APPARATUS FOR PROCESSI NG A Bl OLOG CAL AND/ OR CHEM CAL SAMPLE

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clainms the
benefit oWopoicorid7rg of US provisional application No. 62C1B&28H0p008% | ed
March 10, 2009, the content of it being hereby incorporated by reference in
its entirety for all purposes. FIELD OF THE | NVENTI ON [ 0002] The present
invention refers to an apparatus for ,processing at | east one biol ogical
and/ or chem cal sanple, in particular a biological and/or chem cal sanple

ina fl NT 003] Mniaturization of
devi ces&]iL %@H§ﬁ£%?§%gﬁﬂ;ﬁgﬁgﬁ “HIQ\I fé’& AEEMY CAL SAMRLE has | ead
to the devel opnent of mcrofluidic devices that control the flow of liquid
and permt the perfornance of a nunber of chem cal and bi ol ogi cal

reactions. HoweveFRUSRREFERENGE dO RELAIERAPELIRAJIONSg a conventi onal
gener alfoguin poi‘ﬁlsfa?ﬁmaﬁbﬁ V1B HAb QLN msrfbn%y 8t @g'rlgrgggg?gfagpﬂcaﬁ&? NpO the

l'ack of ap e m croconponents, such m S or

ro
ni cPof |6|1f1é§»§52rﬁ1%‘1 Magoh 1902Q09; ﬁﬁscomﬁntrqfhféleml@rebymmw&b}sred@ermrf: fren not
meet mlggleﬂgre{ngymﬁg? s. Therefore, an open-well design, typically a
mul tiwell-plate requently enpl oyed in conbination wi th automated
m Xxi ng- and washi ng devi ces. Al so, such systens perform sanpl e preparation
off-chip and rely for exa m croscope for optical
measur enents, such as fl ug'rﬂg%gnce %@’{mlﬁr@ . [0004] Wth respect to
pr ocesg00a2hi afhe pmadnt inveatheh sefiéro tadn apparatusdompoegssihg i RAst ©he Blolypical s has

i dDnart G T AR P POPT PHEY FeBe Pl (ot o

2004/ 030820). Several |abon- a-chip (LOC), micro total analysis ( TAS), and

bi ol ogi cal m croel ectr I st ens_(Bi oOMEMS) have been devel oped for

novi ng, mnerging/ mxi ngolggéka ‘i’ﬁam ﬁ&%&%’?’ﬁb@@%rom ets on surfaces,

s uc h aSEO(EB gCt mm&ﬁ;hkaﬂﬁm%f- &Bv@e@%{ feCoheMED)phbRRlchatekl ald ﬁoteahoﬁd cal 2000,
Lett 1725), surface acoustic waves

(W xt oo i Tedto e G stopneRtmierachoferiies B azyro! deelose of bphbResi s
(GascoyBenit thepetforincdlof a z%g%ler df%Helﬁ{Eé‘l an@hh@lo%x\éﬁll refetiol®: I%%ge)ve %Bc% local l'y

asymmetric environnents (Dani el Langmui r,

pp. 424@%Vicerrlegit AR dernscaling a penversional; ag@raﬂamosgo@xeamtmiaﬁomtory onto

per f or giRGREAIGIh] Al OB B o gfﬁﬁ'ncgn BRI rochg orftls! bdek 2k Ricroseparators
separate/purify/isolate startin terla reaction products from
crude or nyenplters orisignat dstectors. Furthermore, such devwes do often not meet mixing

requirements. Therefore, an open-well design, typically a multiwell-plate, is frequently
20  employed in combination with automated mixing- and washing devices. Also, such systems
perform sample preparation off-chip and rely for example on a conventional microscope for
optical measurements, such as fluorescence measurements. ‘
[0004] With respect to process miniaturization and automation, the manipulation of
droplets has recently received considerable interest due fo the possibility of isolating and
25  handling volumes down to the picoliter/femtoliter range (e.g. 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—dieleétric (EWOD) (Pollack, M.G.
et al., 2000, Appl. Phys. Lett., vol.77, pp.1725), surface acoustic waves (SAW) (Wixforth, A.
30  etal, 2002, mstnews, vol.5, pp.42), dielectrophoresis (Gascoyne, P.R.C. et al., 2004, Lab-on-
a-Chip, vol.4, pp.299), and locally asymmetric environments (Daniel, S. et al., 2005,
Langmuir, vol.21, pp.4240). These methods lack the most important operation for performing



[ 0005] Thus, it is an object of the present invention to provide
m ni aturi zed devices which are suitable to overcone at | east sone of the
above probbens/108WMARY OF THE | NVENTI ON [ 0006] In a fi pstr/Seepembgost he
present invention is directed at an apparatus for processing at |east one
bi ol ogi cal and/or chem cal sanple. The apparatus conprises or consists of:
a substrate having a fluid contact surface; wherein the fluid contact
surface conprises a texture and a wettability adapted to allow a fluid
droplet_arr eable thereon o remain intact .ypon being contacted with the
fluid éS‘%ﬁe&@g"s‘anglﬁ%lé’YS‘f"’Sieﬁ-eé‘S Y i %ﬁ’?ara'tefﬂuélﬁlﬁolaﬁe“ Brigrigh @4 nt r ol
nmodul e redctian gedutte froMdnidd oricb@pleg A Ur € in at | east one different
tenperi@&gﬁ Zﬁne at. the fluid contact surface of the substrate; a rotatable
Fra

pl atfo By TR 2 RRee s di Rreseat iggengen fqproyidg nHnigtrzeidevises vhisk of t he

subst r atesuithietebvErdod®: dt Masl BRI RlAbIA RMORr | ses: a magnetic field
generator; wherein the magnetic field generator is vertically novable

paréllel to the rotational axis of the rotatable platform and at |east one

optical unit adapted to &fNmMARY OP VN e specific wavel ength and
to detect |light of at |east one speclifr |cn\}wave'rled;118th. [0007] In another

aspect (0009 plres dintt afpeete the wesentindentivo tiedirdctedant sy spramataofop prakssngot

consi std i @B ' herein and magnetically.attractable
mat t er .é%g%r%ﬁl&}?%@%%%?ﬁ}e@?g%zg#ﬁ %’g%leﬁ?%agae T COPRBR TSRS B rected to a
net hod -of a putotrats diavigg atfluid agttac werfiriepivbgtinahe dnid/ @htachapfacatorsas . The

nmet,jod r.ises or,.consists. of: dispqsing at |east one fluid droplet onto
af Pui é& glglﬁtagéf‘ Wseg[?l?lg%’ea%g?tagtosad%&? ﬁ{ﬂg %?pq?tﬁga%%?ﬁ P fieondaiepaib Edecher ei n;
and pempaun heingcantqtadosigsthe Auidienbiouefii clthewbétore, chermi cal sanple in the at

| east one flujid droplet; wherein the flujd droplet conprises an inner phase
and an 'ou?té?asio?{ﬁgfér?g re geatrdimodulargged to santeel thestempempieg 1)aglogstone t he

i nner  gir&sent tafstrdtie zokK & thdias Sodtsct Sdc0 WPk BehstA@; | Nner phase, and
hase conprises the biological and/or chem cal sanple,

wherein the inner. bi o] I
and thé i%ﬁc&?ta‘aﬁé%%f% AHngtdi ey the gprostie sida i ithe it canjact igerfasgtadrthphase;

whesei Bubsi@te! WHiBindRORtRILICAT S &npIREGet i cal |y attractable
material .[0009] In still another aspect the present invention is directed

to the use 8Magpctigdisk} eangEtefewhereindbe magnstin fifldrgeoerntoy isrngrtivally momatdt ei ¢ aci d
ampl i f bgahtiap tHYrBfafiGimal 2B HRe RSk Bﬁkfg}{l;%dTHE DRAW NGS
- at least one optical unit adapted to emit light of at least one specific wavelength and to
detect light of at least one specific wavelength.
20 [0007] In another aspect, the present invention is directed to a system comprising or
consisting of an apparatus described herein and magnetically attractable matter.
[0008] In another aspect, the present invention is directed to a method of processing.at
least one biological and/or chemical sample. The method comprises or consists of:
- disposing at least one fluid droplet onto a fluid coﬁtact surface of a substrate of the
25  apparatus described herein; and
- performing a process on the biological and/or chemical sample in the at least one fluid
droplet; wherein the fluid droplet comprises an inner phase and an outer phase, and wherein
the outer phase is immiscible with the inner phase, and the outer phase is surrounding the
inner phase, and wherein the inner phase comprises the biological and/or chemical sample,
30  and the inner phase is shielded from the environment by the outer phase; wherein the fluid

droplet comprises magnetically attractable material.



[ 0010] The invention wll be better understood with reference to the
detail ed description when considered in conjunction with the non-limting
exanpl es woadotone4geconpanyi ng drawi ngs, in which: [001 PLTRGgo10bho@sOWS a
schematic view of the support structure 55 and the rotatable platform 15
mounted On it. [0012] Fig. 2 illustrates a top view of the apparatus with
the support structure 55 and the rotatable platform 15 and the fluid
contact surface 57 of the substrate. [0013] Fig. 3 shows a sectional view

throug S the r atab tfar ical unit of the

rot at ab Obb%l aLi %rlpn%éﬁ “ ﬁgecéﬁbp%ﬁen iy e ltoﬂrlﬁmrf w]éwge ASIPREME di agr am
i |1 ust rdeséntgd hlaeid fortdrryodg cdﬁmameleraCIala@hﬁwioﬁgrd@@@. estimated by diluting
5'-1abel ed 5' - AGGTCGGGTGGECGEGTCGITA-S' (SEQ ID NO 4). The solid lines
denote the linear regression and the background including 3 tines the

i gnal to- noi se rat | BRAEHRSCHIPFON OF THIPDRAEN@s i agram wi th t he
res 5[8&932“ lé,g]leescence measurenents generated during a TagM an based

dupl’e SRy $ell i petesy apdergitethwith aefersncastodthel detaidedodeserdpgionar get

open Symeaok t L Of o LAC (solid
gylrorbol 10 ?3})1‘@2%?% eac ﬁﬁéﬂ %}%eth? g%oélelg}n mgrc%?lgﬁp%gglééd aggo Wé‘%x Red]

and foqu%wasslﬂhwil}?b bl ue [yell ow] channel. Contrary to an (external)
posi tiveoLgnt E@d.. 1 3pHPNLAL S 3 ifle th the
t ar get V[DNA(?r n t%e very sar?g%?tdb‘g‘ {éfr%i; Heg?;u venHk1 %53%5‘5%%? é‘gfﬂ!ﬂﬁm
pr esentplatfvrmﬁém@tmﬁﬁdemlan | AC effects a posr tive control signal. In th| S

t drstln ble froma false-negative
one duetbto Pﬁ%%ﬁ?@@[ﬂ@ﬁéwﬁ he'pRa gty &%ﬁ‘gsg UPREt LSRG e for a
HI V-1 qm@mbmagonnuﬁand:rhedtmmmmcsspﬁnasmmaarusﬁaat s (perforned in
duplicaf otted Ver sys th f the nunber of HI V-1 CDNA copi es.
The opg &gjﬁa '%qaoé RS %rrs% Vﬁ‘ae‘ﬁﬁl%r Bg“ %‘f’ hpiaLs the patablei RatfirmeRn | i ne i s
a I|ne@ptlcz&gnﬁsﬁthemotﬁﬂable@ﬁﬁ"ﬂn9&9@)&s&}fpoftf&&u@uz‘ém ues; the dashed |ines
denot e confidence Iimts. The PCR effj ci ency was 91%

|
10- 109! (g%ﬂes%gﬁr O\ée o Wugfeabige jthe Jingt of detegiian GbODDIWhieh [FEO17] Fi g.

7 depi ebtsmaedby ﬂiﬂtiﬂg@-lzﬂ%ﬁml’-ﬁ%@fc@@@?@@@é@@@@ T (SRR ROUAE Cont T ol
enp rature

nodul e, h%gg‘gﬂ; dg 8 shows schenati cal Ig an enbodi ment
controlT 1 ef“i’f@ thesaiegressim adche hacketopohinckiding ¥ vimes helsignal- A heat er
600 ando-poisensiol3 SiR)are each

[0015]  Fig. 5 shows a diagram with the results of fluorescence measurements generated

during a TagMan based duplex qPCR. Detection of different quantitation standards of the
20  target (open symbols, 0-10° copies/reaction) in the presence of the IAC (solid symbols, 10
copies/reaction). The target [TAC] is labeled by FAM [TxRed] and followed in the blue
[yellow] channel. Contrary to an (external) positive conirol, a nontarget IAC 'is
simultaneously coamplified with the target DNA in the very same fluid droplet. Even though
no target DNA is present in the sample, an IAC effects a pésitive control signal. In this way,
25  atrue negative PCR result is distinguishable from a false-negative one due to PCR failure.
[0016]  Fig. 6 illustrates the standard curve for a HIV-1 gPCR assay. The Cr of nine
separate experiments (performed in duplicates) were plotted versus the log of the number of
HIV-1 cDNA copies. The open black squares are the means of CT values; the solid black line
is a linear regression fit (R2=0.9993) of the Cy values; the dashed lines denote the upper and
30  lower confidence limits. The PCR efficiency was 91%. 10-10° copies of HIV-1 cDNA were

used in 2.5 pL reaction volume.



concentric, with the heater 600 surroundi ng the sensor 620. The heat
conductor 630 includes two concentric parts, connected by a |linker 640, as
wel | as awoadigiayyed part of a | ength 650. hi this enboscmsceroiotoh@sar ea of
heating zone is defined by the boarders of the heat conductor (630). [0019]
Fig. 9 depicts a schematic cross-section of an enbodi ment of a tenperature
control nodule. The sanple is a liquid droplet 570, which includes an inner
510 and an outer phase 520. A substrite 530 contacts a concentric heat
conductﬁ§ 40 ,m@“f in. turn in contact mnth a concentric heater 550 and
a concdft¥ilc Eigndd epg‘"ésono“[ bBep xigples of prssibis shapespi sy GmpaBiIe BOWochg t he
substrag®ium th fluid droplets arranged on the fluid contact surface of the
substrate. The tenperature control nodules are soldered to a Printed

Gi r cui tOBS§4r dFigr8showssehgmatically pe eabedimert af@ temperanesreneitmetleefdhy| ass

slide agp@a5iRsthdientiD 2l ol béi&wd%phgegér god %lﬂa)%rs%hw S610' T8 REPT! e

during a PCR using the apparatus and net resent ‘i nvention.

r eqdi r egnesplrg, witk tor B swrovedipe et senser 2@ r"léaaéxeatfqondncﬁﬁ 68 Cirtcbudbst OC,

whi |l e Lfi ter, s .controlle D system
[0022] ”ﬁ?‘a@%&ﬁégéﬁt@?‘éﬁ%&%ﬁ?k?ﬁ&%@%‘9‘ ea‘%%ec} Hs d m&r?% Redip ﬁ“&gf‘%’i&@ ‘%"Opl et 700

by neans thef embalgnendhd agplofheafilf zowe it dpfineddy thaﬁboaa&ry\@ﬂ the Béat Sord@ctet ew ( B),
depictké% a magnet 710 under a fluid contact surface of a substrate 715.
[ 0023] & 13 depicts a genetic analysis of a blood droplet sanple using

t h e metoaid] of Figh® depivie atstimatic etds@@eﬁms ofdnCeriliddiifent 6f { teRPbiatiebdngad
in droplets 735, isolated, washed,

bl 0
haP ety TR G B defen S, P EnS e SHE o REByPINg n 1 1 m

s ens or $20.30 ,sumdtersm&@ﬁ DYorlcOMBE H6at cbAdRE158Y] Which RN tufPlnl QfRd: bY
olyneraie chai n reactlon (PCR) and pyrosequen0|ng (PSQ . The arrows

i ndi cat’8hiafenesnfriccieptsn 554 and groapeniselsgsfPe i s noved. [0024] FIG 14 shows
an enbeglinpnt Fif 16 hsgla@a%%ga p@hotif b &oRAhrelMEMNL ARbpld difed'ch () -

Figure 14 (B) and how a possi bl e conbi nation wt m cro
uni t i A fad ﬁ@nt%t @i @ﬁh%lgnbétﬁata Téiéﬁqnmr@tu@mmloﬁoww msqldmedmaaf d The

whgke @ﬁﬁéﬂt&}’cuﬁgﬂﬂ?d %@e%&%ﬁ%ﬁ@%hwé nrng%a%ﬂ?q hré gﬁ% %1 2R, Fig. 15

shows the result I stance suré a cone
shaped sgstratanent nmagnet made of an aIon of NdFeB (from Neotexx) and a

per rran%%lj’ragfjﬁt lﬁgﬁcﬁfa {e%er%{‘u%%mg profﬁe ﬁunng a PCR using the apparatus and

method of the present invention. It requires only 2 seconds for a temperature decrease from
94 °C to 54 °C, while heating is significantly faster, as it is controlled by a PID system.

