DETERM NI NG THE SEQUENCE OF A POLYNUCLEOTI DE Fi el d of
the I nvention The present invention relates to nethods
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detecting variations between pol ynucl eoti de sequences.
Background to the Invention The pbility to determ ne
t he sequence of a polynucleotide is of great
SCient | DETE RMAUING THE SE CE OrlRPANYNDEL
Genome as now det erm ne € en |re
sequence of the three billion bases of the human
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in a pol ynmerase chain reaction. Upon I ncor poration,
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incorporated into the chain. Although this nethod is
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and analysed to reveal the position at which the particular dideoxy derivative
was incorporated into the chain.

Although this method is used widely and produces reliable results, it is
recognised that it is slow, labour-intensive and expensive. Furthermore, it is not
an effective method for detecting the differences between two sequences, which
may often consist of a single base change (known as a Single Nucleotide
Polymorphism, or SNP).

Nucleic acid arrays have recently become a preferred method of
determining polynucleotide sequences and SNPs, usually in the context of
hybridisation events (Mirzabekov, Trends in Biotechnology (1994) 12:27-32). A
large number of array-based sequencing procedures utilise labelled nucleotides
in order to obtain the identity of the added (hybridised) bases. These arrays

rely on the stepwise identification of suitably labelled bases, referred to in US-A-



in order to obtain the identity of the added
(hybri di sed) bases. These arrays rely on the stepw se
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in US-A5634413 as "single base" sequenci ng net hods.
Such "single base" procedures ut2lise tw types of
| abel ; the radiol abel and the fluorescent |abel. The
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f pactiomBl®ntihlBi N an array, can result in the renoval
of an entire nucl eotide, or even several nucl eoti des,
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the sequencing method, as uncontrolled removal of nucleotides results in
sequencing data becoming out of phase and sequence data becoming corrupted
or unusable.

A further disadvantage of both labelling methods is that repeat sequences
can lead to ambiguity of results. This problem is recognised in Automation
Technologies for Genome Characterisation, Wiley-Interscience (1997), ed.
T.J.Beugelsdijk, Chapter 10:205-225.

There is therefore a need for an improved method for identifying the
sequence of a polynucleotide, in particular for detecting variations within a

polynucleotide sequence, eg for detecting SNPs, which combines the high
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particular for detecting variations within a

pol ynucl eoti de sequence, eg for getecting SNPs, which
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(ii) measuring the time taken for the polymerase to bind to and
subsequently dissociate from the target polynucieotide, to thereby determine
whether the polymerase has incorporated the nucleotide onto the target
polynucleotide; and
(iii)  optionally repeating steps (i) and (ii) with additional nucleotides,
to thereby identify the sequence of the target polynucleotide.
According to a second aspect of the present invention, a method for the
identification of a mutation in a target polynucleotide, comprises the steps of:
(i) contacting the target polynucleotide with a polymerase enzyme and
one of the nucleotides A, T (U), G and C under conditions suitable for the
polymerase reaction to proceed; and
(i) measuring the time taken for the polymerase to bind to and

subsequently dissociate from the target polynucleotide, to thereby identify
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one of the nucleotides A, T (U, G and C under
conditions suitable for the polygerase reaction to
proceed; and (ii) neasuring the tine taken for the

P t nagdirteRsstananthy Mideesdatshtd ®@ target
tﬁ%ﬁ%@éggﬁep gﬂr?ggaéggtl del tg&?hereby i denti f ywhet her 9

ttp@l;gmlcjemmearlthwtmcreiqmem@a dd thee native esrquemcenod the target,
otlde nd wwth reference to the

the t |
néfet‘?fg' dﬁ%ﬁ@ n%?“”cﬂtéorfﬁf'a , determine whether a
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€ Hord Cﬁr@f&gb&yﬁ%ﬁ {??(?rl[ eéé’fﬂféﬂ?fé%cﬁmd ¢, dichthiat tﬂlﬁpdgmerase

appre n the art. The enzy

P@nzpricacen attaghntn thehiaegeti pdlgmactectide, tas witlebe apgmmated by one
polynucleotlde in the process of extending a

c@#ﬁeé’riﬁ 9:3? strand, and may be of any known type.

For ex .
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wmmottdean trhda prqmlsy oEegteadmaya bempleni@tiadegtearde @nd may be
yner ase, . reverse transcri ptase

Rmﬁﬂaﬂ%%wpﬁhﬁobé?(%@%é%e PPlyanergy m%bp@a@m/\ -dependent
de[?i nis'ﬁ grﬁé}’ﬁ qffﬁeata?goq Esbﬁﬁﬁeot | éhbrh (27 molecule, then the

targe e 1s preferaby
| gofrherdeatmay St@@Carﬁl RN#A-tiependents WAr polymenasa] .i.e. reverse
Preferably, the polynucleotide is |localised via
. AeRSCIPtEse; o anRaYPseepan de¥pBNA nelypsrase. sif-t RHA: replicase.

