1 APPARATUS FOR REGULATI NG THE TEMPERATURE OF A BI OLOG CAL ANDY OR

CHEM CAL SAMPLE AND METHOD OF USING THE SAME 5 FIELD OF THE

| NVENTI ON [ 0001] The present invention relates to an apparatus for

regulating the tenperature of a biol ogllcal and/ or chem cal sanpl e,

particularly a sanple in a liquid droplet. BACKGROUND OF THE

| NVENTI ON 1Qp i{l@?ﬂUM‘@ﬁi R‘ﬁ;%ﬁqgﬂ@ THE fﬂﬁipﬁk&@hlﬁléﬁp&ﬁ@’ %Glfé‘ L

procedures inc steps In nperature changes are e

To achi eve repkMB@R@EEMI@PdaSMbEr&DIMETHODQF US&[iNGr'EHEtSAME

mai ntain control of the tenperature of a reaction m xture, such as a

sanple, and to maintain tenperature uniformty within the respective

reaciion m xture. Further, nmaBYELD QYTHEINVENHIONI cal and

preparative procedures rely on enzynes, which show an optiml 15

per f or mance_afgg1y ei‘hé‘ﬁ‘ésén? TRRAAYHfcates'd BN FEC el BARE R Berature of

control it is generall required to provide a close contact between

t he reactd Walogicrk andéor ghemichlesampde. padicoiarly eshinply in ellignisidroplat t he sanme

time cross-contam nations of different reactlon m xtures, e.qg.
sanples, need to be avoi ocess in which

~controlled heating and mdﬁ‘ggﬁ&%gg%@f\ ﬁﬂ%‘&’ﬁﬁl@ niformty are

particularly inportant is in vitro nucleic acid anplification by

neaps of the pglo2IBNASG 06 BaBndsBaChiidaPHR preﬁiﬁh@é‘lpkéfceﬁﬁ%s R&dfude steps in

process is a thermal cycling process, wherein'the basic cycle can be
di vi ded iiigh fempasatyteeghianggsagre efeaied: Torachieve ieprodyatblel 6nd leecusate aaenltgtit is

about 90 Q}Jl 430 Hint cGn&&)oﬁR@{ehﬂgﬁag&%f b Qe ?fr'{nngrgﬁe Eﬁ\%kag a%aﬁ@le and to

renat urate t e specitic primers e single stran
(anneal i mgdintaam dempﬁaturac uaiafeximig/ twrithi? She enypectval reaction abxitre.7 FuGher, 8Gany

Cf t f t abl e DNA
(el ongat 1A 000y EL AR TR R F g S PEeT S B @ optimal

typizal | ypefforrhaicaad ab&emledf teegbaaitc. DORbEYS it tedbérette aP@raAlitiie generally
uni formt | s achieved by highly thermally conductive qEUt bul ky
mat er i al SSEHEEH 19PTRBPDHECIOSE FORAHS betERen Bletré%%@%lamﬂgeéa dheofreasing oggooling

mai nt enang@n k. AeRaqRkulfe bokd 8idMaMbdshimiifBent AR m'b&tuﬂe§ @% S@mples,
important to provide a sanple heating (cooling) rate of at |e€as

5K/ s (- 5Kesd to b ayioifiedheat ing rate is acconplished by the
i npl ementation of a Proportional Integrated Derivative (PID) control
system | i mi t ed?Wp] Amgrsrople Pisainserest hoviieh aprfroliedt hestipacing ameiatenance of

D e L
of t en calrhesds Rd| the aqolxen@mncl)almrremomt(ﬁélﬁi) nézpisalls ﬂth62§ picess. is Su ¢ltermal
devi ces %5/8111‘%015];8 és% ﬁerem the basic cycle can be divided into three steps: (a) separation of the
DNA double-strand at about 90 °C to about 94 °C (b) cooling down to about 50 °C — 70 °C to

renaturate the specific primers to the single stranded DNA (annealing), and (c) increasing the

25 temperature to about 70 °C — 80 °C for extension of the primers with thermostable DNA

polymerase (elongation).

[0004] Temperature confrol during a PCR reaction is typically performed by a
feedback loop system, while temperature uniformity is achieved by highly thermally
conductive but bulky materials such as copper. In addition to temperature control and

30 maintenance of temperature uniformity within the sample, it is also important to provide a
sample heating (cooling) rate of at least 5K/s (-5K/s). A high heating rate is accomplished by
the implementation of a Proportional Integrated Derivative (PID) control system limited by
maximum dissipated power and heat capacitance. A high cooling rate is rather difficult to

achieve and bulky systems require force cooling by either a Thermoelectric Element (TEC,



and power hungry. [0005] As the systens are bulky, their thermal tine
constants are in mnutes rather than seconds. That results in |ong
transition tinmes and unwant ed by-products of the PCR 5 reaction. The
hi gh power consunption furthernore eli ni¢nat es t he possibility of

maki ng a battery-operated and portable PCR system In addition, the

react i on dfishesliar Peltiargemanyot e othee s suchnasumitero BulCRd e lak @ edmplicated
renders th entir ocess cost-intensive. Furthernore, the
det ect i oﬁm OW@Rh%ggﬁuct has to be done off-1i ne i .e. by enpl oyi ng

anot her devic sulting , in additiopal ost 0006] Wil e the
systems curr eﬁqq0§]e % SEStEmP AR gﬁ"ﬁ‘ =P@ﬁ‘r (5‘1’?? NSRS P 1 @HHP‘R@] rather
mul ti pl e teancBBdsatThiah fs§RETE IddEtrardsiiRy ﬂ@e@@ﬁd A lvated o prB&iﬁd(s! GP@He PCR
tenperature control of different sanples. W ere it is desired

expose sapfstien The Bighypoyert oRpaErpicy @lrtﬂbyan@e Jisrigntes QWSPO%Mémf making a
syst ems tbaﬁ&gfo%e&téa% alB‘?e BER! @X@ﬁl i .ﬁ@ﬁ@,‘ Ak redctioh Syl ea‘i-@ia?%@ and the
desi rabl e is able

rovid appar at to sinultaneou
handl e saemiired ammaiint/ PTUBERI qoc:kitaﬂlrmgﬂer&ﬂlemﬁﬁre PROEsE] cobt-intcabinre. Ela’theunomf the

devices in, the e tic and bi ot echnol ogj,cal, f.ield

nas. | ead SRR SHECR B meh PRI PSSR Loy PBE VR HINGF aitdyuling
Accor di ngh ydditivreat eodRCR met hods (PCR) are being devel oped, which are
expected to becone a central part of a Lab-on-a-Chip or mcro Total

Anath/) si s Syst fo86] Wtﬁ)e thd\epstBas bm"réiﬁlyéulsai RACABs mm&abﬁtﬁiﬁtaﬂlf)Wﬁfdr running
one bein tatio stemwt Ccycl 1 ng t enper.ature, the other
bei ng a %F@WP §yéra ¥lﬂ?‘lgl§4’i‘ilee3mfoﬂk§¥ doy nofi allogy tmél(‘é'r%‘élr tempegdure control of

[0008] Stafrdremtagampiys 'WRBreC i Clseddshed te NBghad ‘éﬁﬁpﬁg thhear T&B@”ﬁéﬁ'fpefaﬂlre cycle
order to nodify the tenperature of the PCR sol ution. do not

requi re Sopifipisnseveia sisivras therafere haansboemployehin paralic It rsethm@@re desirable
sanpl e. t e

conet ant o5l Bpiads i TS UPLER eI I A Sucled Heffualy, grine
chaliges P(R.tenperature. Wiile being faster than the stationary
system the flowthrough systemrequires an inplenentation of a

mechani sm t o {008k Miniabsizaten tdfe dones o ditlfd elchq:mica]emaananeaticaﬂn and

ei t her C%foq?c%gﬁgcglr ﬁélﬁ ha N a93he geYe (gpgl\‘i/%ltece?f '?%CIE@]@ i Yﬁc?fae.lu} eroa%tays

econoni ca Gse- of It he devi €
af t er perooontingdy, mmbx;o RCR integficels { @BCR) &0 bE@@3Y eldpade ativh s atfebRd 66 b&ome

stationary mcro odu saplana chi evige and the i
f or mat i oft %elrlTl]t 3{ a‘{r‘iﬂg lpcﬂ%lﬁrl‘i@io %%Qg)‘ﬁ&a%ﬁ %ﬁ@‘? %Hﬁﬁé) pyWwo basic
encapsul ap @Qche@fcaﬁi b%ﬁ@ﬂtlﬁ%@s efe RMR! £ staflo@irl s@%t @ﬂﬁ%ﬁ/ghngztem]ﬁ:?ature the
al ., Lab g 2005, 5, 308 .- 317). As no solid cover oOr

m cr ochafRKr 8eing @ floagiysieatvith fuceizanes at diffsicntigmpersiwensi sts only of
deposition 3 _and patterni ng{ thin filmheaters and tenperature
Sensors on a wp§b§Fa@o§%§y$ gia Cychp the temperature of the chamber in order to modify the

temperature of the PCR solution. They do not require a pumping system or other means of
transfering the PCR sample. The flow-through systems typically have zones at three constant
25 temperatures, between which the sample is moved and thus changes its temperature.‘ While
being faster than the stationary system, the flow-through system requires an implementation of
a mechanism to transfer between the zones of different temperature. In either case a heater is
integrated into the PCR system, so it is not economical to dispose of the device to avoid

crosscontamination after performing only a single test.

30 [0009] A recent example of a stationary micro PCR method uses a planar chip device
and the formation of a Virtual Reaction Chamber (VRC). The VRC is made by encapsulation
of a water based sample in oil (Guttenberg, Z., et al., Lab Chip, 2005, 5, 308 — 317). As no

solid cover or microchannels are required, the device fabrication consists only of deposition



respective device is however still too costly for a disposable

system [0010] A further chall enge occurring upon mniaturization is
the risk of cross- contam nation between sanples. The safest way of

avoi di ng such cross-contam nation is thé 5 use of a di sposabl e

system At the very least, the part of the device which cones into

cont act \wni hpdtteenisgrthine fikh ohdaterbeandi sppeadire. sebeork adn  ameuiyabty kiitgeert The

systens have bee roposed. These systens. typjcally do not fulfil

~all the F%sdfﬁ?t_}vé’rfgﬁ{ég_lﬁ%eé’ar %{gﬂt@@ cosf ‘f{"hgglsa%@h}%éwl Myely expensive.
i sel osed i n (0P 4t SRS SedeReR ooRiERe on B RE T Geg Fodipiohott cross

enbossi Ngoa@shiddiien Weeledn $einplcs. PhasaFekt Yyt &0l sk onthHition is the

syst em enpl ogs a relatively conplicated mcrofabrication process and

the 3 di spe%abf disprable syslsais AL shoeery depslo thezrat ofithe detier whichiremes into contact
remai ns . i ;

operat e, AL (SRR ACRTLE WiotBls, SoRL ekl MRS SIaf: bRRHoch Broposcd.
ability tlhetesyistemsgypicaty dmtot fulftloatplhe reguirtiSnts stedmbose hndytiiey are relatively

desirable, [00Q11], Accordingly Lt is .an qgbject of the presen . .
vent | of B BPobRAZO RO s et GhE bt gk B afth e R bae igeoed in
t enper at Wepaént®, IAECAlsertii ls iDfemed be abt Gatiaakiag \whd e vavidé 68 is placed on
t hese di scussed di sadvant ages.. SUVWARY OF THE | NVENTI ON [ 0012] In one

aspBtt t AP B heatsss. Thin walerosimplesy  sd€vsl eompplicated sniprofabricaliomprones #pe the
20 t enpergahyidlopla REMCR cdidhidbd. iRt dSeC BlorSRIBLR 2 A0 BPRYUPERfat is
includes at |east one tenperature control nodule. The tenperature

control AR & nasniaeiars, easide pperatcaandgranemisel erfougle & log disposabld. Ehe optional

adapted tonty Rarnaleey R AER! AmfeltAS TR SRR SARRE, TS, on

whi ch sai d chgpi¢al / I; i.cal ' '

conduct or of E?flgff&cc.g 'F@jf{e%rlr%er?g%ggceo fée oér‘a‘r;\lf)¥rl§,'f3 llgtkeoq}ctg%%‘%{g U gﬁjfgams and
conty ol noutthed for regidginedhe cendmraute efradcheomneal ehd/bhbiotcaiqae sanple evhadh avoids
t he substtﬂeast% ﬁis\F/‘iﬂ-,Sg’f& {ﬁﬁaed conductor of caloric. The apparatus is

desi gned "suc Val'8€% ate i s situated above said t enperat ure
control nodule to entirely cover said tenperature control nodul e.

[0013] In a further aspect i | j t hod of

regul ating the tenperatur egﬂ&mﬁﬁﬂ%&%ﬁ%ﬁﬁ ogi cal sanpl e.

The met hod i ncludes providing an 30 apparatus for regulating the
tenper ature ofyerfheThed i0l:00i ¢ e .

i ncludes at | ast]cone te%?%%?géeg?rgpécngﬁﬁggﬁ%ﬁgﬁﬁgés %%ﬁgﬁ?‘gﬁl&@mg the
cord( ol taapdrgure of kudesiical madfoerhiolagicalnsampler Thé appdretus dncladed & least one
t enper at sensor.. The at.er .of th te rat.ure contral dul e .i
adapteq (o REIRRorySDBNR e Emptifes IR bRH TofREfahealiR s e lor of
whi ch sakslodbesidcalenpatihoe stisot. edrhbies afhleacmperplugs eshtroV nvdulEs adapted to
conductor, of caloric., The . re sensor of the tenperature

contr ol m;axll}p F%m@&alﬁfu‘gdm 1{)5 e(révgﬁyijeawgstgaéﬁtqnowhiplﬁ gaid chemical and/or biological

sample is placed, via the conductor of caloric. The temperature sensor of the temperature

25 control module is adapted to detect and control the temperature of the substrate via the
conductor of caloric. The apparatus is designed such that the substrate is situated above said

temperature confrol module to entirely cover said temperature control module.

[0013] In a further aspect the invention provides a method of regulating the

temperature of a chemical and/or biological sample. The method includes providing an

30 apparatus for regulating the temperature of a chemical and/or biological sample. The
apparatus includes at least onc temperature control module. The temperature control module
includes a heater, a conductor of caloric, and a temperature sensor. The heater of the

temperature control module is adapted to thermally communicate with a removable substrate,



tenperature of the substrate via the conductor of caloric. The
apparatus is designed such that the substrate is situated above said
tenperature control nodule to entirely cover said 5 tenperature

control nodule. The method further inclddes providing a tenperature
value for heating the chem cal and/or biological sanple. The nethod

al so i nclondehicheaigwhimiral hel/or Eolelal sundlels plhcds oiadbe teiduefor ©LABHE. The
by neans of the terrpera% re sensor. The nethaod . further includes

appl yi ng 'FEBEaEe seiser @ {EmpEragie Canel mogwe iy agenied 0 detrelaangr etrol the
t enper at ut@pbhitubehOie siRstRfOMh ARIcJRUREF &f MG At %ppér@t?g?sbiﬁ'eg%%% l%ﬁEl%l that

said substrate and said 10 chem cal and/or bi ol ogi cal ( .
DESCRI PTItN sebstrie ipREvwirESbpoo 34id Teperatvmeneinsiol wnpdulpgobentirely cover said

undeg st oq ﬁérﬁtlﬁré SSIE{O? DSl t]%lg ?ﬂ&ﬁ&@ﬂrﬁ?mﬁ%%ﬁ épﬁiﬁﬁ%\g}gﬁaeﬁaﬂ%e value for

consi dere n conjunction w e non- xamnp

acconpanyieatingl tleencingsicali mdiyi bielogidal [s@pk] Theguetod alepimchslea measuring the
phot ograph of an ephodi nent, of .an apparatus of .the invention. e
enper at APBPEBHTS 8 UrodicaLion of “BlTaneees 8 Bl R CShorEo nethod
(PCB).  Sluthkat ehideer®pBRey eichtS t@ BIUABEURIASSE Thlote &5 16nsS WOSthE af8asured
Sanpl es are placed on the substrate in formof Ii gt}géd dropl et s.

