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15 reaction and the products are then separated by ge! electrophoresis and
analysed to reveal the position at which the particular dideoxy derivative was
incorporated into the chain.

Although this method is widely used and produces reliable resuits, it is
recognised that it is slow, labour-intensive and expensive.

20 Fluorescent labels have been used to identify nucleotide incorporation
onto a growing nascent DNA molecule, using the polymerase reaction (see
WO091/06678). However, these techniques have the disadvantage of increasing
background interference from the fluorophores. As the DNAmolecule grows, the
background “noise” increases and the time required to detect each nucleotide

25  incorporation needs to be increased. This severely restricts the use of the
method for sequencmg Iarge polynucleotndes The most serious limitation of
polynucleotide sequencmg systems built around fluorescent dyes, however, is
the problem of photobleaching.

Photobleaching is a well documented phenomenon in fluorescent dye

30 systems and results from exposure of the dye to excitation wavelengths. All dye
systems have an ability to absorb a limited number of photons before
photobleaching occurs. Once photobleaching has occurred the fluorescent dye
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systens have an ability to absorb a Iimted nunber of photons before
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consi der at i ongeq8tNhalyAGEleotide, can be detected using non-linear optical imaging,
including that based on second or third harmonic generation.

15 According to the present invention, a method for sequencing a
polynucleotide comprises the steps of:

(i) contacting a polynucleotide processive enzyme, immobilised in a fixed
position, with a target polynucleotide under conditions sufficient for
enzyme activity; and ;

20 (i) detecting an effect consequent on the interaction of the enzyme and the
polynucleotide, wherein the effect is detected by measurement of a non-
linear optical signal or a linear signal coupled to a non-linear signal.
Numerous advantages are achieved with the present invention.

Sequencing can be carried out with small amounts of polynucleotide, with the

25  capability of sequencing single polynucleotide molecules, thereby eliminating the

need for amplification prior to initiation of sequencing. Long sequence read
iengths' can bé obtai'ned and secdndary structure considerations minimised.

Obtaining long read lengths eliminates the need for extensive fragment

reassembly using computation. Further, as the invention is not dependent upon

30 the need for fluorescently-labelled nucleotides or any measurement of

fluorescence, the limitation of read length at the single molecule level as a

function of photobleaching or other unpredictable fluorescence effects, is



Ootaining long read lengths elimnates the need for extensive fragnent
‘reassenbly using conputation. Further, as the invention is not dependent
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15 positioned on or proximal to the enzyme.
Description of the Drawings
The invention is described with reference to the accompanying figure,
wherein:;
Figure 1 is a schematic illustration of an imaging systerp that utilises
20 second harmonic generation; and
Figure 2 shows the second harmonic signal generated by a polymerase
on incorporation of a specific polynucleotide.
Detailed Description of the Invention
The present invention makes use of conventional non-linear optical
75 measurements to identify a conformational and/or mass and/or energy
distribution change occurring as a polynucleotide processive enzyme interacts
wiih the individual basés on a target polynucleotide or incorporates nucleotides
onto a nascent polynucleotide molecule.
The use of non-linear optical methods for imaging molecules is known.
30 What has not been appreciated is that these methods can be applied to the

sequencing of a polynucleotide, making use of an immobilised or fixed enzyme.



distribution change occurring as a pol ynucl eotide processive enzyne
Interacts wth the individual bases on a target pol ynucl eotide or
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pol yner ase rrglg,hpg) any DNA-dependent DNA pol ynerase. |If the t ar get

pol ynucl eot i "a RNA nol ecul e, then the polynerase may be a RNA-

dependent DNA polymaeam“polmum@otm&sprot:esmerehpymeé,asa:seal gindistortsent 15
RNA pol ymerase, i.e

- | ferred i Pt
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(Schwager et ais. prefénablyoaspmly\mymwcenwma.nand:enawm oBaOVdW’Wnltveg/ 9%0r 1(4):

