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i nvention The present invention relates to the
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nucl ei c acid processing and ot her enzynes. In
particular the invention relates to a nethod for the
sel ection of nucleic acid polynerases and ot her
enzymes with desired properties based on the nethod of
conmpartnental i zed - '

Conpar t ment al iczsgt fcgoﬁlur\rRet g%g‘q%g%e Eg%ﬁ\%}g{ﬂ@_i n- oi |
enmul si ons have recently been devel oped for the use in
repertoire selection methods (Giffiths98/ Ghadessy
ollelsbofths iryentiop: hs) . Conpartnental i zati on segregat es

i ndi vi dual genes and their encoded products (delivered
either as cells (Ghadessy) or expressed in situ

(The priesanh 1vEeti) deldtestto thh davelopmenpdfyesnaval ingthod far the eclection of

aqueous conpartnents, thus ensuring the |inkage of

R BE R PRERGY G PG o hin BRTSRET OFF HGRAYY relates 10 a
AbBbd 36¢ B6tsbRBioIENAR1&8H a8idipodmidifsed @Rl oefkr RAZYAR WEh desired
activities are isolated either through nodification
(erogertinebispd an ithmmethpd oammaagme@taltzeg seif-tagging.

(Sepp/ Giffiths) or by anmplification (Ghadessy 01).
Amplification (CSR) and bead capture (I1VC) have been
eggazgr'bﬁﬁaad for the selection of novel enzymatic

activities, i.e. variants of Taq pol ynerase that are

either nore thernostable or resistant to the inhibitor

- ; ; - g
A5 BRI TSk a PRI ERLSERR, e
bédvieloped héuds thke pesad i nrdpeabire adeddeyivh ¢ ntettods 0Y@riffiths98/Ghadessy

(and/or_processivity in the case of pol ynerases) and )
2D S spPORIE g0 Conatimenialisafion; Freredafese iddu genes and their

COHEEP eﬂi‘?&t'ﬂ:t@ @?f{%&é’d NS - asWekh€ I{ag&gy)s %r?%&%rl\égsegs in situ

pressur or a enzymati c turnover is ‘desira
afGrefifichsf®xipp))- iintol distiets, t pleysicafle shamtt aquedous compartments, thus

activities..that n be accessed .usi .the system 1In
peRstRg s ks af srgoBpE e RRRCLYRR AFHTE e Tl tgn Ayviess. After
SsHISdiBR! ées @H‘%dﬁﬁ%ﬁfe! REBePEnSHIRGE Bk AtSO8C! kbialel YeitBEr through

even catalytic nmechanismare likely to result
modification (e.g. methylation), by display on beads (Sepp/Griffiths) or by

amplification (Ghadessy O1).

Amplification (CSR) and bead capture (IVC) have been exemplified for the selection
of novel enzymatic activities, i.e. variants of Taq polymerase that are either more
thermostable or resistant to the inhibitor heparin (Ghadessy 01) or variants of
phosphotriesterase (Griffiths 03) that show increased turn-over. However, both
methods depend on high catalytic turn-over (and/or processivity in the case of
polymerases) and appear to be poorly suited for the selection of enzymes with a low
turnover. While strong selective pressure for a high enzymatic turnover is desirable as
an end-point it limits the type of catalytic activities that can be accessed using the
system. In particular, starting even from a highly active enzyme, substantial
modifications of substrate specificity or even catalytic mechanism are likely to result

in much reduced catalytic turn-over, because high-activity enzymes may be many



in much reduced catalytic turn-over, because
hi gh-activity enzynes may be manynutati ons away from
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accessible within the limts of the nolecul ar

repertoires that can be handlﬁd realistically by CSR

(or VO For exanple: Fromkinietic studies of E. coli

DNA pol ymerase |, nmutations such as E710A increased
Db S L BSHS Eels, PR SOBIARR 1k il witin
Whh dintiyspef thehableailas reparoixasr thioocuncbe handleds )'edhit)calﬁjrb/ CSR (or
correspondi ng nutant of Tag DNA pol ynerase |, E615A,
T (10 €pr Paor example:bBrome | lengticdstudienrad Bf £pldi BNA polymerase I,

:Iggtgi}wlilslhsglgfl %gﬁg,g(?éﬁ 3y asf ﬂﬁgﬁ ? gicgw&r%a&n o?nﬁg%nugecﬁldes at the
f &dpkndee gt lowaa (ﬁﬁﬂﬂﬁlc( }aﬂes O Rsd. affififty bdrS Reigh-type  substrates

results) I n anot her sel ection experinment in which
Beeexygibonutlentidds)s 6 )udbe epoesnondingt muggnt of Taq DNA polymerase I,

S T ST 3 e
Offowaten] Y twas odly bblelty syhthesiisvery Short Gtapgthehidaind s@it eled fadl-length

t
variants in the |n|t|arﬁrounds of selection were able
t bagc gen {(JzIe Qnge Peldnvapuhlishedofesulis)e dny ) angther selegion experiment in

S\wﬁl%hf %te lﬂaﬁoﬁhéﬁ ¢ %8l BYoibdd hgg p;;@ées gpa@@aﬁa@% @B desired

over  cat ytic rates or many
spgieaotypomae bbtaﬁted\aEtSr feeergl roahdeofesdlestitys butadt ¢he expense of catalytic
specificity) is likel i nter dl at es

eIV Btn‘ﬁ'i‘syalfor fqoad 96@%54] Vi e ) g Bushlian Spgipn were
rﬁﬁé‘ t& q?ﬁg&@lt d tonvRedidrY bf ¥eveHl Mg ShRrake rn%’t B8lized by either

desirab ave a nethod for selection of polynerase
(pavehtalt brerymen zapdedt i ro)chabiwer | dalabgionratés €)1 dles, for many selection

s&?ﬂlg‘fs’g’%lf g‘? ﬁoil}gﬁ'?l(ga I ?r I*gc%%{;@ lizfqék%lllygtﬂ Pl%érm%diates along the

P& IRINAS L &ajdbtb Ry Jtootﬂérneﬁabl%nbfypé VAOLt hatiet réd®ed catalytic activity. It
processivity, the present inventors had previously

pwopldstbcreﬁ)rqrrb@l |df-‘$1 ten t@rhazge am«zchfqréalegw of pelywiragsRnd other
(ﬂ'%cyglgh nglreg rv]eri %X War ld oet% 1c(n deg)ﬁggle;q&m?g just a single

Igati on I'S ran
rﬁ@mh@aéﬁﬂg(see original CSR patent). spCSR has

all oned the selection of variants of Taqg pol ynerase
capable of utilizing ribonucleotide instead of

SR RO 5 5ok B BER 0 5 ABUIRI 3.y, e
Spresdnt Sﬁ\'rdntorf aadi ipmzsodmnpkbga@dta)mbhﬂ'msmm of @SRt called\short-patch
e%gﬁt(ngSR) in which only a small region (a “patch”) of the gene under investigation
is randomized and replicated (see original CSR patent). spCSR has allowed the
selection of variants of Taq polymerase capable of utilizing ribonucleotide instead of
deoxiribonucleotide triphosphates as substrates, which could not be isolated using

standard CSR. However, spCSR still requires hundreds to thousands of turnover events

for the enzyme to become selectable.

Theoretically, the method of CSR using biotin labelled nucleotides (described in
general in PCT/GB98/01889) might be used to detect single turnover events of



for the enzyne to becone selectable. Theoretically,
the nmethod of CSR using biotin |abelled nucleotides
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to detect single turnover events ofenzynes, for
exanpl e pol ynerases. However i,n practice the present
i nventors have found that thlé nmet hod is not optimally

efficient for several reasons: -In situ expression of
PQl, gﬁ@g I %ngrh 'p%gyn‘?é} Qrﬁﬂa%&)mf 2 g@ thé B?@Ent%ntors have
fragnment conprisi'n nerase gen for “exanple

Ttéupd thiaothis method hﬁlomopnmuhzyd efiiciengfon mevanalveatsoms
transcription/translation system (ivt) (such as are
commercially avail able). However, we have found that

1€ sl &8ROSR pblyidraieh h&le Botabaeh e StrdrBiaQinehr INA ) t
rzlgall t%é)?n tggglpﬁgﬂ%r th g 3 %ndsbof th? [i nélalrn e
f qomypising mlymex‘aseogqnn ané derr eXlampte T 7 phanetor Cap heyacdafevpﬁ gsing an
expr.essed rase,.and rega of the natur

t feViggo etﬁ@sgn {931% %tlo%lszﬂfxg @\?t gs%\l}e?% g}ﬁ:gsomnﬁﬁl;cgally available).

rg&Whes, Wb hats fouht Jhat 1By Efes&ﬁ@ kg st ldidtiphucteotides (Biotin-dNTP)
si ngl e- turnover event of pol ymerase of interest is

nissultseindegging ef divod eenids of Thfellmaé@mnenhwetht%wgn regardless of the

_ C%?l%{égte f thhat }eps%d &%@éﬁ&ﬁse %{d I‘Jgaisdéég &f the s'xtgﬁ]&e 4 Qil‘?e 3" end (§'

rac S herrB contal n-endogenous

t sveeftsing] BRAt, (oF T3 cwvetha i) VThis réEﬂltRNAle hiighdedel baelground that a
substantial TT activity (see.e.g. MG nness_ et a
(Pglourppwshevest o a polymesgss of yéﬁreaﬁan?tsdeﬁﬁc@éqﬁbow Hn

en expressed
D B K R B R o B e ™ e - DA
pokhatsoarest (cafradtarthansdwest aabtdiy entieggnoes ¢artninal transferase (TT)
|nventors) are poorly expressed by ivt systems, - DNA
p%%W’ ases are poorly active in the ivt buffers (as

ltI%glf M¥s bftRtaRASISEN hotl vty §8eQ) %)Mc@%%s Rt 81 (2(1)())2) Chem.

S
tec nlcaF solutions to this include the follow ng:
cBivdj O 68&I5P§) bhdikprbs@it ayanldeforhanyrusbireerase of interiest has been

appr oac | that .th em st.r allenging. In

%&’l’ nd;5g;has ﬁ@?ﬁcgﬁmgé%gw nggﬁe\;g K& probl em of
thm&%m%a&eqa@m g ta@@arﬂyyth@wsaﬁs%nws) att pBYEY eRPressed by
and being poorly active in'ivt buffers.

ivt systems,

- DNA polymerases are poorly active in the ivt buffers (as far as tested by the present

inventors).

Possible technical solutions to this include the following:

1) conditionally blocked 3' ends. The problem with this approach is that the chemistry
is challenging. In addition, this method does not solve the problem of the polymerases
being poorly expressed by ivt systems and being poorly active in ivt buffers.

2) The 2-step method described in PCT/GB01/04108 in the name of the present
inventors: 2-step ivt followed by testing for the resultant polymerase to extend DNA.
The disadvantage with this method is that it is time-consuming to perform. In addition,
it does not solve the problem that DNA polymerases are poorly expressed by ivt

systems.
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The di sadvantage with this nmethod is that it is
time-consumng to perform In4addition, it does not

sol ve the probl emthat DNA pol'ynerases are poorly

expressed by ivt systens. &t her nmethods for the

S ' f Ses. o t t " o
“BIHEE eI of el RARARR D ddlinpiated ARINR HeHgbpd of "proximity
nefuplifig wsea livy plage iispiiyo Sucted nidttexdl iayoloés the proxsmbisdispleeof both

T S e, A oL Ay . 5B Ll e e
SyP sl At gis_tc%n%rf%gg C(%f QbsttAle tEOPr&RRE oPfin IR YARI FHSESytbARses the

i ncorporation o agged nucleotide into a
t imnquipatatiop roif retagghdpiveleotidd Stto attemplatdiprimer duplexsubsiralgegethered

part.icl Jestind X . ~Recent | he net h has

Do ines ofefe Fanisles Irsfizsl, Xl B T Respty, BBk ihofhal Apen used
TagcRefuyiyeioas&ectt B fLhafidRWeHe TARIpol HEGEROBMIRS fragment that
ri bonucl €osi de tri phosphat es ﬁrNTPs) with efficiencies

aimpomparstdsrriponhdsesids triphesphiates (NIFs) anthyafBcitrpiespagpraching those

E$€ﬁfeg\ﬁﬁg—kgé%ﬁggégfowﬁm?ﬁu@%ég? &?iaﬁglﬁs %%e\(x?e]&%ld.there are several

| pRoBlchRNidsyciats@ vae iHRNugeosMitid aftthddav@pblatily, selection conditions
conpatible with pha&i viability and the intranol ecul ar
t bavigetei bRy cornpatibde suthsphage o/idhiljlyr afother ipramelegpler rihgsmng of the

ggulp {15k %’?‘agrsfa%rttﬂe Isag%ti%gl.fc;f ﬁs@é‘nc&%&? g{ftgﬁé?tat?%ﬁ[}i e rteml?late—primer

ex and poor processi v ere remnsalns

adiyedaridpdongraeedsifint the provision of a nethod for
the selection of nucleic acid processing nolecules, in
particul ar DNA pol ynerases whi ch possess a | ow

Ci‘fl&le%gré Cnbidl féﬂ'ya%{ds 'é‘rh%&’ lin RhO G&S frthE YoroWiiof rbf”ﬁtrﬂé?ﬁ’od for the

i s not cdonstral ne y selection conditions which are

r edledtion fhaclejzhaie procedsingi thglecuesymmpyrtiofilat PNA pobmterasas which
The present inventors hav reviously deyise .method . .

{ BFosFirG 581 VBN BTOVL A EPEPRETa BY Bt P b dnstrained
\g’gy gae&fb%%gﬁ&itiarllsd&ﬁicﬁ aft @&ﬁikéalh foY phapeGibimiyhod i s known

irected evol ution and such nethod usesS the

techni que of conpartnentalised self replication (CSR).

Bgth roc?ques a{.e descri bed in PCT/ 01/ 04108 and
ummary of the invention

The present inventors have previously devised a method for the selection of nucleic
acid processing enzymes, which possess a desired activity. Such method is known as
directed evolution and such method uses the technique of compartmentalised self
replication (CSR). Both procedures are described in PCT/01/04108 and
GB/002/005216.

The present inventors have now devised an alternative method based on the technique
of ‘compartmentalised self replication’ (CSR) for the selection of nucleic acid
processing enzymes, particularly polymerases which may be particularly suited for the
isolation of enzymes with lower catalytic turnover. The method is called CST

(compartmentalized self-tagging). It is based on capture of a plasmid encoding the



@B/ 002/ 005216. The present inventors have now devi sed
an alternative nethod based on the techni que of
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sel ection of nucleic acid processing enzynes,
particul arly pol ynmerases which nmay be particularly
suited for the isolation of enzynes with | owner
catal ytic turnover. The nmethod is called CST

glgog%?rrgg%sn ﬁxﬁr s énr%n’? 3 %entt J\/lpt % ‘of Iqtcu{rlrlzbf e%o F&ntaﬁ%mg with an

bolndnageaprrnt by virtue of act i Vi ty dependent t aggi ng
wi th an oligonucl eotide. Such a nethod has several
advant ages over the prior art methods used for the

isgtkc%cat 1{1’12@0? &%gwéé%r‘?ﬂ £aAfitadePERE B er{sbg g?'}ﬁcés’t‘%&gsnuézﬁ #r thSselection

uni respecti ve~advant a
pofaxicheid ycid propedsing enzymes Gdst inat usiedsdlbt rebpactivh edentages of CSR
enzymes, which have a low affinity for substrate
(#19 RrRXHYACKPEP& upl ex) and which therefore may have
limted practical uses, and -The selection conditions
of the method are not restricted to those which are
r dyjdoesewt kdectdhathose ertyies twhich hw aald“o&ffm@tyefommatrate (primer-

to b ect then t hose

e RNats b R Ch B Fork oS a6 e B RE O a5

disRl BMection Bdnditishs oI ietiddiake hét regticlde pe MRB twhich drb@equired
conpl ete refllcatlon of the golynerase encodi ng gene

| fprfpi;@ge vigbilify, ilapsredlpworg & musharprseraange ehenzymss te be éfplected for

DNA _f
D BT SRR DR RSy
nu gl @etsameIime itGShotdépekiderCoR ths centpleadteplitatfont dfethe polymerase

sel ection of pol%nerases with a high-error rate (if
afnsodingr gepe alnnfagh PEMIBE may Qe apjdfhere gn dhe plasmi or linear DNA

aﬁ'ﬁérﬂéﬂt;@é&g}ef 4 e%o‘f{qﬁ%g B?f e"g&%h W I‘ggllll)gé/né‘lr% éé%ﬁé’rpcﬁ'atlon of but

| édsudlentidas.accumul ati on of del eteri ous nutations
It alar

duri ng replic a.res
pr Qﬁgr‘-t“f gﬁ C§R 1 ﬁ%lta%ﬁﬁ gg qu srebectlgré Hggolwnﬂ'as g\@é}a a high-error rate (if
rmt at?]ﬁgaéﬁl g}li" Lo CRETN @8 %s ?f)l’OXirﬁéfe@LWNté?rquﬁer re?hcatlon cyle

his effect 1s particularly pronounced
pédry aepdgmsrashagennadxfe N1 Hasesye Fountieh mlymrsm $I5R tleadg to an

eglcgc%nsulﬁlsont ote dele !Clglz)lilst ¥nu?zf1tiotnrs]e u%n%asneltb replec):(é%e(:t ?\% goresult a large
proportion of the "offspring" genes will encode polymerase with compromised activity
due to the mutations. This effect is particularly pronounced for polymerases that make
a large number of frame-shifting errors as the majority of these can be expected to
completely destroy activity in the affected clones. In contrast in CST, it is the parent
plasmid, which provides, i.e. encodes the gene sequence of the selected polymerase.
The actual primer extension product only serves as a "tag" by which the parent plasmid
is isolated. Therefore any errors incorporated during primer extension do not transfer
to the "offspring".
-CST is superior to CSR for the evolution and selection of polymerases incorporating
modified nucleotide or other substrates, in cases where those modifications preclude
replication of the extension products by available polymerases. In other words,

amplification of the offspring genes from CSR would be impossible because these



conpletely destroy activity in the affected clones. In
contrast in CST, it is the parent plasm d, which

w@e@giod®s2 i .e. encodes the gene sequence of tPET/GB2004/004649

10

15

20

25

30

sel ected pol ynerase. The actual prinmer extension

product only serves as a "tag" by which the parent

plasmd is isolated. Theref org any errors incorporated
during priner extension do not transfer to the

y L : . . _
SAMEERh Bl R ARSHA B INANS L Gt
NUST ethiei shdectipn qirbdirctss néxslt natt s “reampbifistds”. Wi ds dh¢ parcat plasmid,

nmodi fi cat.i.on reclude repljcatiqn of the extension .
VBl v HES Tue e i b Fiks S95FH, PoRaFASo A HRuual primer
_aéméﬂsfdncﬁifo'dQ& &{lyuaﬁ/e@fafssd:’"ﬂag'g bYEREieh fthe Pakealk phiatidl i9esolated.
i npossi bl e because thesewoul d contain replication _
bTleareforeyansb biotkingtmehified puclensidesior ofhenisubsisates 1aeniperated during
in.CST, the sel ection products need no : " I
iR PR ot SRRl eRy A8 e ABigiiRaen of the "offspring
PEies. A8 FadthBeGRRAsDAGUANRE ed hBEbs chegitellly ploke/ srE@aaclated to
e actual primer extension product only serves as a

"rugdeic pgidshi ch the parent plasnid is isolated

Theref ore any bl ocki ng nodi fi ed nucl eoti des or other
substrates incorporated during priner extension do not
pTRweiRta filse aspecy thepdesert mvpitionhi pravidesna adetlidiefor the selection of an

"of fspring" genes. In fagt, the extension. product .
nmqqoqap%@e&feﬁfeegm iefssdydrodibung ) tg@auasotldse wherein the
NEeiheh §s AG ' 1618 teiR RS of 1€ oRE&RRNMotide modifyi
|fr1:l\%{él§? iqsoﬁ&tpdr%g\e/llld ggégk%e%ﬁ{gdétgoeﬁt% ﬁe s%l ect0 [ gn of alne modilyng
eemzyme enapdibg geref wilichentthyd comprisds thestdpy ofrodi f yi ng an

ol i gonucl eoti de wherein the nethod is not dependent on

the conplete replication of the oligonucleotide

I By iQfhgChte BE nfit6 QR 888 noldkli16 inMeite RfimC 8F PhieBE Plasmids
the steps of: (a) Providing one or nore nucleic acid

nercedingeanei or mbrs ¢rgymesfof paienssts whieepsilspaseiioplrsmgidaprevides the
or nore enz#%s olfF ti 51t er eset(j .v¥her{ei n the parent

pPEETPAGFHUT HESTPRE Msefdﬁgﬂeéé of the selected

efbl)y Cenphrtmeh@LEEE - thokd planiiad taxesriilgi $6 NGep h@iesuch that each
pl a

sm ds according to step (a), .such that each
CENTRRAT AR COBBHEAS| asxégsr@dﬁpgﬁgbﬁr avithyge one or Wors epgyaeg gacoded by

BB T SRBRIF B B B0 i v o
agep(a)i ng to
(c) Providing conditions such that stable association of the oligonucleotide according
to step (b) with a region of the plasmid is capable of occurring;
(d) Providing conditions such that modification of the oligonucleotide according to
step (b) using the enzyme encoded by the plasmid is capable of occurring and such that
the resultant modified oligonucleotide comprises a molecular tag; and

(e) Capturing the modified oligonucleotide/plasmid complex.

According to the methods described herein, preferably the ‘one or more nucleic acid

molecules’ according to step (a) is a plurality of nucleic molecules.



step (a). (c) Providing conditions such that stable
associ ation of the oligonucleotide according to step
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occurring; (d) Providing conditions such that

nodi fication of the oligonucl goti de according to step
(b) using the enzyne encoded by the plasm d is capable
of occurring and such that the resultant nodified

ok R AR BB BB PR Rl Y G of enymes
CORrRing ARCRTEbRD IR follewires frogertide dowi daediytieturiover (under the

preferably the 'one or npre nucleic acid nol ecul es’

aseteshon senditiors).clow arocessivity Jupdes) the yelgetion, eqngitions), polymerases
no| - a . 0 [ [

R ETp SRR Eplea bR ot or UG hRRates that
of@né bepeslicafedt ol pollymerdsesg withop drigh-esor ravev (amirakiptatety >1/N
turnover (under the S§| ect i gn conditions), |ow

pFrEEe kgianolymerassgaene Oh Y Ragfséct i on conditi ons),

pol ynmerases whi ch incorporate nodified :
replication-bl ocking nucl eotide or other substrates

t Aedordiap o thebmethep descaibed hereih theltyme fanseligontielotide’ refers to any
hi gh-error .rate (approximately >1/N errors.for :
SRR £0es B SroRtR BLEE pds 7t phedyERatdq, By gerialy or
deRoiy LeghdAar sihplet Beantied NMuckit AkiddaleduROIcbAlstinge berexclusively
to arly sequence of single stranded nucleic acid. An

o$yngstic cdresthigbirersyf tpéurallyeequiting yndsyniheti pases, any one of the
artificigl, single stranded .nuclejc i.d | ecu.

chrrouts kDO B Sariry el Bl e of Bl "SRR fikedto any otter
NAblcabt Yrodp G bonshdictandldeyingbrisly; tHhrasha, meleyulangop or construct

the foregoing linked to a pol ypeptide, and any one of
t may fher selestadg fromnthederowr saRsivinger! Retlde Ackds. gplymisrigrsubstances,

(0 0) . \Y t - al,
TORI) e R Y ATt o o
OfnaptticebeadgClabels, fehyaseflucrophiiat andesopipdatels; whemicgl reagents,

beads, for exanpl e polystyrene heads, netjc. . .
shipdingmgents sudnasgRagragsles iagg ;glga]&ge %cggg}ar% tosthec ipvgation described
f opho st ppi .l I aRthodeRY £ ifi
hdteto %Ha%@?%’g‘“%‘i}@‘% for ‘%ﬁc@g‘g‘%geg e FfiihddPROERSIe of specific
Anytaidikation twatht feegdio entai plasmids @rédoding Hertké method of the invention,

OLUFNS! EOLARL, e BRSSL A & LHE ROt dfrcpion of e
PbASIHuble8Gd0 AV tfiadeBudlyl €ar Bl ddndc16dtide T8r h98\4B8EYrdliAP to the method of
the invention is capable of specific hybridisation with a region on a plasmid according
to the method of the invention prior to modification of the oligonucleotide. According to
the method of the present invention, one skilled in the art will appreciate that any
oligonucleotide suitable for use according to the method of the invention for
polymerases must also be “extendable”, e.g. have either from the start or after suitable

processing a free and accessible 3’ end.