[0016] Filgpeanirg i§ belaw, thequpvigadtcapiesgivreomaluch eoaghyaeating said sehppgrate and said

i nvept i Orbh@ﬁic‘iﬁﬁic%r%%lcﬁgigalis@%@eg- 1. The tenperature control nodul es

(8) are soldered to a inted"Crcuit Board (PCB). A renovable

substrate can be placed onto the apparatus. A respective substrate

(cf, also Fig. 1) enti ﬁﬁhﬁﬁgﬁ%@ﬁﬁoweﬂ Tﬁ&ﬁ&ﬂlﬁs"' nodul es.
S a schemati [

[ 0017] Figure 3A depict Cc cross-section of an enbodi nment

of a tenperaf00ld] ciet imventivadutill bé IognteappRERtosd @fitht RefeleAenb i BB, detailed
covered wth. a renpvabl e 25 substrate. (1), where on a sanple (2) is

| ocat ed. “PHEPEABSYIER eCopsiflencdntia CPBIVACRM it dhe ofon-limithig; exqmples and the

whi ch i s abébrbpnRinslir&PnbaGh whidhh a plurality of heaters (4) and a
sensor (5). [0018] Figure 3B depicts a schematic cross-section of a

furtder enbodjouas} MEwd 1tRERE at phdo 0P lan"BEB Bmedih 8f 98" RparabE & th
| iquid droplet, WniF(?% i ncl udes anpli{ nn%%ﬂ% 6) and an _outer p@gea 7 °

] phase (7).
A subst r dieeniiey. thnteapetyre copeRlnpddes adiokdesrd tf a Fxind; Girqmy Boged i (REB).
IS in turg i i rd t )
g0 SIS LD RS ANl B o v
ermbodi nemt fasm of ligudp@ropletsr e control  nodul e of the apparatus of the

invention, seen frombelow. A heater (4) and a sensor (5) are 5 each
concentric, w0do} tdgurea isra {uathesphategraph aftherapparatis of tiidinvemtina as depicted

 or : . , .
Corsset o Sl A i Ay L9530 RSB s RPRFSS e
A removable substrate can be placed onto the apparatus. A respective substrate (cf, also Fig.

1) entirely covers the temperature control modules.

[0017] Figure 3A depicts a schematic cross-section of an embodiment of a
temperature control module of an apparatus of the invention, covered with a removable
25 substrate (1), where on a sample (2) is located. The substrate (1) contacts a conductor of

caloric (3), which is in turn in contact with a plurality of heaters (4) and a sensor (5).

[0018] Figure 3B depicts a schematic cross-section of a further embodiment of a
temperature control module. The sample is a liquid droplet, which includes an inner (6) and an
outer phase (7). A substrate (1) contacts a concentric conductor of caloric (3), which is in turn

30 in contact with a concentric heater (4) and a concentric sensor (5).

[0019]  Figure 4 shows schematically another embodiment of a temperature control

module of the apparatus of the invention, seen from below. A heater (4) and a sensor (5) are



[ 0020] Figure 5 depicts arrangenents of tenperature control nodul es,
where pairs of 5 tenperature control nodul es are opposi ng each ot her
in the plane that is essentially parallel to the plane of the
substrate, which is the plane of the substrate on which the sanple is
placed. Al (Fig. 5A, Fig. 5C) or sonme pairs of the tenperature

control naacl b&l‘iceﬁﬁicg withBhe héfer @Psurrdir@ingdth} s@if’s)ér (B)DllTﬁ@ c@ﬂﬁﬂ&tc@bﬂ‘%ﬁloﬁ@ 3)
Fi g. 5F depicts an enbodj nent. where

reversed |

t enper at uflga 8 OO FOTGEHTI @arts rcenpgstissing lnkeh(19), r?érwlha%m ra%ghl@e@ fatt of a
differs fleom (%0 180. [ 0021] Figure 6A depicts the results of a :
Finite El errent Anal ysis (FEA) conducted by ANSYS software show ng

tenmperature uppfl rFléere@Q%/gﬁctg gﬁan%eﬁ{&aesr&ttaﬁ 6 Edﬂtro'[’%ﬁhfé witdrd Balrs of
achi eved tenperatures of , top), 72 C (left) and

C (bdt t orfpmpfraype TOIMO@mOéul@Ba@Hmmsm eaqhfatherdn thomiene that is h@entlally parallel to
enmbodi ne C r

shown i nnthl gfangﬁf%%g%l%géd# ?igw%g%?s ﬁgﬁh I ng gﬁegﬁeﬁg e %ﬁﬁgﬁl %p?glﬁc%’i ced.
[ 0023] Fi@hlu(EigGS:AdFig’ Sy drhsemiegrre rodi tthe &nmenﬂturbeoaﬂr@ngodﬁe; (HigeSB, Fig. 5D,

6B. The rature vari.ation the te rarure

Coni fol | TELPELSRY Rt $rol Bt o8 Tttty Fie Prdcnids o6 AMbodinbnt where
el ect ri cajairs Uresmpéreuef centl mlgidmesémé\@gﬂ;oshﬁgmhadtqun%rﬁdgw thafQiffers from
nodul e of an apparatus of the invention. The heater (4) and the

send®r (NVare part of the tenperature control nodule, while the
ot her devices are placed at the external Printed Crcuit_  Board

[0025] Fi gur e [{2dédiigeee & denige trerrarudisof adiniedtpmentaimalyis BER) sendnsted by
the appargygss S%Mafeegﬂb%gfmﬁ atgfee&ﬂg}rm?t?ve%% L Shr ttsﬁlgel%gﬂe V\Eﬁﬁr(ﬁ%gdules

2 seconds for a tenperature decrease 4 Cto

heat i ng |vs1tlsac@mvbd tcameratufes of &Y TC gaghit), 72 SCdtopd.r 8 Weldetyand 9RI°D (bytsaram
[0026] Figure 9 depicts the fluorescence signal detected from an

appar at us of {HR2] Kigenet PBnshosyss e lnﬁmddmagﬁg)faﬂleemh@ﬂlmﬁyt PCRn apparatus

YOLS. BLooMAGHICLei, LURLSREENGE £ YAl M S TBEH AT £l soffres

C (secon art ow e sli gna ture

arrow) reaIaPLGBre data points can be plotted as showmn in Fig. 10. 30

[ 0027] Figure 10 depicts the fluorescence signal detected from an

appar atus of {H23] iKigeretG(@depiels shestetripemtwta profje SDnP@ER Gycd.es’ inEigl 6B. The

time dat ints wer d ubt ract.in he fl gnce

si gnal ate% er%’ rat‘rrlrr)ee‘r’aé%agf’léb% Sﬁ E%“if’%%%ﬁ& %F?l&}ﬁ M= 61‘“H’§‘)§f$ (r?n the 6

signal at at fir.st _arro

Chreahord val T2 Wb Plenlchs & Gaiahish Bl oB e chegad Akt contol

11 2hows mochmrrpﬁan Slppar@ﬁ.ls a>f nhe: I[rﬁreﬁlm SThepitcates i(4D aﬁm&leamadraasmar@pm of the

gg%?c?&? : E%gt%lge\rlrgog{;rloﬁﬁmﬁule que the ot era e(\jflc%s? g.rlél ptlaceg ene?cgen\{\fal Prf‘mted Circuit
Board.

[0025] Figure 8 depicts a temperature/time profile during PCR using the apparatus
and method of the present invention. It requires only 2 seconds for a temperature decrease

25 from 94 °C to 54 °C, while heating is significantly faster, as it is controlled by a PID system.

[0026] Figure 9 depicts the fluorescence signal detected from an apparatus of the
invention versus time during an exemplary PCR cycle. By subtracting the fluorescence signal
at a temperature of 94 °C (second arrow) from the signal at a temperature of 72 °C (first

arrow) real time data points can be plotted as shown in Fig. 10.

30 [06027] Figure 10 depicts the fluorescence signal detected from an apparatus of the
invention versus time during 50 PCR cycles. Real time data points were obtained by

subtracting the fluorescence signal at a temperature of 94 °C (second arrow in Fig. 9) from the



5 Research, Inc. (, thin line). [0029] Figure 12 depicts a plot of

the normalized fluorescence signal (") vs. the cycle nunber for 10

000 copies, fitted with a signoid function (line). [0030] Figure 13

depi cts the fluorescence signal froma felting curve analysis and its
approxi mati on by the signoid function - (4 - x)(A - -42) 10 42 -43 x
to 1= exiunal &ifa tehpelataedt ES° O glrovdrrowMaas gl BATEOE R thesBéld Gdféen tHePrébent
| ne) and sigpoid function (lower curve, fine line) are

i ndi sti ngBrERkY#, 2badidonst rating the purity of the obtai ned PCR

product. The ne tlve value of its derivatiaon i s shown in the up

curve. [0031] lfﬁllg fdgue Hefhorss comparises sha preri HER skope ape ths gwparams and
el ect r oph&iRsd §f thERSvenBsH %m&%gﬁsﬁd TSRk dHRSndNith ¥ &hn&é}afgé’tem by MJ
product. DETAI LED DESCRI P E | NVENTI ON [ 0032] The presént

i nveht | orRﬁ@?@Vhd@@(& thin Her)- for regul ating the tenperature of a

bi ol ogi cal and/or chem cal sanple. The nethod is suitable for any

sanpl e, in pal@028]Egug IZSERWFSea plat of thehormiadized Suetscencesignal MMlve Phesycle

st ance P st 0080 06, TR e EloRG BB (HOSL" EOTKULSL
ani mal s, pI ang(ﬁ) Oﬁ% Exre 3 de ic':ty&lg%}uofeg&rn%g Fl é‘léﬂ%m a%el iRs QL9 IJYSS%’ artln.d its

from organic ani c terlal blo |ca

Accor di ngipproximaationdfy théietginoid fmetign saan & sellek et f, f,rom Aqm not
limged to, the group consisting of a sm* sgnpte, ) an air sanple, an
environnental sanple, a cell culture sanpte™ bgne| marrow sanple, 25

a rainf al(!:f 3?1’1 l@s Bce?dvél OMea%Q&’hﬁﬁ gl%w%?%gg b%‘i’d'ﬁtlle[g anf s%rf&'@ﬁm‘é%rféower
sanpl e, abr as an ar chaeol ogi cal

a bl ood saanm éne éms)eara mchamghshatde pleammstratmgrijd puntamfuhe uls:amarﬂnBIC& praduct.

I l. fluid I
ig?gbros%gegﬁv&v&ugaﬁgtn@ vatﬁ&é%gﬁ&?{}ﬁ@éa?plﬂ%ﬁ&gngl ea a sputum

sanple, a nou a throat s

sanple, a br o Jl]rﬁ};’fip% lrlea(’j‘lirzpfie RIS 80 é‘rlﬁ)cfn p%%?%ﬁgngpéﬁ%%%?c ?IS?IF bﬁle results
sanpd e, aonfilnkedsthaphity ofitheaTR ptaduct. | ui d sanpl e, a biopsy sanmple, a
cancer sanple, a tunmour sanple, a tissue sanple, a cell sanple, a

cell culture sanple, a cell 7 Ilysate sanple, a virus culture sanple,

a nail sanple, a hair DRIRIEED DESCRIBEON OF THERLDEVENTION P! €, an
i nfection sanple, a nosocom al infection sanple, a production sanple,

a drug prepaf@gpmhsayrcas nﬁemﬁi ﬁ&wmk aRbB6d |rer férgﬁﬁﬂﬁg lﬂ%teﬁ@%ﬁaﬁe of a
a protein_preparation sanple, a gre paration sanpl e

car bohy dritlegistleindfest shemicsh spnple. a‘hg ﬁﬁ%t ods igypiitablogfpr any sample in particular a

sample in liquid form such as e.g. a droplet (cf. below).

20 [0033] The sample may be of any origin. It may for instance, but not limited to, be
derived from human or non-human animals, plants, bacteria, viruses, spores, fungi, or
protozoa, or from organic or inorganic material of synthetic or biological origin. Accordingly,
any of the following samples selected from, but not limited to, the group consisting of a soil
sample, an air sample, an environmental sample, a cell culture sample, a bone marrow sample,

25 a rainfall sample, a fallout sample, a sewage sample, a ground water sample, an abrasion
sample, an archaeological sample, a food sample, a blood sample, a serum sample, a plasma
sample, an urine sample, a stool sample, a semen sample, a lymphatic fluid sample, a
cerebrospinal fluid sample, a nasopharyngeal wash sample, a sputum sample, a mouth swab
sample, a throat swab sample, a nasal swab sample, a bronchoalveolar lavage sample, a

30 bronchial secretion sample, a milk sample, an amniotic fluid sample, a biopsy sample, a

cancer sample, a tumour sample, a tissue sample, a cell sample, a cell culture sample, a cell



5 extraterrestrial sanple or any conbination thereof may be processed
in the nethod. Wiere desired, a respective sanple nmay have been
preprocessed to any degree. As an illustrative exanple, a tissue
sanpl e may have been digested, hompgeni sed or centrifuged prior to
being used with the device of the present invention. The sanple may
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an i nor gdiii¢ pispaRben ewHPosiat jcrhbohydnater firepagationpisample, car bipdey dszmple, an
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but ot Iy SRk | j , L1 b c :
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As anot h%ﬁ%@g%ﬁgﬁl,e@ t%l(e)rgcaglrcggtle%ﬁ( §Pmﬁ'8§}€%ré Y @S%Oangp%nmalgpﬁydrate, 2
t heor i zedotmbiraeory otieaiistableoducgm adpe canditate eeilpald)da byrugemokcdit, & drug
chem cal praqcess that occurs upo i easing the tenperature. | n,

Lhi's cas@ SO p A mogtph iharob § P ER P ISIngE bbb redise Himitgs to, 2
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pepti de, DAk j i s iR, i

ol yrrer | " ipa R eBbiplfind 85 oy 2oRblritoft el ip BlUbll el o samel may
an i nor gdnitkermheminclafle emngposhindtiom, ofshd afprethentiodd examplbdsydr at e, a

conbi natory chem stry product, a drug candi date nol ecul e, a drug

nmol ecul e, a H034] fdteabbii net neceswrily, the wample, will niadudsprogamillsbe expated to
condyj nat i: t | e t et t.ter is for
e o AfB5as, BEER oD b B RERLBP ireoh R Gabddf oy By B onds e et or o
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Exanpl es ,0 ffinity tags .include, but are.not limt to biqgtin,
oo roonSheft b5 At Pomma, e et rriter F7 50 sqmmauhd kaog O ficoftzed to be

protein, oBtap@blPepiil 8@reddiEsod cBRRbLELE by HEdnbalf £XRMMcaISpRkedanhal ddclist ¥pon
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[0035] The target matter or precursor thereof may thus be of any nature. Examples

include, but are not limited to, a nucleotide, an oligonucleotide, a polynucleotide, a nucleic
acid, a peptide, a polypeptide, an amino acid, a protein, a synthetic polymer, a biochemical
composition, an organic chemical composition, an inorganic chemical composition, a lipid, a
30 carbohydrate, a combinatory chemistry product, a drug candidate molecule, a drug molecule, a
drug metabolite, a cell, a virus, a microorganism or any combinations thereof, In embodiments
where the target matter is for example a protein, a polypeptide, a peptide, a nucleic acid, a
polynucleotide or an oligonucleotide, it may contain an affinity tag. Examples of affinity tags

include, but are not limited to biotin, dinitrophenol or digoxigenin. Where the target matter is



epitope (Ala-Ser-Met-Thr-Ay-G@y-An-An-Met-Ay), nmaltose binding
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Tyr-Pro-Tyr- Asp-Val - Pro- Asp-Tyr-Ala and the "nyc" epitope of the
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t enperature val ue ) rom94 Cto 55 C, can conveni ent
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vs example, it

. sensor. It.9 further nore includes a conductor of caloric. e heater

i s adapt 86t & 3 FeAlmgIPYdde mvdiiienslly orviltermatindy demismperitursfcoetiplonpéule may
thugs bei fgnaRl LoddferNGichlib So:GANMMEIRLERE 15 BL WieGo HeSmBly communicate with the

conductor of caloric. 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 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

30 emission from the conductor of caloric and the sample that provides fast cooling rates (cf. e.g.
Fig. 8).

