16 Novenber 2005 POLYNUCLEOTI DE SEQUENCI NG METHOD F ield of the ,

I nvention This invention relates to a nethod for deter mgndgmbéreosequence
of a polynucleotide. 6ackctround of the Invention The ability to
determ ne the sequence of a polynucleotide is of great scientific

i nportance, as shown by the Human Genone Project in nmapping the .
three,billion bases of DNA encoded in the human genone. The principle
method in general use §§[yNOCUECTBESEMESNSINGIERYOR 10 the chain
termnation nmethod. This nmethod was first devel oped by Sanger and Coul son
(Sanger et @hid ofih@%nveNdd . Acad. Sci. USA, 1977, 74: 5463-5467), and
relies on the USe of dideoxy derjvatives. of ~ v h&eof a

tri phosphat es Wﬁmemﬂﬁﬂéomﬁ%@?ﬁo?hfé@ﬁvﬂqgxf%gﬁﬁgggg&ﬂggél Ehgfeotide,
chain in a polynqrq%g reaction. Upon incorporation, the dideoxy

deri vati vesPA¥YS'AA%E t he pol ynerase 15 reaction and the products are then

separ atﬁg-b rb hestthemhengshs and  anal ysed to reveal the position at
which t —dirdeoxy derivative was igcorcﬁoraé{%&&éﬁ;sooft achain.
Al t hough thi s neThedbility W deleyminsethneasfAUSPeRIBC8LTE NGB €T esults, it is
recognised that it is slow, |abour.-ij, W?:L RSmexneRst ¥emagfingtheor escent
| abel s haves@@@mﬁ%@wnﬁﬁcqv@éﬁﬁpw Wu@%eo |éclpg6| ncor porgti‘on onto a grow ng

nascent DNA ol i pedadBtas Buneagenome( see  W91106678) .
However, t hggge ?@gt{)ﬁbaé&'&% d?@hfﬁh@n ] u

nirques have the di sadvant age of i ngr, i ground
interference f rorrhéIpﬁnéibleonetbhdrifegﬁnerﬂéUﬁ%@f@@eﬁﬁgﬁlb@e%@%&nf%@ﬁ% S
background "noi se" increases and the ti 1K) oeat a and
nucl eot ilde #& Chﬁ)ﬁﬁ?j’mfb&t‘ioﬁﬁ“%‘é%(gs%ﬂé '%éétﬂlg%gvrggggsg?@vTﬁ)lpg stg't:/ir,érrg%qz restricts.

the use of tq'égieqogﬁ(%h@ﬁgerf &ra,.spg?%mtpg‘cg@_rm. URA yTORT; §dt 5468-546hk aRdst

serious Iim pol'yhucl eotide sequencing syste ui,l t nd

f1 uor escent (gl onhpuruenl dideoxy usrigalpissesh (o8 (it J%étf@ﬁ?ﬂ%*?"sgzé@gso
phot obl eaching is a well docunente eno - QI ESCEBblyfeease
systens and wreshuBtesinEpHARTAKHBYRF 8?%’3}% P@@%S"’@%i t‘atnleon \a/a\)//el engt hs.
ALl dye - reaction. Upon incorporation, the dideoxy derivatives termmatethe polymerase

15 " reaction and the products are then separated by gel electrophoresis and
analysed to reveal the position at which the particular dideoxy derivative was
incorporated into the chain. | | , N

Although this method is widely used and produces reliable results, itis
o récognised that it is slow, labour-intensive and ‘expensive. |

20 © Fluorescent labels have been used to identify nucleotide sncorporatlon
onto a grbwing nascent DNA molecule, using the polymerase reaction (s.ee
WO091/06678). However, these techniques have the disadv’antége of increasing
background interference from the fluorophores. As the DNA molecule grows, t.he

| bac'kground ‘noise” increases and the timevrequired to detect each nucleotide

251 incorporation needs to be increased. This severely restricts the use of the
" method for sequencing large polynucleotides. The most serious limitation of
polynucleotide sequencing systems built arounkd fluorescent dyes, however, 1S
the -problém 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 h}ave an ability to absorb ~a limited number of photons before

photobleaching oceurs. Once photobleaching has occurred the fluorescent dye



systens have an ability to absorb a |imted nunber of photons before ,

phot obl eachi ng occurs. Once phot obl eachi ng has occurred1é RevehlbeoZzmescent
dye 16 Novenber 2005 2 is no longer visible to the observer and hence, if
conjugated to a nolecule, this. wll ot be detectable. There is
therefore a need for an inproved nmethod for determ ning the. sequence of a
pol ynucl eotib d®, loRGEE Misdllg)ieithe ebsrIver anschencsel comegatad to amplecsld, thignment
size of the ﬁolcérsb%ch%g jge bei ng sequenced and whi ch preferably does not
-depend on WSt 3&7‘3 Yhel | ed nucl eotides for detection. ‘Further, the

method shoul d_berkaRagliRerlord 8! MdRF Bhah?tediefBadbt BRHRHING RECSS,

reduci ng the conplexity and cost associ at W th existing Summary

of the i nvesgquemce0ofite pplyaseestidenweith asignificarily eidc@astbehe aatd sati on t hat
a conformational - and/or mass and/or. energy distribution change in a

pol ynuclSeotfra@menbeie’ sf the polyRysjertidafsingsesienred andwhigh pesferahly dessoci at es

on 1 Enear TER SRt o glubREstE i RN hERebie B st B8, ol e S
har moni ¢ geRefRid @RsUPbAGEPASIE T Beind RarMsE 86Ny idnY Siohrfed ?rd&_%@,()d for

sequencing a polynucleotide conpriseS the steps of: (i) contacting a
pol ynucl eotredecipgabesompéexiiy andepst ansobictédseih exising metfibdsposi tion, with a

target pol ynucl eoti uinder. condi.tions sufficient for enzynme activity;
and 20 (ii}%@@é@@l—aﬁ—@—@@‘ PR EARY t_ ct consequent on the interaction of the
enzyne ;gnd the jl yaueheplidpn iWeLed Bnttﬁﬁ r@étfs%‘ﬁfm WSt SPLGRS RNl
measur enent of a non- linear optical signal or a l'inear signal coupled to
a non-| i neandéorgmaks antilomenengy distvibaticrgelsarayecinacolpwadlestidelprobesgiveesent
i nvention. Sequenci ngﬂcavn be carried out with smal| anmounts of
pol ynucl eot8N@¥Mey {THCh Recurs svheapam enzxe Gisseegifsntith @nsl mgyes along a
pol ynucl eot,] bieRLLIEStigd Nene i nat |k i - j fi-cation
e oo P iafBLR S8 BEPRY SHUELRZDG U0 RGP e TR o2
obt ai ned antladingrttiar lyasstdrarcsacoadantisiidramioroogensgratiohsed. bt ai ni ng | ong
read | engths elim nates the need for extensive fragnent L
15 According to the present invention, a method for sequencing a
| polynucleotide comprises the steps of: » ‘ o
(i) contacting a polynucleotide processive enzyme, immobilised in a ﬂxed
| position, with a target polynucleotide under conditions sufficient for
enzyme activity; and | ;
20 (i) ‘detecting an effect consequent on the interactivonwo'f 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
~lengths can be obtained and secondary structure considerations minimised.:
Obtaining long read lengths eliminates the need for extensive frégment
~ 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



reassenbly using conputation. Further, as the invention is not dependent
upon 30 the need for fluorescently-|abell ed nucl eoti desisdovaner eEESUr enent
of fluorescence, the limtation of read |l ength at the single nolecule

| evel as .a function of photobl eaching or other unpredictable fluorescence
effects, is 16 Novenber 2005 circunvehted. The present invention also -
permts |long pol ynucleotide fragnents to be read se uen&ifall ¥ the sane
enzyme system. ERisi hag grosehanehtion abo peimiGipnEPoysFiggY systemto
be used whi'ch can be regenerated and re- used %I?qu}g RO Yerbftl & ent

pol ynucl eoitste reahpequerdially ydhe SqRerRZIMEFYRIE Ty Re Utilisation of

Second or Third Harnoni c_Gener at i peesnefeated and hee- | ack of
phot odamagalloviRd %B@@tﬁ'@é@%%gge@%%p%%ﬁ@gﬁ{gg@ heeéfgact‘ t‘hait:,@r%lﬁy ”

phot ochem Stq i At uEreate phanaebtod@se gu@rn:@ds
Dl at equsagalftiit arfy tifereft o

esonant radiation, does not _ inyplve a [ state
with a fi nmeeutt,nsfggbhrm.Sermblodﬂ’h'gd#‘@@%@&ﬁf@%‘é%b‘%f{ér%?dpﬁéa%%v%%i on, a
solid sUpport nmaterial 1o conpri,ses I U 19NE; YoBleds& thatnat | east
one di pol ato u’mllecl&Dépb@@ﬁ@i‘@ﬁ%é’”d&ﬁoggeparcgﬁlﬁmI lt‘Slzat(aﬁedsrg\:)l yner ase. ‘