gjﬂgﬁ é&% bﬁ(z)y 'ﬂﬁg %{ aﬁoqgcm%d%kﬁ’ﬁ Y5d efihiipnw | | be

for exanple silicon,
gl ass Orhec&drgst polVﬁtJell‘ebﬁbé isrpyefeldblpdocHisad at a specific site on a

| mobi lisation nmay be carried out by coval ent or,
n&Loeer| reaterial. Préferably, the polynucleotide is localised via immobilisation
on a solid support. Supports suitable for use in immobilising the polynucleotide
will be apparent to the skilled person, for example silicon, glass or ceramic
materials may all be used. Immobilisation may be carried out by covalent or non-
covalent means. For example, covalent linker molecules may be used. In a
preferred embodiment, a primer is immobilised onto the support material and the
target polynucleotide is hybridised to it. Alternatively, hybridisation of the target
polynucleotide and primer may take place in solution and either the primer or
target polynucleotide is subsequently, or simultaneously, attached to a support
material.
There may be one or more target polynucleotides immobilised to the solid

support material. Inapreferred embodiment, a plurality of target polynucleotides
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used. In a preferred enbodinent, a prinmer is
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pol ynucl eotide is hybridised to it. Alternatively,

hybri di sation of the target pol yhucl eotide and pri ner

may take place in solution and either the priner or
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on a single oI%nucI eotide. As a first step. i
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hy‘gr . gh)s, g% ﬁﬂa&& c}l@rg@ﬁﬂ?ﬁ@*igpﬁ ﬂ'ﬁéataﬁpépﬁ{)l“hﬂcleotide. On

buﬁélefg Wnélprbﬂerawlaahﬁa@letbamslbemérﬁem enttlhg thiggh. tThis is then
di srupt (or nelt) any secondary st ructures that exist

oh“?k'ﬁi“t alnget gUtgRlucMEb i the @PIWBBIASRy, thef@mMndhe target
“’hbhngeg%ﬂh?}p% r%,.}]gra%grggrﬁ&ggt on the target. This is

o contact' wth the polynerase, to form

the t alrﬂ@hermhwdrmmtmdhé pavemtradiee @aditicrk of trre naeleotides is
enbodi nent of the invention, the addition of the

nGenkseliediss thatcthe difarent swiclaplideshareyiaddgdepequentially to the
|
Py REE5o S PR T SREIAE, 4GP B o acdes ap alowed to

aﬂdwdo@idh@ ﬂ)@)mérésb/bblgnumendé l@mplex; the time during which the
gﬂﬁnrase/ pol ynucl eoti de conplex; .the tinme du

erage pd Cofmplexad iosth@dquy@;@gotﬂq)e tqq@en determlnged Unbound

p@pﬁ?ﬁ%\ﬁgbpg@f bg(gég& %ﬁﬂagfﬁjr} # nuc ﬁf% do‘ﬂ}@%d In this

| PP Ce@- tirh@ duhing Wfﬁiﬁﬁ@he cbhpléx iefattiddganbe Q:brn‘elaied to the
conplex is fornmed can be correlated to the particul ar

neertissiarquioeaisierregant dyintthet imesanghiherprlynucleotide sequence,

poI nucl eot i de .sequenc can therefore be determ ned.
THA 11%%{ f rgrpq]g?t g'% ecge started by the addition of

t he polfyeReaskor fhay also be started by the addition of the polymerase to a
reaction mixture which comprises the target polynucleotide and the nucleotide.
After monitoring the time taken by the polymerase to associate with and
dissociate from the target polynucleotide, the unbound nucleotides can be
removed and the next nucleotide introduced to carry out further sequencing
steps.

The incorporation of a nucleotide onto the target requires the polymerase
to associate with the target for a period longer than that taken when no
incorporation is possible. Measurement of the association between the
polymerase and the target therefore reveals whether an incorporation event has

occurred for regions on the target having sequential nucleotides of the same



reacti on m xture which conprises the target
pol ynucl eoti de and the nucl eotide. After nonitoring
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di ssociate fromthe target polynucleotide, the unbound

nucl eoti des can be renoved and tge next nucl eotide
introduced to carry out further sequencing steps. The

e, e fifnle Wt a%fsoéa'ﬂHﬁ|vﬁﬁ’fdc9§a§€‘ér%pbh%ﬁa?@9 Stheréfdre fiSmethod
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' E&géf%gid&'rbcﬁ\e%n&aﬁ esﬁwd 6dt fo mbﬁguﬁﬂé éHariges in applied
Vi ng sequenti nucl eot1 dées of the sanmetype,

t hadidtion Méaasnsmimtohamgms in radmimalgat cpnmns:onnrdaeﬁdh;an between

Therefore the t hod d to identi . .
I R R s ey b@f—&é”e%ﬁet using conventional
dg? 8Ht8§‘ of the interaction between the pol ymerase

en éms and the target polynucl eotide can be carried

out by Imereuembgdirhentg dise iintesgutioneaf thed paltyinmerase with the target
Measuring the changes in, radiation that occur§e

i ﬁpmtaoélﬁieummr@%sm 3 hepdiean ipagingsystem
ol ynu|Rtingls: HRGiINE shatehisSreDilowS il the BRY AL gHERb, the non-

appar at Us. I n one ment, the interaction

pohgaepelaeisaiidm forhemateris tcapdbe exyressed ds: i s measur ed
using a non-linear imging system Non-l|inear inmaging
systens are known in the art. In general, the non

I i near pol ari satign Jm, g)gc?é ELAN be expressed
as: P = X(2)E1 +F§)<(3§E§ (3)E vvhé'f'éPlsthe

i nduced pol arisation, X(n) is the nt h- order non-I|i near
susceptibility andElsthe Slectrlcfleldv

ThHehere Pds thaindiged QP|%§§“HB¢)&HI'S PR afﬂ%wmﬁnear susceptibility,
r %f Ide’é:fs' tH8 e‘i’éct {:ﬂ@fd ‘?ﬁ\?ésk&ﬁﬁé SePRAEI absorption and

gener a um and fference
f rréﬂbtﬂmwmghﬁ tred $e!m>,ndam$ct|bes sédord tmmfsrmmd:)gendanagbn (SHG) sum

s%%térl ng, stinulated Raman processes, %P annmpnic oo
génér diffeeancerieegyensyioBRiRtioNoand thetaid drscghes lignt's g
"SR LR, YRGS ARG DITBHESH ot o
ardngl theed-photaregissttption.t hi rd harmoni ¢ generati on.

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 et 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-A- 02/095070.