[0037] The temperature control module — or at least one of the temperature control
modules of a plurality and in some embodiments each of these temperature control modules —

is based on a direct heating system in that it includes a heater and a temperature sensor. It



illustrative exanple, the heater may contact the conductor of

caloric. Under the control of the tenperature sensor the heater is
thereby able to heat the conductor of caloric up to a desired 5
temperature and/ or keep the conductor of caloric at a desired
tenperature value. As also explained below, a reduction of the
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bel ow, the 25 apparatus may al so be used as a reactor. The substrate,

whi ch t heKapisaregiivdlyof the invention is adapted to be able to
accommodat e, rraé be of any desired nmaterial. Typically the materi al

is able to cHWdBkilhpdseter shesensernand thecopdudter ebqalaric mey Aawif @y shape and
| ncl ude, yhedaris dA9torchillibe diliCresel (0N MASE, e BBt
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i i se [ ] e t th strate to be of a.nmater.al
thet doe ot S HBOahRaR 8 epkt G E L0k rd Bt iy R fERRY to oot
desired btheaccur in or with the sanple. As an illustrative exanpl e,
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i nhi bit a PCR0089k flhenappitetuss wifstheairventiyh i afuethamyors hatide tandccommodate a
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25 apparatus may also be used as a reactor. The substrate, which the apparatus of the invention is
adapted to be able to accommodate, may be of any desired material. Typically the material is
able to conduct heat to at least a certain extent. Examples include, but are not limited to
silicon, glass and plastic. It may furthermore be desired to select the substrate to be of a
material that does not undergo an undesired reaction with the sample. It may likewise be

30 desired to select the substrate to be of a material that does not interfere with, retard or prevent
a reaction that is desired to occur in or with the sample. As an illustrative example, silicon (but
not silicon oxide or silicon oxynitride) is known to inhibit 2 PCR reaction. The substrate may

have any shape and geometry as long as it can be accommodated by the apparatus of the

invention. It may for example be concave or convex rounded. In one embodiment the at least



may for instance be obtained by neans of etching or laser drilling.
In sonme enbodi ments the substrate may al so be accommodated in a
cavity of the apparatus. [0040] It may be desired to select the

mat eri al and/or shape of the substrate L order to 5 convey a
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Fundanental s and Applications [2003], Vol. RP1, "107-114). |1 con may
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any hydrophobic surface can be rendered hydrophilic by coating with a hydrophilic polymer

or by treatment with surfactants. Examples of a chemical surface treatment include, but are
not  limited to exposure o hexamethyldisﬂazane, trimethylchlorosilane,
30 dimethyldichlorosilane, propyltrichlorosilane, tetracthoxysilane, glycidoxypropyltrimethoxy
~silane, 3-aminopropyltriethoxysilane, 2-(3,4-epoxy cyclohexyl)ethyltrimethoxysilane, 3-(2,3-
epoxy  propoxyl)propyltrimethoxysilane,  polydimethylsiloxane  (PDMS), v-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane, poly(methyl methacrylate) or a polymethacrylate co-
polymer, urethane, polyurethane, fluoropolyacrylate, poly(methoxy polyethylene glycol
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15 invention. [g03g] @ﬁﬁﬁrsubﬁreﬁ@ﬂﬁ;t &f&ﬂl@&ltaﬁﬁfomwlbfgﬁﬁw&ﬁt Raddt Kviiche the

substrate via the conductor of caloric. Likew se, e tenperature
senbor i selaelaprrageriad off theembstaaie ivorelptdrely heor qoedqymla@ﬁﬂmt ohcludiag a material

substrat & Anlcp ?nsﬁﬁ'ﬂgg ?é&%{tﬁ%}, X b's&ate H%S{b%f all esh hg 00 {ugtratlve

of the tenperature se er S e substt a

up to a dssinples a Qaqsesﬂiptanrae:hmqﬂaﬁmf silikeap ruther map%matde Fagures tlesind 68 show
tenperat ure .val u 1s such .as those. depict in 2 .

i uree. NS liiFbfve sRuRRGS ShA et b SebslRl 10 Bpthie Siftrate is able t0
transfer tmdm.ahjaabmhﬁmmafd’iﬁlth eignebnduotor of cAlati®ronge tpmctsctt enRP laBpar@UEe Bf the
though it is . a po&i conductor of heat. In sone nbodi ment sel ecting

a sbbst r d&benten.| §he diaicrds 2dsnigd cloi t}teeyal%foewm%e Atitha Hhon gelestrate Vi the
since t hicgndR¥orRIrRAGR. Rilfdkitd)qhic RS0k &Hﬁr@lah%’tb@% aEt'eEtgarﬂn&)ntrol the

terrperature control el enent f’romanother I n addition toeg
t her mal it&BpaRiEnOr the spigtat) vigitke eqndaetar af caric. Rheraforentindsn thes control of the

desi gned télﬂpe?atﬁﬂa Sng%nd ﬂ?ﬁft A0 %\B%ﬁtﬂgt\ég‘%l{g syﬁaﬁ%?et lﬁl?t)ea 'dgsnsed é&%ﬁ%ﬁtgx\ﬁ and/or

above the tenperature con erns ove
as used kheyr thersubstefient 4 dearepasmperatmre wilee. dntdnﬁ)odppa:tmm asf thbdeadepicted in

pregent vent eld.in suc a hat the substr

pl aced o ‘g a?%s 2 flass o B BF%E‘WF{?ePeWW@ﬁ tobgansgi utrhgg%atb%om the
sol ely by:oﬁdtﬁtcfrm’ftﬁildﬁc o &hd $atplenevehNthbBighs itPRSd HbONcorttRcRPRANREUIN some
can usuaII e placed.onto a 30 f|lat surface. In_sonme enbodinents in

t hi s -posiCIiPeHmeRL splecing: a |S§b51t’@t?at’ pvp Eresmel pendustivitic gy Qen headdyantageous,
In sonme grReeHidRAY prheddn Eﬂ%epﬁéﬁﬁsrofafﬁéhﬂah? 1%@2&?11%%11@&811%&%}@&11% 8¥mnent

the conductor of caloric. [0044] In sone énbodi ments the heater
i ncl udes fgmsgnothesdnagdition o agrfathge@aleséetm ally 12

25 [0043] The apparatus of the invention is designed in such a way that the removable
substrate is situated above the temperature control module. The terms “above” and “below” as
used herein, refer to a position, where the apparatus of the present invention is held in such a
way that the substrate may be placed on the apparatus and once placed thereon can be secured
solely by the force of gravitation. In this position the apparatus can usually be placed onto a
30 flat surface. In some embodiments in this position the heater is located below the conductor of
caloric. In some embodiments both the heater and the sensor are located below the conductor

of caloric.

[0044] In some embodiments the heater includes a surface that is arranged essentially



parallel to the plane of the renovabl e substrate, on which plane of
the substrate the sanple is placed. In sone enbodi nents the heater
includes a surface that is arranged essentially parallel to the

pl ane of the substrate, on which plane B¥ the substrate the sanple is
pl aced. In sonme enbodinents both the heater and the sensor include a

surface phallel s tR ﬁl&ﬂ@ 8flthe36@B¢dbd ubs@atBadmaivhith plde o ehdPdudBeat® thel dafiple is
substrate, on _whic lane of the substrate the sa le is placed. In

some of Pheed IBserme Pwéﬁ@@epﬁéh%%ﬁt@rm%@wtar@@%@é is ggapecdangsntially perallel
surface & pRngesk bf‘th% susa%@%n%aeﬁ 1&@&&&5%93&@'@@%@%% d. In some
essentially parallel to e plane o? the substrate iC ?ane

of the sembpdimentst b@hsfhéﬁrﬂileéen and klwecseapsor] imclhdy ao$urfahe§mtemoangndnt$entlally

car or 1. Prgl0f a5 AR br e Pt Et ot BB L o Biab e SRAPLTA BBl m

t he heat esmamnd thdse csibodiarensahd hestenpid ﬂae sénsdil eicdtlcamafrrsaragﬁdfacmamnged in a

common pl ane, ter or the se sor Yo)

bod e oSSBT S Camaon kies h g SHEoh B R 5h e piaae o Sgbuirate, on
bot h of &nedR plfe ofRBE Elﬂ)sﬁr@t%rtﬁ‘é)iamﬂf@i’s ﬂl&tred' R%?W%J&@%ﬁb%&iﬁleﬁﬂ%h&fterathe
hollow circle, a hoIIOM/rectan? a hollow friangle, a hol

square, &SERYt hosh mewbelocaled bslovgthe gpadnctasiof celode. Fig. 5 for

exanpl es). 15 Tegperature control nodules that contain el enments of

squk e shape A48l Imanyesddhesesnbedimends Fcpastietarsyhame thedsbier gndethe segisor each
(cf. bel

sensor - afonpirs AfcOlilies FHAHOTENS, B bk AETREl: il e diSnie. In
enbodi nesembentbodimeentshieathehe heatert el ﬂlermosorallr@ comengit COne (Hrtd)tlt 4] them or
sensor surrou nds.t he eat n d i, N

2 er oss. SRETIEROE R, 57 MsBhee b e SPrear APolan irls” £ bRley FEyER a hoilow
concent r trdan2(, anitblRmr eqmgaed dﬂ’aiﬁrh(ﬂloﬁﬁﬂﬂeﬂj‘l loligocdpntd (&t elz. Plg. csamresx@mples)

oulﬁ be noted that depicte enbodlnent t he _heater,
o - bR RERIEH GPO B oFRE AR & LB aapﬁél%wraqxéaple been

50 that HREWsQPEN GRRBARES 86 al. Q@jp%@lbbv‘! elnPe! ot thés@%ﬁlodﬁﬂerﬁsoﬁ@ch the heater and
enbodi nents the ‘conductor of caloric, or a part thereof, Is of

shape t ﬁ@tsen@r Aeragneenttie apdhetheatse susrrands B serror. sTér@éi@ﬁhelame]PstmﬁlﬁéJ oth the
heat er . NGe SERSP Eread?ﬂ Le afP hﬂées%h&{ HrBud R thé ’ﬂé&t?ﬁ‘%? 2@ nodiment,
squar e or rou concentric sh ape wt I'ow centre & conductor

of cal or whiakely depistedsna arossrsestponidi Fig 3yumrtle therhaatoundd denseesdrrare concentric

ape Wi centre.. \Wer part.of th duct o ric
e B apt 2t P o £ e YSPh S e Lo G N RLuBL e B febiEred
may i ncl esteodiddint ﬂmﬂﬁhteﬂtt]ilegens@fdrﬂ thé canncde st e£6ris haprle aASnahl hollow area,
iIIustratlﬁ@ g i nclude a rod-shaped part. \Were for
i nst ance™¢ ﬁ%ﬁf’Qﬁq?ﬁ%7§65?8ﬁHﬁéFH§ of caloric, whichis adapted to
prof 16, t he BOAGE S FRBSERRS HagBactt OHGHINCSRApEt BP0k 4 of a shape
depi cts @fat exaipled ty mARODAR AR of he suhkos And/Be tHeaRHREt Whekf thé 8RbE Gnd the
i ncl udes_two concentric parts, which are connected by a |linker. The
i ni#er  of ?%%rs@rec@ﬁdeﬁ@rfqecofparmarpsoru ouad reoacenidhshene Withha ollow centre, the
concentr r
Che sensg%duéﬁg%go n%uct Or)?g?%ggtaodoﬁegﬁﬁfdﬁ{g’ squldfe bAEEH RHESRHOGAE with a

hollow centre. Where a part of the conductor of caloric is adapted to match the shape of the

sensor and/or the heater, it may include additional other parts of any desired shape. As an
illustrative example, it may include a rod-shaped part. Where for instance the part of the
30 conductor of caloric, which is adapted to match the shape of the sensor and/or the heater, is of
circular profile, the conductor of caloric may be of donut shape. Fig, 4 depicts an exemplary
embodiment, in which the conductor of caloric includes two concentric parts, which are
connected by a linker. The inner of these concentric parts is in direct contact with a concentric

sensor and a concentric heater, the latter surrounding the sensor. The conductor of caloric



