwec&_ yelRIapsited or cl osed by moving
menbrane 25 as desiisEskend, FRlytutddisie! Ald FElyBHbRBERE 2BV polymerized

20  from diene monomers, and therefore have one double bond per monomer when

polymerized. This double bond allows the polymers to be converted to elastomers by
vulcanization (essentially, sulfur is used to form crosslinks between the double bonds by
heating). This would easily allow homogeneous multilayer soft lithography by
incomplete vulcanization of the layers to be bonded; photoresist encaps.ulation would be
25  possible by a similar mechanism.
Polyisobutylene:
Pure Polyisobutylene has no double bonds, but is crosslinked to use as an
elastomer by including a small amount (~1%) of iséprene in the polymerization. The
isoprene monomers give pendant double bonds on the Pdl‘yisobutyiene backbone, which
30  may then be vuicanized as above. .
Poly(styrene-butadiene-styrene): )
Poly(styrene-butadiene-styrene) is produced by living anionic
polymerization (that is, there is no natural chain-terminating step in the réaction), SO

“live” polymer ends can exist in the cured polymer. This makes it a natural candidate for -
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channel 30 in Fig. 7Gis shown in a "nostly closed" position, rather than a
"fully closed" 5 position). Since such valves are actuat e?l %3@% t he
roof of the channels thenselves (i.e.: noving nmenbrane 25) val ves and
punps woad®e®wd7 by this technique have a truly zero deadTusdoames7sand

swi tching val ves made by this technique have a dead vol une approxi nat el y

equal t@%glgsgezﬁ %&gég{qj{ég’%ﬁu@&u}n@g éﬂll (Wherd tﬂére%%@'p?ex@ﬁ@ﬁﬁmgwed( 10 100.

10 um = umes areas consumned by the noving merrbrane
are ap pnmdnmﬂmtl;p ligno! leyatgosreaiiomag of thederainaydre rinceraplekamwmgovomldnt i onal

m crovalves,. Snall er I ar r.valv nd | n yes. are

cont enrﬂllﬁfvzl?i)'?%eflﬁoéls %ﬁ@é’%‘?{t Ftrwlé?ﬁrfl‘ﬁﬁ' @%\tﬁ’dé gnmr]fg egfc i‘ 5] |as%0 of ranges
of deaCfaMH{awmndld]ﬁj wielsydr with é;@ralbdadlean@Aa)!aﬁdQ:omihgugcnﬂandfthebtheio nL, 100
fL to nL, and to 100 pL 15 The extrenel i/wsmal vol unes capabl e of

bei fAg d@srqr\&é?’adwﬁya btwb@n it fanieerogengeusopeliifyer sft Whographye

i nvent i “ 174 26!34@ t Ghbd & anline smal | est
known \}g u%gﬁﬁs%??%St%§ca%g%péé§Pt el ng%'%aqﬁﬂ]atr'ﬁe&ngterztgé“%?n around 0.1 ul.
The snilet@ats ;Hmw{as/mipom‘sto@mab] eedkcinggha gmpetature ¢idlgs thaebweinsdt syst ens

I s about te i zi ng punps and val ves in accordance
with 2@&#He [5‘P§: Ws?ar‘i‘g’&h‘)g'éﬁ!“\%ﬁ}'ﬁ#é%l'ﬁ "iquid of 10 nl or snaller can
routinely be net gipdir@nshesdi spensed. The accurate netering of extrenely
smal | volunes of fluid enabled by the present invention would be extrenely

vallGabl e i n a | afgbrunethanss awfprbdmcdﬁmaﬂl-lsawnaréamxfﬂ@dudw@quhph r

d fied
mat horal IS TR See BERRs pSRE LRy SIOFRRORRART ot Ay ounity |

| sot rOplh@ntﬂhﬁdr%fﬂfffddéﬂtiﬁfeﬁbfPd)l@’dfbﬁmebbé hage. 'ﬁp@hhedBmaa&sufme 30 (1) w
(BPb4)/ (Eh3), where: w = deflection of plate; B = sha e cqefficient
( depen@ehinésp dawexsigFRukgnaks them useiy! %&sﬁs&%&m@ﬁlﬂ gbgeroﬂpﬁm ate); P-=

applie 0 Jl ate
P cknaueaRY s BRIy A ditho s A B AR Rl i
extlb emether $ayepl i f i ed expression, deflection of an elastoneric nenbrane in

response to a pressure will be a function of the length, width, and
t hi ckness of the Fane, the flexibility of the nembrane (Young's

modul us), and Silicone polymers probably have the greatest structural variety, and almost
certainly have the greatest number of commercially available formulations. The vinyl-to-
(Si-H) crosslinking of RTV 615 (which allows both heterogeneous multilayer soft
20 lithography and photoresist encapsulation) has already been discussed, but this is only

one of several crosslinking methods used in silicone polymer chemistry.

5. Operation of Device
L Figs. 7B and 7H together show the closing of a first flow channel by
25 b_réssurizing a second ﬂbw channel, with Fig. 7B.(a front sectional view cutting through
flow channel 32 in corresponding Fig. 7A), showing an open first flow channel 30; with
Fig. 7H showing first flow channel 30 closed by pressurization of the second flow
* channel 32.
Referring to Fig. 7B, first flow channel 30 and second flow channel 32 are
30 shown. Membrane 25 separates the flow channels, forming the top of first flow
channel 30 and the bottom of second flow channel 32. As can be seen, flow channel 30 is
“open”.
As can be seen in Fig. 7H, pressurization of flow channel 32 (either by gas

or liquid infroduced therein) causes membrane 25 to deflect downward, thereby pinching
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t he applied actuation force. Because each of these parameters will vary

w dely depending 5 upon the actual dinmensions and physi caISQSWB@sgqoﬁon- of a
particul ar el astoneric device in accordance with the present invention, a
wi de memgzosab47nenbr ane t hi cknesses and el asticity's, ebauset/iosrzit hs, and
actuation forces are contenplated by the present invention. It should be
unders j r } Q,lg{-:){ . ARMRXI Mmat i on,

si nce %’ﬁ?%g}nig%&?E@%ﬂgbgﬁga@%&g@n%ﬁ%%%%lyf or mn .Eiieg:p(lgness,lﬁt he

menbr actemhli 32k a dssriysichablenabass systdny isgravided susbdhatdiavochangel ¥hanh and

idth, and the deflectian is not cessari S | . conpared to J ength,
i it . bEPBeES By HBSQ Yy oRBe ettt eoed HEPER LSRRI SbCorvos as
a usef gHanfisti Fdem F9s. 780k YREWRth ¥ Bhdl BoseBRpAIRSIE ratheOthas B AN dosdesi T ed

response of deflection versus applied force. 15 Figs_ 8A and 8B illustrate
valSve PRséimMg vs. applied pressure for a 100 gm wide first flow channel 30

and a 50 mw de seco fl ow . f .5 devi ce was .
formed by.a | ayesmg? p"%gﬁé‘?vaef g%?aggﬁ%lrefig%épgﬁgg%@R@%&%ghﬁg{\%&ng a thickness
of apptheisetatsy(i.y.: 3RIngNteabrine DY) walvasdinl pempt papincekbyrttieleyhiig@: kPa. Fi gs.
21 a a}?d 21 show t he extent, of gpeni of the valve to be sugstanti ally
| i nearbaygartrulpgerpgierd wlupgeandasigis ’&B"é‘g‘%ﬁ Rade by duis (rduiaugipve re was
appl i eghiffe A5HHRN R TPRRNEHR vitiGie $E ORI ERUSAmPIe 2HBuETD] PNY pi ece -

td1{ 8
of plastic tﬁ%l ng hagi%g an outer dianmeter of 0.025" connected to a 25 nm
piléce UI0.xiQjm ei80pkt dhichhippbudnmesand dreargconsuhediby thetrapvidg spmbeaneof 0. 025"

and an _inner. di ter of 0.013"%. Thi s, tubi was placed jnto contact with
Che coHE PRRSEIARE R grdses Phogmids i e e f e ook o

di r ectinRifoviOVelR Brialled 4@ 1681 VAlesGRaRRRchinfivalvep h@Sitteinpi@ed ap@ki ed to the
hypoderm c tubing froman external LHDA mniature solenoid valve

nmanuf sRIEEANE HvBYtiqne andcpnongkelesiveligt o ranges ehdead velyras inghrdes 1 al o hr ough t he
devi ce S far, n Ll be id.igzin i pressure, other
flui ds1 @U‘@O%‘et%ulggg‘i” ééﬂ‘z’%f%égafrir)p% (Joall IlFL’iQiga(I?g:lr%p"r%glssi bl'e, and thus

experi ences SONETHd xidemetietragll vilemeeedpables fibeing delivenef by patipsandf pressure
by the external sol engid valve and the tine r‘lgt this pressure is

C t
exper | ¥Ahesdn poeordance il thepresqnt inyanugn KPFRSERt A UBHARMA RAKNRES t he  present

i nventd.nn: ' i SN Rk i :
noncon%%glsﬁsc?% ,zﬁ%%rﬁagfe%ic‘ﬂtc%sﬂfv {gglggé &‘V%h%fzi;& 0 %4%%%%82? 087% fllui d such as

wat er avourd/@i @il The ondlkest kesed tdlmges capableadbeingstetnted bycutomatehsf er of

applied pressure to the nenbrane. However, if the djsplaced. v%ume of the
val ve Systemsagebayt tentmesclaraer 0 nlphHiHemeipumps 2pd Kalves grascoriaaes¥ithy of a
CQRtr L.g - . .but e 0. i I.Q: j medi um f or
¢ 20sihe preal iRRAGGE Vol ol B snfibiBhitine]y'be RRtckdPand

appl i alitpensedarthedesirae meaafingof extremaly sl beltiinegaf Boidsenabldd biydhd d nedi a are

present invention would be extremely valuable in a large number of biological
applications, including diagnostic tests and assays.
Equation 1 represents a highly simplified mathematical model of
25  deflection of a rectangular, linear, elastic, isotropic plate of uniferm thickness by an
-applied pressure: |
(1) w = (BPbY/(Eh?), where:

w = deflection of plate;
B = shape coefficient (dependent upon length vs. width and support of
30 edges of plate); _
' P =applied pressure; -
b = plate width ' ' -
E = Young’s modulus; and
h = plate thickness.
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contenpl ated by the invention. Wile external applied pressure as_descri bed
~above has been applied by a punp/tank systemthrough a pr@?é’tﬂb@r?@%ﬁjl at or
and external mniature valve, other nethods of applying external pressure
are al ¥® ©@®pdnhpl ated in the present invention, 10 inclrdimgpzgesist anks,
conpressors, piston systens, and colums of liquid. Also contenplated is

the use of natur gy ARSI BArdh AT SHARIRAUSERSSISHCR MBS die T ound
inside |iving organisms, such as ood pressure, gastric pressure, the

pr essurchsiomesie menibrand ingespenshiogr mpssued will b alfungtien ofir e angthe miidthn t he

i ntra-qcul.ar,_spa and,.the pressur.e erted, b | es _duyr.i nor mal
e 858 bRaPR e BB pratg B PRIy ST HE hEfoihe EYRGAES nd 08 08

cont emleadppiled SdtadticaSoffeNBREAISE eXéll yRReselparaseteraBdllaa60widelydpesdiagt i C
punps; pinch val ves, and ot her tégq%es of fluid regulating equi pnent such as
i s Rno#pon theapmabdimensignyand plysisakepmpasaionof gareisudar elagiopsicidevige ddr dance

W th eg?&?&dﬁ%@tﬁtp%e PE;/:E'%{ REVEREOH J&%@Q{xﬂég?%f%ﬁ%r?ﬁ@{hi%%& feptal |y shown

to be nost pertect near over a ge portion of I1ts range of travel,
wi t h mehstiaty’$) ybarmebwidhs, Aod actditivgl fprces hee qenesgriatc@ Oy vizd preenair e i deal |y
suited,for . mcrofluidic nmetering and fluid control. The linearity of the
val ve &R NEe denponstrates that the individual valves are well nodel ed as

Hooke's Law sprif@sulditéninleisigel that thObnRh RS 8stREsehitdtifignll kAW channel
(i.e.: back pressure) can be countered sinply by increasing the actuation

pr &€ s uppprodErpdioninteah ggneralthe preadwme daepperhayedsiniaue thickricesy de val ve

cl osure at back. pressures of 70 kPa i [ 5 are al so
Cont orTRPER iR ES N i hetiepadty S oitbaad Bfe BRERANA SRa kel i °F
enconpasitons ndl GefdsesRPEmh vempaea to klgMawidtBPoRitknd80f e - 10 Mpa, t

kPa - | MPa, 1 kPa - 300 kPa,_ 5 kPa-200 kPa, and 15 kPa - 100 kPa. Wil e
val vesmsAdrangmlevapheles. the ganation seriea ps asssfut swde £ adpeingyanablose, | near

oS PONB RO LAY AG R REFo ATk lorPRerifaflpig FiLer | N0, devi ces. I

one 30 Iment of the I nventi the openin e valve is used to
cobfrol flow rat Eigsy8Albad BB ijlesttateavdlye aminusg wd applica geesswe fdeg il @@ uof

closure., Linear valve tuatiLon nmakes it asier t et.erm ne the_.anount .of
et uat Vs Hedt e FBenet Rans oF Beevidkaeind B siamsE s L PerdGraze o6

cl osur gis MR R4s BEAGE by a Rlyel bNGaderAAtIb@EL SNlidoted RAV & FenalipGe required for.
val ve actuation may be easily determ ned fromthe pressure in the. flow

c hannethidgkhessatfappioammately 30 @od o BEoung3osodyuof gprodmartyT7 032y, 10875

| i near .. i ngrea . pressure.in the flow. channel be count.ered by addi ng
the. aaFigs Read 3T hig e Suetl of APering 8t 5 AR B e PR Sy R BRI hRt St s 2 he
vapye Hoﬁ@théﬁén?éoﬂaﬁﬁib&ﬁr&@ﬁeﬂds on the structure, conposition, and

met hod of actuation of the valve structure. Furthernore, whether linearity

i s a desirabl e SAdtRIFwsareavissapplied ko actyaie the raeplisns obihetdseica pughad i on.
Tt 4 B e ARt e B oS o 8§ gt e o
mm piece of stainless steel hypodermic tubing with an outer diameter of 0.025” and an
inner diameter of 0.013”. This tubing was placed into contact with the control channel by
25 insertion into the elastomeric block in a direction normat to the control channel. Air
pressure was applied to the hypodermic tubing from an external LHDA miniature
solenoid valve manufactured by Lee Co.
While control of the flow of materiat through the device has so far been
descnibed utiliziﬁg applied gas pressure, other fluids could be used. _
30 - For example, air is compressibie, and thus expeniences some. finite delay
* between the time of application of pressure by the external solenoid valve and the time

that this pressure is experienced by the membrane. In an alternative embodiment of the

present invention, pressure could be applied from an extemal source to a noncompressible
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over which a valve is linearly actuable wll vary W|th the_s ec':\se QC)Q? -
enbodi ment. Fig. 9 illustrates time response (i.e_: cl osur® as a
funct in response to a change in applied pr of a 100gnx
100”}('\:9(809{%\} mcrovalve 10 with 10-cmlong air tubing % ?#?8 1%45from t he
chip to a pneumatic val ve as descri bed above Two periods of digital

cont r ofluidisgeins waler erdiydagulic prlagesligngin a prardpsansinoppetransigsiod gpalmﬂ val ve

0Pt Gkl SR HEled %y F16 AL ARSHEE ORBRIST NS SRAL LRIl (1 19

100 k I Ch a require “to close
t he vadcmaro! aPmnsci 1i5amdne rhlgﬂeﬁ$’isﬁ@sﬁytdfel oomktrok flugl rﬂalﬁdfteni'ﬂﬁﬂt@&ﬁdblw irh a

pressure 60 kg_% greater than required. \When qQ gtg however, the valve is
dri verfdipations Jhe pptmalapedivgifps RB%PS&W%WSF‘E@"H BFs depepdpedn the 40 kPa) ..
Thus, JHHECS4 dp%ll@ﬁfﬁ%%@qfa‘;u?c B! ardB8th 2h{Bus and H{1BH trddfa ALSO 2 | ag

between the control signal an ont r ol pressure response, due to the .
| i mi t atontameplated bhighe imveritmbur e val ve used to control the pressure. Calling -

hi d 3. 63
mm. top = 1 sethge HErigkiued i A iPtiped Yokl ek o ) 2

allo Iﬁ;ﬁfanlaﬁyﬂbrﬂghxﬁﬁ% £ bResduidregheorald\R tdrmtl iaRNTro vhieb) ¢thét 75 Hz.  when
filled with agueous solution. |If one used another actuation nmethod which

di d ndbetbpds ‘éfraPPlfYé‘?ﬁ otenalmgessansare plse cagfemplpted itk W&F% ig¥salienr ui n at - 375
Ha g N%au&:#g%k Hl%}(s cgﬁxpﬁﬁgq {'gns(f&p s?tﬂltxs % col ﬁ'ﬁn e gk %lgcp by changi ng the
t ness,; or er N

menbr ane ' m Za el ast opening or
fast coatimpjated h;ahspsra dfma&mmmnmtﬁrdssakﬁsmuh&saabhmtmdy by faundngi ng t he
el asti.ci. &%/BSYoun s nodul us) of the nmenbrane, as i s possible by_introducing

dopantP{'it BYINERESARST S8 38 Plagd pa%ﬁsvliez%%ﬂ%v@ﬁ%wwwreﬁ%v % materi al
to SertH@c&%ﬁ)r&%lﬁ? AbldapRssu éj;ﬂ%gédt REGhehEY- %cﬁlQr %ﬂ@é YRS tHPteWutd Fi gs.

7C—7H) When experi nent al nmeasuring the l've propertles as

il usteﬁattt@ijbsr mustﬁﬁsgdurmgtmamvleﬂamrﬂ;@thﬁnngbwsls ot egulabdg eytefralpressgence. | n
t]se ex grlrmtnts ow.channe iwasfllled V\nthasoJ&Htion of

f 1'0or EECEFR YU Rl y?fr? taé"’(“f'—'fl% VERCH BHEP PRFCEOBY PR HE ¥ %uor escence
of a  PHbANIE ARSI Of FIRR refih@hg m fdhikuh aé REnGRATAChe 48 25 5

Cct ober 2005 ' WD 02/ 082047 PCT/ US02/ 10 noni tored on an epi-fluorescence

mi croscope wit h 4 gadessen. thegesponse gﬁéaiwp& in agcardancepvitthembledimnents ofhe
Ly s L e
i dent ilargé pprieardtts cargef @atdlonsh nbnitnal ﬂib/ﬂtm-e@l&ambrdagiy,sthSptasemns The fl ow
2B o vaheS e oG B SRR D e Bt marebnapos Toah - s Fhetne Bant ages.
depengaRg response demonstrates that the individual valves are well modeled as Hooke’s Law
springs. Furthermore, high pressures in the flow channel (i.e.: back pressure) can be
countered simply by increasing the actuation pressure. Experimentally, the present
. inventors have achieved valve closure at back pressures of 70 kPa, but higher pressures
25  arealso contemplated. The following is a nonexclusive list of pressure ranges
encompassed by the present invention: 10 Pa - 25 MPa; 100 Pa - 10 Mpa, 1 kPa - 1 MPa,
1 kPa- 300 kPa, 5 kPa-200 kPa, and 15 kPa - 100 kPa.
While valves and pumps do not require linear actuation to open and close,
linear response does allow valves to more easily be used as metering devices. In one
30  embodiment of the invention, the opening of the valve is used to control flow rate by |
bemg partially actuated to a known degree of closurc Linear valve actuation makes it
easier to determine the amount of actuation force required to close the valve to a desired
- degree of closure. Another benefit of linear actuation is that the force required for valve

actuation may be easily determined from the pressure in the flow channel. If actuation is
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upon their desired application. For exanple, the cross sectional shape of
the lower flow 10 channel nay have a curved upper sur f ace, S &lctaber 264 ng its-
entire_length or in the region disposed under an upper cross channel).

Ssuch af¥8&Mipper surface facilitates valve sealing, PGEUSGI1087S.
Referring to Fig. 10, a cross sectional view (simlar to that of Fig. 7B)

t hr oughirdehnMcedisangtSurlinaRdIflw chanisdl ¥4 beASumaidts &Y th kawe channel 30
is rectangular 15 in _cross sectional shape. In an alternate preferred

aspect RSFSSpIRdfareg Rt nid areay to the ggmated pertipn of ghe Y4lee-cr oss-section of a flow
h | 30 inst -] fl Fi
channe | nst egqy, Efﬁfh%ﬁ??@&g&%y 893%%‘*2‘9%5?{5‘?53{‘5 -r&ﬁdzxﬁertﬁfgjs&g . '9_

10, when flow channel 32 1s pressuri zed, ane portion
el ast ormstuatiolbithk vade steypaumat Faghétnoove chizningllise3ydnd dddraMd |  nove

dowpwardly ta the sugcessi v osi tiqns.sho by the dotted |ines 25A, 25B,

o a1t sae fepiy Babe auario o ErabE Dol BARrifagd Bogs b

resul t |sealPRt@MEEsalRE ard aMeRpRRAGH t ,ré&hﬁe&{ticm, %H@Ehe%}f?s%{e%ﬁge%‘l- I'n
|

the alternate preferred enbodi nent of . , flow channel 30a has a

cur ved oyppehicha velve slineang actuabls villawne with the spegifieembodiaent. nenbr ane
portion 25 wl | g rd to the syccessiyv. osi ki opns_ shown by

ot ted | i nes. 255 JINEHBEIR Lbloek (G SHEREE B YE RS BRGn BB,

nmenbr anerdxpatisap & tliampe imdpplich Prdsk@e) 61 00RImx 00} hBVBANPR TVORIck®ABfANe
portions. An advantage of having such a curved upper surface at nenbrane
2510 s w*ﬂhto-@nﬂwrgealt'@hmgaoéng@gig fram the plip e aphelstatitieaive asodeseibadnel 32 is
pressugjzed. Specifically, the upper wall of the flow channel 30 will

provi de a continuous contacting edge agai nst planar substrate 14, thereby
avoi di ng the "i sTangeriods stdigasitconaslsigit, deafalhie prosshr: aPtheand of ki bot t om of

flow channel 30 in Fig. 10. Anot her adyantage of having a curved upper flow
channelUbiRg fnddalvgopeniBgireshovasin Fig. 9 nhie nrpsutsappliss en digcanreblingifdi | y

conf or 1y Rr4, MhiRREL B MO hitiRr aldh Mﬁaxdkﬂ%ﬁh%&@aé& thER0OS P}

actuation. Sp_em fically, ere a rectangul ar ow channel 1s enployed, the
enty r ewhen clesing, th¢ 2aivé isqusbérboloedd With glptessipk 68 kPhgrédtavthahmgnietd. 26 5

Cct obe 005 VWO Q2/ 082047 PCT/US02/ 10875 wi dth st be forced into the
fl ow c%*n%#&p?“‘ﬂ%ﬁ%’\?’&%ﬁ&rv %%lsgw 2 a‘?il tB&fsé‘Ffé%{ﬂ%o?é’nﬁ’d%Ve‘& O smal | er
per i meggringoforceqkabikih). (THilsyf,N9s SQsHcteits sykxﬁml@&ﬁﬁp@oggp Thi@Rd al8yigt be

forced into the channel. In this nmanner, the nmenbrane requires |ess change
i n per lagdesreenfteg cantrolisighal and ednirel piréssneefrosponsm dae tethedimsitations of due appl i ed

11 ot PR s Rl sy e loronfi e b oA RE B Ttte Chat 1 ts
Gostr | bad abore e e R e a1 1 T ahe) "EhERge Cper | enced
by t hems. If3t each are allowed for opening and closing, the valve runs comfortably at 75 Hz
* when filled with aqueous solution. ,
If one used another actuation method which did not suffer from opening

and closing lag, this valve would run at ~375 Hz. Note also that the spring constant can

- 25 be adjusted by changing the membrane thickness; this allows optimization for either fast
| opening or fast closing. The spring constant could also be adjusted by changing the

elasticity (Young’s modulus) of the membrane, as is possible by introducing dopant into

the membrane or by utilizing a different elastomeric material to serve as the membrane

(described above in conjunction with Figs. 7C-7HL) |

30 When experimentally measuring the valve properties as illustrated in
Fig. 9 the valve opening was measured by fluorescence. In these experiments, the flow
chanriel was filled with a solution of fluorescein isothiocyanate (FITC) in buffer (pH = 8)

and the fluorescence of a square area occupying the center ~1/3rd of the channel is
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10 nenbrane upon actuation will depend upon the configuratign of the
particular elastoneric structure. Specifically, the conf o?r%qb@héqm%hange
w || depend upon the |ength, w dth, and thickness profile of the nmenbrane,
its aWPa‘PFPﬁ%W‘? to the remai nder of the structure, andPERESPEIR, width,
and shape of the flow and control channels and the material properties of

the el,ASliRN&S ot'&fehi-fRitResconteGhitRistaptakitle B pheLnitigplidr 3sbedeilendo kHzupon t he

met hod of actuation, as actuation of the nenbrane in response to an applied
pr ess tandwidth. Thg preswine wasimonitored adthMhsatstone beilgs REessyIg sefsiagnet i ¢ or

el ectr i ; I; ' | lenGRafge i n the
nenbraggéﬁ% chlggﬁﬁeg%ggﬁg%gﬁl ﬂ%ﬁﬁ‘%ﬁl \trvﬁg ttgﬁﬁrﬁ%ﬁgzﬁ ﬁ{a}g‘ﬁ’ﬂ catlgon for the
el ast dgaiticsl wicuhaticennectiodshe 20 si npl est enbodi ments descri bed above, the.
valve may either be open or closed, with netering to control the degree of
cl 8sure of the valve. In other enbodinents however,. it may be desirable

to alter the shape ofghRarKBabr &g doas the flow channel in order to
achi eve nore conplex flow regul ation. For instance, the flow channel coul d

be provi ded wi tPherfiow ebanmebtafiles prasenbinvention may optingalrhe dssignedon, such

t hat upgn.actuation the 25.nenbrane_s s_of Y, e f the flow
t hr oudﬁal ﬂ‘gt%fq“gwoéﬁﬁ‘??ﬁgf‘,?ls\'/ﬁef i Pespg’?%‘é‘ﬁgé‘gfé&g‘h a‘rdlq%@vg%ﬁ%b@{?g%ﬁfl sensitive

to t hapapmditksasd bislication. ok @xafiBytheeriss aatiohkli shiipestihpiafdrifiosy and 1 ow |
channel cross-sections are  contenp] ated by‘Fthe‘ resent _inventjon,

i 481 usharnel mey daye k srrved uppeAYF faer, citRsriengds e“t’ég lengdirga the tggiPBpo) ¢, :
hyper balioeq el BOLYAIRcs RS Sudkh GRGL AR SlerhdioraliN@ valvgpes. 30 More

conpl ex*Cr oss-secC apes, ‘such as the odi nent wth protrusions
di scuseslthg, iftldinat el y above or an enbodi nent having concavities in the

fl ow channel, are al so ont |l ated b he present ipventlio I n addition,
while the i nventlﬁfﬁm"g g %r153560ﬁ3%¥?ﬂt‘y*%§&}‘85%t0 Lg%trﬂr}yl’\%{}%n with an
embodigieity Y6 GlafindN80 Y84 55 jARdwaehs Eabbe flen! Nowich@iet Do IeLtafgiBar27 5

Cct ober, 20x5 02/ 082047 PCT/ US02/ 10875 formed from el astoner, and the

f ifor imtrashsectinaairsbhpd. sinfapraltechaferpyefcond asnest pfihadnventipatasghewn fthe pr esent

i nventi.on . not limted.tg this icul ar [ entat] . s and floors
of chtaFlﬁﬁgllosa'é’oclﬁ?‘ﬁ”SﬁFg?)“ P ﬁ%ﬁyﬁbg’rﬁ'ﬂ{;é ng%ﬁﬁgeag H‘/? § l%’fj rs}e{ﬁ:é%e' with only the
ceiling of the fdfemingasnelFigomshece Ned dhammelclds prearrizedthe el ast oner :

fl ow channel ceilin woul d project downward into the ghannel |ln response

to an ragpbraseiperticn 4piodslasiamastc bledkeiasparating flgm shagneindl Ardis B! nat er i al
thr Ou%@%{gﬁﬁ\“ -%I&ggﬁln%e%uﬁcésgivgﬁuﬂﬁﬁﬂﬁgsﬁ%@ﬂ fbidsie®linal HENSBIJ4US Ures as

descri el se énstant application are preferred for

n2or of2sm, did 2 $ippAiseah bessen, Hiomipkite seatingmaylyessiblfrebult &t theplgoyothannel s
formed, in the substrate wher sucp an arrangenent provi des advant ages- For
i nst aﬁl?é‘{d%?“gﬂb@ﬁdﬁ@“&@‘am‘{él“gmﬁ %bptical wavegui des coul d be constructed

so that the optifsahe YR LAGSHE &fi5ddiment of Fig. 11, flow channel 30a has a
curved upper wall 25A. When flow channel 32 1s pressurized, membrane portion 25 will
‘move downwardly to the successive positidns shown by dotted lines 25A2, 25A3, 25A4
25 and 25A5, with edge portions of the membrane moving first into the flow channel,
followed by top membrane portions. An advantage of having such a curved upper surface
at membrane 25A is that a more complete seal will be provided when flow channel 32 is
pressurized, Specifically, the upper wall of the flow channel 30 will provide a continuous
contacting edge against planar substrate 14, thereby avoiding the “island” of contact seen .
30 between wall 25 and the bottom of flow channel 30 in Fig. 10. | -
Another advantage of having a curved upper flow channel surface at ’
membrane 25A is that the membrane can more readily conform to the shape and volume
of the fiow channel in response to actuation. Specifically, where a rectangular flow

channel is employed, the entire perimeter (2x flow channel height, plus the flow channei
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|l ight specifically to the side of a microfluidic channel. 7. Alternate

Val ve Actuation Techniques In addition to pressure based a@gﬁﬁﬁ%ﬁo%stenﬁ
descri bed above, optional 15 electrostatic and magnetic actuation systens
are al ¥ COKtWipl ated, as follows. Electrostatic actuaP§HHSEEsHe

acconpl i shed by form ng oppositely charged el ectrodes (which will tend to-

at t r actwigihg naRObO Brcoiiad e YIohichgendl HoveaBt whkreiah asghell ifI96 dhanndlhiem)
directly into the nonolithic elastoneric structure. For exanple, referring

to Fi gusedzp smaheppgrimsiey offmatenal dpaly the srmirorquds gighed Ropioahtysbecan be

posi ti _ i 2 , n%’ﬂ?l: ' - ode 72
(al so gﬁ%\%ﬁqﬂﬁ%(}%{%ﬁﬁ%ﬂj ﬂégﬁ%éﬁ&ggéét [ onergﬂeo%%%%]?%]s)&glﬁ%gglp g}slﬁ%ge{rrat e 14.
When elfecichedion and istherefdte arate clsporpeet toi anmppliop pasation fpek &v block e an
attractj ve forcle between the two el ectrodes will cause nenbrane 25 to

def P eclOcHIMBFdI y, thereby closing the "valve" (i.e.: closing flow channel
30). For the mempanenehneGisle (her iBstpatld) Gledditbin SONEWEhinnel 3@issupport 25
el ectrostatic actuation, but not so nechanically stiff so as to inpede the
val ve' sounded such that ita qurved sanfacgmples ¥7il besupednpger Wilb25hes greaun it in or
over ngﬂ‘%%%‘a%%m%uch an electrode nmay be provided by a thin

nmetal |l ization Tayer, doping the polyner with conductive material, or

maki ng the surfadestapary,ohd acdial acwfontaidnal ehaipge expaiencddbyatheexenpl ary

aspect, the electrode present at the deflecting nbrane .30 can be

or 80 dBmiyane tRanAcHtian Wil depead upgl dhe GMfENERR BEGRBNTIEA, for exanpl e,
by SPufab®hichg sfubdlid éﬁﬁfca@;, e HrothibraP el O WilPlicgifli dpod Meaddi tion to
the formation of a netallized nenbrane by sputtering, other nmetallization

appr oabingth, sudth, arsd thivdessgirofile pif theexpembrayeoitaitiashmeni te ¢he replamdeng{ and

| ectrql | at i | i| abl e.. Physical, t f f tal |
o't hetsmehie apd dnchedpiia b GG on shanecas the BPr e eonkireredsimd s 28 5
Cct obematAb pidpehits OB AeAladilatérd20R/ THS éonBrARRTaL m;ﬁgamtaﬁmb depda a flat

e

substrate to which it adheres poorly, and then placing el astomer onto
t h&> menpen theangtbed oiugtuationnstagfuation obthermembigps i1 epsponsataynaipdict ve

el ectr r [.I] . I ..e. Cabot
Vui canbrersiy Tkl Siheiel BOMHuRteR RERSbIIT, SRARILOAMEuobtad ) 00 ey
or by ftposi ng the el astoner to a suspension of carbon black in a sol vent

whi ch causes swelling of the elastoner, (such as a chlorinated solvent in
the case of prs}V.Ioresl\‘?qrethﬁQts%lv@cw}qrweugv% prggdn fior mepbpee il dlsa by

constr [ 5 ' . : Wi conducti ve
Vet (d@EeeMﬁg% ikl pg@éﬁfgr gﬁmailﬁgﬁgor (Rt BRLOIREcIRRGE VI Mhe!

material " (i.e. r 1tine Ivided netal particles). Yet further
al 2@r nsaimiplest ymbodieep!sateseriivd abaye, e Yaversdyleythet moopeoor alosesd, ¥0thdeposi ti on,

b hem cal tion t d | i ment ducted b
the pr QEERRE SepTITE: SBrRAlets DTy BaabRodh ot PrEPERel ot 8aRbon bl ack
concengagbe qesifm%mﬁ&u@r thelflapofithe Aleaitirafe ddlé-the (1wORknnkl inléided WET

el ectrode 72, iC ) . )
achieve more complex flow regulation. For instance, the flow channel could be provided

with raised protrusions beneath the membrane portion, such that upon actuation the
25  membrane shuts off only a percentage of the flow through the flow channel, with the
percentage of flow blocked insensitive to the applied actuation force.

Many membrane thickness profiles and flow channel cross-sections are
contempfated by the present invention, including rectangular, trapezoidal, circular,
ellipsoidal, parabolic, hyperbolic, and polygonal, as well as sections of the above shapes.

30 More complex cross-sectional shapes, such as the embodiment with protrusions discussed
- immediately above or an embodiment having concavities in the flow channel, are also
contemplated by the present invention.

In addition, while the invention is described primarily above in

conjunction with an embodiment wherein the walls and ceiling of the flow channel are
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Is not required to nove, may be either a conpliant el ectro%g ag descri bed
above, or a conventional electrode such as evaporated gol ,C"Q,ﬁ’e% pl at e,
or a doped sem conductor 15 el ectrode. Magnetic actuation of the flow .
chann& %% e achi eved by fabricating the menbrane BEFXS®IRE the flow
channels with a magnetically polarizable material such as iron, or a

per manédtivey fromgalattoiee andtier fl@dr of Hedrhasng) @ frmedfioNdEaBdellyingxper i nent s
conduct ed bty t he present inventors, magnetic. silicone.wag, ,created by the
addi 11 SPoRe: (e preeniyBvEen s drited A Peichlar esiggtion, Wl Shs i (on by
wei ght goNAQIrehde]sERURY ARbd SrhaPid dheuReWidd suBsFRERGIN 6@ ive AFlimy | zabl e
material, the menbrane can be actuated by attraction in response to an

appl i edf thadloet ¢hannéli cohstrigledr feorn kiaswwerdyr Ahis elastoingy flovaghagneliceting mat eri al

bl i nt ai ning., . t tizat] t e | first be
D ol mioeRl dirdd i3S SRR [ FREHAH bO TimticRScBEGl fle 00 T11 St D

act uat grébyldofiroRig dhd IGE b Ml {HEFUEhIhO RowtharirRs pPlngemeital théwlgdt ari ty of.
an applied i nhonmogenous magnetic field. The magnetjic field causing

act uat Flostorer stictirenay daveribedrisrwhgeniathe BaaNTAPPHCA Y A¢ PIERTSHIPS. I n one
entod! FEObAuldfiCRaiR: © Hfokv%'brgr S PSRIRE o BYpRY RidcRTBcd ArTRE !

i nductive col nor proxindate to the e mer nenbrane. The
act uat substrae vdfctestchah astaagemaenrpoyveddsadeaitigeaoibrinbiendm e abstat, al | owi ng

actuatjop of ingdiyvidual. pu nd/ or valve structures. Alternatively, the
meighet inelicing %Ptleawavqssldg%%la?eaomwﬁﬁ&éﬂt,ﬂ’e YR ‘is%‘(ﬁévﬁﬁi festrce, in
whi ch R &paGhHLaly @Qh@‘ﬁ&@@f@ﬁ:i&bﬂﬁﬂic difnsoul d actuate nmultiple punp

and/ or val ve structures at one tine. 29 5 Cctober 2005 WO 02/ 082047

PCT/ US02/ 10875 It is al so possible to actuate the device by causing a fluid

flowin the control annel sed, upan - lication of thermal energy,
either by thermal" exg‘éﬁgﬁa(’nv%&e tuﬁ?‘% l}%pﬁé of gas fromliquid. For

exanpl e, in one Bl i®fifigi to\{RessrebAckd®iation spaans dasnfbedutiole f dpiopsiesent
i nvention, a pocket of fluid (e.g. ina fluid-. 5 fill eltéi control channel)
i slSposelestEnsiatic apd magmetiq acsutionsisiems apy gsqequieapatetasifedowsin be in

communi cation w E&Cﬁf)&?[?.eéﬁfi%%}%a}é ?)E Ladd :sﬁé‘fﬁf@rmir%’ oﬁ%%m @hﬁ%&e ater.

Thermal expansion o conversion “of materral fromTthe |iquid
t 0 t heelgasodeb askich adlllichd to attrdct oncnarmther mdiee aseltige giffesmtialas appleditag t he
adj ace'ntmgl ow equent caol | of_the fluid.would r.elieve

pr essulb§ H&eﬁﬁpﬁ?qnt l H’@%lfj) ‘?}W’ EMHWSPCPE‘T%H& For, gragmplgy e {paPisty Pré%st ens Fi gs.
Syt o O o R Rt et (T Aand 138 shows
a ¥er | membtane 25padpnngtioys serond slgstode @2 (iscshovorial phaptoss) eanbesi ngl e
addr esg&;%o%ea %/n%f)lt n % ansr substrate 14, When electrodes 70 and 72 are charged with
opposite polarities, an attractive force between the two electrodes will cause membrane
25 to deflect downwardly, thereby closing the “valve” (1.e.: closing flow channel 30).
For the membrane electrode to be sufficiently conductive to support
25 - electrostatic actuation, but not so mechanically stiff so as to impede the valve’s motion, 2
sufficiently fiexible electrode must be provided in or over membrane 25. Such an
electrode may be provided by a thin metallization layer, doping the polymer with
~ conductive material, or making the surface layer out of a conductive material.
In an exemplary aspect, the electrode present at the deflecting membrane
30 canbe provided by a thin metallization layer which can be provided, for example, by -
sputtering a thin layer of metal such as 20 nm of gold. In addition to the formation of a
metallized membrane by sputtering, other metallization approaches such as chemical
epitaxy, evaporation, electroplating, and electroless plating are also available. Physical

transfer of a metal layer to the surface of the elastomer is also available, for example by
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15 in Fig. 12, but networked together. Fig. 14 is a grap‘h howi n
experinental ly achieved punping rates vs. frequency for ti@cﬁé?'ig%qoél tic
punpi system of Fig. 13, Figs. 15A and 15B show a schematic view of a
pl ur allwpyoggj%mg}’ ow channel s which are controll abl e by a P&H/EYREYEd Nt r ol
line. This systemis also conprised of a plurality of the single

addr es ssppasatungy wel gutbwadiat gibsRiaty. to whichhig adhgseenanily; angethive placiagiths n g
differept,arr t Lhan that FiQ. Ei 16 is a schematic

11 et PoploBhdr BARERE Blerd 4R0pbeils i e bl olplidle i

sel ect ed channel $A cagluptivesaettaide F0phay #thd bey fopinet be dspositire cunboaf lackal ves  of

Fig. 12, joined or ked together. Referri first tg Figs. 12A and
128, a G It bt P ey &mﬁ en i ffiome su EF—@E{‘?Q%%‘HB’\}&% onfhgZReAEE 30
pregergp bg ehmxi?gctiﬁé BlaStofRF t(ﬂ@é)spf:rlks%ﬁ of dﬁ?&ﬁl: YIEkiAR al SRR QPRHQQUSCE | ow

channel 32, crosses over flow channel 30, as was already expl ained
her ei npwellmgmf dusalastonaet, Gucihas hehlonpatbd solect bn HepareeliFidMSe 1 ow channel s

b di h,of. £l - | 9., 0f |
o 1 1 o PR e i ATRaS 18R o8 fum bR aRR K ndihe SR WA B damne 30

can al spstdendr dbpéd with Eehdudivéemakaial (il cdrbdieblavtbbiclinay Hivddedsmaaisi ngl e val ve
in flow channel 30. In Figs. 12 to 15, a 30 plurality of such addressable
val vesPaftelgshi ¥efugheradiemstivedy, the glectade may ba forgisd byslschipgient s to produce

puyps, e | stal Ll G [ L d] |

DU 6o PR AL RO S By,
punpi nthe wesent mventerd, carlutwiityowss shdwinl tounabeamath Gbdadack pl ural ity of
generally parallel now 30,5 October 2005 W) ,02/082047 PCT/ US02/]087a
channefigentration kR drtyx 107 Heahouiinx 167 a3 ddelawer slertiads /doyybich By

pressufi z] . i I : -]g@%% I's shut off
under %el{r%?a uérgggéA&gge’trﬁgbﬁsﬁﬁgzslggl}tﬂpgﬁﬁtg&ggﬁ% %go(?é,glclﬁne ke’gtﬁg fl ow :
channetor3@ntiGiakieleatrdde such ut evapbradibgeld, a fnytal plags sua dapaigseaoaindottot | ne 32B,
f-lfé"’ F thr(g(ﬁ:gh flow channel 30 is shut off under 5 nenbrane 25B at the

in ersﬁlﬁ’ﬁr of control line 32B and fl ow channel 30, etc. Each of control

lines 32A, 32B, aNind@CadiSatR@RAHR BV cREHBSHA e AchicViEbeiBEBatingahd St al si s
may be actuated by the pattern of actuating 32A and 32C together, followed

by 32Amefdiransseparbijngtha flontcieneels shdtayapgnetisplopeiarizapleamaienpbiuchaed by 32B -

209 C RSl ot SRR RGEORHAE 0 e 110, 010

011, oY ern, val've ‘open I’ ndi cat es

"val vecatidasrd by tHdpresend @iviefitodd, ntagnpidd $iBcdheiveasadreatekytie addition bZ@ropat tern
(referri ng to the phase angle of actuatjon between three valves). O her
'

peil stR@VIE (shav & uspartiglesizahupyio gR&sien By Weight-udi ng 60 and 90 patterns.
| n_experiMents DGR{R! iR dndiorhiifis! BHRAA With 2 nBIAREARy pRffiRhie2- 35 NL/S 15
was neasured by nmeasuring the distance traveled by a”columm of water in
t'hi n (ateriat, the membrane can be actuated by attraction in response to an applied magnetic
field Where the membrane is fabricated with a material capable of maintaining
permanent magnetization, the material can first be magnetized by exposure fo a
25 sufficiently high magnetic field, and then actuated either by attraction or repulsion in
response to the polarity of an applied inﬁomogenous magnetic field.
_ The magnetic field causing actuation of the membrane can be generated in
' - a variety-of ways. In one embodiment, the magnetic field is generated by an extremely
small inductive coil formed in or proximate to the elastomer membrane. The actuation
30  effect of such a magnetic coil would be localized, allowing actuation of individual pump
and/or valve structures. Alternatively, the magnetic field could be generated by a larger,

more powerful source, in which case actuation would be global and would actuate

multiple pump and/or valve structures at one time.
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o permt fluid flow through



i.d.) tubing; with 100xI OOxl O pmlval ves under an actuation_pressu f 40

kPa. The punping rate increased with actuation frequency Eﬁ)(cf%erﬁ&)so
approximately 75 Hz, and then was nearly constant until above 200 Hz. The
val vevanuoxaiips are al so quite durabl e and the el ast oer/useritsahe, control

channel s, or bond have never been observed to fail. In 20 experinents
performed by theydByeRHBEble BP af?émtefa%v\éabyeﬁuélﬁgﬁnﬁxdoafwa{abtl C punp
descri bed herein show any S|gn wear or fatigue after nmore than 4 mllion

act uat Fanel channchisited ispon the appleiatioulof dibimhaltepergyheifheaby thdrmel gent | e. A

solution of. E. ed. t hr.ou hannel ed for viability
showed “P25398 SDEOPEPQIBC% gaﬁlﬁé’"p{i%"’ii Ff cxamﬁ’he ‘ﬂgémggféerg%bvgri nental |y
achi evegbsdiARhiNig dcadr88ncéSvith B2 Fdseﬁtuﬁmyiohoapddm PRflaidiakling fuidpi ng system

of Fig. 13. Fi 15A and_ 15B |IIustrat es anot her wa of assenbl ing a

pl ut al fillgd gt gehalaaa isResiingd 9a¢r\ﬁ8§ figy opagpel  bluidyptiemogkatrgn beis yral ity
of par ﬁg&g}m channel )
(i.e. é‘%:ddﬁ"%l ?Ig%ﬁ% ne?gggrhgargtggésvat ereover 2@?8%{3"%1 81\\/%5% anner*n EWSOA 30B,
and 30&pansies efittieAatid,am cofiveroon obdnalenabfr@ﬁ th¢ hquldamdmwlsyhmuwldao of f
flows F 1. .F2 and F3 b de‘T%r e]ssi n %r}f éﬁ lr21r5f§ and Iocat ed at
the i Frol ELAYINGRESH RSV EOTop TR ToARgh rEtbs 4Rl COXBE “and 30C

Fi 9. 18fhe flRidwbeIaatidveiprdsdilald pannlpihemdwbﬁmhmsldwnsyst em adapt ed to
selectively permt fluid to flow through sel ected channels, as follows. The

doWhward 31 5 October 2005 WO Q2/ 082047 PCT/ US02/ 10875 defl ection of
menbr anes separ ati ng res | ve flow channels froma control |ine
e (r SPRERERE!

passi ng t hereabove (f “MNenbr anes 25A, 25B, and 25C in Figs. 15A

and 15B) dependElg@trm&me)Q{bv& ﬂmm@mah@doﬂaﬁ&m@m1deﬂnmncdthagl y, by
varying the widths of flaw channel control I|ne 2_1n Figs. 15A and 15B,

it is petesssebiord abave (Bresmmpleim FisdAY FisslHyap nﬁBtSf‘B‘f"%aPFW Hhannel s,
yet on{ny ﬁ‘iﬁ% Qgﬁ&H(cbn@ sed S Bluﬁﬁ@{ '?tgtﬂc glln%wﬁgura Son/ Effgralv@aﬁééeHSt rates a

sche ern as ty of parallel flow
chnneinsFigOR, bBﬂEthﬂ@d t@fiher.I0F Bhid a3Pdph @pmrpg)aﬂcnmcmlymdbnevai plurality

of parall el control | ines 32 32B,..32C, 32D, 32E and E_gll:: C?%ro channel s
324, 3PHIPIRS Eteswpfrequancy for the pertyialtic RUIIPIE Syle ‘fo‘p 15f 1 IRy ? flows F1,
F2, F3isHéhow? s@idehaie mamaumﬁ Hﬂho@%h&ldeﬂ whicRWrEbsitdabsle 89A, 308,
30C 30D, 30E and 30F using an t he val ving systens_descri bed above,

with tsiegletontraldinag Thisdiysteasis alsa COEaGBPdcﬁf apnralisy of thesinghoaldressable 32¢ 32D,

32E and 3 aver grol i ne
32A is° WI ealiL}n %%n‘%‘ﬂﬁP}s‘?ﬁosg eover 4ﬁglsem€8 r%ﬁ?eﬂg%ﬁn ﬂ%g?: and 30E.
Sizo | aFigy12. @@g]tlmls alstitenatid Bllistravibslef 4 ﬂmﬂt\ipla;tmg) Bystéth apayted|taopeemitt | ow
channel s 30B, 30D and 30F, and control line 32Cis wide in |lgQcations

di sposBeid§igar thrqughy selsaisa shannsisacoryprsed s Phyaliey the single on/off Valves
of Fig. 12, joined or networked together.

Referring first to Figs. 12A and 12B, a schematic of flow channels 30
and 32 is shown. Flow channel 30 preferably has a fluid (or gas) flow F passing
25  thercthrough. Flow channel 32, (Which crosses over flow channel 30, as was already
explained hercin); is pressurized such that membrane 25 separating the flow channels
- may be depressed into the path of flow channel 30, shutting off the passage of flow F
therethrough, as has been explained. As such, “flow channel” 32 can also be referred to
as a “control line” which actuates a single valve in flow channel 30. In Figs. 12 to 15,2
| 30  plurality of such addressable valves are joined or networked together in various .
~ arranigements to produce pumps, capable of peristaltic pumping, and other fluidic logic
applications. '
| Referring to Fig. 13A and 13B, a system for peristaltic pumping is
provided, as follows. A flow channel 30 has a plurality of generally parallel flow

30



At the | ocations where the respective control line is wde itqsgw
pressurization wll cause the nenbrane (25) separating th el
and the control line to depress 20 significantly into the flow channel,

t her eBYOWRB8Wihg t he fl ow passage theret hrough. Conver SElTyysaziostie

| ocati ons where the respective control line is narrow, nenbrane (25) wil |

al so b%hﬂﬂ{e[sctw : €61 gaggsg'm Bf'ﬁaﬁ 5BC eggi.gfm%o%ew ﬁeéetahﬁ%nw I not

result 1n becdm ng epr ssed” into the 7 (30).
Ther ef gon;rolflim|36Apﬁewd@érougiheﬂmunbiaemew\30 is shgtofﬁendﬂrmmdaneﬁiﬁat thexanpl e,

when control 32A.is._pres | z i i .l .bl.oc Io F3 and F5 in
o ciliiontkotag ans 1AZR oy inaet 30" Simibr@cthvl ni i e o

pressu Bféé@ﬂ-lznhé coMtol 1ikd 9K fldvPRehlough 169, cHahn@3d i 6hut Bfffdr@l\& channel s 30A,
30B, 30E and 30F. As can be appreci ated, nore than one control |ine can be

act Yiat EwmhranadSB aithe interpastiopof centeahiing 32Bgwd flaw ehansel ¥patcand 32C can be
Bl ocking i, 3 o peeinirbyfidesctoil s2p Pl hRalaP MANERRE L (v 32
sel ect Hhedefore,rmsutslszmmgbdaétﬁﬂe@by ﬂmq?rtb?idc’ﬂ aicmﬂasing;u)\ e}mﬂtBIaiGtogah&er esgg in
Nbr v B0 DYeivh et 1 sSE g sl YOG B PR IBR A By BBl 11 ow

channebsd €3 etﬁé}detEfDTﬁischﬁr@sp%%dho@Mé@é‘srsw%OQ51 Wéooii@%?l@“ﬂl 1£63{-US02/ 10875

four parallel control lines (32), and by varying f he 'posi ti oni ng of the
wi He apeftemarwheke “@'egideatss bf/altffhep Srand G inidaeates “Welvg chaseb’ekhig | ui d 1 ow

trol f ab t f h that it
o poskr N AE By s A% briprine: £ meltuB (R st S il A8 B annet s it h
only 24ckRRMbebREd Rlce |v'a%§ Otfler ,%iseqsttd flemAddegeARYRsiBRAR R LChanber s

Along Flow Lines 1In a further enbodi nent of the invéntion, -illustrated in
Fi gs. @0 andPMBpatt@@s.and 17D, a systemfor selectively directing fluid flow

into one nore of luralit i.on harrbers dis a flow
e Po8 orovt doul elbefiients phr@ el BLley rerias Srvp e hE e 2 i S0 havi ng a
pl yy al whyn@ﬁsuré@ﬁﬁhb%nﬁﬁmwn&oﬁn@l@ BesluaRQTeehid g "tlﬁﬂ'(@ﬂgnmpr ef erably
fl ow channel 30 and reaction chanbers 80A and 80B are fornmed together as

r ecessked) fubing; ttith Kol dimlSumi yelyes widen 2h inclntidompuessutOof ‘tﬁkléﬂ abheoner. Fig.
17B shows .a hottom ew of nother el.ast onei ¢ 11 15 two
cont vl e St Rt il sEtkafion BRRReRC HEH CRAPO RIS Fir SHLBEh i de

ext endhdagly cRREthntQiil AtAe300 B3 BrHOF ARG 288 puffp8 afLAsd ﬁkﬂfeedﬁ}abléﬁnéﬂ%n in the
expl oded \/ iew of Fig. 17C, and assenbled view of Fig. 171), el astoneric

| ayer ¢lastgmprmpmbeag, el eheaselsastiond hayenevenbeen ehserved togrilads | 10

20  experiments performed by the inventors, none of the valves in the peristaltic pump
described herein show any sign of wear or fatigue after more than 4 million actuations.’ In
addition to their durability, they are also gentle. A solution of E. Coli pumped through a
channel and tested for viability showed a 94% survival rate.

| Fig. 14 is a graph showing experimentally achieved pumping rates vs.

