1 METHOD OF PROCESSI NG A Bl OLOG CAL AND/ OR CHEM CAL SAMPLE FI ELD OF
THE |1 NVENTI ON [ 0001] The present invention relates to a nethod for
processing a biol ogical and/or chenmichl sanple in a fluid droplet.
BACKGROUND OF THE I NVENTI ON [0002] M ni aturization of devices in the
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m crochip due to the | ack ofFIERM O THEANVENTIONponents, such as
m croseparators or mcrofilters. Furthernore, such devi ces do often
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Wi t h au&nmﬁbdawmpkﬁng{hmhﬂnphsh|ng deV|ces Fbmpver, such a mell
desi gn poses increasing challenges upon further mniaturization and
one of its major problens is eva oratlon 0003] The mani pul ati on of
dropl ets has recently reBAGKG 3F 31k 3N due to the
possibility of isolating and handl i ng vol unes down to the

picoliter/fe 1t er. range (cf I nt.er nat.i onal te applicatiaqn
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part of t dro IetW% ased system [0004] Accordingly, it is an object
of the PBn to provide a nethod for 2 processing a

grggjsglnt Zggéﬂfﬁbi’;fg’l{ﬁe gm% HER OF drople\@%asr}ege\ﬁ Iy?’esceivgﬁscgnsq'dgrc & n%grest due to
the possibility of isolating and handling volumes down to the picoliter/femtoliter range {(cf.
e.g. international patent application WO 2004/030820). Several- lab-on-a-chip (LOC), micro
total analysis (uTAS), and biological microelectromechanical systems (BioMEMS) have been
developed for moving, merging/mixing, splitting, and heating of droplets on surfaces, such as
electrowetting-on-dielectric (EWOD) [Pollack, M.G. et al., Appl. Phys. Lett. (2000), 77,
1725-1726], surface acoustic waves (SAW) [Wixforth, A. et al., mstnews (2002), 5, 42-43], .
dielectrophoresis [Cascoyne, P.R.C. et al.,, Lab-on-a-Chip (2004), 4, 299-309], and locally
asymmetric environments [Daniel, S. et al., Langmuir (2005), 21, 4240-4228]. However,

_these methods lack the most important - operation for performing sequential biological
processes: the ability to separate/purify/isolate starting material and/or reaction products from
crude or complex mixtures. In order to permit such a separation a solid phase needs.to be
introduced as part of the droplet-based system.

[0004] Accordingly, it'is an object of the present invention to provide a method for



SUMVARY OF THE | NVENTI ON [ 00051 In one aspect the present invention
provi des a nmethod of processing a biological and/or chem cal sanple.
The nmethod includes providing a fluigd droplet. The fluid droplet
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[G067] In yet a further aspect, the invention provides a method of formmg a fluid
droplet. The fluid droplet includes an inner phase, an outer phase and at least ome
magnetically attractable particle. The method includes providing a ﬁrst fluid and providing a
second flnid that is immiscible with the first fluid. The method fizrther includes contacting the
first fluid and the second fluid, thereby forming a fluid droplet that includes an inner phase -
and an outer phase. The first fluid is forming the inner phase, surrounded by the second fluid
forming the outer phase. The method further includes providing at least one magnetically
attractable particlé. The magnetically attractable particle includes a ligand that is capable of
binding a biological and/or chemical sample. The method further includes disposing the at
Iéast one magnetically atiractable particle into the fluid droplet.



[ 0008] The invention will be better understood with reference to the
detailed description when considered in conjunction with the non
limting exanples and the acconpanyihg draw ngs, in which: [0009]
Figure 1 depicts schematically various contact angles O of a droplet
on a surface (5), which is flat (A __B__C) . conve and concave
(E). The dropl et inc|%EFmSGW§HD%Q¥J%DMmer phase (3).
[0010] Figure 2 depicts a droplet of a high contact angle 0 on a
surface (5) j . Vi ( d ' - hicliudes)
an i nner ph?ggsfﬁga%ﬁén}#nom%p%%% %@%tg%emﬁ]ggﬁé%ﬁ%o@nc%es
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dropl et of an.inner phase %JZQ and an outer phase (3) that includes
functi 6?@@%&3&?@?%5}7’“ C8ttractable particles (8) in side view.
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depicted in Fig. 3A or 3B on an electromagnet (7), which is a_nenber
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| eukocyt e (10) carrying a surface antigen (11) is bound by an
ant i bodjat{vg)to &(Xo a nmgnetically attractable particle (1).

[ 0016] Figure 6 depict enet.i c, anal ysi s. of bl ood dropl et sappl e
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[0014] Figure 4 depicts a washing process (cf. also Fig. 18) of a sample in a droplet
(6) by means of a second droplet (16) in top view (A) as well as side view (B), depicting 2
magnet (20) under a surface (5). A second droplet involved in a washing process may _be
located at a surface that differs fiom the surface (5), at which the fluid droplet that inctudes
mégneﬁc particles (1), and an inner (2) and an outer phase (3) is located (C).

[6615] Figure 5 illustrates schematically the isolation of target matter from a sample.
A leukocyte (10) carrying a surface antigen (11) is bound by an antibody (9), coupled toa
magnetically attractable particle (1).

[0016] Figure 6 depicté a genetic analysis of a blood droplet sample using the method
of the invention. Leukocytes are bound to functionalized magnetically aitractable particles (1)

in droplets, isolated, washed, thermally lysed by means of thin film heaters (14) confrolied by
thin film sensors (15), and processed by reverse transcription (RT), followed by polymerase



.[0017] Figure 7 depicts the isolation of white blood cells (WBCs),
starting from0.1 | fresh capillary whole human bl ood, which is
mxed with a slurry of anti-CDl5 and4CD45- functionalized

super paramagnetic particles (21), and incubat ed at-roomtenperature
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anal ysjgp f@%i(ﬁs'd?nﬁgraﬁﬁfeliﬁbﬁ RhRi8ed RUERTRI $egE 4 \eRaf0tie. PCR product
(cdDNA 20.5 ng 41 Figure 14 depicts a pyrogram anal ysis of

the first tlgpsn Iﬂ@ﬁﬂ: TP&&Hikt0 A aBplifdiatios] aiilyds 6ph ®T-DERES a droplet by real
pyrosequenci ng ‘using the nethod of the invention. [00251 Figure 15

depi cttémgdetpd®a. bound fl uor escei n (FI TC) - abel | ed goat antinouse 19gG
(whol e nDIecuIe) covalently cou

super par anelgfeti syt depiess agng! %ﬁ‘ﬁ'ﬁ? g%t?eﬁ%ég‘i‘ rf(l@?‘??gﬁgts‘t%e

col our)ag h%' mﬂ mueaogfa%ueasxﬁg%ﬁ ﬁ'?'tﬁ'ﬁ:ﬂohﬁcleﬁ!ﬂbﬁilﬁtkesearch
sol ution A -tetranet hyl benzi dine (TMB)) and B (hydrogen

per oxi B84 Lﬁ}wﬁl@a@%mﬂ?m@g RO-PPRAUCEF t er reacti ng with the

par 1 cl 9. [0 gE 42 et Ghe CRECR Ao SHATATABE P Lo GPRA agment

(25) aétﬁpﬁ:ﬁf‘éﬁ‘{??gd 16y 9 dpiiary eREEbSDrEE 106 81 CD45/15 with about 1400 white blood
cells (M) or & negative (no template) coritrol (NTC. @, grey), 1 ul PCR mixture and 5 pl
mineral oil were used, the sample resulting in a PCR product of 208 bp (yield 20.5 ng/ul). 1:
marker of 15 bp, 2: primer dimer, 3: marker of 600 bp. -

[0023] Figure ‘13 depicts a pyrogram analysis obtained by flnid-phase
pyrosequencing of the PCR product (cagma=20.5 ng/pl).
. ' [0624] Figure 14 depicts .a pyrogram analysis of the first three base positions
obtained by droplet-based pyrosequencing using the method of the invention.

[0025] Figure 15 depicts surface-bound fluorescein (FITC)-labelled goat anti-mouse
IgG (whole molecule), covalently coupled ‘on top of micromer®-M superparamagnetic
particles (micromod). . ' _

[0026] Figure 16 shows the colourless solution of a droplet (23) containing the
substrate solution A (3,37,5,5’-tetramethylbenzidine (TMB)) and B (hydrogen perexide)
turning dark (bluish/greenish, 24) afier reacting with the GtxMs IgG FITC/RbtxGt IgG Fe



[0027] Figure 17 depicts a tenperature/time profile during PCR using
the nethod of the present invention. Due to the | ow thermal mass of
the chip, which is about 0.5 g, fast 5heating and cooling rates (f
20-50 K s F') can be carried out. [0028] Figure 18 depicts further
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[0032] The present invention provides a method of processing a biological and/or

chemical sample. The method is suitable for any process, in particular a process that can be
performed in a fluid on a minjaturized scale {cf. below).

[0033] The sample may be of any origin. It may for instance, but not limited to, be
derived from humans, animals, plants, bacteria, viruses, spores, fimgi, or protozoae, or from
organic ot inorganic materials of synthstic or biological origin. Accordingly, any of the
following éamples selected from, but not limited to, the group consisting of a soil sample, an
air sample, an environmental sample, a cell culture sample, 2 bone marrow sample; 2 rainfall
sample, a fallout sample, a savagersample, a ground water sample, an abrasion sample, an

archasological sample, a food sample, a biood sample, a serum sample, a plasma sampi.e,r_an



sanple, a mlk sanple, an ammiotic fluid sanple, a biopsy sanple, a
cancer sanple, a tunour sanple, a tissue sanple, a cell sanple, a
cell culture sanple, a cell lysate sgnple, a virus culture sanple, a
nail sanple, a hair sanple a skin sanpl e, a forensic sanple, an

i nfecti.on
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- media may be suspected to be contaminated. In this case, the method of the present invention
may be used to identify the type of contaminant.

[0035] The target matter or precursor thereof may thus be of any nature. Examples

include, but are not limited to, a nucleotide, an oligonucleotide, a polynucleotide, 3 nucleic
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[0036] In the method of the present invention the biological and/or chemical sample is

included in a fluid droplet, such as a liquid droplet. As an illusirative example, it may be
inclnded in an inner phase of such a fluid droplet (cf. below). It may be deposited into the
flnid droplet by any means (cf. below).

[0037] The method of the mvenﬁon includes prov1dmg a ﬂmd dropiet. In a further
aspect, thé present invention also relates to a fluid dzoplet as described herein, As will
become eminent in the following, a fluid droplet as described herein functions as a self-

‘organising virtual reaction chamber. The fluid droplet may be of any desired volume. It may



8 for instance have a volune in the range of about 1 pl to about 1
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adapti ons of the droplet environ t. In.this regards, the skill
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for target “matter and capturing target nmatter, therefore agtln as.a
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liquid, this bacterium will typically be included in the inner phase of a respective fluid droplet
(cf. also below). A respective bacterium may for instance contain, e.g. by means of
recombinant expression techniques, a surface protein that is able to aftract t_arget matier.

