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POLYNUCLEOTI DE SYNTHESI S USI NG A PROCESSI NG ENZYME Fi el d of the Invention
This i weowémmrel ates to a nethod for 'pol ynucl eoti de syREFHEBI®O128ckgr ound

< of the Invention 5 At present the demand for 'synthetic polynucleotides is
| arge, due in nost part to the need for. oligonucleotides of known sequence
to be used as priners wthin the Polynerast Chain Reaction (PCR) or within
pol ynucl eoti de sequencing strategies. Mre recently, denmand has increased
even further with EELY TIDED SYNTHESID USING AVRRVQESSING i= NaZ VA
arrays have, attached to a solid support (or chip)) either 10
ol i gonucl eot i Hielghotthednventionnypridise with the sanple to be tested, or
sanple to which |a iﬁgerﬁiohgﬁﬁwd@@ﬁlﬁho@fd?hblynmmt‘yhﬁais.(Lysov, Dovl .
Akad. Nauk SSSR (19 03: 150&1511; Bains et al, J. Thero. Biol.,

135: 303- 307; Bagkaron DVenIRBN cs, 4:114-128). This hybridisation
pattern ig then us F&effﬁ tfor Syfithefit feinutidotidesis farpeduesinmest part
Thi s techﬁi gue hasgggen ur?@r aci Igiitﬁat edgbynt he utilisation 15|gf i ght

generat ed ol i twtheciesdifoteligenueigatides.of known gaquenee o haused as pn ®"usA
(1994) o9l 502353%% &ng%é]&% (PGREBNIHE polyRutiestide secntingtsratégiegt h
of synthetic po ynucfeeotl e that can be produced and the a CP anx! na“
probl em of | oMope m.mmquegwmermﬂw ‘?‘FE’HBE? @yn

mani pul ati ons e | gl el t adth #Eolid Srehip)c either.
There is thergwg%ﬁbﬁgﬁdﬁisoﬁg'mod for thdgagbﬁt(he i ?o .

pol ynucl eot i deligankicteatide prabes that hybridisawithibe sampe tostestec, %@?ﬂﬁﬁ‘g‘?w{'ﬁ@

pol ynucl eoti d ' oB6$ SarrtRri ly8be Dtvl. WRaE /NaUKSSSR (1988

g_’p}l ynucl eotid@%%gm'gggggwpgggi a prggggg'ﬁv\gul d preferabl %.e c(ar.r i)ed
out by an aut ao&nsas—zlmmmgtal.ranQM-h@%@kBWﬂF?féé enamICs 5t ed
w th existing,. gt S. hﬁan tthér ute8 tB' REBNRsnich tha! tapgeti S
based on the F"eﬁF‘T{syab?'l o.rllﬁ'#hai elléegg?bonagnetig i at i

c radiation_ can, be us t
generat e conf polyaudientide sequanes; mﬁmws?ﬂﬁﬂﬁ‘@@ﬂfﬂg'mgﬁ'@%m,
such t hatghy ﬁg%@%‘rﬂ# egti otide ariyB |(Fadbrie? af LRrbc.cNath. kst Sd.HISAR0

sequence of t e strand produced can be pre-determ ned. This
enabl es the p(1994);0N158285028);nt hetic" pol ynucl eotides in real-tine by

mani pul ating the najEirehftethiiguehisTesticet inihedsntvor symthetiocpnlynubientiddi ng
to the present invention, a nethod for synthesi S|_(r51)8 a pal cle
conpri ses t hethatearsbeproduced apsl theasgempanying pipklen ?'ﬁ%‘#ﬂkﬁ%%gii@“ i)
reading a pol YRt AGmBEAGRANAEBIIRIEN hinch take wisignificant periot of bateco
under appropriate conditions; and ' _ o
20 mm. - . [P P e e . . .
There is therefore a need for an improved method for the synthesis of
polynucleotides which significantly increases the maximum length of the
: polynucieotide synthesised and increases the rate at which such a polynucleotide is
) synthesised. Such a process would preferably be carried out by an automated
| 25 process, reducing the complexity and cost associated with existing methods.
u e inventio
The presentinvention is based on the realisation that electromagnetic radiation
can be used to generate conformational changes within a polynucleotide processive
enzyme, such that by controlling the radiation applied to such an enzyme, the
30 sequence of the polynucieotide strand produced can be pre-determined. This enables
the production of “synthetic™ polynucieotides in real-time by manipulating the normal
in vivo polynucieotide assembly process.
According to the presentinvention, a method for synthesising a polynucleotide

comprises the sieps °f B
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(i1i1) exposing the enzynme to a controlled environnment (including r%’i a§EPn2003 ‘
so as t t he three-di nensi onal conformation of the (il

