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0] reacting a target polynucleotide with a helicase/primase enzyme, and
the source of NTP, under conditions suitable for helicase activity (i.e.
DNA unwinding utilising the energy from NTP hydroiysis); and
(i) detecting the separation and/or proximity of a specific base or base
20 pair via the action of the helicase, by measuring radiation.

Using a helicase in order to determine the sequence of a polynucleotide offers
severaj advantages for the success of this method. Firstly, the problem of secondary
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 iong polynucieotide 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 inventi_on, the technique used is evanescent wave
spectroscopy, in particular surface plasmon resonance (SPR) spectroscopy.
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sequence analysis. A preferred method of control is described in the copending PCT
Application in the same name and filed on the same day, the contents of which are
20 incorporated herein by reference.

The present method for sequencing a polynucleotide involves the analysis of
the conformational/kinetic interaction between a helicase enzyme and a target
polynucleotide. Measurement of conformational/kinetic interaction is carried out by
monitoring the changes in or absorption of electromagnetic or other radiation that

25 occurs if the reaction proceeds.

The term "polynuciectide” is used herein as to be interpreted broadly, and
includes DNA and RNA, including modified DNA and RNA, as well as other hybridising
nucleic acid-like molecules, e.g. peptide nucleic acid '(PNA).

The term "helicase" is used herein as to be interpreted broadly, and pertains

30 to ubiquitous proteins that unwind double-stranded polynucleotides into single-
stranded polynucleotides, and may or may not utilise energy from NTP hydrolysis to
achieve this (Dean et al, J. Biol. Chem. (1992) 267:14129-14137; Bramill et a/, Cell
(1988) 54:915-918; Schions ef al, Cell (1988) 52:385-395).
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I dentified A large number of helicases characterised to date have either been shown to
be oligomeric in their active form, or this is assumed to be the case.

20 At present, helicases have been ciassified into families according to primary
structure (Gorbalenya et al, Current Opin. Struct. Biol. (1893) 3:419-429) but can also
be grouped on the basis of oligomeric state or polarity of polynucieotide unwinding
(Lohman et al, Annu. Rev. Biochem (1996) 65:169-214 & Bird et al, Current. Opin.
Struct. Biol (1998B) 8:14-18). A large number of putative helicases have been identified

25 through sequence homology in prokaryotes, eukaryotes and viruses (Gorbalenya ef
al, Current Opin. Struc. Biol. (1 99‘3) 3:419-429). Although many helicases appear to
function as either hexamers or dimers (Lohman ef al/, Annu, Rev. Biochem (1996)
65:169-214), some are monomeric, such as the PcrA helicase (Bird ef al, Nucleic
Acids Res. (1998) 26:2686-2693) and the NS3 helicase (Porter et a/, J. Biol. Chem.

30 (1998) 273:18906-18914) for example. Other helicases, such as Rep helicase, may
also exist in menomeric form (Bird ef al, Nucleic Acids Res. (1998) 26:2686-2693).

In a preferred embodiment of the invention, PcrA helicase from the moderate
thermophile Bacillus stearothermophilus is utilised in order to take advantage of the

manipulative stability of a monomeric system. PcrA helicase has been shown to be
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20 surface on the opposite side to the sample under study. The light extends into the

sample for a short distance and is affected by an interaction at the surface.
Suitable sensor chips are known in the art. Typically, they comprise an
| optically transparent material, e.g. glass, and a thin reflective film, e.g. silver or gold.
For a review of SPR spectroscopy, see EP-A-0648328.

25 Nuclear magneticresonance (NMR) spectroscopy is another preferred method,
and measures the magnetic properties of compounds. Nuclei of compounds are
energetically orientated by a combination of applied magnetic field and radio-
frequency radiation. When the energy exerted on a nucleus equals the energy
difference between spin states (the difference between orientation parallet or anti-

30 parallel to the direction of the applied fields), a condition known as resonance is
achieved. The absorption and subsequent emission of energy associated with the
change from one spin state to the other are typically detected by a radio-frequency
receiver.
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in particular, immobilisation using standard amine coupling procedures may be used,
with attachment of ligand-associated amines to, say, a dextran or N-

20 hydroxysuccinimide ester-activated surface. In a preferred embodiment of the
invention, the helicase is immobilised onto a SPR sensor chip surface where changes
in the refractive index may be measured. Examples of procedures used to immobilise
biomolecules to optical sensors are disclosed in EP-A-0589867, and Léfas et al.,
Biosens. Bioelectron. (1995) 10: 813-822.

25 In yet another embodiment of the invention, the DNA molecuile could be

R

attached to a bead. For example, one end may be biotinylated and attached to a
streptavidin-coated polystyrene sphere (Chu ef al, Optical Society of America,
Washington, DC, (1990), 8:202) and held within an optical trap (Ashkin ef al, Opt. Lett.
(1986) 11:288) within a flow celi. As the helicase (under external controi) makes its

30  way along the polynucleotide being sequenced, the polynucleotide can be moved in
space via the optical trap (also known as opiical 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.



| mobiiisation may be carried out using standard procedures known in the
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The following Example illustrates the invention.
20 Example
The following analysis was carried out on a modified BlAcore® 2000 system
(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 ef al, 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 geil filtration. PcrA concentration was determined spectrophotometrically
30  using a caiculated extinction coefficient of 0.76 OD mg* mL" ¢cm™” 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
Jonsson et al, Biotechniques (1991); 11:620-627). Briefly, the sensor chip



wi thin the scope of the present invention. Such techniques include, but are
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Proc. NQ:H’{’ dA‘f d. Sci. USA 96:893), Fluorescence Lifetine Mcroscopy (
FLIM, Gt lecule polarisation/anisotrop y neasur efeHEE0YMF%N oni ¢

