| nvention This invention rel thod for determ ning the sequence
of a polynucleotide. 5 Backgro e Invention There i s considerable

i nterest iVQeYEYci ng pol ynucl E8Pdes. A brief summary, HETERIBARPE ption of
an effective nethod) will be found in WO4A-991 05315. Summary of the

I nvention The present invention is based on the realisation that the

measur enment of 10 el ecpQ OEEOTIDESEQUEROINGRUSING AHELICASE et ect a

conf or mat i onaI;. Z‘E%ﬁ Rr' TasS change In a helicase and/or prinmase which occurs
when t hese pr Dgoubl est randed DNA (dsDNA) into single-stranded
(ssDNA), usi ng eneflfyy ihventioiNFElatesdiood yreethod Aarc detedinmiging cthée seqpereeeott a
i.nvention, Bnlgcql? 95, sequenci ng a pol ynucl eotide 15 conprises the steps

of : (i) react| n arget polynucleotide with a helicase/prinmase enzyne,
and the sdur c@aokarodr of thedpventiondi ti ons suitable for helicase activity

(1.e. DNA unw ndi ngndthidcbad; aﬁlgﬁ\té?gﬁrr&\é ué gem tl% %\b?iys'-'ﬁ\ﬂg él )

; XYe3e(OL, 4" 6HT19 1 PCLYNUCL mm&gﬂ NG USI NG A HELI CASE Field of the
und of 't

detecting the separation an pr oxi m t ase or

pair via the &od PWB‘FW%@"WPP’&V&@WWWGF"%@ W@cﬁ‘ﬁ?’pﬁhﬁ Using a

hel i case in oy o tivp t he sequence of a polynucl eotide offers
several advant ages od. Firstl é’@ﬁt he probl em of

of
secondary struct ur &8 PW&?"@QY@&W% ﬁBI %[P@P%ﬁyf’? dhat the measwement of cduced
si nce hel 1@ as elzcieomagnetieradatich candiecsatttoidetesta mhfdunhwrﬁsanwarmass tHamps

natural envir 2 | cas | t rectly
sequence doubfegq}ghcasg a%(an[aé wm?ch &% %r L eesel'ﬁ%tgg UPYVE/'V ‘%f”g{ff

advant ages i nstanded DINA c(dsleNA] ummma:mged ¢$sDN&) g esing cingrgycfrenot NTRes  and
t he possibili },ydrags@equenm ng | ong pol ynucl eotide tenplates. The radiation
nmay be applied to sanpl e using a nunber of techniques, includin
surtace-sensitive ﬂ‘?ﬁ?ﬁﬂ!’?g tgine et fyetiop; Fmeihpe for seatenripe apAkNYigdlidase 30

enzyme Wi{8 beohygrises tHestépssa?! i d support), where a change in optical

response at a solig optic S use ca bi ndi ng
interaction at th 8surfrgﬁ "gﬁﬁafaeﬁ?%ﬁ"&?' H’d %@@Jfaﬂﬁ?ﬁe}pwafﬁ«?"?ymf’eﬁﬁ on) the
t echni que used i s evandbe sourcavaf TR padénraoaditigns, suitable farthelicalsa activity {i.ac e

pl asnon resonance (SPR) ,@,pg,%iﬁglﬁﬁgmélnﬁeh XQ{%&Q;“% tB@g&;.iaﬂEi on of the

I nventi on PCT/ GB0O/ 012 e I nve € energy
availabl e to the hé)i caiatecting theneepaetian end/mmpoximity of aspedfi base ardase ol .

That is, Ztohe notion of ;Iaﬂ@nahﬁeh@&%%fﬂélﬁ&iicés@eb%s‘i}rh&%létﬁnbe sequenced is
regul at ed via direct control of the concentration of an ener%/ sour ce

mol ecul e in the redfegalglicasain quﬁﬂwr‘i’@tegf‘iné"}frﬁ?qH%'WEé’f%Q%{Y'P%l?PF offefS t he
hel i case nol esaveeal advantagast fop e stiBZass®f Wistmethddy Firetlyh thelppghidrabisbeomians t O

promote the structures that exist within polynucleotide molecules is reduced since helicases

encounter and overcome these structures within their natural environment. Secondly,

25 helicases offer the ability to directly sequence double-stranded DNA at room

temperature. This ability offers advantages in terms of ease of manipulation of target
polynucleotides and the possibility of sequencing long polynucleotide templates.