155-159) or 20 bact T7

ol Thi or edoxPATORIEE e Paljarase ey Be any BEHeR B BYE LS nlbss e oo,
of these poly YERGEly VRIGIGTRIE i8] HI-NA MofbdLid, JRén 1Y polysieeaia ey bbERNAGh
processivity (and fldellty) and therefore maintains a

pol yner ase- potigpridentDNA palymerass, be.cievRfentrapsarintase, oK@ BNA-depgrident
ggf ;/\rlnﬁlz%/e f rhéﬁfﬁ@merﬁgﬁ Eégm réBIiGEReY B 4 "Brefdrfid 'dibodithét 8f the
invention, the polymerase is T4 polymerase. In further preferred embodiments
of the invention, the polymerase is either E. coli polymerase {ll holoenzyme
(McHenry, Ann. Rev. Biochem., 1988; 57:518), T7 polymerase (Schwager et al.,
Methods in Molecular and Cellular Biology, 1989/90; 1(4): 155-159) or
20 bacteriophage T7 gene 5 polymerase complexed with E. coli Thioredoiin (Tabor |
et al., J. Biol. Chem., 1987; 262: 1612-1623). Each of these polymerase -
enzymes binds to a target polynucleotide with high processivity (and fidelity) and
therefore maintains a polymerase-polynucleotide complex, even when
polymerisation is not actively taking place.
25 Alternative enzymes that interact with a polynucleotide include helicase,
primase, holoenzyme, topoisomerase or gyrase enzymes. Such enzymes offer
| further advantages. For example, using a helicase reduces the problem'of
secondary structures that exist within polynucleotide molecules, as helicases
encounter and overcome these structures within their natural environment.
30 Secondly, helicases allow the necessary reactions to be carried out on double-
stranded DNA at room temperature.
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For exanpt-e,

The optical detection methods used in the present invention are intended
to image at the single molecule level, i.e. to generate a distinct imagel/signal for
one enzyme. A plurality of enzymes may be immobilised on a solid support at
a density that permits single enzyme resolution. Therefore, inone embodiment,

20 there are multiple enzymes immobilised on a solid suppoﬁ, and the method of
the invention can be carried out on these simultaneously. This allows different
polynucleoctide molecules to be sequenced together.

it will be apparent to the skilled person to carry out the imaging method
under conditions suitable to promote enzymic activity. For example, with regard

25 to a polymerase enzyme, it will be apparent that the other components
necessary for the polymerase reaction to proceed, are required. In this
embodiment, a polynucleotide primer molecule and each of the nucleoside
triphosphates dATP, dTTP, dCTP and dGTP, will be required. The nucleoside
triphosphates may be added sequentially, with removal of non-bound

30 nucleotides prior to the introduction of the next nucleoside triphosphate.
Alternatively, all the triphosphates can be present at the same time. 1t may be
preferable to utilise triphosphates that have one or more blocking groups which



25 to a polynerase enzyne, it will be apparent that the other conponents
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nucl eotides prior to the introduction of the next nucl eoside triphosphate.
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and both two- and three-photon absorption. 15 A preferred imagi ng system of
the present invention relies on the  det ﬁ,ction of fhe nal ari lnﬁxfrom
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whi ch is then™ pass a polarizer (2). Part of the |aser beam may
be directed tandigtee2phaton@bsorptoar crystal (3) to produce a green beamto

aid the allisgmmnt %f ptrehfeerrle%s Frrﬁaging 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: 6700-6794 and Peleg et al., Bioimaging, 1996; 4 215-
20 224). L
The general set-up of the imaging system can be as described in Peleg
et al., 1996, supra, and as shown in Figure 1. With reference to Figure 1, alaser
(1) is used as the illumination source, to generate a laser beam which is then
passed through a polarizer (2). Part of the laser beam may be directed through
25 anon-linear crystal (3) to produce a green beam to aid the alignment of the laser
beam. A photodiode (4) is placed in close proximity to the optical path in order
to provide a means to monitor the generated near-infrared (NIR) intensity. A
filter (5) is positioned in front of the entrance port of a microscope to prevent any
second harmonic from entering the microscope. The laser beam is focussed
30 onto the solid support comprising the immobilised enzyme, and the non-linear
signal is collected by lenses (7) and detected using a monochromator (8). The
fundamental intensity is blocked using an IR filter. The signal from the