According to a third a t.hend n LA besaudenthgisipak pimetate@t up to
detect a n@HOﬁthég?g%Sﬁ?@g%* é{{egr{gﬁrjé f;b\é:% Er)i ses a solid, %u. ﬁgrf.f havi ng a
| mobi | i seql an%%@ﬁa:@ﬂa@i@wﬁmdeb@bt inmoke a0 ExCitAdstAte W |33! g M e, and a
di pol ar nol"écul-e 15 positioned on or proxi : t duesalri ption
of the Draw ngs ABeerding &heisesond 8&8%@#56’%%"\%8{‘%&?&%ﬁgﬁgéyﬁqhe ,

acconpanying figure ereip. Fl dlatiiSastos€ bipprt moldculepsisitianiesh of an
i magi ngl05y§@é”ﬁ'=]rt5ﬁ§lat {ﬁq\g?nggg‘ygglr%%%%nd har noni ¢ generation; and Figure 2

shows the seco oRfhAMBitse pbyhRragener ated by a pol ynerase on « :
i ncor poratiooh a ifi

speci fic polynucl eoti de.  Detai . | P t he
| nventi on The prﬁasemiin'grwehit\irfé)ﬁsi?ﬁs{lkégtnﬁéﬁv%’fm@o%l\]/ﬁ%‘@%ﬁ%@%ﬁi‘%%r ,
optical 25 neasurenents taQq.i i f cQRf tsl haviy iomoteiise@nd/ or
energy di steteB& @%qﬁEﬂ%rn%og‘cggsggéérll %Ogné‘%@g ag{)c}l‘msr?ugﬂls?oti de Er ocissi ve
enzyme int etg,gﬁéo?] a%&gyfh@owémbrmw\ahh hamhsusieotide.Anget JBRIR) IR &SFi de or
“nuc e : e :

i ncor porate eotides |
15 positioned on or proximal to the enzyme. | o ‘

Description of the Drawinqg
The invention is described

with reference to the accompanying figure,

wherein: | o
Figure 1 is a schematic illustration of an imaging system that utilises
20 second harmonic generation; and |
Figure 2 shows the second harmonic signal generated by a polymerase

“on incorporation of a specificpoiynucleotide.

Detailed Description of the Invention

The present invention makes use of conventional non

Jinear optical

25 measurements o identify a conformational and/or mass and/or energy.

distribution change occurring as a polynucleotide processive enzyme interacts

with the individual bases on a target polynucleotide or incorporates nuc}eotndes

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.



onto a nascent pol ynucl eotide nol ecul e. The use of non-linear optical

nmet hods for imaging nolecules is known. 30 What has nois Nogenbeappiseci at ed

is that these nethods can be applied to the sequencing of a

pol ynucl eotide, making use of an inmmmbilised or fixed enzynme. 16 Novenber

2005 I n a separate enbodi ment, a linear signal is generated in addition to

a  non-linear signal and t i near .Si gignal s
are said to bdncaSppadte ?V&%{”P? hﬁe%rnﬁérhééi% rtefrgge??‘gnam'lﬂ"hdg%erm

- "pol ynucl eot laetectedenMeaWQctn@nmadfwsa'érﬁd 5
~includes IS Fﬁﬁaﬁ%%ﬂgﬁﬁ%ﬁ\é&rn@néﬂfed DNA and RNA, DNA/ RNA ‘hybrids, as

wel | as Otﬂyﬂéom@w eHisgiting :mamtaened detiedtion.ke rol ecul es, e.g. peptide

‘nucleic acid . The term "pol ynucl eoti d GES gas used

‘hereinis to beThE etres” p@lem\efdﬁ%'ﬁjéaﬁﬂ‘iﬁegﬁﬁr%"e'lsg‘? Egu} %rpz%téﬁgﬁdzk@ég% t hat

interacts with a NA &l bngsthe

pol ynuci edf“i;lb‘gesﬁ)ﬁégéﬁ‘am&{ﬂgg%ié-(?ﬁ}oa 9@%% eﬁggngﬁgymb’ and nmay be

of any kno Wl Bﬁotﬁ'ﬁybr‘%‘dﬁﬁﬁ@h@ole;&bednmbyrmm ery phptidayuaipinagichendent
e

DNA pol ynera target polynucleotide is a RNA nol ecule, then the
pol ynmer ase(pgy). be a RNA dependent DNA pol yrrerase i.e. reverse

transcri ptase, or a RNA-depe 15 RNA s I case.
In a pre]l‘oerred Eﬁﬂéﬁm?mi?ﬂ‘yrgﬂétoﬁ pf?‘?\?éﬁ'ﬁ’?% < 'H% g§§“s>?rbre€eég‘§wléstbe@é

 polymerase,, | 3Lkt Wikadlf S el e"sm?é’dbﬁﬁnéﬁz e fHae lntefrenm ovith tae

pol yrrer asel po ymerase |1 hoI oenzynme Nt:Henr'%e Ann.
Rev. BjoChsilnucltdtde aﬁc‘t'rrmsé corfinupadly angdie p@dnuelgehd%t B eNZYNRt hods i n

Mol | d Cel | ul Bi ol , 1989/90;, 1
bacte g::ll g[)hgggere’rerajghgrW'bg?%?@r%éméo@ﬂpe'?éﬂ)% %ﬁgﬁgls@q t#’h i or eéoxi n
(Tabor - et a%ﬂ&!ﬁ me me%},@%a D@ﬁzdepeﬁégnﬂ@ﬂﬂ\)polﬁa@ﬂmsef it these

pol ynerase t pol ynucl eotide with high

~processi vi {3y, %@&5& yhidedtideyd ARNA nhdﬂea:uﬂé othen fheet p@lam'%a%ﬁ may be’a RNA-
pol ynerase-p

T st e s reter e A el b SRR B ™
,gslr 26 Tz hes PR ERz ) e SO0 TRIRBFET T fanglgeresmbognent etime o
. heli Casem‘i/@HHSﬁsthb%Wrﬁ&bé@mMpolymerase In further preferred embodiments
| of the invention, the polymerase is either E. coli polymerase ]| holoenzyme
(McHenry, Ann. Rev. Biochem,, 1988; 57:519); 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. col(' Thioredoxin (Tabor
et al., J Biol. Chem., 1987; 262: 1612-1623). Each of these polymerase
enzymes binds to a target po(ynucleotnde with high processivity (and fidelity) and
v'therefore maintains a polymerase-polynucleotide complex, -even when
o 'polymensatlon 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.



secondary structures that exist within polynucl eotide nolecules, as .