13 furthernore includes a rod-shaped part. It is thus of double
donut shape. Thermal conductance is given by the material of
conductor of caloric, the length of the rod-shaped part, and the
cross-section of the concentric parts. Thermal capacitance is given
by the double donut volune (cf. Fig. 4) with the volunme of the

sanpl e. FufiPdhdle ihBlu@sEOBIBAE pARSISs ﬂ)ﬁl@ oﬁﬂ’&ﬁﬂ@ﬂé&ﬁl’t Ruple Uﬁ%@mﬁpcfoﬁductance
than one tenperature control nodul e t he erature control nodul es

may each if BVEHGY the Saterih O SPRAEEPT] qua:lc ghiathe rodrphaped patipend the
| | t h t
pl ane may,le s&sR8Ns# el YorRakAk Hﬁhs Q‘h%ljﬂf“dl Qja%]f@taﬂé is E'L ﬁéﬁ E)hf% i?%ugéé; JQonut

whi ch plane of the substrate t anple 1s

enbodi mervobims (of. Fogrd) mathl the velhecof thesatmptet | ng el errents are of

i dentical dinmensions, the tenperature control 10 nodul es as a whole

may 3l so be afﬂﬂéﬁbéld embodandnts athetk ithe apravatno inghidasemoten thanyorsf teipesaure
enbodi ne n r t.least two tenperature trol .
modul s oot dig MGGePIR Srfbr iRles Y LEITIBHRNY B0 fifinged in
t enper at eomnmeantla, Tmmmhﬁﬁomp}ﬁnbﬁlagpﬁ:&&heﬂﬁaﬂﬁi@hrallelt toethe iplink BE the substrate,

respective t he Iane whi ¢ SS ntlaIIy allel to the |
pl ane of Oflh‘g IaELH%@ler‘gﬁ e §5@ tF4te (Rg Fam ? é 15 SOTR, © af%?a“ﬁr"é]ﬂll%l“ﬁ%ﬁ;s n

for exanphRichRe e iOheating @mdn@lbre &t M%nti&l @Em%‘i(ﬁlspﬁierﬁnﬁferature control
tenperature control nodules. The two tenperature control nodules of

eacH) paimodiey asgpradle sromalet beprringed e bpll@méedt ineg carumes stawei bl 4ny of these
paral | el e}n%o&l?rf‘enfs Sﬁﬁq}uét&%e%%%g anleas Hﬁﬁ:}e{uﬁ% @{rolemoh&%‘s %c%n%cl([aae a

whi ch the sanple 1s place exanp e o respec Ive —arrangenen
i s for i msifaeceradepl ictaemmmorFplgne 2 tl(edkmpaﬂaame Edrgrol Modules gmay]bed@posmg each

acorresp d|n arrangenent wt over slid as ubstrate

and sanpl® %te’ffslfq’fﬁ?%B 1°1%,8 tglﬁr% é%S%ﬁntllaﬂngl?aéﬂfﬁﬂ%?fr%lane of the

wat er basﬂibndfeoﬂbellh&tl@ﬁﬁhnﬁg,ki the\a Pbatﬁﬁsﬁﬂay]foi extitshl PIrRbirld tahb [ @edke! Bour, five
erature control nodu are located on_the ot her

abo the te
iy of CREWNEY BT 3t emperpfie GeptE! TB‘P‘B%?Set ge o teTRPsHYTncostBbolgs of each
ar e covengd iyt dhpesd eth dthdighdhe ahe th%% i€edentialll! 'dlsdtll'éﬁ{oetﬂe Iy 8Eétgre ﬁﬁe of

and Fig. 5F, the'tenperature control elenents nay be arrange
row, andlogdsiate Ge. the plare ap rvalngbr?hmsaroplevteml@edh An rmampk:v@ 4 respective

p! ate. S%%@H%We%%‘é?&n%@&e &etﬁsh P ?ig sb %ﬂ% rS? VF € %&%%%oﬁte C)fhng

with e.g ndi vi era con
el ement s arrAegeared! nthyg gla$necmzppalncha.us solﬁstﬂataeamﬂr esmids placdntheroon.fHe samples

et LSRG ybfhant D b g AGRBRHh G o G P

advanci ngbéweethe lﬂéxﬁpdiﬁtut‘et @ingroD fnolitiles, ahich \why Iéhat@cﬂl lojt tBd beb side P Yie@ibatrate.
conmon tT nper at FrOfbl e to all sarrpl es of a nultiplexing assay
30 [0048] By sl apiseys By Shown FrEsement Atetverd Yih m.ﬂwfem@@.ogln@é c.g.

in such andytel hakig ShanA PIDKEDHR 1SMBShRRL Sorftidl bleRlelisGRYFbSartMed in a row,
tenperature control nmpdule.”In enbodi ments where the apparatus

| ncl udes apBPROUS et torile mmwntm%wgﬂhpn@l MK wEle plath Saversb vadhl rwws can be
subsf r at %oﬁﬁ?ﬁeﬁ”&; blro@ld% aﬁ%\f)ﬁéraﬁl Wlﬁlhce. g.tﬁ:rg§ ak Edl&l(aﬂélf}%on%ﬂkglg %en‘?ﬂerature

t he apparatu
control clements. Accordingly, the apparatus of the present invention may be used to carry out

individual biological and/or chemical reactions (cf. also below) in a multi-well format, thereby
significantly advancing the current state of the art, which only allows applying a common

temperature profile to all samples of a multiplexing assay.

30 [0048] The apparatus of the present invention is further designed in such a way that
the removable substrate entirely covers the temperature control module. In embodiments
where the apparatus includes more than one temperature control module, the removable

substrate may entirely cover all the temperature control modules of the apparatus.



14 [0049] The present invention further provides a nmethod of

regul ating the tenperature of a chemnical and/or biological sanple,
for instance a sanple that is included in a liquid droplet. The

met hod i ncl udes providing an apparatus s described above. The nethod
further includes providing a predefined tenperature value for

heating the cli®gDT dhe prdé@rintindlbon Fhtiddr proidd¥R RethbhioF réRIRRE AR fetperature
val ue may for exanple be stored in_an external device comrunjcatin

with the Oﬁéa%@mlcarr?@d/ﬁétbh%glaﬂsﬁm%|feaé§t%§§uﬁamp@e theé 1§ phidedtip raeﬁqmd
of the QeRPAMCTRE m‘%fhoﬁ%é?ﬁde% p?é’w&ﬁ‘ﬁg%lﬁ o ?aﬂéﬂl@ ak QEREHES %cﬁres?ﬂéﬁl thod H8rther

measur ed tenperature val ue ance be conmuni cated to an
external i eg provifing @ m@@ﬁmmmmm@eaﬁ)u heatms the dnqmap@(ﬁnﬂ@r birdogical

predefin t e r r Jor nc udes
Bopi 1 ng HEblE B MRt Gratv el R St O Sfed o HE® st igvice
t enper at uommumdaehg)wnhhhe e, dhd mettbasrpe}lsaﬁmmmey aﬂlaaeuﬂing e aagp@htutenef the
canpl ¢ aPEHEHY ot SlSBSy] TS Mol EPOHGre S UROMEHSEr Fifeg atre value
tenper at Wa§ féﬂiﬂéﬁme@ﬁe bémmahRrRat8 4o AN dxtetal 8E¥i0L vitferd l‘HEFm%MreEQemperature is
associated with each of the respective tenperature val ues.

Accor di n§Pyipared tovihe pegdefnedetcpiperatyse sdlae. fiahemeae thegnethad mhldﬁé@nnlngg heat
i nt 154 val o Qlfle %Qﬂddéf‘o%' 6fe9a1$r?€' qt ngg%ﬁ te)[ﬁ?re %ﬁ‘%s@@d ach}lxﬁ&% é’?mg below the Agrowded

subsequent 'y be carried out usin Lhvention.

illustr atamwrﬁummle\: ba @RS of che mgatpr. ddesebyaibe isubsisite and theabltengical and/or
(cff, § the1 Fgl ow) may be carried out using the nethod

of the p }eoé%gﬁa ig?ﬂ} ﬁtafe Jeo ee also Fig. 8). It should be understood

that an inter | so_be_sel.ected, which the te
b0 o adual |y 00S LR BB B E HEE R pr e iRk Vb SR Nctiefea ana
aChl eved abyergfdadﬂaiﬂw thae rlfba8$sﬂ@aﬁ:ﬂ wikhC efhS bNghd f'tesg%&ﬁeftdzm%ature values.

rat re e (.and acc rdin he, heating. to occur)
CFWSP@& a timssclialuls witd gfﬁé AR ‘t‘%h%&ﬁgﬂ%{?{){élsd’ff apy desired
l nvent i omngﬂphmgie@e B8 8 hd@aAcdRRd tsﬁmﬁﬁakw@e @Rl Odut "REMY he method of the

Accordingly, a respective apparatus _nmay be used in the method of the

i nvent i oFIVeniioTs dveangilustrtive cxarmpigi srBRRscyches prsptsrastilinsiratedrabws (cf2aso the
modul es %aﬂﬂ&@i@ﬁﬁgi gﬁ@e aﬁ‘letdzﬁ\% Iﬁgllngﬁ'xé HIRE R did %@@meﬂﬁ&? Eseé Gfso Fig.

above). In s nts in t enper at ure val ues
provi ded8j.dr sheukl tenpdetstood Hlaatiao aftervalihoey alshibe lscigwt@daldusagpdhm:haﬂle aamperature

re cti r dul e .of. the

t hee: nEiabAIPRERLRG B RO, TR Mol iR adSa BRBRES iy GRERHS iitating o
an i ndi viewadsing thepedafinddecvpéramrd cdlue@al stenpiagigtths Beatiaptd 6¢cufiBgith fme.
As expl ai ned above, this tenperature 30 value is typically set for

heati ng a chepiShl Aaniddiatchi abovgi takoraanmedimdite hhmppdiﬁluplcabiﬁﬂ iention
a substrat bove ere ectlvete rature, co nodul e. Thus a

o1 rat i ¢ oGRS B BT o i SET R POHE AGRRSH BB Adpyas may
si nul t anBousddyin ¢ méfhbd N tHRVEVdnABRI IRGotde e tds@ BRBodiHEhRGhd REpAR®e control

appar at us. _For an¥ desired nunber of these sanples, for instance for
eadl andmodules of the apparatus are thermally isolated from each other (cf above). In such

embodiments individual temperature values may be provided for heating the chemical and/or
biological sample at a respective temperature control module of the apparatus. Accordingly
the method of the invention may in such embodiments include providing an individual
temperature value for each temperature control module. As explained above, this temperature
30 value 1s typically set for heating a chemical and/or biological sample, which may be placed on
a substrate above the respective temperature control module. Thus a plurality of samples may
be selected to be heated independently, simultaneously, or within overlapping time frames
using the same apparatus. For any desired number of these samples, for instance for each and

every sample, there may thus be provided a respective set of heating and/or non-heating



every sanple, there may thus be provided a respective set of heating
and/ or non-heating 15 intervals. [0052] In enbodi nents where an
apparatus is used that includes at |east two tenperature control
modul es, which are thermally isolated fidm each other, the
tenperature of the conductor of caloric of each tenperature control
nodul e mgytefualst her nore be measured 5 individually. This neasurenent
is generally carried out by neans of the tenperature sensor of the

respective t enEBRRlHr enbaiinbmt WREH! 8 dpParhiths hise whd i@ nthsuhibe amea&@qwo
of the invention may. also include individually applying heat to the

conduct orteBPerai g’ Obmoéléﬂéfh W@%@P shammally seletedoromsach @hers thedemgperature of
the nmeasyfed,{LARET ?tcHl epﬁul%rc%\ﬁlcrgfaﬁoh Cj’iffd‘f{h%gi{gljel{?e measured
Ther eby each substrate, as a onsequence a c em cal and/ or

bi ol Dgi cahdiz@hple T[himwuren&nt Isegeeemlly c&nh@ amdny mpatis\af theatlehperaf @0 S8ikor of

or cde | natf et Rtha SRR HEGoR 0 Jhiuek Bt fmEpioite MEly T sy ygation

ot her tenmusr gtal [r&hﬁl@rihm@iduﬁnjd upilyingdiedt @Nthe Rehdtictiralf ARicost @th tdniRrature
may be associ atg&i each of the respective tenperature _val ues at
ot ﬁgeam

each t emseRERIgP Bg 2 gasured ARPRTAGIS/is bslovh e \orefiged tempgrature value.
schedul e etdp ]e'iclﬁ)rsﬁ&@iaté"%ﬂd heat bdlﬂe(gfeﬁc@grbh%ﬁ;al B8/bN bRV s 9131 Fnﬁ'laced
desi red Iengtﬁ erformed at tenperature control no 8 e

usi Hy théhfr‘feftrhéﬁdlf@fedt ividnglént i on. As an illustrative exanpl e,

i ndependent PCR ﬁd i ng processes may be carried out on a plurality
of tenper at ur 083htAceprdingdd for sadnteripsratrawonpplamaduls m¢rogbar] one prdefned

errb_odi e érﬁpé?cfitufék‘éﬂ%g? 96 8&? gtfmd %@Eﬁt %g%‘ﬂ% tg‘rﬁp %ﬁ{rglsmodule,

20 |nclu es providing a su
accomodanédn bydwidaalapﬁmdaifuane (mgrpireas)ssmcsateld svpmse'ndh ab Qh@rdsﬁm:tlve temperature

t enper at ur tr modul e t ntire cove Pr ov

t hrerp appar’ uﬁ ﬂﬁ?‘%a feagt arli'éfleu"‘(ﬁ’éltrﬁt f g‘cao’-‘é‘l{ﬁﬁ @ﬁlméiﬁl(ﬁl}'lﬁlr e ot 1354“2‘%‘”“11

sang e alpdedeﬁhaph)é‘altlﬁg ahd n@ﬂ-h@aﬂdgeinﬁ:m bdrg- deﬁi‘éﬂ FeﬁQﬂﬁ' BayTBy Ra‘%rmed at each
e Ssa

provi ded nmeans, nillustrative exa where t

is ali q&?%ma? I eqntrof ﬂn%ia@ pEng thepwsthed dribe HW?@“% b eetﬂéuasrymae e}ggnple
pi pette Qﬁde@@n&ﬁf PR 1115% 5%95%@5’: magr%gﬁtﬁ]‘neﬁsodt Rl &ﬁlﬁ%tﬁgpﬁpe}ﬂﬁe control
sanpl e may | iquid droplet or included therein.

enbodi me#tasiulas @niks $561 appatalvs. | nventi on i ncl udes provi d| ng a

respective liquid droplet. The Iqudl d droplet may be of any desired
vol ume as | ona’ 034] v seme embogimes eﬂkﬁéh%iﬂfsﬁl?alﬂ@ﬂtlom@t%’ﬂ ing gheyapphratus
heajd ng g t f

terrpder ature ggrs‘\)tr ?’mgneﬁidﬁ iﬁ eﬂ1e| b es:[? i §Q8&%H}9da%édzﬁ%ﬂé %gj? ratus
may for |(W@nlsedlbposoﬂ bloge thc Zempératurd @mim)ll baadute; @ t]mat mmmthlely cover it.

cven i n” CrOBHRRIR: SrRomey SRR e S RRGE iRl o pisiBR yPRle anc

control dlsposmg it onto the substrate. The sample may be provided by any means. As an illustrative

example, where the sample is a liquid droplet, it may be dispensed onto the substrate by a

25 pipette or an automatic dispenser.

[0055] As indicated above, the sample may be a liquid droplet or included therein. In

some embodiments the method of the invention includes providing a respective liquid droplet.

