MEASUREMENT OF A PCOLYNUCLEOTI DE AMPLI FI CATI ON REACTI ON
Field of the Invention The present invention rel ates

WO 200500188Dr i ng pol ynucl eoti de anplification reBCt/GBRE4/003086
Background to the Invention The ability to generate
mul ti pl e copies of a particul arl pol ynucl eotide in an
anplification reaction is inportant in many
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permts exponential anplification of a polynucleotide

to achi %rtﬁdlcﬂ'rtﬂ% IHV%@EI)H es of the polynucleotide. In

its sinplest form I's an in vitro nethod for the
enzynat TheprasétSheertiorsipses it n@#ﬁoﬁﬁg Wlrficledifde¥inplification
two ol igonucleotide primers that hybridise to opposite
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At the start of a PCR reaction, reagents are in excess and the template
20 and product are at a sufficiently low concentration so that product denaturation
does not compete with primer binding, and the amplification reaction proceeds at

a constant exponential rate.
There are many diagnostic assays that utilise PCR and rely on the
quantification of the amplified products. For accuracy and precision, it is
25 necessary to collect quantitative data at a point at which the sample is in the
exponential phase of amplification (this is important as it is the exponential
phase that provides reproducible results). The need to monitor the amplification
reaction can slow down the time taken to complete the diagnostic assay due to
the need to take samples of the amplification products and determine the

30 quantity of amplified products present at different time stages.



quantity of anplified products present at different
time stages.Real -tinme PCR automates this process by
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every anplification cycle. This reaction relies upon

the detection and quantificatidn of a fluorescent

reporter nolecule, the signal of which increases in
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of petnan terhasss tegarRuPob@eitation fight theg canalbsprb and their ability to
resol ved, since the typical em ssion band half-w dth

f ovgitmtgaditbe ﬂ$mf§6@$%@nﬁeoﬂi@§ indheF&R paecass. nHd AEMbes of dyes
N o o T eeg Nl
BB Gt FHe s Al oAb RBYIBY i aRE B kmount o

dy guftistéxing pessiBles Wi ek biicssss enuitipleRialy ie prbr art fluorescent

conponent can be detected with sufficient sensitivity.
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must also be sufficiently strong so that each component can be detected with
sufficient sensitivity. The use of fluorescent labels also limits the polynucleotide
sequence that may be used as a probe for attachment to the amplified product,
as guanine residues are known to act as quenchers in a fluorescent resonant
energy transfer process and therefore care must be taken when selecting the
sequences immediately adjacent to the position at which the fluorescent
molecule is attached to the amplified product.
The limited number of fluorescent molecules available and the common
use of a monochromatic energising light source also limits the extent to which
multiplexed real-time PCR can be carried out, i.e. there is a limit to the number of

different polynucleotides that may be amplified and detected in a single reaction.



nol ecule is attached to the anplified product. The
limted nunber of fluorescent nol ecul es avail abl e and
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real -time PCR can be carried dut, i.e. there is a
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(iif)  detecting the interaction between the amplified product and the
molecule by measuring changes in applied radiation.

The method of the invention can be carried out without the requirement for
fluorophores and therefore overcomes the disadvantages associated with the
use of fluorophores. Alternatively, if fluorophores are used, an increase in the
level of multiplexing may be achieved by utilising a polynucleotide-binding
molecule located in a spatially defined position. In addition, the method of the
invention can be carried out on a real-time basis, without the need to obtain
samples during the amplification process. Real time multiplexed monitoring of

an amplification reaction can therefore be achieved.



| evel of nmultiplexing may be achieved by utilising a
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i nvention can be carried out on a real-tinme basis,

wi t hout the need to obtain s#hples during the

anplification process. Real time multiplexed
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The present invention relies on the use of a molecule that binds to or
otherwise interacts with a polynucleotide. The molecule may be any molecule
that binds to a polynucleotide in a specific or non-specific manner. The molecule
may interact with a polynucleotide which is in a double-stranded or single-
stranded form. Molecules which interact with polynucleotides will be apparent to
the skilled person. In one embodiment, the molecule is a protein and may be a
DNA or RNA-binding protein. Suitable proteins may be recombinant proteins
which have been modified to contain a site-specific polynucleotide binding
domain. Such domains are well known in the art, and are disclosed in Duncan et
al., Genes Dev., 1994; 8(4). 465-80. Examples of proteins which interact with
polynucleotides and which are therefore within the scope of the present
invention include: helicases, transcriptases, primases and histones.