As referred to herein the term ‘modification of an oligonucleotide’ refers to an
alteration in the structure of the oligonucleotide. Such alterations include but are not
limited to any one or more of the group consisting of the following: extension of the

oligo (either 5’ or 3”); ligation of an oligonucleotide to another entity, in particular a



either prior to nodification of the oligonucleotide or
subsequent to nodification of the oligonucleotide.
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to the nethod of the invention is capable of specific
hybridi sation with a region on a plasm d according to
the nmethod of the invention pﬁior to nodification of
t he ol i gonucl eotide. According to the nethod of the

pfesent ..i nventi.qn, one.skilled jn, the. ar ]
é%ﬁﬁ@bPBE@“P{QPS%n98%?P%%%ﬁ@Pe8tR e‘gﬁﬁ?gg&%hfo?ﬂﬁggd by tag
ATEaAbH 128 Beteth HERHB®RL, ROAva@dioh BE al dhvigntihiewd toahe oligonucleotide to a
ggf%gerases nmust al so be "extendabl e,

1

e.g. have i

nt entisyn fohexample conrersgn ef a suhsirats lélkﬁg e eqliggnyeleotide to
free .and accessi il e 3 an r gl
BB RERBRR ool e BRI 0E RE rdtige oo
aHREI Bibtif Nyfathild)eths t hodifivateonobf tahennd inyslecudésésobveniger molecules
Such alterations include but are not limted to any
olirgked to thsradigenualentidgr oup consi sting of the fol | owi ng:
extension of the oligo (either 5 or 3'); ligation of
an ol igonucl eotide to another entity, in particular a8
f Atdonding od thganethd&bereniajes@ited pmodificatioroef the ofipenucleotide may be

SRS ol S B o BT e i

' O{hiagﬁ{é%glﬁpk;f d8edRicRodad hRIIATHatiON id Eﬁétt] af 1961cBNaNBlgfeapture tag is

conversion of a substrate |linked to the i _
ogéngratest lopothied eliganualeptidel for ;examplec birelmcompragion. This molecular

b g 2 5 SR 1 SRR B

nol ecul es/ scavenger nol ecules linked to the

ol i gonucl eotide. According to the method herein L
d8witabileh smioleerati thgvieapiusn tags” efvedeseribpenindhe detaded desgripon of the

o ruEflorai TrpRE PR iy VRIEY ) chris Bl Y Betalf o Iofhethod of

oL éraedien! Sombleulap eigi chakn oligomucldoditie accmtimgubathe invention will
tag/ capture tag i s generated on.the oligonucl eotide

f depeag anpn tepyoneresop dregnzyme offiterestol ecul ar

tag/ capture tag allows the subsequent capture of the

pl asm d/ ol i gonucl eoti de conpl ex. Suitable 'nol ecul ar

t Btk cagt thatetht ags/mesfantbesc isi BN A polymerade thenlisgbrporation of one

RN RO TN A e
gg%gl?%ittiﬁ%%o@gcu@ e W ﬁirt gk lé’ll'ilgcfi‘lﬁcﬁbﬂi&oﬁéiﬁé &Rt DMR polymerase.

to the invention w

Furthermore, in the case that the enzyme of interest is a ligase, then the molecular tag
is incorporated into the oligonucleotide via the ligation of a second tagged
oligonucleotide to the oligonucleotide which is associated with the plasmid according
to the invention. Furthermore, in the case that the enzyme of interest is a
polynucleotide kinase, then incorporation of a molecular tag occurs via the 5’
phoshorylation and ligation of a second oligonucleotide, which bears a molecular tag.

Those skilled in the art will appreciate that this list is not intended to be exhaustive.

According to the method of the invention, enzymes which are particularly suitable for
selection using the method of the present invention are those which cannot be

successfully selected using the method of CSR. As described earlier these include but



depend upon the properties of the enzyne of interest.
In the case that the enzyne of interest is a DNA
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nucl eotides into the 3 end of the DNA sequence is
used to generate a capture tag/inol ecular tag as part
of the oligonucleotide using the DNA pol ynerase.
Furthernore, in the case that the enzyme of interest
is a L h e =1 CRf
RS BRTEa o TRV IR G5 0o fRr Bt URRIRGG Blhogties: low
t 28@BAic g0 Riveaibistigte peocestvinl, pgkymwdsemvhmh imdtrpdraiesmodified

associated with the plasm d acco ng to the
i mugleenidssubsigte Wnerases hish i e HREPERIDAEONN errors

! %re:{gcﬁ&melsas@g%%lc}f@yﬁ%s@ tide kinase, then

i ncor tion ular tag occurs via the 5'
phoshoryl ation and Ii gatl on of a second

ol i gonucl eot i de, c mol ecul ar_t
Slih%l lggseph 1qvlﬁgtogsr | opmgglﬁéﬁlqsgtegz_\{rﬁ%st are i cfl g‘ iqul Stp ﬁe]sect by CSR
n%tecéd% qag)e%ﬂlgglgetoeméﬁhéd(@ unfeiC Hedkélection thlitiaishaxdi/or (for

of the invention, enzynmes which are particularly
swxambleemftbc cass! oS sotfatgsicny Dpré) they Hoel s ferrprrgpedBantpon self-

h h |
Isg\fé@ i aeir}’ﬁfgotr{u‘%g%ﬁért 1!)1\%18’ C% i nof‘:\{ %iﬁﬁ eg@}%?{)fg% )élger P’Lethod of the

t hﬁ@&mbﬁ Gkiedas fh%trdﬂi%% 3TQ¥olyrhérhdes dhdt @a BE yelestedotér @dyabove those
one or nore of the follow ng properties: [ow catalytic

t Lavaidahde for|seigetiapssingseeRpr ocessi vity, pol ynerases

whi ch incorporate nodified nucl eoti de substrates and

pol ynmerases with a high-error rate (approxi mately 1/ N
erTiusssuitable@npyhssfer sdertigr neing tha\nbtheé s theTin‘ﬂznpiDE &'m:tlude any one
|nventors have found that these enz ff

t cerseprecel Bpscapediet fioge t}%ehgyugtcpgﬂé}rg ? [ dllowing: ‘ucleic acid
eﬂr?cé'sﬁﬁh_pﬁ%;rﬁesy %ﬁ%ﬁnésh\?hﬁ |l 8Cbh %Be %9%1%'59’9§ra@&d6f0rnuclelc acid

exa case o S. solfataricus Dpo4) they
arﬁphﬁ@sﬁ (thut -ifremzgmed atdiragtbn 1rszelvfedeplnu1clatq amd phwyssmg) enzymes
corrugt wn codi ng. i nf ﬁr mat | ef ore

meVhi§ dlﬁﬁg ti%ﬁv%thvf% oxTeRleRse lbﬂtgﬁg gtlh & 15, énzymes indirectly
P Oiln¥1§’@%<f‘si§ SklRa a&iﬁ NorBEessigkEC te%%gﬁé’se whidhd a@b@iy&tliyhes @ substrate

avai for selection using Thus, suitable
ernnyh:elsleﬂmkedswl @mhg@nuozlsqnn:@ wh@elnéhmug%wkﬁ@de is capable of stable
i nvent.ion i

TSRS B BE LY EDY, B PRRhp B3 SR e metno

aChthPIRERSS, N6 RREMBPEhichAZYiNBEetl cﬁ'ha ﬁﬂistrﬁte n@glecudd linked to an
nore substrates of nucleic acid
oligonucleotide, wherein the oligonucleotide is capable of stable association with a

region of a plasmid encoding that enzyme according to the method of the invention.

Accordingly those skilled in the art will appreciate that the term (modification of the
oligonucleotide ) ‘using the enzyme encoded by the plasmid is capable of occurring’
includes within its scope the direct use of an enzyme encoded by the plasmid to
generate a molecular tag in the oligonucleotide (for example by the incorporation of
tagged nucleotides into an oligonucleotide in the case where the enzyme is a nucleic
acid replicase). In addition the term ‘(modification of the oligonucleotide ) ‘using the
enzyme encoded by the plasmid is capable of occurring’ includes within its scope the

indirect use of an enzyme of interest to tag the oligonucleotide associated with the



replicases (that is, enzynes indirectly involved in
nucl ei ¢ acid processing), enzynmes which nodul ate the
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indirectly involved in nucleic acid processing),
enzynmes which act directly on_a substrate nol ecul e

i nked to an ol igonucl eoti de Wherein the

ol i gonucl eotide is capable of stable association with

a.regi,on of..a plasm d,encqadj ng that zyne .accor.di

e ettt Br BERenil G g fr/edon S HeBafc LR id be for
| dhipRS theVedaberdion WIatsuBéttatéTRhIRAUb @nldligk@etlédtida o a product in the
ol i gonucl eoti de, wherein the oligonucleotide is

crpeenteofin gustsesnensied byahe plasmids In tis eage ie Brolecular tag/capture

pl asm.d_en i h yme according to the nethod
otlagtﬁélefe|}19§%?rfe§%§ {h/g%%%cﬁ‘gllz’ngl y those skilled in the art
will appreciate that the term (nodification of the

ol i gonucl eoti de ' using the enzyne encod by the .
phay plasmids i ap@b?%f%fussaemrfimagto ﬁmﬂgﬁogﬁt%%ﬂmw- Suitable
S ' - by the

PR 5 g BBl B RRNSE RIERA

ol i gonucl eoti de (for exanple by the incorporation of

tagged nucl eotides .into an ol j.gonycl eotide,in the.case
RS RS, RS, riiig' BF Mo RS H B 510 APRE® of an
a?lﬁjéotnhae tidaCspe €I fof A0Ekioh Gt hep1&mili RGith the plasmid% refers to the
0 |gonuc?eot|de ) ' using the enzynme encoded by the _
pstatsleri ybiridisetagra off eano bligerswgleptidey with dhey gtasmid tsiFly thatsa plasmid

scope. t indirect. use of an en of i I es t
CFIEBEdBh SENEH o5 St S A R Tha 18 FlRlie) fad Asent on
ag,gtbqig&q\mgoqd@,he nmet hod of the invention. Such

i ndirect use would be for exanple, the conversion of a
substrate linked to an oligonucleotide to a product in

t he. presenc f i .
| SPCBICTEIER R IR0 U SRR STl A PLAS ln intce
defei esttibs dshfy praclesilar Aigycaptuds magl birslirgyagain| attatiosd to a solid
use according to the pnethod of the jnvention ui t abl e
phuppaTtdSucy Winding agents inchidedwt are ol lguted i pfiBediey spefidic for the
[ . r -
| PR P, PRl WAl Sk 2GR Rolcutr
s pidinfgi apefinis srepaddian Thoset skallqul iasthe crtwvilhbe hward afother) suitable
refers to the stable bridi satjon of apn. ..
OmoGRSHIR Faslsop e ek prd Belephia Bl utasof Rineing ageatsr o
encodi ng the enzyne of interest may be captured using
t he nol ecul ar tag present on

In a preferred embodiment of the above aspect of the invention the method is for the

selection of nucleic acid processing enzymes which method is not dependent on the
complete replication of the nucleic acid processing enzyme encoding gene, which
method comprises the steps of:

(a) Providing one or more nucleic acid molecules in the form of parent plasmids
encoding one or more nucleic acid processing enzymes of interest, wherein the parent
plasmid provides the gene sequence of the selected nucleic processing enzyme of
interest.

(b) Compartmentalising those plasmids according to step (a), such that each
compartment comprises a plasmid together with the one or more nucleic acid

processing enzymes encoded by the plasmid



t he ol i gonucl eotide. Suitable nmethods for capturing
the nodified oligonucl eotide/plasm d conpl ex include
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bi ndi ng agent attached to a solid support. Such

bi ndi ng agents include but are not limted to

anti bodi es specific for the mollecular tag. In the case
that the nolecular tag is biotin then a suitable

mol ecul ar tag blndlngyﬁ»ent IS stre

Ldin. Those. :
sK¢) Preyiding qq;péltxoﬂnf s ftable assacigh rb%’/% I rﬁégﬂnpgl%stéde specific for
{T‘a%i}r@%li gfx tﬁ@]ﬂé&ﬁﬂta%@rdfn%g§ s@P G Wit ek ¢ 6@&7 tﬁé‘?tabhhﬁl is capable

I ng agents. In a preferred errbo I ment o
alodvecrampgct of the invention the nethod is for the

selection of nucle I 0cess 80

ik Bigviding, sondiiors et oed s ERESE B Dt EeR B Eo lE, fedpraie o step
t ) wied BleGudlei Cack] PRRBESEINEneRY mt}fértﬁr@séh&goig@fbeor more modified
mhlch met hod conprises the steps of: (a) Providing one

omugisoidesicomprising einolaglardeg scapable RO Adar ent
di
N T

provides the gene sequence of the selected nucl ei c

processi ng enzynme of interest. (b) Conpart.nenta Llsing
t Hteblg| wﬁwc@cer@%ﬁswg %reyg%ﬁor( 45 SePEAive ;g Jpfifiod of the

CﬁHPe%‘hBH‘%H&P&é’W bP g‘ﬁ)sé‘ sDbAsE R ﬂgae%%ﬁf) c\ﬁfh&ghﬁ @f %efollowmg

nore nucl el c -acl d processing enzy encoded by t

plreplidasks] il partiLnlay DN A gepimasbs; Dovrs ligaseh, R ligassh)| Imlynucleotlde
associ ati on of oI| | eot i de .s ific.for a.

iR SN e A IECOY Al B4t Bhape e FPSSRPrat

region of the plasmd is capable of occurring; (d)

Provi di ng conditions such that extension of the

ol ngtahlsthNm replicases mcdimdegaxtyooa)ébﬁ (replicassisrfgom Hamilies polA, polB,

orber PP SRR A1 B TR irt L Br 3RS e B members

tag iR A RhicRCEVEr IoR@r pROesditly GRPACHMItRYubdld the selection
modi fi ed ol i gonucl eot i d?i/g%l asm d_conpl ex. Suitable

nuwinditions)c i whigh mekessherg diffigylhiosselest bi§8Raccor ding to
t he met hod of the

In the case that the method of the invention is for the selection of DNA polymerases
which possess a low processivity and/or catalytic turnover the method comprises the
following steps:

(a) Providing one or more nucleic acids molecules in the form of plasmids encoding
one or more DNA polymerases,

(b) Compartmentalising those plasmids according to step (a), such that each
compartment comprises a plasmid together with the one or more DNA polymerases
encoded by the plasmid; and an oligonucleotide specific for a region on the plasmid
according to step (a) with that region of the plasmid

(c) Providing conditions such that stable association of the oligonucleotide specific for
a region on the plasmid according to step (a) with that region of the plasmid is capable

of occurring;



i nvention include any of those selected fromthe group
consisting of the following: replicases, in particular

wobiasnepli cases; DNA |igases, RNA |igases, PCT/GB2004/004649
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pol ynucl eoti de ki nases, enzynes which are indirectly
i nvolved in nucleic acid proceﬁiing. Sui t abl e DNA
replicases include any of DNA replicases fromfamlies
pol A, pol B, polC, pol D, pol Y& pol X or RT. The nethod

e rticul.arly suit for . :
o) ProuRethg i Binipudh e ol TG Byt blaBRak aqcording to step
( UbypRrcapdiBe SEHREE &xabhdednsing KB BNA, poMihefase@ikeslingerstep (a) in the
difficult to select by, CSR In the case that tqe
mereRsaCcOP! anser meye moddipdingcleptidesicempasiag i egtlaripg and
pql Is h ML r
R S S
steps: (a) Providing one or nore nucleic acids

mol ecul es in the formof plasm ds encodj ng one or .

DNA the F3sseafdbe seleqtion e ACHYING RISt glestp"ﬁag fRiCinvotves
aqﬁ%q%g: to step (a), such that each conpartnent

conprises a plasmd together with the one or nore DNA
polyhybridizesore no@liganusieotitie syricifinfod a regidn an a plasmid is hybridized to

o b PRy Llor ERaPiE Dy HAHHE o Jre S ERaoD £ AR Shfop of DNA
( CandPnavAIfigne oreRdithd aRRdOUEH thikdbecsinb kAbBSE6I Akd Gith it (Fig.

of the oligonucleotide specific for a region on the
plBsmi d according to step (a) with that region of the

plasmd.is capabl e of occurring: ey

oot SECRM oo R gy Gk KiRMECPopieq) by e
acsyilerage bPirkéest dndddddsby aRaplhemiafl andeéxpgessed godei. Modification
using the DNA pol ymerase according to step (a) in the i
prexialsder examme cxensies of thedi midad threligasurigetide by the polymerase in

" P blGHRS o L A6 fleckatkdftl T f R (1 itple hiotn) (Fig
thp case of the selection of polynerase activity, in
its sinplest form CST invol ées t hr

e steps:
hy@ﬁﬁﬁﬂi@tlpworéﬂ@bﬂ @Gﬁ%gge. a]plagtugeﬁ ég}t)qeggex}teyrallé)ws capture of the
r egh QRid0 ndodPaMhdive HolDrhddl B ExhMple on streptavidin coated beads in

the case where the molecular tag is biotin. (Fig. 1B) Plasmids encoding inactive

polymerases do not have their associated oligonucleotides extended and therefore will
not be captured and be lost from the gene pool. Captured plasmids can be eluted from
the beads and directly retransformed. Alternatively, the polymerase gene may be PCR
amplified directly from the beads and recloned, as shown in Fig. 1B. Details will be

given in the detailed description of the invention.

The method of the present invention may be particularly suitable for the selection of
DNA polymerases which are naturally distributive or poorly processive, such as
members of the polY or polX family or low-processivity variants of high processivity
polymerases such as the Stoffel fragment of Taq polymerase or T7 DNA polymerase
in the absence of thioredoxin. Alternatively, starting from a highly active and

processive polymerase CST may allow evolutionary trajectories that are populated



the plasm d (for exanple by nelting or strand-invasion
of a defined region of DNA and annealing to one of the

wa@tooanad®y2 and t hus becones stably associ at ed wWeTGiBR004/004649
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(Fig. 1) 2) tagging: the oligonucleotide is nodified
(for exanple 3 extended) by the pol ynerase of interest
encoded by the plasm d and exptessed fromit.

Modi fication entails for exanple extension of the 3

end, of .t he pligonucl eotide by th ol .ase jn t .

P B St o sl 1o bEor abdBp BT Sughs g pkely to be
t @folhtered SHRAMAR MY Hahges t6 Fuliktratk)or Ixtefeiph Ulicnistry.

I ncorporation of the tagged nucl eoti des subsequently

all ows capture of the plasm ds encodi ng an active

o]o]] rase, fop ex on, ¢St t ayl,gi-n._co d ds «
i%c‘%/qggm as éo V\htcﬁe“r?e ?‘LQQA 0?DI eQ)cf ul z??eot Z%{b?{gﬁg,l o? pﬁ %E?g substrate
| E{bcﬁki&&?ﬁpﬁ@ce@dﬂﬁt}di megarisnthet muebgrodfy nedlestzies docorporatedvéduring a
their assocjated o] i gonucl eodféliaijes Sxtended a‘;ﬁd D

t singlecysle ofpinding primysa-termplate duplex s d sxtepgen befogsdipsogiation.
gene pool. Captured plasm ds can be eluted fromthe

beads and directly retransforned. Alternatively, the

pAk yroferrad eo deengin1the  teem PCRabmip| tufriower/tdimoret’ | pednsotine t hwenber of
beacgs gnd.recl oned, as shown in Ei%ir]nlBt tta]ifj\yz wi | | d
bBUGFANRS ingomREAtefbintg Proguctdl & e itin iRt PhRmPklo gipyme an
TBxetemg)Mt‘Q BorREntdiRonp F)?&;@ib‘ivitﬁ‘é epb@dht A8 Yirdeng of the template-primer
particularly suitable for the selection of DNA

pduplere setstrateviiecoimes r & ratedioriang stepli by eaniyasti gehigh qpgpmeyand / or

' h nber.s.. of Y. | i
DI ¥ a5 TERRETT b TP bR BPbphBl by rs
PRIbHEEBSEnz S b emélemPlaé dglled.r agnent of Taq

pol ynerase or T7 pol ynerase in the absence of
thi oredoxin. Alternatively, starting froma highly

agtive. an 0 I S T. . al | < for th
SOSHABrAnG, B REFRUYE AELATRERSS, 6% alBNi imand i for e
vV adleaivhs o fpoliyrrialebiidé ddnases] Trurthisowmbodinghbrof the invention, the
processivity, such as are likely

to tbe enc untler eg i .
whBgonvglepHee dnasidded olns (hstREIaCcoH  Ofe M oipcieotide kinase via
¢ Eﬁgglpﬁ[)rm/atioﬁ%‘f BeH’ g d bP tHe i BRUdIAHi 48 Foll d¥edl BIBB Tric®poration of a
t he ter substrate processivity/processivity' neans
t bee pumoes taggedoadlenides esthiertc eng @f dhe dlighmuclegtide (tag ligation). In

this embodiment of the invention, each compartment comprises the plasmid encoding
the polynucleotide kinase, the kinase itself, one or more oligonucleotides which are
capable of stable association with the plasmid. In addition the compartment also
comprises a ligase which is required for the extention of the 5’phosphorylated

oligonucleotide.

In a further preferred embodiment of the above aspect of the invention the method is
for the selection of nucleic acid ligases. Suitable ligases for selection include DNA and
RNA ligases. According to this aspect of the invention each compartment comprises
one or more oligonucleotides capable of association with a plasmid encoding the
ligase, a plasmid encoding the ligase of interest, the ligase encoded by the plasmid and
one or more tagged nucleotides in the form of tagged oligonucleotides for ligation to

the oligonucleotide. Advantageously, according to this embodiment of the invention,



single cycle of binding priner-tenplate duplex and
extensi on before dissociation. As referred to herein,
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nunber of nucl eotides incorporated into product in a
certain amount of tinme. At |owsenzynme and or tenplate
concentrations processivity is inportant as bindi ng of
the tenpl ate-primer dupl ex substrate becones a

r %kadggbd bAforticRBtidd WhichsIstbly adbeibiedwigh aenBlasgiid dncoding it
or _t enp ate conce_nt r at I ons | ow processi vi ty can at
| eeBtbesemeitagged bia thenkgationt efda Hgegdedseligoabrleatidey tofthe untagged

BT gt RN A T SR Bahpgimi

f @bmblee isadhestedion of pol ynucl eotide kinases. In this
enbodi nent of the invention, the oligonucleotide is
extended in the presence of the pol ynucl eotide ki nase

Vi opr Yl at. . - e . . .
or S BRTRPRORY b Bl 8la By B e Bkl e jrvspiop gy mvotve
Olthe"®T Hgithageitwilior antd digosafat ldast &re ehdlhih bdaes a molecular tag)

ol i_gonucl eotide (tag ligation) h this emhodi nent  of )
t IS, e Fofasian aé%ewaeem%aftw 23SQRBHOT @at ﬁgﬁﬁpa&ﬁnaodmg the

gﬁ%%yf QWb BRlVITBARIdE el rgﬁlltiéﬁtntﬁéieda(;rl nifdIGRRE i%) %zﬁﬁbfe’of stable

or nore ol i1 gonucl eotides whiC capabl e
stastociatian soth theipdasmid teheddieg fledsgasel and thuadbié digase/dligenucleotide/

SRR TSRS SORLLRTS B bRl ° oo

ol i gonucl eotide. h a further preferred enbodi nent of

the above aspect of the invention the nmethod is for. ‘
t Héws éh e tfirdher girefemred eqnabodonent | ofgtheemethgdi efathieeinvention there is

i gases, for..sel.ection. incluyde PNA and.. i gases. .
R, e e et g F PP R ReadeRAS e methoa s
C QP WepérRisht 60 NMBEI mlaeereﬁﬁcamiaﬁ eofothieg ONgsHueRbtidke Jigase enzyme
capabl e of association with a plasm d encoding the

| iegeaskng gens| asmi d encodi ng the |igase of interest, the

i : | . . .
B B RREEERE of Yy GuBlcREids ARILCBRE i i Rich BABERH, plosmics
| iegeddimn oot herobligandlebidd lighses, Adieagih algrepatsihtyplasmid/s provides

according to this enbodj nent gf the invention, 14 an
urtRGBSRPE dCBIeneRoPilE EeGterelignse ehintedestt abl y associ at ed

AP o0l it LeoRSEPTE RTRY, Gl o
urbmperment comprises a plasmid together with the one or more ligases encoded by
the plasmid, two or more oligonucleotides which are specific for a region on the
plasmid at least one of which bears a molecular tag, wherein each oligonucleotide in
isolation is not capable of stable association with the plasmid on ligation is capable of
stable association with the plasmid.
(c) Stably associating an oligonucleotide specific for a region on the plasmid according
to step (a) with that region of the plasmid;
(d) Extending the oligonucleotide according to step (a) using the nucleic acid
processing enzyme in the presence of one or more modified nucleotides comprising a
molecular tag; and

(e) Capturing the modified oligonucleotide/plasmid complex using the molecular

tag/capture tag.



ol i gonucleotide 3" end. In this way selection of the
ol i gonucl eoti de/ligase/ plasm d conplex is achieved.

wa\bdosossari vel y, the selection of a |igase usi nBCT/B82004/004649
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nmet hod of the invention may involve the 3' ligation of

two or nore oligos (at | east one of which bears a

nmol ecul ar tag) which in isol ati%on are i ncapabl e of

stabl e association with a plasm d encoding the |igase.
However, once ligated, the resultant tagged

ol i gonucl eotide is capable of stable association with

t R Phsel Prefiifddémsbdibent! thd asghanef theligvédien may be used for the
| i gase/ ol i gonucl eotide/ plasm d conpl ex nmay be .
seklsetiard of; enzymss nwhich uachrditestly amies spbstrater mralerae linked to an

preferred. enbodi ment. of the d t [ |

FirDE I TSR AR R ol S PO Bl g Ui capture of
ol th@prdattetigofecltdtdaptasiieeahplek. he met hod i s not

dependent on the conplete replication of the

ol i gonucl eoti de |igase enzyne encodi ng gene (a)

Pglﬁ:geg% AfaRp ﬁl{e?%rféaoern?oé);lﬂﬁérﬁ lof gﬁeCJbg% e m%?% inlvBntid} the method

f pare asm d/'s encodi ng one or

ol dfghdinwbetidn tiey bé gssiefer thetseleetion o henzyaes mthighl dosmitdéalily act on
provi des the gene sequence of the selected |igase of .

| riuBstES mojisplceJikar fhnane g?@%#gtlfiﬁg"get 1 Gt Subsirate is free to
achifhl Wehin®a %Bﬁlﬁ]afgﬁ)mt KGN (HRADeRRINP ANt MBdtrate is however
conprises a plas together Wwith the one or nore

| i lgksé stoenagedebioby ardeths! podiict, mayobecaptyred (after uncaging) by a

ol i gonucl eot.i d ' ific f [

S 8 e RIchBAC B8N ARl rPho e HE Rl Reenersed by

tafle WRAMR meRCheseh i gRfea) e6f | Bdirkdly) S atheOnddifieiion of an

capabl e "of stable association with the plasm d on

| | gjgonueiedtilec afonbexamifle susing eH3Q30HRY | gwtw ttyyapige) and/or the
I id, .. t abl iati ' [

CpRairion) of ARt  BR%Rls TReBe R daBER AR, Rked, o the

(Qligshbdlesthrt region of the plasnid; (d) Extending the
ol i gonucl eoti de according to step (a) using the

nucl ei ¢ acid processing enzynme in the presence of one

OrAﬁE%cai@Q&“aH)\?eq tﬁ‘éjﬁleﬁl%tdi ﬂ?%hecﬂﬁgﬁtﬁoﬂ ngyaoer@e& GYt @le selection of

tag, a
enzymes which are not involved in nucleic acid processing directly but which

modulate the functional activity of an enzyme, or by modulating the functional activity

of an inhibitor of the enzyme.