beam A photodiode (4) is placed in close proximty to the optical path in
‘order to provide a nmeans to nonitor the generated near-infrared (NI R)
intensity. A filter (5) is positioned in front of the entrance port of a

m cr oscope tMrevent any second harnmonic fromentering thlg fi.Groscope.
The | aser WOMMPYV¢ ocussed 30 onto the solid support conpgrG ¥R RHe
I mobi | i sed enzynme, and the non-linear signal is collected by |enses (7)

and detected using a nonochromator (8). The fundanental intensity is
bl ocked using an IR filter. The signal fromthe WO 02/095070 PCT/ GB02/02345
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5, 625, 048) . I ncl ude di -4- ANEPPS, di - 8- ANEPPS an
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pol ymer ase r eagblBboth thetviRLGhE bratdincah@speattrally shifted mutants thereof (Tsiem,
enzyne, e.g. a polynerase, IS prepared as _a reconbin w it h' GFP.
The GFP can bénn2BeV.ddiackema 998:65&0%?71@&5@?7@?91%3%‘? U&I’égﬁl@g% (% e
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anywher e wi t hippothyés). enzyne, provided that enzymic activity is retained. In
a separate enbodi ngpt o e eSeS mdy 58 16cata ohthe"\RlividuYF BasBB'dr GAb
polynucieotide (or its complement if the dipolar molecules are attached to the
nucleoside triphosphates and used in a polymerase reaction).
in a preferred embodiment of the invention, the enzyme, eg. a
polymerase, is prepared as a recombinant fusion with GFP. The GFP can be
20 located at the N~ or C- terminus of the enzyme (the C- terminus may be
desirable if a polymerase is to be used in conjunction with a "sliding clamp’).
Alternatively, the GFP molecule can be located anywhere within the enzyme,
provided that enzymic activity is retained.
In a separate embodiment of the present invention, the non-linear optical
25 imaging system is Raman spectroscopy or surface enhanced Raman
spectroscopy (SERS). An overview of Raman spectroscopy is contained: in
McGilp, Progress in Surface Science, 1995; 49(1): 1-108.
The optical radiation used to excite the Raman systemis, preferably, Near
Infrared Radiation {NIR). NIR excitation has the advantage of decreasing the
30 fluorescence and Raman signal of the surrounding medium or solvent.
In a separate embodiment of the invention, the non-linear signal can be
enhanced by the use of a metal nanoparticle and/or a roughened metal surface



25 imagi ng systemis Raman spectroscopy or surface enhanced Raman
‘spectroscopy (SERS). An overview of Raman spectroscopy is contained in
McG | p, Progress in Surface Science, 1995; 49(1): 1-106. The optical
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15 used In a polymerase reaction).

Aroughened metal surface has also been shown to improve the sensitivity
of the SHG process (Chen et al., 1981, supra and Peleg et al., 1996, supra) and
is also a requirement for SERS. The metal surface is usually silver or another
nobel metal. An initial selective modification of the metal surface at sub-

20 wavelength spatial resolution can be carried out using various techniques,
including the use of atomic force microscopy (AFM). A platinum-coated AFM tip
can be used to catalyse hydrogenation of terminal azides to amino groups that
are amenable to further derivatisation (Muller ef al., Science, 1995; 268: 272-
273). The enzymes can then be placed into "hot spots” where high local fields

25 exist in regions where optical modes are localised (Shalaev ef al. Phys. Rep.,
1996; 272:61). )

ina separéte embodiment of the invention, a nanoparticle can be brought
into close proximity with the enzyme using an AFM cantilever tip/probe, to
thereby enhance the non-linear signal.

