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‘31 MAR 2004 WO 01/25480 1 PCT/ GB0O/ 03860 DNA SEQUENCI NG METHOD Field of

the Invention This invention relates to polynucleotide seque
determ nati ons. 5 Background of the invention The ability to

ngaei“@tﬂm?ﬁﬂz’f t he

sequence of a polynucleotide is of great scientific inportance. For
exanpl e, the Human Genone Project is an anbitious i nt@ipeBiwesskoeffort to

AP128#9ence the three billion 10 bases of DNA encoded i

n the hunman

genorme. \Wen conplete, the. resulting sequence database will be a tool of
unparal | el ed power for bionedical research. The nmajor obstacle to the

successful conpletion of this project concerns the technology used in the
sequenci ng process. 15‘Th%) ﬂ%ﬁtiﬁﬁrughnangeneral use for large-scale

DNA sequencing is the chain er m nation nethod. This .method
devel opeiebyd 5 n (Sanger et al., Proc. Natl.
USA, 1977, 74.11

was first
Acad. Sci .

5463:5467) onanee14€bé ez conpbhgniskeot idiedesp@utardesat i ves of

the four 20 nueleoside tri phosphates which are incorporated into a nascent
pol ynucdeberd‘@r@fe'ﬂ%ﬂ ‘n a pol ynerase reaction. Upon incorporation, the

di dEOXyBQSR Yhinée Hft QFHE niahweerithieon pol yner ase reaction and the pr oducts are
ect roph d anRl ysgdqhenkeveabst heg position
at 25 whi ch Flli'@ pa‘?gi" hﬂﬁ deog%/@%g@%@gtlve was |f11{élo?1 orated _into the

chain. Abi ug:lletdﬂlsieneihoabfl sgwpdt| Eais dfiF pF-B‘BBEé;?%CFE'I i afi¥ resul ts,
it is recog‘ngsed t rtl slggho{naboq:rro igdtensiye and en&ansnmsﬁ 30 An
e

al t er na®¥PEPIEuent ng

spect r osnopiroardamal ¢ffardcita H@P anae

unparalleled power for biomedical research. The

od I's F%%g%% in EP A&QOﬁ vﬂlcgn uses

einto a

“aﬁgﬁ“tbggle)é“'é@ e hesdddnth cmllanmanagynomea t Hheet ccmrelt?ﬁs%hod relies

the resulting seguence database will be a tool of

major

obstacle to the successful completlon of thlS project
concerns the technology used in the sequencing process.

15 ‘The prlnc:.ple methoed in general use for large-
DNA sequencing is the chain termination method.

scale
This

method was first developed by Sanger and Coulson (Sanger et
al., Proc. Natl. Acad. Sci. USA, 1977; 74: 5463-5467), and

relies on the use of ‘dideoxy derivatives of the

four

20 nucleoside trlphosphates which are 1ncorporated into a
nascent polynucleot:n.de chain in a polymerase reaction.
Upon incorporation, the dideoxy derivatives terminate the
polymerase reaction and the products are then separated by
gel electrophoresis and analysed to reveal the position at

25 which the particular dideoxy derivative was 1ncorporated

into the chain.

Although this method is widely used and produces
relidble results, it is recognised that it is slow, - labour-

intensive and expensive.
30 An alternative sequencing method is proposed in

EP- A-

0471732, which usges spectroscopic means to detect the
incorporation of a nucleotide into a nascent polynucleotide

strand complemeﬁtary to a target. The method relies

on an

immobilised complex of template and primer, which is
35 exposed to a flow containing only one of the different
nucleotides. Spectroscopic techniques are then used to
measure a time-dependent signal arising from the polymerase



| mobi | i sed conpl ex of tenplate and primer, which is 35 exposed to a flow
containing only one of the different nucleotides. Spectroscog}ifkﬁfﬁ%iagues
are then used to neasure a tine-dependent signal arising fro "
pol ymerase 3 1 MAR 2004 WO 01/25480 PCT/ GBOQO 03860 2 catal ysed growt h of
the tenpl ate copy. The spectroscopic techniques described are surface

pl asnowO @sance (SPR)  spectroscopy, which neasures chBRGEBOPR3HA anal yte
within an evanescent wave field, and fluorescence measuring 5 techni ques.
However, limtations of this net hod are. recognised; the nost serious for
the SPR technique being that, as the2size of the copy strand grows, the
absolute size of the signal aI so grows due to the novenent of the strand
out of th:eta\liyrazsd:eglromheofléhﬂ tpmRlA§ei CORYrdedNED SREHUSIREOPHET enent s.
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backgrou rence fromthe fluorophores incorpo ag}fd the gr ow ng
nascent poegrrdseAPYle WARFR. MASPRES RRARAIGEORE, 31 AR r"()’tﬁﬂ noi se"
i ncr easeg andyihfadddiy I atitte ek ited dlS dRiceCif lerniesnearicst mbsasmmgorat i on

needs to 8 ncr eased Thi e e el trict e hod for
sequgnm ﬁgchl&ll@‘e;ﬁsrl ynu@P@’l‘f‘?’e}e\s{ T"ry'lﬁﬁgsfjplggnéﬁt %%#%nu@%eo??dggs'equenm ng

appr oachgscoghd st i tied mosYOserdeRH7 Formmhe\CSRROSSTIBLqUsHtbe big 20
whi ch e.”ﬁb?é fI uor@? %RzgeE%Ctt'h%n ngp}?r oS gﬂaaggbhgd fd egld SeoR! ecul es.

-These s are cleave enpl at e polynucleotlde
held in altéowfoy:lam sbpnatahlepagroys duetty| the jmogegent of (the pyn,

(1989; 730153090 by tdiee a6¥A0a0En @ uaYENES Leas e K ieny 0 Rordbese
cl eaved nhuc eotl es t en flow downstre artz flowcell, are

)subjl@ct etiot 0 defRFt exdNCHEMGHESd thé edet&?%ﬁeﬁﬁgﬁcgenﬁ?q%%rﬂ%?ect i on
system fouRMeHued iHEvea! tlpnsdDéadhastagehod anereacigy setbkgieundst

e U, S B E B A IR { Thckatioddia TBR Sndabel | ed
growing nascent polynucleot:.de cha:.n. As the chain grows,
the background "noise". increases and the time required to
15 . detect each nucleotide incorporation needs to be increased.
This severely restricts the use of the method for
sequenéing large polyhucleotides.
single fragment polynucleotide sequencing approaches
are outlined in WO-A-9924797 and WO-A-98333839, both of
20 which employ fluorescent detection of single 1labelled
nucleotide molecules. These single nucleotides are cleaved
from the t_emplé.te polynucleotide, held in a flow by an
optical trap (Jett, et al., J. Biomol. Struc. Dynm, 1989;
7:301-309), by the action of an exonuclease molecule.
25‘ 'i‘hese cleaved nucleotides then flow downstream within a
quartz flow cell, are subjected to laser excitation and
then detected by a sensitive detection system. However,
limitations of this method are recognised; the most serious
for the exonuclease technique being the fact that the
30 labelled nucleotides severely affect the processivity of
the exonuclease enzyme. Other limitations of this method
include 'sticking’ of the nucleotide(s) to the biotin bead : .
used to immobilise the polynucleotide fragment, thus
resulting in the nucleotiae flow becoming out of phase;
35 inefficiency and length limitation of the initial enzymatic
labelling process; and the excitation 'cross-over' between



