; xye3el i\ p6TCU *GOOOOl * 1 PCOLYNUCLEOTI DE SYNTHESI S USI NG A PROCESSI NG
ENZYI\/E Field of the Inv Jmﬂﬁn This i nvention relates to a nethod for

pol ynucl eoMO8/6847t hesi s mﬂﬂu"m |ﬂ| of the Invention 5 RET/GBeMHRA t he

dermand for synthetic pol is large, due in nost part to the need
for oligonucleotides of knowf®equence to be used as primers within the

Pol ymer ase Chain Reaction (PCR) or within pbl ynucl eoti de sequenC| ng
strategies. Mre receEéi N !aﬁm t he
advent of pol ynucl eot 2 RESE s id= at t ached
to a solid suppoiField otthe mvedtibnei t her 10 oI [ gonucl eot i de probes t hat

of L gonues eot i de. Bfoﬁiiﬁ‘%ﬁwgﬁ"’ﬁ%'éﬁ%éj Ev@‘{)’ef%(y‘ﬁ"é%% Sioes ssr ( 1959
303:1508-1511; B&ackareundgf thelnvenlion 0. Bi o 135: 303- 307; Dramanac et al,
Genom cs) 4 ,[1%4 128) . ady nb%g%bﬁtbﬁm%ﬂm& éﬂﬁrﬂlﬁeﬁhé ﬁ#eﬂue n?mo

reconstruct the target polynucleotide sequen jue npostest,
further facilit atetemnped fosoligopyclagtides,ef knswwequmﬁtoge Hé@‘h@%ﬁﬂmﬁﬁ wnthin the

81 2055- 5098) depf"’r f'}"’@ﬁ?'rem“"@“ ‘epsdm%”mtpb”'ém?%%gﬂ“é"gen ehdges
cu i
synt hetic pol ynu "g g f?fgﬂ’@ 34'@ M@eéemMHﬂWBbl em

of | ow yields. Tlng;ndalaam amwk O0Yhesezngys have attachadtboarsolid suppoit farichip), eftver and

need foran 19mr alsenBBbid8idse g nyblis W (50 sdiiiE i testell earbid URAER ' © °
significantly i nmm@yoqm@emmwemdeLUm Qe\rly"rl@dl NakiSSSR (1988)

synt hesi sed and bﬁ@ﬁ@@ﬂmtéﬁnmm%emaeh fs%ba—%oﬁfﬂﬂvﬂuﬁéceéw @8ndniics,
synt hesi sed. Such a process woul d preferab be carried out by an automat ed

25 process, redudilig-1gfe %ﬁp‘PWF‘F?"%B‘% tis dhenouses: oy 'WE‘W"ES( they
met hods. Surmary poiynucleotidevsquéncen THil ecmimats bemmnierwunmdmmmdn e

cont or mat | ontl - cREERNRAR PvaSROK aille (Bof Bt AREde, BeBRUSHESE oA, oy

by controlling t[ﬂ@%)eﬁll @ZQ)ppI [ ed to such an enzyrre t he 30 sequence of

t he pol ynucl eotide stg &m@ﬁ ' t he
production of " é‘nt het I C o nucl eot | esapﬂﬁrﬂgkﬁpﬂ&eﬁmﬁaﬁgﬁﬁ. at| n% t he
normal in vivo p é"&‘ﬁ ansidhagrcompanyingeob '%@M‘ﬂgg t ey Also pMplant
invention, a net Ee nifiGdnt AliMbéT nfaniptilaBorRUnd/NéRée Bk & SighifibaHt peRs tiMetd €PS
of : *159159* WO 00/ 60072 2 (i) reading a pol ynucl eotide processive

enzyme with 20 8 f de substrate under appropriate conditions; and (ii)
exposi ng the enzyne tTheee tsotibmrbeainecd/formnmo\(eunnémoﬁ ey mads'ryath'esmbfso as

to affect thEthE"?ﬁ% mlmi‘s I pﬂ{? aQ;st & maginil eggwhggscrlptlon

det erm ne/ af f ect sequence of nucl eoti de produc

of the Inventi onP¢|Y"‘4¢!98Mﬁ§YBﬁ°§'§°qﬂ'\§'d"W3€bm°r'6tP af whicls sygho? pRiYnugieotise is he
processive enzyngyntidsged, Subi¥a ﬁece%ﬁmduﬂﬂprbﬁra’blﬁ%ﬁeusduﬂﬁy%nf‘ﬂme@f

t echni ques. These incl ude . ev nescent wave spect|oscq 's%chm&ogs.