30 AFM has been shown recently to be capable of having a time resolution
and sensitivity applicable to the dynamic imaging of protein conformational
changes (Rousso et al.,, J. Struc. Biol., 1997; 119: 168-164). This is utilised in



are anenable to further derivatisation (Miuller et al., Science, 1995; 268:
272-" 273). The enzynes can then be placed into "hot spots"” where high | ocal
fields 25 exist in regions where optical nodes are |ocalised (Shelaev et aL

Phys. Rep. 272:61). 4 In a separate enbodi nent of tion, a
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highly desirable. In the context of this aspect of the_inve IS
preferable i f atamirsgaleMeGiln dP96; $unra). Aheurain agga@ﬁgﬁﬁéﬂﬁ'?ﬂgg!ség@ aF\IBﬁ'Ft

R e
length dimensions. As the present invention relates to the conformational
monitoring of a single enzyme, e.g. a polymerase enzyme, as it interacts with a
polynucieotide, sub-wave-length spatial resolution is highly desirable. In the
context of this aspect of the invention, it is preferable if an AFM cantilever tip is
20 used as an apertureless Near-field scanning microscope (Sangohdar ef al, J.
Opt. A: Pure Appl. Opt., 1999; 523-530). This is analogous to the use of metallic
nanoparticles as a source of local field enhancement. 1t is preferred that the tip
is made out of, or coated with, a nobel metal or any material which acts to
increase the local electromagnetic field. Alternatively, a metallic nanoparticle
25 may be connected directly to the cantilever tip. This has already been shown to
be applicable to the monitoring of conformational changes at the single molecu|e

level (Rousso, ef al. supra). ‘ ' ‘

In a further separate embodiment of the present invention, an
independently generated surface plasmon (or polariton)/evanescentfield can be
30 used to enhance the signal-to-noise ratio of the non-linear signal. This
gvanescent wave enhanced imaging technique has greater signal-to-noise ratio
than, for example, SHG imaging alone. In this embodiment, the evanescently
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ligands (nucleotides) over the immobilised enzyme. The enzymeis also labelled
to allow non-linear effects to be generated. An incident light beam is applied to
the prism to generate the surface plasmon field. At the same time, a non-linear
signal (e.g. second harmonic field) is generated by directing a pulsed near

20 infrared laser through a polarizer and half wave plate, into an optical scanner for
beam control via a filter to eliminate optical second harmonic noise, and then
into the sample. The non-linear optical signal is collected with lenses and afilter
and directed into a monochromator, passed to a photomultiplier tube for
detection and then amplified and recorded via a computer system.

25 When the non-linear optical is coupled to that generating the evanescent
field, the signal that is detected can also be the linear (evanescent) signal. In
this embodiment, the NSOM can be used in the collection made to detect the
linear signal.

In a separate aspect of the present invention, the polynucleotide

30 sequencing can be carried out within a cell.

It has been demonstrated that, in its native cellular environment, a DNA
polymerase and its assaciated replisome complex is anchored in place (or



20 infrared | aser througha polarizer and half wave plate, into an optical
scannerfor beamcontrol via a filter to elimnate optical second harnonic
noi se, and then intothesanple. The non-linear optical signal is collected

with |ens filter and directed into a nonochromat to a
phot onul tﬁgf’%gfg”?ﬁbe for detection and then anplified ar?g:rreco’r%aﬁg via a
conputer system 25 Wen the non-linear optical is coupled to that

generating the evanescent field, the S|b al that |s detected can al so be
the |linear (evanescent)
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pol ynerase was created via reco nant techni ques well known in the art.
Quartz chi ps larmenic¢ gergratienler, 0. 3nm t hi ck) were spi n coated with a