¢ a non-polar

[0039] As yet a further illustrative éxample, magpetically attractable particles may be
included in the fluid droplet. Such particles may be able to attract target matter. In some
enibodiments the magnetic particles can be functionalised with specific affinity for target
matter and capturing target matter, therefore acﬁ:ig asa bin&ing means (see below).

: {Gﬁ;ﬂ}] For convenience magnetically atiractable particles are herein referred to as



[ 0040] For conveni ence magnetically attractable particles are herein
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- ligand i Mttbbiﬁ%n sgﬁe SR HRES 'ts “thP %{a}ghgtliceparﬁ&gs include a ligand that is capable of
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chemical sample. Such a ligand may in some embodiments be capable of selectively binding
such target matter such as, but is not limited to, an ion, a polyion, a metal, DNA, RNA, a
protein (including a synthetic analogue thereof), bacterial cells, spores, viruses, Iow molecular
weight organic molecules, or inorganic compounds. A respective ligand may be immobilized
on the surface of the at least one magnetically attractable particle. Fig. 5 depicts schematically
an example of target matter binding to a ligand immobilized on a magnetic particle. The
target matter is a Iéucocyte carrying a cell surface marker (e.g. CD45/15). The magnefic
particle includes y-Fe;0a, FesO4 and polymethylmethacrylate-grafted polystyrol, immobilized
thereon is an antibody directed against the cell surface marker (e.g. anti-CD45/15). Figure 15
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detergent is added, will typically result in an extraction” of

_ menbr #Aesoupsgludionds 4 delssgenineomsaoting rrerespeqiiviet ¢odl Bsirancuwitl ant agspous
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alternatlveythereto ag or anp lrer in
cont exwr@éingensor technol ogi es. Exanpl es include, but are not | | m ted
to, giant nmagnetoresistance (GVWR) [Chiriac, H et at., (2005)
Jour nal of 3 Wheve aragnRtio paticles anmpsed; ey ma0at tb@mm@me 3% BHECRS @
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Materials, 293, 671-676], surface enhanced Raman .spectroscopy (SERS), enhanced surface
plasmon resonance (6SPR), and two-dimensional capillary electrophoresis. As an illustrative
_ examplé, target matter may be bound to ligands fmmobilized on different magnetic particles
in a fluid droplet according to the present invention. By means of fiwrther affinify ligands,

whether bound on a stationary phase, in solution, or otherwise the target matter may be

separated together with the magnetic particles bound thereto. Where the magnetic particles
are exposed to a magnetic field, they develop a dipole field. This dipole field may be detected
by a dipole sensor. By quantifying the amplitude of the sensor impedance the amount of
target matter can be quantified. '



ina fluid droplet according to the present invention. By neans of
further affinity ligands, whether bound on a stationary phase, in
solution, or otherw se the target majjer nay be separated together
with the magnetic particles bound thereto. Were the magnetic '

particles pQ t o, a_.magn c, field, the veIo di pol e
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for int eances etween water and some ionic |iqui such as

oct y| sRéswedtivetimeethendaterfaenson Suinstencs knpwofey infaécey betephiaist pad some
fluid of th t
phase Dot cfg%?%%"% B e R ERH® ase. Any Tl uid may

be used for &? HaYLisRARSEeibRSwik P i8ferighaied T(y@?caﬂ%éﬂhiﬂ'cﬂ’ the
wi th the ot hase at two separate phases cajn form and %e

the flautet m@éemmﬂblﬁemthttheﬂa&pf innes obgse. PABHTLBKY BaY baupsdefpr
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car bo oXlI d genera ormtwo | mm Sci ‘hases over

ext endgdsesap e, iapd {b)ahgﬂss,d dms pofyeemt tﬁ&eiesm&mpeﬁslﬁ@l being eargad pHe
vapour PSS pediectf M, tieib, B8, WS HBRTHIL S WA, ek
t ypi cagdnyraiigrfoim dwouimmizcibie phaves rovep basadddc ompdsithorb edngad, . asThong aa the
sel ect %gapga%&rg 1sn§glm?rethg t:n‘?ic ;% (%cr ‘&Jg biﬂlalr']y gﬂ?}%t%reaa&)&] %iseepriesssures is above the
vapour pressure of pure Hquid carbon dioxide. The process is typically carried out in the inner
pﬂase (cf. also below). Thus a selected fluid may be of any property. In case a phase is |

selected to be a liquid or a gas, it may for instance be a polar or a non-poler liquid or ges,

Ui

respectively. Often liquids are classified into polar and non-polar lquids in order fo
characterize properties such as solubility and miscibility with other liquids. Polar liquids
typically contain molecules with an uneven distribution of electron density. The same
classification may be applied to gases. The polarity of a molecule is reflected by its dielectric
constant or its dipole moment. Polar molecules are typically further classified into protic and
non-protic {or aprotic) molecules. A fluid, e.g. a liquid, that contains to a large extent polar
protic molecules 7may therefore be termed a polar'proﬁc fluid. A fluid, e.g. a liquid, that



selected to be a liquid or a gas, it may for instance be a polar or.a
non-polar liquid or gas, respectively. Oten liquids are classified
into polar and non-polar |iquids in ofgler to. characterize properties
such as solubility and miscibility with other liquids. Polar |iquids
typically contain nolecules with an uneven distrjbutjon of electran.
dons: ¢ yORTS S e T S PP B P B SERY Rioro A 0er nifygrotic Hhid
pol ari tBroff rBoleBIIEC bhraih Sa hodibg&t athrd Vwiibtis niiyebe Gl Adidic GYaEigeRtwikh the
its dipole nmoment. Pol ar nolecules are typically further classified .
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trifluoroacetic acid, “di methyl arsinic acio lE(b@CI—B)zAsO( 1, .
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liquid, so that these.two fluids nay be included in a common phase.
[6050] Two immiscible phases may for instance be obtained where a polar fluid, such

as a hydrophilic liquid (c’f. below), is selected for one phase and non-polar fluid, such as a
hydrophobic liquid, is selected for the other phase. As an illustrative example, carbon dioxide

(COy), a non-polar gas, doss not dissolve (except for trace amounts) in water, a polar liquid.
Under certain circumstances, such as under increased pressure, carbon dioxide may however
be dissolved in water (cf. e.g. carbonated drinks). In some eﬁbc&ments the fluid of the inner
phase may be a polar liquid and the fluid of the outer phase of the fluid droplet may be a non-
polér liguid. Suitable polar liquids include, but are not limited to, water,-deuterium oxide,.
tritium oxide, an alcohol, an organic acid (including a salt thereof), an inorgenic acid

(includiﬁg a salt thereof), an ester of an organic acid, an ester of an inorganic acid, an ether,



[ 0050] Two i mm sci bl e phases may for instance be obtained where a
polar fluid, such as a hydrophilic liquid (cf. below), is selected
for one phase and non-polar fluid, ch as a hydrophobic liquid, is
selected for the other phase. As an’illustrative exanple, carbon
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ethylene glycol diacetate, and a non—polar ionic liquid. Examples of a non-polar ionic liquid
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(trifluoromethylsulfonyl)imide, trihexyl(tetradecyl)phosphonium bis[ozalato(2-)Iborate, I-
hexyl-3-methyl imidazolium tis(pentaﬂuoroethyl)n‘iﬂuorophosﬁhate, 1-butyl-3-methyl-
imidazolum hexaﬂuordghosphate, tris(pentafluoroethyl)trifluorophosphate,  trihexyl-



i m dazol i um tetrafl uoroborate. Exanples of a non-polar |iquid

I nclude, but are not,limted to mneral oil, hexane, heptane,
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phase by merging and or mixing, for instance assisted or performed by means of ultrasound.
In such a case the amount of volume of a respective aqueous phase used may for instance be
used to obtain the desired final buffer conceniration.

[0053] Further examples of matter included in a phase of the fluid droplet inelude, but
are not limited to, reagents, catalysts and reactants, for carrying out a chemical or biological
process. As an illustrative example, salts, substrates or detergents may be added in order to
maintain cells or proteins in an intact state. As a further illusirative example, chelating
compounds may be required, for instance to protect organisms from ftraces of otherwise foxic
salts or to increase the vield of a chemical reaction. As yet further illustrative examples,
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[0655] The fluid droplet may be provided by any means. Forming the fluid droplet -
includes providing the fluid of the inmer phase, providing the fluid of the outer phase and
providing the sample. The fluid droplet that includes two phases, as used in the present

invention, is a self-organizing system, the formation of which is driven by surface energy.
Accordingly the inner or the outer phase, or the sample may be provided first, in a second or
in a final step. Altematively any.one or more {or parts) of the inner phase, the outer phase, or
the sample may be provided simultaneously. As an illustrative example, forming the fluid
droplet may include providing a first fluid and providing 2 second fluid that is immiscible
with the first fluid. Forming the fluid droplet may further include dispensing an aliquot, for
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the second f luid includes dispensing.a droplet of the first fluid
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droplet, for example into the first fluid, before the droplet of the first fiuid is dispensed into
the second fluid.

[0957} As mentioned above, the inner phase of the droplet may directly contact matter
that is included in at least one surface on which the droplet is or is intended to be disposed.
Two illustrative examples of such matter are a solid surface or the surface of a fluid. The at
least one surface may have any shape and geometry as long as it is of such a texture, e.g.
roughness and waviness, that the fluid droplet remains intact upon being contacted therewith.
As an iltustrative example, it will typically be required to provide a surface with 2 roughness
for the fluid of the inner phase of the fluid drqplet that is Iow'enough to allow a fluid droplet



i nclude collecting the droplet of the first fluid out of the second
fluid, thereby formng a fluid droplet that includes an inner phase
and an outer phase, the latter surrognding the inner phase as a
film The first fluid forns the inner phase, the second fluid the
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desired extend, or nerged wt plet. “"The at | east “one
sur f acentagigd therev@iltanpl e be concave or convex rounded (cf. Figures 1D
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are ofgFhehmadlRyt YyRxanduiehodified quartz, surface-modified glimmer, surface-
modified metal, surface-modified alloy, surface-modified metal oxide, surface-modified
ceramic, and any composite thereof. As a farther illustrative example, the inner phase of the
fluid droplet may be hydrophilic and the ai least one swrface may be hydrophobic or
oleophobic. As yet another illustrative example, the inner phase of the fluid droplet may be

non-polar and the at least one surface may be polar.