hence dgg(gﬁ’ﬁ@}%ffect t he sequence of the pol ynucl eotide Bﬁ%‘t{‘@?
Description of the Invention If radiation is used to control the -
conformati on of the processive enzyne, then it nmay be applied to a sanple
usi ng a nunber of techni ques. These includ@ evanescent wave spectroscopy

techni ques, in particular surface plasnon resonance 10 . (SPR)
spect roscopy. The apfil i cateastingfa rpalyrucieotide (pro¢assiveo enzynecwith zg neucieatidehe

application oflaser techgglddia &rfdegﬂg?réﬁﬁétbfchﬁaihwé“éﬁ\ﬁ Stinul ated Em ssion
Icable to t '

of Radi ation) isparticularly app e present invention due to the
nmonochr omat i ¢ andco(i r ol éxpeisingrthe enzyms totzarcontraliédenvinonpent (incldding radiation)

devi ces. 15The control of capf ' , . Lve enzymes
can beacconpl i shed by co%ﬁ%ﬂ%&%@’éﬁ‘%ﬁ%%@ﬁ%@?ﬁ@s"é‘a!’"?f‘"ﬁas
been shown§t hat vari at i oniserice deteriminedafféct theiseqaenge-ofihel pelynucieotide produced.
cont ent/concega rat.i En oﬁu t h!e rEact i onnedi um can have an effect on the

t hr ee- di nensi v ence on theactivty of such enzynme systens
(V\Ongf et dal . IBi oghgmwngﬂmm?ﬁ&ﬂﬁnh&ﬁfmﬁam?ﬁﬁdmmgnﬁ&hm,lme?] |
speci fi ed nucl eoti an nce e. synt hesis reac n, e _acco i she
bS directly cﬁ%myngbt%?%ﬁﬁ?wq K’é%ﬂrﬁmedew%' Jﬁﬁé’gﬁg"‘b
conf or mat i onalevah@stnt Wi spettrossopl téchniques lih patiddiar sirfacd plasimon restnante

nucl eoti de, de LN n the formof radiation delivered. This could be
achi eved W eﬁgﬁﬁiéweﬁ’p}st ate-of-the art genetic manipul ation

techniques) a procermi applicationcsfiradiatisriiorthe prodessies onaymecda té Bpphcation of

L oot oled Bohnicay: TR Aol B St Eealon . RechaRRE 14 "
nmol ecule to ¢ r a or¥ i n orta :

for the mu f’a"’?'-“"“"“d@)"' ‘é”"""‘ﬁ‘??"‘@"*““"“‘- Lo 60t | de cha e
or e nucl eot i a O line growi g polynucl eoti de chain. The
net hod may thEP@'F@ ‘d?%'é@ %"é’" B&?QM‘ yﬁ&?i‘/a,“’%s'achi eve a high rate
of IC%Olool lyrw:! got i de m(rjdohm smemmalm strattheel of pfoddlssiv?miﬁbﬂﬁk%_aﬁfb@

pol ynucl eoti de, as .jnpdicate oye, involves the contr e _environnent
" v oh a poRgraplisbed BLconminglia anamomratin wbicniietact 1thas hesn s

th; ee- di rrens} carddtionsif suck conditiors aspH amlzsallacol n;fhitmoncenﬁaﬂbml f
00/ 60072 PCT/ B 3 three-di iL,onal .. oonf. or | Ln turn selegts i
and/ or which g&%@-{"? ﬁ%ﬁ%|@0%°@§%ﬂ@’?ﬂ%%%&%%%ﬂ ﬁ'!fe
Etrag?. Thedt WMkWMWMrW(MT)mg&&md .
roadl y, ,and incl ui . . | ng oo | n S we
as ot her 2 ybri di si W%%%Wﬁﬁégﬁeeﬂ@ﬂ"%@ﬁ%m%
addd(ENA)_. Thbe accomplished by direatly icriatipg thecabiiity of {hel procassive enzyme toyndérgos
used herein a : i .

br ot el o t hat 8 cafionfipldlisPERAreOfatis™ Riecihe B hefitloiubivSr 2 alticuld nlidpide,

,E&kynucl eot i ddepedding on the farm afiradiatiast delivenede Thisrcolldche achieyed byenginesringbot h

. d RNA- . . ]
deoxynucl cot | (1 SGLHE" St Bengns HARUEISRTIohniflieli 3, fFBch el Hilleayi, (or, o,
& Frohna25et mblectie@mssodiated withitbsuch hat it cobtajnediz0d®mical/raoied)/periticiegrpoup or