15 The following Example illustrates the invention.
In this experiment, a fusion protein of Green Fluorescent Protein (GFP)
and a polymerase was created via recombinant techniques wellknown inthe art.
Quartz chips (14mm in diameter, 0.3mm thick) were spin-coated with a
50nm thick layer of gold and then coated with a layer of planar dextran. These
20 gold coated quartz chips were then placed into the fluid cell of a custom built
Nearfield Scanning Optical Microscope (NSOM). The gold-coated quartz chips
were coupled optically to a quartz prism via index matching oil. The fluid cell
was then sealed and polymerase buffer was then allowed to flow over the chip.
immobilisation of the polymerase to the chip surface was carried out
25 according to Jonsson ef al., Biotechniques, 1991, 11:620-627. The chip
environment was equilibrated with running buffer (10 mM he_pes, 10mM MgCl,
150 mM NaCl, 0.05% surfactant P20, pH 7.4). Equal volumes of N-
hydroxysuccinimide (0.1 M in water) and N-ethyl-N'<(dimethylaminpropyl)
carbodimide (EDC) (0.1 M in water) were mixed together and injected across the
30 chip surface, to activate the carboxymethylated dextran. The polymerase-GFP
fusion protein (150 pl) was mixed with 10mM sodium acetate (100 ul, pH 5) and
injected across the activated surface. Finally, residual N-hydroxysuccinimide



.50nm thick |ayer, of gold and then coated with a |ayer of planar dextran.
These 20 gold coated quartz chips were then placed into the fluid cell of
a custombuilt Nearfield Scanning Optical M croscope (NSOM. The

gol d-coated quartz chips were coupled optically to a quar ' Vi a
I ndex mat c‘ﬂ?ﬂa"%ﬂﬂ". The fluid cell was then seal ed and S’S&fﬁ%’g’?@i’g} buffer
was then allowed to fl ow over the chip. Imuobilisation. of the pol ynerase
to the chip surface was carried out 25 Mcording to Jonsson et al.,
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binding buffer over the chip at a flow rate of 5 pl/min for 30 minutes. The buffer

was then retumned to running buffer which was then allowed to flow over the chip

at a rate of 5 pl/min for 30 minutes befors initiation of the next stage.

20 Two oligonucleotides were synthesized using standard phosphoramidite
chemistry. The oligonucleotide defined as SEQ ID NO. 1 was used as the target
polynucleotide, and the oligonucleotide defined as SEQ ID NO. 2 was used as
the primer.

Min
n

25 SEQIDNO.1

CAAGGAGAGGACGCTGCTI'GTCGAAGGTAAGGAACGGACGAGAGAAGGGAGAG

SEQ ID NO.2
30 .
CTCTCCCTTCTCTCGTC



bi ndi ng buffer over the chip at a flowrate of 5 pl/mn for 30 mnutes. The
buffer was then returned to running buffer which was then allowed to flow
over the chip at arate of 5 pl/mn for 30 mnutes before initiation of
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cell which is associated with the polymerase. The tip is then held in stationary

15 mode over the polymerase.

The pre-initiated pre-primed complex was then injected into the flow cell
at a flow rate of 5 pl/min so that the “clamp” around the primer-template molecule
forms a complex with the immabilized polymerase. The flow cell was maintained
at 25°C by a cooling device built into the flow cell.

20 The running buffer was then flushed continuously through the flowcell at
500 pl/min. After 10 minutes the sequencing reaction was initiated by injection
of 0.4mM dATP (8 ul) into the buffer at a flow rate of 500 pl/min. After 4 minutes
0.4mM dTTP (8 W) was injected into the flowcell. Then after another 4 minutes
0.4mM dGTP (8 pl) was injected and after another 4 minutes 0.4mM dCTP (8 pi)

25 was injected. This cycle was then repeated 10 times. Over the entire time
period the second harmonlc signal transmltted via the multimode fibre was
passed into a monochromator and then into a photomultlpher The signal from
the photomultipler was then amplified and fed into a computer for processing and
storage.

30 The intensity change of second harfnonic signal arising from the
polymerase complex for a period of 10 seconds from the start of each injection
was then calculated and plotted against nucleotide injected into the flow cell.



