WD 2007/ 102755 PCTI SG006/ 000050 1 APPARATUS FOR PERFORM NG A

REACTI ON | N A DROPLET AND METHOD OF USI NG THE SAME 5 FI ELD OF THE
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speed and sinpler operation, and brought about the era of "-omcs'. A
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2008bos058) Wit teish Bt Spd SERABEATRD BISH P oniER: A know

example of a miniaturized device is a DNA microarray. It allows for a large-scale parallel

analysis or reaction of samples in a relatively short time and at a low cost. Efforts are
currently taken to miniaturize the commonly used multiwell plate (also called “micro-titer
plate®”). By means of automation of sample handling high-throughput screening can be

25 performed. It has been proposed to extend the respecti.ve miniaturization approach by
disposing drops of cells onto a substrate, so that they are substantially arranged in a
monolayer (cf. international application WO 2004/111610).

[0004] Another example of a miniaturized device is a lab-on-a-chip microfluidic

device. Such a lab-on-a-chip device additionally provides fluid manipulation functions, thus

30 allowing mixing, separation, reaction, analysis, detection and measurement processes.
Respective chips may also be combined with the multiwell plate approach, which has for
example been carried out in establishing a three-dimensional cell culture system (Torisawa,

Y. et al., Biomaterials (2005) 26, 2165-2172, Japanese patent application JP 2005095058).



As a further approach in mniaturization, the use of mcrodroplets in
an electric field has been suggested for mcroscal e i ntroducti on and
m xi ng of material (Velev, O D. et al. Nat ure (2003) 426, 515-516)
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concern, since it can falsify WD"20071102785
25 provides a biocompatible surface in addition to minimizing evaporation of the aqueous

solution. Perfluorocarbon liquid is known to provide one of the most biocompatible

interfaces among water-immiscible liquids.

[0007] A further problem in the use of microdevices, particularly during incubation

at for instance 37 °C, prolonged storage and extended sample preparation using for instance

30 large numbers of multiwell plates for screening purposes is evaporation. Currently used
means to overcome this problem are the use of multiwell-plate covers or seal-strips,
stacking, the use of closed micochips and the optimization of assay protocols in order to

minimize waiting time. Evaporation is of particular practical concern, since it can falsify



3 data if it occurs unevenly across nultiwell plates, [0008]
Additionally, the freedomand flexibility of liquid handling for
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i ncludes a contraction between the inlet opening of the inlet nmenber

to the environment and 25 the outlet opening of the inlet nenber to

t he processing conpartmentS Y OF JNV&QYTIQY)eCt the invention
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inaliquidd t r . The
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droplet inlet channel is extending through the inlet member. The droplet inlet channel

includes a contraction between the inlet opening of the inlet member to the environment and

25 the outlet opening of the inlet member to the processing compartment.

[0011] In a further aspect the invention provides a method of processing a
biological and/or chemical sample in a liquid droplet. The method includes providing an
apparatus. The apparatus includes a processing compartment, a base and at least one .
circumferential wall. The processing compartment is defined by at least a part of the base of

30 the apparatus, at least a part of the at least one circumferential wall and an inlet member.
The inlet member is located on a top of the processing compartment. The inlet member
includes at least one droplet inlet channel. The droplet inlet channel is extending through the
inlet member. The droplet inlet channel includes a contraction between the inlet opening of



-~ WD 2007/ 102785 PCTI SG2006/ 000050 4 the droplet inlet channel to the
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[0015] Figure 2 depicts embodiments of an apparatus (A, B, C) of the invention

where a chip is used (illustrated in D, E, F, G) to provide a plurality of contractions.

[0016] Figure 3 shows schematically an array of samples in droplets when
processed with an embodiment of the apparatus of the present invention (A), an example of
25 dispensing an array of droplets (B), and an enlargement of a nozzle of two exemplary

dispensers before or during dispensing a droplet (C, D).

[0017] Figure 4 schematically depicts how a droplet can be positioned and trapped
by means of the method and apparatus of the present invention (A-F). It further illustrates
the comparison of processes performed in a conventional tube (“bulk”) and in a droplet in

30 the apparatus of the present invention (G), as well as schematically a process that may be

performed in the apparatus of the present invention (H).

[0018] Figure 5 depicts experimental data of a B-Secretase assay performed in a



5 conventional tube (”) and using the apparatus of the present

i nvention (w), at enzyme concentrations of 0.34 units/nL (A and
0.17 units{m _& [0019] Figure 6 depicts depicts exper| nent al

of a Caspagvé)%?g !{{3 8Berformad in a conventional tube (’\f T/éf.zoogpogoso
4G) and using the apparatus of the preSent invention (), at 5 enzyne
concentrations of 0.1 ng/nmL (A) and 1 ng/nL (B). [0020] Figure 7
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pl ace. o4 24 BRRALOOT ABLREAfor G Fid 0F) W opftitn) 81 12D prarix

limted to, hexane, e tane, xane,

di chl or orfddirada drﬂﬂetc(ﬁl)cﬂf@ﬁlk B) acadispansedsintoea iloplet théet chambb(ﬁ), where they
di sul fi dgye, ggt rahydr of uran, di oxane, diethyl ether,

di i sopropyl &her, ethylene glycol nonobutyl ether or tetrahydrofuran.
Exagpl es of di MSW FlétﬂfethACdéﬁl&éJh% atﬁfe?en'f'q{hgw oeis Y by #Bp&%gle{FEWi‘ig.
| sobut yl ketone acet one, cycl ohexanone acet at’e, 1 sobut’y

i sobut yr 08, en&fgsdifeﬁ'eeﬁg{‘gﬂem di acetate, dinet hyI f or mam de,
acetonitrile, N, Ndinmethyl acetam de, nitronethane, acetonitrile,
N-net hyl pyrrolidone, and 30 di et l{ll sul f oxi de. Exanpl es of pol ar
protic |iquids are WRIEBFATLER DESGRIPIIONOF TIHE NTIEMol , formc
aci d, dinethyl aci d [(CHS)ZAsO(C]—l)] NN—dlrrethyI-forrramde

N, N- _di i sopr pp}&@f‘im i‘Fn presentovention: BFERERO R apRaatys der piocessing gt Riological
protic | izgdofl shémhialaRiplesiniD1id0iA /drdfiét! Fhe Rpparated GO &hiBRORY any process, in

20 particular a process that can be performed in a liquid in microscale (cf. below). The droplet

may contain any desired liquid whether nonpolar aprotic, nonpolar protic, dipolar protic,
dipolar aprotic, or an ionic liquid. It should be understood that suitable liquids will alldw for
the desired process to take place. Examples of nonpolar aprotic liquids include, but are not
limited to, hexane, heptane, cyclohexane, benzene, toluene, pyridine, dichloromethane,
25 chloroform, carbon tetrachloride, carbon disulfide, tetrahydrofuran, dioxane, diethyl ether,
diisopropylether, ethylene glycol monobutyl ether or tetrahydrofuran. Examples of dipolar
aprotic liquids are methyl ethyl ketone, methyl isobutyl ketone, acetone, cyclohexanone,
ethyl acetate, isobutyl isobutyrate, ethylene glycol diacetate, dimethylformamide,
acetonitrile, N,N-dimethyl acetamidé, nitromethane, acetonitrile, N-methylpyrrolidone, and
30 dimethylsulfoxide. Examples of polar protic liquids are water, methanol, ethanol, butyl
alcohol, formic acid, dimethylarsinic acid [(CHs),AsO(OH)], N,N-dimethyl-formamide,

N,N-diisopropylethylamine, or chlorophenol. Examples of nonpolar protic liquids are acetic



6 acid, tert.-butyl alcohol, phenol, cyclohexanol, or aniline. Two

Il lustrative exanples of ionic liquids are
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abol{ 20824 s hgs a hyeh salf; concrybaionaractnges mugcipiiation pgenty sush ap pelyethylene
bel ow 104000 diholethylénd 080 thichhrd\bdrhmbEly uSdPOE plobdd ez i Bhédroplet
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dropl et MRAY SHT PRURRBOCHAM BRe HAWA] H RowghibAn oBadigeld Kgrsad.rifielligrids are
Wier e sugbnepillyl thistiBl with edéhd@et Mafe selstidaalti® vol unes for a droplet of
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The appar at us [0025] h&hk ritepléti gy berdrhaymered P6ludeR RaPISCingidfccthave a

| east one , circunferentia ,.general ly a_l ateral I1._ The

wop bt at udolfisg B P ot 2ba b b st R Aol Ghiis T anes ol oREA00gHeln

ci r cunf etypidal dinbwdildentsahe aropRt is dfevdtthe of BASWRY LMIhE skilled BaESS, willdbe
define the processing

a part thereof .and an.inlet nmenher (cf. bel ow) ]

conpart nﬂW?rea{'{ﬁf Wr}‘fg uﬂ’é‘g«é‘r‘ﬁ?ﬂﬁt qﬁgggﬁgﬁgle R%Fﬁ ageg. 1¢pher0skl), Abe reppective

[0027] Tidgophst @efSsHlin tht6 eipider idigyléts wheh u&&ﬁctalénfﬁectﬁﬁﬁl. Wﬁ%r@%fﬁ:ﬁ sﬁm?ng is
Q e circunferentia

part of the .circunferential_wall or I'ls, h ¢ .
wal | (s) s SBb-gtge goRmes %bﬁaﬁlrak’]ﬁg\g?ﬁa%‘?lq"tﬁit linidrsan epulyabe, determiped
or ZurroexsbrigidAelyst ructures that may be included in the apparatus.
In sone enbodi ments at | east the inner surface of a part of the
circunferenti {10260 Wat hpmkathshef thppeemiosSuph@motteiclubes Chdse and arlent b
wal | of the processi [o50) rtnment - o part thereof, ilein |
ot her enBd Sﬁf@ﬁt ng ’e%"?ﬁgfagyc mlfaéﬂﬂf %’F@'nﬁ% [APRREPLES Sotlﬂelug%p% PRGNS
pr ovi des cothpartnént.UlHeeit faakt e cisdrhfefentiblngal) 6O 8 P& kHvgeoEAOERAMidr MM the base,
Li kewi se, in odi nents the i r syrface of a part of the
base of Pha p&%%ﬁ?%ﬁ%ﬁq 5«525@0 }H?# the processing compartment and

25 determine its shape (cf. e.g. Figures 1A — 1E).

[0027] The processing compartment includes a part of the base and a part of the
circumferential wall or walls. Both the circumferential wall(s) and the base of the apparatus
may furthermore be a part of or surround other structures that may be included in the
apparatus. In some embodiments at least the inner surface of a part of the circumferential

30 wall of the apparatus provides the circumferential wall of the processing compartment — or a
part thereof, while in other embodiments the entire circumferential wall of the apparatus
provides the circumferential wall of the processing compartment. Likewise, in some

embodiments the inner surface of a part of the base of the apparatus provides the base of the



WO 2007/ 102755 PCTI SG2006/ 000050 7 processing conpartnment, while in
ot her enbodi nents the entire base of the apparatus provides the base
of the pro npartnment. Hence, the processing co

defi ned byg‘?@lﬂ?gﬁ%‘gerentlal wal |, a base and the inlet gﬁ@%{ggﬁw&){o{@

| atter defining a or the top of the p7roceSS| ng conpartnent. In sone
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t he base of the apparatus, which are surrounding the processing

conpart n‘é‘ﬁ‘t“m ergp’@alg)@ll,, a basscrndnrislet member; whereiy i inlplempmberds lﬁcﬂgd oh ag
bi ol ogi cgyp estzegp&@ﬁarmt)eng Befkast eeeﬁfatty%g&@te%m%ﬁg gfed to be

carried out there| n he circunferéntial wall(3) d the base of 20
the appar at us[0028] Wehd céurkfefnRilORES ahd Ghé& BAIRAGE FRNAppaiiBs, b9 Mwell as the
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al um nu or stal | ess s tﬁgl Theﬂgurocesm ng conpartnment, nay be of

any desi M98 Bagts of Hecase PLike apnagatas, %%W%‘Hti@g the PragRpSipg FOTBRATHRSE

be desi gaedold mﬂdﬁmoeené@er@wwtﬁiﬁp@ceéﬁhgm bibRidal Mdict chiBichraRgRMAS
25 novenent of ropl et gﬁspos therern. I.n such an enbodi nent the

vol ume of Hetfgmi‘ [dggred to OPHE?rﬁlﬁcrgh%@r%‘Fn@emal esllpand the hasepf
vol2gme Ofhe hphritus (a8 widll 4s- thé Brdé&s@ﬁlrg BRPA%hERN Ay f&ﬂﬁst@ﬂi&Ciﬁﬁ%éwt organic,

conpartnment nay be designed or adapted to be capabl e of accommodati ng
| ar ge qu’é‘ﬁtﬂaf“icég pgtallie %TSEF‘? ﬁtChtaﬁél%téﬁre for, igstanqerp perdHOTRPAIRGMHRRIYRE B

the vol upgi r@erﬂﬁlﬁocaﬁfo@%%&g%lﬁé%n&iﬁﬁnﬁﬁéon”ﬁﬁ/odfiiéﬁ RS hAACEH sl?aﬁnlggs shbell

m to 500 or. a vol une 0 . Wiere a nediumi s

filled i Ft%PrPFf‘éSIBg seeRA Rt B9Mps Pf saylesiresifoym gad volyme lnsomg embedigrents
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The remai ndér of the processing conpartnment may f I nst ance
oc @ém e dMBYeIRRng ef a deopleh disgesed thesein In |smhcpn gngfpodiment the volume of the reserv01r

may for instance be of 1 nl to 500 pl, or a volume of 100 nl to 10 pl. In other embodiments

the processing compartment may be designed or adapted to be capable of accommodating
large quantities of droplets at the same time. In such an embodiment the volume of the
processing compartment may for instance be of 0.1 ml to 500 ml, or a volume of 1 ml to 100
30 ml. Where a medium is filled into the processing compartment, only part of the volume of
the processing compartment may be filled with the respective medium. The remainder of the
processing compartment may for instance be occupied by other media, such as a fluid, for

instance air or an inert gas.

