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1 ' NUCLEI C ACI D SEQUENCE ANALYSI S Firel d of the

| nventi on This invention relates to a nethod for determ ning the
sequence of a nucl eotide. 5 Background of the Invent]

ability t"EP%‘g"Pb%/m ne the sequence of a pol ynucl erT’&M’%”b"f great
scientific inportance. For exanpl e, the Human Genone Project is an
anbi ti ous international effort to mag and sequence the three billion 10
basi s of DNA encoded in the human genone. When conpl ete, the resulting
sequence database w || be poé¢oeic Kcip sepveret ! shrdygoger for bionedi cal
research. The_maj ar obstacle to the successful conpletion of this

pr oj ect y used in the sequencing process. 15

The principal metirhdsi ingentioh rekates takagneshatiefor dddérmimimdgciieg i S

the chain termnati met hod was first devel oped by
Sanger and COGRESRC sé’%;é‘rggilym‘ﬁ%?’tlﬁe Nat|. Acad. Sci. USA 1977: 74:

5463- 546%), Badkaround| psthe Thwentdonf di deoxy derivatives of the four 20
nucl eosi de triphogphat e Migh aE§ I%%Q%a;@d tREO HiRmencd'@SpeNt 5
pol ynucl eotide_chalin in,a pol'ynerase reactiQ Upon |ncorporat|on t he

di deoxy deri 93@Y0§§198F&fiﬁat’eg tRE grealy §Fré?§§éfi‘€aétn}&ﬂ¥'té’rﬂfﬁhe rﬁ’%uct S
are then sepagahplehy the J@umarecigardine esPsofedt anadkysas t anieMeidud he

position at international effort to map and sequence the three billion
10 basis of DNA encoded in the human genome. When complete,
the resulting sequence database will be a tool of
unparalleled power for biomedical research. The major
obstacle to the successful completion of this project
concerns the technology used in the sequencing process.
15 The principal method in general use for large-scale
DNA sequencing is the chain termination method. 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 triphosphates which are incorporated into the
nascent polynucleotide 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 incorporated
into the chain.

Although this method is widely used and produces
reliable results, it is recognised that it is slow, labour-
intensive and expensive.

30 An alternative sequencing method is proposed in EP-A-

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

. strand complementary 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



25 which the particul ar di deoxy derivative was incorporated inte'the
chai n. Al t hough this nethod is wi dely used and produces

reliable results, it is recognised that it is slow, |[|abour- i nt ensi ve
and expensyuenss An al ternative sequencing net hod i 2CIrGEI8HEAI4i N
EP- A- 0471732, which uses spectroscopi c neans to detect the

I ncorporation of a nucleotide into a nascent pol ynucl eoti de strand
conplenentary to a target. The nmethod reles on an i mobi | i sed conpl ex
of tenplate and prinmer, which is 35 exposed to a flow containing only one
of the differeatalysedugtewthdes. th&ptempdatepcopyechfhguepeateosivapicsed
to measur I e S
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and fluorescence neasuring 5 techni q I mtations of thIS
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that, as the ydasgwisédp €tREYmbEtagerdomss forembssPRt €echnique being

that, as the size of the copy strand grows, the absolute
size of the signal also grows due to the movement of the
strand out of the evanescent wave field, making it harder

10 to detect increments. The fluorescence measuring
techniques have the disadvantage of increasing background
interference from the fluorophores incorporated on the
growing nascent polynucleotide chain. As the chain grows,
the background Y"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
seguencing large polynuclecotides.

There is therefore a need for an improved method for

determining the sequence of polynucleotides which

20 significantly increases the rate at which a polynucleotide
is sequenced and which is preferably carried out by an
automated process, reducing the complexity and cost
associated with existing methods.
Summary of the Invention

25 The present invention is based on the realisation that
the measurement of electromagnetic or other radiation can
be used to detect a conformational and/or mass change in a
polymerase enzyme which occurs when a nucleotide is
incorporated into a nascent polynucleotide strand.

30 According to the present invention, a methed for
sequencing a polynucleotide comprises the steps of:

(1) reacting a target polynucleotide with a

polymerase enzyme immobilised on a solid support, and the
different nucleotides, under conditions sufficient for the

35 polymerase reaction; and
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sizg.of the signal also grows due to the novenent of the strand out of
tthe evanescent wave field, nmaking it harder 10 to detect increnents.
The fluorescence neasuring t echni ques have the di sadvant age of

I ncreasi ng background interference fromthe fluor ophorgs i ngar Q" at ed
on the 03?’8%1?19 nascent pol ynucl eotide chain. As the ch&HFH] /3%5,

t he background "noi se" increases and the tine required to 15 det ect each
nucl eoti de i ncorporation needs to be increased. Thi s severely
restricts the use of the nethod for %equenci ng | arge pol ynucl eoti des.
There is therefore,a.peed, for.an ipproved neth f, determ ni. t he
sequence of pol yﬁ’ﬂ%?e‘gf’?%%él i ER®20 lglcﬁré’r?%gitégﬁt I y°f| nct ea?@?ctl%gcr ate
af whi ch a patycledebde deomplemestaey ueoctbe abarget cholgnpcieotabley byrri ed
out by an , reducing the conplexity and cost

associ at ed w%%%?ﬁﬁga%ﬁgﬁg Summary of the Invention 25

The present inventTls FaddasdanomathebreARRIagONtPh& SamPLge YRYr 8ment
of el ect roMBGNBih&r ¥f ObBRALGAEE AliriN ¥dPThg suraceseenka tdeiecabtaction
conformati onal and/or nmss, ¢ ange iLn a . po#érrer%se gnz ne whi ch gccurs
when a nucl edtghnigues, YReE? p8r Shaddeht B athasfBHECR BHIT dBCsfr and.
30 Accsliiv toptivmlpr enefacenvest ivsed aoretinddcadre a bieddmgci ng

Bl ynicl eot | ABNGAAPoLon ‘B Phe biRRaBL) 1o o prefeired SfboAIndTCE
and t he difd erdanvenhisineot tHes, tecbrigeendisdednsd ssupVapessentor vaNe 35
pol ymer 34%° r%&%s@%, in particular surface plasmon resonance (SPR)
spectroscopy.
In an embodiment of the invention, the nucleotides
used in the method include a blocking group at the 3!
position, and optionally at the 5' position, which prevents
15 incorporation of the nucleotides into the polynucleotide

strand. However, the blocking groups may be selectively
removed to allow incorporation to occur. By using the
blocked nuclectides, it is possible for the method to be
carried out using all the nucleotides present in the
20 reaction at any one time. The selective removal of the
blocking groups is carried out in a way that ensures the
detection of each incorporated nucleotide. The method may
therefore proceed on a "real-time" basis, to achieve a high
rate of seguence analysis. |
25 Description of the Drawings
The invention will be described by way of example only
with reference to the following drawings, where:
Figure 1 is a schematic illustration of polynuclectide
sequence analysis using SPR spectroscopy; and
30 Figure 2 illustrates the different response signals
) detected for the polymerisation of each of the different
nucleotides.
Figure 3 illustrates the synthesis procedure for the
double blocked nucleotides.
35 Description of the Invention
The present method for sequencing a polynucleotide
involves the analysis of the kinetic interaction between a
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t he opti cal
bi ndi ng

(ii) detecting the incorporation of a specific nucl eoti de-
conplenentary to the target polynucl eotide, by nmeasuri ng radiation.
The radiation may be applied to a sanple using a 5

i ncl udi ng wardomsserssensi ti ve detection techni ques, whergrpcRdRgs i
response at a solid optical surface is used to I ndicate a

I nteraction at the surface. In a preferred enbodi nent of

the invention, the technique used is evangscent wave 10 spectroscopy,
particul ar surface plasnon resonance (SPR) spect roscopy.
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sequence anahysiified DNA and RNA, as well as other hybridising nucleic
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acid-like molecules, e.g. peptide nucleic acid (PNA).