hel i cases encounter and overcone these structures w thiériNavember 266% ur al
environnment. 30 Secondly, helicases allow the necessary reactions to be
carried out on double- stranded DNA at roomtenperature. 16 Novenber 2005
5 As the enzyne interacts with succéssive bases on the pol ynucl eot.i de,

its conformation will change depepdin [ Refepd uclantibedts de) on
the target itpjssihbreo\ag‘ﬁ\?"i%ﬁfe’&tsc"ﬂ Sé’(?geﬁ%nﬁ‘{e%sgi’ﬁas, thew':e oral order of

base pair additions .duri ; iwWPich otign) oD BEAYIO8 nol ecul e |
of nucl ei moatqrmatnppé,ytﬂghgﬁ%%{bﬁem&tﬁ?%ﬁ%ﬁb 35 BR@TWC e Y]

1vity of the enzyne,systen tiRget enpl at e
pol ynucl eot i de tghfﬁ"\ S eomanogith. Traus, betﬁmpptﬂk@ba/qfﬁ’f Eé%ﬁ’ Sg%%éﬁ'?ﬁg sequence
i s deduced! 5y""Pden |¥yi ng whi ch base .gnfulcl g@&i}gq}f AuSidrehdlg, ieacbepor at ed
B T s A LT A
i nventign hctivithef Mﬁt_ﬁBZYm%éYﬁﬁrﬂ Oéft@hegrﬁﬂigmﬂzyne _idn a fi ﬁg%ﬂ%)asgoetl on ‘
relative to the |”rrax\%l nlgr?séfﬁh@Wham@;ense rsrcw'dep%ibb)gﬂ eglilying V. o
i mobi | i si ﬁ@j“?%f@ & 39 0 a solid squort ,. W th p&%ﬁelﬁgﬁy%ndr&t@ ning its
bi ol ogi cal (rgg;}éo\ﬁld@yis Db odsrrosated o INGrASBIVINBSAINPOA o ui table enzymes
to a solidVSupport "are l_<novvn:t Fort eéggalweﬁ Ve efyryRf. 05315 descri bes
General metdrgetspolyhecipaiidby P RS EF 8\% a 5ol ymer ase enzgige he ﬁtﬁgl i d
support. GL5 fof 'immﬁt' | | 8401 BY b prétert mvenpoistise EREOBIHFFIAN Y M The
optical det ectlﬁ‘ﬁ FECREES=Used i n t he present i nvgqrg‘tél jﬂ airsané@rg@Qed to
i mage at t hezﬁqgg‘l‘ea Rl pusion ealative fo. &e IR dt & 1 St nct v
or

i mage/ ngn&P one enzyne. A pluralit f NRYA Rige iemapiiel | sed- on
2 ol 1 d SuRRRTdd et by imeraltgng e PR Ps? SR CEP Ry e resol ut o
pl e

o i dip DPa0ER) t{neirees Mod traf imaobilisatien &F SUtA
enzynes | mm@iintngégengqug&gg\l ;a%:ﬁ/gg Bt

v pport, the invenii aed out
on these si mul {5\%@‘?8%%6% smb[j;maielkomndi:@ﬁ@‘@é}ﬁ’ﬂel @r@%&@@é?%g&m ecul es
to be sequeftééd together. nethod It will a&%s&%f PBH. Geneh rekthbded
person to cgefymobllisatienchagpMgeAETEEN“¥0Rdi TTons suitable to pronote

enzym . aCti Vi ty For 5 | Brtg g@é@tab%to a pOl erEI’ ase enZerE, | t ‘
wi |l be 1appler BROPHANG ‘F\ré’%(;{‘ﬁgrwggnponent S invention are intended
The optical detection methods used in the present inven ’ ‘

‘ . : ° . 3 | - Or
to image at the single molecule level, i.e. to ‘generate a distinct image/signal f

one enzyme. A plurality of enzymes may be immobilised on a solid support at

' i : its si e reso
adensity that permits single enzym ne
v s immobilised on a solid support, and the method of

This allows ditferent

\utioh. Therefore, inone embodiment,

20 there are multiple enzyme ‘
the invention can be carried out on these simultaneously.
polynucleotidé molecules to be sequenced together.

It will be apparent to the skilled person to carry out the i
k xample, with regard

maging method

r conditions suitable to promote enzymic activity. Fore
’ , { the other components

unde

25 1o a polymerase enzyme, it will be apparent tha

' i ired. In this
necessary for the polymerase reaction to proceed, are required. - In

ide
embodiment, a polynucleotide primer molecule and each of the nucleos

triphosphates dATP, dTTP, dCTP and dGTP, will be required. The nucleoside

) . . n d
triphosphates  may be added sequentially, with removal of non-boun

[ i ' ate.
30 nucleotides prior to the introduction of the next nucleoside triphosph

hates can be present at the same time. It may be

lternatively, all the triphosp ;
i ’ blocking groups whtch

preferable to utilise triphosphates that have one of more



necessary for the polynerase reaction to proceed, are required. In this
enbodi nent, a pol ynucl eotide priner nol ecul e and each of6t Nohenprn@P&osi de
tri phosphates dATP, dTTP, dCTP and dGIP, will be required. The nucl eoside
tri phosphates may be added sequentially, with renmoval of non-bound 30

nucl eoti des prior to the introducti of of the next nucleoside tri phosphat e.
~Al'ternatively, all the triphosphates can be

, ‘ ; resent .at _the sang fine. It
may be prefrepebiroved saledtively DyUHEESRINACEEONR K ‘gg‘g\%e@hép{)erveﬁﬁ?é bl ocki ng
groups which 16 Novenper 2005 can.be r : Ie |deeldsad
‘nmonochr onan@ttcpmt@ﬂ‘ﬂf?%ﬁ%p@ 0By ?y&ﬁﬁlﬁ%ﬂ%@%@ﬁ%@ﬁ%ﬁ#?ﬁ id%or por ati on.
Suitable b e i.phosphates are disclosed in WO A-99/05315. -

Hi gh-resol m'gxﬁg%}(()jﬁbﬁlghear optical imging systens are known in the a In
general , the nonidH-rRealutipeherlisedriopticdlanagingesystemsi arg XAOWB IRl @dsed as: P

= X(1)E1l + X(2)EZ where P is the induced pol ar{' sat,i OQ’&‘?V)&(%%Q is the

nth-ordgr mogerddrabahe perstegsripelarisaiion ioh adhgteral @b FTIT field

vector. The first termdescribes normal absorption and reflection of
light; the second descri bes second harnonic generation (SHG, sum and

di fference frequency 9ener ap Lo(iVg! AROEL heXPH? #d..descri bes 1i ght
scattering, stinulated Raman processes, third harnonic generation (TGH),
and both two- and three-photon absorption. 15 A preferred inagi ng system
~of the present invention relies on the i on ofi Sicgpabiliey i si ng

fr om seconwhere R i the INecRDAPIET '%Wé’rgt i Wg?‘t@%ﬁ%%c’ ﬁrtl)'lntggﬁfiécr gsol %’i on
using second,ar phi BRI sl efm(destebewidraTal abdarptieniand as SHO)
is knowf i ﬁ”?ﬁésé{{%é‘gﬁgﬁggﬁe"tb&a| ., Proc. Natl. Acad. Sci SA,  1999;
95: 6700- 67(caN6n Belgty tied seicond Besirivegsenpnd EygENICEPLEAORSHERSUT.  The

‘general set-up of the imaging system can, be i el H et al.,
1996, supr and aiifteragce FBARETY inrﬁfﬁ't@”lanwr?%"ﬁéq gg%ﬁéﬂé& %%gggﬁéﬁ%a | aser
(1) is used.as thed |l un natiQn Fmori BRitRING TGH)asad bodatwehi ch i s
t hen passéWFW&%‘ﬁgﬁ%ﬁ%pgﬁs’%g‘rtﬁ?gl)h%ﬁg%@te%9 t he Iqaser)?beamrray be

directed thrgwaedhdomapsdrptierar crystal (3) to produce a green beamto

aid the alignment of the laser beam _A photodi ode i dain cl ose
proxi misy to tha prtfeaed IHAORO $YSERR Aihg »presenp mve%am‘ Srei?ésa%% tHhe!