I | eotid i ' d i S
bol ynucl ot i cloapY oFEe SRR d CmbedieC covBfi Db rarisdicl Mdifinr ilh 8
Firstly, the ¢anfdrmationsl changs. i Thesechemical/maietyigioypargeoupsmaybe so pesitionedded

d he hi £l Ci | f ' .
Secondl y. - spdlb ¥ iedesthe mickBlds K bé aB3hif 5 vl oBUR PaNTRuERe oI,
orders of nagrte méthogmay thereforeprocmead-orn a"reaktimg" basis, talachieveca highdate of 0

t he requij enqggﬁvﬁhnbgg systens in their native environnents. .
Anotheru#épor aSpecfﬁgégﬁﬁe invention is the realisation that, although

a 20 | arge nunber Tie presentmstiwont forkhesynthesis ofa pelynyciestide,cas indicated abows, i Nng
pol ynucl eoti de te ate to Lnitiate polynucleotide synthesis in. their .
native envirdf %'W‘ﬁﬁw‘ei W’Rmvg'&ﬂfé’qwt"ﬂ? RIRZESEVP & ness

of the nucl eds piced Gind keniie ofcthe thveeliménsiong confbntation of isailoendyrie: ITINE V.
strand construction is ultimately dependent on the threedi nensional
conformation (and resulting kinetic paraneters) of the processive 25

enzyme, this systemcan be disrupted and utilised in order to externally
control the sequence of nucl eotides polynerised. In the specific case of

the utilisation of polynnerases for the present invention, therefore, the
"synt hetic" polynucl eotide strand produced nay not (and in nost instances

will not) be a conplenmentary copy of the tenplate pol ynucl eotide strand.

Di sruptions to polynerase function via alive site 30 nutation are known in
the art (Freenont et al) Proteins (1986) 1:66-73) but) critically, they are
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i ndependent |y of the nucl eotide sequence of the pol ynucl eotide tzeﬁp35992.003
The nat ywiegadooich binding site nodifications that are fiPCIUGBgDN1288%| ecul ar
cloning (i.e. not capable of external real-tinme confornmational nodul ation)
are known in the art (Alis et al, Nature (1985) 313:782-768 & Freenont et
al, Proteins (1986) 5 1:66-73) and are dirgcted at the pol ynerise active
site. For exanple, it has been shown that Phe782 of E. Coli polynerise | is

one of the am éﬂ@ﬁ hfchmilion inMrmsefdcts art/érvehich subistrateonudiedtidelis des
(Joyce et al, '&?\en e\'/". B@la'c?ghfam ?61%9.4) 63: 777-822 & Astake et al) J. Nol.
Chem (1995) 2addetitoshegiowingpalynuclestide strandi no .acid to a Try results in

e ol T SRS 6 pWATinad Yo,

di deoxynucl eot i des. n coBen | n%‘u S. plication No.
081 525, 087, of inBadesDNARatRNA, including readifieg DNAREH RNA, agwell as.other hybfidising ant

DNA Pol yner ases d t. Thereof " ' : |y incorporated
* herein by Pef &‘ﬁé‘%.’“ﬁb@#&@ﬁ’r g&t Pﬁl@%\%@?ﬁ%?ﬁ@zn characteri sed
. further in order toTsetem%olhuplebtideprocessive/ndymerisationenzyme’ isused hereings | s
S LS i e, AR B i
and/or increa Isat | on. e 3606, Ich is
expressly i ncosuradctide tb aotiserin trger tofcsata a@olynhicieotiden Sucha grvpwillafeosurse. a
nucl eot | de' bi rBEHES Al panvesps e ol Pt dHEL RRGRasberdaft s AlkoMbudf biizfide | 1°
i mpor t ant 4@sp / u% a$ bminal deskynlicisbiiybtransfatases (Kate ieba/, §.SBioh Chem, (#962)

e/ c

2oLl IV 0oL DR St B PR A S i ) sy o o

‘cypabl e of bei
“eri ved from phot ongsingedpblyfiisleptide processive énayma incordet toiconiroidhie synthesis of

bi ol ogi cal nol ecul es i.ch_ transduce, . pho ' '

conpounds, and? e gBFﬂPHg"?!HQ?H"EQ 95?@%3@9%%%@?@?@3"2’%i%m
of the pres entprbmgﬁ-ll’ﬁfir“wgliyiﬂldllnsolmt simtbesis isravoided due tathedighlyefficient
transducers to ul ate the, po rj cti Gl.‘ﬁih.l‘j?e : theisis
conformat?%n a‘fﬁggﬁ% |%€%§'§Ea@ﬁﬂ‘{°§j T%Fs g bu‘d o¥ t?ﬁ)%gi cal and
transducers i nsdiyrileiaotidetstrand nerigth iané severnborders) pt magnituds; gregter thpn those

conpl exes/ nol ecul e n S A nvol | mﬁﬁh ﬂ,ggﬁ,g i tRdi
co%l exes suckF‘ﬁ'?"EY—l V&ﬁ%h@;ﬁiﬁs‘g}é a%gdrggng%’ﬂgﬁh,gto???ngs Plgn Sci %(%56)
1: 19&208), di rreative shwiranments.ven proton punp conpl exes/subunits (e.g.

