wo 2015/114293 A1 [N 00 0O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/114293 A1l

6 August 2015 (06.08.2015) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
BOI1L 7/00 (2006.01) GOIN 30/30 (2006.01) kind of national protection available): AE, AG, AL, AM,
GOIN 27/447 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
. . L. i BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: PCT/GEA015/000026 DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
27 January 2015 (27.01.2015) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
. ) PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) D.esignated. States (unle.ss othefﬂwise indicated, for every
14014229 28 January 2014 (28.01.2014) GB kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant: THE SECRETARY OF STATE FOR DE- TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
FENCE [GB/GB], DSTL, Porton Down, Salisbury, Wilt- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
shire SP4 0JQ (GB). DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Tnventors: WHITE, Peter John; DSTL IP Group, GO1-B IS“R’/[ I\T/[Ig %IZ}IIV%EIEJN& PIC“’GPTC’IR(C)MRSG’:E’GIS\IL SK,
Building 005, Porton Down, Salisbury, Wiltshire SP4 0JQ GVV, Kl\/)[, ML M(R I,\IE ,SN ’TD :F G > > > - 6Q,
(GB). WALKER, Maurice Daverell; DSTL IP Group, i i i - NE, SN, TD, TG).
GO1-B Building 005, Porton Down, Salisbury, Wiltshire Published:
SP4 0JQ (GB). RACHWAL, Phillip Anthony; DSTL IP o .
Group QG(()I-]; Building 00; o rtlo)n Downy Salisbury, with international search report (Art. 21(3))
Wiltshire SP4 0JQ (GB).
(74) Agent: FARNSWORTH, Alastair Graham; DIPR Form-

alities Section, Poplar 2#2214, MOD Abbey Wood
(South), Bristol BS34 8JH (GB).

(54) Title: METHOD AND DEVICE FOR HEATING A CHEMICAL REACTION

Figure 1

e
=1

w
o

3
o WM G

Temperature (°C)

—_-
=]

o
=)
w

10 15 2C
Time {minutes)

*5°C
w10°C
& 15°C
2T
*25°C
B 30°C
£35°C

Resistance (ohms)

60

3
|
|
i

N
=3

o

40
Temperature (°C)

a 20 60 80

(57) Abstract: The present invention provides methods and devices for heating biological, chemical and/or enzymatic reactions, in
particular isothermal nucleic acid amplification reactions. The devices may in particular be hand-held, fieldable, portable and/or dis -
posable.



WO 2015/114293 PCT/GB2015/000026
1

Method and Device for Heating a Chemical Reaction

The present invention is concerned with methods and devices for heating chemical, biological or
enzymatic reactions at a predetermined temperature, especially isothermal nucleic acid
amplification reactions, and especially hand-held, fieldable devices for de_tectidn of nucleic acids

through isothermal nucleic acid amplification.

There is forever a need for improyed methods and devi;es for identification of cherhical and
biological agents in the field, and for the devices to be Iight‘weight, hand-held, preferably disposable
and with minimal or no. electrical power requirement. A number of devices exist for identification of
chemical and bidlogical agents bsing antibody based assays, such és using lateral flow technology,
such as the device descibed in GB patent No. 2460956. Though antibody based assaYs have great
utility in this area, the sénsitivity of some antibody assays can be a limiting factor. It is recognised
that specific detection of genet_ic |6ci could provide a solution to some of the sensitivity issues of
antibody assays through use of nucleic acid amplification. It is however also recognised that nucleic
acid émplification assays require a heat sourcé, for either thermocycling, or even for isothermal

) amplificatiojn,‘and consequently an electrical power source, which has made it a lot more difficult to

devise a fieldable device, especially one which is hand-held and disposable.

Non instrumented nucleic acid amplificatio_n (NINA) is an aspiration for molecular diagnostics in low
" resource éeftings, for examplle home health care, developing-country healthcare and emergency
situations, such as t.o detect a deliberate release of a biowarfare pathogen, such as if DNA
amplification che'mistry could be combined with simple hardware and detection chemistry in a low
cost disposable device, especially for use by a non-specialist aperator in a wide range of low

resource settings.