In one embodiment, detection is carried out in solution phase (i.e. the
polymerase and target polynucleotide 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



Si ngl e- nol ecul e resol uti on using second or third
har noni ¢ generation (hereinafter referred to as SHG
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Sci. USA, 1999; 95:6700-6704 and Peleg et al. |,
Bi oi magi ng, 1996; 4: 215- 224). Buitable systens are
described in WO-A- 02/ 095070. I n one enbodi nent,

d@é;ﬁﬁbklﬁfatéﬁ CiRfviepf 1 0UphadtBns)ak Ubupledmhl@&ﬁst(rhowlbréh@nal modes
pol'ymerase and target pol ynucl eotide are not

i phibisi mplesale's bendg BufacOURING eAYSRS SR 6f thesprident light to be

t ﬁ}%ﬁ]%g@ﬁm?%&?ergglb& Iq? H@?cglé% g@h %qaﬁgé gm;] fgegyér’?c%'é fhat differ from

ekr@ﬁar@@l dfthé GRiidaitaghy Thigus t@n@m&hgﬂ?arﬁaiﬁ leff@dE NBY plotting the
This is termed Rayl eigh scatterin However, the

efrquyn@f oémhomedaﬁélcaﬂy,|mﬁerqﬁqggbh§gamt dRiengity) $hel unique

eVef%%g?r bons&?ﬁ@eﬁf@ﬁg ﬁggétgéo{ ﬁ\' dgtob%f]ﬁﬁd Analysis of the

P%éﬁ‘ﬂ)é‘(ﬁ’f‘dﬁﬁéf SOURKrwr §@n%l'é¢da@h%ldhmf@hhat|©n BBout the samples
inelastically scattered by the nolecule with a range

ommdleadarenpesitinat differ fromthe range of the

ol ot ¢ 1 RgedtaneR ek ey Bb cliEtobh iR gy Eingi i tog Ramen
| beme ﬁf@ﬂ’éd&ﬁé (s) Ricdesi<by t)wa stlicelited MAeraNsSHaea, tHIv fifld decays
t he nol ecul e under i nvestigation is obtained. Anal ysi s

ofexpcmeritaihluravmefwmme(ﬁurﬁiﬁ:eu rkinging mcnlppele@an gjoss proximity to

TRt R AR Bobidaly AR R GF SRpraRP B g man-active
b'iﬂdl‘&':tﬂg dris &wy ?&&gh@\e‘@bél@imsﬂ(zér) céb@éreo( 2er freezelectron

structured metal surface, this field decays
expdalent Saifage aamyanf:ement loé theRamen althlhgulSwasewed with metal
mol ecul es 0 oximty to net rface
t yaﬁqaﬁﬁfeargem FasfelfiFis. G el FaBiaiés M Wit metal partict
r?%gs aghé MR FRhRFbPWANIhSWUHREEYeiHanaBE Fefin &9 5Ehttering takes
r copper or other free-electron netals. Surface
epl&ue(:lsnmﬁweif untersRaohrbut dt thmugyt tas reshilefrogdavdantpination of (i)

SHarrS STt PRCRe FLnegar & Uiat sippabe ércgal iénsity o the
ghtaaha ”QnWorY\QItﬁJlﬁ drldd s%b%éhﬁéﬁﬁré?&"\ﬂﬂfs&ﬂ cRargitransfer complexes
ttering takes place is not well understood, but it

t betwgen the metallsurfiacerara tberfbamamamvefmceleyuwr f ace

i ensithy RRMECTeghEn BRquulRed  nsARd die e of S¥sociation

S SRSESH e OB B né pepbhm0elclicpo T gt f n
mtargetiissmmobilised on a metal surface, to improve the Raman signal.
In a preferred embodiment of the present invention, Surface Enhanced
Raman Scattering (SERS) is employed via the use of a metal colloidal
nanoparticle bound to the polymerase eg. a gold or silver nanoparticle. ARaman
enhancing metal nanoparticle that has associated or bound to it a Raman-active
molecule(s) can have utility as an optical tag. This general concept is outlined
in US Patent No. 6,514,767, the content of which is hereby incorporated by
reference. In one embodiment, the target polynucleotide and a polymerase can
be detected by searching the Raman active molecule's unique raman spectrum.

Because a single Raman spectrum (from 100-3500 cm - 1) can detect many



The Raman effect can be utilised to neasure the tinme
of associ ation between the pol ynerase and the target

w@edognourheoti de. It is preferred if the targetPCBEGB2004/003232
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i mobi | ised on a nmetal surface, to inprove the Raman
signal. In a preferred enbodi merg of the present
i nvention, Surface Enhanced Ramanh Scattering (SERS) is

bgljf@ag &qqiari)ggwgﬁ%gcggs ;ﬁgd%$ %c& édﬁ+n6§d}98@5t b&hid to or

NZOORAL{HCIRR t R BenBicd iman®pRantdxt | of the present
Eg)&ﬂés assocf‘}gt%llﬁ)(@ecgl?fgFa bound )?o it a Ranan-active P

ﬁmmubammlmmlhﬁemmasmx \Sprm@tsan optical tag. This

gegﬂa%gggﬁﬂ@%'gﬁpg L eam' ugr%sespén g?%@g |8rre§beydutlllsmg
YEEE bR omAd: rﬁu@%vﬁ)@%@hﬁ’@l@by the target

ynucleotl a pol ynmerase can be detected
sear c h|a1xgsar+serﬂmarpoaanmgeurrfmeeeiactéomaanetqwawaﬁ%ﬁhnology (and,

spectrum Becayse g sin Ra
1m)p§51®@,| gy su ﬁec@jﬂS%QﬁéS?Oﬂ%?aﬁnﬁdfs?’g e#?n&é{ﬁrgre als\clag on the
assom ui egf %ﬁf%easﬂééw@rnﬁéﬁé’tﬂﬁhév& &\N}lﬂ@ﬂ'\é fefctive index of the

e pol yfrerase may used in the
c tihéayercfdjadent m ﬁmesurfammnedhe\ﬁﬁw propapeatest dn e biosensor,

assay forrmts enb

TSRO o FuERRAENE FEDGFLTER o R sk e surtace
?lc‘aﬁfaﬁr‘?'?iggﬂ?é |ﬁ1m%YI%édefé} Bl PBynUBICSRIESOrAs binding occurs, the
I ncorpordating surface ele trorragnetl c wave technol og