The liquid droplet may be of any desired volume as long as it can be placed on the substrate.
Accordingly the heating modules may be seclected to be of a corresponding size. A

30 temperature control module that is designed to heat a liquid droplet may for instance be of the
size of a few millimetres or on the micro- or nanoscale. Where desired, the apparatus of the
invention, even in embodiments where it includes a large number of temperature control

modules, may thus be a portable apparatus.



nodul es, may thus be a portable apparatus. 16 [0056] The liquid
droplet may include other matter, such as for instance magnetically
attractable matter. As an illustrative exanple, in sone enbodi nents
magnetically attractable particles mayltbe included in the liquid
droplet. Such particles may be able to attract target matter. In

sonme enbodi mapf()%ﬁ}: e MRSRSbEPREY ifRR BRE? nbftef, WER hQﬂﬁ‘llhs'iﬁQe‘fﬁaIgﬁetlcally
specific 5 affinity for target natter and capturlng target mat

t her ef or éth@étangn@l@raAb R dihwgaﬁ*gawgampl@ ooqunewmb@dmen@mamwmss aﬁm@table
liquid d

outier  phishefs Ay HERES hIRPigRARGE SuAl pRLRE 68 foig St Phec:
such e nooditicrrelnt smmwpnﬂ:aﬂmntshthel mqgmedhco;ﬁarhd:les oat de ﬁnhamnalmd w1th specific

used §or THEBL{sHEt ol Lﬁ%&%&pﬁﬁ%#&é‘% ot BB RTAeLP RS § s g means
(Such as . Shf’ﬂieﬁ?kﬁ R aRBrantalslfs FuelgnPly ks & Bicihpase B0 oo ovter

ni t romet Ipam) whefei the oufte pﬁad@ele fohasfnts sirefuiBhge ande phad@Odsad filth qu' $hch
(such as e, g.. benzene, hexane, dioxane, fetrahy drofuran or dieth

et her) . F@@B@}ﬂ@ﬁéﬂlﬁ#ﬁf e higyidge the QBET Rhash it wrpweablerfﬁtth &te Liguad o o the inner
exanpl e ?h&%ob& 1@33@%@%@&' ﬂs{]%@'r@s e&fve%lf%gé dme{ OFEEHRE Wordthind two

ine.g. the sa As an il ustra Ive 5 exanpl e an ‘aqueous

sandl e rr@lymus@d:ﬂ@gl@sm;@n@phmusetypualﬂjeform@drpmambr linuide suohisas s g faater, ethanol,
conpound h AN U t )
S e Bedfe MR e Rhni A ofRip el Sk InE BIEYPIRNE 1 med by pom

are not bkt h@dd(mchamb.lgt bmmeohemb,tcﬁoxﬁnegh@ﬁmdadman of dickiom ather).
succi nate, carbonate, citrate, acetate, formate, barbiturate,
oxal ate, | act Eﬂl()ﬁS] Thiatsampket enaynipd esiked Vﬂ&ﬁﬁd‘ﬂ‘le&trﬂaﬁdﬁmﬁﬂ‘t example dissolved or

N (2- by SRR e SR OB RPECHRB Hah Soth 6t SEEIea Qs 65 iy lairative
HERES) , éxdmdple wokqamtdawp)e mhy Rhdl8ddhd18r PP BIES Wondufid A QhiindrahsSBuffer
cal |l ed HEPPS), pi perazine- %I s(2- ethanesul fonic acid) (also

cal | ed PFPERyunds arq vyedd ﬁ% mame)us thgaranPyohe VarigsRIReses sles@ibed

aci d (al sgefalHafpkERr bu%fef‘syﬁkﬁlhgxﬁﬂtaﬂé R0r Bt 98! oRiHofs 3 'SQ cf( & [ﬁtg?ysphate
called CHES) and N-(2-acetam o)-| m nodi acet at e (al so ca

Any count&ponaip mlrblée usashorRite, i pitnatee sacetis,t @nmmharbtwrawodmumte,amtate
otassi u S h

Eu ffors ghtﬁ]i?% (fé%age%{gea%aécjdkié'l?é, lhl%{r*rz%t ?%( %Q&Jﬁﬁlﬁ -Eano amthﬁlﬁé%?lffglllﬁé (eﬁgo called

di éthano(AGER) N-(2hhdroaysting)- pipﬁteﬁﬁhyl’ﬂ dvethenesglfyrde meid (@lsy ayllel YIEPES), 4-(2-

hi sti di t th t d TRI

IR E Tt S A e L S et A G g A RS
Bl S- TR S):tha@emfbhl[:Traosd)hy@rs@xymbhyl BIPES§ hdel[TQisM@Uf&yﬁx%H@@)—ﬁaﬂhb@mmo] 1-
TRI CI NE) , o hane a few _The buf aqueous _sol utions_ of

such buf P@Pn updd @lsosealledi The), 2"ﬁY°é0]§ﬁ}i}’¥a&BF%eﬁlén%ﬁl ogicgasifi clalso called
sol vent. gﬁ%?%]ld @(ﬂ—&%farﬁﬁ@ﬁ%ﬁ%ﬁéetﬁ@&ﬁﬁ callleg 'Agsied Any RuiRRFRInSna@bPused

in a phas aliqud
in these salts; ammonium, sodium, and potassium may serve as illustrative examples. Further

examples of buffers include, but are not limited to, triethanolamine, diethanclamine,
ethylamine, tricthylamine, glycine, glycylglycine, histidine, tristhydroxymethyl)-
aminomethane (also called TRIS), bis-(2-hydroxyethyl)-imino-tris(hydroxymethyl)methane
(also called BIS-TRIS), and N-[Tris(hydroxymethyl)-methyl]-glycine (also called TRICINE),
30 to name a few. The buffers may be aqueous solutions of such buffer compounds or solutions

in a suitable polar organic solvent.

[0059] Further examples of matter included in a sample, e.g. in a phase of a liquid

droplet, include, but are not limited to, reagents, catalysts and reactants, for carrying out a



droplet, include, but are not limted to, reagents, catalysts and
reactants, for carrying out a 17 chem cal or biological process. As

an illustrative exanple, salts, substrates or detergents may be

added in order to maintain cells or proléins in an intact state. As a
further illustrative exanple, chelating conpounds nmay be required,

for inst Qﬂﬂ@lﬁlc%tpoﬂ)&@b%&‘al 1%@@5@' §§f§n ﬁl[x@ffhﬁxfea&ﬁﬁlpl@fsal%t E'lﬂfs‘ﬂ“at%@ o; Qéibl%ents may

salts or to I NCrease vl e a chem cal reaction.

yet
further 9eiaddadn alzfqlaretoeaa@mﬁnre celbzr@t PRt ﬁhmbm@t@cptsstmyAﬁ@e@r@gr Blstrative
added in
exanpl e o, MR {HRlE YRl AT B roirod Tol ML 8 e ofbdntilm traces
attract amf@mﬂeciloﬂki {aite eoratooimedeasel thei g’eldndféa shomikaf tremtwmeAalyat/e further

that sucha tional .matter be included. in uj d dropl et . .
or®" nd P Sl Par e BB 1 e P BB 819ef o Rl prgpeins n
may for |ansmaa1caaﬂeeA fi‘.@ﬂhuﬂe;danhple lolie FREBlPRRR D 4 bﬁnﬁl@ﬁﬁél@de@rma@eﬂcally
di fferent hase 060] Heating the biaqlogical sanple may in sone

enbodi ner?ftgacﬁl? g P%{fl%les 68 FRRVEr It ig &H@f‘és'ﬁaﬂi Heretherakpys Happuch %ﬁd&wélsma’fter
on the sapgs, beTﬂl%ﬁﬁE@lir? a Ui Eﬁldn%gﬁg WherB &8¢ h@ﬂgtd 1&%%1@8&1 c tﬁm}leephase

i ncludes in sone enbodi nents carrying out i ol"ogi cal an

chem cal spelogeter may for instagea b incdndes anmphesapiic phasespdlag saneplp oo de s slifferent
%l.h {eaction. Exanples of a chemical 15 reaction include, but

are not Rt ed to, a chem cal synthesis, a chem cal degradation, an

enzymatic syn At | n cal ..

m)diyf icati o%, Edz’ih%ﬁlazizefﬁg %%%cﬁ C%Il g%ﬁé%%%}! i SOn e(rélglg{}al%lﬁ n%i 1{1%15153, restme or

bi ndi ng relwecn|secelantomot/a poudss vatthosanid Fheefare fheanghedof losfatlﬁglthe respective

enzymatlcs t.hesi s .i ncl ude ut are not |im e toa r ot.ei
synt hesi Sar fe HERadn 3emg eﬂﬁg?ﬁm‘é%ﬁ SAITYANg, ollf; ?rscheamal process. An
synt hesi sli@krativB 6 @tal lelecHATRRIEH, is %.nﬂleﬁﬂc\/al ¥&cﬁQHbE)EEﬂﬂlémof a chemical
t her eof Additional devices nay be used to assist or npnitor

prob¥ss. TqrEon IRPRdENE ¢ 8A Bilgd ver 3 shepicek ayntheisecy Ph?mlga,lsc%eér%iatlon an
e.g. photgd ﬁ‘:s sﬁrﬁ@sm PROER M Eéé;rﬁﬁatlohugeéhegf ME) moﬂﬁﬁta{?(gh Czﬂ# '%%&ﬁﬂatm

nodul es (P spectroneters,” and charge-coupled devices

i nst ance nzd ORDHI mtmiqﬁlgnsmﬁha bmdmlgeml@aﬂe,ra@d@w onsibinatip thet dod| Exanples
real -timg t e h I inc

a nucl e| C aC| gé#ﬁ? gh égr?dﬂagéghﬂélgt% rené&{ﬁ%{éﬁ%%{eo 4 (ﬁgﬁ Sflﬁrl%g/ls’ 4 nuc‘fg% acid

bi ol ogl calnthesiyy| e pqxad’e heyrpledsises agrathednai of rae@hammmndaﬁl%omp&ﬁﬁd ahd oany

abo Rea nme . det |des an |ification ot _depictin
hef] orBRbinl it nORio B ER o BF Brvd b Rrofor figoeesd The
nunbers (@pRnfch@itiod 3 diviisel ditic8adetectiBn shiteias as€ eheR datdRY EPD})hoto multiplier
basel i ne indi cates fhe detection _of accunulating anplification

product . TAERLFM TR, Pheten seruiieeaiednse (REMes frecHomnstese gnd shygecpepled devices
basel i necthe) fdr HRERIDE 8NGE: BbBRHn EE bfsghaﬁﬁ§1q%aédgh§ ﬁﬂg@ngﬂ%ﬁf t1fﬁe

certalntlrre point. As time is expressed In terns ers

so cal l ed Cycimeip '??ssiﬂcﬂlgstfagé eXUHREthé Qe[mﬁfl@!rﬂé%)mélﬁdé)abﬁ@dlé]@ gmd-ﬁlftﬁecule and

smal l er this nunbe further to the left I's a respective
f | ubY escafeingdibe vhenln@@laané@r|bw1@$19a1&mpaplefm@athemlsmlmseanhalmma@tlon (‘PCR’, see

also above). Real time detection provides an amplification plot depicting the fluorescence
signal versus reaction time expressed as cycle numbers (see Fig. 12). An increase in
fluorescence above the baseline indicates the detection of accumulating amplification product.
Where a fixed fluorescence threshold is set above the baseline, the fluorescence signal thus
30 passes this threshold at a certain time point. As time is expressed in terms of cycle numbers, a
so called Cycle Threshold (Cr) number (or value) is obtained. The smaller this number, the
further to the left is a respective fluorescence curve located in the amplification plot and that
corresponds to the highef concentration of the starting template. The higher C; number

corresponds to the lower concentration of the starting template.



corresponds to the higher concentration of the starting tenplate. The
hi gher CT nunber corresponds to the |ower concentration of the
starting tenplate. 18 [0062] The term "nucleic acid nolecul e" as
used herein refers to any nucleic acid % any possible configuration,
such as single stranded, double stranded or a combination thereof.

Nucl ei ¢ aci ds[ogs2] qte et "ﬂd&ﬁdi@ﬂ@i& nhdeul®| RCik@ Beletr Efers E€OMY Biicleic acid in
genom c DNA), RNA npl ecul es anal ogues of the DNA or

RNA generd8¥ @aSS&PéP RepiHvEatOBt WﬂFg a5 S@ﬁ!ﬂ S@f@ﬁ%@d gpuhle Ftﬁ@dﬁ@u 2 @F@mh@paon thereof.

chem st 1 Wucd aBN8 ifddhdgt ﬁirQnﬂH&deeDﬁAaﬁioqjéﬁlles %@% RNA
genomi c or synthetic origin and may be single or doubl e ande

t he presémleculast (g, orRNAe. ianslegnasont tﬂyq:n[éi‘&Al 9r R4 goterated asingr mlo;lseotlde

rrna - crRBoEy R Rl et gt SR ianBA GHGR Rt BB 1% rhova

copol ynmemayf bd)&ﬂg@ndncRbﬂsymhetgmngm et irdgde sﬁﬁgie oAdoesPeginded. IuBe eredent
10 acid er. m)r cont.ai.n non-nat ural . nucl i de | ogues i
andsor bahokE e es AT, DRt gC oot R 068 JhLh plsora il be
Many nuchget. igheh 20SlRIMES ca 8e NMOWRRAY cRAA Qﬁmﬁ@@&m %&bﬁh&m dé‘DNA
and ol igonucleotides used in the present net hod of the Tnvention.

nucl eot i §¥thefa Be 4 eoralymuiaf SN AgadciNtaioRBeRyCkeorBe: fice At regpeckive 1ng¢1elc
i ns nce t
T oG Ao bon g BRIBRIAEAHES iloaiel adbodit kgt to an pffnicy

2'F, 2 Otit@rcarla@en(bf almgerdues is known to inprove the in vivo :
stability of the respective RNA. Mddifications at the base noiety

i ncl ude natur HJOGQthmw&toﬁde rmadbgtiesaitré: newnfand\ caﬁ:becasedmdnmﬂbip acids and
di fferent r d| ne b as_uracil

nypoxant RRCBERad wbS g RS REBogP e uREL A Riheaside: natogpe s o
non- pyri miudedstﬁiemmﬁtaﬁﬂﬁg denddifd@son ﬁlf@etnstmeé fetbagts sagna) cﬁqﬂﬁl §plﬁa=.r M6Bietlés. As
uni ver sal bases. Univers bases_in e. 3-ni yrrol e and

o ST of ARSPUTATEY G HaCsEtaPs ohRl DM Guidhes o DA Py Moy

ot her bas@idvda&StRai b idtdveBe fﬂfﬁ@(ﬂstﬁlﬁﬁt)b@f tﬁ@f@%bét@‘i}e‘ﬂl\?@ M1Bfifications at the
exanpl e a sugar nodification, such for instance - O et hoxyet hyl

e.g. to RaWIBYSHAFYdRnatEredpRd synéh,et@uawl’égauon& p‘éésé‘dﬁaapql &, di erent pu purine
stability P_{ﬂ%ﬂ%le D6, SRR A4S @2’ ?ﬁg&ﬁ%ﬁnﬁb SiNgd T%ﬁ@{o%@e{ﬂfﬁ?l,oag well as

sone enbodiments be uded 25t ne t ther ma
target naeR-@nRriny o he-pihvenidide mmbbtlﬂer bgsemethemmbhonge emipduex serive hnvaminersal

t ar t r r 0065 t hod he i npyention
e o nuBPGR PEG AR 3t s 8 PR, Orilerd S8R 88 e o
[ nst ancefar&nelb@@é piie Withc sy other dhgeo &n@gfoamqaum bfEls can be combmed with for

el ectrochro hIC el ectrokin tlc chr ogr.aphy _a
ol ot 1 opSIEEF & SHERTBAUECHBRERHAT o BPUBIa o TMBELRED e foaeiceamique

for inStﬁft@v@ﬂfeé@@HdsQﬂ%r@is@&ﬁ g@b%&ﬁtﬁ (FFE) pol yacryl am de gel
el ectrophoresis (PAGE), capillary zone or capillary gel

el ect rophor esj0864] The apparatus and method of the invention may in some embodiments be used

25 to determine the thermal stability of target matter or the thermal stability of a binding complex

between target matter and other matter,

[0065] The method of the invention may be combined with such analytical and
preparative methods, as for instance isoelectric focusing, chromatography methods,
electrochromatographic, electrokinetic chromatography and electrophoretic methods.