Isothermal nucleic acid amplification reactions eliminate the need for closely controlled

thermocycling associated with traditional PCR technology. The amplification reaction proceeds,
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depending on the biochémistry of the polymerase, at an optimal temperature ranging from 35°é to
70°C. Controlling such reéctions is therefore less complex\ than those that réquire thermocycling
where the spe.cificity of the reaction is driven by the precise thermodynamics of association, or
hybridisation, between specific oligonucleotide primers and a melted target DNA sequénce. The
reduced need for heating énd cooling in isothermal reactions has made them good candidates for
exploitation in the development of genetic testing devices that can be used in resource limited
e_nvironments, such as in the field. However, isothermal reactions still need some thermal cont_rol to.
maintain a coﬁstant optimal temperature, that supports amplification, approriate for the
polymerase used in the amplification reaction. In electrically powered laboratory instruments this
can bé échieved using thermal control devices e.g. thermocouples and temperture contlrollers that

. can drive heating and cooling using on/off, proportional or PID control. In suéh a systém a constant
reé&ion temperature is maintained regardless of the ambieﬁt temperature. The situation is however
completefy differenf for ﬁéldable dévices which should preferably have no or minimal requirement

for use of an electrical power source.

Fieldable disposable devices could use phase change materials, such as those incorporating or
undergoing exothermic chemical reactions, like the sodium acetate used in COTS hand warmers, to -
support the isothermal reaction. Howéver, iwhilst this type of substance can deliver a stable therm’al
output, it is difficult to ‘control when the ambient temperature is unknown or variable; and especially

‘at ambient temperatures below 10°C.

One such method using exothermic chehical reactions coupled with a phase change material is that
by Singleton J. et al (Proc SPIE, March 09,"2013, 8615: 86150R; PLOS ONE, November 26, 2014, 9(11),
113693, doi:10j1371) which uses LAMP (loop mediated isothermal amplification) DNA
amplificatiqn. Here a hea';ing chamber has been designed (héving a sample tube holder in a vacuum
fla;k) such that a heat pquch containing a magnesium/iron-alloy is inserted into the chamber and

then wetted with a saline solution. This produces a chemical reaction within a super corroding
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galvanic cell that generate§ a large amount of heat. Thermal regulation in this device is achieved by
coupling the heat produced to a phase change material e.g. palmitic acid. The ‘reaction ;hamber
takes approxir-nately 12minutes to achieve a target temperature of 61.5C after which reaction tubes
containing the DNA amplificati_on assays are addéd; The device is able to maintain the optirﬁal

reaction temperature at ambient temperatures in the range of 16 to 30°C.

Disadva4nta‘ges of this sy;stem include the requirement for a mqlticompongnt heating system

, coﬁprising heat pouch, saline solution and bhgée change material that require several
mani;)ulations fpr final aésembly and operation, and the fact that the éxothermic chemical reaction
produces magnesiu_m hydroxide, hydrogen gas and steam, with the gases needing to be vented from
.the device to avoid over pressurisa'gion. The release of hydrogeri gas also poses a potential explosive
hazard in a confined space. In addition, the reaction chamber only reaches target temperature after
4approximat.ely 12 minutes, this relatively fon‘g lag time needing to bé added to the total time needed
to (‘:ompléte the amplification reaction, and the device is qnable to maintain fhe optimal

temperature at ambient temperé_tures below 16°C, or above 30°C.

Another exothermic chémical heating system reportéd by Lillis L et al (PLOS ONE, 29 September,
2014, 9(9), e108189, doi:10.137'1)‘uses the RPA (reconﬁbinase polymérase arﬁplification) iso’_t'hermall
DNA.ampIificaltion method. RPA reactions typically work at a lower temperature (25 to 43°C) than’
LAMP reacﬁons and do not require a stringent incubatioln temperature. Ivn‘this'syste‘m an exothermic
reécﬁbn created by the cfystallisation of liquid sodium acetate mixtures was used. However, af
temperatures below 15°C detection was shown to be sporadic, especially 'durihg 20 minute

incubation perii_)ds.