‘pol ynucsedupaeedoa

t he exonucl ease enzyne. O her |imtations of this nethod i ncImL:gE
bi MABe2{l4e

. 'sti.cking' of the nucleotide(s) to the biotin bead used to i

pol ynucl eoti de fragnment, thus resulting in the nucleotide flow becom ng
out of phase; 35 inefficiency and length limtation of the initial .
enzymatic labelling process; and the excitation 'cross-over' between 3 1
MAR 280yb1h€uddl/ 25480 3 PCT/ GBOO/ 03860 the four differ eRCHGFEOUGIBEL | es
resulting in a greatly increased error rate. There is therefore a need for
an inproved nethod, preferably at the single fragnment |evel, for
determining 5 the sequence of pol yrucl eotides, which significantly

I ncreases the rate and fragnent size of the polynucl eotide seguyenced and
whi ch i sppr glfiablyfearened dyet nylemilemtbrpebiindoddss® PEBACIHY the
conplexity and cost _assogiated with existing nethods. 10 Summa of the
Inventibﬂc#ﬁésﬁu‘i%‘ﬁoﬁ AvVention i s based on the realisatjon &Eﬂ%t the
sequence of ghieategeis pohpmediosst idengsf HOTIAR HREFVER MELETA ng
conf or mati anal_,Gh ' y Fe alghinthiledeel t f@nddptecessdnanl ong t he
target PbF ﬁﬁgpgf{%%%egg%ﬁgétent of ;the conf or metignal;change, t hat
takes pthee Bequéinideer & RPIFMTLIT T ch ‘?’nﬂ?’@/i duaﬁ Adcleoti de on the
target |s. iR Y e Watkl bha EraymentAsdseddfgthe padynysdectdds he

present i nvention, génpn%lgg I:ﬁ% Sﬁégf&%’ﬂ?. the-Seavenis Ofpyd an

eps o ) reacting a tar

et :
_ pol ynuchgebigeed t brateswynerediing s tapabF@mBteXhE¥r aéfihg SATH and

9

precessing al.ong ,th nucl eot de,sander conditions sufficient to induce
ofidhq YA PR

t he enz¥ detecting confornmational changes in the
enjgne gammaby afz\bive Joeiidddl a| ong the pol ynucl eotide. In a preferred
enbodi ment, e ehEkERti $ndepolivieiaskased on the realisation that

the sequence of a target polynucleotide can be determined

| by measuring conformational changes in an enzyme that .binds‘

to and processes along the target polynucleotide. The

15 extent of the conformational change that takes place is

differént depending on which individ'ua_l nucleotide on the
ta‘rge't is in contact with thge enzyme.

According to one aspect of the present invention, a
method for determining the sequence of a polynucleotide

20 comprises the steps of: | |
| (i) reacting a target polynucleotide with an enzyme
' that'ﬁ is capable of interacting with and precessing along :
the'polynucleoti'de, under conditions sufficient to induce
the enzyme activity; and . | |
25 r(ii) detecting conformational changes in the enzyme as
the enzyme processes along the polynuclectide.

In a preferred embodiment, the enzyme is a polymergse
enzyme which interacts with the target in the process of
extending a complementary strand. The enzyme is typically

30 immobilised on a solid support to localise the reaction
within a defined area.

According to a second embodiment of the invention., the
enzyme comprises a first bpund detectable 1label, the
characteristics of which alter as the enzyme undergoes a

35 conformational change. The enzyme may also comprise a
second bound detectable label capable of interacting with
the first label, wherein the degree of interaction is



enzynme which interacts with the target in the process of extendi ng a
conpl enentary strand. The enzyne is typically 30 inmmobilised %o &1
support to localise the reaction wthin a defined area. Acco ﬁﬁ* 2004
second errbodi mant of the invention, the enzyne conprises a fi rst bound

det echap g@g the characteristics of which alter apcit/fizodniseoe
undergoes a confornatr-oval change. The enzynme may al so conprise a

second bound detectabl e | abel capable of interacting with the first |abel,
wherein the degree of interaction is,3 1 MAR 2004 WO 01/25480 4
PCT/ GB00O/ 03860 dependent on a conforrrational change in the enzyne.

Typi cal |y, f.irst q_rﬂi tda @%ﬁdelabel S
an ener@ &5‘2’%‘” an%Pdg'?e(ﬁ g&q?aﬁﬂ conforrratlonal change ri ed out
by nmeaswypigadiergythé finatfdnbbdt weednt IRNSLE | 2PeFRLC c@dﬂi ﬁ@ €to a
further _enbo mi%tbeﬁf ci_h__..e |@1ve|&rﬂeq@ fddHyescenre Remnanieg enehgy

t r ansf ePEER IS use detect @ con or natj onal change i [ ap.gnzyne
t hat |nten£mmamqnﬁhn@h%¥3€eé§e§a§|r aOIE%rB%thSF ST eby 10

det ?&:Qﬂs %f‘él‘:tﬁ‘é&? ©He tHeo pDalyeLel eotide.  Fl uorescence resonance
energy rans be car r| d bet ToHORQL | abel s,
each bound t&-qq@ Mgy, 2 gﬁ‘&? V}?&%}H{ﬁao?hgﬂ] f}fl, sﬁg/&%e bound to
the enzzmcmdm@tmomme bnerdyt ¢xtamﬁmr yhﬂ%ﬁ'@bt e usesd pkRording to
a furth odi nen St ak_tﬂétllq-hgéi-sgtgnzyrre
capabl eSSFeEﬁT & 5813%?%‘?{% anémﬁa%segs}g? naglj'?al on t ar get %ﬁgcl eot i de,
to det ewtithe anbde mmsofaltqm p8l VREIebt |P($@-b’0ﬁ’|’é?§?n t ‘alters
[ tﬁgdet(ﬁékgghﬁ C_Lk? actd st i gsq@énéde epgynetha0 pp@agaﬁﬂedmt@et he