In a particularly preferred embodiment, the molecule is a polymerase

enzyme which may be utilised in the amplification reaction. Accordingly, the



DNA or RNA-binding protein. Suitable proteins may be
reconbi nant proteins which have been nodified to
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Such domains are well known in the art, and are

di scl osed in Duncanet al., Génes Dev., 1994; 8(4):
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Surface Plasmon Resonance (SPR).

In a foreseen embodiment in which immobilised polymerases are used,
‘conventional’ FRET based real-time PCR labelling techniques are employed.
In this way detection is simplified and background is reduced. Such labelling
schemes include the nuclease and Tagman assays which are available
commercially. Other non- FRET based fluorescent dye systems are also within
the scope of the present invention.

In a further embodiment, the molecule is a single-stranded polynucleotide
having a sequence (or part of the sequence) that is complementary to at least
part of the amplified polynucleotide. In this embodiment, a plurality of such
polynucleotides can be immobilised on a support material and hybridisation of

the amplified polynucleotides onto the immobilised polynucleotides can be



Surface Plasnon Resonance (SPR). In a foreseen
enbodi nent in which i mobilised pol ynerases are used,
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" cont A¥hén probg imajeckies @ie arfayedret aeaﬁgp@gssurface their spatial
location may be used to define their identity as with conventional expression

arrays. The molecules may therefare be single molecules that are immobilised
on the support so that they can be identified individually, or different types of
molecules may be positioned in separate regions of the support.

In a preferred embodiment of the present invention, immobilised probe
molecules are arrayed on a support material and the amplification reaction is
carried out in the same enclosed vessel as the array. Hybridisation between
amplified products and complimentary sequences is then monitored either
throughout or at set points within the amplification reaction (i.e. between the
same temperatures during subsequent amplification cycles) in order to obtain
quantitative information on the concentration of the polynucleotide of interest. In

this embodiment, a number of techniques for detection of hybridisation may be



are physically printed onto the desired surface,

comonly a glass m croscope slide that has been coated
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the surface. \Wen probe nol ecul es are arrayed on a

support surface, their spati dl location may be used to

define their identity as with conventi onal expression
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In one embodiment, the molecule is a short polynucleotide that functions
as the primer molecule for the initiation of the amplification reaction. According
to this embodiment, the original target polynucleotide or amplified product is
brought into contact with the primer molecule under conditions suitable for
hybridisation to occur. The interaction between the primer molecule and the
target can be monitored prior to or during the amplification reaction, so that a
quantitative measurement can be taken. Products amplified from the reaction
will also hybridise to other “free” primer molecules, to thereby initiate a further

amplification reaction. In this embodiment, the solution phase primer molecules



Raman supporting particles are bound to intercal ating
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carried out on fixed positions, and is important for those detection techniques
which utilise a specific substrate to generate a detectable signal.

Techniques for immobilising molecules to support materials are known to
those skilled in the art. Suitable support materials will also be known, and the
choice of a suitable material may depend on the detection technique, as many
techniques that monitor changes in radiation require specific substrates. For
example, in the case of Raman enhancement, surfaces of suitably roughened
gold, silver, copper or other free-electron metals, may be employed. Other such
substrates include those that support surface enhancement of the Raman
activity. Such activity is observed with metal colloidal particles, metal films on

dielectric substrates, and with metal particle arrays.



attached to the nolecule to enhance the generated
signal. Suitable particles include, gold spheres
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A preferred imaging system of the present invention relies on the
detection of the signal arising from second or third harmonic generation.

Single-molecule resolution using second or third harmonic generation
(hereinafter referred to as SHG) is known in the art (Peleg ef al., Proc. Natl.
Acad. Sci. USA, 1999; 95: 6700-6704 and Peleg et al., Bioimaging, 1996; 4: 215-
224). Suitable systems are described in WO 02/095070.

In one embodiment, detection is carried out in solution phase (i.e. the
molecules are not immobilised), using raman scattering and/or LSPR techniques.

When light is directed onto a molecule, the vast majority of the incident
photons are elastically scattered without a change in frequency. This is termed
Rayleigh scattering. However, the energy of some of the incident photons

(approximately 1 in every 10” photons) is coupled into distinct vibrational modes
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r%l ?t g/ n@urlface enhancement of the Raman activity is observed with metal
colloidal particles, metal films on dielectric substrates, and with metal particle
arrays. The mechanism by which this surface-enhanced Raman scattering takes
place is not well understood, but is thought to result from a combination of (i)
surface plasmon resonances in the metal that enhance the local intensity of the
light, and ; (ii) formation and subsequent transitions of charge-transfer
complexes between the metal surface and the Raman-active molecule.