[0029] As already indicated above, the processing compartment also includes an



i nstance air or an inert gas. [00291 As already indicated above, the
processi ng conpartnent al so i ncludes an WD 2007/ 102755
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e0|rretst ess conpart. ntote us
desi gned l%??b‘ﬁ‘gg omkégﬁﬁﬁg;gé’fﬁés A0 BEPaiRe 4 EIGE O@r?Bfé'EI‘PSrEH? smglie
pr gmes Si ﬂlgplemmmrobﬁﬁﬂing smgdingria Iﬂheyprsms’:lbg eorfifwacliﬁﬁ&@ rm}alﬁ&ﬁ& gﬁaocﬁmﬁnts a
medi um t hat [.s i ui I nc ing a UI such as
a |iquids ﬁ??bﬂ‘? tnPlaé'tg)q %ea%]%‘l gﬂrr?éﬂfnglﬁ h‘% d%l - (6 WLl brepmygpppareitis
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m Xxi ng o att |n| hono enelt when conbi ned. In such enbodi nents

any medi tF ‘5?? ee?fof’er? 138 CP™H -ce of the invention as long as a

droplet of a [%ﬁ?i] n som u'eﬁiab}) unaegtlsethg Ci)rgcrétss%g Ic%mpar?mtter% of the apparatus is
25 designed or adapted to accommodate a medium. In such embodiments the processing

compartment is generally capable of accommodating a medium that is immiscible with a
liquid (including a fluid- such as a liquid-mixture) that is contained in the droplet (cf.
below). Thus the respective medium and the liquid of the droplet are incapable of mixing or
attaining homogeneity when combined. In such embodiments any medium may be used in
30 the device of the invention as long as a droplet of a desired liquid is able to enter it and to
remain intact when contacting and entering the medium. The medium may for example be a
fluid, such as for instance a liquid. As an illustrative example of a respective liquid, where
the liquid contained in the droplet is water, a suitable immiscible liquid is octane, and vice

versa. As a consequence, the droplet does not dissolve in the respective liquid, if disposed



remai n i ntact when contacting and entering the nedium The medi um may
for exanple be a fluid, such as for instance a liquid. As an

illustrati of a respective quuid where the
cont ai ned @@ﬁgiﬂg%ﬁ;pl et is water, a syitable inm scibl eJ:T/gﬂﬁaggooooso

octane, and vice versa. As a consequence, the droplet does not

di ssolve in the respective liquid, if disposed WO 2007/102785

PCT/ SG200B#€80050 9 therein. [0032] Other exanples of a suitable
liquid in embodi ments where the liquid of the droplet is water
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8.8, 9 9 50 19.21mydromﬂmpalsde1~,and4cm Mo 18655-58af) dclez aitydmperffaofent
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335 36 {(PAS Ned77117-48-7], 1,1,1,2,2,3 3 ,4,4-nonafluoro-6-pentadecene [CAS No 118202-35-0],

4-[diflu %I(’élj g(g?(f ggj %?g%ggf ;%llé‘,?? tlg' %e;ltagécgﬂéorg—S—Spegfagecene [&Lé URG°

- nor pho

[10%\ ,82 Ng 3] &43—8}3 efl B2 B34S Nﬁﬂ"?ﬂm@éﬂ@&ﬂiﬂfd -Signcrafianpbityl)- ]:flllrlﬁﬁ qpmsaméggs-
to n a_few es 0 I uoro carbo
corrpoundgglﬁlicﬁfg [dﬁ'ﬁl[’ Z@e?ﬂ?uomcﬁ?ﬁxgeg@bﬁmﬂ‘f ]Zi%géosgié pActaflBeg-TAuRANe
[ CAS No BﬁéZﬁCAl& N8| ,132252-23- 2-2, 81 aztnenmfeﬁtuﬂlﬁ@a@nNa@s{héﬂEAﬁoMropyl) 1-
754- 68- 71) % K SN QE%%agl uor o- non?
o paﬂan‘hné CAS™NG 3 1, to name a few. Examples of hydroperfluoro carbon
compounds include, but are not limited to, 2,2,3,3-tetrafluoro-hexane [CAS No 83225-48-
3], 1,1,1,2,2,3,3-heptafluoropentane [CAS No 754-68-71, 1,1,1,2,2,3,3-heptafluoro-nonane
[CAS No 755-89-5], 1,2,3,4,5,6-hexafluoro-cyclohexane [CAS No 22060-80-6],
30 trifluoromethyl-benzene [CAS-No 98-08-8], 1,2,3,4-tetrafluoro-naphthalene [CAS No 711-
55-7], 1,1'-oxybis[3,3,4,4,5,6,6,6-octafluoro-5-(trifluoromethyl)-hexane [CAS No 220469-
12-5], to name only a few.

=t

[0034] In some embodiments of the invention the liquid of the droplet is of lower



CAS No 755-89-5], 1, 2,3,4,5,6-hexafl uoro-cycl ohexane [ CAS No
60-80-6], 30 trifluoromethyl-benzene [ CAS-No 98-08-8],
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25 device. An illustrative example of a material that is inert against most corrosive media is a
fluoropolymer such as fluoroethylenepropylene (FEP), polytetrafluoroethylene (PFTE,
Teflon), ethylene-tetrafluoroethylene (ETFE), tetrafluoroethylene-perfluoromethylvinylether
(MFA), vinylidene fluoride-hexafluoropropylene copolymer, tetrafluoroethylene-hexa-
fluoropropylene copolymer, vinylidene fluoride-hexafluoropropylene-tetrafluoroethylene

30 terpolymer, perfluoromethyl vinyl ether-tetrafluoroethylen copolymer, perfluoroalkoxy
copolymer (PFA), poly(vinyl fluoride), polychlorotrifluoroethylene, fluorosilicones, or
fluorophosphazenes.

[0037] A treatment that may be carried out to alter surface characteristics may



(MFA), vinylidene fluoride-hexafl uoropropyl ene copol yner,
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per fl uor oal koxy copol yner (PFA), poly(vinyl fluoride),
pol ychlorotrifluoroethylene, fluorosilicones, or fluorophosphazenes.
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[0039] In some embodiments an inner wall or a portion of a wall of the processing

compartment of the apparatus a material thus possesses such a low affinity to the liquid of a
droplet that hardly any or no interaction between the surface of the inner wall and a
respective droplet is detectable. As an illustrative example it may be desired to avoid an
30 attachment of a droplet to an inner wall, for instance the base region of the processing
compartment, when a droplet has been immersed into the medium that is accommodated by
the processing compartment. In such embodiments an electric field, including an
electrostatic field, or a magnetic field (cf. below) may be applied to immerse a droplet that is

of lower density than the medium accommodated in the processing compartment. In such a
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based methacrylates and dimethacrylates), polystyrene, polycarbonate, and polycyclic
olefins. A further illustrative example of a material that is additionally suitable for the

generation of a translucent region is fluoro-ethylen-propylen (FEP).

30 [0041] The circumferential wall or walls of the processing compartment may be of
any geometry and number. As an illustrative example the apparatus may contain a
(vertically) straight lateral wall. This circumferential/lateral wall may for instance be a
cylindrical wall surrounding the processing compartment. As a further example of a straight

circumferential wall the apparatus may contain one lateral wall of horseshoe shape and one
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25 characteristics (cf. above).

[0044] In some embodiments a surface or a portion of the inlet member includes a
material thus possesses such a low affinity to the liquid of a droplet that hardly any or no
interaction between the surface of the inlet member and a respective droplet is detectable. As
an illustrative example it may be desired to avoid an attachment of a droplet to an inlet

30 member, for instance the droplet inlet channel, when a droplet has been immersed into the
medium that is accommodated by the processing compartment. In such a case the droplet
may be immersed into the medium by gravity and thereafter contact the inlet member. By

means of for instance an electric field (including an electrostatic field) or a magnétic filed
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25 a material is a fluoropolymer such as fluoroethylenepropylene (FEP),
polytetrafluoroethylene (PFTE) ethylene-tetrafluoroethylene (ETFE), tetrafluoroethylene-
perfluormethylvinylether (MFA), or perfluoroalkoxy copolymer (PFA). In one embodiment

of the invention, the surface of the droplet inlet channel includes such a material.

[0047] In some embodiments the processing compartment of the apparatus is

30 capable of accommodating a respective plate in its entirety (cf. e.g. Fig. 2C). Such
embodiments may for instance be selected where the processing compartment is desired to
accommodate a liquid. Accordingly, in such embodiments the plate will be entirely

immersed in a medium, once the processing compartment accommodates the latter. In some
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gener a of. requir t r.ansf er a sanple fromopne device'to
anot her . X'Pgﬁéf@fm%’ aiefﬂﬁlé?r "%ﬁ’f‘r‘ffe‘?f tﬁ‘? ARFEATLY, I pher embadiments fheyalgt member
I ncl udes may foranthe tepef thel ks, bueh a6 REMEGIment ihe islE 9 gﬁlg inlﬂzlyiiﬁus ble an
ropl et inlet

ch el is extending through e inlet nmenber. The ) €

chatiel ﬂ%%?q ﬂ%ee%vbfﬁﬁﬁ_’i‘f* O’%H’G Fraihst & aﬁp@ﬁ%ﬂn@ﬂb@mﬂgs dhe pragessing
| A). Thecatpdrgdeno e iti figid SorfuMip@ibnNgith Qhé REVIIARAS Fia the GAD JF HAE Mot
the inlet opening i s an openi ng to the space above the inlet nenber.
Above or T6H Htop of the inlet nenber there may in sone enbodi ments

be a further j rigr .of the.apparat.u n_of her .enbodi nents. the
i nl et nenber tor@%@ f DFHTRESy ?plfatﬁgfegﬁ%a&’rnﬁt ’6‘5{.“‘1?%1& SORIFpCtop between the
enbodi neinlettdpeninglaed aopemienopaning. Shes the iet thémbgeing tHeCugpbend of the

envjq4 on of the apparatus. .all. these odi nents the prqcessing
cortShr 1 neigpesSine b RRRGT A ronleDinft shargP oBRES BIRVICR & I FRoR Remns
i nl et of betieen rthet procmsingr corlodtht Fandt gy naiiRenck B cste@Phifive | He€bame.
channel i,nc¢l u

des ontracti.gn he en the .inlet opening and an
out | et o%%“n”irn g‘ ys?ﬁﬁ TER ioﬁﬁ’é’t‘g?é%ﬁ'#t fepRed 1 elR?He‘?’hléﬁB"tB“fdsthé‘ theo
processi emytractiopaddwrevid, folns purDpf e prodessing baf@imdns Whire theddRdpRY il

a conmunj,cat i.Qn ans . .
{radnd Weided Wore than one contraction, the respective contraction forming the upper

)

j =

25 end of the processing compartment may be defined as the contraction with the smallest

diameter available for a liquid droplet to pass.

[0050] The contraction has a profile in the plane parallel to the plane of the base
region of the processing compartment. Generally this plane is at least essentially parallel to
the plane of its with, and furthermore it is generally at least essentially parallel to the upper

30 surface of a medium in the processing compartment that is immiscible with the liquid
droplet. In this plane parallel to the plane of the base region the diameter of the contraction
may be of any profile, for instance round, square, triangular orl of the shape of any

oligoedron, as long as it provides an opening that allows a fluid communication between the



bet ween the processing conpartnent and the anbi ence | ocated above the
sane. Accordingly, the lower part of the droplet inlet channel, i.e.
t he part V\@C ds fromthe contraction dowward, forns art Q

t he proces |%§0-§§h§8 rtment. Where the droplet inlet chﬁﬂﬁ@ﬁ;mﬁﬂ@pﬁ?ﬂes
nore than one contraction, the respectPve contraction formng the

upper 25 end of the processing conpartnent may be defined as the
cont r act poxcessing h;omba'tmemlahéﬁie en6lirommdng Likeveisd, ab the plak paraﬂlblCtU itk plane of

dropl et t,0 Rass actio rofile int | ane
paral | el h}e a?%reglﬁka sp%?ﬁ ﬁ%aﬁpgg BW?%Pﬂ?ﬁ‘é‘aﬁei% oeR any geometry
conpar t méoft alscﬂaeleW)aIThe pfoﬁ]aa o ﬂiﬁ&lr(b}ﬂetahle’t emmelemaﬁnxli :ﬂfé ﬁeype}aa&@blla@é £dr0
1S generally at, | east

the plane rnore. it

essent i aﬂs%n%e f’%P}Mg Té[aBt e ﬂB’ﬁ apfan hipyiglass, & CORCAYR FRFiTFle,t ishape, a
pr ocessi frgmgl@ﬂﬁaxfeéta@‘lé i gbark, smwmlg&umne and tayt dentihatieh dherels O h Qbme
In this g{ﬂs(g%g ﬁ:”e' tOtglF | ane of the g&lerelonthe di anet er
of the cdht? © qQpgyying defiped iy the coptraction phthe; relet ¢hgpped is selected
square, to bangul déimeter eat tiH 8maNGPBa® theldiMmerRt B QHE Qiﬂuldaéroblgf‘ﬁa@ﬁl {hTe
provi des, an, openi géb%&%@&?l ows a_fluid conmuni cation between th

2007/ 102 F28ispeir 8 seplow)s Iy serae 9F thege @&bﬁ@meﬁ@rtbe disgnetan éhat is,
envi r onmpMbther théRUAcaRy of 1h 4 AR s&l afifodnasA! dval 1at§19 f&r @l]'a%r&h?]l: b E&“ﬁs is

base reglo the profile of the at | east one dropl e I'nl et “c

mayl%e ofmaliey thye dlﬁvlete( ef th|saerifieligug dropies upadofasie thefimmiscible opedivm.
i nl et Ch@H@%&acFﬂYmﬁé?ert Be dfaﬁﬁaﬂﬁczfvhﬂﬁ)lé) If(ﬁ'ne? feprany) ﬂﬁ?lﬁ%@lgﬁw\ﬁasﬁt of the
| east one of the shape an hour gl ass, cave cir a
5 tri angf¥tragtiqnei: gl @n Oaingqﬁ-‘apeconbngly oiepgzﬂecnnoﬂae selngtedrpedium and the
combi nat éé?&tédhﬁ{uﬁpfiropief‘ uifThe, GAROS TR afurt Ed BRERID doftibdrdofh BiYidull?

contracti on of et inlet c I's selected
di anet er therameter @quSe@n theareselting gizemfttes lighidtdroplet piagudisbedsedphiet the

Lo S S8R RE o A Ll LIP3
chosen efng@stinarthat iy gedilable|fer 11h© drcm}gt td pagsi rdayibopllestedtio apasss, beiveeen 0 00
Siral b er . hdaa YOSkl ULy AliahQin A0GHEbEGEh b0 fmdbBl:gh, used has | n

the i nm sci bl e medi um e exact ter er avai |l abl e for

a (i.e. any) foosyi dr 1@ﬂg§tthet QoR#Son Ut ﬁ‘l@edroﬁﬁf‘tlﬁﬁftch%ei s %dﬁaﬁ)le of

enbodl ments accordi ng ends on the selected nedium and t

sel ect edPFYHiirg ad’rrBR;PtefW}E‘Wd’é‘PI“ElPﬁethGéQmP]@d ﬁ?@nﬁi@ﬂ@ﬂ@ﬂ“élymsm &B’Q‘!Ehethe

comndi t i ofeple! iR hdrn6lTRE skillBE J(;fhﬁ% | e
of the |Iqﬂled dr opl et oncg di ngeiiggggﬁlﬁ‘%%?tﬁﬁgﬂél,s I u Bﬁﬁ{élﬁdgw(’ﬁhé

pr ocessi HgPlebissd Aadba mediadhatis included indhe mrecessinggpmpartment, shielnspontanesius
the conkbaghdnPHrd (!ﬂ@%lei ﬁaygliftﬁ idBRkEbd @iveh I%? r#?’\/?tgﬁ&hﬂ gﬁb@gﬁﬁl ly be

selected in a range between 100 m and ance in

a range bet wgqe05230beaRe ploddtting &Q%}hn@)iph&%hhﬁ{odta{é@ af Qhfef ﬁﬁhfbenam a
the droplet.inlet (gpan el i.s capabl e of preventing a droplet, which

i ncl udesSHE Ayt of medium, e santiactionis ipmessediin dhe rngtb‘g@th@q]@ameter of the
25 contraction may be of any profile in the plane parallel to the base (i.e. generally also parallel

to the surface of the liquid). Examples of respective profiles include, but are not limited to,
the shape of a circle, a semicircle, an egg, V-shaped, I-shape, U-shaped, lanceolate (shaped
like a lance point), trapezium shaped, the shape of an hour glass, a triangle, a rectangle, a
square, any oligoedron or any combination thereof. The contraction may furthermore be of
30 any thickness in the plane perpendicular to the base. As an illustrative example, it may be of
a thickness in the range of about 100 pm to 10 cm, for instance in the range of about 300 pm

to 5 mm.