30 Examples of electrophoretic methods are for instance free flow electrophoresis (FFE),
polyacrylamide gel electrophoresis (PAGE), capillary zone or capillary gel electrophoresis.
The combination with such methods may include a common substrate. As an example, a

separation of proteins may be performed on a small surface, e.g. a micro chip, for instance by



The conbi nation with such nethods nmay include a common substrate. As
an exanple, a separation of proteins nmay be perfornmed on a small
surface, e.g. a mcro chip, for instance by 19 isoelectric

focussi ng. The respective surface may th&n be heated using the
apparatus and nethod of the present invention, for instance to carry

out a Chqmefe@{ﬁ@ﬂ%h%ﬁn%?iMe%isﬁe%ﬁve 8@5del @By th&DB6IhehtBd QU rth% h%?aﬁaﬂ@ and

invention may be readily understood and put into practica fect,
parti cul aneteofh 6fithe mreseRli inveriig, Her destance eocay itya sheminal fagflfonwieiggical
non-1im tipgonexanpl es. EXAMPLES Finite El enment Analysis [0067] A

si npl e donut structure consisting of four heaters each connected by a
beam 10 to t : : 1.5 E :
heat er and se@gf F?%tggft?éé hegftﬁ ? \ki:@e!nﬁﬁ%rn?a )ﬁ%ﬁ%&tﬁl&ﬂ?%&éﬁ??@\%ﬁ?gs’u%igfé:f)ga}ftwal
by the Fiefieete pEitienienempodimesisswilFEYy bsafesuibed, by ANSYSE ther Hillowingdn@-limiting
El enentse§5|ElLlle§57 with real constants of 450 mfor silicon and 170m

for glass were used. Typical boundarz conditions for the nodel were
set at the chip perineter to 25 C a te anplitude of heat

flux was dissipated in all four donut shapes to set their 15
tenperatures at 94 C, 72 C and %mi@ E[cd®®8Anatysist he si npl e donut

. structure the greatest thermal gradient was found to be along the

. beam axi s. ThHES87es sigipdeodenut lsevnetate apnsidtingnef fahohepters sacdhormnestbpe a beam

| ivel i unij, f N f 1 i t.hi .
oty oa W fehPt el w38 a rOHRE Ph TP e Befle! dnlisrd datnd e g famer
ar e conneohedFigy 4}, werdeadslcdby the Bfité Bt Aesnsy (FEA) sofesrgfANSYS version

| east half at of inner. donut. It r l'ts jin.tenper re

uni £ or m O hiie SHEFFHEV S0 Eoustmin SR g A o8 B! OBy gless were
donut st ruked. TyBical Bound@tonBitioht ®r the nfdABORE 8L AthBe 3B R¥&fter to 25 °C and
tenperature uniformt The heat was dissipated alnost” "entirely via

nty. di . .
the cant PAedies amplinger off hgatotirx expedissivrish nhall fome donygt shepeskio set their

bet yeen 20peSatdslat obec Moric gl 4. 55t s design al l ows control
tenperature of all four areas independently from each 25 other and

t hus we coul d i: i
Chip useq ro IoeRl FOHICNIDR &t SELiRleOh0 20l dor? WRIAPRETH! Yas Kl to be
conf i gur &longrthe deam| axas. There was atrdar dhern@Cea®iand alamig, the alonhiashape causing a

dovi ce t FArRTRPlch My EVRBIAAARY TG AR R AR OIS, 0. 45
nun as conpar gflégg'f Tﬁl@ &wo %ﬁﬂtq Yrnd- g’&ﬂﬁ@ 'd?w\g’rythg%b %chﬁn%ﬂée&: {éﬁ ft‘vgé tbg’cfiIIlS with

about 3mm a stic frane was added on
cordensatlenielr conducEvitied ef at Heak adfs thah ofrttlerintey dmtut.ghiogtsdisent tdnpgdrature

connecti %Qi’fomﬁ%rb\!vitﬁi%tthg Mner donut. Simulation results of a double donut structure are shown in

Fig. 6, demonstrating achieved temperature uniformity. The heat was dissipated almost
entirely via the cantilevers, supporting our expectation that the cross talk between zones will
be minimal. This design allows control temperature of all four areas independently from each
25 other and thus we could run four different PCR protocols simultaneously. The chip used to
obtain the apparatus was designed with a bonding pad configuration identical to a standard
LCC-68 socket, so that it could be clamped into a conventional testing socket to determine
device thermal parameters. Since our device thickness was only 0.45 mm as compared to the
standard LCC chip which has a thickness of about 3mm, a plastic frame was added on the top

30 of the chip to compensate for its smaller thickness in order to get good electrical connection.

Fabrication

[0070] The basic substrate for device fabrication was a conventional 4” silicon wafer.



[ 0070] The basic substrate for device fabrication was a conventi onal

4" silicon wafer. 20 A 1 pmlayer of silicon oxide was deposited by

Pl asma Enhanced Chem cal Vapor Deposi tig(ﬂ (PECVD). The Si® film
serves as an electrical insulator betwe the silicon and the
subsequent netal film A 250 nmgold layer with a thin chrone

adhesi on A ayer layesofddposioxelt wisydepediied by laparBthaocedviiemical fVipat Deposition

heet { f 192/ 0. The Au/ . 5 1ith i call :
at ter ned LoV 2 HOBKRY 7250 o8] (1 Srutohh G Beat fog Aia and the
heater, sabsgoent nedtatdilimi @ad50 @AGolUber vaiflda 6o tRomep@bssiol ROk afpbsited

met al s re etched by conventional etching solutions: gold by KiI/I
and chr e-%an@ ALY @é?wg}ﬁ ab@?écF%E‘?fl 1eeRBRe OArG BV clhh g\ WET dapsr was

met &y sanfiigiphidaly paRBALOUERE S ] i i
e o o g g e
p

phot or esisssor, Firstiids] lekd phiss andeoniget peds chosen to serve as a mask for
silicon etching by Deep Reaction lon Etching (DRI E) through the
entire thi ckné¥§1bBotthmetals wersoriched fber conBentiogeketphting eplutipmns: gold yoKI/I> and

from bei d t E e resj st -SO t e

gold Ii Inggl.‘&gﬁc :E?cgﬁﬁﬂﬁmsb?%@sﬁﬁgﬁéﬁe?@ e}(:’adiﬁg&?ff 1? %?e%gﬁgéé&ﬁf }tl:’h the

(BOE) t o phetopasst viwarstripgieldi ipoaceanet artd thessetadd ﬁmgrﬁpyy Ié‘RbEgﬁsBF&ﬁdimed using
, Cof. e.q. tent 5498312). .15 As t. ip scribe lines

e i ot s dShin Bk, adto R bR, Heabiorutitieatl i st e SCRF e mRsk for

el i m nat eficohe:tde@d by Weefh RéARGoR Tofk @t@ﬁﬁ%/@bkm)r bl MEMALISd FQdHEELSE the

The | ast process step.was the individual chip cleaning by Piranha

sol ut i on S{eBEpBoYdesmraenHEe BYicer fiPBnbeegielCind by Wﬁtfgﬂ]%ﬁlf Rhojaragst also

by means ﬁ?{gte&eé h@’ﬁo‘ﬂf 1ifdst SARBH ogﬂ%%w%g%rélpﬁéﬂtﬁm’!:%f?e%de@éﬁl@tﬂta{](BOE) to

[0072] The electrical paraneters o ricate evi ces wer
det er mi nedpdpp bareobiiceg ant ét wakeipilowedby DRIE{Bobnh wocess,off o CAET patent 5498312).

M cr.ot ec : - di.-fferent.tenmera esSy,kNe resijstors'. .va .

wer & readi b6 S oAk b aRERR e PR dFodsSs B ingiRyEhips and
[0073] Thrémhes¢sthanes! foabictmphfatlatvdle fingiloMBMS stisctires e ddst bfocess step was
di fference AT.can be. 25 descrihed by a si i fied equation: R=Ro(1 +
2 7y, (I e Bin SRuaRE i Biohe safuien AP S0 Patind B di-oniaa D
a is the ywadrend ayideppaleatdbie fldwef fitep@niasof Resistance (TCR). Both
paranmeters were derived fromthe neasured data (see Table I). Once

the RO and val ues were cal cul ated, the chips were soldered to the PCB
so t4hat 30 we coul d neasure tABPFrafwschanactesizatisRers. [0074] The

t hermal behavior _of any systemis described by the differential heat
‘bal ance equat [4972] ﬁhaaéymcal,pmgeggpﬁfamted evices were determined by probing the

device at the probe station (Cascade Microtech, Inc.) at different temperatures. The resistors’

values were measured by an Agilent 4156C Semiconductor Parameter Analyzer.

[0073] The resistance value R of a resistor versus temperature difference AT can be
25 described by a simplified equation:
R=Ro(l + a A7), (1)
where Ro is the resistor value at nominal temperature and a is the material Temperature
Coefficient of Resistance (TCR). Both parameters were derived from the measured data (see
Table I). Once the RO and values were calculated, the chips were soldered to the PCB so that

30 we could measure their thermal parameters.

[0074] The thermal behavior of any system is described by the differential heat
balance equation:
HdATdt + GAT= AP, (2)



21 where His the thermal capacitance and Gis the thernmal

conductance of the system AT is the tenperature change, t is tine

and AP is the change of dissipated povveg V\Athl n the system [0075]

Previously, a pulse nethod to derive th Y ma par anmeters of bol oneters

for infrared detection was published (Neu2| |, P, Mei, T., Applied

Physi cs lvdteteess tli0B@maBOapatidifte abd G it 8ddihernSil rorduzadnoaef thesyaahi AT tis the
evi ce

beh tical testi od
ueca.  TrdSuiable Qe VEMST AR b SRaE SLiteP R BOYERTRTALE Sstom

f b d t |t
bt ses-wi ¢ LRS] SRS BRDt s APORa e Hohfen Femtil b e m B o polgiheters for
repetiti omrftd &et@&ti@&w@ﬁfubﬁﬁibﬂr(&euh@@? BHei AT DE&pYREd PERIIIHRREs, DO02N 80, 1838
anpl i tude between OV |V was superposed onto 10 the pul ses. The

therdral cap®tdt aHwe halanetenseexhkit @éh%orcw%lar 4 FER dsHiceh earg Kentjen jtosting
of tenpeiaidd Gadidel Tl?egé%ﬁ%r utn@elt éx)gﬁlan&li' ?ogre@l'gp%'itﬁtth&reg e%d%ﬁ{??f’e%ﬁ RORYRied a
anbi ent due to the applied tage 1s a function o erma
conduct ahelengd Biealistoad bmég@e% vca% mve@mﬂ B welses wathi duratibnsof g end voltage
measur e st.ant ti qual to HG. Al

%d&f ol?%sty%h Efngfgf rr(?rl 1P ulaen%er £79 &1

measured a Sul At par aneters are |isted

in Table 1. 1 Of Sens
TCR 0. 33% K eoﬁgj(;% D e‘g(’t%']"]L a‘ﬁlﬁgg‘ﬁpﬁgﬁﬁ%ﬁ %@grev é%‘t? cThgegonto
4. ATV Vil pllses iﬂﬁeaﬁhem&ﬂ)axapicmmee 6l 6Drisd d&IQ@lsPﬁ?cﬁlhled fedm tthérHenva’uve of
constant (1 74s Table | ectri and thernmal paraneters of the
chanber . [ATRerggTe RUN re5Rpdl t?réggeu &Ea SRPCSHURBTEHE atbe‘rﬁ)éméw Qg0 tbe Spplicd
*C_ Tenpgr@islkspe R 8 tinchbd bPihetn® ¢6hddctings 82 Dbtindl BGlds o8 ® dnd @R&re verified
mechani cal |y connect the chip, we soldered it to a_ 25 Printed

Gircuit BIafiEect mBywe@rRgoh theeswstany e constagt Tt wapdli t9- BHFp Hbrasasered and

The sol deffiafei®fcidAafl 1§ lF% nnection between
t he PCR ge\ﬂ;ce ang ea PCB%{aIIg%JEF%&gSZ%E? ghitg?éb}ﬁg appar at us was
conpyected to the tenperature control electronics (see Fig. 7) as

descri bed bel ow. El@gg@ﬁfe}gg@hgées of the indjvidual heggters was get

approxi mately t 85 C——and—94Candthfrared—{+ rrrages—at
wavel engt hs fronp SALE S ITHIGE o captured B0 The cAMIE t enper at ur e

resol ution was 0. $eKsof TR Noi se Equi val ent| Tenper@Baee/tDi f f er ence
(see Fig. ©). ASSHAUA [R.F Tsiflankl [oTPeT AU UTe VA FAFOM 20T OEs

the heaters is |

Unit heat conductance 4 40mW/K
Unit heat capacitance 6.60mI K
20 PCR thermal time constant 1. 745

Table I Elecirical and thermal parameters of the PCR chamber. All values
were measured af an ambient temperature of 23 °C.

Temperature Distribution

[0077] In order to electrically and mechanically connect the chip, we soldered it to a
25 Printed Circuit Board (PCB) using a technique similar to flip-chip bonding. The solder formed
the electrical and mechanical connection between the PCR device and the PCB (see Fig, 2).

[0078] The apparatus was connected to the temperature control electronics (see Fig. 7)

as described below. The temperatures of the individual heaters was set approximately to 65

°C, 85 °C, and 94 °C and Infrared (IR) images at wavelengths from 8 to 12 pum were captured.

30 The camera temperature resolution was 0.1 K of the Noise Equivalent Temperature Difference
(see Fig. 6). As shown in Fig. 6, the temperature variation across the heaters is less than 1 °C

and thus the device is well-suited to perform e.g. a PCR operation.



and thus the device is well-suited to performe.g. a PCR operati on.