20  [0022] Fig.} 12 depicts a washing process of a sample in a fluid droplet 700 by means of a
second droplet 705 in top view (A) as well as side view (B), depicting a magnet 710 under a
fluid contact surface of a substrate 715.
[0023]  Fig. 13 depicts a genetic analysis of a blood droplet sample using the method of the
invention. Leukocytes are bound to functionalized magnetically attractable particles 720 in

25  droplets 735, isolated, washed, thermally lysed by means of thin film heaters 725 controlled by
thin film sensors 730, and processed by reverse transcription (RT), followed by polymerase chain
reaction (PCR) and pyrosequencing (PSQ). The arrows indicate the direction, in which the
sample is moved.
[0024]  FIG. 14 shows an embodiment of the apparatus of the present invention (Figure 14

30 (A)). Figure 14 (B) and (C) show a possible combinétion with a microcontroller unit
including a TFT display on a separate STM3210E-evaluation board. The whole assembly
shown in Figure 14 (A) weights around 0.4 kg.



DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTION [0026] In a first aspect the
present invention refers to an apparatus for processing at |east one

bi ol ogi cavoantywu478hen cal sanpl e. The apparatus conpri PET/S&26108608at €
having a fluid contact surface. The fluid contact surface conprises a
texture and a wettability adapted to allow a fluid droplet arrangeable
thereon to remain intact upon being gontacted with the fluid contact
surface of the substrate The apparafus al so conprises at |east one or two

t enper r rrapged t.o control the tenperature in at |east
one or a[g)%ed rlgnsthot’vé %F‘-’ét ‘g’ﬂﬁt" ¢ fpree-fistapeq, MeaWEHReAE Wi 2f 988 of t he
substr Eshq)edﬁi&rhhl&ht enpdti Bt b5 arii all®f af Naren Rhradl WedTe:a) 80 3efkrRBndne
opposite side f the fl u g contact surface of the substrate.” The rotatable
pl atfor‘?ﬁgBStn‘B‘? §W%1fta?8 %%ne or two magnetic field generator; wherein

the magnetic field generator is vertically novable parallel to the
rotational axis of the rotatable platform- The rotatable platformalso

conpri ses at | ABTASHEDRHESGRIBHION QF THERRESENT JNYENIIONo emt li ght of
one or ea o h qne, or at
| east Og%%ﬁ?ﬁ?%‘%%ﬁgﬂg%g%%ﬁ%g@%%egé‘%p%a %@g (élj crrg? tss er e| n can be
used f ®ne mlqim@é andfpr ekantigal ;sgmplet Thé anplastiscaimpoisesch eutistrate haﬁagtalthmd; in
dropIe V, noliter v ne Thos ncl udi ng
smal | r op e%ugﬂ%eagq%gfug‘grhélﬁgeé%ﬁ%% at therd i P At acte 3%%3'5% t8ﬁ5 % he
appar ataﬂewafﬂmméropreE&emtgealh’wmetaonm ffeﬁfanﬁnanpipenlbmnghemaaémﬁrth deshiid bed in
009026387 WO 2007/ Q94744 Al er, J., Inoue, M, et al,
(2067, REKI e yegr bRl T2 gobring dho sspfSesy eapimagy S ikaboinc he
appar atcostralf mbhdespagaeRt onvaitidl Ghe abhgdiguieOin anlidast Oné kI ikoOdffefeae N
bi ochegt? cal or chem Ic)aﬂﬁ%ﬁlufdgtl ons at the fluid contact surface of the

subst r ATEPHIrCAF0ES FontpRt SYFEaRr ok depfubsiiaie eFwiher icpmREsedsisng t he at

| east oo@table platRrARikERd ditht Sppddite GiabLtheifiid AfitRPPRFARL B 1RsubdgiePr eseNnt
i nventi g\F This construction avoids the use of bulky mcroscopes which in

many appfirtiaiplsilatipaiecomprises ddeast pvr o tyeemagnstis Jigkd ganaratossyihereipfthe he
bi ag hemGaktiOficl& BEIEr A& is rv%ﬁ%ll? thodbdie Béﬁ%fléi So @%dr FBAd1 aa%ﬁ%fftﬁeof&a&%?e

m ni aturi zed device or which have to be place ove mniaturi zed

devi ce Plagforpniiegptatable matﬁgme@@ evfnpribes abieggivaaraio epticalheits cath adgaed | ons

whil e theyitiakeoPlRE d I r f the present

i nvention %3. i%gw% carryal 2%%%?6 Sﬁu‘ﬁggkﬁvﬁle@&%}%&%&ﬁ@%&ﬁ%ﬁ% ? Ui d %:tgn gct

sur f acenaspecific vaphengthre. This is of particul ar inportance because

gggff{@d%%ﬁs e SpPHhs SAMBIRY RELE Y {8a CRM A Gho KX RS LIS ouf UCh as
20  biochemical or chemical reactions in droplets having a microliter or nanoliter volume. Those

methods including small droplets can be carried out at the fluid contact surface of the
apparatus of the present invention for example in the manner described in US 20090263870
Al, WO 2007/094744 Al or Pipper, I., Inoue, M., et al. (2007, Nature Medicine; vol.13,
n0.10, pp.1259).

25 [0028] Moreover, the apparatus of the present invention allows not only to carry out such
biochemical or chemical reactions at the fluid contact surface of the substrate but also to
monitor the progress of those reactions using the at least one or two optical units integrated in
the apparatus of the present invention. This construction avoids the use of bulky microscopes
which in many applications have to be used to either analyze the result of the biochemical or

30 chemical reaction afterwards and separated from the miniaturized device or which have to be
placed above the miniaturized device to monitor the progress of the biochemical or chemical

reactions while they take place.



negative controls. The setup of the apparatus of the present invention
allows neasuring nultiple sanples at the sane tinme. [0030] Al so, the use of
one or noweopiioesrs unit all ows subjecting each sanpl e PoTdiGRE®I0ENIS4

wavel ength. I n case, for exanple, a polynerase chain reaction is carried
out at the fluid contact surface of the apparatus, it is possible to carry
out nultiplex PCRs including several targets and nultiple different
optically active substances such asf | uorophores. Thus, the apparatus

descri er erfor m sanpl e, preparation, processi ng and
moni t OE&%& ? ?I}’m?%gmﬁar“r‘ﬁ 0 ﬁ’@(ﬂ?asﬂm inNention allopa caryigs fws arulBdel her ei n
the at réa%ﬁﬁﬁs e@ﬁl@ﬂﬁfd do¥@ctaRitheealt tHéiafne tiMdl This &3 p Ql%cﬁ'l%xeﬂlea gﬂ'an{mb&ug ing the

progress of the biochem cal or chem cal reactions in th I ca and/ or
chemi cHICASHRPFHs & single stBRlE" GHCB Tequiteenik gxpeimenisosacha bt @Optl‘ait porm This

pl at f ogy ;ﬁ@@ R8rQf. 2Ry s&ﬁ}?‘B? thd 85 m the ﬂe%ﬂyﬂ{vgntlo?f %li:ot%aﬁle lt‘l?%r m

polgangu such as hexagonal or oct agonal tatiron o
al | vvsnp%ﬁ’lﬁﬁmlf’ﬁgatﬁhﬁéampﬁlh@al units and the magnetic f| el d generator under

ﬁrggng{ ?@@ﬁ el %ﬁsg? té{rillg r é{{ Oro%g%ﬁ%%ﬁéé&p&%bﬁ{ eds o%sé&bhe%nﬁgg ﬂ31§It° Ei#%feg are
arr ang@dlvglnnahclnr cast,afor exdnple,om polyeerast ahaib lreacfibm s Oe[rﬁ‘ed ‘bheatcihe qliid@r or bi t

g:) nggt g{;@%%isﬁ? %dar?‘%’)“gtg{ﬁs,1 fsfp%%séLIS S%ﬁ“&%@é@b "elgégrﬁﬂ%" ‘é‘i’?% e at ure

de5| r alual;rgets ané mﬁﬂﬂilﬂe tdifadrertt r@uem@pmm sGiesPanbes, PO i BEGEpHdréshThud, NBe conf I nes
he. sanpl.es t o be exam ned can be subj ect ed

g ﬁerat%{l e LN Y\P/n
eeein Ylpats PRCORDinR SRhRIF PEspREfdTYy PRSGHIECHIANAERS PCR. | t
| s al sanmﬁ@ulfd)(gpﬁm p05| tion different optical units and the nagnetic field

gener at or ?n fllfferent circular orbits on the rotatable platform In one
enbodi L‘é%l n the a Hfescrigd hereinihe gt legst ng prdvosmEcalagtie whish takbe

gener aygdd: foirh’rﬁ)nﬂbﬁﬁgeﬂhg Eo &G 1BE Ttﬂecblt)é}félnqlcag BP et §ea%ﬁ9nsqr']tth§ b roll%"éw?{] S ca n b e

pl aced on the sane or erent circular orbits on't
t he spaedonehoppeal sargple at@oqartaas@d e pY Heasrafd intrerotatabbe platfemc Ahisplatiered or e

ool yz S oY of A Py fof cRiafle 2L e, QRERAT Ib Byl TREL s hoSATRI 6 Eﬁebiet
of at PetagenapRetabion pﬁ\ﬁjle @btfpnalallm positmnthgdle dpgiagtungn endothe lmagnemghﬁi ic field
genera N QuLEr ar_or tform

whi ch B{er glglgira%{ ogt% hog)ﬁ ?‘gtpgggfgrc fhot Sflrffcl‘f'ne Ma?&pg?aﬁsv\%ﬁf h’iﬁ%%)gﬂ ¢ set of

at | eaﬁ'@ld(zmera‘mr awbothe pt legsh bneio tha c@ndalanutst aasi:ramg&é ofila direblaiegi @hitle

fieldg ALohscarer OSItlone inner __cir r.orbit of the platform
The po%ﬁ%‘a 5 B fotn‘t"}e %tclrﬁ%lt?r g’ft "i’eﬁ’elsoatll‘tgﬁ?dc E the, ﬁElrleaEtl PRUPTEAY Dr bi t
r e@t i dﬂ'fetemt emﬁermﬂa&ronm the fiaidggeice durfiRe df li@substrate. This alignment is

desirable to ensure that the droplets can be positioned within the confines of a temperature

zone in which the samples to be examined can be subjected to a thermal treatment, such as a
thermal cycling required during a PCR. It is also possible to position different optical units
and the magnetic field generator on different circular orbits on the rotatable platform. In one
25  embodiment, it is possible to use also more than one magnetic field generator. The different
magnetic field generators and optical units can be placed on the same or different circular
orbits on the platform. This, way the space at the fluid contact surface of the substrate can be
used more efficiently which would also allow increasing the number of samples to be
analyzed at the fluid contact surface of the platform. For example, one set of at least one or
30  two optical units and at least one or two magnetic field generator can be positioned on an
outer circular orbit of the platform which is closer to the outer boarder of the platform while

another set of at least one or two optical units and at least one or two magnetic field



i ncorporation of several optical units in the rotatable platform [0032]
The function of the at | east one or two optical units is two-fold. At first
an opti cavounioiiokssused for excitation of the optical aeCise20mloeamsses

whi ch can be conprised in the fluid droplets at the fluid contact surface
of the substrate. Secondly, the optical unit directs any optical signal
generated by any such optical active nolecule to a detector. Since sone
optical active nolecules require a certain exci tati on wavel ength, the
optical units can he chosen to di light -0 ere I hs to the
f1uid generplost 718 posibrusd o8 2 FPEh Rop o, DTt S ?‘*} ﬂ% Sﬂ °n\twﬁ\éﬁs§9g%lr ate.

[ 0033] 5[ %51%9 bSter a1 Rt Eiddul irbit f&zﬁtﬁlrel’tedaaﬂﬁoﬂﬂaf &Jnrbecsmggmeéée atlow

ex0|tat| on |1 ght source adapted to ﬂe excitation light either of a
speci flngormrﬁqlﬂeoﬁmwﬂéﬁ’éﬁaéuws IBfthecﬁOPaFBi’:{ee ptfaPeci fi ¢ wavel engt hs. The

opt i Caljp ' t T[fﬂérﬁng‘:ﬁ{on%? R & %e%§t cﬁle%?rt@(g Bb@(ﬁl mdub evata@tadiktandiptiedt | i ght
S

of a ecific wavel ength or Iight of | east two specifjc wavel ength
eni4 t exhibiy usedcfonpodtatioroef(thy omwalaavtlb?)mp@avlewmdoémﬁﬂ @é‘&ﬂ”éf‘%)n SHYCi sed in a

fluid (gr glg{seé tfgr ha@gc%%gl su?ﬂ Bfeﬂlfelslt{bgra@é) %%@&Hlys Wef @ftRal0knit MeechUAStrate to

a phot he op i cal unit(s) further conprise a |light selecting
and guopiicamgev gﬁﬁratéﬂlw dniyghdh lecelcacnﬁ@nxahdulgm dlilqiertereVineesamgrnsisal

positioned t ect the excitati t I | et
arrang%%’ﬁ?é“o‘?? %ée?‘i“iﬁ. CegSIRteé(c’ttatf;&t}r ace g[? ?’rﬁ%\ﬁﬁg g%?ﬁ%aten %Hn%mg%lp‘t%o di rect

light ek i1t dfffepent tlaeelédgtiisdo drediid troplet(aXigesdsl an thaflnidecofifact syrfaesnt act
surface_ of the substrate to the detection nodule. The apparatus can
coh%rlgféthaﬁuhsg%*t one or at least two or at least three or at |east four

opti calood®j t STherdfotes a@'ogﬁbap QBi$ irdibed fd)alﬁerélh &oﬁ\ppms ahuscitivprlighesomesr e t han
four optical units. I n one er}b tlhe exlg i tati on: Al hi, source
can beadantedxlei prayide r?xﬁlltqupé rlight SIRE P Sl?fiCH ?‘“WF@WIV 801 RSt 5 he

speci f e @bN&M ufif AL J:d se@4THdtkdti0g niﬁdﬁle&ﬂhptédlto&h&ct
errbodi nt \éﬁhvgfégéths 3 f | P nﬂh’l

, excitation filter is either a si.n P %’[IOI’]theI‘
or ' clghse spocia st pr deit el s BNSHY feseRhat i Bl 1y
Opé cal s (%ﬁ? 3{52 %{1,08% 9&1\%%019&11&%%1&19&6@%'&1{11@ drb'plf%ﬂ aiﬁhg&‘b&lkﬁﬁ

oscop p scopy applicati'ons.” An excitation fil ter ﬁ used for

sel ect ﬂmnﬂmﬁ tontcaturfeasi theeutsietettatd photaedpiriongts epticel gpifsx 4 1i ght
source. SOME arelx %lgcl;et%%l a%ﬂi tg{:l%{ni d%@lngcfhel 1'1@1'9 EelQJtmé eh@hivRlYietiae tin be

wavel efiftt S¢ X t source. The excitation filters used
By COMBsitidhed tom) dirbot s excitstivor hg}pa@sarﬂlthq érid chmetmg@absow thetfBis o her

17 SR 9 b bl Lo RS TAE: SFS: RietpgReun o
h0|2@9r afhhgeadle fdy att floid @nddct R@faceesfcthe substrate to the detection module. The
apparatus can comprise at least one or at least two or at least three or at least four optical
units. It is also possible that the apparatus comprises more than four optical units.
[0034] In one embcodiment, the excitation light source can be an excitation filter adapted
to filter 1ight of at least one specific wavelength received from a light emitting system. In one
25  embodiment, the excitation filter is either a single band excitation filter or a dualband
excitation filter. An excitation filter is a high quality optical-glass filter, which can be used
for example in fluorescence microscopy and spectroscopy applications. An excitation filter is
used for selection of the at least one excitation wavelength of light from a light source. Some
excitation filters select light of relatively short wavelengths from an excitation light source.
30 The excitation filters used may come in 2 main types - short pass filters and band pass filters.