[0053] The contraction is typically of smaller diameter than the diameter which the



20 droplet inlet channel. The skilled artisan will be aware that,
depending on the liquid of the droplet used and the nedia that is

I ncl uded |n the rocessi ng conpartnent, such spontaneous novene of
a dropl et F 02{83st ance be driven by gravitational of€ yégwﬂgoooso
force. [0052] Owce t he processing co rtment accommodates an inlet
menber and a certain anpunt of nmedium the contraction is imrersed

i n the nekidoplen hatlie thé arsdived. Iofthﬁshequﬁé £ 06rtdiR @inoGit oﬂﬁibr&betd) asaﬂaydroplet

Paral | o PgtBr L SERFaREn Sooceredopoli o VoS e perVER Shcespbndiceit emans

profil eslttappédelere tnder af thﬂ@fabbvmm&dltt@ ,blggehmmae&;oﬁﬂ‘raoﬁoﬁl BedyRncy or
semcircle

ke o | A Ioss PR, SR pBGlore BooHBI: ka6, Salecdls e

triafgl e contrdcloh ag! abso s%rvesam@g@ecna@mt@ﬂ in0gesbaRhers wheré dreuIbts Rrd foftfed
t hereof . The contra::ﬁ_ll on y furthernore be of 30 any_thickness in

the pl and¥ife? gaAmeie that is sy JF?fetob%l§%ﬁauA§e@Eﬁe of [Vﬂt%"tblll&b’ i Prondsts #p jadargey or

may be ofsmaBer dibMKIRE Bfni the Teﬁﬁ‘ecfe’dn%é)fn ﬁ}lé%ﬁimmem Ri #EaC Kl fefier pass
i nstance jn the range of about 300 m The’ contractlon

i s typi cdhmoyehythe §wma|°té?n Without pdditippa ﬁf’f?‘hbﬁ% @maét@é er mb@wbkeﬁe poo through
2007/ 102485 R&déem2006/ 000050 17 droplet has in the nedium It thus
requires a certain anount of force to pass a droplet through the

conigaction. (ausa] aTde Q@ﬂl@;cub@sn@eﬁfl ifs@in6& e bl 8 atHd®e FIOME [dRs16t QRllet
it I’EITB.II’] trapped t %&S under qr there above since it is bigger

t han t he Bgwe %fcttq igpfudes thersme he Aropist injetichannehmay e of ary ioél ewat e plane
suffici eRergedibiCR thd Badt 8 lappadss (Dprd). h@ucﬁas['fﬁro‘ﬁlérﬁaif 8 symmetrical or

contraction may al so serve as a selective fil I n enbodi nents where
dr opl et s agyemeEeaedt maytfer Anganepdicoderived tfrom tbw}l@m of @ eylindert thpfis of
degree OfoM@ifoRf! didthéter. Bx@RbRE Df %slpéctiv@r;ﬂ@ﬁleé){ncluﬁgaﬁﬁt%e ﬁb@lﬁh@d td, R
t he expected value in the imm scib used, Wil either 1Eass

t hr bugh thweobatcirsle: 3 epncare m@n%mlwmacawbuess,rslmpien\vj-sbwm Edhaped, 3t
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may for instance be a neck or ‘a hole in'the d chan or
be i ncl udeRravele defrifgnglena getapglet ajsapare, ehameﬂlgmomeﬁsf 1Bngepintofai feaw
in the plﬂ?tﬁﬁ‘atn%eerxﬁﬁgﬁb %Pétﬁfabfe%r&ﬂ@s R gﬂét A1bee rIﬁtsUﬁxe %ﬁl}le&ﬁ')ents the
Suchaprofl e symmetrical or nmetrica

i nst ance diseigs ralv@liﬁélef %05 mdrﬁéetstnaﬂaes @Ouﬂh@}qy oW Wﬁhunqr@smg distance from
nonygi f o elirBRE 8 the Eﬁﬁ%@ﬁlsoﬁmﬁﬁéﬂfé%itﬂ%@ Hﬂ%le!t e feﬁé‘écﬂ@@ firotﬁi‘btt e

not limted to, the 15 shape of circle, a concave semcircle

( pi ano- cGh@@?lel)laY@gglsﬁaﬁ%p@vev\é-hwé@lpm@leshaped D- shaped, |-shaped,
| anceol at e, trape2| um shape t he_shape of a concave semcircle
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ol i goedr @t th BiambiAwiRRIthS &roplet B inithd HGdid,ak 10¢8te@ %AMRIBRoATr M dBPEe
profiles, the droplet inlet channel. |In some enbodi nents the
inlet channel. A respective profile of a droplet inlet channel may be des1red in order to guide

25 a droplet toward a contraction.

[0056] In some embodiments the diameter of a droplet inlet channel available for a
droplet to pass through may increase with increasing distance from the surface of the liquid
that is immiscible with the droplet. A respective droplet inlet channel may for instance have

a pyramid-shaped or a cone-shaped (A-shaped) profile.

30 [0057] In one of these embodiments the contraction of a diameter smaller than the
diameter which the droplet has in the liquid is comprised at the top of a droplet inlet channel.
A respective profile of a droplet inlet channel may be desired in order to secure a droplet at a

position directly under a contraction. Securing a droplet in a certain position may for



di anmeter available for a droplet to pass through may narrow with

I ncreasing distance from 20 the surface of the liquid that is

imm scible wth the droplet. A respective droplet inlet_ _channel may
for instan Jnglzﬂam?fsv-shaped profile. [0055] In one of PHEEE2006/000050
embodi nents the contraction, which is & a dianeter snaller than the
di anmeter which the droplet has in the liquid, is |ocated at the

bot t om ofexéthple e dpsirtl whend & tietediion oe kadidkion @ ecdroplet @€, alfd tocbefarreed out. It
dropl et ipnlet channel e.desired i, der to guide 2 dr opl_ et
ownr o o "ynier SRTREE oot eih B ot B Hon SbiRes i sibodmen where
dropl et iseveedl difftaemdropietaadeabdde for a droplet to pass through may

I ncrease with increasing distance fromthe surface of the liquid

that is inm s¢@USBE i s¢me¢ émballingitethe dlematapd atdropdetdnlepdhatnedl avadlable for a

changel | e e anm d-sh d or. a cone-shaped

(A Shapedeblsrdh pid HhRFAEYreal. B BHéesRa 20%0eR o BR P PRERE wp 0
cont r act icerain poiat. dhareefterths amilhisle diahrter bfie droples irtétashamtel filay idteease again
droplet has .n the Liquid.is.cqmprise t the top.of. a droplet inlet
channel . “%% PESHE #1@%11(-6&6%@& ! hiedglggqggplqgm%twﬂi}g;ﬁw@?m tapge to the
desi red !ontletrcgbeming.mesmi]ﬂlgﬁrailvd exaphysié, tBé didplepigdtich@theDinbyP 6& ?E’thbl \?\%ﬁle &f
contraction. Cur i roplet.ip a certain pgsitjon nmay for .

2007/ 102?%3‘05@%5%& g’%e? ndfgpaé}%ﬁ"pﬂ %‘f%@e Bgét}er lqpidynHiectingt six profiles
det 8@t i odepicted dfliFifzi OB @ fidlieer ix@PbRE oFtiespedtive pRARS GRafchof dRiplet ihlbt
may for IBSt Z[ﬁ al so_ he desi rg,d to %gmst I dent|fication purposes in
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sone  enbaginietitvhiéhhe dihIe hes inGhe Bqeld PEMpristd Kithi BE BRIpeR Kbt ARIRI as

for a 5 droﬂ‘lF‘ft to pass through may decrease with increasin

di st ance 9F5e5he4 shove, Pé?xaaﬁ’éwnﬁge eRRisE T glosetorthe pentis oif the dffmi@trig]&f ¢hapnel.

the avai InallespdiEdnoditherd tBY Sot@Ltdn e} s&08R9 8! boilhetl) FuBR S SoREALk
e fromthe fromthe inlet opening, h

V\ntr i ncreasin ,d@gtanc . ! _op 19, 1.e. Wt
dechtasi MFYSEIE CWPH@PI%@OP&%%%H’F@@‘“%&%WH ioF pdditiongl pxfemal force,
exanpl e, tehfingleQabfibt ot nENAROA thivigh Heakf kiR PABHI Bl b detion of

hourgl ass 1 n the plane perpendi cul the surface of the Ii
The fi r s&aftgiqpakar hugganty fredi cted in Fig. |B are further exanpl es of

respective profiles.of suc . dropl j nl et hannel . In gne of these
enbgdi ment s Iot ﬁfé)sé]o nft} $p049 %‘&ogfmeé‘tg‘?fif’r%‘c“é{?m%ﬁ‘?éPPac"i‘FHﬁP’PWéles Pkt
whi ch t hénlelr grhids A& ot Borithatidrsy Br bxbmpleOiEPd ds&ieisbdVitolé. NAAY GrraHgRRlet of
i nl cha qel as desgribed above, for exanple in the centre or close
to {he cé"ﬁ? r EPHES h%ndz?ro GPTHFACiigiSe uay hof, fhpsen ji, sych @apeabedjgent. In one
enmbodi meeinbbdimesiOill R bpeingdBye igentieel @E e, PR 1 DAITGMuresSHL ) 48). In such an

bottl eneck, 15 may serve in bl ocking dropl et from passing w thout .
the acti S‘HbB‘?smlaH%ﬁef’?fah‘ngP@%%f%?am lpageter gnd fop instange alﬁ%ﬁ?&e same diqpid
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ravi tational or buoyancy force.
g channels may be growd%/d that possess an identical profile in a level perpendicular to the

-~

25 base of the apparatus, which are however of a different diameter available for a droplet to
pass. As an illustrative example, the contraction of these droplet inlet channels may provide
a different diameter available for a droplet to pass. In yet another embodiment there are
contractions provided that are located differently, e.g. within droplet inlet channels of
different profile, and that posses a different diameter available for a droplet. In each of these

30 embodiments all or several contractions may be located within identical material or within
different material (cf. below).

[0060] In some embodiments the droplet inlet channel is a through-hole of a plate,

a brick or a disk, or a part thereof. A respective plate, brick or disk may be removable from



[ 0059] In sone enbodi nents of the invention, the apparatus provides a
plurality of inlet openings and/or contractions, for exanple as
descri bed 0 arrangenment of 20 inlet openings

contractions %@yuéﬂ%chosen in such an enbodinment. In onﬁgﬂﬁﬁgﬂﬁﬂBﬁ?
all inlet openings are identical (cf.]8.g. Fig. 1D or Figures 4A -

4E). In such an enbodi nent several droplets of the sane di anmeter and
for inst acmicad-devicd. Suble asasduld mgyibd of ray destred Fotn. Vit infuyt thes sheatl @ample
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profile, and that posses different djanmeter. avajlable.for. a '
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channel PSSSESSEHIOUHRAL %F"é?tleflr W&“ﬁﬁ%@ﬁ aa?dSP‘ig& E‘OQ et,Or grosjide apmateria) fhat is
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2007/ 102785 PCT/ S&2006/ 000050 19 the m cro-device. Such a nodul e may
be of any dels'[(md] R/I(]]Z_HIED ;%I?d: "emb@d/lm]‘et V\;h]wshea@pafammt _ bla! t?iern’( : Usf[afib déﬁeet or a Peltier
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ere on._a conventl o - =, -, -, 0r, we . ate
the. r espdti GEIQREANE Llexiog OF Belticn Heqtes mask-ncf 35 APRPE ZHFo5 AFACkRe Hepuoa]
I'n 85 respett iAccoraifipBlithee héatidl o2 >obRiments Mapibal But iMmo€ kinted db, S Pelyr
provide for i nstﬁ\eglce ne droplet inlet. channel or several dro;ﬂ ef.
inl et chdfiea Wethe SPEeFe o Syraess of the, PEOCETSiNg Rompartneps, of @ heping ar
or di sk Byling®oil S¥cfB afoudd 8 ddicavfeidica offht pfdcadsidg @inpaR@SHe fos €Sample to

mnimal interactiqgpn with a liquid of a selected droplet, or provide a
mat eri al PFo; e%%“‘?f?“?‘rt%@?"éﬁf“’fedﬂ%tﬂhwoi‘io or minimal interaction with

the |i id of |l ected d | et,, . .bel . [,0062 .
enboc ment st FRORE,TFE e hE BN g G Firpefad leraut 8- hethdd i Rrogssine o
hea2@r | bidogicil ahd/dr theatiedl sampleiinial ligit dropley Aveyprotesadidyrt® gesfoaned that
talyst, f | t . I, f th ] , i gl [ |
cot V! 8 AL b, g BT e b TSP LS
devi Cebo mﬂd%‘d!b\ih loder hkehié able ![%T]iperﬁﬁmh t@&es&echpﬁi:ésjmg Bxampkes oﬁa@;ﬁ&lebésrtbatlm@ﬁ&_
or 15 both.. Accordi e at. or ¢goolin AaNs e u S
ot T o et e S, 8 fob Tted o S Sie” SorEOR oot ompowt) frak
of the prifheksintheGaipR 4 tRudiical dfactior)aakll IgisDhn extraction of a molecule from an

25 organism or a part of an organism, a release of a molecule from an organism, and any

combination thereof. Examples of a physical detection include, but are not limited to,
spectroscopic, photochemical, photometric, fluorometric, radiological, or thermodynamic
means and include for instance the use of photoactive, fluorescent, radioactive or enzymatic
labels. Examples of a chemical reaction include, but are not limited to, a protein synthesis, a
30 nucleic acid synthesis, a peptide synthesis, an enzymatic degradation, an interaction with a

binding molecule, and any combination thereof.