A further disadvantage of both the systems described is that they are large in size and would be
difficult to develop into integrated systems that include sampling and specific detection. The first

system uses a Thermos cup with an approximate volume of 314 cm®. The RPA system used 22 cm? of
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a sodium acetate solution in:a small container that held a single reaction, and this volume did not

include the insulation that was necessary for the system to function well.

Consequently, there remains a need to develop a truly cost effective, disposable, fieldable, nucleic
acid detection device that uses isothermal amplification chemistry, and especially a device that can
reproducibly function at a broad range of ambient temperatures, such as for example from below

» 0°C, to in excess of 40°C, but at least to be able to function reproducibly below 15°C and above 30°C.

As used herein, disposable generally refersto a single use device, i.e. a device which is used once
“and then disposed of (i.e. it is not reused), but can pcjtentially also refer to a device which may be

used more than once, but is still intended to be disposable.

The present invention thus generally aims to provide methods and devices for detecting nucleic
acids through isothermal nucleic acid amplification which are suitable for detecting nucleic acids in
the field, and which are preferably suitable to function at ambient temperatures below 15°C and

above 30°C.

Accordingly, in a first aspect, the present invention provides a method for heating a chemical,
biological, and/or enzymatic reaction at a pre-determined temperature comprising use of a positive
temperature coeffcient (PTC) heating element to control and maintain the temperature at the pre-

determined temperature.

Chemical, biological and enzymatic reactions are processes tﬁat lead to ‘th.t.e transformation or
modification of a substance, such as the transformation of ohe chemical to another (a chemical
" reaction), or the transformation of a biological molecule (a biological reaction), which could be -
through the use of an enzyme (an enzymatic reactidn). Clearly tHere is much overlap between
chemical; biological, and .enzymatic reactions, _which are évidently all4chemical reactions, but

performed on different types of substances, or carried out by different agents (such as enzymes).
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The method can however also be used for general heating in the fields of chemistry and biology, for

example heating of a microbial or mammalian culture.

" The Applicant hasl identified a simble, cheap, and low power means of maintaining a reaction at a
given temperature without the need for associated thermostatic control elements. This novel use of
PTC materials overcomes the significant problems of acheiying_thermostatic control of chemiéal,
biélogical, dr eh;ymatic reactioﬁs such as isothermai nucleic acid‘amplification réactions, and
especially in field portable (ﬁeldéble) of h;nd held devices. Use of a positive temperature coefﬁcient-
heati.ng element is particularly capable of controling the temperature of a reaction in envirohments
that may havg ambiént tempertures far from thé reaction optimum, such as below 0°C and in excess
of 40°C, but optionally the predetermined temperature can be mainatianed at at least befween 5°C

and 35°C.

Thus in one advantageous embodiment of the method of the first aspect the pre-detefmined
temperature is capable of being maintained in ambient temperatures of between 5°C and 35°C, and
~ in another advantageous embodiment the pre-determined temperature is capable of béing

maintained in ambient temperatures below 5°C, and possibly below 0°C, for example 0°C, -5°C and -

10°C, and optionally above 35°C, and possibly above 40°C, for example 40°C, and 45°C.

Positive Temperature Coefficient (PTC) heating elements (often termed PTC thermistors because
they are éssentially resistors with-a positive temperature coefficient, which means that resistance
increases with increas‘ng temperature) are generally small ceramic chipS with self-limiting
temperature characteristics. APTC chips have fast heating response times and plateau once the pre-
- determined/pre-defined reference temperature is reached. Above tﬁe reference temperature, the
semiconducting and ferro-electrical properties of the ceramic are utilized to produce a rise in
resisténce of several orders of magnitude, and thgreby creating it's self-limiting properties. The r’ise
in resistance is experienced within a fairly small temperature window of a few degrees cen.tigradg."

This attribute of the PTC results in a heating element that self-regulates to a pre-set temperature
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and autgma;ically varies its wattage in order to maintain that pre-set temperature. In a ‘given
application, a greater degree of thermal dissipation (cooling) will result‘ in a lower resistance being
maintained by the elément. This effect inéreasés the powér output of the heater during operation in
colder temperatures. Inversely, as ambient temperature increases and less heat_is dissipated, the
resistancs_e of the element will increase culminating in a near-zero curr_ent draw at its designated

temperature.