The radiation may be applied to a sample using a number of techniques,

including surface-sensitive detection techniques (in which instance the helicase

30 enzyme will be bound to a solid support), where a change in optical response at a

solid optical surface is used to indicate a binding interaction at the surface. In a

preferred embodiment of the invention, the technique used is evanescent wave

spectroscopy, in particular surface plasmon resonance (SPR) spectroscopy.
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action of measuring radiation in order to identify a base or base pair
within proximty to the helicase or helicase conplex. Alternatively, the
cont rol of‘%p%? ndi ng, and hence sequenci ng progress,

acconpl i she ﬁ%gﬁktrolllng the ability of the helicase eﬁgyne ?%ﬁhndergo a
conformational change that allows it to ether carry out hydrolysis and/or
nove along a pol ynucl eotide. This may be achieved by engineering (via

st at e- of -t he dRascriptiontdf thednvention ati on techni ques) a helicase (or nolecule
associated with i t)ln §N8Rb6t§?ﬁ£nt‘oﬁ‘ thﬁ%ﬁﬁdﬁeﬂe%nﬁ}%gEbﬁl%bl’er@th%tﬁéh&rsgqﬁtr@r

groups that enable nol ecul e to convert or transduce radiation into a

conf or mat i onal foﬁ'ha‘mj@’ 'W%ﬁ[“é&?“‘(ﬁ’é Thisr e motiomef the helisasaalong thg DNA

carried out i nt@anday b&fb%bumaurﬁegmaeddﬁs ARkt BONHHI &Wcéﬂt@h@é)bhc& anThe
met hod may therefore Procee on . a rea

s, to achi eve rate
of sequence arfXe{aY;Sourcs melequis ip dhe WEPH&' '%’P'"@B?\F'F%?"q '?”B%E@"PB@Q{ ﬁ"et he
copendi ng PCT h@pq:ﬂsbcﬁladmlb I Thist dnews amaymeattvigtelbé rdgarhtenso dsdo promivtelthg, t he

cont ent s of Wkchlh 8 Sedilnhy GARROL A Fibr SIUERM, Bbal el AL 0RE: WIS RIS

met hod for sequ ncing a p |nvo SIS0
confornati onaltbmerhﬂllcaselmmttasecmml@et ween a heI | case enzyne and a target
pol ynucl eotide. NeagbiaiiFiy refcoﬁf?afo%mhhwmhgkar{mhee SBAGH prlrebs

carri ed out by nonitorin es I n or absorption maginetlc
or other #@di A0IIP 2GAMP eeewp@,tr mtth?eamléxaeftthehelpaa%ewme tqHedares

"pol ynucl eot i %nfohﬁaﬂbﬁﬁphhﬁﬁ?ﬂhat ahows mmhbmaawneﬁﬁ%w@a@am@a%h cl udes
DNA and RNA, includin ot her h\H/brl i sing

nucl ei ¢ aci d- 13 %VWB'PE'E% gdis rpay,be %VPEI?NA U@P%ﬂ"ﬁ'gé‘f{? atatwv&?? ar-engtigr m
"hel i case" i s mevglidien aechnitfue$)0a helicasé ¢srpmoibade Rssuitited wamd) padH tattg 30 t o

ubi qui tous pr Otoﬁ{a B %rﬁﬁgm@%&gw%?o ' gﬁot\.lpgﬂg?gne%)é %Q"f‘r?éleec?l}e tgggm}eﬂ]t(o?