[00601 A surface modification is typically obtained by a treaiment carried out to alter
characteristics of a solid surface. Such a treatment may include various means; such as

physical, e.g. mechanical, thermal, or electrical means, chemical means, or electrochemical



a wettability for the fluid of the inner phase that the fluid dropl et
remai ns i ntact upon being contacted therewith. [0059] Were for
I nstance the inner phase of the fluidiglroplet is a polar |iquid, such
as an aqueous fluid, the at Ieast one surface may be non-pol ar.
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pr ecur§8 6:66% ere a nmethod according to the present invention

's to be CO%’dfﬁTd Myl hﬂlustratwe example, it may be desired to perform an electrophoretic
) separation or an isoelectric focussing, for instance by subjecting the magnetic particles,
whether included in the fluid droplet used in the present invention or noft, thereto. It may for
instance be desired to provide a surface with mintmal interactions for any matfer present,
which is detectable by the selected me_thod. Where it is for instance desired to analyse the
purity of an isolated protein by applying an electromagnetic field (such as an electrophoretic
method), analysis results may be falsified by a surface that significantly interacts Wlth
proteins, Two fllustrative example of a suitable surface coating with minimal protein
interactions are the polar polymer poly—N-hydmxye’rhylacrylamide and poly(ethyiene glycol)-
terminated a]kyliricblorosilane. It is likewise known that the properties of a surface of a

device used for isoelectric focusing affect the efficiency for obtaining narrow isolated zones
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shapes as illustrated in Figure 1. Figure 1 also shows the respective contact angle 8 of the
inner phase of the depicted fluid droplets. This contact angle is generally determined
individually for each respective phase of interest (cf. below), for instance the inner phase and
the outer phase of a fluid droplet to be used in the present invention. In some embodiments
the wettability of a surface for a fluid droplet that includes an inner phase and an outer phase,
may be determined in the same way, in particular where the outer phase is a bulk phase. It is
however more convenient to determine the contact angle of each phase separaiely. A contact
angle 8 is given by the angle between the interface of the droplet and the horizontal surface.
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r espeid 8ropledlofakinde phase, consisting of the respective fluid, when disposed thereon can
be characterized by an advancing contact angle 8 of about 50 degrees or higher. Thus, the
wettability of the surface is characterized by an advancing contact angle 8 at the interface of a
fluid droplet, which is made up of the inner phase of the above defined fiuid droplef, with the
at least one surface of about 50 degrees or higher. In some embodiments the at least one
surface used in the present invention is of a wettability for the fluid of the outer phase of the
fluid droplet that a fluid droplet consisting of the fluid of the outer phase is characterized by
an advancing contact angle 6 at the interface of a respective fluid droplet with the at least one
surface of about 50 degrees or higher. In some embodiments the at least one surface used in
the present invention.is of a wettability for the fluid droplet as a whole that is so low that it is

characterized by an advancing contact angle © at the interface of said fluid droplet with the at
least one surface of about 50 degrees or higher.
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-peristaltic pumps, touch-off dispensing, pressure-mediated dispensing, inkjet dispensing

(including syringe-solenoid dispensing), pin-transfer (cf Rose, D, Drug Discovery Today
(1999), 4, 411-419 for a review). Disposing the fluid droplet may also rely on, or be assisted
by, the properties of the magnetically attractable matter included therein. Accordingly, a
magnetic, electromagnetic, elecirical or electrostatic field may be used. As an illustrative
example, a magnetic plug may be injected from a capillary under the influence of a magnetic,
electromagnetic or electrical field, for instance by dielectrophoresis, By means of the-
dispenser the fluid droplet may in one embodiment be disposed onfo the surface without
contacting the same. In yet another embodiment the fluid droplet may be dispensed directly
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after fgx@g@ngﬁpﬁgstanqugi ggplied by contacting the fluid droplet with a furth
‘ for instance the surface of a pipette tip. A further means of controlling the position. of the

fluid droplet includes the application of acoustic waves as disclosed by Guttenberg, 7. et al.,
Lab on a Chip (2005) 5, 308-317. Yet another means of controlling the position of the fluid
droplet includes the application of a thermal gradient, e.g. of the at least one surface. A
respective thermal gradient may fc’sf instance be obtained by means of an IR-laser.

[0076] In some embodiments the method of the invention controlling the position of
said fluid droplet relative to the at least one surface further includes exposing the ﬂl;id droplet .
to a magnetic or an electromagnetic field. This exerts a force on the magnetic particles, such
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magnet L¢ afthy may also be modified in order to control the position of a fluid droplet.

[0078] In some embodiments where at least two surfaces as defined above are
provided, the fluid droplet may be transferred from oune surface to another and be meved
between them. In such embodiments controlling the position of the fluid droplet may include
mo{zing the fluid droplet between two surfaces by means of a magnetic or an electromagnetic
feld. -

[0079] The method of the invention further includes performing a process on the
biological and/or chemical sample in the fluid droplet. Any process may be performed that
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or known to be include . Lo '
reduced temperatures may for instance be performed by adjusting the temperature of the

environment of the droplet respectively. As another example, temperature-controlled
biochemical reactions between 4 and 100 °C can be performed. Thus, temperature-sensitive
biological samples may for instance be stored. Further examples include, but are not limited
to, cell isolat;{on {cf. Fig. 9), cell incubation, cell lysis (Fig. 6), reverse transcription,
polymerase chain reaction (Fig. 10, 12), and pyrosequencing (Fig. 13). Pyrosequencing is a
real-time nucleic acid sequencing technique, which is based on the detecﬁon of released
pyrophosphate during the nucleic acid polymerization reaction (for an overview cf. e.g.
Ronaéhi, M, Genome Research (2001), 11, 3-11). Furthermore, the implementation of diverse
optical detection systems, e.g. photodio.des (PD), photomultipliers (PMT), pho_ton counting
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mol ecul e from an organi sm and any cogbi nati on thereof Exanples of a
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determining the presence of a drug in a urine or blood sample.

[0083] As a further example, a cell cultire media may be susp-ected to be
contaminated (supra). In this case it may be desired to identify the type of contaminant and to
use the device of the invention for this purpose. The magnetically attractable matier may in
such embodiments for instance be magnetically atiractable particles carrying a ligand with an
affinity to the contaminant or with an affinity to other matter that has an affinity to the
contaminant. ' '

[0084] In embodiments where it is desired to remove matter, such ag by-products or
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the inner phase to remiain essentially intact and (b) the magnetic particles to remain attractable
to a magnet. In embodiments where the outer phase forms a film surrounding the inner phase
(supra), it may furthermore be desired to keep the outer phase intact as a film. In
embodiments where a ligand attached fo magnetic particles is used to bind target matter, it
may furthermore be desired that such a fluid allows for the ligand to remain intact and to bind

' the desired target matter. At any point in time before, during or after performing a process, a

. mixing of the fluid droplet may be carried out, for instance by exposing the fluid droplet to
ultrasound. Since the droplet is based on a self-organising systemn, such mixing does not
affect the integrity of the droplet, but rather assists in achieving an equal distribution of
matter within a phase within the droplet.

.[0086] The possibility 10 perform tramsfers of matter such as washing allow for
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[6089] Fig. 6 illustrates the use of the method of the present invention for a
polymerase chain reaction. Temperature control can be achieved by means of thin film

beaters and temperature sensors. Module 1 represenis a matrix of superparamagnetic
particles, which are modified with ligands. These ligands are receptors directed against
different cell surface markers. Any cell of interest may in this wajr be isolated from body
fluids or tissue as described above. A drop of capillary whole human blood may be obtained
by finger pricking with a lancet. This drop of blood is placed onto module 2. Leucocytes may
then be isolated according to the binding of their ce]l surface markers to fthe h'gand



matter within a phase within the droplet. .[0086] The possibility to
performtransfers of matter such as washing allow for 29 conpl ex
processes to be perforned. Since de§'red target matter nmay be bound
to ligands inmobilized on nmagnetic particles, the possibility to
add, renove or exchange fluid, e.g. liquid, enables the isolation_of
any amebilized. op theepragusis, pastiden(ofs 2boNe seritso EigalS| ansk Bigni 9. Figure 8
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t hrough colorinmetric and or spectroscopic analysis. This can occur
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device itself _wihout recourse to an elution.step. [.00891 Fi.g. 6
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be i segitation thasohe lsekigved for instance by altering a magnetic or electromagnetic’ el

which the droplet is exposed. Tt may also be achieved by altering the relative position of a

droplet in a constant magnetic or electromagnetic field by moving the respective surface

(supra). Yét another means of active mixing relies on ultrasound, which is illustrated in the
appending Examples.

[0091] Yet another example of performing a j}rocess on the biological and/or
chemical sample in a fluid droplet is filtering the fluid droplet through another fluid droplet,
as fllustrated in Fig. 18. Such a filtration is typically performed by means of moving a smaller
droplet containing fanctionalized superparamagnetic particles with immobilized target matter
through a bigger fluid droplet. In this way undesired components such as for example by-
products, impurities, subsirates, reagents, solvents or solvent components, salts, enzymes,
waste, or buffers, can be diluted in the bigger droplet. Upon further movement of the



fluids or tissue as described above. A drop of capillary whol e human
bl ood may be obtained by finger pricking with a |ancet. This drop of
bl ood is placed onto nodule 2. Leucogytes may then be isol ated
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[0093] Real time detection may provide an amplification plot depicting the
fluorescence signal vefsus reaction time expressed as cycle numbers (see Fig. 16). An
increase in fluorescence above the baseline indicates the detection of accummlating
amplification product. Where a fixed fluorescence threshold is set above the baseline, the
fluorescence gignal thus passes this threshold at a certain time point. As time is expressed in

_ terms of cycle numbers, a so called cycle threshold number (or value) or Ct value is obtained.
The smaller this number, the further to the left is a respective fluorescence curve located in
the amplification plot and the faster does amplification occur. The higher this number, the

slower an amplifiéation occurs and the less it becomes distinguishable from non-specific
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parti ];{5' ,Caéflﬁ' Aty a ' ryRiepRe j BH&O Netgkinhioghphy N
t he a%y#’%{%%% Rea %?m% gfﬁgicg%{i}b(})lﬁ?n%y rosﬁgﬁgﬁ anplificat ?%ﬁ T ot

pl, ot
depi chiydgpholc dhagsr bxloetinne chiogriosropies uss raaldiuplerive PRATRBLG LS Q-%‘ée
cycle agﬁ%gaﬁ Br %?e%graﬁlvg me?]:@d'méﬂbe performed before or after processing a sample using

the method of the present invention.