Thus, in an alternative embodiment of the above aspect of the invention, there is
provided a method for the selection of an enzyme which is indirectly involved in
nucleic acid processing wherein the method is not dependent on the complete
replication of the nucleic acid processing enzyme encoding gene and wherein the
method comprises the steps of:

(a) Providing one or more nucleic acids molecules in the form of plasmids encoding
one or more enzymes which are indirectly involved in nucleic acid processing, wherein
the parent plasmid/s provides the gene sequence of the selected nucleic acid processing

enzyme of interest.



(e) Capturing the nodified oligonucleotide/plasmd
conpl ex using the nol ecular tag/capture tag.15 In a

wo moosleso7pr ef erred enbodi ment the nmet hod of t hBCT/GB2004/004649
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i nvention may be used for the selection of enzynes
whi ch act directly on a subst gte nol ecul e |inked to
an ol i gonucl eoti de and conver{ themto a product,

whi ch subsequently allows capture of the

PP EhbMLFIRIEAS ShlSPRu, et RERkEl, 8 YBL Rgp et cach

t doenpaitvient icOmpridica PRishedl tfetieheondue nidre enopyeshendoded! by the
f or the seIecF

which d
0 UERITEES pm@apemﬁtﬁolgealﬁég gtzlgﬁﬁnrg%a of Iéﬁeaﬁngfmré(g)%ﬁa&aded‘at ?{’aéﬁasmld and
|
d%ﬁﬁ%ﬁ@ﬁenﬁaﬁqu“ﬁﬁga*%oé?ﬁ%5ﬁjree to diffuse within a

( accor nventi on. The substrate
| @) Peovediag condiiet such dageebleiastdcintian df ah eligomaletidesyecific for
be captured iafter ungagi

S2 Fegneen We ® mx«bmal%n i @imﬁh&hw@e? REfheplgsprid is capable

p ted by the enz |t
wg&ﬁ %W‘m“q% rectly) n?‘n theym)dl fi catllngnmg%/ ;ﬁsu

oth) gtrnwdirgotomﬂmorfsosuclexhatpdmerumm gf HEO3, enjRpf] bthetqltgonucleotlde
é% é%and/ r th nodi f.i cat.i on_of. antenna £

(eatutsio Aol benadye Risiet 485 0s S0 nf PBRTEnd; PEeRe of one

Asr f6RGhoBEI ARIMRIded EfnprRENOLmbRIculah &gh@&’@ﬁbleQﬂ omﬁ)trlng, and

be used for the selection of enzynes which are not
i @y oCapiring Aw| eiec Qic .n@prpr trsularit n g’ exfanded | gligompchgptideyplasmid

nodul.ate the func of an enzyne, or by
nB‘HHPIS’f‘?Sﬁ‘@mﬁH% Leg’tl O?ts'!ei; ((?)yty of an inhibitor of
the enzyne. Thus, in an alternative enbodinent of the

above aspect of t he i nvention, there is provjd

maeerrdingde therpboueprbedimanict thimethog pé thgEention, anEnzyme which
e ¢

" }r% mﬁ‘f‘%qlg amb@V%io% lg.tec'lgfe% gg)%%&'ir% q]ﬁdelﬁj%eg tﬁtfs‘gcsﬁllu@lg A RVEIVEd in the

r pdductidn oM natlefchacid pﬁicms@@ngtmrsubsiseﬁem@ommzb]neked or inactive

Criaad,done. and uher . Lhe TELTOd, COmpL IS hRe cue ata
ngﬁ%@ Sehidt i§ NBrEQVdMiRT the! 8sdtation €HC QBHiNT polymerase substrate is
expressed within a particular compartment, then modification of an oligonucleotide
according to the method of the invention using an active nucleic acid processing
enzyme which is also present within that compartment in the presence of one or more
modified nucleotides comprising a molecular tag is capable of occurring; and the
subsequent selection of a plasmid/oligonucleotide complex may then take place using

the molecular tag.

‘An enzyme which is indirectly involved in nucleic acid processing’ also includes
within its scope those enzymes which are involved in the functional inactivation of one
or more inhibitors of a nucleic acid processing enzyme. In this way, when an enzyme
is expressed within a compartment which is capable of functionally inactivating one or
more nucleic acid processing enzyme inhibitors, then modification of an
oligonucleotide according to the method of the invention using an active nucleic acid

processing enzyme which is also present within that compartment in the presence of



one or nore enzynmes which are indirectly involved in
nucl ei ¢ acid processing, wherein the parent plasmd/s

w@e@#ioews32 t he gene sequence of the sel ected nUuBCEGB2004/004649
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aci d processing enzynme of interest.16 (b)
Compartnental i sing those plasn_ds according to step

(a), such that each conpartmerdf conprises a plasnid

t oget her, one or nore enzynes encoded by the plasmd,

one or nore nmodified substrates of t

by REMSra@RAdied fclsAR (965 CORBSIE FOPS esulsfcﬁzé I%F%’@éfs)?s‘%gcum“g’
engy kS subistdudn E%Xl'egt'uﬁg of ANplhdrhfnsligdHEdledtididt comipiéit enay then take
assocl at1 on ofrl an ol I gonucl eot i de SpeCIfI c for a

r @lacomsiog thehmolptwamtag. according to step (a) with that
region of the plasmd is capable of occurring within

that conpartnent; (d) Providing conditions such that

exf A 3it@Ratfe dddBmert vt 18 inb &r@ticdl the BrRURUEAYA1Us the use of a nicked
according to step (a) using the nucleic acid

prdoublgssﬁnagdeginplymld, and pe sprasafe pigo oV hsHe ther enpyme is a ligase, one
c éf) Iﬁ%t;s SRS ﬁe%tﬁlg%dggﬁg&%gl‘;w%a%%ng&!:aﬁ&ﬂ 1cl£é'i]1 lés?mds with EtBr

0 occurring

Nahe sli@6sd density cenirifapatiuh tolsbgrate aliicked lanidaim-lnafknd plasmlds) Where
conpl exes using the nolecular ta

Aéb,‘?)?l@ﬁ}’ﬁ@ 1§ 3 PORENARBEY BNERY WS?%‘PW& ?’f&’}ﬁre(ﬂﬂlx fie base is
n d Cl?ﬁﬁ% Bhweeifthe SRAY. Sftlﬁé\/ﬁi ges t?aﬁ‘n'd?m thé PFe'sé’nc'e rﬂ)\f‘ﬂlli‘é@& ain,

processi ng ose are involve
i nuntriekedrsiskingitls are selectadc | Borctagging (gg, oxiéls biotig), emz:yaqlepts a similar

substrates f a bl ed or .inactive substrate.
t FAPRroaah &k h%ﬂ:ﬂeg\g qdﬂs %Vé‘d&eﬁ%t@tth%?l Fhe i nvent | on
in the case that an enzyne which is effective in the

generation of active polynerase substrate is expressed
wi THoise skillpdairt the urtamllclmmmrp o other prasadyresifor jusiagi they method of the
an ol i

a0k e o BT Bl Bieh 4 MR8 Blvgha in mucteo acid

enzyeRsiki ch is al so present within that conpartnent
in the presence of one or nore nodified nucl eotides
conprising a nol ecular tag is capable of occurring;

th uent I f
gl? gecF % 81|'t ﬁ%gér%%:lg%g zg Xth%élethtoﬁ of the 1Event on allows multiple
U%ﬁﬂdﬁ&f@elﬁ@tﬁ&ﬁt&barpeﬂagned without the need for reamphﬁcatlon and recloning,
simply by capturing plasmid and retransformation. This reduces both time and the
level of background mutations of the selection process. Alternatively, the gene of

interest (or portions thereof) may be reamplified from capfured plasmid and recloned.

Together with CSR and spCSR, CST should pfovide a full spectrum of selection
stringency for polymerase activity and processivity ranging from distributive single
turnover catalysis typical of polY polymerases like E.coli polV to the highly
processive 1000 bases/ sec catalytic proficiency of the replisome. According to the
invention described herein, importantly, whilst CSR requires replication of the entire
gene (usually > 1000bp) encoding the polymerase (or other enzymatic) activity and
spCSR required replication of part of it (usually >50bp), CST should require as little as

a single incorporation event.



"An enzynme which is indirectly involved in nucleic
acid processing' also includes within its scope those

wenmgnoe®7nhi ch are involved in the functional PCT/GB2004/004649
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i nactivation of one or nore inhibitors of a nucleic
acid processing enzyne. In this way, when an enzyne is
expressed within a conpartnen% whi ch is capable of
functionally inactivating one or nore nucleic acid

ocessing. enzyne i.nhibitars,,then nodificati.on of .
o P Bh P TebTE AP GD PHARFPR BmsrE phi§hefiedf interest
| 43 EdpteRBedU SR mMBleRC héid ecotbiSHspiLC aaplasnid OREdd Ry polymerase
enzynme which is also present within that conpartnent o
i gxprassiopr anancbeofperfooned ovithist e cellsdi 85 e@pPRIeiedei dbe nvitro
conprising a | ecul.ar t I.S.4C I . 0 L G
atﬁ%}gffil?e“’é‘ﬁb%léféﬁ% tsygtgﬁng o Ig%xrs]sc‘egf gtgo%. %n cﬁns %9 Bdth %he problems
pligaried/ abévgorelatigOttb dR onrmp ltexsdtipyiohnenslhtidee spitade and those
using the nolecular tag. h an al.ternative enbodi nent
ofncppricTieR i pERTesTingol Yrasrasa fopy inepe DN are pyeromes
ni cked doubl e stranded plasm d and no separate ol i go.
Where the enzynme is a |ligase, one selects for
UTheipedsertt ilvarstorsdBavief perfermadpdxéenbivei experioehiat aimgd at optimising

ni cked plasm ds wth EtBr and sucrose densi .
CRARHIONG 48 TBIOVE G EffcieRt s Of PLRENE SARIUIS AT thigfpre enhancing the

péeﬂ?’xmﬁi bf SR GRETRAE ¥RBerirerfts RR!A4ERIRESn defR in Examples 10
perfor pol ynerisation (eg, where only one base is

nosish egeib endvelen it the detatled ddscripieonofdheventiamd) in the
presence of a ligase. Again, un-nicked plasmds are
sel ected. For tagging (eg, with biotin), one adopts a

fInnfi) drBéulAPREQRéRNt IventoAbiglve BhMD that dedefficieatly 8N @ladRid capture
0]

he nick. Those skilled in the art wil| be aware of
oAy be raseasedi neing Avy onsphgorenel the tasbaiques mHbe lighcagsistng of the

for, the sel.ection af y4 ' e 1 M. :
b 5, S e B TR oML B BB CLRIA, o cxenin
t iR Apbnwlddtida iy Meieathen Bhbhates] b thietiseass ofinktddenore than 40 atoms
invention allows nmultiple rounds of sele¢tion to be

plngobetgervithhgueleeHar tagednd other igppiipleotids iaBfh Rhdhe use of a
" S ALY dShBR a0 GABL W9 Pl asmid and

anstor mat'1 on. 1S reduces both tinme and the |evel
of background nutations of the sel ection process.

e B, b s .
r @ﬁfc%@g of plasmid capture is increased by increasing the Tm of the
oligonucleotide/plasmid hybrid using any bases in the list consisting of the following:
LNA bases and other suitable base types. Advantageously, the methods of the
invention contemplate the use of LNA bases in order to increase the Tm of the

oligonucleotide hybrid.

Other suitable bases for use according to the methods of the invention include but are
not limited to diaminopurine (to replace A), G-clamps (Matteucci 99), LNA (Jepsen et
al (2004), Oligonucleotides, 14, 130), INA (Christensen & Pedersen (2002), Nucleic
Acid Res, 30, 4918) or any other base or backbone modifications that increase the Tm.

Other possibilities to increase Tm include hybrid oligonucleotides (Ishihara & Corey



Toget her with CSR and spCSR, CST should provide a ful
spectrum of sel ection stringency for polynerase
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single turnover catalysis typical of polY polynerases
like E.coli polV to the highly processive 1000 bases/
sec catal ytic proficiency of t1fe replisone. According
to the invention described herein, inportantly, whil st

r.equi,r es pli.cati f th tire n Ly >

o R e e R
agdrhphfeXstranlug Jren! ifofstuleasRdbl ¢ Bicbpordiéd ey the ofigortucleotide.
(usual I'y >50bp); T should require as little as a

single incorporation event.18 It is an essentia

feature of .the inventi t : . .
o P adb i e b, AR, BE BEGoBliedEy” B plasmid capture is
aGhdleBedbi cxitdhding the asigblicldotidé biysmureythmo R rtesess ddvantageously,
expression n%y be perfornmed. within cells as ppqsed to . b
t e effiviancy afrpiassnid; IpTushAY ingreaped by extgpdingniiie oligonucleotide by

A1 36U ARRS AN Gsr rhdte A 0YBYsdROt h the probl ems

di'scussed above relating to in vitro
transcription/translation systens and those

encountered in expressin ol r ases om | i negr DNA .
arFé‘rtB%Flk?oHF@$en?Hléve'§}cg§gﬁ e E‘i’ﬂf‘éﬁ&]’ iheh 5. le1engy foglrpﬁ.%samd capture is
eXh&BaLY %gecﬁﬁ q5d BEMisKkE HBL thin 90ttdhiSiong vebidthtth® Rfolecular tag
to 1nprové the efficiency of plasm d capture and

t hied efher eligmhmteotidy Aldwansagesislyyithy efficieney tof cplasmide capture is

These experinments.are described in detail . l e

1 gniigased BB TR G iakagops Bt ety e el P pfflecular tag
ofaninge iohgeRidi®tide.| MoBREdvattakasusiynah® eefesicyi sTvsiaimidscapture is
have found that the efficiency of plasmd capture may
benérazsed yahe uss ofcp limker arase dhrannifl0catems dong heiwens g @olecular tag
int l.ist caonsjsting of the follow ng: by increasing

| ot Qe pHdedes o1l ot i de/ plasmi d hybrid: by

extendi ng the oligonucl eotide by nore than 3 bases; by

the use of a |linker nore than 40 atons | ong between

t HeefipifieR)| ar tag and the ol i gonucl eotide and by the

use of a oligonucleotide nore than 10 bases | ong. Mre
specifically, according to the experinents perforned
byTHehterr rame oligomcldotide efefdrs tceany sapiepleadsingle stpnded niigeic acid.

| n/(\:lg %ﬁgc?nclllc e%tigiengqraﬁ %Iangarttiaﬁfy c-)l;mw%ll)} Qr%ﬁcial single stranded nucleic acid

molecule consisting of exclusively synthetic or a mixture of naturally-occurring and
synthetic bases, any one of the foregoing linked to a polypeptide, and any one of the
foregoing linked to any other molecular group or construct. Advantageously, the other
molecular group or construct may be selected from the group consisting of nucleic acids,
polymeric substances, particularly beads, for example polystyrene beads, magnetic
substances such as magnetic beads, labels, such as fluorophores or isotopic labels,
chemical reagents, binding agents such as macrocycles and the like. According to the
invention described herein, an oligonucleotide for use according to the method is
capable of specific hybridisation with a region on a plasmid according to the method of
the invention, either prior to modification of the oligonucleotide or subsequent to
modification of the oligonucleotide. Advantageously, an oligonucleotide for use

according to the method of the invention is capable of specific hybridisation with a



ol i gonucl eoti de/ plasm d hybrid using any bases in the
list consisting of the follow ng: LNA bases and ot her

W@E osakdoe2 base types. Advant ageously, the net hedBEGB2004/004649
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the invention contenplate the use of LNA bases in
order to increase the Tmof t ol i gonucl eoti de
hybrid. O her suitable bases fOr use according to the
nmet hods of the invention include but are not limted

to di am nopuri.ne (ta.replace I . i1 .
o350 R KU rece e 85 el e AR e YRl % i cation of
136 olidobAciéstlel AL@RERE tothBastaiciesT the2p@2ent inMestion, ondAskiled in the
Res, 30, 4918) or any_ other base or hackbone

madi Willcapprasiate thatany ¢ligoaaaeotidgsuitehle fgriisg according to the method of
pPQssi b liti t Q. IRnck o e.: j itabl
€ 1ngent}otg 61?1?5& eagso( éhcﬁﬁ%r%agigb, é%‘? é%gelg%ffrbxﬁ thef start or after suitable

ol 1'gonuc a I ncl udi ng

Difodebiingd frEfNAn® equkessitde Bydndi ds or coval ent
crosslinking to the tenplate strand using a psoral en
nol ecul e stably incorporated into the oligonucl eoti de.

T . , h . .
e?]ﬁ}ep{eﬁﬁe‘%o%lﬁ%ﬁbg]?nﬁg a@ z()gt@gﬂﬁaeotf&u rh@c&rﬁglg fgyﬁle present invention

ciency o re I's increase _ _
extpdionan ilteeativini igdhel stredire dé theyoligemaclepiade. S0cl aerstions include

Advant ageousl.y,, the efficienc f.plasm d capture. j oo
| s 21 B B gns A T GOhEIEEHH SSBnRT e ollowing
t haReRRnbés@e Mo B FBitHL G’ RASE} - lidatibh RETthé BEgonucleotide to

present inventors have found that the efficiency of
plamsthied ewity.uie pastieuharr @aderthepyolignauelsetids; phsphpylation of the

mor.e than 5 ons, long betwee . an :
O 3R SHOTBLLI Mk DR AR B ey
Pl 1@t dioC 8t Bl @nuslebtidd &R e difteyerit hentitys efodf exandplekenversion of a
more than 70 atons.loga bet ween the nol ecul ar _tag_ and

t hebetrate binked! te dhq eligonngleqtidedo & prodyeth g¥pghmenk gf a molecular group to

efficien f. Rl ' S RE . :
A PR s A i o
MoAr€rihla arholeagedistdvérnper alalgaiesdirked itdehe DEfomictdotids Atmrding to

term'an oligonucleotijde' refers any sequence of .

o1 Wi etBed ARG drrsEes amadifENon o egRRSEPEBTHdfemy pe direct or

be, d:-Bar f{'o@'él/éf FH eiY}P‘:Plclaé’e, & {1 ol GhHtiab Fa@lr€ oflhiiRBtion that the

nuclerc acid nblecule consisting of exclusively )

syrkiiet oft odigomcotider modificatorurial that oz curolecwlgr aiag/capture tag 1s
incorporated into the oligonucleotide. This molecular tag/capture tag allows the

subsequent capture of the enzyme/plasmid/oligonucleotide complex.

The term ‘substrate processivity/processivity’ means the number of nucleotides
incorporated during a single cycle of binding primer-template duplex and extension
before dissociation. As referred to herein, the term ‘catalytic turnover/turnover’ means

the number of nucleotides incorporated into product in a certain amount of time

In the inventor’s experience, at low enzyme and or template concentrations
processivity is important as binding of the substrate becomes the rate-limiting step. In
contrast, at high enzyme and or template concentrations low processivity can at least

partially be compensated by fast rebinding of enzyme to primer-template duplex.



syntheti c bases, any one of the foregoing linked to a
pol ypepti de, and any one of the foregoing |linked to

wa@eysosder nol ecul ar group or construct. PCT/GB2004/004649
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Advant ageousl y, the other nol ecul ar group or construct
may be selected fromthe gro consi sting of nucleic
aci ds, polyneric substances, U%larti cularly beads, for
exanpl e pol ystyrene beads, nagnetic substances such as

net | . | h )
28 i S, 4 MBS, PHIGNRE fn HARPROpFASsRly includes those
swigibh age imotvedial ths pastbictibre of inkeleicAmud pddasssing entyme substrates

i pventjo escri bed herein, . ol i.ganucl eqtjde, for us

018 yadl@)lﬁgmgoort HECtHE HBYTAS Iegﬁlémf%b%ﬁrmgﬁé ithe ghove aspéct of the
hﬁ@éﬂti@hsfﬂ {Hanca¥d tHat an RGO wHicHR sPéfAsivE iRerd EeHeRdiohQof active
the nmethod of the invention, either prior to

nudyrhérase substraie ig enpresedywithisl @ pattigelan compasgeenicthen medification

modi ficatign of the.oliganucleotide. .Advantageously.. .
2 D1 GO G g (U Reea Bf My (P6eHRn SHERE e puctei
LR Hro¥eRIngUAz{Be GARMIL Q156 fprésercvithie that Roinpasmenton the presence
w th a20 region on a plasmd according to the nethod
off phe or imerst medifiad prcleasides Fompeisingon elegwar tag is capable of
ol i gonucl eotj de., Accor ding:t.o .
BRI T S AL OB of LIRSl B compes my
afhBr Gkieailacet ibitig heymelbiiganiagl dot eigmeuwhiahlie ifdirectlys envolved in
according to the nmethod of the invention &ést al so be

S

"midleindgil Brocesing ke achidenoyitip g $40Pestarg eprymps which are
tsllﬂ%l@% gn A R abhd iﬂac.fti"vgﬁori?‘%| oﬁfi%?stﬁb | @hiditoRNEF a Hileic acid

ermnodi fication of an ol gonucleotide' according to
t proc@smgentymavianhis cayy eflenmsantanzgmea$ expressedmwithm @ hempartment
structure aof the oIi%@ﬁ;cleotide. Such al terations. :
i Whichds 93neblaod HBeianally RPN, giic Qb mgre Jicleic, pcidprocessing
g [tSis] RHodiftatibPbf AYIMEbnuESbEdSiceBrddig foltBe method of
o%r%ggle('iﬁ\ﬁﬁit&ts, fiien o kAL & E?)’nu _ g

nucl eotide (either 5 3'); ligation of the

othegoventior atsingeart activgonustsic aeeidinrgsessing garyme whigh i also present
furt her. oli gonucl eot.i de: phosphoryl ati gn €;: .

e PRSP b BRSRRET bR Bl s oo
desaprididla nfEBaRir TAOR Abalile o€ BEduriing; ial @l substdirnt selection of a
ol igonucleotide to a different entit for exanPI

: Yy €
c phsmiddinapmefoligomneisstifla cemplex ks then fekeplace using the molecular tag.
ol i gonucl eotide to a product; attachnent of a
nol ecul ar group to the oligonucl eotide, for exanple

HAGCordidBRo Bhpreberit yiivatiolg;thé eemnocinpactaidndhisafynamyneousavith the
nol ecul es/ scavenger nol ecules linked to the o .
opqn@o‘migrqggmqjg’_. he @gp%{wqddareparatlon of microcapsules is given in the

detailed description of the invention.

The term (modification of the oligonucleotide) ‘using the enzyme encoded by the
plasmid is capable of occurring’ includes within its scope the direct use of an
enzyme encoded by the plasmid to incorporate a molecular tag into the oligonucleotide
(for example the incorporation of tagged nucleotides into an oligonucleotide in the
case where the enzyme is a nucleic acid replicase). In addition the term ‘(modification
of the oligonucleotide ) ‘using the enzyme encoded by the plasmid is capable of
occurring’ includes within its scope the indirect use of an enzyme of interest to tag the

oligonucleotide associated with the plasmid according to the method of the invention.



the nethod herein described, nodification of the
ol i gonucl eoti de nay be direct or indirect. However, in

weRdmpesocase, it is an essential feature of thECT/GB2004/004649

10

15

20

25

30

invention that the result of oligonucleotide

nodi fication is that a nolecul ar tag/capture tag is

i ncorporated into the oli gonu%? eotide. This nol ecul ar
tag/ capture tag allows the subsequent capture of the

e/ pl 1 d/ ol | I i.d lex. T .
“Siohernlird e Srald BTG piRRESEF SPhyoeane tRFHe ped o an

0d1iddnGi16Q1deA6S: IrBaRYE RPTIRRE ALY bt éhz?in@%h@odé)tlcﬁ heblasmid. In
bi ndi ng priner-tenplate dupl ex and extension before

dthissaes the i malecitler tagfcaptuestag castherain definedds themaeduct.
"catal ytic turnover/turnover' neans the nunber of
nucl eoti des incorporated into product in a certain

apRy fdrmOf st AB18Basbodidtfon’ (6 € Rhosligonaxlpetidee syzeificator| ®wegion on the
enzyne and or tenplate concentrations processivity |

 plpsmidarith the phasiRigTeey tor e Sl hybiidisabien Ghas ol genucleotide with

ratesl i m i t ' :

¢ B bt Bl SRR Bl o ALY MRy BP Eqffred using
p@e mdéduyar bsp presepe os deadigbyudiasider ebi ndi ng of enzyne

to priner-tenplate duplex.21 'An enzyne which is

indirectly involved in nucleic processing includes
tﬁﬁg%%h@ho%ﬂﬂm fgd in the production of nucleic

acl d processing enzyne substrates froma bl ocked or

i nactive substrate. In this enbodi nent of the above

aspect _of t i nventiaon, in the case that an enzyne

whigch 1Bs ef ggt{"t"?"\/‘%‘nﬁtj%ftsﬂgaﬁ)é’ner ation of active

pol ylzeﬁﬁﬁﬁdi%émﬁlt: "R riaP cONPEGTERgWH 31 PinBrade Firvt iaCslli@ble vector
rtment, e

conp n nodi fication of an oligonucl eotide
accor dieng plasmid awst isothpatmeifalijedy @nt prgkioyslyngesgabed for CSR

active, nucleic acid ocessing enz el [ .
pr eseng&\’ﬂ%ﬁﬁ?’n e? hak (@gnﬁ'ét?'t s f‘“ﬁsn)‘%é‘%gr gé}erpgoéﬁ%%g%enereacuon
or nor e xpBlkierAd Rdeieobufes dVTMY)i sidng ESTopemet and a tagged
tag i s capable of occu and t he subsequent

rring;

sel ect mepleasides(e® dﬁmilﬁﬂé'ldl‘»%é’ﬁuCT]@,foQSa"eP’é’é‘ﬁbllseﬁmﬁﬂ&?memary to a
then tak a i t u ' :
wh o iR e n B BRSARH \Blol fhd nfé) 677l not contain
pr ocesgiodfficafibm0 suclc|dsdas wfifinity nentanciagopeptideosa). A thermal
enzynmes which are invol yved in tfle functi oJlaI
i nact i JeRAWALYT stghée-&r OhbrIninh FelersebP@sHId and,pelymiegase from the
acid p ' 0, & ' B AHVARBYHR irfelts th
crcpr oo LRAET L fl SLRMRes bitghluha BymithRE AURVAREYIRI hifels the

plasmid DNA double strand so the CST primer can hybridize to its target

C

sequence. An annealing step (e.g. 50°C 5 min) allows the CST primer to anneal
to its target sequence.