The dynamic resistance-and output of PTC heaters makes them an excellent choice for providing
controlled eiectrical .Heating, especially in devices for use in the field, as such devices can be driven
by small power supplies, for example alkaline or Lithium ion batteries, and are ideal fof integrating -
into.a simple, disposable device, as the size and weight of the heater and the batteries are small, and
the cost low. The ceramic materials can be tailored to match the temperatures required in this
reaction of interest; however thé large scale i‘ndustrial base for this teéhnology offers béspoke

_ solutions. This use of PTC heaters in particulér overcomes the significant problems 6f a;heiviﬁg "

¢

thermostatic control of isothermal nucleic acid amplification reactions in hand held frontline devices.
Accordingly, in one embodiment, the reaction is an isothermal nucleic acid amplifcation reaction.

An isothermal nucleic acid ampilifcation reaction utilises a nucleic acid polymerase enzyme which is
~ optimal ata specifc pre-determined temperature. The PTC heating element should therefore be
designed to provide a pre-determined temperature at or close to the optimal temperature of the

polymerase enzyme.

Identification of a means of heating an isothermal nucelic acid amplifcation reaction which is of
relatively low cost, with a low power requirement, and the elements are also lightweight and small,
provides the ideal means for heating in a hand-held device, which can be used in the field, and which

L

further can potentially be disposable.
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Accordingly, in a second aspect, the present invention provides a device for detection of nucleic
acids via isothermal nucleic acid amplification comprising a positive temperature coefficient heating

element.
Embodiments of the device may be hand-held, figldable, portable and/or disposable.

The device may comprise a PTC heating element with metal contact for connecting to a small battery
power source such as an alkaline or lithium battery, similar to batteries used in watches. The PTC
‘heating element may surround the base of a plastic‘container in which the amplification reaction is

to occur.

The amptiﬁcation'vessei itself (i.e. the tube or well in which the reaction is performed) could be
manufactﬁred from PTC, and thus the vessel ‘and the PTC heating element could be ong.and the’
same, since the Applicant has shown that a DNA afnplification reaction céh be performed at the

' surfacé of a PTC material. This could be particularly advantageous in provgding a simpler device, with
a réduced number of componenfs, and jndeed potentially enabie more rapid ampliﬁcatio_h since
there would be no need to heat the reaction vessel, since the vessel and heating element are.one -
and the same. PTC can be moulded to produce reaction vessels of specific shapes and sizes, and thus
the possibility of 'providing for small heating elements, and the design of simpler and more

. practicable integrated devic;es. In one embodiment one or more reagents for amplification could be
freeze dried tb the surface of.the PTC reaction vessel, enabling a reaction to be performed for

example simply by addition of water or a suitable buffer, plus the target nucleic acid.

The present invention will now be described with reference to the following non-limiting examples

and drawings in which:

Figure 1 Ais a graph representing the temperature readings inside a SmartCycler tube housed within

the heating device. The heating device was placed inside a temperature controlled incubator set to

1
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| 5,10, 15, 20, 25, 30 and 35 °C ahd a constant 12 V was applied to heat the SmartCycler tube. The

shaded area of the graph denotes the working temperature range of the BG LAMP assay;

Figure 1B isa graph representing the ¢hange in resistance as the PTC element is heéted usinga 12V

bench top power supply; and

Figure 2 is two graphs representing the témperature readings recorded inside the heating rig
attached to a battery pa.ck. The heating rig containing a SrvnartCycI'er'tube filled with water was
placed inside a temperéture contfolled incuvbator'set to either 10 of 20 °C. Eight 1.5 V batteries in
series were used to power the heating rig: The temperature profile achieved when the rig was

powered by a 12 V bench top power supply is shown for comparison.

| Examples

‘A heating rig/device was designed to include a PTC heating element (ceramic PTC thermistor) and
used tolthermostatically control a an isothermal amplification réaction to specifically Aetect Bacillus
atrophaeus genomic DNA. The PTC thermistors in the rig \A{ére able to heat and maintain a constant
temperature in a reaction tube across a wide range of ambient temperatures using either ‘; bench

top or battery power supply.
Materials and Methods

Single sided PTC heating elements, part No. PS425C0505S102H, were obtained from Midas
Components Limited ,Electra House, 32 Southtown Road, Great Yarmouth, Norfolk, NR31 0DU.
These were selected based on a specified fransition temperature (the temperature at which point

resistance will increase) of 50 °C.
Master mixes for Loop mediated. isothermal amplification (LAMP) were obtained from Optigene Ltd.