22 Control system[0079] Tenperature above anbient is controlled by
nodul ati ng heating power. W have enpl Q%ed the Pul se-Wdth

Modul ation (PW) principle. It controls®an average dissipated power

by nodul ating the duty cycle of power pulses significantly shorter

than the 5 systemtime constant. [Q@80lsystemPVWM is digital and it is
easy to inplenent with a LabVIEWData Acquisition (DAQ card

control | ed frdM78] Bempsregire Ghope embiehPE COWOM&&L]?Q’ mf)ddaﬂnmrbwmgmower We

t
et N Ry D CNLSENE g W e
achi eve fdasipaldatowey by Theduainigrthendatyrayelet of ifdwet pplseedgrifiomtlydorter than the

LabV, EWcard 3014 E s, only 8.5mA of current which is not enough for
the PCR SHIF™ ’é%ef‘foﬁléa% desired tenperature. The card was then

(Inter nati onaloWBE e RO sl S R uRucl Memseot i @ GapVEFY Data

Its out p%cqh&ltﬁﬁ;ﬁ(@)i@) @aﬁ'd SORRIINH Febnah) P@ﬁs@ﬁél r@di‘@uté‘rl{PC?‘% valRe BE RerAserature
1A with a frequency pul ses of up to 10 , capab poweri ng

the PCR GRRYOT aiSthFO@mwaﬁhESqdeﬁ%?e@ aﬁl‘?ﬁe@ kedhask m@‘éﬁetﬂ@r Pmnomthrmb Integrated
fixed anq)éi‘ﬂﬁtl@éj t)axgxl:tﬁoﬂ Gk Iﬁlk%z 5{5% nPoda eﬁgtslfle%{lﬁ bf ﬂa@%&mﬁﬁrﬁ current

OUt uts were COI'] to an Burr rown eren
mplQ f i ersupplicd feorh ithe algéiEW @hrd161)14l-lﬁ $s ouly RAmAast dumemewmhtm nbaéughvior

?ﬁf; conpiBy ECk M AORRE B fesiBa Aot Bhe fuf S heryBfsriag it SR e
in Fig. by a}ihﬁtegmnqml c&tcﬁanEEQ 100 NEit&hatidtal Re¢tfiers)nd.)) dihigld Bidded MOBRETAGBT

to four i arall el The ap aratus was callbrated to a
t enper at Lﬁir“é’ rphtéé}%gfiuﬁf‘? ?fﬁ’alﬂ%tﬂg Jﬁlﬂaﬁa@e ctoical qEengas, higk a8 4Ky With @ fgguency

was per f QFf BBded oF up th @ OREFAtdpaBleePpbivBlihEtle PERHip! | €d Wi th
FluorinertTM 77. 'Its tenperature was neasured by tenperature sensors

TSi psTM (1 ST- A@OSWU%'tEmEer@hﬂré z8isbARshoten Wil ahedixeh ta!ﬁdaorﬁr Q%BS?AH?@ r&stor
0.1 Cin the range from50 Cto 100 C, soldered 25 at next

to the pdpimeds Wlcatsiongridam dts outnvin W@r§|caégectqddmaamﬁfl&aUSdBaﬁrﬁnogm Inc.)
vere st Oﬁiﬁ@erbrﬁla? aﬁ?ﬁﬂéﬁy}[tﬁ Qrﬁ'i@d %!ﬂlﬂ%f 18"fs ggt ey lu'P% Wit eORARKy spfiyzare by

measur ement . croscope %b«@ cover s on the
chip. A ‘he ﬁﬁmft cRdagyt thgnom@hw rcqnmd \Wnet IﬁRa?.l%J Ell“he cofnp]]ete_ schrethafic lof one

of sanpl i ove t S I 1). Th
above pr gléﬁ.glglr 8%0%%\(59{?§e éE/ﬁ\lll)%{rzi? b ]%B? R4 eﬁ'piﬁ '&lgﬁ%f Il:a!tc%e C?\%Sésttsel‘)? four
but2tot midmﬂwll%ﬁﬁm&rtplfmnﬂ(ﬁed 1‘ir1 patulleh coul d be d| fferent. The

sanpl e tenperature was determ ned by nelting curve anal ysis

(Rutl edge, R [0082] Nibe Iappaiatuﬁmadszalﬁiaa‘&drtch térpératuks proisianne)beB8Othan 3% °C.
el78), asl’h(t::I g\%{:e ca S)I’EBIOII was perf%nne({rgl a temperature controlled bath filled with Fluorinert™
77. lis temperature was measured by temperature sensors TSic™ (IST-AG, Watwill,
Switzerland) calibrated with a precision of 0.1 °C in the range from 50 °C to 100 °C, soldered

25 at the PCB next to the PCR device.

[0083] The output values from all four channels were stored in a LabVIEW setup file

and used for the feedback measurement. The microscope glass cover slip was placed on the

PCR chip. A Virtual Reaction Chamber (VRC) with a volume of 1 uL and 5 pL of sample and

oil was dispensed above the heaters (see Fig. 1). The above procedure preciscly verified the

30 temperature of the heater but not of the PCR sample itself which could be different. The
sample temperature was determined by melting curve analysis (Rutledge, R. G., Nucleid

Acids Research (Methods on-line} 2004, 32, el78), as described below. The sample

temperature was found to be two degrees lower than the temperature of the heater at 94 °C and



tenperature was found to be two degrees | ower than the tenperature of
the heater at 94 C and 23 the setup file was corrected accordingly.
Thermal Cycling [0084] The self-cali brgﬁ1 on procedure was perforned
to optim ze PID values of the 5 contr in order to achieve a
fast heating response while the cooling rate was determ ned by the

t her mal thesetupdils tvam toragrtedsaccominglly.ng t enperature. From t he t her nal
paraneters listed in Table I it is expected that the device cooling
ti me should be between one and t Sec%iﬁ%&ﬁ%g t he tenperature change
from94 Cto 55 Cis about 56% of ure difference bet ween

94 C and anbi rature of 25 C. That uI d e

a fast 10 cooﬁ)rdhé)]r rorg?éelgé aten praeedure s p Emﬁ t‘bPB 1%—:]5 ?éaz%‘? ‘bﬂhe
t he 3 equics@ebIRgt iH drakr tb%bl@ie@é a fRRKBealing rdspnsRGMIRMEE B Rg trE't%Hi@'determmed by
profile is shown in Fig. 8 with 15 seconds for denaturatlng (94 C

15 seconds the?naéﬁm,ﬁaﬂorlﬁgm(@é seyrowming pmpstbHE st ey the [tavgal paspmetprs Igs}ed in
Fl uor escqgglgl ee%%éc%ﬂ pt%élde@icg%(ﬁﬂ{ %%@F%u%ﬁ@b@tw’z bl Ghe an di wo seconds as
etecti o P 1RY

excitation n cube was enpl oye correspond
syst ens theettmparatirerchfigs fromt 84 °€. tokS3 °Etis aboyt 2604l of Kﬁhltamlaékamaf; difference
2003, 50 Act tor

o cal esRE b4 g Rt RSt ennbin (nipefid o 25 50 R o0 Qe a fast

detict ed ctyling riedieovddl-201d " tor-40RbE gfdﬁW)sx&dé@iﬂigmﬁé 1% ulré'cﬁ?lﬁﬂmaﬁ)lteVMft—ms
t he gai nTﬁet t.0 about gx104 The PCR chip under. a_Zei s

Axi ot ech The/aehigves B B<bepe! RerfHe SSLIR El,st 8cvéarfh dSt5peandr er ggpafueating (94

rreasurerre@% 1S QEARIVRR aﬁﬁééﬁﬁggsﬁ%)vﬁnﬁﬁo%ewnﬁ§kor%?] SHolidd\7ardgr to
suppress the anount of anbient |i'ght entering the ™PMI |n ofder to

increase the optical detection Iplﬁraltesceﬁ@egggelchblgscope measur ed and
stored the value of the PM signal anplitude. Apparatus Testing 25

(a) Surface ppessy at iRftukP0BR) vAith demIcy baskalyn/GIEdRRbaIE Bhs cAbl le@t?hat
Chi p, 2005, 5, 308 - 317), the glass surface for the VRC system

to Be hyeeapremicd taglwmméslm %lmxdﬁa%gup[aeaali] ebelv el Céhlmf épen2003 500,
fluorinated_ 536'45‘@%?(1{1“@' A5, 29¢hsBERRT Al &s@tﬁﬁ&ﬁc&e%%s 1%%@92 341),

The subsequent |y sel’ected coating consiste of cl'eani ng
a 3:1 H2soh/ the leor@oelmexne&pme fdstectedely byPlatOIMukipber Balsh (PNIFFe (Hlamsmatsu

vvasthen cu oven, (YES- Yi el d Engi.neeri

oom PRAEEE0H kit BB WL TR AREREN alieiiviy ME R Zages Afiotect
SI | ane [ Vasgptmidesaddeunomtdd bn&n%ﬁtmwahlsedfrhdmld mteﬁsJumﬁémmmplmedovered
by | est aven., was then evacuat egfﬂa}gl@ h aresid

U o VB RSB D EHTSY S JIROHFE P (B st e BMT in order

to increase the optical detection limit. An oscilloscope measured and stored the value of the

PMT signal amplitude.

Apparatus Testing
25 (a) Surface preparation

[0086] As described by Guttenberg et. al (Lab Chip, 2005, 5, 308 — 317), the glass
surface for the VRC system has to be hydrophobic as well as oleophobic.

[0087] Several different fluorinated silane solutions and preparation methods were

tested. The subsequently selected coating consisted of cleaning the glass in a 3:1 H,SO4#/H,0,

30 mixture, followed by a DI water wash. The glass was then placed in a vacuum oven (YES-15E
by Yield Engineering, Inc.) at room temperature together with a beaker containing 1 mL of a

silane [(heptadecafluoro-1,1,2,2-tetrahydrodecyl) trimethoxysilane] by Gelest, Inc. The oven

was then evacuated to reach a residual pressure of below 1 Torr and the oven temperature was



raised to 150 C whil e punpi ng was conti nued. Silane was vaporized and
reacted with the glass surface. After 2 to 5 hours, the punping was

st opped, the oven was vented with nitrog‘gn and gl ass slides were
renoved fromthe oven.. Results of surfaté treatnment were verified by

t he contact angle nethod using Contact Angle System (Mddel OCA 30

made by D@itsab’rwbiQ:%C 5V}Gcbp’d)rnpifrgnevas cnttntedafijire wis eapoaized antd opkcetl widsthe

110 degr et had a ¢ ct
angl e of % eé‘arcge%ﬂer(%f %F eth‘%)?l’ggﬁlpgﬂa(gﬁ?o%@%@? © Ren Jas ygpte é@ﬂ&‘&"@ogeﬂ
940 t enplaati @lazoplids wire aedOtcdofioR thabyerd. TageNst {uMavé eatdRnBiveteoedificd by

Inc.) of the gene encoding for human glycerinal dehyde 3- hosphate
dohy b og bautae EpBpre b b T G AP e ORT Ao B Datsplysics

ID No:  LGwei). used FURTA
g Y . 0nt§§t GG%\fle eerrbIﬂ@tr wﬁnﬁo de rees gP% rBrlm(l) ralboﬂ (Sl%na gnc)

as a revéllr@@etéxaﬂ#@pntawgbmﬂmem% was pr epared in a 50 | stock
solution as recommended by the manufacturer (Q agen, Inc.) with two

exceptions: SYBR 15 Green (Invit I diluted to a final
concentration of 1:10 000 and b([)?giﬁﬂgerﬂt}%‘?3 aI\‘}%ﬁm n (Carl Roth, Inc.)

dded t 0 t
Vs e | 1 FUSHI: 2AUESORER! b8 Bl Rpbof LI OB B i
i nt B t wo Bigectpdne. of thieegeme Bnbodies fardwmdhahqalydehiealPER/de 18i-phaaplhté dehydrogenase

o) s GRPDE B oo o TR TR E TR LORRAAG AR NS FRRTFAE ) was s

covered hy & forvald npriigeakndi 3 -GECTACATEGCAACTTETGRGEAG3Y D RS 2;
were as follo %lrs ? nh{ctétes at 94 C (|n|t|al denaturating), foll owed
by 50 cydieasardt Biplghsnlncd asa igyeree prigpehtherReR myxture was AiFbred in 860G stock

(anneal i REtiBNAs FedintHERIeB by’ hhembRith 8RSt ?Q}ag‘éﬁtfﬁcﬁ v{fftﬁ‘%o 22 tféHs 0§ YBR
10 ninutes at 72 C. One mnute per thermal step of ‘the PCR cycle is

| onkfer t Iﬁiﬁeﬂ Hoyifragen, Hoow was dilptedde aufied coheantratien of 4 t16n9G0eanshbayvine serum
t her mal ng, t t gonpl eted during
each step kf ?E%rgﬁbrr@?gml)rrwf;ag?atﬂg% dtﬁr%ahf(g&%%{f%{b 0?lt/lome t han t he
optim zation of each step to render the PCR system fast. [0090] For
mel ting curve anal ysis (Rutl edde)R&l-time PERResultshe sanpl e was cool ed
30 down to 65 C for 1 mnute after which the tenperature was
conti nuously H4B8kdhe @@% sckisohition reparethgs dasaibed abo@d Kes | divided g two
th per 1 l., (see 10

wel 10 5s. PRESTEBEN MRS e FPRETREE R b PP et kB PRV erfet
next st efhenascyddrgMiaResedrah) lon.) @b aaoafesanee.dfe bot eepetifnehtyethe PCR mixture was

fluorescence al ri.n nd of the, extension hase at 72
In order Y6* C;'S(IF?CJ it toﬁémfl%ﬁt)?l&g E‘lﬁ)tﬁ GETGCYRANE ¢ QR &V g5 RS follows: 5
cycles, @ises tat 2 °@rgﬂ1rhamd\eﬂ@m@ﬁﬁ@arfaﬂow§d g FOrdycRA. ofl NEPiRYIRM4 °C

i nput parglrret ers were_ the centre of
(denaturating), 1 minute at 58 °C (annealmg) and 1 minute at 72 °C (extension) with a ﬁnal

25 step of 10 minutes at 72 °C. One minute per thermal step of the PCR cycle is longer than
normal. However, it assures that the system reaches thermal equilibrium and the enzymatic
reaction is completed during each step. This is more important at this point of time than the

optimization of each step to render the PCR system fast.

[0090] For melting curve analysis (Rutledge, R. G., supra) the sample was cooled

30 down to 65 °C for 1 minute after which the temperature was continuously raised to 95 °C with
a heating rate of 0.01Ks™. During the operation, both the fluorescence signal (see Fig. 9, Fig.

10) as well as the temperature sensor value was recorded simultaneously. The next step was

the calculation of an average value of the fluorescence signal during the end of the extension

phase at 72 °C. In order to extract the fluorescence output signal from the PCR cycles, a short



first data bl ock shown by a first arrowin Fig. 9, length of the data
interval and the nunber of intervals. The programthen averaged the
signal fromthe interval and associated_ jt with a cycle nunber for

all 50 cycles. The sane procedure was r%é)eat ed for the fluorescence
signal 5 at 94 C (indicated by the second arrowin Fig. 9) in order

t o obt ai pregrivaseds prepsed naing tFortoen. ﬁmmrogameﬁpﬁfr parumbiersPeieatié petitre of the

signal at e . subtrac dat a S ap ximated wth

si groi d {1 ﬂcd(agomoc shogyn by TS?&SWWR (& 9\'\@95&(&% ¢ dzta ppierval and th%?m&];’%r of
nor mal i ZaﬁtbﬁfﬁlsCQBStp?(EErﬁm thad av@hedd the LRl Bsante mhevd agatdseitifdd itheith a
i nfl exion p0| nt and k determ nes the maxi mum sl ope at that point.