2) Tagging: An extension step (e.g. 72°C 1-5 min) allows extension of the CST
primer and incorporation of one or multiple tagged nucleotides.

3) Capture: After breaking of the emulsion (as previously described for CSR
(Ghadessy et al 01)) the plasmid-extendedCSTprimer complex is isolated and
captured on a solid-surface (e.g. Streptavidin coated magnetic beads) by virtue
of the biotin moieties incorporated in the primer extension reaction. Plasmids
not containing any biotin tags (and therefore reflecting compartments where

there was no primer extension and hence no active polymerase) are washed



whi ch is capable of functionally inactivating one or
nore nucleic acid processing enzyne inhibitors, then
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met hod of the invention using an active nucleic acid
processi ng enzynme which is al?ﬁ present wthin that
conpartnent in the presence of"“one or nore nodified

nucl eoti des conprising a nolecular tag is capabl e of

occurri

plasniéﬁg%zyng?hglgonu eot? %ﬁg%&% gggﬁgﬂnllg%d?gngOHOfﬂw
pl ace lﬂETngnmbxeexmis&mlﬁraiuct frgm tnepkasxmmg to the

pres lnven m-CO a o
syno f»m Riked Pt 6@5&}#@ froph dhe e, g directly
and pr epaafdrARd. Olforr&%{e?%@ﬁ’s?ﬁ'vlﬁls sbiRctdd \f)%[&n'xé}aste%’enes (residing on

detai |l ed description the 1 nvéntion. The t
( nodi f icepthiredrplasmids) eare kingbhiedt brebdrahly directdy frgmt h@ magnetlc beads

el uast SipraveN font ebsd i abd PRaager ARCBR e of osT

encodedeleytidne plasmd to i ncorporate a nol ecul ar tag
into the oligonucleotide (for exanple the
incorporation of tagged nucl eotides into an

i o Pa ECST R IRERF RS, POV ET  °

(m)dlflcatlon of the oligonucleotide ) ' using the
enzyme encoded by the plasm d is capable of occurring'

i fei udds oyder fe stabilize el prBer Grdensiayproduct,ghe §8T primer may be
er&z }gﬁ o‘sr%‘ﬁ'ﬁ? gihgT %{%Q oéddgonucl eoti de

ass C|a according to the nethod of
t i anémhprm&Ze:SBan meiorpetites) sagged uhdtldoeidéorand close the gap
exanple t he gonver3|gn of a substrate linked to an

olheﬁ’beﬁi}&’la@](%]l‘ eady’ #08yr oduct in the presence of an
SREYTE THIGAS fofék BY iHeR @IRERBYTTNA 1 atibh. Srﬁeaassewp%mock Iepresents a

mol ecu ag/ capture tag” as herein definedis
prnoduhstsocﬁlbie plesmd-G$ Rbprimers sompletxi permifing sinngent bead washing
oI| nucl elspemflcfor a region on the plasmd
i ‘Pﬂ’ésG E‘ﬁ;a refers to the stable hybridisation
of an ollgonucleotide with the plasm d such that a
pl asm d encodi ng the enzyne of interest may be
c g €S Tiselenyiontnd enpyroati¢ agtivities gsthersthan polymerases
ol i gonucl eotide. Brief description of the figures Fig
1, 1B: Schene of CST selection:

A: The substrate for the enzyme of choice (white hexagon) is attached to the 3’
end of the CST primer and blocks extension by the polymerase. Active enzyme X
converts substrate X creating an extendable 3’ end (e.g. OH) at the CST primer
terminus. Standard primer extension and CST selection follows.

B: The substrates (X & Y) for the enzyme of choice (white hexagon) are attached
to the 3’ ad 5” ends of two primers, each of which is too short to stably hybridize to the
plasmid on its own and thus cannot be extended by the polymerase. Active enzyme
reacts with X & Y linking the two primers and creating a stably hybridized CST

primer extension of which allows CST selection to proceed.

C: The substrates (X & Y) for the enzyme of choice (white hexagon) are attached
to the 3° and 5’ ends of two oligonucleotides, each of which is too short to stably



1) Hybridization : Bacterial cells expressing
pol ynerase froma suitable vector (e.g. plasmd) are
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(CGhadessy et a 01) with reagents required for

pol ymerase reaction (I xpolynerase reaction buffer,
dNTPs) and a CST priner and a4 agged nucl eotide (e.g.
Bi oti n-16-dUTP). The CST priner is conplenentary to a

AprAGE (e B RATIRSaI O | QRO SOHRe (OB PPN PY B capture tag
(e@%ggﬁ)'&gg C@%&%L}e@?%?@a’ctﬁvft & &7 lgg%?épﬂ{eatWooﬂig%hﬁﬂeotides and

eases plasm ol ynerase from _

tdreatingCh estatdy lodkidized evlegounelsotiize kiriohu allogs loppuraagad selection
activities and nelts the lh%asrriial DNA doubl e strand so
t withqusthegieedfor IEUReT KHEPIAR 28 PG get  sequence.
An annealing step (e.g. 50 C5 mn) allows the CST
primer to anneal to its target sequence. 2) Taggi ng:
AD: ext Biressubstratese(X)(for Ge enzyn® of hoider(white heyagonk are#épehied to an
of .the .CST, primer and incorpot.ati on of . o]
CiggBtelFRideb e TR me Rap (LT X,Pitafie, L S BniCHobitp gEeorated
eqih ?r@(ﬁlc( P WHiElY aDoWh XaptafCof bRda fsaitafiSRedeptoadies Y (€4, anti-P
al 01)) the plasm d-extendedCSTpri ner conplex is
i adibadyd and captured on a solid-surface (e.g.
Streptavidin coated nmagnetic beads) by virtue of the
biotin noieties incorporated in the prinmer extension
react i PRe sBseasd (16) o8 thecanymenif ehoiaaywhitohéexagbmgme @tanhed to a
therefore reflecting conpartnents where there,. 5%6#10
plag i etieeanaep sHckmdih& fEeting tagged PEdye! (9‘3@‘1@ &rg@ -Firgduct reacts

h . 1 g .
t SRAEREehL Y KRARD RA0leh] ARIGS AR 60 ShgSicteotice
pwaithcllows osptiee pl asmid. 4) Elution : Captured

plasm ds are either eluted fromthe beads and directly
retransformed. For higher sensitivity, selected

(el mr&haeti | asm ds) are
gg‘éﬁygfltgg%ﬁggﬁgl?gﬁ@% gléiiilrljei’ggél%gh fr omu?ﬁ‘g ﬁagneti c) beads

or alternatively fromeluted plasmnm ds and recl oned for

R otlgc%Iiesr(%ug%ofror %I:h there are suitable high affinity receptors (receptorY and

receptorX) available are attached to the ends of two oligonucleotides, each of which is
too short to stably hybridize to the plasmid on its own. One oligonucleotide (or both)

bears a capture tag (e.g. biotin).

A: Their hybridization is stabilized in the presence of two bait and prey fusion

proteins, i.e. a receptorY-bait and receptorX-prey only if bait and prey interact.

B: Molecule (Y) for which there is a suitable high affinity receptor (receptorY)
available is attached to the end of an oligonucleotide, which is too short to stably
hybridize to the plasmid on its own. The oligonucleotide also bears a capture tag (e.g.
biotin). Hybridization is stabilized in the presence of two bait and prey fusion proteins,
i.e. a receptorY-bait and DBD-prey only if bait and prey interact. DBD denotes a DNA
binding domain capable of either specific recognition of a suitable nearby target

sequence or capable of sufficient non-specific DNA binding to stabilize the complex.



selection. Fig. 2: A nodification on the CST schene of
Fig. 1 AL In order to stabilize the CST priner

we@za0s/0s300n product, the CST priner nmay be a " prpdi/aBk604/004649

10

15

20

25

30

probe with a phosphorylated 5 end. B: Thus priner

ext ensi on i ncorporates taggeﬂﬁpucleotides and cl ose
the gap between padl ock 3' a 5' end. C. The padl ock
is then closed by DNA |igation. The cl osed padl ock
represents a non-di ssoci abl e plasm d- CST pri ner
conpl ex permting stringent bead washi ng conditions
(Biges PCB. detechibf of SaptzEd plemRLihiG8T of enzymatic
activities other than pol ynerases A: The substrate for
the enzyne of choice (white hexagon) is attached to
tRe 3'ﬁ;§fgespﬁea£ﬁ% Q_—Séd%'efgéé igﬂl%%tMnQCks extensi on by
the p . en converts substrate X
cAmauntnef captueed siashaid|ie d@ectedbly PERgamijcatibn bhthe®$T gene directly

DhoBcrativer Dopaieads. 5. HooBaERriTedt (B¢ GOHIREPT 2l of Tag
gﬁmgl@&g@é ChAURS fenbtidnSinax Peedcease2 3t Chefl pbgmiche. “Input”

ends of two prinmers, each of which 1s too
stemptest thesCaB| seattjdar icaptuvedt on theadpipaionitd washing Gyash” denotes
and thys c‘:nnot bedextéhended by the pol ynerase. Active
eSpsimaraptatsecond Fedd Washy | niing the two priners and
creating a stably hybridized CST priner extension of
whi ch allows CST selection to proceed. C. The
sBbst r @Bt aising 2glifferentprimers ofb D3 keliga 3

2 ng)%.gp 3 %rgﬁ"f%fe él%ﬁﬁqﬁﬁgtft Ibgrll)grpglﬁ&{t} o?fthe:t gene directly

p 4 N
27 /Y

Onuc . eac short to
sfraipl washddy Dynabezads.t 0t dmopds asattibrorin i the ahsenceOof 2.5U of Taq

ol i gonucl eoti de (or both) bears a_capiu ta e.d.

Py ASe, AC4SPES EREE YT BT Ch 2% O 19 UG Fine

t ' [ . [ i e :

o B S 98 A ik R A gl dee i
whibrididestdhe need for priner extension by a pol ynerase.

D: The substrates (X) for the enzyne of choice (white
hexagon) are attached to an

Fig. 6 PCR detection of captured plasmid II in CST

Control experiment to test that amplification band derives from captured plasmid on
not from captured primer extension product. Dpn digest only dam methylated DNA

such as plasmids replicated in a dam” strain.

Amount of captured plasmid is detected by PCR amplification of the bla gene directly
from washed Dynabeads. - denotes reaction in the absence of 2.5U of Taq
polymerase, + denotes reaction in the presence of 2.5U of Taq polymerase. Beads are
preincubated with (left panel) or without (right panel) Dpnl prior to amplification. Dpn
almost completely abolishes amplification of the bla gene indicating that the
amplification product observed derives overwhelmingly from captured plasmid and

not from captured primer extension product.



ol i gonucl eoti de. Active enzynme reacts with X creating
an ol i gonucl eoti de decorated with product P, which
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anti-P antibody). E The substrates (X) for the enzyne
of choice (white hexagon) are attached to a tag.
Active enzyne reacts with X c”€ating tagged product
(white circle). Product reacts spontaneously with a
sui tabl e scavenger nol ecyl e att ed an
olFigydnBERedeteetion ofiraptirsd IP&%"QEE'P'H Fig. 4. CST

sel ection for protein-protein interaction Ml ecules (X

& Y) for which there are suitable high affinity

r @bﬁnbbr@péﬂrﬂmptoote‘s’t alm E8Tepoisxyi hoﬂhablaémair and active Taq

attached to the t.wo,.ol | gonucl de ch: o
ARPBIGT el b Cts'fl%%b‘iei) hé@’é’}“aﬁ E"?‘ﬁ%‘agrﬁ il tstected by
Oip I eldaeti¥gomorashed b iilﬁadm—&l tes reaction
Ca&%?xgﬁl}i‘f}aﬂ%ﬂ%f@eb%’%% t}dTﬁel va hybrl)ygl Rl 2 elnc;esr

stimlthd atwentei of Q. AEmbr NER dén@f congd, halerotan epaghesy iy theiRspsence of
torY
{90%;9 S g‘rp (fird! %ng(g)o R sg;tggs'gq W {}Qw%fsgﬁ{i % Z?@?fu?éédr only in the

W &end TN TBsudstate.t abI e high affinity receptor

(receptorY) available is attached to the end of an
ol i gonucl eoti de, which is too short to stably

@&%F S ?wg ant lf‘hcgﬁoﬂ E3m@¥Berndf3fit of the bead wash fractions.

ears a captufe tag (e.g

bitpthdWs thhb’llilfri—ﬁgg@lt pl@ﬁmldSadhtlab inbh-zpebifically e tlpﬁ bedn but is washed
of two bait and prey f

Si r ot S
 caft plstentlay HieAREEBTS FRiRyS B §VerD b 2 FpTyiagh, wash 3 & 4
:@ﬁ?x, denotes a DNA bi nding domai n capabl e of
em(ﬁﬁé? Specific recognition of a suitable nearby
target sequence or capabl e of suffi ci ent non-specific
DNA bi ndi ng t abi t he co Ei PCR
dckiact 1 g cBuBtal B4 6 Retshier Pronecsr o prisefia L,

reaction +/- polynmerase in solution. Armunt of
captured plasmd is detected by PCR anplification of
t h@oﬂ:ttcﬂ garsngnt e@ttbgﬁ thab St sharks Dyita ot Plasmid ey agtive Taq

action in t he
yvétgraﬁ%g vn&g] gensr (éegllengee% ;Hglg S%Qtayﬁ‘f%fac%ﬁturéh plasmid is
POhERERBE PCR Ia.lfix‘iéhﬁcatlon of the bla gene directly from washed Dynabeads. —

denotes reaction in the absence of 0.25mM dNTP (final conc.), + denotes reaction in

the presence of 0.25mM dNTP (final conc.). Results show that plasmid is captured
only in the presence of NTP substrate.

Fig. 9 Comparison of capture efficiency of different polymerases in CST

A, B: Control experiment to test capture efficiency of different polymerases in CST.
Expressed polymerases and encoding plasmid derive from bacterial cells. Amount of
captured plasmid is detected by PCR amplification of the bla gene directly from
washed Dynabeads. — denotes reaction in the absence of 0.25mM dNTP (final conc.),
+ denotes reaction in the presence of 0.25mM dNTP (final conc.). Results show that
active Taq polymerase and the less-processive Taq Stoffel fragment and Dpo4 (from S.
solfataricus P2 (B)) are captured while the instable deletion variant Taq A442 and the



denotes the CST reaction captured on beads prior to
washi ng, "wash" denotes supernatant of second bead
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& oligo 3 (right panel) Amount of captured plasmd is
detected by PCR anplification of the bla gene directly
from washed Dynabeads. - denotks reaction in the

absence of 2.5U of Taq pol ynerase, + denotes reaction

in the presence of 2,5U of Ta ol ynerase. The resul . '
JRevenEaa 5l are nph deiwaest: ! e 57 631 ‘FHSS%‘F%@?% gldition of
t ' Lislkggs to. Fig. 6 PCR detection of
c%‘gﬁé;?’&é%ﬁggf%‘%yﬁ (lﬁjn T Control experinment to test
that anplification band derives from captured plasmd

Pgnth ST eGERS AERHLR MG merst EE24 S, % el pPBerases rag

réghicated in a damstrain. Anount of captured plasmd
is detected by PCR anplification of the bla gene
directly fromwashed Dynabeads. - denotes reaction in

t he absence of 2.5U of r

Bacti Ol e BPEE ied Bl RERRG, of alRidiImerase (Taq w)
Beaigactdeobyrgdrites PRAesl Wik BSTligtmufsiore Amamt of tdpoured plasmid is
(right panelg%onnl_ prior to an‘plific_?tion. n @I ggst hed
céatpited diyy PEIBolamplifisationy Iof fagta Of Jhe ot 2q 186N dregiy glrom washe
i Adi ' t A/ Lo ' r -gbﬁﬁ;,y[eg iked int
d@?’?@%éa%\% éltrqq/\hedmnzgl ?/aiolrtggntwﬁ gtta%%u&}r%dgg’r%élﬁi d and ng_tSpl oe o
f 1200 @R P 1008dexzessnef bastdrineippessipncbagét 1 26pHomgto Felga@rn. Taq6ll
det ecti on of captured pl asni. Il in T trol . .
eKPBRINSBA (UN{qyet thlﬁa{ge éﬁghgﬁ‘i REBGE 19 %ﬁf‘g‘ﬂlgﬁg% fmplification
a i Taa |?¥Hé“1 3s® pd8rBMI MAndubaiidd adiR rdaakl) are resolved.
cgﬁdg&gx\{n%ﬂn? g?@ aptLr edppl as%qri d ?s det eg?éed 1?t:;ly %’CR ) _
aRpEserfdeadttholovet bahd indictayshe ampwrs | Kagpt b gengaishibe amplification
DyR’r%ébeads. - denotes reaction in the absence of 0.25nM

d u%tF-i nal cone), + denotes reaction in the presence

of 0.25nM dNTP (final cone). Results show that plasmd

is captured only in the presence of dNTP substrate. )
Results show that active Taq polymerase is enriched to approx 1/10 in the 1/100 spike

and to approx 1/3 in the 1/1000 spike. As seen with CSR selection efficiency is greater
at greater dilution (presumably because of the reduction of the fraction of

compartments comprising two cells one of which is contains active Taqwt).

B: Control experiment to test selection efficiency of active polymerase (Taq wt)
vs inactive polymerases (Taq 611) in CST in emulsion. Taqwt are spiked into 1/ 10* or
1/10 excess of bacteria expression Tag611 a prior to selection. Selection efficiency is

scored by determining the number of active Taq clones (in PCR) post CST selection
There are 47 / 95 active clones after selection for the 10*-spike and 21 / 95 active
clones after selection for the 10°-spike, Taq denotes Taqwt control. Active Taq

polymerase is enriched over inactive Taq611 by CST by a factor of >10%,

Fig. 11 Discrimination of substrate specificity by CST



Ri ght panel shows control anplification from
super nat ant of the bead wash fractions. It shows that
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beads but is washed off efficiently while tagged
palsmd is not. (Wash 1 & 2 : BBB wash, wash 3 & 4 :
10 Tris pH8 wash). Fig. 8 &8r in enul sion: PCR
detection of captured plasmd Il Control experinment

tote t t hat CST Kk th th pl ' d ti :
Crpagh| osimeEt e gt Fap NP ORI Ao s P fifetiSes in CST
edég&?dn? on/\iBERite WpeGRBEHT @(p?ésé’&ffbglyh&rﬁ@i Q64 ashcbding é)lasmid

ification of the bla'gene directly from washe
D}enabeﬁdm bactdleaiot@ks rAsacwntonf | qaptuned alasatid eisofletgctodnpy PCR

R S R ey TR TR SEGHELB R OGP R Eprion i

'tﬁe %E?én'éEfo ®M¥M BNTRe(fidbe s&i0)e +oteribhesPreacthai irptie. presence of
[ ari son of capture efficiency of different

Fig. 9

@EW@EEE(MMQ@IC)A B: Control experiment to test
capture efficiency of different polynerases in CST.
Expressed pol ynmerases and encodi ng plasm d derive from
biét parie!  CBistSmirdtion of cqftumaqiﬁcﬁlenw il @STiid vitsich the CST primer
det ect ed, by PCR anp Ilflcatlon 21 bIa ene dltrectl

fhasra véaglﬁr@endg}m%éaag OBUE TP e a5e RepYIIrhoN b Tad mutant ML
aagﬁﬁfsoarp nc%aﬁ%%ﬂr fgt?-ptg ekbdnl Paﬂ'on‘r‘ %rlﬁ’)mer"beq{%ﬁgtaeﬁmtromdole in CST

nint ence of 0.25mM dNTP (final cone).
Resupdrad oltagwtt hapresously&ndag. pol ynerase and t he
| ess-processive Taq Stoffel fragnment and Dpo4 (from S.
solfata cus P2 (B)) are captured while the instable

dRiot i&a AH31:V aDisefnink@en 4 daptine e‘fi'ikﬁ&?cy' inTBT MewlidH dA TP i€ replaced
not". pture of inactive Taq 6 is rescued by addition

oby Md’gmms Shey phzalt yiag rratent( R2% showsimgich ncreased, although weak

S eI :Cglglggrf e%é‘a ?&ky n%gﬁ]?)%(tg%%pge) to 11?1%'61?85%[ | P{l?onucleotldes

Sﬁrﬁtﬁﬁdcﬁﬁn&fﬁswbﬁﬁfé{lcw active polymerase (Taq wt) vs
i nactive polynerases (Tag 6 ) in CST in enul sion.

Am)unt of captured plasnmd is detected by PCR

mg]zgﬁ b5 3G RNR Of s RSiniRfed o Bor A foB 0 Hifl 485 LNA BERELNA - non
biotinilated oligonucleotide with 44% LNA bases, DNA-B — 5’ biotinilated DNA
oligonucleotide (24G — with a G-clamp), DNA - non-biotinilated DNA oligonucleotide
24G. A. Calculated number of plasmid molecules captured with each primer, B-
example of raw data obtained with the gPCR.

Figure 13.. Effect of the extension length on plasmid capture with the use of LNA-
DNA oligonucleotide (A) and DNA only oligonucleotide (B). 0 — no extension, 3 —
extension by 3 bases, 9 — extension by 9 bases, 1000 — full extension (hundreds to

thousands of bases).

Figure 14.. Efficiency of the plasmid capture with the use of 5’ biotinilated primer
with a 108 atom linker betweed biotin and a base (B-108-DNA) and a 5’ biotinilated
primer with a 16 atom linker between biotin and a base (B-16-DNA). 108B primer 5’-
Biotin-108 atom linker- GATCTTCACCTAGATCCT-3".



Dynabeads. 1/102 and 1/103 denotes that bacteria
expression Tagwt are spiked into 1/100 or 1/1000
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selection. Tag | | contains an unique Bgl Il in the
anplified segnent of the Taq ne. Anplification
products prior to (left panel)” and post Bgl |

i ncubation (right panel) are resolved. Presence of the
| ower band indicates the anount of Taq gene in the
anplification products. Results show that active Taq
pigynedisa diheieffeetrnfitidhletgthof tmroweronitbe tapture efficiaroy.

spi ke and to approx 1/3 in the 1/1000 spi ke. As seen
with CSR selection efficiency is greater at greater
dDbidile® BedcPiptivd B tho/invesdsiie of the reduction of the
fraction of conpartnents conprising two cells one of
which is contains active Tagw). B: Control experi nent

t [ Gy ' Ta

oy Gt SRAIRAY b MBS Qo U YAERRMIRIBR (T2

emul sion. Tagwt are spiked into 1/104 or 1/106 excess

of bacteriag expression Tag a pri,or sel ecti on. s
SArediddn Berrlertany drerdins spa odeitfly ff nigheriy modifying an
nsIERLciebrigct i ve Taq clones (in PCR) post CST

selection There are 47 / 95 active clones after

selection for the 10 -spike and 21 / 95 active cl ones

I j far. . - S
o SDEE R 0 BF AL B ST AL GBI n

| supable \of direetlyl obihdEedilbinodiffiag tadroligonedlestideRigereih the method is
Di scrimnation of substrate specificity béﬁCST28 o
aenitdependsrpen ithepampleter replicagightof the ghigomuicleqtide grodifying enzyme

di | I jeng on substrate
s%‘]é:]él&?lg%g ?§%%§§§§86‘g8%§é€§§§§%§nd encodi ng

plag Provdibgr oneeof hore haclker acdd nosdedudes Anmthenforaf of parent plasmids
captured plasmd is det egt ed by PCR. ag%I i fi cat]i on.of .

t FHEOBINg QFERE TPTESIEYeS Pb AL h IS HiseRaient Plasiud preigdes the

r i ' fo s dNTP (final cone), +
dgﬁ“éisé‘@[*?‘é@a%‘??gﬁa?ﬁ@‘?%%y%ﬁé’gé‘ﬁ?‘g“bf 0. 25nM dNTP (fi nal

c@elompatmentahehg thowc plasimds iaoeordingc &ptstepe (a), such that each
oL e e By LS W SR BE T L8208 s encoe by
SeWI4sRAY afd@@nBizaAcld¥tide specific for a region on the plasmid according to
step (a).
(c) Providing conditions such that stable association of the oligonucleotide according
to step (b) with a region of the plasmid is capable of occurring; -
(d) Providing conditions such that modification of the oligonucleotide according to
step (b) using the enzyme encoded by the plasmid is capable of occurring and such that
the resultant modified oligonucleotide comprises a molecular tag; and

(e) Capturing the modified oligonucleotide/plasmid complex.