( adumiutatipardriredisaibutisnof aass phiesurfacaseiangss the @RYrefractlve
sensors) are based. on the sen&h{éhty of surface

elirdax gk gAB beMpalYediERg! Ype PEFFSRY i ve i ndex of
the th'%’é\) ?yleﬁwe"i‘t%é’%%hsh SPR Fé&in@fcﬁg%@(/é Bééh pEWosed and

pr opagat e Inth i osensor, the pol yrerase and
nwehkssd da( bjosensoml. | ofke mstlmptdalr masthqqi@ aie fesed on the

containing the i mmbl e

b.mma@@naﬁfw%etn%soaééﬁ nere B piEae Dy BrbsTRpH gpcteatrom
? s%rhstog% %rﬁlf{ﬁ@d‘:hﬁﬂg%cﬁmaué Oéér‘xsnﬂéféoafd béeornd1@Exhe most

t hat ‘can be nonitored In real by the sensor.

SasepsitivelTis destsibed ihi s iHan@BRttalc Beobogyamhstuaiers B 54, p.3-15

m&%’ Saken Bas asieGioy I8! R} 9% SRRy ra RS, Medburing SPR
SRR A RS erbiingonsor by one o o
t Qﬁhersqolfanagnmsd@le?rm |B@ielser|bede imNelson etpali SepaeistandActuators
'BSQ,%ES% o 587'(1996) and ™ Katashikirt et a1, Optics EAGhiat8hs 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
WO-A-0120295. The configuration requires four independent components and
is sensitive to sub-wavelength relative replacements of these components and
hence very small mechanical and environment pertubations. A mechanically
more robust monolithic interferometric design is oulined in WO-A-03014715.
In a preferred embodiment, a surface electromagnetic wave (SEW) sensor
system is used which can compensate for changes in the bulk refractive index

of a buffer or which allows the contribution of the bulk refractive index to an



(1999) and has a detection limt of 5x10 7 refractive
i ndex units. Measuring SPR phase changes can further

wo pwseare) t he sensitivity of the sensor by onePOI/GB2®4/003232
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orders of magnitude. This is described in Nelson et
al, Sensors and Actuators B 35-38, p. 187 (1996) and
i n Kabashkin et al, Optics Communications 150, p.5

( IR88ererReipittep fo b@t@éér@té@ﬂﬁém the etiibesorsofcdh arsalyte absorbed
Mach Zehnder device _have been configured to neasure

vanitheisensor sufare. r Ene Riasensor Meeefore COmPrisedsor

surface v ase i f O

I nt er nt9% 5\%& éaﬁ% p{ﬂ}i@%i‘%r péhaﬁhg%‘lﬁgg%g@ Wa’?‘ﬁe

conf i gWcakiigrsurRieifdrsupporting theenaiub Fedpoipausedtidetise carrier
is sensitive to sub-wavel ength rel ative repl acenents

ofsutfaes e nmwMenns aansubsireie wedy capable nefchedprealing surface
an nV| ron ions. A nechanically nore
eronetric design is oulined in

V‘D A- O%Qeﬂa‘h%lf'ér sbntt@gﬂhéflﬁélﬁéﬁt wabe hteRin SEAVHHD agiest scattered
el ectromagneti c wave (SEW sensor systemis used which

canraveowberﬁaatﬂ'ee BEW priepreaies alangthswekriercyurtaas and interacts with
i ndex of ch allows the contribution of

t e BUmeﬁléFHz?&? n\}gl?(ﬁh to aninterference pattern to

be sepafaddfof geRbINRECHBEEORVEEAtTered waveamainythe SEW; and
absorbed on the sensor surface. The bi osensor

t her ef ardetectaplior swnitosingdhe inderferenge setvwrersihefisst scattered wave
pro dent wave; a carrier surface for

%35?@%50??15 WW?%%d pol ynucl eoti de, the carrier
SUffaC*Pn”Wé‘t efhYdiMeft b rédieremd sRrRab! Bea generated by a
supporting surface el ectromagnetl c waves (S

f onorgehromatig lases i$ fegussad usngailens oo tis\edag oci a metalhc film

{ DTS 48 SLBPOR YRS IR PR (o R L o e, pE bear
?aﬁé@%'tﬁr@u igHea ]g!&%nénirﬁrorgﬁﬁﬁ:h&heﬁﬁe@"&,eﬁl@m% mounted. A near-

ttered wave fromthe SEW and a detector for
nomfraredi lager isausiedt as fher iduméenatisngauice hdsing gtnear-infrared source

e SR Bebhd  S R AR Aot  gota anc

"%']%Nvﬁﬂ@*cbﬁvéﬁ%ﬁ{al iohtibe Canand stiF LBEd forl ifitiging 3ne iltbMination.
ge a net al filmable to support surface

elHmye\arpothet rrmnnwheem(a%myrce’smiecqutabw and maype veed.

thr Ouggh,%gxggm ﬂ{ bgg}é LK Go R%4V€§(?dé5 Gh&'dodt of which is

nount e
incorporated herein by reference.