si ngl est rande(f ynuc
hydrol ysi 85t o t@o#ﬁteeeaq'anog lthD@emn@rm%ﬂonatﬁhaMQDITheGmN% MQDOf helucase

267:14129- 141 34jivi ﬁ@éﬁ?‘héd otlin ﬁ'way%t'en‘s&v%gffﬁe détetibn- o?%ﬁch Recdtide. Fhe @l - ~
Cell (1988) 52: 38 14 3 PCT/ GB00/ 01290 The first helicase

was di scover emeihnd B\a&s@?"Pf%ﬂ PFR?PB" t°ﬁa?1 regtimg fasisy ip) achigpep-NghEte of al )
Eur. J. :3: OCBQ%ue(nEQZﬁéIySﬁS Aﬂﬁm&e&oasf&a&oﬁé@scnmgﬁdoﬁm IEG:'E
continually iscovered an acterised fromprokaryot.i eukaryotic
ond viral Sysoenteaty FUE @t AR S0 RS o Melshme f Ik R WEleb A= of e
5 inventi2h. Tm:ermeaited:hg'emmeeference he i nvention may be of any known type
For exanple) the h %e&q;ﬂm ,{eaa?.%

coli DnaB Heli case%é(ﬁ'%gnterﬂ?s\‘m*a% g q?l%%%; ohﬁeklt7 sl DFf t he
target pol ynu@?%é?’?fﬂﬁ"q@"ﬂ/km% l'ﬁi?'é‘é‘lﬁ’r‘ebet‘t’?@h athplicase pexyge ard apa 'Qﬁt

R][\IA dﬁpendfnt t B@hud[élﬁiﬂe OMetasLhe:hbﬁm eoﬁfmtat.bﬁan/me@@.herédﬂo.a&tcamdtaat by f or ms
of pol ynucl eoti stion enz an exonycl e

Copo soner ase g B HarasSdn o SXropust of sler BerradrgtiaPranel BREHTL hat

i nvent i on25 t heckues if teyeadtion peocbeds. ophage T7 gp4 helicase (Egel man et al)

Proc. Natl. Acad.  Sid Sy (SR 021 2800 R ke oL hoolihd Bkl SL7 T o0

enbodi nent of the invent fell§ dasee
hel i case (St agichidesbDdA an@®RBA, indlading maklifiad. Dl@candﬂmasm%m)th@iwﬁm&g? 622))

E. coli DnaB Heab.eaé.a ||f<3<hﬁ[&?%|§£3 eead(BeﬂhdeMBEIelc (pEAW%) 259: 7-14)) or

siman virus 40 large T S g Chem (1992)
267:14129- 14137) . Mg ierpcheligaaseis used herpinasde be ierpretaddirpadly 2pd perains have

ei t her Eeecn S It \WBiqLItbUR EprBleing OIRBY Liswihd dollBle!strasdddY BolfiUdlecti®ds intY Singls- assuned
to be the cas %franded polynucleotides, and may or may not utilise energy from NTP hydrolysis to
achieve this (Dean ef a/, J. Biol. Chem. (1992) 267:14129-14137; Bramhill et a/, Cell

(1988) 54:915-918; Schions ef al, Cell (1988) 52:385-395).



20 At present, helicases have been classified into famlies according to
primary structure (Gorbal enya et al) Current Qpin. Struct. Biol. (1993)
3:419-429) but can al so be grouped on the basis of ollgonerlc state or
polarity oWOiWi60iticl eoti de unwi nding (Lohnman ef al, AnnuPCREBOEIYchem
(1996) 65:169-214 & Bird et al, Current. 30pin. Struct. Biol (199B)
8:14-18). A large nunber of putatlve hellcases have been identified 25

through sequence hqﬁelfeﬁmehéhssrv%ad.y&wa%d &Hk@éwﬁé@%ﬁé‘%éﬂ wg
(Gorbal enya et al) Cur rentq}% / 6 Struc. Biol. (1993) 3:419-42 AI t hough
¥ on

many hel i caseéAbgsMepemels Bigghemm.; a7O)E5 Adrad9 & 6314%1%2’)( LYBWan ef
al, Annu. ReV heka@6d e (c&&%)auy%e.a@%s%wéred SHPHECHAFRtdREd TR prokabelic,as t he