25  frequency for the peristaltic pumping system of Fig. 13. )

Figs. 15A and 15B illustrates another way of assembling a plurality of the
addressable valves of Fig. 12. Specifically, a plurality of parailel flow channels 30A,
30B, and 30C are provided. Flow channel (i.e.: control line) 32 passes thereover across
flow channels 304, 30B, and 30C. Preésuriiation of control line 32 simultaneously shuts

30 off ﬁows F1, F2 and F3 by depressing membranes 25A, 258, and 25C located at the
intersections of control line 32 and flow channels 30A, 30B, and 30C. ‘

Fig. 16isa schematic illustration of a multiplexing system adapted to

selectively permit fluid to flow through selected channels, as follows. The downward
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are then bonded together, and the integrated systemoperates to sel ectively
direct fluid 20 flow F (through flow channel 30) into eithefcabepdedp of
reaction chanbers 80A and 80B, as follows. Pressurization of control |ine
32A wwid 02dsesi2 t he nmenbrane 25. (i.e.: the thin porti ®€CTdFSMNessE omer | ayer
100 | ocat ed bel ow extendi ng portion 33A and over regions 82A of reaction

chambefenBQfin JntEGANE: LBRRESS B relften@bilow RHkkien0freMmfa donubtllind | ow passage
in regions 82A, effectively seating reaction chanber 80 from fl ow 25

channglasgog thasabeye Gorexahwle semmbranesehddy, RgBpaid 23 sBigsi SAebtSBhan t he
remai nder of _ cantrol .|ine 32A ARk | ' fhE Qs | 1 ne 32A
Wit B bi e BfmBh dio iR, ARLoRR A WERRnERRIdr 1S
appr eqicd eshnnell donabl Bie IDINFigh. 16AN4dol 5B, iinis podiie amtlaB2Bcadml bee act uat ed -,

at once'. Wien both control |ines 32A and 32B.are.pressuri zed together,
safpl Passever myfiplg omochraanelsrt only agfafe g‘ﬁf é?alﬁ‘é‘?sf'%gﬁ’& crl’aé‘?t%f'i o% chamber s

80A Orrié.olzadnrR?atésoafkfcﬂ%aﬁéo?ﬁkﬁ%@@k&,ﬁ@mws! ing fluid introduction into :

vari ous essabl e reaction chamnbers di sposed al ong(ng flowline (Fig s.
17A-D) can be cofviplurglily ofipatalichfiess shafelss¥)Ae SOBL BYCe M2 B a0 ui d f1 ow
t hrough one.or nore of a.plurali of ar I [ lg. 16) to
el d e BostidietRdea enrallty pf S el ehuo s 228 2B BB 0E' & 00 D005
WO 02/ 882047 (RBakbliRahdI987 A, 32m, 1e, SeIX 32 and $2Pard ddaplednto skaaff on chanber -
in an array of reaction chanbers. An exanple_ of such a ?%iﬁesrg?és provi ded

i AOFi fluid glows i 1wR2.d1, Far BY ked Fé passing theaygh maralickBow chagiels, *wi th
ext encigpd SRR AP0 36k 4 ahk 2370NRe VAl Qs RELAT Jb8YY, Wl gt 11 ui d

flows Nto any e array reaction well's '80A, 8013, 80C or
80D agohowitlmédificatipove; while pressurization of control lines 32C and 32D

| I vel hut. ff, fl F2 Lvely _ h |
cmbodi ment | 1 Ui Ghep S samEoaenazh 5-lACer 2P oo seh R P 3R by o
Ref er ra'nﬁglaﬁgglﬂogh(ﬁég Fof lﬁ:%]ﬁéle%on%i Nn@82 & WWvide inhéMBONnSdBpSIed 32 can = be

depressuri zed ‘such t hat d flow through I ateral passageways 35 (between
pdsal |fidw dianhtle B0ANAOE @hd 38BA SandadyBpnirel lner3AR 1sagwvide i lochii@nsaspect of the

i nventj.on, pressurizatiqgn. of nt l.i nes . : J s 1 ow
chann ‘Sp\?ﬁ%ﬂbve@f 3&8&@?&5&3&&883%@9 a’é‘ing AROUI n%%[(s:i(l) ;%u(? %&l;ﬁg?%ﬂ}cgéssagemys
.35B. Afisppdédiovel OW @Rh8sls ROAASOR | 3DE md30Foul d  sequentially travel through .
30A, 35A and | eave 30B as flow F4. 15 10. Swi tchahl e_Fl ow Arra%gl.l n yet

anot her novel endodiE hesations wherg thrarespegdve spntrl g ig Mids, ds propsyaliey "t o
by . \ Lol ; . ~
it CU s Hlenltt B0 SR iaThe Ablyehbin i ang s ERERRIEe RIAGHES °

shows sigrifiédndnimoane fbwahhniid  thedehy blockingghafvemmssage therathraugh. ot her
sui tabl e substrat e?léféhavi ng a pottomsurf acq wth a 20 patter n(gg2 recesses
for m feprrerselywinctha forations Whergdhs rrspeghiye SANUEQH NG 13, pargQy; HemBEng (g2~ oach

will also be narrow. Accordingly, the same degree of pressurization will not result in

membrane (25) becoming depressed into the flow channel (3'0). Therefore, fluid passage

thereunder will not be blocked. |
25 For example, when control line 32A s pressurized, it will block flows F1,

F3 and F5 in flow channels 30A, 30C and 30E. Similarly, when control line 32C is

- pressurized, it will block flows F1, F2, F5 and F6 in flow channels 30A, 30B, 30E

and 30F. As can be appreciated, more than one control line can be actuated at the same

time. For example, control lines 32A and 32C can be pressurized simultaneously to block
30  all fluid flow except F4 (with 32A blocking F1, F3 and F5; and 32C blocking F1, F2, F5 )

~ and F6). | :

| By selectively pressurizing different control lines (32) both together and in
various sequences, a great degree of fluid flow control can be achieved. Moreover, by

- extending the present system to more than six parallel flow channels (30) and more than
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havi ng fl ow channel s passing therearound. In preferred aspects, an

addi tional |ayer of elastomer is bound to the top surface59thbSS/@0590 such
that fluid fl ow can be selectively directed to nove either in direction
F1, orVR&MPEAHi cul ar direction F2. Fig. 20 is a. bott oRCGHERH87T he bottom
25 surface of the second | ayer of elastoner 95 show ng recesses fornmed in

t he shdpe pafallebtdmnohlinesn@2), wed by catyingthatpostiohinged tigovidndnd haréwont al "

control Line 4, -"Vertical" contral Jines 96 have the.s i dth

oy et ol santrot Fifts, S camo by fowf el sk e of Bl g w e
and narg Sop&ey bf ok syASmS RANR it FipdSdivIeRs ten balkay ofb flbs dbeiel ba&ith over top
of elastonenc |ayer 90 such 30 . that "vertical" control lines 96 are

- posi t i deadchenedls yaboahoXlegn)kiraital inesFi g. 20C and  "hori zontal " control
Iing-s 94 are positioned with their -w de portions between posts 92, as
shown in Fig. 20D. As can be seen in Fig. 20C, when "vertical" control

i nes 96 are pr @ssur iSzkdtivélp AddeniubinBeaition Zhamitcegh lwhg #let Euskur e f or med

by the elastomeric |layer 34 5 Cctoper .2005 WD 021082047 PCI/ USQ2/ 10875
initially positi6%&"ﬁ‘é?fﬁ@@ﬂgﬁﬂaﬁyé?g&@ﬁ‘“&HHO%"P?Zf“’?%’éPﬁ%S- W be
def | ectied 1H@WPMas & sYem RSEickhel ﬂfr@dﬁr%fﬂlfih PWCIRENGR HoWEl phitalinfdow in
only able to pass in flowdirection F (i.e.: vertically), as shown. As

can berescéon ¢hantiegs dig@ped aloag a flow linowstradvidedbnt rol |ines 94 are

pressurized, the_ menhrane of the int a 2 t he

el g@t oneric | ayeF’g' iqzﬁts’lrﬁgwwt%gllef"iOof%gf{ao\%ggmm%tggwg%&%g%ﬁﬁﬂ 855 I n regions
99 Wi | keabBorfiefanttets£gh A onh 6B disposed\iidredlbrg. aPrefatallly ffowoshaatie30ednd, (but only
in the regions where they are widest), such that flowin only able to pass

in fl ovpagiionehiampers§04 and80B prsripmnen @EEIFT asrecesseito the dodem sEifaqq | ust r at ed

in Fi gﬁfaﬁ%tf’a!y‘cp Sreiibnibabl e flow array to be 10 constructed fromonly
two el astonerrc [ayers, wth no vertical vias passing between control

i nes in differefig éFBshowenrbottbapéamsvieeqiianeidicr ¢lastaibrivhyed K with ow

copfrol lines. 94 are c cted, .the be pressurized. from qne input.
TS s aie Pt ey S and SR Grofsinsatene T O Bt B gl SXipaaipE

Nor mal hyrich#$PA aN@BYB foinfddCls ¥o&esdel UfereifB and 7H above depict a valve
structure in which the elastoneric nenbrane is noveable froma first

rel axed positi onAseewn indboerplededuacwe of Bissil? Cornd 2ssemblied Niewhef f | ow channel

I s bl ogke ver. fhe present invention |$ N0 Mt t |

par 1 chlta TR Bt fa38 HHOS Ribet RGeSl B0k 00 LGB0 BB T10, e o
a nor nadeltyendonded togathes sat MitCintgtated £ysvdi 6Periifes tebdativeBrdiecntutir ane i s
nmoveabl e froma first rel axed position blockin

) a flow channel, to a
s etbnaflawfudiensh evichamsl A0t sithener bethpt EsHAR changbess g0y a0 BBy | ng a
negat i YERORE. PlesRIr388M 6f control fine 32A will cause the membrane 25 (i.e.: the thin
portion of elastomer layer 100 located below extending portion 33A and over
regions 82A of reaction chamber 80A) to become-depressed, thereby shutting off fluid
flow passage in regions 824, effectively sealing reaction chamber 80 from flow
25  channel 30. As can also be seen, extending portion 33A is wider than the remainder of
control line 32A. As such, pressurization of control line 32A will not result in control
line 32 A sealing flow channel 30.
As can be appreciated, cither or both of control lines 32A and 32B can be
actuated at once. When both control lines 32A and 32B are pressurized together, sample
30  flow in flow channel 30 will enter neither of reaction chambers 80A or 80B.
The concept of selectably controlling fluid introduction into various
addressable reaction chambers disposed along a flow line (Figs. 17A-D) can be combined.
with conéept of selectably controlling fluid flow through one or _mdre of a‘plura_lity of

parallel flow lines (Fig. 16) to yield a system in which a fluid sample or samples can be
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Fig. 21A shows a plan view, and Fig. 21B shows across sectignal vjew 25
along line 4213-4213', of normally-closed val ve 4200 in anég)r‘fg’é’f*ﬁ%&gd '

st at eBYfgl ow channel 4202 and control channel 4204 are forned in_

el ast SYRITY®X70ck 4206 overlying substrate 4205. Fl owPERAR1087902
includes a first portion 4202a and a second portion 4202b separated by
separ atamige ot to o1y phRlarCeattion charthbernalan 4863 obrcactianashagdpes 24n ng porti on

4208. As sho in Fig. 42B, in jts.relaxed,.pynactuated sitio separating
BERNe i SRR SRS S e AT R S R T SR
4202b, 328 Rh@BLORk &kt doyy pdtabRel4 dRGRowhiil phantor) S el difeebfinigect | onal

vi ew of val ve 4200 wherein separating portion 4208 is in an actuated

posi t i Bews {hand FRantorans of the araytifmeastan mells 80AndE, 8920 80D ag educed to:
bel . in the fl h e , 35 5
ot bePHTHBEF IR or bllo FSso 06T G b S AD et BE BT

exper i AoweF2and #¢{ wapdctigeliyorce drawing it into control channel 4204. As a-

result of this actuation force nenbrane 4208 projects int(iqi(ﬁntrol channel
4204, thereby rekbYitagotrenest enbpdimest lud pResage bebveaningraliehfisgh 1 ow

channely,4202; si%?}i%%f?ﬂ-ﬁ% 691??’?' 39SYfther 820Gth oPRSHirdl |Ii§)8£§§if? 3 g5pRagSSUr e

within 5 contro Separating portion 42 W assune its
nat ur abe gapséssunzed sueh thet Ayid fiae khronglolaganal pebsEewaysi 33y betvean pasabinel  4202.

The, behavi or o e ane in response to an ., ,actuat.ion force may be

B g A S R e P A R Ry TR A S
Fi gs. @fidentr8PihE@ MdRIPRBulIAaBASe ChAdEBOX betree@BSANNAl 359y, Bad | Ve

enbodi ment of a normally 10 cl osed val ve 4201 in which control channel 4207

i s sub¥ewdiaisgishyt latesdipassagawaxspidbat AnguchpBevicaiermaes flopsF swewld i n
Cr055's%ﬁﬁédtﬁﬂ?'tl}awaﬁg%ugh%oAZ%5E'aﬁd?i‘éa|%%ob'a§gloﬁﬁﬁ4 428" of Fig. 21D because

a larger area’o meri¢c nmaterial i's required to be noved during
actuation, the actuation force necessary to be applied is reduced. Figs_
21(; and H show a cross-sectional views along |line 40G40G of 15 Fig. 21D
| nl>%conpari son with t navitakableBlosgAayYse configuration shown in Fig. 21G

Fig. 21H shows thafer hEGHESHWR] &RBsHimen, Bl a&é&%&gg&gg&h el Rteq?207 may

under certain clrcunstances have the unwant ed ef I ng underlying
el ast drdlowi0ithenobiyd perpesliddarrditectia®0 An exaemdbyf sckat swychatdedowabl e voi d

4212. Accgrdi ngl. Fig.,.211 s | an view, and.Fig. 217 sh a Ccross
%0 sectin s G dnpmvidly if Fas 38 T039B: Bie- B0 e85 valinicw ZAM: e o 420
whi ch 1ay@iodtelabidinfer 9B @ L8P LI fRabI uBSre)) hihg b bBRorA2ddayd whha m ni num
wi dt h except in segnent 4204a overll%gpl ng separating portion 4208. As

sHéwn nagem of regesses feraing ity channgherdidefined biytanamay oh solidpesdn@?, each
- i t 1ol | 4204 red the attractive f th
Cr 0oSss h%gﬁ]gfgc{&églgm&gﬁ Jﬁg_{'gp%? ‘ reauces e a racti ve orce on e

underlyin oner ; thereby preventing this el astoner
material 25 froninfgefegred agpuvdtspuveyddifionnl fdyes bf elastorAds baasd oy thatdpng an

undes is[uqurl:eeofylg)l(edr'QO such that fluid flow can be selectively directed to move either in
direction F1, or perpendicular direction F2. Fig. 20 is a bottom view of the bottom
25  surface of the second layer of elastomer 95 showing recesses formed in the shape of
| alternating “vertical” control lines 96 and “horizontal” control linés 94. -“Vertical”
control lines 96 have the same width therealong, whereas “horizontal” control lines 94
have alternating wide and narrow portions, as shown. |
Elastomeric layer 95 is positioned over top of elastomeric layer 90 such
30 . that “vertical” control lines 96 are positioned over posts 92 as shown in Fig. 20C and -
- “horizontal” control lines 94 are positioned with their wide portions between posts 92, as
shown in Fig. 20D. _
| As can be seen in Fig. 20C, when “vertical” control lines 96 are

pressurized, the membrane of the integrated structure formed by the elastomeric layer
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While a normal |l y-cl osed val ve structure actuated in respongg tg girzessure IS
shown in Figs. 21 A-21 J, a normally-closed valve in accor ef9% the
preseniyd v b,on is not limted to this configuration. For exanple, the
separati ng p(E)tH]i on obstructing the flow channel coul d B§VEFRA¥ el y be

mani pul at ed by electric or magnetic fields, as 30 described extensively
above. nsiallgpgationed bstveagn \asersed0mrid ¥ mhegiaho9® wilk be defledtehddwswirdbused upon

m cr of ahkl 82Ledy §F ASE, QB v I in which a control,channel is
posi ti oned abovd ang&lgepaf%tsgéﬁthﬁgﬁ&ég%bwﬁ% Oe‘?asﬁﬂbéowrﬁﬁtf‘ﬂgé%ﬂ

PCT/ USER¢.108%eallyptasisk@m.ng el ast omeri ¢ menbrane from an underlying fl ow
channel, the present invention is not Iimted to this configuration. Figs.
22A and 22B show‘bﬁl"éﬂbﬁsﬁﬁs‘nol?‘go%@)"é dpoRFantalt c%{ltgq%a@s:%@‘} #%t ed val ve

Str §Ct Pr@sirizedCHe hikAMEMAE PR AEPO%ABR ok cd BPthe RIRRRId AYgNt i on. 5

Fig. 22A shows side-actuated valve structure 4800 in an unact uat ed

posi t i émitially posiiganad hetweas by eisO0f amdriSdniregiens® witkbé deflenpet dotdodardigont r ol
h | i | h . 4802 is_al d in el ast i
ayor - 7ERE anBPUE Q00BN GRS in HEDEpiohs FhPR Y FEricRufset 8857 by

el ast oflemi & aniyriblawepapoint flean d48Adn A Gec aodz@las)osedtowd. ayer (not shown)

is bonded over bottom.elastoneric_ 10 | ayer 4804 to encl ose fi ow channel
4802 and control TERLFHE *IWS@@‘PdN@‘Ss-z@sﬂm‘@ﬁb@lﬁé}%?@W@&We structure
4809 1 Bofdirudtel YREShIP ARb Li i i1 Q! e O Wi thin
control channel -4806? m%ﬁwgﬂﬁ%ﬁﬁgﬁﬁn@?%‘%%P%&#@%Q%ne l()?4802,

bl ocki pontfdi dwesinahffetnt4satmddponyers kapsed of £ i estcal dlowcdhiol liaea4 ol

channel 4806 rane 4808 woul d.rel ax.back_jnto control channel 4806 15
and Opgw@pg%tﬁg%ﬁéqaym%svw omopgdnnyts Ja¢ same i e O allct ure act uated

i N 1 espesRLd Flo REE fhes 6. Shown in Figs. 22A and 22B, a side-actuated.
val ve in accordance with the present inventionis not limted to this
configuration. For exanple, the elastoneric nenbrane portion |ocated

befsveen the abuttjng {l ow,an |, chapnel s could alternatively be 20
mani pul at ed by e?ie'ctrll(lg oarl%(rrgié)%gé"%ﬂ isgfuﬁg‘freas descri bed extensively above.

13. Conposite StFigstiB asl M abofeadvpict atvatl calmstuedir which thedlkiseriof t he
present i %vent_i on %g}/e %)elg acorrbi ned with non-elastoneric materials to create

conposTFRPEIFIR TR’ IRy a sl relgpd pesiven iorpiccondagtryrd posifieitof one
enbodi wRizh o 16w CRIRERs bfockbd UAbWEFer e@?&%ﬂ%@&ﬁid@@% 8‘8E ﬁﬁ.itfe@gaeﬁn?s’.“ .
uding first,

invention. Fig_ 23 shows conposite valve structure I'nc
t hi n paraetlonalve copBgurBti@R over | yi ng seni conduct or-type substrate 5704

D19 Shanne Ee 2ot T lob s o 1690 Sra hoimsaif ciGsci o Srucfire %%
in which the elastomeric membrane is moveable from a first relaxed position blocking a
flow channel, to a second actuated position in which the flow channel is open, utilizing a
negative control pressure.
Fig. 21A shows a plan view, and Fig. 21B shows a cross sectional view
25 along line 42B-42B°, of normally-closed valve 4200 in an unactuated state. Flow channel
4202 and control channel 4204 are formed in elastomeric block 4206 overlying substrate
4205. Flow channel 4202 includes a first portion 4202a and a second portion 4202b
separated by separating portion 4208. Control chaﬁnel 4204 overlies separating
‘portion 4208. As shown in Fig. 42B, in its relaxed, unactuated position, separating
30 portion 4008 remains positioned between flow channel portions 4202a and 4202b,
' _ interrupting flow channel 4202.
Fig. 21C shows a cross-sectional view of valve 4200 wherein separating
portion 4208 is in an actuated position. When the pressure within control channel 4204 is

- reduced to'below the pressure in the flow channel (for example by vacuium pump),
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Actuation of first elastomer |layer 5702 to drive it into Cg& % E 6 WI||
cause conposite 30 structure 5700 to operate as a val ve. 5{}’ 50
cross-sectional view of a variation on,this thene, wherein thin el astoner

| ayer VEBHRMTsandwi ched between two hard, senmi conduct SFTAEP¥IBE es 5804
and 5806, with | ower substrate 5804 featuring channel 5808. Again,

act uat bmaraihg@ﬁrtﬁonmtmpermﬁeés mmmgzmeda@rmymﬁtom&al thin el astoner

| ayer 5 rive it channel 5808 will c e conposite structure
5810 t5 %03 4 requlf glBispehiation e'fmwéglbgm@%ﬁwﬁ ntggoRfelos may be
fabri C%ﬁzﬁ&em}dzﬂ #eRBy ebh&Ghg tdSostdlelth haWRY oSRbierial tbAHMARIW OF

encapsul ation technlques descrlbed above. In the 5 nultilayer soft

| i t hogrhgsingl 4492Hod creakieg alpassegivey 4?5)}et((m>71 elpyahign béplfeéfiilﬁea’lténd then placéd
ovey th cond OL.SU strate b he ,encapsul ation
met odcg O%](]: nn \7\/%'?'l.l?lar '85 PPt ‘Fz?g &%ﬁﬂgﬁs@}rﬁi d‘%J"Ctr%l?x"s] bstrate, )
and theﬁbktlhe»a:ﬂhmmitm\gmﬂ“dcmélmjoed with a sacrifici aI material such as -
phot oresi st. The_el astoner = woul d_then be forned in place over the
substrate, with fegBehaviase! theanembrang irregponsa i et é‘Ftu‘fU’ HERBNRE t he

c ha””ekhzﬁ’i &d bf‘\r%yﬁ?% th@@mﬁb%%ﬂ%cﬂ g%ﬂi?& chfindIS A@c§&ﬂ§§gdﬁg§? T2‘1’9t ai |

bel ow I n onnec wth | astoner to oth mat eri al s,
t he efiZld phow ptancmd zpps-cecivnabyicwe ofit aitannawstetrmhwganemfema ngghaiben t he

toner ne onent, gnd th nder | non stoner substrate
ﬁl;s)on‘élﬂfcd ‘@bs%nw n% atro 5%‘ @25’ ’%S‘@B%'BE%H ‘é’“‘gﬁf SEREIE accor dance
vm th Astienaook. MReisoval mtJi*@ss%@@&ﬁ! vieWy lﬂE-F&MnﬁoﬁblﬂﬁﬂEﬂ"%Ed substrate

that bears a passive feature such as a channels wever, the present .

i nvent Fign2113, brsauseiatpigetiarea of ¢lastomene w&qﬁlai lsaﬁammdetolhmweﬂ duginBar d
substr Q&?at%ﬁythB%@{uaé‘&& ot & ﬁe%i#] ngﬁ% thQﬁ%hécfus %.ﬁﬁ&t&d W th an el astomer

conponen aring a recess 25, wherein conposite

structure 5900 FigeJud]asfxdaﬂaﬁb@rmrmsscsmﬁmanhem%ﬁgqmeamn}' nQGT éLess 5904
haV| ngﬁl wal | s 5906 and ceiling 20 5908. Ceiling 5908 forns_flexible nmenbrane
85853, Ireporapasisen WithithoHaastuataslooalvg %°“§'§8Taé'8néﬁa‘i"ﬁ§ﬂ Figoptbantial Iy

p' anarg gwﬁh SRERIRG! Lt YIRRAEHe éi%ﬁ wid@lcoht 1?1' éﬂﬁﬁel%bv\ﬁ?aiy HRyl ce 5912.

Active device 5912 nmay Interact wth nateri present in recess 5904 and/or
flexi meetanmmuanmnpmhavo mmntmcﬂ'ymdimg undsriyneg siastomend 206 may be

present in.the 25 substr I ructures that could be
presert™ ?nﬁ%ms ﬁ%@?ﬁ%g%@&%f%@gpﬁgﬁrﬁ 1Y b%gzﬁ%ut are not linited to,
resistors, capacAt@i8ingBNPl0dl D&RSs alplansicd] MAEFigk DEMKuHs d drbdsd ef f ect
transistors (chem FET' s eronetric/coul onetric el ectrochem cal sensors,

f 2er sspuonak view alpeg lion? el oEFiEoAHeof wlve sigktuer200 vigchoutsdhis| aser
di ode t tt S girrors,
ool rabEli RGRY bl e 3064 STl infifmuBRF din bcepin SmcMLAAT T 1075,
CCD canetlagping hqﬁmmglp@rﬁamms M CshoPhan FHs Q1 3, eveh @ndérsdcqiated

conditions the narrower cross-section of control channel 4204 reduces the attractive force

on the underlying elastomer material 4200, thereby preventing this elastomer material

25  from being drawn away from substrate 4205 and creating an undesirable void.

While a normally-closed valve structure actuated in response to pressure is
shown in Figs. 21A-21J, a normally-closed valve in accordance with the present invention
is not limited to this configuration. For example, the separating portion obstructing the
flow channel could altematively be manipulated by electric or magnetic fields, as

30  described extensively above. : ' -

12.  Side-Actuated Valve
While the above description has focused upon microfabricated elastomeric

valve structures in which a control channet is positioned above and separated by an
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Pel tier cool ers, wavegui des, resistive heaters, chem cal sensors,

strain. gauges, inductors, actuators (including electrost ab CB“O%&HQJ% c,

el ectronm netlc binetallic pi ezoel ectric, shape-nenory-all oy based, ‘and
ot her s}! @ﬁl &7 magnet s, electronagnets, magneti ¢ sensdiSI/US03(18%73as t hose
used in hard drives, superconducting quantuminterference devices 38 5

Cct ober :ﬂﬂﬂ&:ﬂ@ﬂﬂ&%ﬂ@ﬁ%ﬁ%&ﬁﬁﬂbﬂQB&&Iy(i&IIJb@Shamed thé present ypes) radi o

frequency sources ivers, m.crowave frequenc sour ces

F ecei voldenias i gLl 8‘5 e@@.%ﬁ%urﬁw ot 'Rer? eyt %o%?@%wwén &e@féﬂ%ﬁﬁgnet. c
SPect I UgbsdiflicRBsid - RaiidthE | RvEQHRKRE $ a&emaﬁk@mta QB LAbSdinfiat bfthue! |
known in the art, a vast variety of technol ogies can be utilized to 5

fabri capr@s%tttm\@etwleatures In sem conductor and ot her types of had

subsg rat es, |nclu t | imt d cireuit boa

Cechhorogy, ovos. FePpadiow Shsnubiie i wSe STt TN iR ol i nt abl o
pol yrer p@dlt&ﬁi FIOWCBanAN d800RT feritbdh BREtonREe e U8HPOCyRril Shadrel A806

t echni ques _as are enpl oyed to fabricate |aptop and flat screen displays.
10 A vafhudting e ‘&fﬁ)éslse bt fymed ip Flagtomeris [aeart8heCenteddt oneri ¢

st ruct ugp é%b@?&se%%ﬁcfﬁ%gﬁﬁﬁ% L 8695} LAl Bmel20ildafd OM the creation

of a Van der \iéal's meen astonerlc and nonel ast oneri c
co npo nepdrgon #30% r & atdood etafstoummallmr (rtm shown)as boodaisoviee boteem elabteneiast omer i

ric co onents of fhe conpgsjte st ture. Exanple
apg]r oac é%“{gﬁgg%sfﬁl?fﬁ e‘?ﬁ’&ﬁﬂ“ﬁ@%?@‘if ng} b?“"f?ﬁg "scussed bel ow, 15
approxi mately in @pderg Glovd\GdLAM AN @le@ﬂalcmreé;sbmﬁn m&&mlﬁ&l torely
upon the sinple hernetic seal resulting from Van der Waal s bonds forned

when a bubsponsa fod hujldpipafaressig stithireeoritep} ghannel A30fc sxenibrans 48@8nt act with a
subst an V] I f har n t | n one
(ie'ﬁ?rln{s mf& ch%,n%éﬁc{?oﬁ bif klrﬁ% \{vochggrbfilgl%af ng% r{?e CJF retssuée

enbodi nen bon eias asssu

CoNposi wehlﬁtcbmcblwhm%ﬂ) 48@f) atntbrarie 4808 Redid edlgbadk 1h dBAUL chandelPIB06 Of
pressure.. Thi be sufficient for many potential applications. A second
approacidiopcr Oth‘i 4802 quid layer to assist in bondi ng One exanpl e of

this involves bo n a weakl
nﬂ’hgﬁa%l SaIcRHFerd Rrea.; @guge Hidasd ﬁH‘QﬁJtO 3 g]\é\é%ﬁfeﬁ's y

acidic solution (5 In H2 was appl i ass substrate.
The el abowman F@ 22&emp&ié,nts:d@mtudnqudifaueatcordaoccwnh #etprodenh t he gl ass

substrate t he. c osj.te tructure baked at 37/ Ctare vethe wat er .
Thi e T dogenih b RGO Bt Consfruratan, Sos Fomele Abn Sasamegh e |

Wi t hst giagkich RERASS HER e tRIBUING FloRSind ddﬁtrbhbﬁaﬂﬁ% BoulliRReMGli¢k1

neutralize silanol groups present on the 8 ass surface, perm |ng t he

el 28t orreanipilated by elestrigsaramagnciiofields.as desnribed euenyselydbeversal s contact with

each other. 30 . Exposure to ethanol can al so cause devi ce conponents to

adhere together. - '
. 13.  Composite Structures

Microfabricated elastomeric structures of the present invention may be
combined with non-elastomeric materials to create composite structures. Fig. 23 shows a
25 cross-seétional view of one embodiment of a composite structure in accordance with the
present invention. Fig. 23 shows composite valve structure 5700 including first, thin
elastomer layer 5702 overlying semiconductor-type substrate 5704 having channel 5706
formed therein. Second, thicker elastomer layer 5708 overlies first elastomer layer 5702.
Actuation of first elastomer layer 5702 to drive it into channel 5706, will cause composite
30 structure 5700 to operate as a valve.
Fig. 24 shows a cross-sectional view of a variation on this theme, wherein
thin elastomer layer 5802 is sandwiched between two hard, seﬁliconductor substrates

-5804 and 5806, with lower substrate 5804 featuring channel 5808. Again, actuation of
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I n one enbodi nent, an RTV el astonmer material and a gl ass suhstrat re
washed with ethanol and then dried under Nitrogen.. The R#@céﬁbﬁ%?%ﬁr' was
t hen evl aced into contact wth the glass and the conbination baked for 3
hour sW&028852%7 ptionally, the RTV may 39 5 Cctober 2086TRSY298382047

PCT/ US02/ 10875 al so be exposed to a vacuumto renove any air bubbl es

t r appethibelasiemnr e $802de dandittine chiingl 580wl casgtbmpbsitdwtruatinesi on

bet ween el astoner and _glass using this method has w thstood pressures in
excess P 19oppafe asp¥fynesi on created using this method is not permanent,
and the el ast onefndBvudRGeP@RMEOnTifs. 98 ok N8 nelyasstabMeabetiilidngl et eal ed
against 5 the glass. This ethanol washi ng approach can al so be enpl oyed
used theaaltleyensofidibography erymcapsulatien yaaes descpbeiabogedndie wi t h

sufficiept._str h to,resi.st ess ' .t ecnati ve

entioc fantaet EFEHIDetdng SRafd, BubiEranlAaitod i pe drihl ahBildl 1

pr onot glagdiheet tie sbaicvadictbedidEsate Aarbigohd ichi@itiel ofn the eR¢dpediatbn pr onot i ng
adhesi on between | ayers of a 10 mcrofabrjcated stLucture i_}g a%cordance

i th tREOAcBE el Wi (GuBmEbE B URAREorRPHERLE 9 Ger p o
conpongif, 1%’&{19 bo ﬁﬂf& Wgﬁ%ﬁﬁaﬁm&bﬂa ﬁc? 4§ éﬂ@t@r&fst. aTREEAREnepTPONENt

| ayer to the chemcal, and placing the surface of the first conponent |ayer
i nto woultidldn bwi fomedin slacd aee tlefsubstats ovitntnelval o Dilve sad¢rafjyaal m@edadi r d )

approach . is tq create a coyal ent chem cal pond het.ween the. .el ast oner

c oot Sinerthechemes ated BUfe SR aaInEE e o APHE degp Rt dfaf

nonel agdoreE cGRRPMIER th bEXRRP bESlabmeLtd dthér 133¢d ShmakridlsN@pel ast oner
substrate surface to produce such functional groups include exposing a

gl ass eghslasioa approagie may resulilin astrongangial dictvagra the clagtopsp memhrend et hoxy

si l ane_( APTE lch be usef ul 0 ing of the glass to -
si | i con p&ngrgzdg%\é?e 'é'ﬁdcf%g;}ltfpgfaﬁtgnméﬁe asgl{a%négrmﬁr%%[ggﬂfi gl s, 20 rgspect ively. A
fourth approach Msﬁfoﬂﬁ%ﬁ 23 200\23| £86mpiEi stakuboimchdesidarenwithe

el ast omer conponent and a functional ?r oup native to the surface of the

ndrtel snkadinents ghihsmserent mgentiopdnpy weludey herhsibsiate thalbee Thastived with an
exces sgof Vil bs LRSS, Howdved tﬁy@feeﬁqmmmﬁéﬁiyﬁmimimaﬁis% Prolén, caused
to react wth corresponding functional 25 groups present on the exterior of
a har carglubs tnderlyingriaed isabstrafeonayeheanpéteva featuBis-thhtiptedst wWithaanadlastemen t he

surface of a single cryst .Silicon.substrate after rempval of i ve oxide
by o1 oo hepanga okt i s RR i YE poovieRin Sorp st aben e
el ast GEBdesCMARANE Wonfifeh FD0D QDR AHk PFRESsTIA WASHIE Wk 1986nRnakeitihyed t o
exceed the materials 'strength of the el astoner conponents. 30 14. Cell

P Ca1908 CaisdingsYp8tfomns fexiblememphranecpartion 5809.t Flasiwess cpompopetd®0dn,  an

el ast onerh & against substantially planar nonelastomeric component 5910 that includes active

device 5912. Active device 5912 may interact with material present in recess 5904 and/or
* flexible membrane portion 5909.
Many Types of active structures may be present in the nonelastomer
25  substrate. Active structures that could be present in an underlying hard substrate include,
but are not limited to, resistors, capacitors, photodiodes, transistors, chemical field effect
transistors {chem FET’s), amperometric/coulometric electrochemical sensors, fiber optics,
fiber optic interconnects, light emitting diodes, laser diodes, vertical cavity surface
emitting lasers (VCSEL?’s), micromirrors, accelerometers, pressure sensors, flow sensors,.
30 CMOS imaging arrays, CCD cameras, cIectronic'iogic, microprocessors, thermistors, .
| Peltier coolers, waveguides, resistive heaters, chemical sensors, strain gauges, inductors,
actuators (including electrostatic, magnetic, electromagnetic, bimetallic, piezoelectric,

shape-memory-atloy based, and others), coils, magnets, electromagnets, magnetic sensors

(such as those used in hard drives, superconducting quantum interference devices
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structure can be utilized to nmani pul ate organi sns or ot her_hi ol ogi cal
material . Figs. 26A 40 5 October 2005 WD 02/ 082047 PCT/ USO%%YE?@?%@%D show

pl an views of one enbodi ment of a cell pen structure in accordance with the

presentVARPEMH on. Cel | pen array 4400 features an arr aBCHPS02/10875
orthogonal I y-oriented flow channels 4402, with an enlarged "pen" structure
4404 aysthaDsyard s@ef fyps) Hadf) fRuBALY fhrced ahd RWeRBANRREDwaYR¥QueAldPO 1S
positioned at the entranCe and exit "of each pen structure 4404. Peristaltic
punp stspurses prkreqgogsasourqes eid iegriadrsdar ethetreaions ebthesllectomagnalisannel and on
t he ver ‘ GRlm f nnel s | ackin structure. Cell pen array
4400 ofsb |g.m’2‘Jta>%\gl cglglg gﬁ'ﬁﬁ%’% gar ’\%\An?ﬁﬁagg{)ff'gt%%lH t hat have been previously
sorted. Figs- 26BaReGdlawwnlia tlcaessiaagvariedy ¢mthmlogiés dandietitival by 10
stored cell C by 1) opening_valves 4406 on either. side of adjacent pens

4404a dpcRitRayYe Satyessisarigoasncanind otherdypesiiiel substialss. urrledies| ace cel | s
C and ; i ﬁe@@ C I : cell C
Fig. ngiillfl)t S ob\%nﬁ%@%&gg{gﬂ%gq%g _ G@?EC%%E’ %ac ’isﬁffgpﬁz{hé&%??ﬁm}gg’si tion in
cel | pénilkamicaymidi@npyprimgabde polpmet blectieries pndhFdfandlothgni d f1 ow t hr ough

hor i |_flow channel 4402a. 15 The cell 4404 i bed abov
s capabeers e PRiTina et Rt R oP duftisa™ apiep cud BB ergBs: (Ton

for redihplaagcess. However, living organisnms such as cells may require a
conti nuous intake of foods and expul sion of wastes in order, to remain

vi 881 e. Accor di nd yariqty gapppaashesrpnbepapeypdio saaldhelclaptomsnis skustgal vi ews
(al ong_L.: - 450 i - I f I ge

Str uct pan AEFo RS IER Faking TroR1F EAGK BPEY R def Willl bokBT0, |
f or medbeisvean thndlastgraeriqard noneladofizaic @bnpondmsyte bratieh of db@lent ar anic

el astoperic, bl ock 4503 in contact with substrate 4505. Cell_ .cage 4500 is
si mi | aPORes SEtVeRIdhG clastamere end perlaomeCqRaneas & dh spmRgHe 26A- 26D,
except sifidhre FamptodPoaans 3304 g0he EShbokABR ol A dilsseopRbel el y

encl ose interior region 4500a. 25, Rather, ends 4500a and 4500b of cage
4509 arpprosimately by oulepbimnatensipg stfengéii.r act abl e pillars 4502. Pillars 4502

a2 doscr | hed_ext nTyBRyoichat s el ihlae Prie (FmietpdhSuidpligm <11t e

Speci f vaaldey WaaRHonaé forhed Mlen 430YstatRilllyiptaptiakfer H5QPis priiea intbe
pressure in contrqgl channel 4504 is reduced, elastoneric pillars 4502 are

drawn ERaGaVitispsubstaptizlbripeir laieanhe hauisp sontelpstamsy rapferialndn enel 4500b of
N dyner Fipkk L perie ng
o or ERERARN B ERERTY O Gfy 2Rl Sy LR S NBLLANALRE oo0ur©

in contro Ane rel ax ownwar d agal nst su rate

45105 acapapleasfonthstandiiglupfto abved-4 psigpfpageurd5This mby bs bwffieicncfopindadngr s 4502

are of suf.ficient size and nunber to prevent novenent of a cell out of
cage 4BYEPUAIAPPLGaUENS. hc| ude gaps 4508 which al | ow the flow of '

A second approach is to utilize a liquid layer to assist in bonding. One
example of this involves bonding elastomer to a hard glass substrate, wherein a weakly
acidic soluation (5 pul HCI in H;0, pH 2) was applied to a glass substrate. The elastomer

25 - component was then placed into contact with the glass substrate, and the composite

| structure baked at 37°C to remove the water. This resulted in a bond between elastomer
and non-efastomer able to withstand a pressure of about 20 psi. In this case, the acid may
neutralize silanol groups present on the glass surface, permitting the elastomer and non-
elastomer to enter into good Van der Waals contact with each other.

30 Exposure to ethanol can also cause device components to adhere tbgether.
In one embodiment, an RTV elastomer material and a glass substrate were washed with
ethanol and then dried under Nitrogen: The RTV elastomer was then placed into contact
with the glass and the combination baked for 3 hours at 80°C. Optionally, the RTV may
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41 5 Cctober 2005 WO 02/ 082047 PCT/ US02/ 10875 nutrients intq cage |nt erior
4500a in order to sustain cell(s) stored therein. Pillars 2 5l5tebghH2 Qf’pposﬂe
end 4500c are simlarly configured beneath second contral channel 4506 to
per mi tYOBEMHY of the cage and renpval of the cell as G&IEY108He

cross-fl ow channel architecture illustrated shown in Figs. 26A-26D 5 can be
used t Qlpdelerpssel ths vaaiuen of Rebve Rinait beblde trappedbtustn desstide laed| theFor

exanpl e, the cross-flow channel archjtecture can be utili zrgldgi n m xi ng

appl i c &FWnThe strength of tanadliesion befvgen cgiRmET apd, gleps wsipg, i metho an vi ew of
m xi “grﬁgﬁgﬁgl PREdRE :maﬁ@% o 38161 OfiRblhEQb P esttd ughg s mbtRRIGe heance

anot he Prent ot present invention. Specifically, portion 7400 of
a mecr (pbaimenahmﬂthudasltgnstma;cmmpeeleﬂ(mfﬁmﬁtbqt gloes washat, and eesealpdiagainst 7402

or t hboggnal hseodfl cha ne, 4 trol
channel'® @ﬁﬁs@\‘ﬁe‘?‘}‘ ﬁagw &Hﬂ%‘i Ca‘?&%ﬂ 3&?‘@%& uge Jfaarurzﬁ3 g S\%B% pairs .
7408a- ha 2Rt feffi8indt tb Bahd BgemeERh Qﬂﬁhlmﬂﬁtﬁﬂ’ngﬁﬁblr&istw&ssu%oﬂm in Fig.
28A, val've pair 7408a-b is initially opened while valve pair 7408c-d is

cl osed,In alemativei entansipents, Themiqals suelogieetherplaholsacliels sauldLessthioough f1ow

15 channel i 408c d is then actuated, trapping fluid sanple
7410 atpmqmtgégé \Ala%?x&% {/er as shown in Fig. 28B, valve pairs 7408a-b

and 7408c-d are ope¢mbodimsticdt aI:héthodd)jiprdnﬁ)ang)laéheitbhﬂ)atwcm”lpmeﬂaf rom
intersection 7412 into fl ow channel. 7404 Dbeari ng?a cross-flow.of fluid

Thé0 pr seierefaberaica SP’H"tFTed§ acengdange with the PRESCI AR ERUIPR COPPHRT FFROWE 2 di spense .
any nu%?t‘ﬁcc%ff affl rt%:{?:m Syl R cl?énﬂéﬁ EfdvinghanRgte dfidecol 9. 44 plots

Log( R/ s injected for oné embodi nent of a cross-flow
i nj ect |counpo:sapslwm iorthacbezmmalnami pliding thesupfesefithe finst epmipenent Tayer into

reprodu0| bi | i epend ce of metering by cross-flow

inj ecti cghfa ‘f‘r“SWE&F&B‘éfé%e %&*’%FF&P%&% %ﬁ'@ﬁr 3¢ | ow resistance is further

evidenced by Fi g.A fdd appidabh B Blckeatdi @flaRalt ditdnmioa boad Sesveatinier of 25

injection cycles for cross-channel flow injection under ta variety of flow
3

cohdli t ietalomerpempoigt skibfinctional syptittiodperdanie s FuEaeRels | ow inj ecti on
techni %Hﬁ% %érec%%%ogg @ Blallf S)ﬁc[s of ggx%lﬁzﬂ}/o%r f‘?lrﬁ)ﬂgﬁ.g:ﬁﬁief’ WraleMufiGtd ON

cycl es I hear atl on et ween VO une an er of | nj ection
cycl es té prodadesduick ﬁmtmnﬂegmﬁ;ﬁaﬁﬂu&ﬁ exipbsing rediss tswbsuatqdamgm ench ssuch as

el evated fluid viscosity (i rrpart d by n % cer the |l ength
of 1 he mYbs1a0 oF AARAFORvET oy S L T EhiEh e b AR b and
descri BeaHiaR oY fe'el QQ@BGE@@O&@{M&} mEEGMr&ﬁﬁe@.ﬁt&ﬂéﬂm&@ﬁmkl nked val ve

pairs on opp05|t des of the flow channel intersections, this is not
r e2@i r eckplotivelye present invention. Oher configurati ons i ncludi ng |inking

of adj acent yal V%;S %]:’th%gplloggl? Esstg((:;}elape a cox.ralfm{:1 81eom1ca ond %%We%k'tﬂ@ Of each 42

elastomer component and a functional group native to the surface of the nonelastomer
component. For example, RTV elastomer can be created with an excess of vinyl groups
onrits surface. These vinyl groups can be caused to react with corresponding functional
25  groups present on the exterior of a hard substrate material, for example the Si-H bonds
prevalent on the surface of a single crystal silicon substrate after removal of native oxide
by etching. In this example, the strength of the bond created between the elastomer
component and the nonelastomer component has been observed to_ekceed the matenals
strength of the elastomer components.
30 : .
14.  Cell Pen/Cell Cage | | '
In yet a further application of the present invention, an elastomeric

structure can be utilized to manipulate organisms or other biological material. Figs. 26A-
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5 October 2005 WO 02/082047 PCT/ US02/ 10875 val ve surroundi 5335:?03%9 :
I ntersection, are possible to provide the desired fl ow cha fg?q"'—i:s
Wth the i ndependent valve actuation approach however, it should be
recoglYQ8H WAt  separate control structures woul d be BCHUYSI¥EFDr each
val ve, conplicating device layout. 5 15. Metering By Vol une Exclusion Many
hi gh t ReDubbpyilas cices vif 8ge anbodlineginefst detl pepirictate ioscadirdcefwdth thaccur at e
conmbi nation .and of different reagents in a reaction chanber. Gven that it
is fr@fFEMIPYeH®Bessary to prime the channels of a microfluidic device in
order to ensure délw&lawagwfmo FeallR¥s Rearfllyf JridtibobodaMyasifdata Mgwced sol utions
do not becone diluted or 10 contam nated by the contents of the reaction
chanberchymielr4403, withyeh enlarged Sgerct stomture Y414 atdheinigrepstion of altespatingechni que

D 403, wilvgh enlerged e réveiETESHion of: _
chamben o USROS TEhFAIRiesi e i BEEAR B b Meleb TP P TOTC "

par ti altnyctergddoad Perkaltic pampatkards4es ateqpusitiones omeadivhbrizediat Sew
contam nation fromresidual contents of th‘ghchanber contents, and nay be

used t Shansehand prpthe|vprticat Bow chamelitlpddtet FORPEY SIEEfHEi ons in a reacti on
chanber. Specifi galy  gen aﬁiagazzozf%;%%& RV &haSsteaSntd QIBIA-H @Yot 2
reaction chanber in which volunme“exclusion is enployed to neter reactants.
FI G 2bgersprevidusly sorted sFige Q6Be2a( shavetheafcgseing iand resac of indivadualigf | ui di c

o407 aSEAPEQ B 1hphlng o4 4R on el ik iR P B A BT SR 506 1
fluid oppaMpingaioriebnitl fidv 8h&Ref 44022 éhaRPREC (ARIC SRPBNInd GomBy plmgingnber

6306 overlies and is separated from dead-end reacti on chanber 6308 of
second vertigak fbore charmpg k44028 0a ramyovieeaeH G neige 21D shapebatisespadedh@ns | ayer 6304
further L ses.. fl ow channel ' - - L.pn chanber
6305, - mevEa VRGBT Rt amBRE pelffh ARB08 th 3R B BRA KT PR O s
chanbelig@idGow Gpecilf haizbhil Adbwehaared4@ant rol chanber pressure causes
menbrane 6310 tq flex downward into_reaction ch er 6308, re_dﬁci ng by
voltine V the ef f ddicgld Perafralnet Qrdeserihed; AV F£ABEHC gEganerfaterial ¢ ur n

- excl udgsmala Fé&é@t&ﬂ laﬁ?&te?s\éﬂie%@iti\énq& reh aqt I-i(f\PéUeF,qa‘?ﬁ% SBakiBRrBsn 6308,

such that volume V of first reactant I's output fromTlow channel 6312.
The exastelisonaetegtiroa coginmeenintakerod deadsand nspsion of wasientr@led0 chanber

6306 and t.he.vyolu of. materi out f,romflow channel. 6312 n be

preci sERAT é’éﬁ\(’ﬁ)ebr‘g?cé)ﬁ‘;m&g’ @ﬁﬁ% 4 ?f“%l}(f shesPlagand goéf"g?/cé‘togé vﬁ?‘gsgsur eis

mai nt a{aieith Nid 45B-45BONEgpettivea Behe Em06dimeat tf@cell cpk seaaordnr eactant Y is
placed into contact with flow channel 6312 and reaction chanber 6308. 43 5

Ocdberccppbmogwitithe et invention. |
Cell cage 4500 is formed as an enlarged portion 4500a of a flow channel

4501 in an elastomeric block 4503 in contact with substrate 4505. Celi cage 4500 is
similar to an individual cell pen as described above in Figs. 26A-26D, except that ends
4500b and 4500c¢ of cell cage 4500 do not completely enclose interior region 4500a.

25 Rather, ends 45002 and 4500b of cage 4500 are formed by a plurality of retractable pillars
4502. Pillars 4502 may be part of a merﬁbrane- structure of a2 normally-closed valve
structure as described extensively above in connection with Figs. 21A-21J.

Specifically, control channel 4504 overlies pillars 4502. When the
- pressure in control channel 4504 is reduced, elastomeric pillars 4502 are drawn upward

30 into control channel 4504, thereby opening end 4500b of cell cage 4500 and pemittiﬁg a
cell to enter. Upon elevation of pressﬁre in control channel 4504, pillars 4502 relax
downward against substrate 4505 and prevent a cell from exiting cage 4500.
| -' Elastomeric piilars 4502 are of a sufficient size and number to prevent

movement of a cell out of cage 4500, but also include gaps 4508 which allow the flow of
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PCT/ US02/ 1087 In the next step shown in FIG 29D, pressure-Wthin trol
chanber 6306 is reduced to original levels. As a result, ?r@r?%’P&h%&%lo
rel awqﬁigq%ﬂgge effective volune of reaction chanber 6308 increases.

Vol u cond reactant Y is sucked into the devi®¥el/UB¥N&Fying the
relative size of the reaction and control chanbers, it is 5 possible to
accur atefrigntgiinfo sageunienios 4 300aainopde itd Susthin ediifs)isteed theosnt PHlaro#02lan i s worth

noting that th unt .of the second reactant .Y that .is dinto the
devi ceo?%osgﬁr"éfm@beeﬂﬂ'élﬂfly ﬁBB‘ﬁg‘??fgbeé?gtﬁﬁﬁ%o&d\?B?tﬁﬂecWi%bgéo i ndependent
of vol pérmidopeing 6f iR ce AM@ HdrABofthe CHRaORBREMG Of the flow channel. Wile
Figs. 29A-29D show a sinple enbodi nent of the present invention 10

i nvol ving a si nglee ¢reaxfipwiehannehpishiteqtyreistrated shown inkigs AMRA6R parallel
stryct W5 lB‘I?d t%é?%%%n&fon%%%?ﬁ‘f}qﬁh@ifzeﬂr[ﬁﬁﬁ‘%tg«@sc 1 Hb BbPe lg tﬁ’ee act uat ed
i Sin ont rol "1 ne.

by a pressure | ease I n a gle c reover, i’I'e” t he above
descr i gonflowichamicl atkisediwe cas be tdlided ibaiingg applidaiioied at a rel ative :
of. the control and reaction 15

concentration that. fixed hy fhe_size

chanbers, a vol u 5&%“&%'8%%%3%%?%0@'%&\“&%%38 I"d?@d’ff’Bx’é‘&rﬁﬁPﬁe sever al
r eagenpforfed ¥ il RBEAN ARl OR Sict dtdahce aRGther dfRsdiineR shgaber. One
possi bl e approach is to use several, separately addressable control

chanbepreseabventéare S peedicalinrpochemBdld of amicepfahnshied afixing drughadi t ect ur e

d ‘0 _have,ten,se _ ntrol, lines instead,of a sinhgle control
o £ PR R gbFaRSERT 1307 o BT B inek® ek thE Mt s i B, berog e 20
Anot he¢hapré 404 .eCapdi QR TH 06 difeillcl f@v shamhslg 780X ot 7004 sfdosaar overlying
the entire reaction chanber, with the effective volune of the reaction

chanbeYalvesng| 7408ab pyd V408c- that pirdead) inggseerien 7pt%essure. In this manner,
anal og contr ol OX?él]oerﬂ‘ﬁ Eﬁ%.f ﬁﬁ{al %agvelv i8R, i ﬂﬁti&lﬁ?:?ﬁ%n%& wiHiRTRRE | S

possi bl e. Anal og volune comntro u I n turn per e conbi nation of
many seAl408nsl is elasddannd flaid sndpld 7410vs flelvad ioviat2ectionFe 2 thadbughnBow An

emhodi nent of t hod. of nmetering a volume of fluid in_accordance wth
il orbangl 700 HElve Rais JABFT-d dx gk BVP%FP%dfa&P@ﬁM?%ﬁﬂbg & volune in an
el ast opRkdettidH RFle. separated froma control recess by an el astoneric

menbrane, and supplying a pressure to the control recess such that the
menbr ane i s def |Mextas shnwo in Feg. BB Malvb rira i Setbeandcl 408e-d are operdced by a -

li brat t by. | udi f t h | brat ed
vol unust i IR arple B0 iFist bpBiniet P a2 TR dRNE bl At ober 2005
WO 02/6:3aRdd cR¥ss-Nbed (RAS 7 Phébabeds Rhowg DEigs. S2E R MNEdibdfepeatydtal | | zation of
a target material, or purification of snmall sanples of ta&get mat eri al by

r 88r y seanrrichidispanse any purabansififiidarmples davm aresirfiay shanneh{44U JiBY a
sol ut ' Aks ﬂ)g&{}ﬁ) LangfidbeBE ﬁﬁéﬂnje%&ad KON ARARRLT: 3F ' QP55 injection

system in accordance with the present invention. The reproducibility and relative
mdependence of metering by cross-flow injection from process parameters such as flow
resistance is further evidenced by Fig. 82, which plots injected volume versus number of
25  injection cycles for cross-channel flow injection under a variety of flow conditions. Fig.
82 shows that volumes metered by cross-flow injection techniques increase on a linear -
basis over a succession of injection cycles. This linear relationship between voiume and
number of injection cycies is relatively independent of flow resistance parameters such as
~ elevated fluid viscosity (imparted by adding 25% glycerol) and the length of the flow
30 channel (1.0 - 2.5 cm). _ ' .
~ While the embodiment shown and described above in connection with )
Figs. 28A-28B utilizes linked valve pairs on opposite sides of the flow channel
intersections, this is not rcqui;'cd by the present invention. Other configurations,

including linking of adjacent valves of an intersection, or independent actuation of each
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a plurality of chanbers of a m'crofabficated fluidic devicg-, The
m crofabricated fluidic 5 device is then nmanipulated to va$§z’°E°6’FD%99?n '
condi ty, L+ he chanbers, thereby simultaneously providing a | arge
nunber g@@?@ﬁ al lization environments. Control over c%ﬂﬂ%@“gﬁlbvent
conditions may result_froma variety of techni ques, including but not

li mi t ed2kve sypwidingarmtsrsgatiopsare pogsitle {pspravide thdesirgd flow dhamctemistieshanber by
vol une w ik fleUiddpend ’ frodch HdlwdvaOl LeLdp the

di mensi ons gf t enl%u%gl?%'lg agﬁﬁﬁé%gcgﬁpt\fgfufet%ﬂggldg%rgéd(?g%?gﬁ%nel

i nj ect separdtatonten] watactusesofouldibe tifiliaes foedachedlvebgormplieatiag deviaglagodthogonal

fl ow channels. Crystals resulting fromcrystallization in accordance with
enbodi ments of the present invention can be utilized for x-ray

crystal |l ography e, demgétegﬂﬁgs,fv@@me@&,gmgqghonal nol ecul ar structure.
Al ternatively, where high throughput screening in 15 accordance with

enbodi nents of t Mamprhigl Hrovghpansaresningoand diegnogtioapmisatioyssrallifer of
suf ficj ' for _di K=l a [ [ ] t.he grystals, .can be
| SR Ll PhAPB A S LA SRR g E ETIRN TR

Prom s frequestly @etisegy e prihiesthe alanakls o f Bénitiofluidie devise irfoldastoenfae f urt her
narrower spectrum of crystallization conditions, in

screenin ocusi ng, on, _ Y
a man nQF‘%atﬁfo -J4BaE be _G“f%ﬁélt (R ensyre mpgd d%‘t“ﬂ?%‘&’ upihesamggliinied of echni ques.
Sy 86 €MBoriindRUMRARe bontBGS OF ﬂ%’l’@%ﬁ‘%%ﬂarﬁﬁ&%dﬁ@ Eﬁn@% ihGuRGi&Gs ent

I nvention are pafticularly suited to cryst I ZI ng rger biol ogical
macr onol ecul es oNMokyge egdusen ishae éahnigea ematdmggredist meteringof tiec aci ds,
vi ruses nd. pr L.n/ligand compl exes. wever, crystallization in
ccor antreaRiPiet it il g o e InBRGPPrahe Lo ARmoBEreY oyl ar
type oObe édhglelely S iridly erApt RITHRYS Shnhple id)cefol. | Tk REibdSeusss on, the term
“crystallizing agent" .describes a substance that is introduced to a :
sol ut i ¢miFRInglieyEemgsiduilgontepts| of shaghagdenponteaty, angrmahbe vsgddet nateri al

ang: t h ' -fo an. - .Iﬁi'ﬂ? agents typically

[ nf(::isl ugzgcr cg%erﬁ' gg’ ﬁﬁ%ﬁﬁ%ﬁ?ﬁtn%ﬂé@ﬁﬁ#ﬁ@s {n%l)g%%t%erlx%l i1s reduced sol ubil i ty,

but may al so deSpedifieallyaFas) apA-200F shotw ¢rgsssactibhairvipht of a i¥adtéonl al S such as

ol yet hyl ene. gl ycol that 30 effectively reduce the volune of solvent
R I N N R TR R R Ao
| nt er cHanaealRbia)l Vidwof foYish 8800 &f 1% @9AMHIc debice W&kﬁ#ﬁ@fél%ﬂlﬁ& Vol une

Exclusion 45 5 Cctober” 2005 WO 02/ 08204/ PCT/ US02/ T0877 Fig. 30 shows a
pl an Viayey 6302 enerl ynp sciondrefastfimen [ayrey 6804. | Fizatelastongsrdapm630hatchudes ows nass

crystalljzat.ion a ts . .enploying. .the.yolu xcl usi on techni que

adlE  enlrb Bl O LA R iop gl Sl eRagpl Bt HISHD: on syst em
7200 0ol SREMBATH306loveNRE AR issefda@l trohl a¥d-GlBRAGES: didfldes 6308QdD, 7204c,
and 7204d__ Each of flow channels 7204a, 7204b, 7204c, and 7204d feature

dead- e elsaner aygd30ddy membrane 83 th Sespnd chagiomar Jayes 6394 Authen

comprises flow channel 6312 leading to dead-end reaction chamber 6308.
Fig.. 29B shows the result of a pressure increase within control
25  chamber 6306. Specifically, increased control chamber pressuré causes membrane 6310
to flex downward into reaction chamber 6308, reducing by volumé V the effective
~ volume of reaction chamber.6308. This in turn excludes an equivalent volume V of
reactant from reaction chamber 6308, such that vofume V of first reactant X is output
from flow channel 6312. The exact correlation between a pressuré increase in control
30 chamber 6306 and the volume of material output from flow channel 6312 can be precisely
calibrated. ' '
As shown in Fig. 29C, while elevated pressure is maintained within
control chamber 6306, volume V” of second fcactant Y is placed iato contact with flow

channel 6312 and reaction chamber 6308.
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Control channel 7202 features a network of control chanberi 766?8’5 2@ varying
widths that overlie and are separated from chanbers 7206 9 ftb es 7208 5
havi ng the sane w dths as control chanbers 7205. Although not shown to |
cl ari MPIHB2H7awi ng, a second 10 control featuring a s@@gﬂ{f"?’@%rk of ' |
menbranes may be utilized to create stop valves for selectively opening
and cl osing the Dpeerinegsstéoshdeadndic. 2912 dressare/@0Bin canfroll dhampes€3H¥si on of |
the function and .role of such stop valves is.pr.ovi deg bel ow.in conjunction

wi t 17 ESliped 59 origigablayels, As f resulfomemPr 3] A TIPS R ATECIvEs ol | ows.

I ni ti abdMimedt rdd1iBH LEAHSr 8308 i PehsEO N ALReNd of BRokidFe@ElanY % Qidked s f | ushed
t hrough each of flow channels 7204a, 7204b, 7204c, and 7204d, filling each

dead- eindo tisalehize. BrOGrying e, rehutivg gie opthegaagtioniasd sprpral shambereghis ol channel
7202 to _defl ect nepbranes 7208 jnto. t rl oyl ° 06,
exct udPagle ey S dart el Al oL ol b R Bkl e
vol umenedng thet the afioiad offhioéezbnd fatiihi Ynhaus swuked haoiherde¥RO6s sdlélyNext , whil e
pressure is maintained in contraql chanpel 7202 iffere count er sol vent
i s fl oferenient ypendic ecided Malime V.and Asindepensnt "7‘3’6’%‘8’,“3 %8%’2‘8&%’ Pressure
is therz{iﬁl)E%FrQ dy%nﬁxg%tf'h@ Ad RBanféP2, and nmenbranes 7208 rel ax back into
posi trron, itti

their "origlina _ permtting the formerly excluded vol unme of
count er sol vent t &VidktEps. 20Aa2812 slsov 26Bnpla ¢mbodinyant pf thig@resenignrentiaer ot ei n

sol ution. Because of the differing . 25 width f ntral, ch . 7205 and
ontlr | iy Br gl geoRnshanbga ety comal crbafmgfe Bhisfl SARMREL e [20° and
ent er s piiredsd? AR LSds 0f Fsactibh ichembdi Sould Be @5&iateB O aPpras¥plednciehsiner s 7206a
inthe. first two rows of system 7200 do not receive any countersol vent

becaussingls confredtine s excl uded by an overlying nenmbrane. Chanbers 7106b in
the second two r of system 720 Ve - er sol vent
%%ngf’i%}iui]ea‘?e 66%\,[% Jeg&gﬂé}o% 1ﬂu%pit%h%oqreac"t)‘%g%9é .

that is 1:5 with el n uti on. anber s c’inthe third

t WO r O¥SmBIhed¥tSd @Mati%é ROndeateiivethat fipddbethefsizeaif ticasomablamtrebdiadn is 1:3 with
the original protein solution.. Chanmbers 7206d.in the fourth two rows of

sykt entrpgers; a velupee exclusiqntechiqueraldbe employed facambige sevsral Fagepte

origin ' 1 an, ANesnfiler S Q2 uE82047

PCT/ US 2?%%%5%%8%%@9%@?? tﬁ% t]vvo(IE r omsropgg?g%%ﬂ]eé Ooaérﬂe}gei ve a vol une
of coustveratGeparatelyt idressabld cantralichimbdre abevegtach reaghion ehambes] dini on. Once t he
countersol vent has heen introduced into the chanpe 72 t : y be

s oal CIRISPHEE FHECERYT MoHLH COpvalsh SPa SR tnckitead dind®) |

cont r okondrol tntez OAldving &l R@lvaldhe voTaniRE a1BS piidhed otih\6r sablesdliar s.  Reseal i ng
may be necessary given that crystallization can require on the order of

da3® or weeks toAvother posside apprpanliavould wilieet FiglesPniokhamber reveal s the
P oo OB R B85 M TS B st rorovec
modulated by varying the controi chamber pressure. In this manner, analog control over
the effective volume of the reaction chamber is possible. Analog volume control would
in turn permit the combination of many solutions reactants at arbitrary relative
25  concentrations.
An embodiment of a method of metering a volume of fluid in-accordance
with the present invention comprises providing a chamber having a volume in an
elastomeric Block separated from a control recess by an elastomeric membrane, and
supplying a pressure to the control recess such that the membrane is deflected into the

30  chamber and the volume is reduced by a calibrated amount, thereby excluding from the .

chamber the calibrated volume of fluid.