bact eri ohodopsin (8 ek ' Sough'a um
see (ka et aIO) Bi ép@owgg@?%%mﬁ @&nggry p?gﬁ{em (e.q.. 4
retinal agol ammmudecﬁqpmyeammmmﬂnMQM SEP
2003 WD 00/ 60 E%@ﬁ&. gs,ﬁgh i ik ke VifthierA/folnt, thisisinoe s
(e.g. -Green F%@Pgag{gﬁrtﬁﬁ% m@%vﬁ); Hgi&#]ﬁie%ﬁengu}i&?wg?gg é&lab. cad. SCi .
USA (1994) 91:iwaysithezass;)As theeffestivaness of the nucleglide (Grick-Watsgnl.base.paipg .

affect overall &H}?.hb RéRahA@Al BShdtRIctiSME Litldtsydesetidentan theriwee-
dul ation w t?ﬁ nt eapre ent invention, indude) 5 but ar e&P%r estricted

'to, the O Hel idimensionat- ersnformation ((andcresuiting kinelic paameters), PECOTRYS se

or anal 0gegls ! 'Oﬂﬁshi:ﬁté?ﬁ'%ﬁﬁ bR UiatBled it uthiosd Ndraed/ eiterfitily dtrittaddise f or
geneticalTy "fusfng’ the sequences and hence struct_gées of tmhgli] O € of
pept i des/ pr ot ciequense: ofancleptideanpolymenitedy dn the speditic Fass, of e Wsation o

extens mteg t i Wrﬁ?&ﬁm B8Rt iRveiioR XA BRIorB! thb SiyhtieBEPolynuciuotios strand
produced may not (and in most instances will not) be a complementary copy of the

template polynucieotide strand. Disruptions to polymerase function via active site

30 mutation are known in the art (Freemont et &/, Proteins (1986) 1:68-73) but, critically,

they are not confomationéllylspaﬁally modulated. Such disruption/mutation could

take the form, as in the present invention, of a reduction in the natural fidelity of the

polymerase such that it does not discriminate against dideoxynucleotides. This would

allow the mutated polymerase to insert any nucleotide in solution into the growing



10 "chanel eon" proteins to create fluorescent |abels for specifi P 2003
substrates such as Ca2+ and to nodul ate spectral response (Hei %ﬁ

Proc. Nebloo/ederad. Sci. USA (1994) 91:12501-12504 8 Heim etcmcnownnasre
(1997) 388:882-887). In a preferred enbodi nent, the O helix of T7

pol ynmerase is fused to a fluorescent mutant of GFP. This results in a
fusion protein whose nucleotide substrate 45 affinities can be nodul ated in
response to exposure to differing wavel engths of light and the sub-type of

G-P nutation g ﬁg&eoﬂ& e?nfn‘iﬁ&&ﬁ&ndaﬁ@fcﬂmmmldﬁﬂbmd&%e polynucieotide

phot on-transl’a roteirn and the pol ynerase are cloned se aratel% and

reactive si ddemmﬁpsTbapMO&Uchﬂﬂfﬂemﬁ%qRFﬁg‘# lar

Tocat i on (e, ioBnR s Ry apate bretana *"‘“”%‘?%’E%“‘W nunbe‘r’"’%?""it‘?awt o ES
gﬁt/ g(raeurs]esl tin the ac(Olliscefoali NM&SPﬁ) Zﬁﬁ&t Ereemontst g/ Brpteinsi( raI
ani no aci 8 mitadRshd o HieiRd s H’@tﬂ‘iﬁﬁ 3iip el T 2R SXufipdy  nad Lo
14: 400|) t (lz i néhowdLthat BhelRiof €. acatl palymerasé disiooe qfdhacarr]mag agdg tbet ﬂmcﬂy
5

?(ragitsi vlanglr gg e M@Pr ﬁbﬁ@?d%o%cé@g%nﬁw‘mﬁ ﬁkR?ﬂg osen SI dg
gt ﬁugzl E:_lglrjlgl Mol ec.t;.hnr Pr gob taFUuth_: @ 0 NP
reactions i n&%@?h B&@&%ﬁ%ﬂ@?ﬁ%ﬁ“ﬁ‘%@mw
el O oo e bt a1 6 1 s Lk oA, L6k et B ot €

Zossii nki ng OE2B0RE-h BuL R ence. Tl BEPmind ' B8 gl iRt A

Ci r cumst ancepdififiefises wcthe’ Use Thisredl, Mhighohne expressly dacosporated hergimby be
necessary for te Iate directed synthesis to take place at all. For .

exanpl e, thid® @®-be possi bl e using extensively 2 4 SEP 2003 WO
001 60072 6 PCT/ GBOm&m&wmmv@ﬁhumemmmmmmmmmm