Pcr A hel i case (Bird, et a cl ei ci ds Re 998) 26: 2686-2693) . and the
NS3 hel i case Fﬁﬁq‘g'rcaé‘f”ﬁ?'sy e"‘*‘Bl'tg'lt eSEfRee § %%%'emm 2R¥EPE °HB%4) for

exanpl e. @& heinveafidncases) such as Rep hellcase, may al so exi st in nononeric

form (Bl rd et al " thgh il RenyohAS0Rby B8 oPIRRnE0 Mhe, Br Bl o7 T ¢

embodi ment of the |nven Ion helcase ¥ er ph ile
Baci | | us st eathst halicageonay b amsDiAdepensiant BNA hetigase,c2.g. &k colhBuab Helirasef t he

mani pul ative l?)gg‘?dlbi é{yf@r lglagﬁpf‘fb’f%b% FYRLET th@%f@ef‘ﬁ&lﬁrﬁn@éﬁtn&é&% abﬁl%&‘ shown

to be VO 00 0 an essenti al cillu
subtilis (Petmolasulegthenitg heligasermay kg a RNfedrppndent EQ‘PEWW)E' Befigase that s

St aphy| ocf Cugbia s £448n botR FshAB BfolynBlledtide. Malgestanienzfmd) @lg. ah eXchBabase,
241:185-192) involved in r;_gal rand rolling cycle replication (Petit et al,

Mol . M crobi oP' @ lopgigemerase s8ay,also ke Wefidh t anas et al, Nucleic Acids Res.
(1999) 256: 350- 355)naBﬁﬂfdkraiilmwmoﬁheinnmtdﬁ.rtﬁbhalcbﬁﬁﬁbﬁ@g‘ndﬁhab@'l‘h E.

coli WrD and E?Reu 1y ﬂE‘é@H% et%f‘Sro@eﬁﬁchéé ALY @995[92%6 1%817:3! !

el ect romatgnetlg ai 81 ng techni ques Sft ace h' resonance
or nucl ear mafuther Drelfﬂmimanb@lmmwémlnvmtlherthaéemsqmgﬂhﬁmﬁ:IqolrrBa@re
changes iy r agbrbLofst s, ISrGQENa‘EIEKc%q d WSAGH%W@J%QSQEEQSFQ?Z? total

internal reflectance fluorescence (Tl . attenuate tota ection

(ATR), frust r hielieasedXieng etal dcMpbBig). F( 6) 28PeTrdfler Oragimian Vires 140Jareect r v)

scattered tot gh)icad E‘d&ﬁ'etéﬁJ'B?&tCﬁmn ((%zi%)zsﬁumsﬁ)ent wave el lipsonetry.
Techni ques other than those requiring el éctromagnetic radiation are al so

envi saged, in partféai9apuprRSOhRelicRtas Shargierisndin datehgugsitner been shown to
chem | um nesceeawgom.d ugthawaemmrm bewiang assemeum@badiervasé esonant syst ens

such as rtace acg stic e 15 u S, a uar St a

i crobal ce (4Cl\/p Sﬁﬂt(ﬂ? %ase%,[)% \cg"ﬁféi' '"°f§@ﬂ'§ﬁg‘é°°(§?ﬂ?§: %‘B@@f roscopy
i s a pref err edtrunturh (@orbalnoyaat ak Gureent Opi. Straghdiieli (1893)8:419412P) huit oan diso
detecting t hepdiofdyBbdBA &% belis! & blighdnt Stchd B oidtl 32 LBRoY L'fnvn#tﬁg{ of the

sol uti on and evanescent wave ftegion. Incid hromati c | t is

refl ected at &-obpapief pk Aawg|PeEVoB'°ah%(1986b®‘i ?%?W%@HQGF alg RUPeNt2OPBUr f ace
on the opposi bgudimle (igbs) @@Mmllﬂgé'ﬁmerggﬂﬁiéfwe RORabdsHAle Badrddshaniad1t 0 t he