particul ar s f aPRRCfSH g 18 SAMRigxity and cost associated wi ng me
Summary of the invention

The presentinvention is based on the realisation that electromagnetic radiation

can be used to generate conformational changes within a polynucleotide procassive
enzyme, such that by controlling the radiation applied to such an enzyme, the
30 sequence of the polynucleotide strand produced can be pre-determined. This enables
the production of “synthetic" polynucleotides in real-time by manipulating the normal
in vivo polynucieotide assembly process.
According to the present invention, a method for synthesising a polynucleotide
comprises the steps of:

T
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10 (SPR) spectroscopy. The application of radiation to the processive
enzynme vi a & lication of |aser technol ogy (Light A”E%’P%W”Z"t n by
Stinmul ated EmsSIon of Radiation) is particularly applic e present
i nvention due to the nonochronmatic end controllable nature of the radiation
produced by such devices. 15 The control of_the conformational structure of
processi ve enzynes can be acconplished by control I ng the environnent in
whi ch they act It has,bee t it pH
and salt content/concgntrgte?%ﬁgg? euﬁgédg?l }689&5 uérh&gan ﬁ%e gﬁaéh?%ct on
t he three-di mensi onal strmmamrnmmwn@omawi ty of such enzyne
system (Vong et i f Ochaghig the eASHRI0 Arified e roriHont (Fcidsl reiling | e

speci fied nucleotlde and hence t synt hesi s reaction, acconpl i shed

by directly creating the aﬁ?ﬁst??"?ﬁ*?ﬁ@“ﬁﬂ%@??“q}@@m?féhwgénﬁ
confornationag change thathehée détemide/sffectthe dtfienck bt tHeblyplicleotide piodGeddar

nucl eoti de) dependi ng,.on thel form of radiation delivered. This could be
achi eved by engi Mﬁ@—?—@%—ﬂm of the art genetic manipul ation

t echni ques) a pr ocesslf radiation auwdaommmemifmﬂlmmmeasedemayhejmén such
that it contai neﬂ afggrg gﬁ“ P Ll e REihE % rﬂb’é} 8r &Ita :ﬁﬁggg e the
mol ecul e to convertoor transduce 1A atlo | o a con ange.
These cheni ca/ nopmnps@nbwwegmm tegipiques, inpagisulat $Q§§ﬁéﬂp|§%!"%ﬂ;"°§@39€q ect
for the nucl gpti ggﬁlﬁd to the grovvi ng pol ynucl eoti de chain. The

met hod may therefo ro basi s, to achi eve a hi rate
of 30 pol ynucl eot i de ﬁl?rﬂ bgn °$’ﬁ€'%?'b‘§é¢‘ﬂ PRERSTNA ehrime KRt pﬂ‘é’é‘?’éggf a
pol ynucl eoti de, mser tedthaadgyd (Light vamplificatioh Vis StilnelatednEmisisionf oft Redistion) isonnent

in which | . i d i | , f
v oo i rmanot onaPerRERdry Spefitabie” 1 e pRBeN Tventorl 43¢ 3 1 MopERigtt ard
t hr ee- di nensi onawmmmrboﬁﬂiﬂn‘adlﬂhon pmsucest by guch devi¢esr whi ch substrate

nucl eoti de |g added tﬁ;etébﬁtr&rd?%é‘%ﬂ?&h\émi &ﬁktﬂ@oﬁbfo@é&iwem rhé¥ &in be
"pol ynucl eotide” is used herein as to be interpreted broad é?e and |ncI udes