~ detection of the signal arising from second or third harmonic generation.
Single-molecule resolution using second or third harmc‘)nicvgeneration
(hereinafter referred to as SHG) ‘s known in the art (Peleg et al., Proc. Natl. |
- - Acad. Sci. USA, 1999: 95: 6700-6704 and Peleg et al., Bioimaging, 1996; 4: 215-
20 224). | S | L
| The general set-up of the imaging system can be a‘s’described in Peleg"
etal., 1996, supra, and as ShoWn in Figure 1. With reference toF ig}ure 1, alaser
(1) is used as the illumination source, tq generate a laser beam which is then :
| passed througha pplarizer (2). Partofthe laser beam may be directed through
25 anon-linear Crystal (3) to produce a green beamto aid the alignment of the laser
| beam. A photodiode (4) is placed in close proximity to the optical path in order
k to provide @ means to monitor the generated near-infrared (NlR) intensity. A
filter (5) is posiﬁoned in front of the entrance portof a micros;ope to prevent any
second harmonic from entering the microscope. The laser beam is focussed
30 ontothe solid support comprising the immobilised enzyme, and the n'on-‘\i‘nevar
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



to provide a neans to nonitor the generated near-infrared (NIR) intensity.
A filter (5) is positioned in front of the entrance pofstiNe@EmierZD@y 0SCope
to prevent any second harnonic fromentering the mcroscope. The | aser
beamis focussed 30 onto the solid support conprising the imobilised
enzyne, and the non-linear signal isscollected by lenses (7) and detected
usi ng a nonochromator (8). The fundanental intensity it;gbl oaglg;a{lﬁ)ql#si ng an
IR filter. The signal from.he . Q@é@e.. et e dausing Atheyeait B 'ng a
boxcar avergigéomu Wb?rdﬁﬁﬂﬁ‘ﬁpﬁg’e%%rl aér%ei fei’_ggd, aver a%}efi Qe @é@t&gannel'
i ntegrator (QCL. Th e‘qﬁg@ra@érqg?‘SMa@awemtedtsmih'vﬂ% RER R f@'&s? a  computer
(10) to gendt pRarpE ges. In.order to generate the second or third.
har noni c, i%orbéut@g@ﬁgs@ gndrate Ypesmepgeh an appropriate | abel on or,@i n close
proximty t e I mobi i sed enzyne, ' i &hiclicoatessant € :
suitable for thimm pmepé%é?ﬂ%f@&mﬁie é?c%da’, Qﬁ&%ﬁih@@gg} . 1@9&?‘4%@1]31%;??? v
133-144). An exanpl e of suitabl ogindtydy imipapits :
styryl dyés stiu@‘haaépH’é’HB%gr@p%%gﬁgﬁﬁ%z 9 - sgppl i ed, by. MpLieenbar
Probes) . quyFldfgélgﬁﬁ,@@huBrsOéf@ sui(aBiPjoritBisapiPRET: e(}gﬁ’ﬁl e of a 0 "dye"
or "l abel" h Can be used to i mage via SHG_.. usetbdiRiseane, dygf
o ex le léps*ﬂtﬁﬁ? 2 ”

refers to beihst Moos; 1245t $8-18Abt ih X8HE sPectral Ty 1Zar}ﬁléafted rr%d?ré&s |
t hereof (Ts{en, Ann.. Rev i(r ; .dye7.)Bud YSUBp 79 and
US 5, 625, ompnﬁm@ﬂ%ﬁ‘V‘ﬁLﬂYng(%‘éé@%mem% %352 i - 4- ANEPPS, (i 6[925‘ NRPS and
JPVW2080 '%C“'@F P,d%{egPe@)eeﬂﬁuomemﬁrotam (F5PadtPRSTRRE PP SE &t ed on
the indivi dd4?'°s4€es of the pol ynucl eoti de é %Hbt S pAGQTgel aEReth, GFR he
di pol ar jpl agz@e@r gaiselawhiab e he UBR 10 HIRI%YSi ¥e t r | phosphat es. and used

a

in a pol yneraSe reaction), In a pref dhimedimutbntstiereef(Efi€Non, t he
enzyme, e.g.refers M@ﬁﬁﬂ?eé’é@,’typgg‘%?g‘p%ﬁ%%a;cwégﬂ econbi négé %fbﬁ%ﬁrb*ééh
G°P. The GFE Cz;n%?g%i chl | qeaBesh-809 bhe US-5, BF 7,67 9eBPH 2 e enzyne
(the C ternfif v'%e Qasirabl e if agp%lexﬁg?ﬁ h§ Jrwbesd areiecalar -
conj unction wiitdble dyes irgiudg GHRAPEPPS, B NEL " 5Py The “GFP nol ecul e can
be | ocated anywhere within the enzynme, provided that enzymic activity is
retai ned. | nPeobesparate enmbodi ment of the present inventj Onbaéte@eof the

non-11 nee}rs opt | Cajfhe dipolar molecules may be located on the in widual ;
| (or its complement if the dipolar molecules are attached to the
eoside triphosphates and used in a polymerase reaction).

invention, the enzyme, e.g. a

sion with GFP. The GFP can be

polynucleotide

nucl
in a preferred embodiment of the

polymerase, is prepared as a recombinant fu

, o .
located at the N- or C- terminus of the enzyme (the C- terminus may b

. sed in conjunction with a *sliding clamp’).

desirable if a polymerase is to be u

Alternatively, the GFP molecule can be located anywhere within the enzyme,

 provided that enzymic activity is retained.

In a separate embodimeht ofthe présent invention, the non-linear optical

‘ ’ aman
25 - imaging system is Raman spectroscopy Of surface enhanced Ral

spectroscopy (SERS). An overview} of R
Surface Science, 1995; 49(1): 1-106.
‘ temis, preferably, Near

aman spectroscopy is contained in

McGilp, Progress in
The optical radiation usedtoexcite the Raman sys

Infrared Radiation (NIR). NIR excitation has the advantage of decreasing the

30 fluorescence and Raman signal of the surrounding mekdium or solvent.

‘separate embodiment of the invention, the non-linear signa
metal surface

| can be
Ina

enhanced by the use of a metal nanoparticle and/or a roughened



25 imagi ng systemis Raman spectroscopy or surface enhanced Raman (
spectroscopy (SERS). An overvi ew of Raman spectroscopy 16docanteak®dd i n
1-106. 1995; 49(1): MG Ilp, Progress in Surface Science, The opti cal
radi ati on used to excite the Raman systemis, preferably, Near infrared
Radi ation (NIR). N R excitation has th& advantage of decreasing the 30
fluorescence and Raman signal of the surroundi ng nmedium or. solvent. In a
separ at e enfBouedital.oPhys&eavnvii4; &h 30t bitd-b2f)-Ghenesdrals Phpsl Reahette

ranced gl fo el b nste e t1%&Sﬁgﬁ%ﬁ@%ﬂgﬁgﬁm@e@i? 526,
Chen et al er«arlD tic e¥an gt Eomuég@d to4§n %)gn%géa ngeI §§? '96}% thlg%

supra). A sign anci ng nanopar

enzyne (e gconmgmeaan A bivid @tQIOerUQNaQIdA@é& IS@D@SAngsgetsﬁdw Proc.
Natl. Acad. Sci. USA, 1999; 96: 6700- 6704), imobilised néar the

i nmobi | |Sseoﬁﬂ06&amr%@tdhsmzmtmcmmmﬁd/tbmhee@ewme qripugttintocwsehe  SHG
- dye/enzyne. A .ne rti cI e enhances the spectroscopic inmaging
associ at ed P& y%ﬁ S?'{&Ta YF/SP2YBBG f r om nanometric regions, thereby

permitting inproy %tél%d@an%let%a%b@éﬂ c%éﬁr?gné ﬁﬁgﬂ;mg %%8&5@300'0' ¢

“1.magi ng based on Raman ttering can also be I nprove a et al

nanoparti clveth, Bmpeatdutarn‘éﬁéﬂ fromnaxmmmnebtncr@orw meketm)/\perrﬁﬁd\gl lﬁ@k@v& gold
.and silver nanoparth’%:l es nanoparél cles are generally of a dianeter

of from 5nrie8iNgod SW@@P ule {eV§m SPECRBEARIC EHRAINg hasedemBamani cl es
can be jatt ached i o g%{?ga!ﬁ?@éwﬁrs z%di d€in che al naﬁ% gfsée ﬁas't%béé bgeéal ina