In a preferred embodiment, the polymerase is labelled.

The term “label” as used herein may be interpreted broadly. Suitable
labels will be apparent to the skilled person. In a preferred embodiment, the
label is a fluorophore. In a particular embodiment, the polymerase is prepared
as a recombinant fusion with GFP (Green Fluorescent Protein). This may either
be wild type GFP or spectrally shifted mutants thereof (Tsien, Ann. Rev.
Biochem., 1998; 67:509, US5,777,079 and US 5,625,048). The GFP can be
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 may be located anywhere within the enzyme, provided that



| aser is used as the illumnation source. Using a
near-i nfrared source has the advantage of | ong
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silver while conventional optics can be still used for
i magi ng and illum nation. HowevetQ other nonochromatic
sources are suitable and may be used. This systemis

depgyrhaged abﬂvrmsﬁré?é/n%o%ﬁemfahee tasiemapbevdder) Asnumber of
i ncorporated herein by reference. In a referred

esbatsigiemior labellipgi mateceies have bgrn reppregsycky as microspheres

BB, 5o, 25801 1§81 A PERL BRI GEL] K Grem. o

PESSOT) 122, #6:879683708Y, SivepdoBiRt partictes erheAsr $2@00) 97, 3:996-

fl'uorophore. In a particular enbodiment, th
pADP e eadeqi@ntpme gatsed Aay labrelbagﬁemraﬁveftnet glowp tunambiguous

t
R SEe B E B TSl s A R eEbé NEfuReotie and
( hetRBtidARBN bB]MilisBH QAR he cbh8sit oﬁﬂwé&%sehﬁﬁvéﬁﬁbr@'FQeferably,
and US 5, 625,048). The GFP can be |ocated at the N

Ca labelthatilios thﬂeteémgqmbre(srolmrogoft@amgrnq!ﬁgg g@d/or unbrndrng

550 a0 BB b ol PRy 1

ol eculpgefdryblpeanh aﬁayeri irAmoBiieed tavgeb pﬁlyhhele@ﬁaéé”% created and
provi ded thatenzymatic activity is retained.

Armeemarmer@semysnm flowedsever thenafrgirinotongditions gulisient for

f | abel | I h

o B0, TRUB N Y5586 Bk B LIS o HieBices.  wore

glr@rer@cngpmré {ék|e§5pléée Mhﬂrsrnomﬁ@@r E3@R0XrraYdocation” within the
3795-3796 silver colloid particles (PNAS, (2000)

9&[ray, g@atarmrmglya singlegimmobitisedt targeinpolyawsieatise or plurality of

tﬁcfeé]?g%f fa(gtggtgr%ol?ﬂrléc BB@narlrg uqaﬁsqéee %tl %J;' onre%oldtna% that allows
D‘Peé/cﬂHﬁér?Bf t@bﬁﬂﬂw@éﬁﬂh@%d%éﬂﬁt%a@ étl pcﬂﬁrﬁirdleemanucleotrde

the context of the present i'nvention referably, a
| @biplex)grefairabiys frdme 1tterqhd>eaﬂt seeel thousanst hentzy me

bi ndi d b .
ol ynudh BBetraGpifTerEgentodigin) B p8Vitase eparnp injppetieavitn
any gy Veé&%nh@“ﬁ@ééhéﬁd@ ERkeR) W&'\M@H?FREW)%H SThis system is
created and the polynmerase enzyme is flowed over the
adeaygribed wmtA@nQW i 8% sl be @ppeecigies kay:pner&kyled in the art,

| SRSt e £TEkr SRS LS iR IHEIBEL PRy copatle of
S e 405 i T
ofinteraction between the pair alters the emission spectrum of the fluorophore(s),
which is detected. The second molecule may be another fluorophore, or any
other suitable molecule, such as a metallic particle. Preferably a classical FRET
pair is used, where both labels are fluorophores, chosen so that the emission
wavelength of one fluorophore corresponds to the excitation wavelength of the
other. The immobilisation locations on the enzyme are chosen such that the
fluorophores move relative to one another when the enzyme binds to the
polynucleotide forming the ternary complex. This relative movement betweenthe
FRET peir will result in a spectral shift of the emission from the pair, depending

upon the way in which the FRET pair has been designed. More or less energy



i dentical target polynucleotides, is then inmged at a

time resolution that allows resolution of the binding
w@booshe2enzyne to the target pol ynucl eoti de/ nurd BEGBR@E/003232

conpl ex, preferably, from1 to at | east several

thousand hertz. In another prefefqed enbodi nent, the

pol ynerase enzyne is labelled with a Fluorescence

Re Tk.an [ hj t ' :

R SBUPIR, B TR Sl TR 18 dop et 16 Btation o
or@ehkhlidredf ite doaonfluprescERES. [(Jdiis is evuiitozedavith high temporal
fl uorophore and a second nolecule th

| [ bl f
| nesaldion.rig Ablein (% 0ep aed JBRETE OB (PTRiPRE N g iGy used to

gﬁqq%g %%gﬁt%ﬁ%{‘)ﬁuorggseﬁ% %@“&Péﬁ%&ﬂﬁ?@& del ke %D), with rapid

ent Ssion spectrum o uor ophor e

5 Whégdous tifket &% gpprophiate epliciiombige spatiatrgsdiatianot her
fl uorophore, or any other suitable nmplecule, such ;”Bs a
met al | iThepsoiWian Systereragmirpdtoongaderciie iptgrachan between the

