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All current techniques are restricted in the length of synthetic polynucleotide
that can be produced and the accompanying problem of low yields. They also employ
a significant number of manipulations and hence take a significant period of time to

There is therefore a need for an improved method for the synthesis of

polynucleotides which significantly increases the maximum length of the
polynucleotide 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.
Summary of the invention ,

The presentinventionis 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 canbe pre-determined. This enables
the production of “synthetic” polynucieotides in real-time by manipulating the normal
in vivo polynucleotide assembly process.

According to the present invention, a method for synthesising a polynucileotide

' comprises the steps of:



the production of "synthetic" polynucleotides in real-tinme by manipul ating
the no I y ' 2vi vo pol ynucl eoti de assenbly process. Accqrdi n% to the
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processive enzynme with a nucl eotide substrate under appropriate
conditions; and (ii) exposing the enzyme td a controlled environment
(including radiation) so as to affect the three-dinmensional conformation
of the enzyme and (henc&afipgr & pelynydaciide processive RnZyate ith a_ nucleotide
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systens ﬁbné et § ; ochméem stry (1991) 30:526-537). 20 The addition of
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variations in such conditions as pH and salt content/concentration of the reaction

medium can have an effect on the three-dimensional structure and hence on the
activity of such enzyme systems (Wong et a/, Biochemistry (1991) 30:526-537).
- 20 The additionofthe specified nucleotide, and hence the synthesis reaction, may
be accomplished by directly creating the ability of the processive enzyme to undergo
a conformational change that IS specific for the addition of a particular nucleotide,
depending on the form of radiation delivered. This could be achieved by engineering
(via state-of-the art genetic manipulation techniques) a processive molecule (or
25 molecule associated with it) such that it contained a chemical/moiety/peptide group or
groups that enable the molecule to convert or transduce radiation into a
conformational change. These chemical/moiety group or groups may be so positioned
so as to select for the nucleotide to be added to the growing polynucieotide chain.
The method:may therefore proceed on a "real-time" basis, to achieve a high rate of
30 polynuciectide synthesis.
The present method for the synthesis of a polynucleotide, as indicated above,
involv_es the control of the environment in which a polynucleotide processive enzyme
is placed, and hence of the three-dimensionai conformation of said enzyme. This .



conformati onal change. These chem cal/npiety group or groups may be so
positioned so as to select for the nucleotide to be added to the grow ng
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Another important aspect of the invention is the realisation that, although a

20 Jarge number of polynucieotide processive enzymes require-an existing polynucleotide
template to initiate polynucleotide synthesisin their native environment/form, this is not
always the case. As the effectiveness of the nucieotide (Crick-Watson) base pairing
and hence of complementary strand construction is ultimately dependent on the three-
dimensional conformation (and resulting kinetic parameters) of the processive

25 enzyme, this system can be disrupted and utilised in order to extemnally control the
sequence of nucleotides polymerised. In the specific case of the utilisation of
polymerases for the present invention, therefore, the "synthetic* polynucleotide strand
produced may not (and in most instances will not) be a complementary copy of the
template polynuclectide strand. Disruptions to polymerase function via active site

30 mutation are known in the art (Freemont et al, Proteins (1986) 1:66-73) but, critically,
they are not conformationally/spatially modulated. Such disruption/mutation could
take the form, as in the present invention, of a reduction in the natural fidelity of the
polymerase such thatit does not discriminate against dideoxynucleotides. This wouid
allow the mutated polymerase to insert any nucleotide in solution into the growing



25 enzyne, this systemcan be disrupted and utilised in order to externally
control the sequence of nucleotides polynerised. In the specific case of
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the nucleotide binding domain of the polymerase (e.g. the O-helix).

20 An important aspect of the method of the present invention is the use of a
protein/peptide/chemical group/moiety that has a structure/conformation capable of
being modulated via interaction with photons and/or energy derived from photons.
Such groups include, but afe not limited to, biological molecules which transduce

. photonic energy, synthetic dye compounds, and energy-absorbing chemical groups.