1L Crystallization Structures and Methods
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10 2. Crystallization by Volune Entrapnment While the above description has
described a crystallization systemthat relies upon vol ur?e('d)‘étﬁg?ru&tohn to
met er ryi nmounts of countersolvent, the invention_ is not limted to-
this %étolyggﬁgéf embodi nent. Accordingly, FIG 31 shows P&%‘I’%H‘Qﬁ%w of an
alternative crystallization systemwherein netering of different vol unes of

15 count er sol ventHigh tyenghnyt sisernine pheysrilizaingrof grigregtmatsgak 8F mat i on of the

flow c , tal | ' - ise : | s 7504a,
7504, PuBgsion of kBl Bihlet B BB RHELT{ ROy SIPHICRER <o BB EHRE 12 and
7504d famtitaneowbbaihirodacng haolbaos o BRGatghanateaahat kaswi hencentratidnsinto
recrystallization. System 750Q furt .conpr. s two sets of control
channe@Plurg ‘?Ys‘tfcgé?‘gﬁﬁga T6f0 br’(‘fﬁﬁg%“%ﬁ ﬁgﬂﬁ%?@heovécf?égn‘f%%d @b‘g}‘ﬁ ng of
chagbegsviée ﬁ)sqh@rpﬁaﬁl?ma% oAl s6MhitiScondibins ik chihiBdts akérndby €d, bl ock
access to chanbers 7506. Second control channels 7505 overlie flow

channesinifisodeusty prodidies 3 Regemanlear ol wrystatiszaign poyirppmengih O g¥¥ed, bl ock
flow b ' i fferent. 7 -a.f rati on of
ryet aFnHEER st A CLR AR AT M chuc R aariy qr RMIRRRD ol ddf bul T =0

sol ut i timitdnbd aidniritg dfvehmigeif appitdiiping agéntustaeik ¢Handeg hy ealuimeof | ow
channel s . 7504a, 7504b, 7504c, qind 7504d,. %CH)I i n%il%ead-enc% hanmbers 7506.
Next, &xHrgpnfyeansgpwentaf oy yolpmeydetgrmipgd by fhedlimensiegpPlihc act uate st op
vajyes CYEHY £08k-ElAningl infecQon AR £haRek 8f juRidds@fisftaner s
75 % \%ﬁ?‘?’gdbrrr%?%?gﬁﬁ?tg% és‘ltelg)sfo val ves 7518 cl osed, élach fuow crslanr%el 7504a-d
i s 30bym#tarstitinganithegoml dlodi dhlaenelat count er sol vent. Next, second contr ol

line 7.505 is pressuyrized,. isolating,.fl.ow.channels 7504a-d .jnt ghent s
7514 and trappi n?ft#?lﬁé@PHﬂ'&)ﬁ‘l"&ﬁ@’s“‘%‘f‘m‘SBL‘}hi‘%‘P fs‘f'slf'?/%‘r‘{?*ﬁ eglr?‘e:'g}r??ngsa‘?t‘lay, as
shown e drkdent iddem@ENRALS ulifitdd fr&-al Whgfapﬁﬁ kdd@6Ermine Bued-ng formation
of protein. crystallization structure 7500 by soft |ithography, 47 5

Cct obeflimgss lesuispgnrnpeT AllsoRLiyolyy shens digh hinehPalpsIeeng€dRni ques are
of J. | - i t f diff t
T e I SR B R SRR T3 117

cont r obufficitat sizddraidcetst-ofy crystdigsaphy)theapgstals candief dtdized s verdongstads -

count er.sol vent frogﬂhe vari ous segnments 7514 5 é/ diffuge .nt Q chanbers
7506. far uher cresllFatop e BrapeipErET GRS SHBFRABEESBYS BALE'St be REEdaRy can be
enpl OysﬁﬁiQf&%ﬁﬁéPsel%eﬁmg Q¥ n rSh&RMeHE criiigitResod N _the flow
channel segnents and then introduced to the protein solution. This volune
of cocondition| inenmanger hoalngasttalthe wived standardrpeil sparaematrboleciungussal | i zat i on
of .t he protein. ile the crystallization system,descri i onnect i on
w2 B b %o "0 e 2eE e s e o B P RO er e G ot at o
t he voinveRSorDire parithREYRuMEdioSory$til ZRRUEESEr bidlugidahMatfonsdleduldszat | on

chanber, 'the present invention Is not |imted to this .
. aggregates thereof, such as proteins, nucleic acids, viruses, and protein/ligand complexes.

However, crystallization in accordance with the present invention is not limited to any
particular type of target material.

25 As employed in the following discusston, the term “crystallizing agent”
describes a substance that is introduced to a solution of target material to lessen solubility

of the target material and thereby induce crystal formation. Crystallizing agents typically

include countersolvents in which the target exhibits reduced solubility, but may also
describe materials affecting solution pH or materials such as polyethylene glycol that

30 effectively reduce the volume of solvent available to the target material. The term

“counter_solvent” is used interchangeably with “crystallizing agent”.

1. Crystallization by Voiume Exclusion
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approach. Fig_ 32 shows a mcrofabncated crystallization system ein the
vol unmes of countersolvent netered to the re-crystallizati o%f’gf?ﬁ’ﬁ\é%@ i's
dictated by the 15 angle of orientation of a control channel relative to
under WO #2082945w channel s. Specifically, mcrofabricatedTasyzi@mrii zati on
system 8000 i ncl udes adj acent serpentine flow channels 8002a and 8002b
connect ed t hr ougRiga3e skdv@Sa BlanRAdvlgF Sk itANAESR 089 Q4ystalfitdtivh sgaahr ol 1ine
8006 overlies bridging channels 8004 and thereby fornms val ves 8008

i sol at thﬁgalkévw%m@tﬁh@ﬁlﬁe|aste@9cszanrdﬂﬂn8€t@2@1#%wéla%w tseEAue Second
contro I - 20 ] pns over portions of first serpentine
channe{lesg%g%jaﬁ%é&uﬁ?tﬁdgm&gﬁ\i}gig’r g@goﬁ% ?[,r:i)i tially, first control line 8006 is
cl osed whil e secGndtadlichtibhisystera 200 abmphisaseondal thamnd 7302 2nd Bowi N open.

thrbugtiarrar2if 12670 pedrdid gaskonbouhaels ogsa b eal | o
depi ct ggh ARARGYIRG dRR-er LRimIRRd P20ohaNRRle BW2ABY cgbeRiAfoslead- ended.

Second 25 serpentine channel 8002b is filled wth a countersolvent to be
m xed Gpatolichanrehy Y featwggser netivodod finonial chamberstB06 jof yarying wukthsithet channel
8002a, _segcond, serpent i channel b may, al s 1T t an outlet or
a dead’ ‘éeﬁ@? mﬁe%(rf:? pgﬂgagﬁﬁowqﬁpp%ﬁmc@%ﬁ’g Imfg%gllrem?sgm?gth%%?té% ?acl)'"ecl ose val ves
8020, widiey flypnirsidhainbeg 209alAlheupiiast shbwhas gRtifishiedrawing) 4 §epadl i n regi on
8022. Third control 30 channel 8012 is also activated to close val ves
gody, eamErbiptunag aserony nebyatkeefanerobipnes panpentilized te gicgl steevesHphever
becaus i) hEQ @% bl.j S cond serpentine-
channei]%]%ggéig,oﬁgﬂeé vlltl)(? glﬁg@ Bgifle ouﬁtgglr%slgf@eﬁd%gﬁltn¥g%§gqgg' %eit%&een val ves 8008
and 80didcussionnEthediincasnd and colerd speiogior salivesab praviddd| elow ABcdnj@agiober 2005

WO 02/ 0 347 gCT/ USO02/ 10875 Next, first control channel 8006 is activated
and va¥ 13848 opened- The volumes of countersolvent entrapped in region
8026 are now fre@pdratish &ff 45RaliRhtdd HRteny PIOHTE 20l HUID IRIGNY, FaPPed in region
8022, with the respective rfatios of 'mxing determned by the relative
angul aaquepysesiuion ganeiningthedargetprotsin tsthyhed theneh eagh ghéow changly i zat i on
syst em.of,  Fj 9. ern ne-t.-ype of . countersaol v t. kntroduced to
the saiddee 1 o0Re B Rt SufR R TR S eTRhe  Re ity 1 o

faci | i gredsareis gppliddrio eghpslichahiys 7add izddfieoimenabantd P208 into theri es of :
crystallization systens as A shown .in Fig. 32 sharing_a conmn sanpl e source
coul d Weeryngichamnbys 440G cxclydinga given ylime drom ehagher 306 and Bushiaght provi ded
to eaqh;sysi.a V&E i val Ak : lization system
enbodi ngnt utﬁf‘i’?‘ﬁ‘g% ??r‘%tﬁ%‘ﬂ@%‘?‘@%‘oﬁﬁ‘%‘@?s@f@é‘%{‘“@% urrzgkby entrapnment are
al2®o0 possi bl e. HAdextexhilppressure isan@intaiddden natrol ehamed U202 ntdiffrent el at i ve '
vol unes of a. sanple cquld be determn | e of, | entation of the
secondoEBEsebientis ; ‘BR?_é?aF??]ﬁH Wégﬁg%e?g&i\%gggﬁ‘fe dgg@des hape of the
flow ghaqagl is 1RA relehddin 8btPoqine 7262 Pind Ik stk P08 ! rlak BéidinkemeRdi fied to

original position, permitting the formerly excluded volume of countersolvent to enter

chambers 7206 and mix with the original protein solution. Because of the differing
25  widths of control chambers 7205 and underlying membranes 7208, a variety of volumes
of the countersolvent enters into chambers 7206 during this process.
For example, chambers 7206a in the first two rows of system 7200 do not
‘receive any countersofvent because no volume is excluded by an overlying membrane.
Chambers 7106b in the second two rows of system 7200 receive a volume of
30  countersolvent that is 1:5 with the original protein solution. Chambers 7206¢ in the third .
two rows of system 7200 receive a volume of countersolvent that is 1:3 with the original
protein solution. Chambers 7206d in the fourth two rows of system 7200 receive a

volume of countersolvent that is 1:2 with the original protein solution, and chambers
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15 provi de additional volune between successive valves. O her

| i thographically determ ned dinensions such as flow channgﬁ%ﬁfﬁo%d
w dt h \3'2)31:2@' al so be controlled to affect the relative volunes of
count € 87 and sanple. Fig. 43 is a plan view of af@YWPEFve
enbodi ment of a recrystallization systemin accordance with the present

i nvent i7006dihithé fith gvy Bdwinef S8tchpa]Rtdntcel evdims pf cemtefolveg.that3s 4:5 simi | ar
to that ‘ih wn.in Fig. 31, except. that it includes a larger nunber of flow
channe™&t tg‘f’%%‘“@\’iﬂf tedpiANAn-f eat ures that enhance control over the flow

of materials dowphagreouhRmdflcht nisbeeh Mitddasid Al HESheMbA9950e; aay! i ses
fl ow channel s 9004a, 9004b, 9004c, 9004d, 9004e, 9004f, 9004g, and 9004h.

Each ofmaylbowesshizd nghinstgbodryvitoninsat by againspripiag adigh pieamsetoscondob t hat serve
as §ne gl o] QaoRES A A0L L 80 u AERER! HAALYShAI b £RLLAD. AbLyct ur o

il1Ust e present I nv Ion may Ize |ess

t han | tHat 6fys&ili¥alién ¥dd deguitd E@then@d&r4df Haysorrveasky &t addur.z Siflieenviewni r onnent s.
The flow of materials down _ each flow channel ?_004a-h i contlirol | ed by

sever afmspeqtipn ofa¢hpuhe reysalthg pezsencgpiahigh qraliterrysial dhe @veial Haxbe024 | s
f or ned oyt rerdGyME5h e aniRh Bf GO LOLLENAMIGeAQZRnEVer the Upstream

portioﬁs of fespective w channel s 9004a-h. A first set 9002 of control
channel s overlie the opening of chanbers 9006 and define stop val ves 9003

t hat, when actuated, }tﬂg%gé.acce S \tg‘ﬁ ch ers 9006. Second 49 5 Cctober

208% W0 02/ 082017 PCTHISHIAGOALYLHPGIEERRINGR s 9005 overlie flow

channel s 9004a- hvangk tHehbsR: FB&Ptidh hMalldREbaPH &rystallpfationb@feragiatiat ed, bl ock
fl ow between different segnents 9014 of a flow channel 9004. The operation

of systadies SPODVelumsick¢lpsien tometes vaEcameeds eftrovatersivanhdhe wyentiom of Fi g.
31, w ol e it f ol | owed
by it I hef IR QUG pATREL AT HEDL Sncl ! FIE 38 3B £a KAy of

utili zamgltenatBiereaystaienioa siybtom iiersiamptaimpgosf differehevalomeesf s t hrough al | of
the fl ow channel s 53604,, dzg;t em 9000 incl udes._ nul tirP' gxer structuyre 9020 on

t hE ousqiptersqiyent &t deteraningdby Bhpiphtbperaplsnding fognpson ofdhr dow rRIYanpi ng
control channel SC%%%:QﬁZJtiogfsyﬁt%lgfﬁg UnPhES MMeELInRelk780480WH64Y eam ends of

each of flow channel s 9004a sel ect mani pul ation of the 10 pressure
Wi t hi n7epinilg7Sdédt Eath ofhionmehani@BZ5844,,7584hpl 94arandoidfite feabirg derds  maybe

i ndependent!ly f] own each of flow channgls 9004a-h. The enhanced

preci s?‘?fﬁa]aﬂ%ggnﬁﬁg?hagﬁwc?ﬁ@’eﬁ't&ff%ﬁmﬁ?gﬁgﬁ’% down the flow channels of
the system of f er Syded B0 furtter beMBFisds Iwo G¥te ob eafdl chiumele digeskt 756k of
cross-contani nati on. Because the 1| ow channels are_independently controlled

ardf aref gontrohchappels qrertigihaorsmingaishrmpers 1P J6 alwriincesion ¥Hvas o0 pl exer
oL k0L Aol SR 00T G068 et e 11 o
overlie flow channels 7504a-d and define segment valves 7507 that, when actuated, block
flow between different segments 7514 of a flow channel 7404.
Operation of crystallization systemn 7500 is as follows. Initially, an
. 25 - aqueous solution containing the target protein is flushed through each of flow channels
7504a, 7504b, 7504¢, and 75044, filling dead-end chambers 7506. Next, 2 high prcséure
is applied to control channel 7502 to actuate stop valves 7503, thereby preventing fluid
- from entering or exiting chambers 7506.
While maintaining stop valves 7503 closed, each flow channel 7504a-d is
30  then filled with a different countersolvent. Next, second control line 7505 is pressurized,
isolating flow channels 7504a-d into segments 7514 and trapping differing volumes of
countersolvent. Specifically, as shown in FIG 31 segments 7514 are of unequal volumes.

During formation of protein crystallization structure 7500 by soft lithography,
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of material between flow channels. 3. Crystalli zth i on by ss- Channel
I njection 20 The cross-fl ow channel architecture illust ra%g)cf‘??eb%'%’ Fi gs.

26A 26D can_ be used to perform high throughput crystallization of a target
mat er P& P approach is shown in FIG 33, which il Pa¥UPR(18875n

alternative enbodi ment of a crystallization structure in accordance with

t he prgeestithégrustit iiniqiéirdemphiyadid definedioor dsmnelhdfbval-d haghg t hr oughput
crystallization 25 structure of Fig. 33 comprjses a five-by-five array 8100
of ~ cr ce8menisdet f ghditigrent wadihs g1l and denathy ﬂﬁ#"ne i ntersection of parall el

horizontal flow ’?ﬁ\f&n%l:xi*n%}%‘e AndicR@atdnt firdt @bhdd1aine 750PunLhapnel s 8106.

Array 8100 enabl es fhe Xxing and storage of each sanple SI- W th each
count evadadsvisA3 oftn, @5lifférent wlunot af comtdgsolvent fropsthe ivanpussagaments 7514

crystalli ion. conditi venment of the f1ujd al Qrizontal flow ‘
ch nne‘?’%yé i f‘goﬁlg?{?d'i’%’f ?@f)ﬁilﬁ b maapet, Preelmsﬁﬁlmﬁgr{rsfos ggﬁ’lgegma{mps 8108 formed
by ovetord1itEo Y & e 3 t8 §dQRrmiMe e Rilime bf Ebusitds@lan erapped incal fl ow -
channel s 8106 is controlled in parallel by .peristatic__punp 8112 forned by

over | ytheflowoshenes! segmentieinl Ben mtrodycetigthe protein piptiqn. gThisgplumge ofc o) ymm
| et i d by th
va Vesco%%lé@so t L“O‘Wmv‘?sl“%{’z‘?h%#%?%‘g‘?ﬁ%ﬁg¥°?g fdlﬁﬂﬁt)h ggﬁéégﬁefn@” med by the

i ntersection o orizon I nes 8 8106. 50 5
Cct ober 2005 WO Wil @0ckystMGZ4ttdR0Rk O8RS crilsddumeomzdctos with g locki ng fl ow

in the vertical. direction are controll.ed a,single contrpl |ine 8120.
RIW vattijigss @‘f%ﬁ)‘“ﬁ‘i‘%‘?ﬂ?i"r{@"f ‘b‘bﬂ/cbﬁ‘"?[?eto Hﬁqtﬁ%%ﬂiuﬂﬁg%@p%tﬁrsgfv n%ﬁgont rolled a
si ngl §n&0@tde8kintb it%ﬁ?é@l&’izaﬁﬂ(chﬂ%@ﬁ’%@p@im@ iveatidAkneNlimAsd b dhixe first

portion of contro nes 8120 and 8122 are shown in Fig. 33, it is to be
under sappoxhichhat 5 every row and colum valve is controlled by these control

lines. During crystall.ization tizontal. .l ch e i ntroduce
sanples of fi velyiéi ?4 g}oévr‘?ta ‘8{%‘2}2@??"‘3‘% |%rﬁssta](l)'1z gtﬂé‘rsgg{g%n%%g%kgﬁet 0 junctions
8102, wWiMirh&s ofdolih@dolVehOMieteedtd Mt fecBhOMizalibn oRmleers 3 dictved bgnike 8102 five
di fferent concentrations and/or _conpositions of countersolvent. Through

t H8 neangld efpricatatinn gfie corte] chyug! pdatein te yndehiwmfewchamels t n Figs_ 34A- 34C,

Il 5 iy i i i P . t
2t or e PRI RRE Gyl EN I Ry R ESUO0 1 ANG g BOMIEREANET, 212, o
enl ar gy phainelsi 30022 afd $0(2hconicctadnbtavgh e seficoufitandgin@ldbdnedls 80@. 32. For -
) f illust [ . th trol i itted in Fi 34A- 34C.
Al 'so. Tas coural i 5008 pubies Wadaesartste BGhan) Segiudrra oo S8 t ened, and
i N 15 ;30h6@ debYerkin® chitels 80032 HRUEED2BSioTR BAIASRE. Btcohd@REbIRAaS0® di st ance

to prevent Cross- contamnation. In a first St?ﬁfhom in Fig. 34A, colum
va0v esndid& mojeciorsseer portioss offivpsespantine ghayme! 3A02adefining valyeg B4

N R R T AR T

lines 8010 and 8012 remain open. First serpentine channel 8002a is filled with target
material solution through inlet 8014. While first serpentine channel 8002a of Fig. 31 is
depicted as having an outlet 8015, channel 8002a may also be dead-ended. Second

25  serpentine channel 8002b is filled with a countersolvent to be mixed with the target
material solution. As with first serpehtine channel 80022, second serpentine channel |
8002b may also terminate at an outlet or a dead end. '

| Next, second contrel channel 8010 is activated to close valves 8020,

thereby isolating équal volumes of target solution .trappcd in region 8022. Third control

30 channel 8012is aiso activated to close valves 8024, thereby isolating countersolvent .
trapped in region 8026b. Ho.wevcr, because third control cham_lel 8012 runs obliquely
across second serpentine channel 8002b, the volumes of countersolvent entrapped

between valves 8008 and 8024 is unequal and becomes progressively smailer.
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20 regions 8126 are thereby charged with sanple material S 1. Next, as
shown in Fig. 34B, row valves 8118 are cl osed, and col um 5@&'@@@52%6 are
openedwcgﬁ;ﬂ@&cﬁt}sol vents of different concentrations and/or conpositions
are flowed down each of vertical flow channels 8106. | nF¢HESR &Y portion
enlarged in Fig. 34B, junctions 8102 are thereby charged with

count er sol vent s ANexgrfarsGntiab channe @9 15 activatzd 284 @alves BddhopaiedeThe116 are
cl osed 8118 are, opened. in f th eri pheral
bert ot ottt cbBh SR eriofbe BEAEH 302 BRI, Rle IRARELIRRED. | cqi ons
8126 t ovatiumgbsanipldiertappébinselioars020f with el regpestivlQdoasf mbahg are fl owed
into jupctions 8182 and inter-valve.regions 8126. Row val ves 8118 are then

cl osed e‘"E'é)‘FGrPH_ therelatweangelanpaeniaion ofi thisd cented sbanns! Bl ent _
Crogs-contam nat Iy c&tﬁﬁi%ﬁ%y%ﬁ&ﬁté%@ﬁ%rﬁgﬁ 3{1% ﬁ@? OEPOIEIRQES@IRIERIMO portion

enlarged in Fig. 34C~ crysta zation ace 1 n solvent
envi r orireentredu§ed © thesainde thiGRgh h single sipaatinathanack rbodeveennh oodertthe present

i nvention,. te control. ..lines could be used.to contr.ol actuation of

al t or neta iR IEh Pysuenop crystalieaton e ionent scres AEEYERBitR YR Fal ve

r egi onshawd it By Bmﬁlﬁﬁn%&%ohﬂﬂ&l Qﬁ@;ﬂe shatgsshidbt RbeRARH %p@%b&%at@, O_Ct ob_er
2005 WO 02/ 082047 PCT/ US02/ 1087 count ersol vent as descri bed above in Figs_

34A anditngifferent eqpatersalyent pravipdedde eath eysteame row val ves are opened such
th sanple in i ~ IO . req] Lxes: by di ffusion i th. .
coagt ersol vent i n%j&rﬁ?\‘f:e?ﬁgﬁgj.ya%ﬁglg%aﬁ?&z}'%ql?%g%esﬁg%ﬁe nt -'ﬁgl\é\esmﬂlozf"gr equire

punpi ngnetednpcbfichentersolenk wilahe bgfentrigmeities alsepossiblal Fardxahpld, dvonal ves
prevents cross-contam nation, '5 In yet another alternative enbodi ment of a

st ruct GrEMPRYe gRbadPHALe Frle volmsegtimplg uld be determaiged by disni ng i n
accor dange orbiidnthtit GRS SRbnd BYRM1ICR e@o%ri}%fthe%%bfe@.l l\){(?rggvéﬁat*e be

utilized to control alternate row valves to“define a plurality o
cr yst alshapeafitterfler ceranils grofithabeds of thkibsidgmgetiammeit caudd béiowdified (Bi gs.

81A:81B,. Fig.,.81 shows. an enl arged vi ew of ortion .of one fl.ow channel
S o Provideadon FOIHE p Gy BR iR Wit B bperan S ERE e Rt ent 1 on.
Fi g. 8#Bn&livns sud RFBwSEEhh OBt ARINRILP LIl bRE bBeBatrlfedibarep @eged flow
channel portion of Fig. 8l1A prior to deactuation of alternative row val ves

to al | lp@ervollnesriisavniesalveptandgample.ng agent and target material in

adj acent chanber g, ki -sectional Vi al | i ne B-B' of

the enlarged fl o?vlg(: E%%n%@%gé’?‘%?}éﬁa'g%‘&iﬁag‘ﬁ“%é’ﬁdk%gﬁ%“\f Ogglzg%%rﬁ%?l (%er’]twélf 15

al t er naystere ir wosdahacesith thegirbamt Hivehtical ailidhed veleme enyesiabtt Ziheg agent and

tag et materj s ﬁ%n adj acent chanbers, Control |ine 8150 conprises parallel
a

br 8hch&5'E1 8 1sSHmes 19 dhatshawr an Fign 345 egent thatddngludes lpresiannel 8104,

Br anchgsmBdr2f ol dHafnd9 2L B eRlitelint | g?mtaﬂee ¢ :&ﬁ%veqfﬂae fRQf tions

8152 and narrow cross-over portions 8154, t eby defining large 20 val ves
8156 antimeteripls downvhkose8h&Biels: espectivel y. Because of the differing width of
cross- Crystallization system 9000 comprises flow channels 9004a, 9004b,
9004c, 90044, 9004e, 9004f, 9004g, and 9004h. Each of flow channels 9004a-h feature
25 dead-end chambers 9006 that serve as the site for recrystallization. The protein
crystallization structure illustrated in this embodifnent of the preéent invention may utililze
less than 1 pL of sample while creating 64 1 nL. recrystailization environments.
The flow of materials down-each flow channel 9004a-h is controlled by
several valve and pump structures. An initial set of gate valves 9024 is formed by the
30  overlap of gate control channel 9026 over the upstream portions of respective flow
channels 9004a-h.
A first set 9002 of control channels overlie the 6pcning of chambers 9006

and define stop valves 9003 that, when actuated, block access to chambers 9006. Second
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over portions 8152 and 8154, el astomer nenbranes 8160a and‘%ﬁngb of . _val ves
8156 and 8158 are deactuated and actuated, respectively, Ei9bef; 2403y ent

pressure re applied to control line 8150. Specifically, application of a
hi gheg‘{oﬁﬁ/@%‘%‘ﬂre to control line 8150 will 25 cause thgcég*spggqsf%n of both

el ast omer nenbranes 8160a and 8160b into the underlying flow channel 8104,
cl osi neprivaid bhdnaely @005 bvatic Sibb6chandels A604a-iv abd dfir@ 1sEBmeMpplves 300Dn of a

| owest pregsure to.cqontrl line 8150 will caus th el astoner ranes
63005 WAk st aoiaes HarG fow e pen Rie ShEETTR oL 8l S EE T boont ng
both | arge val vesh8dpRati 6K sy 9008l i¥ Sitni Bt 2B thaBesbHbed ovBEbrithé Ncr eased
area, W de nenmbranes 8160a afe easier to actuate than narrow menbranes

8160b. systamwpidiiaghly withpphiarging pbehagtbeanandicementivitiea paepl yplmey  cont r ol
Line ShorButlibl ifeicliol O Oflluhed'b & ARIRNARES M08, RhunePlidf giftikEa

structures remal ni ng ac narrow nménbr anes
‘val ve sifnultatasne fo81diBainplea gr colenatolatad througipalhof the flost clmnndlhB604, :
er 2005 WO

differential response to an applied ssuyre can all 52 5 to

02/ 0824 BOSfSOBYRIPIGHST HEEUEP _9% 7 SrreoleHt oF ohihe: oy shene ‘ne a

pl ur al §tetimbang pesisaild ;ﬂﬁﬁ;ﬁiﬂ% St LRAREICHATRF0F varyRhitwi iR oveRlicihk OW
alternative valves along a horizontal flow channel to relax, pérmtting

di f f usdownsecamandeof ensh of flav chnninals $844ath. | By sgjecigearupulmign efghoper at i on of
t mcrofluidic structur wn j hos. .81A-C,  as, b5 ri above in
cofneciear b ettt stis? SpifRels o0 gT cafbfl ot colfeheel GRS 5010,
ar e fijndesbndbdtly fowet ddvin gichGhfABNNEhannéls O004-hval ve regions 8126 are filled
with target sanple by applying high and | ow pressures to the control |ine

8150. . As shownlheerhapcedaxesisiondmcenirgl pver the foutef prtedalsdewpdheappl i ed to

contro i f I res 8158
to relg?(wgu 8@?0??%%} %ﬁ%ﬁ%%@%f&%ﬁfﬁ% edr?\feiy rrgﬁlecgag‘{f%ég of |arge
val ve @bssuantinéifiatidil Wechesmha floit dhanndll aw indapendédniBldddtrbbedareharain
cross-contam pati on between adj acent crf{s allizati og\gzﬂi}rt.es.

4.
Criyst ORAPAFIB AREARethss oy BpYPHEABhY RUltplier et s 10eh PaRg2lappr oach to
cryst alibistat difiBrelas RRAR Bebwsdn| Gl cBarfeRUVA not PestiRaR dRwhitcl BaAGIows Ol UL ON

conditions by introducing a crystallizing agent through slow diffusion, or
sl ow diffrhatsiia hefweeodlvuetmnnels. wi t h di al ysi s- For exanple, in the -
crystallization of -proteins, inposing a dialysis nenbrane between sanple
and —crystallizing agent results in diffusion of crystallizing agent into

the .protein solati onCrystaiipatibn b¢@i6és-Oharinel Bgeaient rati on of the protein
sanple. 20 Crystallization nmethods and structures in accordance with

efodi nents of Thcrpiselevichannebarchbertoneiillnstiateg innsiRr Higst ¢AcPLARYT or
4 aly HeusBto STRIAMih bl SHphe 8ystaliBARBh BFE g P WAL RARSBIARRPT 0aches

are descr
shown in FIG. 33, which illustrates an alternative embodiment of a crystallization

structure in accordance with the present invention.
The microfabricated cross-channel high throughput crystallization

25  structure of Fig. 33 comprises a five-by-five array 8100 of croés—injectionjunctions 8102
formed by the intersection of paralle] horizontal flow channels 8104 and parallel vertical
flow channels 8106. Array 8100 enables the mixing and storage of each sample SI-S5

" with each countersolvent C1-C3, for a total of 5 x 5 = 25 simultaneous crystallization

conditions. Movement of the fluid along horizontal flow channels 8104 is controlied in

30  parallel by peristaltic pumps 8108 formed by overlying control channels 8110. .
Movement of fluid along vertical flow channels 8106 is controlled in parallel by peristatic -
pump 8112 formed by overlying control channels 8114. As sﬁown in prior Fig. 28A-B,
column valves 8116 and row valves 8118 surround each junction 8102 formed by the

intersection of horizontal and vertical flow lines 8104 and 8106.
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In a first enbodi nent-shown in Fig. 35, mcrofabricated el astonerjc.
structure 8200 features chanbers 8202 of varying vol unes tﬁéﬁ%&/z%
initia ged 25 with sanples through punp/val ve network. Chanbers
8202 aweal%gggéﬁgn fluid comunication with face 8200a of PGVFHR(183% 8200.
D al ysis nenbrane 8204 is fixed to face 8200a, and then the entire

m crof abri cat ed s€Crluotnuwadved 3006 blockingdiosad thawdrtitd direotiont & sohtvalidd

reservagi r 8200 as, sho r tinme, tersolvent from.reseryvoilt 8206

1T uscd aurees SRtk 20, Bhvialies af B Roikibe fbShhube B 9iktdan om t he
sanpl e 0 cehtfdIlta aSsings 8GFoEIDS BNe FBE BdrpobésuinBSRIaViSh! o Bt by ot ei n of the
sanple is prevented fromdiffusing by nenbrane 8204. \Wen the desired

sol ut i cPreehel eanget liagsS 120 Bn@ b, are shayyi k. Fayt i5de he hndessteedtat 8202, The
advant i ?BR% & i i i.s. sinplicity, in that once
chaﬁgeﬁﬁ“}s%{r?; 0e, &gﬁ%s&%gﬁé%%@a{hg q;éﬂ“gg{ ié‘?%'fi C structure is sinply
dunked in the 53 Bufig afysnlli2fidn, MiLat 830Achakaels BEOLIntdddcecathplardfol vent .
This appro al so enables direct nonjtaring of solutjon conditions, as

t he pH,fP CTPEEAL TGP @Fgeh@ﬁ@E'f‘Lmdf‘“‘ft‘%és ﬁb&fv “l{iﬁlfn‘feéﬁ‘% 9¥nt reservoir
can be dHamdILE &b iﬁﬁédﬁ%mti&ﬁ!mgz FRBvipRirE A 8hcdfiaf6hd ARt hods.

Moreover, in alternative "enbodi-ments of the present invention, a

cont i nfempositipps 9f eshuntirsodainy ebhrpeghyde mmierend lethréqumgesbabdd pled ipast t he

di gl.ysi hr ang £.0 u an adequate s | v for.qgrowh gf ar ge

crf/lgt aIc?@%%&'@%‘?%%%’%@&ﬂégﬁge%q St Eegcoé}bégaé}#'s Pﬁ%@?@?&ﬁé may al so be
i npl enmeplgErsolveiDite Ydedd AMho k 15 <rifahetictis@ 198 bf a8 1@.N rate of change in
condition of the _target solution is slowed by inposing a second dialysis
mermbr ane and an ilﬂg%ﬁaéd:?‘lﬁf@OW%B‘EQPiéﬁvl?é’{s\ﬁé’éﬁlatcﬁ@m??@[lépf #FPhg agent
and t h&1hhLeEidhal ¥s) SEeh Qpﬁa&p- At ef oedi at e
sol ution gEe)rg%ggb?'okgmﬁggghgﬂ@sé@@#’ t 920?2?152%980 u fttgﬁl?rgﬂggi %{g&ef rom

di f f usiddR. lse s tagdrili dstmgedgereen jumtibheistcondidérgbily shugenedeaet inbed, doubl e
di gl.ysi_s oy| d. be .acconql.i shed by, i nmersi he, mi crofl uidic structure and
t hd>4s<pwrlvd HOgHgRs GO e P com PR RisfoS B RIEYK ST 1 ui
comunicembim@hitwht h a crystallizing 15 agent reservoir through a second

di al ysis nenbrane. A second enbodi ment of the ]present i nvention enpl oyi ng
di al ysis techni dnedirstsstep shawn imbFigd 344, @lgnn 38lveTBi ¥ agpiosad Andiai | | zes

di al ysi Q dw ched i ] f i d |
cl ast onarPE VIR fitdder gL 3 BV SO RIS eV 2L T BORERE, v e and
proper flali gianeglé 8004. rlashesirdyvorefinshemsdntdiganal Bg2M 8306 robweanesi ng

" structures 8302 and 8304, countersolvent fromreservoirs 8308 of structure

8389 wrgionsi§lP0 sk derchy shrepbwih saBBlgoateia Sthe cor respondi ng
B s s  —
8300 i malves idérarebper@d0 & onfitefsotvents if diffdrenteoB3MPrations and/or compositions
are flowed down each of vertical flow channels 8106, In the array portion enlarged in
Fig. 34B, junction§ 8102 are thereby charged with countersolvents C1 and C2.
25 As shown in Fig. 34C, column valves 8116 are closed and row valves
8118 are opened. Pumping of the peripheral peristaltic pumps of the array causes the.
- sample in inter-valve regions 8126 to mingle with countersolvent of junctions 8102 as
- both are flowed into junctions 8102 and inter-valve regions 8126. Row valves 8118 are
then closed as colﬁmn valves 8116 are maintained closed to prevent cross—contémination _
30 between crystallization sites. In the array portion enlarged in Fig. 34C, crystallization
may then take place in solvent environments S1C1 and S1C2.
In an altemative embodiment of the present invention, separate control

lines could be used to control actuation of alternate row valves. In such an embodiment,

~ once the inter-row valve regions and the junctions have been charged with sample and
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However, protein in crystallization chanber 8310 will be prevented by
menmbrane 8300 25 fromsinilarly diffusing, and will thus beOFOPaS i
chanber 8310 as the solution .environnent is changed. Double dialysi s

enpl o828 uct ure sinilar to that of Fig. 36 coul dPEE/USOHEE3Npl i shed by
fabricating an internedi ate chanber between the crystallization chanber
and t heuhtersdivet & &e%bﬁbéa%m@ﬁﬁmgénﬁﬁ Bed34n |ih ol isepithd Sigmattat e chamber
with 30 a buffer solution. A second dialysis nmenbrane could be introduced
i nto trow vakvesraod qmnmbat@dhatsauwimmnmwefﬁlmﬁeglwﬁIEPWEGV siffusion

crystallization f pol yner,
as des‘(“fﬂ1 Boucf't%rs?lve&|'W"I5Fté°“53%1thlsl'ﬁlé eaﬁ H%O%trggfjl@gf&ancfﬁ esc f)éeédnkﬁi g%l gs. 35
and 36ndtthé £losed Adtg of theakier samfdawagm&f O G&l&és}{ﬁe\aenmmsthnanmm ntire -
face of a mcrofabricated structure, 54 5 t ober 2 02/ 082047

PCP/ US02/ 10875 Hewshaothespfiemating sabadimeat Ahg SUNYTE thﬁ g BIon or

pl acenfﬁﬁ.)[l JEXR 0

fabrica egﬂ i ttﬂir%a%m RN Ségﬁg%%@%b@d@‘%ﬁé pfe@%gﬁgpﬁégaadﬂ §IS| S

menbr mmtrnbl;mmay bdumlzeﬂltmcmrhtealmitemtdmmvzdattsetd definecplurdity ft he form of a

pol yacr ec fic ecryst.al lizati re 8400 of

Fig. ?7%’/? %?F Cf‘?"?’é’ﬁc R ‘?Fﬁe&k‘?y e g Wg%§? ﬁf% th dead- ended
chanber 8404 thrﬁ%%‘lﬂh%dvis%{f@har Bdiow\waamﬁtﬁhoﬁé@&m fil\e chairl Bection of -
hori zontal flow channel 8406 and vertical flow channel 8408 creates

j Ufct iasporgand® with amaltaradtive epdrodgngm of shajeresans thvisptiath 18V RS shovet fi r st

contral cha neI 8414 an t 4 8406 on
opp05|clr 557 sﬁc n&éwew al é‘?o%r? §2‘%§ ég%oegél H@éﬁ%i\%hgjﬂfg‘%gﬂxl ned by the
over | gRicdto &&éﬁﬁﬁoﬁ‘-Gﬂilfd?ﬁatlv@haﬁﬁ@lvc‘&‘idgll@w(ﬂlftﬁmidﬂ enweddfatatifzinger ti cal fl ow
channel 8408 on opposite sides of junction 8410. Operatjon af this

enbodiagentanddarget materighis adiggens shayihese Fige 8 16shews srosesectiogalifieye fir st
val ve . ﬁ% %ﬂﬁ% %%f%%mg ﬂi&\g chafsd shﬁimﬁrm%e%% ffer GG h a 15

sanpl e orizonta ow c ann 8406 second val ve set' 8416 is
opénedaltannkt;f/e rot valsbste atletv Bfkfion bebl s edystallizing egint fndfargdtanatenial 3408 i s
char ged th a cross-linkable polymer 8420 such as a polyacrylam de gel.
Cr 0ss ‘PPﬁi@Fﬂﬁ CB"I‘m&H"% pol ymer within vertical flow channel is then induced,

for exanple by icéme @hé etlsfpémhﬂ%efslp@wuehmaaiesguscwarmsqlsoa pekidiehalt i ng
cross 20 |inking chenicals with the polyner prior or during charging of the

ver t i el eithenside pbfersichanget &I%IB!’M &1ﬁ@a'§@§¢ caveeird by altgmaingwadq | nki ng
f th t
Gi 11 oeron ot hortls 8RR ol el buar pBIAG TSR BEUEFUEMERPREL S 1 Op 16

I 90c] aabes NSk bnd shalledlve §198, l%éﬁ&tllvﬁlyag}ﬁcauseaﬂelmadﬁffeﬁngl whdthsif cedsanmber 8402

is charged with_ countersol vent Thi s count er sol vent
ov%r portions 8152 and 8154, elastomer membranes 8160a and 8160b of valves 8156 and

8158 are deactuated and actuated, respectively, when different pressures are applied to
control line 8150. _
Specifically, application of a highest pressure to control line 8150 will
25  cause the deflection of both elastomer membranes 8160a and §160b into the undertying
flow channel 8104, closing both large valves 8156 and small valves 8158. Application of
~ alowest pressure to control line 8150 will cause both elastomer membranes 8160a and
81600 to relax out of the underlying ﬂow channel 8104, opening both large valves 8156
and small valves 8158.
30 - - Due to their increased area, wide membranes 8160a are easier to actuate .
" than narrow membranes 8160b. - Accordingly, application of an intermediate pressure to
control line 81 50 will result in only wide membranes 8160a of large valve structures 8156
rémaining actuated, with narrow membranes 8160b of small valve structures 8158 being

deactuated to open the valve. This differential response to an applied pressure can allow
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25 diffuses across cross-1linked pol yner nenbrane 8420 to alter the sol ution
conditions in dead-ended chanber 8404. Doubl e dialysis to?®PGobres0dPedi at e
changew’o(g target material solution conditions over tinme, could be effected
by i nt POUlYAG a nicrof abricated chamber and second poP§EES§NHAIsde pl ug
intermediate to the crystallization chanber and the chanber 30 cont ai ni ng

the crywheabd ofzinhgogRintrol life &Jefidk alpheraRiyIdhyRINE S tioh selebiihe cRirpbets| s
descri bed above, the second dialysis nenbrane could be elimnated, and
di f f usi B B ealiew Altematiyg valyesialong # beazantal flophapnel dp selax. permities rel i ed

upon | G 6ARGRRalchaf SRALLLANAAL 4 L arget material sol uti on

D ffusion rates the crystaflizin ent across the internediate sol ution
coul d 55 5 Cct obdpuri@OdpeViii B ABOdC o MGdicdB0aL03vS nhie KignBialCed by the

hysi di ' i .e.. length, -sect f_the int ni

B gt e AR B0 gO M€ ianaBH Hikk AT EY BhARRROB e rFey or

| ar ger sli0anRs @lled WidbErySQNNESE hddalt ARFIAtY ARG rédlod8 1908 J7t Gilled al%!t&gaed
Cc

structure has been inmersed. In other enbodiments, a mcrofabricated
el ast orfampleyiapplying high apd lew prassnrestotbe conizl lipe 865@.en preferably along a

channel cross sec{J l. | odi of ,.1 resent

I nvention, a non%lsglgst’vgﬁgﬁom@%ﬁ?%@%&gﬁeﬁpﬁ% féna\pghe‘?ﬁe&@ﬁggt oner

st r uct Uine 8i btnahraw haebranpedRaloy ssull valve strictuisk B 58 Rereblxasit 6fA6wSt ruct ur e
roach is shown in Figs. 38A-38C,

th | One. | f h '
PP LIRS T IR T AT IR S
channeIﬂokmanse@1@9tmegem?o£%hfahﬁrga§g3tb@ﬁ6&h a%gsﬁ%qf(%@mt%n sitb>  38A

shows a cross-section of a portion evice 6 I NC I Ng el astomer

menbr ane 6202 overlying flow channel 6204, and el astoner substrate 6206.
Fig. 38B shows the results. of.c . N eyi ce 6200 .al ong vertical |ine 6208
ext endi ng al ong tqhe Izyﬁ-ﬁsttﬁmﬁ?ﬁcfnllﬁwl%ﬂ%ﬁh% S“E’é]g???ysé%ch that hal ves 6200a and
6200b are 15 fOUﬁEdoanxﬂion@&%gﬁdﬁ@M@oé Sflihdh 0k tReh Palpe 2 FRLRNe

el epent. 6210 between hal ves 6200a and 6200b, followed by attachnent of

hal¥ves cepBoan Higet sglntien eendidenpduningodysing? emetallzing: agast dreughislaw of this

confi gWirlisan : . ctually. gconprises channel

portions Gfglﬁgr%%d%%d:@g%g@ &Cgén%ﬁ[ﬁaﬁﬁésﬁ%e%e ?%ﬁne 210. The

st r uct arystalizafidr®f [B8EIGoithpbdie; adialyissaterhbrane bawiceh yampleappl i cations. 20
e nmenbrane coul.d be used to performdialysis, .altering the

For exa .th )
ol t xR afizing e TemIG s Bision,of srusaifiging ameth i the presdineolition saul i n o

changewsthodifteductioh it ¢RI eRMMIdHBTITRObro®lin SarfgiySt al | 1 zed target material.
Wi | e enbodi ments of the present 1hvention discussed so far utilize

di4% usi on of cryStystallization maesheds and strhetutes quactopirase withagpdrodithédtsisf on i s
iggg?gfhﬁéf‘%gmﬁﬁg%ngi él!txi{l%tngpfgsw gﬁﬁ%m:&%&%& ysTisOmizq? gr%%?oyca{ a?r}e%l/ ott O_r mat i on.
techniques. Several possible approaches are described below.
In a first embodiment-shown in Fig. 35, microfabricated elastomeric.
structure 8200 features chambers 8202 of varying volumes that may be initially charged
25 with samples through pump/valve network, Chambers 8202 are also in fluid
communication with face 8200a of structure 8200. Dialysis membrane 8204 is ﬁxéd to
face 82004, and then the entire microfabricated structure 8200 is immersed in bulk
countersolvent reservoir $200 as shown. Over time, countersolvent from reservoir 8206
diffuses across membrane 8204 and into chambers 8202 and solvent from the sample
30  diffuses across membrane 8204 into reservoir 8206. Protein of the sample is prevented
from diffusing by membrane 8204. When the desired solution conditions are aﬁhicve’d, a
crystal may form in chamber 8202. |
The advantage of this approach to crystallization is simplicity, in that onee

charged with sample, the microfabricated elastomeric structure is simply dunked in the
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|

pl an vi ew of several enbodi nents of vapor diffusion structures. in
accordance with enbodi nents of the present invention. Fi ggogéﬁbgﬁgq\@ a

si npl e_enbodi nent of a vapor diffusion structure 8600, wherein first

m cr of BRI chanber 8602 having inlet 8602a and outPCA{USEAE8FSand 30
second m crofabricated chanber 8604 having inlet 8604a and outlet 8604b are
connec teadnteroylvento Thisf dppyoach ahnenatl&Odireck monitating of sdietiamtondigioss,ragct ure 8600

is filled with air. Cross- val ves 8608 are then actuated to.trap air within
ot 05 TR CFRRTA 808 Sbrs st o M nco Lot A e G B o 1 r st
chambenmGo98rdthF QiadPed Wifl 0RO ftbnalidiétidh SReR] MicbvaShaMeAtti®é 5 COct ober
2005 WO 02/ 082047 PCT/ US02/ 10875 t hrough outl et 8602b. Crystallizing agent

i s i nt eotadiswntsofdeepiesent inyehtion, 0DtRYUS Supply offlissolsgblesget wiataniadli spl aced ~
ai r .escapi.ng, t hr.ou out ket 8604h. -val v t FDHO ned, such
tha? ai'v yrbg °|“ﬁeg ‘}agtra}f)’ﬁéﬁ’llwsfrﬁflﬁléraﬁc%g%ﬁ feo@\/% ?\aﬁg?g%)g%gorﬁg wee(ﬁesarrpl e and

cryst alidrgzéfpgtargent . Vapor diffusion of 5 solvent and crystallizing agent
may then slowy take place across the air pocket of_ cross- f]ow channel

P
8606 to change’ t F&bodimentdifn assprgrricotidh Qi@ exat BB arfaeealE? Pt al formation
in fi r%@gﬁ{%@gﬁ;ﬂﬁn &ctiggwm &H@l@&%i@?&ha@im@m@g@e ilebndifien 04t Si de

environ val ves 10 during this process. Wiile the above enbodi nment
i s f undhd targat soldtive iaslowsd biyampbsiap peecond tdimdysis meMmbriang dndgniintefmediatd '

ch ers, may, nove or deformin res se. to..envi ronnent al. condi tions,

ol eoiB b Fearritlithe deht b PR SufRYa AT RE Tnabll 1l ool ution |
and cr yshaadhl, BlehSterrAGERtE solutioh Serv BEloudfet chltiges Mahe tirgetablkion atibidgai r
pocket at specific locations within the m crofabricated structure.

Accor difieg diffusipy of arysgHising 2genk| Indhaeehmigueivsodnsaidbad, dpubie dialyfit ure for 15

perform rystaldi I Qn -V -l I QN . ' tructure 8700
per " BhAuERERIHSES) Ryl ARPhicb I GRpyPeRe liEoekiud T uct e
second dialysitménibfan@in & mesmadiatesotutBAQR HluideradnmencatBiOwithh crgstadlizngor t i on

8702c. M ddl e portion 8702c ,of chanber 8702 includes hydrophobic region
87b8 whEhrssesy o dhioyghna geend Ay e BSMRENChr i nti ng. M crocont act printing

techni ques are dasgg), _Qﬁwaiﬁlgg@éﬂm@%eem?ﬁ@ﬁe@nexhpf@lymg&ayéigonsecutive

M crocontact Printing I gan or ymretric Catalysis in Silicon

Channeltehniq@sns distrated idEigl 3601 bisBppRRAGIY uithizes didtyi9 0Bmbrane$360y

' t f f . . .Speci fi |
{abr Camsichsr Yot caperiagticro e B SPrge Stk Rao MY anped
W th paspbR hsdembhPohisQEua@ecxd prbpdt Mg amhitTeedpelitiye chabibertshanéls 25

al ignment of mcrofabricated elastonmeric chanber 8702 over pattern 8710
wold d B3mef appasing strigiures BBGbard 3 eonngersalvent from ggseryoirs 83¢kelir e 8700

woul d Q&ucmnl: I8§3‘2 Wiﬁ Hifﬁls@ acfg‘géjr%ghll%ratng%g% ind kﬁétéo%sponding recrystaliization

chamber 8310 of structure.8304. Solvent from crystallization chamber 8310 will
coriespondingly diffuse across membrane 8300 into reservoir 8308 of first structure 8302.
However, protein in crystallization chamber 8310 will be prevented by membrane 8300

25  from similarly diffusing, and will thus be retained in chamber 8310 as the solution
-environment is changed. .

Double dialysis employing a structure similar to that of Fig. 36 could be
accomplished by fabricating an intermediate chamber between the crystallization
chamber and the first dialysis membrane, and then filling this intermediate chamber with

30  abuffer solution. A second dialysis membrane could be introduced into the
- microfabricated structure between the intermediate and crystalfization chambers in the
form of a plug of a cross-linked polymer, as described below in Fig. 37.
The embodiments just described in Figs. 35 and 36 utilize large scale

bonding of a dialysis membrane to an entire face of a microfabricated structure.
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"woul d then carefully be introduced through first inlet 87 with air

di spl aced from chanber 8702 through vent 8707. Because of HSF%@g%Ce of
hydr op i \anber 30 region 8712, filling of chanber 8702 with target
solutigﬁp%%ﬁ%@§halt as the solution encountered regi on BYWISOX08Y ar |y,
hydrophilic crystallizing agent would carefully be introduced through
second HoweterSth& dntbodivacihie ma$ (0ikze tedpgirtich aif plhyshenpbbbialysggi on 8712, Air
di spl aced gémfiLlln% of chanmber 8702 with crystallizing agent_woul d exit
chanber™8PBENE paliyircdldpgionyofa migrplbaeaied sgaqtyrep Tesds phowmin Figddt| vi ng

gat t er n@fereif aiS5i0 Bz AR5t s WRA8A DAR e RicTo R d P ety &l BRI, ¢ region

712, the air pocCket in central region 8712 would permt slow vapor

di f f usiefrt polyasrylemulelgeki ng agent into target sanple to induce crystal
formati on on the &i si de of,.chanber 8702..Sufrroundi ng val.ves 8714 coul d
b Bt uatea ot seRtiealty ao Gy RRUPARE SyghrR s 200 LR S irgfhdeghggs 0712 PO €
t he emd@mbeng402fin Auib@ahimdhiChtiti With Seddielideéd R hmber 840@ 3hou PR HoriZdhtal
conjunction with Fig. 40 requires alignnent of the mcrofabricated

el ast orfe?Y ehamrgl#A00. Tihg intessastianrafdgrinoniallion shannebddQoandverical flawr | yvi ng
o . . : e ! f
subst r gpenne] BiGs éﬂeht%‘ﬁ.%orpéggﬁ%%m VBV e Qgt n%ggilé ntgéafpfsedgw:t?ﬁgwsg Z)ggik , feature

sizes of structures In accor ce with (

i nvent icontrolvihaamal 814 aud partjohh @ fealwf hodtomal fhove cleamel 8%0610 dppasiephobi ¢

materi al, woul d J.ik be fornmed only. on erlying substrate, and not on
thd® | GHisAREIRGlipd g‘!.“yﬂf.\c@mff }r@wﬁﬂﬁﬁgﬁ ‘Sztier}g’ﬁi%% “é"c‘?‘fclﬂgaﬁéﬁ??é’ﬁd.é%wi ment of
a StruGhiiel BOI8 arddrRbdl g08% b $&rakal fRd LiRihnel 3408 SppBBiteXiador DY vapor

~di ffusion, which does not require an alignment step. Specifically,

recrystandiped¢i®n structure 8800 includes first chamber 15 8802 connect ed
to second chanber~ 8804 b ross-fl ow, cha | 88Q6. Second f . channel
QrteRbnf ot 8o diniett KRR fow S SetenTIERESel 4408 i

8808 intersects W Cross- 810. Fl ow .

acr oss cjosad thile fied 10lvelser @ 12i96penkl OWealianael cB8Mr B&0CRRhAgel Qdibky first
val yve pair 8812. _Flow across junction 8810 al ong second fl ow channel 8808

i s 12ontrppledbroygh berznmtel o ehanpeli8408814. 20 - Initially, first chanber
8802 is charged wdMh gk VL84 i i fﬂg,]q YT 8804 is
charged with crystaI’Isit:éz}frﬁglaégent?@ﬁelﬁ?’?éﬁdr@tﬁ va vaé pa??g%%{f]%@g& cl osed
and sedentical bwehpaial 8883 & dhargep evithh crasdliblyadblopdipmer842(t exchak asuch as OTS -

is flowed down.second flow.chappnel 8808 t.hrough. junction 8310, As a result
of thi SOBPaRRas B Lrpsr TaliGan L aBbes R Sos M RE! Gt
subst r aiduced) dolQafiph by Rididinlor & Ay ehamebr Ii:a%g BloWyckinpRrs3810. Next,
air is_introduced into second flow channel 8808, and second valve pair

8820 i dinking shemicalsrvath thelpelymeripriogen during ¢Haeging péhedetticapBowichanngbor
00 1T Wt geP0nEd 48 LRI AAA A PAPOLG BB UPle SRR a6 888l il o
serve as a selective barrier to diffusion (i.e. as a dialysis membrane).

Finally, second valve set 8416 is-closed and first valve set 8412 is again
opened, and first chamber 8402 is charged with countersolvent. Thi§ countcrsolvént

25  diffuses across cross-linked polymer membrane 8420 to alter the solution conditions in
dead-ended chamber 8404.

Double dialysis'to further mediate change in target material solution
conditions over time, could be effected by introducing a microfabricated chamber and
second pelyacrylamide plug intermediate to the crystallization chamber and the chamber

30  containing the crystallizing agent.