[9095] In order that the invention may be readily understood and put info practical
‘effect, particular embodiments will now be described by way of the following non-limiting

examples.



increase in fluorescence above the baseline indicates the detection
of accunulating anplification product. Wiere a fixed fluorescence
threshold is set above the baseline, 38he fluorescence signal thus
passes this threshold at a certain tinme point. As tinme is expressed
in terns of cycle nunbers, a so ERAMRIEYcle threshold nunmber (or
value) or & value is obtained. The smaller this nunber, the .farther

to the left is a respective fwﬁ’f"ﬁo“é%ﬁg"#ﬁﬁ ve located in the

anplification plot and the faste i cation occur. The
hi gher this nunber, the slower an anplification occurs and the |ess

it becones Mi0s6] Afuh-hE@RIMRIIE 5edD GPEleRREdghES, BgermRastt MOV neodymium
reactions., An jllustration of obtained fluorescence signals_using.the
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e SRS 628 VIR b L SBAFELe
chr omBgQE @ BN BhiE Hhd A8 06:Rhim BhEYESm EX YRR (cf. Fig. 19).

el ectrophoreti ¢ nmethods are for instanCe Free Flow El ectrophoresis

(FFE), pul spof] ehelagml dr lﬁﬁtdoﬁﬂxﬂ%deéb&ar RRky AGHY |pARiedmd & abn-polar outer
el ectrophoresi s A _EI | lary Zone or Capillary Cel
b

PAGE)
El ect riégHdr phass. (’Btﬁrfi%m miek| aqudoen o1d neogirdaddc byller.i epagent(y) and
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i ncl udmmizcibbetinprd §irepngihe auteo phese id dving ef a Asn filmexaomiding the inner phase.
separation of proteins be erf.or.ned on a mcro,chi for

i nst ancg ﬁ@ﬁﬁic@'@ e%mp@”?%@g@gﬁg{é)sgpsg 1300 s@ﬁpar‘%é%‘fs Dhasg to the
© separ afniricibiphye wasgl0:B whéreds Ut gpipliestune|rgddtng Rlevated riempoeaitbesyle.g.
suspected to cont &;@2@ matter, such, aLSﬁR& pr I'n’%ﬁ%f |Int erest. may b%
used aTESGUCRIRE r IREe dtagseription (R yeelbivels: #d pelymersse shap reaction
I nvent{p@R), itwaease of the separation nmediumbeing a gel, the matter
of interest may need to be extracted. The variety of suitable fluids

for the i nngm9_symh@ﬂﬁﬁlb?@ihalslgaﬂ‘pu¥alﬁen§ m&mﬂelddﬁ@glng; n:}jﬁﬁg, Wa?]ﬁﬂgﬁlten'ng,
present | nyent | usua allQ or, the selection . A surfac
P or 1 4nd HEME (il Miee G e CaRe bl e By e PLegition
f ocussimehe éépe?a@ﬁﬁﬁﬁéﬁ@ Rfafticlds BP NATRAN; S&éfﬁﬁgldﬁﬁ&lééﬁoﬁnﬁ%ﬁ@ﬁ_ figd bobh
met hods where desired. Exanples of a chromatograph net hod i ncl ude
for i nRSOHF cyaiation/Pirsamipg by sitgsowide siose E%P%%ﬁébﬁ%ﬁaﬁyﬁ%%ﬁm were

exchanggnidd omat ography, affinity chromatography, hydrophobic
interaction chromatography or hydrophobic charge induction

chromat ogr agipye] AD 8thekrdth UtERLLYE aCXIBRIAC S0AMERS BRSO SrbifAR) YavERkm

or preparative ‘method maybe per R'or med before or after processing a

sanpl eganstater (Agilentetduinped witthen n-beusatbuilheplifien and a lead zirconium titanate
(PZT) disc (Phillips), glued to the subsirate by an epoxy adhesive (Alteco), were used.
Depending on the experiment, different waveforms in the kHz—range provided fast and
efficient mixing. Except for the PCR solution, all droplets, i.e. blood, functionalized

superparamagnetic particles, mineral oil, capping solutions, washing solutions, substrates,

etc., were disposed onto the surface at the beginning of the experiment and the droplet
containing the superparamagnetic particles was successively merged, mixed, washed/filtered,
and split with these droplets.

_ [0100] Fig. 18 shows moving, merging, washing/filtering, and splitting for the
following example of the isolation of white blood cells from fresh, capillary whole human

L)



[0095] In order that the invention nmay be readily understood and put
into practical effect, particular enbodinents will now be descri bed
by way of the follow ng non [imti n? exanpl es. 33 EXAMPLES Dropl et
mani pul ati on [0096] An in-house built array of electromagnets, a
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e oLt P e I x]109d39 capiltery whole
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funct Aﬁﬂﬁthﬂé’s? gs 11541 RRIAR éléaﬂﬁ&g et Etuﬁéﬂj,@iscdﬁmt@bl&eﬂ abuw A fter m@mg dFig.
sol utions, washing, sol ut| strates etc, , were d

the sif¥®hdee Frmpbidized b F@d&eﬂﬁﬁ?ﬁ%ﬁ@ﬂ(ﬁ%@%&f% %?%ﬁ?eﬂﬁﬁe%o
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m xed, washed/fiTltered,
blood cells through a bigger droplet containing the washing solution (Fxg 18H, Fig. 18I).

Upon doing so only the superparamagnetic particles including the immobilized white blood

'ti

cells, together with a thin film of immiscible liguid of the outer phase by self-organization,
leave (FIg 18J) the bigger droplet. All other matter that is included in the bigger droplet,
snch as impurities, e.g, red blood cells, buffer, salts, EDTA (serving as anti-coagulant),
hepérin, RNases, DNases, efc. remain in the bigger droplet. The presence of red blood cells
turns the washing solution red in color (cf. the dark stain of the remaining droplet). At the
same time impurities, even’cually- part of the slurry of fnmctioﬁalized superparamagnetic
particles with immobilized white blood cells, leaving the bigger droplet are being diluted.
Thereby, the dilution factor is dependent on the volume ratio of the interacting droplets: if for
_ instance a droplet of 0.1 ul of functionalized superparamagnetic particles with immobilized
white blood cells is washed three times by 10 ul of washing solution, the remaining
impurities within the slupy are diluted one million-fold [(1:100)°]). Thereafter, the



and split with these droplets. [01001 Fig. 18 shows novi ng, nerging,
washing/filtering, and splitting for the follow ng exanple of the
i solation of white blood cells from fggsh, capillary whole human 34
bl ood using functionalized superpar anagnet ic particles (see bel ow).
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‘red .bl %M%éysevtgéﬁb,%éﬂg oI ution red in coI or (cf. the

dark stain of the femaini ng . A the same tinme inpurities,
eventually part of the slurry of unﬂde?eﬂ:@ahzed super par amagneti c

[0102] Fluorescence was detected by an Axiotech vario fluorescence mi&foécope

' (Zeiss), equipped with a X-Cite 120 fluorescence illumination system (EXFO Life Sciences),

a HE 38 FITC filter set (Zeiss), a 5784-20 photomultiplier tube (Hamamatsu) and recorded

by a TDS50054B digital phosphor oscilloscope (Tektronix) accordmg to the manufacturer’s
instructions.

[0103] For bioluminescence ~ detection, a H7421-40 photon counting module
(Hamamatsu) was used instead. : ) :



particles with, imobilized white blood cells, |eaving the bigger
droplet are being diluted. Thereby, the dilution factor is dependent
on the volune ratio of the |nteract|rag droplets: if for instance a
droplet of 0.1 | of functionalized superparanagnetlc particles with

i rmobilized white blood cells is washed three tinmes by 10 gl of
washi ng sol ution, the remai ni Barfaregmadificaienwithin the slurry are

di l uted one mII|on fold [(1; 100)3]11? .Thereafter, the
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sensors, and an application speci At egrated circuit (ASIO
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Physi ¢ | Technol o Jena e. use Optlca
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{1 or escendg P Mgtk Guiih cEboRE YR, Tl 30l fEttping, e
filt ersup&pat(aiﬁgﬁﬁlb,paﬁmﬁ&ﬂasﬁﬁe@ﬁd(ﬁtﬂlbwpmmra dropiet ¢ddeainivgt gl afreot %

FeCOr Qe ion of paraformaldehyde (Roth) in 0.01 M PBS/I % BSA, mixed (cf below), and

incubated at 4 °C for 30 min, and washed successively in three droplets containing 10 u1 0.01
M PBS/1 % BSA. After fixation of the WBCs, the droplet containing the superparamagnetic
particles was merged with a droplet containing 1 ul of VECTASHIELD® mounting medium
with 4°,6-diamidino-2-phenylindole (DAPI) (Vector) mixed, and incubated at 4 °C overnight.
Finally, the DAPI-stained WBCs were covered with a high resolution-printed polymeric foil
(Infinite Graphics) with a grid size of 500%500 pm, placed under 2 BX51 system microscope
(Olympus), photographed with a DP70 digital camera (Olympus), convérted into greyscale
(Fig. 8) and counted software-assisted by MetaMorph_V6.1 (Molecular Devices) (Fig. 9)-




by a TDS50054B di gital phosphor oscill oscope (Tektronix) according to
the manufacturer's instructions. [01031 For biolum nescence '
detection, a H7421-40 photon counti ngmodul e (Hamamatsu) was used
instead. 36 Surface nodification [01041 Hydrophobic as well as

ol eophobi ¢ surfaces were obtai ned @(‘5’}1 |t.her chem cal vapour

deposition (CVD) of glass (Schott) i con (Silicon Sense)
substrates
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(FI uka§ measured by an OCA 30~ contact angle measuring device
( Dat aPy@dsé'@)theR@Re >110 and >70 , respectively. [01051 The foll ow ng
sequence, isolation of white blood cells (WBCs) fromwhole human

bl ood, cell lysis of WBCs, PCR, and PSQ was perfornmed successively,
wi t hout any user interference (Fig.P . I solation of white bl ood
cells [0106 dro |l et containing 0.1 | of a 1:1 suspension of 200
|-1 of Dyna gkegpidECEoNs. £ delgrdsrephosphate gle @io bydragenass (FAY
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and were now ready for the cel] lysj gﬁ To count .the %u(;r‘oe tlf'_rl
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particl fr%c%%nif@r o) Grdaglgo &)oabet pgnt% Soidienl 8.0kl 6k BCR
% solUution af paraf or mal deh Rot ﬁl
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nmounting nedium wth 4' 6-di am di no-2-phenylindol e (DAPI (Vect Oé) .
m xed -and 1¢#30bThernosycpgrondifeona wre as follpial 45cyelanat B for bk ds °C
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BX51 syutiwgiig 30 dSdupaval was extracted to follow the PCR in real—tzme (fig. 10). For melting
curve analysis, the sample was cooled down to 65 °C for 1 min, after which the temperature
was continuously raised to 95 °C with a slope of 0.01 K s™ (Fig. 11). Finally, the PCR
products were analyzed by capillary electrophoresis using a Bioanalyzer 2100 (Agilent
Technologies) (Fig. 12). After completion of the PCR, the bioﬁnyiated PCR. product was
ready for PSQ. '

PSQ .
[0111] For the PSQ, the 5x96 PSQTM 96 MA Pyro Gold Reagent Xit including
consumables (Biotage) was used. CAT GGC AAC TGT GAG GAG (SEQ ID NO: 3) served
as sequencmg primer. A droplet comtaining I pl of a suspension of 300 ug p,ll of

Dynabeads® MyOne™.Streptavidin in 2X binding buffer was merged (supra) with the droplet
containing the PCR mixture, mixed, and incubated at 65 °C for 15 min. After immobilization



(A ympus), photographed with a DP70 digital camera (d ynpus),
converted into greyscale (Fig. 8)'and counted software-assisted by
Met aMor ph V6.1 (Mol ecular Devices) gfig. 9). 37 Cell lysis [0108]
After isolation of the WBCs, the droplet containing the

super par a O%‘netlc 8}%:th|6$ was nerged with a droplet contaln QW
of t hef thehiokinylagrded edrch ke drople souigining the SuperpERmASTATS PARICES,

ther t e}
gr I 9id aﬁ&m qﬁg{&ﬁ% 10 %59@@ ﬁéiﬁﬂﬁgﬂ%lhﬁoﬂ%kécﬁ hesib¥¥ed 8t rt for

renove rom-t n| ng t m Xt ure he rel eased

genond mmwdﬂa@shaﬂmumwlw m twhdroades cpoRinipp 109y of ko easlisgprutsr.