AR pad s, G, ol o, MMARIP IS, i 38E8uAhe need to

CoscaPPRdsarhpld RfdexGiudy i Guchavedrening hs aspigetligt liesly in high
The i mobi lisation | ocations on the enzgms ar e ch%sehn
suesplution syBtems, isichhassirglagielecH|easysiBMse Ahdhe high levels of

anot .1 he i | . id ,
10 MIBHIEL RSO0 SURUEE L, 990 b 88, R0 QAL EA U ciocive

bejpsepmtiohearERY corbspondihglyaedlited.nSimcepkicietial asdlysis normally

of the em ssion fromthe pair, depending upon tge way .

i Tequires connumresT real-imea MatoRingeal 3 suwle 19@? lgegrarpgg §canning

energyi s then ¢ | ed i m : ;
SO, 0, RS o, BsRohl, A5 TR $ 0, scontinuous
donenitdrindprseineenpatibldinath kinetioidnalyais astintenagion events can be
tenporal resolution, to obtain the desired

15 i mhiseedt ilo @, preferTed aspgct ofdhadresentygwention. ithagpioe, oucleotides

exte £, f ce IS - '
CA6plecby 42 BHFRLR0L A" RIS, UM, 8811 8s  removatle
f dBiobiisg greap i Thusanditations wheee rreglolspatianrespitiom is employed
required to nonitor the interaction between the

pdsviole pa singie alerule arigys it whighethssdiseraliong egigreisitygigally only
t .th dto,n "t h
ScEmIER S AQRc=hd sod Ep, S BrBRFY ot RaRl 120 fiter Jargen, the

20 SYSH<RMPaticTHERidSisShitiled” Ih AW lBcalich and thaltregionm iiminated with

| evel s of spatial resolution required for single
nuiadiation (expUV) seitalkle toiemeve e Plaskingarpvn: iTHiS gralggy ensures

naaaIdsy oP N VB0 9 R (g BhsBRd Histien.  The
a @heghRddridifs eantsén b mdVdiaround the chip and by only exposing the
region under observation to radiation sufficient to unblock the nucleotide,

25 selective interactions only take place in this region.

In a further separate preferred embodiment imaging areas are confined
to individual flow cells, i.e. in the event of the observation area being limited to
100um by 100um, the flow cell is restricted approximately to these relative
dimensions. Thus, in this embodiment, nucleotides are only injected into flow

30 cells that are being actively imaged. The support material onto which the
polynucleotides are arrayed, may therefore consist of an “array” of individually

addressable flow cells. As the imaging area is moved around the chip, so the



i ntroduces the problem of discontinuous nonitoring.
Such di scontinuous nonitoring is inconpatible with
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In a preferred aspect of the present invention,
therefore, nucleotides |abelled ¢ the 5 prinme end are
enpl oyed; the | abel acting as a renovabl e bl ocking

TSRS ol i 48 11hBe WBR Gl AR 5@ hhghal sedlathy. o

s single ul'e arra in whic

the obgeaVYatheremegdiaient Sthé)ui)mdmg lof trenpyly iredase ts/detected viaa
100mm and t he chiF is generally at | east 100 ti
rd

| eespeancet iegle@@n)se aﬁﬁ%nbﬁé\gﬁﬁ%{h aQ inigleai_ting m le and a
(aygl o nﬁ th@% é(gl%n%rpr%%/ée ﬁhrﬂeel1 Eﬁo ?’gﬁg‘%g?g@é@tdr@m%fee”

SHAQNNr 9W§&vﬂlh@ﬁlyamﬁ@s@é vtk bireting tevtaet doutribystranded
occur in an "observed” region. The "observed" 0 :
gtystgﬁdocatlon

canmemeampgatmml@r oThlé &n@r@almnﬁhaﬂ@edysqﬂﬂqﬂd@ﬁ

i on under 18 s i O i -at ;
PSR AT IRSRRE | T el R hearat ita B thatis an
t%’&e@)‘t&@%bl%cbfé' §a¢5§t§lb06f abBomirig! idndiere-emtingt energy from the
preferred enbodi ment i maging areas are confined to

| irderdatating tyew Adennativelye the nlabed’ gaynbe qqqe@cher Thus the

se i,on reabeln | i

¢ PamitainteratieBven iy bE Ik Y PR M EhahG¥ in signal
r%hgttb\éﬁe%y@gﬁgf@ps Thus in this enbodl ment,
nucl eoti des are only inj ected into flow cells that are

bei ng_ é’@te' raethpd ofﬁ@@mvem@nm@pbewﬁatt@rlcmtlfbm%cqmptq%e target

t he cleotides are arr [

 PouBE B e Bl Y St PR i BRI par o
Athd 'b%lyﬁlﬁﬂlédtﬁié‘f Thel PefROER alitibié fbrhaetdnmmlngahe presence of
thenucleotides are injected into the flow cell (s)

t hmtaha'gp mathinr dae dariogt, fion example Histersping w@ﬁghertep]esubstltutuon

e

a dye/ QH%%@%rr&i‘eH%dﬂﬁéb{W@ﬁ%thJ@eah rUee.Js?ai t ideptify a single
dye (e.g. CYBRG een, nolecular probes) will onl

" y 1]
f Inumfe&mde mﬂwmnmhmm rrga genetiesarople d hetern deelymorphism"” as used

|to &:q?%lrgﬁtﬂee?g qaﬁwg qc&: PPSﬁ o che ﬂr":' ﬂngggaélgr%%hflg ﬁgn ﬁ'nct@%gjences or

ThieRal %@R&é’é? o'r% &'ff@fr’eng*ého%é?b/@r élitsiectiss ABingle nucleotide
‘acceptor” nol ecul e capabl e absor bi ng

r @odyrotpihigm e(SNFgwsfaamgle@asq gakgaqr@ngﬁg agglcauy, a SNP is the
e laRaarT o e 35 P B GTRG re BUridBric e
ORSQENSAES & BRgfddEotide, Yr Wkdrtion of a single nucleotide, also gives rise
to single nucleotide polymorphisms.
The method is used to determine the identity of the nucleotide(s) at the
putative site of mutation and the information may then be compared to a
reference sequence to reveal whether a mutation is present.