25 A preferred embodiment of the present invention involves the utilisation of bioclogical
photonic transducers to modulate the polymerase active site (e.9. O-helix)
conformation and hence polymerase activity. This group of biological transducers
includes, but is not limited to, iight-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 purpie membrane of
Halobacterium salinarium; see Oka et al, Biophy. J. (1999) 76:1018-1023), sensory
pigments, (e.g. retinal and associated protein complexes) and natural fluorescent



protei n/ pepti de/ chem cal group/noiety that has a structure/conformation
capabl e of being nodulated via interaction with photons and/ or energy
deri vaOf00EAIBhot ons. Such groups include, but are not HGIAGBWPIZE

bi ol ogi cal nol ecul es which transduce photonic energy, synthetic dye
conpounds, and energy-absorbing chem cal groups. 25 A preferred enbodi nent
of the present invention involves the utilgsation of biological photonic
transducers to nodul ate the pol ynerase active site (e.g. O helix)

tconf oa mat i on g,ml?ihﬁma@thgnﬁémelmhﬁwstéag. Ghaen Riuoreiscent an@teih (I(BEEDﬁlHeim
ransducers includes ut is_no | . [ - harvesting

conpl exes/ nol eal B@caﬂﬁaﬁ&qde%' Mﬁ%t%@éﬁ#ﬁgm s (e.g. bacterial
conpl exes such as kil agivé shbl of SyméaBe fokétuitis whiich affecheverdll fanétidprand 4r996)

1:198-206), direct photon-driven proton punp. conplexes/subunits (e.qg.
bact er i or hodcigraeted fargontraliad eanformational ’H&Fg?ptﬁ’ﬁé""g% m%a'reaﬁ%*&"@r'r'%(f"dgde'

salinari ugn SRR K Rofledtrictdd BPME O-Helik 11HE R-helfk: Afl e iRtéBD-P PSTTaq DNA

pigments, (e.g. retinal and associated protein conplexes) and natural
fluorescent \WOIWDLEESE PP apalpgenspesitionsdn gther PPYMEEARES: SR -

derivatives (e.g. mg 4R : héhceitntu tl.
Acad. Sci. USA (19& 9%’%1?%8%- 12 gfg)gili-ng_rtﬁgﬁgétﬁ:ﬂ\%sgﬁggﬁ of poelcierri‘?fz:i)lglt‘aadNa

mol ecul es whirbrespepsidesipusrin fare wett known isrihe artandihavg been apalied extensively
conformatl ongh {iB%kadd! bf Grkbh FitdorkSerk MRRA (GPPPS IBRstruct WP mutanb lgr_ar e
ed to, the O- I X, I

not restrict - the K-helix, 'and the inter O-P | oop of2+Taq
DNA pol ytfer adehamelenn] prgtains toseeate Buereseentiabels faippriic subsiratassuch as Ca

VO A- 98/ 404964 EhBatlste’ SHeckSIRspoRd Heih i iall Prot.Natk SisNSBE LR ({uage

structures of two or nore peptides/proteins are well known in the art and
have been ap@iitR60Ix12604i & Heim ef a/, Nature 41987) BBELBZ8BF). uor escent Protein

(G-P) to. constructyf 4satrefdl HthbéHimdAt, "tﬁgmbﬁ:ﬁ%? T PbyhidPaseCisCiRdlo a
fluorescent |abels for specific substrates such as Ca2+ and to nodul ate
spectral resfunmscenyhutantof GFP.Thizresnlisin afugienprotsin whessnuclegde substrate

91: 125014125 rﬁ‘t‘ 'ﬁ r 55380 Rt

enbodi mi"rﬁ1 %?i‘;'a %%@%%ﬁyﬁéﬁgﬁs fused t&gﬁiangfﬁoe?eescentsnmant
of GFP. Thi s anddhe sub-type:offGRR sutalian ehosedhose nucl eotide substrate 15

affinities can be 1ﬁ%ﬂgﬁgﬁg&é&ameamrﬁ fensodiirhRsdiicingPrbidth and the

wavel engths of light a sub-t%/fpe of G-P nutation chosen. In a further
preferred enpolymarase aredonasieparatelyand reactiye sids arpupseapapleof taldng parin o
are cloned sQRsainking r8adlionfs) ark ¥ife-SbIBBIVEIYIHRSACRAMb Rath photkinnieiré at N