Phe. 1 Al RO SRR A DRE L RE Ry oA Tl o B

23! O AIRSGRUCH M (HLACaUGED Loty 0ot
I Ol ans ed as.
f or waP@tiEHY Wieg vRegel &n%%gop?e g\ﬂeﬂg of fn%0 %t}%g?%@ Hprepéiting

S PR T, A [ 05, it

pyr ocﬁhebsmge sirgmiER(ys) tDNAS athchdDanto Isuparpare’gleg;eﬁcmﬁalﬂi HRS @E@%ﬁb’ |f@lh
g@@x PCR buffer, 5.0 pl 10 % BSA, 1.0 | 10 mM dNTPs, 0.5 11:100
SYBR en (| nwtrogen) 2.50 10 Mforward and reverse primer

.e"i‘ZBo wecsUtrabTe Fedide &s@eﬁﬁ% YOG ol bbb Al I

0110ﬂhewmxa§a!ma tleSie ip gﬂ@tﬁ@ @ﬁcﬁe@h}aﬁ\&ﬁSpeﬂ&eded(EﬁI bt afealing
for 58Cfor1mn TM1mn éSs The
mean W@@%ﬁ%@’ﬂ@ﬂ@%ﬁ@@gw n%@ftésyﬁfﬁﬂ g1 ¥: i nterval

was extractedto he PCRln re time (fi For neltin
curve anal P43} Fi &ﬁﬁ% oﬁﬁe’ﬁ’ééaﬁ?%ﬁeqco%ﬁﬁ cIfF WS JRré
whi chwlihe &@ﬁ}@@éﬁwﬁﬁﬁ WEI @panédm&kswéﬁ JGTRy ﬁﬁ;‘édt #hdYBerCmatded witts iRpRt
of 0.01 Ks ) naIIy, t he. PCR pro ducts_were anal yzed by

capi |mt3;m@gé8m1@ ad¢lesleionntsamamernshybeyate Mzt Figdi-ent
Technol ogi es) (Fi g 12). After corrpl etion of the PCR the

bi oti nyl at ed PCR duct. r f.or PSQ . PS or the PSQ
t he 5x96 .PSQTM %ﬁ% (gR?eS fug %f&%‘ﬁél%%:ogsunabl es

Seauenci holBHEBEY ez%%ie%n%% 75%%%%%@%%@5%%5;, R OBIPHTRR
ri ofpreﬁapn&bemﬂmi,r) MyOn6ém Streptavidin in 2x binding buffer was

merged (supra) with the droplet
[0115] A fluid droplet containing 1 pI of an aqueous inner phase confaining 50 mM

Tris-HCl pH 7.7, 200 mM NaCl, 5 mM EDTA and Streptavidin-modified magnetic agarose
beads (QIAGEN, equivalent to a-4% (w/v) suspension), and an outer phase of ultrafiltrated
mineral oil (Fluka) can be prepared after washing the tagged agarose beads with 0.01 M
phosphate-buffered saline (PBS). A droplet containing 1 pl of a crude bacterial lysate (£.
coli) containing biotinylated recombinant green fluorescent protein (GFP) in above buifer (50 .
mM Tris-HCl pH 7.7, 200 mM NaCl, 5 mM EDTA) can be merged with the droplet
containing the magnetic agarose' beads. The obtained droplet can be incubated at room
temperature for 45 min. Thereafter, the droplet can be washed successively in three droplets
containing 10 pl of above buffer (50 mM Tris-HCI pH 7.7, 200 mM NaCl, 5 mM EDTA).
Elution of the purified GFP in the obtained droplet of 1 pl can be performed by merging with
a droplet of 25 pl containing 10 mM biotin in above buffer, and mixing by exposure to
ultrasound, whereafter the magnetic agarose beads were removed. Quantification may be
performed by any standard method such as the ratio of UV absorption at 280 and 260 m

)]




containing the PCR m xture, m xed, and incubated at 65 C for 15 mn.
After imobilization 38 of the biotinylated PCR product, the droplet
contai ning the superparanmagnetic partggcl es was nerged with a droplet
containing 10 | of Ix denaturation solution, mxed, incubated at it

for 1 mn, and washed sugcessively in t dr opl el s _cong ai.ni 10 |
of 1 x VARG 1rPER. 5y RPLUTIIEI, BT g FHENHolD b SN JEPLLy sy ERDle
could Q@cdﬂ%ﬁﬁt W agedidre rs@ﬁérlaﬂonﬂffbﬁ%&?ﬂya@rﬂdﬂﬂiﬂ@gﬁf—&@ﬁm@mwr atd om
of the ds t he dropl et containing the superparanmagnetic

part i clsBlseqpent gl o8 b Huerescencsisiction HERE fi §eErance q@‘f{%@ng IGRE ofkgpwn
0.3 pMcﬁEc%H&ﬁ'ifdn’.‘g prinmer in |x annealing buffer, mxed, incubated at ¢
80 C for mn, and cooled down to it. The single stranded (ss) DNA,
attached onto superparanagnetic particles, was now ready for. PSQ

[0112] To verify the papahblinkad ihuRbscibehd s (E -
super par amagnetie particles, the droplet containing the

super par anegiag & Q@é@kﬁ'&'ﬁm SySF?rHGQ kikpefsibn | #f RBARR-fRBtonalized
buffer and Sequenced 1n a commefcial PSQOIM 96MA system ( Bi ot age)
(Fig. meerpfrandgkticipacticles, int fd b amnmphdmnaﬁamw};%/mn@md (MES) (Lancaster)

super par.anagnef | ¢ rt.j.cl s _nerged ,w.t h a . CO i Iy 2
A S G g T N A e
cont ai @iighslleminodfopel)tabodidhidel ohydboddse @adeatappt raide 002t uMé  N-
(Fig. 14). Affinity purification of a protein (green_ flyore cept.

pr ot ei‘hyghpwm ¢ (NHSpAHafpsann Ogl Wﬁ&@#ﬂ@&h@@ min, and
purifi i -?taﬁ;fin ol 1 | (85 -
dr opl e'?gg%é?t%?%ﬁgogﬁlk Qg' an %gge“éﬁ%g?% P b%ﬁbﬁﬁﬁggﬁ%ﬁg@&sb rﬁﬁnﬂ
Tr i s- Heddnigh).7 . Afte activetinaclof StheMcEbTRY agmotssy efheaviligplet noenipingmg  the

magnet i . i 4% ( 1 .
suspensi %Ej %%%w%%sou%lee% %ﬁ%%%gﬁ%%ﬁ%@%ﬁt%o% ed g/%%\r%ll il llll solution
g FI0 l{ k Kl/l)of d?nrdsmi? (EEK?ddbéIeﬁegc;aﬁmﬁimFx)glsse Hg(A}t (afd@éald Efﬂj@'liﬂ; e(__GtwadgG\l/\FHIC)
: .phosphat.a-. alin . opl et_ cont aini
a crua SBARERRRD R YRS Mitsh et i 5 Rl RS MM ohelardpe
T sy S, Dk o oy GO il LD g0 i
d op! e COnBOIRELhH PR L AR D Sher LA « EreCich ol AR &f HpP M
gan Ibe 2%@@%@@1 esﬁggﬂqmnbwklad, Ghiebhietd a8 bt foir r1|. mid) @hé afskad, submiivelly
ropl et can be washed successively in_three droplets contaiping
of abo¥ Bes CEPIRE GoRinmg d0HH Gt 335@0%, RS SpIREEEF I, rosdual
El ut i ogu@inisite Rtk istdpd, fERrbplet é&w&hg espefRPineionefic partics ¥as Bferged
performed by nmerging with a droplet of 25 gl "contal ning_ 10 _nM bi@gtl n
i n aboVeiih %ﬂ@ﬁt, coafraning i syl B8 pbswleiont hereradisharaoxidise ek )-pelled
the megnehi £1a0f ARPFLIRASANALE FEARYFIChdMest) ihiCel MPPRERVL B A, mixed,
incubated at rt for 1 rhin, and washed successively in five droplets containing 10 pl 0.01 M
PBS/l % BSA or 10 pl 0.01 M PBS/0.05 % Tween 20 (Sigma-Aldrich). Adter
immunoreacting of GtxMs IgG FITC and RbtxGt IgG F¢ HRP, the droplet containing the
superparamagnetic particles was merged with a droplet containing 10 pi of a 1:1 solution of
peroxidase substrate solution A and B (Bethyl), mixed, incubated for 1-10 min, and split (cf.