[0091] THECPERMTSEL S Aysleruhhapane perPedreres EpReienfaahe dmgresgence signal
tenpd at e o u

par Aot ore ot O BREY HEDERO ek PP o i P 1o, Faf L BBl signal o be
showi ng tshkireER &emritiePERcautpet (igesd aFi7g.°ClThe En’gﬁacl@b dath @&9\2415 dwproximated
i ndi cate f t hermal cycling of the PCR device a nelting
curve aﬂvé y5|§m8@é)§&1r?n M Freire, J. J., Biopolyners, 1977, 16,

2693 - 2704; W/ kening, S., Bade A., J. of Bionolecular

techni ques, 2004, 15, 1P£- 111; Lyon k4 et al., Cinigal

Chem stry, 2001, 47, 844 - 850) Was-vQé\]'for'rred in order to determ ne
thepurity of the PCR (cf FiSP 13— 20 The fl uorescence si gnal was
approxi mated by a nodified signoi d& flnction: Y=- '40 -'1EA -A2) +
Ay = . A .
have |de§\{h|’ef:e§i#) fAuzn]ag? ﬁégﬁéﬁygg{@n&%tm@? arﬁ%eéaqugl%] %SWE% |Otctg1|§ Onrg&etﬁgg]rﬂgmon
shows onmymaa@drhﬂctemmesethewmm@nwwn at thet preaisur ed data and the
fitting curve, showing that there is only one PCR product with a
linited amouni008i] Tbyg’rca’dmtgcolﬂfﬂ@ peritg dofferprtochnseniraiiess f mapiabympies
the resu r r i

What 1o o eElofirlR i ok ARk CALER Bk s R s X M frestd i Runver
of ¥ chent calplaedihowilg thk FFiRcsindaadqiree (seeﬁ@ﬂlsﬂ‘lgglzat | east one
tenperature control nodule, wherein said tenperature control nodule
conprises a hE@P2y Asandioatddiebove, aftectieonal cychmgl of tHeeP(R rdatice @ meliagrcnrve

wher ei n saldh ter [ dat errrall c

r emovabl &PATHE I\ZIh ﬂ ?é? RO AT g%@# %ﬁ@?,\é@ﬁlgg}m%,waéler

is placed,., Xiof B1blﬁoléaﬂdtUt%bmﬁqr€ﬁs, E(&ﬂélellSCIO'? — 111; Lyon, E., et al., Clinical Chemistry,
2001, 47, 844 —850) was performed in order to determine the purity of the PCR (cf. Fig. 13).

20 The fluorescence signal was approximated by a modified sigmoidal function:
4 x4 —4,)

F= i—x
L= | X% )
p[ k

&

+A,+ Ax. )

where Ag , Ay, A and Aj as well as xq and k have identical functions as in Eq. (3).

25 [0093] The fitting error shows only a small difference between the measured data and
the fitting curve, showing that there is only one PCR product with a limited amount of

byproducts. The purity of products was proven by the results of capillary electrophoresis (sce
- Fig. 14).



10 wherein said tenperature sensor is adapted to detect and contro

the tenperature of said substrate via the conductor of caloric, and
wherein said apparatus is designed such_that said substrate is

situated above said tenperature controf nodul e to entirely cover

said tenperature control nodule, and wherein said heater and said
sensor eddhinsonpri se a surface arranged in a common 15 pl ane, wherein
said plane is essentially parallel to the plane of said renovabl e
substratqﬁhﬁquﬁmk%qyplane of the substrate the sanmple is placed. 2.
The apparatus of clarm 1, wherein said heater conprises a surface

that is arranged essentially parallel to the plane of said

subsi r at e 1. oAnvdppatutydl foreecgilatilpetlsUulipeatee iy chthisanmideritiolphiReleshmple,
3. The apparatus . of claim1 or claim?2, wherein said sensor conprises

a surface th&¥MpEsingay leasferncdsappaiugg contpd tapdule, wherein said) igmpeigfure gpfrol

substrate, O&oﬁ@fe%?m@kig{é% lgefate},meconﬁﬂggg §hf %p%g@bgrahﬁ% Eén@&e d. 25

4. The apparatus o wher el n each the an e Sénsor
ar e concent r imbereirbsaidheatapp adagtadsto aiermlaly Bosdmuntvateaiith i kendvadleasubstrate, on
paratus_of any of clains 1 tq 5,

surrounds the_sensor. 30 6. The ap )
wher ei n sai d™ct cF_G@tC@F’méﬂﬂ?E%ﬂ/ W&lgo%m&ls Rlachh e {8 ICoRBICKE PEEalPTSHM
they@roup copgbRtd £84 fn re{ﬁ%%knso?issﬁighﬁgQ@H%&rmd%oﬂfrﬁrm@flsml}g:r% re of said

carbon nanotube and a fullerene conp 27 7. The appar at any
of clains 1 subsBateyomtpeicsndugtoanf tdare, ando t enper at ure contr ol

nodul es, wherein.the.at |east.two.tenperature control nmodul es ar .
ther mal |y 1 sOPSEl S el s fhignedbotsh i saif pabelraie To otited ppove seid
wherein the gingefie chioltsmes @téﬂfi&\}\ﬁ_@d\ﬁef Sdid PREME-R8rcCRARSI REIuIERRA A

surface arranged in _a _common pl ane, ich is essentially parallel to

t he pl ane of whegindsaiddsatenend said sehsaheash anmpoke pharBodstrarged inhe common
sa e is pl . - r. fi.cl ai cawWherein said t

orberatur o Bantraersibdar SRR E B R B RREE R oS e
that is esseot whidhyplprrafithedubigaté i spnplids gfacehi d substrate, on

whi ch pl ane of the substrate the sanple is placed. 10. The appar atus

of claim9, conprising two pairs of tenperature control nodul es,
wherein  £heThedrpapyeodtdaia dobersin sudureater ghmpaises paiurfaeg gat is arranged

opposing e ac&séﬁtgﬁg L}%lgzklﬁ:? gl ﬂ@oﬁﬂr\%] Io% Eai% Nabstha? ) eot%ﬁ\gﬂ}ch ?Sle%:}réa@@lshgtratteothe

t he pl ane of sai rate, l"ane o e su
saifl e i s pl semgde is placed.

3. The apparatus of claim 1 or claim 2, wherein said sensor comprises a surface that is
arranged essentially parallel to the plane of said substrate, on which plane of the
substrate the sample is placed.

25

4. The apparatus of claim 3, wherein each the heater and the sensor are concentric.

5. The apparatus of claim 4, wherein the heater surrounds the sensor.

30
6. The apparatus of any of claims 1 to 5, wherein said conductor of caloric comprises a

material selected from the group consisting of a metal, a semiconductor, a diamond, a

carbon nanotube and a fullerene compound.



11. The apparatus of claim7, conprising a plurality of tenperature
control nodules. 20 12. The apparatus of claim 11, wherein each
tenperature control nodule is thermally__isolated fromevery other
tenperature control nodule. 13. A net hod’ of regul ating the

t enper at ure a chemc and/ oy . bi ol ogj cal sanple,. conprising: 25
b 001t ng Tan i gRPAGLE Sl o Rimi {0 e Byt Ao gion Rng 8 control

and/ or bi ol ogideales, fa8RInCthe HR116hsP PP i@hptatGRIRIntB] Hﬂ)dﬁfesla?éiﬁ'{errﬁél isolated
no

temperature control nodule, wherein said temperature contro ul e
conpri ses a HKeateach othesonduct or of caloric, and a tenperature

sensor, wherein said heater is adapted to thermally conmunicate with

a repovabl_e bstrat.e 0o i ch . sai.d chem cal and/or bi ol qgj cal )
Sanpte. 1o 8ol JBBAEPGTE pFAED AIUTOR 5 o Te) B EpRBrepTRh Fpddles Somprise
tenperat ure gisHburfRe ARARIAdn WLoHBAGLH aR) WA s Rlentily bAIRE G Hane of
of said substrate via the conductor of caloric, wherein said

appar at us i s siidspptiate, enwhichidanesdithe whsate thesaingleds plageded above sai d
35 tenperature control nodule to entirely cover said tenperature
control dule, and 28 erej n.sai.d heater and said sensor, each )
conpr 5o B Pk ABBTE SRGBAN RGO TNB) SHBCTI R PN P SHI) S gPpasing
essemtial |y Radhabthel il Gaid BearR! BRCIsOdss@Mially HHRNE! & the MAne WNLHA sRbAALE, on
of the substrate the sanple is placed providing a tenperature val ue
for heating sdich pemidhe suhsiddto thesaniptegs plicedanpl e, 5 neasuring the
tenperature of said conductor of caloric by neans of said tenperature
sensor, pplLyi ng heat sajd conductor of caloric as |ong as, the .
reasur ed Wonibp Adeites of pBT GuyormEcPecTP dets SEirmet e coRa gaodules; wherein
thereby heat ifiorwaaiephpeialné baitl] 3SR of calD il &R! oppBSthkadll ®hQIhGAIA plane
sanple. 10 14. The nethod of claim 13, wherein sai'd chém cal and/or
bi oldgi cal s#Hmplicessentiabpaialeldtojthe plang o6 eaid sulpstrpteeon witich fihee ofbthh substrate
of claim 13 %g:nakﬁjlﬁfe¥Merein sai d apparatus for regulating the
15 tenperature of 'a CRefT cal and/ or bi ol ogi cal sanpl e conprising at
| east two tenperature control nodules, wherein the at |east two
tenperat une qapbpsHatiPEd]gm AreniphshiBigitalityoT@hedatfinaachoaiiber -
16. The method of claim 15, wherein an individual tenperature val ue
i s provided for heating

0 12. The apparatus of claim 11, wherein each temperature control module is thermally

isolated from every other temperature control module.

13. A method of regulating the temperature of a chemical and/or biological sample,
comprising: _

25 e providing an apparatus for regulating the temperature of a chemical and/or biological
sample, said apparatus comprising at least one temperature control module, wherein
said temperature control module comprises a heater, a conductor of caloric, and a
temperature sensor,
wherein said heater is adapted to thermally communicate with a removable substrate,

30 on which said chemical and/or biological sample is placed, via the conductor of
caloric,
wherein said temperature sensor is adapted to detect and control the temperature of
said substrate via the conductor of caloric,
wherein said apparatus is designed such that said substrate is situated above said

35 temperature control module to entirely cover said temperature control module, and



20 the chem cal and/or biol ogical sanple at each tenperature control
nodul e, and wherein the tenperature of the conductor of caloric of
each tenperature control nodule is meaggred i ndividually by neans of
sai d tenperature sensor of each tenpera control nodul e, and
wherein heat is .applied.to th%Sg nduct or .of cal oric of each

tenperat ure conth<EyR sYA hege: SRRy cacd GomPrise 3 STHAE Aangrer g AsPENA
bel ow the provigigd, %ﬁéf@ﬁrsﬁfd-ﬁlﬁe\@b%@nuéﬂ@%fa%]}él tohﬁ@fﬂaﬂgoﬁaﬁls@o@tl?a& rcatl €

and said chenical and/or biological sanple individually. 17
met hod of any dﬂm©hBMH%Omﬁeﬁﬁmﬁﬁeﬂwh@neﬂmwﬂﬂﬂvddlng an apparatus for

regulating t ture [or

oo eea? S rishEIRER Rotictortis R 16 Mot g RS piimich 30t Ao SR ailee
sai d5t enper Q%@as@ﬁﬁ ity teﬂ?éﬂdﬁﬁe 0B 56 chiictdr of RAToHE Bl Ymead Ve k4id ttdifperature
sanme, providing a chem cal and/or biological sanple, and disposing

said chem cal &%¥P6r biol ogi cal sanple onto said substrate. 35 29

18. The met hqd ;ﬁ;l}q A0%hedf 1oCLAd 'zﬁncﬂu%torro flgaloryq]% Fon,glashtﬁe SRORLEY! tngerature is

sel ected from oup consi s , an-air sa

an envi r onnent aklosarip prov@deﬂetdmpebdtﬁmr @alug athipteby EeahﬁQESamirsﬁlﬁB&ate and said
sanple, a rainfall, sam a fallout sanple, a space sanple, an
extraterrestri &he%lﬁﬁlpﬂ“@/orgloé%&%?ééa% fipl e, a ground water sanple, an

abr ggi on sanple, an 5 archaeol ogi cal sanple a food sanple, a bIood
sampl e, gy se l,a

STl e 2USSTTAAR St SRR S Gy AP Gy Rlporscs
fluid sanplealquﬁhﬁﬁﬁmmyngeal wash sanple a sputun1sanp|e a nouth

swab sanpl e, a throat svvab sarrpl e, a nasal swab sanple, a
bronchoal veol ar | avage a bronchial secretion sanple, a mlk

sanpl e, a3 afhf ompfélog | @i ela@anﬁ er caipi dfsyvhegeis aseisl @ppasaing for gfaﬁqiatalg the
h | |
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sanpl e, a forersilanodAewp lveherein thmﬁielbhstamosam@ieﬁmura copelceetdlks are thermally

infection sa ion sanple, a drug preparation sanple, a
bi ol ogi cal N%L@?ﬁg ‘g %U‘&t%?ron sanple, a protein preparation sanple,
a lipid preparation sarrpl e, a carbohydrate preparation sanple, a

sol ution @f gnpdh AUdidars @h?l%ln% 1981V9J&13p%h§f)@&]%§ Qhiud$ pfgvi%&li lE’H‘rihgg'ting

of a nuclelc aci a so?u ioh-0 ution
pol ¥pept i de, the céxemm:tal and/mfblalngmm sampk:atcéaclatesqnlemre notfol mq:almb‘, end, a

sol L1 of g, SYnt LS BOLYTEE o2 SR 80, 0 3B Sohem CBl ol

sol ution of i’snnieﬂé?ii'&ﬁnﬁcﬁvﬁﬁﬁm 63 mERINGSEdid Qmpéature sensor of each temperature
control module, and

wherein heat is applied to the conductor of caloric of each temperature control module as

25 long as the measured temperature is below the provided temperature value, thereby

“heating each substrate and said chemical and/or biological sample individually.

17. The method of any of claims 13 to 16, wherein providing an apparatus for regulating the
temperature of a chemical and/or biological sample comprises:
30 ¢ providing a substrate,
# disposing said substrate above said temperature control module, such that it entirely
covers the same,
® providing a chemical and/or biological sample, and

& ¢ disposing said chemical and/or biological sample onto said substrate.
35



solution of a lipid, a solution of a carbohydrate, a solution of a
conbi natory chem stry 20. product, a solution of a drug candi date
nol ecul e, a solution of a drug nDIecuIe solution of a drug
nmetabolite, a suspension of a cell, %%pen5|on of a virus, a

' m _Cr.oor gani sus ens

. a si.on .of a netal
of et al T  gyE RS Tind AL VURiR e S0 ot AR B L our
thereof. 25 §&hnsishae dres hed Pﬁanmnozilr ShiBpIEB aﬂ?enwﬁox%ﬁent%%w f1ea | dhure

the chemical and/or biological sanple includes carrying out
cheni cal ands@nplei ®boy malrrowrsam@s a ra@fallTsrenpietaridblowf sagipdd, m spg¢e Sample an

LTSRN 1 ENE T TN A N T T
5 archaeological sample, a food sample, a blood sample, a serum sample, a plasma sample,
a urine sample, a stool sample, a semen sample, a lymphatic fluid sample, a
cerebrospinal fluid sample, a naspharyngeal wash sample, a 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

10 sample, a nail sample, a hair sample, a skin sample, a cancer sample, a tumour sample, a
tissue sample, a cell sample, a cell lysate sample, a 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

15 nucleotide, a solution of polynucleotide, a solution of a nucleic acid, a solution of a
peptide, a solution of a polypeptide, a solution of an amino acid, a solution of a protein,

a solution of a synthetic polymer, a solution of a biochemical composition, a solution of

an organic chemical composition, a solution of an inorganic chemical composition, a

solution of a lipid, a solution of a carbohydrate, a solution of a combinatory chemistry

20 product, a solution of a drug candidate molecule, a solution of a drug molecule, a
solution of a 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.

25 19. The method of any of claims 13 to 18, wherein heating the chemical and/or biological

sample includes carrying out a chemical and/or biological process.

20. The method of claim 19, wherein the sample includes a nucleic acid molecule and the

chemical and/or biological process is a polymerase chain reaction.
30