Other forms of excitation filters include monochromators, wedge prisms coupled with a



[0035] Thus, the filters used herein allow filtering light froma conmon

| i ght source or fromdifferent |light sources to select a desired wavel ength
whi ch i s weediww4e8ci te conpositions or optical active rorscab®mosisich are
conprised in a fluid droplet at the fluid contact surface of the substrate.
[ 0036] The apparatus is designed so that the excitation |light source or the
excitation filter is renovably arranged within the rotatable platform of

t he apparatus. Thus, depending on the application they can be replaced with
an excitation |ight source or ap excjtation filter. providing.excitation

|i ght BFToy R EPEAgeries) ol the ST EIoROHEh ) s Psgdofag‘ﬁ}f’fﬁréél‘?gi bagtgla7] 1n

or der glq%iﬁ@[gc_speci fically select the em ssion wavel ength of the |ight

emtte romthe co&position or the optical active nol ecul§l and to renove
t r aces[@985kxcThuat therfilferyyhted herest allaye filleringheht frpp Aicewimon 1ighf sRYCLYn be

sed. 1 SS] i r S (of e fid fotiteed to
u A ﬁifﬂa?enft'l%lg %)iuf’c{eg rt,H %ézéc{ Y @es?r][eg N eldnge wiichl Id L8 EefeREifee

also as interfere cause of the way in which they bl ock the out
of Bandohpaitens sspptival hetivemicdeastes evhich are compsiseiin e fhid dseplebatethy uihy

transm s§i on gaut s%?‘g Q!;str%{%ei r characteristic bandpass. Thus, they are very
ef fici MG ATEEP &Y PR T HE desired excitation and eni ssion wavel engt hs.

[ 0038] [(36] ef Ditecspphranerie designedisortint {heteheitatien dighti sonrcenotitheexeitsitipn fi¥ed i n t he

appar atus descri bed herein, can m sshkon filte | fdlter
Bt GTemO G e B e PPUE§T0e dmtaptt TR 2k dn
fluid dpmprhkdn aichan@aeBd replard twith fh Lixditaiont light sourcé areanobxditigors Gilket rate. 1 n
one enbodi ment a dualg?lagg em iqsi n fi.](tb r i%l %seddca abtl.e of filter |ight
of 18t Peyiding qysitetionlighbpt 2 WAYS ) it feofﬁé F CTYE IaP@ﬁf”Osnel ecting and

gui di ngoeyi ch fiasr fohBore dpBAREAGNeletr B efdsioni Whlelchpbroftthelighantiatd on | i ght
source towards the fluid contact surface of the substra%f}e whil e séhoppi ng
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20  emitted by a composition comprised in a fluid droplet arrangeable on the fluid contact surface
of the substrate. In one embodiment a dualband emission filter is used capable of filter light
of at least two different wavelengths.
[0039] The light selecting and guiding device has the function to direct light from the
excitation light source towards the fluid contact surface of the substrate while stopping

25  excitation light from reaching the photo detector. Therefore, in one embodiment a dichroic
beam splitter (also called dichroic mirror) is used. In another embodiment, a dualband
dichroic beam splitter (also called dualband dichroic mirror) is used. A multilayer of coating
of dielectrics enables a dichroic beam splitter to reflect a specific wavelength region and
transmit other regions. In the application of the apparatus described herein, the dichroic beam

30  splitter reflects the excitation light towards the fluid contact surface and transmits light

emitted by a composition or optical active molecule comprised in a sample located at the

fluid contact surface of the substrate. ‘Dichroic” beam splitters differ from a typical beam



of either light beam i.e. the excitation light and the light emtted by
the conposition or optical active nolecule conprised in a sanple | ocated at
t he fl ui dwoantozot47s8ur f ace of the substrate. Al so, a beamrCIEG010H0008%

usual ly placed at an angel of incidence for the inclining |ight of 45.

[ 0040] A beam splitter can be fabricated for exanple froma hard-coated

i on-beansputtered thin coating that §s placed on a sinple

ultra-1 ow aut of | uorescence fused-sillca substrate w thout using any

adhesi ves. The dlelectrlc gl ass, co t|n s are rd substrate
i t sel fsphitteninghag dheslighi begngs & caipb g?ff“ieé Wa\ﬁ% a‘&fgsg%%l% eq{‘tt%%?‘y
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front dist rt| The
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degrada‘%l on or burn out’, even w prol onged use and exposure to
ul t§ avlightet 455. ght . [0041] I n one enbodi nent of the apparatus descri bed

her ei niokBP DEAMLSPLIKLPTah SoPABKLIANRT REhURERoR*EbALIAR bghkarsoUr Ce.

Ion n thi's posttion, the filter functlons to
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to simultaneously excite
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20  [0042] Like the excitation light source, the detection module and the light selecting and
guiding device can be positioned in the optical unit to be removable. This allows replacing
these components for adapting the optical unit to the respective application.

[0043] In one embodiment, the apparatus includes ome or more optical units using
dualband excitation light source, such as a dualband excitation filter, a dualband light

25  selecting and guiding device, such as a dualband dichcroic mirror, and a dualband detection
module, such as a dualband emission filter. In another embodiment, the apparatus includes at
least two optical units using singleband excitation light source, such as a singleband
excitation filter, a singleband light selecting and guiding device, such as a singleband
dichcroic mirror, and a singleband detection module, such as a singleband emission filter.

30 Use of dualband systems allows to simultaneously excite two different molecules in a fluid
droplet compared to only one molecule when using a singleband system. A singleband

system directs light of one specific wavelength through the optical unit while a dvalband



systemdirects |light of one specific wavel ength through the optical unit
whi | e a dual bandsystem directs light of two different wavel engths through
t he opti cwb 20mit044780 prevent interference of the |ight eCTiseowobdoss ent
wavel engt hs they can be nodul ated at different frequencies. [0044] Using a
dual band system al | ows using one singl eband optical unit |ess. In other
words, for a dual band system every % ngl e optical unit can be used to
excite two optical active nolecules in one fluid droplet at the sane tine

whil e ti.ca it directi.ng.light of aonly one specifi¢ wavel ength can
exci te%gsrﬁg]?} %lﬁeéisog'%}}tc%ﬂvﬁoc;ai"%eé %W%’@Eﬁ“gtthﬁ cf‘ﬂﬁ?%g]%é]ﬁ? PRuCE! fngh JodPEPIt at t he
sur f acenteffedehe 6f thedighoof &ed diffvréaceaveientiie tRPOAL HelSod s at lifFerdsse of a
dual ban%qsg‘%tem allows to further increase the performance of the apparatus
of the PHBTENT i nvention. [0045] The optical unit(s) can further conprise

| enses [0044aSSRingdi 8@MdndGyed ARG dhBRirleBiMd Yhlchi Mhit NS5 APLkA! uni t.
For _exanple, in one enbodi nent the optical unit conprises a Tens positioned
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|1 ONt_SehfehbRENaNH AU il GopleriiiRe L) Th G flopitfudiClecliSe fifhs LPCUS
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sel ect ilight soledtiggles pEdEE\deore W peyitidhed.fTHe EnCRNb 36dus SAEAERE BB confify f 1 Ui d
dr opl et arrancgeabl e on the fluid contact surface of the substrate and
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20  guiding device is positioned. ‘

[0046] In a further embodiment, another lens in the optical unit can be positioned to focus
excitation light received from the light selecting and guiding device onto the fluid contéct
surface or the fluid droplet anéngeable on the fluid contact surface of the substrate and
positioned directly at the position where the excitation light passes through the fluid contact
25  surface and into the fluid droplet.
[0047]  The lenses can be any lenses known in the art and which can be used to carry out
the above functions. In one embodiment, aspheric lenses are used. Aspheric lenses are any
lenses whose surface angles and profiles are neither part of a éphere nor part of a cylinder.
Conventional or non-aspheric lenses have the same curve across their entire surface, like a
30  ping-pong ball. Aspheric lenses accomplish the same amount of refraction but are flatter and
slimmer. The more complex surface profile of an aspheric lens can reduce or eliminate

spherical aberration and also reduce other optical aberrations compared to a simple lens. A



slinmrer. The nore conpl ex surface profile of an aspheric |l ens can reduce or
el imnate spherical aberration and al so reduce other optical aberrations
conpar ed wo 2a106i0mg8e | ens. Asingl e aspheric | ens can repCase2eiomua@s4 nor e
conplex multi-lens system The resulting device is smaller and |lighter, and
often cheaper than a nulti-lens design. [0048] The at |east one magnetic
field generator which is verticall Y1 vable parallel to the rotational axis
of the rotatable platformcan be a magnet, such as a pernanent magnet. In
one enbodi nent, the magnetic field of the magnet.used. .in at us of
t he proigin esphAR@ AR of| TEPLaTH p IRYFh @O?v%?%%g}“ﬁé'@? iSXS[t?%nIr egrrégsgﬁg%d surface

t ensi o RE ifidiei shadlg@Rk @ind ofteh aRsEertihe JTBgaatisaetipel d generator is to nove
a magneti zabl e substance at the fluid contact surface qf theu%?b trate, the
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the substrate it s NOyed.| . QWLce RORIoh! 2 ki@ Afplet! B Q@BSthe

enbodi’ h?p,te(ﬁ?eovr?ﬁcé)ﬁgt%gg‘?(%t@fﬁo%%%gé ator has a shapé .agkg%)et ed to concentrate
t he nMagagictic fitldr gaeator & ®RDOveat mapyetizdhle sibsoneest theslivifl gertagsutipre dubst rat e.
Sui tabl e magnet shapes .i de magnet ne coni ShARewhither gi n the
tip ofthe fEOGIG &4 HEt 1esd;g%e'%%t1§d§?\)§n\%alr 9 elggé)ssltt?r ate, or a cubical
magnet c¥dekitohB@lde dffhé bubstrate dppositkitke sitof the cobrtmtl wish dpeduidwgniacti ¢ fi el d

generator, the hole wll af t the magnetic flux | ate in a
spl  sHBlags. ying3s% dhe masheyr e ff«gﬁ%eff%%lss [ﬁl ﬁug%osle&ln R ﬁleoggra%&vl\nﬁ %ﬂgﬁin%{ﬁ how t o
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ensure that the strongest point of the gnetic flux li,ne concentrates
di r ect [0p49]n alns pee tenghodinprat.f the; H‘Waggﬁsﬁ?IPEE% h"i‘s tahéh%g?ﬁd(}f)gg i

- 1N one
exanpl forl &1 i€ of Q0GR i bARGRoTR ARMB IRt BRYRe: beBR sabsihiceSuiabie Wi th a
cone shaped permanent magnet and a nmagnet conprised of two ftag‘lleﬁgllg di scs
(see Finggnet sHepps inBade tagpets Hith a cprigal shape, Whergif dhedthefdhameica M gneti c
field str jed i1 SubfRG8H $ hhleghatsaRlddie qiid foera about
408§ ngltr%C?ee%?l%’g?%&Stﬁgsu%&ﬂehngg;rug%%deﬁl éa1§ the fl uied cosnt act surf_aceal is

movabl eonifabrshepednphgnetic rficdd genasdton the eles Wil affegicthgapagretisrdlyxeline 2 magneti ¢
field strength.of 400.m[ correlat ' 548 wikadbwhdwPtod MM from
the ti poHE™ %"b%rsi%&s%g%ié’aa%%eg{r@th%?e[ggbg%k]s&r%&éﬁéadg%grﬁ%tg ﬁs described herein
can f ugkdies tEOMptinse betvedeppoagnese rfiedt geeeratth end spistrete tor prsreuiat &g support
the substrate, . the at |east two tenperatur 1ol £
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NOboCakfi¥ac® of the magnet. In one example magnetic force-distance measurements have been

carried out with a cone shaped permanent magnet and a magnet comprised of two stapled
discs (see Figure 15). Based on these results, in one embodiment, the magnetic field strength
at the fluid contact surface is preferably equal or about 400 mT to ensure that a fluid droplet
at the fluid contact surface is movable. For example, in case of a cone shaped permanent
25 magnet, a magnetic field strength of 400 mT correlates with a distance of about 2 to 3 mm
from the tip of the cone shaped magnet.
[0050] The apparatus described herein can further comprise a support structure. The
support structure can support the substrate, the at least two temperature control modules and
the rotatable platform with its components. In case the rotatable platform does not carry a
30 photo detector, the support structure can carry at least one or at least two photo detectors. The
at least one photo detector can be arranged in a position relative to the rotatable platform

which allows to detect light passing through the detection module of the rotatable platform.



photo detector, the support structure can carry at |east one or at |east
two photo detectors. The at | east one photo detector can be arranged in a
posi ti on wel2atovmwet80 t he rotatabl e platform which al | owectrescdetmodoss i ght
passi ng through the detection nodule of the rotatable platform Since the
platformis rotatable and the support structure has in one enbodi nent a
fixed position relative to the rotataple platform an optical unit housed
in the rotatable pl atform has to be positioned above the photo detector.
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struct mtéte.ctoﬁn further conprise a light emtting systemarranged to couple
l'ight i | east two optical units. In one
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enbodi nent _the |ight emitting systemconprises an array o
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orange and red LEDs into at |east one of two op tlca unlts
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sources In emtting support Ucture can al so carry
no2@ t h¥3bneThs gtmport structure can further comprise a light emlttlng system arranged to

couple light into the at least one of the at least two optical units. In one embodiment, the light
emitting system couples light from a single light source, such as a LED into the at least one
optical unit. In another embodiment the light emitting system comprises an array of LEDs,
wherein each LED emits light of a different wavelength. For example, the array can comprise
25  five different LEDs to couple light from white, blue, green, orange and red LEDs into at least
one of the at least two optical units. In still other embodiment, bicolor light source, such as a
bicolor LED is used. It is also possible to use combinations of the aforementioned light
sources in the light emitting system. The support structure can also carry more than one light
emitting system in case it is desired to carry out different measurements at different optical
30 units of the rotatable platform at the same time. In one embodiment one light emitting system
is provided which couples light into the optical unit of the rotatable platform. Each respective

optical unit is placed in close proximity to the light emitting system by moving the rotatable



emtting systemin case it is desired to carry out different measurenents
at different optical units of the rotatable platformat the sane tinme. In
one enbodvoento/ongsl i ght emtting systemis provided whipch/Scaeploeass i ght
into the optical unit of the rotatable platform Each respective opti cal
unit is placed in close proximty to the light emtting system by noving
the rotatableplatformin a position ﬁ/nich aligns the position of the
excitation |light source of the opti& unit with the position of the |ight

emtting system |f necessary it is possible. tq ovi de a |.ens itioned
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20  of temperature control modules. In one embodlment the apparatus comprises at least four
temperature control modules. Where the apparatus includes more than one temperature
control module, they are typically thermally isolated from each other. Such isolation may be
achieved by separating the temperature control modules by material that is a poor heat
conductor, such as e.g. plastic, wood, glass, quartz, water, air or ceramic.