DNA and RNA, i ncRaMAlshagBy santrallingihe & WP(RW“W'MW’&% ibepkeenspewntiplsi ng 5
nuc: eic i’ici d- LII k @ariatorescills@ch canditionp @p pHcdrEak Icontentzddcerithiion. of the rdaetion ]
"pol ynucl eoti de S i i to be
interpreted br oa@?y'u'% ‘%Ic'!\‘%ggg é?@%&t%\aﬁh%iﬁpﬁgﬁ O?A(%ti terbl%grgtérqls h%hgangim ach
one nucl eoti de tmmnsw enzywe gestems (Wengat e/, §l°pb¢m\mcd1§61)l3él§26-§§'é)h a group
L) of cougpe. | noliydodhin i HoUpRiraRaadia inthiicsdirby OSBRIy

al so such enzyne 10 groups as term nal nucl eot | erases (Kato

et al, J. Biol. kgrqePmpiishedby diceety creafing the abjlitnatihe %?"9&?“’9 ®izyme tgidengosced.
Sci. USA) (1988)a S&w&ﬂﬁﬁanal H&ln@ﬁ neatwkpuuue Qe aLRitDAQE aspammaﬁmm« n

order to control ol ynucleqtide gffers ver
advant ages for theé”g%% @'Z ﬂ%‘ Qﬁﬁ Jl?ﬁ%"ﬁ?’%“ﬁ‘ryeﬁ?ﬂm"'}"eacu on
yield in solid pivassatepfittiecart senqtlcaumimwodueclhmuet)ea Iprqlass;veemblawlen(nr 15
cat atydc natjire I ?mq d
pol ynudeot i de st'(ra{?an ?% alr”@?ges\ﬁ/g'rmaﬁ @gﬂpgdg &rﬁollj e reaé erﬁ?han
those currently @QuRS éﬂﬂtee"a&l}alﬂ?P diRlequis tt%é"oﬁﬁlihpf etm!‘ﬁt’%caofa ajen daey Ae
systens in thei rcdammuﬁnemaﬁmmése%hemnhm relPérighdtips M mtopaémédae

nu

ol ynuc! ot 1 de. pARISPEE 1BhDs Huceefa e B%g%*Pde‘Rﬁ'%% SRg oo Ruikeclte Fhpin.

tenplate to initTrmtreethad mayithesstdre peocagdibme Sresk-tinie” blsis, to aetievea high rate of

envi ronnent / for hi ways the case. As the effectiveness of the
nucl eoti de Er g}?b{ﬂﬁ §%¢?§ gﬁa}éees(fgpal ring and hence of conplenmentary strand
construction is ultifheelegentmetheddorthesynthisis ofiar palvhiupleotidlecasdindicatedaboymt i on
(and resul ting Khmkkmer&ﬁmma%w%m@mn Qﬁ:&?&ﬁ&?méﬁdé‘&&@&ﬁ% dtyme SYSt €M

can be disrupted and utilised in order to externa control the séquence
of nucl eotides pdP{Rget: |a§€&e"?en“t%“‘é‘t%‘!ﬂ“ﬁ‘%"'@h%@f%!"a?%"ﬁﬁaldl 9NZYPE-o hNIB T

pol ynerases for the present invention, therefore, the "synthetic"

pol ynucl eoti de strand produced nmay not (and In nost instances will not) be
a conplenentary copy of the tenplate polynucl eotide strand. Disruptions to
pol ynerase function via active site 30 nutation are known in the art
(Freenont et al) Proteins (1988) 1:88-73) but, critically, they are not
conformational | y/spatially nodul ated. Such di sruption/nutation could take
the form as in the present invention, of a reduction in the natural
fidelity of the polynerase such that it does not discrimnate agai nst

di deoxynudeotides. This would allow the nutated pol ynerase to insert any
nucl eotide in solution into the grow ng WO 001 60072 4 pol ynucl eoti de
chai n i ndependently of the nucl eotide sequence of the pol ynucl eoti de
tﬁnplate. The naturo of such blndlng site nDdlflcatlons that are flxed upon