LAMP primers and probes specific to Bacillus atrophaeus (BG) were obtained from ATDbio Ltd.

~ Southampton, UK. The primer and probe sequences used were:
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BIP: 5’-TTGTCCAGCAGCTGATTGTTGGTTT TGGTCAGTTTGGTACAGAATTTGC-3';

FIP: 5’-GGACAATTCGGCACTGAATTCGCTTTTTTGTTCAGCAGATTGGTTT TGC-3’;

Lobp B: 5'-Biotin-TGTTGTACGTTTGTTTCGC-3"
LOOP F: 5-FAM-GTGAAACTGATGCTCAGC-3'
B3: 5’»-GCTCAACA/;\GTAAGAAAACA—3’

F3:i 5'-ﬂ1TCTGﬁ‘fCAGTGATTA§c-3'

A prototype heating rig was assembled from two PTC heating elements cénnected in parallel
arranged on either side of a 50ul Cépheid SmartCycler reaction tube. rThe tube and assbciated
heating elements were then coated in a release agent and the whole assembly was then fitted
within a plastic box {45mm x 25mm x 14mrh) and filled with an epoxy resin. Once the resin had set .

the SmartCycler tube was removed to create a heating chamber.

The PTC elements in the rig were connected to either a single output bench power supply unit
(Thandar TS3021S) or a battery paclg containing eight 1.5 V Duracell® Procell batteries. The
temperature of the sample inside the reaction chamber was measured using a thermometer data

» Iogger (ExTech Easyview 15) fitted with a K-type bead wire temperature probe.
Thermal profiling

In experiments that measured the internal temperature of the SmartCycler tube at different ambient
temperatures the rig was placed inside a temperature controlled incubator (INNOVA 44, New
Brunswick Scientific). The temperature in the incubator was varied over a range of temperatures

from 5-35C.
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isothermal DNA amplification reactions

Loop mediated isothermal amplification {LAMP) was chosen as the DNA amplification chemistry to .
demonstrate utility of the heating rig, due to its temperature profile matching the transition
temperature of the PTC elements. Fifty microliter LAMP reactions ’containing 30uL mastermix, 10uL
primér mix and 10ul of samplé, containing 1pg of BG genomic DNA, were mixed prior to pipetting
into thé SmartCycler tube. The brimer mix contained 2.4uM LAMb forward primer,I 2.4uM LAMP .

. reverse primer, 1.2uM LOOP forwa;d primer, 1.2uM LOOP reverse primer, 0.6uM DISP forward
primer and 0.6uM DISP réverse primer. In experiments to‘détermine the working temperature range
of the BG LAMP assay 25ulL of reaction mix, contafning 1pg of genomic DNA, was pipetfed into 50ulL
thin walled reaction tubes and incubated in a heat block, at a range of temperatures between 45°C

and 85°C for 20 minutes.

Detection of amplificétio‘n products using gel electrophoresis and lateral flow strips

RS

Reaction products wére electrophoresed on a 2% agarose gel (Invitrogen G5018-02) and visualised
with ethidium brpmide staining. Specific rea.ction products from LAMP reactions wefe also detected
by running on lateral flow test sfrips (BBI-Detecﬁon, Dundee). The lateral flow test strips coﬁtain
gold nanoparticles conjugated fo anti-FAM antibodies. Amplicon was diluted 1:10 with HEPES-TWeen

buffer and 100 pL diluted material loaded per strip. -

Results
Working temperature range for the BG specific LAMP DNA Amplification chemistry-

BG specific qmplification products were observed on agarose gels when reactions were performed at

i

55, 60, 65 and 70°C. Labelled products were also detected on lateral flow strips with the strongest
positive test line seen when the reaction wés run at 65°C. The working range of the assay was

bounded by a lower temperature of 55°C and a higher temperature of 70°C.
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Performance of the test rig at a range of ambient temperatures.