[0064] When used for processing a sample, the droplet may be subjected to an

energy source for particular processes to be initiated or catalyzed. Examples of energy that



cooling coil wound around the circunference of the processing
conpartment, for exanple to provide for uni formterrperature

di stributign, 063] The present invention furthernore provid

nmet hod of g‘{z)o%’é%é’? a 20 biological and/or chemcal s %F%ZOPWO&OSO
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case of FRET, the binding partners typically need to be labeled to allow detection, for
25 example by means of a mutant of alkylguanine-DNA alky] transferase such as the SNAP tag
(cf. Schwab, M. et al., Genetic Engineering News (2005), 25, 21). An illustrative example of
a means of using FRET is a -Secretase FRET assay, where a substrate of a peptide linked

with a fluorophore and a quencher at each end becomes fluorescent upon its cleavage by the
enzyme f3-Secretase. In the case of FP, a fluorophore typically needs to be attached to one of
30 the binding partners, which then forms the so called tracer. FCCS allows for a simultaneous
monitoring of single- and double-labeled matter and does not require close proximity of two
binding partners for their detection. Other examples include enzymatic reactions, which rely
on the generation or consumption of molecules with a characteristic fluorescence or

absorbance. Such reactions are well known to the person skilled in the art and involve for
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25 [0068] The present method can be carried out to process samples from biological

or non-biological material. Examples of non-biological material include, but are not limited
to, synthetic organic or inorganic compounds, organic chemical compositions, inorganic
chemical compositions, combinatory chemistry products, drug candidate molecules, drug
molecules, drug metabolites, and any combinations thereof. Examples of biological material
30 include, but are not limited to, nucleotides, polynucleotides, nucleic acids, amino acids,
peptides, polypeptides, proteins, biochemical compositions, lipids, carbohydrates, cells,

microorganisms and any combinations thereof,

[0069] Examples of nucleic acids are DNA or amplified products from the
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feet, etc. The present method is also sultable for the detection and screening for cancer.

[0071] In other embodiments the method of the present invention may be

employed for the detection, reaction (including a binding reaction to a biological cell or a

part thereof), synthesis, or any combination thereof, of one or more pharmaceutical
compounds, such as drugs. A synthesis of a compound, such as a pharmaceutical compound,

30 may for example be performed‘ as a solid-phase reaction on derivatised beads.
Pharmaceutical compounds may for example be used in form of a library. Examples of such
libraries are collections of various small organic molecules, chemically synthesized as model
compounds, or nucleic acid molecules containing a large number of sequence variants. As

an example, each compound of such a library may be disposed into one droplet. Such
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25 humidity and the amount of water present in the perfluorocarbon liquid, the droplet

evaporation rate can be adjusted as desired.

[0073] In yet a further embodiment the method of the present invention may be
used for handling living cells, such as for instance performing whole-cell assays. It has
previously been reported that dispensing living cells by means of reagent dispensing robots

30 does not affect cell viability and that the cells can subsequently be grown in a 3456-well
plate (Mere, L. et al., Drug Discovery Today (1999) 4, 363-369). Examples of whole-cell
assays include the detection of the level of an intracellular molecule (e.g. cyclic adenosine
monophosphate) or of the activity of an intracellular molecule (e.g. an enzyme such as a

caspase), the determination of binding sites on the cell surface for a selected molecule, the
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Pr @sessi ikt member. Such a space may thus contribute to, or define, the height of the processing

compartment. Accordingly, in such embodiments the processing compartment includes a
space between the base and at least a part of the inlet member. Fig. 2A depicts an example of
a respective circumferential wall that is designed or adapted to support a biochip by means
of a step (see also Fig. 2B). Once the biochip is inserted into the reservoir (cf. e.g. Fig. 2G)
30 and supported by the circumferential wall, the processing compartment is assembled (see
Fig. 2C). In other embodiments the circumferential wall of the reservoir is designed or
adapted to support the inlet member without providing a distance between the base and the
inlet member. In some of these embodiments a space within, or a part of, the processing

compartment may be separated from the remaining processing compartment, thereby for
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physi cal the medium in the processing compartment, e.g. in form of a layer. Fig. 12C depicts an
illustrative embodiment, where a further medium is disposed onto the medium in the
processing compartment, forming a layer on top thereof. In such embodiments the respective

further liquid is typically selected to be immiscible with the medium in the processing
compartment and maybe of lower density than the medium in the processing compartment.

30 This may for instance be desired in order to prevent evaporation of the medium in the
processing compartment. As an illustrative example, the medium in the processing
compartment may be a hydroperfiuoro carbon compound or a perfluorocarbon compound,

and the liquid may be a layer of water. In such embgdiments the method of the present

invention thus includes providing a liquid which is immiscible with the medium (which may
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apparatus that has surfaces with low or at least essentially no affinity to the liquid of the

liquid droplet. Examples of a respective surface include, but are not limited to, the base
30 region of the processing compartment and a surface of the inlet member. Selecting an
apparatus with surfaces of such low affinity may avoid the action of undesired forces on the

liquid droplet that may for instance interfere with altering the droplet’s position.

[0083] Disposing the droplet into the droplet inlet channel may include disposing
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processing compartment by means of contact dispensing. Where desired, the dispensed

quantities may be measured, e.g. by means of a camera as disclosed in US patent application
30 2003/0209560.

[0085] As indicated above, in some embodiments disposing the liquid droplet into
the droplet inlet channel includes dispensing the liquid droplet into the processing
compartment. The droplet may be dispensed from any location within the processing

compartment, including the side walls or a device inserted into the processing compartment.
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t he processing
25 inlet channel above the contraction thereof. Dispensing the droplet by means of pressure

may apply a force on the liquid droplet that provides a velocity that is sufficient to allow the
droplet to pass the contraction, thereby entering the processing compartment. In these
embodiments, the kinetic energy of a respective droplet is higher than both the resistance of
the medium and the deformation of the droplet at the contraction. Once the droplet has
30 passed the contraction and enters the processing compartment, it is entrapped at the

contraction and remains in the processing compartment.

[0087] In some embodiments, the method also includes charging the liquid droplet
(cf. Fig. 3C). In such embodiments the liquid droplet is typically charged before contacting

the medium in the processing compartment, which is immiscible with the liquid droplet. In
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the droplet to any combination of an electric field, an electrostatic field, a magnetic field,
and gravity. In some embodiments the process is only performed once the droplet has been
allowed or forced to pass through the contraction and has entered the processing
30 compartment. In some embodiments the droplet is allowed or forced to pass through the
contraction and/or trapped by means of an electric/magnetic field. In some embodiments of
the method, the electric/magnetic field is terminated, after the droplet is trapped above or
below the contraction of the droplet inlet channel. Where desired, a liquid droplet may be
neutralized after charging. This may for instance be desired to enhance the ability of
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above or below the contraction since the buoyancy force on the droplet is not strong enough

to deform the droplet and move it through the contraction of droplet inlet channel. The
magnetic particles used in such embodiments may provide a surface with an affinity for

certain matter allowing for instance to absorb/adsorb proteins, peptides, nucleic acids and

30 other compounds. Magnetic particles may contain ferromagnetic or supermagnetic material.
. Supermagnetic material responds to a magnetic field with an induced magnetic field without

a resulting permanent magnetization. Magnetic particles based on iron oxide are for example
commercially available as Dynabeads® from Dynal Biotech, as magnetic MicroBeads from

Miltenyi Biotec, as magnetic porous glass beads from CPG Inc., as well as from various
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manual or in an automated way, or in a combination thereof. Automated distribution of

compounds, liquid and reagents, automated incubators and high-performance fluorescence
readers, including plate readers, are already well established in the art. An example of the
compatibility of the apparatus of the invention with standard laboratory equipment such as
30 multi-well plates is illustrated in Fig. 2D. Typically, such equipment, e.g. multi-plate
readers, -grippers, -fillers, -washers, or -stackers can directly be used with an apparatus of
the present invention. As an illustrative example, any commercially available High-
Throughput-Screening reagent dispensing robot may be employed to dispense liquid
droplets into droplet inlet channels of the apparatus of the present invention. Where



magnetic particles used in such enbodi mrents may provide a surface
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contractions. In sone of t hese enbodi nents the apparat us conprises a
plurality of o9 Bienk (P]h?ten%éiﬁﬁbﬁkssef aﬁ‘ﬁé@?ﬁﬂhﬁ%ﬁ aamétﬁ&p%f:’ﬂie\’lﬁvengon are
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sanples. I'n gne of thése enbodi nents al sanp are processe

concur r estanyeliis depicted| i) greSéoFlgwmﬂDashpwaca@s@paﬂam thl mgludespa wherhlity yof
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paral lel. 25 [00 tEart of th esent 1 nvent
may be pléipm@ﬁa logated in the same inlet member (4). The embodlment of the apparatus of the

L ACH

25 invention depicted in Figure 1E also provides a plurality of droplet inlet channels (3)
located in the same inlet member (4), each droplet inlet channel including a contraction (2).
The droplet inlet channels (3) are of various profile. Furthermore the contractions (2) are
located at different distances relative to the surface of medium (8). The apparatus also
includes more than one processing compartment (cf. left side of the apparatus). The
30 apparatus also includes a cover member (26), which provides a plurality of upper inlets (14)
that provides fluid communication between the processing compartment and the

environment of the apparatus, and into which droplets may be disposed.

[0096] Figure 2 depicts embodiments of an apparatus of the invention where a



manual or in an automated way, or in a conbination thereof Autonated
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and hi gh-performance fluorescence readers, including plate readers,
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inlet chgheels (3), each I ncluding a contraction (2). Al droplet
inlet channels (3) are identical and located in the sane inlet
menber (4). TG bBigure 3A dfustrdtes sohpmatidallg anf artayeof samples when processed

with an embodiment of the apparatus of the present invention. While in conventional devices

Dp_U

25 such as multi-well-plates or reaction tubes the process volume is determined by the
container used, in the apparatus of the present invention individual droplets (1) are exposed
to a desired process. Accordingly, conventional devices are well suited for reaction volumes
of about 10 — about 1000 pl, but not for smaller volumes. In the apparatus and method of the
present invention, droplets (1) immersed in a medium (8) may be of any volume. The

30 process volume is thus for example determined by the dispenser used, as well as the
properties of the liquid used and the medium in the processing compartment that is
immiscible therewith. The method and apparatus are particularly well suited for volumes of
about 10 — 500 nl.

[0098] Figure 3B illustrates dispensing an array of samples, as shown in Fig. 3A,



25 invention depicted in Figure | E al so provides a plurality of
droplet inlet channels (3) located in the sane inlet nenber (4),

each droplet inlet channel including a contraction (2). The dropl et
inl et chanMQYOT¥P83re of various profile. Furthernore PRESG2006/000050
contractions (2) are located at difféfent distances relative to the

surface of medium (8). The apparatus also includes nore than one
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25 magnetic field.

[0103] Figure 4C depicts a further exemplary scheme of forcing a droplet in an
immiscible medium (8) through a contraction (2) in a droplet inlet channel (3) of a chip (4)
by means of an electric field. The electric field is generated by means of an external
electrode (12) and a planar electrode (10).

30 [0104] Figure 4D depicts yet a further exemplary scheme of forcing a droplet (1) in
an immiscible medium (8) through a contraction (2) in a droplet inlet channel (3) of a chip
(4) by means of an electric field. The electric field is generated by means of wire wrapping

(18) the tip of a dispenser and a planar electrode (10).



wi th an enbodi nent of the apparatus of the present invention. Wile
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Fi gure 4B depicts an exenpl ar chene o in an

i i sci bl e me@ogy Furk NABUAEHiLH SscRARAICATT | AN ckedplly Prole@Phft hi) &
channel (3% of achip (4 ) )
performed in the apparatus of the present invention, a protease assay, such as a Caspase 3

fluorescence resonance energy transfer (FRET) assay. The vicinity of moiety “A” provides a

25 quenching effect on the fluorescence signal of moiety “D”, thus suppressing its
dissemination. Upon cleavage of a peptide bond by a protease the quenching moiety “A” is
released from moiety “D”. As a consequence the fluorescence signal of moiety “D” can be
detected.