“design"_ via state of the- reconbl nant. .gen
previ ously, " oRbie e Wi et SFREGIS. Jore R Fkced miffiRdtbRiaa of fudddlides
control (prefdiringnociaic seid a]nmssaWolagncraasbd fidelitycoft poiyrogrisation. (SeeWQA- of
pol ynuol eot  GBHOGE: yhier B-girRba Nigerksl nérdlf 6 Rl ‘“h ﬁ%ﬁ%ﬁw
pol ynucl eotldmmhammoentmmduchmohMMymms ) ng ef reutating
tenplates for % nt,h th“t' ri€e (& vh?@,ﬁgﬁt) Such a group
is the term M%Wgﬁw trans ase grg g enzynes. . Terninal
deoxynucdeeot i dyl tAmimnpartant @aspactof mmtmﬁegf thecprespat inverition igi the: usmoba
nononucl eoti d t,qﬁa apa lof
3' - hydr oxy off tmr W’ﬁ?ﬁ *ease &Iﬁh%%rg%ﬂﬂohosphg?e The
enzyne regw mmwuwmxmmemaM%emmwﬁzﬂ %@W%h?te
groups and adr i éﬂc@ whidh 0
tI)e I nventi or$ cﬁt%%‘é?grﬁl‘ea éﬂg@ﬁ&ﬂﬁtﬁﬁ@gg IJ;‘Hlbﬁac')m a soli drmsal[}b?)ort
will act as. photonic esargy. mmqhn@w@qmmmmn@ eperay:3 rﬂ_t@n ofpuRs.
synthesize a polefdt &imbbaiment 8t the révdfit inveiRich invoibes ﬁm%ttﬁumah%pbmwi a

photonic transducers to modulate the polymerase. active site (e.g. O-helix)
conformation and hence polymerase activity. This group of biological transducers
includes, but is not mited to, light-harvesting (LH) complexes/molecules and systems
involved photosynthesis (e.g. bacterial complexes such as LH1 and LH2; see Papiz
30 et al, Trends Plant Sci. (1996) 1:198-206), direct photon-driven proton pump
complexes/subunits (e.g. bacteriorhodopsin (BR) from the purple membrane of
Halobacterium sakinarium; see Oka et al, Biophy. J. (1999) 76:1018-1023), sensory
pigments, (e.g. retinal and associated protein complexes) and natural fluorescent



the control of radiation applied to the enzyne. In a sinpler, btét Lsé€Wm3
enbodi nent of this system the enzyne could be made (via geneti

engi neewiorn®/60072cont r ol of reacti on conditions) to pol ynePCIGBHMPI28%c| eot i de
> avail abl e as substrate and hence control of the nucleotide present in
solution woul d determ ne the sequence of the 20 pol ynucl eoti de synt hesi sed.
I n anot her enbodi nent of the invention, thEﬁ TdT or polynerise (or any other
pol ynucl eoti de pol ynmerase) is bound to a solid support and the nucl eoti des
and/ or radiation ' 4 O ' ' ;
enbodi nent al | Bﬁﬁg&%ﬁ%ﬁ%@gﬁ %g@b{;%?ﬁ géeh\{eggegpr}%ﬁé?@m% ck#\s%?%%{dl-%bnf gr?' or
substrate and eralyPtdceNathuhcad. Scll USA1894)i 211250142804t 0 sol ution. This

Gasi 120 pol ynucl cot TREHEE B I EhrbetBef HERC.AE VAo ol Fprish are

bound enzyne aaggétbdfopcontmiled carnformatignalmddulationwithinthe:present inveaior; include,

of “the. 30 Botyare e BREEle B ke gk Kt b UC0.5 @50 of T VB,
Iocr)]cgl ;3?} ij oguww:ﬁwmaﬁosmmempowmmbqtm WO-A98/40496] sat i on

Local | sati on af .t he | ynerase in ace, of fers ,sever al
i nport ant advant age¥e ’fﬂ@‘gﬁ%@%?"gmﬁﬁ?gwnﬁ? SgucturRs sém
ofdunvvgn.t ed ﬁtmsﬂp&ﬁalaas@foﬁ_ iheawwbhi asbmﬂl itnéhﬂrthdmv%glbggdpﬂmz 7'mmy2 Ay is
reduced as the exact | ocatjon t he ner a
2003 PCT/ GH00/iD1#8ocase 9@5185"'? %mﬁﬁ&%%?‘ﬁ%%goﬁgﬂ z‘é‘f& F’V#‘g‘ or
S e: ect ') Veﬁs oy C ngaélﬁhieﬁd' proteinsio ¢heé e fhaoresdcentiabelks for spedific sibstratessugh asCet
pul ses). Secon

