POLYMERASE The present invention relates to DNA
pol ynerases. In particular the invention relates to a

woreiokoesoidr the generation of DNA pol yner ases IIT/GB2004/004643
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exhibit a rel axed substrate specificity. Uses of

‘engi neered pol ynerases produced using the nethods of

the invention are al so descri béd. Background: Accurate

DNA replication is of fundanmental inportance to al

life ensuring the maintenance and transm ssion of the

genone and |imting tunorigenesis in higher organisns.

Hi gh-fidelity DNA pol ynerases perform an astoni shing

feat of nolecular recognition, incorporating the

correct nucleotide triphosphate (dNTP) substrate

mol ecul es as speci fi e@BYWNERAShp| ate base with

mnimal error rates. For exanple, even w thout

exonucl eol ytic proofreading, the replicative DNA

P aih¥ pedsasenydntioh elmestCONIA %cﬂy@.&ﬁﬁ@gﬁl patiyulpedhe Snviflon relates to a
error in 10" base pairs _(Schaaper JBC 1993). As

emstlapsk ifor ther genceafons ob N epolymerases: Wiy gxiipE pajrelaged substrate

- ¥ . ! ' _
TR BB BBl INFAALR SRR b By o mvenion
pateyarer &seritkal i ve site in high-fidelity pol ynerases

has evol ved to enhance those differences. Recent

structural studies of the A-famly (Pol 1-1ike) DNA

p s from Thernus aquaticus (Taq) (Li 98),
pE%%egi; El | enberger) and B. stearothernophilus (Bst)

(Beese) in particul ar have reveal ed how conformati onal

changes ring the. catalytic cycle may exclude : .
TR i A D SO ol BN PREL THReRiEe B W, iy ensuring the
Clahiesanth LN rhidenitdis ©F BEdheme LRt 1ifftiAg NEStikeRbis in higher
these tight steric constraints, not only are

miosgraisoise dliplrdideltyi DA priymedasds ipatfomataal 3stdrgshivas dert 0f molecular

A He SRR U P LA b G b e
diamsﬁééﬁ&ﬁb% g feBip1dt6 BhéORiR mamaAIl érfﬁiii‘ergfeg.‘rj%'ia&@ﬂqp@}l%ven without

tenpl ates, the incorporation of nodi

urerenustealizaxpefiedding ithterepli¢ative P petyniatasErA]I femt B.peli on average
ext ensi on of nisnatcged or unnatural_3' termni. Wile
deshymples onp erar inrel0° dgedpaits(Sehpeper IBEHEIPBAt e

discrimnation is limting for nmany applications in

bi ot echnol ogy. Specifically, it restricts the use of

unnat urAs erefgeniodiifferences betveszhi cderebidys asd atishaidé nucleotides per se are
applications they enable. It also precludes the
e frfiohi teo smBACR> givplristite atlios foldf distaimeigatibriibe starepiraioé the polymerase

active site in high-fidelity polymerases has evolved to enhance those differences. Recent
structural studies of the A-family (Pol I-like) DNA polymerases from Thermus aquaticus
(Taq) (Li 98), phage T7 (Ellenberger) and B. stearothermophilus (Bst) (Beese) in
particular have revealed how conformational changes during the catalytic cycle may
exclude non-cognate base-pairing geometries because of steric clashes within the closed
active site. As a result of these tight steric constraints, not only are mismatched
nucleotides excluded but catalysis becomes exquisitely sensitive to even slight distortions
in the primer-template duplex. This precludes or greatly diminishes the replication of

modified or damaged DNA templates, the incorporation of modified or unnatural



Some ot her naturally occurring polynerases are | ess
stringent with regard to their substrate specificity.