“nanoparticles are t o 'nucl eosi triphos

pol yner ase nagepéiticrds. ake kongheaad mmle §®ldfz&ﬁﬁsﬂ%‘i MarfchaRRAss. Shgwn to
i nprove the sensitivity of ‘the SHG process (Chen et al., 1981, supra and

Pel eg et alna”OQ%‘G’esﬁﬁﬁﬂaﬁler@H&i0f?§“€%iﬂ%*6’ of fm@q@wrﬂé}@@nmmremwmne net al
f |
o 11 cat ; dS RO 00 Y n8hoRiRb RS cant8 SecliEL B o gl bleche TG Lt T on

~ can be car momdl@uéntuﬁﬂhﬁgwﬁ@?laﬁﬂﬂeé et iHes to nUﬂébMdbﬂQ%ﬁ&‘bhéfé% &Hd atom ¢
force m croscopy ati numcoated AFMtip can be used to catal yse

'hydr ogdfat Used BF atp@}wwefase é&@@@@)t o anino groups that |
A roughened metai surface has also been showntoi 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 ca}n be carried out using various techniqués,
including the use of atomic force microscopy (AFM). A platinﬁm-COated AFMtip |
can béused to catalyse hydrogenationy of terminal azides to amino groups that
are amenable to further derivatisation (Muller et al., Sciencé, 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 et al. Phys. Rep.,
© 1996; 272:61) . |
' Ina separate embodiment of the ihvention a nanoparticle can be brought
into close proximity with the enzyme using an AFM cantilever tlp/probe to
thereby enhance the non-linear signal.
30 AFM has been shown recently to be capable of having a tinﬁe reéolution
" and sensitivity applicable to the dynamic imaging of protein conformational
changes (Rousso et al., J. Struc. Biol., 1997; 119: 158-164). This is utilised in



are anenable to further derivatisation (Miuller et al., Science, 1995; 268:
272- 273). The enzynmes can then be placed into "hot spassiovediter @0dsi gh

| ocal fields 25 exist in regions where optical.nodes are |ocalised

(Shal aev et al. Phys. Rep., 1996; 272:61), In a separate enbodi nent of
the invention, a nanoparticle can be Btought into close proxinmity with

the enzyne using an AFM cantil ever tip/probe, b the -
non- | i near ﬁsb@f@&od 3bAHVhéra f ﬁ@envaa'hléwwﬁ%@éﬁtﬁ%w %§§ p\/‘gﬁggﬁaﬁg havi ng
atine resolution and sensitivi fioh ng of
prot ei n condver tiee €DRATE %Hbégm%éaﬁ‘g@gug%%mmtegr& gcta?ﬁgzggr ;czl r(?gg 199
119: 158-164) . This, .S g‘geé aji)é]ﬁdaem n EﬁP'@ﬁbOdl ment
of the i nveﬁt"ﬁéd" rdgl{é\é%c é@?’Br%ﬁa t| pTis p05| tioned over th nzyme
and, in con%]?,g h9e Whilimaend thaeasleaineisequenaefasithaenayne §19ys a%, used
c r

to detect mati onal changes of a protein dye t n-

bet ween gheth@ngr)geepelyduclhetrcr}mgﬂ@jﬂ|06§a'$‘2§lj'[] cﬁ C&eﬁéﬁgﬁe fbﬁﬁ@ﬁo@égdsgo al ong 5

t he target pol ynucleoti The i d gad imithtdtal
KF&E’??%S‘P"‘%?O ; Cg?étbﬂ%d@éwtk@dﬁ% n

far-field usmm@nt'@@ﬁ optics or in reflection node if
used in Connkl L Yﬂ&ntotal |nternal reflection: In a further

ST o mar st b cheres arsTe BT KBl 1o
3 o o S g, B o I RS 6 Fksessanom s cal

obtain spatial | michds@bpRt Wisioh rhbkaers uselaf mecpegeﬂpy |'n
conbi nat! pon'%vr‘”‘t{?¥ %%ﬁgﬁﬁk gélﬁogt@unalced e%enm vel sho %&Sg\nsurface
O

sensitive Of  amctigh Patwest alranobt@it ip (088d I8 db )an éa'??ﬁ ANt age of
using NSOM as part 15 of the i e gmta wathge

i ncrease i nspesalyueseivet OPEeAH ‘ﬁ&@qgﬁne BP%P#E%ASB?%?FJ m%ﬁ\ :rte lp?ee&t

i nvention re s to t a&nd srmwr;ttorbengrr(ﬁcaasms teeOl me,
e.g. a pol yr%fégﬁse%eﬁ/rﬂgtugaﬁgrg%tgrﬁ%ﬁae?acts wth a poI nuclﬁf‘ﬁ@%% .
sub- wave- | e rh,csgéaté(McGrQﬁOBaﬁmmra)sThEgﬁiI"ya@@@Mg&tﬂ 5'”9 cporrltt ext of

this aspect the invention, erah Ao B.Wé@é- tipis
20 used 1ajs ajiﬂweﬁglﬂgaﬂesé%mﬂé%a ?P@q’ Lagﬁf %’Sea%gerﬁ%gég‘%{g (SaLngohdar et

al, J. PérI e Appls Q@tt’ne 29t 'aaéxt@aOr)elat&;me the wrﬁ@@@ﬁili%" o the

use of met aI‘P”%th
monitoring of a single enzyme, e.g. @ polymerase enzyme, asit interacts with a

- polynucleotide, sub-wave -length spatial resolution is highly desirable. In the
| context of this aspect of the invention, it is preferable ifan AFM cantr\ever tip is

20 .'used as an apertureless Near-field scannrng mrcroscope (Sangohdar etal J. |
’Opt A: Pure Appl. Opt 1999; 523- 530) Thrsrs analogous to the use of meta\hc
nanopartrcles as a source of local field enhancement itis preferred that the tip
| is made out of, or coated with, a nobel metal or any material which acts to
increase the local electromagnet:c field. Alternatrvely, a metalhc nanoparticle
25 maybe connected drrectly to the cantilever tip. This has a!ready been shown to

be applicable tothe monitoring of conformatrona\ changes at the single molecule

level (Rousso, et al. supra).
In a further separate embodiment of the present rnventron an

rndependently generated surface plasmon (or polarrton)/evanescentﬂeld canbe
30 used to enhance the signal-to- noise ratio of the non- -linear srgnal This
evanescent wave enhanced imaging technique has greater srgnal-to-norse ratio |

than for example, SHG imaging alone. In this embodlment the evanescently



nanoparticles as a source of local field enhancenent. It is preferred that
the tip is made out of, or coated with, a nobel netal 1eNoastybenatdsri al
which acts to increase the |ocal electromagnetic field. Alternatively, a
metal | ic nanoparticle 25 may be conneqiped directly to the cantilever tip.
This has al ready been shown to be applicable to the nonitoring of

- conf ormatt | opal FhARGRSRAH LA R HeAatmbAEH: fine kEBE coeiedRnE heal

supra). In urther separ e present invention, an
- i ndependent figid by aeNBGM fistemindsisipliksenosly obtaiohg AFNb oy ifeveatienaedatar i el d
~can be 30 used to enhance the signal-to-noise ratio of %he non- | i near