25 [0057] Where desired, the apparatus may include further means of temperature control,
such as a cooling module. Additionally or dltematively, the temperature control module may
include a cooler, which is for instance adapted to thermally communicate with the heat
conductor. In many embodiments where it is desired to handle a sample at temperature values
that are about at or above room temperature, cooling the sample from a higher to a lower

30 temperature value, e.g. from 94 °C to 55 °C, can conveniently be achieved without a cooler.
The apparatus of the invention can easily be designed to allow for heat emission from the

heat conductor and the sample that provides fast cooling rates (e.g. Figure 11).



conductor. In many enbodi nents where it is desired to handle a sanple at
tenperature val ues that are about at or above room tenperature, cooling the
sanpl e frwoaiohiogiter to a | ower tenperature value, e.g. pCreGéb/ oo 55 0C,
can conveniently be achieved without a cooler. The apparatus of the
invention can easily be designed to allow for heat em ssion fromthe heat
conductor and the sanple that providges fast cooling rates (e.g. Figure
11).[0058] The tenperature control dule - or at |least one of the
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pr ey Mahy oBknthfieh WRANEIpREIULEaCR Bklie@! In some embodiments the heater and the heat

conductor are arranged in the same plane. In some of these embodiments the heater and the

sensor are arranged in direct vicinity to each other.
[0060]  The apparatus of the invéntion is designed in such a way that the substrate with the
fluid contact surface is situated above the temperature control module. The terms “above”
25  and “below” as used herein, refer to a position, where the apparatus described herein is held
in such a way that the substrate may be placed in direct proximity of the temperature control
modules and once poSitioned can be secured solely by the force of gravitation. In some
embodiments, the heater is located below the heat conductor. In some embodiments both the
heater and the sensor are located below the heat conductor.
30 [0061] In some embodiments the heater includes a surface that is arranged essentially
parallel to the fluid contact surface of the substrate, on which fluid contact surface of the

substrate the fluid droplet can be placed. In some embodiments the heater includes a surface



nodul es and once positioned can be secured solely by the force of
gravitation. In sone enbodi nents, the heater is |ocated bel ow the heat
conduct orwolnisomgsenbodi nents both the heater and the gemsocrom@moecdsocat ed
bel ow t he heat conductor. [0061] In sone enbodi nents the heater includes a
surface that is arranged essentially parallel to the fluid contact surface
of the substrate, on which fluid conjact surface of the substrate the fluid
dropl et can be placed. In sonme enbodinments the heater includes a
surfacethat is ranged essentially.parallel_ to the fluid contact surface
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cross-section in Figure 9, both the heater and the sensor are concentric
and ar PBRHEBROGRERY Podh ghsrhcatst rnd theegisor aitdienewptric and thpbedter owisdte t hat i n
thes deBidsé:e th QRBRG ALk AP bORThShead: iBa FR/SALor AREL-DEAC A £RTIGNGH OF
include a central hollow area, so that they each appear as respective
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or posiy aed hetnes - tatable. platformor .to be
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al | ow j from.and to the optical unit. In one enbodi nent, the
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Betoc 13" duBtratd gnhdt the TotEabIe platPorm or to be more precise between the optical

unit of the rotatable platform and the substrate. Thus, a temperature control module is
.generally designed to allow passage of light from and to the optical unit. In one embodiment,
the components of the temperature control module, such as heater, heat conductor and
25  temperature sensor are arranged to allow passage of light, such as excitation light or emission
light, from and to the fluid contact surface. In another embodiment the temperature control
module comprises a concentric hole in the middle which allows passage of light.
[0064] In a further embodiment, the temperature control module forms an integral part of
the substrate which means that the temperature control module is build into or embedded in
30  the substrate. In such an integrated form the shape and design of the temperature control
module can still be the same as in embodiments in which a temperature control module is

arranged between optical unit and substrate.



light, fromand to the fluid contact surface. |In another enbodi nent the
tenperature control nodul e conprises a concentric hole in the m ddle which
al | ows paseagm/i478i ght. [0064] In a further enbodi ment pcrise2owmp@sat ur e
control nodule fornms an integral part of the substrate which neans that the
tenperature control nodule is build into or enbedded in the substrate. In
such an integrated formthe shape ang. design of the tenperature control
nodul e can stiII be the sane as in ‘e odinents in which a tenperature
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control nodul es, which are |ocate he ot her side o strate The
wat er éhed’ﬁi‘@ﬂ%(’ftheﬁwlénbodl nment shown in Figure 10 are cover ed with 5 ni
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the su strate and thef tact sur informatiron are provided with
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20  on the other side of the substrate. The water droplets in the embodiment shown in Figure 10
are covered with 5 pl of mineral oil.
[0067] Before turning to the structure and composition of the substrate and the fluid
contact surface, information are provided with respect to the biological and/or chemical
sample arrangeable on the fluid contact surface of the substrate. Since the form of application
25  of the biological and/or chemical sample at the fluid contact surface of the substrate
determines the required properties of the substrate and the fluid contact surface the types of
sample and the way to prepare them are described. .
[0068]  The biological and/or chemical sample may be of any origin. It may for instance be
derived from human or non-human animals, plants, bacteria, viruses, spores, fungi, or
30  protozoa, or from organic or inorganic material of synthetic or biological origin. Accordingly,
samples including, but not limited to a soil sample, an air sample, an environmental sample, a

cell culture sample, a bone marrow sample, a rainwater, a fallout sample, a sewage sample, a



of the biological and/or chem cal sanple at the fluid contact surface of
the substrate determ nes the required properties of the substrate and the
fluid conwacbiguwei’ace the types of sanple and the way tecprseparndodisem are
descri bed. [0068] The biol ogi cal and/or chem cal sanple may be of any
origin. It may for instance be derived from human or non-human aninal s,
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pathogen, a radioactive compound or of any combinations thereof. It is understood that a
sample may furthermore include any combination of the aforementioned examples.

25 [0070] Some samples include, or will be expected to include, target matter or a precursor
thereof. The target matter may for instance be a cell or a molecule added to or included in the
sample, and it may be desired to expose the target matter to heat. As another example, the
target matter may be a compound known or theorized to be obtainable from a precursor
compound by means of a chemical process that occurs upon increasing the temperature. In

30  this case the sample may for instance include a solution of such precursor compound.

[0071] The target matter or precursor thereof may thus be of any nature. Examples

include, but are not limited to a nucleotide, an oligonucleotide, 2 polynucleotide, a nucleic
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100 nl to 100 pl or in a range of 1 nl to about 1 pl. Handling of droplets of a volume above 1
ml in air may in some embodiments require further adaptions of the droplet environment. In
this regards, the skilled artisan will be aware that when using a droplet of large volume (such
25  ase.g. 2 ml), the respective droplet may split into smaller droplets when contacting a surface.
Where such splitting is undesired when using such a droplet on an apparatus described
herein, suitable volumes for a droplet of a selected fluid can easily be determined
experimentally. |
[0074]  The fluid droplet can include magnetically attractable matter. Typically only one
30  phase of the fluid droplet contains magnetically attractable matter, i.c. either the outer or the
inner phase of the fluid droplet. As an illustrative example, in some embodiments a magnetic

fluid such as a ferrofluid may be included in the fluid droplet. A ferrofluid is for example
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[0078]  The magnetic beads may be designed to serve the function of attracting target
matter through chemisorption, e.g. a covalent bond, or physisorption, e.g. electrostatic
attraction. The magnetic particlebs used in such embodiments may provide a surface with an
affinity for certain matter allowing for instance to absorb/desorb proteins, peptides, nucleic
25  acids and other compounds. Examples include, but are not limited to, attractions by physical
meauns, such as e.g. 7-stacking, dipole-dipole, induced dipole-dipole, van-der-Waals, opposite
charges, or H-bonding, e.g. antibody-antigen binding attractions, and affinity attractions
formed between a ligand that has binding activity for the target matter and the target, such as
for instance a ligand and a metal. As two further illustrative examples, physicochemical
30  bonds, e.g. between gold and a thiol, or geometrical means, e.g. size exclusion, may be relied
on. Different areas of the same or several magnetic particles may also be designed to attract

or ‘““capture” the target matter.
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ango bosingls—.chiﬁm BX afiygneenef (s@Fv), diabodies or domain antibodies. An example of a
proteinaceous binding molecule with antibody-like functions is a mutein based on a
polypeptide of the lipocalin family. Further examples of a suitable ligand include, but are not
limited to, a molecular imprinted structure, an extracellular matrix, a lectin, protein A, protein
G, a metal, a metal ion, nitrilo triacetic acid derivates (NTA), RGD-motifs, dextranes,
25  polyethyleneimine (PEI), polyelectrolytes, redoxpolymers, glycoproteins, aptamers, enzymes,
a dye, streptavidin, amylose, maltose, cellulose, chitin, glutathione, calmodulin, gelatine,
polymyxin, heparin, NAD, NADP, lysine, arginine, benzamidine, poly U, or oligo-dT.
Lectins such as Concavalin A are known to bind to polysaccharides and glycosylated
proteins. An illusirative example of a dye is a triazene dye such as Cibacron blue F3G-A

30  (CB) or Red HE-3B, which specifically bind NADHdependent enzymes.
[0082]  In some embodiments the target matter is a molecule that is suspected or known to

be present within other (undesired) matter, from which it needs to be extracted. Extraction of
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inner phase as a film. The fluid of the outer phase may be a liquid or a gas. The fluid of the

inner phase is typically a liquid.
[0084]  In embodiments the outer phase of the fluid droplet is a film. The film is typically
of a volume that is in the range of several magnitudes below to several magnitudes above the
25  volume of the inner phase. The volume ratio of the inner to the outer phase may for example
be selected in the range of about 1000:1 to about 1:1000, such as the range of about 10:1 to
about 1:10. As an example, for applications involving one or more liquid droplets at room
temperature it may be desired to chose a hi gh volume ratio of the inner to the outer phase, for
instance a ratio of about 1000:1. For applications involving one or more liquid droplets in the
30  range of about 100 °C it may be desired to choose a low volume ratio of the inner to the outer

phase, for instance a ratio of about 1:1000.
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rati o of the inner to the outer phasé nmay for exanple be selected in the

range ou to about . 1:1 , .such_as the ran out 10:1 to
Looot TaBPO A At et Im?lbﬁmbiw%ﬁt‘?%ﬁgh%Sﬁv‘fwwﬁ -l P e ouer qui d

dr opl etphasat 1sr1ﬁmﬁkd1‘ﬂﬁ’pﬁllt}atthﬂ’ Buid offihe MBedfldsé.elny AEdOS6 B DicdhfoyQhdine ratio
of the inn t he E}uter hase for_instance a ratio of about 1000:1. For

appl i cAtP8 elp 361 81 g8 andt Br(ehipmispibleupith thegphetrhase, se hat twip gepagte about
100 OCphésetdh Remdesd (159hd AuiNRRS AoPpreRl: WR| diiRed Abok&s Hond Qﬁné BRREG O the
out er phase, for i nstance a ratio of about 1:1000. [0085] The outer phase is
i mPsci®Bte with the inner phase. Typically, the fluid of the outer phase is
i mm scirgdgg W I 3 d for the
respecti Vgg] phggeerhﬂa?sgnldeﬂﬁgchgénéa? ‘Erdc&?é‘% aanﬁ & A{g}(. i dﬁhq} E‘g 3%% r %hase SO
that t vespedivaly aTlaisgrglested dhuid m@thommmeﬁVhb dabasd made)sselrect’ed prievent the
desire r t. 6 ochem cal

pr ocesddBa 3%, 1A REMEARE L BlaCll s nop O g AR PR POy - s
a sel edigeds ﬁﬂemlasmtiaylrikepdﬁr amlynqnfpmﬂmﬂMylds imordaste caalﬁbtaﬁ& prépestidseadied to be

a Ilbqwagsoq l{lﬁ‘};%aé’m bt@?fx’i' or. 1qg1%nce be a polar or a non-polar liquid or

gas, respec & classified into pol ar and non- pol ar
I'i qui dgoasn] or Hmmlﬂem cihadslﬁpdslexr ilqﬁdpmpﬁet @t Sars weh liaftes @b Wakdrk} uep@emé

m sci bi | | t ot her 0087] Exanpl es of non-pol ar I i quj ds
i ncl ud& aré?r B’GH%?P ® %‘Sd%f@l%%‘?%ﬂﬁ%l e fetrachlpridg sarhens disyEideene,
t ol uene1oxﬁlme£} Il eBty® lmiehadiﬂins@@rbbﬂethhetﬂx%bﬂe@ lok @Fpolﬁaabﬁﬂl@ lﬂjuﬁidlx{f}hﬁlﬁ carfli Oxane,

di et hyl her, or diisopropyl ether ol ar aprotic |iquids

whi ch e‘éﬂ aPeg aﬁéﬂﬁ?@‘oﬂ@f e{?é?, Orﬁﬁwtetr@év@ﬁ@r% ﬁﬁw@ﬁ élml monobutyl

t et s ahyghepyfidine &td‘mkﬁpem%ﬂ@@ ko HBH@BMR@?' feé‘vt E%m 18y 6{ X liqui

di et hyl sul OX|de to name onl | es o rotlc‘ﬁqu|ds are

wat er , et Henerthand oiserrepgnsh., tert drutyl alsabel foammm hyqlrochlmc atd, gulfuric
hydr OCQ&Qrdc&lcaé‘chﬁm%kéé&éﬁ&a&c%rdcﬁo%ﬁ%h& acid, trifluoroacetic acid or

chl orogohenol 8] Two I nm sci ases may for instance be obtained
wher e #0881 ar Twe gmeisciblaphases Iaayh@bdmlpmel tiegblainpdiveheré spded fhid,sdcd ara one

phase Mo&ﬂf'c BSJnﬁ,r 1sf ééi'écged NG eap%a?e Q}/dd Irlé)ﬂ?poqbl ﬁuld, such as a hydrophobic

20  liquid, is selected for the other phase. In some embodiments 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 nonpolar liquid.
Suitable polar liquids include, but are not limited to, water, deuterium oxide, tritium oxide, en
alcohol, an organic acid (including a salt thereof), an inorganic acid (including a salt thereof),
an ester of an organic acid, an ester of an inorganic acid, an ether, an amine (including a salt

25  thereof), an amide, a nitrile, a ketone, an ionic detergent, a nonionic detergent, carbon
dioxide, dimethyl sulfone, dimethyl sulfoxide, a thiol, a disulfide, or a polar ionic liquid.
[0089]  As an illustrative example, the fluid of the inner phase of the fluid droplet may be
hydrophilic liquid and the fluid of the outer phase of the fluid droplet may be a hydrophobic
liquid. Hydrophilic ("water-loving") liquids, also termed lipophilic ("fat loving"), contain