C

nuc ording to a further aspect npri ses
)at | easFluneeSARsING | SRIPRARSAeSRETeh! B BB %eﬁte S’ctb ng W Jﬁé lc‘ir'c'))recessr ng
al ong apbai@en FRET donor and acceptor labels, each bound to t

enzyme. Alternatively, one of the labels may be bound to
the enzyme and the other label bound to the polynucleotide.
15 According to a further embodiment, there is the use of
a detectably-labelled enzyme, capable of interacting with
and precessing along a target polynucleotide, to determine
" the sequence of the polynucleotide, wherein ther label
alters its detectable characteristics as the: enzyme
20 processes along the polynucleotide.
According to a further aspect, a solid support
comprises at least one immobilised enzyme capable of
. interacting with and precessing along a target
'*) ‘ polynucleotide, the enzyme being labelled with one or more
25 detectable labels.
According to a further aspect, a system for
determining the sequence of a polynucleotide comprises a
solid support as defined above, and an apparatus for
detectlng the label.
30 The present invention offers several advantages over
conventional sequencing technology. Once a polymerase
enzyme begins its round of polynucleotide elongation, it .
tends to polymerase several thousand nucleotides before
falling off from the strand. Additionally, certain
35 specific polymerase systems are eble to anchor or tether
themselves to the template polynucleotide via a tsliding
clamp' (e.g. Polymerase III) which encircles the template
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pol ynucl eoti de, the enzyme being | abelled with one or nore 2 et ect able
| abel s. Accordisng to a further aspect, a systemfor deternini g MAR 2004
sequence of a pol ynucl eotide conprises a solid support as defined above,
and an apparatus for detecting the |abel. 30 The present invention offers

seveﬁﬁé ggs\éwt ages over conventional sequenci ng technbBCTIEBI0EISE a
poly % enzyne begins its round of polynucleotide elongation, it tends
to pol ynerase several thousand nucl eoti des before falling off fromthe

strand. Additionally, certain 35 spgcific polynerise systens are able to
anchor or tether thenselves to the tenplate polynucleotide via a 'sliding

clamp' (e.g. Polyner 111 ' chbekes(d hg. t &l e trdododfaR 2004 WO
01/ 2548@%@@% G&fo/gggeoé r_n})T]deMchclq’{elagp ii a m)gc L@ 100k (e.g. .

T7: t hi reagsbéx) wobabl paytipldl BRFLFGIFY gh@i gﬁlsé#hé tenpl ate. The
invention nmay al sg.enabba hegsaleb khhbhaseengkipf lilolbazesolkl) sequenced

in one go, at a rate of hundreds of 5 ba ' p ardgsTBES is a
resul t cof meBrRIdTRE bRy SERIVENS I%?“Ppﬁgﬁghtggfgg*é?eAﬁfa ggntagg of

seo,yen%é% dpaifhnNgke beapmant ThiBNAsi s resuldeplere@gerateg aPe
determned by_the enzgg& s%/gt@g}\utl S e3Pl a Ot P Mequdibingt a summat ed
reacti@hs?lﬁﬁﬂeaﬁg 0 correspondi ngly hi gher. Just asrinportant
as the ﬁ,g#qéatﬁ:agrﬁemthe i ION2 1§ sEfBEncES ?Bé’gﬂgagfrr@ § of TBNA. Thi s
will s %néﬁgﬁ%éx Cbé;‘d%% t DGR URly stfens UBEL Diised aaddt ot nupber  of

overl a S required to assenble _negabase_seg g8keSe€quUenci ng
i nf or netndiredn, addsumpagedls FRAGLIIE of fﬂggsid% & frggﬁgﬁt'agproach i S

t hEQ el [ i ﬁ,aﬂd%glﬁgzmggﬁ‘ém_smtataed iwpehrtEms s fdahish ::éfa{ dous
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will significantly reduce the amount of subcloning and the

* pumber of overlapping seguences required to assemble

megabase segments of sequencing information. An add%tional

15 advantage - of the single fragment approach is the
elimination of problems associated with the disposal of
hazardous wastes, such as acrylamide, which plague current
sequencing efforts.

pescription of the Drawings

20 Figure 1 is a .schematic illustration of a confocal
microscope setup for use in the invention;

Figure 2 illustrates a trace taken after fluorescence
'resénance energy transfer, with each of the peaks
represehting the detection of é specific nucleotide.

25 Description of the Invention . .

The present method for sequencing a polynucleot;de
involves the analysis of conformational.changes between an:
enzyme and a target polynucleotide.

The term "“polynucleotide" as used herein is to be

30 interpreted broadly, and includes DNA and RNA, including
modified DNA and RNA, as well as other hybridising nucleic
acid-like moledules, e.g. peptide nucleic acid (PNA).

The enzyme may be & polymerase enzyme, and a
conformational change is brought about when the polymerase

35 incorporates a nucleotide into a nascent strand
complementary to the target polynucleotide.l It has been
found that the conformational change will be different for



20 Figure 1 is a-schematic illustration of a confocal mcroscope setup for
use. in the invention, Figure 2 illustrates a trace taken aftlet MAR 2004
fl uorescence resonance energy transfer, with each of the peaks '
representing the detection of a specific nucleotide. 25 Description of the

I nvengj(%& 'Iago present method for sequencing a pol ynucl egichseooiodgéd ves t he
anal ysi (ﬁ conformati onal changes between an enzyne and a target

pol ynucl eoti de. The term "pol ynucl eoti de" as used herein is to be 30
interpreted broadly, and includes DNA and RNA, including nodified DNA and
RNA, as well as other hybridising nucleic acid-like nolecules, e.g.

peptide nugleic agid (P qﬂ@ﬁ W de a porynmes asy egzygRg and a
conf or n&@ aPCfchgll’?&e ‘Iﬂé\?%ernd%}gﬁt a Olrjgtn0 en the pol_gmara,se 35, i nﬁorporat es
a nucl egtiedefiote ameasoeindst thed cNGeWhly t LIBRE LY gethic

pol ynucl eot,i de. . S; fquad_ that the conformational change will be
Gt or omiepse gl AR bgﬁtégp?/\o 01725480, PCT/ GBOO/ 03860 6. sagh of ot he
r SuTi

di fferent nudkoerdativelyT the Rnzymsdray :hlbvﬂ'lgeghange
Ty Sbe Sy Tt B et Lo Wi nolyoieLeati do
e.g. a koizZysise PEATGAE, aﬁ‘% PSS SR M1 oe)%‘“gz'yrkri\iei.e g? S’rﬁe.g{%%?rgegprggcessés
al ong t he Rl yeuel epblgruclestidef oritet | cpnformasiaryewiddpe@drRgeon which
“nucl eoti,de on, the tar [ t_] ght onl Phe cRHREt W ths B atway of
~ det ectiﬁ&PE%ﬁ%r%t‘?%%% %fﬁg%géeuyﬁgt Re “enzyne-is to rresésur(é@?esonance
ener gy tihtesfaontactweeibtld. suitable energy donor |abel and a suitable