20 The running buffer was then flushed continuously through the flowell at
500 pl/min. After 10 minutes the sequencing reaction was initiated by
injection of 0.4mM dATP (8 pl) into the buffer at a flow rate of 500
pl/mn. After jhutes 0.4nM dTTP (8 pl) was injected i he flowcell.
Then after&'§r%/tﬂ?15@0n4 mnutes 0.4mM dGTP (8 pl) was inj ec?é@céﬂﬁozﬁf er
another 4 mnutes 0.4mM dCTP (8 pl) 25 was injected. This cycle was then
repeated 10 times. Over .the entire time Meriod the second harnonic signal

transmitted via the nultinbde fibre was passed into a nonochromator and
then into a phBesagHlts ¢fithe sequansing raestion areshawreinoFiguoe@l tAsitaer bevasen hen

anplified and i : i an storaqge. 30,Th
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WD 02/ 095070 Higt 0 45 (reading: &ram Sight te Heft.s minies éhatgpart of twhich ar e
shown in R gu i m t he graph, large intensity changes
(larger i nstenglﬁt’ry%l%ﬁ%@g pﬁ?‘cﬁﬁtﬂ%‘%‘g@br i dentical nucl eotides adjacent to
each other) correspond to the conplenent of that of SEQ ID NO 1 (reading
fromright to left, mnus that part of which 5 hybridizes to the priner
sequence). WD 02/095070 15 PCT/ GB02/ 02345 CLAIMS 1. A nethod for

determ ning the sequence of a pol ynucl eotide, conprising the steps of. (i)
contacting a polynucl eotide processive enzyne inmobilised in a 5 fixed
position, with a target polynucl eotide under conditions sufficient to

i nduce enzynme activity; (ii) detecting an effect consequent on the
interaction of the enzynme and pol ynucl eotide, wherein the effect is
detected by neasurenent of a non-linear optical



.10 signal or a linear signal coupled to a non-linear signal. 2. A nethod
according to claiml1l, wherein the effect is detected by neasurenent of a
non-linear signal. 3. A nethod according to claiml or claim2, wherein the

non- | i near lcal  detection is second or third harnonic '

i maging. 1 A'fmg\?oﬁ%t hod according to claim1 or claim 2, \/‘\%@@@Mﬁg
non-1linear optical detection is Raman spectroscopy or surface enhanced
,Raman spectroscopy. 5. A nethod accordi d§ to any preceding claim wherein

a dipolar nolecule is positioned on or proximal to the enzyne. 6. A nethod
accordi ng to CLAIMS 5 wherein the nolecule is a styryl dye 20 nolecule. 7.

A net hod accoydin ' ; i e ' fl uorescent
protein. 8. Xf ‘et ﬁ%g%éﬁé:ﬁog]d %ber%}ﬂéééﬁemggagérﬂ)% W%wﬁb\ﬁégﬁ‘?% erﬁ'%l ar
mol ecul e i s thotstageedf;t 0 t he i ndivi dual bases of the pol ynucl eotide. 25 9.
A et hod accordi ngi 0 an cl ai wherein the enzyne is a

WG . di A . .
pol ymer ase. 10. A et h&a’%?@ﬁﬁ%#ﬂ?@l&laﬂ &Pracessing enzymedmmahilissidintage
enzyme issa helicase r e ) : |.N : i m
10 her oin step (1) conel oSG, CRRNTE: tatget GoTRLORGNAS itider Bodtishe'
tri phosphat es dATP, dTERffickBEtkD indiica@rymEactikityet hod according to claim

11, wherein the nugl|eosjde.,tripho ates conprise one or no bl ocki ng
groups whi ch can B{ad re ; nQeﬁ%ﬁﬁ%)éﬁ”ﬁﬁ“ﬁ%ﬁWﬁ%fﬁ“i@P 345
pul sed monochronatic | iggatpolyiicldtieat hod according to any preceding claim

wherein a metal nanoparticle is positioned on or proximal to the enzyne.
14. A nmethod accorheigin the ftectisideteatrst by measurementpefi a inondinear apdicat or

oot o o JRE" SRR el Pl BRI BRI b i, "o e
i ndi vidual bdses A méthopadocordingdbi dimim 1, wherein the effect is detected by

measurement of a non-linear signal.
3. A method according to claim 1 or claim 2, wherein the non-linear optical
detection is second or third harmonic generation imaging.