30 molecules which can form dipole-dipole interactions with water molecules and thus dissolve
therein. Hydrophilic ("water-hating™) liquids, also termed lipophobic, have a tendency to

separate from water. Examples of a hydrophilic liquid include, but are not limited to water,



liquid, is selected for the other phase. In sone enbodinents the fluid of
the i nner phase may be a polar liquid and the fluid of the outer phase of

t he fl ui dwonoplwt47aay be a nonpol ar |iquid. Suitable polrar/siGeeuiod®ss ncl ude,
but are not Iimted to, water, deuteriumoxide, tritium oxide, an al cohol
an organic acid (including a salt thereof), an inorganic acid (including a
salt thereof), an ester of an organig acid, an ester of an inorganic acid,
an ether, an amne (including a salt %hereof) an amide, a nitrile, a

ket one,__an _ioni ter t, a nonionic detergent, carbon dioxide, dinethyl
sul fonecea}a?%flﬁé’lm@wef'%?&depm%a”to i &ff’pmﬁa”d’;’ &19 e (Y @rOBBn PYIiRG | i qui d.
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i ncl ude, "but are not ter, acet one ﬁaho pr opanol ,
i soproyb\aﬂ@ne chelekerene, Om@mzmy@mfrmroatyaﬁwrl di ne, chl orof orm et hyI ene
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of ap ionic are
met hyl mntlntdmmﬂazohumetbtﬂfhhﬂmxrmhethﬁll)eulfdﬁynmﬁmb Bis(erlilydopivie,i B NilLBAyl-3-

tet af | bor, at al k etrafl uoroborate, or
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non pol[@i9o2] i qui pihasélof tl(éeﬂulblﬂrolﬂét&nﬁlyalnclddmﬁlﬂiir tnihtied, Y6 é\iangilé dlsts}ﬁ'b‘e'ﬂne
hept ane f%fil ohexane f‘ benzene, to nane only a few. Exarrp es of a
non- poCRPISHLe ¢ spipgRded therepyasan Blystraiive eﬁ%{lplﬁl‘ﬁhe{eeﬁl %‘b‘eo‘!s-@ﬁﬁylﬁll

met hy| itthekaaelids BhdbsShbte it 06:0 hylﬁuﬁéﬂéﬁswﬂe} @Jﬂlﬂﬁ‘mﬁ’é éfetugfé lln%ixé am de,
or |-ethyl-3- nethy I|mdazoI|um is[(trifluoromethyl’)-sulfonyl] am de

trifl u&?&&é@%ﬂatbéusqdd()ﬁ%mémﬁ E‘yvaawwcqswggz] A phase of the fluid dropl et
maysi nedosde ke exdimdsedr mdiRF 1&1&3@@ Vx\ﬁa éﬂa§e€9ﬂ tﬁ@ﬂmd%l LR OGS, B¢ ﬁyspendﬁgy

therein. As an illustrative exanp e an aqueous ‘phase 1% used, it
i ncl ud8oohmited toygpagentss %ﬂyaimpbmﬂd@ntﬂ\lﬁmmmg tous ﬁmhemmabouhnb@gmab used in

the ar brc@@g X@¥%n l?ﬁusﬂ%t?\% %@ﬂﬂ%f’er 5Xts0 F}}al‘)ss{ég% 6/ al#'te?%%ltjsiorég Eg S?@efi 11 I% eﬂ Fur t her

exanpl es of matter i1nclu Ihap drople but
ar e nomairtpint egds top prcvtelagemtas mtaat aﬂasestﬁs arﬁdﬂwealdns&mm\ae efaniple mhelymﬂi@ out a

cher B 9860k 2555 Bt PLAR. R iy
pr 30 ei st_ltﬂ ar famncmasacfae srteﬁad ef aA&xeﬁnd‘aUrdabtﬁm. IAls| yes thirdtiel \Eusr¥avPbmpldae! at i ng
protease, RNase, or DNase inhibitors may be added in order to maintain proteins, RNA, or
DNA in an intact state. A forther example of a possible additive to a phase of the fluid droplet
includes magnetically attractablehparticles (supra).
[0094]  The inner phase of the fluid droplet can be shiclded from the environment by the
25  outer phase. The outer phase may thus for example act as a barrier or as a seal. The term
“environment” refers to any fluid or solid matter, such as for instance a gas (of any desired
density or pressure) or a liquid, which is not part of the inner phase, the outer phase or a
surface, on which the fluid droplet is disposed, such as the‘ fluid contact surface of the
substrate. ‘
30 [0095]  As an illustrative example, the outer phase may prevent or reduce evaporation of
the inner phase into surrounding air. As a further example, the outer phase may provide a

barrier in terms of contact or diffusion etc. The outer phase may for instance prevent contact



conpounds may be required, for instance to protect organisns fromtraces of
otherwi se toxic salts or to increase the yield of a chem cal reaction. As
yet furthwo2idwsi7sati ve exanpl es, protease, RNase, or PRase20mlndstors nay
be added in order to maintain proteins, RNA, or DNA in an intact state. A
further exanple of a possible additive to a phase of the fluid dropl et

i ncl udes magnetically attractabl e pg{grti cles (supra). [0094] The inner phase
of the fluid droplet can be shielded fromthe environment by t he outer
phase. The outer phase t hus far exa arrl a seal.
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or red ce evaporation 1he I'nner” phase into surrounding air. a further
exasml Eurtltehaomu’ﬂhe outsh alme may epate b gemple Sughrds arboply ligwd nge Sloade FRUEED: or
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liquid, e.g. blood, sputum et non- pol ar fl ui ct
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t hat 38 fhafi hie. ROhak bich®% dpBnt@neotk Misicdrof the two
hydr op%ﬁjﬁl c?%?%g?wpm nae;ahr%r’gmp, where the out%’r phase is a hydrophobic

I i C]UI demmblmsrelmpﬁﬁemaphq@é is a hydrophilic liquid, the outer phase nay be
ES E (1(§f7 gh&%ué!ﬂeh SNeuRBYLRE Mﬁ§ﬁh@ﬁr@left Hial hﬁéetfy' &hﬁcﬁﬁﬁfék gt that is
ML AR S s a8 el phass that s’ hyd lic. In such a
case a1§mohﬂahﬁmisieefsueneoﬂuldfconﬂa@ sumﬁ@ceec@ewbmhrﬂye dre H§t(§ IW‘@%E& €[ 0097]
As nentioned inner. p 3% Gont act
matter d{ngs[e ilwor}@ﬁﬁr&éde PRes) %Z%?h %ﬁ]agte??r&?%&glgﬁ%mafg%y%ﬁ{rh% gg%afgon whi ch the
dr opl etfluid TAE af 18ast bhefaé dortact e fate sf)thsedostrﬁmnawhau@ arysshapeandesppEtEs of such

matter agioengaas Slto 1|s|o suc"flr ! %gt%reore gt po% uerséc 31(1: wav. 1ne%s that the fluid droplet remains

20  intactupon being contacted therewith.
[0098]  As an illustrative example, it will typically be required to provide a surface with a
roughness for the fluid of the inner phase of the fluid droplet that is low enough to allow a
fluid droplet that gets in contact therewith to remain intact. The term “intact” refers to the
existence 6f a defined droplet including two phases. The fluid droplet is thus understood to
25  remain intact, while it is for instance spread to a desired extend, or merged with another
droplet.
[0099]  Where for instance the inner phase of the fluid droplet is a polar liquid, such as an
aqueous fluid, the at least one fluid contact surface of the substrate may be non-polar. In one
embodiment the inner phase of the fluid droplet is an aqueous fluid, e.g. water, and the at
30  least one surface is non polar. A respective non-polar surface can include, but is not limited to
silicone (including surface-modified silicone), a polymer such as plastic (whether a

biopolymer or a synthetic polymer, including a partially fluorinated polymer, a perfluorinated



fluid. The at | east one fluid contact surface of the substrate nmay have any
shape and geonetry as long as it is of such a texture, e.g. roughness and
wavi ness,wohato/mnegsf | ui d dropl et remains intact upon beipng/sconiaedosd
therewith. [0098] As an illustrative exanple, it will typically be required
to provide a surface with a roughness for the fluid of the inner phase of
the fluid droplet that is | ow enoug o allowa fluid droplet that gets in
contact therewith to remain intact. e term"intact" refers to the
existence of a defl ed drapl et | udi ng t hases. The fluid droplet is
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Al . [00101] Were a d according to the present inv on 15 to be
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20  flexible selection of a chemical surface treatment, including a coating.
[00102] For 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 or not, thereto. It may for instance be desired to provide a surface with
minimal interactions for any matter present, which is detectable by the selected method.

25  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 with proteins. Two illustrative example of a suitable
surface coating with minimal protein interactions are the polar polymer poly-N-
hydroxyethylacrylamide and poly(ethylene glycol)-terminated alkyltrichlorosilane. It is

30  likewise known that the properties of a surface of a device used for isoelectric focusing affect
the efficiency for obtaining narrow isolated zones during both the focusing and mobilization

processes.



degraded. As a consequence matter that is located in the inner phase of the
fluid droplet nay be exposed to another fluid phase and contact the
surface. wbeosviaid7abi | ity of various suitable inner andpoutserophasss for
the fluid droplet used in the present invention typically allows for a
flexible selection of a chem cal surface treatnment, including a coating.

[ 00102] For exanple, it nmay be desirﬁg to perfornlan el ectrophoretic
separation or an isoelectric focussi for instance by subjecting the
magnet i cles, whether included in the fluid droplet or not, thereto.
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hybri d'r&@ﬁé%@off\ﬁﬂfaﬁ@f}&ndﬂﬁy’iﬂ?ea@éstﬁ@&ﬁ?acpfﬁ%lesurface may al so be treated in
such a way that it provides respective polar or non-polar surface
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liquid is the contac angle (also termed wett ga en "a dropl et
of t he embodighents allpw frmmublipld tebsing ofthe ﬁeacm’m lilusttaemlve sxmmﬂe ef awnfaterial i S

genera o] surr.ounded as_.such as
air. | Iﬁﬂa}fﬁ% e%b%g L}adggxgr?ggﬁ]%s |%%/ ‘éor 1?101 € Sart “i lfolroeglé'lg\ﬁg RYISPC t he fact
t hat alﬁFERicrpdsnehgﬂuommﬂmdms @FTE, skffoage chybineadttaflubrvethgRaes (RTRE)cont act

angl e. 104 t he fl contact surface of the
substr a%tra uorogthylene ?ﬁa"fe ups i&ge ny]lsg’elf urt t{g}pdrﬁ?r e i ndpyt ‘%ﬁ%\l nstﬁ‘f(ﬁ’éleﬂ ui d of
t heoi nﬂiexaﬂuoropi'm@ykené ercopbbaer,of tdilafludrbethderbrigRh@ioropPblene  copolymer,

vinylidene fluoride-hexafluoropropylene-tetrafluoroethylene terpolymer, perfluoromethyl

vinyl ethertetrafluoroethylen copolymer, perfluoroalkoxy copolymer (PFA), poly(vinyl
fluoride), polychlorotrifluoroethylene, fluorosilicones, or fluorophosphazenes. Further
examples include, but are not limited to silanes and optically transparent (thermally-
25  conductive) bulk polymer materials with a fairly high heat deflection temperature. An
example for a silane includes, but is not limited to mono- or multilayers on quartz, glass or
LiNbOs-surfaces. Examples of optically transparent bulk polymer materials include, but are
not limited to polypropylene, a cyclic olefin, liquid crystal polymer, polyvinyl chloride, and
the like, and combinations thereof. In form of a thin film, such as a plasma deposited thin
30 film) all of these materials are light transmissive.
[00105] The fluid contact surface and the substrate can be made of the same or different of

the aforementioned materials. In one embodiment the material used for the fluid contact



enbodi nents allow for nmultiple reusing of the device. An illustrative
exanple of a material that is inert against nost corrosive nedia is a
f | uor opolwomniguwedrsas fl uoroet hyl enepropyl ene (FEP), PCT/SG2010/000084
pol ytetrafl uoroet hyl ene (PFTE, Teflon), ethylene-tetrafl uoroethylene
(ETFE), tetrafluoroethylene-perfluoro-nethylvinylether (MFA), vinylidene
fl uori dehexaf | uor opropyl ene copoly ,
tetrafluoroethylene hexafluoropropylene copolyner vinylidene

Iene ter
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deposi i ] s r [ 00105]
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dr opl et Iat| to,the at t one fluid contact surface of the substrate
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on the netic |cI uch that the droplet as a whole is forced to
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magnetic or electromagnetic field is applied, i n ot her enbodi nments

t he maBdEbeconbingd &kt Handelore forciurthesjegampley)) Ieespe@ ea@pﬁmgentsﬁbe ploeesesss. | n
o ol S B SRR 60 AT actol? STkl Bficingh 1 HRARSY e oG Cr &t Of
subst r gleetrommagnstic fiddd dnjong of Hespembddiments, tied magnstjc oh eleﬂagmstm figle ESd
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t 028 hemfagugtid f@bfgeamatosmtﬂlawatablephdosmbst rate can be al tered.
[00109] The apparatus described herein can be used to carry out methods for performing a
process on the biological and/or chemical sample in the fluid droplet. Thus, in one aspect the
present invention is directed to a method of processing at least one biological and/or chemical
sample. The method comprises or consists of disposing at least one fluid droplet onto a fluid
25  contact surface of a substrate of the apparatus described herein. The method further
comprises performing a process on the biological and/or chemical sample in the at least one
fluid droplet; wherein the fluid droplet comprises an inner phase and an outer phase, and
wherein the outer phase is immiscible with the inner phetse, and the outer phase is
surrounding the inner phase, and wherein the inner phase comprises the biological and/or
30  chemical sample, and the inner phase is shielded from the environment by the outer phase;

wherein the fluid droplet comprises magnetically attractable material.



[00108] In sonme enbodi ments several means of controlling the position of a
fluid droplet nay be conbined (cf. also below for further exanples). In
sonme enbosoreni®4478e process is only perfornmed once theptCinsicdoopiset has
been positioned by neans of the magnetic or electronagnetic field. In one
of these enbodi nents, the magnetic or electromagnetic field is term nated
after the fluid droplet has been pl din a desired position by |owering
the magnetic field generator in the Totatable platform [00109] The

appar a s¢ribed herein ca sed to carry aqut methods for performng
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net hod further conprises perforni ng a proces ogl ca and/or

chefi caolegglediam pmorgaeismy andeay cowbiaationhereefi opl et ; wherein the fluid
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q e erformeq %hla fluid droplet. Exanples of processes t hat may
%erf ?%ﬁ(’j SRRl e not limted to a physical detection of target

rrat ter [(EIJSI)]ECTﬁd 1mistﬂﬁﬁ%/\4§kah@169%f iangplettetRBogid) ndeth®d 2R RABan AiGHRBDF Ald

reacti o a, cell %%}Ssgaman extractl on_of a nolecule froman organismor a

part of‘ Feoh gt W geqltering (GARS) augiosropy-ofhe tist deshnighe 1arfer any
conbi naiarme tsthiesb@o For &&&&a&lm@smk%ﬁe&ﬁc ampéwﬁé %@Iln@%&@(ﬁ;&aﬁmeg nglpde, but

are not limted to a s ectroscoplc photochem cal, a photonetric, a
fl uor oﬁ%@(n?lPaé regehiondiing Wg» ararfl%cblng@d dale chpmisplocyibetent cabmical
cohgur Hé@&d&hﬁé‘l an &zﬁhgﬁc{ s’%ﬁ%ﬂeﬁﬁ'% enﬁﬁnbtfbt a%ﬁt%ﬁmarch&ﬁical I%leﬁtét{?)ﬁoﬁ-le trical,
and a thernodynam c” detection ‘and 1 nclude I hst ance
phot oaéwgyatic friodificatsere a interagtion adth aénding mnbymiatamd ah)amlsnat{omlletau]f Two
i |l ust e ex;,l”" e tLORRORI; r ¢roscopy and
cohereLt a%]t B 2%3836 nggiz}g}gag%’tg %99 %} I%%gg%og%ggy ed1'hO 4 B %Pfgf
t echni epmhesis, ﬁorucm:ipﬂ@ysmmabd @eﬂtmﬁe syathem i v eyrithaai 0i)a ghampeeitichlc
nol ecu f o f a chem cal reaction include, but are not
lim teg&ﬁ%oq}gd’c% g% mbl%é%aqrqm%ergc’foa chem cal