Fig. 16).




performed by any standard nmet hod such as the ratio of Wabsorption at
280 and 260 nm 39 according to Layne, by perform ng a col our
reaction in a reference droplet, for e?@nple according to Bradford,
separation by SDS-pol yacryl am de-gel - ctrophoresis and a

subseque stain, or by fluorescence detection using a reference

sol ution &P of known concentration. Enzyne-1i nked i nmunosor bent
assay (ELISA) [01161 A droplet containing 1 p.1 of -a suspension of
car boxy- fWhattis clamhédzied superparanmagnetic particles in 0.1 M

2- mor phol i noet hanesul foni ¢ aci d (NES) (Lancaster) was nerged (supra)
with a droplet c ai_ni ng of a M sol utjon of N-ethyl-N -(3-
di met hyl ark néplE %yﬁpéaﬁosssam&ﬁ @Oﬁvalr%’émr&hﬁa@al(iﬂ@@i%g?@wla&d 0.02 M

noubat od at ot op oy e A Shoflch KRR dropy Py el and am g

0. 01 M phosphaplastyuf f ered sal i ne (PBS) (Sigma- Aldrich). After

activation of the carbox oups, the, cont ai ni t he .
super par anagneY’ ?:rel_ﬁgt £oe eégﬁﬁﬁés W&@H’%\F’ph g al@ﬁ cag‘ﬂttg‘? RiteEPhasy is
of a1l g l-1 sgiiuh@RgtRfinhéyMasSES find BhdC) - | abel | ed goat anti-nouse

1 gG (whol e nol ecule) (G XMs I'gG FITC) (Sigma-Aldrich) in 0.01 MPBS,
m xed, incubat ‘@heram thc mmr phasmcnmpam swaﬁ:hebglcnl anéorehepicet sample, and the

10 | Af FI TC
COTEE 1509 ¢ hetnaftmas i shigidedtiofh e RnBirasifeat b e B8 11 o1 s
was nerged W t RylRrdhi 048 Ghidc@bplat Sdneristdmh&hekicMly Ztradmeeldirnol

(Si gnma- A|dI’ICh) m. xed, incubated at rt for 1 mn, and washed

successi vel y ® Pigvidingat lpagipprs surasas Hiensufaca (being of echn pesire apdpmch a
After capping e r 0

cont ai ni ng the‘géta%gﬁ%ar Zthrrgﬂﬁigt()f%gﬁ%l?érg}i gS% O\ﬁﬁs‘i f?r%lrg dgdﬁ & th%ﬂt%e I(PAT élfa t
containing 1 |repfaimd ﬁagdpoﬂbsmgubnt@ae@fhehmﬂgradl sh per oxi di se

(HRP) -1 abel | ed,, rapbit, anti - | gG Fe Rbtht G Fc HRP)

(Cheticon) ift ‘bsmilnﬁﬂsﬁé%f d%OBg’Aonﬁ?lsﬁ@cPt castRIGIS %‘GPQ at rt for 1 nmin,
and washed sy f

PBS/i % BSA O;‘e%?éﬁ?g' %%%h%d%@%qgg%ﬁﬁgﬁﬁl%@%# eAtP'J ﬁi)((i: ﬁ‘?“‘rf%& ter
i munor eact i ngouotrolithg Ms pogiBof loT &id hiduiRistrogtbet rlekgﬁav@‘@ SelldPat 1¢dsonty suplae;
cont ai ning the gsSuper par amagnetic particles was nerged with a dropl et
containing 10of a 1:1 solution of peroxidase substrate solution A

and- B ( Bet hyle)perfiniig.a pr@@e‘d@&ﬁﬁﬁﬁi&bgﬂeaﬂe&dmr Bherdiesl] saRipld in(safd: fluifdbplet.
16) 40 Clalms What i s clained

2. The method of claim 1, wherein the fluid of the inner phase of said fluid droplet is a
liquid. J

3. The method of claim 2, wherein the fluid of the inner phase of said fluid droplet is a
25 liquid and the fluid of the outer phase of said fluid droplet is a liquid.

4, The method of any one of claims 1 - 3, wherein the magnetically attractable matter is
selected from the group consisting of at least one magnetically attractable particle, a

magnetic fluid, an iron-rich bacterium, and a combination thereof.

30
5. The method of any one of claims 1 - 4, wherein controlling the position of said fluid

droplet relative to said at least one surface further comprises a member of the group
consisting of moving the fluid droplet by altering said magnetic or electromagnetic

field, moving said at least one surface, and a combination thereof.



1. A nethod of processing a biological and/or chem cal sanple,
conprising: 5 providing a fluid droplet, said fluid droplet
conprising an inner phase and an outer , phase, wherein the outer
phase is imm scible with the inner phaé%, and the outer phase is
surroundi ng e inpe hase as fil and wherein_.the inner phase
conpr ses 6aaiC shaReh ol HEt & whertine e s HAgnenc BH" eamibrioes v the
phase is shi 9bg§&16fﬂm@agmeqmgnlégnnent by the outer phase, and
wherein said fluid dropl et conprises nagnetically attractable matter;
providing at | east one surface, the surface being of such a texture
and such & Wb madthdd efyarfyornet dfecliimsi - 6f wheieth thervesttaptay of edid tahdeast one
fluid droplet, .th he,f.l.ui.d droplet, renains i,ntact. upgn bein
contct ed t hagge e HRcuig ot sa RBeCHhase B e i iPlet 5F Prlortila py an
| east one subfwfBing cEXBOTNBR SARitKE nteifaksofdropl et to a magnetic or an
el ectromagnetic field, thereby controlling the position of said

li qui d dropl atluiedrapielevhich is madeap of ghesfuid abtheandeapbase odnaid fluid droplet,
perform ng a_process,on the hiol gaical..and/aor chep cal sanple in said
Fluid dropl et th 355 4 least ond suctace otabO seftbeneds opiatin * | 2% 7 d of the
i nner phase of said fluid droplet is a liquid. 3. The method of

clajgn 2, shemrge eihd dfl dhlybrloflchBms NNET, WRASH sold A2t B!éél%ld—féég ¥P8Bdcted

isa 25 1liquid and the fluid of the outer phase of sai | ui
dropl et is aftoimgthiedgronp cpheisting hbdnofssentiplly rftat phibgtase, s cpncaveg substrate, a

wherein the neti.cal tractable. matter.is selected fromthe
group consi s??lﬁ/éagg\'lbsgrta{%%‘gs?nyocﬁ@%ﬁ% Wg?l?e(’f%qfl y attractable particle, a
magnetic fluid, an iron-rich bacterium and a conbi nation thereof. 30

5. The mebhogheincama M@y UneGraidimsd - 8 AwhaMiarré nuﬁpPhﬁseldfitﬁkgﬂaiGEdroplet
position of said fluid droplet relative to said at [east one surface

f urther conpdiredly coningisimesttepihat isecogpoiagd inserdsiugieeag of noving the
fluid droplet by altering said magnetic or electromagnetic field,

novi ng sgi.d | east, gne surf ._and conbi nation, t hereof. 41 6,
The. mat ndf- of i ket Kt o Sindt 3, SRRt B0 pEC B Phasa Ot the
al tering theflufdibpleOB a@blaliqhRasid ANPatTBENGe suffacd 136 dURLIMA saffagy
one of clainms 1 - 6, whérein the wettability of said at |east one

20 11. The method of claim 10, wherein the non-polar surface is selected from the group
consisting of silicone, plastic, surface-modified silicon oxide, surface-modified
silicon hydride, surface-modified paper, surface-modified glass, surface-modified
quartz, surface-modified glimmer, surface-modified metal, surface-modified metal

oxide, surface-modified ceramic, and any composite thereof.

25
12. The method of any one of claims 1 - 9, wherein the fluid of said inner phase of the
fluid droplet is a non-polar liquid and said at least one surface is a polar surface.
13. The method of any omne of claims 1 - 12, wherein providing said fluid droplet
30 comprises;

® providing a first fluid,

e providing a second fluid that is immiscible with the first fluid, and

¢ dispensing a droplet of the first fluid onto the second fluid, thereby forming a fluid
droplet comprising an inner phase and an outer‘phase, the first fluid forming the

35 inner phase, surrounded by the second fluid forming the outer phase.



5 surface for the fluid of said inner phase of the fluid droplet is
characterized by an advancing contact angle 0 at the interface of a
fluid droplet, which is made up of the fluid of the inner phase of
said fluid droplet, wth said at Ieas% one surface of about 50

degr ees hi.gher 0.8, . thod ne of.clains | -
wher ei n gg\l dlrg? mleglgét()ftgﬁgngg’r‘?gggm sgid Te%‘flgé‘s prPY’gﬁﬁll gﬁ“’é gr oup
consisting of an essentially flat substrate, a concave substrate, a

convex syBst raé ﬁ)eﬂ%ﬂ%%mcmﬁé?ém e SRENGRL theSeco¥CiB LA Qheﬁanﬁﬂé/ are
one of claims 1 - 8, wherein the inner phase of the fluid droplet

directly conprevidedsnultancausit is conprised in said surface. 10. The
metl‘sod of any one of clains 1 - 9, wherein the fluid of said inner

hase of .the. flui.d. droplet is _.a pal.ar sai ast
B face. 1B aThemelr e 2By proEolal 37 sy mducore tere thidsonter fer

wherein the papspetar surface is selected fromthe group consisting
of silicone, plastic, surface-nodified silicon oxide,

sur f ace- nodi t'c%ﬁectﬁlg Sshiﬂ%@?ﬂfg!léi’ %mg?#iﬁlﬁ nﬁi‘éf'ializis@s nd ?ﬁg Sﬁt?%}éaisﬁ org part

surface-nodi fied glass, sur quar
gl i mer, surf atherestidiuf bEshidre¢cahd flgid thaicis forndi g ﬂmcbuh&rtpmbse theireby, forming a
surf.ace-nodi fi dgany osite thereof . 2. Th

d. i
G oy B EAE Gmed e IRl AR s p iy G it pRe g pri:

phase of the fluid droplet is a non-polar liquid and said at |east

one surfgee ife ﬁleﬂﬁhebrfaﬁg OB@B?clai]tﬁ”s 1The &ﬁ&@gﬂm@ﬁm@ hRQ e ALA éﬂ?;p

- 12, wherein providing l'ui d dropl et conpr ses provi
a first flui mapqlmdxqmdiaugthe e‘ﬁenpidisé biithd finbdropst 1sramonepdbdrdiquid. h the
first fluid, and dispensing a droplet of the first fluid onto the

second fl |d t her ey fluid. droplet comri.s an i_nner
phake and®a T%%fﬂérhogwé§ lmtlﬁeWSF‘icg’c the|igpey fﬁbﬂ”ﬁwé Areﬁeﬁ 1§ 3dyydrophilic
phase, surrogy @‘Qn@&etdﬁ?er?ﬁ%rlﬂtﬁé ;e af & 1@9 hf/#l‘@{)jﬂﬂﬁ@ﬁ pfase. 42

14. The method of claim 13, wherein sal | rst I S provided
first. 15. The nethod of claim 13, wherein the first fluid, the
- second f 8 dTha chethod @[adpilrrela,rwhemimm:dhﬂd oif nhd traee phiskyis s8edtéd fibhe the

g? E)?)th O]]: u?'[] ?18 %@8{%&1&?@ gx;/%.te]fsdeute%l%m ox18€r: etll‘ltrllurg ro())(}/dedl nglcgl%l danf Argérgc acid,

20 an inorganic acid, an ester of an organic acid, an ester of an inorganic acid, an ether,
an amine, an amide, a nitrile, a ketone, an ionic detergent, a non-ionic detergent,
carbon dioxide, dimethyl sulfone, dimethyl sulfoxide, a thiol, a disulfide, and a polar

ionic liquid.