The following Example illustrates the invention.

Example
In this experiment, a fusion protein of Green Fluorescent Protein (GFP)

and a polymerase was created via recombinant techniques well known in the art.



due to energy transfer. The nmethod of the invention
may be used to identify the conplete target

w@elognurhieot i de sequence, or nay be used to i deeit/iGB004/003232
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the sequence of a part of the polynucleotide. The
method is suitable for determ ni g t he presence of
mutations within the target, for exanple determ ning

whet her. a Stit [

occur r &a %oi%ﬂ éga §p ¢ g%mert% (s @'gér@ﬁ@%es%qiﬂgﬁated with a

' naf'brpb?f Blahgd Qahem rfﬁ@@lfleﬁhWItﬁEﬁmmwm&Qtr@mlﬁm Xantec
dentify a single nucleoti deégﬁ_&rmrphl smin genet

saGmmnyThé\rt lewrnghtmucmmopm Y41 eﬁ@up@ieﬁ with &qtgl internal

Séﬁ{@% &jﬁ ircr@pgg '&w% ggrae gﬁ%ito?ﬁ I‘é? g%?gﬂmeﬁt A laser

%%Fﬂ?%f %aﬁtﬂaaeﬁﬁﬁ WEIES r@hcﬁ?]wm smdvm ¢fol QoY wastircularly
is a single base pair change. I%N?lcally, a SNP

i paidréisadcpy guanenwave piates mgn@@r[god‘gl aeestaaymade prism. The

Qf‘pﬁgﬁgwﬁggogg Sy TRURE Efigid fnadXhBldhi 8b1. % flow cell with
Gq'ﬁﬁgﬂgealaénﬁotrﬁﬁé&?em &itidap aﬁisﬂ»%@th@%fés%@tntd@d over the prism

po ynor phi sns. The nmethod is used to determ ne the
| cevat qnqrt:ofchtmeAmUotheotwedeotkgctad thaeﬂtme%ﬁer\ﬁs sippal #rough the

diisertatdon surtees ob rabaditelndmress L aig 4T VB £ Beht-dss fiter
PriRRES back fnh&Y 'cﬁygwc&%ﬁlﬂmo%vide' (lA‘Hdba‘t%r{dI@gles)

i nvention. Exanple I'n thi's experinent, f usi on
pr ot ei Mwd ollyeruclEdtidesewemnsymhesiged L@G@taaﬁardaphosphoamldlte

TR« FiS aligonspede AehEC TnRT 1P HFE AR 35 o torcet

f’rgbcfﬁﬁudﬂé‘étfdes @hBTﬁé’@h&Qnd&lé&t@e Hétesd 88 SEIQRITRNOIR Midsdsiotinated

ed with 1 nmobilTsed streptavidin &Xantec
Gmrrdauged ag\a prpnerg hTherme@wberlmEBS(rS/E 78) §g)2) where deposited

RIS Fub S HEB MG P g S o
A N@Sf fr} I?ﬁé‘rﬂlﬁffer Fb%%'l‘alﬂ% ’NXD m@lngsl, Cé”deENO\)Oe@ ho ancubate for 10

power OWWwas circul arly polarlsed by
quahumesmave plates to undergo TIR in a custom nmade
prism The prismwas coupled optically to the chip via
i ndex natchlng gel. Aflowcell with an Oring sea
aqg P ent optical axis was then assenbled over
the prlsn1and quartz chip. An objective collected the
fl uorescence signal through the

CAAGGAGAGGACGCTGCTTGTCGAAGGTAAGGAACGGACGAGAGAAGG
GAGAG

SEQ ID NO.2
biotin-CTCTCCCTTCTCTCGTC

The flow buffer was flushed into the flow cell at a rate of 500ul/min. The
complementary sequence, SEQ ID NO.1 was then injected into the flow cell at

a concentration of 1uM, at a flow rate of Sul/min. During this injection the cell

was heated to 70°C for several minutes via a platinum heating electrode within



transparent top surface of the flow cell. |nmages
travelled via a band-pass filter into a back-thinned

waebasgerzeoupl ed devi ce (Andor technol ogi es). TOT/GB2004/003232
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ol i gonucl eoti des were synt hesi zed usi ng standard

phosphoam dite chem stry. The ol 4gonucl eoi t de defi ned

as SEQ ID NO 1 was used as the target pol ynucl eoti de,

apet fib\w c%d'agﬂ Wi {oosi b aeg. ﬂf‘hes Ech%%sztﬁ%scontmued for
biotinated and used as a primer. ot nat ed

paiforther teSERINUEENOAYe mmoﬂuepms @Itnplﬂteq flowmebuffer was flushed

itggﬁr')’tl@” B &Vg&'tﬂﬁ'\e[?)’ﬁé)@ ai/ﬁ g{uerétte[;ggpbp IR 5 h&tﬁr ﬁgmlnutes the
S%%q{]%%@a&i%ﬂ viHd iRkEted By infctBAPO 4piM HATP (@i ffto the buffer

IGT CRRASESHANEHDACORNBEABAGHN TR cBABAG series
SE IDNOZb t CICTCCCTTCTCTCGIC Th I
gcmnme@@s.ﬁﬁezﬁ@qq SRR S FAed IR A en eRond) and