Typically, the method is carried out by applying
electromagnetic radiation, by using the techniques of
surface plasmon resonance or nuclear maghetic resonance.
However, other techniques which measure changes in
radiation may be considered, for example spectroscopy by
total internal reflectance fluorescence (TIRF), attenuated
total reflection (ATR), frustrated total reflection (FTR),
Brewster angle reflectometry, scattered total internal
reflection (STIR) or evanescent wave ellipsometry.

Techniques other than those requiring electromagnetic
radiﬁtion are also envisaged, in particular photochemical
techniques such as chemiluminescence, and gravimetric
techniques including resonant systems such as surface
acoustic wave (SAW) techniques and gquartz crystal
microbalance (QCM) techniques.

Surface plasmon resonance (SPR) spectroscopy is a
preferred method, and measures the properties of a solution
by detecting the differences in refractive index between
the bulk phase of the solution and the evanescent wave
region. Incident monochromatic light is reflected at a
specific angle off a solid optical (sensor chip) surface on
the opposite side to a sample under study. The light
extends into the sample for a very 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 feview of SPR spectroscopy see European Patent

The sel ecti ve
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25 . Description of the Draw ngs The invention wll be described
by way of exanple only with reference to the follow ng draw ngs, where:
Figure 1 is a schematic illustration of pol ynucleotide sequence

anal ysi s usi ng SPR spectroscopy; and 30 Figure 2 ill e
different WEPPEE signal s detected for the polymeri siﬁﬂt}:)c?lés’g@ﬁelgch of

the different nucl eot i des. Figure 3 illustrates the synthesis
procedure for the doubl e bl ocked nuclkeotides. 35 Description of the
| nventi on The present nmethod for “sequenci ng a pol ynucl eoti de

| nver ) The et hod | i de
| nvolves the pRghyshtsBh hBS H6FEILE [NETELAN N2 of wnich WP

4 pol yiBeasporatgegdnberein byrgefergprfghucl eotide and a

conpl ementary nucl gabhdar ndbGREHIEMERésShakde KiNMK) CspectrdsHdpyCtiisnn is
carried out by nonitori t he” ¢chan

el’ectromm oghe ng i gile:ps} 4 Oand allgsorspt'tgn of gnetic
, gnet pBOBReEt hBF Sf&BF &Hi oRETHAR: 53RdocBERSUFFSt hE FealPORT
proceeds.s propertiBe t efm tpabpundseot i dafudriusesf hecempoundso lare
I nterpreted béggg‘lggtiggghi{ncéy{ieegt%darbc& RI\alA’ cioﬂgliﬂq.kﬂ%n 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

10 parallel or anti-parallel to the direction of the applied
fields), a condition known as resonance is achieved. The
absorption and subseguent emission of energy associated
with the change from one spin state to the other, is
detected by a radio-frequency receiver.

15 An important aspect of the method of the present
invention is the use of a polymerase enzyme immobilised
onto a solid support. Immobilisation of the polymerase
offers several important advantages for the success of this
method. Firstly, the problem of random "noise" associated

20 with measuring energy absorption in soluble molecules is
reduced considerably. Secondly, the problem of noise from
the interaction of any substrate (e.g. nucleotides) not
directly involved with the polymerase is reduced, as the
polymerase can be maintained within a specifically defined

25 area relative to the field of measurement. This is
particularly relevant if the technique used to measure the
changes in radiation requires the measurement of
fluorescence, as in TIRF, where background fluorescence
increases as the nascent chain grows. Also, if SPR

30 spectroscopy 1is used, the polymerase reactions are

. maintained within the evanescent wave field and so accurate
measurements can be made irrespective of the size of te
' polynucleotide. - Finally, as neither the target
polynucleotide nor the oligonucleotide primer is

35  irreversibly attached to the solid surface, it is

relatively simple to regenerate the surface, to allow



nodi fied DNA and RNA, as well as other hybridising nucleic aci d-{i ke "
nol ecul es, e.g. peptide nucleic acid (PNA). 10 Typically, the nethod
is carried out by applying el ectromagnetic radi ati on, by using the

t echni queswefogpszzs surface plasnon resonance or nucl ear nagpeticBog/eRONance.
However, other techni ques which nmeasure changes in radi ati on may be
consi dered, for exanple spectroscopy by 15 total internal reflectance
fluorescence (TIRF), attenuated totaléreflection (ATR), frustrated
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Pat ent
optical sensors are disclosed in EP-A-0589867, and L¥fas et

al., Biosens. Bioelectron. (1995) 10:813-822.

15 The polymerase used in the invention may be of any
known type. For example, the polymerase may be any DNA-
dependent DNA polymerase. If the target polynucleoctide is
a RNA molecule, then the polymerase may be a RNA-dependent
DNA polymerase, i.e. reverse transcriptase, or a RNA-

20 dependent RNA polynerase, i.e. RNA replicase. In a
preferred embodiment of the invention, the polymerase is
Tag polymerase. In a further preferred embodiment of the
invention, the polymerase is either E. coli polymerase III
holoenzyme (McHenry, Ann. Rev. Biochem. 1988; 57:519), T7

25 polymerase (Schwager et al., Methods in Molecular and
Cellular Biology (1982/90); Vol.1(4):155-159, or
Bacteriophage T7 gene 5 polymerase complexed with E. coli
Thioredoxin (Tabor et al., J. Biol. Chem. (1987); 262:1612-
1623). Each of these polymerase enzymes allows a binding

30 with the target polynucleotide to occur with high fidelity
and therefore maintains a polymerase-polynucleotide
complex, even when polymerisation is not actively taking
place.

The polymerase III holoenzyme is composed of three

35 subassemblies that function to create the processive
enzyme: (I) the polymerase core, including the polymerase
subunit «; (II) B-dimer subunit which acts as a bracelet-



5 . Publi cation No. 0648328 (the entire disclosure of whichis
|ncorporated herein by reference). Nucl ear magneti c resonance
(NVR) spectroscopy S anot her preferred nmethod, and neasures the
nmagneti c Pro perties of conpounds. Nucl ei of conmpounds are
energet i caWP;”@??flént ated by a conbination of applied FEJrERBO23 el d
and radi o-frequency radi ation. Wen the energy exerted on a nucl eus
equal s the energy difference betmeen7spin states (the difference

bet ween orientation 10 parallel or anti-parallel to the direction of the

appl i ed {18 05truBc6RBILELARABRND dnd! [ aIne SubaPURS o Bio
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radi o-frequengye r gCQiMBE- akSund thePNAlPOrtant aspect of the nethod of the
present |nvent|on s the use of a pol ynerase enzyne i nmobili sed

onto a solid suppo?®.@ ?%Blsﬁ‘%t]t’bﬁ:}tﬁ %%%%P&?@ess e dagrasdyer al
| nport ants adveslpgesléotiabe mugcebe Obrblight intBe! bositabt! Slikh g
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noi se from Typidwliyniertdoti bunfderarwillibdie att (2. gufifiict =it Xhes higdi
temperature to disrupt (or melt) any secondary structures
that exist on the target polynucleotide. On cooling, the

10 primer will anneal to its complement on the target. This
sample may then be brought into contact with the
immobilised polymerase, to form the target polynucleotide/
polymerase complex.

In one embodiment of the invention, the addition of

15 the nucleotides is controlled so that the different
nucleotides are added sequentially to the polymerase/target
complex. For example, dGTP may be added and allowed to
flow over the polymerase/polynucleotide complex; any
incorporation is then detected. Unbound AGTP flows out of

20 the reaction site and a further nucleotide is introduced.
In this manner, the detection of a kinetic interaction can
be correlated to the particular nucleotide present at that
time and the polynucleotide sequence can therefore be
determined.