‘\ gnﬁrﬂgy accepiie ahebs bater? igwA®| €ohférmapoenabd chmmep oinatheeach
: ourfd to the enzyne”and the confor matlonéallj1 changg il _teg:e.b%?wggﬁy br ought
)_about benizyme nt8r £t MEASKHEEh TP Tet %mnucﬁeotfl e alters tﬁg
rel ati vg BRSO ingr®f ddior label and a suitable energy acceptor
| label. In one example the donor and acceptor are each
bound to the enzyme and the conformational change in the
15 eﬁzyme brought about by its interaction with the tgrget
polynucleotide alters the relative positioning of the
labels. The differences in positioning are reflected in
the resulting energy transfer and are characteristic of the
particular nucleotide in contact with the enzyme.
20 Alternatively, one label may be positioned on the enzyme
and the other on a nucleotide of the target or on a
nucleotide incorporated onto a strand complementary to the
= target. ‘ _
) - rThe use of fluorescence resonance energy transfer
25 (FRET) is a preferred embodiment of the invention. This
technique is capable of measuring distances on the 2- to
gnm scale and relies on the distance-dependent energy
transfer between a donor fluorophore and an acceptor
lfluorophore. The technique not only has superior static
30 co-localization capabilities but can also provide
information on dynamic changes in the distance or
orientation between the two fluorophores for intramolecular
and jntermolecular FRET. Since the first measurement of
energy transfer between a single donor and a single
35 acceptor (single pair FRET) (Ha, et al., Proc. Natl. Acad.
Sci. USA, 1996; 96:893), it has been used to study ligand-
receptor co-localisation (Schutz, et al., Biophys. J.,



| abel s. The differences in positioning are reflected in the resulting.

_energy transfer.and-are characteristic of the particular nud togiReZ00h

contact with the enzyne. 20 Alternatively, one | abel may be positioned on
the enzyne and the other on a nucleotide of the target or on a nucleotide
I ncorporated onto a strand conpl enentary to the targe‘;CT,('E?@ww%@o of
f | uowep1£23¢88 r esonance energy transfer 25 (FRET) is a preterred enbodi nent
of the invention. This technique is capable of nmeasuring di stances on the
2- to 8nmscale and relies on the distance-dependent energy transfer
bet ween a donor fl uorophore and an 7acceptor fl uor ophore. The techni que not
only has superior static 30 co-localization c I ldti e al so
provi degoignf oT4rB2228) on tey rRFRRe cﬁ%bigb}':hu‘f‘hggg){ys%%%cgig?@tor_i ent ati on
bet ween_the t lJAéJOFEﬁQi'Ioréﬁz*ﬁéeétﬁﬁéﬁﬁﬁecmmeréﬁﬁlpﬁﬁer VST ar  FRET.
Since FABCEFYAT Teasur enent Qr ep y 4 fer i ween 3deintdlMy donor and
a si ngkataldyadceptda.(siegl 84 pair ﬁ?%T) '{I%a% ‘et al.,_Proc,. Natl.. Acad.
Sci . USA. 1996+ 86803k takkeshamdesnbupenul 3t3Phgy 9% gdmeiv or
co- | oc&PPESET on (. Schutz, et a1, BiGREYS-adl, o8 thibi 20Ar4aNI&d/ 25480
PCY/ GRALLEYSERT MAFHE, %:’2’%2%‘5’, f0 probe quuljll i briym pr OB?i nysd T uct ur al
fluct uggjeonén&mdienémsubpplépébﬂﬁt SIS uA Ny S tat arysi's (Ha, et
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al., 1 Supra), and to identify confornmational states and

‘sub- popBVan of individual 5 diffusi ”D;Leeccl;‘%ﬁz?iiaﬁ Riutiengg Al of

_these vari ahftes presenbyisVeREdCRs "¥pId-Cable W
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I'n the contexi of the '
invention. The DresepbhhAyeelsi ctrhamyrmits'xrdaeoléb]’rﬁeﬁlé’lﬁl%s*?ﬁe measur enent

t echni Eﬁ&m‘{ at require only a_si.ngl e¢ | i h0; Afahyekeri hehei s capabl e
ofjoreasmyi ngyehgrgddatn 1fe PEE l%gn%rglﬁ%ﬁflo theagézyrgoelg%)_‘ige single
tion.” Vva

ol ecuh o4 eVehvirenarntcoept seemBMEnEt of Pehe> 1 HY VAT T ous
. jevel, is an accepted embodiment of the invention. Various,

properties ‘of single fluorescent probes- attached to ‘a,
polynucleoctide processive enzyme apd/cj':r J.ts‘ substratefs)
15 can be exploited in the context of the 1nven't:|.c.3n'to provide
data on variables within or in close prox:.mlty-' T:_o the
enzyme system/molecular environment that ar.e SpeCliflc to a
nucleotide incorporation event. Such var:L.ables :L.nclud?,
but aré not limited to, molecular interac?lons,‘enzymétlc
20 activity, reaction kinetics, con_format?.onal.l dynarfu.c-:s, |
molecular freedom of motion, and alterations in act;v1ty
and in chemical and electrostatic environment . )
" Por example, the absorption and emission transit:..on
dipoles of single fluorophores can be de?erm}ned.by'us%ng
25 polarized excitation light or by analys.l.x‘lg .the.em:l.s's:.clm
| polarisation, or both. The temporal varfLatlon HT dlp? -e
orientétion of a rigidly attached or rotationally ?lffu51ng
‘tethered label can report on the angular motion of a

macromolecule system or one of its subunits (Warshaw, gt

30 al., Proc. Natl. Acad. Sci. USA, 199'8; 95.:8034) _and
therefore may be applied in the present :anent:.or.l. |

The labels that may be used in the present 1nvegtlon

will be apparent to those skilled in the art. Preferably,

the label is a fluorescence label, such as those dlsc?losed

35 in Xue, et al., Nature, 1995; 373:681. Alternat-:nrely,

fluorescing enzymes such as green fluorescent protein (Lu,

et al., Science, 1998} 282:1877) can be employed.
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properties of single fluorescent probes attached to a polynucleotide
processi ve enzyne and/or its substrate(s) 15 can be exploite i& hhf .
context of the invention to provide data on variables wthi 1o A @Hose
proximty to the enzyme system nol ecul ar environnent that are specific to
nucgl eot I ncorporation event. Such variables include but are not
I|n1téﬁ036&&ﬁﬁleculgr i nteractions, enzymatic 20 activi tRCT/GBA0/PIsE0,
ki netics, conformational dynam cs, nolecular freedom of notion, and
alterations in activity and in chem_ cal and electrostatic environnent. For
exanpl e, the absorption and em ssion3transition di pol es of single

fl uorophores can be determ ne S|ng olariz d excitation |ight or
by anal ysi ngTiHe BrESErERd p(ﬂ“g}q‘i“d'f élb'gt ﬁm’?ﬂ BrtpHAVeVEF 7 at i on i n

di pol e ;g{baRlead | e Ohs@ 6f gsﬁihylatfuaelredcenceommemﬂ]és/ wllnat usrag

tethered | a eI n re t on. the an a o] cr esystem
or one ®PVRtE ni t ‘%V\ﬁr%]rﬁ%v SBY #ro‘l('::a%tl na\%_];aa e‘gf:l 9 E#é