. Y



15 polynerases with reduced error rate, that is reduced m sincorporation of
nucl eoti des during nucleic aid synthesis and/or increased fidelity of

pol ynmer i saW@¥/6082e WO A99/ 10386, which is expressly inc®ChERaVEEher ei n by
reference. This application relates to a nmethod of naking such high
fidelity polynmerases by nodifying or nutatlng t he nucl eoti de bi ndi ng domai n
of the polynerase (e.g. the Ohellx) 20 Andinportant aspect of the nethod
of the present invention L’ a protein/peptide/ chem cal

gr oup/ noi ety thatth'ﬁﬁ'?'"éFné'PPﬂE?'EfP'@?%Bﬂ SPmseiedh if ag 313’!"5”&“”5'@‘?1@"%9? 5t ed
via interaction \udbéd foltes griowingpdlynuciestids gyarder | ved from photons. Such

groups include, but a " I

transduce photonic eniﬁ%&% bﬂﬁt}cfeggéed B%Gg‘ h%gé gﬁgﬁ?eig%@rgﬁ‘i}%raﬂf'ng
chem cal groups. itludés PNARaad RN4, iocibdiog medtﬁettDNAmeeaeweuasoﬂmhyhudmmg

I nvol ves the wtil L€ ok ucers to nodul ate the
pol ymer ase ac |vé‘h§|a‘ka&?4"?;mmaeﬂ9€ %ﬁlb‘m’?t&‘g%‘?%‘ﬁ hence pol yneri se
activity. This group asmetsmpsynwoﬂmmwe/pgwmwaamzymhsmssd efeinas i t ed

to, light harvests g u&érbﬂatmbay Sarldperamy |t@§bi€ﬁl@u§%ﬁ$t@ﬁ@tﬂaf‘¥£ﬂ y@éh one
phot osynt hesi s (gHa bact eri al Iexes such as

LH2 iz 30
e Tt onds. P SHEea8R © Srpy 6 e s pONTIEBETEa, SOTL SRR Wilep! G ERr
punp corrpl exes/ sirziudintal polym@rasea chath |uNAqmﬁdp%NA}d(a|Bi)daﬁtrm albe sy grzgme

76 1016 1023]3 SQuBE o MREH AeBRruBbudyF forshiadsh (Spto ob8OF Bk Chent (1P
conpl exes) and n@ﬂ&ﬁéﬂo mﬁmmm, Proc/\NBEY. A¥gd.c3nD) USA, 519|§ﬂbﬁfe$99§) and the

Proc, Nat1 . Acad. St O PolyileEis puBisRhe Byl ilo SEAIS) he HilRsfler !

pol ymer ase nol ec mpelynmos# effaresaversladvantages facthe W&f@rs@qmbém ther

gogt [ ol I ed conf Ob{HBHn%fdﬂatcHMﬂIéInlsGm Wawt){hg{abili gFHvSI&S@&ud ta\t%dﬁrwa?amgge
ut are n estr e 0 e X er

| oop of Tagq ‘B\IA WM&%” off 3W3P'898'\3L’°ﬂ8§'| t §8%" s&?ﬁiré}pﬁ’{% 2808, see

VQA- 98/ 40496. Mepbignisidotide gigaret leogth| are 'sévecal mpders hémenjtudewmnuammoee

structures of t‘gguﬂnuﬂ{}ﬁlaﬂﬁ,péqdﬂ?%@fo%ﬁ' iR ety lkzrlekél-%\ﬂe sYstbfi& irPhbir 2N

have been appli extensi ve case of ‘Green Fluorescent Protern
(GFP) to constr ubativeeBWEPNMePEnt or 10 "chanel eon" proteins to create

fluorescent |abels fOAn&ﬁ&memﬁnﬁHQﬁd&tlﬁ&nﬁmen%ﬂh%aﬁsﬂﬁﬁM dMReugad e

o o501 1cA 3 s b ot pobriucleghds Rraeseiye amassasuie s expinaRoNpusestive. |

enbodi ment, the (aniptdte to imtiatelipolymatigotidesgrthests if theienativeervirbhmentéarmethis isnat ant