Force M croscopy (AFM neasurenents. The follow ng Exanple illustrates the
I nvention. 20 Exanple The foll ow ng analysis was carried out on a nodified

(Resear oh v igmeff s Euifiteatiin MRS Bufer FOTH Hepth. TrtoBNRRLOTRE | Ghran
e bt e e i
Pora vl i gk uckRimifie R4 frif B i AP RSN e hyRmindarpay ERrb g o
Aci ds Res (ED(DQQBM Mt RE&S) WeASmixel toyetherd rapahinfected Atrosa¢hé @Rip fCMS) 't

ow sa

h h Seph f he hel
concemt r SEHELe. 14 AETEALS i GHRODURAHFIRStHSSTARY She FEr belicass (36D WIWAS a | on.
Pcr A |
Per A COncomac oM ook SHa8 ORCLL 0010 AL 4o St
descri beds¥fass.| FinalindesiduabN-hysirooisuatigimide (eaetmc)n i1 ,ezemoz thip surface
bt |1 sl b bled it SibhaRRd GBUD M k0 e 45 B ERT b 8RS, S

chi p was carrie out accor I Ng t onsson
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o 0598 s PRt bus A s elfen b WBRL af 8 terihertins OF 281G 25 12&21“ Vol uires
ﬁieho P}/ﬁpfx(gg:auclenﬁwsde D omyl Qawgfﬁ” magg Min water) were
i xedyt oget her ?Eﬁgg P@'&‘?E EK? Ugieatides def ("GN/@F g&f—étﬁ?f’%% andSEQIDyat e
the car boXgIZEnWCRACED/05315 dere US6d. PThé th6 lpofAEaeblidd WereVaacted dsdhrVi t h

10nM sodi u Cet at 00 5). and i njected across the activated
surface. Bf &W&Pfﬂﬁ’hﬁtﬁ WEBISRFAMAEXest ers on the sensor chip

surfae were Trﬂaﬂhméd\DNAlweh fHenauapt ﬂdec(:ﬁ%ufrer (izoMm 'Tn%i&rpﬂ 78 8. and
B(r)g ngﬂngggg %%ars f 6\()\;@50%\/\?1!8 Herng é:t :othreltol ([;E];'Iz'i)?go n-lrg %O\Inmelnllrlnsa?lgtlxr?lﬂ'n)
containing 0.5 mM 1-(nitrophenyl)ethyl-caged ATP (caged at the 5’ 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 over the
20 PcrA helicase on the sensor chip surface at a flow rate of 5 ul/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 focusnng 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 ul/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



10 continuous flow of Hepes buffer (5 1/mn) at a tenperature of 25C.

A igonucleotides The target and prinmer oligonudeotides defined as SEQ I D
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were reacted under hybridising conditions to formthe target-priner

conpl ex. 15 The prinmed DNA was then susgended in buffer (20 mM Tris-Hcl, pH
7.5, 8 MM MC 2, 4% (v/v) glycerol, 5 mMdithiothreitol (DDT), 40 ny
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Hepes buffer containing 0.5 mM NPE-caged ATP is then transiently
introduced into the fluidic cell (6) at a flowrate of 30 Wmn and a
tenperature of 250C. This allows a new ATP-substrate conplex to be forned
within the imobilised helicase on the chip surface. Subsequently, Hepes
buffer containing 0.5 nM ADP is again ]0 introduced into the flow cell and
agai n the conpl ex bound ATP is uncaged¥and the substrate dsDN. A is again
unwound by a single base pair and its identity determ ned. The
acconpanykﬂg“ﬂﬁywjng shows the resutts fromthe sequenci ng experinent, as a
pl ot of response (RU) versus tinme (T, sec). This shows detection of each
nucl eoti de being incorporated into the nascent chain. The results show a
sequence ,15 caonplementary to that of the target polynucleofide. CLAIMS A
met hod f ofl- seqdematied forsaquensingoa pelynucleatides comprisingsthesteps of:(i )

ti t t pol t i dg. Wi ' [ pr.i _ d
Condi 11 ons sui f0b1 0 1 ol A9, 2" Brdh ArEediie” i, & BBloRE bfrase '
interaction between thengymgnandevdcanditivi utabile féierizythd ac@Aly; aRd

measuri ng radi %bl on. A nethod according_ to claim1, wherein the radiation
is electromaghBtic. Adetechpg iheointeragtion betwesn the @nayme amflesei n step

(ii) conprises using ﬁHf:lEﬁﬁ@? gbq(ﬁ??%g%gﬂaggguﬁ@?%ygﬁ%%accordi ng to

claimlL or claim?2, wherein's i Ses | ear magnetic
resonance2. A mAt howthad oraticogding doy ¢laimeedi ngvisérinn tderadiatibRe ignzyne is
i mmobi |i sed on R §0Iid SqP ort.
electromagnedic.
\ 3. A method according to claim 1 or claim 2, wherein step (ii) comprises
using surface plasmon resonance.
4. A method according to claim1 or claim 2, wherein step (i) comprises
using nuclear magnetic resonance. |
5. A method according to any preceding claim, wherein the enzyme is

immobilised on a solid support.