20 the desired location (e.g. the O-helix within the polymerase).
A number of strategies may be used to attach reactive groups to the proteins.
Strategies include, but are not limited to, the use of site-directed mutagenesis and
unnatural amino acid mutagenesis (Anthany-Cahil et al, (1989) Trends Biochem. Sci.
14:400) to introduce cysteine and ketone handles to act as a site for cross-linking to
25 occur. Cross-linking reagents which contain two reactive groups can then be
employed :to covalently link the chosen side groups (Haugland, Handbook of
Fluorescent Probes and Research Chemicals, 6" Edition, Molecular Probes, p94-106).
Examples iof-such cross-linking reactions include thio(derived from cysteine)-thiol
cross-linking,~amine-amine cross-linking, amine-thiol cross-linking, amine-carboxylic
30 acid crosssinking, amine-carbohydrate croés-linking and thiol-carbohydrate cross-
linking.
Astaiready outlined, it is foreseen that in some circumstances the presence
of an existing polynucleotide strand may not be necessary for template-directed
synthesis to take place at all. For example, this would be possible using extensively



cross-linking reaction(s) are site-selectively introduced into each protein
structure at 20 the desired location (e.g. the O-helix within the
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in another embodiment of the invention, the TdT or polymerase (or any other

polynucleotide polymerase) is bound to 2 solid support and the nucleotides and/or

radiation are made available to the enzyme whilst bound. This embodiment allows the

user to localise the application of radiation and/or substrate and grow the new

25 polynucieotide stfand into solution. This configuration of the invention has the added

advantage that, once the desired polynucleotide has been synthesised, it can be

released from the bound enzyme and the process begun again (i.e. itis a regenerative

process).

A preferred embodiment of the invention involves the localisation of the

30 polynucleotide processive/polymerase enzyme system in space. This localisation may

take the form of, but is not restricted to, immobilisation on a solid support. Locaiisation

of the polymerase in space offers several important advantages for the success of this

method, Firstly, the problem of unwanted attenuation of the applied

radiation/controlled environment is reduced as the exact location of the polymerase



the control of radiation applied to the enzyne. In a sinpler, but slower,
enbodi nent of this system the enzyne could be nmade (via genetic
engi ngap 0oz control of reaction conditions) to pol yRET/GEEU/AIAEY

nucl eoti de avail able as substrate and hence control of the nucleotide
present in solution would determ ne the sequence of the 20 pol ynucleotide
synt hesi sed. | n another enbodi nent of th& invention, the TdT or pol ynerase
(or any other polynucleotide polynmerase) is bound to a solid support and
the nucl eot i ﬂ%aé@‘ig Riowr! &l &in fence’be mackeasinstlettivelyt cortiolied wiayioealised st

bound. This enbodinment allows the wuser to |oc

radi ati on ammmonmm!ﬂl eqdulation @%M%P‘Héﬁﬁ)ﬁgs‘%ﬁ%%@ﬂw {#anc! Into
sol ution. r%aaa rré‘ﬁdd?ﬁ‘ eRbrgyhattdriviation) afntrieaenzym systen wau\metlagai

t hat, once t e desi

d polynucl eotide has b e t he ﬂh Wi ga
rel eased fromwmeﬂboumbsﬁﬁ g©- AHeleplfes) g 'Heiﬁ’és‘ﬁ ?P°§m P? 8% a
regener a_£r | Ve ag ?ﬁﬁ%rderﬁ%lg r e‘f‘lﬁ& i€ (i:aﬂﬂfﬂﬁﬂy rfﬁlébamf if trbﬁatmm’ {egi photonic)l nses

the | oca |sat|on 0

t I
System | n spaltised Tas snyisionsd SOIerEEpPe GBS SHETBH b ro AP RUTg e
restricted t%n&)rm%h 'féﬁﬁbﬂﬂ |ﬁné-9§éd support . Local [ satlon of the

pol yneri se i ace offers sev | nport ant ad%qa es, for the,.syccess of

this nethod. Fi rmmquaanenmaubpéﬁmﬂ oyhysing $En MBS Kopowndia i ed

ol yrer | se. WP &‘f@%ﬂ%@“ﬁe@?%ﬁ%‘%ﬁ?ﬁ??“‘é'ﬁi“‘f“?ﬂ%’é%*ﬁ‘é?%%ﬂﬂiﬂ?‘ e

nore easd|y with eattachenent c ot h@ﬁﬂ%ﬂss\ﬂc@tﬂ)cﬁm@ﬁd 0. RAYr oft P mBGul™t i on
| | F oth
(e g. laser g@ygﬁ rl{ 'Eﬁ ?&%‘gg%r-a enz%dkaa&onhr@ dr@l@rrednérﬁbaﬁfﬂeﬁﬂd e