sanple for a short di stang}e and | s affecte an |nteract|on t the

surface. 2ui t {EPUOhSEALeNCe MAMBOaY INPrekaryates, ﬁ“'f teg-qnd virysgs(Goraalenya &,

conprise an opf CagentYOpiH. &nﬁ@aararmgmtsemeaﬂze) Al@oudH rﬁéﬁ‘y hefibdbed appaan to
reflective fi i r or

.e.g. I SP t
Ep A 0648328, et s elierhtaers & Hiiec Bkt APh Al RRVoBOR (BoRhot her
preferred net BSde9-amé), smas arecmondmericpsuvhtascthe Popre helicase cﬁnrdcerrqncmm@c Nucl ei
f d t d
mmgnet o i ol AGhEF dareD PPantEREs ABEh S R pRE 4 ALy JpoEBrPed on a
nucl eus edfual $199BE27SEASGG-18914) fareramplecOteehelcpsas, suchtasRepthieticagefmay ence
bet ween ori e“E@B eRiEt .Rﬂ{gﬁyng ic f3fm Fd' et 3P NUBIERIAcRSs. sie%a{gﬁﬁeeg?es dﬁﬁiﬁggﬁf the

applied fields con kno as resonance is bsor ption
and subsequent emi ba roefecsed embedjnentas thejinnestiomiPeih heticaseHepmytbe modamatne spi n

state t0 the HelREpAE Babii SédrbineMRiphiffsGluti¥efin'dRdlirQs {ke AbGaHtNge" GoRI Ver -

manipulative stability of a monomeric system. PcrA helicase has been shown to be



WD 001601 14 5 PCTlI GB00/ 01290 An inportant aspect, although not essential,
of the present invention is the use of a helicase enzyne/conplex

i mmobi i se solid support. Inmobilisation of the fers
sever al inggg%ggp?advantages for the success of this nethodhaﬁﬁ { Y,
probl em of random "noi se" associ ated w t hg measuri ng ener gy absorptlon |n
sol uble 5 nol ecules is reduced considerably. Secondly, the problem of noise
from t he i nt er agcessential Enzyme is Bbausaubtilis ¢ dit efidl Mot Microlsiel) (1908) 29 264 A7HY

i nvolved with hel | ned

W ihin s Speci PILSRppGBRus el S arpadier ool Go GRRE: frRBp A TGS T

Thi s is parti cinvelvedin rephicardrolliing cycleaeplicationi(Beti ot & dMb!. tl\bcrqbalsuseB)tZBQSC&hanges
inradiation r I 563.25093 Sg where .
background fl ug?&ejké‘cseeéﬁ'éée&?rég? EZ‘E‘E’E‘%@?‘Q@B{,&@%& chai n5 r (?\XIQ\ él%\?y‘(ﬁﬁﬁf SPR
spect roscopy i eongisietsiblet hamaiagyite beth & coltUyrBranddiep. mai nt ai ned within the
evanescent wave fi ective
of The size of ‘the. PEICGH, UREnRRGs el SNy SRR SICEInIth i (bh 50

pol ynucl eot i deusieg fetch@méﬁsl eforwfare ples@en ﬁ?ﬁ%ﬁ?cﬁ Qr ﬁ‘qci‘?@f/é?aﬂ"ﬂﬁ'%/feé?'ﬂ%ﬁed to

the solid surfgggQavet lothet tdchhigldsifish ﬁhmcrﬂaﬁgé@inrrmmrn@éy&,etms.a%aace to

al |l ow further sequencing reactions t ace usin i mmobi | i sed
hel i case or hef °f%§§’6’?et§6’gﬁf°éﬁ°pylbi¥fﬂ5ﬂi'"l ?'E%l"ﬁl?ﬁga %@seg}*?ﬁgiggge%ﬁqg
st andard Apoc edtal edlebtivaATR)) frusteated total teflegtoont(FTR)| Brewstenandie Irefeatometry,usi ng