[0109] Figure S depicts the kinetic data of a B-Secretase assay in bulk condition (30

30 uL, ) in a conventional tube (cf. Fig. 4G) and miniaturized condition (60 nL, ®) at two
different enzyme concentrations, in the absence of a surfactant. The enzyme concentration

was 0.34 units/mL (Fig. 5 A) and 0.17 units/mL (Fig. 5 B). Reaction kinetics were similar

for the method of the invention and the conventional bulk assay, regardless of the enzyme



by means of an electric field or a magnetic field (where the dropl et
I ncludes magnetic material). The electric field is generated by
means of an electrochip (11) and a planar el ectrode (182. | nst ead of
t he el ect r ¥W0HIBEInet may be used, where it is' desir eBCTCHPG100054
25 magnetic field. [0103] Figure 4C déBicts a further exenplary
schene of forcing a droplet in an inmmscible nedium (8) through a

cont r act eHehtdatiohdMested 1R Rbult Muftat&SHROOR t&g?)ferglglhﬂf SHtaRddrh methdds used

means of an electric field. The electric ener ated by neans

of an exifefigart tQ mipiahusiged {eﬁg‘}onaﬁdu@eﬁobhﬁbﬁ H@Fhé’ét perptys. of3ie [poesent]
Fi gure 4RvdeRinG Wathy®t the debd bhekt t§@w t
(1) in an m’r% sci bl e mec?l um Sfﬁ‘t?t%ﬁr %ﬁa&ﬁg{}% rac%nltgogdrscd f&e%ﬂ&h@
dr opl et I%P@?dlélﬁh?lﬁ“éppwo‘@ﬁs Vahiopupgcalingoy neans of an el ectrl c
fleld The el ectrlc field is generated by means of w re w apping

(18Y the tip BH1Y &ﬁ%lﬁf@rﬁs@@l%@eaﬂbblaﬁwssewéﬁ@e@ase BOPY pegrmed in bulk
20071102
&A1 560 f?)Q{Qbe'ésialvemaznil g%@(]ff TG 4 HERiHRd QoAdifisd &

exenpl ary_ schene rcing a dro I um
(8) t hr obgh®}inchawebscaes pha gurfaciant. Ihy @qmq canqendratiom wian 811 qEANLFigab A)
chip (4) n f , aiffeld t
gener at e%n&lgn%ﬁ?% 6EP 5 ﬁﬁhﬁﬂgﬁggt rog’gﬂﬁggk%aﬁ)‘gﬁﬁlg%@ge 8 Ofthe
be mvabp@sewpmﬁenmm Wgreaﬁdnpﬁsblﬁl fonithoge t dhdaipesi isipge baventimhel Hat(om()ry
gﬁ{‘-‘gﬁjﬂ fl oati ng above a droplet inlet channel, the el ectrode
|s actlv SO as to provide an electric field. This forces the
droplet to en Iﬁ%dm t
channel (3) o Hlle (? ic@ aepdﬁ&ﬁbf'gggﬁ% gb%(t)ﬁé}{rtgglp g%lﬁtthdtmﬁ
dropl et Phused incpanefbed @sy mpnm@pparatgaroé the m@pmtcmse@mnemelmamﬂa a

furth

cont r act T aorerSARbRty (B i Mo shibw BAMaIs o g A b verify fat the
nozzl e ofPPaAds ihi @p@h@efor (lepdlingabiviag aelis.oliagh cellseammnqunﬂnnﬂ(uzyemin
t helSdr Opfn%fha/le% %mggﬁ %l acﬁcﬁiclélgéxnn)s ?f'hgﬁo gyﬁéagsse 'a%rgslﬁ’f; i géllng{e}ﬁbgﬁg of

droplet 1s dispense
pr ocessi vigble® rﬂmﬂpr‘b‘@ls@wvtlth@fﬁthea;@thwlB) [0107] Figure 4G
illustrates the cor%parl son perforned in eval uati ng t he net hod of 15

the present il eHt derisis e Phtp eofpe tigidndigpict of csllsyltbigemedia that

figures)inchides &MBNRIMICETE cellst ‘I’H@d&pféyhﬁh}r ﬁélu&espdr RPEARR GortRe &%hlﬁént
about 40 - 100 @nPand in a dro_F et (1) in the apparatus of the

present 9ihealls{BEnPeptide-Hydegal) sTheyedlls ia theodrorlst rigraixed with, smalleais Rubblgs
of Jphe ﬁ'ﬁﬁﬁt‘}v&@ ﬂ%dﬁfc&! % W%lsﬁéi{s[r%{] @%dlpﬁbt s Abhickéd Ot 6d BIS??]SC(] below a

homogenous sanpl e. |qU|d In oplets as we
convent i Wctt%eamlfmletrc annebohiedidim i i scible with the liquid 20

of the drople Y\ﬁs a I| uid of a perfluoro_carbon compound. The in] et
menber of t hel0l Flgure shows a scheme of an embodiment (cf. also Fig. 4F) of starting

culturing cells using the method and the device of the invention. Fig. 9 A depicts entrapping
a droplet (1), which includes a 3-D matrix for the attachment of cells (e.g. BD Peptide-
25 Hydrogel), below a contraction (2) in a droplet inlet channel (3) of a chip (4). The droplet is
dispensed directly into the processing compartment below the contraction (2). Fig. 9 B

depicts entrapping a droplet (31), which includes cells, into the processing compartment
below the contraction (2). Fig. 9 C depicts that the two drops merge due to the self-
organizing nature of the droplet system, so that the cells get in contact with the 3-D matrix
30 and can attach thereto. In the depicted embodiment a phase (30) of a liquid that is
immiscible with the medium in the processing compartment, is furthermore disposed onto

said medium.

[0114] Figure 10 shows non-adherent Thp-1 cells in a droplet that includes cell



apparatus of the invention was a pol ytetrafl uoroethyl ene (Tefl on)
plate (12). [0108] Figure 4H depicts schematically an exenplary
process that performed in the apparatus of the present

i nventi on, Wé”ﬂp'é’coéﬁée assay, such as a Caspase 3 f| uor BSE/a¢r986/000050
resonance energy transfer (FRET) assay9 The vicinity of noiety "A"
provi des a 25 quenching effect on the fluorescence signal of noiety
"D, thuguiaoRIcERa Wilhdut 8n at@dcﬁﬁx@ﬁﬂrﬂa%ﬁk?d% ﬁm&h@@g@@s @kt &nBERfstdR
bond by a protease the quenching noiety ' rel eased from noi ety
"D'. As & methnseandavitioan RRparatife %éﬁ‘é@tsm@navn JtiznhAcdgpictpa 9l dseplet
det ect edhak QdhHes 'ﬂoﬁléﬂﬁeréntdﬁﬂi 13tc§115t Renidl B&L b6 eﬁﬁ&ﬁ‘;e@fmaché %Iﬁ%tﬁ?BP%Fc

assay in bulk condition (30 D) 1n a conventi onal

Fig. 40C) nyeetion ﬁ‘hatdmmezedn@léﬁaﬁ by @rihineuhite bar yasdetermined do bﬁ@ﬂémm Fig.
enzy: C fach@ nzyme
concsenralt rg?lﬁg 1Et\%%g%§léﬁédd%ﬁo{&§?%%ﬁ§?gﬁn%e &o?ltégncm @By S;r{\-?l?s‘ym (Fig.
5 B). Reaction kinetics were simlar for the nethod of the i nvention
and the conventional bul k assay, r ¢ of the enzyne WO

2007/ 102785 PCT/ S&2006/ 000050 38 concentrations tested. This result
il lustrates the easy transferablllt of standard met hods used in the
art to miniaturized rE3ampled: (lip an D I g PRI G ppar at us  of
the present invention, wthout the need of ext ended optim zation

ex periments, pE1SE h'eme/\jaﬁsent §opintpdd dllystratexpmbodiinénts dftvechap tnd ! clitp holdeesS

upscal in 5, 10] depicts the inhi i 0 ay of
2 L pas e BEERYS BE e invaRoRh i B St POz gn o pockeiqf the ASREY ad
convent i @ﬂ@brswble ahCimmiktible Aegivand Dpétidaigl bf Hedligeiadett therur()ﬁ@t anm-the)
in the absenc urfﬁ }Ehm_ The (%ngyrre concentratj on was
ng/ L. ( FREISO seg et gnads & an pigane, WaTRTIS AP Ncisgbstate
means of sﬁdhﬁhsfpm&é 3448, sﬂfd&nn&{Me@fstdeh@nd Bﬁé‘l‘:ﬁﬁﬁiayl df\é@cﬁilét(iﬁleﬂ\&faﬁnels of
conparable to those obtain g"e‘ﬁ‘ é‘gg ventional | aboratory

10
equi prenfOW[AsE $4apg; GOF 8240 ted i Fiegred 15137 18 %t /-8 mm and
contsi [n n&dfwtdﬁng aﬁ@&bﬁdr Tbﬁhﬂf’f&:ﬁann'élﬁ {gﬁi%ﬂ pbébeﬁjzlﬁﬁkﬂﬂlﬂn@fﬂléwrtoﬂ?@mum
appar at us e en I nventl on- a W a orescen
vi abi | i tgnfge a?lﬁraﬁg %émageéa 300 @Howecmaget"%gh“c@m’@t inlet channgls correspppds
verify thathet fgt p@ﬁwa@ﬁétéd bf thelipRb e Bpﬁ%wm“A ekt \ehipOhaa€dnl SrayT¥e

cells are stained with uorescel n 15 net hyl ene-i n nodi acetic aci

( Cal cei njirorigh Pgetdi}@%ﬁlés%f g¥lindgicy), shape, wéereém diggisr offroplet migt chomael varigss
and t hus gRbswphest the %hi{i aiak lrésp¥cte prdile eyﬂr&#bﬁ& ©6hé §ecoh@¥ébal tﬂél 18RI 11

depi cts a photo of |.i quid dropl et of ce ure nedia

i ncdides VBRFEEPEAE Flnt:é&quéw%p e, theowersh %@telfftfratfk@ﬂeﬁ iglef elaégelaa@bﬁoo—
matrix f epod 38 a8d u@q{amealfameei i@k hﬁa&@&rﬁmaod@omrm@d chips Whge m8ld &

in the droplet _are xed with _small air bubbles
polytetraﬂuoroethylene (Teﬂon), while other chips were made of plastic, such as

polystyrene and coated with a perfluorocarbon silane film or perfluorocarbon film by plasma
deposition. For the silane film, coating was performed by exposure to the heptadecafluoro-
25 1,1,2,2-tetrahydrotrimethoxysilane vapour at 150 °C for 2 h after cleaning of the plate by
sonication in basic detergent solution and thoroughly rinsing with deionised water.
Alternatively, chips were dip-coated with a perfluorosilane and Teflon AF film.
Alternatively, chips were coated with a perfluorocarbon or hydro-fluorocarbon film by
plasma deposition. Chips made of polytetrafluoroethylene did not require a coating because

30 the material itself provides a desirable hydrophobic and oleophobic surface.

[0116]) The processing compartment is included in chip holders made of an
organic, inorganic or metallic material such as plastic, glass, silicon, anodized aluminium or

stainless steel. The processing compartment contains a pocket in the middle, which is



20 whi ch were produced upon dispensing. A droplet as depicted can be
di sposed below a contraction in a droplet inlet channel of a chip.
[0113] Figure 9 shows a schene of an enbodi nent (cf. also Fig. 4F) of
starting SAPOFI%FScel I's using the nethod and the devi BET/SE2004{g00050
invention. Fig. 9 A depicts entrapping0 a droplet (1), which includes
a 3-Dmatrix for the attachnent of cells (e.g. BD Peptide 25

Hydr ogel kapabR! oacéntifedatiag icaip. TBS bade o thl pudkel inblal&ta &h@ﬁﬂﬁ lg1akBeoaRld
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Na
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dropl et 68 pdrflubfdcsBon 'ﬁhhuqﬁé 168! flftes b tané ﬁg@ﬁtﬁé‘e@sa'ié RRetife fdd"RiM a
bel ow the contractiaon (2). Fig. 9 C depicts that the two drops nerge
due to t Rerflgeroparbes flm, W g%ﬁ{smré selectiviely enatRsl Bt ans gxnosed argd Theattreatqde
cel | e t

cel 1 egdg%‘{egs@gmesgqgt nggtteg gl%p%é@em cfhﬁﬁ(]éo]:‘lggaﬁ‘é;n& @‘&oﬁ’idt g fédgéwa%&ket
i i sci bRRoVgi & thin nletesrﬂmqjm 4 siep RE QQdé@ dhigkpesy stap ﬁmncnmss as a spacer
fiuthenn Gl

non- adnePenecl REARTE 1itfed BPUE JTELY RN e thiplel S Ppitits such a
2007/ 102%&56@@018&@@@@0@@5@ is age@m Hlaced oneti efithevbotbomy thimplate. A model
attachne

nmet hod an prﬁ%% S ée %éd glr% urgpo HQBFﬂragsaen )dlfl’?ére}ﬁ]{nl on. m%?aﬁﬁsaig%éﬂ} of 3
depi®ct s . B the Imtldltp Itlmholddnhas apmdkdctd'§8rnnn xalﬂmnmappéﬂhprtlﬁpmﬂhdresﬂane-

whi ch ca [ h ar.at us l.nhvention,

di ot or Co SAPEAPEES,' By i BoRPRE B ik bl 8 e Yas0o
Fig. 5 ﬂtﬁ&nd&spasatspacanbﬂwpén 4 ¢hiyglampithe oovtefshpglldss within the dropl et

i ndi cated by an arrow. EXAMPLES Exanple 1:Chip and chip hol der of

the apparatus [01151 The present exanple illustrates enbodi nents of a
chip and a chip holder of l1Examppyaddquid Mdndling i nvention, in which

a chipis positioned in a pocket of the holder and imersed in an
|nn1SC|bIe medi um Dependi ng_ of the I|qU|d of, the droplet and the

i misci bl e metfillfh uSky mpyssitle, mediun wayebem Hapidy Q’B’ﬁhcls ispspsgdninte the

met al | i CreaetRsik bR4 Bhip hokbr @ E%'aﬁ fel1§ so Eﬂaﬂﬁ ?ast fil1 heﬁf)&f thEFes&lit. Mng8Rcible
steel, and has an array of droplet inlet channels of hour glass

shape. THeuid cspbemineraile pilispperibeppestunrocardan liwid with or vitheutgappyapyiate
17.8 MM ARfodarbddddr Spekfudtoddtbcdl Tsadfackintdlr AP Rdst | RL8T a ChaMEbGrbofh 1ighid

posses a maxi hum di anmeter of 800 m and a contraction dianmeter of "300

pm The pemw#iping Ont0% merfinossrdonietiviene elysphurriaciants vis postk More gpacifically,

firgt pr 9&&1{1&0@'&9&9 h&ﬁid%tﬂ%e;[)éﬂﬂﬁ&{)décﬁﬁﬁ opthFdrﬁertﬂEavﬁaﬁwMﬁ re%hlme
has an array of i nl et channels of cylindrical shape, ere

t he di anﬁ?rélaoreﬁarb% ¥eng rglunol civafaetant gan ihesa ecomprrgHomitht Restatiuse of
The 1 espegl(Cr),REOH). (OCERCHER 43 whithl §s REHARE: £64" 00! £lslan!iftebdie

from 0 to 10, and k is an integer from 1 to 200. In the compounds used typically m was an
integer of 7-9, n an integer of 1-4 and k an integer of 1-200 (cf. Roach et al. supra, in
25 particular the ‘supporting information’). Upon addition of perfluorocarbon liquid, a chip is
placed in a pocket slowly in order to prevent air bubbles in the chip, so that a reaction
compartment is formed. The volume of perfluorocarbon liquid is just enough to cover the
top surface of a chip. A reaction solution is dispensed into a droplet inlet channel covered
with a thin layer of perfluorocarbon liquid by a non-contact dispenser. Since the densities of
30 perfluorocarbon liquid and the aqueous solution are about 1.8-1.9 g/mL and ~ 1 g/mL, |
respectively, the dispensed solution floats on top of perfluorocarbon liquid in the form of a

spherical droplet.