A SmartCycler tube contairﬁng-SOuL of distilled water was inserted into the rigand a constaﬁt 12V
was applied to heat the chamber. Having regard bto Figdre 13, the tempereture inside the tube was
measured over a 'peripd of twehty minutee using a K-type temperature probe over arange of
ambient temperatures from 5-35°C within a temperature c-or.\trolled incubator. Witha 12V constant
supply the temperature of the liquid ins‘ide the SmartCycler tube rose rapidly o;ler 2.5 min and then
plateaued to within the working temperature of the BG specific LAMP assay. This thermal preﬂle was
achieved across a renge of ambient temperatures from 5 to 35°C. Hav‘ing"regard to Figure 1b, during
these measurements, the resistance of the PTC elements was also recorded te monitor the change

.

in resistance with temperature
Performance of the LAMP assay in the test rig

‘ | l

The BG specific LAMP assay was performed in the test rig at a range of ambient temperatures.

Twelve volts was applied to the heating rig and after each 20 minute reaction the amplification
products were either electrophoresed on an agarose gel and visualised with ethidium bromides or

detected using lateral flow test strips.
Demonstration using battery power

Having regard to Figure 2, the test rig was attached to a power pack containing eight 1.5 V batteries
in series to demonstrate the potential of this system for hand held or disposable devices. Results
show that from two different ambient temperatures, the batteries were able to deliver the same

thermal pfofile as the bench to‘p power pack.

A ceramic PTC thermistor has been used in combination with an isothermal DNA amplification
chemistry to generate specific amplification products. The combination overcomes the significant
problems of acheiving thermostatic control of isothermal nucleic acid amplification reactions,

especially for use in hand held devices.
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Isothermal DNA amplification on the surface of a PTC chip

An isothermal DNA amplification reaction {recombinase ‘polymerase amplification; RPA) was

- performed in a rig comprising a small plastic chamber glued to the surface of a PTC chip (single sided
PTC heét.ing eIemenfs, Midas Components Limited, UK; pért no. PS425C050$102H). The RPA reaction
was in direct cgntact with the surface of the PTC. The amplification reaction was conducted for 20
minutes at a reaction temperature of 41°C. The ambien_t tem.perature was approximately 20°C, and
the reaction mixt_ure, heated byvthe PfC, took one minute to reach the reaction temperature. A
cqntr;I reaction in a heatjng block at 3_;7°C was also conducted for 20 minutes. Results showed that 2
pg of genomic DNA from BG could bé ampliﬁed both in the PTC and control reactioﬁ, and then
speciﬁéally detected on Iatérél flow test Astrips. Ampliﬁcatioﬁ of 200 fg of genomic DNA for BG was
oh the limit of sensitivity for the PTC heated reaction (as detected on lateral flow test strips), but
that the sensitivity of the assay was inc,feased by performing the reaction on a plasma coated PTC
chip (as coated by P2iLtd). The control reacﬁon successfully amplified 200 fg of ger;omic DNA from

BG, as detected on lateral flow test strips.

The PTC heating rig used in this study had a volume of approximately 6 cm® for ohe reaction and this
included associated insulation. Direct amplification on the PTC chip has been exemplified by the
Applicant by performing an isothermal DNA amplification reaction at the surface of t:he PTC material
itself, which lends it;self to even smaller devices, such as approximately 0.25 cm? for one reaction
including insuiation. Such small heafing elements will enable the desig\n of ;impler more practicable

integrated devices.
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Claims

1. Method for heating a chemical, biological, and/or enzymatic reaction at a pre-determined
temperature comprising use of a pesitive temperature coefficient heating element to control and

maintain the temperature at the pre-détermined temperature.

2. Method according to Claim 1, wherein the reaction is an isothermal nucleic acid amplification

reaction.

3. Method according to Claim 1 or Claim 2, wherein the pre-determined temperature is capable of

being maintained in ambient temperatures of between 5°C and 35°C.

4. A device for detection of nucleic acids using isothermal nucleic acid amplification comprising a

positive temperature coefficient heating element.
5. Device'accordirig to Claim 4, wherein the device is hand-held.

6. Device according to Claims 4 and 5, wherein the device is disposable.
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