standard am ne c%g%hk&gu gr%SﬁgHéc%én E?éﬁR S eNSifstc 2‘;6’0 %ﬁé nt of
| i gand- associ at am nes ran or ﬁyd ccinimde
ester activated sur"fe&b@quqsn‘)therpﬂ‘éﬁ éhqsedeswmpwemm@etméa ?’f\?@rﬁrﬁ @®$0 t he

helicase is '%m&hbééﬁdpmran%’&m%mma s@bﬁammmeﬁr@seé}@e%@ in the
refractive i ndex neasur ed . of procedures used t -

i mrobi | i se bi o?fﬁY'@Eé‘Fé%c"f‘B“%t"FFS'f‘géé“r?é' Pgsvaﬁe@scﬁug*b F%é\é’iﬁa‘ierFQEPSt!& WRY89867,

and Lof as 16t alsaw)Re@mRjdes aftl Qedr@@hysein midrdiitinte IRCMPBtbahriigubs. 25 | n yet
anot her enbodi ment of, the, i nventio be, a Efnghed to .

2 bead. For _exanpl SuTgReRBHASHRsbTANR (SR ApeaRa S s Ao
streptavidin- cmaasadespm propertiena assohdion by Getacting tiad giffédpbcesan reBactivetindes|

A Wash Teipt ;
e Y TRy B 9, o

hel i case (undePoreehomate i 'reﬁ?‘)‘eqwﬂ'lé@q‘:tfﬁ aggle\Rh saiherficeh dSeSPRAIRY eot i de

?el ng( S?QQGECGﬂxﬁa&@Qn el dpabléitte%‘nﬂe' tdmé:@mdg@umeﬁgy NTRPRGH ﬁ&teadg o mai Ih cal
rap (al so known as_o weezer.s). . an nce e icase within
the field of &AW f°6%s;‘°fﬂ‘i" ‘agifsﬂ"é’d?ﬁ%?f’%q@ N ipteracion ?‘HO%F % he bound
hel i case bei ng hel Guitgblé sensmptchipalare kagwn in W &0I GQmﬁdlyﬁtl-B@Tdo@G@é @290 A
further pref erg t ection
of single enzerg?aW@ f%’%‘?s naf Qeg @éﬁf?ﬁg?kcon%&g@tﬂﬁ ea(rg'h}ﬁg/ Zﬂt can be
moni tored wit WQDIB\ANIWD&%%RQPEQBQ%COOY. sepBP-AREMGA28, a single |abelled

pol ynmerisggoffers %&%ﬁ%ﬁhadn@ﬁ&%&&r{%c lspaERsddpy islahSthaMireeRed Rdthdd)i S
nmet hod/ enbodi nent. Firstly, th robl em of | nt ermttent processivity of

non- pol yner i se""ﬁ'd’f‘%?ﬁ‘ﬂ%s’h? @agnefwﬁaﬂ'%%gég‘)mwngﬁ ntfHeei RS | SPAReIRISt AR e
fragment envi rmméaylcﬁuehewdcmd aC&?ﬁblﬁhlroﬁbdfyappﬁaCMhyth fitie adokidRm of

having to detect sin abe Iecu es within a flow
stream and i t?%%ﬁ@?’pﬁ?ﬂh &v rlﬁnolgo mE'SY e"&f}%‘? 8@3 nu,;l,?ug ezi'l'"g% PL8BYEYL ¢ he
probl em of uncdifferende M\letﬁpmstatée (thie iffemence betweeh adestatiar pdrelte! boardk wi t hi n
t he tenpl ge I \ known
-t ho ar £0F ort L HE Rl i Gopha8 eloe oo kndlin bE foldhiiiey

dynami cs, nol eachiexed. |Fheeah§emtlemgnd mymnt emiggion of energy associatad withrtbe i cs,

mol ecul ar fr eeg@RydfroBhé 9fin siatd B'tRE btﬂ@ﬁaﬂeﬂyp’?@a‘ily HétE?lteé‘B a ernSJﬁ%HEx

el ectrostatic environment, are considered to be"wthin the scope of the
present i nvent™®egiversuch t echni ques include, but are not limted 15 to,

Fl uorescence energy transfer (FRET) (Ha et al, (1996) Proc. Natl. Acid.