25 20. The method of any one of claims 17 - 19, wherein the fluid of the outer phase is
selected from the group consisting of a mineral oil, a silicone oil, a natural oil, a
perfluorinated carbon liquid, a partially halogenated carbon liquid, an alkane, an
alkene, an alkine, an aromatic compound, carbon disulfide, and a non-polar ionic
liquid.

30
21. The method of claim 4, wherein said at least one magnetically attractable particle is

selected from the group consisting of a diamagnetic particle, a ferromagnetic particle,

a paramagnetic particle, and a superparamagnetic particle.



" collecting said fluid droplet conprising an i nner phase and an outer
phase, or a part thereof, out of said second fluid that is formng
the outer phase, thereby formng a 10 gluid dropl et conprising an
out er phase surroundi ng the inner phas@ as a film 17. The nethod of
any one clai ns - 11, .wh rei i nner fse of the fluid

ropt et 22s” IRpReled pFieimiaot Al BirER HAELTaR Prmrenily pstable
i s a non-pol prticlettdntprisdPa 1gand Iﬂﬁit e E&BleQsf lﬁh@m@t&r?et WRRred gpéctb@ to be
i nner phase of the fluid droplet is a hydrophilic iquid and the
outer phase 6pPmpredfin gaid binlegicadand/sr ehemjepl 6mplsi ¢ |iquid. 19. The

nmet hod of claim 17, wherein the fluid of the inner phase is selected

Lrom e 309" 0RO ' 2L RS oS Sh e PP b By e

organi ¢ aci dma@8r fEp&tedab ba@oinﬂﬂémﬁls&d%@dlggxcﬂrﬁnﬂﬁoh 8Remiddl s@fibRE, an
amde, anitrile, a ketone, an ionic detergent, a non-ionic

detergent, carbon dioxide, dinethyl sulfone, dinethyl sulfoxide, a
thiol, a i sThé ﬁcb@;odanfobla'mpm avherdinniid Hgim{;hisdmrmﬁaim)ﬂ obhtbe wetfimedfdhe at

any one of clains 17 - the fluid of the outer phase is
sel ect ed frolﬁaftr?éleﬁqaﬁ}ﬁm@gﬁél%?ﬁfﬂhge 14€ni neral oil, a silicone oil,
a nggural oil, a perfluorinated carbon liquid, a parti ally

hal ogenabed G8E BRmhddi Flélfm 2N W%Q‘éi’rf'?ald ﬁgandaik %aeae %nf% IoRSap &lﬂsmténg of

aromati ¢ compound, carbon diSulfide, a non- po Ionic
30 21. The netctowa eherchd pépnds, ammmbedy; agnutdindtas¢demsd p«:impepmdg néthed@bbqlin

attractabl e icle is. se]ecte romthe group istin
i anmgneti ¢ PRI Rl i R HG ol e phevriiae Selff bt p eftbody, a
particle, angcnSHRRERA aIBIPRkR @a{nwt&ﬁea 43 enZdne, henetBt 16, charbon

claims 4 or 21, wherein said at |east one magnetlcally attractabl e
partd cl e conpelosihe, sarbpyyapepfosmy a dye, csélpnltg}nénbfanmlmi m@ltose g@llulm ehifin,

suspected to ' [ d/ o hemc

555 The merpey R, et bifbba?, ALARTR, (A< polHERYS Bopd R AD,
sel ectivel y bdiamit, ngsiteaatpiiine, behimiidBieapé ah einiogilieateconpri sed in said
bi ol ogi cal and/or chem cal sanple. 24. The method of claim 22,

wherein said |igand is inmobilized on the surface of the at | east

one rmagnébi cah¢ fethod chamapraoisdimsd) €25, figthepcompiésingt hod of clai m 24,
wh in said e r
R o
|'i pocalin  consisting of an altered temperature, a magnetic field, an electrical field, an

electromagnetic field, a pressure, a wavelength, a frequency, an amplitude, a chemical

concentration and a chemical composition, and

wherein controlling the position of said fluid droplet relative to said at least one
25 surface comprises moving said fluid droplet into the region of said at least one surface

that is being exposed to said condition.

27. The method of any one of claims 1 - 26, further comprising providing at least two
surfaces that are facing each other, the surfaces being of such a texture and such a
30 wettability for the fluid of said inner phase of the fluid droplet, that the fluid droplet

remains intact upon being contacted therewith.

28. The method of claim 27, wherein controlling the position of said fluid droplet
comprises moving said fluid droplet between said at least two surfaces by means of

35 said .magnetic or electromagnetic field, and/or by moving at least one of the surfaces.



family, a protein based on the ankyrin or crystalline scaffold, an
avinmer, a glubody, a lectin, a nucleic acid, protein A protein G
an enzyme, a netal atom a carbon 15 ng&otube, carbon nanof oam a
dye, streptavidin, amylose, maltose, céflulose, chitin, an
extracel lular matrix, glutathione, cal nodulin, gelatine, polynyxin,

hepari n, D,. NA | ysi ne, arginine, bepzam dine gnd .an

al unosi | Ay dhe %&ﬁ%ﬁmm o cl3ige _c3n1e38¢ whprsitygerforming a pracesiepn the
conpri sing 2@iofoResi Ai/G tRIGhRA hmPpRi Bordpridesas st Qebiel 256m! e group
condition selected fromthe group consisting of an altered

t enper at ur e, censirbiga etfi werging daid anid| droplei wath 4 ifeftlgr Hwid droplet, mixing the

el ect romagnetj.c.fi el a. PLessur a vel engt h, frequency,, a

anpi 1 tude. 2R afe TR ERRhdeoRe R Ry Hamter Brotdbl ol csomler
wher ei n cont ed 4glind the flRRBdrbpleNingS atdedstitvid diugh@F ABldekoplekat i ve to
said at |east one 25 surface conprises noving said fluid dropl et
into the region of said at | east one surface that is being exposed
to sai d é8ndilhe ometh@l7 of The onetoficthind lany29% mbiersin tHeabiokogical aBd/or chemical
further conprisi.n roviding at |eas sur.faces that. are faci.ng.
each ot her ,rrpfar%plgaﬁ %ﬁgﬁgﬁg%go&esssﬁé#e\gpi&@’t HieeSTQHR ORYHDg oé@ phySical
wetfebi | ity feectidneof katbet Bhtt&ahpediaElo Measingised g tht Lﬂaﬁlg@é,oaplcﬁémicﬂ

that the fluid droplet "remains intact upon being contacte
therewi th. 28actiie anbioplsnied] rehetiom 2 cellwiyeis.eim exitastion | dfiagoldsale from an

posi tion of 2: g gl i r ] A i.d fluid dropl et
bet ween sai d8 Iélaogtaq;} mo?@hﬁ%%ag%%%dgg fS olfl&ﬂ?gtﬁ%rg? magneti c or
el ectromagnetic field, and/or by noving at | east one of the surfaces.

44 29. Bhe meé hrehodlofIMMOIDE whieredd BicPhybical deBoctivh 8aeiish RevefcRtcll fifin the
process on the biological and/or chemcal sanple conprises a step

sel Ect ed f r ofiorR&oRpising of @ snestenssanic, efphatachemigak aipHotomeirr, dflwotametric, a

with a furthgr: filui . X1 d 54interior of the fluid :
Gr opl ot 11 1 it 68 ARcilpel M bR, b B Gklcal o APapiirie, e
and splitti ntdrfepothétuical, ddiFfh&ionbtad athelhBédnati®deedtiont er fluid
droplets. 30. The nethod of any one of clains 1 - 29, wherein the

bi ol ogi cal and/or chem cal _sanple is exposed to a process sel ected
from t he 3gr olipe Esthadset; ¢lgimnBO.awWherpls thg| chemipalieqagtion thnselgctadafromt the group
mat4er suspe : ! i F I e cll .
 Bbchom ol TREGhE ofS ARG Sfithdt, W BeRATP oEerabufh I Shond SRR BRsi,
froman or ganeszynoaticadoggeadbtiai, @ ohemiganimsdificativh, an\eneaibiicaiodifitation, an
thereof. 31..The nethqd of claim 30, wherein the physical detection
reaction i s WETEHOEAIHBNE m%@%&ag SR FRTLOTING Brrear

spectroscopi c, a photochem cal, a photonetric, a fluoronetric, a
33. The method of claim 32, wherein the enzymatic synthesis is selected from the group

25 consisting of a protein synthesis, a nucleic acid synthesis, a peptide synthesis, a

synthesis of a pharmaceutical compound, and any combination thereof.

. 34, The method of any one of claims 1 - 33, wherein the sample is selected from the
group consisting of a soil sample, an air sample, an environmental sample, a cell

30 culture sample, a bone marrow sample, a rainfall sample, a fallout sample, a space
sample, an cXtraterrestrial sample, a sewage sample, a ground water sample, an

abrasion sample, an archaeological sample, a food sample, a blood sample, a serum

sample, a plasma sample, a urine sample, a stool sample, a semen sample, a

lymphatic fluid sample, a cerebrospinal fluid sample, a naspharyngeal wash sample, a -

35 sputum sample, a mouth swab sample, a throat swab sample, a nasal swab sample, a



radi ol ogical, an electrical, an acoustical, an electrochemcal, a
colourimetrical, an interferonetrical, a diffractional, and a

t hernrodynam ¢ detection. 32. The net ho&i of claim 30, wherein the

chemi cal reaction is selected fromthe 5group 20 consisting of a

chem cal synihesis, a cnerri cal d?‘%ra atiﬁ]?1 an tenz¥matli c.s hesi £
an enzymat i cPWBGIRSPIE0AVAES FHITRICat CRUSTRT SEEPEIN SYAPISH 2y itk SAmmple, an
nodi fi cat i onamatic fMiEaapld, AbivpsiRaplel AdhiDGariplb &ChiLsandél aaRIh sample, a
conbi nati on thereof. Sﬂhe n%#?l’od _gf claim 32, V\hereﬁnﬁﬂt he P
enzymati c syfanseEsIanple adenewt semple, 8fistussagiplou p celp samaplag epll pgptefample, a
protein synt J i I i I.de i :
synt hesi s of Olgégp z;lttrugc:ace lgca;foég%gcp%%ﬁ%%]’%zln‘%fegﬁglrpgaéﬁné}lg’n%ﬁ ig%tﬁaﬁ%her%nefgﬁql.on
34. 5The net hgahmé, aproduntionfsatdpdd,n® diug pdparatid@r €intplé,he tHelopicsl h®lecule
selected fromthe, group consisting of a soil sanple, an air sanple,
an envi r onmeRiogRctionfATaDle.q a cofein Jueragation, eaRlpp R elipid PEPRatRY suwple, a