unwant ed/ upcontrol | edj nt eragtjon r and r
‘aht enuat i on) A foum DiRSRacIaISSRPNSS E"I’é@é&%i'ﬁ%rﬁ@gﬁ]b@%&eé%b g.
nucl egt i dgls) rg_la_rhmhmemsm&mrh bfedl, Nhfdiie (mmfaag:m-aaa.i s5r educed _
consi derabl vy. is is particylar r el evant ra tion (e.q.. ot oni c
i sutilised, yas envi'Ei%Rr?éﬂ’ tﬂ'?P‘th‘%é’b% %beqmgpﬁvgﬁwﬁfgt'ﬁw% d
cont L0| /att_endlﬁbﬁas“cbﬁn‘mfaﬂf_ dfedﬁmmsrbemginamk mﬂb}rmh_ osaaublmﬁdnl ) Substriateon
ma e carrie yt usi ng standar rocedures kno i .t [ n .
pa?/t icul at® i Lo ?&%ﬂ“’@g\a%ﬂggama ‘%ﬁﬁ?&“g}aﬁf‘?@%ﬁdﬁa‘%&#&w be
" used. 10w t h atdnaaheeab-typle ofi G dnastionachakenl ami nes to, say, a dextran or
N- hydr oxysucani m de _esj et activat ed r.face..Ln r I i of
the?/nven%/i on, the BIWM&B’#&"‘?W@QS tgﬁtp&%ﬁgﬁsﬁg&'ﬁgﬂ?@ﬁ&pﬁ ace
wher echanges ipolynierasearesconed-sepactaly mny reactive side geolpsapablesd taking part in
rocedures used taj LLj i ' | ed
PO BR A 0as0aEPesairipTpathi o B dletiel Infliuchdims 8350 bindih Syfjeife oF

813- 822. L2z al itlsendesirediocation (e gathe Odhelbaiwithinithe palymemsehut , and is a further

enbodi nentof the iny ' | b i | #ﬁ@"

Optical Trap Syst e% Msﬁ%@gﬁ%ﬁﬁ#&iﬁﬁg%@aﬂ% i gﬁ’)‘ﬁ?ﬁ&@ol- 55 of

Met hods i n CelStrategiesiggiudscbutare rat dimited te, the yse of §Mw¢e@ugmn%br s

exploi t the T afnbiih aliftcid fiiddhneSisRnMBRIEINI 8 al, (088) MTbds BB BAS
eads or bacterial cells, are

. i
sdch as uniform 0 attracted toand trapped near

the wai st of d441406)to intraducecystaingandketone bandles torachag @ sitaifereasslinking to

. obi ect | ; ; . h "
Ioi Jnggrl \d/z?eﬁggkégrqop&oil sp| a eh‘éﬁeﬁgn%ﬁgém@ﬁ%gl ca| Jrrgf%ucﬁjl g‘éﬁ guc bal 2
centre, as pol pmpicyedsto govalenth finkthe hodeneside @rounse (augland: Handbeok of,
can be bound iefengilefimspeiindResddriCnéifitels, on iR, fbRciiakProbis, pbalfde)."
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WD 00160072 r 5 11 2 4 S~ p 2003 PCT/ GB00/ 01289 wavel ength of the applied
| aser pul se is maintained. Then Hepes buffer only is allowed t o fi SlPodel3
t he chigp golédosce for 10 seconds at a flow rate of 30 ul /FimGBev/o1238OVeE

» unreact ed nucl eoti des. Subsequently, the next desired nucleotide is added
and the cycle repeated for the desired | ength of polynucl eoti de.
Alternatively, all nucleotides may be injgcted into the flow cell at once
at a flowrate of 30 ul/mn and the incident nonochromatic |aser |ight

att enuat ed acyoss_t ‘%}q\gﬁ%% Wher B8 mui8easty m&vﬂg cbhblldda iRalised!

nucl eot i des aPEPERRY e5| re sequence.

EP 2003 12 CL aI\@ 1.
A met hod for ammmhnbmdampm(a@sllaermuiw)S|$ﬁy=°nﬁl¥ Snwantedy }fﬁi
Reacting a pal neraate('ognZé@iﬂe %5@ ﬁlé'r C&Qg%m&gﬁgtg m%ﬂi‘&f@l@faﬁ

enzyme with " itlons suitable for enzyrre
activity; andar{wrbhmmdbahtage.bhaudmﬂdeshmtldmdbﬁmwl@de\ﬂlﬂy ROYTRENASSiit g

h t light t | |
Wherein the. crasyead poradaraily e 5 RabiRfy Siedarkl ERRIgOR, (45 PhEbRE) 10
enzyme conpr '@tﬁia@ & ehﬁgbﬁsd withint theiscope mm«uanmn do controkatianuaiei thet es

t he enzyne actlve 'si.te confo ti when contacted with the nonochromatic
light. 2. A reanfermatiendl gr sf, wherein the confirmation is