Sci. USA 96:893)) Fluorescence Lifetime Mcroscopy (FLIM, single nolecule
pol ari sati on/ ani sot ropy measurenents and Atom c Force M croscopy (AFM
measurenents. The follow ng Exanple illustrates the invention. 20 Exanple



The follow ng anal ysis was carried out on a nodified Bl Acore 2000 system
(Bl Acore AB, Uppsal a, Sweden) with a sensor chip CMb (Research grade,

Bl Acore AB) as the optical sensor surface. The instrunent was provided with
an i nt egr aPPEPHR Ui di ccartridge (I FC) which allows anal 3?§T§1%°ﬁ°1?‘(‘9ur cells
by a single sanple-injection. 25 Preparagion of PcrA Helicase PcrA helicase
was prepared according to Bird ef al, Nucleic Acids Res. (1998)

28: 2686- 2693, usi ngnhﬁ&&r&ar&%& élﬂb@érﬁf&éﬁ&n%r&[@&&eﬁﬂh%rﬂﬂn|stheuse
hepari n- Sephar ose, to puri hellcase at |ow salt concentrations. Trace

protein cont aff %Bﬂ@swmﬁéﬂm@lﬂ inygonifised entp asqlid pPombJMMbEatoRof Bei on was

determ ned s pﬁeicrae@ bére BevaralGmpdnanBaivihtages for halsttdedt OEthRthetREd. | Fistly,
coefficient of O. m as _descri I ngham

oL OB e notnediRjeratangom FoisgShca] whtirTdte FiRSiAc oIS nsPubie o
I mmbi | i s i omotdculelbas heduaedseonsitetably. s8acudlys ihed pretders aofrnois from thecor di ng

R o

Hepes buffer (sl@dutgdi@sdbe helk@aserdcambel maittainsgovkthint a@uoaqtlcahz@le(@dmreae AB,

Uppsal a, Swed 1 Min
wnrer) and N tiveiné pbror FgtGeniet. TS s Bonbli bR BLRiGLE g 1, 1!
water) were rﬁ%@ﬂaﬁ‘%@? I‘EE?"Q&HH‘ radiplianrequinge ﬁr@ggequeervmt pf flucrpsFensesafin ace to
activate {die G nErRESdexgratesiisbredcenda. ;an@eE%ﬁqefmlshsmﬂa.ng%slolA)usdms

m xed th 10 di um acet at e nd ect d across

aci(l va¥med surm%é'g slpgﬂéﬁ SeoPY fsegéeé gnépﬁé'ﬁ% %@F I iReq witin the
sensor chip sevdresesntavaee field@nddo ncddatetdoambmanﬂsea(] 86 npddp itedpbctivevstit er, pH
8.5 and nonzho

[ mri)bl | i sati oﬁ'%p#%%g{}ﬂggs&a&c'ma?\g? @ﬂ @gm&% tglc%% F&goutfg ﬁ?eov\?ré?e Hepes
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25 In yet another embodiment of the invention, the DNA molecule could be
attached to a bead. For example, one end may be biotinylated and attached to a
streptavidin-coated polystyrene sphere (Chu et a/, Optical Society of America,
Washington, DC, (1990), 8:202) and held within an optical trap (Ashkin ef a/, Opt. Lett.
(1986) 11:288) within a flow cell. As the helicase (under external control) makes its
30  way along the polynucleotide being sequenced, the polynucleotide can be moved in
space via the optical trap (also known as optical tweezers) and hence keep the
helicase within the field of detection. This system may also work in reverse, the bound
helicase being held by the optical trap.
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A met hod for sﬂ h@l%ﬁ‘ﬁ?ﬁﬁi@’&"f'% SLE’BF?& "'Q‘l’?ﬁj" Ysie. Rytappnotfmited;
reacting ast artyel-’lup«ebgmce erargy tdmsfur(FFREil’)hl&é b, ¢995) Prozskath AzydnSci. usder