sanple, a rappf R@Pefarafford AahPe §20RLGon B RAGRIRAIR, Ca ?cguﬁ%nn of

d
extraterrestria )}sgnpl ,a sewage sadnpl e, a ground water sanp
abr asi on sanpélgnudievtide,ch adlotiag vt alnuskeipicdd, asdloteh shapeptidea alsbimtidn of a

sanple, a serum sanple, a plasma sanple, a urine sanple, a stoql
sanpl e, a seﬁﬂﬁp@gﬁa %,S"‘émoﬁe FPEOE 4 §‘§HBT’%,° a’inB@Ff‘éIbr%éﬂPﬂ%‘P of a
flujd sanpl esyrh e PBRARFNY SAuLYRENa SRR RIcaPeoirposRidny DsSRABA Bf aff organic
mout h swab sdnple, "a throat swab sanple, a nasal swab sanple, a 4

br onchoal veothemita \cagposition | assohationrafrrohn@gad e chavicalncosmupition, asalitida of

sanple, an amioti Juid sappl e, .a biops | e,. nail sanpl e

a7 sanpi e, S EPkp Aol pa BB < el R ine ) SRR padduct.a
tissue sanpl gluttorcét d dihgBah@idat® hélkéuléd, eSRhRioR T @ugdnol¥duld!s BHltfod T a
sanple, a forensic sanple, an infection sanple, a nosocom al

i nfection 5 éagpheabalityrpauspensin ebaped, a susbenyon oé pariasi asusnERpibe of @
bi gi cal : . or | r.ot ei rat. | &,

a 11 a pr epii st SHSEthA0h SPERIG, SRR iloPRRTba, AoRAR e
sol ution of menltineaid d,combiitiohitisrecdf pol ynucl eoti de, a sol ution

of a nucleic acid, a solution of a peptide, a solution of a

pol ypeptide, a solution of an amino acid, a solution of a protein, a

sol uti on38f A fluidsdmplebcpBppsing msy inngr Hbasgt 4nsh abfouter phgsh earidcal] least one

conpositi On’mgg?e%lcﬁi-aﬂ"agg 1@% j.ganic chenical conposition, a
sol ution of an morgf;anl C clf]e cal ’conposition, a solution of a

lipigd, a sol whiemh tBé odter MR WYtk EbleaviaPih P pRdse farIARP bitet Ha¥e is
chem stry product, a solution of a drug candidate nol ecul e, a

sol ution of surpundingthesionérephase asad film aml, of a  drug netabolite, a
suspension of a cell, a suspension of a virus, a suspension of a 15
mi cr oor gani s¥erginghe pessphage trshieldas fom the epvirpamentdry the owist Bilasalapdy
a solution Oxfwhg‘ein said magnetically attractable particle comprises a ligand that is capable of
binding target matter suspected to be comprised in a biological and/or chemical

25 sample.

36. The fluid droplet of claim 35, wherein the fluid of the inner phase of said fluid droplet

1s a liquid.

30 37. The fluid droplet of claims 35 or 36, wherein the fluid of the inner phase of said fluid
droplet is a liquid and the fluid of the outer phase of said fluid droplet is a liquid.

38. The fluid droplet of any one of claims 35 - 37, wherein the inner phase of the fluid
droplet is a polar liquid and the outer phase of the fluid droplet is a non-polar liquid.



metal ion, and any conbination thereof. 35. A fluid droplet
conprising an inner phase and an outer phase, and at |east one
magnetically attractable particle, 20 erein the outer phase is
immscible with the inner phase, and t outer phase is surroundi ng
the inner phase as a filmand, wherein the inner phase i s shielded

fromthe mf 0 by th ute se nd vm rein_said . .
mgnet i cadty The ANER el BErRIe 5. Bfanh B Tand s of gt id dsnplesiis o
of  bi ndi ng hw@gmlmaﬁﬁrana YR gL ShaloMBe ﬁ@l’ﬂ[ﬂfrbﬁ@tqs h'ﬂy@roph(ﬁll@ﬁhﬁal
and/ or chem cal 25 sanple. 36. The fluid droplet” of claim 35, wherein

the fluid of the inner phase of said fluid droplet is a liquid. 30
37. Jhe f40ui dhe flopl doplef oftdlainndB, 3themin 86, fluvhef i Marteh phdsk s sklextedt e the
i nner phase of said.flui dro Iet iS a uid and the flyid of the
outer phase GUBAPHITING o WGP aRpiim 3T, imglopals & sy geid

of any one ofy GlRkdic &3, an3hter WRGH %i’%&n&ﬂﬁnd %ﬂ%tepbﬁé?llﬁP%&t@a&& WnGther,

droplet is a polar liquid and the outer phase of the f d droplet IS
a non- pol ar Bh @uiing, ah6amige, a Phieild, |auketonk, Gl @ma)detcrgamtnaa&n-mtmerMargent

th eSSl e i, drgpl et hi |
out er phase. SFOPRaK G tintfyaineS s AR s ot

fluig dropl efon@fligli@i m 38, wherein the fluid of the inner phase |s
selected fromthe group consisting of water, deuterium oxide,

tritium oxide, an al cohol, an organic acid, an inorganic acid, an
ester of 44n dhg ﬂnidcdraplietlof any astodclaphs 38 - Mﬂowbanindhaﬁuhﬂ, ofithe euteephase is
an am ne, itrile, an ionic dﬁler

il , .
non- i oni ¢ de?%?cé%‘ﬁpc’% rPehP (‘}P%%](Sll%mo Ol FEPHG) Ot £ Wgngaﬁ;gtnﬁgﬂral oil, a

sul f oxi de, apéduehinatéd @h&Uhflicﬂlﬁi @B%ﬁllgfﬂaﬁfgenaﬂ@d icRfbof ﬁ({ Wi gh atkdne, an
The fluid droplet of any one of clains 40, wherein the fluid of

t helout er phalkens, en allingc taacarpmans cormpesgaben sisifidey and anen-priaaionic
oil, a SI|ICﬁ§$ 0|I a natural oil, a perfluorinated carbon Iiquid,

a partially ogenated car bon quuid, an al kane, an 15 al kene, an

al ki ne, an aromati c conmpound, carbon disulfide, and a non-polar ionic

liquid. 42. Theflhidureplef @Pdngtonefof @RMSBS - @i, Wheérkiaidtat leabiloneigsiRiiBally
said at | east one rragnetl cally attractabl e particle is selected from

the group cofépeeblsgasiclaisdictistedrieam theaioup cpesisting ofr dismesnriigriarticle, a
| A
5 20 he s 1 o S RERHAR e 8 a0 oSO SR e PO e o

ligand is inmobilized on
43. The fluid droplet of any one of claims 35 - 42, wherein said ligand is immobilized on

the surface of the at least one magnetically attractable particle.

25 44. The fluid droplet of claim 43, wherein said ligand is selected from the group
consisting of a crown ether, a peptide, an antibody, a mutein based on a polypeptide
of the lipocalin family, a protein based on the ankyrin or crystalline scaffold, an
avimer, a glubody, a lectin, a nucleic acid, protein A, protein G, an enzyme, a metal
atom, a carbon nanotube, carbon nanofoam, a dye, streptavidin, amylose, maltose,

30 cellulose, chitin, an extracellular matrix, glutathione, calmodulin, gelatine,
polymyxin, heparin, NAD, NADP, lysine, arginine, benzamidine and an

alumosilicate.

45. A method of forming a fluid droplet, which comprises an inner phase, an outer phase

35 and at least one magnetically attractable particle, said method comprising



the surface of the at |east one nagnetically attractable particle. 25
44. The fluid droplet of claim43, wherein said ligand is sel ected
~fromthe group consisting of a crown her, a peptide, an anti body,
a nmutein based on a polypeptide of thé'lipocalin famly, a protein
based on the.ank‘yrj n 3_41' & talline scaffold, an avinmer, a gl ubody,
a lectin, a MEPBfREads %’ot ein A protein G an enzyne, a netal
atom a carbg ] . tavi di n,

anyl ose, malt é@ﬁﬁ@%ﬂ%ﬂnﬁﬁ%@%ﬂm@ﬁ?@}rﬁ@ﬁ@é@%‘tﬁ%g%rt Flﬁ ar matrix,

gl utat hi one, oCalniRAHL ithe 98! MiiliNGd thP YRR h%?@a'ﬁrmlixlg? ﬁ\!ﬁ@@ t
| ysi ne, arginine, l_)(_a%zam'_di ne 1and an al urms?ﬁl | cat e.yl 45. ?ret 1o T%Pfle
form ng a flui cordprgihgean invier phasgompt ars esteaphasenédre prsadlaid mmmg the inner

pha 35 and at least o netically attractable particle, said
met od conpri sP %‘fﬁOﬂ%feﬁﬁg’gﬁ%ecanﬁP@f&Fm%@e oy d’@‘iaﬁﬁ’ng a second
fluid that i gl bﬂeﬁs_t\ﬁlhéBﬁl@ﬁ&iCﬁll?ﬁﬁraEﬂab‘le%rtic‘l?é?nt acting the first

ly
fluid and the s_eco_ng fluid, thereby Tormng a fluid droplet
conpri si ng am dispesing ptid gbleasidng magnetallp Atsetablemartiale imto fhie divitl droplet.ng

the inner 5_phase, .surrounded he second fluid fqorm he outer
phase.  provP ARl s PEBERERY Sleie BEFRY Sarinfiuts adieb O FEpHbE of
di sposi ng sabfudily faBR8mARe IBWHRRHI ©abd YombiisaCir bl ioRalchl eéhdol Ghémical
the fluid droplet, wherein said magnetically attractable particle
co¥tises a PaAMd that is capable of binding target matter

suspected to be conprised in a biological and/or chem cal 10 sanple.

46. The th of .cl,ai-m 45, .wherein id first fluid.is provided
frrst o T ThBe Mer B ats sy WiGEn YRt bif Feep el B, o and ¢ ne
second fluid are provided 15 sinultaneously. 48. The nethod of any

one of claj Mphdmetholi’of MhRK 85 NwhBRirAthel 836 HuRNGARMENREI LY are provided
attractable particle is disposed into the first fluid before said

drold et of t#Hewdtapepuslyl uid s dispensed into the second fluid. 20
49. The nethod of any one of clains 45 - 48, wherein contacting the

first fly,d and the . second fluid.includes dispenging a droplet of.
the fir s%‘h‘f | ﬁ'ﬁ% rrbq?ltfo(gl ?Iﬁgnys 88%8% C?E}IIHF di'S - 37, wheren ale % leasq on% magneLcally
attractable particle is disposed into the first fluid before said droplet of the first fluid

is dispensed into the second fluid.

20 ]
49. The method of any one of claims 45 - 48, wherein contacting the first fluid and the

second fluid includes dispensing a droplet of the first fluid onto the second fluid.