25 The method may also be carried out with all the
different nucleotides present. For this to be carried out
successfully, it is necessary for the nucleotides to
incorporate a blocking group at least at the 3' position,
but preferably at the 3' and 5' positions. The blocking

30 groups may be 1light-sensitive and can be removed by

* applying light of a defined wave length, to release the
active molecule. If the nucleotides incorporate blocking
groups at both the 3' and 5' positions, the blocking groups
should be capable of being distinguished on the basis of

35 their spectral absorbancy, i.e. it should be possible to
remove selectively one of the blocking groups by applying
a specific wavelength of light which does not remove the
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directly involved with the polynerase is reduced, as the pol yner ase
can be maintained within a specifically defined 25 area relative to the
field of measurenent. This is particularly relevant if the techni que

used to neasure_ the changes in radiation requires t ement
of fl WPe¥¥Ee, as in TIRF, where background fl uoresce%‘grécﬂﬁ%w{"

I ncreases as the nascent chain grows. Also, if SPR 30 spectroscopy 1is
used, the polynerase reactions are mai nt ai ned within the evanescent
wave field and so accurate measur ements can be made i rrespective of the

size of te poly qQti de. Finally,._ a nej e g
pol ynucl eot i §&PSTor P'LifDﬁ‘glngol 5oRRe eoH:dels %s&rdggﬁéaggg ?é%vgttrhm bl y
at t ached toblbh:klrfg)lgnbugwﬁ dbhe, 3' position neguitiess|bthesilight tte be

regenerate thg) a4'd f@% Lo ¥ ag%‘i‘ duration than that re ulred to remove
6 furt REP sequenci ng re ions to take pl ace usi

i mobi | i sed phleyrhl@sslemg group at| i § | spepdtieny be'g%wr PéélOHEt the ng

standard & PO WBo! Bel B8 stithgulitHa] tb}?%éﬁh speeRirhiS N 5
usi ng standard am ne coupl I ng procedures may be used, with at t achnment

of |igand- as$6apParad RRMS: t o, say, a dextran or N-hydroxysucci ni nm de
ester-activated sWdria®a11y) ®ha light-sensitive blocking groups undergo

photolysis at wavelengths in the range from 200nm to 450nm.
The blocking groups will typically be derived from a
10 compound of the formula R!-[0-CO-]X wherein R' is a
photolabile group and X is a leaving group. For example,
R! is o-nitrobenzyl. Particularly preferred blocking
groups include the o-nitrobenzyl protecting groups
described in WO-A-92/10092 and WO-A-97/39151. These groups

15 include nitroveratryloxycarbonyl (NVOC),
nitropiperonyloxycarbonyl (NPOC) , a-methyl-~
nitroveratryloxycarbonyl (MeNVOC) , a-methyl-
nitropiperonyloxycarbonyl (MeNPOC) and 1-
pyrenylmethyloxycarbonyl (PYMOC).

20 A suitable 3' blocking group is a (4,5-dimethoxy-2-

nitrobenzyl)oxycarbonyl group which can be formed by
reaction of the nucleotide with a compound of formula (I):

25 claon
[+]
|
CH,
NO 3
30 oH40
OCH 3 (I)

wherein R is any suitable esterifying group, e.g. methyl.
35 This blocking group can be selectively removed by a pulse
of light with a wavelength of 360 nm.



preferred enbodi nent of the invention, the polynerase is I rmobi |1 sed
onto a SPR sensor chip surface which maintains 10 t he pol ynerase in close
proximty to the sensor surface where changes in the refractive index
may be neasured. Exanpl es of procedures used to i mobilise

bi onol ecuP&d¥8§315  optical sensors are disclosed in EP- AOEEEHER2I4 g

Lof as et al ., Biosens. Bioelectron. (1995) 10:813-822. 15 The
pol ynmerase used in the invention nay be of any known type. For

exanpl e, the polynerase may be any DNA- 2 dependent DNA pol ynerase. |f

t he target pol ynugl eqti.de i s .a _RNA ol ecu hen the.pol ynerasge may
be a RNA-dependen@‘é%lééa%f|§&9§§épgsgfogge?%rg5$r é P?%ﬁgﬁspp¥5s TiﬁF a
RNA- 20  depénsreptheaRyd yetthyiergrseip (IB.: RNA replicase. In a
preferred enbodi nent of the invention, the polynerase is Taq

pol ynmerase. In a further preferred enbodi nent of the I nvention, the
polynerase is either E. coli polynerase |11 hol oenzynme (MHenry, Ann
Rev. Bi oghem 1988; 57:519), T7 25 pol ymerase (Schwager et al., Methods
i n nmol ecul ar and Cel | ul ar Bi ol ogy (1989/90); Vol . 1(4):155-159,
or Bact eri ophage T7 gene 5 polynmerase conpl exed with E. col

Thi oredoxin (Tabor et al., J. Biol. Chem (1987),; 262:1612- 1623) .
Each of these pol ynerase enzynes aIIoWs a binding 30 with the target

pol ynucl eotide to occur with high fidehddy and therefore maintains
a pol ymerase-pol ynucl eoti de conpl ex, even when pol ynerisation is not
activel ygtaking pl ace. e poAynerase |11 hol oenzyne is
conposed of three 35 subassenbl i at  function to create the
processi ve enzynme: (1) the pol b core, including the polynerase
subunit [err]; (Il) [err]-dinmer sub whi ch @rtys as a bracel et-

15 wherein R is any suitable functional group, e.g. halogen.
This blocking group may be selectively removed at a
wavelength of 260 nm.

By way of example, double-blocked nucleotides are
injected over the primed target polynucleotide (held in

20 association with a high fidelity polymerase complex), and
monochromatic light is focussed upstream of the polymerase
at a wavelength sufficient to release the blocking group
from the terminal phosphate of each nucleotide. The
nucleotides are then able to flow over the bound

25 polymerase, and incorporation into the  nascent
polynucleotide strand can occur. However, as the blocking
group at the 3! position remains bound, only one nucleotide
is incorporated. A measurement of the kinetic interaction
will therefore provide information as to the particular

30 nucleotide incorporated into the nascent chain. The

' polymerase used may be a high fidelity polymerase which
does not dissociate readily from the target when the
reaction stops. Alternatively, a competitive inhibitor may
be used to prevent the polymerase dissociating from the

35 target.

After measuring the incorporated nucleotide, a pulse
of monochromatic light is focused on the blocking group
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the nucl eoti EQEEHO%EC’ Féhdd@tautdiei onli €& eﬂsat reqﬁ&'fé&oi‘biies
are added sequ tlal Py to the pol yrrerase/target | e For exanpl e,

ompl e
dGTP may be atemevakdakl FBged'tposSition) ppdyeEP PRk the bl°°klng group
pol ymer ase/ pojyaeel aekiaderiebnmuhex mﬁweotlde i igotper qidmemséleaoﬁplegt ed.

o it roducedvi £l “uRdkrle Eepeyadr " ERSEReHE, W 2 LR BL7Ehe TS,
can be CMdPtﬁbadofonuhbepaideSMQt mwt@ withebhe gpolymerase
complex.
Once the 3! blocking group is released, the polymerase
10 reaction 'is allowed to continue as further nucleotides
arrive at the polymerase reaction site. Uncontrolled
poilymerisation is prevented by alternating the pulses of
light required to remove the blocking groups.
While it is preferred to use the double-blocked
15 nucleotides, as described above, the procedure may also be
carried out using nucleotides having a blocking group at
the 3' position only. 1In this case, it is desirable to use
a competitive inhibitor of the polymerase, which will
reduce the probability of a nucleotide lacking a blocking
20 group at the 3' position being incorporated into the
nascent chain. A suitable competitive inhibitor of
polymerase is carbonyldiphosphonate (COMDP).
The following Example illustrates the invention with
reference to the drawings.
25  Example
The following analysis was carried out on a modified
BIAcore 2000 system (BIAcore AB, UPPSALA, Sweden) with a
sensor chip CM5 (Research grade, BIAcore AB) as the optical
sensor surface. The instrument was provided with an
30 integrated pm-fluidic cartridge (IFC) which allows analysis
in four cells by a single sample injection.
Preparation of polymerase
E. Coli polymerase III holoenzyme was prepared
according to (Millard et al., Methods Enzymol. (1985);
35 262:22) using hydrophobic interaction chromatography on
valyl-Sepharose, to purify the holoenzyme at high salt
concentrations. After purification, the hollow enzyme was