Within a preferred embodiment of the present invention, Surface
Enhanced Raman Scattering (SERS) is employed via the use of single gold or
silver nanoparticles. In a preferred embodiment, single stranded polynucleatide
probes are bound to single SERS nanoparticles. A Raman enhancing metal

nanoparticle that has associated or bound to it a Raman-active molecule(s) can
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Several methods utilising SPR technology have been proposed and
realised in biosensors. The most popular methods are based on the
Kretschmann-Raether configuration where the intensity of the light reflected from
the sensor is monitored. This technique, considered to be one of the most
sensitive, is described in J. Homola et al, Sensors and Actuators B 54, p.3-15
(1999) and has a detection limit of 5x107 refractive index units. Measuring SPR
phase changes can further increase the sensitivity of the sensor by one or two
orders of magnitude. This is described in Nelson et al, Sensors and Actuators B
35-36, p. 187 (1996) and in Kabashkin et al, Optics Communications 150, p.5
(1998). Prior art interferometric devices such as a Mach Zehnder device have
been configured to measure variations in the refractive index at the sensor

surface via phase shifts. This is disclosed in International Patent Publication
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detection limt of 5x10"7 refractive index units.

Measuki ntpissPembodiment, a coherent optical beam generated by a
monochromatic laser is focussed using a lens, onto the edge of a metallic film
able to support surface electromagnetic waves (SEWSs). The optical beam
passes through a glass prism on which the metallic film is mounted. A near-
infrared laser is used as the illumination source. Using a near-infrared source
has the advantage of long propagation length for surface plasmons in gold and
silver while conventional optics can be still used for imaging and illumination.
However, other monochromatic sources are suitable and may be used.

This is shown schematically in Figure 1. The p-polarised near infrared
laser beam 11 passes through the focusing lens 12 and then through the glass
prism 13 where the substrate 14 with a microfabricated metal film is attached
with an index matching liquid or gel. The glass prism may be a triangular prism

as shown or a hemi-cylindrical prism. The angle of illumination is chosen slightly



phase changes can further increase the sensitivity of
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opti cal
acid monomers (bases) so that incorporation of the monomers onto the target

polynucleotide can occur. A polynucleotide complementary to that of the target
polynucleotide is then synthesised by the polymerase. After the complementary
polynucleotide is synthesised, the temperature at which the reaction is
performed is increased so that the hybridisation between the complement and
the target is disrupted and dissociation occurs. The target and the complement
may then be used as substrates for further amplification.

The amplification reaction and the detection of the binding/interaction
between the molecule and any amplified product is intended to be carried out in
the same reaction vessel and in “real-time”, i.e. both amplification and detection
are carried out at the same time. As the amplification reaction proceeds, the

amount of amplified product can be measured. Identification of amplified
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can be designed so that a range of different sequences are present at defined
locations, allowing sequence specific interactions to be monitored.

Such interactions maybe measured at one particular point in the
amplification cycle and compared with like points within subsequent cycles (i.e.
at the same temperature in the case of thermocycling reactions). In one
particular preferred embodiment, interaction data are obtained for the entire
thermocycle and a “melting” curve obtained. In the case in which
polynucleotides are employed as the probe molecule, such curves are of
particular benefit due to their ability to more effectively distinguish between
covalently hybridised duplexes and “false” positive sequences containing smaller

regions of sequence homology.
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Complementary DNA ( 5'- GCACTGGCCGTCGTTTTA ) 1uM in 2x SET
was injected into the flow stream at a rate of Spl minute™’. Association of the
complimentary sequence with the immobilised probe on the sensor surface
was detected by the interoferometric system. When the fluidic cell was
heated for 30 seconds (to a thermo-couple temperature of 50°C) the double
stranded DNA dissociated and the baseline returned to the previous level.
1mM NaNO, was injected into the flow stream and resulted in the removal of

the thiolated oligo from the sensor surface and a concominant decrease in
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buffer was incubated overnight in the flow cell at a
flowrate of 20m hour 1. The next day the cell was