[0118] A dispensed droplet of a reaction solution can be moved to and retained in



20 upper row of Fig. 1 C For exanple, the outer dianeter of a
droplet inlet channel can be 700- 1200 m and the neck dianeter in the
m ddl e can _be 300-600 pm Most chi ps were nade of

pol yt et r af MLIBEIRAene (Tefl on), while other chips wer BCHaGH0E$00050
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used. speci c al
25 solutions happens mstantly due to the complex fluidics of liquid at the moment of merging

r-'PD

and to the relatively small droplet sizes. Droplets immersed in perfluorocarbon liquid in a
chip can be incubated for as long as needed because evaporation in the liquid is negligible

during a typical incubation period.

30 Example 3; Electric Field for the Handling of Droplets

[0120] An electric field, including an electrostatic field, is a typical method for
controlling a droplet in a perfluorocarbon liquid. Electrodes can be configured in many

ways depending on the specific needs. In one configuration, an electro-chip with a footprint



20 perfluorocarbon liquid can be perfluorodecalin or FluorinertrM
avai l able from 3M The perfluorocarbon-ethyl ene glycol surfactant
can be a conpound with a structure of CF3(CF2), (CH2)o

( OCH2CH2) kWOROOT/H2V#i ch in is an integer from 3 to 100, PRI/FG204¢{000050
I nt eger fromo to 10, and k is an int4ger from1l to 200. In the
conpounds used typically in was an integer of 7-9, n an integer of
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particular the | supportlgﬂﬁl nf ormati on’ pon addition

per f | uor SesiFesnHsEe4§) helgsioschin, oo 13@1 ma}ﬁled)fp'fbéil@éa&l sgc;hm pluninigmden
to prevephinddsk steslRR h@dnnbtdl BEchEBighiss §10s11t132ﬁtw1§1 lﬁ@tﬁpéo'aﬂﬁg ’ﬂfé'mﬁef]teigﬁﬂéde
enoug

S forrred The vol une of perfluorocarbon lquid s

cover t hef a flapslidg is plagedgmdementy p chip holdget Tbmv@taggapmwd |t@ anjtleghmde avaries
intG a dygRhéhe 'dﬁl tﬁE d?s%@é‘ Sétw%éﬁ’ fleGectBtil dJ]arfi‘l fhb 'sﬁeé ﬂgq%et and droplet

per fl uorocar bon gqag non-cont act di spenser.
densi ti e§ﬂ@f°h@@1€beh1fg°a eaighenvoltage u&jreamcbdtatséa)aﬂmémtms0$bﬂtweelmieca'oées

about 1. ﬁ} fleo ?esg{nm-a gthe Ijatug/ ﬂi‘f 1et 28 %%IJ 1%’43%1( %iag{elee? o(ill (ﬂ'&@g rﬁn.})ef cléannel

sol ution ats on t of Brocar bon t he

spher i caincehasysi dior exoumg)a WMgﬁsdéhk@ds daqupédaWhelf tven ¢ledwiesare Sahmitapan,
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o1 acs- snspano JHEDrRRIRET delll dtbif niRhis A0 hieriop odlh S8R gpwawand

strong emougherft @f thendroglét. dPugs! aadroplet mases ddven, dehde systein of chipend chip
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compar el ind0RRBlsper Pl BR PA BTN A for AP ae MR AR BrEye gharees

bel ow t h&FigwedB).acti on, even in the absence of an electric field.

Once the droplet is trapped subsequent droplets can be added by

di $¥ensi ng r 22| ekpsangther Reiifigugition, oneiclactfodet(fatr slidebischlaved tunderneath 2
dropl et gfip dofifep Ufhd '%r the top
el ectrode abgvg to Cl% nove ef‘etcﬁ?ﬁé‘fh' %\?nvercﬁgglefglog% é]%@e% E%éj}fi“é} tﬂ’Bf%
Once a ddispsnsing moxzde (Higre AB).r Oneiclesirade is pwtnredmmr nqgam‘telpéhaagedhwhﬂe thee
dropl et i§ the flow of either opposite charges or both
negative aef(}?%gé?%ils e&hc )é{tdr ges. [0119] It is sinple and

strai ghtforvwapged)0 Bg rafdr WhntigdPRbRCond FRfy QBctHAL Y8 bRBed right next to a

25 dispensing nozzle, and the other electrode (flat slide) is placed underneath a chip holder

(Figure 4E). Upon dispensing a solution, the pointy electrode moves above a droplet inlet

channel with a floating droplet and stays for less than 1 second to push the droplet to the

other side of the droplet inlet channel. One electrode is positively or negatively charged,

while the other electrode is grounded. The specific voltage applied can be optimized
30 depending on the exact configuration.

[0124] In yet another conﬁgufation, one planar electrode is placed underneath a
chip holder. The other electrode (a planar slide) big enough to cover the entire array area is

brought close to an array of droplets from above after one series of dispensing is completed.



usi ng the sane approach. A solution to be added is dispensed into a
droplet inlet channel and 20 driven to the l[ower half of the droplet
inlet channel. The new droplet easily nerges with an existing dropl et
due to el eMOWEVHRTS attracti on and physical simlarityPCBSGHIGWNe
new droplet nerges with an existing d8opl et bigger than the neck,
the new droplet can be smaller than the neck. In hydrophobic and

ol eophobi t
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n per

Dropl et s | mrer se orocar IC|UId ina chip can be
i ncubated for as |ong as needed because evaporation in the liquid is

neglg‘ gible during a typical E&Q&ue id |od 30 Exanple 3:
El ectric Field for the Handl ] An electric field,
including an electrostatic field, is a typical method for

control l'ing ajednsp! gbr iﬂasﬁblﬁﬁgchyﬁfﬂﬁﬁfOQQ noﬂticﬂl”&éﬂech%h@@%éadﬁsanﬁﬁlﬁe Be
configured in nmany ways dependi ng on t he specific needs. In one
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is placed on_a sanple I'p and used as an |'ectrode (Fig

el ect r o- €oNepslipstide at tha dettern of arehipholdancthe deopldt aidrin @mMmplst inlet changel
stef) Orc&ﬂ&ﬂ%mﬁﬁk?Emﬁfﬁﬁmﬁs glass or silicon with metal coating. The

ot her el ect at slide is placed underneath a chip hol der.
The voltage applied to an el ectrode varies 5 depending on the

di stance between the el egl [ Q0ES;, %ﬂ“’% Bﬁoﬁi ETEZ E agp‘lg dropl et and

droplet inlet channel. is required as
(a) the distance between el ectrodes increases, and as (b) the ratio

of dropl et IS:I mz@]veTrvbeﬁiﬁpm Fmrajasiaf p@tke%ﬁé)ﬁbﬁys (il ﬂ’ée sdhemBedf Fig. 4G),
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n anot her configuratiq vol t age _i oni is._enp
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moved dowtdndweRevhioied while fundingahe slotddsddy el ectrostatic repulsion. A
chip holder is placed on a flat ground el ectrode and a high-voltage

ionizer is poEﬂlz‘V]o nEchnedxemplathmethbd prith/A miode tiep ahd clih ablgend a @oluti@t oftuy
a positiye 15 o t om.t he ionizer ves .gwa

Fr bom t he S, Sfned E98iake F of BeHEiesd AEhtoPot ok eees PR uE B Y
el exfx r odes bdtopiet af (4!) inflL. AO4@IaL. cbaplethfals R diartdtedofvddeyind, whiok edslightlp flarpdie
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posi ti vesawibnuef@8tnly theclaplgdecomes 80 nL (535 pm in diameter). An inhibitor of different

concentration can be added by programming a dispenser accordingly. In one example, an

inhibitor of 10 different concentrations is added with the smallest dispensed drop size of 200

25 pL. Each inhibitor will be dispensed as a mixture with a buffer solution in the following
combination by varying a number of dispensed droplets at a volume of 200 pL: Inhibitor +
Buffer - 10+0,9+1,8+2,7+3,...,1+09.

[0128] With ten 200-pL droplets in each concentration, the volume of each

inhibitor solution becomes 2 nL. When an inhibitor is added to a droplet of an enzyme

30 solution in a plate, a buffer solution is added first, followed by a corresponding amount of an
inhibitor solution. This process is performed before the addition of substrate solution. After

incubation, a stop solution is added if necessary, before examining each droplet by



(Figure 4B). 20 [0122] In another configuration, one electrode (flat
slide) is placed underneath a chip holder, and the other el ectrode
(athincircular wire) is placed around the tip of a dispensin
nozzl e (Fi S WOUHE50ne el ectrode is positively or negaPf¥@b3006/000050
charged, while the other electrode i 4grounded. [0123] In a further
configuration, one pointy electrode is placed right next to a 25

di spensi figomesseatemicissdopyne ot her el ectrode (flat slide) is placed
underneath a chip holder (Figure 4E). Upon di spensing a sol ution,
the pointy.el ectrode noves above a droplet inlet channel with a

floating droplet and staygxgﬁﬁlela@mnmmrhnﬁ@apﬂggaé%p push the dropl et
to the other side of the droplet 1nlet channel. e electrode is

positively or negatively charged, while the other electrode is
grounded. ThelMp®ki The hyrohit kgkacappicele tine Ahplevaspisedriag e dnodsDfod egséngl itreg
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evaporation.

[0131] In other embodiments an oil such as silicone oil and mineral oil can be

employed as an immiscible medium for cell-based assays. In one configuration, a medical-

grade silicone oil is used as an immiscible liquid. Because the density of silicone oil (0.96

25 g/em’) is lower than that of water (1 g/em®), an aqueous solution droplet would sink down

naturally and be positioned at the top of the coverslip glass of a chip holder.

Results and Discussion

[0132] In a droplet microarray system, aqueous droplets have direct contact only
30 with the immiscible medium, not with the inner walls of the reaction compartment (formed
by a chip holder) or the inlet member. All the surfaces of the inlet member, a chip, and the

walls of the chip holder used that come into contact with an aqueous droplet, are coated with



20 as a droplet of 40 nL. A 40-nL droplet has a dianeter of 424 m
which is slightly larger than the neck dianmeter of the droplet inlet
channel (400 . Upon addition of a substrate solution of 40 nL, the
dropl et be THB78L (535 gmin diameter). An inhibitoPCHFGH0FHUPNt
concentration can be added by program#®ng a di spenser accordingly. In
one exanple, an inhibitor of 10 different concentrations is added
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[0134] Figure 6 shows the inhibition assay of Caspase performed in bulk condition

25 (100 pL) and miniaturized condition (< 100 nL) in the absence of perfluorocarbon
surfactants. The Caspase assay was performed in a similar manner to the B-Secretase
kinetics assay. All the assay solutions were prepared in bulk, and part of the bulk solution

was placed in a polytetrafluoroethylene tube immersed in perfluorocarbon liquid. The
inhibition characteristics and ICsy points were comparable for the bulk and miniaturized

30 conditions at enzyme concentrations of 1 ng/mL and 0.1 ng/mL. This result suggested that

miniaturization did not affect the performance of Caspase 3 assay.

[0135] Further studies were performed in order to investigate the impact of

interface and electric field on enzyme assays. First, the effect of interface was examined by



evaporation. [0131] In other enbodinents an oil such as silicone oi
and mneral oil can be enployed as an imm scible nmedium for
cel |l -based assays. In one configuration, a nedical- grade silicone
oil is useWRHOYH278 i scible |iquid. Because the densit JCHIGEI06/P8B e
oil (0.96 25 g/cm) is lower than that 46f water (1 g/cm, an aqueous
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regard| o Surso fanE){ﬁgr 60 nL of stopping solution was added and mixed to stop the assay before:

25 examination under confocal fluorescence microscope. The fluorescence signals from the
assays run at 30 pL and 120 nL were identical, suggesting that droplet miniaturization did
not affect the performance of an assay at a scale of 120 nL. In addition, 3-dimensional
scanning of droplet by confocal microscopy showed a perfect spherical droplet positioned in
the center of the well. Thus, the droplet microarray platform offered an innovative tool in

30 assay miniaturization, without compromising the data quality or the flexibility of liquid

handling.

[0137] A droplet microarray for cell-based assays can be performed using a
medical-grade silicone oil as the immiscible medium. In this configuration, droplets of 1 —
100 nl. of Thp-1 cells can be dispensed into each droplet inlet channel of a



enzyme concentrations tested. This result suggested no adverse effect
associated wth assay mniaturization. [01341 Figure 6 shows the

i nhibition assay of Caspase perforned in bulk condition 25 (100 VI)
and ni ni at I PEYRFdi tion (< 100 nL) in the absence of PCT/5G2006/000050
perfl uorocarbon surfactants. The Caspflse assay was perforned in a
simlar manner to the (3-Secretase kinetics assay. All the assay

sol uti ongpoledtRIREREAYRAe biipittniersed s sitidbde O, Tﬂaeceﬁ%dﬁl ¥ on

placed in a polytetrafluoroethylene t ube i nmersed aor ocar

i quid. THES 3 dfe phichomoves sretre fiperercenceivg hlvwoceﬂs) i(lﬁgsmeﬂ@ cell droplet
conpar ablaga ik S

concentrati %sgga%f% 9 Kpﬁ@@ t%w.dé %&gné%lygﬁ)?g%%%@g dlﬁkeﬁﬁ%%% colly
ni ni at ur ieagineesed %ﬁllé“ﬁ tremrteggqnes h@/‘b@fﬁ'f@Mnce of Caspase 3 assay.
[0135] Further studies were perfornmed in order to investigate the
inpact of interface and electric field on enzyne assays. First, the
effect of interface was exam ned by WO 2007/102755 PCT/ SG2006/ 000050
46 placing a droplet in direct contact with a solid surface of

pol ytetrafl uoroet hylene (Teflon) or other material, while being

i mrersed in perfluorocarbon liquid. The resulting assay showed that
the enzymatic activity was reduced by 10-70% conpared to that
surrounded only by perfluorocarbon |iquid. The poor performance of
an assay in direct contact with a solid 5 surface suggested that the
interface has a major inpact in mniaturization. In another set of
experinents, assays run in mniaturized conditions were exposed to
strong electric field and/or charging and di schargi ng before