of  GFP. | Thi s v eoulluie hB el USlR0 fbcliols /1RS R bR bR b

affinities can b I'n response t0 exposure
wavel engt hs of | pudhengeef OPWE"QGDWM CQESWQ@Q'B iqultimatelydeopendent op the thepet her

preferred embodi GRighsiond? coRftRhation! (ah8 LY ahatcebaaaaé h&t B8l prodsave are
cl oned separ atelé and reactlve Si

de 0 ar t
cross-|inki mp r eSeDMEnths) system canbe @%@%PV@F@‘S‘%P%&%&“\’ @&Eﬁl’fq?ﬂ otein
structure at 20 bdxpieness off nutldotided potpmérised. Ihithe Gpédific casei dfithe utilisation of

POl yITer i S¢) A NilEteall 13AK A ELl ORIl HordfS b Ly Rhb S Bl RRBIKSEAS P

to the protelns e I es |nc are n e use of
site-directed rmpmgmegmy mtammmapatriastamm net) dera complemantasy copy of the

(Ant hony- Cahi | foeﬁ@\%e &ﬂﬁﬁ@eoﬂ}iﬁ%daﬂm gg onﬁﬁaégjﬁlnmn'wﬁmﬁ%ﬁ‘e

cystei ne and ket to act as a site r cros I nk |ng to 25 occur.
H

Cross- | i nki R r eBytpramiinewn ipdin art (Freement &8 Proteing (1988)s1:86:73) PHie Fritically.
enpl oyed to COVahﬁWaH’n&t'cBKfoﬁﬁHﬁoﬁﬂ@faﬁﬂhdﬂy %aaa@up%uemuﬁlpa&dmuﬁwdw of

Fl t Prob Pr ob
o108y bl ke HETorih R i 8 oraseriiantin, BLe reBion L Aatre PSS e

from cysteine) - thmlyrherasmmhmankdotg nodiscriminate againstrdit@exynudkEotidgs. Tis waeid hi ol

Cr ogs- 11 nki ng. anBoVETBEY iotmeid 26l oo 5 Tukftle W soBLT oA BRIVNA,™ 7,

is foreseen that in some C|runstances t he presence of an existing

pol ynucl eoti de strand may not be necessary for tenplate-directed synthesis
to take place at all. For exanple, this would be possible using extensively
WO 001 60072



PCTI GB00/ 01289 nodi fi ed pol yneri ses that have been cloned to "design" via
state-of t 6@@&,;econb|nant genetic techniques. As stated PreV|oust t he
conformatio {%ese pol ynerises woul d be under ext er nafCT{GBI¢ Y289
(preferably a radiation source) and this external manipul ation of the
enzynme' s nucl eoti de substrate specificity termnes the 5 grow ng

pol ynucl eoti de's pol yneri sati on sequence. reover, certain groups of

pol ynucl eot i de S Bl 'Sﬁ e ﬁddﬁﬁ@oﬁﬂ%’cﬂ]&e‘éﬂé&ﬁqﬁbmoP@nk)Sggﬁ*]cf&Th&éje

tenpl ates for sy native" environnent gr oup

is the terninal mmumeemmgﬁsumammgmgmmsmenmonmm
deoxynucl eoti dyl clbﬁiﬂ@ﬁfeeﬁéi%ﬁpébW)axﬁﬁiaﬁbiﬁm doRformBsnhl rhod(fat dérb'kﬁMf

3 hydr ovy of - NP AH{OHSSCR, Nt et ST P eenbot ol FroRBE HBEL The

enzyne requi res 4864q8) amiaemueueotuedmlynmsmmvagmt Fbeaednpldme:es peasphat e

d f 7 d
The Tnventi on, ¢ fsvay B, PRk 2 cF phfinbiads Tis ond of s Uil bR B URER) 01
will act as an i intarachtvith thersubstrater Mdes hle}'@ngl aleenleoRayS Biocheme (1594}

synthesi se a pot a@%&ﬂﬁﬁsﬂ*&tgﬂmﬁm&m@sg&z?ebm%ecwshﬁ@q&ﬁf%v' a

the control of radiation a a Si
enmbodi ment of t haeid %Twm!%@ %‘Hﬂ‘?h@%ﬂﬂﬂﬂ%ﬁma@@vﬂﬁ Qﬁ?‘l@tﬂiﬂ@ against

engi neering @ cgg x?hu&ﬁouH@CtSéénUSWSBﬂBéK‘?ahdt&pBRJthTQI §SK ﬁi&%dﬂuﬂbeo“ de
avai l abl e as substrafe an? hence contr ol i de resent in