modul ated by surf meeasmomammmmmmmmmmm 1,
wherein the CI?\ rg‘a%mr Iu?uri]tolloﬁlsant})o%uulsil%\tges(?an%r@aulnﬁﬁ%ummg procedures may be used,
10 with attachment of ligand-associated amines to, say, a dextran or N-
! ”‘) hydroxysuccinimide ester-activated surface. In a prefemred embodiment of the
‘ invention, the polymerase 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 Lofas
15 et al, Biosens. Bioelectron. (1995) 10: 813-822.
Localisation within space can also be carried out, and is a further embodiment
of the invention, via the utilisation of a Laser Tweezer or Optical Trap System (Sheetz,
Ed., Laser Tweezers in Cell Biology, Vol.55 of Methads in Cell Biology (Academic
Press, New York, 1997)). Optical Tweezers exploit the fact that light exerts force on
20 matter. Dielectric particles, such as uniform beads or bacterial cells, are attracted to
and trapped near the waist of a laser beam that has been focused through a
microscope objective. Applied forces will displace a trapped bead from the trap
S centre, with a linear dependence of displacement on force. Biological molecules such
| ) as polymerases, as within an embodiment of the present invention, can be bound to
25 polystyrene or silica beads, which are usually ~1 pm in diameter. The trap can then
be used to steer the immobilised polymerase into the desired experimental
geometry/controlled environment within the reaction flow cell.
The polynucleohde polymerisation enzyme usedinthe invention may be of any
known type. For example, a polymerase may be any DNA-dependant DNA
30 polymerase, e.g. T7 gene 5 polymerase or Taq polymerase. If the target
polynucieotide is an RNA molecule, then the polymerase may be an RNA-dependent
DNA polymerase, i.e reverse transcriptase ora RNA-dependent RNA polymerasse, i.e.

RNA replicase. TdT is preferred.



4 A method according to any preceding claim wherein the enzy S F 2@3
within the field of applied nonochromatic light. 5. A nethod a § h

any preW%90® ai m wherein the enzynme is a pol ynerase. PCT/GB°0/°1289
A{2. Ay! 39. AsY. A(Y. AFl 2. AIN . Au. AYl . A . AY. A -. A@, -; EXv3=ahLNQU

| uoi c] VPU] ca U] c™alU] cal] cal] caU] ca WV] cal] ca] caUl ca UV]cal] ca

WV] cal] ca] calU ca U c”raU ca U c”*a]c”ra U c”alBc”a] ca] cal] ca] caU] ca] caU]c
aMNR kz| ~y zuoj d_ZTUY] cU] ca] ca] caV] ca] caV] ca] caV] ca] cal] ca] caU] cal] ca

U] c”aU] cal] cal] ca] cHubleatMagndticiesahjncal(NME) Spéﬂ:tmﬁcoaylaradljayatal J. Mol. Biol.,

L i dot R o A o RS ) S

Ut wr | ga[ Tj e_ZTighad et al, Biochemistry, (1991) 30:5515-5523) are further prefmd methods o
WV] cal] cal] ca] cal] ca] caU] cal ca ca] cal] ca] caU] ca] caU] ca] caU] ca] cal] ca] caU] C
a] caU] ca Wjc aolmgmpg (ﬂo[qugsatmn enzyme to specific S of radiation to
uv] caB] g z Cﬁﬁ](ég fmf%ﬂﬁﬁibfédﬁﬂb%&ﬁbﬂ%ﬁoﬁt&ﬂdb%ﬂ%&ai &rd &thb Game time
allow structura confonnahonal data feedback. Using this technique itis also possible
to measure the response of the enzyme molecules. NMR spectroscopy measures the
magnetic properties of compounds. Nuclei of compounds are energetically orientated
by a combination of applied mégnetic field and radio-frequency radiation. When the
10 energy exerted on a nucleus equals the energy difference between spin states (the
_,-) difference between orientation paraliel or anti-parallel to the direction of the applied
A 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
detected by a radio-frequency receiver. - |
15 in yet another embodiment of the invention, the starting 3'OH group is attached
to a bead (e.g. one. end 9f the biotin could be biotinylated and attached to a
streptavidin-coated polystyrene sphere; Chu et al, Optical Society of America,
Washington, DC, (1990), 8:202) and held within an optical trap (Ashkin et a/, Opt. Lett.
(1986) 11:288) within a flow cell (as outiined previously). As the polynucieotide
20 processive enzyme (under extemal control) synthesises new polynucieotide, this new
polynucleotide can be moved in space via the optical trap (6r also known as optical
tweezers) and hence keep the processive enzyme within the field of detection. Itis
) also envisaged that this system could work in the reverse set-up with the bound
) polynucieotide processive enzyme being held by the optical trap.
25 Tha following Example illustrates the invention.