The method of the invention may be summarised in its simplest form by several steps:
-Expression of an enzyme of interest from plasmids, preferably in whole cells.
-Hybridisation of an oligonucleotide specific for the plasmid to that region of a

plasmid



di spl ays an increased ability to extend froma priner
bearing a 5-nitroindole in CST conpared to Tagwt as

w@e@gioewst y known. Ri ght panel: Discrinm nati onP@f/GB2004/004649
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capture efficiency in CST in which dATP is replaced by
ATP. Results show that Tag nutant R22 shows nuch

i ncreased, al though weak capt ése conpared to Tagqw .
R22 was known to be able to incorporate

| ModRe s ohiafigpriaieeaiadt B PR T B of TR
|—b@aﬂ%ﬁ%@ﬁthéih@dﬁedr&%oﬁﬁ&édtﬂ:b}pﬂﬁsﬁﬂd Olai tBOMdecIfals fage Wit h
44% LNA bases, DNA-B - 5' biotinilated DNA

ol i gonucl eotide (24G - with a Gclanp), DNA -

nan- bi ot i nid at ed [ - ' . A

C?IP‘S Hregfk"éio" fjﬁﬁ%@?”% h%% 5%%1&39%@?%%13 eeaguAr g}apt ured with

each prinmer, Bexanple of raw data obtained with the

gPCR Figure 13.. Effect of the extension |ength on
plapeitantya gheuvse ff plasmide to $¥PISss ﬁnwmnsmfglaﬁgﬁa Q5epg that such
( i i de- } hi ied
AR08, R, AAgoONS) 4 kg e macingy i
9 fhethe sxpré@h andfpubdessing efithe enzyrheiofingdest.t Therdforesmnelding to the

of bases). Figure 14.. Effjciency of the plasmd . .
capitied of dhe (pgention dherg: isping: FEAUISISHt pingfnéﬂf‘ 5§ poly i vitro
1Q%n@§,%gbmﬁg§5ﬁ&%g@§,g_ biotin and a base (B-108-DNA)

and a 5 I ni

biotinilatfed priner with a 16 atom | i nker
between biotin and a base (B-16-DNA). 108B priner 5'-

Bi ot i n-108 atom. | i nker- GATCIT AGAT. -3
FIRRINETISE BT REPIEHTS (PO (B Acy O ReP Sy Tigpy of the
t hgoiant WRee %{t&ﬁRﬁAﬁ’ng [9etinid geleftsiC hdiddonsia tihkar DNA are
i nvention. (A) GENERAL STRATEGYOF THE METHODOF THE

| VENOMENFy erantpdel thoin $iHeeHnsrssion] O PobMYASes (5l compartments)

capabl e. of dire rindirect A IR

olafPod% ﬁﬁ&egoﬁﬁéeﬁsﬁeng in |a{rl]s LzZ%p%%s%@%#%%lgﬁ?n system (ivt) in the

| preRhéOHE BibONY1stes naclsdides (Bioad NTPiereswtsecihitheinventars experience

enzyme capable of directly or indirectly mtgigfn¥i ng . an.

olin gigle beckerarad\adaasing ehibe depfsf; the linear fragnient With Bio-dNTP
regardless of the activity of the expressed polymerase and regardless of the nature of

the 3' end (5' overhang, blunt, or 3' overhang).

Furthermore the method of the invention has several important advantages over the

CSR method previously described by the present inventors.
‘An oligonucleotide’

According to the method described herein the term ‘an oligonucleotide’ refers to any
sequence of single stranded nucleic acid. An oligonucleotide may be a partially or
wholly artificial single stranded nucleic acid molecule consisting of exclusively
synthetic or a mixture of naturally-occurring and synthetic bases, any one of the
foregoing linked to a polypeptide, and any one of the foregoing linked to any other
molecular group or construct. Advantageously, the other molecular group or construct

may be selected from the group consisting of nucleic acids, polymeric substances,
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woredosoasoennpri ses the steps of: (a) Providi ng BPEEGBR004/004649

10

15

20

25

30

nore nucleic acid nolecules in the form of parent

pl asm ds encodi ng one or nore _enzynmes of interest,
wherein the parent plasnid prd¥ides the gene sequence
of the selected enzyne of interest. (b)

Qnmamrmntw|5|ngtho asm ds,acgor di .to t.e

(arictody ot PR AR TOREI, B Joeera Bffifpes such as

t?&gﬁ&g Ehla%’l? ORE A fBoBh&BL YHHSOtEIE qgl%l‘s hshefni@l reagents,
0

i gonucl eotide specific for a region
orbutding q:geats rsiich acmecrdeyviestand she hkg agccor(d@)g for o iipenton described

nditi ons.such that .stable associ ati o t he :
oI Uk A 88Ny e%lt of i %y #6° Iégpt?tt © rPmt?lgodas‘gr %paglr? ot specific
t G RAigioh Qyikts 2 GBEBR lod @bla&ﬁf&”dcbét@mg(td) thPrmvathell 6f the invention,
conditions such that nodification of th

0 Ieltgctrrpmlr eomodéicameﬁqhﬁ gligenusieapidg o sq!&?cwgn& teamedifigation of the

oded asm |

ﬁOIH‘fEtOYl?Pﬁ gkdrv (Ageous 3n gﬁ?&ﬁgﬁoﬁéegfgg g%{ zfcb&gg%rlg the method of
C Qlé@%n'véxgﬁmléls U&}JaEIélltJf &be%ﬂc/gh}lllﬁmﬁka(la) w@hlpxtregllopr gh;)nth&l?lg according
nodi fied ol i gonucl eoti de as cOo ex e 0
ofto tisanelhRrLe PNV PSS e G BTion e LSS AEBeE
form by several steps: -Expression of an enzyne of

interest fromplasmds, preferably in whole cells.
- ydeoiding@tthometivd afi thel prgp@nuuv@mbn,dbospskdleﬂum thecart Wﬂbappremate

I d f
C it egghn cuspRaisonde ewiEbfs B Bircarpspdy o prigiigreonditons

| NL8r 8 }he @épéoﬂfeﬁt of i 61igitiestitie. Advantageously, an oligonucleotide

ollgonuc eotide/plasmd via the use of the tag. The
mesuftatsde 6idr mhaccordmgmtbmmh@asd obtherinyentipmwill grgater than 10, 11, 12,13,

f eat use of plasmds to express
tN@'ia ng}gg SJ?Q é?mﬁgé {98t hat such expression may
occur mnthln whol e celI's which conprise all the

machi nery required for the expression and processing

of ‘Mddfiaation ofnrodligonudeaside. Therefore according to the
met hod of the invention there is no requirenment for

the use of in vitro
The term ‘modification of an oligonucleotide’ refers to an alteration in the structure of

the oligonucleotide. Such alterations include but are not limited to any one or more of
the group consisting of the following: extension of the oligo (either 5° or 37); ligation
of an oligonucleotide to another entity, in particular a further oligonucleotide;
phosphorylation of the oligonucleotide followed by tag ligation as herein described,
conversion of a entity linked to the oligonucleotide to a different entity, for example
conversion of a substrate linked to the oligonucleotide to a product; attachment of a
molecular group to the oligonucleotide, for example H202, HRP biotin tyramide; the

modification of antenna molecules/scavenger molecules linked to the oligonucleotide.

According to the method herein described, modification of the oligonucleotide may be
direct or indirect. However, in either case, it is an essential feature of the invention

that the result of oligonucleotide modification is that a molecular tag/capture tag is



trancsription/translation systens. Furthernore by
expressing the enzyne of interest fromplasm ds, nmany
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met hod using |linear DNA are overcone. For exanple, the
in situ expression of polynegﬁées (i nside
conpartnents) froma |inear fragnment in an in
vitro transcription/translation system(ivt) in the
pﬁl@&?ﬂ&?&doflntg 'ﬁ oY, oﬂhagotmé(:l'ﬁ% Sl B! Qag%}lﬁa}e tag allows the
res , In Inventor' s experience in
bsubkeguentrptufre bfihg ienzyned/plasmadBligemadeatide tchmpqun ear
fragnent with Bi o-dNTP regardl ess of the activity of
the expressed pol ynerase and regardl ess of the nature
O folddBlaB taRNd wem?yer hang, blunt, or 3' overhang).
Furt her nore t hod of the invention has several

[ rrport ant advant ages over the CSR nethod previously

cri sent .inventprs.. ;AN . .
of G R dY o RAE SPtteriaf AL e Sese Bting duetpog gfincorporation
hef BbRciilBetags > adBligbri@ated ebotdifs to gikefivention @AM depend upon
sequence of single stranded nucleic acid.

othe gpeonsetics of theeenapme péinderpdr ti al |y or whol |y
artificial single stranded nucleic acid nolecule
consi sting of exclusively synthetic or a m xture of
ngj Mgdel! yiuolestidesiohgomitdeotidert heti ¢ bases, any one of
the foregoing linked to a pol ypeptide, and any one of
the foregoing linked to any other nol ecul ar group or

C?&SE)Hﬁ‘fﬁle AORNE QS(HQ{S ¥ e é%kh?l o&th ferBR| i@CéJWAgfo@#Herase then

or construct nay e sel ect romthe group con
ofncompotation odoorrésqr rmrbya’ged nudubisiesamteme:ﬂ qmelrdf it DXA sequence

beads, for exa rene be net i

S TSEL i BIOBERE decRtish e Lo UG e aigehe Bebiielgment using the
f DNQY pRyRIcESe. (Furih%ﬂﬁ&’e' in th@ORk hat S-SRk of ‘ﬁ?ﬁ&%@tt i8 a ligase, then
bi ndi ng”agents such as macrocycles and the |ik

Atheaneleegart tag u:hmcomeamd ot ﬂlesdlrgpmédieqmép efumthedmatlon of a second

| eot f Use. accor 0,the net
cisae Bbefilsafing FE o BiRGREphdn bR PRI il e plasmid
Ph@SHiifl &f Rl idvadioh0 FaflikeriBid) o8l tef cdsh tht RMEBhyARe of interest is a
either prior to nodification of the oligonucleotide or

s Dolyeepleatidet bnn@duthm anqospprafion 196 d|mejesile &gt jogeurs via the 5°
Ag}\{(%%ﬁg 1?)# g 1@8019 lof g%@&%h%(l}tgbrqlfcléo?lrde Wicifb&as g'nﬁ@ecular tag.

Those skilled in the art will appreciate that this list is not intended to be exhaustive.

In the case where the molecular tag/capture tag is a tagged nucleotide, the nucleotide
triphosphate mix within a compartment according to the invention is spiked with a (or
several) nucleotides modified with a molecular tag, e.g. biotin-dUTP. After extension
and incorporation, the plasmid-oligonucleotide complex becomes decorated with tag

molecules (e.g. biotin), allowing its capture (Fig.1, 1B).

Tagged nucleotides themselves may be unnatural substrates (such as e.g. an altered
base like 5-nitroindole or a ribonucleotide) and thus their incorporation may select

directly for the sought after phenotype. Alternatively, incorporation may be an
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wWth a region on a plasm d according to the nmethod of
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ol i gonucl eoti de. According to the nethod of the
present invention, those skilled in the art wll
appreci ate that the | engt h of3%l i gonucl eoti de suitable
for use depends upon the selction conditions and al so

ontent of the, ol oti de. Advant agequs!
AT PRA PopPRALY I 4TS oo trin condR o FE o extend
WF&B&@c@%’rﬂﬁ invention will greater than 10, 11, 2
, 13, 14, 15, 16, 17, 18, 19, 20 nucl eotides | ong.
'Nbdlflcatlon of an oligonucleotide ' The term

"oadifica n_ol i gonucl.eotide: ers

aﬁ)l@:bet CFF?I ??\gé? capirfe em%lflg? :l?é()%&’l é%oﬁ%%elneo{ﬁg}e) fluorescein
%@mﬁldﬁ%@p’h@m (DNP) eele, Whith Birebéedptirediusiag avidiwtyeptavidin or
one or nore of the group consisting of the follow ng

esuitablsi amtibodics. h@ltq;natg@ly( dhe n@qlecgldeomag b)a meqifed ite ,qlsa}ay a free

fa%P’?llﬁl ) écg:cg.\a 80 ?é)e% il gﬁg cf&({l ﬁos@?{ﬁ:ﬁs‘}bﬂ MthQ suitable

Ofap JTHY$6 Elembdl dﬁthé att |vﬁmﬁp1’e§aate&13atlthlg disi ismotimtdmdediorbe exhaustive
descri bed, conversion of a enilg%§llnked to the

oMdgsitLRe avware gbother syitaple moleewlar &4gsi t v, for exanpl e
conversion of a substrate linked to the

ol i gonucl eotide to a product; attachnent of a

nivfuitiplé aagsgnay pfferothe fwssibiiligonﬁtwte ¢oni welti-F step @nlamm @d selection
H2C2, HRPblotlnégram e: the.nodi.fi,cati on of tt fur
nEADERGH. @ CaREIPSERRes it edmbnatiqn; of el lqnjgquirenients, €. capture

oLl'l %‘fl%ﬁie@ Q&tlihdﬁ or AC6PLI8MAtEChRs Wi AhdBd oPloRichles with A but not
descri modi f1cation of the ollgonucfeotlde may be

dBrect or indirect. However, in either case, it is an
essential feature of the invention that the result of
ol i gonucl eotide nodification is that a nol ecul ar

t PRYLRRINKE] foWighidedtine @5 RRUPIPELdgnt O t he
ol i gonucl eoti de. This nol ecular tag/capture tag all ows

the subsequent capture of the

SBT3 HAS STl RGBS e it o e

apfléiohabe ehbahest heiche et Wieafy tohea rmibbtmaie ofnolecule linked to an
i ncor poration of nolecular tags in

oPligrsniglepads ArfbCuvER toRmh & YR T —— aljayss fpture of
uﬁl%npr'bHl?cb%ﬁg&ﬁ{ciéoﬁﬁe/ﬁfasﬁﬂieccﬁﬂ;ﬁXﬂel‘ fs 4cB6B{HESfo- this embodiment of

the invention, the capture tag/molecular tag is the product linked to an oligonucleotide.
Enzymes for selection according to the method of the invention.

The present inventors have found that the method of the invention is particularly
suitable for the selection of enzymes, particularly nucleic acid processing enzymes
which have any one or more of the following characterisitics: low catalytic turnover,
low substrate processivity, nucleic acid processing enzymes which incorporate
modified nucleotide substrates and polymerases with a high-error rate (approximately

1/N errors for a polymerase gene of N bases).



(i) Tagged nucl eoti des/ ol i gonucl eoti des For exanpl e,

in the case that the enzyne of interest is a DNA
w@oedognesoase t hen i ncorporation of one or nore PELGBAN04/004649

nucl eotides into the 3 end of the DNA sequence is

used to incorporate a capture_tag/nolecular tag into

the genetic el enent using t he3HNA pol yner ase.

Furthernore, in the case that the enzyme of interest

i ase, then.the nol ecul ar .t ' anor ora

Sl aien LI EBor H9nE (e PirEioRidis S ERRIRIg g gy one or
L RGRedr Ghd dsgogé%keﬁoﬁbﬁiletﬂeo gldlf QInkBeR Q)'fetﬁé |fGH0\>M?1IgC Mutkic acid
associ at e he plasnm’d accordi ng

i proecssingrenzfines, lepryroesewhich ach encmseortlhone ﬂh@%?ﬁz?ﬁ@“@*elc acid
|ntErest

I
i ITRBFa5EY Q‘l—“'i’tolﬁ %Tz oy é)ﬁﬁl)é[mvo 54 o c d nga?cv acid tpﬁocegsmg) enzymes

5  PRARACHYHAhicORe %ﬁvﬂt)& Gftreplicatds @hﬂeﬁoeﬁlzymes mdlrectly involved in
olldonucleotlde whi ch bears a nol ecul ar tag.

shidl¢ie dcid prodeesing)t emwmesa’ﬂpﬁleeqtalﬂréctbh@t a ﬁlkhsga‘leu%qle@%e linked to
not J.nten t

A8 8 é%onucgggde/ \g'ggr ﬂlﬁﬁég?}ggoﬂu\@emlhg ést e al?f]lgz) gi(’g‘i??erdﬁs&{qﬁleon with a
Niegloodf ﬁplatrhicpé‘rmsoiﬁgttﬁatmmzym tabcmdmg ao rthmntethadtof the invention,
according . to the |nvent|o IS s Q& B Pé I leotid
s eNAYPEP Whihcack Bdiraelly Qrodipy yhsisaealprile [feddophp igogycleotide.

10 €9 bi oti n-dUTP. After extension and incorporation,

the plasm d-oligonucl eoti de conpl ex becomnes decorated
WStuItabﬂa@ualBiceanM @sodessing ehiym&snjo,r wek | apednding tos theapiethod of the
(Fig..IB) gedncleo sthe el ves may .be o
LY BRSO TRt e rRmIIE Eou p i g5 dhe following:

| doficaed ih RN ORA RpliéReNUSNACk#MA) FOVA Hdasks, bbBniicleotide

i ncor poration may selecP diréctly for the sought after

pkawasdsype. Alternatively, incorporation nmay be an33

i ndi cati on of polynerase activity under the selection

conditions or an ability to extend a nodified 3 end.
i paR]calaftt SC Ud akefiRGSY GRPidkcBohaYS dlmbmd@ itk rare naturally

d|gOX|gen|n (DG, fluorescein (FITC), n|tro?

( DiNRjbusive or pvml}CNOQ%ﬁIVB,eSUéb B8 W@@edsqfﬁbe polY or poiX famﬂy or low-

%{og:%%g\%fyv\é Iaﬁt\”o%' hl%‘l ué:r Ltvgg pﬁa@ﬂ%ﬁs@ggﬁ as tge Stoffel fragment of

diTag |p@})ynﬂ3risfeﬁﬁ TNDNA gdilmlara(séxlﬁ'ﬂ?)he abkérch of almotbdoxm Alternatively,
specifically npdified post extens on W t£$,§ Sui

20 t §igrtineHigemm aS}RgIPIV@GtIquBIt%EI'OS?SﬁlVWHO fr@ytqi]gt)v evolutionary
thbRelohRE tha Bt pdgtifasedat %aﬁ%tEWgéEﬂy &educed turn-over and/or

processivity, such as are likely to be encountered when making changes to substrate or

15

extension chemistry.

25  CST should also allow multiple rounds of selection to be performed without the need

for reamplification and recloning, reducing both time and the level of background

mutations of the selection process. Together with CSR and spCSR , CST should

provide a full spectrum of selection stringency for polymerase activity and processivity

ranging from distributive single turnover catalysis typical of polY or polX polymerases

30 to the highly processive 1000 bases/ sec catalytic proficiency of the replisome



and w Il be aware of other suitable nolecul ar tags.
Mul tiple tags may offer the possibility of two (or
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schenmes with conbi nati ons of selection requirenents,
e.g. capture all nolecul es mﬁ# A or B, or al

nol ecules with A and B, or nofecules with A but not B
Product-linked to oligonucleotide as a capture tag. In
apﬁgrtyer preferred enbodi nent the nethod of the

. midas .

invention may be used for the selection of enzynes
which act directly on a substrate nolecule linked to

%ﬂi&q{egﬁg%%qg g{iﬂg; agqrag%iag rt]%/ g;%:raétggg]p% &qgnggn?igg%ill be familiar to
REOLUGINE imaRE YR Qﬁ(nf%rqgée%ﬁfmhgy GRIME &¥nall[MYshids, in the order of
thi's enbodl nent’ of the

according to t he i nventl on,

clagst thae 10D/ amal bavd arhiglagopys ntunbenp rSodn glasmidk éntluds but are not

ol i gopucl eoti de. Enz for. sel ion, accardi.ng.io.
ChraGELiorasd G oF mert Al B Avingr otk BEBHS STy alhF gy ition such as
hawy&afieddnd pUica b BRAG2 P dred 184 ot precyayent i on i s

part|cularPy suitable for the selection of enzynes,
particularly nucleic acid processing enzynmes which

have a 0 or nore of the foll ow ng
c %’Pﬁ%’?’éf’f@(’i"ﬁaﬁap‘f“ @ catal ytic turnover, |ow

substrate processivity, nucleic acid processing
enzynmes which incorporate nodified nucleotide | .
sTiss micseeapsulerd of Bieyireseak Benlionreguirg apRrapiale Phytieal properties to

(ﬁPﬂ?‘é%ﬁégg‘%’%%&M&{s for a polynerase gene of N

bases e enzynes for selection using the
met hod of the invention include any one or nore of

those selected fromthe group consisting of the

t BFftolpi srgureribel tbe ORI GEL a BeechofHhES may fipf ifduse between
V‘Qﬁfﬁ&agﬁflesf’ %e%ﬁteﬁfs ITRE& DHPSdap&IEmust b 1e6RH oAt tHe contents of
replicases (that 1's, enzynes indirectly involved in

nthe | sairouradingl nicrocgsslesiglo, thenthene s nhioe Hitdo duthange ofidhe genetic
activity qf replicase that,is,. enz s indirectl

i HBFYE ng‘?ﬁ‘ﬁcll’rgﬁ%‘:%%\i’leé"eﬁ? o%%égﬁcf?éf,s% z?/%stkmf%%cale of the
agiheflideCt |y on a substrate nol ecule |inked to an

ol i'gonucl eoti de wherein the oligonucl eotide is capable

of stable association with a region of a plasmd

?ﬁ%&ﬁ{l,?%ﬁflﬁ‘&ﬁode of ﬁl%epr%sce(r:no {n%ie&%nt 1%qttlip(3% iR ﬁ]lgl% 8{3 ogi'}? one type of
genetic element per compartment . There can be multiple copies but they need be
identical, i.e. each compartment contains a clone (one or many copies of one genetic
element A but not a mixture of genetic elements A, B, C etc.) of genetic elements per
microcapsule/compartment. This ensures that the gene product of an individual genetic
element will be isolated from other genetic elements. Thus, coupling between genetic
element and gene product will be highly specific. The enrichment factor is greatest with
on average one or fewer genetic elements per microcapsule, the linkage between nucleic
acid and the activity of the encoded gene product being as tight as is possible, since the
gene product of an individual genetic element will be isolated from the products of all
other genetic elements. However, even if the theoretically optimal situation of, on
average, a single genetic element or less per microcapsule is not used, a ratio of 5, 10,

50, 100 or 1000 or more genetic elements per microcapsule may prove beneficial in



enzymes which act indirectly on a substrate nol ecul e
l'inked to an oligonucl eotide. Suitable nucleic acid

w@e@ses®rng enzynes for use according to the nethe#20f/004649

10

15

20

25

30

the invention include any of those selected fromthe
group consisting of the follow ng: replicases, in
particul ar DNA replicases; DNR |igases, RNA |igases,
pol ynucl eoti de ki nases. In particular CST is useful

for. the selection ol ynmer whi ch, are nat ur.al
d;pg{n,g, algrgeibrary. p%lgf»qqg\ ?/rgggigg?‘ggmnguleﬁlugglgﬁgm n8¥psulat10n
Btetin geﬂ&h%elfsﬁ‘lghtl &istﬁbuﬂx&y\@ﬁlﬁcﬁe‘iﬂwﬂn&é é’cﬁﬁ%e’xilﬂts&tlﬁé of the

| procgsswmy pol ynerases such as the Stof
fgmgnsﬂmnmﬁsTaq pol ymerase or T7 DNA pol ynerase in the
absence of thioredoxin. Alternatively, starting froma
hi ghly active and processive pol ynerase CST may al |l ow

eMRAdU ihed A¥tide ahE€ e0Edmositidat ofathe riefuehpubd nbdt Mot abolish the
vari ants of greatly reduced turn-over and/or

;ﬁl@@@gg}f\thq machingrh thesexprassipn @éﬂy gegetifeclements ard thedctivity of the
when |ng changes to substrate or extension

H8 ang? CST should also allow multiple rounds of
selectlon to be perfornmed w thout the need for

reanplification and recl onin red th tinme an
t Genspeugatly.@ny Mé@@@?@ﬂﬁ&a@?&tsﬁg{}?@ﬁée fnugthfgﬁ'ﬁ dhese fl}rgenrequlrements

PG %ggopg @gss tgr?lgs% A ﬁ@pé&ﬁ BB precise hafROUE ﬁlle requlrements

provi t|on strlngency
pxﬂleymp@a&tmtdfvhetmvmdn,ps odb be apparent tathgiskiged pe:rmn

di stributive single turnover catalysis typical of poIY
or pol X polynerases to the highly processive 1000

leﬁ%ﬁaé vﬁf?%ﬁ %@hﬁ&%%ﬁ&pwlﬁfdn%rsm&f aré BeailaBR! (lséeonaﬁfa 1996) and

asm ds itabl e plasm ds for use according to the
nmajn belused to heeaterthe nti¢roeapaiiles ussd in agrordamee withttheprgsent invention.