0
sol uti on woul d d®8/22n98e of Red K- Ghatroge Jiled %%pt?@b?foq 8%:@\5\' ddé‘"?ﬂ\%l sed.
I n anot her enbodPéipnérasés aivk thenysenTheveof”, twhich Talé exprepﬂjr yrzempamted( lesreiarby ot her
pol ynucl eoti de pgk ise) is bound to a solid support and the nucl eotides

and/ or radiation are made avai l able to the enzyme whil st bound. This
enbodi ment al | ows t he'hgsemodificationshave gince beefyghiarastarisesfudherinerdentp dafinend/ or

substrate ang gramh rhdHEsdiWith 2euueed u:m»eétemt@serea&éaarhdsm&mmhufh&ibouﬂy S

configuration of e invention has the added advant age once
oot 184 pol ynucl 5B BUIRG 8CH SEHIeS AL HTRERe < AC R FOHMBrSAs capa WO he
bound enzyne andgd/{036p whieh is &ppassly dgarpdrdted Rereirl by fefererice) €TINS appiication

A f |
b “tho 30 pol yny/Beisa SR TR subiioh Rl poRhelati b Eoumi ol fiiing™ 1 0
| ocal i sati on naythe aucleatide bindingldomain obtive polymersase (@91 the Othelx)it o,
| mrobi |1 sat ipgn on a 0 inBoRaBSPdct ofAE Mo dfQRe aifesm?nvaﬁ&dﬁrrema&eelo? aSpace

of fers several ortant an or € success I's e
Firstly) the proSP@iRep &EH‘E‘@@%&'&"@H‘G&HF he A SHigulsoMompaton canable of
radi at i on/ cont r iidingdmedulated wmnbmctanwnenbnaanﬁ/beewmenmcMm @hotohs.t he

| / h
D e oasi |y At RS, eiide! btoip nhr a8, BRBGES oIBR8 O
modul ati on ( e. g.photesisrenptdyssypihetiSivesnaipgynds andrenedytabsarbing oiemichl groups.act i on
(or random ?Ber W prafdn® uﬁibbaxn%nmfu;efbﬂmsen@.u%mﬁwmsw nm.men L:Ps.aab ical

envi r onnent SUbSt ite (e.g, nucleotides) not directly involved

pol ymerise is 5 RheWe B‘Eﬂﬁ'ﬁ’ﬂepamu'at?hp? PRlymarase cintive Isyter@}%vgﬂle“’f)f
radi ation (e.g. dehfolRation)andheréd boaﬁméseawaﬁwm@@edpw 5.abgc5| hﬁnﬁﬁﬂ&@ of

L T g o
known in the ar tinvolved paotbsymﬂeals (e.g.rbeoteriélicompleres swchag LB and b2t saaPapiz
coupling prgged C | ted
am nes to, ggy, l%e%ewg%q:c#ﬁ% @Qeé)y' ig%%%@mgg%& stie:‘rn dgg%rvat edB&h?f ace.
In a preferred enmolgkesisubugits (ag bmeiimmmsmt (BR) Jsiny ther purplei membrapdidfi sed

onto a SPR Senswa/mnﬁf%zﬁﬁﬁum%@ksm /Peﬁphp Jt h@séﬁs‘ﬁ%ﬁdﬁﬂ&ﬂ% may be
measur ed. Exanpl es of procedures used 1 se bi onol ecules to opti cal

sensors are di s®GRaRE (%0.etingl @54 98%9?‘“’&%0@6? campjexeg) ang natyzpl fugragcent