random ener systemwi th the | oca

envi r onment / invérsionate pelymeraseds emm@é@%d et g; $RR tsleys?rn%Pv%ﬁfaﬁF HeRe
pol yner ase i g.ba rsﬁqfﬁ,gqew% Helei phaty beT Hie%sﬁr&dpi&émﬁldsaiﬂp)‘odeﬂhmsmﬂed tb

radiation (e

utilised, as env SI 0 of
the i nventi ommatsiisedinmeledules loopiical sensors aredi a'\lx’%#wa?‘i&%%
pol yrrerﬁg é%b%ér&abio% M ({qggg)a-m igqg-g2pt Uusi ng standard pr ocedur es
the™ar't

known i n particul a I mobi | i sati on u5|n m.ne
coupl i ng procedurh@dmhmwﬁmace%“ﬁlsPPeéﬁFﬁerﬂ% ?‘f’ﬂ?ﬁﬁ&"@?&'gﬂ?’&t ed
ami nes 10, Sgine Ryt A R utlisdbol P Be6FTibezeer @ﬁﬁo@tTﬁptSyswnecSms& ace.
Pretet réd iaser ';'weeze:s in Cell B:ology. 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 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 polynucleotlde polymerisation enzyme used inthe 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. I the target
polynucleotide is an RNA molecule, then the polymerase may be an RNA-dependent
DNA polymerase, i.e reverse transcriptase ora RNA-dependent RNA polymerase, i.e.

RNA replicase. TdT is preferred.



i nvention, the polynmerase is imobilised onto a SPR sensor chip surface
wher e chan es in the refractive index may be neasured. | es. of
procedWWOlER24 to i nmobilise bionpl ecules to optical sé’ﬁ?(r}rp%”oﬁ’ll%”

di scl osed 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 enbodi nent of the |nvent|onBV|a the utilisation of a Laser
Tweezer or Optical Trap System ( Sheetz, Laser Tweezers in Cell

Bi ol ogy, Vol .55 of ngatfdagmehc@@lspnmm(ﬂy@@n@my(W@efﬁbwM@lrﬁlﬁl
1997 ti f

mattZaZ. g)el gi‘%?ﬁ]‘(’:‘fﬁﬁ{)ﬁs?fgéﬂgtgé ag %?%B%é%e an Ea@erl a'i cel Fg&
attracted to (Tedd dtrat.mledhemntryt0189(&)513&651)5-5523)a8@rftmanpreie!lrema!atbmof
focused throu a, N.Ccrosco 'e ve. lied for M ] d e

t r apped bead P’lﬁ‘ﬁ'{‘ﬂ ihe P@ﬁ“"?'g%% Qg)'f)??@’g?e %e%%%!ﬁgﬁ@éa so‘#ﬁgb'gﬁm t
di splngcgment @n?ﬁpf]mﬁﬁwmﬁewdmhmombnab?m amtaa?mssame time hi n
an enbodi nent of the vent,i nd,t Q

1 oo beads algstmenPalatmalend dafi e dfitk: fapd W e chninefih SRkt hs
used to steeko iritasuremb résmde buh;mz;&ﬁemnla‘oolethumsgbeMseamenemeshe
geonetry/control |l ed environmgent w %%sl E‘Q"t&l}e? eact i o flow cell

pol ynuci eot i (RAINGUG PERRELties Q5 FOMROY Bfft ?Wﬁtﬂ‘?“ﬁgnﬁ"f%
known type. Iyt @fﬁﬁhhﬁbn af wnummeumd aAd wmaudnqemmbnmwme

pol ynmer ase, e.g. ene nmer as r nerase. If the t 9‘%1

pol ynuGe® i d@“PQYa‘W‘ E‘ s eqy ﬁ %B? Wér%&"@ bRtyepR spip states {the
RNA- dependenuwfel?éw‘:é)aémhaﬁﬁmauoﬁ pafaler ﬁ%dﬂ’-ﬁéﬂ'ﬁﬁé] it tris diredtion oRle depiriadent

RNA pol yrer ase e. RNAre case. TdT. refe red. WD, 00/ 60072
T/ 00! 012 8688 SoRARRBIN 2% FEOBABTALS SERIGHSY TS S slotin Akt kst o1