wao-00sexanpl e, viral reverse transcriptases |i KBCFAGB2004/004643
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reverse transcriptase or AW reverse transcriptase and

pol yner ases capabl e of transliéion synt hesi s such as

pol Y-fam |y pol ynerases, pol (Vai sman et al, 2001,

JBC) or pol X (Washington (2002), PNAS; or the unusua
Pab&ii@Rdt Yard) i : '
By AP R N Hhmatched o gonatural 3
t termiigh fidelity pol ynerases. The di sadvantage of the

use of translesion synthesis pol ynerases for

bi ot echnol ogi cal uses is that they depend on cellul ar

pr oces§ynild destr@ble Oh SatiR€, $ubRistrindeht dibiYate FEANARISENS limiting for
Moreover such pol ynerases are not stable at the

t evapErapplicaiiongtinvifiotephnodegyai Spebifioalés Hh obstigits ghe use of unnatural or
t echni gues. ar. erforned, such. as PCR. _FEurt hernor )
el cBlie Rekes Roch T aoBlicalionE ey sbtieik 450 igapdes the efficient
r edRcaplificdabh bydanvped DNW WhHplaRYEr el y conproni se

their utility for cloning. Using another approach, the
avai l ability of high-resolution structures has gui ded

effort Lon ro.t tra ecificjt .
of i gﬁoﬁ% é)é}?aﬁ tn)a/m livyopcgi.l{x/ﬁxgrpao@ggérgé;eg &Y feefssdﬁﬁg%e(né aw{h %gard to their
nuitagerespeifity, Rop &NEIRES eirslC eaRtRn ﬁ@né@ﬁ;ﬁﬂs&e%' HIV-1 reverse

(ddNTPsz (Li 99). _or ribonucleotides (rNTPs) (Astatke _
OBYDSCIRLAGE \RG |TEVRERR Aanemiptase| ¥ @okyjnesises capaie mfstranslesion

a [ ; [ | I: eased R
R s BOIVRRRY BolfBlot A0 Dol (UBRAF B 20 dBO) or pot X
( Pdachingid)y .(%(RQ)EBFIA}S,; drwhe ](ci]nilﬁtrﬂl IBfamity tp_bl}{merasr? pol X (Johnson,
ategi es for. selection of polynerase activity have | _
Ritloglly PiEH § HBEARHCRS, Vith &RVSsY hiciensn Comparedhie high fidelity
[ : pe=Y I :
LB T i AR o VeSS L Bk ok AR Mlymerases fo
hbetahhaegidaltuses issldt ahdyodepend antelludr pfaugsgiiky fietoas for their activity,
wWhi %2 i rp% ate rNTPs gnd dNTPs wi th corrpa{labl e .
efYS %Seﬂ@gA( ageqysy su VOFTases Af nﬁéfqarglgsaté gtemperatures at which
C 0GR biotBEIAB R @l %(ﬂﬁiqtu%E‘ dr@rRroAR, | QIR - BePBR! | Birthermore most
the technique of conpartnentalized self-replication
( CaRplegiGh aprtbsyis pdlymevdses havesa bmsk dedieed Hidelity, which would severely

self-replicati ol ynerase genes by the encoded
p&W?W@Fﬁgg ﬂ%#ﬁﬁ%’Oﬁ@QB%%te, non- conmuni cat i ng
conpartnments has allowed the selection of nmutants of

Taq pol ymerase with increased thernostability and/or
resi st Hsgg anothenepporcnthe amailabilibr ofkighresolyt@natmsiyes has guided

L0 B! B S T i S A e

t Kigo-GiddBdd RluRgSRARI €.pCid thoRfasd) a@lepianbe bF iR (ddNTPs) (Li 99) or
pol ymer ases whi |l st mai ntai ning
ribonucleotides (rNTPs) (Astatke 98). In vivo complementation followed by screening

X

has also yielded polymerase variants with increased rNTP incorporation and limited
bypass of template lesions (Patel 01). Recently, two different in vitro strategies for
selection of polymerase activity have been described (Jestin 00, Ghadessy 01, Xia 02).
One is based on the proximal attachent of polymerase and template-primer duplex on the
same phage particle and has allowed the isolation mutants of Taq polymerase, which
incorporate rNTPs and dNTPs with comparable efficiency (Xia 02). However, such

methods are complex, prone to error and are laborious.