Bi oel ectron. (1995) 10: 813-822. Localisation within space can al so be
carried out, and is a further enbodi nent of the Invention, via the
utilisation of a Laser Tweezer or Optical Trap System (Sheetz) Ed., Laser
Tweezers in Cell Biology, Vol.55 of Methods in Cell Biology (Academc
Press, New York, 1997)). Optical Tweezers exploit the fact that |ight
exerts force on 20 matter. Dielectric particles, such as uniform beads or
bacterial cells, are attracted to and trapped near the waist of a |aser
beam t hat has been focused through a m croscope objective. Applied forces
w Il displace a trapped bead fromthe trap centre, with a |inear dependence
of displacenent on force. Biological nolecules such as pol ynerases, as

wi thin an enbodi nent of the present invention, can be bound to 25
polystyrene or S|I|ca beads) mhlch are usually ~1 un1|n dlaneter The trap

v o, - o ..



Nucl ear Magnetic Resonance (NVR) Spectroscopy (Bradley et al, J. Ml.

Biol., (1990) 215:807-822) and El ectron Paramagneti ¢ Resonance (EPR)
Spectroscoppameid et al, Biochem stry, (1991) 30:5515- 5BEBGBeG28%urt her
preferred nmethods of subjecting the pol ynucl eotide polynerisation enzynme to
specific types of radiation to 5 control specific nucleotide addition via
conformational control and at the sane tinesall ow structural/confornmational
data feedback. Using this technique it is also possible to neasure the
response of the eplatpman@heetmmrecmdﬂvatpestamﬁmwflumt@sotalhéeﬁa)gHam c

properties of co ?p& ?gq)@ tically orientated by
a conbi nati on of rgzg%g | edN%g%g? I e y@ﬁ§1 - re)guency radi ati on. Wen
the 10 energy exertedTHA EGPVRa@%BOMq%S%mP'H@'MWWW&M@MM@n

spin states (the gy Efe%?&ﬂﬁtﬂmhﬁdﬁﬁﬂﬁnﬁibhﬂﬂo%hhﬁéhvﬁﬁfrﬁl'ué;ﬁ‘bsdﬁhn@é?ﬁbn Riiuab, el
to the direction of the a edflelg_ﬁ% as resonance i s

wn
achi eved. TheSabdt¥ peeinagn °§’|3‘b§'é‘hg‘ ')‘é'i‘ﬁ §§‘P% quthél'fé?'g"}":d%‘iﬂﬂfl A DNA t h
t hg_ ch?nge from gagmtapase cshailﬁgdus pbkmortsturnem)r putmahyee@ae?vo?]n‘-eammse
radi o- f requency recei A ather e of the inventi
the starting 3" OH groﬁﬁeﬂ?ogsfﬁr %%’ya@s'ﬁg %e"?g).%,gg%n °"§ﬁﬁm‘b°f"rﬁl§q‘ﬁ? t| n
could be bioti nyImreabeMslatqt@lmewebkmin@pa:axt/anﬂhwebaereabqﬂd edensivelye
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In particular, immobilisation using standard amine coupling procedures may be used,

10 with aftachment of ligand-associated amines to, say, a dextran or N-
hydroxysuccinimide ester-activated surface. In a preferred embodiment of the
invention, the polymerase is immobilised onto a SPR sensor chip surface where
changes in the refractive index may be measured. Examplas of procedures used to
immobllise biomolecules to optical sensors are disclosed in EP-A-0589867, and L&fas

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 Csll Biology, Vol.55 of Methods 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
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 ym in diameter. The trap can then
be used to steer the immobilised polymerase into the desired experimental
gecmetry/controlled environment within the reaction fiow cell.