20 [00114] Imn embodlments where it is desired to remove matter, such as by-products or

undesired matter of the sample, the process may be a washing process or a process including
a washing step. It may also include splitting the fluid droplet into at least two daughter fluid
droplets. As an illustrative examﬁle, a nucleic acid may be extracted from a cell and be bound
by aligand attached to magnetic particles, while cell debris and reagents are to be discarded.
25 [00115] Figure 12(A) illustrates an example of a washing step of a fluid droplet using a
further, additional fluid droplet (Figure 12 (B)). This further fluid droplet may also include
two or more fluid phases. It is moved toward the fluid droplet that includes two phases,
magnetic matter and the sample (Figure 12(A) 1). The arrow in Figure 12A indicates the
current position of a permanent magnet. The two fluid droplets merge (Figure 12 (A) 2) and
30  form one larger fluid droplet (Figure 12 (A) 3). To ensure a complete mixing and washing a
weak magnetic force may be applied that is sufficient to for instance lift the magnetic

particles within the droplet without raising the entire fluid droplet. By further moving the



degradati on, an enzymatic synthesis, an enzymatic degradation, a chem cal
nodi fi cation, an enzymatic nodification, an interaction with a binding

nol ecul e,wandicary476onbi nati on thereof. [00113] Exanpl esPpofi/sanoenagosat i C
synthesis include, but are not limted to a protein synthesis, a nucleic
acid synthesis, a peptide synthesis, a synthesis of a pharnaceuti cal
conpound, and any conbi nation thereo [00114] In enbodinents where it is
desired to renove matter, such as by-products or undesired matter of the
sanpl e, _the.pro ma b roc s or rocess i.ncl udin
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i npl enented in the apparatus of e invention .g. plezoelectric based
act uat radter. g\t 38y paint ’é‘r’ﬂl’a‘?ﬂl’ﬁf@”@é‘lﬂﬂx phefter perdarmieyg swche prasassy a pirasgofghe t he
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solvent, an acid or a base, as long as"t € i nner
phase tSnce cthedrondessie rhvased Py aj selfeasgandgmine 6ypfent,heichaginagi dnepamt laﬂbcﬂsﬁhe 0 remain

o St AR e RS T 5 B DRSO HBORE, & Lo
t héZOoutphasephdmetherﬂtrtaﬂet ‘Blse josfibillitg to Ipﬂrfermﬂ)mhslfﬂmbﬁnm Ewchais washlng allow
for complex processes to be performed. Since desired target matter may be bound to ligands
immobilized on magnetic particles, the possibility to add, remove or exchange fluid, e..g.
liquid, enables the isolation of any matter, e.g. peptides, proteins, DNA, RNA, small organic
molecules, metal ions, etc. at any desired stage or step, and complex biochemical
25  transformations can be carried out in sequence 5 (Figure 12). Furthermore the volume of the
fluid droplet can be changed by several orders of magnitude. Accordingly the method
described which can be carried out with the apparatus of the present invention provide an
interface between the macroscopic and microscopic world withdut any break in technology.
[00117] Figure 13 illustrates a method which can be carried out with the apparatus of the
30  present invention for a polymerase chain reaction. The results of a PCR carried out with the

apparatus of the present invention are described in the experimental section. Temperature

control can be achieved by means of thin film temperature control modules and temperature



| igand attached to nmagnetic particles is used to bind target matter, it may
furthernore be desired that such a fluid allows for the ligand to remain

i ntact amstotolobiomerst he desired target nmatter. At any poipatr/Sicrotoionesbef or e,
during or after perform ng such a process, a mxing of the fluid droplet
may be carried out, for instance by exposing the fluid droplet to

ul trasound. Since the droplet is ba on a self-organi zing system such

m xi ng does not affect the integrity of the droplet, but rather assists in

achi evin n.equal distrdpution of matter wi.thin hase within . th
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pyrosequencing.

[00118] Alternatively they can also be processed further. Yet another example of
performing a process on the biological and/or chemical sample in a fluid droplet is filtering
25  the fluid droplet through another fluid droplet, as illustrated in Figure 12. Such a filtration is
typically performed by means of moving a smaller droplet containing functionalized
superparamagnetic particles with immobilized target matter through a bigger fluid droplet. In
this way undesired components such as for example byproducts, impurities, substrates,
reagents, solvents or solvent components, salts, enzymes, waste, or buffers, can be diluted in
30  the bigger droplet. Upon further movement of the magnetic particles out of the bigger droplet,
essentially only the superparamagnetic particles including the immobilized target matter are

being removed from the bigger droplet, while most of the undesired matter is being left



tenperature zone at the fluid contact surface of the substrate of the
apparatus of the present invention. PCR products thus obtained are of a
qual ity twetonioes47aot differ from a product obtained byPcuorsGeaiioomnal

met hods used in the art. A biotinylated PCR product may be generated, which
can be bound to streptavidin coated superparanmagnetic particles. The
anplification product can be chem caljy denaturated on Mdul e 4 and

anneal ed to a sequencing prinmer for pyrosequencing (PSQ, which may be
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a washing solution, formng the e phase.” I'n contrast to affinity
chr omaPsgesipRyamples forsughatuslsir ared emplifeadtiore proicessesHiacludes bizhage ot limiteh i s t he

stat ' ofpkdeROAoriftd RIS JdiithA alid IRl BCR o k8 1% dRRlkE Phase. It
shoul d furtﬁer rrc)sfcé1 e ﬁ%t)gg At ho dead v%@n@dﬁ’cwgﬂ&%e@u séﬁt(% Vel'ron::t hods.
20 RT-PCR (qRT-PCR), a helicase dependent amplification (tHDA), a smart' amplification
process (SMAP), a loop-mediated amplification (LAMP), a rolling circle amplification

(RCA), or a recombinase polymerase amplification (RPA).
[00122] Figures 1 to 3 illustrate exemplary embodiments of an apparatus of the present
invention.
25 [00123] Figure 1 shows an oblique view of an apparatus of the present invention without
the substrate. In Figure 1 the rotatable platform 15 is mounted on the support structure 55 via
a support shaft located in the center of the rotatable platform 15 (marked with “x™). The
support structure 55 also provides some support rods 40 adaptéd to carry the substrate (not
shown). Thus, in general, the support structure can further comprise a holding structure, such
30  as support rods, for mounting the substrate on the apparatus. The substrate is-to be positioned

directly above the top surface 35 of the rotatable platform.



[00120] Furthernore, in contrast to affinity chromatography, the nethod
descri bed herein allows for the elution of target matter in nanoliter

vol unmes. wbi2siozadwerat age i s crucial in applications suchras/Sceomen@isng, when
for exanple a high concentration of target matter is present in tiny

vol unes, or where fast kinetics are to be analyzed. [00121] Thus, the
apparatus of the present invention cgn be used for any nethod described
herein. In one aspect the apparatus can be used for carryi ng out a nucleic

acid a L ion s r.such, nucl acij | if] atlon
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[00122 Fi gures illustrate exenpl ary enmbodi nents of an apparatus of
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rotatable platform 15 is nounted on the support st via & support
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E) 51“8 1

gl ass S&PW&&EW@@Y REa1 srgbrdimeptof an ppngtusdpslding resyrroEm  The

I'i ght ﬁfﬂchirda 5 tﬁaﬁ)ta@mléﬂa@&upifﬁmttﬂ@sdbb@dté Figthr&2 oftvsQfnlyl A6 QR doG@kt UNi ts.
The opt i units as_such cannot be seen in Figure I5 only the

uni.t” or
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above the atform can be seen 20, ure urt ovvs t he
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a magnet with a conical ower position
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20  the rotatable platfonn needs to be moved mto a position which aligns any of the optical units
in front of the light emitting system. The rotatable platform can rotate in clockwise as well as
anticlockwise direction. |
[00126] The apparatus shown in Figure 2 comprises four temperature control modules.
Only the temperature control modules 53 and 51 are directly visible while the other two

25  temperature control modules are covered by fluid droplets 54 and 7, 50 which are positioned
directly above the temperature control module. The temperature control modules control the
temperature in the temperature zone in the fluid contact surface of the substrate, wherein the
area of the temperature zone(s) is in this embodiment detetmined by the shape of the
temperature control modules which are arranged directly below the substrate or which form

30 an integral part of the substrate. In this embodiment the‘ temperature control modules are

covered with a teflonized glass surface.



[00125] Figure 2 shows a top view of an enbodi nent of an appar atus

i ncl udi ng the support structure 55, the rotatable platform 15 and the
subst r at ewoBogumes7®8 shows only the fluid contact surfacecsBscabiotoh@ss
substrate. As in Figure 1, the apparatus illustrated in Figure 2 has one
light emtting system 10 | ocated at the side of the rotatable platform 15.
In the position of the rotatable platform 15 shown in Figure 2, the |ight
emtting system 10 couples light into the optical unit (not shown). The

whi ch HSOE1 ¢ R e RSt L RE e Pt R e et it BRAPRLT G
subst r adbeve e apeivgllvmitl wighti isi positionsiebeddre ttieli g tehiilihg Yititdns 1Mbbriak @nl ocat ed
bel ow thg o&feini 9@\%]1%2 24 and 2 h?he thot%\rta\blg pl at f orm needs to be noved
into a PogitPsh ﬁ“df’?“@ﬁ@a%eng © Y YpPicbaf 1tisittaed; direcHly 3bovst thene 1 ght
em tti ngesiugREm thbhadeia (%Mcﬂ okl 26 Rinbadlindeht, 8¥Rid dtoplbOis ¥digGedsn el | as
se directjon. [00126] The apparatus shown in Figure 2 conprises

nticl ock
four® t gtﬁf)ﬁn}llé_tcﬂmé“é&#ﬁ?eoﬁbo%@ﬁ f@peratyip Gort il modhise phtdos Stobe dlowdaal bs 53
and 51 @il Fi88 tdbNerkios i@ Mfagliﬁgé%gﬁ@% g’gfgrvr\%t}@?ﬁﬁ LRh Uit gL, modul es

are covered by fluid droplets are positioned directly
above tthesureni stragtiedSdbatopsif theoynbast rofts 40 campresesr as welt entheokntrabdzik es
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surface of the substrate, erein e area o e tenperature zone(s) is in
t hi s ernBodSire figude B shorv e dedipnal hvéevs hfipeexindrg etmbngliercat off @ appadatuslofnodul es

whi - di | ow t he bstr at r i ch forman integral
part? o ¢ AR F Bk, TR hber? Gt A BERHE B ials e o B e e M Roaul os
are coves gowni Alsoghtef hertha kight ghitisg sistefrabPar]dAid gidto dérectdd 400dvidsrogak et
covering the t erature contro u ichis |located directly above the
opt i calalsﬁ e?‘t toﬁﬁ%ﬂ“‘ia uﬂlgglilotwno]ﬁethe %dl?ﬂﬁtgomgurﬁ3gtﬂtcoéﬂﬁthﬁgﬁ@ms§§ Pafisal o

conpri smit aad tooderex liphtasmidpOfran theaptiéad ORiL, redpa&ivel. The other droplet 54 is
si t uat g c&i ecﬁll y abogve_the opening 26 to the underlying optical unit. In
one enﬁ & F}Lnt : eéapflﬁii“&ltd?d'b‘?é@bpg‘“’p%%?‘i’?w&ﬂ ap FX¢iEOR [ilip 1 2bhightis sur f ace
abonse  tpositibdiPRdferleld Eens NI theMght @8ittR3, sy3tnP10 2 - th4A 150t FMMhel 1

magnetic field generator, which s a conical shafed magnet 30 in the
pr esent BB AYRER: 10 |cAn tiees duphely the sexeifationr Bltas120nhTheopptistl vt farthsport r ods

MR P e i R R VL LR i g
a sect isBrwe 3 eivhefsubsirateanddhe eyciietiorn Glteretot ditspt Light dvpa thet axsitasfontfier pr esent
ohert e, SRR, SRR RSB 95d U KLAREOLES P GBI
phdlo dempusing adGMnentphase Taand an outer phase 50. Figure 3 also shows an emission filter
320 which is positioned directly next to the lens 130 of the photo detector 400. As can be
further seen in Figure 3 the components of the optical unit, such as excitation filter, beém
splitter and emission filter are mounted in a removable manner (slits) in the rotatable
platform. For example, the beam splitter 310 can be removed through an opening 26 located
25  in the top surface of the platform 35. Figure 3 further illustrates aspheric lenses 130, 110 and
120 which are positioned to focus light entering and exciting the optical unit.
[00130] Also shown is the shaft 410 carrying the rotatable platform and connected to the
stepper motor for actnating the rotatable platform. Movement c;f the rotatable platform is not
only used to move magnetically attractable matter at the fluid contact surface 57 of the
30  substrate via the magnet 30 but also to switch positions between different optical units and
thus allow to direct light of different wavelength to the fluid droplet arranged directly above

the opening of the optical unit. In Figure 3 a further optical unit is shown at the right side of



aligned to the optical unit shown in the left half of Figure 3 to couple
light into the optical unit and to detect |ight comng fromthe optical
unit, reswocbivmwhyrs [ 00129] The optical unit in this emnpowiSteat/ co@mspri ses
an excitation filter 120 which is positioned before a lens 110 of the |ight
emtting system 10 so that light fromthe light emtting system 10 can pass
through the excitation filter 120. T4 optical unit further conprises a
beam splitter 310 vvhich is positioned in a 45 angle relative to the fluid
cont act C & 8XC on.filter to direct

i ght ft}rl%}rljhﬁf{gg fi %gtfctg |on EJSI%%?\}\%?%Z lelafr I tan%tt“e R (%(‘fa?:ont act
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and an Qute ase 0 Fi ure 3 aI a on filter 320 which is
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surface of the pl atform 35. Fi gure 3 further illustra
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In . Figure 3 th ture control nodules (e.g. 53, 52)
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circui tthesh‘ﬁctrﬁgn{r@lﬁervﬁﬁ'tﬁé’%s&'alhte é/e é:)el%”le?iggla%s%r%qgtegﬁﬁgo& Jnd&ifppar at us

for field-testing (see for exanple Figure rate VI ce such
as 28howpparatus-fqgexemnle i fiymaifla téwerct i onal printed circuit board (PCB)

modul eTO((l@Q]We"i“héS B%Qol-:r}t in?drtBR QS AR directed to a system comprising an apparatus

described herein and magnetically attractable matter described herein.
[00133] The inventions illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed
25  herein. Thus, for example, the terms "comprising", "including", "containing”, etc. shall be
read expansively and without limitation. Additionally, the terms and expressions employed
herein have been used ‘as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible
30  within the scope of the invention claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by preferred embodiments and optional

features, modification and variation of the inventions embodied therein herein disclosed may



t hermal managenent including tenperature control nodul es, optical detection
i ncluding optical units and photo detector, and the substrate for carrying
out the bwologvwai7sand/ or chem cal reactions) except m ecosccrinmbéoss unit
and TFT display were stacked and can easily be replaced swapped for new
upgrades. Figure 14 (B) and (C) show an enbodi ment together with a

m crocontroller unit and TFT display,. A conputer program for exanple one
that is witten in C, controls all essential functions of the apparatus and

t he user can 0Qse, bet re-programred routine prograns for standard
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pr epar abisideraig/bokwithhemen@pe bf ies iava@kiegol s. | n anot her enbodi ment, the

m crocontral l er and the user interface (e.g. TFT display) are integrated in
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t he i nueyindividual @émee.or Hibgsoup df ngddbelshilae Madedsi:egd that al t hough the
present invention has been specifically disclosed by preferred enbodi nents
and optional features, nodification and variation of the inventions

enbodi ed therein herein di pglpepsafRyRE SIRSAGNED t0 by those skilled in the
art, and that such nodifications and variations are considered to be within
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20  thermal management, microfluidics, optical detection (Novak, L., Neuzil, P., et al., 2007, Lap
Chip, vol.7, pp.27), and PCR-~chip carrier (Pipper, I., Zhang, Y., et al., 2008, Chem. Int. Ed,
vol.47, pp.3900) are described in detail elsewhere.
[00138] Disposable substrate for fluid contact surface. (Heptadecafluoro-1,1,2,2-
tetrahydrodecyl)trimethoxysilane (Gelest)-modified 250 pm-thick D 263 T-glass sheets
25  (Pipper, J., Zhang, Y., et al., 2008, supra) (Schott) were spincoated with a 1% solution of
Teflon AF 1600 (DuPont) in FC-40 Fluorinert (3M). The teflonized surfaces had static
contact angles with water (Millipore) and M5904-mineral oil (Sigma-Aldrich) of 115+2 and
85+2°, respectively.
[00139] Miniaturized optical detection system. The individual parts of the inverted
30  miniaturized optical detection system were manufactured in black anodized aluminum by a
combination of vertical milling and electrical discharge machining (SpeedTools). The filter

wheel accommodated a permanent neodymium iron boron magnet cone (Neotexx) together