In any of the embodimcnté of double dialysis described above, the. second

dialysis membrane could be eliminated, and diffusion of crystallizing agent across the

intermediate solution relied upon to slow changes in condition of the target material

solution. Diffusion rates of the crystallizing agent across the intermediate solution could
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solution in chanber 8802. During this vapor diffusion process, the. air
pocket is fixed in 30 junction 8810 by closed val ve pair 8894cRAH40%e -
presence of hydrophobic residue 8816. Valves 8818 could be closed to
conpl ¥@P 83| - structure 8800 agai nst the outside en?CTEEMEMBTS While the
above enbodi ment has focused upon mcrocontact printing of  hydrophobic

i eti 88 chrdlled %@h@élﬁ&%aﬁdifneﬁﬁ%ﬁ%{li_.% %gl}ﬂgroyg’iﬂé_éﬁoﬂl dffthsingivdddife present 58
5 Cct ober 2005 0 2708 20 4 7 PCT/ US02/ (0875 invention is not linmted to
thi s aplipraserehsuchipslp optrolibeicated charsberathanndl ot gapibary edlpsges dismechor t i ons of
a mcrofabricated crystallization ruct ure | r .t h the present
I nvent ?u(]))r? ol %‘n%ﬁsgl%ﬁgf f“/‘é’ﬁvhﬁnewﬁq[%%q ,CZE% S?(l)l&tp fe?&:a%g’ep gtglgeeééaé’ri ers or

i npedi ments to @i dthesérbbdiment e inforotabfichydiclapabi struturs may belsticaiphobi ¢
oil_ materials may also be utilized to coat,thg‘éexte ior surface of

mi ct of ¥FHFX efeR predirably plonga Rhennd §7958 SEoBr JARCET PR YERbodi nents of the
presen{:mbb&l}{ﬁms'o?%e ;%?H&Jﬂt e, E%oﬁ&)fas@cﬁnér%%ﬂﬁa@hﬁa R iRde @ fidgsi on of

vapor fromthe elastoner, thereby preventing dehydrafion of the structure
dur i ngtheredaspob@structhiothhtdrag beor gpsnall biy such oentdwiththicoiastiomgrssuplne vel y, t he

coating oil e sonewha rmeable to 10 wat er Or,.Qt ases, thereby
al | owi nfr%sreggﬁ.o@,ne86?{?%'0&@'85%@13{936 i’%?]]hocg" lﬂgl%r 3§?"g§§'e‘ghm 0 create
Wi t hi NjtfulRatss Ere6d-sclof Ribivis FMSHrbeass fedbning adlowsétanhélzavinga 5_ Control
Over O her Factors Influencing Crystallization While the above

cr it amembzanedqgsitiopedtharedrs Spesificely, BIG- S8AMO VR c1oss-SeRHOPOE RPRELQA  t he
target g i . ' | aﬂ{ﬂﬂr I.ape

cryst a?f?ézvg gi%jrqogxgdg%p,gg ﬁfaagr}%&lgf ﬁ%?ﬂb? %gt?%zro \g%gl#@ﬁrﬁgiﬂém oGgg‘iisatigl lization..
Such aelditbmenalbstrita@Roé.s i ncl ude, but are not limted to, tenperature,

pressure, concentration of targe terial .in_solytion, equili tion
dynani cs, and thglgp?’%}%ém‘)és@ff’f%i‘a Ogg‘t‘té‘PgaF‘é'?e @??POSZE%‘&& Yﬁrﬂcagx“ﬂﬁégﬁfgn; s of
the prgs&iin Eﬁlﬁﬁ%gﬂgqgﬁtﬁgpfl&&lch%ﬁﬂ 62 GIRGEIR YL ﬁ‘alve%%zdy’ii hsopskal | i zati on

may be acconplis I zing a conposite elastoner/silicon structure
privi ofesingd dEig: B8G sblowSpeatibi ofipéryneableRpémbrane elemprt G ldhetwemnt r ol structure

may bg .fabrjcated ip.a nder ! yi ng sil.i su rat Lth. the.,e|astoner
al i gnegalf“?)s ‘?&9@3 5?41?%(8%]? &J@Weﬁil?gtauﬁ&??%ttogﬁﬁvﬁsa i aﬂﬁgﬁébebr to;pg HB?%)E? mate to
t he Pepkindrand®2i 6.6 AsARBultCF hid Rodfiguatidmdie: fdw 8RannePPMhOPEVISd fetipgdlyar i ty. and

magni tude to the Peltier device may-control the 25 tenperature of sol vent
and cotareriEsss channel partiensP20da anth 6 AdHy sepagated by erpeable membgne&2ilBed by Wi et

al. in "MEMS Flo - Ldi:6 i ' ol rs and

Act uators A B9 1005 TABTBhEIC- METBans Bk difire AR B M BpplicIRIRE ° 20 e
argd cobPdraskainpte) dgimémhbragetadd be @sappl peeimalinlpdis, atterignthetsalta  m cr onachi ned
resistor structure resulting in _ohmc _heati rias?ﬁllllﬁr.eov r, tenperature 30

t
of cr ySePITaioniof sarppis i the Tigst depad- dhinuat g e g dince of e
heat er s\ifidn drvifBnment of a crystallized target material.

While embodiments of the present invention discussed so far utilize
diffusion of crystallizing agent in the liquid phase, vapor diffusion is another technique
25  thathas been employed to induce crystal formation. Accordingly, Figs. 39-41 show a
* plan view of several embodiments of vapor diffusion structures in accordance with
~ embodiments of the present invention.
Fig. 39 shows a simple embodiment of a vapor diffusion structure 8600,
wherein first microfabricated chamber 8602 having inlet 8602a and outlet 8602b and
30  second microfabricated chamber 8604 having inlet 8604a and outlet 8604b are connected .
by cross flow channel 8606. Initially, the entire structure 8600 is filled with air. Cross-
valves 8608 are then actuated to trap air within cross-flow channel 8606. Target solution

is then introduced to first chamber 8602 through intet 8602a, with displaced air escaping
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The Wi et al. paper is hereby I ncorporated by reference for all purdposes
It may also be useful to establish a tenperature gradient 2A0Fieker 20

m i crow‘gﬂﬂ%%ﬁd el astonmeric crystallization structure in accordance with

t he preése vention. Such a tenperature gradi ent woufE@l/E$B{18¥S t ar get
materials to a broad 59 5 Oct ober 2005 WO 02/ 082047 PCT/ US02/ 10875 spectrum
of t enp@raghouletdi$dRingCorstadizing rgeant isanjrodickdwi segofidehamdbier 8684 shrrghci se

det er mj t eratures for.cr allization. Wth regard to
control ﬂf""r‘nggép}‘rae‘s”é‘ﬁ%ésf’g"]é% ﬁ'éng gh uﬁléf’\’%% S%Q odi ments of the present
i nvention enpl oyiQ@sereiless SEp8ake ﬁn@ﬂﬂf)@feaoédbﬁmatlﬁif r¥Y@bingRrafpd Withign are S
particul arl advanta equs. Specifica once the chanber has been charged

with S5pssoiny shasng mhmen%m@rﬁnd&wtad%meg%| Yeper diffugipmaber inl et
val ge ’L%Yvehﬁaex}de’lﬁ}éﬁlﬁhﬂg%éﬁlpr gvmaﬁ Sob Pl PREA NG 0 QU ﬁ%kx ﬁ&%gf ghanber is

actuate caustn ssure to increase I'n ¥ ruct ures
i n accdiaaduanel 8606 th ehamge slendolutivnenhdiaons arpthencby dnduee bryisal fgmatiber t han

5 vol une .excl usi o d.exert ssur.e co 10 including fl ow channel s
and asdB B ER e S e R e popsthe SR KPP and

speci f ivaRleb 86 I®aaHAIEBR préceg@ntrol | ing pressure within the channel. Another

factor influenci n\gbllcrystal lization is the anount of target nateri al

available in the lmﬂlﬁ:@hovmnhmmysttlafurtcapmé,, the pirgotketamppedbative¢o t ar get

matgr i 1 pOI Nt .of target

a2y 1 S FURAARY Bhact oS b iy g et D P B DR 9BMt | mec

cryst aIpegmw»tgnmﬁﬁfl&rde:ﬁ&beﬂuﬂdrtoﬁfadﬁfet\bébngb@at sdfchiaCioitidryand Ry galignyst al s it
be necei 5 t o provide additional tareget mat erial during the

my
cr yst aPPTPatti 1 HicHHorcissirable tpnehorsthg airprekel af spepidic laeations widinphevi ousl y

descri hferoffbricQRASGHItRR W th Figs. 27A-27B may be advant ageously enpl oyed
in crystallization structures in 20 accordance w th enbodi ments of the

present inventi odcrordoghy,ifig 4frshaivagn eltgrasiatesermbddiment of aciractes for Thi s

obyd at he dan 0 shi n owi ng, crystals down fl ow channel, that

i sY%r oxglgrgs rﬁrﬂn%&'agﬁaﬁgﬁg‘?mg ‘ﬁ{g‘fsé‘?q %p“@ﬁ@i’ rTHUEHE @Qﬂ/ﬁoﬁﬂ’“@?ﬁ/st als to be
| ost 1 Bhddliter Smhﬁn dé\/ﬁfs@sm@trmowaea Gt bnd 89R2aSEdcBRE Hﬂa 89065t Ygecond A- 27B may
al so be usef ul the process of crystal identification.

Speci f FRGETGRb, é‘lﬂ Y%lt 1Y @fm'édlem@s@hwmﬁ Middispepian &ﬂﬂf’-e@ﬁnlnaenlml vent, and -

h On I
et hod® A e Brs ERBHERSRloh Sk i b oS b er b ey Gt

cryst alvhcmf:ontatu@naahg teshiilgnengyb descpibediinedeiil By Ahaérsdonetdye such as 1ZITTM
fagtured ‘y npt on Research of lLaguna Niguel, California. This IZITTM
wso 1 BM'PQ

Ange cAntact Rentng “Hyigends fon Asisem e Caalysin isSilicon ystals.
HoVeV eCharindlstSenidb25R3 A cfatdih 85067 197 BobTS, hefb§ @rbdigetbyst al | i zati on

reference for all purposes. )
Specifically, during fabrication of structure 8700, the underlying substrate
_may be stamped with pattern 8710 of octadecyltrichlorosilane (OTS). -Subsequent
.25 - alignment of microfabricated elastomeric chamber 8702 over pattern 8710 would form
central hydrophobic region 8712.
Initially, structure 8700 would be filled with air. Aqueous target solution
‘would then carefully be introduced through first inlet 8706, with air displaced from
chamber 8702 through vent 8707. Because of the presence of hydrophobic chamber
30  region 8712, filling of chamber 8702 with target solution would halt as the solution
encountered region 8712. Similarly, hydrophilic crystallizing agent would carefully be
introduced thrm;gh second inlet 8708 to chamber 8702, stopping at hydrophobic
region 8712. Air displaced by filling of chamber 8702 with crystallizing agent would exit
chamber 8702 through vent 8707. Thus secured in piace by the underlying patterned
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chanber hol ding the crystals, the crystals nmay be disl odged, swept away,
and | ost. Therefore, the cell pen structure can further be59ﬁﬂb§§/§‘epq n
crystallization structures and 60 5 Cct ober 2005 WO 021082047 '
PCT/ US¥9 P¥B894 met hods i n accordance with the present PGF&ISPYUR7I0 secure
crystals in place during the staining process. Fig. 42 shows an enbodi nent

of a sayélopBotlerdgtsh $7an, hkYaiRcRet iR S tral Peilon $ 112 WAl peAGIESIERNABHY -
Specifically, crystals 8501 of varying sizes may be fornmed in flow 5

channedif§spm afiserstadlizing aeanb e fageei somple tgswiyce goistal fymaton ee tgstEht conpri ses
success 1)l ' | . Inlets
3505 of e s btk 8. MulolfleyoesR7HRSRE (eholyicl B ROPCHELAIGEY

cryst adsnigbhis procswsdown channel 8502, they encounter rows 8504 of pillars,

8506. The | argest, . crystals are unabl e o pass.pet ween ap Y, between

i 1T ars 8506 of PSR B inEemaoREnr ot YR QBTN STPGH F St 8oaa. 10
Smal | egq &n?@r@tiﬁﬁ Yathatis. A RqedsEERfAcAtbfthORlicrofabSHREL IR Y RAS¥Raphal i NY
successively smaller spacings béetween pillars. Once sorted in the nmanner

descr i begipattronas hydrephebiggegipr on gn updgriyoug suistrets. This Penment peeassl i n

chanbe 51 l,ng fluid thr.o ranch . I 10 utilizing

peri st Eﬂ%ty i%g dzflﬁi%rr%lé @%&hegssmadfffg\g/ﬁu(r)cuéféé%gggrg(?tlﬂgag1'5{%?([91131?@3/?@3,[ als collected
by t heembodinfegtsifthicpresent iRyntivn. Nbjeecé dudify the fabticatiys pakésaghaphi c :
analysis. 15 Smaller crystals collected by the sorting structure maybe

ut 14 i zBydrgehahdematengkvald likgly befprmed orly paugderlying F‘Hﬁ%ﬁiet @S on ot her
fact or jifahliugng N9 crystal growth is seeding. Introduction of a seed
crystaf to the target solution can. greatly enhance crystal formation by
providing a tenAkedrdingly, Fig. dih shodvestill asther esdlodinian of astredtingrfor Wher e no

seed crystal. is available, 20 enpadjnents of..m.crof]Jujdic crystallization
ot odRer it es Sy A g B N et SBECErY TR RGNS ut 1|1 2
ot her g SIkintbn® Step OSPRIAQIN RcBis@lilAtioh Sdedth@ 880 fHclRIed Tdt BharABerdi Scussed
above, flow channels and chambérs of structures in accordance with the

pr s en$80Zmpanedterhtogeeondygbiamber §804dmy eress-Bow shannich$Bln Sespudfloweri c | ayer

Cont 31 08 B AL AT dSE ol SOl SeoBORNA AR ARY Y1 19, 25

substrate such as gl ass. e nek anar, rat her may
I ncl udgcroRjenctohi88A8 alhg LrGeSveschahne S804 és amerblied B &ipst valvk puird8e2l t o

I nduce c;}ystal formation. In accordance with one enbgéji ment &f t he present
i nvent P18, acress iunetien B¢ 1 haloug pecepd dlewcdianee! 8548 i sonfralled bysgcend val¥si bi ting a
r egul atgahdgli‘;r_ ed nor phol ogy. Alternatively, the wunderlying substrate could
be patterned (i.e. by conventional sem conductor |ithography 30

t e¥hni ques) . to buxtmlly, firshchleshar 8802 ghlarded gyithotargzt sratarial sohutidn amglr phol ogi es

cal o0l 2ot el R, ShSLEL o OO0, The RELTRLOIML B e
; g(r: g ?fj gﬁ%g%&_ﬁ'tsﬁeon@mﬁ@pﬁﬁ@@$4 & opeh¥® taal Ihyd@pheblc Bidietid] Wid@Sasays fet hods in
flowred down second flow channel 8808 through junction 8810. As a result of this flow of

material, hydrophobic residue 8816 remains on the substrate and possibly on the flow
25  channel walls in junction 88190.
| Next, air is introduced into second flow channel 8808, and second valve -
~ pair 8814 is closed. First valve pair 8812 is then opened to permit vapor diffusion of
| crystallizing agent in chamber 8804 across air-filled junction 8810 into target material -
solution in chamber 8802. During this vapor diffusion process, the air pocket is fixed in
30  junction 8810 by closed valve pair 8814 and the presence of hydrophobic residue 8816.
Valves 8818 could be closed to completely seal structure 8800 against the outside
envionment, '

While the above embodiment has focused upon microcontact printing of

hydrophobic moieties to fix in place air pockets during vapor diffusion, the present

58




-0

t he present invention offer a nunber of advantages over conventional

appr oaches- One 61 5 Cctober 2005 WO 02/ 082047 PCT/ US02/ 10895to8av4i®age i s
t hat t% extrenely small volunmes (nanoliter/sub-nanoliter) of sanple and
crystal’l Oﬁ@“&gent permit a wide variety of recrystal IRZXBAMESNdi ti ons
to be enployed wutilizing a relatively small anmnount of sanple. Another
advant ageentionas yoitlmhitadza this apmbadic tydrsplasbic rgidne ddedtivepdaaodigsedéntoS W t h
enbodi nents of. the present inveption is that the small size of the _
cryst al FIYsi oS4 mickRLHhs A SFY 2P STUFPICARALEHIUICE Sriflt the BFFIEN hundr eds or
even t HAUaRIH 2ol atltibh@¥@Pbe uBRll BiiGANMHELARRM & iR fsed

si mul taneously. The small” volunmes of sanple and crystallizing agent

enpl oy eliffpgion acthy sarml ¢fhydrapbabigladls- result in a nini num waste of val uabl e
puri:fied target ah. L further advant of crystallization in
accordance with m(%%‘%h%ﬁ;t‘?f) %]?tmta Y& pr ;gg%ﬁ?au%‘ﬁ%gﬁ??%a i%e’&%‘?"aftsiungce

si npl i ciftyicofatopatedelasdmebpeddtines & Aotordaaed with eawbodinidn@vef thé plesditng

paral | el act uaggﬁ]n requi res the presence of a few control lines, with

onl.
the iAPYSHER PfoatingHIAY beigpery &@i%ﬂ&ﬁé@ﬁf vapor frettheal |y perf or med

by Opercﬁsi&%r%ercﬁ?ﬁi&dﬁ%@ﬁ%é%&ﬁﬁ@ﬁ %@'t}@%ﬁh&l%lré)cﬂ ol ifie ﬁg%a{uaﬁggbﬁg preparation

tinmes for a large nu sanples. Sti anot'her vant'age~ of

cryst alcrystathiiagion dystiens Alterastdmlyldhe eoafing loil neagblpckiomewtlat pérntehblepo esent
inygntion is the abiljty to control solutio ui.lJibration rates. Crystal
or S0 n filer s ¥ o8 thorky SgiEim SO 58 oo led P hiofr Al e SR so ut 1 on
rapi dl Yo ciea®Sathii tHeGuabup coditidiB IfakRiMI€ B dr@sthiPRatyn. t he way to equilibrium
It may therefore be 20 advantageous to control the rate of equilibration
and thereby pronote crystal growh at internmediate concentrations. In

conventi onal ‘approach |l | I : uilibriumis
achi eved usi ng sabh t@ﬁﬁ?hﬁéﬁ@@%ﬁ%ﬁ?&s%F’}?eﬁgﬁg@*’}‘%?@ﬁ t?f’%al ysis, and very
smal |. physi cal i Wiild the @boveldpyaaiéitationr ytit@mikdsi deadriteruliefing@eor dance with

eng di nents of tptglﬁpr esent _25 invention allows for unprecedented control
%

t FRVIFEngp I“Hg?tdﬁat%'ﬁ%lith‘ioﬂﬂh HH{OdPFF‘O%%‘f‘%‘ﬁFEeSﬁftaé‘ﬁPﬁ@P&aEﬁst al l'izing
agent l@%sbéﬁiﬁdﬂ@n Sk, Y4B bindr Y88 MEd Yéié\&n%@&ﬁaﬁzﬁm. S E&Bﬁaﬁzﬁgl y

defornmed, with each deformation giving rise to the introduction o
addi t i éastars noluledbutiarg moy lismjesu to, {empsipture Tpesshed, conseatraomysiitaiget zi ng agent

by vol .entrapnent, .the.valves .separating sanple fromcrystallizing
agent ﬁ]a%gerﬁgmos e ?%Pﬁlgatéﬁ” gwlcst’i%a}ecpr CPB‘%\TF}fS(?P‘; Bﬁ\teﬂait%/ di f fusive

m xi ng, and thenheipesia® dntbodihens 6htdipedseftulértiohaddnerd! @Ver@&n{)éﬁi@ﬁ'md! ate
concentration. The_ process is repeated until the final concentration is

r et hefuring egpliipafionmpybeacopmplishehudizingy: peppasite chptomsalsilisenenabl es  a
‘3{‘ ? : ?Z %tﬁgﬁmgeﬁgﬁ\ﬂri]%*gé%g%@g rlébgﬁgi%ngﬁ@?’ %tpe?tﬂz? térﬂp&’gtu%céo%%?grdc@urg Ql?ay?x peri ment
be fabricated in an underlying silicon substrate, with the elastomer aligned to the silicon '
such that a crystallization chamber-is proximate to the Peltier device. Application of
voltégc of an:appropriate polarity and magnitude to the Peltier device may control the
25  temperature of solvent and countersolvent within the chamber.
Alternatively, as described by Wu et al. in “MEMS Flow Sensors for
Nano-fluidic Applications”, Sensors and Actuators A 89 152-158 (2001), crystallization
chambers could be heated and cooled through the selective application of current to a
micromachined resistor structure resulting in ohmic heating. Moreover, the temperature
30  of crystallization could be detected by monitoring the resistance of the heater over time.
- The Wu et al. paper is hereby incorporated by reference for all purposes.
It may also be useful to establish 2 temperature gradi_ent across a

microfabricated elastomeric crystallization structure in accordance with the present

invention. Such a femperature gradient would subject target materials to a broad -
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62 5 October 2005 WO 02/ 082047 PCT/ US02/ 10875 The mani pul ati on of sol ution
equilibriumover time also exploits. differential rates of Q#Haeu30¥n of
macr onol ecul es such as proteins versus nuch smaller crystallizing agents
such X¥08%P32847 As | arge protein nol ecul es diffuse nuchPREASIYEESHM y than
the salts, rapidly opening and closing interface valves allows the o
ConcenEﬁ&&hﬂlrbquf;m?er‘é{u)‘e%tcﬁllnng%l—ﬁ&u%ﬁ@ﬁ atxraub.eg ﬁir%!r&hE@'HrécheC hanged, while
at the same tine very little sanple is |ost by diffuSion into the |arger
vol unedgemaingsenndf dptimgn W&tuilbbf(&@{?)@mlh%ﬁiloéescrl bed above, many
crystallization uct ur.es des for |n | of

di fferent crystgﬂl} Ee’lgﬁrgﬁﬁgégﬂ? I"% L?%?‘érﬁ g? tng?uorf E)(s)aa}(r%ir"e(':lﬁ“"eoz@i?(r:]t I on

chanbethe phéichit @b bmith dofloyifig w&t@inglozabmers@mﬁmo}cﬂume esclidibi mg changed
solvent conditions over tine. 1.0 ri ment aI Results | n order to

confpar Bartigwlarly sdymtagegus atnerifigeln ﬁneﬁ ﬂ‘lelobi”ﬂﬁert}ﬁé eeh ehargedsvidh ei n
crysta croscopi c
o o AL NoBIHER oLl SR Lh S TIPS B i fE T 05 0P,
ni cr obaiairyined shnrbile ofic mepbranaendrtyidd theshemper ik actuettd, Mireby esusitgs ar e
di scussed bel ow. Model  protei ns_were chosen ased.tgnlbe[t heir availability,

and di PFEFLE f‘&/‘“f”(‘}asedf’ﬂ‘?%ﬂai“? & SHYRLuIgs fy oeaiapcey RIFYFIERYERYAM § zati on

was deémrp\lwr@steém.eqaw oher arh voﬁmwé;&h@m @il SR pHYssuRywatroHsyPt on Resear ch
(Laguna to crystallize the protein using vaﬁor di ffusion or

m obmpbldm&ﬁ«mp Is alndfassowltqdymtreb@nss whjacenstip the izatign and difficult

e A e bR S5 B SR ARl Doy et ween 5 and

10, an uce crys i'zation. Both easy and

difficult prot ehﬂ&h%fa%t&hﬁﬁ%ﬂcm@lcf)fstamiahohGB me;a&toahi ofzergpt Mbehnls wer e
chosen to applé stringent test to the <chip, to show V\/net her, the chip can

cryst atyailaklepn thesohsione dif arqrmjalafomyt%wlaf%k @éﬂ@%wﬁr@ 3vsilablg |
condi t jy Wiurfdh, BUEE &[E%tere% &l &e—.ﬁg&m&%& BbE oIS lee using
standar crysfal DETT on techni gues Sy protelns osen o better

unider sinadaljuitecto soithiheoatimes drystdd @ewtho Theetfovecm d:rde' to igrqzw awfficeofiyent i onal
t echni gues, gd to dj scover which CO(?‘ﬂItI %O atible with the
chip. 'FHE SRRl iGIpax ?ﬂ?eﬁ?ﬁf@%ﬂ“fkﬁa figna &‘E%ﬁ" %ﬁﬂ%&e i soner ase
(medi U stBNRhGddeeds (easy), beef liver catalase 30 (difficult), bovine.

pancreaS trypsin (nmedium, |ysozyne (easy), and xylanase (nmedium, and the
B subunit of topAceudinghsthadellpendirueturarsevipndly desesibpd i soanestianzedh |

Errbodl | zatA %ﬂgheatylh%\éas t| on rlgﬁlen ‘%,5’%8 mcng%lﬁJfa%lSﬁ@&B&tMr%ssﬁ) conventi onal

crysta evi'ces o arsinoni ous use of
pragt ei sbcoiafity @ith eﬂi&ddnm@s 6f&ﬁdz fresonip fiveiion &) cdifine lgﬁawﬂgdry’s&ﬂkm'ﬁhﬁnst or age

space ng%%gcg neTg}sscb%;SatéotHggzzneg%r c?f3 wz?sh%g} grgsilingzgrg?tals down a flow channel
that is providing additional target material, causing the growing crystals to be lost in the
waste. |
Moreover, the celi cage structure of Figs. 27A-27B may also be useful
25  during the process of crystal identification. Specifically, salts are often present in the
sample or countersolvent, and these salts may form crystals during crystallization
attempts. One popular method of distinguishing the growth of salt crystals from the
target crystals of interest is through exposure to a staining dye such as IZIT™,
manifactured by Hampton Research of Laguna Niguel, California. This IZIT™ dye
30  stains protein crystals blue, but does not stain salt crystals.
However, in the process of flowing the IZIT™ dye to the crystallization
chamber holding the crystals, the crystals may be dislodged, sweﬁt away, and lost.

Therefore, the cell pen structure can further be employed in crystallization structures and
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WO 02/ 082047 PCT/ US02/ 10875 wi t.h conventi onal methods. As discussed bel ow,.

in nearly all protein nodels, the chip produced nore hits® Prigker 2005
conventional nmethods. It has further been shown that |large high quality
cryst atV® B#§2%M2 grown in chip, and that it is possible r@I/bhsRUess t hese
crystals directly fromthe chip. 5 Several routes fromthe chip to an

x-ray heanddsah a6QIlBEE Wit (BE Brl&RRRGSHon tb Eﬁh%rgﬁalﬁ%ﬁ f8¢ iheOheCr ystal s
directly fromthe chip. Correspondence of about 50-80% between the chip

and cordleamng pragessret hods has been deternmined, a | evel of correspondence
approxi mately thes. as t ween. convent i onal ods. .An. anal ysis of the
Fig HDndw, QS eﬁg&w&%} 8? SOin rﬁite‘eqﬁ% Por cr%sltéﬁ‘? BzéslegH\éml ght

chip equilibration®suggests t ree- ace

bett er thewdibdage cdfikepheSpebifivally urFst 88 8595 bSvdryinieks #lagWs foiddd ihiTRwhi p
sampl es, a | er region in phase sgace' and hence is nore likely to

encountBR, lmsgeewgﬁwiggéa\*% OGRS HEVIcHRIQLCITIIRERBITCPEVeOf  t he
POV TBORE B4 OF pilthle 8508 Bratbld & diliBRt UiSARLes' AhleA8508 B BRAEA BharnER' | ON

nearly all conditions In e Hanpton screen produced crysta Its over the
cour se 810 pgrpyeitioped mciomof rahesie Af crystpbrifddflos dawecliaaheli§502he

devel opent of a 15 | 0SC.OPI t hod.correspondi ng t hi ondi ti ons may
be bendiPorgrinttsops B3t arpariale, Ihs taresy Bt R tnedle b wite brtvegn
Reagentgap aTkbredi @illag 860y 81 fitst R 88044{ahd decubriilite 8 BontdiTeew 83044.nbr o -
pl ates, and siliconized 20 coverslips were purchased from Hanpton

RedBar Smallepsizeh crggaliarg gathrrediingsenthspeogsBee rsdiagingaiteesstivelyom VAR ( Vest
Chest e VI h EL ul i . hum
chlori 521? ﬁ%ﬁg&aﬁgﬁ%& o‘l9 Hé&h%r%gé{%’ﬁ%{rﬁn(ﬁel? h%ﬁéélnqerslcer%ba agﬂe'l}@eercer%%%t ai ned
from Sb@maio%lsdi‘a’esbar(tdﬁcaollefmﬂ sla ct%@ber&i?@pu{ulﬁpiéﬁgﬁgﬁ&ﬂmhghﬁﬁhned fr og
Hanpt on. Resear.ch. .an I al yze 5in istjlle ei gni zed water at 4
over ni Q‘Pﬂfine‘f%é?g%ﬁé‘r'ﬁ PERHULR PPRPS §ﬁ5§A§Pm§wﬁbfﬂeﬁ~a‘t‘@ﬁy Laegergatals prot ei n

was al coluRidiad th8korihg Frud@EhSSbe _tédﬁ%@&yid?\//%éil%o%k‘%{g\iﬂ&a%%ﬂsen and

stored at --20C. Proteinase K was obtained from ton Biochemicals

( LbkewSowllengystaldicallsctesihf the sorting seublons maybe atilizédvssedd erybtalslioi um

chloride . 30 HEPES buffer, pH 7.0, filtered through a 0.22 m syringe
fil te_r,ﬂme?lﬁ%gralts)tta'hezﬁg?rlll'flEt efni}ﬁfl L sanples, and stored frozen at -20C

Prot ei nase K was Azpiticd Kictori@flyendihgiaystdl mowit 9 eedin)i ibaictBNRf awas added
prior to use in sone experinents at a final concentration of . 1 mm 64 5

Oct obefeed gosstahts B tangotseiutparaysgosstlycahanacaystlifomnation by ewdingsa pur chased
i e A A
20  embodiments of microfluidic cmjystaliizatio_n methods and systems in accordance with the
present invention may utilize other structures to perform a similar function.
For example, as discussed above, flow channels and chambers of
structures in accordance with the present invention are typically defined by placing an
elastomeric layer containing microfabricated features into contact with an undérlying
. 25 substrate such as glass. This substrate need not be planar, but rather may include
projections or recesses of a size and/or shape calculated to induce crystal formation. In
accordance with one embodiment of the present invention, the underlying substrate could
be a mineral matrix exhibiting a regular desired morphology. Alternatively, the
underlying substrate could be patterned (i.e. by conventional semiconductor lithography
30  techniques) to exhibit a desired morphology or a spectrum of rﬁorphologies calculated to
induce crystal formation. The optimal form of such a substrate surface morphology could
be determined by prior knleedge of the target crystals. .
Embodiments of crystallization structures and methods in accordance with

the present invention offer a number of advantages over conventional approaches. One
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in |IC]UId nitrogen, and stored at --20C. Beef |iver catal ase was

approxi mately 30 ng/nL and centrifuged at 12,000 rpm for SORCREEEOSyr i or
to use, changing the solution froma 5 dark brown to a slightly tinted
sol ut vom92/0828c9zyme was pur chased from Sigma- Al drich, amdtdissseésszed in 0.2
Mol ar Sodi um Acetate (pH 4.7) to a final concentration of 50 nmg/mL. This

sol uti g@v &IS tﬂ%‘ﬁhg%n&éﬁf Y t%glll "9 umesgggr? @b%ﬁ%l’i’tg %@gm{@%lg 639 0 g) for 10

m nut es anase purchase npt on searc rior-to 10
cryst abrbrbtaai;jufghg&nppemnm&ic vhh&y&if@é‘d(yﬁﬁilhﬁtl(ﬂmoﬂdmmas tu brgerd@opgl L
protein, 43% ycerol, and 0.. 18 Ml ar Ma/ K Phosphate, was diluted by
hal f whtikzigga ?ti‘&!iyﬁﬁi‘léf‘momé&fﬁﬁéplﬁancreas trypsin was di alyzed for 5-6

hours at 4C int OA}lgszmh&gyera%@mﬁsm SudiMe S EREReing b ﬁ;accmdar?ceo :
filtered through a 0.22 pmSyringe filter, aliquotted into 100 p.L sanples,

and st withanfbodawentaof th@ﬁ@sersmwmsommtha@hs smallsize of thescrysta@lizgipmoxi mat el y 60

/'mL and cont d1 bj.tor b d hloride.
Gne addrer ARt proT A g el Pemis it APLiEe YRR, ol Lot ea

i N chi futs IN@nBitfnd ¥bé p@forined Sinddl tiREaSEy. VIhé sm#ll tdluifPsof ARipléwndli ng,
force-generating subunit of an-archaeal type 1 B topoi sonerase conpl ex.

Thi s prosieliizingagept applpyed inrecrystalbigaieon #lag fosnuit &t 2 MNIFRYORWasEOf 100 bl

sol uti ah Pﬁ% at pH7.0 with 20 20 nM TRI'S. Negative controls
of buf a{ellrl W ou'%d a&‘%}g{aﬁg\/\ere set up on chip to help determne the

di f(f er ence bet weanfustabltad@amsgead;&rgst_aﬂhpatmramracom;i&mIvﬂth ﬁnb@chmpnnaof protein

controls conpr.i sed. one chip containi 2 cal. mch ide,,in 25 nM
HEPES, the pieserligyentiongyfertiyye suppft W@ﬁ?ﬁ"&% ?w@lw e%F M chil or i de,
in 1 mERESsraRal b fiG] ﬁ“:qui%s ﬂRE‘ 7esgncém (‘;}Q'f@'!r cottradPligbSAmC@Bt rol s for

Xyl anase, Lysozyne, ucose rase the B subunit of topoisomerase
Vi wermtlvdmiumtca"damsleragdtcmetaélpaug fagant abmﬁfaélpsllm&mnbébyabmon gbntrol s

t bat.c hloride, 25 oM HEPES, pH
70r aA e ele BB ot s W BRI oF) g e ho

Drpp Gamyged.i onal hangi ng drop techniques involve hernetically sealing the
target nol ecul e(s)/crystal lization-agent mxture (referred tq_as the
“drop') over a wohil apptheragivantaggref @ystalligatipn gystems inpegaadanss Wth ¢ pot ent i al

t han t%%@@ RS %:Ae}{ %vﬁﬂtﬂ*?ﬁ& 19Pab1 1:'9% %Bﬁtfroi?sgﬁrﬁo}{@g@%f’ﬁ%%&es

PCT/ US onc |on ystal Ii zi ng- agent to I nduce the slow
dehy dr@tyistah gafwth heoflgrowrnsioty, aad ﬁ@nfysmilﬁwﬂtbe formed fathe solutmctaptdi)at i on of

FHRRE RN R TEE T IEREEIE TN PN T
ligui dy RBRGEeRRTo bR PSGld o dbAbRaidiCRal e dly bRinfbté ExSlablidwiR af Or M
intermediate concentrations. In conventional approaches to crystallization, slow-paced.
equilibrium is achieved using such techniques as vapor diffusion, slow dialysis, and very
small physical interfaces.
- However, crystallization in accordance with embodiments of the present
25  invention allows for unprecedented control over the rate of solution equilibrium. In |
systems metering crystallizing agent by volume exclusion, the overlying membrane can
be repeatedly deformed, with each deformation giving rise to the introduction of
additional crystallizing agent. In systems that meter crystallizing agent by volume
entrapment, the valves separating sample from crystallizing agent may be opened for a
30  short time to allow for partial diffusive mixing, and then closed to allow chamber
equilibration at an intermediate concentration. The process is repeated until the final
concentration is reached. Eithef the volumie exclusion or entrapment approaches enables
a whole range of intermediate concentrations to be screened in one experiment utilizing a

single reaction chamber.
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5 Hanging drop experinents were perfornmed in greased Linbro 24 well
plates. 500 p.L of Hanmpton Crystal Screens 1-48 were pl acedCrtgberd06ott om
of the {H{ 1 pL of protein and 1 L of the crystal screen were conbi ned
in thewgg WP43f a siliconized glass coverslip. The coREFYS2H08¢&as seal ed
over the well containing 0.5 nL of screen solution, and the plates were
kept at anbi ent tEmesspulztsn ofsitutiorpajuilitdivaf otemdinvedisexplditsPl at es were
m)nitorcf]:& fog cr%stg%.g%r_owtl} daily over a period._of one to two weeks. For
dupl i cAtHECTHHATCHPLHLUNonof mrageamiolashles uch gt RrotaREYaspshemaliie sane

r eagenterydthilizing agdAty sulchlas isZi@d | Qiabld drbin SloMoSIE ORRRED e h&b@%ﬁ@zﬁnot her
conventional crystallization approach. Mcrobatch 15 1s simlar to the
hangi nghat ts selss mpidly eperdsg aindeldsiap overfadsutaliicn ubdwe thegloacinhgtiomef * dr op’

under -y L per-neabl e, or, seni -pe bl e vapor bar.rjer such as oil.
O/e}g tisc ,alh%’lﬁg gﬁ%&k&n@? gl%ﬁ" cpaly ?l}?ng?r';gé “\F}"é%gl‘f &ﬁisﬁnﬁgﬁ‘bﬁwv%@[i rf‘laﬂ’ﬂ'[jq i hangi ng
drop, dogtdyaliffusiat inonthe¢agerniclume ofblyetallBiiedrhi Morlovid 8s dREGRIa  agai n,

prefer%gl%l in a cr)ﬁtal,l ine state. M crobatch experinents were perfornmed
in 96 WEPYS prany &oystallizghiop stryetures desgribed sradyy pllow fopingeducianiof difasensh wel | .
1L of RgRdie: e Smds f\f[\@é}n t wed by | pL
of protéin igﬂlﬁ%%ﬁ%tgﬁg&\%as c‘t;'lasntt%rqil1 uge%%gﬁ%fﬁggﬁf%%% m%%‘l@#‘)ﬁut es to mx
t he twstxstabizatipe posodohepesdritioy ehang@hsolpéravesditimssovee tneat - anbi ent :
tepperatures up to two weeks and nonitored daily for crystal growh. 25 e.
On-chip Crystallization The particular design for the crystallization chip
utilized in the experiEpblimeh@l RAAME i n Figs. 45A-C. Fig. 45A shows a
sinplified plan view of the alternative enbodi nent of the chip. Fig. 45B
shows a sinplifi é&owsr tox¢psepase esulis efgrpstallizatipatutidizingthe eucantpoieid wel | s.

Fig. 4 ' i £ l..view of the 30 wells of Fig.
45B al gﬁgﬁpgﬁoﬁgﬁbfmﬁﬁ%ﬁgﬁﬁ%ﬁ egi%g%&gro{)lpg)ﬁglf}faﬁl%%) %Orr’ll?@eg'\odf 3# %rgfe’%ol ution
and cr yysallizadomhangeptdrog gz idiffusidieandahichabathy b ARADOE of 3G BNERIE .

Speci ficall each_chip 9100 contains three conpound wells 9102 for each
of Ff he“’&‘éc%‘%ém?‘irn?g%@ﬁ%%afédlﬂﬁﬂl%ﬁeé|1?§1,0“f-or a total of 144 assays per chip.

A conpound 66 5 %@p&rotggp@eg#?hgggnqﬁggﬁg%g ; @Vﬁ%ﬂﬂ%@rﬁi d’i’:%éultgjcgz consi sts

of two adjacent wells 9102a a 9102b etc in a glass substrate 9104, and
i n fl usesellizeniThe dificwtyaofproteic trastaliza®d0¢ad defemd s die mimbeec ofipound  wel | s

9102, _pr ot ej. | ution i i ned with the | ut t tio
that 1 SRR Ned By en il oo Besaron LorwiadSiesl LD o EPrlIogane. - | 1 the
par ti cphotsin asth@ ehpee A ff5sish oM Ridreb AR chitis CDIERAIY RS drabiys were

(protein : solutjon) 4:1, 1:1, and 1:4. The total volunme of each assay,
i il udegiuee e difBelt ae ansisne tappeteins fer whigh geater thasoleafdi8, betwiaen pr esent

: i : it ) _ | .
At or 1010, Snd s laffs Bfiahidn I BRIGULEH B Budi T8 BTG Bl oy
utili zm‘oteninaalverashegen.

Difficult to crystallize proteins were chosen to apply a stringent test to the
chip, to show whether the chip can crystallize proteins requiring a very specific
25 crystallization condition, or even detect crystallization conditions not detectable using
; standard crystallization techniques. Easy proteins were chosen to better understand the
differences in behavior between the chip and conventional techniques, and to diséover
‘which conditions are incompatible with the chip. The model proteins employed in this
study were glucose isomerase (medium) proteinase K (easy), beef liver catalase
30 (difﬁcult), bovine pancreas trypsin (medium), lysozyme (easy), and xylanase (medium),
and the B subunit of topoisomerase VI {medium, not previously crystallized).
Embodiments of the invention present a viable alternative to conventional
crystallization methods. Microfluidic dcviceé offer parsimonious use of protein, simpler

and more rapid experimental set vp, and reduced storage space requirements as compared
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volumes of less than 10 nL, less than 5 nL, less than 2.5 nL, less than 1.0
nL, and less 10 than 0.5 nL_ The chip control |ayer 9106 i nOctohes2Ciy
interface control |line 9108, a containment control line 9110 and two

saf et W@ 06232047 | i nes 9112. Control lines 9108, 9110, a/®bi2osase filled
wth water rather than air in order to maintain a humd environnment wthin

the c h@fvﬂh %H{jh#ﬁoﬂﬁl%@tﬂ&dsg %ycﬂg&tsgeﬁ%eﬂ;w, gllil ﬁ%{]ﬁfﬁlﬁﬂ ?MH %o?ieﬂ nﬁjxe 1& chanbers in

whi ch cryst zation is to be perforngd. nterface val ves 8114 bi sect
t he copgoducd metdellsts IR onsepmnak methods Hehpr rdhenbdenchowh ¢has targeenighint i |

conpletion of |pading. Cont.ai pnent, yval.ves 9116 bl ock he ports of each
compocHHAT e F D g RgDay P gPR G hEac SR RnasHORAP HERe R PP  t he
exper i apstkly fidis tHehigaf ety val ves 9118 are actuated during protein |oading,

and prevent 20 sgi | l'age of protein. solution in the event of a failed
i nter f ace val ve. Semilireuies Gamghe clnp o kany beam éorgolicedng aie propesed. i n t he

¢ obnni Hodg R SaRE SPAYEI: BeSd PROA (e Db (GlieShortBhle ol bORYRRI | ¢
hour s lmtween dhalchip anlhengimivaalsuéthbdsdiae bean daskeidedyidlova of 16 um | ayer of

5740 photoresjst, and.is patterned usi ng standard photolithography. The 25
gl ass SAHSSPINGERCs PProEmate: MedmA as belyeth Feveationa! mhq%oé%%e@gw HOl) for

60 m "Mttﬁéphip%ﬁﬁﬁ{birdl%n%hgé&ts%&ﬂréac% H&—%t@ﬁﬁdﬂimﬂ@ﬁh%ﬂfbeﬁ&%nﬂﬁ&tgﬁt ely 80-
gm The chip fabrication protocol just described is only one exanple of a

pd$¥si the chipb dhiswralysef futther shows ¢imt therohgnsampics 4 lergeraegida ncphass spiace,
al t er nat,i,ve enbodi ts, the crystallizati.,on.chanbers and fl ow channel s
coul d 4 nefigs {STRoreUE R et Hvphic cySlTAan SORMEOKar 1 er n of recessos

formed entirely Whifehermh&ioRity D¢ HeaBMSmitbgal HRSEHIFTY a El?ﬁiﬁicﬁﬂ factdd | |
further alternatively, the crystallization chanbers and flow channels

coul d Bersidllizatignpagailyall cangitignain the Hampian scseen prpdyced grystad Bitpevarhe

el ast ' ' - pat fo. I O ' ' e

subst 3&?%919%576%8%:6? (Q) & O’Lﬁ{/%cg)ff 6’3%‘?@?%8%%%%@8%%? yésn?gf?i zation on
clSp imacsedcopis msthbdkobosspondihf tcchip caldifionzanay be bégliciat,anthnobechayer 9106
are loaded wth water at a, pressure of 15-17 psi. Once the control. lines
are fiSPPRGIQA[L a@%%“@ﬂ%bé'ﬁg' 9116 are conpl etely actuated, the

contai nment valve 9116 is released, and protein is |oaded through the
center via 9120 using about 5-7 psi. The 5 protein solution conpletely
fills the protein @i dReagentsaoth Peddeipound wel | 9102. Failed valves, if

resent, are then ident.ified, yacuum grease i s,.nl aced .over. the
Eorrespondi ng scr SQ’\"}ignfrete&%ﬁ‘zS[@Ht y%‘ﬁ%%ﬁgiﬁ&m t@%%&?‘??ﬁf?“&?fi and
PQasi kbeerslips wEieikdRABed ot TampteiResbaitth. A0RIGORE rodind bbRortlpladés @ spar se

matrix screen (typically Hanpton Crgstal Screen |, 1-48) are then pipetted
i nto tREe pricased\from Vé’iéz(weﬁhﬁhgséq!re £).VHEVES veasmireltased GomdiluleadS8, and a

speci §ldu¥s, 386} 0t kflod®d, PRISE FeRLiARE tY8lciMordde, MRfidlidtf GliGRALE @
- obtained from Sigma Aldrich (St. Louis, MO). |
L Glucose isomerase was obtained from Hampton Research and dialyze'd
- 25 - into distilled, deionized water at 4°C overnight. The protein concentration was
approximately 30.mg/mL. Protein was aliquotted into 1 mL samples, snap frozen in
| liquid nitrogen and stored at —20°C.
Proteinase K was obtained from Worthington Biochemicals
(Lakewood, NI), dialyzed for 5 to 6 hours at 4 C into 1 mM calcium chloride, 25 mM
30 HEPES 'buffer, pH 7.0, filtered through a022 m syringe filter, aliquotted into 100 L
' samplés, and stored frozen at -20°C. Proteinase K was approximately 20 mg/mL and the

inhibitor PMSF was added prior to use in some experiments at a final concentration of
1 mM. ' |
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pressurized (5-7 psi) seal over all 48 screen vias 9122. E regﬂ$%
g’&i@% und

solutions are dead end |oaded, filling the screen side of
wel | . to?bf{luﬁ;nd crystal screen reagents are kept separate with the
i nt erface VBN until all wells are Ioaded, at which poPRT/USA¥1083Dnt ai nnent

valve is closed and the interface valve opened to allow diffusion between

15 i quid vol unes prwmzcﬂdatamev&muhmay@sfr@& Sififa-00aRay Ayl s 9102 f.
Chi p Performnce, Ch P erformance varied between experinents. Initially,.
the chi S¥eMBbhIA f-dBtoy mMt BEPES opH 10, eligugtiedriator imle samples praxfrogenel y 30%

However iy Jiqlié futl%%efr‘)&ﬂﬁ Fﬁ%t526°¥p'l§@clf '1.%#‘%@9?&00%‘3& ?D%)Mgtelzr lt'ngﬂ*nirur es out

of 48 conditions. nine chips PStcces
aver ageapt mlmﬁuggbdxtuﬂl(lﬂﬂ vl fon® musges por tohisp, chasging desobdiohyrorh hacki ng t he

protgin I scu tely 3uL. For these experinents, the average
§spg”fe( §%w??n‘b¥%z'ﬂ§ﬁg%§ 58 i

time 8P ment, including filling control l'i nes,

was approxi mately 31%%%5%&&%53@%&5S1gn%ﬂﬁﬂcm digkivedignl y 20
mnutes to set u Thi s set ugbtl me coul d potentlal1y be reduced even

f ur t her O2rYiglaghoding ArstatemH dBbta & fipalsenesniation of 50 me/ohs This soleticshi p, or
th h |
| ouah b S8 AR AR LARToRRT ER0T) AL DIBRBR e o 2

Observati on and Dat a(mhqwaspurbhmgd IﬁgdeGmptdﬂ Ruﬁs@lﬁahCPnoﬁmd chip
exp |rrents wer e observed for hits for up 2 weeks. Unl ess ot herw se

spel f i Fstalizationgxperiments,dhe siecksqlytion EW%*PH!&?"? Bg/ny proteinet3 %2005 WO 0 2108
2 0 4 7GRed{oadd 08 Mone e P‘ﬁB bl wvas Bhiled b‘i;rﬁéﬁtv@lltifd%r QTcFM(t%}.a' S,

spherulites, or precipitate. se Separation-or opl'ets are not
counted as hits. Intsmp@a@e@,tmlsysWas dialyzred fodné homdt#‘tﬁ?hmpﬁaﬂdi n

oy e e Simebloe st AERES Kb el o R Sref Sheoke ' D223t sviner B v |
added ta.qhbﬁecpmt@ @Eﬁ@piefﬁf?&&b %aasd&a%g dvell_s.@wﬂé M&%@%ﬁﬁ%gm wh

probing the crystal wth a crysta npari sons on c
patlSer reppbetimetely &Oemadmlqa:%commmed uhs@ﬂnhmfmmmhmimt basamidiaendi t i ons

roduci,n te and triplica tests ri sons were nade
E uch t hlﬁ% (E“Kk'j)orid&% &5@ PEOEYn Wi é’l“éﬁ‘pf‘gleﬂ%?gétrg‘?qﬁel’ aﬁ‘é\ﬁk’ Hupsdt er ns if
one or iAchip. qfhe@ﬁxb@ﬁ%lf%b%nﬁfagéwega 30K 1Ha, 'A‘rﬂﬂeinﬁnﬂgefd}& BiGRatify 9- chip -

and 10 m crobatch are considered to have simlar crystal growh patterns
i f chi pupunibef anarphapal typeoHBderpisprpdrascaroanpiesr Thiapedtein vors preparebattach 2

prOducﬁgn@enl?ﬂaﬁoﬁofﬁm rﬁ'l(f?nsgl(ﬁémgf?% Futlon rl\gaél liafg %ﬂ'ﬁéﬁjﬁ 93w I mer ase

crystallization was.s up rn-on g| ng crobat ch
ex20r i medt ERISand on si x separate chips. Hanging drop

Negative controls of buffer without protein were set up on chip to help
determine the difference between salt crystals and protein crystals. On chip no protein
controls comprised one chip containing 20 mM calcium chloride, in 25 mM HEPES,
buffered at pH 7.0, and one chip containing 20 mM calcium chloride, in 1 mM HEPES,

25  buffered at pH 7.0. Individual no protein controls for Xylanase, Lysozyme, Glucose
Isomerase, and the B subunit of topoisomerase VI were conducted using the specific
buffers described above. Controls were also set up in microbatch with 1 mM calcium

chloridc, 25 mM HEPES, pH 7.0, and distilied deionized water.

30 . : ¢. Cirystallization Utilizing Hanging Drop
Conventional hanging drop techniques involve hermetically sealing the
" target moleculc(s)/crystalliz_ation—agcnt mixture (referred to as the ‘drop”) over a well of

somic type of fluid with a higher osmotic potential than the drop (typically a higher
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15 experinments were nonitored daily for one week, and then every ot her day
for a second week, mcrobatch plates were observed for twbOREERE2008nd
chips were nonitored for up to 9 days. The results were consistent between
chi ps Wimemosaedier factors (valve failure, failure to | oadrwsolvigereot ei n or
crystal screen) were taken into consideration. Results of these experinents

are SumIRLLZeHn it \é@.%\ LR EEA b iddhcs Do Beliy dtatidtPor RO Brdy with al screen
(reagent i’g%%gPai F@Eg“t‘% %%Sggﬁ’?%sl@cs or prgc):r pflttlat%t% gﬁ{/ of the
exper i aroricomitddt iofretdean 48natretbmsofiirothl thedarght melerwletahd theamgstaliizatthmop

i ments;. f 4 duced hj.ts in the m tch nethod, and 47 of 48
o baucEam i s Siop; ARt pitPr SR dbF Bera Tpel g °
M cr obstttE&ligid phBSNGIdNBoH PRd PhRR! hepuRils indldeahilihb g crobat ch results -

agreed with hanging drop 25 results, where 13 conditions produced no hits -
i n3either of the tdiaginguisep cxnednmests warpartpoms ipresensed Bindrg 24 ayellor

preci pitat e<4h pa t echni.que Ther s_| ess .agreefent  hehween, the chip -
bna e dharofub 8t Rabrron SRR serdei Gy Ve BAG R ETRE Rl PEUER L 0Gi n ©
drop et Bppotdid AndA yLTRhY Erys@PRedni vdie coiBine ficQRARF ¥eslslliBombsQHiuce hits
in the chip, which did not in the other 30 nethods. Table |I shows the

r esul tglagsfcogéralims€he envemlipswasceslsd avéritheiwel sontaining0.6npleef sererhni ques. 69 5
Cct ober,, 2005 /08 204 7 Tabl e d.u QITer ase stallization- -
Resul ts i e°3r/i? a%quhg pé} Ss‘??{f;??ptflfimbleﬁ%teempg;m%%?g?lée;sr agjreerﬁgd) f ér“f)eg{r(%/st als; 5 d
= 10r eQptet e mnitortd forQiystdigk@ekh\Rlly o vEGTHdARAZ bR8 76 tvediviebled. Gluat chhangi ng
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d. Crystallization Utilizing Microbatch

Microbatch another conventional crystéllization approach. Microbatch
15  is similar to the hanging drop technique described above, but involves placing the ‘drop’
‘under some type of impermeable or semi-permeable vapor barrier such as oil. Over time,
in 2 manner similar to the vapor diffusion eccurring in hanging drop, crystailization
reagents promote aggregation of the target, again, preferably in a crystalline state.
‘Microbatch experiments were performed in 96 well plates. 100 pl. of
20 mineral oil was pipetted into each well. T pL of Hampton Crystal Screens 1-48 was
added to each well followed by 1 pL of protein and the plate was centrifuged at 1000 rpm
for 5 minutes to mix the two drops below the oil layer. The plates were kept at ambient

tcni}f)craturcs up to two weeks and monitored daily for.crystal growth. '

25 e. 'Oﬁ-chip Crystallization |
The particular design for the crystallization chip utilized in the
experiments is shown in Figs. 45A-C. Fig. 45A shows a simplified plan view of the
alternative embodiment of the chip. Fig. 45B shows a simplified enlarged plan view of a
set of three compound wells. Fig. 45C shows a simplified cross-sacﬁonal view of the
30  wells of Fig. 45B along line C-C’. This chip design employed metering of target solutioﬁ
and crystallizing agent uti!izing' the volume entrapment technique.
Specifically, each chip 9100 contains three compound wells 9102 for

each of the 48 different screen conditions, for a total of 144 assays per chip. A compound
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the present invention is not limited to any particular volume or range of volumes.

Alternative embodiments in accordance with the present invention may utilize total assay

volumes of less than 10 nL, less than 5 nl., less than 2.5 nL, less than 1.0 nL, and less

10 than 0.5 nL.

The chip control layer 9106 includes an interface control line 9108, a
containment control line 9110 and two safety control lines 9112. Control lines 9108,
9110, and 9112 are filled with water rather than air in order to maintain a humid
environment within the chip and to prevent dehydration of the flow channels and

15  chambers in which crystallization is to be performed.

The interface valves 9114 bisect the compound wells 9102, separating
the protein from the screen until completion of loading. Containment valves 9116 block
the ports of each compound well 9102, isolating each condition for the duration of the
expeniment. The two safety valves 9118 are actuated during protein loading, and prevent

20  spiilage of protein solution in the event of a failed interface valve.
| Fabrication of the microfluidic devices utilized in the experiments
were prepared by standard multilayer soft lithography techniques and sealed to an etched
glass slide by baking at 80°C for 5 hours or greater. The glass substrate is masked with a
16 um layer of 5740 photoresist, and is patterned using standard photolithography. The
25  glass substrate is then etched in a solution of 1:1:1 (BOE:H,0:2N HCI) for 60 minutes,
creating micro-wells with a maximum depth of approximately 80 pm.’
The chip fabrication protocol just described is only one example of a
_ possible embodiment of the present invention. In accordance with afternative
embodiments, the crystallization chambers and flow channels could be defined between a
30  planar substrate and a pattern of recesses formed entirely in the lower surface of the
elastomer portion. Still further alternatively, the crystallization chambers and flow
channels could be defined between a planar, featureless lower surface of the elastomer

- portion and a pattern of recesses formed entirely in the substrate.
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duplicate condition 46 wells showed simlar crystals in the npnms (medium

pridt ei hquid yeldmesnpseskuttin oin) tvarithe3slof testompound ovadlsi$102 | arge sol ution)
wel I's, with norphol ogy depending on the protein to solution ratio. The
| pss (large protein : small solution) well was clear in both cases. The

triplicate conditidn Chip Performance
Chip performance varied between experiments. Initially, the chips
exhibited an interface valve failure rate of approximately 30%. However, later
20  experiments typically had between about 3-10 failures out of 48 conditions. A total of
nine chips had a 100% success rate.
| The average protein solution volume used per chip, as measured by
‘ tracking the protein meniscus, was approximately 3uL.
For these experiments, the average time spent setting up an
25  experiment, including filling control lines, was approximately 35 min, with the fastest
experiment taking only 20 minutes to set up. This set up time could potentially be
reduced even ﬁlﬁhcr through the use of robotic pipetting of solutions to the chip, or
through the use of pressures to load and prime delivered solutions, as discussed below in
conjunction with Fig. 80.
30 _
g. General Crystal Growth Observation and Data Analysis
Hanging drop, microbatch, and chip experiments were observed for

hits for up to 2 weeks. Unless otherwise specified, hits are defined as single crystals,
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failure to load with protein or crystal screen) were taken into consideration.
Results of these experiments are summarized in the Venn diagram
20 showninFig. 46. One crystal screen (reagent #33) failed to produce crystals or
precipitafe in any of the experiments. 33 of the 48 screens produced hits in the hanging.
drop experiments; 28 of 48 produced hits in the microbatch method, and 47 of 48
produced hits on chip. There was significant agreement between the microbatch and
hanging drop experiments: 81% of the microbatch results agreed with hanging drop
25 resn_llts, where 13 conditions produced no hits in either of the techniques, and 26 .
conditions produced crystal or precipitate in both techniques.
There was less agreement between the chip and microbatch results
~ (60% agreement) or between the chip and hanging drop methods (71%). Twelve
conditions that were observed to produce hits in the chip, which did not in the other
30 methods. Table 1 shows the results of glucose isomerase crystallization in the three

techniques.
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Glucose Isomerase Crystallization Results

Key: Al = Crystals;
B1 = Needle; Plate; or Rod Microcrystals;
5 C1 = Precipitate;
X =N/A or Failed Valve ) -
' chip microbatch hanging drop i
Reagent | precipitant salt
number | classification | condition| acid/base day 9 day 14 day 14 -
1 organic low acid C1 Cl1 Ci
2 salt high no buffer Ci
3 salt high no buffer Ci
4 salt high base C1 Cl1
5 organic high weak base Cl Cl
6 polymer high base Ci Cl : Ci
7 salt high weak acid Al T
8 organic high weak acid C1 Cl1
9 polymer high acid Al Al Cl1
10 polymer high acid Cl Al Ci1
i1 salt high acid _C1 Al
12 organic high weak base Cl Al Al
13 polymer high base Cl
14 polymer high weakbase | Al ] Al Al
15 polymer high weak acid Al Al Al
16 salt high weak base Cl1 '
17 polymer ~high base Cl1 Al Cl1
18 polymer high weak acid Bl Bi . Cl
19 OTganic high base Al
20 polymer high acid Al Ci C1
24 organic high weak acid C1 Al Al
22 polymer high base Al Al Al
23 polymer high weak base B1 Al Al
24 | orpanic high | acid Al Bi Cl
25 salt high weak acid Bl
26 Organic high acid Bl
27 organic high weak base Al
28 polymer high weak acid Cl1 C1 . Ct
.29 salt + high weak base Bl ‘ .
30 polymer high { no buffer Cl C1 Ci
31 polymer high no buffer Cl Al - Cl
32 salt high no buffer Cl Al Ci
33 salt high no buffes
34 sali high acid Cl
35 salt high weak base Cl Al Cl1
36 polymer none base Cl C1
37 polymer none acid B1 Cl
38 salt high weak base Al C1
39 polymer none weak base Cl C1 -
40 arganic none acid Bl =~ Al Al
41 orpanic none weak base Bl '
42 polymer low 1o buffer Cl -C1 C1 -
43 polymer none no buffer Cl ot S ‘ - .
44 salt high no buffer Cl Al Al
45 polymer high weak acid Ci Ci Cl.
46 polymer high | weakacid Bi Bl C1
47 salt high acid Ci C1 ‘ Cl
48 salf high base Ci C1 Cl

70




drop 2 w PNSFW PMB W 0 PMBFPNMSFW PVBFW PMBFFPMVBE Rea- pr eci pi
| assificatio salt cid/ baseday 7day 7da 10day 10day 7day 6d2

nunbecondi ti on A6pol ynmer hi ghaseAl X Al alt hi ghweak aci dC1 8r ani ¢ hi ghweak

nt ent
ober 20&15

aci dCl ¥O8/083047er  hi ghci dC1C C1 hi ghci dAI A | i haci dAl RGWESR/10895Kk baseAl B

1i

based dLX Aldof nctr hdsel31A XA X Algof caip he alcreteicsl Al ClhadGiggiaopi C
A200f efrreageht iCpabihBI| 24k gni ¢ hwealk acid AR21 er i hiseAI 2301 cr

base 24} nutibe {iclabsificaion A2ddinealk Ridibes8l |26day e |i dGiy B/r_@ni c day ghweak
A280of e XsgHwesdynae! dALigh2Yal do bhffgahvieakxbaseAl  A80of #rer hoX
buf f er H_AXSS (] GlGinBd A3 Thigh | rnovoffdauf|f er Al G €l C ., Bl X

47 28 33

10

15

20

25

30

Where crystal growth was observed in microbatch and hanging drop
methods, the crystals were confirmed to be proteins by poking the crystal with a crystal

probe. As shown in Figs. 47A-B crystals that crumble under pressure (Fig. 47B) should

" be protein. Crystals that do not crumble or shatter (Fig. 47A) are salt crystals. As shown

in Fig. 48A-B large high quality crystals were produced utilizing the chip.