95: 803 oayﬂucﬂﬁacaildeMamsrma;azmeamalg-eder-m‘aml’m]esfmdamment|on
The IabEJﬂgqiéhat may be used in the present invention wll be apparent to
thode s dinthe art. Preferably, the | abel is a fl uorescence | abel ,

such as t hosafdifdelarsatars lgbals aze yped Matkhe inkpntigng:

Al ternag ¥iod | BQ Sﬁén&ﬁ&m % Eétélﬁ?@ﬁlclﬁiﬂgr esafaBleddr el n (Lu,
et al %c%%n%g 1993{3 282: 1877 can gg l.oye 3 1 R 2004, 'Bp

01/ 2548028 PEFLCEINVITED EE BOREIRISn
howeveryayi Bgolawesid hﬁam@ﬂﬁbsaﬁl isf tuocasrgnoatnuhwulmmmnale

et 'Xat"%‘“%g%'r;%&%ﬁ G, s2ubepaREate, %**‘?Pﬁ%%'esézﬁ#i?‘a%e e used:

in the amvent tome. themln@etﬁblsonﬁ%ﬁww precesshy phet oPPEERRFng caused

by sequence of signals - can be determined ~and the
polynucleotide sequence determined. For example, by
immobilising a plurality of enzymes on a solid support and

15 contactlng them with the target polynucleotide, the
sequenc1ng reactions should start at approximately the same
time. Excitation and detection of fluorescence can be
localised to a proportion of the total reactions, for a
time until photobleaching becomes eviden't. At this time,

20 excitation and detection can be transferred to a different
proportion of the reactions to cohtinue the sequencing. As
all the reactions are relatively in phase, the cori'ect_
sequence should be obtained with minimal sequence re-
assembly. '

25 The labels may be attached to the enzymes by covalent
or other linkages. A number of strategies may be uséd to
"attach the labels to the enzyme. Strategies include the
use of site-directed mutagenesis and unnatural amino acid

" mutagenesis (Anthony-Cahil, et al., Trends Biochem. Sci.,

30 15989; 14:400) to i-ntroducé cysteine and ketone handles for
specific and orthogonal dye labelling proteins (Cornish; et
al., Proc. Natl. Acad. Sci. USA, 1994; 91:2910).

Another foreseen embodiment used to tag the
polynucleotide processive enzyme is the fusion of green

35 fluorescent protein (GFP) to the processive enzyme (e.g.
polymerase) via molecular cloning techniques known in the
art (Pierce, D.W. et al., Nature, 1997; 388:338). This



repeat ed. exposure to excitation wavel engths. One possible way to avoid
,this problemis.to carry out many sequential 10 reactions, but, det ecti[ﬂﬂ
fluorescence signals on only a few at a tine. Using this i t erdadli MAR 2
process, the correct sequence of signals - can be determ ned and the
_ polynucl eoti de sequence deternm ned. For exanple, by i praithiondsags a
pl ur WO 28480enzymes on a solid support and 15 contacting themwth the
target polynucl eotide, the sequencing reactions should start at
approximately the same- tinme. Excitagfion and detection of fluorescence can
be localised to a proportion of the’ total reactions, for a tinme until
phot obl eachi ng becones_evident. At this tjg,.2 Qic@fliedon-@neneet ecti on
can be teansianeeda® RegRf ﬂ@FE’HlStrﬁ‘Fggor |oneo???%e reactions to continue
the se UgQ%hQ% A &f | cbhgornacionas ahenges| AMiveMAKhy pRis@lthe correct
sequence shou d be_ obt ai neg \th o njmly SegueRatge® eSBephsy. 15 The
| abel s myufgéfat¥%1%?1éd3§8’ ﬁ enzynmes by coval ent 0(5 f)t her |inkages. A
nunber 9f st bRy emyly Amdis&Ex o Ukt AAPEmSTI R to the enzyne.
Strategies include the . f rSitgadliireamp@biltiagenesie endymeasat ur al
ami fo aci d ﬁﬂpfﬁe%isgl%}%l%oﬁé- Cahi |, et al., Irlg%%% Biaghama sei ., 30
1989; 141 200bet appamentute thetdrhblefPIADe Randi e ‘fgr  specific and
~ort hogona| dﬁg ?,g{gégﬁgl@r,ggfim (&ed ni sthe esuppert Pidd. yptallncad. Sci.
usA, 1992F2Y155910) Anot her foreseen %ggggkggggo&pﬁg}x.@et&ﬂmd
~ pol ynucbeoai Héapesc S&3EACSenz FREYTS ¢Re rusion of greén 35 fluorescent
pr ot ei no\(_lg: t el dHtOCEB S btheenmaans e. g FoFol SHIFRLR) VY& ul ar
cl oni ng"techni ques. kngwn in_th A LefPites cartRclY eb a. suidabky 1997,
o 3880338} 1n¥RiTs Poderiyle 2’66‘2 %5 0?%55480 9 PCT/ (%%oqt?l%g%o Lgchnigue has
" ’been deppaphreicdenayie .appPtsaskaens tReEhAdEs Hehent of conf of mati onal
changessk%)i%\gilger&ngl Y | . |
' e There may be one or more enzymes immobilised to the
_ In a preferred embodiment, there are a

This allows monitoring of

solid support.
15 plurality of enzymes attached.

i useful to overcome
many Sseparate reactions, and may be

photobleaching problems as outlined above.

A variety of  techniques may be used to measure a

conformational change in the enzyme.  Resonance enexrgy

20 transfer may be measured by the techniques of surfaqe

plasmon resonance (SPR) or fluorescent surface plasmon

resonance. Ny
other techniques which measure changes in

) . However,
) | or energy

radiéftion via interaction with a 'label'
25 transducer may be considered, for example spectroscopy by

total internal reflectance fluorescence (TIRF), attenuated

tion (ATR), frustrated total reflection (FTR),
. scattered total intermal

total reflec
.Brewster angle reflectometry, .
reflection (STIR}, fluorescence lifetime imaging microscopy
(FLIMS), fluorescence polarisation

fluorescence spectroscopy, or evanescent

30 and spectroscopy
anisotrophy (FPR) .,
wave ellipsometry.