i ncubation (cf. the scheme in Fig. 4F). These assays denonstrated
simlar performance as those run without electric field and/or
charging and discharging. Overall, the results fromthis
proof - of -concept study indicated that 10 miniaturized enzyne assays
in perfluorocarbon liquid perfornmed as well as the bul k assays,
regardl ess of the presence of perfluorocarbon surfactants and
electric field. [0136] The droplet mcroarray systemwas tested with
an enzynme assay in order to confirmits conpatibility with an assay.
For exanple, a system of polytetrafl uoroethylene (Teflon) chips was
assenbled in a chip holder to obtain an array of droplet inlet
channels of 15 500 min wdth on the top, and 1000 min width at the
bottom A droplet was dispensed onto an inlet opening of a droplet
inlet channel of 500 min width and forced to the lower part of a
1000 pmw de droplet inlet channel. For (3-Secretase assay, an enzyne
solution of 60 nL was dispensed into a polytetrafl uoroethyl ene chip,
foll owed by 60 nL of substrate solution. After each dispensing, the
array of droplets were exposed to positive charging to 20 nove the
droplets down, to the lower part of a chip by electrostatic repul sion
bet ween t he :



droplets and the charging el ectrode, and by el ectrostatic attraction
between the droplets and the grounded el ectrode. Wien the droplets
were retained in the lower part of the ghip, they were then
neutralized by a flow of positive and negative charges. After
i ncubati ogyffns2- 5 hours, another 60 nL of stopping solution was
added and m xed to stop the assay before 25 exam nati on under
confocal fluorescence m croscope. The fluorescence signals fromthe
assays rum/het s3deigedaid 120 nL were identical, suggesting that
droplet mniaturization did not affect the performance of an assay
at a scale of 120 nL. In addition, 3-dinensional scanning of droplet
by confocal, mgr SAh&ld ta¥s] :
h Uhe cont ar o s R PGB el bRbeiE i e e R W Rauid
of f ebed an i rivoplat iwhsreindhe appagBusaissdopignedisachuthiay dte loquid wWrddhetuemains intact
conprom sing the data qualit ihOF ttle lexibility of.liquid .handling.
[0157] A dr oglibeeacksias o Suagly. e Qiharau canprising ahuogessirig Fofapprtient,
using a nediLsdse ghdgdest bh&dr@nTetenis wAlg 1 MM scible nmedium 1In this
configuration, droplets of 1 - 100 nL of 'i'hp-l cells can be dispensed
i nto each dr oyh@ein;saideproedssing spmpprimenids delimdinratdsaspepascd 6aid/ 1o 05 Rast
47 pol ytetr af el rsed imn silico oi l.. The cell
viability maya{ ]%‘g{ @tggﬁwirtﬁr%hgt 8%3@%8%8@@5 erfﬁ:l P %Illl‘i %rlr%l\rl)esgleeénbgef’een
fl uabescence f@hedelndaiinte desnbleFisdocated ol B opcithe gfoodsiilg codipagient an
al so be applied towards drug testing by for instance dispensing
genetical |y ewhetnmesagbinkst mesber compriges at keastgan dwopdetdilet chanotlei ns. 48
Clains What is ¢laimed js: 1. An apparatus for processing a .
bi ol ogi cal and?® %E‘Pr@?ﬁ @iqt ‘i‘éﬂﬁ!ﬁl eexwﬂﬁm&nthéowghqmeopnlqs embtrednd Gpraprsing a
the apparatus ishudedbn@deat t ihllad ernn‘% e bRt AREELah GRS R dnVfrBiGhent
during the processing of the sanpl ep t e appargt us conprising a
processi ng conpaltheentist openibg séthanuletthaheel o tleneocdssiog vbmpatmer!
wal | 5 wherein said processing conpartnment is defined by at |east a
part1 of saj dﬁ}ase’, at |east . a1 part of sajd at |east, one L
ci rcunf er efrt i H1° JRRAFALUSH A Claim  In [TEthere o Isingoan, HBR & iplel aRpble, pEproviding a
menber is | oc@l; : i t '
ol d 1l ot menher RicB Bl (Y eSS acRFRAh RN the ARG of he
dropl et i nl etapptratusel extendi ng through the inlet nenber and
conprising a contraction between the inlet opening of the droplet
i nl zh chanpel_to the envi{onmant .and the outlet opening of the inlet

e !

cha | r@lempaeréglélqg § a&;‘Br}ﬁrctlar’r@rﬁ’ ‘wherein said contraction is adapted for preventing

the droplet from spontaneously passing through the at least one droplet inlet channel.

4. The apparatus of any one of claims 1 - 3, wherein said processing compartment is

adapted to accommodate a medium.

25
5. The apparatus of claim 4, wherein said contraction is of smaller diameter than the
diameter which said droplet has in said medium.
6. The apparatus of any one of claims 1 - 5, wherein the profile of the at least one droplet
30 inlet channel in the plane perpendicular to the base of the apparatus is of a shape

selected from the group consisting of an hourglass, a concave semicircle, V-shape, a

triangle, a rectangle, a square, any oligoedron and any combination thereof.



15 2. The apparatus of claim1l, further conprising an upper inlet
capable of providing a fluid conmunication between the processing
conpartnent and the environnent of the apparatus. 20 3. The

apparatus of claim1 or claim2, whereiA9said contraction is adapted
for preventing the droplet from spontaneously passing through the at

| east one @r opiecapparitustofaingone bf claimsThe 6appencnt the coturafeyentiabwell is a straight
claims 1 - 3, erein said processing conpartnent is adapted to
acconmpdat e a fedium 25 5. The apparatus of claim4, wherein said
contraction is of snaller dianeter than the dianeter which said

dropl et hag, iTheSrdfRAbE Blairk 7, WitrdR REY %M%ht%a@@é’ oPR&hAbe SH18UEE fidnt the
5, wherein the profile of the at |east one droplet 30 iInlet channel

in the pl ane grewpesrsisting af cylmdribd, hersesho¢, antidlatighppe.at us i s of a shape
selected fromthe group consisting of an hourglass, a concave

semcircle -shape, a _triangle, a rectangle, a square, any . .

ol i goedr on9'a>1[§‘eaar?§a@mfﬁ§¥ PB%O’%%@P@&F. §,4>Baere;r_1 thﬂfé&é}ﬁg%ﬁe%tﬂagé’v ahis gapted to
one of cl ai Mgubport the iMRERBIBet e circunferential wall is a straight
wal | . 8. The apparatus of claim7, wherein the straight wall is of a
shape selected fromthe 5 group consisting of cylindrical,

hor 48shoel0.arithef hgparathapé.cldm Thevhempankt eicahfeaentiabveallois extandisg finto the
8, wherein the circ erential wall is adapted Lo .support_ the inlet,
menber . 10  10MCHAE ke PRGN CanBITYT: s (TR £SGURY St (g inle
val | is extendiffer dh8ektiortefit €ri or of the processing conpartnent,
thereby formng a step by which the inlet nenber can be supported.

11. The apparatus of any one of clainms 1 - 10, wherein the inlet

menber i slkelBetapafatisnof ah§ dnhef gtabmp 1605 ivdieraiy thaf inket plemiter ivsdidctazkirom
and disk. 12. The apparatuys of any. one of clainms 1 - 11, wherein
thelgnl et nme "égm(':‘BﬁﬁE 19 Oga Bk %?‘@Qlaékg%d fromthe group
consisting of plastic, glass, quartz, silicon, netal and conposites

t her eof . f e i - rein. .
the inlet ?greﬁ%gréﬁbgra?%ong{/%gn?ro g%@ﬁtn 2 aggéwgt@} Sgﬂs t 4{n1#§ge%€§a®§&t?g s a
of any one ofmatkmdalrssletted fiidn thehgroep norsisting roif @lastie ndiess, quamar siiesn, anetal and

composites thereof.

20
13. The apparatus of any one of claims 1 - 12, wherein the inlet member is removable from
the apparatus.
14. The apparatus of any one of claims 1 - 13, wherein the inlet member comprises a
25 plurality of droplet inlet channels.
15. The apparatus of any one of claims 1 - 14, further comprising an electrode that is
capable of providing an electric field.
30 16. The apparatus of any one of claims 1 - 15, wherein the base comprises a base-plate.
17. The apparatus of any one of claims 1 - 16, wherein the base comprises a translucent
region.
35 18. The apparatus of claim 17, wherein the translucent region is at least substantially

transparent.



25 plurality of droplet inlet channels. 15. The apparatus of any one

of claims 1 - 14, further conprising an electrode that is capable of
providing an electric field. 30 16. The apparatus of any one of

clains 1 - 15, wherein the base conprisé8 a base-plate. 17. The
apparatus of any one of clainms 1 - 16, wherein the base conprises a

t ransl ucel. legamrat%oﬂslairfr he @tppiainatlﬁsWdlﬁrem dientra®]uoshteregian ¢dvaprises a

transl ucent 0 agt subst ant ] trans ent. 50 19.

The appar at usm%tF @Sﬁfﬁ%ﬂfm&} ﬁ‘&%ﬁ"m %SIS{A%?@lﬁSSt%B p{[)arshﬁsl ucent region
conprises a material selected fromthe group consisting of glass and
plastic. 2§). THReFRPALALESINS! o ¥ UEMOT1 Cl B Bhdrein & bARESCIR £ % @essmg
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nenber conprises a 10 surface conprising a material of such 'ow
affinity to the liquid of said droplet that the maxinmal force, which
t he af fi N2ty Tfe spriathtwadEpnybone of ciguablle- @0, wherein tite oretsaerdbetr cmﬂlprtses a

id rredlu is below the for ese cte fro
of 3Pavity. anHiaiteg SRR b ekl & 55 oGt Lo daffiSnft abine
Wher ei n sai d HaIAFPrés whitth tﬁé‘ﬁffﬁﬁt? o@fsalﬁ%éie@él id @d%%le%@%xerﬂﬁ%@h 84id droplet
inlet channel. 23. The apparatus o one of clains

wher ei n sai d ifsgigrngdiums l%l@frl@wb@j f(frﬁ‘i) mlt:tﬁ@i frgmotg groums Pestsistige of gravity and

fl uor oet hyl ens %55, c?'('l {l% (FEP), polytetrafluoroethylene (PFTE) 20
et hyl ene-tetrartuoroethyl ene (ETFE),

tetrafl uoroet hyl ene-perfluoronet hyl vinyl et her (MA), or

per fisuor ozl kopie SpARIYSTBF clalPirA)l, wiktreid st iefdcOfis BIcOGRERE R sBid at least one
bi ol ogi cal and/ or chemi cal sanpfe within a liquid droplet,

conprisi ng: 2Boplptiplet ghangelan apparatus that conprises a processing
conpartnent, a base and at | east one circunferential wall, wherein

sai d proc SI i S fined b | east ar.t of i

base and Zht PRGNS AR nEaf ol PRasp. YhesoR widRERaLS Rkl fom the
and an inl et gmm)%nsmmgeaeﬂﬂox%@thgilaaeﬁref)yleﬁémpy %ohﬁ@t?éf%r@ﬂqﬁedeoﬂ’FTE)
of the processing conpartnent, 30 wherein said inlet” nenber conprises
at PBast one qm)dmeelptraﬂ,m@petbyigm]e(ETFE) tetraﬂuoroethylene—perﬂuoromethylvmylether

(MFA), or perfluoroalkoxy copolymer (PFA).

24. A method of processing a biological and/or chemical sample within a liquid droplet,
comprising:
25 e providing an apparatus that comprises a processing compartment, a base and at least
one circumferential wall, |
wherein said processing compartment is defined by at least a part of said base and
at least a part of said at least one circumferential wall, and an inlet member,
wherein said inlet member is located on a top of the processing compartment,
30 wherein said inlet member comprises at least one droplet inlet channel,
said droplet inlet channel extending through the inlet member and comprising a
contraction between the inlet opening of the inlet member to the environment
and the outlet opening of the inlet member to the processing compartment,
wherein the apparatus is designed such that the liquid droplet remains intact during

35 processing of the sample,



said droplet inlet channel extending through the inlet nmenber and
conprising a contraction between the inlet opening of the inlet
menber to the environnent and the outlet opening of the inlet nenber
to the processing conpartnent, wherein ®he apparatus is designed such
that the liquid droplet remains intact during 35 processing of the
sanple, 51  pwvidinggmedimsel thahistimanisqibleiwith Geilighid dspplet, t he 1 qui d
droplet, dis i sai. Lumipto the.processjng.,c rt nent of

sai d appar at u‘s)&zshg%n% %ﬁm@g&n}j@%ne actTd fosm]i’%%%é gg%) RGPS such that
medi um  di sposdidgorBaictodisapingirsddrih eaid aedidnopl et inlet channel, such
that it is located below 5 said contraction conprised in said at

| east one dr obAisposing wid dropkeh ito said drophetinlst ¢happelasysh dlea disis vated dbelow

01 01 89! cal andiof oGRERiGRLomARE % S At ShORLPler ifer cnlhifr/ TN 00 Of
claim 24, wherein sald apparatus turther conprises an upper’ 1nlet

t hat provi desperférimingla porpestinctat bvbodied wrd/dr Heenipdl ampkeiingaid droplet.
conpartnent and the 10 environnent of the apparatus. 26. The net hod

of claim24 or claim?25, wherein said contraction of said apparatus
prevent s +he Hreoppided of slaim pdnvhsesusaid appasaton durther sogpriseseanadpper et that

one dropl et i hapnel 7. Th od o |ak rel

sai d cont racté}lc))ﬁtdfss Cao?ﬂlg(ga Ofré?uélzgglr%%;t Z’F%}Iegnﬂltehgm%gl&{}i@e% gpp%:ﬁ:lgﬁf s% zrilfi dthe
dropbet has ienviandemeditheappatitusThe met hod of any one of claims 24 -
27, wherein the profile of the at |east one droplet 20 inlet channel
in the plane perpendicular to the base of the apparatus is of a shape
sel ect ed 36—orﬂpheh@e§wéu®f el8HBi 24 phglasm 2h wherell said contragipnagke said apparatus
semcircle, V- i I . uar y .

ol i goedr on a*&%&e@g ?ﬁr%éttj?é(}ﬁ S? ﬂ%trg%%’)ﬁ ?181%%941%éﬁ%@g%&#&ﬁtﬂg{ne&rgpl& inlet
clainms 24 - Z2Banwdherein the circunferential wall is a straight 25

wal |, 30. The nmethod of claim?29, wherein the straight wall is of a
shaﬁé sel ect ed fromtheﬁ_‘aroup consi sting of cylindrical, horseshoe,

and flat Zhapke methed oftelainye20hydhersin spig eomiraghforejsaphsmaller-digmeter than the
wher ei n di spog) - fronl | - S al: .| east one droplet inlet
channel corrp??égggelé?ghﬁgﬁg@rﬁgs%gtrﬁc?ggfgdﬁgg}%%ve the contraction of
said at | east one droplet inlet channel. 32. The nethod of claim 31,
further cI8YPriteiméghad bomiyhetdTeldimsaid 20y Whrein the pfAls of e QURAst 038 droplet

the contraction into said at | east one droplet inlet channel, thereb
t r aB8port i ng iBlgf ghannel in the plane perpendicular to the base of the apparatus is of a shape

selected from the group consisting of an hourglass, a concave semicircle, V-shape, a

triangle, a rectangle, a square, any oligoedron and any combination thereof.