J. Ml. Biol emlssﬁéﬁaﬂé §a§&7méi8&)mtnm@b Ehaiﬁerfﬂ:irn Baeapiystate 1o thie sthier are
(EPR) Spectrosco 41B§ Bi ochem stry, (1991) 30:5515-5523) are
further pref 9#19@83 q"?ﬂ'@} eVl t he pol ynucl eoti de pol yneri sati on

enzyne tyg speci fi Gnidtemdtitrebddinien of theirfveAtioH, méstamglsfmletgmmhmamd
O 2 abRad e i 54 e oG ol oS Al . Slhened oy
possi bl e t ospEREvIkih-Edited GiaNFene sphbre; cORY et ah|Gistidat BoclibR of pEmRries COpy
ener get ?CLPFW%%S B30 BB 3 gptira e AstiiT & Wk Lo
radi o- f-r equeprase) a:dl.zss)qmmuﬁ\vwﬂowr&u (as outtined previously). As the polynucieotide
20 processive enzyme (under external control) synthesises new polynucleotide, this new
polynucleotide can be moved in space via the optical trap (6r also known as opfical
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 The following Example illustrates the invention.
Example .
Theifollowing 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 an integrated p-fluidic cartridge (IFC) which allows analysis in four cells by a single
sample-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



10 energy exerted on a nucl eus equals the energy difference between spin
states (the difference between orientation parallel or anti-parallel to

t he diweabsoprzof the applied fields), a condition knowPCI¥GBReMUIRANCe iS
achi eved. The absorption and subsequent em ssion of energy associated with
the change fromone spin state to the other, are detected by a

radi o-frequency receiver. 15 In yet anot hgr enbodi nent of the invention,
the starting 3 OH group is attached a bead (e.g. one end of the biotin

coul d be bi OE aebr e@@ﬁha@&ﬁr@ﬁhﬁﬁor&oTaesiteapéeiﬁcmulatmnate@a-mfiy;’mm
sphere; t a

2P205) and hmu!atmfﬁ més'-ésﬁéqsésﬁ Sishson gl TeLsiatipdh QebAgsr 204t intd fighdn

11:288) wit hé RBhdirsg to fhidScupiéht SRRl Modelsf bacterdhddopsipo{Lanyiceral, | de
20 processiv enzyrre (under ext er nal control) gtynt hesi es new

pol ynucl eot i Seientai($99R2865255280)! 87 ielacated, ??"Ef)&@g Qfi help.@-
t | vy Gt
oFoceasi e XS BlfeaR s oy o Bl SoleHEs £ D) 2 e e hat

thi's system cabélthgw(Lanyh eheak eBiapbys.sed-- udSRPX h §H@1§36m $AW Rt i de
processive enz W\B HHS“‘QE)E%J"B&S%"‘?'Q'Wéragg"’c'géd% phStohR4baerpesanp! e

illustrates OW Nng ana I S was carrled out
on a nodi fi ethBlchandged bc)p aaﬁé)wagsomd(eﬂl bycinsertingit mpﬁs"@nantesmememrt h a

sensor chip gr\ﬂ? F&'X ,f%%crgaﬁaigg as%@‘%@e ive Wariet, HaRBBLEA  salinarium was

sensor/contr e 1 ns runent was provi an
i nt egratygd f franétbimeél as desdribed hg Ni f«l) Gehe (1099) Bamgéﬁal&jse%dleman@&al dells

Bacteri of hodBE heic (1S ARBAISLEA Pk, She mufaten proflin laopdnnes rom ., |
the purpl e nespanosm a@fpurubcmanbmar(mal sheets @ascorting mqmeogtpaperdomegp@q
ot nal - chr oHeHRBPS by el S0y SlsRRer e, eSS SRR (IPH I 87 OrE
mut at i on) wap,él;mraﬁdu@ed:ysﬁihaﬂaggedaﬂmwﬁetmhedr on (1997) 53:12041) into
bact er | dBhodopsi nAQL SHRPSEN e Ganinipind T obybdaeRB Baity seauens, wes
| ocat ed ‘at t hgnsteiced aAsite-spedifiomtationwés irtrodubag (E)rla‘r'fsoa@lflaénTQt(a!i'Gﬂw
(Lanyi et al SCI e”%%oﬁ 91th %E-She %oagg)re&% a ?dé‘)ﬁ .é‘b%& . Cell peliets were
Iysed with a French press, and the enzyme was purified by Ni-pitrilotriacetic 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 10pM 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 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/mi).