wash | 0 f 55 ] PRIANY] f i
1t' en ?n*]I nelﬁftege@&%@r Swnﬁgﬁrf 70 gD[SBOH %Hr&géo&lrﬂjen u%rﬂgl,ﬁ%a? géE{_Qéctlon
coariprikthgrireusteps atd 5x SET, 0. 1% ner capt ohexanol for 60

m nutes. The flow cell was equj Iigqr{a ed w {1 %_fl (é}/v
stredth of 2x SERMAINGRUL B FRAGION iidtheepaPHticaliprpe! a target
Conpl enment ary CTGECCGICGITTTA ) 1mMin 2x
SET was i nj ect %r{rﬁcgethg’cﬁl ow streamat a rate of 5m

m nuy@) 1. Assodditifer daring drhefter dng lampification seapiioncmntacting
with the i mobilised %robe on the _sensor surface vvag

det ected by t héher@repliied @redygtcwilh 2 dnelegilenthaldinds to or

fluidi I f ;
th g Ir rr:)C c gﬁ pl em?ritr?‘g%ﬁgtﬁﬁtp eé)é?ﬁgﬂél%?a?%’éhégﬁ%%u‘se tbreg?% lé)g ated
DNA di ssoci at edn ?ﬁﬁf%d@ﬁﬁémposiﬁbwmmg ddtermined via a

previ ous | evel. \ was injected into the flow
stream and r esularelingar armen-iygresredrteeiiqus; andt ed

ol i gg ihromthe %?g@ﬁ‘[gntﬂgﬁiﬁt?f&t%do&w%gﬁ‘fl’?&&?ﬂfied product and

decr ng i ncorr I's experinen

thEeRAIbadIe BiemBaSlMFRY esardes ihadillietiragiationf ace Pl asnon

Resonance nonitoring of pol ynucl eoti de associ ati on and
di ssociation with a i mmobilized probe nolecule as a

Zont dTe0d BEPDBIRLSTaim Py o blechlp Bticbiteba to

bHEfgiaR Pol ynucl eotide anplification reaction
conprising the steps of: (i) carrying out a reaction
for the anplification of a target polynucleotide; (ii)

fg;?g{{ﬁﬁbbagac%%rcﬁ%% ctlgfren a\”B} ic(aiir(ﬁ ,ivc\)/ ereitt %e’ Mblecule is a

polymerase enzyme.

4, A method according to claim 1 or claim 2, wherein the molecule is a
polynucleotide, at least a portion of which is complementary to a region on the

amplified product.

5. A method according to claim 4, wherein the molecule acts as a primer for

the amplification reaction.

6. A method according to any preceding claim, wherein detection in step (iii)
is carried out by applying surface electromagnetic waves and monitoring

changes in the waves.



the anplified product with a nolecule that binds to or
interacts with a pol ynucl eotide, the nol ecul e being

wo omanerssi n a spatially defined position or beP@IGB2004/003086
determ ned via a non-linear or non-fluorescent
technique; and (iii) detectiA§ the interaction between
the anplified productand the nol ecul e by neasuri ng
Zhangés methegmdcerdingdioaclaim . 6,2whereim tdedectint és darried out by
g,rl]ai m.1 rpxﬁwagrei n thﬁ nolﬁgcsule is immobilised to a

RSSO B3N SYace RIASHKY KSOBRAFHg to claim 1 or
claim2, wherein the nolecule is a pol ynerase enzyne.
4. A method according to claim1 or claim2, wherein
Bhe né\ppacdtasi fora manitoring et polynucleotidasamplificatidroreaction,
of which is conpl enent.a to a region on the amplified,.
SPBWLISING 5. SUPRTE [RoeieHEL BRuIMeg 2t BILERY ritam impegilised
I c [\ r : 4 ¢at i :

BBt Aneg ot d BIAVIRS, {nB! abiFf, Brbind 83 of fyeract with
pbbinucledtidecand deastfopdefetting ehahges )n asplisat radistiont
by applying surface el ectronmagneti c waves and
nonitoring changes in the waves.7. A nmethod accordi ng
to claim®6, wherein detection is carried out by
measuri ng changes in surface plasnon resonance. 8.
Apparatus for nonitoring a pol ynucl eotide
anplification reaction, conprising a support nateri al
having a plurality of nol ecules inmobilised thereon,
t he nol ecul es having the ability to bind to or
interact wwth a pol ynucl eoti de, and neans for
detecting changes in applied radiation.