The polynucleotide polymerisation enzyme usedin the 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
polynucleotide is an RNA molecule, then the polymerase may be an RNA-dependent
DNA polymerase, i.e reverse transcriptase or a RNA-dependent RNA polymerase, i.e.
RNA replicase. TdT is preferred.
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WM cal cal] ca to a bead (e.g. one end of the biotin could be biotinylated and attached to a
streptavidin-coated polystyrene sphere; Chu et al, Optical Society of America,
Washington, DC, (1980), 8:202) and held within an optical trap (Ashkin et 8/, Opt. Lett.
(1986) 11.288) within a flow cell (as outlined previously). As the polynucleotide
20 processive enzyme (under external control) synthesises new polynucleotide, this new
polynucieotide can be moved in space via the optical trap (or also known as optical
tweezers) and hence keep the processive enzyme within the field of detection. it is
also envisaged that this system could work in the reverse set-up with the bound
polynucleotide processive enzyme being held by the optical trap.
25 The following Example illustrates the invention.
Example
The following analysis was carried out on a modified BlAcore® 2000 system
(Biacore AB, Uppsala, Sweden) with a sensor chip CM5 (Research grade, BlAcore
AB) as the optical sensor/control/reaction surface. The instrument was provided with
30 anintegrated p-fluidic cartridge (IFC) which allows analysis in four cells by a single
sample-injection.
Preparation of Cysteine-Tagged Bacteriorhodopsin
Bacteriorhodopsin (BR) s a light-driven proton pump in the purple membrane
of Halobactenium salinarium. The photocycle of BR is initiated by absorption of a
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, 5678DELCL! z10%& Bioh.- the® Ufog 1) 2684 147B-11a8#.1 A8 rhtated protein was purified from H.

salinarium as purple membrane (PM) sheets according to the standard method
described by Oesterhelt and Stoeckenius., Methods Enzymol. (1974) 31:667-678.
Preparation of Cysteine-Tagged T7 Polymerase
15 An expression vector containing T7 polymerase coding sequence was
constructed. A site-specific mutation was introduced (Erlanson ef al, Tetrahedron
(1997) 53:12041) into the O-helix coding region at Arg®'®-> Cys®'®. Cell pellets were
lysed with a French press, and the enzyme was purified by Ni-nitrilotriacetic acid
affinity chromatography, followed by cation exchange chromatography (sulfopropyl-
20 Sepharose fast flow) and a final step of size-exclusion chromatography (Superdex
200).
Thiol-Thiol Cross-linking Reaction
10 uM of mutated T7 and 10uM of mutated bacteriorhodopsin were added to
Hepes (10 mM Hepes, 150 mM NaCi, 0.05% surfactant P20 (BiAcore AB, Uppsalia,
25 Sweden), pH 7.4) buffer solution containing 2 mM p-mercaptoethanol (which was
added to increase the specificity of cross-linking). After a 2-hour incubation at 25°C,
the cross-linking reaction 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/mil).
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x001T233D4z X%YVB7 v RadOt®sés surtatfaht PEY/BiAote AB, UppShla 16Wadef), pH 7.4). Equal
volumes of N-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 (CMS5) surface, to activate the carboxymethylated dextran.
The bacteriorhodopsin-polymerase was mixed with 10 mM sodium acetate (100 w, pH
10 5) and injected across the activated surface. Finally, residual N-hydroxysuccinimide
esters on the sensor chip surfaca were reacted with ethanolamine (35 ul, 1 Min water,
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  Oligonucieotides
The non-active target and primer oligonucieotides defined as SEQ ID No.1 and
SEQ ID No.2 in WO-A-89/05315 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  MgCl,, 4% (v/v) glycerol, 5 mM dithiothreitol (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 compiex 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 puising 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 u/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
SFR signal indicates that conformational nucleotide addition has taken place, the
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surface plasmon resonance,

3. A method according to claim 1, wherein the conformation is modulated by a
10 laser.
4, A method according to any preceding claim, wharein the conformation is

modulated by applied radiation.
5. A method according to claim 4, wherein the enzyme is fixed within the field of
applied radiation.
15 8. A method according to any preceding claim, wherein the enzymeis
immobilised on a solid support.
7. A method according to any preceding claim, wherein the enzyme is a
polymerase.
8. A method according to any of claims 1 to 6, wherein the enzyme is a terminal
20  deoxynucleotidyl transferase.