29. The method of any one of claims 24 - 28, wherein the circumferential wall is a straight

25 wall.

30. The method of claim 29, wherein the straight wall is of a shape selected from the group

consisting of cylindrical, horseshoe, and flat shape.

30 31. The method of any one of claims 24 — 30, wherein disposing the droplet into said at
least one droplet inlet channel comprises dispensing said droplet above the contraction

of said at least one droplet inlet channel.

32. The method of claim 31, further comprising allowing the liquid droplet to pass through
35 the contraction into said at least one droplet inlet channel, thereby transporting said

droplet into the processing compartment.



droplet into the processing conpartnent. 52 33. The method of claim
32, wherein allowing the liquid droplet to pass through the
contraction into said at | east one dropggt i nl et channel conprises
exposing the droplet to a force selectéd fromthe group consisting

f I i Il Jjc.field TR ic field
o avi ty anar apyy i, 8l RERlh el jIRRATOEe i Fef psoven e

further conprdogtragionointozsaid asidhd ont @uopletdnep ckinnBEEsHrisee ¥RESinyotht Meoplet
droplet to an electric field or an electrostatic field, such that the
liquid droplte forcersglestsd fiosn Pigsgoymsansisting pban elgetris dield an slecirpgtatic field a
droplet inlet . Of tm 34, wherein

exposi ng saidngggng%k% gﬁ§g?%%§?§%ﬁyﬁgﬁgfhgﬁgteIectrostatic field,

or aSmagnetic field conprises repelling said droplet and/or

attracti ng4. SHiedntbtiad ef .claf 3T héurtiRt hathpfsiny ani2id®, saith éigeidn didpRet before
liquid droplet is ionized before contacting said 15 nediumin the
processi ng cdpaingdha droglet torpa estrirofieldroranyelgeieosttic diedd. ik ghat thyliquid
wher ei n di spogi ] i i . iynl et
channel conp??EQ@t%?@Egﬁgﬁgggg%@§$&§§%ﬂ%?&P%¢gpﬁﬁgggﬁ%gégggﬁéna'
compartment. 20 38. The nethod of claim37, wherein the droplet is

di spensed3s.ntThet hetlald beaimoBg dhemeireexpdsitgekaidh@ddprt to el eWcERI Held, an
contraction thereof. 39. The nmethod of claim38, wherein the droplet

i s di spensed WSFtiostats fighd, ar ymagastisi firkd comprises aepaliing aichdroplst apdferattracting
section of th%kﬂﬂ%%@ﬁ of the dispensing tube is smaller than the
contraction of sard at |east one droplet inlet channel. 40. The

nmet hod of claim 39, wherein said dispensing tube is a pipette tip or

a capillasg THebBethdd of Llaithtss, Weetedd thtf @AY dediRetok iGhidéd Befert conflting said

wherein providing sai d apparatus conpri ses: provi ding a device that
conpPi ses a rBHIMAN thefrpeessing sempyHECt | east one circunferenti al
wal |, wherein the reservoir is capable of accommobdating an inl et
menber ; n%ﬁ ov}gi id inket. erso and 53 .. di.spesi ! :
ot meniier TieEbhESy 8L Bob BF Sl HEZRE o, Mpre gispPURER fioRTflo sia w
least one droplet inlet channel comprises dispensing said droplet into the processing
compartment.
20
38. The method of claim 37, wherein the droplet is dispensed into the at least one droplet
inlet channel, below said contraction thereof.
39. The method of claim 38, wherein the droplet is dispensed by means of a dispensing
25 tube, wherein the cross section of the outlet of the dispensing tube is smaller than the
contraction of said at least one droplet inlet channel.
40. The method of claim 39, wherein said dispensing tube is a pipette tip or a capillary
tube.
30

41. The method of any one of claims 24 - 40, wherein providing said apparatus comprises:

e providing a device that comprises a reservoir with a base and at least one
circumferential wall,
wherein the reservoir is capable of accommodating an inlet member;

35 e providing said inlet member; and



conpartnment of the apparatus. 42. The nethod of claim41l, conprising
first disposing said nediuminto the reservoir, and 5 thereafter

di sposing said inlet menber into the reggrvoir. 43. The method of any
one of clainms 24 - 42, wherein the inlef nenber of said apparatus
conprises a pl yrad.i.t; . i t S 8 of
claim43, corrpyidzélph%ﬁ%?gslggﬁgﬁ{r}g&gérgb@rtg?%?g&@gk ﬁhflgg]gqrﬁéﬁ %gﬁé@glﬁ?éio
said plurality compdrtophedf thabgiarattsannel s. 45. The net hod of claim43
or claim44, conprising perform ng a process on the biol ogical

and/or chem cal sanples in said plurality of liquid droplets in _

par al | el . 425 g mqthad ahelpigy 4 bicogpyiswgdirgifdigosingsaigmeding intp ihe teservoir, and

conpki si ng: thgre%'rslirilsg)gsi?%%ﬁﬁfiﬁgf@%Belqhﬁﬂﬂg%&% e surfactant into

the reservoir su I's a contact said medium and to
di ssolve therein. 20 47. The nmet hod of claim 46, wherein the

sur f act and3.i sTieehembedf hipbhd bECIGMRUP CAPSKEtiAGhe afletanOWBér QTR Pparatus
conpound, a hydroperfluoro carbon conpound and a perfluorocarbon

conpound, wheBIPEsehEPME 0hdroplet ikt chamielr i ses a hydrophilic noiety
selected fromthe group 25 consisting of a sulfonic acid, a

ani 00" bhoshRabaRSE N clain 33, fupfi Epons e mBrai B RORn ol fogg saic
wherei n the shidhAgtEdroplasiniehehambesi cal fornmula CF3(CF2) m (CH2) n
(OCH2CH2) k- OH, 30 wherein mis an integer from3 to 100, n is an

integer fromO0 to 10, and k is an integer from1l to 200. 49. The
met hod of 4%anylhgnmedfodc phickesm243 -or4glainptved, e¢ompgising pedommng sa prédesuiod. the

54 50. The t.hod of .claimd49, wherein .said liquid is, selected from
The group corny SEngforahfhita sahifsin i Brfotity e g e op Birahion
compound, a hydroperfluoro carbon conpound and a perfl uorocarbon

conmpound. 462 Sihe nl&tBodBE bRl f3ANYMONE - 95, Bl tBéBondtising?0: Wherein said
mediumis of higher density than the liquid of said droplet. 52. The
met hod of any®onevidihgelsaifagart4 - 51, wherein the liquid of the liquid

droplet is Wﬁtd?srp'osing the surfactant into the reservoir such that it is able to contact said medium

and to dissolve therein.

20
47. The method of claim 46, wherein the surfactant is selected from the group consisting

of a hydrocarbon compound, a hydroperfluoro carbon compound and a

perfluorocarbon compound,

wherein the compound further comprises a hydrophilic moiety selected fromrthe group
25 consisting of a sulfonic acid, a sulphonamide, a carboxylic acid, a carboxylate, a

carboxylic acid amide, a phosphate, and a hydroxyl group.

48. The method of claim 46, wherein the surfactant has the chemical formula CF3(CF;);-
(CH3),-(OCH,CH,)-OH,
30 wherein m is an integer from 3 to 100, n is an integer from 0 to 10, and k is an integer

from 1 to 200.

49. The method of any one of claims 24 — 48, wherein said medium is a liquid.



10 53. The nethod of any one of clainms 24 - 52, wherein the
circunferential wall of said apparatus is adapted to support the

inlet menber. 54. The nethod of claim5 wherein the circunferenti al
wal | is extending into the interior 15 of the processing

conpart nme f g i ). he
suppor t edg‘s SSM:?#%@(I%d Oﬁ Elgl g qg Z\@érg{r?\le;a% ng}&rr%seh]%ﬁé dnéﬁ%f tﬂg\/\g}& ﬁé i0§&£%1n§ ofa
i nl et nmenber mmeranoilabl ahcdirreomlsaa myamanbah u&mﬁcﬁmﬂﬁ a hiéropetfluoeb afarbon
any one of clainms 24 - furth conpri s providing a liquid
which is |ﬁﬁﬁ?€ﬂﬁpﬁdﬁP4ﬁP§§WHr Pﬁﬁﬁmﬁﬁﬂl |ch is of lower density
than said nedium and disposing said liquid into the processing

conpart megf  ofy, Sk o&%?%ﬁgto#ﬁ of c?a?rp? 84 T, ; tvﬂgeggggaﬂf nghﬁ ig 5o?’higher density

wherein sard 11 quid cover e surrace o umi

processi ng cahpatherhigoid of38id dibygletret hod of cl ai m 56 or cI ai m 57,

wherein the mediumis a hydroperfluoro carbon 30 conpound or a

perfl uorocarbon conpound, and said liquid is water. 59. The nethod of
any one of2-c Tehermetiladﬂfaey oppof €laims Aé <Shprhereis thx fawiddfithe Hapidakeplet is
sel ected fromthe group consisting of a physical detection of a
conpound conprised in the sanple, a chem cal reaction, a cell lysis,
an éftraction of a nolecule froman 35 organismor a part of an

organi sms3a relee@sgiodfofanydreCofl @aihisOra ars20kgafis e @RGndB¥ntial wall of said
conbi nation thereof. 55 60. The nethod of claimb59, wherein said

physi cal det @@PP@Wsll%a@Péeéé@WWbPBﬁﬂ membiiot ocheri cal , a
phot onet ri c a fluoronetric, a radiological, or a ther rmdynam C
det ect i ONg, thod cl aim

reaction 18 se ec?tgﬁdf) g ﬁ9 f‘ﬁli‘ecgﬂﬁ %gﬁ%ﬂ@{eﬁgﬁ ‘YQL Speﬁ(geglg},qg into the interior

syntipesi s, a Jfuled ptlo@es@ﬁigctoﬁwahﬁi%ﬁt $herébyPRPhinger &Y dp“b{]‘%hcﬂ], th8#hlet member can
enzymati c degradation, an interaction with a binding nolecule, and

any conbi nati Fuppditsdeof . 10 62. The method accor di ng to any one of
clainms 24 - 61, wherein the sanple is selected fromthe group

consi sti ng of mIk o] a_hl god .sanpl e, erums I a.plasm
sanpl e, a%ur i ogh ? ! Y QB & iagl % — a4 Viﬂﬁ’f%ﬁ F%ggﬁﬁfgleg’é’%bfser,enﬁwable
cer ebr ospi nalfrom said apparatus.

20
56. The method of any one of claims 24 - 55, further comprising:

e providing a liquid which is immiscible with said medium, and which is of lower
density than said medium, and

e disposing said liquid into the processing compartment of said apparatus.

25
57. The method of claim 56, wherein said liquid covers the surface of the medium in the

processing compartment.

58. The method of claim 56 or claim 57, wherein the medium is a hydroperfluoro carbon

30 compound or a perfluorocarbon compound, and said liquid is water.

59. The method of any one of claims 24 — 58, wherein the sample is exposed to a process
selected from the group consisting of a physical detection of a compound comprised in
the sample, a chemical reaction, a cell lysis, an extraction of a molecule from an

35 organism or a part of an organism, a release of a molecule from an organism, and any

combination thereof,



fluid sanple, a mlk sanple, an amiotic fluid sanple, a biopsy

sanple, a cancer sanple, a tunour sanple, a tissue sanple, a cel
sanple, a cell lysate sanple, a virus 15 culture sanple, a crude cel

| ysate sanple, a forensic sanple, an aré&haeol ogi cal sanple, an

i nfection sanple, a nosocom al infection sanple, a production sanple,

a drug pb®palhe nmﬂlosianﬁIChnmaSQn whergine adid mpiyeical detoetdaiudy Rospestaonsbpical, a

cal bonydr at & HPLSEP bt aRnarsticy € obiiBRbcr 48T B a8 mgmodymamic

sol ution of pdtesndgl eotide, a solution of a nucleic acid, a 20

solution of a peptide, a solution of a polypeptide, a solution of an
amno acid, a solution of a protein, a solution of a synthetic

pol yher, @l.solhst mthOdfofailaihbé%ewh@aﬂn Saixbnipﬁmsimli I@aqtioal isgieleciedrfrah the group
organi ¢ chem cal. ngg | on, 1% i on .of an . in an C @& %ﬁ
composi ti on, GRgsTtH Boa Bt iopeeias Shelie Bita PRLUEE, § gt rdtnggis, an
sol ution of anzg@atd detriayiof NEMirdéradtidd REH G binding Gholet8 Aid @hylortbination
candi date nol ecul e, a solution of 25 a drug nolecule, a solution of a

drug net abol ithereof suspension of a cell, a suspension of a virus, a
suspensi on of a m croorganism and any conbi nation thereof.

10 62. The method according to any one of claims 24 — 61, wherein the sample is selected
from the group consisting of milk, soil, a blood sample, a serum sample, a plasma
sample, a urine sample, a semen sample, a lymphatic fluid sample, a cerebrospinal
fluid sample, a milk sample, an amniotic fluid sample, a biopsy sample, a cancer
sample, a tumour sample, a tissue sample, a cell sample, a cell lysate sample, a virus

15 culture sample, a crude cell lysate sample, a forensic sample, an archaeological
sample, an infection sample, a nosocomial infection sample, a production sample, a
drug preparation sample, a biological molecule production sample, a protein
preparation sample, a lipid preparation sample, a carbohydrate preparation sample, a
solution of a nucleotide, a solution of polynucleotide, a solution of a nucleic acid, a

20 solution of a peptide, a solution of a polypeptide, a solution of an amino acid, a
solution of a protein, a solution of a synthetic polymer, a solution of a biochemical
composition, a solution of an organic chemical composition, a solution of an inorganic
chemical composition, a solution of a lipid, a solution of a carbohydrate, a solution of a
combinatory chemistry product, a solution of a drug candidate molecule, a solution of

25 a drug molecule, a solution of a drug metabolite, a suspension of a cell, a suspension of

a virus, a suspension of a microorganism, and any combination thereof.