“signal . Thi anéghibe same ek thecamenplel abrograrh evanesneqt sadiation cen:

 onbodi rent Mongotsfh i€ ontalf Tror e b uFe Ak (IR EILBE NS %% gna
- from thes| abel)adecRra@ans 4t BBefd] pAghetise/SHBenear  field by an NSOM

fibre whil'st simultaneously obtaining AFM conformational data, and at the
sare time the anithis cohfigiusioorb@Ns @Mantentionmade]tha systemantsias a pimtPiored to

obtain information on the anount of- pli ) bet ween the ,evanescent field
ond-the | abEAING BP)RUNG T arkERe RSN Bie I S bR e e Surfdie HIREERn

‘coll ection . e SV ~ . S ' ng)l
~.mcroscope P%gf%/)édgﬁl?%%/ﬁ{e&{eﬂfgﬁtg?c@z&b?%?)Rg&lﬁrjp%ce_ I gtstrana)%étﬁﬁ e?}dmiegg%‘.gupl ed
into the NSgvbhdgthret i sihraltrepchiAg heatip bytise polgmienaseeilf be hubnstbrezhgah of

"the signal reaching the tip by the EOl ynmerise will be nonitored via a
" det ect ol0posgidetestedpasitianed at tfie ond phidetiPp. Surface pl asnon resonance is

‘known in the art reldes \ n i ve by
-appl yi ng an inci §3ﬁ?‘qﬁ ipg%?tm%@eg%pbgﬁ%e glkgg% Kpt@%ia@gl g‘!@?&ﬁ%e?br w%se in
this. enbodi gBRErati@ASE & Bvaiesdertiwan@bytaipplyirigarcivicileed liglyiieacaio gyptisma net al
- coated gl ass coverslip on which an enzyme is immobilised: The coyerslip
is part of & typicabiatupdercuselindhie @mbogiRent ePRpists @ PH$TBWNAT ISiGAUPHRRUCI ng

BT N e O oy S e
Che samd | o S econd narmanre Trord) s
‘gener at ed ,byigdmtﬂsa(wplﬁgtidﬁqagvgrége ir@ra\pbiliseq enzyme. The enzymeisalso |abeﬁed

" - to allow non-linear effects to be generated. An incident light beam is applied to

the prism to,genérate thé surfaéé’ plasmon field. Atthe same time, a hon-linear
) usignal (e.g. second harmonic field) is generated by directing a pulsed,near

20 'ihfrared laser t‘hrough a polarizer and half wave plate, into an optical scanner for.

'beém control via a filter to eliminate optical second harmonic noise, and then
o into the samble. The non-linear optical signal is collécted_with lenses and a filter

“and directed into av monochromator,u passed to a phvo‘tomultiplier tube for -
dete‘ctioh and then amplified and recor}d'ed via a computer system.

‘}25” o " When the non-linear optical is coupled to that generating the evanescent
‘fiéld, the signal that is detected can al‘so be the linear (evanescent) sigr_xal[ 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 associated rep!isbme complex is anchored in place (or



infrared | aser through a polarizer and half wave plate, into an optical

scanner for. beamcontrol via a filter to elimnate optisoaherdieaoeh

har moni ¢ noi se, and then into the sanple. The non-linear optical signal is

collected with lenses and a filter and directed into a nonochronat or,

passed to a photonultiplier tube for jdetection and then anplified and.

recorded via .a conputer system Wen the non-linear o tical’g'éé_ oupled to
t

that generating the evanesc i el sCgmalpinhell Bildd d can
g g4 S%%%g@gﬁ%fem@é\dpoﬁ sCg ;

| so be t hiocplissh . In  thi odi OM can
be used |1 Lie ol et o, sl e e T 1o oTRR TR erphBRd S0 o2

aspect of. resent 1 nvention, the polynu O L sROdENSOlIY can be
carried outeichiibmcempuiek Is. analogrus t@é@%'@éﬁ%ﬁg@hfgg‘%%&%}/, inits native
cellular environment, a DNA polynerise and its associated replisone
conpl ex i ssapptrbred in place (or 16 Novenmber 2005 | ocal isecg in §%gce‘)
wthin the cell Ne\/\,i?&;st H5e 'rg"vivo GHE itorinGpoi confosnatiqnah 12ndy $eFP'A° 365
and Lendn et al.'] IS ence, i 98; 282: 1516-15]19. Th%ﬁ Q@ibbfé%@e&m@r ed
replicati orgeaggp&éa;@;é@d@tmigegoﬁrsepﬂiaOmﬁéG‘iaFﬁ%B? RN, OR of “the enzyne to a
solid support. 5 This allows the in viv it OfibA GinaforaetifdivieEn onal and
tenpl ate geglenbe-craiegdtay i IRAdIERe a‘ﬁfﬂféqp‘ﬁﬁgg?}@&?'gﬁat ed nol ecul es at the
singl e nolecule | ec}t/ee# é%qe&tQﬁfsrés%QCQMtis hecassaty-toimaditydhe #FZYINK SO
replication and/'8P&&M “diVision. Tn order to carry out {hgisaspasd, it is
necessary to_mbdify. fhecanzigEnadineahaptidal detgaliBHeFRRAGHES usT g nonl i near

) : h be ; ) . N
opti cal det‘g‘éﬁ)on techni ques. This can be iH?ora&yﬁ?ﬁ‘@ re¥n gepstscent usi-on
of the enzysEnhimiddby femetiefusig @ftr@r%”}el\ﬁér'escent protein (GFP ). The -
cell should also be i gm)bcl gl ﬁ@gidtaﬁscp@é m],},ogtﬁgmblpmrmtt@fatﬁf@gﬂio O¢R-
expr essed f prstein (BFBL NG E4n moni tor ed/ det ect ed at |q§s .@W&gd ‘
cel lular locati %yg,ﬁ;rég&@dwdm pasteoncafba®anitorRELe ested gUlS Fesctron
(second harnonic generation). 15 The ft0| Irg_wjg& gét%gpl&tédddmswajmd t he
i nvention. Layihdi socekpeniartie apRli¢aaNoR! BPot'eT of Green Fluorescent
Protein (GFP) and a é)oé. rase was created via reconbi nant techniques
wel | ‘known harmeric ggperat artz chips (14mmin djanmeter, 0.3nmm thick) were
spi n- coaltsed Wi t h1fe following Example illustrates the invention. |

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

v'and apolymerase was created via reco‘mbihant techniques well knownin the art.

Quartz chips (14mm in diam_eter, 0.3mm thick) were spin-;oated with a

d and then coated with a layer of planar dextran. These

SOnm thick layer of gol anar : .
» laced into the fluid cell of a custom built

20  gold coated quartz chips were then p

(NSOM). The gold-coated quartz chips

Id Scanning Optical Mi}cro‘scope en :
et o goil Thefluidcell

e coupled optically to a quértz prism via index matchin

r 9o ‘
- llowed to flow over the chip.

was then sealed and poiymerase buffer was then a

Immobilisation of the polymerase to the chip surface was carried out

chniques, 1991; 11:620-627. The chip

' , e
according to Jonsson et al., Bio |
" i nning buffer (10 mM hepes, 10mM MgCl,

environment was equilibrated with ru

150 mM NaCl, 0.05% surfactant P20, pH 7.4). '
(0.1 M in water) and N-ethy\-N'-(dimethylammpropyl)
, ected across the