The invention w
following Example,

35 drawings.

i11 now be illustrated further by the

with reference to the accompanying



Nat ure, 1997; 388:882) and |ocal pH changes (Llopis, et al., Proc. Natl.
Acad. Sci. USA, 1998; 95:6803). 5 Supports suitable for use iy, i mobjli.sing
the enzynes, w | be apparent to the skilled person. Silico ,1gMé§s Wha-
ceram cs materials may be used. The support will usually be a planar

surfa | mobi |'i sation may. be carried out by ot her
Vgl Foiabitosth

nmeans. anpl e, covalent 10 |inker nolecul es may be use ach to a
suitably prepared enzyne. Attachnment nethods are known to the skilled
person. There may be one or nore en YyTes i mobilised to the solid support.
In a preferred enbodiment, there area .15 plurality of enzynes attached.
This allows nitoring of many separate reactions, and nmay be useful to
overcoﬁ%ﬂ—ﬁﬁggbbleaching probl ens as outlined above. A variety.of

t echni ques nahike Exauwple weaduse coniesidlor MMPEHFCRAGNFELMP t RS enzynre.
Resonaqg ~SHCLEW Fi  tyansfer may be neasured by the techniques of surface
pl asnon“tesonance (SPR) or fluorescent surface plasnpn resonance. However,

ot her techni Hash weferensss tPeFdFandestif SFEHR HATHITE PhtR2 83 on with a
| apel 'té’ﬁlé“g(&gy aﬁlﬁettén%@aeﬁl rat??lsli@ﬁ eéa?Fdelieﬂ, frorX exanaml z |
spectroscopy by total internal_ reflectan rescence RF) . attenuate

t ot al r%-‘rfF‘%BFFLQH‘S('ATPQ).,Cer?’?Et F&vg&'ﬁdtpal ??éf I"(‘lyaig t-Te}gn‘?%CFTE%,E: .élf”e ®ter angle
ref | ectp{@to¥luiedid ef@dw otelli nsgshal withedn orirfl8Tt R) (8X | ubrescence -
lifetine imaging m S 0 . c EVS)! epLence
pol-ari s’a‘[“FBﬂg“S%f‘?ot% ?%pﬁ?fgt‘f%A)t% 1%3%(3?('1::2?212@51&%?{1 rdc\)fccgﬁi%ﬁ g%/gnescent
wave elan@sonstilpotiides nweias orkhe | | 1P HEised us{Pat e@FIMSHRSDY t he

. 10} 0vi oy EXBITR! F3) W fic hehod aieerés, Aied ans aiplied ne7) Foslwastgs. 3 1 VAR
)20 Incidez"n?4 loigFl)&T/ 913-83/ %38 gség l.EL)iang%l Csource (6} for donor
: excii:ation is delivered via an oil-immersion objective (5).

Protein Conjugation '

In this experiment, Tetramethylrhodamine (TMR, donor)
15 énd‘CyS (acceptor) where used as the FRET pair. This was
due to their well separated emission wavelengths (>100nm)
and large Foster radius. . | |
T7 DNA Polymerase from New England Biolabs (supplied
at 10 000 U/ml) was used. 50pl of T7 was buffer-exchanggd
20 in a Vivaspin 500 (Vivaspin) against" 4 x 500p1 of 200mM
Sodium Acetate buffer at pH 4 in order to remove the DTT
from the storage buffer that the T7 DNA Polymerase is
supplied in. Then, 50pl of the buffer-exchanged T7 DNA

) : polymerase was added to 100ul of Sodium Acetate buffer at
25 pH 4 and 50 pl saturated 2-2-DiPyridyl-DiSulphide in
agqueous solution. This reaction was then left for 110

minutes and the absorption at 343nm noted. Finally, the
sample was then buffer-exchanged into 200mM Tris at pH 8
as before (4 times 500ul).

30 'Dye attachment was verified by denaturing
polyacrylamide gel electrophoresis. Cy5 succinimidyl ester
(Molecular Probes) was conjugated to the TMR-T7 DNA
Polymerase under the same labelling conditions and purified

and characterized as described above.

35 Polymerase Immobilization
Glass coverslips were derivatized with N-[(3-

trimethoxysilyl)propyl] ethylenediamine triacetic acid.



Thi s Exanpl e used a confocal fluorescence setup, as .shown in Fig. 1. Wth
, reference to Fig . 1, the setup consists of a scan 5 table (1 1a|°i|AR %@4

scan at high resolution in X, Y and Z dinensions, a class coverslip )

which is part of a mcrofluidic flowcell systemwth an inlet. (8) for

I ntroducing the primer.-tenplate pol ynucl eoti de conpl ex&(]_4 a 9
nucl aphiedessspver the i mobilised (9) polynmerase 10 nol RSt ({0\’3‘5} Bthina
buffer, and an outlet (7) for waste. incident light froma |aser |ight

source (6) for donor excitation is delivered via an oil-inmersion
objective (5). Protein Conjugationiin this experinent,

Tet ranet hyl rhodam ne (TMR, donor) 15 and Cy5 (a%%ﬁﬁtsor wher e 1th_ed as the
FRET pﬁ;ﬂe Jbisrumsp Wue thehhglnedelntoepafdO¥ SEti's FOTPIRVET engt hs

oa d ¥ | R fyowmview Ehgl and
(Bi>o| aggqagﬁgﬁphg:&%%atgqég%ﬁ{)@%; #{3 Ho@% hyEiesesiyo gl an

, was used. 501.of T7 f - exchanged
20 in gy maspi ped0gladisy aspitycagai st 41%’%31%‘50?0}3& odi ‘B%éAcet ate
buf f er t‘%ﬁ@?@é%@ ofder Lo wieFBve hha H1 owedmtichef 3owr aeuEP€r that the
i S

T7 DNA supplted 1n. Then, 501 .qf. the huf fels exchasged T7 DNA
pol ¢ mergseevebindded that oprosei8odYifm Al %’tlg'lbsfﬁlfer at” 25 é(IpH 4 and SO Al

saturat ed fa'géDi Pyridyl - Di Sul phide in aqueous solution. This reaction was
or

then | M 110 minutes and the Lgn gh3nnaT@sedwakemal |y, the
sanpl e was t%ﬁtS&Pﬁer‘fﬁ%héﬂﬁé’d :f'huﬁgég%ggé& & ks -