“Fitehf b 5 250 B RECE it Bt R i e
hmgﬁugr@@ymayrfggg) Such plasm ds include but are not
limted to any one or nore of the follow ng: col El or

p 5 orlgln of repllcat|on such as derivatives of pUC,

{I}PE ;(/%%ﬁsr% rg% aps Fl%%gg aqueous vesicles such as lipid vesicles
(hposomes) (New, 1990) and non-ionic surfactant vesicles (van Hal et al., 1996).
These are closed-membranous capsules of single or multiple bilayers of
non-covalently assembled molecules, with each bilayer separated from its neighbour
by an aqueous compartment. In the case of liposomes the membrane is composed of
lipid molecules; these are usually phospholipids but sterols such as cholesterol may
also be incorporated into the membranes (New, 1990). A variety of enzyme-catalysed
biochemical reactions, including RNA and DNA polymerisation, can be performed
within liposomes (Chakrabarti et al., 1994; Oberholzer et al., 1995a; Oberholzer et al.,
1995b; Walde et al., 1994; Wick & Luisi, 1996).

Preferably, the microcapsules of the present invention are formed from emulsions;
heterogeneous systems of two immiscible liquid phases with one of the phases dispersed
in the other as droplets of microscopic or colloidal size (Becher, 1957; Sherman, 1968;

Lissant, 1974; Lissant, 1984).



The m crocapsul es of the present invention require
appropri ate physical properties to allow the working

wobooshesornvention. First, to ensure that the gRPOFGB2004/004649
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el enents and gene products nmay not diffuse between
m crocapsul es, the contents of_ each m crocapsul e nust
be i solated fromthe contents>of the sur roundi ng
m crocapsul es, so that there is no or little exchange
of the genetic elenents and gene products between the
m crocapsul es over the tinescale of the experinent.
568N W BBtReHced fdae aRy GsREble icoH®iHation ofeigumiseble liquids.
that there”are only one type of genetic elenment per, . i
Ryeforablyrthetemulsiorepfthe aresprt invantipp has watsr éeonfpiing heybiochemical
need be identical, i.e. h - ' :
drBwereuncope iy g B GF ABEERITAVERLIARIS e disperse
Naterral BF WisvbRin@busOstaesd)i del leyiesphebid, innisCiblt Bquid ¢dn ‘oil’) as the
genetic elements per mcrocapsul e/ conpartnment. .This
anetikds Whieh thepedgelets ¥e saeRdesk (thanereispeTsg cantiggHs T external
e n . - 20 d

1ES St oG O LERES BTN B OF 1T fas TR that he
penbiekl Gueoiis phdze cohghling teeiddhemical kemponentshiseompadwentalised in

is greatest with on average_one or fewer geneti .
ol e o R el A A b ropbebic o

a%éngraﬁg QOlt)thﬁﬁ A6id HithdbiBlhehliGal 8OEACIRAIHRA BeRicas ekt
b®i ng as tight

as i s possible, since the gene product
of an individual genetic element wll be isolated from

the products of all. ath tic elements. Ho er .

e R St B0 o SR o BUEY e A Rcive age
aNRFAGSts)2 RBObRfLanRtdre t&ﬂn@@%ﬁﬁllsﬂ?ﬁdg%‘g&n@ @hd act at the water/oil
m crocapsule is not used, a ratio of 5 10, 50, 100 or

1ide9faoe tovprevenjenrni lsassidelrphsepapsiipn wif dheophasen| Magypils and many
g%}'g\g/lg'a‘lggsﬂt%% gllﬂegglgéd’] ?igr S‘cﬁ{ It é?g’graéoxl %9 glatelr-?ﬁe-ﬁgz\graulsions; a recent

of "so I'hcluding

epsiARibAtlised ¥ N 600 erfab@ngefrhy ofelkioknie used as emulsifying
distribution, wll eém't mpre stri ng%‘gnt .sortin

t hgentselAshiand disbrkd38 s . Surtablecpils ppedudeoighh hifs mihera i and non-fonic

CORRERu S5l 1] S0 B0 b BT st

0psI9bt yettBlieribisananshooteated@ieen T \80pICH he gene

products.
The use of anionic surfactants may also be beneficial. Suitable surfactants include
sodium cholate and sodium taurocholate. Particularly preferred is sodium deoxycholate,
preferably at a concentration of 0.5% w/v, or below. Inclusion of such surfactants can
in some cases increase the expression of the genetic elements and/or the activity of the
gene products. Addition of some anionic surfactants to a non-emulsified reaction
mixture completely abolishes translation. During emulsification, however, the surfactant
is transferred from the aqueous phase into the interface and activity is restored. Addition

of an anionic surfactant to the mixtures to be emulsified ensures that reactions proceed

only after compartmentalisation.

Creation of an emulsion generally requires the application of mechanical energy to force

the phases together. There are a variety of ways of doing this which utilise a variety of



Consequent |y, any m croencapsul ati on system used nust
fulfil these three requirenents. The appropriate
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the requirements in each application of the invention,

as wll be apparent to the skilled person. A w de

variety of m croencapsul ati on3§3r ocedures are avail abl e

(see Benita, 1996) and may be used to create the

m crocapsul es uysed..in accordance with. the. presen .
RO B o Rt dRacig ST oD 65 RIS HE RRE b Py s and turbine
NBiRA0Ba i §evt@E And FRIkd) hdifodeRisbR§includRigabidk Statdrihbeidgenisers,
1993) . These i ncl ude nenbrane envel oped aqueous

viegh-pressures wellve Aombppgriisers,ansi jot bemoganisersd raodlpid( gl ultrasound and
1990) and nonzi ani,c_surfact.ant Sy Hal et
amefj)bi%befn.u?%céiggn ?F s @5 e ’nléﬁz’f‘?\‘%léﬁ‘gmfsgggﬂ [ es of

single or nultiple bilayers of non-covalently

assenbl ed nol ecul es, W th each bilayer separated from.

i Aquepss ghtTecAPsWs formead)inewaisT-wopib amilsions are generally etable with little

of. |ipa t nr j i10i . 1
ol bhREGHRRp 1T oBRES, BBl SOTRAR hoRlcty 'Ehtecn, migpeapsules
syaditiagallgh Ghee Sty demomyratedsthabeeveral obipdreatiead readtions hgoceed in
menbr anes (New, 1990). A variety of enz -.cat al

sed
bemelseRmugiocansales i Dhrctechnolagy eIk tRIIEAL S it volumes all the
p | Rahd?A; BT ds QI TR Es Mdehirn1997P SRQHRS, 1968; Lissant,
(gﬁggﬁgtégé#ﬁgﬁcg.., 1994;5Cberh% zerret aP., 1995a;
Ob@dh hiszet, 84kl ., 1995b; Wal de et al., 1994; Wck &
Luisi, 1996). Preferably, the m crocapsul es of the
present invention are fornmed from emul si ons;

h?ﬁﬁ bRESABAHR ret¥ SR Bz O ill Varyl dEBERIM@tson! the Prétisetegfements of
wi th one of the phases dispersed in the other as
demyplietivdes] seiections pogricss rat doltp dred aprfenmed gmerdng fo the present

1957; . Sh n, 1968: Lissant, 1974- 1] .

E bt BBt onh R o e 1904 s,
C QUairb @ e hu9hnint iaAANSE rdaubred icantedBatidnr 6f esrapdngntshia the individual
emul sion of the present invention has water

( ouerpedpARlpgtotarieys efEpient realivity RHHIR ERRIIOAYCY- he phase

present in the formof finely divided droplets (the

di sperse, internal or discontinuous phase) and a

hyxdpeieigbbic thei appliccibh) the imegtivdlufreencf the ijroespstleeis less that 5.2 x
matri x,in which these droplets are susfpended gt htﬁ
ndfd BpdFyEespensing 9 iotpdenral Sisropapsple of diameter less than 10um, more

preferably less than 6.5 x 10" m? (5um), more preferably about 4.2 x 10" m® (2um)
and ideally about 9 x 10" m? (2.6um).

The thermostable emulsions used in CSR or emulsion PCR have a mean diameter of

15um and this may be required for proper activity when compartmentalizing cells.

The microcapsule size must be sufficiently large to accommodate all of the required
components of the biochemical reactions that are needed to occur within the

microcapsule.



phase). Such enul sions are ternmed 'water-in-oil’
(WO . This has the advantage that the entire aqueous
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conpartmental i sed in discreet droplets (the interna
phase). The external phase, being a hydrophobic oi
general |y contains none of th¥ bi ocheni cal conponents
and hence is inert. The enul sion may be stabilised by
addition of one or npre surface-activ

(I§L}]a$ g%spagft(;%T gansedld expFessed: yme gfeecglggﬁiggc{ 1Sising cells containing
ofo%hfég ?é‘gﬁﬁﬁﬁ ﬁfbboam)o@d cdpi@ ofRbBfePisk ahd Eﬁfsfaﬁ@ﬁnulsxﬁed

to prevent | east del ay) separation of the
ploasempldbsiyg bi Taq bufter ey mMrdNEPicprgestration final.used f or
t he generation of water-in-oil emnulsions; a recent
conpilation listed over 16,000 surfactants, many of
V\bgi%;hu%fe%ttyéﬁ B RO Forhith$ an @ ilﬁ(rﬁﬁ&komd Ash,

19 Suitabl e oils include |ight te mneral oi
and non-ionic surfactants (Schick, 1966) such as

rbi.t.an. nonog
S SRoR PR B ot TR O P Reion dOABIA DNA gpd girapd invasion
Thethe DEgSuchidtiad ks ameal Rcsrrnifahenayo afranishd thenetted da;blcx DNA
Sui tabl e surfactants | ncl ude s%gpah1cholate aan

CHhubblehcTIs Btracoeterep e 1) aprBh it IR GRogtseion h DNA polymerase,
Sv\flgfé){cclaﬁleﬁfeﬁd io ﬁél‘e}{l@l% the #;mgla?é)%@t kSWHKh Bk Hige™ annealed)

bel ow. nclus Ion o surfactants can i n
sontH tiases diplex sgim (ohfurteptheaghotrand displeceyesnt). i ¢
el ements and/or the activity of the gene products.
Addition of sone anionic surfactants to a

ngg sﬁ{(wtl M tHeCk afpRss! élﬁﬁlﬁbl’fédﬁﬁ@lesmﬂxﬁrﬂhz\éu@b% lagigst sequence

trans iton. During emulsification, however, the
spuolviates sufficiest statsilityffer captire pﬁthetohsoaéﬂ&m@ gorpplgx aftprxgension
the interface and activity is restored. Addition of an
anionic surfactant to the mxtures to be enulsified

eRaHb&S tdchAblofiRRGré AVEilMOGE Eilcrendey thf Et@blhty of the oligo-plasmid
conpartnental rsation. Creation of an_enulsio

georeplek (Kigr b)qnclpé@gtsp@eggﬁﬂ capahle gﬁm@iexlﬁgg}qgmn@ the use of modified

0 f rce
CBrREy O GlBobiRyBIAEERet 890 R RIS, Sof g 0. A
o{reB, ARGl getlucléetdedqdshiliane B Corey 9&); inchiding BYARPNA or DNA-
magnetic stir-bars, propeller andturbln

paertids lbyide dSorey ow‘éwgqss liplgpg gléwgs@ra? i irebud‘flﬁ%aiatwely, the
hgl Bidizi Bg ol éo@%&?gghﬁg e dedi] a@rae‘fii’ﬂﬁék Fﬁ)‘b@e Landegren ) with a

geni nogenrsers), coll
Uldt:ﬁﬁ?éélosd:qderﬁa Gap between the two "sticky feet". Extension, followed by ligation

would generate a virtually non-dissociable oligo-plasmid catenane.(Fig 2)

Duplex melting, strand invasion and hybridization may be facilitated through RecA or
the use of so-called "PNA openers". For example RecA together with aS-ATP has
been shown to promote the formation of a stable nucleoprotein complex with a single
stranded biotinlylated probe and homologous sequences in circular double-stranded
DNA (Hakvoort et al 96, Zhumabayeva et al 99), which can subsequently be captured
on magnetic beads. This technology has been applied successfully for the isolation of
cDNAs. Short homopyridine PNA oligomers are able to invade complementary
sequences in duplex DNA yielding P-loops (Nielsen 91, Demidov 95) and these can



"menbrane enul siflcation' devices (Becher, 1957;
Di cki nson, 1994). Aqueous m crocapsules forned in
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little if any exchange of genetic elenments or gene
products between nicrocapsulei Addi tionally, we have
denonstrated that several bio %enical reactions
proceed i n emrul sion nicrocapsules The technol ogy

exists t reate.enmul si 0

% o D AR Bioiolorth it pUiey Biva (Mot Ba). An
198 strah€ bp@iing 2ed6fons latéﬁn@ﬁ"tatecﬂﬂ]ﬂegahlvs St&}iﬁcom@lﬁ)plasmld DNA
The preferred mcr ocapsul e size wl| vary depend

ng

Ut leret spmearadse arplicallfrionan-siperaied Heay darhie- ‘stranidled DNA.
sel ection process that is to be perfornmed according to
the present invention. In all cases, there wll be an
OPhdsenrkilledliankeab etilMappregiatecthhi thewrmay bz ether meesthods of achieving
reqU|red enrlchnent and the required concentration of

#nersylti n the individual nicrocapsul es to achieve
effl cient reactivity of the gene products. Dependi ng
on the application, the nmean volune of the
nTag Cepaasell es is less that 5.2 x 10 16 3,
(corresponding to a spherical mcrocapsul e of dianeter
| ess than On, nore preferably less than 6.5 x 10 17 3
( fograd }ésﬁhpb'ﬁ dhueledtidelcdiipleR ré dadEmination
|Jggg§%|e§%§a§?‘hgogt1 b m (2. 6. The L poiple® recime
eofitagiroodified sdmplexesRoor u@mmﬁf:@ sompRRxpaldsiag gppiapriate washing

ggﬁﬁqﬁ{; (b A e TR G RGBS B R RS oration.

m crocapsul e size nust be sufficiently large to

accommodat e all of the required conponents of the
biTbesseskilbed in thecart ovill apRErcialy Ehah dbeipEpctss drialsr olwfagngapture will

t H%pe%q gﬁ W Héltﬁreso% th@ tz%é; ?gf ﬁaﬁg ﬁige QQ{EetélQ{]ﬁlle capture tag is a

’esse enzyne are co using ce
cpridactroMmbe de@ffrE:Qﬁ intefesB<atafyspd pemntich, theh(Bg c4ORANay be brought
copi esof pol ynerase and eIIs are e ied for

eRROH)| Wi Fg antibedy BRRC o g

Qﬁpexéz HYRYG tﬁfgd'o%%u@gmlum ZAtddeadd or m ngan

|C|a pri nosone Idi zation requires the
openlng up of a region of duplex DNA and strand

| lﬂr}/aﬁl cases, it is important that during the washing process, required to remove
untagged plasmid-oligonucleotide complexes, such complexes remain stable, i.e. the
non-covalently associated plasmid and oligonucleotide do not dissociate. Washing
conditions may be adjusted depending on the type of plasmid-oligonucleotide complex
such that such complex is stabilized, e.g. low salt conditions in the case of PNA-DNA

complexes.

Under appropriate conditions such complexes can be very stable and have i.a. allowed
affinity capture and recovery of microbial DNA at femtomolar concentrations even in

the presence of an excess of exogenous DNA (Chandler et al. 2000).

(B) MODULATING THE EFFICIENCY OF PLASMID CAPTURE/SENSITIVITY
OF THE METHOD.



of the oligonucleotide to anneal to one of the two
strands of the nelted dupl ex DNA "bubble". This

W@ Rososwre can then act an artificial prinmsoneCT/GB2@4/004649

10

15

20

25

30

DNA pol ynerase, which can extend further along the

tenplate strand (to which the oligo is anneal ed) until

t he next duplex region (or f urdlher t hrough strand

di spl acenent). As shown in the exanples, sinple

ol i gonucl eoti de hybridi zation to a target sequence

provi des sufficient stability for capture of the

Ol7130pREAS ThkfRTH0X FRifofhe®%kRASVO EXYE NS aimed at optimising
technol ogi es are available to increase the stability .
ofcondigions taybrprbes theefontiesf plasmid gaptyrp@nd dhergfore enhancing the

sequences ble. of Lriplex formati - L use. .

oarran paBBl oot et sieroRa e QPiegbREj G jy Examples 10
Giglhamegeid. Mat t eucci 99), LNA (ref), INA (ref), hybrid

ol i gonucl eoti des (Ishihara & Corey 99), including

DNA- PNA or DNApeptide hybrids (Corey) or W

crassli nki ' . I . r i :

ny Bt sl B7es0R, BPQHdHs Havs oot AL I8 cPAYEHG I plkitfid capture
" pasy be lncpiashikblsing andegr @mgrewifithe chisfuesad thetjstanogsting of the

bet the t "sti feet". Ext [ . foll d .
Dy lP IS B TP EER A ok the GreamsFR e JuBEply gxiending
ol 4,9 %ﬁ%&ﬂﬁ[@gﬁﬂi g% i‘?xgﬁ@ fhdnFd Gaseh; 1 RcGise B8 lal lirlk@r nivké 82 40 atoms

i nvasi 8n an I zation nmay be facilitated through
Relodg dretwéen tise nofleaiberc tigl entl "tRdoligopwaleaside Mo} by the use of a

exampl e RecA together with aS-ATP has been shown to
r W@CIF‘H&Q’B‘?T%&%“&IQ Q?Fesgc’g%'abl e nucl eoprotein

conplex with a single stranded biotinlylated probe and
honmol ogous sequences in circul ar doubl e-stranded DNA
( Helloveo specifidally, @6cording ntabthy esrpeamentsopsriorpied cty ¢l inventors, the

subseguent | e _captured on kc..be Thi

C conrerony bR owadn dpffs of RREREAT PN Nty dne Tm of the
| S@li@inh&Botefe/f14INAE hyBAG king @A Pydes dh te IRNSomdistipgragitse following:
are able to invade conpl enentary sequences in dupl ex

DNBN basefi ang athar gaitablg basetpss 91, Deni dov 95) and

these can40 act as artificial transcription pronotors

in linear duplex DNA (Ml | egaard 94). Al these strand

op @thérGultstle bases foraie atwedihg tathe dndijodsedaltd meention include but are

supercoiling. in plasmd b t . least sone.are
2 A Ao RO B TSP el 1 (RS TR BUEH S QA Uepsen et
: S Qubhidi8fided 140836, INW (ChrRRASGCERAP&IetRRY2002), Nucleic
Pﬁ@rgai%)’/%é%%gﬂwerl rre’t]hods@)(r)f acLi evi ng « 002)
Acid Res, 30, 4918) or any other base or backbone modifications that increase the Tm.
Other possibilities to increase Tm include hybrid oligonucleotides (Ishihara & Corey
99), including DNA-PNA or DNA-peptide hybrids or covalent crosslinking to the

template strand using a psoralen molecule stably incorporated into the oligonucleotide

The present inventors have also found that the efficiency of plasmid capture is
increased by extending the oligonucleotide by more than 20 bases. Advantageously,
the efficiency of plasmid capture is increased by extending the oligonucleotide by

more than 50 bases or more than 100 bases.



the sane result. Tag Capture. Tag-specific capture of
t he pl asm d-oligonucl eoti de conplex requires
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unnodi fi ed conpl exes. Using appropriate washing

conditions it may even be posi%ble to discrimnate

degrees of tag incorporation hose skilled in the art

will appreciate that the precise details of tag

CARTHY Qhé’\’bwsexﬁeiﬂ%}ﬂoﬂé%ettﬁ%ld"ﬁ{a‘t'rtﬁ‘e Qffidi&ie tﬁgplafrﬁfd capture is
exanple, in the case that the capture tag is a product
omcmhsddn'zt)hnmse)bf arinkeesios: than H0yaeds ﬂqmcbthen thhanolecular tag

58 e, X SRR R PR PR g 1

CiaBRh& sy m@ms@%f QaARikEF ﬁﬂr@ﬂlaﬁtmed@éxﬁy g betRadLthe molecular tag
beads. In all cases, it is inportant that duri nlg t he
as

vmlhthﬁgalmooecés@der Mpst edvantagepusip\ibe ehficigrradof plasmid capture is
greggeg usel'I 8}" gﬁn{(%r mgr%rﬂﬂne atoﬁ‘nllé ‘i&g?&%?{ ﬁ% molecular tag

n‘B.I n S € non-cova SOoCl a

mhﬂ&ﬁédhgﬁﬂcmbu@@nucleotlde do not d|3300|ate. Washi ng
conditions nmay be adjusted dependi ng on the type of
pl asm d- ol i gonucl eoti de conpl ex such that such conpl ex

| SRR AE dndC eflbodiithS A iROBALLE el S ARSEAEH in the

onpl exes er appropriate con |t|ons suc
chotiptvingeaxanmiesbd will Ye sippistieted ntathmvdificatéion af Hetaidnay be made
aff nlt%ggggbﬁre and rec ver of m crobial DNA at
EHHIB 11 SSPPD fY%%- t he presence of an
excess of exogenous DNA (Chandl er et al. 2000). (B)
MODULATI NG THE EFFI Cl ENCY OF PLASM D
CARTHoRENSENSET oubd i thE- tekHE ¢ MEDRIODAtdd biTtederpmaes ent
i nventors have perforned extensive experinments ai ned
at optimsing conditions to inprove the efficiency of
pEMPQscapt ure and therefore enhancing the
nsitivity of the technique. These experinents are
described in detail in Exanples 10 to 14 herein. In
pﬁrti cge ar the present inventors have found that the
erfiepP Cy of plasm d capture

Materials and methods

DNA manipulation and protein expression: DNA manipulation was according to
Sambrook unless specified otherwise. Taq polymerase, Taq Stoffel fragment, 0422
Taq, 611FrS Taq were expressed from pASK75 as described previously (Ghadessy 01,
MethMolBiol (manuscript attached)). . solfataricus Dpo4 was amplified from
pET22b: Dpo4 (kindly provided by Dr. R. Woodgate, NIH, USA) using primers 1 and
2, cloned Xba I/ Sal I into pASK75 and transformed into RW392. For expression
RW392 cells harbouring pASK: Dpo4 were grown to ODgp=0.8 in 2xTY / Amp
(01pg/ml)/1% glucose, induced by addition of anhydrotetracycline to 0.2pg/ml final
and expressed for 4h at 37°C.

Emulsification: After expression cells were emulsified as described previously

(Ghadessy et al 01, MethMolBiol (manuscript attached)).



may be increased using any one or nore of the
techniques in the list consisting of the foll ow ng: by

wo p@sea®’ng the Tm of the ol igonucl eoti de/ pl asPETIGB2004/004649

10

15

20

25

30

hybrid; by extending the oligonucl eotide by nore than
3 bases; by the use of a |linker nore than 40 atons

| ong between the nol ecul ar tafp and the ol i gonucl eoti de
and by the use of a oliognucleotide nore than 10 bases
| ong. More specifically, according to the experinents
performed by the inventors, the efficiency of plasmd

Cllf‘\'?rﬁé?’ &t%tﬁ:idnr:] glé/@gﬁ)‘? (ﬂ’leﬁ(}jﬁiﬂ Q&flﬁgsé. SO PASK 7Y Te0ng) was mixed

ol i gonucl eot | asm d hybrid using any bases in the
| with pimsi Sfl01§00¥st togal of 1AW gnixl XRSha e £finalld oft hegh dNTP,

i tabl t . i.t apl f
SeplEanensd: Bk O T QT D ties TRt FEReneh By, Faa DNA
gﬁcﬁ?qﬂeltasé (ATt BfdtdcAndlbay) RONNI TAE butfer (SEhBC &A) ,10mM Tris-HCl
clanps (Matteucci 99), LNA (Jepsen et a (2004),_ :
ApHYHLe 1 HoTriweX- 1004 1 5180 MeChikendaneibated e Sgnin, 50°C Smin, 72

P, sen (.20 NUG]| & ' - QF :..a
otn S Bt el 8O pfistlirecti tyad Pl nfl Tag buter)
Tﬁhre%&{d ﬁ@tﬁébﬂhbﬂ (1‘hoeﬁoapM)i, rINERseix T(250 M llﬂﬁhgll}‘ly)lﬁ rdach dNTP,
i ti | shi & Co 9), | i
et XS i LT e 7 bt som
c e\ efnrb 1 i 0
CKRLSRANE! BB OF TR PR AR LSBT i B o4
ThRi) 56 %@ Sinin,M2EAGt I0s-Sraine al so found that the

efficiency of plasmd capture is increased by
extendi ng the oligonucl eotide by nore than 20 bases.

ApisaniPg | YiashikR o BEdriuclcBiide) cOthpRk&S (RO dRidIp&rific from the
I nCreased by extending the ollgonucleotlde b

nor e
t feantid0 nhztses either nyr passhgen thr a<romaSpint Q(%lfb eoluma (Clontech)

resept inventors have fouynd that. the.efficie . . .

Dreriite (A gt BeReary Fraddibto o T ol Qb PEk Briricaton i

?ﬁdl%&iﬁ@&hé%ﬁ{u@%&@nmsﬁ@&tm Nort P@f&%lgcuhmoltmcipmed (3viv
Y,

e ol i gonucl eoti de. Advant ageous the efficiency of )
pkthsnold1/dapyuBM NeAchisr hapeesense efiausssbelyrogen) (Reglag) as a carrer

e SR R P R B {89 pH 7.5

¢ ReT et Bt e ARG s Rfe b Bl sPHTS,

efifiv BB, 0of MPNaGYi d capture is increased by the use

of a linker nore than 100 atonp | .ong bﬁﬁv\%?n t he . .

m3Pek lmya\pbqagg-ZSO (Dynal) were washed twice in BBB, blocked with 0.5 % casein
or 1mg/ml BSA for 30min at 22C, added to POC in a total volume of 0.5ml and
incubated for 2 h on a overhead rotator at room temperature (RT). Beads were washed
twice with BBB and twice with 10mM Tris pH 8.0 (or for less stringent washing
conditions twice with high salt BBB 10mM Tris pH 7.5, ImM EDTA, 1 M NaCl and
once with 10mM Tris pH 8.0) and resuspended in 50pl 10mM Tris pH 8.0.