Label ling (Lanyl et a!, Biophys. J. (1999) 76:1018-1023) show maj or
structural /conformational changes within helix G associated with photonic
absor pYQRY600The changed bop gene was constructed by i ns®&GHGEBIYH28Nt o g
non-integrating vector, wth novobiocin resistance as the selective

mar ker . Hal obact enum sal i nari um was 10 transfornmed as described by N et
al, Gene (1990) 90:169-172 & Needl eman et 181, J. Biol. Chem (1991)

266: 11478-11484. The nmutated protein was purified fromH salinarium as
pur pl e nmenbr aimmmgbilsation &f $he BasteriorhodopsimPolymerase Complexd descri bed by

Cesterhel t d St keni.us,. h . 1, 667-678. ..

Pr Zp:; a'? i ona(r)]f q,gfrﬁwﬁEﬂlﬁtbd@eé@ﬁﬂﬁ%§f35§éi6§§%5'qé&%’%%} Eos%eoger\'f&tcmp was
co?t ?l ni ng T7¢_:¢1?bdgat agmr%ingitogénm?mlae W"mas“w)egg?%méwi 'f
mut at i on was introduc rianson et al,. r ahedr on ; nt o
The 0- ol 1 ¢ cERSRgSPEa Ao Ras s <3y RicdpPas ofer G i Heres. 1o
with a Frgnchmif REG!, 006% (supfaetant FR0VBRDE AB Bppdita, Bwedén), pHt7.41C Edul

acid affinity chromatography, followed by cation_exchange chromatography
(sul f opropy| YHUmEshefsb- %é?ﬂ%%ﬁy"'aﬂa d075 nY & o VLN 989 o N-elfiyhiy-
chr omat ogr a i frinsop. ' EDo) (0. Pvimswatehiiére ' of
mut at ed _§|1_7 ggﬁj‘é‘rﬁ%&g&gof w?ﬁ%r%oygmﬁ(orhog%mn vverg addedd?&t%gtt cE)élgall(}alo
mM Hepes, 150nietedagrostheschip (MBS} suracepimadtippie the cafoxymaiayviated dextran

Sveden) . PH T pdtiridthoddHsii-bBfmerieWdimitcuit M inRFiceith GRLARE A0t 1
was added to Increase the specificity of cross-linking). After a 2-hour
i ncubat i ¥ at5)z5d injected asressdtheiagtivated switasei Hinallasegiguaiidwdmxysuecinioide | on
of a thiol-cappi ? ggrggur r}?&@é ' : in@atht he
products wer 2&2%% Prtﬁ rr%a1 y ggiggu%ﬁ‘ggﬁey amdc}ke'ﬂgée‘hgéﬁgﬁlﬁ% r’enis\ﬂ;‘I A h
( SDS- PAGE) umpht8.5hendnetthsiung bactediothiodapsin-Folgmese was washed from the surface.

chr ot ogr aphy AR TASERPA BipeRR il BornaR i ' cqnfido 00 oP RBEE PAREE,
ng/ M) . WO 0q5aUn) at@ tP@peGRO FL2Z88C. | nmobi | i sati on of the
Bacteri o,H:od sSi n- PE+ rase Conpl ex I mmbilisation of the

bact eri orhod thﬂ'-“ﬁ ase to the sensor chip was
The non-active target and primer oligonucleotides 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 MgCl,, 4% (viv) glycerol, 5 mM dithiothréitol (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
bacteriorhodopsir/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 is introduced into fhe fluidic cell (6) at a flow rate of 30 pl/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



carried out according to Jonsson et a!, Biotechniques (1991); 11:620-627.
Briefly, the sensor chip environnent was equilibrated with Hepes buffer
(10 nmiwéolepesn72150 nM NaCl, 0.05% surfactant P20 (Bl AcoPS TABB00/IA8 | a,
Sweden), pH 7.4). Equal volunes of N hydroxysuccinimde (0.1 Min water)
and N-ethyl-N - (dinmethylam nopropyl)carbodiimde (EDC) (0.1 Min water)
were m xed together and injected across tihe chip (Cvb) surface, to
activate the carboxynet hyl at ed dextran. The bact eri orhodopsi n- pol yner ase
was nixed wi (fhybibrighh op dhe appliettiaser fulstOisl majpttined) TFhearidepes) buiferdonly ivss