»



time, and the pol ynucl eoti de sequence can therefore be determ ned. 25

The ‘'met hod may al so be carried out with all the di fferent nucl eoti des
present. For this to be carried out successfully, it is necessary for
the nucleotides to i ncorporate a bl ocking group at le 3
posi tion, WO9%0BIS preferably at the 3' and 5' positions. ?ﬁéwgﬁ%%%?ﬁg 30
groups nmay be light-sensitive and can be renoved by applying light of
a defined wave length, to release the jjactive nolecule. If the

nucl eoti des i ncorporate bl ocking groups at both the 3 and 5

posi tions, thedlasktrted OPsng the S{OHLilberaapshl eeehnbghBIdescribed
di-sti ngui shed on the basis_of

oot g e O S beshR e 5, UighL el SPRELIRINp ka8 1 SPou
appl yi ng A ngisiel 11 €awbore| endtie Polyméi-agbi ch does not renove the
group at the 3 poclEIGR I EEARI SRoRR RO TESe " ANE gensBrahill
dur ati on shan siirflaceqwasedcanr yeshoeut accordbhgcliong(gbénapont eteald'.,
ESZLE ton.  This Qlddiies diiés 5165 2FK1 N HAWIE2 . DO pilsde1yqui eked sl h
chip environment was equilibrated with Hepes buffer (10 mM
Hepes, 150 mM NaCl, 0.05% surfactant P20(BIAcore AB,
Uppsala, Sweden), PH 7.4). Equal volumes of N-
10 hydroxysuccinimide (0.1 M in water) and N-ethyl-n'-
(dimethylaminopropyl) carbodiimide (EDC) (0.1 M in water)
were mixed together and injected across the chip (CM5)
surface, to activate the carboxymethylated dextran. The
polymerase III Subassembly core (160 ul, 500 U) was mixed
15 with 10 mM sodium acetate (100 pl, pH 5) and injected
across the activated surface. Finally, residual N-
hydroxysuccinimide esters on the sensor chip surface were
reacted with ethanoclamine (35 g1, 1 M in water, pH 8.5),
and non-bound polymerase was washed from the surface. The
20 immobilisation procedure was performed with a continuous
flow of Hepes buffer (5 pl/min) at a temperature of 25°C.
Oligonucleotides
Two oligonucleotides were synthesised using standard
phosphoranmidite chemistry. The oligonucleotide defined as
25 SEQ ID No. 1 was used as the target polynucleotide, and the
oligonucleotide defined as SEQ ID No. 2 was used as the
primer. '

CAAGGAGAGGACGCTGTCTGTCGAAGGTAAGGAACGGACGAGAGAAGGGAGAG
30 SEQ ID No. 1

CTCTCCCTTCTCTCGTC SEQ ID No. 2

The two oligonucleotides were reacted under

35 hybridising conditions to form the target-primer complex.
The primed DNA was then suspended in buffer (20 mM

Tris-HCl, pH 7.5, 8 mM MgCl,, 4% (v/Vv) glycerol, 5 mM



tenporal neans. Generally, the light-sensitive bl ocking groups
under go phot ol ysis at wavel engths in the range from 200nmto 450nm
The bl ocking groups will typically be derived froma 10 conpound of the
formul a Ryehhdpdsss CO-]1 X wherein Rlerr] is a phot ol abi | eeqyreegs/aad X i s
a | eaving group. For exanple, Rlerr] is o-nitrobenzyl. Particularly
preferred bl ocking groups include the o-nitrobenzyl protecting groups
described in V[}Av92/10092 and WO- A-97/39381. These groups 15 include
nitroveratryl Qx carbon ni tropi peronyl oxycar bonyl

(NPOO) , [ efAFhAeY elt°l n(??éberaﬁpyldﬁycéPBBﬁyﬁ SN \/Ox} bumin)
[err]-methyl - contamhhhgpQﬂeﬂgnﬁéDNKCBithMb- rotdBhPSRA theaDBHA pol- TIX

P2 S aTEl o) nepRepe Ry, Geerk, £8) fsag;csﬁ‘%é%‘éa B SELikpoRCEathEe

f or med by (Leacpimod @fdimernamd eXftS dimodi tyh saboodits)nd Of. Sf eaMTATE Whs:

[err] 5 present together with 60 uM carbonyldiphosphonate (COMDP).
In this reaction, the Yy subunit acts as a molecular
matchmaker, hydrolysing ATP to place the B-dimer subunits
onto the DNA to form the poclymerase sub-assembly (Studwell
et al, UCLA Symp. Mol. Cell. Biol. New Ser. 1990; 127:

10 153).

The primed DNA/sub-assembly complex was then injected
over the polymerase III on the sensor chip surface at a
flow-rate of 5 pum/min, and allowed to bind to the
polymerase via the action of the v subunits.

15 In this experiment, magnesium and ATP are needed for
the Pol III to bind to the primed DNA. However, magnesium
also promotes removal of the primer by the proof-reading 3°
- 5' exonuclease activity. This problem is circumvented by
including the carbonyldiphosphonate, which is a competitive

20 inhibitor of polymerase activity (a pol III lacking the
3'-5!' exonuclease activity may be used to avoid this
particular problem).

A continuous flow of 60 pgM carbonyldiphosphonate was
maintained over the c¢hip surface, to prevent - the

25 exonuclease activity from removing the primer from the
target DNA.

Nucleotides Incorgﬁrating Two Blocking Groups
Each nucleotide (4CTP, 4TTP, dGTP and 4dATP) contained
a 1-(2-nitrophenyl)ethyl blocking group at the 5' position,

30 and a (4,5-dimethoxy-2-nitrobenzyl) oxycarbonyl blocking
group at the 3' position as shown in Figure 3. The
synthesis of the double blocked nucleotides was as follows:
Stage s - gynthesis of (4,5-dimethoxy~-
nitrobenzyl)oxycarbonyl-nucleoside triphosphate.

35 The same overall method was applied to dGTP, ACTP and
dTTP. A mixture of JdATP dihydrate (0.4mmol) and
approximately 3mmol of 4,5-dimethoxy-2-~



wherein R,s any suitable esterifying group, e.g. nmethyl. 35 This bl ocking

group can be selectively renoved by a pul se of light with a wavel ength
of 360 nm 9 A suitable
bl ocki ng g\é& 05@*5 the 5 position is 1-(2- ni t ropheny%é@}éﬁékmgrl?up
(41): errv

13

nitrophenyldiazomethane, freshly prepared from o0omg (4
mmol) of 4,5-dimethoxy-2-nitrophenylhydrazone (synthesized
by treatment of 6-nitroveraldehyde with hydrazine
monohydrate in chloroform by the procedure of Wootton and
5 Trentham, Photochemical Probes in Biochemistry (Nielsen,
P.E., Ed,) NATO ASI Ser. C, Vol. 272, p277-296 (1989), was
stirred in 15 ml of DMSO at room temperature in the dark
for 40 h. Monitoring of the reaction by TLC in a
chloroform/methanoi (5:1 v/v) solvent system revealed the
10 appearance of a spot with Rf 0.54 corresponding to the
caged nucleotide. DMSO, unreacted diazo compound, and
reaction products with low polarity were removed by
repetitive extraction with 60 ml of ether. The residual
material, which, among other substances, contained
15 unreacted nucleotide and the desired product, was dissolved
in a minimal amount of chloroform and separated by flash
chromatography on a silica column (3 x 30 cm). Elution
using 100% chloroform and methanol/chloroform (95:5 v/v)
removed the hydrophobic side products of 4,5-dimethoxy-2-
20 nitrophenyldiazomethane from the column. The fractions
were dried on a rotary evaporator. 78 mg of the caged
product was then lyophilised. The overall yield was 45%.
The 3' blocked 4,5-dimethyloxy-2-nitrobenzyl oxycarbonyl
dATP was isolated directly with higher purity by

25 preparative reverse-phased HPLC from the crude product.
Stage 2:- Addition of the 5' 1-(2-nitrophenyl)ethyl group
to the 3' 4,5-dimethoxy-2-nitrobenzyl oxycarbonyl blocked

daTP.