pondi ti ons sui %é”‘gbg) fq'-rlugr@gégﬁ%e e\(llrrFé/ ,\@%ﬁ c}g@ Irf}:{'ﬁ@t S%S@g %E%cule

i nteraction between'the enzymne an a nuc y neasuring’
radi ation. 2. mlmhwara%qi@mdl measuements nand  Atbidice iReraeh dMierqsidopy i (AFM)s
el ect romagnet i eastirefledt®t hod according to claiml or claim2, wherein step

(ii) conprises usi surface_plasnon resonance. 10 4. A net hod accor di ng to
claim1l or claim 2)'1!73!4 Hawing leillysrates tha inwtdionsi ng nucl ear magneti ¢
resonance205. Examgildiod according to any preceding claim wherein the enzyne

o1 T pr omes iR B AN 58 ARSI B Doy
. AF% Aa% EQ np(BlAcore AB Uppsala, Sweden) with a sensor chip CM5 (Research grade, BlAcore
AB) as the optical sensor surface. The instrument was provided with an integrated
m-fluidic cartridge (IFC) which allows analysis in four cells by a single sample-injection.
25 Preparation of PcrA Helicase
PcrA helicase was prepared according to Bird et a/, Nucleic Acids Res. (1998)
26:2686-2693, using hydrophobic interaction chromatography on heparin-Sepharose,
to purify the helicase at low salt concentrations. Trace protein contaminants were
removed by gel filtration. PcrA concentration was determined spectrophotometrically
30  using a calculated extinction coefficient of 0.76 OD mg' mL" ecm™ at 280nm as
described by Dillingham et a/, Biochemistry (2000) 39:205-212,
Immobilisation of the Helicase
Immobilisation of the helicase to the sensor chip was carried out according to
Jénsson et al, Biotechniques (1991); 11:620-627). Briefly, the sensor chip
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1 109& () - OpI nplftﬁ /&y)g -ll_lf‘qL e&yl-ﬁaged ATP (caged at the &’ position). This
NPE-caged ATP is a non-hydrolysable and photoactivated analogue of ATP,
The primed DNA and NPE-caged substrate solution was then injected overthe
20 PcrA helicase on the sensor chip surface at a flow rate of 5 pl/min, and allowed to bind
to the helicase via the formation of a PcrA/DNA/NPE-ATP complex.
In order to prevent template dissociation from the helicase/chip surface, a
continues flow of Hepes buffer containing 0.5 mM ADP was maintained over the chip
surface.
25 DNA Sequencing
DNA sequencing was conducted by the method described in WO-A-99/05315,
using the apparatus shown there in Fig. 1, but using only one focusing assembly (5)
for pulsing monochromatic light into the cell.
At the start of the experiment, a flow of Hepes buffer containing 0.5 mM is
30 maintained across the chip surface at a flow rate of 30 pl/min and at a temperature of
25°C, and a data collection is recorded at a rate of 10Hz. Monochromatic light at a
wavelength of 260 nm is pulsed via the focusing assembly (5) to remove the blocking
group on the ATP molecule within the helicase reaction site. This allows the helicase
to hydrolyse the ATP to ADP, utilising the energy released to move one base pair
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as a plot of response (RU) versus time (T; sec). This shows detection of each
nucleotide being incorporated into the nascent chain. The results show a sequence
15 complementary to that of the target polynucleotide.
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10 4, A method according to claim 1 or claim 2, wherein step (ii) comprises using
nuclear magnetic resonance.
5, A method according to any preceding claim, wherein the enzyme is
immobilised on a solid support.
6. A sensor chip comprising a helicase/primase enzyme immobilised thereon.