Sensar chi p_ SewaSdo lIavEOYRE A4 BP RHRER ok IOCHRIS B Sa0W B 30Ty 8 1

8.5), and ”O%EBUE%F&%\ ﬁﬁéwd@psms&mmrmsmmmmMéawmls hdded
surface. The imobil1sa

tion rocedure wasg‘P o%@ecfi glth a continuous flow
of Hepes buf fand the Sycle seppated &"Fé?ﬁé’?‘&l%"ﬂ P ePHAY | gonucl eot i des The
non-actiye target Aein béﬁ-ﬁéi;téﬂiﬁtd’[ﬂdﬂﬁﬂcﬁﬁ:&bﬁ:é\ﬂa]ﬂmd
SEQID NO.2 in m%‘%@%@eém&gﬁqusedw he two pol Xnucl eoti des were
reacted undeatehofi30 d¥minrandctha daident snanechomatic iaser lighlatienuated acmssthe,

20 V001 2. aotVRalt ST oLt e it e e st e o e

al bum n) codesired segquEthceM car bonyl di phosphate (to maintai n conpl ex
“integrity)and 80 mM thioredoxin and injected over the chip surface and
allowed to bind to the bacteriorhodopsin-polynmerase conplex via the
formation of a bacteriorhodopsin/polynerase/thioredoxi n/ DNA conpl ex. 25
DNA Synthesis This step was carried out using the apparatus shown in Fig. |
of WO A- 99105315, but using only one focusing assenbly (5) for pul sing
monochromatic light into the cell. The first desired nucleotide to be part
of the newly synthesised pol ynucleotide 30 is introduced into the fluidic
cell (6) at a flowrate of 30 I/mn, at a tenperature of 25C and a data
collection rate of 10Hz. As the nucleotides pass the focusing assenbly
(5), nonochromatic light is tuned across the wavel ength band 300-600 nm
(via a solid-sate diode tunable |laser) whilst the SPR signal is nonitored.
Once the SPR signal indicates that conformational nucleotide addition has
t aken pl ace, the

——



WO 00/ 60072 11 PCT/ GB00/ 01289 wavel ength of the applied | aser pulse is

mai nt ai ned. Then Hepes buffer only is allowed to fl ow over the chip
surface for 10 seconds at a flowrate of 30 I/mn to renove unreacted

nucl eoti des. Subsequently, the next desired nucleotide is added and the
cycle repeated for the desired | engtfy of pol ynucleotide. Alternatively, all
nucl eotides nay be injected into the Tlow cell at once at a flow rate of
30 I/gln5 EE% t he i ncident nonochromatic |aser |ight attenuated across the
wavel ' nge 300-600 nm such that the desired nucl eotides are added in
t he de5| red sequence. 12 CLAIMS: A nethod for ynucl eotide synthesis,
conpr i'si ng A MetSedfer gofynudieelide AyEess. W%@g‘”grt??rﬁie% of t erminal
deoxynul ceotidyl transferase enzyme with a nucl eotide substrate under
condi ti ons (i)sui (Reddintoa pabyneraset i enzymeand antrimiasl sgopyauleestidyhat i on
of the enzynme by applying nonochromatic |ight to allow incorporation of a
predeterm ned mrarsfetdsteenmraeeiwitht henwrieytite istibistnabd ivnidee ccomditiorsuppor t
material, and wherein the enzynme conprises a biol ogical photonic transducer

nol ecul e whi ch rpglabfd RS M8 rRBZGIRItQCAhYe site conformation when
contacted wth the rmnochromatlc light. A method according to claimi,

et hod acc P ng Ta0e P fi*e”“mﬁébﬁfﬁ% i B ‘é*?@néﬁ‘”éﬁﬁf%”nﬁdﬁ?ﬁmffby a
fixed wt EFE“?ﬂﬁ%f@éffr‘o” B YEML horIEe 'ﬁﬁé naoa"}'Pah%f %Aphéeﬁsﬁ“ﬁé%d. g
to any preced n%u(éllgclntrge \M\;vehreerle& ttng %pé me |s [mmgg Iysed 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.