Glucose Isomerase crystallization on chip vs. microbatch was also
evaluated in a separate set of experiments. The Glucose Isomerase was dialyzed against
deionized water to a final concentration of 31 mg/ml.. Hits in these expeniments were
defined as crystals, microcrystals, needles, pléltes, rods, or spherulites, while precipitation
was not counted as a hit. The microbatch experiment was run for 2 weeks, while the chip
experiment was run for 3 days. At the end of three days, the chip became dehydrated due
to insufficient water in the containment cdntrol tube. The results of these experiments are
summarized in the Venn Diagram shown in Fig. 49.

The identity of the crystals, and the reproducibility of the resulits, was
investigated in the following experiment. The hits from the initial screen, Hampton
conditions 3, 4, 6, 9, 10, 14, 15 (in triplicate}, 17, 18, 20, 22, 28, 30, 32, 38, 39, 42, 43,
and 46 (i.n duplicate), were set up again on a single chip. On the same chip, 2 protein vs.
water controls, and a complete set of watér vs. screen controls were set up. All of the 22
conditions again gave hits. Both protein vs. water, and all 24 water vs. screen controls

were clear (except for some phase separation). The duplicate condition 46 wells showed

similar crystals in the mpms {medium protein : medium solution) and spls {small protein :,

large solution) wells, with morphology depending on the protein to solution ratio. The
Ipss (large protein : small solution) well was clear in both cases. The triplicate condition
15 showed crystals in all mpms and spls conditions, and was clear in the Ipss condition.

The morphology of all the spls conditions was identical, while one of the mpms

~ conditions showed a different morphology.

A comparison of the three condition 15 results is shown in Fig. 50. Many

' of the crystals were large, and of x-ray diffraction quality, showing largest dimensions

greater than 150 um, and smallest dimension of approximately 30 um. The first crystals
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e, shieBlehER s arnrlt w SR Beyorel fof el B Fheof R EPermther SHELL S e
needl emofisied V@t PP OO LR, RRASE Tr sB0d4 8, andiwatkdsspsgkr dofs. e toahé at i ons on
the 10 types of hits. I'n m crobatch, a crystal_ formed in one duplicate and

nekt| ediffigaitty qfcavriallizing prateisasstthdvvo cppditipns, pEteinggeck patdathe inbibitdigi ng drop,
and ongy ki p ir i recl Pl , i t er resulted in needle ’
cryst a&ﬁﬁ'ﬁ%& pgﬁﬁé%)&ag\gls( %@g?&gqﬁiggﬁcpehd [ t‘ggﬁcﬁéﬁfﬁat i ons that contained

acidic - Fig. 52 is a Venn diagram summarizing the crystallization results on

the last day of observation. The results show that protein crystallization of proteinase K
is relatively inconsistent from technique to technique. Out of 48 conditions, only 15
15  conditions, or 31%, gave similar results across all three techniques. There were 5
conditions that produced hits in all three techniques and 10 conditions in which no
crystals or precipitate was found. Eight conditions produced hits in the chip only, 10
conditions produced hits in microbatch only, and 4 conditions produced hits in hanging
drop only. Only 18 out of 38 hits or no hits (28 total hits in chip and hanging drop and 10
20  no hits in etther method) were common to the chip and hanging drop (47%). Twenty out
of 44 hits or no hits were common to the chip énd microbatch (45%). Eighteen out of 40
hits or no hits were in common to the hanging drop and microbatch (45%). Table 2

shows the actual results of proteinase K crystallization in the three techniques.

25 - Table 2.
' Proteinase K Crystallization Results.
Key:  Al1=Crystal;
B1i = Needle; Plate; or Rod;
C1 = Precipitate;
30 X = N/A or Failed Valve

microbatc jmicrobatc | Hanging | hanging chip 2 [chip 3
hiwfo | h2w/ | dropl | drop2 | chipl [w/PMS | wlo
PMSF | PMSF | w/PMSF { w/PMSF | w/PMSF} F |PMSH

Rea- [precipitant
gent lassificatio| salt

numbermn condition hcid/base day 7 day 7 day 10 | day 10 day 7 day 6 [day 5
1 Jorpanic  {low heid ' Al X
A2 kalt high Ino buffer |. Al X
Al Isa[t thigh o buffer X X
Ad  |salt high base C1 .Cl1 X
5  lorganic high eak base , X | X |
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RO e e P 3 o M MDA ISON s IS At B s O
. angl ng G l L(H_ga%i&,l “ﬂﬁlg!h' ey, Ot TP Gty S- Oy Stan Creeng—zo—o9WerE egt ed
in 5 dpophs Qe Fnet T i jie CHiE. T ot [ S dayyapfcrystatrscreeffs =48 werg-sef up
i n anof Nar 1Ll aen TOTLLPERE T or—7{days—Crystaj—scregns =48
m cr obpTGN (e OQgal Ve[0T /1 days. [AS Showm TN Frg-—9%4, 71T [SOPE [Casgs
crystaf a29n&n i n W S G¥RRLaGENCI Ny $TgR{TT[ICant penhydrqtion- [Tabl § 3 3hows
resul ts mf ldepicCr \isdnal T 1iz@t 1 ont Tor beef T1vier catplase. (10 Tafle 3 |Begef
Li ver [Cat7aliasicCr \isghal | Ilzak bae] Resul {s Key:| AI=Criystal; | 131 5 Needle; {.
Pl at e; | ag8 etmer Clhigh Pr dedapididf e; 15| X &1 N'IA or Failed Valve; [chip |l chip |

A29 lkalt high cak base Al ‘

A30 polymer figh no buffer Bl . Al Ci Cl Cl1 Ci B1

A3l jpolymer |ish no buffer Al ! Ci Ci Cl Bl

A32 |ealt high ~ [no buffer ) Cl Ci Bi

‘A33 lsalt high no buffer | - Cl Cl1

Al lkalt high iacid Al Cl

A35 falt high weak base Al C1 C1 - X

A36 lymer  [none base . Al X

37 lpolymer Inone Bcid

A38 |salt high  [weakbase|] -ClI Cl Cl Cl X

A39 jpolymer one weak base Al ‘ ' Bi

A40 jorganic . [none acid Al | Cl Cl Cl Cl C1

A41 lorganic __ [none weak base Al 1

Ad2 lymer = Jlow no buffer Al _ Al Cl Ci

43 Ipolymer Inone mo buffer Al : Ci

Ad4 salt  ~ high no buffer .

A4S lpolymer  high weak acid X Cl Ci

Ad46 polymer  |high weak acid _ Cl

Ad7 Ealt high - pcid Bi Cl Cl Cl : Bl

A48 kalt _high -~ ibase Al Cl1 Cl1 X

49 jpolymer high no buffer X X X X X | X X

50 |polymer  |high no buffer X X X X X X

- 1 1n 13 16 12 10 12 12

These results indicate that crystallization is a stochastic event, depending

on technique, nucleation, and other variables. Hits were seen in some techniques, but not
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chi p 2angi ng drop hanging drop n icrobatc topbottonil2h Rea- precipitant
salt gent classification conditionacid/ baseday 3day 3day ¥ betieiP57da 7
unber lor anic owidXXC A d 2alt . ho bufferXXAt 3alt ho bufferXXCld C d
4al t WhEKEIE C1C 5r anic hweak XXAl G C ase 6pol ynmePCRASEXMBIEXXC 7al t
hi ghweak XXA | cid 83r panic - heak XXCIC C cid 90l ner i hcidXXB1C d BI

100 S ST O A 00 W iR 0 O (e
hanging drop were set up in the same well on the same coverslip, hits were even seen in
one drop, but not a neighboring drop, not an atypical result for crystallization of certain
proteins. Also, although there are many overlaps on hits between techniques, the types of

5  hits vary. Many hits produced by microbatch are single crystals, some hits produced by
hanging drop are crystals and most are precipitate, and hits produced in the chip tend to
be either needles or precipitate.

Fig. 53 A shows proteinase K crystal observed in microbatch. Fig. 53A
shows needles observed on chip. Reagent 30 is a good example of the variations on the

16 types of hits. In microbatch, a crystal formed in one duplicate and needles were produced
in the other, precipitate was found in hanging drop, and one chip resulted in precipitate,
while the other resulted in needle crystals.

The chip was able to produce hits in conditions that contained acidic
buffers (pH 5.6 or pH 4.6), basic buffers (pH 8.5), and even isopropyl alcohol.

15 Furthermore, of the 17 conditions that produced hits in hanging drop or microbatch, but
not in the chip, the reagents ranged from organic or polymer precipitant to salt precipitant,
from high salt to no salt, and from acidic buffers to basic buffers. These results indicate
that the chip can withstand acids, bases, and organic materials used in the Hampton
crystallization screens.

20 The PDMS elastomer material utilized in certain embodiments of the
present invention is generally compatible with most solvents used in protein
crystallization. A nonexclusive list of solvents that are not compatible with PDMS
includes concentrated acids such as hydroﬂuoric acid, nitric acid, suifuric acid, and Aqua
chxa, as well as benzaldehyde, benzene, carbon tetrachloride, chlorobenzene,

25 chloroform, cyclohexane, ether, diethyl ether, isopopyl ether, methyl ketone, ethel ketone,
methylene chloride, petroleum ether, tétrahydrofuran, toluene, trichloroethylene, acetates,

~ and xylene. Where such materials are to be utilized in conjunction with PDMS-based
- microfluidic devices in accordance with embodiments of the present invention, a surface
cohting or modification of the PDMS may be required. Alternatively, PDMS may be

30 replaced by a different elastomer material having appropriate solvent compatibility. A

large number of possible alternative elastomer materials have been discussed previously.
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cidt hweak XXO A CC ase ner hasexXXBI G A C1 polymer i h .eak XXB1C C B
cid. Jrganic hasexXXAlC d 200l cidXXB1ACd er i h anic 2 Ocjobesddqs cjd *
Leh dration 75 5 October 2005 WO 02/ 082047 PCT/ US02/ 10875 chi pl chip |l
chi 2n%1%P§2H7 op hangi ng drop icrobatc topbottonml2h ReReI/pseongist ant salt
gent classificationconditionacid/ baseday 3day 3day 7day 7day 7day 7 unber

22pol yrer hi ghaseXXlﬁl@e@kgvcg’gggl@gm;ghwﬁh xX ase 24r
ani chi ghci dxXCl d d d 25*al t hi ghweak )

Beef liver catalase was crystallized in two chips, two hanging drops,
and one microbatch experiment. Crystal screens 1-48, excluding 6, were tested in
duplicate in hanging drop and carried out for 7 days. Crystal screens 25-36 were tested in

5  duplicate in the chip for 3 days and crystal screens 1-48 were set up in another chip and
momitored for 7 days. Crystal screens 1-48 in microbatch were observed for 7 days. As
shown in Fig. 54, in some cases crystals grew in wells experiencing significant

dehydration. Table 3 shows results of the crystallization for beef liver catalase.

Table 3
10 : Beef Liver Catalase Crystallization Results
Key:  Al=Crystal; '
Bl = Needle;
Plate; or Rod;
C1 = Precipitate;
15 X = N/A or Failed Valve;
* = Dehydration .
chipl | chipl hanging drop!hanging dropfmicrobatc
top bottora § chip 2 1 2 h
iRea-
zent precipitant salt .
numbericlassificationjcondition|acid/base| day 3 day3 tday7 day 7 day 7 day 7
1  jorganic flow acid X X Cl Ci C1
2 kalt high no bufferf X X Al
3 alt high no buffer| X X Cl1 Cl Ci C1
4  kalt ~high base X X Cl Cl Cl
' ' weak
S lorganic high hase X X Al Ci Cl1
6 bolymer  thigh hase X X B1 X X (1
: jweak
7 alt high acid X X Al
weak
8 lorganic - thigh frcid X X C1 Ci Cl
9 lpolymer _ thigh  hcid X X Bl Cl__ Cl __B1
10 jpolymer _ fhigh  hcid X X B1 Cl Cl Cl1
11 &salt high acid X X Cl Cl Cl
weak '
12 jorganic high base X X Cl1 Ci
13 wpolymer - fhigh base X . X Al
weak
14. _polymer high base "X X C1
‘ ‘ weak ' ‘
15 ipolymer hizh facid X X Bi Cl Ci Bi
. weak
16 L;alt high base X X Cl1 Cl . Cl1 Cl
1. 17 _jpolymer - jhigh base X X Bl Ci C1 Cl1
: weak
18 |polymer - high  hcid X X Bl ci Cl Bl
19 lorpanic high hase X X Al Cl1 Ci
20  lpolymer high facid X - X B1 C1 Ci Cl
_ weak
21 . jorganic high acid X X Al

~)
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Cl1Al A aci d 260organi chi ghaci dAl Al AL C 27or gani chi ghweak Al Al C O ase 28of
er hi ghweak B1CI Bl CI Bl acid 29alti hweak C CIClBI O ase 39&FCtelergds -
bufferBl C B1CO A Cd 3lof nmerhto bufferB 1B IB 1CICIB 1 32alti hto

buf f er’YP Y2847 - B 331thto bufferd O ClC A d 34al t hi gheitaGhei@rel d G

35al t hi gheak C C1d ase 36*01 neroneaseBl Bi B1ClI Bl 37of eroneci dxXBlC Cd d

i
]
38al t {t eak| xXC1Q AT ase 390f cuiy ohawpak [ X XClkdnfhEdro iff@Fophnicrobatc %
ani corleci dKX131C IiC | Bl {41r aniwonehesk XA 0 C B1 ase 420! jrerpw. [ o |
buf f erBexCl 0 O G 430f edoneto] buf fler XXBI @ O |44al t hi gho buf fler XX 4bof |
er hi gtl&%%\k rXaGh@it lackldl 460! ef hweak |
number|classification|conditionfacid/base] day 3 day3 jday7 day 7 day 7 day 7 |
22  polymer high base X X B1 S | Cl Cl 1
weak ; 1
23 polymer high base - X X ;
24 lorganic high acid 1 X X Cl1 Cl Cl Ci
hweak
25% kalt high  |acid Ci Al cl 1
26 lorganic high  hcid Al Al Al Cl Cl
weak
27 forganic high base Al Al Cl Cl1
weak i
28 lpolymer  high hcid Bl ct | Bi cl1 C1 B1 |
: weak ;
29 kalt high  asc Ci Cl Cl1 Bl Cl |
30 |polymer  [high no buffer| BI Cl1 Bl Cl Cl Cl1
31 polymer _ high no buffer| Bt Bi B1 Cl Cl Bl |
32 falt high no buffer|{ Al Cl Cl Ct - Bl %
33 alt high o buffer| Cl1 Cl1 Cl Cl Cl C1 5‘
34 kalt high acid Cl1 C1 Ci Cl1 Ci Ci |
: tweak .
35 salt high base Cl Cl C1
36* ppolymer  [none base B1 Bl | Bl Cl B1
37 polymer none facid X } X -{ Bl Cl Cl1 C1
weak '
38  [ealt high bhase X X Cl Ct Al Cl
weak i
39 [polymer none base X X Cl1 Ci Cl1 Bl
40  |organic fone lacid X X Bl Cl1 Cl Bl
weak '
41 Jorganic none  |pase X X Bl Cl1 Cl1 Bl
42 polymer  [flow ho buffer| X X Cl Cl Cl Ci
43  |polymer none no buffer| X X Bl Cl Cl '
44  salt high mo buffer| X X
: weak . -
45 Jpolymer high- Licid X X Ci . Cl
fweak :
46 jpolymer high acid X X Bl Cl1 Cl Bt
47 galt thigh acid X X Cl ~ Ci Cl “Cl
] 48 palt thigh base X X Ci Cl
- X49 polymer high no buffer; X X X X. . X X
X50 polymer high no buffer] X X X X X X
sum 25- ’
36 12 11 11| 10 i0 6
um 1-48] 12 i 43 .36 36 28

Beef liver catalase shows more promising conditions in the chip than in
conventional hanging drop techniques. 'As shown in the Venn diagram of Fig. 55

conditions produced hits in the chip versus 36 in hanging drop and 28 in microbatch,

S  Only 2 conditions resulted in no hits in any of the three techniques. This was contrary to
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xXBI C1Cl Bl cid 47alti ghcidxXd C1Cl A 48alti hasexXCl Cl X49Pol rrergo
buf f er XXXXXX X50pol ymeri ho buf f er XXXXXX um 25- 12it111010 %‘%2 05
1-48121143363b28 Beef |iver catal ase shows nore prom sing conditions in the
chi p tW&P2{08204gonvent i onal hangi ng drop techni ques. As miwusvzig7she Venn

di agram of Fig. 55 conditions produced hits in the chip versus 36 in

hangi ngxpkictitions thatBedf MivEl GiARRLS R difficEi biotdn ¢OBThhlIRRS s sHbgd 1N no hits
in any of the three techniques. This was contrary to 76 5 t ober 2005 WO
02/ 082eesrapltTeNgssd cnERISneuhe? put ¢fASscrdeas. beef |iver catalase is a
difficult protein_dt. talll . n._-research report crystals in
only 2 out of 48%‘%‘?911 eﬁ?ﬁﬁmtﬁgﬁ%&@ P%{a'mggéﬁﬁﬁgﬁﬁrgﬁrP?glae F'ﬁ%?bﬁﬂb chip m ght
m m ¢ thmditdrcooydhoging dapdiHdwedivep\ e chippeidugedifeanlis iewaN@Har thhe chi p

pr oglucgd r.esHI ts, nmore simlar to 5 han?i ngl, drop than m crobatch. Thirty-six
out> of "AREIE FrOPJhargicrphaichy ity SR of 48 ffEOr Rihits Wt IREMRATHG the op (759 _
Twent vy chibR8d Bdh o . . f 997 ' nmon bet ween
t he chi plpa_nd mgcirq%f)lg)tE éﬁ%ﬁ?«%@?ﬁ&@ﬁ%&géﬁ?@é@gg@ 7@5“58??119(563@0@

r es pecWerameonmpen bayggerstho whiptandtmipmbhich] angrbetwteal mpeotmtahstngd|hangiot ai ned by
convenP} %nlaelS élcgivc. crobatch techniques resulted in a norphology simlar to
crystals*for 6 chi p (Fig. 56B). Eight out of 17 hits that were needl es
in the chip wereFi SoAnaeds et beeriver @ltatheltrydtals Boina thadav&@@sndlr ypsi n
Crystal Lization Bovi ne Pancreas Trypsin was set up once each in hanging
drg(g, micrbatehy sshpiguesgamited ipa mosphplemotimilar porygtpls fermedin obip 6@ chi p, and
condi tsemp Bignelhi ofPf RilSlat #eroQieoed R dniphdte ol EdlELirGRAI N

condi tions 25-48 | ost contal nment on day 4, buf no ¢hange or Few changes
are expected in those conditions after day 4. M crobatch and hangi ng drop

experinments were obseéve_d %or 7 dﬁ%]sz .agfj m'i;_robatch crystals were
confirmed, siniléar to°gri€oseFEoePas TYSER ‘ﬁat&"‘crys;al probe- Table 4 20
sunmari zes the dBbdnt PARBERCTIGHARWaEBRup iRBLEH inBANERE &gficr eas Trypsin

Crystallization Results.
microbatch, and chip. Conditions 1-24 were set up on one chip, and conditions 25-48

were set up on a second chip. The chip containing conditions 25-48 lost containment on
day 4, but ne change or few changes are expected in those conditions after d_e-ly 4,
Microbatch and haﬁging drop experiments were observed for 7 days and microbatch
crystals were confirmed, similar to glucose isomerase, with a crystal probe. Table 4

20  summarizes the data from the experiment.

Table 4

Bovine Pancreas Trypsin Crystallization Results.
Key:  Al1=Crystal; ‘ '
25 B1 = Needle; Plate, or Rod;
C1 = Precipitate;
X = N/A or Failed

- microbatch | hanging drop chip
Reagent iprecipitant salt - ‘
number _ [classification [condition @acid/base day 7 day 7 day 6
1 organic flow bacid ‘
2 salt high Ino buffer
3 kalt - high ko buffer
Ad salt high base Cl Cl
5 0rganic igh weak base :
6 olymer igh base
7 galt igh Iweak acid
. 8 organic thigh weak acid
9 Ipolymer high cid ' Cl1
10 olymer high facid
11 salt high hcid
12 orpanic high Jweak base
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Key: Al=Crystal; 25 B 1 = Needle; Plate, or Rod; G = Pre . X = NA
led M | i FUREE

or Fai
4a L6

| ed m crobatchhangi ng dropchi Reagent precipi tant al

nunber cl assi fi cati ononditionda 7 Ir anicowid 2altho buffer 3althto

buf f erW2AAPE204haseClC 5r ani cheak base 60of erhase 7al tHEKSRODEIS8r ani Ci

ht eak acid 9of erii' hcidd 10of eri hci d llal thcid 12r anici- heak base 77
5 Cctoper 2003 WO 027082047 RCT7 USORZ] 1 g mhcrobgrt chhan 1.n drojpchi
ReagenF reetpitant—art|aci-ti-Haseday 7252 ’m fLryangmg P chip
el BRI ondiit | on |130f o i ghase [L4' hi ghwehk base of | er AlSof
grﬂggrk num ! 5 as it@%cgaicgndlt% wd/base gaé? day'g A (gy(?
ol‘ﬁmcr’ high base
14 olymer high weak base
AlS olymer thigh weak acid Al Al Cl1
Al6 calt high | Jweak base Ci
17 olymer high base Al o - Bl
i8 olymer igh weak acid : Cl
19 organic high base Cl
A20  Ipolymer high acid ' Cl
21 lorganic high weak acid
22 olymer high base
23 olymer high weak base
24 organic high . jacid
25 alt hiph weak acid
26 organic high acid Cl
27 organic high weak base X
A28 olymer high . jweak acid
29 alt high weak base
A30 olymer igh o buffer Al Al Al
A3l olymer high no buffer Al C1 Al
32 salt high no buffer Ci
33 kalt high no buffer Cl
34 isalt high acid '
35 salt high weak base
36 olymer MOnRe base
37 olymer none pcid
38 salt high weak base Ci
39 lymer none weak base| C1
40 rganic none cid C1
41  prganic none weak base
42 olymer low no buffer C1
43 olymer none no buffer
44 salt high no buffer
45 olymer high weak acid Cl1
46 polymer thigh weak acid
47  kalt Thigh cid ~Cl
48 alt high hase
X49 olymer thigh no buffer X X X
X50 olymer high mo buffer X X X
4 11 - 12
As seen in Table 4, 28 conditions did not give hits in any of the three
methods and only 3 conditions gave hits in all three techniques. Seven conditions
resulted in hits in the chip only, and 7 other conditions produced hits in hanging drop
5  only. No conditions were unique to microbatch. Despite the unique hits in chip and

hanging drop, there is good agreement between the three methods. Thirty-two outof 48
conditions produced hits both in chip and hanging drop (67%), 32 out of 41 conditions

 resulted in hits in chip and microbatch (78%), and 31 out of 41 conditions gave hits in

microbatch and hanging drop (76%).
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17o0f nerhi ghaseA]B 1 18of erhweak aci dCl 19r ani chaseCl A20qf erhci dCl 21r
ani chweak acid 22of meri hase 23of meri hweak base 24r anitPCiRRE] #0055, 1
hweak acid 26r anichaci dCl 27r ani chweak basex A28of meri hweak acid 29alti
hweak WASEO8¥300l ymeri hno buffer Al Al Al A31pol ymeri  hnoPEufuker ABGLA
32altho bufferd . 33althigho bufferCl 34althighcid 35althi ghweak base

36pol ymer onease 37p O3 3ATRHARGS I SBalcldAVBFfsiR aBRtals 38rRIaRIERIbaltRSeC 40T

ani ci oneaci dC1 41r ani coneweak base 42of “erowio bufferC 43Po| ynmer oneno
buf f er Haai88 shemes Bayifepanaies trgpsin oryelaks abstieyl fpgpvtheahimeak aci d 47al ti-

hci dC 48al t hi ghase X49of eri ho bufferxXX X500f erho bufferxX X 41112 As
seen in Table 4, 28 conditions did not give hits in any of the three

nmet hods and only 3 LondisbhyansCeawdlizaibs in all three techniques. Seven
congltlons resulted in hits in the chip only, and 7 other conditions

produced hits in hahlf fAysaligption %%xﬁozme@@ﬁ&m"a% e gpicrphatcho
m cr obghg i hiRsm dBp! pﬁts'x'ﬁ'{tﬂy@e)mehﬁleh& Wat ReBRE as crystals, microcrystals,

needles, plates, rods, or spherulites, while precipitation was not counted as a hit. The
microbatch experiment was run for 2 weeks, while the chip experiment was run for 7
days. The hanging drop experiment was terminated after 3 days due to temperature

10 fluctuations that resulted from.thc plates being left in direct sunlight. It is likely that had
the hanging drop experiment been continued, further crystallization conditions would
have been revealed. The results of these experiments are summarized in the Venn
Diagram shown in Fig. 59.

| Inspection of Fig. 59 shows that the chip revealed the most
15 ‘crystallization conditions, and that approximately 40% of these crystalliza‘ﬁon conditions
. were also observed using conventional tec_hniciues. This agreement may have been

improved had the hanging drop experiments not been terminated prerﬁaturely. Also of
note is that aithough Lysosyme is typically considered a very easy protein to crystallize,
and gave numerous hits both in chip, and in hanging drop, it showed only 4 hits in the

20  micro batch experiment..

Contrary to the results for Glucose Isomerase, in which crystallization
was accelerated in chip, crystallization of Lysosyme. was slower in chip. While one day
revealed 63% of hits in hanging drop, and 75% of hit in micro—baich, only 1 of 23 chip
hits occurred within the first 24 hrs of incubation. -

25 ’ All three methods produced large single crystals of x-ray diffraction

quality. Figs. 60A-B show a comparison of crystals formed in chip and microbatch,
respectively.
_ - m. Xylanase Crystallization
30 The crystallization of Xylanasc was evaluated, in chip, microbatch, and

in hanging drop. Hits in these experiments were defined as crystals, microcrystals,
needles, plates, rods, or spherutites, while precipitation was not counted as a hit. The
microbatch experiment was run for 2 weeks, while the chip experiment was run for 10

- days. The hanging drop experiment was terminated after 3 days due to temperature -
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hangi ng drop, there is good agreenent between the three é E’ Q%I rty-two
out of 48 conditions produced hits both in chip and hangi Sfpz §7% 32
out of 41 conditions resulted in hits in chip and nmicrobatch (78%, and 31
out ofWQPURBAHI ti ons gave hits in nicrobatch and hangiPeF/EHPOSTT6% . 78 5
Cct ober 2005 WD 02/ 082047 PCT/ US02/ 10875 Fig. 58A shows Bovi ne pancreas
trypsi Qubfuy@dd! tRatRESREY §end e rfi‘leﬁé%g?i&ﬁ m Elrgct sedBhe NRYS 1IRQY i nRANCT eas
trypsin crystals observed fromthe chip. 1. Lysosyme Crystallization 5 The
cr yst atheihaagingresf eﬂpﬁsomyhbemn&mmduﬁ-tré@r criystallipiton gondrimpaveild and in
hangi n 0 t hes er i ment.s ver.e deflned as 4Cr stal s,
m crocﬁ@‘%tba greve%%ddﬁgsresﬁﬁ%?g 55 B c“mglr] $P 2rnaeed 0 e"“prem pitation
was noDifpeatntshewasn Bighet.. The mcrobatch experl rrent was run for 2 weeks, -
while the chip. experinent was run days. hangi ng drop experi ment
was® t er mi nat ed aftéﬂs@cﬂwgfﬁlﬁeéléh‘t"\é%‘bé‘r%i/elf’@hﬂ?‘tf FUERIB ¥TONns t hat
resul t edr 8410 EenBlles B hhe High&lquig lcblths, tolh inopll kel v that
had ﬁ:‘ﬂ iangﬂ! ng d ngn% %ef#%ﬁ!tbg{géen gonhl nue% y W%Ser ocrfllstaﬁ l'ization
condi tamhm mowtdtchhwer fosved usue edrelition e Flgs@m\sB showhasempaneenioffent s ar e
sunmmar j, z nn Di a shown CtIO of. F|g 59
shove PRSs crvalseproy i puneB el ek scpbiel VBRE B B0 BiePons, ~and
that appeRkitdBdcahed Mﬁﬁmetmam @ YifcuBhth dnzatolfm Tanslhits 8&kurrewR € al so
observed using conventi onal tec nlﬁues hi s agreement may have been

i niék oviagulpptipnitimeesiasenseribanid® prse itianidswasoepiodesedivaitinbdelded prenmturel y.
AI SO Of.4 | very easy
o ororleapRBy b bRk bt BB SRI MR EollY LS il oSBT
hangi ngurteop7 day inshieamked. qblkeye ékybthtss;mm td Rel stk (BpsibR. mpﬁb oVEPRIghiTe nt
Contrary to the results for d ucose |sonerase, in which crystal I I zation
was ac'E%fP longttiser fon comiablormation.anensistanbresults, Egcé@lgylﬁ@lbﬁagu@r swevthioh chi p.

Wi | e I [ _ | of hit in
i cr o- Baroi e shERERR (Bl iAo bl QuaRie A8, O B0uafRRIPILY 50 | <oy
| fdubaXylanasedb chipl t hree net hods produced | arge single crystals of x-ray

diffraction quallthﬁ1 % 60A- B sh% a conparison of crg/tals formed in
chip and m crobat chthe IREERRLERN prerifed By Hampign Resparchdpdisates hat 4t i on The |
cryst ak{jagael AR bet:q?ém@iaaa@mwa/ﬁv@o@@&ﬁ sowﬁbnc,hl bH Pl aPats R, anf 1 n
hangi ng” drop. Hits’in these experinments were ed as crystals,

m cr ocat genegngrationsdmtivess, 0.6 land éé Mpbdsntwgrsegqmeleupamts wmystenphem pitation

Vas nos}cre%%%?tfﬂanase VS. l%fa/‘[( P-Losphate was conducted in chip.

20 One experiment tested 50% stock Xylanasc against a grid of Na/K
Phosphate conditions, covering pH values from 6.4 to 7.8 in steps of 0.2, and
concentration from 1.0 Molar to 3.0 Molar in steps of 0.4. The other experiment tested
25% stock Xylanase against the same grid. After 1 day, microcrystals (less than 10 um
largest dimension) were seen in both experiments for all pH values with concentrations

25  higher than 1.4 Molar. The wells showed no further change for the next 6 days.

 On the seventh day, large plate/star structures where observed in the
~ same condition (pH 6.4, 1M) on both chips. The 50% Xylanase chip showed this hit in
the mpms (medium protein : medium solvent) condition, while the 25% Xylanase chip
_shoWed the hit in the Ipss (large protein: small solvent) cohdition; consistent with the
30  concentration of protein being similar. These hits are shown in Figs. 63A-B. This result .
- indicates crystallization of Xylanase to be sensitive to changes in pH and changes in Na/K
Phosphate concentration. The chip/chip correspondence also shows repeatability to be

gbod, even at long incubation times. Although the hit did occur at the comer of the grid,
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m crobat ch experinent was run for 2 weeks, while the chip ri '
run for 10 days. The hangi ng drop experinment was term nat g@%&?bﬁgg&g days
due t OwbhePRES g ure 79 5 Cct ober 2005 WO 02/ 082047 PCT/ US02/ 1087i
fluctuatione that resulted fromthe pl ates being | eft iRCTHI502@e87Sunl i ght.

It is likely that had the hanging drop experinent been continued, further
crystal‘h? sttt Suthepaiizests fsit woan after ﬁaiaﬁ,bemdmom/caaﬂhedhlpT\h&emesul ts of these

experi I n.the Venn own  in Fig. 61. 5
| ns pec{g:a gt%é On?i&%l%{ﬁ@%?; s‘%g'ﬁl\%d FfsPrearatpn), ‘F‘fé%ntlot"g‘ﬁﬁeri’e&myp“’%rsbowr epr oduced
i n hangiystpilitzatipnor m cro batch. The highest quality crystals, both in.chip,

and in mcrobatch, were fornmed using condition 14_ Figs. 62A—B shows a
conpari son of these crystals, grown in mcrobatch, and on chip,

respectively. Wil %6C§)§u¢1&%&1{§#}8{5§| e(t&gé% hits occurred within the first

day of incubation, ite occurred at 10 incubation times
greater than 48. hi sThedirsdbmmbmft&pﬂmmcra&Wdeeﬁemﬁ thipabsihd thd edundancy in

a subs Xperi men and showed only two occurr at 72 hrs)
duri ng?gwgg CQW&’EFB%P\t ﬁrseﬂ?é’g’és‘trie%tgfl@pﬁf‘é%y ¢feen %(H:(ég'()appr ox. 100m
over - niHghipton FHetal 88@eh INBIADY, MaVSh&h1d IR §Q8en nr(wm?] @ e;;gsdul ts, and
qui ck subﬁ g'gem rowth of the crystals, suggests that af T oR i s the

rate | FHRY VRiymead protgin S@Flgi@@laY45|azattlaibdm(58fuLJ)5)wtkz camtasie wiere mmipne 281 The

i nf@r es that Xyl anase can be
crgl(gt ﬂ?géek ﬁgl}éhg(%%a?ﬁlgﬁ 0arteagol u eﬁnl? a pid FRAYECYF #*F t0 8.2, and
at con@bnlatedtmd‘lahietﬁet ween O. 6 and 1.4 I\/bI In tvvo separate experiments, a
systematic screen of Xyl anase vs. Na/K Phosphat e was conducted in chip.
One experinment tested 50% stock X ainst a grid of Na/K Phosphate
condi ti ons, covering p@@b%éof?@ﬁlﬁmf@%%%ﬁﬂlﬁssteps of 0.2, and

conce tration from1 Q Mlar to 3.0 Molar in steps of 0.4. The ot her
exper | Momholagyt ed P2HGSH ock Xyl anase| HE8Rnst the |s&m®E grid. After 1 day,

m crocEystadd s (1 ess than 10 um |ardgest di mensionf) were seén 1 n botjh

experj piarss for al|2pk e/B7 wesc whBh cloggcent rationg 31@52@ gher—ttam 1. 4
Mol ar{. The wells s1ggvaql no further ghange for the hext 6 days. On te

sevent Nedes arge psagoe/ star SLIULLures wher-e ONyefgre H—the~—sane
condi (pl'l 6.4, Y om—pottr—ehi ]:IS‘ I"“"‘ 50%Xyhrafase—<chi-p—showedjt his hit-
not @R Aoral T T P60 428 N L TR L e thd 250

I URpN)
Xyl an ﬁmr}é#’b‘;\al%m\g&’ O ’4‘1‘1"{5 304 he Op%‘%%(?]a?@e ;?rpépéizn“ ¥nal | soljvent)
condi M&_ﬁ with the 30 cdncentratjon ¢f protein being sijmlar.
Thesd A88T€83%6 e sholwbSiT8.F8.36158687B.| This resul t | 16/16{35x8685, 31, 83t alll i zat i on
of XyLanase to be 5¥h33.2p3é38d7chandes in pH and|changes in Na/K Rhosphate

concdrtast€omhtiomhe| chi p/ chi p corresgjaagence al sofshows repeatabil1ily to be
15 ‘ ' _

The chip shows many large plate crystals with some of sufficient size
for x-ray diffraction. Two examples of these plates are shown in Fig. 64A-B. Prior
~ experiments have revealed that the B subunit of topoisomerase VI crystallizes well in
PEG condluons and typically displays the plate morphology. The chip resuits
20  demonstrate an excellent reproduction of this behavior, with all 14 plate hits being on
PEG conditions. Furthermore, the chip outperformed the hﬁnging drop and micro batch
experiments, showing more frequent hits. Comparing the chip results to those of micro-
batch shows that the chip uncovered 23 conditions that gave rise to plate crystals, while
only 10 were discovered in micro-batch, Furthermore, 6 of the 10 conditions that -gave
,25 crystals in micro-batch also gave crystals in chip, while 3 gave granular precipitate, and
only one did not produce a hit in chip. Lastly, crystals formed in micro-batch were not

present for several days, while chip crystals began to form in less than 6 hours,
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good, even at long incubation tines.. A though the hit did r he
corner of the grid, 80 WO 02/082047 5 Qctober 2005 PCT/ Uso3 PEies 2005,
resul't further suggests that even after 7 days, conditions on the chip were
not sWPOREEM#t 1y bl ended (in pH and salt concentrati oGT/B$2498%0 nake
nearby wells show crystallization. 5 10 n. B Subunit of Topoi sonerase VI
The B subunit of topoiMgrevasmuvls was tested in chip against the follow ng

3 comer ci al spars mat ri.x screens ton,Crys . cr en | (HCS 1),
ot on Cryst ol - Sor BRI CRRESS el i MRS P PRIPITSLRE PR (W 72).

Si nce Qwswlﬁvermbh cHRIAWTECIOPs PeRiRl Bp 80dsttHiba] MR pratvdichabllRzdied uL), bul k
controls were not done. All "three experinents were incubated for 8 days.

The r e$¥PrENgs. t hadé calgwey shlendes 25 meM HEBRES .l d.0 wasTussd es snegrtiyee 5 B :

Pl af 053361 d A0 REEE Rud Aol JoBE A REERR MO A B 515 o,
1, 1016 nkgatdletoBirddiodBoWhe panceiay stypkia/(calcium chloride concentration should .

4,3,30,32 35 48 31, 4310, 24, 23 31,3620, 30,32 44,
Agor eqllben A0l bensaniigins pyiioshiiiosiagos As) Gonisds yronlsatetas, 47

Lost Copdh H:&Bl?a%h %Yd HASi L JQ? WVFmRFEMc:uﬂ{ Soid 206 NISEPES, piWy ) SOme of

sufficient size for x- fraction. Two exarrpl es of these pI atés are
shown iand Ajtgred @wsnlled déiphiged wapper Spenific ndravaeinopaidls drespeative heffy withuni t  of -

o 301 2SR RER Mer R By By Tiecb S eiat oo g AP RBPXcel | ent

r epr odiggpoisohefise M1 WiRRE aMis@ils hatk bBerteportdd, Rhéke phittis cbRirsle wake clear.

7. Analysis of Crystal Structure from Protein on Chip
The utility of the chip is ultimately dependent on its’ ability to quickly
15  generate high quality diffraction patterns at a reduced cost. A clear path from the chip-to-
protein structure is therefore invaluable. Several paths from in-chip crystals to diffraction

data are discussed below.

a. On-chip Crystallization as Screening for Reproducing Crystals Using
20 Conventional Techniques
One possible application for a chip is determination of favorable
crystallization conditions that can subsequently be reproduced using conventional
techniques, Correspondence between the'chip and two convéntional techniques (micro
25  batch and hanging drop) has been shown to be variable (between 45% and 80%).
However, this variation is not a feature unique fo the chip. These widely used |
crystallization teéhniﬁucs show only marginal correspondence {e.g. 14 of 16 hanging drop
hits for lysosyme do not occur in microbatch) , and often show variation within
themselves, for exampie Table 2 (Proteinase K). Asatool for screening initial
30  crystallization conditions, therchip may be able to identify as many promising conditions.
| - Fig. 65 shows a comparison of the number of hits generated on each
_.protein using the three different technologies. In Fi-g. 65 only crystals, microcrystals,
rods, and needles are counted as hits, while spherulites and precipitation is not counted.
The data on Proteinase K is a sum of the experiments with and without PMSF, and data

35  for the B subunit of topoisomerase VI has not been included for lack of hanging drop data

82



PEG condi tions. Furthernore, the chip out perforrred t he hangﬁ drgQ{)%
mcro batch experinments, show ng nore frequent hits. Cﬂ‘ﬂ’ hi p
"results to those of mcro- batch shows that the chip uncovered 23

condi t PN AREY gave rise to plate crystals, while onl pCt@swere7di scover ed
In mcro-batch. Furthernore, 6 of the 10 conditions that gave .25 crystals
in nicrihatgthalhip A EeFfonbRintcrbbat iR ,thlweéée? ﬁmS&Yi%n%ﬁ-‘ﬁﬁsJ 631
precipitate, and only one did not produce a hit in chip. Lastly, crystals
formed shewsithaten faf e Gaases, thechipmredesed mase hﬂeﬁ@ﬂallthdag@vemﬁndaé chi p

crystal !%l?ltflgg Qng)pfoklg[:&%lh&cllgé 2 tﬁ@?n 8 trllgna'i ?eghlﬁxqgés Ty oll%b 5 2@035g¥\0u82{3282047

PCT/ US02 Ve contro

chi ps tmoi'eeﬂaporahlemtsluity protein crystal s versus salt crystals. Chips were
setong as descri I—Ed for ﬁ{l tein stallization experinents. 1 nmM calcium
chl dride, 25 mM HEOEST Q) f%awél eepgesRetuceiuguttaligatpngetheds tof or

prot ei na&ﬂ.fypagmblg%mxﬁ%pma%&nh9r IR crdp T E&%@Fre@lét% Ht elﬂgﬁh}ééeo' as a

negative control for bovine pancreas trypsin um c
concentfﬁﬁtbp‘éﬁﬁfgﬁ'éﬂ?ldelffefhla\ﬁberb@émnalmcwmdmdnmbmsmmencﬁljcdngdohd: eralgde was not

added) .g 1 in mecr ch an op: wth 1 nM

- cal ci um gjg{% d‘sﬂ X\gér%r% %ﬁsﬁ@zmﬂﬂfp?nﬁmus Ietcgfs li t'é’ﬁlef‘g@&“ﬁ@iyonl zed

wat er . famnhzéu(mpaaamranmlcancnﬁﬁut)r m{csmérnaﬁnﬁfets¢ ¥éndididsabnpetdughQop 0- prot ei n).
done f or ‘dﬁsosyms G ucose | sonerase, Xylanase, and the B subunit of

tod i s SRl Eowah to g e crystals have been reported, the no-protein

controls were clefifere fe al S AU FSeR o8 rcg%ﬁgugkﬁ%gﬁﬁkurlﬁ (I‘Lgltl';gel £a?ur%{ n,on Chi p

The utility of the chip 1s ultimt on’ i l?)“qwckly

15 gen@n@tﬂé gmvgih tquhltm bysmthbn‘tech@ihlhmupmhnm ofnat c@sraﬁdueﬁﬁhmﬁt A cl ear
pat h fro rotel n %s]truct.ure s -t herefore inval yabl e- Several

paths lyn Irgﬁl'gﬁ SB‘W urplon, gueip3tionds rapih and mapy spplldoyquelibacmgplsw,  a.

On- chi podyrofchdel forAdd. QR ﬂ?esm&rne&md%q;omﬁe[@&m&dRfe'daqdﬁ?o}é%tfa' s Using 20
Conventional Techni ques One possible application for a chip is

det &r niSFRAFFASHaben fsagbicwdst through Jlmpnipulativonf Gendativonsd sheautean
subsqu&%h&aﬁ?&léﬁgégﬁl%g%gﬁ ganvent ional techniques. Correspondence

bet ween WO conven onaI techni ques (mcro 25 batch and

hangi ng dr op) hast\ hﬁﬂp‘ansdstomnhbghm spadel vbluRichgLiteti AhIOtRO ehr&DY) - -
However ariation is not a feature unique to .the chip. These w dely

used éHfr 2518 518 ééhFPh@ééﬂlgmﬁtWM#fgmﬁé!ﬂg(%ﬂh%@mﬁﬂim (e.g. 14
of 16 haqmmgn&imen k&!truﬁdér(ﬁ:nple 5%[ ﬂ?er?oﬁttlgg daﬂ[l_&%qgéﬁgﬁt , and

often show variation wth ensel ves or ex r ot ei nase
K) 20 As ogcurpover tire. @drcecelmtdgthlemﬁbrcactnd?,@o samypsit ahlyi zﬂhglorpomrmlphmns, the chip

Ty e AL Syl R AR RS R BRSO T8 o0 Shove @
Hanging drop starts out like micro batch, with rapid mixing of the two
solutions, but then undergoes a concentration on a longer tirnescale (hours to days) due to
vapor equilibration with the more.concentrated s—a]t/brccipitant reservoir. During the
25  evaporative dehydration of the drop, the ratio of protein to precipitant remains constant.
As described in detail below in the description of Microfluidic Free
Interfaces, on the short time scale the chip dynamics most closely resemble a free
interface diffusion experiment. Mixing is slow, and the rate of species cqulhbratlon
(protein/precipitant/proton/salt) depends on species’ diffusion constants. Small molecules
30  such as salts have large diffusion constants, and hence equilibrate quickly. Large
molecules (e.g. proteins) have small diffusion constants, and eq_uilibraté more slowly.
Fig. 67A-D show photographs of time-resol-ved equilibration of two dyes
in three compound wells. The dye used has a molecular weight of approximately 700 Da.

- From these pictures the equilibration time of the dye is estimated to be approximately 1.5
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protein using the three different technologies. In Fig. 6558% £ tals,

m crocrystals, rods, and needles are counted as hits, whil%®e gr it es and
precipitation is not counted. The data on Proteinase Kis a sum of the
exper iTWBA¥S204% h and wit hout PMBF, and data 35 for the IERUBIAPESOf

t opoi sonerase VI has not been included for |ack of hanging drop data 82 5
ot obehod0 P oAR AR A B0 H8P RO b iotoughestillut droT
outperforned mcro-batch in this case). Inspection of Fig_ 65 shows that
in 4 ofiffusengimesses, the chip produced nore hits than either conventional .
met hod. Only for Proteinagse K did the conventional techniques provide
significantly npije favatablg fesults= fehdlofifler t0 understand differences
between crystallization 4®thods to identify possible reasons for )
productivity of the chip, we nust appreingésedifisionlergthhige net hods
praduce different thernodynam ¢ condif :diffustdh REdcisdiort- and long tine
scales. In order to induce protein crystallization, one nust make the .
cryst j } et Ca rathan:.condj tion), and
mai nt ?Eﬁeﬁ%ie}gg{bc(gﬁl&tg ?%ﬁi’@ﬁcg’ﬁ&"?fe‘g%gg #eg% %9@%1}?@%&5'& O\A/Itoﬁ’%kgf occur. There
are al thoreflirt ie penOValdlyr @de rodt cfupalesdarweghion. 1 n | ow supersaturation,
crystal growth tends to be suloported, whi | e nucl eation of new crystals is
relatively unligsgly. lj(ﬁ_]hj,cg.h_symé,@at ur ap 9Qifilkis &rffidentt S rapid, and
many small low quality crystal’s’ may often be formed. In the three nethods
cofsi dered here, the condition of 15 supersatdinsiof gyratisn;amdi eved t hr ough

t he mani-pul ation of the relative, and abseal=ineleculapnesghitr ati on of protein
and counter-solvent. A conparison of the phase space :
evolution/equilibration of the three, nethods is shown in Fig. 66. For the
ni cr o HasApPared withdheroughyli Ny equilitiationsggme fonske dyss angppigxéRateand when kept
under J [l i hani £ rafd 20 occurs
over 1S TBRRR Wip e B Se2d Kb R hink BB SN BAIA GR O0 0%T
pHase apppatmatchypd Nhairni The eq@plitraiiomtiale)fot H emslasmt chnmhioldcalr exitht bf ne.

Hangi op starts oyt like mcro batch, with rapid m xing of the two
B0l st i e e

sol ut Pefoe SOt TBBHPat i on on a | onger timescale (hours
to days) due to SymRffer BN RiGEIERaWet BreldpendD e lﬁﬁ[&ﬁ@&ﬂc@h&% al t/
precipitant reservoir. During the 25 evaporative dehydration of the drop,

t he r i the pfotgineide has changedoiepi lithe: whiderthiesslt comentration hassinceseditbed i n

detail_bel.aw ip the, d i pti M cr of | ui di.c F | f th
short PEaL e PatitRuE el Rined B dhe FAER a1l irblEnafd SV GRS, or T ace
di2bf usiexn, axpe tihrmma})pr&hmgm 45 BV thepdtdih Coic@h@a@dn &RERbags.equi | i bration

(protein/precipitant/proton/salt) depends on species' diffusion constants.
Smal | ngresing dsthesolvenictide and deersaging en thg pyete sideysThmfieadd psetedt s, and hence

equi | icBﬁ@énﬁgﬁgﬂ fskcln\éf,- Ia%@ﬁ SecPRIRE Lsﬁg’ﬁ%f ée?atg/c RERBE! 1585, BV Bldcedll T usi on |

constants, . equl ate nore .
occurs on the solvgnt side of the chip, with solvent concentration starting at its’ highest

value, and protein concentration starting at zero. The chip therefore samples more of
25  phase-space, and consequently has a better chance of detecting conditions favorable to
crystéllization. On time scales larger than those shown in Fig. 66, there may be
- subsequent changes in the chip conditions due to the permeability of PDMS to some
| solutes and solvents.
If 1t is desirable to slow down or halt the equilibi‘ation process, the ' -
30  interface valves may be gated, adjusting the eqﬁilibration rate by changing the valve -
actuation duty cycle. This prévidcs the opportunity to gain.temporal control of the
'equilibration process, a key advantage of embodiments in accordance with the present
_ invention. Additioqa] discussion of temporal control over the equilibrium process is

described below in conjunction with Figs. 76A-C.
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Fig. 67A-D show phot ographs of tine-resolved equilibrati Onfbﬁ%f WO, es in
t hree conpound wells. The dye used has a nol ecul ar wei ght ctQ B mately .
700 Da,. Fromthese pictures the equilibration tine of the dye is estimated
to be APPPEWHHtely 1.5 83 5 October 2005 WO 02/ 082047 PCT/USBORAKIDS75
hours. The di nensional Einstein equation nmay be used to get a rough

estimate of diffusiThe drystiSizatRn(tehniqie of Ree iMBEAE ditfusioflid dapaiRsti Me; 5 x
= longest diffusign length; and D = diffusion coefficient Generally, the

t
di f f usi BRY e Flogelysm # thechimigayitse Tyadifienalybismagthed isofot gffemesedn, ~ and
t her ef ong BInOBIANR/ o :BFHHRRALHS o Aol TRIREHIRLANR! It @) P 0C 1 OC ua ;

where: D = diffusion coefficient] = radius of gyration; and n¥
ol ecul aicroidistensizonmmpa itas ralitivielyt dvsy tooestblith Deltableefies-Intdofat diFtustonme f or

t he dye,.  an approxjate. .equilibration tinme for otein of 20 _KDa over
the S ansroRuRRR KRR oifismam o tisOeagt SR bay fes MBS ihe

equi | i bpresdnesd BeldW® id Sdnj@nctidBhitSEkES. 70f752 mol ecul ar wei ght of 100 Da over
the sane distance is about 45 minutes. Soon after the chip interface val ves

are opened, the protemay alspdeppsshle indeveleptahmaprestopincryitalfizatam changed very
littl e, i e ' Nas.dnceased. .o one of three final
‘val ues det e dr:% %ge%d%a i%eﬁelmr%gﬁg% {if\?@%fsaﬁze o?euf%%hlBrc B?dellhﬂnsaﬁﬁ?es'gf’%ir‘ﬂg well's. 20
Next, ozagy harvestimg affcrysgds.oxi mately 45 hours, the protein concentration

equi.l i brates, increasing on the solvent side, and decreasing on the

protein side. The final protein concentration is once again determ ned by

th | ati hamb ' ; i q33: ) : t sid
b B e G L
|

and protein concentration”star
of 25 phase-space, amanatiwrspplienivhypf HesrystdBrdtem dhiygreestad magbect i ng

ndi ti bl.e t tallizatian. On ti. l'es | than th
chown S0R 5 HEERiRe biing E5p Gultore FRINEE, o heshiRel e FReBftisbnai 1 one.

duast o experting arfeadtabletcyndifiol BYE he cBPNE andiRbthemodndi PRl Sire | T 11 IS
desirable to sl ow down or halt the equilibration process,” the 30 interface

val ves SREFIIBS 2fpund dhis gandigen.nbn 4 prelimenary fmesiment [0xoadibipng thahgi ng t he val ve
produced Glucose Isomerase crystals in chip, but that did not produce crystals in micro '
batch, were used as a basis for additionalr screening in micro batch. Each condition was
mixed with the stock protein solution at 1:4, i:l-, and 4:1 ratios, both under paraffin oil,
20 and silicone oil. Silicone oil was used since it has permeability similar to that of the

PDMS. At the end of 6 days, 6 of the ten proteins that did nof previously crystallize in
micro batch showed crystals. Of particular interest was that of HCSI-6, which formed
high quality crystals at a 4:1 ratio of protein to solution, under silicone oil. This condition
showed no crystals in any of the other conditions, including the identical condition under

- 25  paraffin oil. Fig. 68A shows crystals formed under the silicone oil, and Fig. 68B shows
the negative result under paraffin oil. This result shows that the permeability of the
containment material can have significant impact on pi‘otein crys.tallization.

This also suggests that materials with permeability similar to that of

PDMS may be useful in establishing a macro crystallization technique that more closely

30 - resembles the chip.

c. Direct Analysis of Crystals Grown On-Chip
If high quality crystals can be grown in, and extracted from the chip,

crystallization conditions need not be exported. As shown in Figs. 50-51 (glucose
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actuation duty cycle. This provides the opportunity to gain_tenporal
control. of the wequilibration process, a key advantage of Pheis in
accordance with the present invention. Additional discussion of tenporal
cont r WO B4 he equilibrium process is described bel BATAUROE®B]SUNCE i ON
with Figs. 76A-C. 84 5 Cctober 2005 WD 02/ 082047 PCT/ US02/ 10875 The

Cryst ajsbinéAbd)060 A GTbsYyiLs, 2B (Ny8smasd)l hd 642 BUH $ub8hR0f tdpofdRictdsar i es  may
mor e cl osel K emul ate the chip result's- Traditionally this method is not

of t en ViBebighqualityerystals of sufficentisizedpr x-¢hy efybtpllegsanhyngatupe growa anthief i ned

i nterf . ver: 1nh.mcrofl uidi NV it 1S T tively easy to
ot abl 8 PPYEhin I8 ERBladbinine PitLS SREFAC R dlaldoros bR b et
di scussotin afystalze Siocryatalsdh o6 Kykanase) 6l afitlsh B shnadt-dfndmyifanassd ¥I) presented”

bel ow i n ¢onjuncti with Figs. 71-75. It may. al so. be possihle to devel op a
macr osll?d’ﬁi% e ‘Fg}‘?ﬂ’&ﬂ? ?'Pfa‘fh'wg%%mw?-lwé%d @?F%ffr%sni% ighidace diffusion,

emul at4iRgg&IIR owe Bbel WRAS W hdRe EF)BW! Fd¥h in@?@&’l-ﬁ‘@,rtﬁééﬁigﬂﬂascifeeﬁéays'f als.. to
b. On-Chip Crystallizationto Cbtain Seed Crystals for ystalli zation
Usi ng «dBrand dtulonkl0%F ebienioly 7886 solvemiovbeepipetprdl antathic avellof Thermrystatywasal | i zat i on

chip, gcrystals jmy b rown for harvesting usi,ng.conventignal .ret hods.
s pecfFd § G o Binedaadlis tocBpp R R8h- el B i ERAEEE LB s2hnai t1 on
f rom tdhews hip XylanaseofiiesaniddsiRewn W Fig. b2 KBy moaated iietteGraefddpg around this:

condition. In a prelimnary experinent, 10 conditions that produced -
Glfcose I'somerase crystals in chip, but that did not produce crystals in

-mcro batch, wege u addi tional screening in mcro batch.
5S aePestids L.