hi gh catal ytic turnover and processivity of DNA
fragnments up to several tens of kb. Such pol ynerases

wowdos/ob®1Hf particul ar use in applications sucPCHEBROR004643
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anplification and sequenci ng of danaged DNA tenpl at es,

for the incorporation of unnatyral base anal ogues into

DNA (such as is required for sequencing or array

| abelling) and as a starting point for the creation of

novel polynerase activities using conpartnentalised

self replication or other nmethods. Summary of the

I nvent i Reveiltty the ehnique 0¥ eompasmentdiifadestiftieplication (CSR) (Ghadessy
princi pl es. of directed eyol ution, (}n articul ar
cObaPtifBnisaPpsddon eie Jedipiepicationny PebeRaEEqeshes by the encoded
R e A g A AT YRl IR ARG RY tho selestion
hiofj miftawte |of t TaqDbiAymetagersvitis Bsreand thermeegalelityl snd/ar resistance to the
expand. t he substr ange of such polynerases. Al of

tﬁgte B@ﬁ}ﬁ%ﬁ%ﬁ%%@@%@gg aipé).her ein incorporated by
reference. They surprisingly found that by perform ng

the techni que of conpartnentalised self replication
r éfosveyen; dberastillesemagisngy nesshpar thei are $orodn effivdentiand simple method for

nmut.at.ed .Ta nes, and. fl ankin riners bearing t e
FLAITE s SRR spethtiey, pF Py oty TR milperdths Wikl maintaining
Mt M GaBal WY RritRBL iRt RYcabivah o DIND May¥metd upith 86k ekd1@ens of kb. Suc
abi%%in{y %‘%{extend thlg_gA*G ago_l C*C_tﬁglr?vers?on o Such
mpshymezires witlee ph pattisulasmse an épplieationpguclapg CR amplification and
sur pri singl xhi bj t a.generijc.ability to exten
e’y Ak AT R 87 SRS wonatural base
Siafiflobucsainio BINYC §subBtasPie| reGiFeds fori qi@icinDbe alr@y EbleBIN@) and as a
3" msmatches (Kwok wt al, (1990), Huang (1992).4 The
mytagiing prontiep hgseeatige abpeted golymsmse %ﬁﬁl‘ﬁg?s wigghcompartmentalised self
c . | conconmitant with other high
f?%}’é{%@éﬁ%%#@%e%r{%é%%& and are capabl e of efficient
anplification of DNA fragnents up to 26kb. Thus in a

first aspect the present invention provides a nethod

f Sumiparyeibe MYHHOBf an engi neered DNA pol yner ase

wi th an expanded substrate range which conprises the

step of preparing and expressing nucleic acid encoding
aThengienae r iade®A pobifivdr Asepritdiplesiafgdirengal awelution, (in particular

%S%%&?@?‘%%ﬁfqﬁg St lf?@lﬂ%ﬂ%f)? é%{ag%“ﬁ  GBoP ﬁﬁbgf,n 8663936 and GB
' T 87464390 Ed ARESo ML gﬁsgﬁ Hvediods, 16! r%fa?irtfééﬁ] §€ric control of high fidelity

termnus/end refer to those priners possess at
t MAVA pdlynesrdses ané conseypest]ygtooexpasd thersebaragdbiapge of such polymerases.

All of the documents listed above are herein incorporated by reference.

They surprisingly found that by performing the technique of compartmentalised self
replication referenced above, using repertoires of randomly mutated Taq genes, and
flanking primers bearing the mismatches A*G and C*C at their 3’ terminus/end, then
mutants were generated which not only exhibited the ability to extend the A*G and C*C
tranversion mismatches used in the CSR selection, but also surprisingly exhibited a
generic ability to extend mispaired 3’ termini. This finding is especially significant since

Taq polymerase is not able to extend 3° mismatches (Kwok wt al, (1990), Huang (1992).