Plasmid detection by PCR: 1ul Dynabeads was added directly to 20pl PCR mix
comprising primers 4 and 5 (amplifying the bla gene), all 4 dNTPs (at 250uM final
each) and 2.5U of Taq 2.5U Taq DNA polymerase (HT biotechnology) in 1x Taq
buffer (50mM KCl, 10mM Tris-HCl (pH9.0), 0.1% TritonX-100, 1.5mM MgClz) and
cycled 94°C Smin, 15x( 94°C 15sec, 50 °C 15sec, 72 °C 1.5min), 65°C 2min.



and the oligonucleotide. Various aspects and
enbodi nents of the present invention are illustrated
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nodi fication of detail may be made wi t hout departing

fromthe scope of the invention. Al docunents

mentioned in the text are i nc#t porated by reference.

Exanpl es. Exanple 1. Materials and nethods DNA

mani pul ati on and protein e ess' on: ul at.i

waiasmidc getertifg by B B RPES of PIRSENY f@gﬁ‘&ﬂﬁ t&'éela on the

l%?q)a% saczt?azn sth@ &ttt R IERNime PER2 AEﬁ%hﬁcﬁﬂlon of a short
%\%ﬁr@v\é Qg?tggse%%rolm ASK75 ngeé descri bed

pmﬂp/lwonsfrgm(ﬁaatdmkiye (plla,smeMm’bdlﬁtcmd:d byremeasoringtthe fluorescence

attached S. sol fatar 04 was _anp | ed
p@?ﬁ’?ﬁed B TR o) SR 8 2SRE QBEHELZ O Moteoular
%SL(& § Phd BEHdHtiohs 3l uded &9 fbﬁ&ﬂn%ﬁ@ed by nfahufdctirétt €cept for
pASK75 and transformed into RWB92. For expression

Rmmang aif | the kemdsouatiangoph ABKEYBsEEyceing hgviigagtipnpmix.  1mkl of

n_2xTY, /
iRt i i R R GHaRt o CR Ryt prislod My G CRe ana
ePCRS a@flifyiig the 1@0bs fragmelof pASKczatpmmd Aflt 4dNTPs at 200mkM
expression cells were enulsified as descri

pmku a2y | chdurerdpd ANA polymeyesenoiEiee |bu?ﬁ%ﬂiﬁ§ digtpghnology).
( S \%}’S qg?e gtg' ?’e&%@%ﬁﬁe’iegﬁékgﬁfu uuafe)rﬂ)eWégE%O;e d;iaﬁmpqlasmld copies.

primer (10-100pMs total) , dNTP m x (250mM (final) of
each dNTP, supplenented with 40-10 nM (final)
bi oti n-16- dUTP (Roche) and 2.5U Taq DNA pol ynerase (HT

r@éﬁ%l& (99&)tr%n’§f fn %@T?ﬁ{ g%&Qg%%N%%@Eadszgcubatgd in 200p1
i beadbelution daffex 5BEB 1N BEiFA,, O7EMCNaOER cfos i 4. min. Beads were

Al ternati vel press el shed t
TSRPE PRI AP ARG EH RT3t ko LR GEF e additon
USSVCEYR BM”M“ NQR&,BVDBf @tﬂﬁﬁbl@ﬂ'ﬁmssel glycogen (Roche) as a carrier. The

plasmid was precipitated by centrifugation in a bench top centrifuge, the pellet was

=)

washed once in 96% ethanol at RT, dried and resuspended in H20 and transformed by

electroporation

Plasmid detection from beads: Presence of plasmid bound to beads was detected by
direct PCR amplification from beads using primers 4 and 5 using 1pl beads as
template and the following program: (94°C 5min, 17x( 94°C 15sec, 50°C 15sec, 72°C
1.5min), 65°C 2min).

Oligonucleotide primers:

1: 57-CAG GAA ACA GCT ATG ACA AAT CTA GAT AAC GAG GGC AAA
AAA TGA TTG TTC
TTT TCG TTG ATT TTG AC-3?

2:57- GTA AAA CGA CGG CCA GTC GAC GCG GCC GCT TAA GTA TCG AAG
AACTTGTCT



suppl enented with 40-10 mM (final) biotin-16-dUTP
(Roche) in x Taq buffer (50rM KO, 10vM Tri s- HC
w@ pidS/ 0072 0. % TritonX-100, .5mM Mg ) and i neCbaBe@4/004649
94 C 5min, 50 C 5min, 7 C 10sec-5mn. Plasm d capture:
Pl asm d- ol i gonucl eoti de conpl exes (POC) were purified
fromthe reaction mxture ei tH¥ér by passage through a
Chr omaSpi nl 00O col um (d ontech) according to
manuf acturer's instructions, purified with Q agen PCR
pdAF C&a#% on kit fol lowing the manufacturers
instructions or preferably ethanol precipitated (3v/v
et hanol, 1/10 v/v 3M NaAc) in the presence of nussel
g3y S&fgéns (ROENECCAAA GG OGS GIRUACESUEPaNdEdS3n an
equal vol une of bead binding buffer (BBB: 10™M Tris pH
7.5, ImMEDTA, 0.2 M Nad ). 20nL Dynabeads-280 (Dynal)
5 W%f ElMS?chwwzeA GOABREC dal 0alGRGI AGA TAT: RCXH TATEEAGATAT TCA
BSA for 30mn at 22C, added to PCC in a total
ve%WTdTCGGSPﬁiT&‘nE i ncubated for 2 h on a overhead
rotator at roomtenperature (RT). Beads were washed
twice with BBB and twice with 100M Tris pH 8.0 (or for
| &3 BIFbY $’"GEH CY8BGOAGDAUBA ICTITSACE ARTVGE T THATCFaGTG AGG
BBB 10™™ Tris pH 7.5, I mM EDTA, 1M NaC and once with
1&#®# Tris pH 8.0) and resuspended in 50m 10nM Tris pH
8.0. Plasm d detection by PCR m Dynabeads was added
directly to 20m PCR m x conprising prinmers 4 and 5
(3’ i GGCrGACTRC D AG Ay Fe) CGal GGG GNPPAAYaATZEEOGINGGT ATG CTT
final each nd U ,ymsrase
(R CCERRARRHC Ako ol CatraT e ikes’
Tris-HCO (pH9.0), 0.1% TritonX-100, 1.5nmM Myd ) and
cycled 94 C 5mn, 15x( 94 C 15sec, 5 C 15sec,
1.5 FGCGKST@CZIfﬁ}me ORH A EFCAGEIGET T66 BGGWGIA Gﬂﬁ?eAGTC 3
nunber of plasm d nol ecul es captured on the Dynabeads
was quantified using quantitative real-tinme PCR

ARG, T4 CRAGOSA PICET TN ICBATGAT @CT RO Mbdshbe ohamgoazze from JACS
plasm d was detected by neasuring the fluorescenc

geh89Yt &211,f 2OMR-20e 2pstraty’ Moﬁ-&ﬁ#@l@éﬁlrﬂgﬁﬁsﬁlﬂ%) 96, 3513-
| B
\?é} édggg“ggr(eflseegmé Mﬁ%ﬁ%w@nbﬁggac%?)ee? I\]eigge ? g?{ Wit 2 Ome)

20 24GB: 5’-6 AAG SAT CTT CAC CTA GAT CCT-3’ (based on oligo 24 from JACS
(1999), 121, 2012-2020, 2 extra 5* AA , 5= G-clamp as in PNAS (1999), 96, 3513-
3518 for increased Tm (kindly provided by S. Holmes, MRC LMB) but with 2’ Ome),
6=biotin

10

15

25 24DAP: 5°-C5A 5A5 GG5 TCT TCA CCT AGA TCC T-3’° (based on oligo 24 from
JACS (1999), 121, 2012-2020, extra 5° sequence CAAAAA, 5= 2,6-diaminopurine

for increased Tm

24DAPB: 5°-6 C5A 5A5 GGS5 TCT TCA CCT AGA TCC T -3° (based on oligo 24
30 from JACS (1999), 121, 2012-2020, extra 5’ sequence CAAAAA, 5= 2,6-

diaminopurine for increased Tm , 6=biotin



doubl i ng of the concentration of the CybrGeen dye in
the reaction m x. | nkl of Dynabeads was added directly
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anplifying the | OCbp fragnent of pASK75 plasmd, all
4dNTPs at 200nkM each, and 2.5 U of SuperTaq DNA

pol ynerase in | xTaq buffer (I4§ bi ot echnol ogy). W were
able to reliably detect and discrimnate between 4 and

9 plasnm d copies. P ' | Jut 1 &, t ~Qn-

2B RS5O, ot SRR L SRS TP B AR cra ot
W—Beg LPBn kb o GBRPIACSYI 6991 A1210. 3 MNX) ektod 5<srquence,
mn. Beads were captured on the nmagnet and the plasmd
iICAANA AGPATICATOA CETAGATIGGT o3 Byo-diaminepyring dpr gicreased Tm

(14\_%0 V of 3M NaAc, 3V of ethanol and nussel glycogen
lﬂﬁ‘é‘) as a carrier. The plasm d was precipitated by

PR U4 GOTATACGCARACIGACBAEBt i fuge, the pellet
was washed once in 96% et hanol at RT, dried and

rPERIpERIBGCGEGRAAHITACARS M Ped by el ectroporati on

Pl ] d, i . _resence of plasmd
Wdﬁﬁ?@ ? o%g‘%gé?r%sé d&l‘;‘{%%? ggﬁ\byﬁdi rect PCR
PASKS FTEATBCEAPCOBTRISGATOWw3primers 4 and 5 using m
beads as tenplate and the follow ng program (94 C

, ( , ec, 72 C 1.5mn), 65C
ATKA 2 PR T XS GECAT TTE6E G538

sz, Lo oo on X e

THLNAGS TCETATTT TTACACT 3 GATSRC TG Andedingha@seva@cANA (MRC

GTC GAC GCG G T AC TTG TCT45 AAT
cetigosersicgBAD: gA?A%ﬁﬁéég;éﬁ& % GTG ACG CCA AGC
G-3' 4: Blaba: '-GCA CCA GGA TCC CTA AGG AGA TAT ACA

TAT GAG TAT TCA ACA TTT CCG TGTI C- 3'
18B 5°- Biotin-108 atom linker- GATCTTCACCTAGATCCT-3’

18 5’GATCTTCACCTAGATCCT-3’
14 STTCACCTAGATCCT-3’

12 5’CACCTAGATCCT-3’

10 5>CCTAGATCCT-3’

8 S’TAGATCCT-3’

Example 2
Activity based plasmid capture due to incorporation of biotin-16-dUTP.

24G (or oligo 3) were used for in vitro primer extension on pUC119 plasmid using
biotin-16-dUTP as the tag. Extensions were carried in the presence (+ fraction) or
absence (- fraction) of Taq polymerase. Plasmid-oligo complexes were purified on
ChromaSpin1000, captured after extension on streptavidin coated magnetic beads and
the presence of captured plasmid on the beads was determined using PCR from the
beads (Fig. SA). As can be seen only in the presence of an active polymerase does

plasmid get captured on the beads, while the wash contains plasmid both in the



5: Blafo:5 -GGG CTC GGC AGT CGA CTT ACC AAT GCT TAA
TCA GIG AGG C-3' 6: 5'-GCC GAC TCT AGA TAA CGA GGG CAA

WE2NSBAIB7TLGT GGT ATG CTT CCT CTT TTT GAG CCC ARCI/GBED04/004649
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CGC GIC CTC CTG 3" 7: 5'-CGCG GIG CGG AGT CGA CTC ACT
CCT TGG CGG AGA GCC AGIC-3' 2 5' - AAG 5AT CIT CAC
CTA GAT CCT-3' (based on oligo 24 from JACS (1999),
121, 2012-2020, 2 extra 5 AA, 5= Gclanp as in PNAS

(8 s e oo
SAigoCH (B 8PPELtE oA whidh fifffie 9n HARIS showet bitieghiff@énder inrthe efficiency
JACS (11999), 121, 2012-2020, 2 t 5 AA , b= . .
Slchaase A ABrdesi1Gadsc e ol il i phigusByhesn dentified a
df?}ééé( LR HPDAUACE St ivail (B B O T i

TCC T-3'" (based on oligo 24 from JACS (1999), 121,

12- 2020, .extra, 5' sequence oF .
P AR A e T Eerodl §s aihgsigansromnation (Zgle 1
G&® TCT TCA CCT AGA TCC T -3' (based on oligo 24 from
ACS (1999), 121, 2012-2020, extra 5' sequence CAAAAA

5+ palyBreraieani nopuri ne for i ncr ga@dymermse 6=bi ot i n46

D AN D L T T N LTl Tre AN AN AT T A
P PAPAAB: 6—6Ccc—CE5T—G6G 5T 32}\,?0?/-\1-\ AAGGAT CTFT—CAC

R eelaniesr. 3 (based on oligo YHF3ACS (1999),

21, 2012- 2020, extra 5 sequence,
CAAAAAGGATCTTCACCTAGATCCT, 5= 2, 6-di am nopurine for )
i Atheughedisapnoint®ghinoyield, ¢RORfs a clear (approx. 5-fold) difference in the

5am KGAGTAA- S pASK2 5'
- GATCTTCACCTAGATCCT - ' pASK3

5' - CATGCCATCCGTAAGATGC- 3'
Example 3:

Plasmid is captured and extension product is not captured.

The experiment in example 2 was repeated, but in order to show that PCR
amplification from the beads did actually detect captured plasmid and not simply the
production and capture of biotinylated extension products, beads were incubated with
20U Dpnl (New England Biolabs) for 2h at 37°C, prior to amplification. Dpnl only
digest methylated DNA, therefore selectively destroys plasmid DNA but not extension
products. As can be seen from Fig. 6, predigestion with Dpnl drastically reduces the
amount of PCR product obtained indicating that the PCR detects captured plasmid and

not captured extension products.
Example 4

Plasmid capture from cells.

The capture experiment was repeated using bacterial cells expressing active Taq

polymerase from pASK as opposed to using recombinant Taq polymerase and



PASK4 5' - GTTCCTGECCTTTTGCTGG S pASKS
5' - ACGTAGTGGECCATCG S| 24LNA: 5' -GAT CTT CAC CTA GAT

weahs@ssoander | i ned bases were LNA ( MRC ol i goser@T/GBR®4/004649
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5 - GAT CTT CAC CTA GAT CCT-3' 18B 5' - Biotin-108 atom
I'i nker- GATCTTCACCT AGATCCT-3' 18 5'
GATCTTCACCTAGATCCT- 3' 14 5TTCAECTAGATCCT-3' 12

5' CACCTAGATCCT-3"' 10 5' CCTAGATCCT-3" 8 5' TAGATCCT- 3

Example 2 Activity based. plasmd capture due to

i erdanpsht addsd FATK pleemid %Wﬁen%%ff Al gt Ty fhe, pregence (*
USEiohP! drNadkehdel (Pri e | TP MR L AsPbelrs @nly wh
u@?c?}lé)kgi odtri %Q/s%%{ed&gagg&phg? ?‘3@ Ext ensi ons, vf/er e i _W o
cpolyinedsé cart dxeendrand dagthe (bybridiaed pligonueleotidssis tese capture (Fig. 7).

fractjon) of Taqg pal rase,, Plasm d-.0l | C :
V@,g@lfiggp )f,ipéaéngqi c%{y%ﬁ&g&cﬂlwea&sa tl'f,ler %%ﬁgfagggrfhaéﬁsas plasmid
eﬁ)ﬁﬁé | fR4in QBluBibh SRdigMing tRacoRtiafialheailg e énsisfiaidt to liberate
t presence of captured plasm d on the beads was

dplasmidli foed theséellg FRCR). A Grnahesiseithe bead; \g@.shgggw_dlcgges {hat although

be seen only.i.n t.he pr f N

e il & ar GpPhTLRETe B P Ralh KRoRRRUIRE 355, fhese can
CROLakRA off E5iBhJadpet as canteedeh Pomskniaegenachoabisefidasntfl present
pol ynerase. Conparison of two different prinmers (24G

vin the wgshes flogsihe 1#29808). whi ch prime on p ASK showed
little difference in the efficiency of capture (Fig.
5B), despite the fact that oligo 24 had previously

bggamptiesit i fi ed as being especially potent at strand
i nvasion (lIshihara & Corey, 99). Plasm d was al so
detected by elution fromthe beads and

%ﬁs[sﬁﬂﬁfcgégi%k (ARRh@mulsidn.PO! ynerase - pol ynerase 3
col o

r
coloni es ni es

The experiment of example 5 was repeated but using emulsification of the extension
reaction comprising expressor cells, oligonucleotide 24G, dNTP mix including biotin-
16-dUTP in 1xTaq buffer. Again only when polymerase can extend and tag the
hybridized oligonucleotide is there capture (Fig. 8).

Example 6.

Polymerases with low processivity or activity can be captured efficiently using

CST.

The capture experiment of example 5 (was repeated using bacterial cells expressing
different polymerases with variable activities (Vmax/Km) or processivities. These
included Taq polymerase (high activity, high processivity), Taq Stoffel fragment (high
activity, low processivity), Taq 0442 (low activity, low processivity, low stability),
Taq 611 (inactive), Tag61l+ (Taq61l with recombinant Taq added) and S.

solfataricus P2 Dpo4 (medium activity, medium to low processivity).



Al t hough di sappointing in yield, there is a clear
(approx. 5-fold) difference in the anobunt of plasmd

webamsedso7Exanpl e 3: Plasmid is captured and exPEn&BoIV4/004649
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product is not captured. The experinent in exanple 2
was repeated, but in order to show that PCR
anplification fromthe beads #d actual l y detect
captured plasm d and not sinply the production and

A it PR RN 0 RS e A e
%A,%@)%dgﬁﬂgﬁxﬁ%? oBYRhA td & dsb&@rextdnPile 161 FAggest (Fig. 9A, 9B),

nmet'hyl at e herefore selectively destroys plasmd
Dl Taq Midd42etHiendd oPB peo thecingctives Tegfd 10dig freghpt captured.

FiLg. edi.gest,j on wi,th | d ti-cal r.
Chlion b+ R S bR MRl il R (KR ) S ey prured
dsthGink ShaaRt i festeitea siicaptaredard Glot dap ol differendee ris iths1polymerase
products. Exanple 4 Plasm d capture fromcells. The

cgepe seaensgsdul demto thactivity @ad pepcessi ibespd thesncafedrqlygerases.
expressing active Taq pol ynerase from pASK as opposed

to using reconbi nant Taqg pol ymerase and48 extraneously
aggatlpRASK pl asm d. Experinents were carried out in

the presence (+ fraction) or absence (- fraction) of

the dNTP m xture. As before only when pol ynerase can

e§él?&%na¥gcg?99§l?ﬁ1§p¥}%§ Piqhg@srpl i gonucl eotide is there

capture [ rgnificantly, plasm d capture from
cells appears to be nearly as efficient as plasmd

TR e TN —
itf%ger%ﬂ'é of Elofles, €2ls Bffeanal sive Tah Wﬁol?ﬁ@ﬁhs&%&iﬁ@@piked into an

ndi cat es that 3a|thou%2)l arge anounts of plasmd
i encessal(10/-fatdh épefold 10héoldendd01-fold) ofmslls peessing inggive Taq 611

h b h i f - .
Do rRC PRI AET s R ARBRE, Eapefar e hposivon
Vaa8 8%l 2B PCR frbaché Beads. Exanpl e 5.

For the 10%- and 10°-spike, only the 611 region was amplified before and after
selection and Taqwt and 611Taq distinguished by restriction digest (Taq611 has a Bgl
II restriction site missing in the Taq wt enzyme). As can be seen from Fig. 10A, there
is clear enrichment in both the 10%- and 10°-spike as is evident in the appearance of a

Bgl II resistant fraction after selection.

For the 10* and 10%-spike, the whole Taq polymerase gene was amplified using
primers 6, 7 from the beads and recloned Xba I/ Sal I into pASK for expression after
which 100 clones were scored for activity. As shown in Fig. 10B, there were 47 / 95
active clones after selection for the 10*-spike and 21 / 95 active clones after selection

for the 10%-spike, indicating a selection factor of >10%-fold.

Example 8

Discrimination of polymerase substrate specificity using CST.



Plasm d capture fromcells in enul sion. The experi nment
of exanple 5 was repeated but using enulsification of
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ol i gonucl eoti de 24G, dNTP m x including biotin-
16-dUTP in | xTaq buffer. Again only when pol ynerase
can extend and tag the hybri di%ed ol i gonucl eotide is
there capture (Fig. 8). Exanple 6. Polynerases with
| ow processivity or activity can be captured
efficiently using CST. The capture experinent of

9% R CoPask V@S f ICaIe 88188 diketifindi@ beevdeal digtilct polymerase activities
expressing different polynerases with variabl e

aegarding exéensionprjoesppration of unmatusad subiialsacES T fyperiments were
pol rase (high,activi ol r iL,Vi T t
BRI oA YLt G BEER oy Taa mutns
TG aftd R20! O 8BS dnvinkieasddaibility o esend/iteyhydtaphobic base analogue 5-

stability), Tagq 611 (inactive), Taq6ll+ (Tag wth X
ritrondeleamthilv R baedn nfgassd” awlity g‘l"aﬂ"e Qr‘g’? riggpyeleotides. As
(sredi L Wirk Vi ' . L Vi . 3>
e PTG A fep BT P clse QU 1 ERSAL b prttrWbaring o
efrhioguert-nicepridotes vafileTRA2 (doys B@uch dyeased adoughf Fregk capture

9B) and to a |l esser extent the Stoffel .fra t Q.
Srbeomyensan i srad pena b mEEL SEp b BREP s bty goinc

T Ldim3Ah. are not captured. Tag6ll+ (Tag b with
r@ggﬁgﬁn ) "added (Fig, 9A)) is efficiently

captured proving that the differences in capture are
not due to differences in the pol ynerase gene
sequences but due to the activity and processivities
oﬁxglggleeywcoded pol ymerases. Exanple 7. Sel ection of
active polynerases using CST. In order to determine if
CST could be used to select for polynerase activity

frgﬁlrln%? hé’ﬁ?@%?fgrgg)f \%éotﬁly‘fmé ’é)gﬁﬁltc?eo‘im§ fo éia@ﬁh&iﬁ%&h Y€ sufficient

re spi 0 an excess

- f! @ptuk@, -fold, 10 -fold and 10 -fold) of cells
expressing inactive Taq 611 pol ynerase enul sified and
CST selection carried out. Captured plasnd

CRpP Qg’pit&rie%? the plasmid by use of an oligonucleotide with a 5’ biotin was compared
to the plasmid capture by identical non-biotinilated oligonucleotide. In contrast to
example 2, simple hybridization (incubation at 95C for Smin, annealing at 50C for
5min) of 10 pM oligo and 10-fM plasmid pASK75 showed capture of the 107 copies of
plasmid with the biotinilated oligonucleotide, while only about 10° copies of the
plasmid were captured on magnetic beads non-specifically when non-biotinilated
oligonucleotide was used (Figure 12). This is due to the use of a high-salt work up of
plasmid-oligonucleotide complexes (Qiagen PCR prep kit) rather than a low-salt work-
up (ChromaSpin). In a typical experiment a starting number of plasmids is about 108

copies and about 5-10 % of those can be recovered by binding to the beads.

Note: the DNA oligonucleotide used in this experiment (24G) is stabilized by

inclusion of a G-clamp.

It can be concluded that a single biotin is sufficient for capture on Dynabeads.



was anal yzed using PCR fromthe beads. For the 2- and
10 -spike, only the 611 region was anplified before

waowsaitoer sel ection and Tagmt and 611Taq di stPemGB3tved4649
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by restriction digest (Tagb has a Bgl Il restriction
site mssing in the Tag wt enzyne). As can be seen
fromFi g. 10A, there is clear5inrichnent in both the
2- and -spike as is evident in the appearance of a Bgl
Il resistant fraction after selection. For the 4- and
10 -spi ke, the whol e Taq pol ynerase gene was anplified
using priners 6, 7 fromthe beads and recl oned Xba I
SHxamdldi® PASK for expression after which 100 cl ones
were scored for activity. As shown in Fig. 10B, there
were 47 / 95 active clones after selection for the

- YYnfParivod of DINA oBBomedléotides hod BN ALINA oligbrandéadides or
the -spi ke, indicating a selection factor of >10
-fold. Exanple 8 Discrimnation of polynerase

substrate specifjcity _Usi CST. 50 In q t:0 -
Bl S EBE Sobbay st L0l B 2h IR P RERRREn st
aGhdr¥iskd % bEY ?fiﬁ’lieflganﬂ?ﬁts M§bRd) Wéreitestad moviab ifenpladmid capture. It

unnat ural substrates, CST experinents were carried as
i rwasxfawpl davingrsased stabdlisiof thenk NApyimeroplaganid cqmplex led to about 5-

recopbi nant Tag.utants . { :

|0 B et i GF PRV oeeRity RihridaiaR . extonsion when
anghipard t5thdll DRAEBEuclebiides (RRB drasittant Grdaepkgure 11, 12).
ability to incorporate ribonucleotiq$s. qs g&guhe .

s Hdhesincigesediss Jargsy swhan pomapased de aapfandard, all,DNA gligopyclsptide 24,
prd.ner r ! I ' [ i - .