Each condition was m xe k protein solution at 1:4, 1:1, and
4:1 ratios, bothAsupaeiouplgrdatdribedporce ajlio@incergitélimebesoformedi | i cone oil was
used sipce i.t has perneability simlar to that of the _PDVMG. Al the end of
6 dayniagmghon e bR 57 BIREOPHA Ve OGO deﬁ%gﬂgtiarv plye | n nicro
bat ch aRoMee CHysed akRwetEr, Riffiichfst @fhi%ﬂﬁ;%_@n%fetic‘!‘@aﬁiét#%ﬁ?to e p#oein 6, Which
formed ~ high quality crystals at a 4:1 ratio of protein to solution, under
silbi cderdsdp generatiesraatasdieni. chrayshonelso rmizing,snd can fesulamythofprodustion her

condi tjiQns, i-ngl uding,the identical ndj tion. under 25 raffin oil. Fig.
oA il PR aRAEPO R R BB b 8 ol Pohn SR R shows |t he
negat idegrade shd dbiliydee cpattafd difrr@dt inciddlitx-agsul t shows that the perneability

of the containnment material can have significant |npact on protein
crystal |izati on.Aderdinglysepos fggaation afipgrysiahasiryegesiamaterigbis fgeallyi ¢ y

A S L
Di2p e c tadditimh pé csyogén Cnyatadandgeavery@al: Phiepefore, it would be advantageous for
an embodiment of a crystallization chip in accordance with the present invention to
enable the direct addition of cryogen to the crystallization chamber once a crystalline
'material is formed therein.
In addition, protein crystals are extremely delicate, and can quickly
25  crumbie or collapse in response to physical trauma. Accordingly, harvesting a crystal
unharmed from the small chambers of a chip poses a potential obstacle to obtaining
~ valuable information about the crystalline material.
‘ Therefore, it would also be advantageous for an alternative embodiment of -
a ‘crystallization chip in accordance with the present invention to allow direct
30 interrogation by x-ray radiation of crystalline materials formed in a chip, thereby
obviating entirely the need for separate crystal harvesting procedures. |
Accordingly, Fig. 71 A shows a plan view of a simplified embodiment of a -

crystal growing chip in accordance with the present invention. Fig. 71B shows 2

simplified cross-sectional view of the embodiment of the crystal growing chip shown in
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- obstacl e to obtal

If high quality crystals can be grown in, and extracted fr t he I_p,
crystallization conditions need not be exported. As shown ?5@?’6%%@0-51
(glucose 85 5 Cctober 2005 WO 02/ 082047 PCT/ US02110875. isomerase), 60A
(I'yso2YAey9828%58 (xyl anase), and 64A-B (B subunit of toFsTaseREess ),
high quality crystals of sufficient size for x-ray crystallography, can be
grown @g. Thealoafilige BSBNce the chip can be renoved fromthe gl ass substrate,
it is also possible to extract protein crystals. Six crystals (1 of

Xyl anase, 5 of t Hargsungereming¢hip 830 eumprises elagtomes ppgipa BO2n r enoved from

chip, BRH ' _ ' | O] Nl LK n. In one
case, e ReRENO0I e R S RE T bkl S SOBRE, O
and 5 9206bfang OR06L. yRlecantent 608msomeepirtion@30Po vt iglas setatetdres\wlsl . The
crystal s, then extracted ysing a.300 umcryo-Iloop, and flash-frozen in
i i dasfie Bencorsgon chamhss wud mawagcexfelt wahsarkoher Brngh in Fig.
62A- B) flowRHitR 9208t NBe HoMOs4 AARriald thrfugHIA SRR 9Btk Bh SR bﬁs .
previ ously described, once a protein crystal has been fornmed, 1 hformation

about YalwesiR @ defineddnsthe oaerlan of rontroblines 92 b2 owvtrtcantreticlfannets 8294.r act i on of

Xx- rays by the c Wever | ication. i ghl rgetic radiation

to the protein 'l?éﬁ{léé%%ﬁ?%n %feeg{gwg?lgané?sgg%g@lp?ggp{ ‘gaiy%ad?gsg%emgfagéf

i oni zi avgfvaied tb pranertesnatt bedwédhethp cowlemt bOehantferd 9XBal 9Ehabaha saosk. br oken
heat or ionization may destroy or degrade the

coyal ent bbond iéaher
apid i t e @%‘1@ Oop gng 9P Pectre thercseariatelwetiaggred thqugh vl §PY4 withon
f or matdifferedi mﬁteﬁﬁbé%taéfﬁ,l%tilﬁ % ¥8Q&‘iliz%%i8?ﬁt Fou &Iaxﬂg%, &%&hﬁéj dzb%@qg ‘S)g dt O preserve

the crystalline materia I"ts altered stat wever, en 20

addi t ichargstl vgiyopmtein srlutiers charabad206b oray beahargtt evigf Demstallizingoul d be

advant 0 f.or . a odi t of a crystallization chip in accordance
with t g&p#@s%hn l’leﬁg%fﬁdé?‘ﬂwg%&‘aég%wgh?%@mg??'ect addi tion of cryogen to the
crystal lizati on THREEIonBOE Bn@9EIN sk Heh BE dedBivaleiab opsn fAvdBsidherein. In
addition, protein crystals are extrenely delicate, and can quickly 25

crlanbia8d dherebyl allgydng Hitusiospdpseteingoptipsiapd crystadlismg agaobigomgl y, har vest i ng

acry . r f I er a_chi Se tenti al
Iphatich YRR 9208 hE gl cSPITES 212 By BreBRy SRy RS hat or 1 ot

Ther efthe diffusipnwd ahydged fombchaabepIR Y0 prestve tlicrabthE92UEt | ve enbodi nent  of

a crystallizati ch}lg I n accordance with the, present jnvention to allow
direct 30 i nter(r)[\g‘if&tt FRtEE chip 200 may hamewrted incanxray difliectignt eri al s f or ned

in a @Ppitatub,VEHIERYay BEW 9ﬂ3"%3_p?i@ iﬁroﬁ{F%'ou é@fﬁ?@gﬁ{l}%ﬁ:@?{gﬁﬁ%%:ﬁ{ ystal

harvest1 ng procedurees. Accordingly, g. an view of a
skfpl idiffreetiandsosidhsndetettor0222r Wetshbwgrinkig) §1Bhihp generatbostibmrsfe wit h t he

0 etk USRS BB i S8R Ay O e
and underlying glass portion 9204, In this manner, radiation beam 9218 is required to
~ traverse a minimum amount of elastomer and.glass material prior to and subsequent to
encountering crystal 9216, thereby reducing the deleterious effect of noise on the
25  diffracted signal received.
While one example of a protein growth/harvesting chip has been described
above in connection with Figs. 71A-B, embodiments in accordance with the present
invention are not limited to this particular structure. For example, while the embodiment
of the current embodiment that is described utilizes a glass substrate in which
30  microchambers have been etched, fabrication of microfluidic structures in accordance
- with the present invention is _hot limited to the use of glass substrates. Possible
alternatives for fabricating features in a substrate include injection molding of plastics,

hot embossing of plastics such as PMMA, or fabricating wells utilizing a photocurable

polymer such as SUS photoresist. In addition, features could be formed on a substrate
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86 5 Cctober 2005 WO 02/ 082047 PCT/ US02/ 10875 fig. 71A alopg line_B-B".
Har vesti ng/ growi ng chip 9200 conprises el astoner portion 958)?0[38\'/%99% ng
gl ass substrate 9204. d ass substrate 9204 conputes three etched wells
9206a,WO0I208M47and 9206c. Pl acenent of el astoner porti orceaBdroses gl ass
substrate 9204 thus 5 defines three correspondi ng chanbers in fluid

‘comuniggat ascgﬂas%tinzaﬁggv&gﬁmgﬁ?&é Gg%gﬁs ct)hmecﬂaﬁfasetgtiiys%agglc otne flow of

material s through f anne I's controll ves 9210 defined
by t he aviogetrapic etfhipgof aehbdtiarcesth@lh glassy suchas sibkomwhannel s 9208. Duri ng

operation of growh/harvesting chi 00, val.ves, 9210 are initially

activated to preyggefmg]tr) vVidias eﬁ“\ﬂtegrﬁggﬁéllt%‘gﬁ{“é égnﬁq‘]tloé’ﬂaﬁﬂ%‘fs ngfsdza, 9206b
and 92®a€are ndQirched e hford dQ8vate I fiforsTdeRaREallawmpl i mosedaiat el y char ged
through wells 9214 with different materials for effecting crystallization.’

For 3 ex dMpsration; padpise of poshician (e hotembeseidehi MATRVEn 66@3in masrialy on, chanber

9206b gg% h ' | Lz r, 9206¢c may be’
char ge V\n%ﬁzag)%grbg%%ﬁl& gt%zmﬁéér@%&é%dﬁ%bggofikﬁ%%gﬂ%%%@ﬁ%ﬁlgbe deacti vat ed
t 0 opewolaiive ofifBactionkdatadieectipdroabyctdpl owi ng di ffusi on of protein solution
and crystallizing agent,. g 0 for r@t' on of a .crystal 921@, t he remai ni ng

control lines 92 %'?qu’é‘ @migEtingic Frugtyrg facilitglingepysal sowtand r y ogen

from chadhas cAgHbes bR eRERIRE Y6rtol DesringSt RbeR3hG 1o0WeXurfdcBe AGRbitERe Chi p 9200
may be nounted in an x-ray diffraction apparatus, wth x-ray beam 9218

app?i eds rconteeiovitlc thedower suyhice of the elastonler portionwh tefine0figt ificrafloidon sensed
by det Qr 9222, .sh .in Fig. 71B. .the. general .|l ocation. of wells 9206°
corres g%%ﬁ%ertaoge%ﬁ%csmﬁwfce%ﬁ%’gr’ ta‘f#% Eﬂ@g?lcg?ﬁ%gltcﬁh%ﬁnggrt gﬁ&?mtpo rtion 9202
and ungssohy,iang tEikdeScrBfltididOshaldRek. in Fid donfmMbARN thicagh atflcnclmasy 9218 is
required_to_ traverse a mnimum anount of el astomer and gl ass material

prior fiefingddesvasastnstamennortianangthe abstyec APe figgt chamber mpebepymedduci ng t he
del et ey; - i se i f o]l ived. Wile one
exanpl & BaRel ftriel s RE R ok IR Rnbl hiPRE BB WA CPERISRE. Ve | n
cobhecbtgam, and the third chambér B2y berpamiedreith a cryogea csuch dirt eryatalhfordned pr esent
inventjon are not limted to this particular, structyre. For exanple, while
the enbtdiTHEHE Y&*ft{"ﬁ'e“ F‘F"e‘?’i’_%’s%‘ﬁﬁ'gﬂ?%&’if‘“‘? fherteseet walitin BEYbE | | izes a

gl ass F#é!ﬁér_ﬁ/é@thﬁ‘odg'ﬂ ¥Rl 6htiodOn Risp QAbRAMERt e dAVigub&RMoR ot ifCeryb gl | cation of .
m crofluidic structures in accordance wth'the present invention is not
limted to the use of glass substrates. Possible alternatives for

fabricating featyres | S(h't? trate,include injection nolding of plastics,
hot enbossi ng of g‘pI as %Sgals ﬁ" smgmoclgr fabricating wells utilizing a
phat ocur abl e polayinmEditing NposibHep fae g Ia-astiag of EysRds td Bive dfméhod es coul d
be forned _on a substrate 87 5 COctober 2005

of off-loading from chip. Off-loading could be performed once crystals have formed, or

alternatively, prior to incubation. These off-loaded crystals c_ould then be used to seed

magcroscopic reactions, or be extracted and mounted in a cryo-loop. If a method for the

addition of cryogen was also developed, the crystals could be flash frozen and mounted

25  directly into the x-ray beam.

8. Micro-Free Interface Diffusion
~ Since it may be difficult to determine, a priori, which thermodynamic
conditions will induce crystallization, a screening method should sample as much of
30  phase-space (as many conditions) as possible. This can be accomplished by conducting a .
- plurality of assays, and also through the phase space sampled during the evolution of each
assay in time. One conventional method that is particularly effective at sampling a wide
range of conditions is macroscopic free-interface diffusion. This technique requires the

creation of a well-defined fluidic intc_:rfac_e between two-'or more solutions, typically the
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WO 0'2/ 082047 PCT/ US02/ 10875 such as gl ass utilizi ng | aser H?E)%' ?Egosor

features could be forned by isotropic or aniosotropic etc

substrate other than glass, such as silicon Potential advantages conferred
by al t & h&®B¥7f abri cati on methods include but are notedi/mseedstso, nore
accurate definition of features allowi ng for nore dense 5 integration, and

ease Ofprpfeftflst6dk, and (. fecipibling ARG Sindthe sMREQRYEEquikEhtis: Bf iRk §51 @l s - such
as carbon based plastics inpose | ess scattering of X-rays, thereby

faci | i tS8l4tiegs vids! qillzsive arasessd idsithaselnbensdhiffusedntocatel apofhen m gradibitps  An
embodi nephiisfedidd s { ; jlétating crystal growh and
anal ysi s colgrr%ri ch:lgct g%me 3&“@%@1’ E%QC)% {q‘:s @HI %g{a(l'r)t:cr?ghlgogse(l:ses%m@?{'eg"fq}Swer
sur f ac sampleslufStaeahere idOvarsation ircthetcanditiohs, ot shase end e drage of the

i di ¢ chanmber, a second

el ast one ortion to define.a first m.crofl| ui _
m cPof !‘ﬁ%["&%a“%fh%?ﬁﬁré‘mg fidPeatiemIndd R of GRS ﬁwa&%waébf upgbinsfupther,  second,
and t hiop@mBaioal iFusdy PACJ*IM@Eiﬁ;dli@ieﬁ|sbﬂdihéif%@5§ﬂérﬁ%!o@t’gnsg{ éUnQ&Qﬁ_F@nf | ow

channel defined between el astomer portion and the substrate. The first
chanbeverfy distange foragsolutiontA and agajetiomBtie conthctabingtd fies interface sBigend chanber

b ' | - | i.zi h hird b
or ) moa WcR Hodbl SBef ik Lol apa pEE e Sl pobiuialoh BrotlRtTRe oy

di f f usitea solutivheisaltyaitalyl drzitdly agent and the target solution may be

pr Served t hrough _a reduction in tenperature afforded by introduction of
thd’cryogen. e. ®&spitathecficiensy of mackrscoria Sreonntapfaceadifiubion sachpigues. bi | ity
for thecRalcdESHiAGiRMatE Vi ol of -l oading from

chi p. O‘Cf-lcoadi ng (lzou ad ehgllgg ftolﬁlﬁae@adg%goghzgt{/@%%%gp 'Igltas\?re‘3 F%‘gmad, or

al t er napplicatigns, pnd dris hat widelyhiatd inrthe thysmtiogfaphic cathesuninfet adveratoul d t hen be

used to_.seed .. oscaopi.c reactions, gor be extracted and rmounted in a.
cryo-| g%aﬁ?nﬁ‘ iF '%Ercfré? ﬁB@P"f‘BF“ HE ar%ﬁ’@i“taﬁéfﬁs‘a’f’hé\sg}g@&l‘?ﬂ%&‘“&%’&oij’é‘@ﬁ oped, the
cryst alo adhdwhRdntdimesubh a2 £8ap Mreiiieegﬁvéﬁiiﬁ%%:l)ﬁeiré L@ the x-ray

beam 8, Mcro-Free Interface Diffusion Since it may. Ifficult to
deter nfigs; 72AH show simplified cronesaetidyal aigves oftbaaiteripind fovnation nflace

crystall.i ' . ' had, s sanpl g,.as nuch of 3 hase- space
(2 bR e iRl A TR W e 08, r it B e %93 onciuct 1 g a
pl ur al sdlytied 9302siaysa fissosolatisrII0APeyds ddneepRIBixERAGA reanRlied pdorly ng t he

evol uti,on of_ each ssay in time. One conventional nmethod that is
parti cﬁ?@?ﬁf"é&f’é@?&@‘? 6sanpling a wide range of conditions is

TBC 0SCOPI € eeMAbSIc A8 sl dih ot TRlscl AGHA! AUBHLEALLTSS e - creati on

of a well-defined fluidic interfa etween two or re so ons,
t y#i catliminatecth@rablom dhigs. 7280Fshay 02/03 A0y BeREEH UEDA/sbOBdh 9a0dted & st ock,

o0 ¢ O BAEERL S 2SR OB D AP RS SRR G R B, S 1
anot heveloditydditgib@iién bBpressure driven Poiseuille flow, resulting in a poorly defined '
fluidic interface 9406. Furthermore, the container for a macro free-interface
crystallization regime must have dimensions making them accessible to a pipette tip or
25 dispensing tool, and necessitating the use of large (10-100 pl) volumes of protein and
precipitant solutions. |
In order to avoid unwanted convective mixing, care must be taken both
during dispensing and during crystal incubation. For this reason cumbersome protocols
are often used to define a macro free-interface. For example, freezing one solution prior
30 1o the addition of the second. Moreover, two solutions of differing density will mix by
gravity induced convection if they are not stored at the proper qrién_tation, additionally
complicating the storage of reactions. This is shown in Figs. 74A-C, wherein over time

first solution 9500 having a density greater than the density of second solution 9502
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established along the diffusion path, and a continuum of conditions is :
si nul taneously sanpled. Since there is a variation in the P6W8FE2%8_s, both
in space, and in tinme, 5 information regarding the |ocation and tine of :
cryst Wo d2ompmt7i on may be used in further optim zationpcFiuger108d:A- 71D are
sinplified schematic diagrans plotting concentration versus distance for a
sol uti ol ution I n,con ' interface-~Figs. 71
A-D shrg%eﬁ'hsg@(ds&\%ef?nﬁ?sn%fm %ééo&ﬁyﬁﬁ%%g %l?ﬁ{dg %rg%"g}gﬁlﬁgﬁ%{éjn%m %:ttl)on"c%t}l ration
prof i | diffusibn hdient MOnG GleUigdi 61 h Sapilibyrrabel y created. 10 Despite the
efficiency of macroscopic free-interface diffusi.on techniques, _.technical
“difficulties hav8 aFerndanceyith cpbrdimentsiod theqiressnigRveniogy g Rysteligdperni ng
appl i AR andfifolsto 't@dm%amg&hyf ééfsiggsrfa& libisi6h Yahad gaga aﬁtvofffgeommm ty:
for severa reasons. First, the frw IcC Interfaces aré typically
establinthfack dijfudion pGaed pgFilhchsdeash idendopddntUated yrEID oevame titesgffiefent such as a

capillary tube or a deep well in a culture plate. .15 Figs.. 72A-B show
si mpl iPMelng Phekass srace achirved Ryagrosqane Kes 'é‘?fﬁ{a‘é‘ﬂd'%g‘ﬂ?ﬁt R |
Macr OSgaPire aﬁﬂ&fédvﬁﬁtg%ézs i atstmBnoaP bld G AmpHRBLERAL cadd6r RELp Of di spensi ng

a second solution 9 nto a first solution 9304 creates convective
m xi nepreation of weltltdefingd Buidwanteyfacee tonted ovendquilbritionalyhamecsg@ebthe Mor eover

t he sql yt.i ons nat .be sucked jnto a.capillar eri.al 20 glimnate. -
th s el Bhfodanh unSu gt Rp Rl RPN Bnlabe! isiidion "0a00

ang a possiblens sSimber 0NfelfPes dfithdikaint idvantorl. ube 9404 that woul d result due
to the parabolic _velocity distribution of pressure driven Poiseuille flow,

resul ting in a pdsFefuidies enables the hanglingiod fluids g8 dhosidenanoliter fetltror e, t he
cont ai#ek. - - | k] | reql ' ave
N S S A S
and néegesiotratd agthe henaliter, of shtmagelited Ssalk OTHeutiizdtiomsd eafreqpehyt small and

precipitant solutiops. In order to avoid unwant ed copvective Xi ng, care
Mot Dl RO R e R RS 1S PR BN PP BIAJEE S1¢ FOUD: i on.  For
Lh5S RRARRORHITELI? BHBMRERLASHE Free AitBriild BffudiGPEpeAntial.| Tis FediREd O o
free-interface. For exanple, freezing one solution prior 30 to the addition
of t heosiBanimpormuveng amplifisiontand pyrifitatibinfsteps. and adeesipegsivlethe mi x by
gravity induced convection jf they are,not,.stored at the. nr [

ori entsé “PERe Oiaﬁ)ﬁ?'?soﬁ ‘Itqrfl not%qﬁt}yie%ﬁﬁe?ﬁa’ ?‘Hjeheg'?% gatgbc&unﬁiéegc 'Ofs. This is
shown pulk fange. 74A-C, wherein over time first solution 9500 having a
density greater than the density of second solution 9502 89 5 COctober 2005
WO 02/ 082047 PChligsgbydigsfisthep plEss sayings i RyerasHipndnaess a5 Bumbiedsoff | ayer 9504
that i ' t el i | ' radi | ong t he

Igﬁgt k?é% 8'%“%3‘%???%# st‘ﬁ@é&(ﬁ%&%mo%&gﬁl&ﬁeﬁ {lyﬁsz%%lcﬁng%?gb&? t he present

i nvenmaeringtechknigicalat peaiduely ddserdbed, qliew Fmglaodislexpeaniansadionitobal macro-free

interface diffusion, called gated. mcro, free .
conducted without increased complexity in control mechanisms.

The elastomeric material from which microfluidic structures in accordance
with embodiments of the present invention may be formed, is relatively permeable to
25  certain gases. This gas permeability property may be exploited utilizing the technique of
pressurized out-gas priming (POP) to form well-defined, reproducible fluidic interfaces.
Fig. 75A shows a cross-sectional view of a flow channel 9600 of a
macrofluidic device in accordance with an embodiment of the present invention. Flow
channel 9600 is separated into two halves by actuated valve 9602. Prior to the
30 introduction of material, flow channel 9600 contains a gas 9604. _ _ -
Fig. 75B shows the introduction of a first solution 9606 to first flow
channel portion 9600a under pressure, and the introduction of a second solution 9608 to

second flow channel portion 9600b under pressure. Because of the gas permeability of
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5 interface diffusion (Gated -FI D), has been devel oped. Ga,%&d B?&% retains
the efficient sanpling of phase space achieved by macroscopPEoPPedls
“interface diffusion techniques, wth the added advantages of parsinoni ous
use of WOMPPFE4%Lol utions, ease of set-up, creation of wlITUskehdsTEd fl Uidic
interfaces, control over equilibration dynamcs, and the ability to
conduc tthdisugdoutiding alkipricr pateidl 60 xpesd0tEn diplaoad by iesiacafingibrRgess are nade

10 possihle nynber of features of t instant invention. Mcrofluidics
enabl e?@#@“%%ﬁ“ﬁé’“&\gasfsfiﬁftﬂ%“%‘r??‘fsf%“‘géggﬁanoI iter scale. Consequently,
there is no needakQhywg iJlﬁ@e/s@mt«;qslrém&%d%h@g&egrrﬁmn@nﬁ‘dmn&ﬁpnéssays may

be performed on the nanoliter, or subnanoliter scale. The utilization of
ext r empPitiossEfQ0aand $6L6b allpwswnifam filhogobidse dfadandey Sowahbengber f or med to

consu ) lLe. 15, vol requicred f ong Nacraoscopic

fr e%-i ?ﬁt{%g@‘ |tfa?rtr‘]$s)‘fb§’t¥eséx &Y &rj?%”(%f‘?n iy aﬂg&ﬁ@%gs %bos%rf Voéﬁdpﬁ’ﬁﬁ- consuni ng
anpl i f meditdefinedididplintdriaeadb 0D isdreipal, aldwingakcR s 6f £diffa€ionscr eeni ng of
proteins that are not easily expressed, and hence nust be purified froma
bul k sBHAMEL M crofluidics further offers savings in preparation tines, as
hundreds, or 20T8\%6RmiARHSARAIS SEY FrolE PEL ol t aneousl y.
The use of scal eabl e net ering t[gc nﬁﬁgueg rggq%tfgg? ous%alﬁgegﬁl%d, all ow for
par al | e4pikap&rtiesenother oonthinetsehaving midtuetseohs wntthootier atmeaskyl cannpd, exity in
coyt rol, . mechani sns. .The el,astoneric terial fromwhich mcrofluidic

ot Fc HedBigR BT 8 ACeor i D B0 AHBALS O b e PREeHT WSGHIon BN S oy be
f or meda nigroifinAbl nAYing AETCHEBRY 6n I cARer O [kl Ak GRf S5all Bl Sna@isy, PEr Meabi ity
property nmay be expldited utilizing the techni que o? pressuri zed out-gas
pri mi ngawRoR) conyedtmm s sapprested dneth, viscopityclifigitd kad hilixvingiic domimateidyes. Fi g.

75A sh a Crossssegctippal..view of a flow channel 9600 of. a _macrofluidic
devi ce&:fﬁimgg'c&"aglk?gﬁw(fﬁ”gff ‘é‘%ﬁ%&? Wé}ﬁfhua\gete %Q%reh@géﬂf ULYEAYCHN. Fl ow
channelin®6éblé sorve@earhadng Nt 0 two hal ves by actuated val ve 9602. Prior to
the 30 introduction of material, flow channel 9600 contains a gas 9604_
Fily 75B shows t#B embodiaeniof gmasihodfor prystallizsg & tasget 950G ial sompnsss f | ow
channe r i e ] S el I At J a second

sol uti J(i)cn %%ﬂ{gé&ﬁgg@gmgﬁag&gegﬂannlgllg'tports' f %ﬁcrg%gﬁ%&%éggpgﬂégsur e. Because
of t hesojetwnpeclndiapithe tayged imddéHB, dofiniiger se2AIEmIMD MAdRERAkBeR@dd US02/ 10875
the surroundj ng el astoner_ paterial 9607, $.9604 is displaced by the

i ncon lﬁy"g'&‘fﬁ Hoprd TagrpHn Gty & aéﬂ{“?'g‘aééégd‘PﬁP&ﬁlgﬁﬁalh¥1§§?Mr 9607. As
shown TRe fisOmicfoffuidicihaRibRs SY1A%8 fhid Wi E@tnRlhithdith @ﬁhfa& c&.gjannel |
portions 9600a and 9600b allows uniformfilling of these dead-ended flow

c #&h namidgefhudic ichambey toldstine aimicrofufsli e intyybwe belxau e rgevatesiale 9602 as
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and the crystallizing agent, such that a change in the solvent environment of the target

material causes the target material to form a crystal.

25 9. Temporal Control Over Equilibration
The growth and quality of crystals is determined not only by

thermodynamic conditions explored during the equilibration, but also by the rate at which
equilibration takes place. It is therefore potentially valuable to control the dynamics of
equilibration. |

30 In conventional crystallization methods, course control only over the

- dynamics of equilibration may be available through manipulation of initial conditions. .

For macroscopic free interface diffusion, once diffusion begins, the experimenter has no

control over the subsequent equilibration rate. For hanging drop experiments, the
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gradient. To summari ze, conventional macro free-interface %échni qggs enpl oy
capillary tubes or other containers having dinensions on t clabge nm
By contrast, 10 the fluidic interface in accordance with enbodi nents of the
presenfo oy on is created in a mcrochannel havi ngpdiriReSI&AS On the
order of m At such small dinensions, unwanted convection is suppressed

due to viscosity effects, and m xi ng/ﬁflté dom nated by, diffusion, A
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with the second 20 mcrofluidic chanber to define a mcrofluidic free
i nt er f shaagebinpeoarschemannege Maree ey, aice thgrxpenment Basbggn. 70 fythegent .
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crystalli1zing agen suc at a change 1 n the solvent environnent of the
target nateri al Bgavarssttthefliic@terfive ar 4 ghted a-HIDr expariteyahat be 25 9.
Tenporal Control Over Equilibration The growh and quality of crystals is .
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b di fying t | Z. f L ni.ti.al the t ! . he.
rdservisebluafly SRy 258 o O ablin ek 7B MospeSfor 8 B BicBles i onc s, ¢ he

- rate afakeswhiicdast 166y for e ConcéntEtiva o iHeafiStsdliyorhia chamnmbedA iy faltediope ating t he
size of the drop, and . the identity and anount of the surrounding oil.

Si nce kaltiteefigipplytelie(bn s T2s dépend in a 5 conplicated manner on these
parameters, the daficclif? i bldrRERY Ay dieAUnHtes M ANGRT, 1 3
coarsely nanner. reover, once the experinent has begun, no further

cont r ofathey granthemgagenéd hrdadlosed onyanapulasbasss aeaidirggioa duty cycle, the

20  connecting valve may be closed at an intermediate time or over an irregular series of
actuations, thereby halting equilibration once a favorable condition has been achieved.
An embodiment of a method of exercising temporal control over diffusion
between two fluids comprises providing a microfluidic flow channel in an elastomer
material, a membrane portion of the elastomer material positioned within the flow
25  channel to define a valve. A first portion of the flow channel on one side of the
 membrane is primed with a first fluid. A second portion of the flow channel on the
opposite side of the flow channel is primed with a second fluid. The ¢lastomer membrane
is repeatedly moved into and out of the flow channel over time to allow diffusion between
the first fluid and the second fluid across the valve. .
T30 The equilibration rate may also be controlled by manipulation of the ) -
| dimensions of the reaction chambers and of the connecting channels. To good ‘
approximation, the time required for equilibration varies as the square of the required

diffusion length. The equilibration rate also depends on the cross-sectional area of the
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By contrast, the fluidic interface in a gated -FI D experinent may_ be
controll ed by opening or closing the interface valve, all o@\Pﬁ@bBP%Qg%e
regul ation of the 10 equilibration dynam cs. For exanple, Fig. 76A shows.
a si npMof@2éa209t an vi ew of two micro fluidic chanbers 9%4Q9ygad/ 18432, whose
communi cation through flow channel 9704 is controlled by valve 9706. Fig.

76B pl @bsndclify SIOMRERT TAE L4004 il Gof z;écgﬁﬁbraﬂwmagﬂg&ég?,tee%wff%ﬁédghanber —

over tinme, where the valve I's actuat at a dut y ¥i g. 76C
pl ot s changingienth thedengsh, apfl theerofs-sestionsd landal afithd ¢onnbainki chafnethanber over

tinme, where the val 15 is actually at a duty cycle of 50%¢that in Fig.
7|68. | nspect i on ffg-é?ﬁ.s’??%&‘hfﬁ%?%? . "isr?gfog‘f’xmidéﬁ'é@bt’wgégoa%ngo?@ f o? gt he
concenvred, icéh giir dddedthd ) gﬁ%}/é)éﬁdlnﬂ&s 9806 BRATRfferdht E&g&ﬁ%ﬁ ie:%h%ﬁ st its

o:ﬁiﬂgi nal value (t50% = 2t1' . I'n accordance wt atrve
enbddi Agitibrtion Haepreseeaquilibmtion dismnce.r Bigh@7B shaws thei thg rapéred dingnidr ¢l osed

Al -basi di 1 dut. le, th 0 ' | ve.
e o1 ol Bpidf e hRs PEriE A2 bl & Py Sl Mrebiribe o

act uat canectingeiaaisis.hal ting equilibrati on once a favorable condition has
been achieved. An enbodi nent of a method of exercising tenporal control

over diffusion bEEEREhaWRopT epraroundishrmbess 99068.4962 P04, andt96, eacti ¢ 1 ow

channej; ' ; L ORy:- I omer
R T U e R e
pott i ohevefthe seend leogthcthadiféir in nrasseeciodsl aéa hiBorminkbeadEcormeptingred with a

first fluid. secon rtion of the flow channel on the opposite side of
the fl SRR ffr? O‘gﬁ‘iﬁﬂﬁﬁa%“trﬁaléﬂ’é'é@ﬁh%‘? ecrq3sgd BY ast oner nenbrane is

. ed ' N X |
r epeat &sraasinBN G dsﬂ%gﬁg@?%sélk'écti;aﬁaltd?@a, ?&Maﬁ@é&%ﬁbmﬁéﬁi{n&hh&@aﬁ@g || ow

di f fusi on befween irst fluid and the d across t he val ve.

30 Thewniariof periceing ehanaelsay theldiwenrsorsorfitheselcbanrisls. mani pul ati on of the

di mensi ons of t ' . er nd, of .t he connect i channel s. To good
appr oxi mat i on, m%&&%ﬁ&é}: g@'ﬁﬁ?‘%ﬁ%“f%?g%&m'}glﬁglﬁ%?f“ﬁty PE‘%’%&[‘% squar e of

t e r edah neﬁdmagdibﬁhuai@ﬂabiﬁg@tdavicé'wc)qﬂbﬂdth@éﬁédt@ﬂegﬁﬁ&aﬁbﬁﬂ gods on the

cross-sectional areg of the 92 5 COctober 2005 WO 02/082047 PCT/ US02/ 10875
connecl® FYSRIEANh. F12ss{@ARshow an embodiment ingliiohj agradientofray t heref ore be

ot Skt hANak g Sy 8L RO BTGB SR bt 22, o

the connecting chann pairs of conpound
chamb drem 980ioro- 80 Rterfacd, cad B 4naimamed bgithe sanatputefdolxyinmeayt oglvaninel s 9806

of a different |len . Flg. 77B t 5 .equilibration tine versus

equilibration di §§‘%§%Sgd°q’7?@”§ﬁg@0§ﬁﬁft 1§ g@flaﬂa?ﬂa?téﬂteﬂa%byf dr

eqi | ifbaaticomralfchhiel ¢heug dnat a Eilga i@@gﬁﬁhb% (ARG RRitRALEL] efficit N
g.

| ength_of the connecting channels. Fi shows four conpound chanbers

9900, stlsod 2 sopwatelyapiuaigbpterfige Nalvnd0D0 Bigt 79 plvts solvent gementratiort
connegk bidthifh HnR VAR e o AR 10¥0% iLERRN0PhS DR hatf 100002 of the

flow channel has been mixed with a first solution, and a second half 10000b of the ﬂbw
channel has been primed with a second solution. Fig. 79C plots solvent concentration at a
25  subsequent time T, when control channel 10002 is actuated to define the seven chambers
(A-G), which capture the concentration gradient at that particular point in time. Fig. 79D
| plots relative concentration of the chambers (A-G) at time T,. '
In the embodiment shown in Fig. 79A, actuation of the forked control
lchannel simultanéousiy creates the plurality of chambers A-G. However, this is not
30 required, and in altenative embodiments of the present invention multiple contrdl
- channels could be utilized to allow independént creation of chambers A-G at different
time intervals, thereby atlow additional diffusion to occur afier an initial set of chambers

are created immediately adjacent to the free interface.

93




10 have the sane Iength but differ in cross-sectional area and/ or numnber
of connecting channels. The rate of equilibration my t hus® BStabRE

sed/ decreased by decreasing/increasing the cross-sectional area, for
exanplwoleg/ogbecr easi ng/ i ncreasi ng the nunber of connectpcigusabamael s or the
di mensi ons of those channel s. Varying the equi l'i bration rate by changi ng

the geonetry of nnect.i n els be used an singl e device to
expl ore the effe 8? odyw t"%?éﬁthg‘ﬁp H’i acgﬁcwvggggagre&g#ﬁwcﬁ gs.

79A- D s RIS c6: ﬁgss@emdmg aistauid ofl afkede fan SR0GRAIhALbQAS, initially
established b partial diffusive equilibration of two solutions froma

m cr o- Present; |“H§’é‘i' f auféoﬂéléw flew gharmehiapd @reyyding e secondSluidan asecondsilennent

val ves Q I ped nterval s -
by a 28f kaS% cont Iiﬁahgl\r%{r‘?e &%ﬁ%ﬁ %Q% flgfelsﬂégcﬁ ur5+ n‘?' foa}%"ﬁ%ﬁbers ’
(A-55) ﬂowidlamméda alrrfme|atrimeroﬂlﬁd|déreeﬁntarfsapmt\aécml thie fiedt lﬂkﬁidﬂﬁhdl thé e¢donde val ve
.10004. _Fi g pl ots | vent concentrati initial tinme, when

i nt er f uK- Hnegfgstl%@%an J e 3eqopd i am"a“ﬁﬂﬁf%fh?ﬁ'a? RerpEo MigPIKC | ow
channefedaserhREN A rzs@&ommoﬁemaﬁ@és p%eitfahe@ﬂongﬂﬂ fow See 12l f 1 0000b of

the flow channel been prinmed with a second solution. Fig. 79C plots
sol ventnceegpiog ﬂtsﬁmmﬁmIatthfamzﬁOE!utlseﬁme\nterﬁacwe'ﬁctuatmen defort ol channel

10002 ich c ure the
concent LeRRisH R Rab Gt Shp el EEVRRUARING frs M s B R B D) o1 <
relIOatItteﬂeet@mﬁﬁﬁ(Efaﬁff@ﬂmofzcrb@ﬁth@hﬂa’@ﬁﬁﬁiu( fledIntarfacki me T1. In the enbodi ment
shown in Fig. 79A, actuation of the forked control channel sinultaneously-

creates the plurality of chanmbers A-G However, this is not 30 required,
and in alternatiyg e [ of the present |nvent|on mul ti ple control
channel s coul d be ut ."?9’? IFg(‘ﬁ?%:)[sal | ow i ndependent creation of chanbers A-G at
different tinme Aspevicably,illidiertabymbbliovwenaddinicayfhlidididétivaiian to occur
after an initial Ig§1t of chanbers are_created i medi ately adjacent to the

free |¥FaupncewithBeproseplipypntmsIsapiifgquotip EseTvaHS aRIEHS MERVEYSE: a net hod
of15capihhieh fidie aeﬁe& fRulrRly @e ﬁﬁhﬁ@tofth%rgé%ﬂmbﬂ’\@f SdiMidls, ROURE 6££S

providing a first fluid on a first side of" an el ast omer menbrane present
wi t hi recareapandistg laigginambieoof impatinbes Wtihaenamvpmsﬁg mtesfacwgdadh weld on a

secon Q The el.ast ne i s displaced
T oo ndy Bfimbed e b el Y TR A W nerl i e SRR 1 o

i nt er faiditidagtheaannidial ddeloTpifettes thragehdifg SASIODGIunics of Hquidhiekddwist f1uid
and the second fluid are allowed to diffuse across the mcrofluidic free

i nt er fagddhusAt egifprespayara¥e exsst (atilizs spesicehniauss taptaste sefationsow channel at
i Q@r ee}ﬁf’C@ﬂygh%@f@ﬁseﬁreg({n?Hhtﬂﬁga&Sf &{1 idic free interface are actuated to
C

defi ne a succession ers relative concentration of the first
fluid and the seCapildary lactich thay nen‘lieemfﬁcnantttoﬂmma‘,olducﬁxfslfsombna:hqﬂss t he
mcroflyjdic free interf 10. Ch Hol der revj ousl illustrated,

_ enbodi\ﬁfghtlgtodif:tlm el of ?he hﬂb@?@@é‘ where de:ﬁs -e1 Fgledc ambergare to be

primied with material. In such embodiments, one way of loading materials into the chip is

throtugh the use of' extemnal pressurization.  Again however, the small dimensions of the
25  device coupled with a large number of possible material sources may render impractical
the application of pressure to individual wells through pins or tubing.

Accordingly, Figure 80 shows an exploded view of a chip holder 11000 in
accordance with one embodiment of the present invention. Bottom portion 11002 of chip
holder 11000 includes raised peripheral portion 11004 surrounding recessed area 11006

30  cormresponding in size to the dimensions of chip 11008, allowing microfluidic chip 1 1008
to be positioned-therein. Peripheral region 11004 further defines screw holes 11010.

Microfluidic device 11008 is positioned within recessed area 11006 of

bottom portion 11002 of chip holder 11000. Microfluidic device 11008 comprises an

active region 11011 that is in fluidic communication with peripheral wells 11012
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accordance wth the present invention may utilize on-chip reservoirs or

wel I's. However, 15 in a microfluidic device requiring the2QieRherg08% a

| ar ge nunber of solutions, the use of a corresponding |arge nunber of i nput
t ubes Wa®/0§asarate pins for interfacing each well mayedeUuidIReesti cal
given the relatively small dinensions of the fluidic device. In addition,
t he aut | f ' ' | ). vol jquid- is
noun,  “angehEFrsPindsBold e 1012 IENTID. AT WS ShidbMchni quies
to pi peuffecianivolunmes of 2Atetiat Rcillow divideo 1008 ks funcasenwetls 110E2 mage of a chip.

Capi |l I ary, action may nqt _be sufficient to draw_solutions fromon-chip
wel | s i%ﬁ%‘%&ﬁ %mPégFCQWéO‘ﬁfO?PWé‘agﬁlﬁ%g, ageRts, sQlyiians of tiget walgealy- @nded

chanbergthetcRerthiRabBagdnfs sﬁﬁﬁ‘ aﬂt&iﬂs.@%ﬁ%rﬁ%}oﬂi 'l ﬁjﬁﬁ Qoﬁﬂtgg(y Wb ! 1865 way of

| oading materials into the chip is rough the use ext erna

pr eSsurhatgnatdes achyeragidrolkdtéof dhirel KI98Ith bdicheareédons of the 25 devi ce

coupled with a | U Iy OF ssi bl e I al sources,. ender _

i mpracti cal the%g)ggﬂoﬂéoa i 8%98F9‘3‘ ?g@dﬁ;é%&ﬁﬁawﬁwg}rn S\Eg%k{ﬂﬁrough pi ns
or t ubipagionAde6? diadaiorofilidizohép BIDOSHRMRIoned eRliRdR6r sas€Wr Dlus@atidi, i hol der
11000 :En fgccordance w th one enmbodi ment of the present invention. Bottom
por ti ol '& FHd9P &P ERldst PP d 0 s sboymEnvgHed relativedd is @etuahirasitiongar t i on

1100+ s souplynach g e HORP R pessesnan i Ryplarig (e

di mensions of chip 1 , allowmng mecr 7
podfiti eerew hotrsrld D0 oPlemiepheldal partign 10021 O@h thatrsttesys 616 aesy tecr ew hol es

of ot {5HELRre 4 ek d 30T et behuPernensen: M BELShovi co 11008

COPI | #6KcAN 000C Chfehdled! BPeriddidn 1 doedifls 4 iadiel1 RSTIRALON Wi th
peripheral wells 11012 94 t ober 2005 WO 02/ 082047 PCT/US02/ 10875
conf i gA%tBE region it 18] efnehip ddeifdtortevebsaryed.2a and 11012b, respectively- Wl ls

11012 hol d ffigi f Lal_t i ce. 11008 .t

Functi on. vell's Fibchyies YIBSate Pl orkch o9 dal N SRt paminic”

cr y$t atihgz1 g0 agen1622 salounding sccebseh At OBt artbl 1926 AleSpectively OtWigdn @peni cal
reagents .su IP ﬁ‘f r;S):élai s. Bottomportion 1 t 002 contains a w _ndow 11003 5

t hat eﬂ%P’é_g A4 e IRE‘dij‘EfrF 19_%1511”6?53‘(1,Fﬂtﬁcﬁ‘lte‘EfS’f"lﬂbClﬂé 148e%ptkidns Top portion
11014 ghei p1BOHAR 1130904 11622 H¥RInAAKL 05 EALBIRk HfiendiGhihon 11002 and .

mcrofluidic chip 110 positioned therein. For ease o0 l"'ustration, in
Fi g. supneppuréasepf hbipddf0phonch that et6k4 1024 défoves ai firserhaatber evattopyeow o its

act ual |t ' he assenml chip hqgl der portion 11014 incl udes
screw @ZEBE%%EEI}ZQ%J -snﬁl§%ﬁ g%ﬁ'@@vaﬁg‘foé‘g Cﬁi‘@? Ofer SBV@F‘ "%l der portion
11802, 1H12h of Watls $0I@WHAIOMB30RMd D€032 MIRE ks orqum&rg?m Q40 secure
chip between portions 11002 and 11014 of hol der 11000. I p hol der upper

por t i oHe N EPAMUBGRUANYIth regesiae W 02A0wY LIAZE resnedsively, taenablea pesifion 11011 of
chi b 15hGrd @ iepRRAAbRElchahBU mistgh it rrb34 iRkefiba b8 nBRL FF6a PR ' On 11014

I ncl udes raise ) ,
' 11032, respectively. A positive pressure can thus simultaneously be applied to all wells

within a row, obviating the need to utilize separate connecting devices to each well.

25 In operation, solutions are pipetted into the wells 11012, and then chip
11008 is placed into bottom portion 11002 of holder 11000. The top helder portion

11014 is placed over chip 11008, and is pressed down by screws. Raised annular rings

11020 and 11022 on the lower surface of top holder portion 11014 make a seal :with-the
upper surface of the chip where the wells are located. Solutions within the wells are

30 exposed to positive pressures within the chamber, and are thereby pushed into the active
area of microfluidic device.

The downward pressure exerted by the chip holder may also pose the

advantage of preyen_ting delamination of the chip from the substrate during loading. This

prevention of delamination may enable the use of higher priming pressures.
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15 rings 11020 and 11022 surroundi ng recesses 11024 and 11066, -
respectively. When top portion 11014 of chip hol der 11000° Etoﬁ?%%%oéd into
contact with chip 11008 utilizing screws 11016, rings 11020 and 11022

pr ess wobpod2ber soft el astonmeric material on the upper muniasgefs chip
11008, such that recess 1.1024 defines a first chanber over top row 11012a

of wells 11012, d rece 1026. def i npes a second chanbey. over ,bottom r ow
20 11012b of wel ﬁg?i‘i‘ﬁi’?fd% i ‘B’%‘_‘Tidﬁgpg‘g%’fﬁﬁ'é?“ﬁ’no“teﬂ’é’%f"&e?"ﬁ’f’d%%‘ hol der
por t i o§f d dtticdurd ifadBrdadBEWith @R prefentiinventies.eFse&ahp?4 chiptholdd 4fay
respectively, to enable a positive . pressure to be applied to the

chanbetlso indidsiaghirg pagion misgh fitssver eentral digcipytiglports 99dhefient or begp

respect: A AR LE £ ' , lied to alt
et | o Sy B the chiep SRkl GBI AH B Raoh B presidfhd RGN N, BRofRB P 10 2!
de\d cesalv@agastionweititin tRScHip hpeidition whikkaheidésorisedalictdgri gpeiodiafleritnt o t he
wells j 1012, and then.chip .11008 is placed_ into bot t@bn portion 11002 of
hol der gD 2 window Es virsyipe PE fs/chim this maympt be npjestany dherhipns 19 be1008, and’

IS Pregaffled 7 MY HIfdPWice fRELRIPUIANG Plodksd isRBmpledel 020 and 11022 on the
| ower surface of top holder portion 1T 1014 nmake a seal with the upper

surface of the chi gillwtheraltetnative einbodmesnits exhiohol&alinacendanse whthithe he wel | s

are 30 _exposed Lo posiiive.press s withint tber, .and .are thereby .
P shecPnd ipiralich BRG b ERuBPGROH dalthi Pofhehlido PR s diaRLr o' oy cosir e
exer t edmipprdl Rémpsdratard wbaR 1o TRy clap posiion®l theein. aghichnlegrtoé preventing

delam natign of the chip fromthe substrate during | oading. This |
pr eventmbgdigenigayond plimingte the goraplerity ape expeaise ayoHAGH sYithnEoRpPARtiBE essur es.

oo > FARE k1R dfiRcfe ofRZMb i hdpe Miffishollige oI b Dol der -shown 1 n Fig.

80 represents only one possible enbo a structure in accordance
wi th the presentInthe paticolar efbodiementpf the chipclvlgeribhdmiednma\Fig. B0sthei ncl ude a
third portion whi c‘a fits over cantrol Ii outlet ports on the front or
back ©P&LEGHs PigEsed i Pre chip:by Bymiag spiesy ?'for-’ﬁéevﬁbﬂl‘ pRepathys badimetsr e to

CQBt I Gl ak&&aanéeqviﬁpﬂﬁerp?ése& maédfﬁmétﬁ{el&wn%lrwf&laé Bl Be ﬁﬁblfﬁad thfyughdi tion,

whil e the described holder enbodinent includes a wi ndow for view ng of the
chi p, Rrassorraboticcrmp therby gotentially flimheratinigi the need: for Hbottommoldsd pfecom t he

hol der once the ghi.p filling process | ompl.ete. kn sStill..ofher..
alternative errbolgl'l1 Jia fe,g\@ﬁipsﬁwgfaégp%pﬁmg%nég?gmaergl(l:'lg) Olfiﬁf 1!lﬁst‘etm(%‘f’odrlcra"sent

| NVentFigns®,ahd stabéves dhd WEIRCalWvilg BEstidatign of & pBsitite presquroisicleatabint i al and 10
tenporal tenperature profile to _the chip positioned therein. Such,

al t er HEESSINE BREIERdREHE wtafha camplianl tap seriaqeeo fdbpplpdamer chipg Howsers it

asyoci 2 J D LG - ' | t strate
258001 S BRI B2 O SLEAE I anfl] SSEXRN el
i |1 usthyatheddduiofriofifiesible d-Hings todhe phipdeldes. Sndssenigs svohkbparimitsbyfaur ni ng

screws, . ver, in alternatjve epbodipents. . 15 in accoydance with the
o1 5 o1 FOH Vih bR IFBR AR B G SEBiGFBEIRANEY F 6 HPGUGH press or
robotic arm  thegigliyy, ROk Aok Yo RldoBhinaiidsd % AR5 fofdef sipuchgk iom hol der

pi ece. ) ‘ o o ]
accordance with embodiments of the present invention isnot limited to protein

25  crystallization, but enables loading of a large number of solutions onto a microfluidic chip
| - for performance of a variety of applications. _

An embodiment of a structure for applying pressure to a elastomeric
microfluidic device in accordance with the present invention comprises, a holder portion
including a 'conti.nuous raised rim on a lower surface thereof configured to contact a top

30  surface of the microfluidic device and surround a plurality of material wells located
therein. Contact between the raised rim and the top surface of the microfluidic device
defines an airtight chamber over the material wells, an orifice in communication with the
chamber enabling application of positive pressure to the airtight chamber to drive the

contents of the material wells into an active area of the microfluidic device.
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Furthernore, in the particular enbodi ment of the chip holder illu ated in
Fig. 80, the seal over the wells allow ng application of agﬁ%%*?f@@% '
pressure is created by pressing the raised ring into the conpliant top

sur f acwOof2/681947 el ast omer chi p. However, in 20 accordancecitdy@kiser nati ve
enbodi nents of the present invention, a seal could be created by the

addition of flexiple o-rings to the chip holder. Such o-rings wuld permt
use of a chip hd‘ghgf’b_ ‘?‘ﬁg‘eq{-{?p‘HF‘?}gﬁfEPEP"}ﬁ TIHFEP P'@F‘cd"d’é‘i?i‘ﬁ'é%atkﬁald feature
a rigi dniteial $n'idcBfRncd With the/preidat v eh@PPEIARHses oddBEOIPERIY Bplvetise of a
chip holder structure in_ accordance w th enbodi nent's of the present

i nvent i@ ureforfachef ariqreflydistdsvicexeitler liguid Imatorali dnholdertpieseabl es | oadi ng
of a laf i 0, a._Im fluidi. ' or performance of
2 vari cryfe PRl St Q8RN BupGR e b BB roldBF Y o

pr essumpeesb@ agambiathe apmdriscrfadecsuerohhdingitife welld, swch thatcetintlai kecrvdtéd t,he

pr esent iﬂxent |,on conprises, a_holder portion including a continuous

rai sed PPHIBR LS| OROPIYE PFSe ihaPdst (e Birigahechamber bhdrve the magsiabo

sur f ac groaf theheIBi%b Qh 2t £red6Fing QIARSHHhiRHTRidic RidiE@ld ty of material
wells located therein. Contact between the raised rimand the top surface
of the m crofl ui dinccrelmdirpent adafrigthed afiachnating ghtal whwaithiara wicesfididie mat er i al

wel | s, Ly in_comuni.catign.with the . chanber enabli application .
o pos(Etefiel WG Clnir B W R i aesk BRving & R RDR RS LdM: ont 5 of ¢ e
nater i apaiwge lalsarfhdd oF aaRicasldidie d@f/i@éhﬁvﬁi#%E?lmﬁﬂwfﬂcﬁh%ﬁi&%ﬂtl@%te% 5 Cctober
2005 WO 02/ 082047 PCT/ US02/ 10875 An enbodi ment of a method of primng a

ni cr of CifRliachawbrreventherpudlets; oypesitivaernagalive pressoisaentied withln t he present
i nvent i ' [ | Laal i n r. surface of a
m cr of ?ﬁ%ﬁg%{ﬁrgé cé\nﬁtﬁﬁ 339 T’S?ld%l %t@é{%%o%&o?ﬁﬁ%%?%%gr% é%glg%%sa bi ased

agai nstlasthmenppaive sunftame sfubdniidraflu@icdeviderthatis in aorme@dnichiomvith ke hol der
pi ece 5 presses agai nst the upper surface surrounding the wells, such that
a charrﬁ%rﬁmﬁn%reat ed .y over the wells. A positive pressure is applied to
thes ai rti ght chanber to drive the material fromthe wells into an active
area of the elastomeric mcrofluidic structure. An enbodi nent of a nethod
of actuating a vhl.ve Weaghi Materyadscr of | ui dic el ast omer device conpri ses

act uating a vhlv _ I astomer devi ce cor
S hce of o m orRp eSO ARG aieli?, 1F Pyt or GreABPa e "out 1 ot

to Creahgimheldnbamodlgfitci e YWideEiSal MadonbleciRs (dytésRlidptot@npr essure is
applied to ai rtight chanber_to control a pressure within the control

line aﬁﬁ@ﬂh’?gfwotgﬁltsd&?@b@ﬂcﬂ%%@?% Rpgh-ad rempleroraiinatipas i cr of | ui di ¢
L, U, A PO SRR B ool P,
cr yst aliinitechto, phosphorylated, sulfolated, glycosylated, ubiquitinated, etc. proteins, as well as
halogentated, abasic, alkylated, etc. nucleic acids); 3) deliberately derivatized
macromolecules, such as heavy-atom lableled DNAs, RNAs, and proteins (and
complex_es thereof), selenomethionine-labeled proteins and nucleic acids (and complexes
25  thereof), halogenated DNAs, RNAs, and protéins (and complexes thereof), 4) whole
viruses or large cellular particles (such.as the nbosome, replisome, spliceosome, tubulin
filaments, actin filaments, chromosomes, etc.), 5) small-molecule compounds such as
drugs, lead compounds, ligands, salts, and organic or metallo-orgranic compounds, and 6)
small-moie_cule!ﬁiological macromolecule complexes (e.g;, drug/protein com;ﬂexes,
30  enzyme/substrate complexes, enzyme/product complexes, enzyme/regulator complexes,
enzyme/inhibitor complexes, and combinations thereof). {Such- targets are the focus of
st_udy for a wide range of scienﬁﬁc disciplines encompassing biology, biochemistry,

material sciences, pharmaceutics, chemistry, and physics.
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Lyt nelSpiogPARSER hTahie RFRKT. Blone oM F At iehlip AETHRo,
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25  ester(OtBu) and t-butyl (tBu); Glycyl (-G-,-Gly-); Carboxymethyl (on Cystine}); sodium +
potassium; Selcnécysteine (from Serine); 3,5-Dichlorination (of Tyrosine with 35Ci);
Dehydroalanine (Dha); 3,5-Dichlorination (of Tyrosine with mixture of 35CI and 37Cl));
Pyruvate; Acrylamidyl or Acrylamide adduct; Sarcosyl; Alanyl (-A-, -Ala-);
Acetamidomethyl (Acm); 3,5-Dichlorination (of Tyrosine with 37Cl);S-(sn-1-Glyceryl)
30 {on Cysteine); Glycerol Ester (on Glutamic acid side chain); Glycine (G, Gly); Beta
mercaptoethanol adduct; Phenyl ester (OPh) (on acidic); 3-Bromination (of Tyrosine with
79Br); Phosphorylation (O of Serine, Threonine, Tyrosine and Aspartate, N epsilon of
' Lysine); 3-Bromination (of Tyrosine with 81Br); Sulphonation (SO3H) (of PMC group);
Sulphation (of O of Tyrosine); Cyclohexyl ester (OcHex); Homoseryl lactone;
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25 Phenylalanyl- (-F-, -Phe-); Pyridyl Alanyl; Flourophenylalanyl; 2-Nitrobenzoyl (NBz);
Methionine (M, Met); 3-methyl Histidj.rl; 2-Nitrophenylsulpheny! (Nps); 4-
Toluenesulphonyl (Tosyl, Tos); 3-nitro-2-pyridinesulfenyl (Npys); Histidine (H, His);
3,5-Dibromination {of Tyrosine with 79Br); Arginyl (-R-, -Arg-); Citrulline; 3,5-
Dibromination (61’ Tyrosine with mixture of 79Br and §1Br); Dichlorobenzyl (Dcb); 3,5-

30 Dibromination (of Tyrosine with 81Br); Carboxyamidomethyl Cystenyl; Carboxymethyl
Cystenyl; Methylphenylalanyl; Hexosamines (GalN, GlcN); Carbbxymethyl cysteine
(Cmc); N-Glucosyl (N terminus or N epsilon of Lysine) (Aminoketose); O-Glycosyl- (to
Serine or Threonine); Hexoses (Fru, Gal, Glc, Man); Inositol; MethionylSulphone;
Tyrosinyl (-Y-, -Tyr-); Phenylalanine (F, Phe); 2,4 -dinitrophenyl (Dnp);
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nmercuri)-nethane; 1,4- bis(chloronercuri)-2,3-butanediol; %Pﬁtﬂberzoos

di acet oxymercurichloro acetate (dane); Mercuric (I1) oxide;. Methyl

mer cuVO22/8p+apt oet hanol ; 3,6 bis (nmercurinethyl di ox®€d/Ug#sate); . Et hyl
mercury cation; Billman's dinmercurial; Para ehloromercury phenyl acetate