) t
L X
ahuelebtide/ dGTRwak theh injected2410.4rgM &t theifajtbet CQD trhages stored

cell was heated to 700C for several mnutes via a
pPaeiseGANH ailer iYeRiBLt r ode withinthe flow cell and

al | one e

contlnﬂ-e% F%ﬁ%a'\e#] %n]%g qgﬁdr'nauhuﬁ\}ém%\%zoé Signal (Fig 1a) in
| sbeplarieon Wethe aropl-cdraplehtentatyuhdeleotids (FIgJS;h)sWhen imaged in a
continuously through the systemat a flow rate of
stimerapalvedt ManNed ni nut es t he sequencing reaction

was initiated by injection of 0.4mM dATP (8nml) into

the buffer at a flow rate of 500m /m n. One second

after comrencing the injection a series of CCD i mages

was recorded at maxi munfrane rate (30 franes per

second) and the inmage containing the highest signal
intensity stored. The conpl enmentary nucl eotide dCTP

was then injected at 0.4nM at the further CCD i nmages

stored one second after injection. The conpl enentary

nucl eoti de gave a strong signal (Fig 1la) in conparison

to the non-conpl enentary nucl eotide (Fig 1b) when

imaged in a "time-resol ved" manner. CLAI M5



1. A nethod for identifying the sequence of a target
pol ynucl eoti de, conprising: (i) contacting the target
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nucleotides A, T (U, G and C under conditions
suitable for the polynerase reactbon to proceed; (ii)
nmeasuring the tine taken for the polynerase to bind to

a@_&g@equent |y dissociate fromthe target

porynucl eoti de, to thereby determ ne whether the

pol yrrenase Iﬁameﬁhmbfqnml%ntéﬂnghbe segHence @badatgst palynucleotide,
tar EJO| ynucl eotide; (iii) optionally repeating

stc@ r(s and (ii) with additional nucleotides, to

t her ebyyi deRighiaethgemers rfclédiRIdtrgbol d
pol ynu)éll)eotl de. o2 A g %@mr the identi %’?%”gﬂ%sﬁ%f]}zymean

a amet aft thennucleatides g’etT ;ﬁbu yBuehddt iunsler asimglitianisnguitatde for the
[ contac in _target polynucleotide with a

pcﬂ%ﬁjm?r%éé r@ﬂ?ﬂﬁ's W%CSH@ of the nucleotides A T (U,

G and GipndeRe QR gt lr@“ﬁn%“téﬁ’&'\ dof Qe tplyRelWEtRTINd to and

reacti nto procee measuring the tinme taken for

t tselbpedwemtyadlesouatﬁ frdn't usueatangeturm@equ@ﬁ@lm}e diostheseby determine

m the tar nucl eoti de ereb
WHETRHBeT dhe By RS SasaticoiuAlsst dbea uaigofiiE) it e taroet
Rﬂpy Adfed dtRfe9et pol ynucl eotide, and with reference to
natlve sequence of the target, determni ne whether a

mut at i diii) exicptionaBy répestingsieps G add i) wish @ldditmn_al pucleotides,
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i ncor poy at i 9(1 Wteﬁ'we 4deAtifieRtidad o@CéOﬁﬂJté‘t@oﬁ 9n a target
any preceding c a| m erein the target polynucleotide

i pdlynudbedtidee domprisinghecstepsmat erial . 5. A net hod
oo o R TS el BoR BB R B8 Yl e and
mﬂr%r bfkhe PucRoliBEs @c(g:)r & 29t @ GMYerPESHEHOMY suitable for the
alm wherein step
po|ymerase reaction to proceed

(i) measuring the time taken for the polymerase to bind to and
subsequently dissociate from the target polynucleotide, to thereby identify
whether the polymerase has incorporated the nucleotide onto the target
polynucleotide, and with reference to the native sequence of the target,
determine whether a mutation exists.

3. A method according to claim 1 or claim 2, wherein steps (i) - (ii) are
carried out with each of the different nucleotides in turn, until incorporation is
detected.

4, A method according to any preceding claim, wherein the target
polynucleotide is immobilised on a support material.

5. A method according to any preceding claim, wherein a plurality of
target polynucleotides are immobilised on a support material.

6. A method according to any preceding claim, wherein step (ii) is

carried out by measuring applied radiation.



carried out by nmeasuring applied radiation.7. A method
according to any preceding claim wherein step (ii) is

wa@2005i0ed1®out by neasuring raman scattering. 8.PEI/GBRIVaWM03232
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according to any of clains 1 to 6, wherein step (ii)
is carried out by applying a suri@ce el ectromagnetic
wave. 9. A nethod according to any claim@8, wherein

the sumf ace pefREdPEBESIRIHF tOVBNE précatiing tfAse wHersifDstep (ii) is
wave. 10. A method according to any of clains 1 to 8,

wiearrigichoutdyemeasuring rameniseattenng.by measur ement of a

Purtocg oL oG CRIRAT SR ot SR, ESHELMPstn 1)
CREdPER By HEBIHPRLarhedBlechbimiRtcmeet 0. 12 A

od according to claim1l, wherein the label is a
f | uor oShor e A I8ethadnm@choutling clor dinyg clamc|&i wheteighdhe surface

pendent on any of cl ai 1 tp 6. wherein the
p(ﬂ"i}:ﬁ@%@eﬁﬁ%{“l’ﬂ‘@ |sc%ﬁ5n$§g%g%gm0&\g§\é§ donor | abel or
an e!ﬂeg@y aAQC fEtINGd bebSiding tfaiyef Blaimstiad & iileret detection is
carried out by neasuring energy transfer between the
f lcamiexbbiot ey enecistiramentedfy subacs electrategpete wave.
11. A method according to any preceding claim, wherein the
polymerase comprises a detectable label attached thereto.
12. Amethod according to claim 11, wherein the label is a fluorophore.
13. A method according to claim 11 when pendent on any of claims 1
to 6, wherein the polymerase further comprises an energy donor label or an
energy acceptor label, and wherein step (ii) is carried out by measuring energy

transfer between the fluorophore and the energy donor or acceptor.