Equal volumes of N-

hydroxysuccihimide n
(EDC) (0.1 Min water) were mixed together and inj

carbodimide
ivate the carboxymethylated dextran. The polymerase-GFP

30 Chip surface, to act -
was mixed with 10mM sodium acetate (100 pl, pH 5) and

ISi tein (150 pl) | ‘
fusion protel ( H e

injected across the activated surface. Finally, residual N-hydroxy



50nm thick |ayer of gold and then coated with a | ayer of planar dextran .
These 20 gold coated quartz chips were then placed i nt1é NpyenteF 200§ cel | of
a custombuilt Nearfield Scanning Optical M croscope. (NSOV). The

gol d-coated quartz chips were coupledgptically to a quartz prismvia

i ndex matching oil. The fluid cell was then seal ed and pol ynerase buffer

h | | |
o b e eRohine LAY sArBEe iBfe (R i BRS Ains et b il 2°°
Bi ot echni queld, 8.5998nd 1AorBBOLKR Poljineraehiwas MASHEMIGH: tmagﬂrfagﬁ gj\e was

equilibrated w t h running buffer (10 mM hepes, 150
sur f act ant ‘P’E@O ‘bFﬁtTOMQFOCEﬁWéNVS&QQJﬁWQe@WRMCbr}tdmmyﬂuwfmnﬁlﬁ@tﬁﬁr1 Min

aten) %?ﬁ R A DR S o e st he 30 chi éEififé?e o |
(150 I vas o0 DR A O PESLTEP O SeP waltt oy 22? cd

across the, EBIA[)V\aSé@Mrd\@céhe iFrinmedilized pofshetied/ GRPMYEITHR R ﬁ%évh Jytde 16
Novenber 2005 12 este{% p he Chl b, surface were reacted wt anol am ne

(35 pl, 1 MW Raeep! 25kd o RrivennantiodyEGER (Be2)Babistied from

L surfacen, igs1elrane U g"af %Qw% BB e BRiRE! as elsteds Tiado éﬁgé'f Mo
“anti body  biardibogy thifidirg b(Jif@l‘fM\d WHSwed trdy ovérﬁﬂ%lﬂaﬂ Mﬂ&}?gﬁé 3 f | ow

fl owed over the i mvobilized %rrer ase /GFP on the p surface
rate ofl& m/ﬁwwnmfozgammum egssantibodyl waé GreP WasiREofb thet surfacedyj ugat ed

bi na g’ but P28 EpHE RS LR NSERiD oh sout et s el Boadr al o 10

of 5 pl/m nnihates30 m nut es. Excess anti body was then washed off the
surface by flow ng antibody binding buffer over the chip at a flowrate

of 5 pl/mn for A88ecandany @Qtlb@dysétrmMmg;aldamﬂnde EM Bosegthibugengggat e EM
S 2t LB A0, AR o Aok S5k B Batnd Srmpover
the chip swiffeean@ialléwtd @WbRloGePthexhiPsdddd Y 1R rate of 5 pl/min for 30
minutes. Excess ant(body was then washed off the surface by ﬂow:ng antibody |
binding buffer over the chip at a flow rate of 5 Hi/min for 30 minutes. The buffer
was then returned to running buffer which was then allowed to flow over the chip
at arate of 5 pl/mln for 30 minutes before initiation of the next stage
20 Two oligonucleotides were synthesized using standard phosphoramidite
chemistry. The oligonucleotide defined as SEQID NO. 1 was used as the target

polynucleotide, and the ohgonucleotlde defined as SEQ ID NO. 2 was used as
- the primer.

25  SEQIDNO. 1

CAAGGAGAGGACGCTGCTTGTCGAAGGTAAGGAACGGACGAGAGAAGGGAGAG

SEQ ID NO.2
30 |
CTCTCCCTTCTCTCGTC



m nutes. Excess antibody was then washed off the surface by flow ng .

anti body binding buffer over the chip at a flow rate of6 Novphberi20¥ or 30
m nutes. The buffer was then returned .to running buffer which was then
allowed to flow over the chip at a rgte of 5 pl/mn for 30 m nutes before
initiation of the next stage. 20 Two 181 |gonucl eoti des were synthesi zed

usi ng standard phosphoram dite chem str | tgef i ned as
SEQ I'D NO1k @@rﬁblarsttddseverarrgéﬁtedb@ﬁ%’ E’r' 96%?‘8% Qﬁ]foﬁﬁ

| i gonucl eot | c}e de i ned as M @@deﬁh@bpﬁerr@@ mN5 SEQ I D
NO 1 CAA&@@GQW GA GCGAGAG. SE IDNOZ

2ot od Sy r dérel, tEme)Idlt iothietd dbi were
react ed unHéﬁ‘H%l g%lﬁg congé? 4200avylgly b |

) _
The pri med Ws@h afm@wbd;d&?ﬁaéﬁrmé&%‘qén?? i SRS b R ‘é?”‘é' "8

MD1312, 49% ycerol, 5 mM dithiothr igh,p( DDT) cont ai ni ng 150 pl
of the p sybmeNDN. tTas pfm&\ﬁsknmésﬂed\?g | ex around the 5 prinmer
DNA. This process is kno S Brarl sOrhdthle paﬂymieraeet & he
confor mati onal lEhaidgedl | Cﬁn?ﬁ thg ?Oﬁr;gﬂrriés@hbp g@: used in
tapping node, . tNhs@Ml | &4, étuaaﬁta?pmg inote deith mﬂgdﬂuﬂﬁhg‘uﬁtl | evers..
The cantil E\PQP e\ﬁfas driven close to Its resonaln i‘ g%;,ées%%mf ea,eyl ni-tial
area scan fie chstlevmrs. H\mcath@V%’u‘r‘qsajé%’eBF OPREC Enip cont ai hi ng 10

i mobi | i zed anti bodi es. The second SkERle ofake ol e;oatwmlngr om t he
i mobi | | zednpehyﬁﬁﬁ%@éa|5ﬁaf‘H@5f°r"‘15(AF@gP Ui a | oAl il umpna ion froma

| sed Ne BemEOSIgriapwaa genaeated Eamnbg
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gol d parti glepeiipel genlyweg?ig e flaicah vied BB B e gﬁlﬁ ;{I@%%prg :%EE fgg;n
pre- mpt J atuefqh-pedglaper WC%O#TSPQ%MW Wg%q?erﬂoéggﬁgg&?r\{teo ht)ég F??gfa cel |- at
?m }‘ |eg\lljvI re at e Or];e Aok lgéMﬁors&rtto'%Btérﬁ%n 'iflaaepf areomigelH@apiciaeint hg% ot e
o cell whroh is assoorated with the polymerase. The tip \s then held in stat\onary |
1S mode over the polymerase. B
The pre-initiated pre- -primed complex was then mjected into the flow cell
” at a flow rate of 5 pl/min sothat the “clamp” around the primer-template molecule:
forms a complex with the rmmobmzed polymerase. The flow cell was mamtamed
© at25°Cbya coohng device built into the flow cell. | )
20 | " The running buffer was then flushed contmuously through the flowcell 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/min. After 4 mrnutes
| 0.4mM dTTP (8 pl) was mjected into the flowcell. Then after another 4 mmutes ;
0:4mM dGTP (8 pI) was inj ‘ected and after another 4 minutes 0. 4mM dCTP (8 )
iected. This cycle was then repeated 10 times. Over the entire time

25 was inj iy |
period the second harmonic signal transmitted via the multrmode fibre w

passed into a monochromator and then into a photomultiplier. The signal from

“the photomumpler was then amplified andfedinto a computer for PFOCGJS‘”Q and

storage o
30 The intensity change of second harmomo signal arising from

polymerase complex for a period ‘of 10 seconds from the start of each nnJeCt'On

was then calculated and plotted against nucleotide injected into the flow cell.