(pcm®) amfRiberbekedlitiobmeley Metlyl bid& thmi%?ﬁb saild (m@hktgY); 20er cury

thiosalicylate [ents]; 30 4-chl oronercuribenesul phonic acid; 2,6

di chl ohpdrexyaercud-teltenapsudplainiq aridniphis); [Ascetanipo poerih HIFFHEY RES3F benz oyl |
i no- 2, et hi : hl. ke . e - ;
(acet al DR B R b RS Fpis PV £ ey FREI oy DR O

ge[] c gr bel’%ﬂaﬁﬂﬁt@g@tﬂ(ﬁ%b?}%ﬁ&ﬁ;&hﬁm&&nﬁqﬁﬁhmia(pehpj? Diwegycl)mma_ tuny m de;

- roxynmer cur ybenzal dehyde; 2-acetoxy nercuri sul hpanil ami de;

3. dvet dippileng dipxige {gmdx); BarsatoxymeB I iEng e Ban; d&;ﬂ?‘*f‘tj@%ﬁ?ﬁbms

am nobgpzenesuyl ph L des . AE v hBicagl ' hidl aki 5 2-
hydr ox gﬁr}ér cur Jf{{r?’o{lﬂﬁig’ﬁ ﬁgfe'rcsdl}f?%%gdrﬂ gQ{ a@ F%dy( %E{cgf‘ ; Sy%g;eﬂtog%%e Sﬁlg]rtlirll Ig@n’e rcury
acet at 8 or fdydmxymedufi(salitylecaiddmsh); &ipaiyl sremuyick§ pr opyl 2-chl oro;

Par a- hyd i b | phonat h - Ortha-chl ¢ i phenol
(o) Sepraaese il | ah e IRENE 2 SF eramee T rtre? QR e bur
ani | i nghlbRMBMr hifropRerd® phraihp), 5-nehdueydearRyGridide moRbulpleateidiaoiy cation; -

3-hydroxy-nercuri-s sul phosalicylic acid (msss); 3 or 5 hydroxymercuri

salQ cysalieyhats; d3¢([Frfeayboxpmsthery)benzgydl ayinoR-methapeypior ddyMer curi met hyl 1- 4

HR1E%
t hi oxape.. - ~ I r ; 0 Al or omer cur i
nit rop&?ﬁgwg%%%?%@?t@r? lgzcgpf eox uf%%ﬁ)ﬁeﬁlgn%ﬁﬁ?a% Igt %5 q%ercury 10
sal i eyha&fi®xyniededr] @ehgbmbeptptirg; oely)-nenaoy phemibcaion? Pamtdaoborynethyd, 3 bi s
(hydroxinmercuri)-3-nitratqQmercuri pyruyjc; S-gﬁrgl oro.nercuri pyridine;, 3,5
bis aFEFERIPHET bengensinhopyl gﬁ'@r’iﬂ gunt YLBHCEAM S Renol  cati on;
Par a- Calhg LS ni B GRPhATEHE Hhia) PRRZRARHNREBRRY oro RedrauraR T | benzoy !

gl ucosam ne;” 3- acet et oxynercuri-5-ni i.rosal i cyl adehyde (msa); Amni um
t et aeRbssumMistatiiaty@nétd ThercdibteREH aSadivm tewathige yiretymeamustadbeur ate (11);

Sodi um,t et rat hi ocygnat o rcurate, (14).. .Potassiumtetraisothi ocyanto
mer cur aP @YY fir g%’faﬂ%elpgrtcfl?itt%gg) %téﬁsr“é & (B et rré'ﬁ% #liﬁm

t et r at RAnffividianar QhideySidhab endrédrite (AP AdsIm tdrabroaky emurme Q) ate (I1)
Pot assi um tetracyano nercurate (11); Mrcury (1) bromde; Mercury (I1)
t hi ocyBet@ssum tWEweqcpyat%@BhW;um@bWIéq:|1\)fefPB*aﬁ (@B thipgyangie; ¢ (11)

chlori dge. l.] e . t - di am no

mor cur ey {5t Esfnldel MeRGE) Brfiog Metcutolrh bhioRBE MLy AR Ver cur y
gh zl() sl(\rtzepdnﬁty eI? ﬁ&élm)iteumch(drbdiaxgﬂimle@uiak@ﬂh); Beﬁima][cuqrr-:\r/gemnwbe; '

oro(2-oxqet hyl) nercury; enol nercyry ni ; reury-

mer capt@¥lpurhydrggiede; ?‘H&ﬁﬁbé‘f‘ﬂ%%#ﬁ%@“@h{l ﬁ%&?m@%ur y thioglyeollic
aci d | GRIG L by: Phhé Y ReleRHifraehvdrusy.ner curi - 4
Par.a cﬁﬁggg%@r%ﬁalrtéﬁ)czh%&b)?eﬁ% pcﬁrrlg ; ky,&(l?(ytaﬁ’m&*r cullraﬂlhi_gsal i‘gﬁlat e (ams);

| odi nemeRaptasthanot, Meddwte n(eirm_]btoaﬁ))glamme ichbboisier Mm,ry thloglycollhc acid :
O 1 000D O M RS ko p RS OV S S A 05 P8 hmeroui

25  phenol (pcmp); Acetylmercurithiosalicylate (amts); Iodine; Potassium iodide (iodine); 4-

iodoi:yrazole; O-iodobenzoylglucasamine; P-iodobenzoylglucasamine; Potassium
iodide/chloramine t; Ammonium iodide; 3-isothio-cyanato-4-iodobenzene suiphonate;
Potassium iodide; 3-iodo phenyltrazine; 4*-iodo phenyltrazine; Sodium iodide/iodine;
Silver nitrate; Silver ( ) trinitridosulphoxylate; Tobenamed; Samarium (III) chloride;

30  Thulium (II) chloride; Lutetium (I1I) chloride; Europium (III) chloride; Terbium (III)
chloride; Gadolinium (IIT) chloride; Erbium (IIT) chioride; Lanthanum (IIT) chloride;
Samarium (IIf) nitrate; Samarium (IIY) acetate; Samarium (III) cation; Praseodymium (III)
chloride; Neodymium (II1) chldﬁdé; Ytterbium (I11) chloride; Thulium (III) sulphate;
Ytterbium (III) sulphate; Gadolinium (III) sulphate; Gadolinium (HI) acetate; Dysprosium -
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i odi de/ chl oranmi ne t; Anmoni um i odi de; 3-i sothi o-cyanat o 4- éb@ oBenEU%r%e
sul phonate; Potassiumiodide; 3'-iodo phenyltrazine;

phenyl trazi ne; Sodium i odideliodine; - Silver nitrate; Sl I ver ()

trinit MUYERYRoxyl ate; Tobenaned; Samarium (111) chl or PERUS@DIOFHUI | um
(1'11) chloride; Lutetium(lIl) chI oride; Europium (I11) chloride; Terbium

(111)  @h) enohids; Bdsidel (M) dittatel Holmiuh A1) €BlordePdhm frhinb)ru®bhikl dH)
Lant hanum (111) .chl orj de; Sanar i umlél I1) nitrate; Samarium (11]) acetate;

Samar i (Hqride; Ceguminitiidotioxe st (it 4th§SSltt§mte(§r@P@éesmét9d§Iﬁmmﬂq 1)
chlori Ct%mn}(llht(ﬁf)qba'iﬁh {Adnlron %.Htﬁ% &ﬂlqrgﬁgﬁ{nh@ s}mﬁx'ﬁ r%ﬁmh%n QJtterbium

(I'11) sul phat'e; i nium |n|u acet at e;
Dyspr osﬂmmh@aWDnﬂsm%QNN\OeﬁtﬂhD&izﬁlﬁo RG?AI&:IS&QI]DJS&B&S('{M i) chloride;

Er bi 111) nitrat hI0|de Penta am no ruthenium (111)
chl o§J mt@éoéjlwu"?‘r‘{'ﬁi’ﬁhf‘ (ﬁb’og]égbcé\i%rﬁ YIP'}““‘%PQEEWBr(ﬁ? ‘et raoxo osmi at e;
Hexa anbigBlor@farmiic(gidtinun ﬁ(y @%romwmmetma@ﬁxm ANODWMHIGbAhYIeHE; Osm um
(111) chloride; Potassium hexachl oro osm ate Eﬁ Cesiumtrichloro

tri scardsunye Psipat @] Bqtassslrmdwh@hdtmmtamaﬁéatm( ;i gyl qnfsqlarr@ns

di chl | 11);
D1 br ondr e (1) By Bl Blihaeigiy RO RIE LR pREARTHE 115
Pot ass |Raamassimot"(mliumithyl ﬁrbetx@lpimhehplhﬁnﬁrh I(Y); PDiassibiml teﬂnﬂﬂomaﬁﬁ&nate K@i num

| nat e ; Di.chl ridine) platinum

I T).. P di bi
E| |1§0 P%E%%?Etu‘?ﬁ? rPZ?t F @t)b%ﬁagﬁﬂaatﬁtt@)mtﬂ %lgtrlﬁuhf ()fy OtasREL 5| um

tetrab | Xodi Pot
tetr an“ﬁ’gﬁ?{’)ﬁpﬁ‘ﬁ‘?’?aﬁ%@’ s JIHEPAGRR, Pl @%ﬁ%&b“?‘“aﬁ“hg‘?“@f“* P Sodram

tetr ac;pémmatsl (i fhmtrmn(um )qtramuemlammte €y, i'bhsﬂumnmleocypmm phamete( 1)
Ammnl et ram tr ate Pot.assi um.t et socyanato platinate
(11); n| R %t'é%%ﬁ éhr MTO %P?ntﬁﬁ?t@ﬁﬁ art'é'étr?l(g‘g’o pl ati nate
(rr); PB&tsﬁﬁﬁtl dtqutbaio&ﬁlh&qﬂhmmé avy; Plchldrb@irtarhiniflc plelifiimQe);et r aammi no
pl ati ni_um ( # t15 Di bronodi nitrito di amm ne platinum (N); Pot assi um

H

hedani Ciprog tﬁétaéuvmvplatmpml B85 Batapswadiekapintp phatinaEEV )| V) Pot assi um
hexabr bAHeRAH orb N AtinaRO GV} o AEX AL RLALRRLS aﬂﬂétg ) Veodit ass' um
? \9) rlIgo ﬁat i na (%

hexai o atinate i 'um hexat,hi ocyan
Tet rac hbmchldmpiétmalte ﬁw;daotaﬂsaﬁm mttﬁdo\@latIMﬁM)quhman hemtluopjrzmtatm ate

di P
hexal sgﬂaﬁ'f‘%tfﬁm t-[gtr?‘é‘ Sﬁaﬁt gwf%&" f@s@w{?& n CES%ICHE’t éstﬁ]é%%n (1I )

2,2 Z(IV)eDilHd-fé)db bpi(éthj/l@héﬁﬂrﬁinb) di PatifbeA (@ qﬁ&%ﬁﬁ@h&aks@tﬁoéﬁn&o :
tergyel di ne) (Rgg Potassiumtetranitro platinate (11); ~Trimethyl platinum

(1 B9 nplatinate; Bo@mwmﬂﬂa&m@ plagnate €LH); V12" RY teppyradyd pLﬁﬁmtum (Ip2o rhenate

nent ol EPrT o R SR ARE 2 AR R P RSO GRS RO et ny i (1 1)

di chl otigeihy plalingmi (tmyh(ttavé S¥diuna tetiaokh alikindte (W) P@mga!nh @tiadko Urani um (V1)
oxynitrate; Uranium (VlI) oxyacetate; Uranium (VI) ygyrophos hat e;

Pot assFigR#tE4NDaPpiasvivmdstyanxamhenaty GVH); Pogé&mmhqa@hla ety dir anate (V1) ;
Pot ass Rﬂgﬁlﬂéﬂﬁfli Hb%aé d' Vi gxrlfﬁpnahexaEM }d rh%gge.l('&), Dimethyltin (If) dichloride;

25 Thorium (IV} nitrate; Uranium (VI) oxychloride; Uranium (VI) oxynitrate; Uranium (V1)
oxyacetate; Uranium (VI) oxypyrophosphate; Potassium pentafluoro oxyuranate (VI);
Sodium pentafluoro _oxyuranate (VI); Potassium nanofluoro diox'yuranatc: (VI); Sodium
triacetate oxyuranate (VI); Uranium (VI) oxyoxalate; Selenocyanate anion; Sodium
tungstate; Sodium iZ-tungstophosp_hate; Thallium (t) acetate; Thallium (I) fluoride;

36 Thallium (I) nitrate; Potassium tetrachloro palladate (II); Potaésium tetrabromo palladate
(I1); Potassium tetracyano palladate (I1); Potassium tetraiodo palladate (II); Cobalt (II)
chloride. | '

The PDMS material from which the chip can be formed is well suited for

many of these targets, particularly biological samples. PDMS is a non-reactive and
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triacetate oxyuranate (VI); Uranium (VlI) oxyoxal ate; Selen aé?nat? I on;
Sodi um- tungstate; Sodi um 12-tungstophosphate; Thallium (I§) Oé)teé %
Thallium (1) fluoride; 30 Thallium (1) nitrate; Potassiumtetrachloro

pal | ad? 8292947 pot assi um tetrabrono pal ladate (11); PETASE/987% et r acyano
pal |l adate (11); Potassiumtetraiodo palladate (11); Cobalt (I1) chloride.

The PDbBIIEaEY iiRdrt EdnRBudited? alibRs SlthRndl8cu1Beo Mm@ théir\ﬁ%gb'v%ﬁétét ed for

many of these targets, particularly biological sanples. is a
non- r ed@prafeldaper aqiitg e selyblizecoie. \Hhomaue ol FYsien qaaseooryegdte a

bi ol ogy ' 1. L - Al 0, lntain their
appr og’t"‘ﬁ% léyta}s%g%té?s a?'oqﬁg&g%ﬁ%\g%ﬁm\% t?é{/ﬁiaﬁfggmsug?} ue ﬁjajélg’gs Esottg e-5the matrix .
and syBtkon egimacBoiogiddtagas, frangaald prdteingaid pdpodss andrused adul ar wei ght s,

frgma few hundred Dal tons to.|he nmega- ton reqgine. Biological targets,
frdm s'Hﬁ?erﬁr‘i?P[é‘i’ Remplies, Gt Vithia thi rwacugaarsﬁm%ghwyaﬁﬁr%@%n&l%onp| exes,
fall wbhid-1-hiMphangge.. and are general ly anywhere from 3-10 kDa to >1-2.

Mba in size. 12. Solute/reagent types During crystallization screening, a
| ar ge nunber of chem cal conpounds 10 may be enpl oyed: These conpounds

I nclude salts, spmll d large | ecul ar wei ght organi c conpounds,
buffers, Ii gands??sma ﬁrﬁ}l%rle%%ﬁlf g'%gsgent s, detergents, peptides,
crosslinki'ng ageDufing cysdiliZatioy siréehinig a dgee hembdiagehbmical ¢divsandbeni cal s -

can be used to vary the ionic strength, pH, solute cqoncentration, and

t dPgetmavhe erploxed ohhgss compomdsnclugrrsalts avmall and lprge mlecwlas wsghti y ¢ he

t ar getgrg | ' )] ) hi eve

cryst aﬁ@gf ?‘g‘ﬁb‘f@g’varl a%Irﬁgfrlﬁ&aéﬁ%H%lg&noﬁgﬁgia%%gg%aﬁ?ﬁg%’ﬂ)ﬁ é?%(’:nol ar
concendrosslinking agends, tanp ideaVatzingsdgahtsi Zagether, thege clomiieals sarskd usefi t i xed, but

enpirical Ly-.determ ned, types and concentrations of  precipjtants',
but f er'@ry B ipgc Shrneli it s B caeeprralian 1142t €orgenirafionn e g, 2 1
smal | Jamle9enbaiscahts Mdaddy (REMEdtY The destied QoRéctBGS PO thesednemlcalMBt er s a
key solvent in many crystallization trials of biological targets, as many

oftSt heashiewe catstallization isnayiableqand ecanhgrizediorn manemelentp mekar encanigetioobded. As
eS| R e R AGRNRE L AVl DB ALFSRNIAAY Bl fRa. BELILDO (PO

t echni’q permeabi Ty 0 0 'gases, an € conp of

sol vendonceritfatibns SIDpERcifilant:s, ba sy fdlls] aralndthératiemical Addigeésdeizy negagin -
precipitating agﬁnts to be used. Precipitating' agents act to push targets
f r om doBbFHk emalh mokeylayshemicabadditives roryg Brofesanis £1e-JoyWolst isrdkex el usi on,

changi ' G as NS . t ' i ng, and
nol ecj Pg?ehgﬁo%ncg%tgrhg%l pI tg?’iryrfgggo l%éég%%be%twﬁ}gaﬁmﬁ%ﬁ n?ﬂlé&h%'% mat eri al
020 cemsay requmbbyidragnt ® wdy ddueeahd pldsidc] ude, but'are not limted to, non

EECRTENY N T T KR S R S
(POP) technique, the permeability of PDMS to gases, and the compatibility of solvents
with-PDMS may be a significant factor in deciding upon precipitating agents to be used.

‘Precipitating’ agents act to push targets from a soluble to insoluble state,

25 - and may work by volume exclusion, changing the diclectric constant of the solvent,
charge shielding, arid molecular crowding. Precipitating agents compatible with the
PDMS material of certain embodiments of the chip include, but are not limited to, non-

- volatile salts, high molecular weight polymers, polar solvents, aqueous solutions, high
molecular weight alcohols, divalent metals.

30 : Precipitating compounds, which include large and small molecular weight
organics, as well as certain salts are used from under 1% to upwards of 40%
concentration, or from < 0.5M to greater than 4M conce'ntration. Wateritselfcanactina
pfecipitating manner for samples that require a certain level of ionic strength to stay

soluble. Many precipitants may also be mixed with one another {o increase the chemical
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Preci pitati ng conpounds, which include |arge and snal | rmlfg)té{j) r w ght
organics, as well as certain salts are used fromunder 1% %ﬁb 5’ of 40%
concentration, or from< 0.SMto greater than 4M concentration. Water

itsel f WPHME7in a precipitating manner for sanples theat/usenosse a
certain level of ionic strength to stay soluble. Many precipitants may

- al so_beggidomint boARANGS BELert OTAAIGIEARRALDEAERHcbalned Qs OCt ober 2005

WO 02/ 082047 PCT. rversity o e crystallization screen. The
m cr of | ddcdinest atevgaddyg compatitiidedithiarbrodl mngaotumek compoendse Mbbrtkyveeonpat i bl e
with a broad r.ange of such conpounds, Moreover many precipitating agents
(such B ToREeiDIHPAagns (hehian ogieg apd oyt-chAln SfRRIES\ATS BBAVRGous gh

concentkigh t@tentrAoRSs PbdeNGnPa ProBRIE M :Rbst MRRE hadnlithgabapd ing devi ces, such
as 5 pipettes or robotic systens. The punp and val ve action of

i cPof |RIP&ics & ebotie sxstenes. aivkbvalie actioniob slierefiuiliestdevises pr esent

I nventi I - f Ml Scous, a tsS. I.nvestigation_ of

ol vent oo BARE Al A6 B G or IR AP Rl S s B i
-materails may be Awhnusipadon of solestiptetipi@tingugent corapaidiligiwigh agent s,

whi ch nmay.be eppl oyed devel op crystallizatjon_ screening reactions tail ored
for t hé’%‘rﬁ“gﬂf e%@%ﬁfﬂ%ﬁf@‘%ﬁé%ﬁ?%@éé@ {deatiysentioup §TsialiFdng agents, -

nonexclygiy Sial bsk ' : s kR | _
ol | ove ety bS bnloyeaUL R Sallkii S EfindSaRl RS kBloralf? dely
Ac &9 at dhat(arg moigeeffetiviNhai(staMiprd @oreen, NH4); Formate (Li, Na, K, Na/K, My,

NH4); Citrate (Li Na,. K. Na H4): .Chlaride (Li, Na - Na/ K, M, Ca,
Zn, M, Cs, R, r@#ﬂ?f?exgﬂﬁ‘F’sﬁé‘/%@Rﬁ‘%ﬁMaﬁFW&F&? Pﬁﬁﬂ%“,angd? [te (Li, Na,
K, Na/ HolldWs 4 artrile (L DR, K, Na/K, Nig4); Rhodials, (Liida, K2 NAKRBRXCAdktdeye |1 st of
organic yaterials which may be used as precipitants is as follows: PEG

400: PEd. Mool Npfic Mg der, ZnEHA); FepateadaoNa, pedlak; MatiEk; CitmidIgk: PEG

10k; P )]'¢ s X X -~ . PEG- DVE
2kr o o KK R Bt (CE RN A v Es R M O RS W St o e
M 690; (L dfar Bpatd, NE24)fdiyk (I, BapEnNadke digd); Glytamaex@nadd, &, Nafg) uti on pH

can be}\@fi ed by the inclusion of buffering agents; typical pH ranges for
bi ol ogi " materials lie.-anywhere between. values of 3.5-10.5 and the

concentration of AbaddfeREsigs ﬂ?trcfflgrgad_ié ﬁl%teﬁﬁfs‘gﬁﬁal Qla? bednch & yﬁ'@ciefitanw e

m crofl uidics 25 devices described in this docunent are readily conpatible

wi t h aisasdatiowsinBBGH00pPEGADRREG 3406;i BRI aki BEG B389, REG #kdPEG 6ki ol ogi cal
ar9s pegfhRaBE el Bl SPGB et
TR2(B- MMME! 5%, PEGADNER D 3 ibed R MeithdBol; Bthaiidl; 3PB0ino SARNRand?HABRand(ES, - and
' mdi Z?claf?dmine M-600; Isopropanol; 2-methy1—2;4—pentan;:di0!; 1,6 hexanediol.
Solution pH can be varied by the inclusion of buffering agents; typical pH
ranges for biological materials lie :anywhere between values of 3.5-10.5 and the
concentration of buffer, geﬁerally lies between 0.01 and 0.25 M. The microfluidics
25 - devices described in this document are readily compatible with a broad range of pH
values, particul;afly those suited to biological targets.
| A nonexclusive list of possible buffers is as follows: Na-Acetate; HEPES:;
Na-Cacodylate; Na-Citrate; Na-Succinate; Na-K-Phosphate; TRIS; TRIS-Maleate;
Imidazole-Maleate; BisTrisPropane; CAPSO, CHAPS, MES, and imidizole. '
30 Additives are small molecules that affect the solubility and/or activity
behavior of the target. Such compounds can speed crystallization screening or produce
alternate crystal-forms of the target. Additives can take nearly any conceivable form of
6hemiéai, but are-typically mono and polyvalent salts (inorganic or organic), enzyme

ligands (substrates, products, aflosteric effectors), chemical crosslinking agents,
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30 Additives are small nolecules that affect the sol ubili tgﬁ%{gé (?étivi ty
behavior of the target. Such conpounds can speed crystalli rédeni ng
or produce alternate crystal fornms of the target. Additives can take

near | ywW@h2/08wcei vabl e form of chemi cal, but are typi gattrgseanoegyrsand

pol yval ent salts (inorganic or organic), enzyne |igands (substrates,

pr oduct fuer@dhtOMRb: 1pi % _fidt 4, RAcAHG 05 5

Qct ober e%é WO 02/ 8%%%%? ?ﬂ%b‘%?%@sﬁ‘% aég%(g?ﬁedn@s ang? r|&Sp|%s heavy
met al s, provipitatingsigants, andsompouridelart weiglt cagmrucﬁts of precipitating agents,
and smal | nol ecul ar I ght .organi cs.. The f IIo ng,.s a xc_usivelist
of possibl e addi tﬁfeeéﬂ’ﬁ N8t Q%ST'“CEBW@@ g&"i d‘twﬁfhg%(;"\%’,m t hanol ;

| sopr oamiSIO; Hedhddidif Eﬂﬁﬁdﬂdmdmbawpwpaaof Is@&inmunae?msumﬂ | ouri de; ]
l'ithiumchloride anhydr ous; rnagnesium chl oride hexahydrate; sodium

chl &r i diounds ammen) Geurie; Hihiyrd chloade prltvsens, magntssr ghloridarmoni um
chlori | ﬁaggqm sodi um

t hi ocygﬁ:g%@% pglgggg%%]ﬁt ?%g%gcﬁl‘é#%lﬁ?‘ﬁfm m nit ré#g]“hpn%g%gdsﬁ umnitrate
hexahy canahenumsddioride, sodinatielidgpoassimnvdider ahapnamipdidensodium at e;

magnesi ym formate; sodi um 10 foy.mate; . potassi um f or.mat ni um f or mat e;
O oAt POER R AP eGPt PR T g 0 X DY he. hcet at e

dehydr abgiunbhittakTpaG e Eh fitkdtd; wgﬁéﬁl@m Iﬁ@AtEJ Mﬂgrﬁa%ﬁh%?matlé}’ﬂfdﬁﬁﬁ pot assi um.

acetate; anmoni um acetate; ‘lithium sul fate nonohydrate; magnesi um sul fate
hedﬂahyfdmte p%@dlumwfosmblfewemdemahﬁmmatee htlpmnaisstra@rﬁlm@lrﬁta“treagnamu um

et r anghrale et R A e g So BRaPRRCIT BRI BratihG .

nonohy Giyaate; powsmaﬂphcumduﬂkmmn pbseRBNiRthRim Safidmahehydeatafsdnesiugi hydr ogen
phosphat e; di - potassi um hydrogen phosp hate; _ammoni um di hydr ogen phosphate

di - anmshiatmhARiahediate: ssiup Relfae dfqahyqlrlateh potesrmshifate; %r@mpalﬁyloﬁua@

t t e:

armon AR aRE UL Hofissibl oBRRMT AL AL, ERRARKRALEL 01 e,
cobal t wmsraeﬂscnhixmrdnhiﬂlmgelnyﬂbaﬂme raoghydratd| di-sodéundBidrdgat ghosphiatont i um
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25  xylitol; spermidine; spermine tetra-HCI; 6-aminocaproic acid; 1,5-diaminopentane di-
HCI; 1,6-diaminohexane; 1,8-diaminooctane; glycine; glycyl-glycyi-glycine;
hexaminecobalt trichloride; taurine; betaine monohydrate; polyvinylpyrrolidone K15;
non-detergent sulfo-betaine 195; non-detergent sulfo-betaine 201; phenol; DMSO; |
dextran sulfate sodium salt; jeffamine M-600; 2,5 Hexanediol; (+/-)-1,3 butanediol;
30 polypropylene glycol P400; 1,4 butanediol; tert-butanol; 1,3 propanediol; acetonitrile;
gamma butyrolactone; propanol; ethyl acetate; acetone; dichloromethane; n-butanol; 2,2,2
trifluoroethanol; DTT; TCEP; nonaethylene glycol monododecyl ether, nonaethylene
glycol monolauryl ether,; polyoxyethylene (9) ether; octaethylene glycol monododecyl
ethe_r, octacthylene glycol monolauryl ether,; polyoxyethylene (8) lauryl ether; Dodecyl-
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25 fructofur_anosyl monodecanoate, sucrose mono-caprate; 1-s-Nonyl-8-D-
thioglucopyranoside; n-Nonyl-8-D-thiomaltoyranoside; N-Dodecyl-N,N-
| (dimethlammonio)butyrate; n-Nonyl-8-D-maltopyranoside; Cyclohexyl-butyl-8-D-
maltoside; n-Octyl-8-D-thiomaltopyranoside; n-Decylphosphocholine; n-
Nonylph'osphocholine; Nonanoyl-N-methylglucamide; [-s-Heptyl-8-D-
30 fhioglucbpyranosidc; n-Octylphosphocholine; Cyclohexyl-ethyl-8-D-maltoside; n-Octyl-
N,N-dimethyl-3-ammonio-1-propanesulfonate; Cyclohexyl-methyl-8-D-maltoside.
Cryosolvents are agents that stabilize a target crystal to flash-cooling in a
-ciyogen such as liquid nitrogen, liquid propane, liquid ethane, or gaseous nitrogen or

helium (all at approximately 100-120 °K) such that crystal becomes embedded ina
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cryogen such as liquid nitrogen, liquid propane, Ii qU| d et ‘S aseous
nitrogen or helium (all at approximately 100-120 K) ' suclk® ﬁa@er A3t al
beconmes enbedded in a 107 5 Cctober 2005 WO 021082047 PCT/USQ2/1 OS 7S
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part1 QRN Sl agEe Gherdicel ot ararLle it FACE AR S PO ORE. w ¢ h
e'ltshe:scfe;éb?iypfcaﬁ? chadid &Qi@&?hﬁl?vanaﬁ&hssoﬁw'oﬁir&%e ?ﬁ%ﬂgéterb a zﬁﬂsft?h&lﬂ arly

i mportan or optimzing 1nitial successes generated by | r st - pass

scr eerpnotigs(els, pmqmtmtmacero@neem wEDVEothabipes ofRoreads pavabdenzat i on | n

addi t| r can be varied.
duri ng é’gﬁdgp?%‘g Fsc‘?r%gs gaérllzlatrtl%n t%lp%ﬁag?ea 0@?}@ | nfﬁngé l?%r?c{ are not

l'i m t efeinital d9mbinalisizRised irCthysd s%kdenza«teloomﬁanblalwnﬂeaheromp desiyn dndr get
solution to crystal lization sglution, 3) 30 target concentration, 4)
cocr yé’é‘%{F‘F‘FSz'ﬁtaF@H yrceprith emberhiments oh the eseBhyeRtiag| | or rracr ol ecul e,

Shohydration, nhggfk?v&akbr?éhttahmm@de&l%ﬁpﬁfﬁ‘ﬁ# ﬁmdﬁ?dew gl contact

surfaces 10) ications to target ecu aV| ty. Vol unes
of cr mmly cambinatorial scatanigpol mmy ol rdyffmmtcrélenm;ilseamwe palfttcohlr t he

target or set of targets, a process that is difficult with either robotic or hand screening.

of
ca y con

“This latter aspect is particularly important for optimizing initial successes generated by
first-pass screens. |
25
13.  Additional Sereening Variables For Crystallization
In addition to chemical variability, a host of other parameters can be varied
during crystallization screening. Such parameters include but are not limited to: 1)
volume of crystéllization trial, 2) ratio of target solution to crystallization solution, 3)
30  target concentration, 4) cocrystallization of the target with a secondary small or
" macromolecule, 5) hydration, 6) incubation time, 7) temperature, 8) pressure, 9) contact
- surfaces, 10) modifications to target molecules, and 11) gravity.
Volumes of crystallization trials can be of any conceivable value, from the

picoliter to milliliter range. Typical values may include but are not limited to: 0.1, 0.2,
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picoliter to mlliliter range. Typical values may include but are_not
limted to: 0. 1, 0.2, 108 5 October 2005 WD 02/ 082047 PCTP Ustepeidedss o. 25,
0.4, 0.5, 0.75, 1, 2, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 75, |
80, 90WQ0WYs204¥25, 150, 175, 200, 225, 250, 275, 300, 3p01uéfPi0sfA50, 500,
550, 600, 700, 750, 800, 900, 1000, 1100, 1200, 1250, 1300, 1400, 1500,

7500, 000,560 - And: adodohi>: Fnasudrs e a0 o 40,7 80 o Wi oust y

descr i bExb, ¢50) 125 CERS 2251250, ¥/, 966;-350M1 R U0 CS00550,HD0EE, 150, 1806, dopw Vol ume
range for C{@tal lization trials (< 100 nL) is a distinct advantage of

enbodi né¥¥s {HY, 1229.800)i 140851308 1200, A 788.ci$08a 00, 260: R230:B80. nent s of

Lhe pr esial adddy S804, 80ioo, 808 380 SE! o0, UNE 660! TheRldBligglambers can

be readily designed and fabricated, mnrmzing the nee e need for |arge
10 Guardevtdeepregiouplyalciaited can gafesnthbseowales. The | ow consunption of target
material of enb iment&ri n accorda[nce ith the &reser}. inventifn I S.

© 5 7

particul arly usefflPYFUE+aChEEito e IpY volurae mnee fyr ysipiiizaiondiiglyltal sanpl es

such asl 0BT 90 8ishQLal HageRTRhBoinined 6f the RGroMAELIHMIIHE@rdandEI
conpl exes, and smal | -nol ecul e drug screening of lead libraries for binding

to tar gefisembodiments @f the presemhiaveniianegas Bichgmadk yaums orvstallisation
cryst al i ' ) . ' 2. L-0par, t | abl.e .in
cryet i FBhis U BL AP 8B SRR, Anink PR SRUIBRS e,

codfei yabhtiticsalf pecidud targetandlyquileal The 1low doheuiptigitofthrgkt h@@riklnpf100: 1
target:crystallization-solution. Typical target:crystallization-solution or
cryst ale"}q%ag??%‘-“ AcEPraEREVitthgdresealiipyention s padiculady ysefubipatipmptng ni t ed
to: 1: 39Bsvs ~Shalak: ; , e . .

1750, 140 T 30 1oL ioli? surtni®aeh A memprage projeiys profeiprotgingng 15 4. g
, 1: 2, prateinmugleicdacid c@nplexes; fnd Sndl-mdlceuleésdfg s6redning o8lead iiBrariantbr9: 10. As
previ o%ﬂd}{n d%s[grr i gercﬁl ; m'tcrofl ui di cs devices 'in accordance wth enbodi nents
of t he CHIE IR aTBEG O INESSt an be designed to access multiple ratios

si tdl t aneously OITha rgtid3@fQ t&Rkisoluldnae @Ik 2itionahixQan alsh k8nstitus il | i zati on
-chem cal concentration, can lie in 25 a range of values and is an

i mpor t #RPONANE Vamable inprysigliieatian seeseniag and opERtizaionTbcssationsnge e obf
concentf ALLRRS, < 100 ng/m, wth nost
comonl y’aused 3gﬂ%ﬁg§$b§%ﬂ&ewgﬁbgtﬁgg?%f%?ég emn?(%fr%o Ollllodi cs devices in
accor dtange:crystalhzatwhedluient Bypital tdigetpresaliitzations e anoradigstdl Badgiohy

OBt bbb s S B oS g AR P R J5E 1 1o
a @t ut30, eaonesnakes akadi N8l PGoPRY! 118! 1:739k7, 966 9IqEd 1124104 §.2, can be
smal |, on the order of abouf 10-1000 Da, or mdy Be Targe facronmdl’ecul es.
Cocr ystdh Pi3z3wi 313, 48l 86ubFs5:8a6:7) T8l $@eamli®: 18r Aswevibushy desdribad,
smal | - m?érgﬁh‘ildﬁzs%%i\é&e in accordance with embodiments of the present invention can be
designed to access multiple ratios simultaneously on a single chip.
Target concéntration, like crystallization chemical concentration, can lic in
25  arange of values and is an important variable in crystallization screening. Typical ranges
of concentrations’ can be anywhere from <0.5 mg/ml to > 100 mg/ml, with most
commonly used values between 5-30 mg/ml. The microfluidics devices in accordance
‘with embodiments of the present invention are readily compatible with this range of
values. |
30 Cocrystallization generally describes the crystallization of a target with a
' 's_econdary factor that is a natural or nonnatural binding partner. Such secondary factors
can be small, on the order of about 10-1000 Da, or may be large macromolecules.
Cocrystal]ization melecules can include but are not limited to small-molecule enzyme

ligands (substrates, products, allosteric effectors, etc.), small-molecule drug leads, single-
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| i gands (substrates, products, allosteric effectors, etc.), small-nolecule
drug | eads, single 109 5 October 2005 WO 02/ 082047 PCTI USU2Pe®8%" 240anded
or doubl e-stranded DNAs or RNAs, conplenent proteins (such as a partner or
t ar getVQP¥IRIY or subunit), nonoclonal antibodies, and PCTEISORIPIdt ei ns
~(e.g, nmaltose binding proteins, glutathione S-transferase, protein-G or
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present.  nventi op nake em, ideall.y, suited for.cocrystallization

Do entinlyBeor BFp HRrawbl e, weaf ShaS A R PR G er ot on. 1 n
par ti Cidulihely iNE1h@Ed Whh Bireéiidlin e {eSAN1RE cBip.V Ridked, BecdisOmay 6flhetar get s
and sanples. The microfluidics devices described in this docunent are

r el at i iFaBSpthyigreapesiy candime! Smited arpritty the swatlivolupgsafopdeddty el uti ons. The
| engt hy, ol o iR s cRips Gh Xééo?é#nké%th%ﬂlb%)&ﬂﬁédtE?Q{esprgﬁgt ndEQ nfrflﬁi&‘ ditgutes 15
or houl's t0 WeeKs ror  ABML RS, St experinents ‘on |5’Iog| cal systens

typi caideaflyssuited foesudrystallizdtionsci2dningur s to 2 weeks. This regime of

ubation tine be agccommodated by the m crofl ui d! cs devices in

;n or darite with ook faaes canke By wosant pnsideragign. tiedr ature of a

cryst alhteZAtdyofr SERPMINER okt DAYBICEIQT Bafett MRPGMPAR. TGRSR cs fai lure
rates. This is particularly true for biological sanples, where 20

t enperdivines dessinbed yis thas docnatendare eslpeyélyrbpdrophelnic,mad ges ¢ampatiblesith C. Sone of
t he rm‘%tt goméon .rxstallization tenperatures are: 0, 1, 2, 4, 5, 8, 10,
12, 1573gPasg S03% 0S5 30, 35, 37, and 42. Mcrofluidics devices in

accordance W t h gr® et tEnOfor CRAtANIAHENA expdritd @it L Taf @b rhinfeed at the
tenperatures listed, or alternatively may be placed into  thermal contact

wilSh  sordionrs terieskacnmenthsn Mot expanimdnty @isbiglpaicah systems ypicgly HeaWers or 25
Pel {1 GlonRQkHIME 2! RS eeds! TRIGEAERE ihARaRRlie/caR bBLL HifBfhuEaP! d
setup tine of enbodinments I accordance wth the present 1nvention allow

f ast erbyettya mictafhiidicndévicad és heopddadnas gith enibexdpreds of the passdnidhomaige. i N smal | er-
I ncubators at a rgngﬁgﬂof teg%grat'ures.,-lvbreover, as, the mcrofluidics
systems in accor—(lj‘!"l Rﬁﬁtﬁm (S’&Sﬁaéh%a.ém&}fex?ﬂémﬁ?‘ééﬁhﬁ“?%%ﬁ‘t‘?‘&?"b‘ﬁ‘ 30 not
Pl ace d,RgsebY Blifkd tAA! 1Mifls RPRAICUERR tndd Tof BRI Eat WirhPled Rhe¥@POr  phase,
condensation of water fromthe vapor phase into the drop as tenperatures

c RAngdempenaturts efcryisisbizatzaneckpeninehts con vange iftoma D-428 € domifdhe mypst - di f f usi on

o o BB TR BUDS) 2 A SETOL B 1, RS Y5, I
37, and 42. Microfluidics devices in accordance with embodiments of the present
inéntion can be stored at the temperatures listed, or alternatively may be placed into
thermal contact with small temperature control structures such as resistive heaters or .
25  Peltier cooling structures. _

In addition, the small footprint and rapid setup time of embodiments in
accordance with the present invention atlow faster equilibration to desired target
temperatures and storage in smaller incubators at a range of temperatures. Moreover, as
the microﬂui&ic's systems in accordance with embodiments of the present invention do

30 not place the crystallization experiment in contact with the vapor phase, condensation of .
water from the vapor phase into the drop as temperatures change, a problem associated
with conventional macroscopic vapor-diffusion techniques, is ﬁvoidcd. This feature

represents an advance over many conventional manual or robotic systems, where either
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5 Cctober 2005 WO 02/082047 PCT/US02110875 the system nust_be nai ntai ned at
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envi ron nt _t conp ete sur e cryst alll za action.
Mor eov eleperidieg gotheosptti dnadfitivheheerystubizhiigaidrep is haddaescs wiith cither aii cr o

fluidics chips can . conceivahl e varied to provide new surfaces for
cont act ﬁ%“‘?ﬁ)ﬂfeé’&?gltyéqaf%%ﬁﬁ gﬁg?‘gﬁlgtqno‘ﬁ,ﬁcth?rﬁpggquﬁ'téﬁ‘Tﬁwof‘or routine -
scr eenidifudbn 64 xilfc%‘dlﬁfgl sa%,}‘ Ilégfe%ti_eélsi AYF ERERt REORE ﬁfdaﬁw?ar%t&c iﬁ TP

crystallization. 25 stal lization targets, particularly those of
bi &P ogioxsEeroieRefs Feadibnyitb bicdegibd targets Whiehl camlead &bpwtein vsnatiatipaendn. Such

8P ogiowaeroreref readi i et nyistalalioanid
or ot col Gir i OFsE e i Bulite QTR o ARERP B 1eath P B <t s,

cheni catysmiization @kpeviment, adle ciw alii Al ighibit of Gegrddy @ottan®iidd §rtésans can be
time consumng and costly; nodified targets require the sane thorough
screening as do dEdividiesesise designeinaccqdansrvith embediapisafidhef t he

pr esent,.d | ] modif ily as with the
01 gi o PR Al bvBlch e SHED HEREKbRC) biAbifthSy BaneehEREL ¥ 0201 1y as a
pa2@nebmcofmpatigle gatiainmentthkoromslety bt suamandiethe coystdliztiodiresttionyst al | i zat i on
par ane use of .the djfficult
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5 Cct obsticeRRBH be varied to provide new surfaces for contacting the crystallization reaction;
this would allow for routine screening of different surfaces ahd.‘surfacc properties to
promote crystallization. ' 7 |
25 ' Crystallization targets, particularly those of biological origin, may often be
modified fo enable crystalﬁzation. Such modifications include but are not limited to
truncations, limited proteolytic digests, site-directed mutants, inhibited or activated states,
chemical modification or derivatization, etc. Target modifications can be time consuming
and costly; modified targets require the same thorough screening as do unmodified
30  targets. Microfluidics devices of the present invention work with such modified targets as
readily as with the original target, and ‘ﬁrovide the same benefits.
The effect of gravity as a parameter for crystallization is yet another
understudied crystallization parameter, because of the difficulty of varying such a

physical property. Nonetheless, crystallization experiments of biological samples in zero
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WO 02/ 082047 PCT/ US02/ 1087i gravity environnments have resulted in_the
grom h of crystals of superior quality than those obtai ned OstebesQd% under -
the influence of gravity. The absence of gravity presents problens for
tradi sWw@pgds2y@por -di ffusion and m crobatch setups, begayagedbdss{! ui ds mnust
be held in place by surface tension. The 5 need to often set up such

peri by hand al diffi ' ( f
. PR v Bpenin tr et e EPoBRGR EE AT TRGRRE O,
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crystals to | and-based stat Lons for anab&/.aj S.,. . -14.. | récgridgue%%st al lization
scr eenPRGISFIRS MARIHGE PISUYBELIN Rt MFRURIACE A UFS A LAY "% cr oscope
IS a S§fbdifentd 3 HRGIrEHADINNBRIbIS HERESE, Woultl @hdble Gurtier ekBtatibh bz at i on
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coor RRUt fRtont WSl ARIPREEN uithire\F SiEMRe RIS boRaAERRLET S L0 g
priomarmoleilboiksa duoleth bahliquid yata ) dizaibution bf tasdess ardegronaidof érgsialk,l3) scor ed:

1) direct qbservatiogn in the visible th{gﬂzo re%' ne ?( 0 ticalﬁ m cr oscopes .
and 2)hasyssting ppdjeyeleesng el wealiaag crysigln andfrefum S@W@- ?F&@C'Hé‘a i®ficult to

j udge LAxERRYeRkibANR AXRESI Ments as  many plastics are thensel ves
birefringent, interfering wth sanple assessnent. However, the

m crof | uidics devices described herein can be made w thout such optical
interference prbpertinemtu capdtehizattpnfsoreenmg desi gn of an aut omat ed scanni ng

system t hat routjmnelv,.allo 25 direct wvi | | zat ' t | ari zi ng
and non- pol ari zirlfllbe ?%%S’utPé)E’geW%ﬁ‘gcﬁﬂ?Yﬁloon,crfslctl)%%f”i%@ aanﬁ&r@élc%f}%g%ts?e ﬁ ar,
meyual degidagd uponystibdsh bz dilubdlof @xRellizakn siakaConaeptidiabeyb@tiienint of a
crystallization drop on a surface by tens to hundreds, of m'%éons. Thi s
var i abitPioegls Braysisa (Enspasens maseRals such 35 BRREBETS OX fHrNged Blpstiagowdar it s

di ffi 40. pr ' b ' R WaYal 44 hout 30
st abl g“%l%ag%%fogf ?.g{eﬁggvr\% ggﬁﬁﬂgﬁ?@g@g f)\ldg(t:k eér%ér?]%ﬁog:‘i [ﬁgll?tg?'ltl g(liciafuiagtgﬁ \)girgﬁ chanbers
i Nt hethe pieserpihwentdbs & pdriipdardy swidddd threamtospronary mecthodssenwhichvent i on
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S8, 4Pll et 08 05t idelcabhand il ons 112 S it
Birefringence may be difficult to judge in conventional expenments as
many plastics are themselves birefringent, interfering with sainpie assessment. However,
the microfluidics devices described herein can be made without such optical interference
properties, allowing for the design of an automated scanning system that routinely allows
25  direct visualization with both polarizing and non-polarizing features.
In addition, robotic and, in particular, manually-set crystallization
_experiments can vary the placement of a crystallization drop on a surface by tens to
| hundreds of microns. This variability presents a problem for automated scanning -
systems, as it is difficult to program in the need for such flexible positioning without
30  stable fiducials. However, the fixed placement of crystallization chambers in the
microfluidics chips of embodiments of the present invention overcomes such problems, as

every well can be positioned in a particular location with submicron accuracy. Moreover,

such a system is readily scalable for the design of differently sized and positioned
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crystallization chanbers, as masks and other tenplates used to design
microfluidics devices in accordance with enbodi nents of thecipbesd
invention can be sinply digitized and ported into scanning software for

vi sual Ma8¥BRa04nce crystals are obtained by visual inspect/iuse/iogis may be
possible to 5 screen for diffraction directly through the chip itself. For
exanpl erydalidEninhinBas] Ainaskd 2P Gheehpldiestuseh &&dmﬂﬂi&&l&ﬂ%@ tted with
transparent ~w ndows' conprising glass,” quartz, or I nned portions of the
the el ddsvisaein aeaewdance with smbodiments of fogircenhiivieatiarf cante simpgndigitizedr yst al s
could t sed. directly.ta x-rays through the chip to assay for

di ffraca{alﬁ%ﬁgg%ﬁg‘g?‘fai"f“lngss?ﬁgﬂ%ﬁoﬁgf‘i’ﬂﬁa%/% need to remove, and thereby

possi bly damage, Of® chtals N@tobldiicadySasial thsp&etivh, RimADRY fasblegeul d. be used
to screen syccesses frominitial «crystallization trials to determ ne the

best stSSFeER MY dilrmghemdisectlyibmougtihs ohiy itsedh |Epegample; g ayystabiizationr | v,
crystal - : i feL i e . ‘re-

St | | rafog i iaRhifeh be Gtk Rt idhg OO MREhS CUbblitFy phSs

smal | - MRz e dhinedpdréacof the the estoder metarial jtselficntdppositeaballs dfithof t he

crystalg to such enviragn t change nitored , 15 directly by x-ra

di 111 achanRer st i"P'i‘@i‘H"S‘nRﬂ PO QY FDR s Lrabgh the chip fo astay for

Puri f i déffiaomdr&apabititibd, eRfni@iting Wetrdeakd ichtdvie indihetedly PRbsibly HaR@iEahe SANPI €5
such as proteins is actually the cul mnation of a |arge nunber of prior
cotBl esrskdiing sempde;| Suchraapoproasiceqidd heusadtto sereen Siggessed from ipited ei n

expr essj ; i f i VL L i ng. h steps prior to
20" cr ySCal i 2Hbh LASk kerdf bt bl S Hanlie BRSO AR T b set
of sol stdpnSpnidpdy, tiyemld grownainbara pareaini sehobediditi@isebtldpetredf properti es.

M rcoflui.dics technol o is suited to_performsuch tasks, allow ng for the
conmbi naﬂ'i“ghfa b I}fféfc%ilgm ("sg-effgom%mzrﬁng ARt SPRiinaclegtle drugilpgdse chip.

Exanpl gsligdnds] & 9 fan sl &amﬁ@%ﬂgm&étsly% suc%sen%na%%ﬂ&haﬁ%efﬁ I of pre-

25 crystallization steps have been descri bed under sectl ove. For

exhhpl direcdly byi eraf ditfrattios. chip coul d act. as a regul ated bi oreactor,

allow ng nutrients to flowinto growing cells contained in cell pen
structure whil e renovi wast.es and induci reconbi nant | y- npdi fi ed

or gani sns to pr ogig'ce lttglgigzg’igﬁ\% me@ﬁ‘%éye(éc.es ?‘,%r BPB[%%%?fr@‘yftaﬁlza ired stage
of cell growth. Boystalizaigniofedigdtibivlogitdleampledisuch e0plotkitas sbublleehe rom t he
30 cell Een 1o qi fferent region of the chip for lysis by enzymatic or
mechanfH81n3tiennd a largs npmbes ofpior sergplex #ad difficul stepp)iacludiag buendiepar at ed

from cglli by i : 0 e ] Lt S: N jrectly
Nt o a HEA B R LR IOt bR, 45y EBSE Tk SAHERERL b o
m 3@ ur eysipilizatiorecompise sbiltdsngaliphidsdindra michambagwitk lohe karof splutivei ns  and

nucl ei ¢_aci.ds. coul.d then .he funnel eeg hr ough pqr.ous trices of differing
Chom cBPPFR isCRiSHleg o8 gt = SRR 5o o pheEesb MBI D e eGBioIaRY i 1
si ze- exfiled $6 PetforPsiRE MsRY, AlloSANAOAHHQBmYiAatRnt FfGlecERAS G WiRli€ t agged
with a fusion protein of a particular type to
the confines of a single chip.
Examples of microfluidic handling structures enabling performance of pre-
25  crystallization steps have been described under section I above. For example, a
microfluidics chip could act as a regulated bioreactor, allowing nutrients to flow into
growing cells contained in cell pen structure while removing wastes and inducing
recombinantly-modified organisms to produce target molecules (e.g., proteins) at a
desired stage of cell growth. Following induction, these cells could be shunted from the
30 | cell pen to a different region of the chip for lysis by enzymatic or mechanical means.

Solubilized target molecuies could then be separated from cellular debris by molecular

. filtration units incorporated directly onto a chip.
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S pronote solubility, it coul d be af fi nlty purlfled bri eflé treated with a
simlarly-tagged, site-specific protease to separate the 3 OBW%Qoéduct,
and then repassaged though the affinity matrix as a clean-up step. Once
pure, whevamget could be mxed with different stabili zegusganss, assayed
for activity, and then transported to crystallization stagi ng areas.
Local i zed 10 hea such as ) as a
Pel tier cool er) t&h? ? g mixture otztgré% %%ﬁéc@ﬂ:g angggxgtaﬁlflﬁdtﬂlﬁch lhﬁp?t(o%éfﬁ{:
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t hroughout the processing and cry stal liza Thus,  the ducti on,
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devi ces.,i n_accordanc i.ment s resent ent| on to. meter
sral | SRR O RaTdr PR T Rn Rrae L and DB ERfrorer CFSRLBR, Lot on o

t ar get affRhi thatix as RQiehﬁl\&ﬁ\é&b enmbodi nrents of mcrofluidic structures in
accordance with the present invention may be enpl oyed for other

appl i cations. Ex&#p¢ Burcothesarget copls ﬁ’%@!’ieér’r‘élﬂa'ii 3‘%%?‘}21%3%@F30W A ror e

oot | carrie BEAuR B RE RS Polef R REhEA0G TBhaRar EReallPd "

As By s heatitgibugh af hn elegiipdt) abid refeiperagon (dneh eby Pehieo cpaledtunils Ist;atmmef@e nce fo r

all purposes.. 25 Exanpl es of crofl C S ture sui table for
performwswm%ﬁpble&m&h@h %qruw%’ H& ¥ fordidFregaals WEwerfiieas wel | as

ot hers@@%&g*ﬁ@&hfﬁg& tﬁou%ﬁlﬂl&'ﬁ%vﬂéb&% aaatcar&alﬁgdﬁ%apwhﬁatthen no. /

"Nucl el C Aci I cati 11 zi ng croflui di c Devices' filed Apr|I
5, 200grodsctiu, pmﬁgat@omrdtcrmaillZ@@Mp@@&n@@namwgymphel@ﬁw@t ed by

conducPBRodiPienfSha R RERERRu A diFistan aiiaedlee PRI GERENBeRRR. °°

| nfgracti ons bet ween essent ially any ligand and antiligand can be
detected. Exanples of &nd/ antiligand binding interactions that can be
.investigated in&é- udeAPB atigpg othist than Grydallize orebaroeRing i gand i nteractions

(e g., substrate

antigen/ anti body?h%sr%?etﬁ% g{raﬁtt éipm&t?éf{%sﬁcu e&%ﬁ%g{fﬂ 2/ 082047

PCT / USﬁRdrﬂxﬂ&ﬁﬁ:s(dhaﬂmln|alccdrtlineiﬂemdphnbmd1mentsmfam presaif inyEntibeitametec| ei c;
nd, DNA/ t he assays can be %Eeq to jdentif oni sts

. g
and anf‘%‘gﬁ?'é‘ff’s?s p mi“@é‘éb‘ﬁ'dﬁ%“ﬁ’fte’ftﬁ’t ereepmingcpyst iwfjt?fgswaeyeag‘r e to bind
I egept ﬁﬁﬁ'e%}deﬁlﬁécﬂﬂﬁﬁts%@rﬂl%ﬁﬁﬁﬁé i‘.ﬁ’ﬂc?lfreﬂrgﬂ@l)rcﬁﬁ@é:@ﬁﬁ’th@ﬂl@sérﬁ identify

conplenentary nucl el ¢ acids, for exanple. Assays can be.conducted in direct
invention may be employed for other apphcatmns Examples of such applications are -

summarized below. A more complete description of possible applications may be found
in’PCT application PCT/US01/44869, filed November 16, 2001 and entitled “Cell Assays
and-High Throughput Screening”, hereby incorporated by reference for all purposes.

25  Examples of microfluidic structures suitable for performing such applications include
those described hérein, as well as others described in U.S. nonprbvisional patent
applicationno. _ /| "Nucleic Acid Amplification Utilizing Microfluidic Devices",
filed April 5, 2002 as Attorney Docket No. 20174C-004439, hereby incorporated by

reference for all purposes.

30 - - A wide variety of binding assays can be conducted utilizing the -

microfluidic devices disclosed herein. Interactions between csscntiaily any ligand and
antiligand can be detected. Examples of ligand/antiligand binding interactions that can be
investigated include, but are not limited to, enzyme/ligand interactions {e.g., substrates,

cofactors, inhibitors); receptor/ligand; antigen/antibody; protetn/protein
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bi nding formats in which a ligand and putative antiligand are contacted
with one another or in conpetitive binding formats wel | kh bei?@0R0se of
ordinary skill in the art. Heterogenous binding assays involve a step in
whi ch W&HPBI83E are separated from unreacted agents so rdwasczabssked

conpl exes can be distinguished from unconpl exed | abel ed reactants. Oten
t hi s i dhambplelietictoyopatlicdaierargond)] preteiiviiacibicgBN/DNALQnaMNA/RPaAd to a
support.., Af ther Iigan s and antiligands have been brought into contact,
unconpl F 8332Y edised iIdRHY ARAYSERad ERBSPTHHE FHTCREP IS 9f P wEs,

Subsequs My HBkACHR o THA Bl ERRKS CANLANEN sthibfbabRe gl | Ui di

devi ces provided herein can also be conducted in honogeneous formats. In
t he hordguecempitmenansnuclde biidsfdsexamplanasdaygemds: @andudehinatiteed with one

anot:her_.] j.on_an ..ndi.ng .conpl exes,. detecte it hout having to
rerr%ve bﬁﬂrl\dg%%%{%éed"ﬁ é‘%‘n&g%ﬁﬁgﬂ%}&f&éﬂ%@aﬁ ¥ CO&@ \r(\‘%'a‘% ug“ef ?‘i\g’léflfgnt ly
utili zed i corfEaitive birliPReMat welldary BItRoskloffof BRifl inQd .1 zation (FP)

and FRET assays. 20 The microfluidic devices can aJ] so be utilized in a
conpetitive formilderpgenouy Bndingassaysinelyhastep ghvBich complexas &eact i on

bet | ndl v oin -
el Wee Rk ﬁ%hﬂﬂ'lr@ﬂ:téaad’gteﬂgrsﬁ éh%%feﬁg%%gﬂgés 98N6L Gikd: gu'ls'mé(g kY&, Preparing a

reaction m xture containing t rtners. under® conditions and for
a ti me ugoéhplckehlabeled sattantst Ketelithidiingchievet bgragathong eitter detligandor f orm a

complex...J.n gqrder to te . compound for jnhibjtory agtivity, the reaction
i Eﬁ uré““*‘%”@r‘%ﬁé?@d’"i- rﬁiﬁ?{«g‘%ﬂ?‘g’s}) t‘E‘E@%‘#q’F@%\ %9 oﬁ'ﬁ‘i&t“ﬁ?é ntagfd absence.