: mv Tri s at pH)g aeb%fa%re(#
ti lmes érgaae F?itlhaﬂbacrdamtit_.yvﬁ@ vbatfp_ﬁa?bf;%ﬁ‘b? mgmﬁm |
pol yacryl am de, gel _el ec v MEneS UOC | A1 esner ul ar
Probes)‘-“@ﬁ%rc'ﬁhguggfga %é{%?%gl%'ly? DNAes Pol 3 r{e?sfglel ndef athg eenne |
| abgl | i Kondbtidomsn P 3R i FREFT . a racterized as descri bed above. 35
Ryt 1 uae 18 ARt
Pol ymer ase | idd zahign {3 858 Gavespbrp:mim® @br ik | 2EESETIY™N- [ (3_
trimet HXysiTyl)propyl |_ethyl enediaping LetapebEcaaskanndny-MRR004

objective 1in an ep i ‘
confocal microscope. The fluorescence emission ‘was

collected by the same objective and divided into two by a

15 dichroic beam splitter (long pass a; 630 nmr a?d dete?ted_

by two Avalanche Photo Diode (APD) counting units,

i ously. |

Slmul:é?is nm?band pass filter was placed in frogt of t?e

donor detector; a 650 nm long pass filter was placed in

20 front of the acceptor detector. since the spectral ranges

during fluorescence detection are suffiqiently‘reéoved from

the cutcoff wavelength of the dichroic beam.s?l;tter, ;he

i ) polarization dependence of the detection efflClency ?f both

b donor and acceptor signal ig negligible. It has been s?own

25 that the polarization mixing due to the high near fleld_

aperture (NA) objective  can be overloQKed (Ha et al,
Supra) . . o )

in order to acquire donor and acceptor emission times,

a search condition on the acceptor signal was employed as

30 outlined in (Ha, et al., Appl. Phys. Lett., 1997; 70:782).

This procedure .aids in the screening of doubly labelled

proteins: with no direct excitation of the acceptort only

proteins experiencing FRET could show acceptor signal.

Once a protein was scrgened, located and positioned under

35 the laser spot, donor and acceptor time t?a?ef (5 Lms

integration time) were acquired. The acquisition time

jasted until all the fluorescent labels on the target



WO 01/ 25480 11 PCT/ GB00/ 03860 The coverslip was then glued into a fl owcell
arrangenent that allowed buffer to be fl owed continuousl y..ovegfgﬁ 0
derivatized glass surface. The | abell ed- pol ynerase was then ad R(g @!he
buf f er and aIIovved to flow over the 5 coverslip so that protei n was

|mmb & the glass surface. Proteins were then | ‘F .{a’gapn t he
gl ass- vva er Interface with |ow density so that only oné ecu

under the |l aser excitation volune at any one tine. Laser 10 |ight (514 nm

Ar ion laser, 15 W circularly polar hzed) was 'focused onto a 0.4 m spot
using an oil imrersion obj ectlve |r} an epi -illumnation setup of a

scanni ng- st age onf oc The fl uorescence em ssi on was

col | ectIé"EPB?‘-Phé’%seﬁ?e lﬁ'b?te%tﬁ d divided into two by a 15 dichroic beam
splitt efedtODONDIIH taitatfizfh nn) and detected, by two Aval anche Photo Di ode
(APD) countipg units u@ély Qi‘!s@é“ﬁs& didrifdrdas placed
in front of '?%e Q’ r%"“‘gée‘{%‘% or; 65% | ong pass f| QT':g('ir was p]I:aced I n

20 frorphmﬁphhaamcbma)rcfmle‘?@tw §hﬁcelf—a@n§§e1aq% ¢ SRfenedrafg
f h %gféc‘cfndﬁéeit a8 AkeasHbf tﬁéeegzeteﬁm%um@mtﬂdw cridfdhaavel engt h
O e

hroic beam splitter, .the a dependence of t.he
det ect |C0hl§¢ﬂf11i-l€ﬂ-@ﬁ’é'-3?-q; sethnedonsr ﬁe 3{?{%" ¥AGn =52 REgIGRFbIe. It

has beep-shown 25 that t{cy,h_e m]myomaﬂamtmﬁes novethee treeadieedi gindenar fiel d

~apertu obj ectiv an, be W, ( r:ea)']?i: jld) order to
acqui ré’%‘?ﬁb‘% FaEE AR &8 o I?PK%SL é%@ea?% Eng%gltl néc%?\ t he

acceptor S|gnal vvas enpl oyed as 30 outlined in (Ha, et al., Appl. Phys.

ot RtendRadRRECTR o ANIEIAICEABEAGAEARRERAGAG doubl y

) erns: I rect excitation of_ the acceptor, only
prot ei ns experiencing FRET coul d showsf&etﬁ dO9s gnal. Once a protein was
screened, | ocated and positioned under

CTCTCCCTTCTCTCGTC SEQ ID NO.2

15 The reaction was then initiated by injecting the
primed DNA into the flow cell with all four nucleotides
(dGTP, 4CTP, dATP and dTTP) present at a concentration of
0.4mM. The flow cell was maintained at 25 degrees Celsius
by a modified peltier device.

20 An oxygen-scavenging system was also employed [50
ug/ml glucose oxidase, 10 pg/ml catalase, 18% (wt/wt)
glucose, 1% (wt/vol) f-mercaptoethanol] - to prolong

. fluorescent lifetimes (Funatsu, et al., Nature, 1995;

. ) _ 374:555-558) .

25 FRET data anavylsis

Initial studies have determined the origins of
blinking, photobleaching and triplet state spikes (Ha, et
al., Chem. Phy., 1899; 247:107-118), all of which can
1nterfere with the underlying changes in FRET efficiency,

30 due to distance changes between fluorophores as a result of
conformational changes. After subtracting the background
signal from donor and acceptor time traces as disclosed in
Ha; et al., 1999 (Supra), a median filter, with five points
average, was applied to remove triplet spikes. Next, data

35 points that showed simultanecus dark counts on both
detectors due to donor blinking events were disregarded

from the time traces.



35 the | aser spot, donor and acceptor tinme traces (5 ns inte%:ation tinme)
. were acquired. The acquisition time lasted until all the fluerésHaRt2004
| abel s on the target 3 1 MAR 2004 WO 01/25480 12 PCT/ GBOO 03860 protein
wher e phot obl eached. Reaction Initiation Two oligonucl eotides were
synt hesi sed using standard phosphoram dite chem stry. %Gﬁb&l@ﬁ@b’d eoti de
def i Nn®@ ®&5489 SEQ I D NO 1 was used as the target polynucl'eotide, and the
ol i gonucl eoti de defined as SEQ ID No.2 was used as the prinmer. The two
ol i gonucl eoti des were reacted under _ hybridi zing conditions to formthe
target-prinmer conplex. 10 13
CAAGGAGAGGACGCTGTCTGTCGAAGGT AAGGAACGCGA (‘abéggﬁ,A E Nl
CTCTCCCTTCTCTheT Grspant pofo 4oner Tﬁé@é%t?éon vxéas ?r?ﬁ%rzﬂrgftc; ﬁ ed by
injecti c:me% DNA ireliatielde fé otheelquagtym k| cl i des
%%f‘é?ﬁég%P an