.forns a conplex with the i mobilized polynerase. The flow cell was |,

mai ntai ned at 25C by a cooling device built into the fieowveebdr200 The
runni ng buffer was then flushed continuously through the flowcell at 500.
pl/mn. After 10 mnutes the sequencinq4reaction was initiated by
injection of 0.4mM dATP (8 pl) into the buffer at a flow rate of 500

pl/ mn. Aft 3 . . 1) was injected into the flowcell
Then after - Z’;]%étlﬁ{e%ﬂgbﬁ]&ﬁus%ggg%ggl%cﬁﬂ%e%guomrbxn Qurier%e& E2N BREaSN er
anot her 4 nifrarhdse GraphiMaeieTRten8itRk k&S hi | t hen
ﬂ‘repeated‘10,tines.gcwer'gﬁz enti?e&?ﬁﬁg é*?% fﬁgmgég%iﬁﬁ%ﬁbﬁgﬁﬁi si gnal
transmtted 'Q?Tz}t’qﬁﬁé‘uﬁ@pﬂﬁj&mﬁammn@eaﬁsothaa$sﬂds;bc5ﬁd)toathmmﬂlt§rﬁgﬁ{er and
~then into aiﬁggépgﬂ¥§iﬁli§r. The.siqnal from the photonultipler was then
anplified andof 80 mt P NotpeaiPg Tem siab 40 deft.ammussthet pad. of3e/hite
intensity c gigizek t§ j ignal arising fromthe polynerase
conplexfforhg@period gﬁpqgnégio gﬁ?fon1the start of each injection was
‘then cal culated and plotted agai nst nucleotide injected into the flow
cell. 16 Novenber 2005 14 The results of the sequencing reaction are shown
in Figure 2. As can be seen fromthe graph, large intensity changes
(larger intensity changes accounting for identical nucleotides adjacent
~to each other) correspond to.the conplenent of that of SEQ ID NO 1
(reading fromright to left, mnus that part of which hybridizes to the
primer sequence). 16 Novenber 2005 15 CLAIM5S A nethod for determning the
~-sequence of a polynucleotide, conprising the steps of: (i) sufficient to
~induce enzyne activity; (ii) contacting a polynucl eotide processive enzyne
i mobilised in a fixed position, with a target polynucleotide under
condi tions ' S ’ o ‘



detecting an effect consequent on the interaction of the enzyne and,

pol ynucl eoti de, wherein the effect is detected by neasutreymanbeaf2085
non-linear optical signal or a linear signal coupled to a non-Ilinear
signal, 2. A nmethod according to clai rpsl “wherein the effect i's detected
by neasurenent of a non-linear signal:""3. A nethod according to claim1 or
claim 2, V\/nerer n the non-linear optical detection is second or third

har moni ¢ gebiedlM3 on i magi ng. 15 4. A method according to claim1 or claim

2, wherein the non-lLin eRRE ChRgFiamy Or
surface enhanced ﬁmﬁgbg%tg@gﬂgpmg%gﬁé%%%Iaﬁj accor di ng ﬁ%@am/g

pr ecedi ng (‘thgr @aéjél\gferer n a dipolar nolecule is positioned on or proximal
to the enzyneg. A nethod according to claim5, wherein the nolecule is a

styryl dye 20 m;(r)ecu|oentaznngxarp@mmmle@bdopmca§eweearxém?n'@m%éﬁe& Wahe
nol ecu e is-green fl uor escent ei C aimb5s
or claim6, wherein thed o oo(f ‘i"r‘h‘ e%rfﬁ”@et P@@P%‘S%%g Weghe i n v% dual -

bases of the pol ynuc's%ﬂfde‘?r?to g.,guge eﬁz)meé Q&Q,@ccordr ng to:any precedl ng
claim wherer n t he enz I'S ol yner ase . A nethod according - to any

of claims I &,rr)mere@ednngrao e‘fwmensesquantmthecraseaohorppf thesenayigne. 11.
A net hod accordr ng to claim 10, wherein step (1) conprises the addition 30

of the nucl eosi de trr@dd@&%@@t'eﬂTP dTTP, dGIP and dCTP. - 12. A nmethod
according to claj erg%@%e%k% BQ‘EB@U‘U shdfetEhPBP&YH-RSearcOpPEdIse one

or nore bl ocki ng can noved sel ectively by 16 Novenber
2005 16 pul §r§ﬂatWWa@ @@h\aCcoupﬁ)éd to a non-linear signal. |
' 2. - A method accordmg to claim 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-lyinea‘r optical
detection is second or third harmomc generat:on imaging. ‘
15 4 A method according to claim 1 or claim 2, wherein the non- -linear optrcal
B detectson is Raman spectroscopy or surface enhanced Raman spectroscopy
| 5. A method according to any precedrng claim, wherem a drpolar molecule
is positioned on or proxrmal to the enzyme.
6. A method according to claim 5, wherein the molecule is a styryl dye

20 molecule.

T A method accordmg to clarm 5, whereinthe molecule is green ﬂuorescent
protein. ‘
8. A method according to clarm 5 or claim 6 wherein the dipolar molecule

is attached to the individual bases of the polynuc!eotrde
:25' 9. A method according to any preceding claim, wherern the enzyme is a
polymerase. o
10. A method ‘accord,ing to any of claims 1 to 8, wherein the enzyme rs a
helicase or pnmase enzyme.
11. A method according to claim 10, wherein step (i) comprises the addmon
30  of the nucleoside triphosphates dATP, dTTP, dGTP and dCTP.
12. A method according to claim 11, wherein the nucleoside trrphosphates

comprise one or more blocking groups which can be removed selectively by



- Atom ¢ Force M croscopy or

13. A method according to any preceding claim wherein a netal ,
nanoparticle is positioned on or proximal to the enzymé.NotembeA2f§t ho
according to claim 13, wherein the nanopa silver nanoparticle. gold or
15.. A nmethod according to claim 13 or jel ai m 14, wherein the nanoparticle
s 16. A method according to any preceding claim wherein the enzyne is

- obilised pRsgdsiricéhromudienight 10 17. A nmethod accordi ng to claim 16,
~wWherein there are a plurality of enzymes inmmbilised onthe solid
support. 183. A Awetbed acouding teanypreteding thiror widraina matal adraparticlé he sol i d
support has a roughened netal surface. 19. A nethod according-to any of

clains 16 SPOPFIONRRLN APreximatio Kie @pavine.20. A net hod according to any

precedi ng ¢} ai i i 0Q: 4 S 2Caliliac ' onj unct i with

£4°\ A B cReciBleRE!) Qi 3o Ceh e inn BB RRLAIOER T
met hod gcceivér ngnbpartigle. preceding claim further conprising the 20
application of |ocalised surface plasnon resonance. 22. A nmethod according
to any of thai n methed aacordingrteioipioht3 enelpite 14 swhergirothielnaserantisleist i xed
position within a cell. 23. A solid support material, conprisi.ng at |east
oo i nmobi e Bisonmte ateor Mot B dia Tt plibe AR R8st i onod
on or proxjgel AmbtRdPRICHFRRGIS- iy TRimd whiePRATthe BHZPredls
conpri si ng‘lgac,el | 1. mmobi I sedgqt he?g%?,rgé/]\%de‘rﬁgei n lt he cel I conprZ?ses a
pol yrrer as eiremalyifieedran @t salidsdpportan fi xed position within  the cell. 25. An

ol Td Sppalt HACTHEOY RSB MBS RAReBROtn S5 A § AL AIRPLEEOESy th a -
- 30 pol ynuc,nﬁ’rﬂ&i)iﬁ&d Bﬁ%é"sﬂfdoﬁjpﬁorfml ecul e positioned on or pr oxi maly to thev
enzym;. 18, A méthod according to claim 16 or claim 17, wherein the sblid ’suppo'r‘tnhas
" aroughened metal surface. - | IR o
19. A method according to any of claims 16 to 18, wherein the s‘up‘por't_‘ is
15 silver or gold. | | - |
20. A method according to any preceding claim, wherein detection is carried
out ih conjunction with Atomic Force Microscopy or Near-Field Scanning Optical
Microscopy. - | : '
21. A method accor-dinglto any preceding claim, ~further ;ompfising the
20 application of localiséd surface plasmon resonance. o |
22. A method according to any of claims 1 to 14, wherein the enzyme‘is“
immobilised in a fixed poéition within a cell. S | ‘ |
23. Asolid supportméterial, comprising at least one immobilised polymérase _
and at least one dipolar molecule positiéned on or proximal to the polymerase.
25 24, Asold s‘upport' material, comprising a cell immobilised thereon, wherevin
the cell comprises a polymerase enzyme maintained in an fixed positioh within
the cell, | |
25.  Animaging system setup to detecta non-lineér optical signal, compfising
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.