those skilled in the art will recognize that the invention is al so thereby
described in terns of any individual nenber or subgroup of nenbers of the
Mar kush gwouplo/iexPERI MENTAL SECTI ON [ 00136] A gPCR was eeamsicediomudoswi t h t he
apparatus of the present invention in presence of a positive internal
control. The possibility to process nultiple sanples allows to exam ne the
actual sanple as well as further co ol s, such as an internal positive
control to rule out fal senegative results which can be caused for exanple

by a d v 137 e rch tur h power, supply
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Zhang, Y., et al., 2008 Chem Int. Ed., vol.47, pp.3900) are described in
detail el sewhere. [00138] Di sposable substrate for fluid contact surface.
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filter vvheel accomodat ed a permanent neodym um iron boron magnet cone
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ne-stepper motor in Engineering). Thereby, an integrated CNB1302-reflective

photosensor (Panasonic) enabled to control the default positions of the rotating rotatable
platform. A BPW21R-silicon PD (Vishay) was used for the fluorescence detection during the
15 last 10 seconds of the combined annealing/extension step. Upon completion of a gPCR run,
the raw fluorescence readings were transferred as a *.txt file (from the random access
memory of the microcontroller unit via a RS232 interface) to a personal computer for further
processing.
[00141] Data processing. The data processing was performed in Microsoft Excel
20  employing a VBA script described elsewhere (Larionov, A., Krause, A., et al., 2005, BMC
Bioinformatics, vol.6, no.62, pp.1).
[00142] Sensitivity measurements. For assessing the limit of detection (LOD) of the
miniaturized optical detection system, the JUPAC definition was followed: cpon=(3*sg)/m,
whereby crop denotes the concentration of the analyte at the LOD, sg the standard deviation
25  of the blank measurements, and m the analytical sensitivity, which is expressed as the slope
of the calibration curve obtained by linear regression. The probe sequeﬁce of the IAC
featuring solely different fluorescence domors at its 5’-end was used to generate the

calibration plots for each filter set (Figure 4). Typically, the dilution series’ ranged from 10~



a For the LOD neasurenents probes w thout quenchers were used. [00140] The
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(Panasg(%ilrc&) el\éfnglg‘% e ?@u V45 ff ‘t eb(,:‘r'ag‘ﬂt ggo’???s?’ﬁ?ﬁ‘fm@fwf’lﬁerel:?fflﬁq izhg
r ot at alahseaph@eftension AnPRMEAR- Tid LOPR RRGNMISHEY) cMESEUSE {PHM, ngon
fluores 9%942%’%“ on during the |ast 10 seconds of the conbine

ext

anneal i} rap @pRed)sold R mderontsy8) =47 @MeR run, the raw
il ' f er * fii d
| uor es6Rase SemfinBRIehe TNl REaeE SSIv T s liGod bt agggpl{eg“ om

access nenory of the mcrocontroller unit via in a
per Sonatere olipatngifuged af Qdk fpefor pihoate4. NOf tHaQBDOL}L Bdtthe pumeessi Rgre The dat a

escr i BEAMGRE AR are FrEAFB Y, MACST R GBS Vi D! HPE, s SBiE the
Bi oi nf @IABhp Ofral RNA OinDRit @4 ggﬁe:_ﬁclﬂﬂegwg]wé%lﬁfeﬁ LY 56 BRREWLBENtS. For

assessig& the limt of detecti of the mniaturized optica

det ect iaa# stoyed @n$0°Che | UPAC definition was foll owed: whereby CLOD denotes
the co abl.: t t SB t he andard devi ation of
t he bl E@Q%Lais)h?%ﬁg%ts%h%am%{ hlgfogﬁsaf)?{%%g}f hse e%sS% i Vi f‘/,p n\%ﬁrcﬁ?{aﬁg‘?
expPesdedMas ptdbes sdrpgimgche pine goml dfHIBL-1 overe based onliligimed dat defoneaed

regressi robh equenge I.AC featuring,.sSo ifferent
flgor e?@gﬁgg onsgﬂgena %f)glge 1qr%2§08\1,\@§v SEFED ﬁlélﬁﬁ‘%é‘{néEﬂ%ngstﬁ‘{@fi on

pl ots dfrheoretmnggdkb gs?h{'}ﬁﬁﬁwcg o Afjl@x?osTNaidhal “‘abﬁ’é“ﬁﬁﬁ’ [?S‘FA)JLAJ' %jlii?@ﬁﬁ{,@s'
range to nd.the di] uent was uf fer. I” the
g ahERTurtigs Pl sEe b o b b etk LBl of et semEioAEErAg: | ops
nmeasur @ie WaCehadGdRbdueddd) FordcloggMo BNAD dndExs desfBdd B fdnfln (sTxfResd 14 pM

and_cL (Cy5) = 17 _pM [00143] Sanple Isolation. 1000 ni-aliquots of HI V-I
i ngéct &5’%%& Bl RObELap| geitepEePlyr o fYadF e d FavirpakiTgseERtionh at  40C.

Ot hat;c8AGAGPEGOBCCURaAA@Dt Wer@edi scanged, agsl the jyemai gipg 200 ni
containing the vi ral%ﬁel | et were extracted using the Q Aanp Viral RNA M ni

Kit (QPAEERNICTOHGFGHTERAGHES CCAGRAGT EA-35FEQOID NO:hYX e forwan amt or ed at

-800C. reyerse primers were used, respectively. The TagMan probes were (FAM)5’-
TCTCTCGACGCAGGACTCGGCTTGCTG-3’(BHQ1) (SEQ ID NO: 3) for the target and

20 (TxRed)5’-AGGTCGGGTGGGCGGGTCGTTA-3’(BHQ2) (SEQ ID NO: 4) for the IAC.

[00145] gPCR. The qPCR mixture was based on the EXPRESS One-Step SuperScript
gRT-PCR Kit (Invitrogen) and composed of 25 L. EXPRESS SuperScript qPCR SuperMix
Universal, 10 pL water, 5 pL 10% BSA, 1 uL 10 uM primers each, 0.5 pL. 10 pM TaqMan
probes each, 1 pL 10 copies pL™ IAC, 1 pL template ¢cDNA, and 5 uL EXPRESS

25  SuperScript Mix for One-Step gPCR. 1 ng pL™! tRNA served as negative template control
(NTC). Of that, 2.5 plL were used for the miniaturized gPCR and 25 puL for the tube-based
PCR using a Mx3000P thermocycler (Stratagene). The thermocycling program comprised a
hot start activation at 95 °C for 120 s, followed by 50 thermocycles of denaturation at 95 °C
for 10 s, and annealing/extension at 65 °C for 40 s. To counter evaporation, the gPCR
30 mixture was sealed with 10.0 uL mineral oil (Sigma-Aldrich). Finally, the PCR product
specificity and yield by capillary electrophoresis (CE) using a Bioanalyzer 2100 (Agilent)

was verified.



[00144] Primer Set and TagMan Probes Design. The design of the priner set
and TagMan probes targeting the gag gene of H V-1 were based on alignnent
dat a ref ewenomdiofi47em t he H V Sequence Conpendi um 2008 ( IHCY/sGeauanas4
Conpendi um 2008, Published by Theoretical Biology and Bi ophysics, Los

Al anbs National Laboratory, USA). A conpetitive qPCR format was chosen, in
whi ch both target and | AC nade use ok, one common prinmer set. The | AC had no
sequence honol ogy to H V-1 and was designed fromrandom synthetic DNA by a

B Crar ot B BRTR Y e o o e 00 TS ofthe B8k sampie

5 C@Tﬁﬁﬁﬁﬁﬁﬁt@ﬂ%@ﬁ%ﬁ%ﬁfﬁi}ﬁw ('\)g&fé g @BIN@& p@s)tlcﬁ?oéf'&lﬁ'\% 1\%@% dothd reverse
rimers re respective e n probes were -

gaac@&%ﬁ&%&w @ §i%m4é1§°f?t§% uﬁ@ﬂ%@?e mppdingy therfacasaiegerts and

( TxRed)+bere &%E@% M hhMnep’ (Qﬁk@%e(iﬁ%@sk&c@qeaﬂﬂg&] d_ ttﬁ?:ﬁ HEC.

[ 00145] qPCR he gPCR m xture was based on th

Super sdPtab! ecfﬂﬂtfqﬁ@R’V?ﬁ fotatgdidi ® Ydge k4 article vel gbad 109. Hasnthe EE)(FHFIESSS

Super sGiided beﬂsmhgwpﬁ{fw Hatdi LYoy 36t the ggox{%ceﬁ\%t hding. Fho ARl 10 1M

primers each Man probes eac cop i es? ’fLmIAC 1
mL tenﬁV@étI@V@@)Nwﬂ taﬁaa:rgplmvasxmg@sumamc ithetblid ehafumsl tcOvveH Sirepe gRER. 1 ng

m. 1t O.that, 2.5 nL were
used f?f&% %%E'T%@%tdg?o&gﬁﬂ R‘QM%&%& cﬁﬁ} fgk%ﬁ%nﬁtqﬁgeat?}}gée%iésgéd PCR using a
Mk 3000 R0Q H&} nﬁcg«:dﬂmr e((&lpla,t the eanaple (tdgether nithranited lysig bpffady magrpmtmmed sed a

dords unb o RERk alhn PR 1B 00 el Ry WP TR TRt 5o e or 40 <.

ToI c?u rﬂwherg?ﬁas ammmngttllmjewpﬁﬁg sohuibil veresces adhg dlfe\@dehﬂet-‘épb%w%n tll’fg ngr al

oi Si [l nally, the P p. uct specificity an e y
capi | | I%yo ‘élf"(‘-il%?ri'do{l)}ic? oé’kl%os%‘éﬁ‘)mgstpﬁé& ‘%?Fg%tr?élﬂﬁ%P L OFIASH- I%{‘)th%s
verifi edm{oeﬂ&&ﬁ]RNMjNA et arapgedt aar&agﬂtmpth% d’roﬁl'é@' ﬁa;ng,P@B Wap (&R kded out,
2.5 M of the PCR sa gerlaldwthl. of m ner al mlwereplaced
on t he Ryifie Iaéé‘ke%]éfém ‘irg’ﬁ gpoverrad finglisy ﬂ%f-‘dﬂ’[“ﬁ@@ RIVPhdeisdlesarbrd igiovibee shown

i N 15i JWOR dropfefin Wheh d YOrRSARIpRcE BAANAGS: LddthIBASH HI%U?& et%aa tﬁﬁf ried

out with the blue channel (2s for thé fluorescence reading), en the
r ot at aBPtating wnit e O’ slack, the epneghqppd magpet gets gtfragiel dawnwakds Ghiotk mm) ehd Thus,

the sanplses #asoRbhase %&i fReh! Qén%}l& Pﬁtl&@§@&eto gé‘ ﬂ{a‘?éafl(‘lg dfitan 8 b(%l ed i@l EScence

reading). The rotatable pla m was noved unti he sa & WAs pack in
poSi ti @hd aweivles tosated inthechemetet thedluidantdcosurfaee (mease see Fxgure 15 with the

force-distance measurements). Thereby, the magnetic atiraction between the cone-shaped

20  magnet and the magnetic particles is interrupted between at 9 o’clock, and it is possible to
prevent the magnetic particles to ‘rotate’ any further during the fluorescence detection step.
In this arrangement, the PCR is taking place in the presence of the magnetic particles (they
just stay behind in the PCR droplet). Alternatively, the small magnet can be place anywhere
between the 9 and 12 o’clock position, in which case the PCR is carried out in the absence of

25  the magnetic particles. Another possibility would be to create an obstacle (well, hole or slit)
between 9 and 12 o’clock, which also would prevent the magnetic particles to rotate further.



readi ng. The rotatable platformwas noved back and forth to repeat the
readi ngs. [00147] In another exanple, the sanple (together with a suited

|l ysi s bufwerpivmss7posi tioned in the 12 o' cl ock positi onpamscheofobensd
contact surface of the device illustrated in Figure 2. Further droplets
cont ai ning the washing solution were placed al ong the perineter between the
12 o' clock and 7 o' clock position, %ﬁAt he PCR droplet at the 9 o' clock
position. Then, the immobilized R gets dragged through all the
droplets along the way (and gets g‘g{?i,fi ed) as already described above and
finally, the purified RNADNA is YPbed into the PCR droplet, in which a
gPCR t akes place. By placing another small disc magnet under the rotating
unit at 9 o' clock, the cone-shaped magnet gets atiracted down rgns (2 to 3
mm) and. | cosegpbarstus donpERsessingo2t least RIGNRPIE Iy Y| e Sl e

i ncreasing di ween magnet and particles |located in the droplet at
the fluid C%;I%) a(;al{;%gﬂl ]chgiﬁ(l:l\% (pl ease see Figure 15 with the force-dj stance
measur enent s) a stheirasbyhavingea Waigh eeritect utfress thsieib dbadiid et oE2Shaped
magnet and the magneti.c parti A4S K bgt; edblcoCk, and
it is possi‘bqn@risgsgﬁ?% rﬁta%tdh%wﬁg%bﬁfé ialc(:i tgé tt(?(%flg‘g % gﬁmﬁg?%tate@%g%y further
during the fhki¢on &seamie istedtapbh deingtcoptacted withi the Anidaprpéast parface |98 ECR | s
taking place_in the presence of the magnetic particles (they just stay
behind in tFESEER dr oplet). Alternatively, the small magnet can be pl ace
anywher e bet wgenRaithee Yerapdati @nrblaadduposidngedio ¢ontrwhihe tengeesasuretie aPCR i s
carried out in the absence of the n’(?grllﬁgic f?]%rtﬁ‘ﬁl es 'trAt‘QOt her possibility
wolPd be t oleay@as mpsragne pons &t e ¢ confast Wrgee 3 Pe 8% %een 9 and 12

o' cl ock, which 3l.8@1e\PuitsnPR@MEBA oh e GPpesiRt side @aht ifloldesntaot suwfaet ef
further.C ains 1. An apparatus for processing at |east one biol ogical
and/ or chentheanbsizatephereinibe ry@atle PladomhAAEfhg: - a substrate having a

fluid contact surface. whes g&&ra{t&@ whiielhe @Rigasic S1d faneato0RPEitEaly a
texture and a wettabi |t1y adapted to allow a fluid droplet arrangeable
tq

thereon to remedvablepardiel tagenrotasion) axis ot the retatable PRUCHR #yui d cont act
S“fgace of the S&bfeagtaaﬁe optiddl 1B lapRiaed CARELBKUEE af ABist Ghe NPEUHiE

arr1 nged to contro he teﬁperature in at | east one tenperature zone at the
fluid contact wacleagth aof tc detect lipltof aftleast enerspeeifiapreclgnggh f or m arr anged on
the opposite side of the fluid contact surface of the substrate; wherein
the rotatable platformconprises: a magnetic field generator; wherein the
magnet i%; fi ahd sgpnaenatodrcldn 1,evhdrenlthe at least one temperature control module is

arranged between the rotatable platform and the fluid contact surface of the substrate.

20
3. The apparatus of claim 1 or 2, wherein the at least one temperature control module

forms an integral part of the substrate.

4. The apparatus of any one of claims 1 to 3, wherein the magnetic field generator and
25 the at least one optical unit are arranged on a circular orbit on the rotatable platform;
wherein the circular orbit is aligned with the at least one temperature zone at the fluid

contact surface of the substrate.