(cont r @hcdfplekddiBadthnts WeSyasRed Abay Afi ﬁxesémﬁaﬁmg%%iex%%m&q&mlgf conpl exes
bet ween binding partners is then detected, typically by detecting a | abel

bor ne 99‘66‘#@- or both-of the binding partners. The formation of nore

conpl exes in the . tion then.in the Sh. reaction mxture at a
- level that constflﬁ t8 @Er{gglj‘gdésg?)gsﬁog ‘fcé%‘fa?"ythg‘? eg[rqlwfr‘it’fglgﬁlt “%F?F%?’é’ﬁ@géi ndi cat es
t hat t herciresin atortpawadudiad Bricicgncostfbriidie inthehasbpaitobeionmen, t he bi nding

partners. 30 I mrunol Qgi cal assays are one general category of assays that
beE‘gﬂ?é%faﬁ}ij ARgERE R IreniRried dyith eng ancliey iwdution and dwadiag exmplexas

enbodi geRtied With&ﬁ%aﬁfr%ﬁs%m. W&%%xe@f Bﬁ&s’hnﬁ%ﬁﬁ){garﬁE.eT%”dUCt ed to

screen a popul ation of" antibodies those that can specifically bind to
a par t eppipaghea fiequpatly ofilizat ©roesduct homegetvuassays aredlucesstermat | body  or

popul at.ion._of | bodi Is contacted with the antigen. Typically, the
antggehoﬁgza%ﬁ?gﬁ&ﬂ%ﬁﬁﬁg&m 42/ 082047 PCTI US02/ 10875 attached to a
solid support. ETR&Ri&6f0idid d6Vites c@d ks be abH2MSnIaGipdat @O foymBes!é nked

I munosor hent assays (ELI SA) and conpetitive assays as are known in the
ar40  Uidentihy aggnts Haat inlabibtheinigrastion beiovesn fpown bindingepasingrs. $uglr i ety of

enzy mHeﬁlodgg%%gag !géi;f}po 3 ppc?)lé.ltlf?é Fehctioh ﬁﬁxtﬁ%&ﬁmﬁﬁiﬁg %?estﬁ)ﬁmg %Qﬁﬁe% ly involve

i ntroduci ng
under conditions and for a time sufficient to allow the binding partners to interact and

form a complex. In order to test a compound for-inhibitory activity, the reaction mixture
is prepared in the presence (test reaction mixture) and absence (control reaction mixture)
25  of the test compound. Formation of complexes between binding partners is then detected,
typically by detecting a label borne by one or both.of the binding partners. The formation
of more complexes in the control reaction then in the test reaction mixture at a level that
constitutes a statistically significant difference indicates that the test compound interferes
with the interaction between the binding partners.
30 - Immunological assays are one general category of assays that can be
o performed with the microfiuidic devices in accordance with embodiments of the present
invention. Certain assays are conducted to screen a populatioﬁ of antibodies for those
that can specifically bind to a particular antigen of interest. In such assays, a test antibody

or population of antibodies is contacted with the antigen. Typically, the antigen is
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5 m xture containing the necessary conponents to conduct an assay into the
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Confo ' r. N j ays can also
be uti |thzg1§d%&g%ﬁc ugfcqyag#\dutrgggﬁ'ﬁg l%’aﬁlﬂh@%ﬁ%{t gfﬁ)b?% E;r;g%tﬁfons usi ng the
devi canatefisichadacdulier £complEmenteiyapphiahataspbiidalpephide the pfimitgriabicl6 5

Cct obey, .2005 WD 02/ 082047 P&IT/ US02/ 10875, can b% const r(klctgg 2}/ i_ntroduci ng
a | i nkBHs Batrrahbeicedy it epsd i ngeledion eginn gushinat carbHEs RTOGECLEAP PGt ei n such
agpa RRARRNRISHAL | 1B efthinShsdyR! Me Malktial Rlco8iRE 88 tHRAniAbr ShanhélupdIRSSFENt

protei n conposed of blue- and red- shifted G-P variants. The vector can be
a badbedétedtionfssrtitn; adtheatively, the mdiesg) carbea suppatlocatedingheddedionyect or
(for 'irn Vivo.5 St%l%i esﬂ)l Assatys of nucl ear receptors can al so be perforned
With tﬁ%lolb}ﬁg% 1§ ¢oated Wi the agent.

s Certain assays utilizing the present devices are conducted with vesicles

rathier than cells. Once example of such an assay is a G-protein coupled receptor assay
25  utilizing fluorescent correlation spectroscopy (FCS). Membrane vesicles constructed

from celis that ovér-cxpress the receptor of interest are introduced into a main flow

channel. Vesicles can either be premixed with inhibitor and introduced via branch flow

channels or via one of the main flow channels prior to being mixed wlith a fluorescent

natural ligand which is also introduced by a main flow channel. Cofnponcnts are allowed
30 .to incubate for the desired time and fluorescent signals may be analyzed directly in the .

flow chamber using an FCS reader such as the Evotec/Zeiss Confocor (a single or dual

~ photon counting dcvicc). '
' FRET assays can also be utilized to conduct a2 number of ligand-receptor

interactions using the devices disclosed herein. For example, a FRET peptide reporter
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-mcro fluidic devices. For exanple, FRET-based assays for
co-activator/nuclear receptor interaction can be perfor ne@pcf%beéz‘%%ci fic
exanpl e, such assays can be conducted to detect FRET interactions between:
(a) a Wogamszost ndi ng domain of a receptor tagged wth pRrlfsiAdggyan
fluorescent protein, a G-P derivative), and (b) a receptor binding protein
(a Ccoaahb¥abMiducled8Ysstrothulifl bRk deleh ¥k k(ML &RGRIM g R tiﬁ&lﬂ:ﬂﬁ FP) .

Fl uorescence pol ari zation (F%’) can be utilized to ogeve op high throughput
scr eenidﬁglam-ﬁg)P@mwhfamapmhemlatioa@ép)moaNgambndbcﬁpg&rrezrrent and ki nase

o o uBRescertBRRUREoblel R M BH A RR e B PRREA e el R T

conponéatteriall (forgrcvkeical itidiedyl AattanmaNa ¥@resdhNgcteOIBLhivii®n bet ween a
flu rescent&y | abel ed Iigand for the receptor and related test conpounds A
number SBKIEFferent cell reporter assays can be conducted with the

provi ded m crof | yjgdi QVLIERS e a‘?ﬂﬂ? f say that can
be.conducted 20 incl)ﬁgg t%oseecggsbi Sg‘(lee t%"%%@ﬁ?ﬁ‘@@g‘gﬁ%g&? at can bind to
a cel | sugroflugbiegevicesafidr ¢exaimglre FRETReasad hisags foomoattiwtor/micteac sdckptbar si gnal
or signal cascade th actiyvates transcriptiqon of a. _repoyter, construct.
Such bbbt Enenitipriet A ErHl g EY ORI bE SR 3t o

expr esgewe FRER i6ra&tiddk bbtMeBi:Cal a 1TRARd B d ASSRYBa rdébﬁtﬁﬂfaﬁgéh Wehow, are
anot her_major group of cell reporter assays that can be perfornmed with the

dell ceSTPREan fhenreipentingotem, a6ER derisptévalsarib) & swceptavbiodinggrotm (bi ndi ng
| nt er agLia0sohSLURAT B AL edw fibiaDRBlichaRap er assays are utilized to
I'b conpounds. f ucﬁ

C] . . .
screen rari’‘es n - genera met hods i nvol ve introducing

the cells into tBFaomsienct polarieRnEP) 6 bdwitilized ® dsvchipehigetibugui n t he
at the intersection_between the main _flow _.channel and

chanbers | oca
br anc hs%ﬁ%%{ligfs)ﬁfs?afyé ‘gﬁtuckérsﬁec%&j‘é‘hlﬂ%a"@éi.‘ﬂila}cefmﬂfrﬁﬂé lingse aptybitieBn t hen be
30 i nt pesicepiid %lﬁtlri]kﬁx-ﬁldﬁfzci,ﬁﬁ%kexmoﬁg?é&hﬁ%gg,ﬁgéé (i:%\ﬁlffcﬁuﬁgﬁ h@gcome m xed

with'the cells in the chanbers.” Al ternat s 'can be T ntroduced via
t he naimmpbidizatidreernseparatin dfineastion compéments dnigenaal, He thethodhinedlzanel , wher e

h . d, i hol di . ile, dif
compouitie Spiedih Shnkdn et d e BiarIPEE R Rpish e HIEH e usual 1

to at ¢mapsundartially fill the chanbers |ocated at the intersection of the.
117 5 Cctober 2005 WO 021082047 PCT/1JS02/ 10875 main and branch fl ow
channel s. The cefmnthst af difgrepheallrsparderaissays grbe eendupled vathetheed by

openi i- - val amber s
PPE™ tobited BRBFARIAAARIAS, TS Oilthoh nE Sicot NS i bRebRBCRI® DA D o
¢ @fpoundkidh shvse destgmel| tx éitntifytdgents elsatckan bindso lawkilwlar tesepter atidngggdro t he

hol di space. or .transp ed.to the detection 5 section faor detection of
r epor '?@F ag'i‘(ﬁ?‘QE&f %?“tff‘ﬁ%{“é"é sienalorcpignel passads that schivatehiraRssEPHSN ®- f ur t her

R b S sSEahy EE
expression of a gene of interest. Two-hybrid assays, discussed below, are another major
group of cell reporter assays that can be performed with the devices. The two-hybrid

25  assays are useful for investigating binding interactions between proteins.

Often cell reporter assays are utilized to screen libraries of compounds. In
general such methods involve introducing the cells into the main flow channel so that
cells are retained in the chambers located at the intersection between the main flow
channel and branch channels. Different test agents (e.g., from a library) can then be

30  introduced into the different branch channels where they become mixed with the cells in
the chambers. Alternatively, cells can be introduced via the main flow channel and then
transferred into the branch channel, where the celis are stored in the holding areas.

- Meanwhile, different test compounds are introduced into the different branch flow

channels, usually to at least partially fill the chambers located at the intersection of the
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expression typically express a receptor of interest and ha%%o a
HAbEL 2%

- heterol ogous reporter construct. The receptor is one whic

transcription of a gene upon binding of a 10 ligand to the receptor. The
repor tWe 0288947 uct is usually a vector that includes apPdwEsezaes7pti onal
control elenment and a reporter gene operably |inked thereto. The

transcilpf W@@m&?ﬁ&&f%hﬁﬁ%ﬂ'eﬂ% cefis AtHROEH! e ﬁé!ﬁfﬁ%’ﬁ&eé{ﬁ%c'r@]eﬁs@é gonsive to
an intracellular “signal (e.g., a transcription factor) generated upon

bi ndi ngpeding thé gepopdae vilecs adahe cells toansierred to/ths chamabérs ifor iffemctiepor t er gene
encodes . et,ectabl e transcriptiongl or 15 translational product. Oten the
Fepor t Syt e gifes Ht inbyRBSundan Ogen B sels & G EPTRPubRiaye SR e

det ect gk RYulfingl 841864:P7s A ARAIEHRDOMIh spacBLErispbited fo #evk@ionA W de
variety of recéeptor types can be screened. The receptors often are

cel § - sgeqtiwador deseqion o reporter ¢xpresatoal (The gelly wddpilgpente san eptingalhpbe

i nvest GG RLOUARLNG [ 5l SRR BB GR00C] are able to enter.

into the Ce receptors a e I nvestigated include,
but are not | i nm tGeils udlizddan scleeing kempeurgls fo clahGiyuhpsesabde wwririggotgassi um.
channel s), voltage-gated ion channels, |igand-gated ion channels (e.g.,
acetyl XM PRaLL AP 2 rgﬁ@tg&%;\n‘ebeam@%ﬂac’%&mﬁ%f?ﬁogowﬁmﬂ%cept ors),
gr owt N chRGhRF THECEPHE 1S ondWREA LA fed ARBARIOH ofGl dén8 B LLINBHBRIFAr S,

adrenergic receptors, dopami ne ‘'receptors. 25 Another general category of
cel® adigaybtotthatreceptnr. bEhqeepduterroustiust tshsualiyoa vénpdrrthet ingledsssr | n general |

(e R TSRS SR ket Rk TR R, o P on

t r ansC krapdciptidhal cafitrd!\eAdrh &l iSO FRHelc ERn1dAt @6t is rédpBhaté icoasinkedeNaRA t WO
different hybrid or fusion proteins. Thus, the cells utilized in

t wo- hy Bvendl (§€satsanserintipadastpd gensrated ypen Bindingaf adigapd do thereqerior30 t wo

fusi on -ej The ' f \ I ndi ng proteins
pot ent MRS Slgaeh Yhe UR P TRV B { ARRHIOAREAL AL B 1 1O 1 |
cohili t trandatiothbpdhdts Oftenl the eghoiter (egurawnizyme) dawgehyratd ah aeisayssgnabnt ai n a -

reporter gene ose, expr.essi on depends _upon i.they an interaction, or |ack
of intQF&%%,EQB%?QAB%%‘H@OW&S?‘F_&@H&H* Bapfct ¥1%- Oct ober 2005 WO

02/ 082047 PCT/ USQ?M&&?aﬁeéyfbﬁé&bterfbekQaﬁ BesReaRYS TheSécefRecsfidinfe a
variety of methods to assay for cell nenbrane potential can be conducted

wi t h t hell-sirfresfreesptiics; butintmediulirgetaptarsicaneled be mvestiggtadairayided e kastls f or

h b wedulirget b investi 0
usi ng. PPl PeitacRetAle SolTR ey SRR, pRARbIte Y e RRaRI RS LY | o

5 zhel b@i;ﬁzehqgl,aﬂaﬁaumae,hmk KreGldHGRERd itd) ibi0chanAEls 6NE.( adlciunsg sodisingde cel |'s. The
second genera approach is to use of FRET dyes _sensitive to nmemjyrane ‘
pot ent Palassip ehaanelsyf yaliage-gaigd iancehanpgls diggad-gatrd 1) shapasls fegvisetlzed to

concUe kel o g G ASE S 5RNT B B 58} rUAlsy 2o, Suer

assays can be vari e For exanple, the

cel | prekpibey; atuscarindsRaytosaglubienant iccepion, adrenergic receptors, dopamine

‘réceptors. ‘
25 Another general category of cell assays that can be performed is the two
hybrid assays. In general, the two-hybrid assays exploit the fact that many eukaryotic
- transcription factors include a distinct DNA-binding domain and a distinct transcriptional
activation domain to detect interéctions between two different hybrid or fusion proteins.
Thus, the cells utilized in two-hybrid assays include the construct(s) that encode for the .
30 two fusion proteins. These two domains are fused to separate binding proteins potentially .
- capable of interacting with one another under certain conditions. The cells utilized irr
conducting two-hybrid assays contain a reporter gene whose expression depends upon

either an interaction, or lack of interaction, between the two fusion proteins.

118




10 toxicol ogi cal anal yses, for exanple. Cell proliferation assays,also have
value in screening conpounds for the treatnent of vari ous® @gﬁoﬁgrzoa% _
~proliferation disorders including tunors. The microfluidic devices

di scl oYOMBLYMTn can be utilized to performa variety pETaff@sent assays
designed to identify toxic conditions, screen agents for 15 potenti al
toxicity, investigGadd@itflh #hdssdB8GRPASRAbES, 4 ifely babhbIs BNa3552Y for

cell death. A variety of different parameters can be nonitored to assess

t oxi ci t §eil Esaabgsne potential gai be pendanied avith tha ohigodiuidic deases dissloskd heeiad t o,

cell prglj | nitoring actjvation of el | ul ar .pat.hways for

Coxi ool SR s T eritk AGhbRS bOien H apfl s Rl G beppua

f r agmenmeaisuad; ustipangetteinatd Meth6 QYOS denerhl approttt i@ tsd Bt ERBASon MENDr ane
20 per aPi lity, actjvation of conponents of death-receptors or downstream
si grral [Tﬁ‘& tery 1 %\R@%@ pulk ghanges ¥rign ceycenyatiens ipside pellss Thespemdasnemi-- kappaB
act i vatipproasRes ©esPenp T dyBs ThkiR0E i {ﬁ%hﬁ&?%&%ﬁﬁys are used to assay for
apoptosis (a programred process of ceis eath) and necrosis. By contacting
various mi crbisimicrafbiidis devicks disdlésed dntein emt bowtiipedndsondunea vafetgan al so

utilizeg evices provid herein tq conduct antim.crobial assays,

t her ebydlh?r%gﬂ F’@?ﬁ?‘nB%Bbtf)%ﬁeﬁﬂ%ff’ﬁ&mqoﬂagf“él? F%ﬁaY%‘EﬂPB&HH?PS Thav4ethPE ni cr obe”
as usediiffereni studied. eFds ek@mplRY thEiceR pEfiBithGoRhpy caneGRilized & fungus, any
bacteri a or, any protozoan. Sone antimnicrobial assays involve retaining a

cellf i foxiclgpicalanglyses forexamate: iGall nrelifgrationassays also hagewalpotrent i al

ant i m GLRRkA : : ; detect ed as 30
any det e%’?algkgsglﬁgﬁggéq?rn{ﬁ? Etgg{[éegl%ﬁ?afgr?gg g?]?ﬁ@‘(a?%gﬁ?fg%}g%ﬁ% SHremhéée‘in. Exanpl es
-of suchumefsanges, include but are not Iimted to, alteration in growh,
.cell proliferatiqg, cell .differenfiatiogn, gene expression, cell division
and the like. Cer _ir’i’l‘cﬁ’fﬂ“t“%@dﬁ’i"ﬁ ‘?Cﬁ?sﬁgée@é‘w‘ﬁ’e%e WHEGA feefEMed n can be
uti | i z&elrik® of AnRSHLIR lasEllyD st SIUAGH Fd AL A BREL doADR | nsi on
reactions ?g I dent i_fa3s/ 'heel%gédS Cct ofb}rer 2005 V\}l!c)’(ﬂ 29%%%‘3%?&%%% usQo2/ 10875
nuédf eotPothatiplrtexisiy, iavestigpio lcylwlampesmnsistte toxic inshlts gt assay fazicell dedtbl. | n

general, i t hods. a priner co enentary .t. se nt. of. a target
nucl ei &t gécrl&(ri}; Pﬁ‘ﬁgﬁ?{“@@fﬁ%‘a“ﬁ"%ﬂ%%& ber"é%fﬁ'iofr%ntoi B5EH ﬁ%ﬂ@&e?’fﬁﬁ%{%@fﬁf‘%ence of a
nucl eotpacknetdiginchiicCinnplentlingted tbcellpoliREoRPinodRorilg 4diivatist ymor phi ¢

site. Oten such nethods are single base pair extension 5 (SBPE) reactions.

such mseihder Rajiny s fostoxicplaaical FppRnses by geperpreler expeesaion gadlysisnent ar y

t arget ek idbmefalih: e &1 hel dfhpdsinBR B Bl SnBhbIRE, WiabdliRAI at el y

adj acent the polynmorphic’site, or 'Is a few bases upstreéamo e

poR§ no ppmicabyity,ecti Thon afxbmpehans shkatti-@beptsrsaeidwatechn sighdlingpr esence of
one or rrt?lre I@bel ed nor}- ext endj bl e nucl i des (e.g., dideoxynucleotides)
and a BETYAE S COPREEY pBFUTIF SHESSFesROnSs AH-*eRpak asthiation arq &8PR#Es ont o t he

3" endidiitbfdhsP RellRsd REBEIRE Sseid bieY ftlﬂ'ﬁﬁﬂﬁkﬂfla ‘Bt‘orggﬁﬂmeﬁ bddREs &y the

pol ynerase once the non-extendi bl e nuc tide i's incorporated onto the 3
cell death) and necrosis. .

By confacting various microbial cells with different test compounds, one

25  can also utilize the devices provided herein to conduct antimicrobial assays, thereby

identifying potenﬁal antibacterial co}npounds. The term “microbe” as used herein refers

to any microscopic and/or unicellular fungus, any bacteria or any protozoan. Some

antimicrobial assays involve retaining a cell in a cell cage and contacting it with at least

one potential antimicrobial compound. The effect of the compound can be detected as
30 any detectable change in the heaith and/or metabolism of the cell. Examples of such

changes, include but are not limited to, alteration in growth, cell proliferation, cell

differentiation, gene expression, cell division and the like.

| Certain of the microfiuidic devices provided herein can be utilized to

conduct mini-sequencing reactions or primer extension reactions to identify the
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end of the pri mer . Rel ated to the net hods just described, the present

devi ces can also be utilized to anplify and subsequently @@ﬁtogﬁﬁﬂ(i%;rget
nucleic acids in multiple sanples 15 using anplification techniques that
are wetd ogme@hl i shed in the art. In general such net hoggriviédkoses cont acti ng
a sanple potentially containing a target nucleic acid with forward and

rever SI'?UC?GOIt IJFBI' scr“%ttrﬂpgﬁgrlaﬁﬁl lstgiarpn%g%ﬁg 'naglefc%cweﬁﬁﬁ&% IQE\%LC?I ¢ acid. The

reaction ynerase to nd the prl ner

seque rmethods%l pRAROCiTIplineafanatoEicgo@nt0sf f aiyet nadléingew inestendddiif tiec devi ce
in 20 accordance with the presen r| ses etchi a top surface

1
of a gleadion s gepductaddn theprssange e aa"%?eq}nﬁd'ﬁﬁﬂﬁtys gemRlementary g § 8? ng an
el ast offRieofld0 GKthS Y6 pflﬁJfgﬁlc%itQObheﬂkédm%@tﬁsds Rl Sb AR phReRRAsIHECESS, )

pl aci ng a bottom he nol ded el astoner block into contact with -
t hé tdﬁ%ﬁ)ff@ﬁ;&ow Smwthe@twﬂynwb/c fmlv@ldwﬁmlpﬂmrba%terned recess is

al i gned | s .t.0 f m.a,.f cha Dg bet wee 25 An A
enbodl??gmc%?“tﬁryﬁéfgﬁ&ﬂ" IF apigs Hﬁ;}hg'at‘?'y St g0 #t'e A éeltr}"ngqla 61 conpri ses
pri m nglj@ehi ths poBATPRIC sRE, @s £Fasbaeupsircaincifahd polginorsiey siee 'I)Mct h a first
predet erm ned volune of a tar g1et material solutign. A second chanber of an

el ast ofisnsian repcionds apndugtediie qgeﬁﬁﬁ?%&?%ﬂtrﬁn%reé%ﬁ‘dlq&r%ﬂéﬂ?n ned vol ume
of a zhi%isaf to fluidic contact
W th %%%gg%)én n%’g(srﬂ {1 IeJthé ow cfﬁ %g%ig%nh%e’?\xe?%%qtdgg r{agr get materi al
and t hextendytsde ahd:leatldtg)m@ﬂm:i eadloﬁtttehmmeaqoreqmtsrferthamxtermfontdfehet ar get ‘
material | anged to cause fornmati ent

i nventﬂrﬂﬂerﬁﬁ’stnﬁéglri’n&’é?@rqnﬁ‘é cﬂ@ﬂ&#f@»@%ﬂ?@?é iR @GPBJOT%&‘? g dhed

enbodi dyanfrsnd fieheQf. a latitude of nodification, various changes and

substitutions are i ntended in the foregoi n& di sclosure, and it wll be
appr eci at ed t hat R¢lateti2o tis: l@ﬁlgiﬂﬁelmlz@@@’lhﬁ@. zmo@wws@zq!msm some

i nst an tures of t ' ut a
corres‘g@ﬁa‘? goam B Fpsrarey g’a‘fj r?tgfn#%hn\o/‘\fﬁ[el%gﬁ%rlﬁnl ro he scope of

t he Iméﬁfgtzirﬁ)fﬂ:fﬂfat@ﬂftecﬁ]ﬂi’qhbs thafrilelh%ﬂlctrsﬁbhﬁﬁaﬂynMrf i naganemsmy be made to
adapt atgartlcul ar situation or materjal tqQ ., the teachings qQf .the invention

i t houme eduinyPivg cPRgRRER saale peteRl2l Y GopiAIaing adpert pupC arid ihr esent
e lahas AUGIAES S HERLOD 0 W et e
out t hiesctioniscitidesnmll fout dNTRatind palymemsntd evend the prinelr sepieatds. enbodi nent s
o Sl v e Ll Lt B e R B WAL chRl? O oDer 2005
20  accordance with the present invention comprises etching a top surface of a glass substrate
to produce a plurality of wells, molding an elastomer block such that a bottom surface .
bears a patterned recess, placing a bottom surface of the molded elastomer block into
~ comtact with the top surface of the glass substrate, such that the patterned recess is aligned
with the wells to t-'orm a flow channel between the wells.
25 An embodiment of a method for forming crystais of a target material
comprises priming a first chamber of an elastomeric microfluidic device with a first
| predetermined volume of a target matenial solution. A second chamber of an elastomer
microfluidic device is primed with a second predetermined volume of a crystallizing
agent. The first chamber is placed into fluidic contact with the second chamber to allow
30 diffusion between the target material and the crystallizing agent, such that an environment .
* of the target material is changed to cause formation of crystal.
While the present invention has been described herein with reference to
particular embodiments thereof, a latitude of modification, various changes and

substitutions are intended in the foregoing disclosure, and it will be appreciated that in
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1. A nethod for pronoting interaction between two solutions, the t hod
conprising: defining a first mcrofluidic chanber; prinindgp (gﬁ
m crofluidic chanber with a first solution; defining a second nlcrofIU|d|c
chambeWo 0pesahg t he second microfluidic chanber with aegsndosge! ution;
placing the first mcrofluidic chanber into fluid comunication wth the
s econdsdthé& ifanbéstom iR TRE b iR IQeédaaﬁ vaurﬂe%eﬁém%wui §BolripBhJiAge Petween
the first solution and the second solution; and permtting diffusion to
occur hetafehertfpturies mithosialepriting feomel thetreopeefthe m\s-;oum a:m:t tutth that the
first wi.th the S n ol ution 2. od of claiml
wher ei ?Rérgﬁ’lrg?n &gﬁé(gﬁ%stmg R f erq%%stngqca as‘%arﬁl?uli?zf’ftlu%thow oér"é% Peri al
sol ut i thateachings s;édandvambntwmmucmﬁi@asom tiser gssérdtlall bobipB @ndigiifit os@k Ut i ON;
an% the interaction conﬁ%bses alteration of a.sol yent environment of the

9

et PrESRRE dpvenHor.olt ps wirsded thap tednysnsign nghboimyted (o the paticRlst er i al 3. The
met hodeRhodim@hidibclyrara8 i béshﬁo&é E&{texﬁ?iatgd' fQPc;ﬁ—ﬁHPé bét% snRRlBh Gug Ol Ut on;
t he second solution conprises a reagent solutio he | nteraction
conpr i bekthg imteatpt aill irshetei abirenvmdieenrts aid cqaygi¢es &adhhg wghmehg swpe 4. The
nethodfqﬁegialn1l wherein defining the first chanber and the second
chanbe? conﬁppies pl aci ng an el astoner bl ock bearing a first patterned
recess on-a |lower surface into contact with a substantially planar
substrate. 5. The nethod of claim 1l wherein defining the first chanber and
the second chanber conprises placing a substantially planar | ower - -surface
of an elastonmer block into contact wwth a substrate bearing a first
patterned recess. 6. The nmethod of claim 1 wherein defining the first
chanber and the second chanber conprises placing an el astoner bl ock
bearing a first. patterned recess on a |lower surface into contact with a
substrate bearing a second patterned recess, the first patterned recess
aligned with the second patterned recess. 7. The nethod of claim!]
wherein: the elastomer material is perneable to a gas; 122. 5 Qctober 2005
WO 02/ 082047 PCT/ US0211 0875 primng the first mcrofluidic chanber
conprises introducing the first solution solution under pressure into the
first mcrofluidic chanmber to displace into the : '
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of claim?9 wherePiPRe

|

surroundi ng el astomer the gas formerly occupying the first_chanber, thereby
enabling substantially conplete filling of the first chanBQCFOb&haOQﬁi m ng
t he second m crofluidic chanber conprises introducing the second solution
under WPHHBA047 i nto the second mi.crofl ui dic chanber to migpd@agesnto the
surroundi ng el astonmer the gas formerly occupying the second chanber,

t her eby enabl i ng waWAsisent haliey gonpl ete filling of the second chanber. 8.
The met hod of claim 1l wherein the first chanber and the second chanber are
pl aced into fluid- comfumietiadiforprotmobog mieractiariaivedntivo solwiong thanel

define e&ﬁd\,‘\%ﬁﬁ) _tshne‘el astoner bl ock and the substrate. 9. The nethod of
claim erelm the chanbers are pl aced into fluidic comrunication through
actuation of a vdbf@npaeranhictdfividie el uidic flow channel. 10. The -
met hod of claim9 wherein the chanbers are placed into fluidic :
comuni cat i on t hPEGWEE thedustiraicrashidie chambar with 3/ fispeaiutierive structure, such
that applicatio : s I I 0. _a control recess crossing over °
t he fl ow channel H?ﬁgl'? gsgetﬁgs gﬁeﬂﬁlﬁﬁizj%cﬁ(rﬁbceé’uses an el ast oner nenbrane )
defi ned between phmigpthiesedondetiesdluadiclchantter flithve ®bamhallution; r el ax out of

t he fl ow channel io. deﬁiﬁe t he H’i_ﬁrofl uidic free interface 11. The net hod
: cHehpucetlydie dhambejingg, tiyid copymypicatiop withibe at i on

t hr ouglecasd midrbfiNd chianibef fPddfihe & IndtRMuYAE HRe BltEiife WeBveah i Rishat

application of a reduced pressure to a control recess crossing over the

f1 ow ciPhyiim andihe seondpelytiomsndbl ock causes an el astoner nenbrane defi ned

bet ween t'he cont . and  the .fl ow channel to be defl ected out of the
fl ow channel int &bﬁ%ﬁgﬁ I té’r?ﬁﬁlflfeqelnf'%encfg? ?‘ngsolf‘ﬁgn ﬁ?‘gﬁ'ﬁﬁ?‘fﬂ“ ic free

i nt er fsabeionlkBch Maniterfoki dolhetics iBleradatwitiethbaeddnidisahitiag. crystal growth and
anal ysis, the Zﬁn cture conprising: an el astonmer block; a substrate in
contact with the~l ‘O\A/eTh%{]‘Ff}ﬁ’é@fé\a“{‘Hé”}&“a§torrer block to define a first
m crofluidic ch : LG iifll 6 third mcro
f1ui di c chanber ?dﬂ‘g%stfsialru?tggggegig%eg1&3#341% o VR audghl 10 T
in-fluid comuntheatdond sohtion gbmprifes awrystalliriap ageft iscladokeindeen el ast oner
bl ock and the 123 5 October 2005 02/ 082047 PCT/ US02/ 10875 substrate,
whereby the firs ebq{g%téqnmrﬁgs%ﬁrm i §otvent epvdrnmegt ef tha fargss| ut i on,
the seaoend (6 pashae cRRYIRARH bFRE tigbiingeRflySt al | i zing agent, and the third
chanber may be riomed with a cryogen, such that crystals forned in the
structure by di f¥usi ohheomethd of elpim i attiereining agent and the target sol ution
may be preserve .a reductign_in erature afforded by

qh% 'ﬁfs? H&‘Bué‘n cgr%%nsc?% esaIF%PIcf?rsé}h%{{’B

i ntroduction of the cryogen. dic structure of claim12

-

‘wherein the fir she sdvandeslution comprises a reagent solution; and

the mteraction comprises a chemical reaction between the sample and the
reagent.

4. The method of claim 1 whe;cin defining the first chamber and the
seé:cjnd chamber comprises placing an elastomer block bearing a first patterned recess on
a lower surface into contact with a substantially planar substrate. ' ‘

5. The method of claim 1 wherein defining the first chamber and the
second chamber comprises placing a substantially planar lower surface of an elastomer
block into contact with a substrate bearing a first patterned recess.

6.,;‘ The method of clatm 1 wherein defining the first chamber and the
second chamber comprises placing an elastomer block bearing a first patterned recess on v

- a lower surface into contact with a substrate bearing a second patterned recess, the first : )
patterned recess aligned with the second patterned recess.

7. The method of claim 1 wherein:

the elastomer material is permeable to a gas;
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second chanber, and third chanber are arranged in a |line such that the
first chanber is in fluid comunication with the second cﬁ&ﬁﬁgﬁrgﬂ?%ugh a
first a&;éi%n of the flow channel, and the second chanber is in fluid
communi ¢t BHi th the third. chanmber t hrough a second PoFUS@MIEE t he fl ow
channel . 14. The mcrofluidic structure of claim 13 further conprising: a
first valve controlling fluidic comunication through the first flow
channel portion, the first valve defined by a first control |ine crossing

over the first flow .chanpel portion, a first elastonmer nmenbrane between
Che. £ st cont r ol PFTINE (GGt FESTPIFEHC AR EHARFES THERPPOR BEcRTabl o | nt o

the fi rslutfononeRanngts Rekhicqio tBO frd nHBGANRIY Sahfoef RIEMhdd iR the Ui di C
comuni cation through the second flow channel portion, the second val ve
def i nedUpuadiag elbs@mes thertok farmedyccouiingthe\fsst chmbers georhy ehbloling: hannel

porti or ‘&;Qg | r etween the second control line and

t he segbglﬁ%a@?ag cﬁ@%ﬁg?}ﬂ[&%ﬁfﬁ%ﬁégﬁﬁ%&%%ﬁt o the second fl ow channel
portion, the firgimagdhsecontmiabileidid ddepencangisgs atiodatihgtieo first all ow
di ffusion betyween the target rT’St erial. solution and the crystallizing agent

to for mPEendSeltiion underpressure 1019 te serpnd dierofltidin chamben o displagrnto s The
m cr of | i@likdias ElASHREE tHRlgal kI 2 WERA S i ARRBY nd
chanber, and_lt 1ird cﬁaﬂn%egﬁggre al%r%gnge(]jﬁgl%eggt&ﬁpgﬁéﬁgﬁsuchyt‘zﬁg@ the first
chanbersubstantiaflyfconipdete 6 Hingoif €t seoondghtamlbiche second chamber through a first

portion of the flpw ann t second chanber is in fluid co ni cation
W th the third chamber eHP%{}%‘N)QSa‘é‘biéﬂ‘c?‘"%ﬂlﬁfe ‘Wﬁé@#‘hﬁﬁ%ﬁ?ﬁﬁﬁer, and
first chaaberart placed ks fisideommtbicaiohMronkh B riibe fluldid fewehadeer through a
third portion of the flow channel. 16. The mcrofluidic structure of claim

12 f ur gERedbatpesnihg glastonter plock apd the BHA¥B] | i ng 1 ui di ¢ conmuni cat i on
through the firstgflo _ AW 1€, f I i-ned by a first
control |ine crossi ng\ﬁg‘\%te??&?(ﬁdeof‘%lgl Qﬁhg\l;vl thfzgﬂﬁéb@t%%%irggzdug WO 02/ 082047
PCT/ US@ridi¢ 8atsmeinanatieh thomighi aptuatian bi & yhlve pastaie thawmidos fuidictftwveen t he

first ¢ ntrgl line and the first flow channel portion actuable into the
first f8%hannel portion; a-second valve controlling fluidic

“communi-cat i on t hrigugh haenmsPtIfikPMwHe AR chRRbEds Qb plhdd if@cond val ve
defined by a second control line crossing over the second flow channel
por t i ofluidic seraawaication thorsh depethationeofircnamaHytopen velyo sguatemt sush thati ne and

t he se . i ac ble into.the secqond f,| ow,channel
porti O%?ﬁl%ﬁéh@@’{%?%@%da? rgée)‘o’mé:eotﬁ'?1 r o hgﬁréac%slﬁ GrEESS ﬁﬁﬁ’ﬁicﬁc})e‘ﬁ ?%HH?IHP_ gh the
third tlaswmet bRckebuseti tlagtomenNmeiribrdit defnv@betdleb &t dayitral febisk dngont r ol

line crossing .over the third flow . L .
the flow Channel to relax out of the flow channel to define the microfluidic free interface.

11. The method of claim 9 wherein the éhambers are placed into
fluidic communication through actuation of a normally-closed valve structure, such that
application of a reduced pressure to a control recess crossing over the flow channel in the
elastomer block causes an elastomer membrane defined between the control Tecess and
the flow channel to be deflected out of the flow channel into the control channel to define
the microfluidic free interface.
| 12. A microfluidic structure facilitating crystal growth and analysis,
the striicture comprising:

an elastomer block;
a substrate in contact with the lower surface of the elastomer block to
define a first microfluidic chamber, a second microfluidic chamber, and a third
- microfluidic chamber, the first, second, and third microfluidic chambers in fluid

communication through a flow channel defined between elastomer block and the
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channel portion, a third el astomer nenbrane between the third. onéd?%l .line
and the third flow channel portion actuable into the thir Offo nnel
portion, the first, second, and third valves independently actuable to
first VEPPHO2BH7f f usi on between the target material sol RCTAE0AMEB7S he
crystallizing agent to forma crystal, and then to allow diffusion of the
cryogen. 17. The mcrofluidic structure of claim 12 wherein a thickness of
at |east one of the elastoner material and the substrate is reduced
proximate to the chanbers to permt direct interrogation of the contents of
t he chswhbieats, vdyerehy the fissg chaaber may bapremad withfal teigdt wateraligalutien, 8fe cl ai m 12
wherein the .substrate is forned fr a nmateri i rent. fr e

o act oaPREFRHBRLRA) Be PRl s chEPTl A B aRd el IR FlmbRMbLe o
r ecessprahed)WitH a\brjdEeh Mach thas trysk@cntled Btle situdtarerbgadiffasion of tiehe el ast oner
portion, respectively, to define volunmes.. of the-.chanpers, 19. A .
structW@alﬁléﬁ"géﬁﬁﬂtﬁ‘%&’edﬁ%ﬁf?lét’?’bm&)’QPQE‘tSéWEﬁl faoyghtd BAUEHien & devi ce, the.
Struc"t\!ﬁx‘f)eﬁﬁﬂpﬁff&id?@by%t; Idustio gfﬁlgrcryq,%@ﬁ_i on including a continuous raised
rimon a | ower surface thereot confi'gured to contact a top surface of the
m crof |l ui di c devie dhtt minreGuide sruchraiebdlaimylbWhengirethiefirstodiambet, ocat ed

t herei n, cpntact be en.the raised ri a th 0 sur f ace .of . t.he :

i or of FhP Sheator2ae Jar sHantes sisanpesd B P el GRS or i 11 ce
in confrgAiceiiunitaiibi WithBe SQRBAYShatha BhrioGgh 2 BRdt pealdnQT (B lp@Thhineg Pressure
to the chanber to drive contents of the wells into an active area of the

i cr ofandith¢ gecard chambep s inThad sempuinipetonvith|thy Wirdshambendroubipr i si ng a
seconcLegg@téO% n&ﬂ%'ﬁgw&a Lecess configured to receive the mcrofluidic
devi ce an o Teave exposed a  portion of at |east one of an upper and a

| ower surface ofl4 he Theowivkd Mhidicstaienreef cldiabl bivdbeobanpréng WO 02/ 082047
PCT/ USQ2/ 10875 21- The structure of claim 20 wherein the first portion and
the second por t3 Bt YH¥S cRmralbrg fudin commpnigaiiog thrpugh the frstflewap) e
engageiRRtel gan{oh,emta'matvam%ﬁ%ﬁ 894 RA'ohRBI e drdKiGoRs URNrst Adw The
structure of claim19 wherein the first portion inclludes a second

cont i heuse] paitweda firsielastofrieg mrepabrane mtweercthe fing contréldine aid thé&rstri cr of | ui di ¢

devi c surroundi nq a.second plural it f terial wells located in the top
surfaa}o“é’{%lh@ﬁgl porﬁ{‘]‘g}%cft't‘%??ﬂ"éo M%L#O%Sﬁ?@gfp%é?wﬁet he second raised rim.
and the top surfageedf vdli€corfttARi@NEdicRhimitatRnIRRRH thdsuebed flover the

second plurality of material wells, a second orifice in the second portion

i n corehamied apition. the serondealvecdpfiacd hy asesond sapireldiie capsingeMer 8¢ of positive
press h . i : t her

Corpr e A GEQRRGEE AR g lionlFmEhbHfe bEfic2h e SeBhPoddl "1 o,
por ti dine and thepgeesndsflew ahanrel pofi@ntabiuablefpototthosecond flow channel portion,.

the first and second valves independently actuable te first allow diffusion between the

target material solution and the crystallizing agent to form a crystal, and then to allow
diffusion of the cryogen.
| 15. - The microfluidic structure of claim 12 wherein the first chamber,
second chamber, and third chamber are arranged in a triangle, such that the first chamber
- is in fluid communication with the second chamber through a first portion of the flow
channel, the second chamber is in fluid communication with the third chamber through a

second portion of the flow channel, and first chamber is in fluid communication with the

iy

third chamber through a third portion of the flow channel.
16. The microfluidic structure of claim 12 fusther comprising: .
a first valve controlling fluidic communication through the first flow

channel portion, the first valve defined by a first control line crossing over the first flow
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i ncluding a continuous raised rimconfigured to press into_ the surface of
the el astoner surrounding a plurality of openings | ocated ProRe#d5om
surface of the mcrofluidic device, contact between the raised rimand the
t op. suMOLE&S¥A7 t he microfluidic device defining a secondr/obanosrs over the
openings, an orifice in the third portion in conmunication wwth the second
chanber enabling application of positive pressure to the second chanber 24.
The structure of claim 19 further conprising a biasing nenber in contact

W th thﬁ to press the first rtion into

first .portion and configure p
cont actTRERPYTER brﬁ‘é?‘a%'EH‘Ffa‘E%mg‘f?“? ﬂ%twm st frat eprol kips 2 thdursirig
Struct iotv sHankd! pbchcWiBleahd thdBrdi AbRRahidTp6RME I S€S a . flexible
el astomer material and a surface of the mcrofludic device is rigid. 26.

The structure of agteingvabrenhewelling fluislie edrsmdnicanon tpeghsths second logv

mat er i -Sur, of t.he,mcr.of ludic device,.is flexible:,27. A nethod
oF ori ShalEbdad i fERa0 vIC MGy Mt RO bE osRE ByfnE s 10
conpr i sedogd flocathiamge! poftton; akdcbid efastorlet Mmeftibraft BHIREEN Gidlskasid Bhtrgl M cro
flui diii dev'@e with a liquid material; biasing a holder piece against the
upper Sifif Pat e serond dlext chanpgportinsiiableintodhe seoandsilaw shametpartione c o
pressegpfgai nst the upper surface surrounding the wells, such that a
chanmber is created over the wells; and 126 5 Cct ober 2005 WO 02/ 082047
PCT/ US02/ 10875 appiisd yaivacquusilingvinigic egsmmmidation ieroopgattizethird dlosr i ve t he
materi al. fromithe ll.s | nto.an, actjive are f the.el ast operi.c

i cr of FiAngFPOcien, dheird Valy® defact R ¢ ird sPnicpLITs Srossing PuFT g I8 ed 1 i m
def or Mehdn@elgRURGE a thin@ cMRABREr BUmbame befben ThethiAdRGoPfin€ hiti i Afirgvher ei n
upper surface defornms to engage the raised rim 30. A nethod of actuating

a val vEoWichams! poriipa aeupble dite the third Slemr chageslipostion, ee fiestiseeonsdomd i si ng:
appl yi pgqd, | havi Wy -raised rimagai nst .a surface of
a m crgl?rl uiai(}ig %%B&(@ﬁﬁ%\??ﬁ%ﬁ%mﬁﬁggqu y&o loggbr?'?‘rg?) 1 -Fr%ﬂelggu'f] tglt@ to create
a chamduti@ved the brgsalliirgt genan domp pliistall addphai tol Al vodifitatof\iee pressure
to the chanber to control a pressure within the control |ine and thereby
act uat ¥Y88% ast oneri ¢ val ve menbrane of the microfluidic device that is in

comuni cation Wi t hepC Qb Mhidld i@ctudlof it [%WP@F&?L tﬁhﬂ% §Pﬂmerei n the
f t T

raised rimis elastic and defornms to engage e surface. 32.

cl ai m Bestwhepethg claswraarmideal ned Blesybstiataisdediekd preximate to the chambers
to permit direct interrogation of the contents of the chambers by an x-ray beam.
18. The microfluidic structure of claim 12 wherein the sui)strate is
formed from a matenial different from the elastomer block and includes a first recess, a
second recess, and a third recess ali gned with the first, second, and third recesses of the -
elastomer porﬁon, respectively, to define volumes.of the.chambers.
19. A structure for applying pressure to a elastomeric microfluidic
device, the structure comprising:
a first holder portion including a continuous raised rim on a lower surface
: ~ thereof configured to contact a top surface of the microfluidic device and surround a
plurality of material wells located therein, contact between the raised rim and the top
- surface of the microfluidic device defining a chamber over the material wells, an orifice
in communication with the chamber enabling application of positive pressure to the
chamber to drive contents of the wells into an active area of the microfluidic device.
20. The structure of claim 19 further comprising a second portion
including a recess configured to reéeive the microfluidic device and to leave exposed a

portion of at least one of an upper and a lower surface of the microfluidic device.
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to engage the raised rim 33. A nethod of exercising tenporal, con | over
di ffusion between two fluids, the nethod conprising: proégmge.%ﬁéo%

m Cro}c‘*’@%’g{lﬁé J}ow channel in an elastomer material, a nenbrane portion of
the el'a P raterial positioned within the flow chanfdT¥¥2488%ne a
valve; primng a first portion of the flow channel on one side of the
menbrane with a first fluid; primng a second portion of the flow channel
on the opposite side of the flow channel with a second fluid; and

repeat edly novi ngyt he r r ' - of e flo channel
oo e o el 1oLy i TR SRR or CRAROB AN dne fft Phfiofianit e ek (T T G
acr ossportitie inchldeescre2fol8s £Xxned & pEHREMY@BIR/AZ2ARA%NPEThEE0R 28087} 34. The |
met hod of ¢l ai.m 33 .wherein the el astoner nmenbrane is noved into and out of
t he fIW‘E‘ﬁ%‘HﬂBP“PHZ’P%HS%e to a reduced pressure within a control recess-
positioned in thg el aghoBlc1iRLEEIafth lf@d.vb d&_ﬂtthé Arst PEriBRHIGRE 2 35. The ‘

nmet hod of claim 33 wherein the first flurd is a crystallizing agent and

t he setssoril fungintoussaed rys carfigupesltth sontaat he sudadeutfitinmigofiidichdavidene

el ast oner rane i s repeatedl v .di spl.aced,to,alter soluti on environnent
of the Ogvv&gg%r?g%qndtpguraﬁFYO%T%G%?I%E?%I]?‘fag?ﬂ {nohe e Sa’t“@&? ﬁé material . 36.
The meiiesiidicalcaics) datad BérRiedn theGesdidnatbed Sink Bl Bk téhgurface 8F thef | Ui d and

- the second fluid is 50 nL or less. 37 A nethod_of capturing a concentration

gr adi efiestyrengdedningsecpad ekamber guerthe prsgnd phprliyiof gaatenad wells.asegond r st

fluid o if iHeSdecs 4 t LEhin a .
m crof‘?}m‘%i“f(l:k Iow&gﬂgor{ﬁge??l{]%rﬁ%@;ﬁ igﬁgina‘g}sig?éera]%%?l%l or?rgr\{%sbtélggnd side of the
el ast capphicatentufpoative gresplraco tg stdvmdehasiberrer nmenbrane from the
mcrofluidic flaow chapnel to defijne mcrofluidic free interface between

the first fluidZ%hd the $BEHHE® F'ﬁ\"a?ag‘l‘rlﬂéﬁ}(/icﬁﬁ‘_l’?ﬁ’é‘gf"i thisd PPIUONG and t he
second:ohfipihi€d '&@nﬂ'tefaf)l%?l gﬁgé' *fh tﬁehlﬁrst ParEibR] drilies sxfrif&% of m&ﬁirﬁggiticﬁp d

actuating a group of “el astoner val ves positioned along the w channel at
i ncr edB¢ipdingasoaneeays frzised timeconfigured kaprtissirfie g sunfaee 6 Gthe clastogeli ne a

e S PR pUORAE, B G RO BRSSO Sl e v @ and
contact between the raised rim and the top surface of the microfluidic device defining a
second chamber over the openings, an orifice in the third portion in communication with
the second chamber enabling application of positive pressure to the second chamber

24, The structure of claim 19 further comprising a biasing member in
contact with the first portion and configured to press the first portion into contact with the
upper surface of the microfluidic device.

25.  The structure of claim 19 wherein the raised rim comprises a
 flexible elastomer material and a surface of the microfludic device is rigid.

26.  The structure of claim 19 wherein the raised rim comprises a rigid
material and a surface of the microfludic device is flexible:

27. A method of priming a microfluidic device with a liquid material,
the method comprising:

loading a plurality of wells on an upper surface of a microfluidic device
with a liquid material;

biasing a holder piece against the upper surface such that a continuous
raised rim of the holder piece presses against the upper éurface.surrounding the wells,

such that a chamber is created over the wells; and
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38. The nethod of claim 37 wherein the first fluid is. a crystallizing
agent and the second fluid is a crystallization target sol ¥Bckber 20 "t hat
a plurality of «crystallizing conditions is created in the succession of
charrbe?’vé).o%.mﬂ met hod of fabricating a microfluidic deRGCEESOAIESmet hod
conprising: recess; and formng a plurality of wells in a top surface of a
substrate; nolding an el astoner block such that a bottom surface bears a
patterned 128 5 Cctober 2005 WO 02/ 082047 PCT/ US02/ 10875 pl acing a bottom
surface of the nDIdFd el astoner block into contact with _Qﬁ top surface of

t
the substrate, sutRYXNaf PPHEVERAFIEFHIO]hs ehagaler o drys the mpteRal fromythene | s to

form a weitsiald 44 4dtice hie@ of ARAMRBIMBRINREENLME sWeth, 40. The nethod of claim
39 further conprising: noldi g{g@a second el astoner bl ock such that a bottom

surface of the setfond The methodref clpinp2k Whersin the raiseone dsferrertoedgagecess; and
pl aci ngut he, bt sur face of the second el astoner block into contact with
a top su’rpg%e o‘%f the first elastonmer block, such that the second patterned
recess crosses dfer tThe rhethsd opdhineRNadersficasir bafidedetdnhsdekbhpfea
pluraliég of intervening elastomer nenbrane valves. 41. The net hod of

cl ai m 38 RISy the recesses are forned in the substrate by isotropic or

ani sotropi c etchijug of A thetdd FABwingh 399 3 4 RliGondRic dl hod of
cl aim 39 wherein the recesses arél f"g)@mad ?n t he sugstrategﬁgﬁﬁj ection

nol di nglesicertbe methadeompgisiig: a pl astic substrate. 43. A nethod of

fabricating a mcrofluidic. device the met.hod conprising: recess; and

nol di ng an el ast ()arqgi;ylrfﬁ ao@‘ijd%fd’é%“?ﬁé{“gaa ﬁ?gklf"b?ﬂsgﬁ'g?‘g%@ﬂéﬁ’rsgaém HCt%r ned

pl aci n@ michsfldidiodsvict BsEn®h phibdityol 8adr @ 1ins bon&s (ddresk aihhRbeOsaCt With a
substantially planar substrate such that the patterned recess defines a

pl uar | itR§oWlets; @hdinbers in fluid comunication through as pluarlity of flow

channel s. ) 44. Amraﬁg%féﬂ_sgﬁ%r&r (Elg Atﬂglq?’eggﬁr%rtgtﬂe"%hg}néﬁr OVCiO(l:"l?I‘i)l Ztl he met hod

conprising: for ity of wel'l' s connecte recessed channels in
a top psessiracathid the coubsltliretani tisareb ypdoaitag eBstoaictio vaRemhanbrané oftheel ast onmer

bl ock into.contact wiith the top . surface of the substrate to define a
pl ur al i"%‘ﬁmélﬁ"ﬂﬁg?"d%ce g awﬁwe“%ﬂ%&rescoesﬂw&a ed

31. The method of claim 30 wherein the raised rim is elastic and
deforms to engage the surface.
32.  The method of claim 30 wherein the surface is elastic and deforms
to engage the raised rim.
33. A method of exercising temporal control over diffusion between
two fluids, the method comprising:
providing a microfluidic flow channel in an elastomer material, a
membrane portion of the elastomer material positioned within the flow channe! to define
avalve;
priming a first portion of the flow channel on one side of the membrane
with a first fluid; |
' pniming a second portion of the flow channel on the opposite side of the
flow channel with a second fluid; and
repeatedly moving the elastomer membrane into and out of the flow
channel over time to allow diffusion between the first fluid and the second fluid across

the valve,
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~ .by flow channels. 45. The nethod of - claim 44 wherein the wells and

recesses are formed in the substrate by isotropic or ani sﬁ)pﬁ@ﬁ%z(@%hi ng
of a silicon or glass substrate. 46. The nethod of claim 44 wherein the

wel | s V898 esses are formed in the substrate by inj ®HEs2mes78i ng or hot
enbossing of a plastic substrate. 129 5 October 2005 WD 02/ 082047

PCT/ US02/ 10875 47. A nethod for formng crystals of a target materi al
conprising: primng a first chanber of an elastoneric mcrofluidic device

with a first predeterm ned vol.u f t ar get terial solution; primng a
second chanber o gan W%@F&‘H@Pfﬁrﬁf%lﬁﬁ?‘ﬂ%&}%@"%?ﬁf“ ra"§é’i:’6'ﬁ_&e‘io _
pr edet ﬁ\idadaeﬂn %P lm%@éhaﬁnéiri}i?rééiabhé@tb%e&%ﬁ tp'resé’tﬂg valiagh '&8n&$1&eéds£ st
chamber into fluidic contact with the second chanber to allow diffusion

bet weeppsitinacd Hi teclasorer imdterial ddiahent ¢e hetmg¢mbrznag agent, such that an g
envi ronment of t t e at.eri al i h f. of
crystal. 48. Theﬁer'ret ﬁg% %‘F m@hé’lf&ﬁiﬂ? 3\?\’/{1"2‘?%%%%@%@&?5 Sgr? Sg%%%ﬁ vol unes

are pigedeimdrine sednd Yiuili isarsypalizaiontthgef ol itionchirhhikit thnelastbhmesecond
chanber. 49. The nethod. of claim47 further .conpris vesti ng t he
r

iLng har
cryst aPemPREF{S fseeatsdly grsplared to iy p splufign grdropgicgt g}é@g flopy chagpekt

addi ti gaabedyshibidmdiaQReecbaieil.Ng 50. The nethod of claim47 further
conprising irradiating thecrystal wthin the mcrofluidic device with

x-ray radiation 3 detlermethod afclaired3diimetis acnmbinedtvolwneipbtheffirsthe cryst al .
51. The .gethod of clai.m 47 further conprising delivering a cryogen to the,
i crof’@ﬂggptgaﬁes\?‘%@ fﬁf‘ﬂf‘r;o[%eﬁreéﬁi ating the crystal. 52. The method of
claim47 wherei A CORGMIMIPBET PnHg VeUndéirabibn FRidedrit Bbtveh D fluft®, f 1 st
and second chanbers represents one of a plurality of crystallization

condi themsthadigemprisma: ni crof | ui di ¢ device; and the method furt her

compr L s Per o Aoy RSSO S Kot PO AR PRER BT,
pl ur al within @fmicrofRiidit flozadhiammelcondi ti ons. 130
providing a sec<-)nd fluid on a second side of the elastomer membrane;
displacing the elastomer membrane from the microfluidic flow channel to -
define a microfluidic free interface between the first flutd and the second fluid;
allowing the first fluid and the second fluid to diffuse across the
microfluidic free interféce; and
actuating a group of elastomer valves positioned along the flow channel at
_increasing distances from the microfluidic free interface to define a succession of
chambers whose relative concentration of the first fluid and the second fluid reflects a
time. of diffusion. .
38.  The method of claim 37 wherein the first fluid is.a crystallizing
| agent and the second fluid is a crystallization target solution, such that a p]urality of
~ crystallizing conditions is created in the succession of chambers.
39. A method of fabricating a microfluidic device, the method
comprising; , ' ¥
forming a plurality of wells in a top surface of a substrate;
' molding an elastomer block such that a bottom surface bears a patterned

recess; and
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placing a bottom surface of the molded elastomer block into contact with
the top surface of the substrate, such that the patterned recess is aligned with the wells to
form a microfluidic flow channel between the wells.
40.  The method of claim 39 further comprising:
molding a second elastomer block such that a bottom surface of the second
elastomer block bears a second patterned recess; and
placing the bottom surface of the second elastomer block into contact with
a top surface of the first elastomer block, such that the second patterned recess crosses
over the first patterned recess to thereby define a plurality of intervening elastomer
membrane valves.
41, The method of claim 39 wherein the recesses are formed in the
substrate by isotropic or anisotropic etching of a silicon or glass substrate.
42. The method of claim 39 wherein the recesses are formed in the
éubstrate by injection molding or hot embossing of a plastic substrate.
43. A method of fabricating a microfluidic device, the method
comprising:
molding an elastomer block such that a bottom surface bears a patterned
recess; and
placing a bottom surface of the molded elastomer block into contact with a
substantially planar substrate such that the patterned recess defines a pluarlity of |
chambers in fluid communication through a pluarlity of ﬁow channels. |
44. A method of fabricating a microfluidic device, the method
comprising:
forming a plurality of wells connected by recessed channels in a top
surface of a substrate; and ,
placing a bottom surface of an elastomer biock into contact with the top
surface of the substrate to define a plurality of enclosed microfluidic chambers connected
by flow channels.
45, The method of claim 44 wherein the wells and recesses are formed
in the substrate by isotropic or anisotropic etching of a silicon or glass substrate.
46. The method of claim 44 wherein the wells and recesses are formed

in the substrate by injection molding or hot embossing of a plastic substrate.
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47. A method for forming crystals of a target matertal comprising:

priming a first charnber of an elastomeric microfluidic device with a first
predetermined volume of a target material solution; |

priming a second chamber of an elastomer microfluidic device with a
second predetermined volume of a crystallizing agcﬁt; and

placing the first chamber into fluidic contact with the second chamber to
allow diffusion between the target material and the crystallizing agent, such that an
environment of the target material is changed to cause formation of crystal.

48.  The method of claim 47 wherein the first and second volumes are
predetermined by dimensions of the first chamber and the second chamber.

49. The method of claim 47 further comprising harvesting the crystal
from the microfluidic device to use as a seed crystal for additional crystallization
screening. |

50.  The method of claim 47 further comprising irradiating the crystal
within the microfluidic device with x-ray radiation to determine a three dimensional
structure of the crystal. |

51. The method of claim 47 further compnising delivering a cryogen to
the microfluidic device prior to irradiating the crystal.

52. The method of claim 47 wherein: _

a co-ncentration and volume of matenial within the first and second
chambers represents one of a plurality of crystallization conditions within the .
microfluidic device; and ‘

the method further comprises performing a second crystallization
screening on a second microfluidic chip under a set of conditions related to the one of the

plurality of crystallization conditions.
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