A mixture of 4,5-dimethoxy-2-nitrobenzyl oxycarbonyl
30 5' dATP (0.4mmol) and approximately 3mmol of 1-(2-
. nitrophenyl)diazoethane, freshly prepared from 716.7 mg
(4mmol) of hydrazone of 2-nitroacetophenone (synthesized by
treatment of 2-nitroacetophenone with hydrazine monohydrate
in ethanel) and 2.9g (30mmol) of MnO, (90%) in 20 ml of
35 chloroform by the procedure of walker et al (walker et al,
Methods Enzymol. 1989; 172:288-301), was stirred in 15 ml
of DMSO at room temperature in the dark for 40 h.



15 wherein Ris any suitable functional group, e.g. hal ogen. Thi s

bl ocki ng group may be selectively renoved at a wavel ength of 260 nm
By way of exanple, doubl e-bl ocked nucl eotides are i njected over the
primed tawgebygsskynucl eotide (held in 20 association w thPrCTGRps/0RIIdel ity
pol ymer ase conpl ex), and nmonochromatic light is focussed upstream of

t he pol ynerase at a wavelength sufficient to release the bl ocking group
fromthe term nal phosphate of each nucl eb4di de. The nucl eoti des are
then able to fl ow over the bound 25 pol ynerase, and i ncorporation into

t he nascentMOInittppiyguctlh@ot#dectioanb}(ceiﬁacbc'mlr a |ahviernt oras/ndthanaicki ng
O or oot o by 5 3) LA ey bR QR ed MRS A Rce ot f patr, .
provi de i nf ortfaSRAERF I Be G ianQ RE 8058nuerEresEendingotpoter dwwointo .
the nascent @iaister{b€somerBObYMRhasaxisad iRy the wd @iddwidldiidbners )
pol ymer ase whi c% does not  dissoci at¢ reac{! I_ﬁiif.ro t he taert%et when t he
reacti onZst o ?e?‘ﬁ‘é?fWEF'?,l LB P&t bRy & (RaRibrephenyy)) ethye sfk&Y (o
prevent the pd ynar,ssdidiettuehsid-ngitraeniel 35oxyeagbionyl 5' aNTEgS
TEAsUr| N9 NG dASAPN 2150 ML OUIRa o hiBz0 coRbolRAYNE Tk {d ANt
products with low polarity were removed by repetitive
extraction with 50 ml ether.

10 The residual material, which contained among other
substances unreacted 4,5~dimethoxy-2-nitrobenzyl
oxycarbonyl 5' dATP and the desired double blocked dATP,
was dissolved in a minimal amount of chloroform and
separated by flash chromatography on a silica column 3 x 30

15 cm. Elution using 100% chloroform removed hydrophobic side
products of 1-({2-nitrophenyl)diazoethane from the coclumn.
The product was dried on a rotary ' evaporator.
Lyophilization gave 74 mg of the caged compound. The
overall yield was 57%.

20 0.2 mM of each nucleotide was present in the
polymerisation buffer (1 mM Tris-HCl pH 8.8, 5 mM KC1, 0.15
mM MgCl,, 0.01 % (w/v) gelatin).

DNA_Seguencing
Figure 1 shows a SPR sensing system and fluidic cell

25 (7), having a means for applying electromagnetic radiation
(1) to a sensor chip (2) with an immobilised polymerase
enzyme (3) at the sensor surface, an inlet (4) for
introducing the different nucleotides into the cell and two
focusing assemblies (5) and (6) for pulsing monochromatic

30 light into the cell.

The different nucleotides are introduced into the
fluidic cell (7) at a flow rate of 30 wul/min., at a
temperature of 25°C and a data collection rate of 10 Hz.
As the nucleotides pass the focusing assembly (5),

35 monochromatic light at a wavelength of 260 nm is pulsed to
remove the blocking group at the 5' position. The
nucleotides then flow over the sensor chifa (2) and contact



10 .- wi thin the pol ynerase catalytic site, to renove the bl ocki ng

group at the 3' position. The nonochromatic |ight may be pul sed for a
| onger duration than that required for renoval at the 5 position and
so only t ki.ing group 5 associated with the nucleotide in

pel yner ase &Aﬁg’% wi || undergo renoval. This reduces ?%'@GP?%&?’i"hood
of the addi tion of nucl eotides not associated wth the pol ynerase
conpl ex. Once the 3' blocking gggup is rel eased, the polynerase
10 reaction is allowed to continue as further nucl eotides arrive at

the pol yner asgheegstger §bl?nuclb’8€Qabr/Obbg‘}merasepébﬁ{ﬁ?éksF‘Oj %hn%‘?/% is

prevented by alternati t ul.ses_of ht reguired

bl ocki ng gr oufpes 5_3 in Iﬁ%cq/\ﬁﬁyréﬂﬁ ‘%sde‘P%?eﬂEaanemEéYt he Sd&@s &hs otked
15 ngcl eot |pb§1tﬁendesnr h bRe abQ\iﬁxert Blee@li(;@m@ur qgra)fzaiéow react
carried out u u des having a bl ocking group_at

posi tion onl ﬁ fﬁm ﬁ?gggg %I s ‘g%@ﬁagﬁg ) %sse a ny &ﬁﬁﬁé@ﬁ i Vs

i nhi bi t or5 of im@ppﬁyﬁ’éedse onhoch @tsl complemexmt t henproltedi | itargdt a
nucl eoti de | 6&51%&1@6995&”9 'ﬁ'pis ﬂf cﬁ‘tattlhﬁ :.)ls QB%H EQQeQEE€%¥ the

I ncor porated 1 nto nascent ai'n

i nhi bi tor fm°n°Ch’5‘61“9FréFa§é‘R%1%¥-1ﬁﬁ1yFégbﬁoﬂﬁ'noﬁh%eS(P&J\mlce o
The fol | owi ngepeai@te polywératgeibhe bB¥EPE] ONsihdd the liSfcrptratdn the
dr awi ngs.
nucleotide has a blocking group at the 3' position.
10 Monochromatic light of wavelength 360 nm is then pulsed by
the focusing assembly (6) at the site of polymerisation.
The high flow rate in the fluidic cell ensures that
nucleotides not bound to the polymerase are removed from
the cell before sufficient energy has been absorbed to
15 release their 3' blocking groups.
Once the 3' blocking group has been released from the
pPolymerised nucleotide, further polymerisation 'may occur.
Figure 2 shows the results from the sequencing
experiment with each nucleotide incorporated into the
20 nascent chain being detected. The results show a seguence
complementary to that of SEQ ID No. 1.