5. The apparatus of any one of the preceding claitms, wherein the at least one optical unit

30 comprises:

- an excitation light source adapted to provide excitation light;



novabl e parallel to the rotational axis of the rotatable platform and - at
| east one optical unit adapted to emt |ight of at | east one specific

wavel engtwoanmy/toas7det ect |ight of at | east one specifi cpoasehengoduss 2. The
apparatus of claiml1l, wherein the at |east one tenperature control nodul e
is arranged between the rotatable platformand the fluid contact surface of
the substrate. 3. The apparatus of choai m1l or 2, wherein the at |east one
tenperature control nodule forns an integral part of the substrate. 4. The

apparatus of any one of cl ai 0.3, rein the nmagnetic field generator
and the at FeaasﬁetS‘ﬁ%’“olﬁP‘f"é%Iag%ﬁ‘?]a[ an?i]éecé\ﬁ\ﬁmgﬁhﬁéﬁf lsest pneispeifia vaypieng T on t he

rotatabl e plediittedrbyia obagosition tdiBprived Gid Bhid WdPldt atringdhbl0 BE theMidild cddie at | east
one tenperature zqne at the fluid contact surface of the substrate. 5. The

appar at us _()Furéar‘fﬁo ﬂ’ésBl?S“PﬁéoﬂPE‘&tédlf‘i‘?@to’é! aims, wherein the at |east one
optical unit CONpk SAEHing An@Fd: ldePcd; | Whkreif QHE %ghﬁgaﬁtuggtm Rhayg de

excitation |ight;a detection nodule adapted to direct of “at Teast one
spe€i fic wadeiengrpsitenedt ed by a conposition conprised in a fluid dropl et

arrangeabl e pn,the f hyi roht S i t 0t 0
detector; aa i aht ge ec%cﬁggm%ﬁrgé gu%%ggﬁ%g@f%ggp%ﬁgﬁéé%a@ﬁeﬁ ?‘Sﬁ‘?‘”sa ecting
and gui di ngcersdit gerfics opthsistbhstmtetard to direct the excitation light toward
the fluid d ef: - L the 41 ui.d ntact .qurface of. th

substr at e: - 2dByrepot R B BE s ioaeF s nde ohdfi o prttee

ar r angeabl e saifact béthk substhateas thedketestio mednlof the substrate to the detection
nodyl e. 6. The apparatus of claim5, wherein the excitation |ight source is

an"excitation filter adapted to filter light of at |east one specific
vwavel esgt h mae appeesing 6D0Min 5] FhereRimht tek Sigrtisy HeRMource 1A AbRA0AtMEr Of Claim
5 or 6, wherein the_detectio nPduIe conprises an em ssion filter adapted

e

to filter | PHpEedoio gﬂerl gﬁgto offe’eafeRmer sRECHig ErElseth wRfiYede dropy a dight

conposi ti onem@i &ysReh.in a fluid droplet arrangeable on the fluid contact
surface of the substrate. 8. The apparatus of any one of clainms 5 to 7,
wherein the |ight selecting and guiding

15 7. The apparatus of claim 5 or 6, wherein the detection module comprises an emission
filter adapted to filter light of at least one specific wavelength emitted by a
composition comprised in a fluid droplet arrangeable on the fluid contact surface of
the substrate.

20 8. The apparatus of any one of claims 5 to 7, wherein the light selecting and guiding

device is a dichroic mirror or a dichroic beam splitter or a dualband dichroic mirror.

9. The apparatus of any one of claims 5 to 8, further comprising a lens positioned on the
side of the detection module which is opposite the side on which the light selecting
25 and guiding device is positioned to focus incident light directed to the detection

module.
10.  The apparatus of any one of claims 5 to 9, further comprising a lens positioned to
focus excitation light received from the light selecting and guiding device onto the

30 fluid droplet.

11.  The apparatus of claim 9 or 10, wherein the lens is an aspheric lens.



device is a dichroic mirror or a dichroic beamsplitter or a dual band
dichroic mrror. 9. The apparatus of any one of clains 5 to 8, further
conpri si ngoaoloens47eosi tioned on the side of the detecti eoTsodelomosuisich is
opposite the side on which the light selecting and guiding device is
positioned to focus incident light directed to the detection nodule. 10.
The apparatus of any one of clains to 9 further conprising a | ens
positioned to focus excitation light received fromthe |ight selecting and
gui ding device onto the fluid droplet. 11. The apparatus of claim9 or 10,
wherein the lens is an aspheric lens.12. The apparatus of any one of the
precedi,ng ghai MBarMheSein) dldCofeRafadetimgf dainbewheeiibhe Sparatus Wtior t
structure supporting the substrate, the at_ | east one te eratu&;ﬂpontrol

modul e and comprisestasupbpi sprepRFURRoriag therubs{sie the H<lea5t °BF HHRSTE Sher ei n

t he support e, AUVl SB% httdBast one photo detector positioned to
detect | nclcf)ﬁ“{rgr%g&f(%ﬁgy%atnﬁf ror%aa ?ellﬁl d droplet arrangeable at the fluid

comt act surface of the substrate and passed through the optical unit. 14.

The apparatys of claim.12 - At Qbkises bf 1465t Whe pBSBPr i ses at
| east Ohe I ﬁ?p%ﬁ#?P?ﬁﬁmégépé%$g§§?%§%gg BﬁgﬁgggpPeslight into the at

| east one aptdc@alpoitibiied th5detebhachipiparighufonf a dui droplet angngedioat e at | east

one 19N S e NS GUCADEh SOTBIL SRl SRSplat o1 0 11t oo

t he opti cal us of any on e precedi ng clains,
wherein the rotatable platformconprises at |least two or at |east three or

at |l east four optical _unjt 1 he .appar at us of an ne o recedi ng
cl ¥ ns!4- wherhsi appaugars é?ﬁﬁ]é%i%gr Z% ﬁ%?f%glgéppﬁoétasﬁuc?um%%éngmg?s %é%lgt? pr{%hr ee or
at | east fqu LANREE AlihfpoiRidhédb comsleligs intd e of hastappaptatalisnibf any one of
the preceding clainms, wherein the novenent of the rotatable platformis

controlled by a stepper notor. 19. The apparatus of any one of the

precediNg cfal @aré‘é&ewﬁﬁnﬁqﬁﬁwﬁ&%%a ak 168068 Ty dnpErsyitunefueheat r ol
nodul es ‘conprises. - a heater; a heat conductor; and a tenperature sensor;

wher ei n t hecoemises alens Br disepsiog ligk! onipthe epfigabiiet ect and control the
teTperature in the :

16.  The apparatus of any one of the preceding claims, wherein the rotatable platform

comprises at least two or at least three or at least four optical units.

17.  The apparatus of any one of the preceding claims, wherein the apparatus comprises at

20 least two or at least three or at least four temperature control modules.

18. The apparatus of any one of the preceding claims, wherein the movement of the

rotatable platform is controlled by a stepper motor. .

25 19 The apparatus of any one of the preceding claims, wherein each of the at least two
temperature control modules comprises:
- aheater,
- aheat conductor; and
- atemperature sensor; .

30 wherein the temperature sensor is adapted to detect and control the temperature in the
at least one temperature zone at the fluid contact surface of the substrate via the heat

conductor.



at | east one tenperature zone at the fluid contact surface of the substrate
via the heat conductor.20. The apparatus of claim 19, wherein the heater
and the swoorymagsconcentric. 2 1. The apparatus of cl acms2Qoiowh@sei n t he
heat er surrounds the sensor. 22. The apparatus of any one of clainms 19 to
21, wherein the heat conductor conprises a material selected fromthe group
consisting of a netal, a sem nconduct,or, a dianond, a carbon nanotube and a
full erene conpound. 23. The apparatu$ of any one of the preceding clains,
wherein the apparatus conprises at |east two tenperature zones and wherein
the at |least two tenperature zones are thermally isolated fromeach other.
24. Theoapp@heipparadfs cfrR}AiANS, Wheréih theMegeLMidiBe Snddr Ao conb@iR). N t he magneti c
field generator is a nagnet. 25. The apparatus of claim24, wherein the
magnet is a pernmanent nagnet. 26. The apparatus of claim24 or 25, wherein
the magnet MRSagpaHAARE RHADDEHEAn BRMCABE fudbBndife fRGREti ¢ force on a spot
at the fluid contact surface of the substrate. 27. The apparatus of any one
of élaims 24 to 26, wherein a side of the magnet facing in the direction of
the flyhd C r t I . 28 The
appar atts of e Sn Apief ot of dnSiiont of i b AN ARSIRBGY, o

| i ght t r ans ningtefigleselep®d frons thetgsonpoonyistingi of @ metalaa seapipeomdtieisr, adeoradidng t o any
one of cl ai ; neticall,y attractable matter.30. The system
of clain129gﬁﬁﬁ%¥%P§ﬁ?ﬁ§H%%3ﬁe |8§Fh§ﬁ% tractable matter is selected from
the group consisting of at | east one nmagnetically attractable particle, a

magpeti,¢ fluid, an irqgn-rich cterium .and caombi nati on thereof. 31. The
sygp emlzg’f Cwéﬁ ?ﬂpéffﬁlsv#glp CR° ?fﬁt © RSEHS C&%{Wy%éefr?lp & DBFAMS SPTPEICR 4 s

sel ected fremsttthe gipepneenshat afdgwhéreia @b aragRetive J&ﬁ}ﬁdrétﬁﬂeezon@s are
ferromagnetjc rticle, a para netic particle, and a superparanmagnetic
particle. 3%@“§§Hﬂﬁﬁ§8d8?mﬁ?ﬂbggging at | east one biological and/or

chem cal sanple, wherein the nethod conprises: disposing at |east one fluid

droplet onto a fluid contact surface of a substrate of the apparatus of any
one of &1 aji Hae RPR¥AYE of 4y onepaf fthsy pichefling slaabsyhespint the magsréyyifield  and/ or

chesi cal sappkfitdris  hagad. | east one -

25.  The apparatus of claim 24, wherein the magnet is a permanent magnet.

26.  The apparatus of claim 24 or 25, wherein the magnet has a shape adapted to

20 concentrate the magnetic force on a spot at the fluid contact surface of the substrate.

27.  The apparatus of any one of claims 24 to 26, wherein a side of the magnet facing in

the direction of the fluid contact surface of the substrate has a conical shape.

25 28.  The apparatus of any one of the preceding claims, wherein the substrate is light-

transmissive,

29. A system comprising:
- an apparatus according to any one of claims 1 to 28; and

30 - magnetically attractable matter.



fluid droplet; wherein the fluid droplet conprises an inner phase and an
outer phase, wherein the outer phase is inmscible with the inner phase,
and the owbenigphase is surrounding the inner phase, andparsGein/bévssi nner
phase conprises the biological and/or chem cal sanple, and the inner phase
is shielded fromthe environnent by the outer phase; wherein the fluid
dropl et conprises magnetically attragfable material. 33. The nethod of
claim 32, wherein the outer phase of the fluid droplet is surrounding the
i nner ase _as a fil 34, The nethod of claim 32 or 33, wherein the
magnet i-cal | SISW%P?BII&E“ At gﬁ?rﬁlpt esmégnr‘?%‘?]n]é(ﬁ“&%?ﬁb% Reier dvtekisted R ticl e
whi ch conpr itgegow tdngfigh bMaTobisi dneesheattically Mhasse ?Bnit:ﬂa?a ragnetnerd |y
attractabl e parti_cLe that is _capable of binding a target nmaiter suspected
to be conpr P&EQTIRN PARCHING) 38d 2 cambigpipngheretfeni cal sanpl e. 35. The nethod of
any one of clainms 32 to 34, wherein performng a process on the biol ogical
and/ or chem cal sanple conprises a step selected fromthe group consisting
of Rerdilng flhesystem af elmapg&wlquwha niagpetivelly pitra¢tebld pagticletis sehdcsedrfpnt he

i nteriorof e i -on| e i bterd the.fluid | et.. t hr qugh anot her
fluid dropl tg?) gfraAn ggﬁ%@ﬁgntgft%e&%ﬂﬁ%ﬁmgg%r pléé%’ flntféo;{oglg)agﬁ éet}fstp aﬁl\ﬁge’ d%tught er
fluid dropl geremage:tic Phgiclee tiivbalsupérpammagnetic pirticleai ns 32 to 35, wherein the
sanple is selected fromthe group consisting of a soil sanple, an air
sanpl e, an environmental sanple, a cell culture sanple, a bone marrow
sanpl e,32a r & mbthbd of arebwingaat fledst @utbislagipdlend@r sikagial sampleewhésin the
extlgaterrestri aId sarrgl e, a sewage sanple, a ground water sanple, an

abr3si on saftied RPHi%haeol ogi cal sanpl e, a food sanple, a blood sample, a
ser ulm s arrp: e, d?;spp_hiﬁ@ ?fuegsgaﬂé ﬂuildardpuejt Beto agmm &;_nta%lt §¥rfaed; céﬁaaéﬁabtlﬁhte & themen
sanple, aly atic ui e, a_cerebrospina uid sanple, a

nasphar ynge&p a&@é‘ésr?fse‘ﬁﬁﬁp%??aglgﬁdttﬁﬁ&é‘&ﬂpl e, a nouth swab sanple, a throat
swab sanpl e, geffBshg ARECSAGPIR bido P AEDAAUNRNaR Eark Y BOGe SAIRY Bpe &
bronchi al secretiqon sanple, a mlk sanple, an amiotic fluid sanple, a

bi opsy sanpfEiddomieti | sanple, a hair sanple, a skin sanple, a cancer

sangl e, a tWﬁgﬂéfntﬁ@ﬁﬁid%oﬂeﬂdoﬁ@ﬁ?es%ﬂﬂﬂeﬁfha@eEr%lz{no%?éir%hgse a cell lysate
sanple, a virus culture sanple, a forensic sanple, an infection sanple, a
nosoconi al i nf ecWherainsBapivéer Mhags sdomisable seithpthe, inperdphage, pnd pbe atteon

sampl e, a bi ol oghcal ;&GS the inner phase, and

wherein the inner phase comprises the biological and/or chemical sample, and

the inner phase is shielded from the environment by the outer phase; wherein

20 the fluid droplet comprises magnetically attractable material.

33.  The method of claim 32, wherein the outer phase of the fluid droplet is surrounding

the inner phase as a film.

25 34,  The method of claim 32 or 33, wherein the magnetically attractable material is a
magnetically attractable particle which comprises a ligand immobilized at a surface of
the magnetically attractable particle that is capable of binding a target matter

suspected to be comprised in the biological and/or chemical sample.

30 35, The method of any one of claims 32 to 34, wherein performing a process on the
biological and/or chemical sample comprises a step selected from the group

consisting of merging the fluid droplet with a further fluid droplet, mixing the interior



production sanple, a protein preparation sanple, a |ipid preparation
sanpl e, a carbohydrate preparation sanple, a solution of a nucleotide, a
sol uti on wb 2polpmrsl eoti de, a solution of a nucleic aci ¢cTacaolowbéosn of a
peptide, a solution of a polypeptide, a solution of an amino acid, a
solution of a protein, a solution of a synthetic polyner, a solution of a
bi ochem cal conposition, a solution an organi c chem cal conposition, a
solution of an inorganic chem cal conposition, a solution of a lipid, a

olution of capbahydr a _sql utj on  of comi nat ory_chem stry product,
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sample, a plasma sample, a urine sample, a stool sample, a semen sample, a lymphatic
10 fluid sample, a cerebrospinal fluid sample, a naspharyngeal wash sample, a sputum
sample, a mouth swab sample, a throat swab sample, a nasal swab sample, a
bronchoalveolar lavage sample, a bronchial secretion sample, a milk sample, an
amniotic fluid sample, a biopsy sample, a nail sample, a hair sample, a skin sample, a
cancer sémple, a tumour sample, a tissue sample, a cell sample, a cell Lysate sample, a
15 virus culture sample, a forensic 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 solution of a peptide, a solution of a
20 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 a drug molecule, a solution of a
25 ' drug metabolite, a suspension of a cell, a suspension of a virus, a suspension of a

microorganism, a suspension of a metal, a suspension of metal alloy, a solution of a

metal ion, and any combination thereof.

37.  Use of an apparatus of any one of claims 1 to 28 for carrying out a nucleic acid

30 amplification process.
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The use of claim 37, wherein the nucleic acid amplification process is selected from
the group consisting of a reverse-transcriptase (RT), a polymerase chain reaction
(PCR), a real-time quantitative RT-PCR (gRT-PCR), a helicase dependent
amplification (tHDA), a smart amplification process (SMAP), a loop-mediated
amplification (LAMP), a rolling circle amplification (RCA), and a recombinase
polymerase amplification (RPA).