Example :
Theifoliowing analysis was carried out on a modified BiAcore® 2000 system

(Biacore AB, Uppsala, Sweden) with a sensor chip CM5 (Research grade, BlAcore
AB) as the ‘optical sensor/control/reaction surface. The instrumentwas provided with
30 an integrated p-fluidic cartridge (IFC) which allows analysis in four cells by a single
sampie-injection.
Preparation of Cysteine-Tagged Bacteriorhodopsin
Bacteriorhodopsin (BR) is a light-driven proton pump in the purple membrane
of Halobacterium salinarium. The photocycle of BR is initiated by absorption of a
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i&iajdjqjtj|j“@l[<ymkk|v|pwp mem (PM) sheets according to the s method

| cal cal cal cal dﬁ@@é@ﬁ%ﬁ%ﬁéﬁ%@ﬁm%m% SRlee7léA o2l ca

- W] cal cal c GtlRdineTigges 11 Pblyinérase, - S&10%- 6F
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| | 0, [0)
0TS Tovbir &éh%%&%@é D goting Tegn e a4 G Cotlnates forer o
10b 10b#= 10%9?936&% a French press, and the enzyme was purified by Ni-niwotnaceﬁc .
affinity chromatography, followed by cation exchange chromatography (suifopropyl-
20 Sepharose fast flow) and a final step of size-exclusion chromatography (Superdex
200).
Thiol-Thiol Cross-linking Reaction
) 10 M of mutated T7 and 10uM of mutated bacteriorhodopsin were added to
Hepes (10 mM Hepes, 150 mM NaCl, 0.05% surfactant P20 (BlAcore AB, Uppsala,
25  Sweden), pH 7.4) buffer solution containing 2 mM B-mercaptoethanol (which was
added to increase the specificity of cross-linking). After a 2-hour incubation at 25°C,
the cross-linking réaction was quenched by the addition of a thiol-capping reagent,
methyl methanethiolsulfonate (20 mM), and the products were confirmed by SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) under non-reducing conditions. The
30 bacteriorhodopsin-polymerase complex was then purified by anion-exchange
chromatography on Mono-Q and then resuspended in Hepes Buffer (complex at 8

mg/mi).
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V1098438 () Th%%@?@% FRCHe50 A4 s with 10 88 bl akstale 00Tl i

@ & 10% 8 () -5) and itjected acfossithe activated sutfece. +F|aalm residt@ttb rexysyccinimide
Rl @1098+3& () e%téfs %Wégse%‘&o‘ éhlp surface were reacted with ethanolamine (35 pl, 1 Minwater,

)

’ pH 8.5), and non-bound bacteriorhodopsin-polymerase was washed from the surface.

The immobilisation procedure was performed with a continuous flow of Hepes buffer

(5 pl/min) at a temperature of 25°C. ' :

15  Oligonucleotides
The non-active target and primer ollgonuclaotides defined as SEQIDNo.1and -

‘SEQ ID No.2 in WO-A-99/05315 were used. The two polynucieotides were reacted
under 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
20 MgClL,, 4% (viV) glycerol, 5 mM diﬂﬂothréltol (DDT), 40 mg bovine. serum albumin)
containing 60 mM carbonyidiphosphate (to maintain complex integrity)and 80 mM
thioredoxin and injected over the chip surface and allowed to bind to the
_ ) . bacteriorhodopsin-polymerase complex via the formation of a
bacteriorhodopsin/polymerase/thioredoxin/DNA complex.
25 DNA Synthesis
This step was carried out using the apparatus shown in Fig. 1 of WO-A-
99/05315, but using only one focusing assembly (5) for pulsing monochromatic light
into the cell.
The first desired nucleotide to be part of the newly synthesised polynucleotide
- 30 s introduced into the fluidic cell (6) at a flow rate of 30 p/min, at a temperature of
25°C and a data collection rate of 10Hz. As the nucleotides pass the focusing
assembly (5), monochromatic light is tuned across the wavelength band 300-600 nm
(via a solid-sate diode tunable laser) whilst the SPR signal is monitored. Once the
SPR signal indicates that conformational nucleotide addition has taken place, the
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(i) modulating the conformation of the enzyme by applying
monochromatic light to allow incorporation of a predetermined
nucleotide, wherein the enzyme is immobilised on a support
material, and wherein the enzyme comprises a biological photonic
transducer molecule which modulates the enzyme active site
conformation when contacted with the monochromatic light.
2. A method according to claim 1, wherein the confirmation is modulated
by surface plasmon reasonance.
3. A method according to claim 1, wherein the conformation is modulated
by a laser.
4 A method according to any preceding claim, wherein the enzyme is
fixed within the field of applied monochromatic light.
5. A method according to any preceding claim, wherein the enzyme is a

polymerase.