25 Exampl e The follow ng analy put, on a nmodi fi ed:

Bl Acore 2000 system (Bllmﬂmllmuluﬁm"t ‘@Z eplaced "o oor chip

CVb (Research grade, opt| :| %H* surface. The
IﬂStFUﬂEﬂRy@@Qnﬁﬁ@Vlded wi th ‘an™30° |ntegratf di opepidlydge
(IFC which allows anal ysis in four cells by a single sanple

I nj ection. Preparati on of pol ynerasig E. Coli polynerase

I1l  hol oenzyne was prepared according to (MIlard et al., Methods
Enzynol . (1995); 35 262: 22) using hydrophobic interaction chronmatography

on val yl ~pe@r ose, to purify the hol oenzyme at high salt
concentrations. After purification, the holl ow enzyne was

11 condent r & BERIhE ThEBIRIFING A iRMLYRIRRREAd e seonpRising by
Kirkegaard ethel stépd .o ochem (1972); 50:122. Innnblllsatlon of the
Pol yner ase | mobi ljsation of the, pol ras e sensor chip 5 -
surface was carri édloutf SR ng?t o 3’6ﬁ§§on}é fecti i oFéthni qies '

(1991); 491:620-627). polyfdnasd heenepmer mmomhmsamvmnnn&nt §6bid
equilibrated wth Fbpe%d%ﬂggg,(égdnwhe different nucleotides, under
conditions sufficient for the polymerase
reaction; and
(ii) detecting an effect consequent on the
10 incorporation of a specific nuclectide
complementary to the target polynucleotide.
2. A method according to claim 1, wherein the effect in
step (ii) is detected by measuring radiation.
3. A method according to claim 1 or c¢laim 2, wherein

15 steps (i) and (ii) are conducted with each of the different
nucleotides in turn, until incorporation is detected, and
then repeated.

4. A method according to claim 1 or claim 2, wherein step
(i) is conducted with all the nucleotides present.

20 5. A method according to any preceding claim, wherein the
nucleotides comprise a 3' blocking group which is removed
after the polymerase reaction.

6. A method according to claim 5, wherein the blocking
group can be selectively removed by pulsed mcnochromatic

25 light.

7- A method according to claim 5 or claim 6, wherein the
nucleotides comprise a further blocking group at the
terminal phosphate group of the triphosphate chain, and the
further bloékinq group is removed prior to the removal of

30 the 3' blocking group. '
8. A method according to claim 7, wherein the further
blocking group can be selectively removed by éulsed
monochromatic light under conditions different from those
reguired to remove the 3' blocking group.

- 35 9. A method according to claim 8, wherein the further
blocking group is removed by pulsing the moncchromatic
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Hepes, 150 nM Nad , 0:705% surfactant P20( Bl Acor e . AB psal a,

(S\glei;en?vl, i'ﬁH valt Lela) mm“l mﬂ"wull of Tmsm}mmmog;fl) ni m de

car bodi i m de 0 1*Mifn watfer)s =+ nglbz'iiFCt ed
across th¥& 3 CMS) surface, to actlv e car oxyrret at ed
dextran. The pol ynerase |11 Subass |y core (160 [err]l, 500 U was
mxed 15 wth 10 mM sodium acetate (100 [err]l, pH 5) andinjected
across the activated surface. Finally, residual N

hydr oxysucci { %g?l@ef@ﬁte?rd%xf&tﬂdiﬁdiQ&%QénﬁhfﬁoﬁLtEﬁ@@Q:d@iﬁred to neamdvesd Wi th
et hanol am ne 5 [err In water, pH 8.5) and non-bound

pol ymer ase V\’}é%em%shéaq:}‘bﬁgt HECYBrface. The 20  inmobilisation procedure
was performegon th met®iid ramitrding tbowngf phepssiing f elafif,[ ethddein n) at

aterrperature of 2 r e

ol i gonucl eot? \/\g s‘ls)fﬁfhkém Se?mﬁﬁ@é@g,{%ﬁ&@%@umﬁg hosp%;o aanEl |ltvee

chem st rgy. Ttmhnblgonuolfebhﬁdpoélmﬁneaeasnz.‘zme «.SEQ ID No. 1 was used as the
target pol yn#ﬁ' €0} | (e nd8h ddMraing ¥d RPUSLECEAIRgUST ATRY WseSE) N0, 2

was used as prinmer.

W@A@%Ammmmmaﬁmm&% 3jound to the
SEQ ID No. lnolymerase en%@icﬁgﬁm—& complestEQ | D No. 2

e 0o O ST SOl S el SRl S 00 Bra P uAlel il e,
t hen sugpendgeslinebaséeis (R0 ¢d11 DNA polymerase III or T7 polymerase.
13. A method according to any of claims 1 to 11, wherein
the polymerase is Taqg polymerase.
14. A method according to any of claims 1 to 11, wherein
the polymerase is reverse transcriptase.

15 15. A method according to any preceding claim, wherein
step (ii) comprises detection of a change in resonance
signal over time.

16. A method according to any preceding claim, wherein the
radiation is electromagnetic.

20 17. A methed according to «claim 16, wherein the
electromagnetic radiation is in the infra-red spectrunm.
18. A method according to any preceding claim, wherein
step (ii) comprises using surface plasmon resonance.

19. A method according to «claim 16, wherein the

25 electromagnetic radiation is in the radio-frequency
spectrum.

20. A method according to c¢laim 19, wherein the
incorporation of a nucleotide is detected using NMR.
21. A method according to any preceding claim, wherein the

30 polynucleotide is DNA.

22. A sensor chip comprising a polymerase enzyme
immobilised thereon.

23. A nucleotide comprising a blocking group at the 3!
position and at the terminal phosphate group of the

35 triphosphate chain, wherein the two blocking groups are
removable by monochromatic light of different wavelengths.
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Tris-HO, pH 7.5, 8n1vlm [errﬁ%—&v%w) gl ycerol, 5 nM

12 di t hi ot hreitol m rr] g bovine serum al bum n) '
M ein and the DNA pol 11T
e

containing 21 [err]g s
sub- assenbjyp.90fp8fiyi red to for'm t*hes ra eI et-1like structure PCT/GB&,?OZ 4ol

[err]-dimer and 195 frol y subunits). @g5 nM ATP was presen oget her
with 60 [err] M carbonyl di phosphonat e (COVDP) I n th| S reaction, the vy
subunit acts as a nol ecul ar mat chmaker, hydrol ysing ATP to pl ace the
[err]-dimer subunits onto the DNA to formthe pol ynmer ase sub-assenbly
( St udwel | 24et Al nucleotide. adtordihy. 1B olcladew Sgi. WR8Peid 2 %nel 0
153). DNAL o] nj ecte

over the pol ylr)rle?aa-}ggnﬁl?ftgﬁpt he égﬁgiﬁ‘?&ﬁbﬂ‘gﬁr ace%%wd terhﬁd‘\eﬁ of 5
[err]mMmn, and allowed to bind to the pol ynmerase via the action of
the y subunits. 15 In this exggLiBeRb~%RINESi UM and ATP are needed
for he Pol 11l to bind to the prlmedDNA However , rragnesium

al so pronotes renoval of the priner by the proof-reading 3
exonucl ease avzhen/eixy R'THiss apphbtedabi e gedupeahadxbys a leal ? | r#e
0 y rase

CatPomy d Phosphon SudfUdid® ARG ' ¥8 Qtain " 62" Sla
whereln the blocking group at the 3! position is an o-
nitrobenzyloxycarbonyl group.

10 26. A nucleotide according to any of claims 23 to 25,
wherein the blocking group at the terminal phosphate is an
o-nitrobenzyl group.

27. A nucleotide according to any of claims 23 to 26,
wherein the blocking group at the 3' position is a (4,5~

15 dimethoxy-2-nitrobenzyl)oxycarbonyl group.

28. A nucleotide -according to any of claims 23 to 27,
wherein the blocking group at the terminal phosphate is a
1-(2-nitrophenyl)ethyl group.