BTk, PRV, Bribar A AR BN PRI AC (Figure 1)

extension is carried in an nucleotide m xture in which

dATP is entirely replaced by ATP (equinolar). Exanple

9 Sinple hybridization of biotinylated

ol Expmpleldot i des to plasmid can be sufficient for

capture. The capture of the plasm d by use of an

Ol B et Sikiod ltelqgf% oh pllgklﬂid Saptiise COMPar ed

A 5’ biotinylated DNA (24) or DNA- LNA oligonucleotide (24LNA: 5°-GAT CTIT
CAC CTA GAT CCT-3’, underlined nucleotides LNA) were extended in vitro by 3, 9
or hundreds of bases and plasmid capture was compared with that of a simple
hybridization. Limited extension was possible using primer 24 and 24 LNA , which
prime to replicate the template sequence: 3‘-AAATTTGATCACTTC-5') and
supplying either only dTTP (which limits extension to three bases (template sequence
37 -AAATTTGATCACTTC-5', templates bases in bold) or dTTP, dATP, dCTP (9
nucleotides, (template sequence 3’ -AAATTTGATCACTTC-5', templates bases in

bold)) or all 4 dNTPs (unlimited extension, hundreds of bases extension).

It was found that for DNA oligonucleotide there is a correlation between extension
length and plasmid capture (the longer the extension, the more plasmid is captured,
Figure 13B), while for DNA-LNA oligonucleotide extension by 3 or 9 bases does not

lead to significant increase in plasmid capture compared to simple hybridization



to the plasm d capture by identical non-biotinilated
ol i gonucl eotide h contrast to exanple 2, sinple

wydsioeiozat i on (i ncubation at 95C for 5mn, anPeRGBR@4/004649
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at 50C for 5mn) of 10 pMoligo and fM plasm d pASK75
showed capture of the 7 copi es of plasmd with the

bi otinil ated ol igonucl eoti de, \%hi l e only about 5

copies of the plasm d were captured on magneti c beads
NPfigHe qg'A?.' Ghtlithie &sfkﬁph&i/&)éf ab@otth Bkl dOMCIE R, 8 plasmid
was used (Frgure 12). This 1s due to the use of a
hibgingsapturedamkDymabeddspl asni d- ol i gonucl eoti de conpl exes

(Q agen PCR prep kit) rather than a lowsalt work up
(ChromaSpin). h a typical experinment a starting nunber

OfThRd AR 1E Pré ' owldll CAeflni i
TRBLASS RIS P o APLE ST 05y A0 S fciony of
t ke plwmetase dand; | therefode opeet éxtensinns of fpepiiment le4d410) increased

| SRl F A AT ol GG e B usd i o
C ARl heGUlarhly RAD aBEefopd tFX ANBrenckOb&ERERALNDADNA & only DNA

ol i gonucl eoti des and DNA-LNA ol i gonucl eoti des

OPNgwhatne sxteren sorleser 19 AQ fojd rathex than Snwldibofar 23G i expample
LNA bases (which lead to increased Tmof a

primer-tenplate hybrid) were tested in vitro for

plasm d capture. It was found that increased stability

of the LNA priner-plasmd conplex |led to about 5- 50

fold increase in the plasm d capture by hybridization
(@é"?ﬂ’pﬂ%{%xtensi on) when conpared to the all DNA

ol i gonucl eotides (with or without Gclanp) (Figure 11,

< Compat o o Bt PRt HICSE ™ 60 c”12)

when conpared to a nodi fied DNA ol i gonucl eoti de 24G
(Figure 1). Exanple Effect of the extension |ength on

pIIP_dmt'rsJI ﬂthatptp_mm Ain5'diffa'_:rem§ nggiahe dofDYA K7 O(24:QNA-pAS'\I@ 5 -
R R R AAT L A 8 ¢ i CHECAT CHETAABATOC S

3pASKar hunﬁt@@l?c@frd@é@ﬁwlég@o@@i d caphyre Wasks 5-

conpared with that of a sinp
ACGTAGTGGGCCATCG-3") were compared in their efficiency of plasmid capture.

As already seen in example 2, there was little difference in the efficiency of plasmid

capture depending on the sequence or location of the primer (data not shown).

This result suggests that in CST selection parameters (e.g. sequence to be replicated)

can be freely chosen.

Use of a mix of 5 primers (with the same final concentration (100pM)) led to about 2-3
fold increase in the amount of plasmid being captured on the beads, which suggests
that all of the plasmid is available for priming, and plasmid tagging can be achieved at

multiple sites.

Example 13



hybri di zati on. Limted extension was possi bl e using
prinmer 24 and 24 LNA , which prinme to replicate the

WO eovploadoe2 sequence: 3 ' - AAATTTGATCACTTC- B ' ) PemdB2004/004649
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supplying either only dTTP (which imts extension to

three bases (tenplate sequence 3 ' -AAATTTGATCACTTC

, tenpl ates bases in bold) or33TTP, dATP, dCTP (9

nucl eoti des, (tenplate sequence 3 ' -AAATTTGATCACTTC

', teppl ates bhases rl1l )) or all 4 dNTPs

(mprov eéﬁ'fsé'i\‘é'ﬂb?l‘l,t fi eds of bases extension). It

was found that for DNA oligonucleotide there is a

correl ati on between extension |length and plasnid )

CHpt efifieiepty ef bmtigeraptune ard thus $he sensitivity refrthe £1Sdsselagtipy can be

captured, Figure .13 while for - .

G Ttcindby BHES e BRE 52 Y1 Tt Retyga thg otin molecule
| SRAGKE Privied Bk fpr&adMsly BgeAsE by hyblidisiiich egRtittesits (Shchepinov et
conpared to sinple hybridization52 (figure 13A).

UL, iINAR, Bef 25 fsse B.0kP O bwENis doguseans is kerein inqosparalsd by geference. In

amunt . s i t.u . .
LRI bRl SRR A0 BARLS LA RLOROEER 1388 Himers vas
| copfipaY&Tl 1088 phiyter Based fhistiren @yl 08fatdrh dongdinksk masle 24 GBdprimer has
therefore, | onger extension of the [

ler ef g forl r).leads t .

i hchietin atll riophlomgilinken (Lhe kEigieney A dh%g‘f%%@% a@fﬂrﬁeﬁiﬂ a simple
| 2s€ o .

et R Sy OPELAR; 11748\ BONCINE By ghen 1058

aprimenivys Ushi\(igumredd).at no extension is closer to 50
fold rather than 5 fold as for 24G in expanple 11.
Exanpl e 12 Conparison of different primers for use in
CST Primers that prine in different regions of pASK75
(24G pASK2 5' - GATCTTCACCTAGATCCT -3', pASK3 5'-
CATGCCATCCGTAAGATCC- 3', pASK4

5' - GTTCCTGECCTTTTCCTGG S and pASK5 5' -
ACGTAGTGGEGCCATCG 3') were conpared in their efficiency
OfixMnpRigd capture. As already seen in exanple 2,
there was little difference in the efficiency of

pl asm d capture dependi ng on the sequence or |ocation

O&"h% t1]nempn§aillrﬂ::“‘nrgtfx %ﬂlir’le ﬁﬁk Erqgl\évp}equired for capture.

18 (5°GATCTTCACCTAGATCCT-3’), 14 (5S’TTCACCTAGATCCT-3%) 12
(5’CACCTAGATCCT-3’), 10 (5’CCTAGATCCT-3’) and 8 (5’TAGATCCT-3’)
primers of 18, 14, 12, 10 and 8 bp length respectively, were tested in vitro for the
efficiency of the plasmid capture after extension with dNTPs. It was noted that the

length of the primer did not affect the efficiency of the plasmid capture so long as the

primer/oligonucleotide was more than 10 bases long (Figure 15)

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system
of the present invention will be apparent to those skilled in the art without departing
from the scope and spirit of the present invention. Although the present invention has

been described in connection with specific preferred embodiments, it should be



This result suggests that in CST sel ection paraneters

(e.g. sequence to be replicated) can be freely chosen.
was@s0§s5022 m x of 5 prinmers (with the same fi naPCT/GB2004/004649

concentration (100pM) led to about 2-3 fold increase

in the anmount of plasmd bein§4captured on the beads,

whi ch suggests that all of th& plasmd is avail able

for prining, and plasnid taggi ng can be achi eved at

' : 135
SRR RN it T e S
tdfboiisht] Yade¥d, OJarlB{@ medificaBoiRCf A8 destibe® mddes ®tefdrrying out

up to 100 fold with the use of a very long |inker
bt ieemmtip b evHi¢to tiierpbvisus dglthosamklllqﬂemd?lpﬁ@ml%i& molecular biology

gﬁéﬂ fszlﬁtlg%pgé/%q éf?lateg ﬁ&é Y br f AL ue%éﬁ?ﬁéggg?é 8%116 following

5 dgﬁﬁﬁﬁnt is herein |ncorporated by reference a test
experiment efficiency of plasmd capture with 24GB and
108B prinmers was conpared. 108B priner has 5 biotin
at a 108 atomlong linker, while 24@B priner has 5
biotin at 16-atom|long linker. The efficiency of the
plasm d capture after a sinple hybridisation
experinment (as in exanple 11) was up to 100-fold
hi gher when 108B prinmer was used (Figure 14). Exanple
14 The minimal Iength of the DNA prinmer required for
capture. 18 (5" GATCTTCACCTAGATCCTO ), 14
(5" TTCACCTAGATCCT-3") 12 (5" CACCTAGATCCT-3'), 10
(5" CCTAGATCCT-3') and 8 (5' TAGATCCT-3') primers of 18,
14, 12, 10 and 8 bp length respectively, were tested
invitro for the efficiency of the plasm d capture
after extension with dNTPs. It was noted that the
l ength of the prinmer did not affect the efficiency of
the plasm d capture so long as the
primer/oligonucl eoti de was nore than bases | ong
(Figure 15) Al publications nentioned in the above
specification are herein incorporated by



reference. Various nodifications and variations of the
descri bed net hods and system of the present invention
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departing fromthe scope and spirit of the present
i nvention. Although the pr eseg% I nvention has been
described in connection with ecific preferred
enmbodi nents, it should be54 understood that the

i pye n as clained should not be unduly limted to
S cific enbodi nents. | ndeed, various

nodi fi cati ons of the descri bed nodes for carrying out

the invention which are obvious to th%gg skhlé{.ed in indirect]
bl DcAemethady fornicesalectionnplborBS2XE EARGPKC AhAITSEYY G 1ndirectly

ISR PR U ot eyl compcc

s edptichticanob theaoli gonnyleetideamaifging fendyme entogding gene, which method

i ndi rectl};l/ nmodi fying an ol i gonucl eoti de wherein the
mepmBRsssdhsHepsfpendent on the conplete replication of

t LRRK 6he Ak i s MRidiy labid MORYERs ¢ GRSl iftken @€MArent plasmids
V\Eiﬁcﬁ]omet hod conprii ges tr11east eps of: S(a) Pr ovi di %ong

oencslirg oni beinoraenzymes| ofdoteesst, iwher¢in the paseat plaamishprovides the
pl asm ds encadi ng, 0 or_1nor nzymes of interest,
WERERRIAYTHE °gﬂ}ee5%{e°%ﬁ§w %ﬁggelr%%s t he gene sequence

ofb)t D nsRBfdnflisRBZ HBRe Ofladrhider &Bbrdifd)to step (a), such that each
Conpartnmental i sing those plasm ds according to ste

( &pmpetDpnttdepriseThpleemiskioeprher With Hisrnsey %Ofﬁleﬁéw% encoded by
E" ghﬁer %i\r/:%}dhar} gll%o%ﬂglegﬁridc{)r%fnlre e Py gﬁ?gigﬂﬁﬂdﬁg ppa)émﬁc{] fccording to

an gonucle € speci or a region
ORtepl®). pl asm d according to step (a). (c) Providing

condi ti ons such that stable association of the ) .
ol(F)gbretitdingoeqnditions sush thatstelle apeas13(ign q%nﬂeq]olég%gke%deo?ccordmg
t e LS. € (RpToN Provi di ng

oo % PO b R AP E pp A Piroblitt ol

ol(d)yBruvidieg tconiditiaes sucti thet modificaypon bl thesoligpnubleotedez goverding to

encoded hy the plasm d.is, capabl e.of occyrring and
S GE3p (Bhiaira i Bt Paeqded b T PSR 1SJORALF BbOTREE and such that
C QAP IEmt ol BTHgBAudiAide 898 prises a molecular tag; and

(e) Capturing the modified oligonucleotide/plasmid complex.

(2) A method according to claim 1 wherein the enzyme selected possesses any one or
more of the following properties: low catalytic turnover (under the selection
conditions), low processivity (under the selection conditions), the incorporation of
modified substrates, which generate a nucleic acid-like polymer that cannot be

reamplified.

(3) A method according to claim 1 or claim 2 wherein the enzyme is a nucleic acid

processing enzyme.

(4) A method according to claim 3 which comprises the steps of:



(e) Capturing the nodified oligonucleotide/plasmd
conplex. (2) A nethod according to claim1 wherein the

We@ew§0es03E|l ect ed possesses any one or nore of PEEGB2004/004649
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followi ng properties: |ow catalytic turnover (under
the selection conditions), |ow processivity (under the
sel ection conditions), the i nédr poration of nodified
substrates, which generate a nucleic acid-like polyner

t hat cannot be reanplifi.ed..(3 t hod accordjng to .
cﬁa_&iPﬁMd@B c&eac?rmngrq,\ﬂyéqlgp r?“{‘%e‘zlg@ﬁ‘geﬁ% in’ fhe, mpgp%ent plasmids
?cgdiag%&ﬁﬁg fofe R Rcid Alynforalet Rebrals €y $hiréfl pl@mid/s provides

alm conprises the steps of:56 (a) Providing
othe gene segnence 0f ke ruickerd absd prgicessuigeenzyme phmtdrestm of

p t plasm ds. encodi one or r cl.si. '
B S eB e D l wPL ,  15 s e
OfdfeRR QH&?Q@m@ﬁt dolfprisescd Slasmidicto SetherORitts thie G @ moienwdleic acid
interest. {(b) Conpartnentalising those plasmds

ap@lymdiases angodaddyy thaplapmidy conpart ments, such that
; { L ' ' j { :
g glihé(é:v(%ﬂﬁg %oﬁﬁg?%sf&'m rtlﬁa?j %%BfeyﬁLéracz@gg c}ef%%g%fggﬁ%é}&%tﬁg sB@cxﬁc for

C aci

Ph asidrton the)pld3mad hebording andég (b nsitisthatregioatof stieaiihenid is capable
associ ation of an oligonucleotide specific for a

r egP@HITHI®: t he pl asmid according to step (b) with that

r | : p C . UAK i . . .
L BB PRt 398U 0 8650 8l ) i i
upioegssinpeenank én thequrestnpe of essommornmydificd muclhetides comprising a
presence of ope or nore nodified nucl eotides

cBIRlRPIT (R én‘ﬂol ecul ar tag; and (e) Capturing the

I RAin!thORBYE.8 li LSRR AT s R BIngHex. (5) A met hod
g@%gaglﬁ%g%t o cl ai reh 3 lgr gl ai méyg vvhereinﬁ”t he nucl eic
acid processing enzyne is selected fromany of those

W i hin the group caonsisti of .t he foll.ow ng: Y. -
AN 5 R BESAHLU ahF R N ibAe procesing
| @My RO feRdckddt o adnlyadtt tho&¥ withihther @665 Sonsisting of the following:
pol ynmerases; DNA |igases, RNA |igases, polynucleotide .
polY family DNA polymerases, polX family DNA polymerases, low processivity
variants of high processivity polymerases; DNA ligases, RNA ligases, polynucleotide

kinases;

(6) A method according to claim 3 or claim 4 wherein the nucleic acid processing

enzyme is a DNA polymerase.

(7) A method according to claim 6 wherein the method comprises the following steps:
(a) Providing one or more nucleic acids molecules in the form of parent plasmids
encoding one or more DNA polymerases, wherein the parent plasmid/s provides the
gene sequence of the polymerase of interest.

(b) Compartmentalising those plasmids according to step (a) into compartments, such
that each compartment comprises a plasmid together with the one or more DNA
polymerases encoded by the plasmid; and an oligonucleotide specific for a region on

the plasmid according to step (a) with that region of the plasmid



ki nases; (6) A nmethod according to claim3 or claim4
wherein the nucleic acid processing enzyne is a DNA

w@oelogowioase. (7) A nmethod according to cl ai m 6P@iYeBeI0A/004649
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the nethod conprises the follow ng steps: (a)

Provi ding one or nore nucleic acids nolecules in the
form of parent plasnids encod?hg one or nore DNA

pol ynmer ases, wherein the parent plasm d/s provides the

St S B B Aty e o
g%)%idﬁt&l e %%E%Bﬁiings%cﬁeﬁ (aqlviasd regBRAF EHE%J]ism[i)c’{IE capable

rises a together With the one or nore
pefl ocomtriages encoded by the plasnmid; and an

o] i gonucl eoti de specif]j oL, a region.,on the nlasm

b BPau 2ehhes R W 5 B PP e 3t s
Pty P tie QPBeiﬁ)% e¥teAddatshif2tHé DNXSolsHhethst Bedordihgtd Qep (a) in the
associ ation of The oligonucleotide specific for a

r prgsenae ofionehe mora sradifiedcrusiegtides compsising y mplegilantaghand

regi-on of the,,pl.asm.d i

R e e e R i

ol i gonucl eoti de according to step (b) is capable of

bei ng extended using the DNA pol ynerase according to .
st@ A methadnaceprding toselage Sovhaseia tg? NReIElE JAH PROCER$Ing enzyme Is a
nug| ' Li sjng g; :
é(%lyxﬁl?cfl%ogﬁ hggﬁ%)ez i edr?ge dtﬂ?m Il%?fé‘lh&ﬁéotitd@ mBHBchtfon step involves
ophapphatglacion i of/tht asligod Sbngidexollqvddd Ayneidhdigation of a further
according.to.claim SOiéwog ein the nucleic acid

pPliganusiepidelipkerio p & VA®ucl eoti de ki nase and the

ol i gonucl eoti de nodification step involves
phosphoryl ation of the oligos 5' end followed by tag
| (9@ inmthaf acaording toeslaiol 1. gdaioc? eoclaie 3 whimsih the method is for the

nmol ecul ar . .(9) A nethod accardi to.claim, clai .
2Saon it A Heree oo e En By P s fight Pasmics
obndMhgl 1h9aRAS 81 chi&RAN of® BP dré@NEoRIRNIIELEapABR 61 association
nore plrasm ds encoding the |igase of interest, one or

nwith oplagid gotasiing thedigespabinterest, s §ig@$qapm0@ﬁeci,\,?y ttheyplasmid and
ghg%g@go%;ggg%g% ] é@l?ﬁlééﬁ%%%ﬁ e fo'n'?ltoqrtggc‘gted nhibotidegase

(10) A method according to claim 1, 2 or claim 5 which is used for the selection of

enzymes which act directly on a substrate molecule linked to an oligonucleotide.

(11) A method according to claim 1, 2 or claim 5 wherein the enzyme is one which is

indirectly involved in nucleic acid processing.

(12) A method according to claim 11 wherein each compartment comprises a plasmid
which encodes an enzyme which is indirectly involved in nucleic acid processing, one
or more enzymes which are encoded by the plasmid, one or more DNA replicases and

one or more modified substrates of the enzyme encoded by the plasmid.

(13) A method according to claim 12 wherein the enzyme which is indirectly involved

in nucleic acid processing is either involved in the production of nucleic acid replicase



one or nore tagged oligonucl eotides in the form of
tagged nucl eotides. (10) A nethod according to claim

wa 200206807zl ai m5 which is used for the sel ectiPET/GB2004/004649
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enzynmes which act directly on a substrate nol ecul e
i nked to an ol i gonucl eoti de. éll) A nmet hod accordi ng
toclaiml, 2 or claimb5 mher% n the enzyne is one
which is indirectly involved in nucleic acid
psruggt?astég f18m a(f}l%%keé %h?&@e %ﬁﬁ&{ Q‘Iﬂe I’xf\%ﬁﬁll 'sILle ¢ 6F Bn enzyme)
each conpartnen nprises a d encodes an
estzy ieinwblived in thel ﬁlﬂcttroaal inylctl\m/loh vwéduclaicruesd mplicase iighibitors (the
processi ng, one or more enzynmes which are encoded by
tmadified sphstrate) RESSEH WL mPé’ﬁH‘He’&tas es and one or
nore nodified substrates of the enzyne encoded by the
plasm d. (13) A nethod according to claim 12 wherein
tcne) Anngthed monding ® dlaiti lewhérgin the ehayee is invelesidén the production
oce is either. invol ved t he oducti on

gl eaiad roh s pivelis Gt & Blobfiordnialivg RE 5o ke
or i nactive substrate (the nodified substrate of an
enzyme) or it is involved in the functiona
i 14t A mathiodrecedrdimgdb eing oz anate of slaima detoi Idhwhereiar the effirgency of

?ﬁlasmlg ?ﬁ??'f{ggfts ggctérg%sg r eic’r{eggan oyf-:1 ' rgllc}r% 8P Efﬁea{ecﬂﬁgﬁes in_the list

al mwhere

| soheisifg dfntht hEBTIPWREY Gy Rire@ding Ubit €l'rg cﬁtthé «slegﬁnuelas@de/plasmld
substrates froma bl ocked or inactive substrate,

Ahysids by eat,eeémauth@golegpn@ﬁléome babfr@r%¥ ap 3 aegs; bytthe gse & 0 a linker
msmhqn 4408, Ght & 16He8 @I arcagtasaaﬁhé %Hg&ﬁ{cfe%ﬁﬁé’, by the
r e o0 e e es | St

any “one or chni q int
c@s’eSdf staliggndedtide niopé thanil0dasdsyongicr easi ng t he Tm of
the oligonucl eotide/plasm d hybrid; by extending the
ol i gonucl eoti de by nore than 3 bases; by the use of a

lt gg&g{]g{éﬁk@ 40@@1@1@03318% 15 QRQrdde Wéﬁ@ﬁerﬁ:ﬁﬁthgtgfﬁ&b’ﬁ@r of plasmid

e ol 1 gonucl eot1 de; by the use of
ol:zipgtm icinerdasaliebynimceeasing thel Dmbxd gl olllgumgcle()th&)’plﬁsnndthybdd using

acc dgql 11?1j ;Lg 1&'&%&@#@ %ﬂg‘% fﬁl@w&ﬁflﬁ@&%ﬁ%@ iglglinopurine (to replace
' R r@%ﬂrﬁ'& t IRAT® @by hRr %laéeg&nHé‘dkB@ﬁé ﬂ%ﬁic@ﬁ@ﬁsdthat increase the
hybrid using any bases in the |ist consisting of the

f ol owi ng: LNA bases; diani nopurine (to replace A,
G cl anps;, FNA, or any other base or backbone
nodi fications that increase the

(17) A method according to claim 15 wherein the efficiency of plasmid capture is

increased by extending the oligonucleotide by one base or more.

(18) The method according to claim 15 wherein the efficiency of plasmid capture is

increased by extending the oligonucleotide by 3 bases or more.

(19) The method according to claim 15 wherein the efficiency of plasmid capture is

increased by extending the oligonucleotide by 9 bases or more.

(20) A method according to claim 15 wherein the efficiency of plasmid capture is

increased by extending the oligonucleotide by more than 20 bases.



Tm (17) A method according to claim15 wherein the
efficiency of plasmd capture is increased by

wezdosnasony t he ol i gonucl eoti de by one base or POT/€B2004/004649
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(18) The nethod according to claim 15 wherein the
efficiency of plasmd capture_is increased by
extendi ng the oligonucleotide5%y 3 bases or nore. (19)
The net hod according to clai mwherein the efficiency

gquilgléﬁ %ﬂg@f gcgt@rudg)t;g Ig)s Bfggé Ll%g}%ﬁgfﬁb th%?é}ﬁ?ghg E Egaamid capture is
%Qééirl% xferidlrf! tHe dBgoMBIe8tide By ioRS thar 5@B&s.Of

pl asm apture’is increased by extending the
ol i gonucl eoti de by nore than 20 bases.59 (21) A nethod

a rding to claj.m15 erein f.f 16l : :
p&?g it % ﬁ‘i"gal %%gtgh sl dwg%/rggleh eenééflﬁﬁlgﬂ‘?%g?fplasmld capture s
O] nic eIl yesiridelie BREGULRBNIOSY Bdfethan (@R)asés.met hod
according to claim 15 wherein the efficiency of

plasm d capture is increased by extending the

o}J,gopucl.eof i re: . e ] :
A AR StPrgtle TP fhuh, P Sy ARCSRcleRcy of A Capture i
CaREdaER] b tHende @A elihKey nidbe thameSitoms|lomk between ¢het inatecular tag
50 atons | ong between the nol ecular tag and the
opmcb@xﬁ@@g@g{cgqggde.(ﬂ) A nmet hod according to clai m 23
wherein the efficiency of plasm d capture is increased

by the use of a linker nore than 70 atons |ong between .
t (=4) i Ineethidcdncdoadinginal clae 23 whereire theoeffigiency 2%)plasmid capture 1s

met hod according to.claim?23 wherein the efficienc f
p}rgg:g%sgia E)ﬁfheu'fsé qfa ki é%{gginaé)y’?(i plomsJang petweeh ﬁl&ee offcular tag
n%ﬁ@ﬂ%%gog&@eo@iag_ws | ong between the nol ecular tag and
t he oli gonucl eoti de.
(25) A method according to claim 23 wherein the efficiency of plasmid capture is
increased by the use of a linker more than 100 atoms long between the molecular tag

and the oligonucleotide.