(dGTP, TTP) pr t : A f BEiOAcPes. 0. 4mM The fl ow
cel | Wasohﬂpﬁilﬁﬁné&datt%?%%é’g’reg‘-zag'rl@%%s&% 2 modi i ed gel tier device. 20
An OXygen- Scayerging tyysisfiaras i st enfl oyfdd'g 50-TFH  YPGcoddDki dase, 10
[err]g/nl catalase, 13%.( . et UePSkey 1% lwe/ vatyace during
[er$] - r@PE@PREE hanol ?h%om%JrR\c%%nge f1yor eig%;hqacgif eéﬂcfw i(rﬁﬂ% et al.,
Nat ur e,péQ%eri&Etﬁ;%0559§r93t25tF o V1sis 1nithal udi es have
det er m'£|ed ”he%%irgé n%‘i@f. bki nk¢ R, plpiaideactorespendsi fiet et e spi kes
"(Ha, et®-al., em”™ Phy.”, 1999:. 247:107-11 Lk lhOf-;WHiCk Fafd nterfere
~with t heoundemeptn®tc ?%%@Ré% égfi (EL:Li 2%1'8??'&38%1}9?{0 di st ance changes
bet wee nl{.ihugr SRRY §ras whirads Hybwidisemier neR¢ oRBRL M RafGRI A R et
subtracting the background signal from donor and acceptor tine traces as
_"‘)di d8losed in Ha, et al., 1999 (Supra), a nedian filter, with five points



-average, ‘was “appl.ied to.renove triplet spikes.- Next, data 35 points that
showed si nul taneous dark counts on both detectors due to Oﬂ%ﬁ@‘?'@@f ng
events were disregarded fromthe tine traces. 3 1 MAR 200 / 80 13
PCT/ GBOO 03860 The anount of donor signal recovery upon acceptor

phot obl eaching is related to the quantumyields of the nolecules and their
‘overall detection efficiencies. Enejgy transfer efficiency time trace was
then 5 obtained. The FRET efficiéency time trace during polynerization of
target strand SEQ ID NO 1 shown in figure 2. Reading Fig. 2, the sequence
corresponds to the conplenent of that of SEQID No. 1 (reading right to
left, rChAB$hat part which hybridises to the prinmer sequence). 10. 3 1

200 T A by o R 48 oo gy dossy et

pol y”“C|Lﬁ8%E§F§¥Eth an enzyme that is capable of 5 interacting wth and
processi ng al'ong the pol ynucl eotide, under .conditions suffi%ie to induce
enzyme activiity; dedclinga tasgelcpalyRMciestids wih 2oRIFYRR DA &R enzyne a
the enzyne processes along the InCle, r g dienee '
conpf sé@‘e&a‘?‘lﬂ%f"" oﬁﬂ% WP%%FP&%%ﬁ‘%ﬁl&ﬁeﬁ}f@gﬂ?ﬁﬁe@'ﬁhﬁﬁaﬁh eristics of

whi ch al-stlﬁirir:i tbhRdGF B danggeand conformational change, and the
target polynucleotide does not conprise a f]uorescent nolecule. 2. A nmethod
accordi ng to il ai rdelectingerarifarmationsh £1ARAesININE ENEHEICRLINCHIAYHE 3. A

met hod according to claim1l1, erein the enzyne is a helicase enzyne 15 or
a pri.nas?f"ﬁ?&%ﬁ?émﬂgﬁﬁ B@Vﬂ‘dﬂg@é‘iegrdi ng to any preceding claim wherein the

enzyre is i Rjypdtel fRdemynfe s6mptses prfirst bound fluorescent molecule, the

: 10 characteristcs of which alter as the enzyine undergoes a conformational change,
and the target polynucleotide does not comprise a fluorescent moleculs.

2. A methad according 1o claim 1, wherein the enzyme is a polymerase

enzyme.
3. A methad according ta claim 1, wherein the enzyme s a helicase enzyme

15 or a primase enzyme.
4. A meihod according to any preceding claim, whersin the enzyme is

immobilised on a soalid support.
5. A method according to claim 4, compnsing a plurality of enzymes
ymmabilised on the solid support.
20 6. A method according to any preceding claim, wherein the enzyme
" comprises a bound label capabie of interacting with the first molecule, wherein
the degree of interaction is dependent on a conformational change in the
enzyme.
7. A method according to claim 8, wherein the label is an energy donar, and
25 wherein step (n) is carried out by measuring energy transfer between the
fluorescent molecule and the label. |
8. Amethod according to any preceding claim, wherein step (ii}is carried out
using canfacal microscopy.
9. A method according to claim B, wherein step (i) is carried out by

30 fluorescence imaging.



-5, A.nethod according tao claim4, conprising a plurality of enzynes

i mmobi |l i sed on the solid support 20 6. A nethed according to:?qy ﬂRegMﬂing
claim wherein the enzyne conprises a bound | abel capabl e of inperacting
with the first nolecule, wherein the degree of interaction is dependent on
a conformational change in the enzyne. 7. A method according to claim®6,

- wherein the label is an energy doper, and 25 wherei'n step (ii) is carried
out by neasuring energy transfer between the fluorescent nolecule and the
| abel . 8. A nethod according to any preceding claim wherein step (ii) is

carried out using confocal mcsosco ¢PESHieg@oup cl aim 8,
wher ei1f. st &pmeth a@owﬂgi%@b%ﬁc%915%‘89%’@8?%@% cgﬁi magi|ng. 3 1- MAR 2004

15 1 0. A nethod b abuchicdmhelalteredcharastesistics 0bp (ii) is
carri & TBERSHIHE %@??ﬂsghgﬁgﬁgoi ar |ssg[tli on effect consequent on the altered
char a‘iﬁé‘ﬁt&ﬁﬁ&écﬂé. the first nolecule. 11- A nmethod according to claim 10,
wherein step (ii) is carried out b f LUOLESCERC ' i St ben

ani sot1iophyA meahod assrding Jppdptm @Mﬁrf%’%ﬂ’gr&% ﬁgag’t E%lrﬁ%rdi rTTT'DbI?)| i sed

pol ynerase, helicase, . -aqr.. e enzyne, the enzyne being | abelled with
at ei%@f%ﬁfér\gﬁé’??%b%’tpna{nﬁcgt and at |east one FRET accg‘gggé | abel . 13. A

solid ﬁJppqﬂ(gmwﬁétmmpﬁsmgnmaszpne\/immebilise%ﬂlvm?éﬁs‘?' $80r ophore.
10 14. 7A system for determ ni nlg a i?equjlegfe ls‘)f f%a%glo\ﬁ@ ETtddior conprising
a  soldreprimmgmenzyoe g STy E¢ae eg Wity 21 ,'and an apparatus for
det ecﬂé&‘ ar%cp 5t 163565 FRET acceptor label.
13. A solid support according to claim 12, wherei
10 14. A system for determining a sequence of a polynucleotide, comprising a
to cjaim 12 or claim 13, and an apparatus for detecting

n the label is a fiuorophare.

solid suppart according
the labels.