29. An apparatus for sequencing a polynuéleotide,

20 comprising an optical sensor chip, a light source, an
imaging device and a photodetector, wherein the sensor chip
is as defined in claim 22.

e
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3'-56" exonucl ease activity may be used to avoid this particul ar
‘probl enm . A continuous flow of 60 [err]M carbonyl di phosphonat e
was mai ntai ned over the chip surface, to prevent the 25
exonucl ease activity fromrenoving the primer fromthe perkassRkiaDNA.
Nucl eot | J&&°HGreby porating Two Bl ocki ng G oups Each nucl eoti de
(dCTP, dTTP, dGIP and dATP) contai ned a 1-(2-nitrophenyl)ethyl

bl ocki ng group at the 5 position, 30 and a (4, 5-dinmethoxy-2-nitrobenzyl)
oxycar bonyl bl ocki ng group at,g he 3" position as shown in Figure 3
The synt hesi s of the doubl e bl ocked nucl eotides was as follows:

st age 1:- synt hesi s of (4, 5-di net hoxy- nitrobenzyl)
oxycar bonyl - nucl eosi de tri phosphate. 35 The sane overall nethod was
applied to dGIP, dCTP and dTTP. A mxture of dATP dihydrate
(0.4=mmol) and approxi mately 3mmol of 4, 5-di net hoxy- 2-

13 ni t rophenyl di azonwt hane, freshly prepared from 900ny (4

mmol ) of 4, 5-di net hoxy- 2-ni tyr ophenyl hydifazone (synt hesi zed by
treatment of 6-nitroveralflehyde w't hydr azi ne

\ g
Ly — e
_— T

Fig.. 1
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nonohydrate in chloroformby the procedure of Wotton and 5 Tr ent ham
Phot ochem cal Probes in Biochem stry (N el sen, P.E., Ed,) NATO ASI
Ser. C, Vol. 272, p277-296 (1989), was stirred in 15 nl of DMVBO at
room terrpe\&%tgglyog31 n the dark for 40 h. Monitoring ebr/desgeigact i on
by TLC in 2hl or of or m et hanol (5:1 v/v) solvent systemreveal ed the
10 appearance of a spot with Rf 0.54 corresponding to the caged
nucl eotide. DMSO, unreacted diaz §onpound, and reaction products
with |ow polarity were renoved b repetitive extraction with 60 m of
et her. The residual material, which, anong other substances,
contai ned 15 unreacted nucleotide and the desired product, was dissol ved
in a mninml anount of chlorpformand separated by flash

chromat ography on a silica c§ um (3 X 3§3cn) El ution usi ng 100%
chl orof orm and net hano{/chl orof orm (95:5 v/v) removed the hydrophobic
st de products of 4,5 df nethoxy-2- 20 nifrophenyl di azomet hane fromthe

col um. The fractions were dried pn a rotary evaporator. 7 8 ng of
t he caged product was tgda |yophiligRd. The overall yield was 45%
The 3' bl ocked 4, 5-di net byl oxy- 2-ni trobehzyl oxycarbonyl dATP was
isolated directly with highdx purity by P5 preparative reverse-phased
HPLC from the crude product. St age - Addition of the 5

1- (2-nitrophenyl)ethyl group to thel'3" 4, 5-di met hoxy- 2- nltrobenzyl
oxycar bonyl bl ocked dATP. A nixture of

4, 5- di met hoxy- 2- ni t r obenzyt=—oxycar bonyl 80 5" dATP (0.4nmol) and
approximately 3mmol of 1-(Xg nit@@phenyl)diazoethane, freshly
prepared from 716.7 ny {Znmol ) of drazone of 2-nitroacetophenone
(synt hesi zed by treatfredt of 2-nitr acet ophenone wi th hydrazi ne
nonohydr at e i n ethanG and 2. 99 ( ) of MnJerr] (90% in 20 ni
of 35 chloroform by the_procedure of er et al (wal ker et al,

&
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Met hods Enzynol . 1989; 172:288-301),

roomtenperature in the dark fo

14 Monitoring the reaction by TLC in a.chl orof or m met hanol

v/iv) sol veyb o3)§i8m reveal ed th
0:68 and R 0.58, correspondi ng

axial and the two di asteroi sone
1(2-nitrophenyl)ethyl ester

extraction with 50 mM ether. 10
cbnt ai ned anong ot her seb$
4, 5-di met hoxy- 2-ni trobenzyl

1- (2-ni trophenyl ) di azoet hane
on a rotary evaporator.
conpound. The

r 40 h.

e appearance of a pair

was stirred in 15 ni

(5:1

to the two di asteri oi gg{%’ﬁ%%%IWhteh i

rs 5 of the equatori al

formof the

of 4, 5-di net hoxy-2-nitrobenzyl
oxycar bonyl 5 dATP, respedfd vel y. DKSO, unreacted di azo compound,

and reaction products with |l pw polarity weye renoved by repetitive
The resigdual material, which

t ances unr eac

oxycar bonyl 5'} @ATP and the desired doubl e
bl.ocked dATP, was di ssol véd \n a m ni mal dnmount of chl orof orm and
separated by flash chronat ography=®n a silica dolum 3 x 30 15 cm

El uti on usi ng 100% chl or of or gy r efoved hydr opholj & si de

ofh the col um. The
L¥ophi lization ]gave 74

40
Time (Seconds)

——=———§
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overal |l yield was 57% 20 0.2 mM of each nucleotide was
present in the pol ynerisation buffer (1 nM Tris-HCO pH 8.8, 5 nmM
KC, 0.15 mM MgCl [err], 0.01 % (wv) gelatin). DNA Sequenci ng
Figure 1 s R sensing systemand fluidic cell 25 a
means for Qﬁ%@Vﬁﬁ el ectromagnetic radi ation (1) to a&§%ﬁ¥%$Miﬁg (2)
with an i nmobilised pol ynerase enzyne (3) at the sensor surface,

inlet (4) for introducing the different nucl eotides into the cell and
t wo focusi ng assenblies (5) amgs(6) for pul sing nonochromatic 30
light into the cell. The different nucl eotides are introduced into
t he fluidic cell (7) at a flowrate of 30 [err]l/mn., at a
tgnperature of 25[err]C and a data collection rate of 10 Hz. As the
nucl eoti des pass the focusing assenbly (5), 35 nonochromatic light at a
wavel ength of 260 nmis pulsed to remove the blocking group at the 5
posi tion. The nucl eoti des then fl ow over the sensor chip (2) and
cont act 15

Time (Seccni_s)

Fig. 2c
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the target pol ynucl eotide/ polynerase conplex (3) which is held in

pl ace by the [err]-di ner sub-assenbly. Since the 3' position on the

primer sequence is free to react, pol yneri sation may take place as a
nucl eotide_is ? i ncorporated onto its conpl enent e0T/GBIS02214r get
polynucledVPﬁ@@:$ﬁis incorporation is then detected by the

nonochromati ¢ p-pol arised Iight of the SPR device. No further

pol ymeri sati on occurs, since the incorporated nucl eoti de has a

bl ocki ng group at the 3' positions,4d0 Mnochromatic |ight of wavel ength
360 nmis then pul sed by t he {ocusing assenbly (6) at the site of

pol ymeri sati on. The high flowrate in the fIwAN cell ensures that

nycl eoti des not pound to the pol ynerase are renov p from t he cel

bef ore suffisy energy has been absorbed t o~ el ease their 31 bl ocking
groups. Once t heuH3Hp! oeke—remr oup been rel eased fMo@t he

ppl yneri se | eotide, further polynerisati : ccur. Figure 2
shows the results fromthe sequencing experiment with each nucl eotide
incorporated into the 20 nascent chain being detected. The results show a
sequence conplenmentary to that of SEQ ID No. 1.
16
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-o—!f—O—l:’—O-P—OCHg 0~ Cl
H3C o] og o % HsCO.
H H
NO, H H3CO NO2
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CLAI VB 1. ‘A nethod for sequencing a pol ynucl eoti de "%%?1%?’551 g the

st eps of: (i) reacting a target polynucleotlde wth a

pol ymerase enzynme 5 i rmobi | i sed on solld\support and the
di fferent nucl eoti des, under conditions suffiectent—far

t he pol ynerase reaction; and (1i1) detecti H"

consequent on the incorporation of a specific m ’dﬂ ”g | de
conplementary to the target pol ynucl eoti de, te

bei ng carried out by neasuring radiation. 160 : A et hod accor d| ng
to claim1, wh eA teps (i) and (ii) are conducted wi th each of the
di fferent nucl ' In turn, until incorporation is detected, and

then repeated. 15 3. A et hod accor di ng to claim1, wherein s':ufp (1) ie
conduct ed withlall A methddkfongequencingapolyaseleotide, comprising tha steps