15 4. A method according to claim 1 or claim 2, wherein the non-linear optical
detection is Raman spectroscopy or surface enhanced Raman spectrdscopy.
5. A method according to any preceding claim, wherein a dipolar molecule
is positioned on or proximal to the enzyme.
6. A method according to claim 5, wherein the molecule is a styryl dye

20 molecule. | T
7. A method according to claim 5, wherein the molecule is green fluorescent
protein.
8. A method according to claim 5 or claim 6, wherein the dipolar molecule
is attached to the individual bases of the polynucleotide.

25 9. A method according to any preceding claim, wherein the enzyme is a
polymerase.
10." A method éccording to any of claims 1 to 8, wherein the enzyme is a
helicase or primase enzyme.
11. A method according to claim 10, wherein step (i) comprises the addition

30 of the nucleoside triphosphates dATP, dTTP, dGTP and dCTP.
12. A method according to claim 11, wherein the nucleoside triphosphates
comprise one or more blocking groups which can be removed selectively by



.16. A nethod according to any preceding claim wherein the enzyne is

i mmobi | i sed on a solid support. 10 17. A nethod according to claim 16,

\1m8er2| n there are g plurality of enzymes immbilised on the solid support.
: met ing to claim16 or claim17, wherein t ' upport

has a ro%ﬂg?@%gﬁ’et al surface. 19. A nethod according top(g'lr.@ggi{&é aPIrons 16

to 18, wherein the support is 15 silver or gold. 20. A nethod according to

any preceding claim wherein detection i¥ carried out in conjunction with

Atonmic Force Mcroscopy or Near-Field Scanning Optical Mcroscopy. 21. A
met hod accorplilsed moroehrematiclighty cl aim further conprising the 2

. . . " 0 .
0 any of I b KmeRd actbeei SR BREReREARE! SFermif AmdlalfrBEnaig " "

posi ti on wi tg]gbehicifd on Pprodirialtodng wngpnie. material, comprising at | east
one immobilis pol ynerase and at |east one dipol ar nnlegile posi ti oned on
®il%

or proximal 14 t h& rpeihpdeacgsding 46 claim 13, sherginstheganonagl B 9%bRPri si ng
a cell i b|w i%@gﬁ g@ wherein the cell conprises a pol ynerase enzyne
mai nt ai n i T A ESition within the cell. 25. An inmaging system

f]:t/ up to deL 13'|§t aﬁ\n?ﬁthbdmbrcmg lmelbirﬁiggrmlclaimdmpmmereig theinandpattisleppor t
ing i mobilise ereon an enzyne, that .interacts wth 3 .
pol ynucl eot i insorparated entgangor rfBPécQﬂ %GMV Pﬁlr,%ﬁfeéﬁwme BS‘WP%&P“‘?% t he

enzyme. 16. A method according to any preceding claim, wherein the enzyme is
immobilised on a solid support.
10 17. A method according to claim 16, wherein there are a plurality of enzymes
immobilised on the solid support.
18. A method according to claim 16 or claim 17, wherein the solid support has
a roughened metal surface.
19. A method according to any of claims 16 to 18, wherein the support is
15 silver or gold.
20. A method according to any preceding claim, wherein detection is carried
out in conjunction with Atomic Force Microscopy or Near-Field Scanning Optical
Microscopy.
21. A method according to any preceding claim, further comprising the
20 application of localised surface plasmon resonance.- |
22. A method according to any of claims 1 to 14, wherein the enzyme is
immabilised in a fixed position within a cell.
23.  Asolid support material, comprising at least one immobilised polymerase
and at least one dipolar molecule positioned on or proximal to the polymerase.
25 24. A solid support material, comprising a cell immobilised thereon, wherein
the cell comprises a polymerase enzyme maintained in an fixed position within
the cell. '
25.  Animaging system set up to detect a non-linear optical signal, comprising
a solid support having immobilised thereon an enzyme that interacts with a
30  polynucleotide, and a dipolar molecule positioned on or proximal to the enzyme.