according to any pr¢gedi _r@ccxhgla blgmaclbbﬁdémﬁﬂﬁ@polgrﬁﬁerase enzg@EPri se a
3" bl ocki ngsgroup which i%rsu?) %p&{ ﬁgrehgﬁﬁab&@deszo
5. A net hod accordi ng to fﬁ?? Iitof p& ep%eggé)c%ﬂ %E‘iih

sel ectively renoved l;% pg{’ ﬁ
according to claim & '@PWS“ P’é‘i%s?‘iﬂ@nﬁ Blﬂé%%qc&&or@%on ebagpedtc
further blocking group anueleetidecomplementarytnshetaggespolysfuciastide,

tri phosphate chain, and ﬂﬁecﬁ@mbaagchhmd(mutg)memmgméfmmﬁd prior to the

renoval of ;§he 3 bl ocki ng group. : A met hod according to claim®6,
wnerei n the fust her il ggling. fa?ﬂgmcaanﬁq 5 SRBSIGISY (i TRV G Sed
nmonochromati c T ght r(?qw rgd to
femove the 3 @C {h&fﬁ erent nucleotides 1n untll incorporation is detecte

and then repeated

15 3. A method according to claim 1, wherein step (i) is conducted with all
the nucleotides present.
4, A method according to any preceding claim, wherein the nucleotides

comprise a 3’ blocking group which is removed after the polymerase reaction.

20
5. A method according to claim 4, wherein the blocking group can be
selectively removed by pulsed monochromatic light.

6. A method according to claim 4 or claim 5, wherein the nucleotides

25 comprise a further blocking group at the terminal phosphate group of the
triphosphate chain, and the further blocking group is removed prior to the
removal of the 3’ blocking group.

7. A method according to claim 6, wherein the further blocking group can
30 be selectively removed by pulsed monochromatic light under conditions
different from those required to remove the 3’ blocking group.

8. A method according to claim 7, wherein the further blocking group is
removed by pulsing the monochromatic light for a duration different from that
35  required to remove the 3’ blocking group.

9. A method according to any preceding claim, wherein step (i) further
comprises introducing a competitive inhibitor of the polymerase enzyme.

40 10. A method according to any preceding claim, wherein the target
polynucleotide of step (i) is bound to the polymerase enzyme by a B, dimer

complex. .
REPLACEMENTY SHEET
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. ' 206060 353, -2
8.% A nethod according to claim7, wherein the further bl ocking grou%afs

renmoved by pul sing the m)nochromatlc light for a duration different from

that 35 required to renove the 3' bl ocking group. 9. A et hod
according to any preceding claim wherein step (i) further conpri be
i ntroduci ng a conpetitive inhibitor of the polynerase e u

met hod according to any preceding claim wherein the ta E m"""m""ﬂﬂ” "
pol ynucl eoti de of step (i) is bound to the polynerase enZyne by [err

di mer conpl ex.

11. A nethod according to any preceding cI aim wherein the pol ynerase |s

any of ol ai o iTm%om' e dechr iR o B RiEsdine tlaikt mn¢eelfhE BORARERRETY 1 ©

13. A nethod Heaodi ONA polymgroseHl of 27 pPOIYMe@se.0, wherein the pol ynerase
IS reverse transcriptase. 10 14. A nethod according to any preceding
claim whergi nist ep A iethod according to any of claims 1 to 10, wherein the polymerase

is Tag polymerase.

13. A method according to any of claims 1 to 10, wherein the polymerase
is reverse transcriptase.

10
14. A method according to any preceding claim, wherein step (ii)

comprises detection of a change in resonance signal over time.

15. A method according to any preceding claim, wherein the radiation is
15 electromagnetic.

16. A method according to claim 15, wherein the electromagnetic radiation
is in the infra-red spectrum.

20 17. A method according to any preceding claim, wherein step (ii)
comprises using surface plasmon resonance.

18. A method according to claim 15, wherein the electromagnetic radiation
is in the radio-frequency spectrum.

25
19. A method according to claim 18, wherein the incorporation of a

nucleotide is detected using NMR.

20. A method according to any preceding claim, wherein the
30 polynucleotide is DNA.

21. A sensor chip comprising a polymerase enzyme immobilised thereon.

22. A nucleotide comprising a blocking group at the 3’ position and at the
35 terminal phosphate group of the triphosphate chain, wherein the two blocking
groups are removable by monochromatic light of different wavelengths.

23. A nucleotide according to claim 22, wherein the blocking groups are
derived from a compound of the formula

40
R-[0-CO-IX e

2213
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. . ROCOCC 353 - 3
conprises detection of a change in resonance signal over tine. 15.

nmet hod ~according to any preceding claim wherein the radiation is 15
el ectromagneti c. 16. A nethod according to claim15, wherein the—

el ectromagneti c radi ati on is in the infra-red spectrum
met hod according to any preceding claim wherein step (i muu gnlﬂﬁm mﬁs
usi ng surface plasnon resonance. 18. A net hod ac 15,
wherein the el ectromagnetic radiation is in the radio- fcrequency
spectrum 25 19. A nethod according {0 claim 18, wherein the

i ncorporation of a nucl eotide is detected using NVR 20. A

met hod according 1.any preceding claim wherein the 30
pol ynucl eot i deW}@fM is a’photalabile groyp rXéﬁﬂﬂﬁa(Y&ﬁ)grPEPng a pol ymer ase
enzynme i mobil i sed thereon. 22. A nucl eotide conprising a bl ocking

tgr OUE at ht Pe 324 pos At hgledtide abcokding3s cldigd 0D il cldiho3P habered ﬂiHObl@Elé%dgeb
ri phospha e re renovabl e
S e y

nmonochr omat1 c eng A nucl eot i de
according to cl al m 22, wherein the bl ockin Igr ouB derived froma
conmpound  of t hd5 or Auiluslengide according to any of claims 2to 24 wheyein the blocking] x

group at the terminal phosphate is an o-nitrobenzyl group.

10 26. A nucleotide according to any of claims 22 to 25, wherein the blocking
group at the 3’ position is a (4,5-dimethoxy-2-nitrobenzyl) oxycarbonyl
group.

27. A nucleotide according to any of claims 22 to 26, wherein the blocking
15  group at the terminal phosphate is a 1-(2-nitrophenyl)ethyl group.

28.  An apparatus for sequencing a polynucleotide, comprising an optical
sensor chip, a light source, an imaging device and a photodetector, wherein
the sensor chip is as defined in claim 21.




[0S
18 . wherein Rlerr] is a photolabile group and X is I |

24. " A nucl eotide accor di ng to claim?22 or claim?23, Wnés?gl%q}/b‘sogﬁng

5 group at the 3' position is an onitrobenzyl oxycarbonyl :fm“‘k’l\“‘
A nucl eoti de mdl Ng t0 #BX.oAfmeClE3iukE PROBERIrPoRMANZIIET €1 N T h 'y'"l"”/ Ki n@ JAN 2000
gtoup at the nal phosphate is BfEIHET#bbenzyl group. 10 26. A

nucl eot INFERNATTONAINGPRIICATON PUBLISHED mmammmmm €OOPERETIONOTREATY (PCT)

gr oy LT, @ (4, 57di =M TTOheENzZy T OXyT

gr ol g“’j‘[““"“““ mjl;atg’(t);ia;s fiéT|i}eot i de accordi n(bl) f“6°¥'3'r‘f573181’b"&alt‘%{1 I#é"’?? to 2%6)8\/%&5/11,%”
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(57) Abstract

The present invention relates to a method for determining the sequence of a polynucleotide, the method comprising the steps of: ()
reacting a target polynucleotide with a polymerase enzyme immobilised on a solid support, and the different nucleotides, under conditions
sufficient for the polymerase reaction; and (ji) detecting the incorporation of a specific nucleotide complementary to the target polynucieotide,
by measuring radiation.