nucl eoti de group/s which deviate from cognate
base-pairing geonetry. Such deviations from cognate

wha®e/opails i ng geonetry includes but is not |i MPCEGBR®H/004643
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nucl eoti de m smatches, base lesions (i.e. nodified or

damaged bases) or entirely unngtural, synt heti c base
substitutes.. According to the above aspects of the

i nvention, advantageously, the flanking prinmer/s bear

O HutdMpBIyIMGhROLEAS 1 SRBLERSR Hidh LAV &) itant wi
end/ term rlljgs.. Adva%t ag%ousl Yy, accgl?%} ng éc fbﬁxéovgg,oc\?gconntam with
asther thighoffidelity polyererasen antieart | aaphblagofpeffiviens ampliffeatién of DNA
one, t th four, or five or nore nucl eotide
nﬁ?g@?ﬁﬁggt%égﬁ%e 3" priner end. More advantageously,

the one or nore nucl eotide m smatches are consecutive

m smat ches. Mre advant ageously, according to the

aBbyeims pugtaspedt thepresentanvantion préwddsl @nethuogl for ithe peneration of an
have one \ nucl eot.jde m smat.ch t the 3. prinmer
oRiEn o e BV PEYERTS Selbgp randed shdrade e aljitboammstoes the step
t BE prepaciil i d, etpiessinganidlele 4id RBEHIAA A eered DNA polymerase
nucl eotide msmatch at their ' prinmer end. re

s pelising temmlate pucleisrasid andstaskingmyingsrs wisiohi bear emeer more distorting 3’
[ ithin its scopethe phenonenon f whereby, for
egﬁﬁgﬁgid%1ther the 3' termnal base ( -m smatch) or

the 3" term nal and upstream base (2-ni smatch,
3-m smatch, 4-nismatch and so _on) are not

cOfcER defingd lankme nrisegss athichphise a Prdastertiag| torminus/end” refer to

] t - 1T rsi qgn. ms hes i.e. _apposing
PR gEE Nk AT WS RIENS, by Sy R BRGpRD grtay
Predlentilel gyéupdsieieh sleviatenfranes glaesbae Haftink gedmheC. Subhi &viations
type of primer termnus distortion js referred to )
hEPE) ffogate %S?rﬁﬁmgs BeARArYdinalder by 1s et dirsited dp;, nucleotide

Rksrftolftls U0eske! RsiBROYE:. Ih(l;](ﬁﬁé(f 2(3)21 dié&ﬂa%@éf I SE rd;/rmn%{’%?enly unnatural,

a

bearing distorting 3" termni nclude

| swtlstiopbadel ankstitgtepr i Amoslibeaoi g abeveraspedte of the invention,

nat ural base apal ogues at the 3' term ni/end of the _
VaBIAERUFLY. FROHTRIGE B B93E 1 PTORs icdiotile igmatehes at their

COUAlBmaNAs dupl ex geonetry is created. The met hod of

the invention may be used to expand the substrate

range of any DNA pol ynerase which |acks an intrinsic

L B P LS5 Pt i i
ding 3 Baesl ong -teo, HHREQYSE, B bPhhore %@l&&hﬂeemghlﬁltchgs at the 3° primer

pol ymer ases i ncl ude pol A, pol B (see e.g. Parre
Lesb, Mpeet adengigeosBi e @B0d) npot Quclsotide npisin¥ichgobdé consecutive

and reverse transcriptases ) hut, preferably a , )

pmésé%agé}e\s/. el?[or:ﬁ aﬂ\{apfagg?qs&’ aﬁéﬂ% ?ggl%«g _ bove aspe%s of ’516 mvention, the
flanking primers have one or two nucleotide mismatches at the 3’ primer end. Most
preferably according to the above aspects of the invention, the flanking primers have one

nucleotide mismatch at their 3° primer end.

More specificallythe term ‘distorting 3° termini/ends’ includes within its scopethe
phenomenon f whereby, for example, either the 3° terminal base ( 1-mismatch) or the 3’
terminal and upstream base (2-mismatch, 3-mismatch, 4-mismatch and so on) are not
complementary to the template base. Preferably mismatches are transversion mismatches

ie. apposing purines with purines and pyrimidines with pyrimidines. Preferably



Advant ageously, an engi neered DNA pol ynerase with an
expanded substrate range according to the invention is

w@emwsosatoesl froma pol A-fami|ly DNA pol ynmer ase. PCT/GB2004/004643
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Advant ageously, the DNA pol ynerase is generated from a
repertoire of pol A DNA ponneEase nucl eic acid as

tenpl ate nucleic acid. Preferably the pol A polynerase

is Taq pol ynerase and the flanking priners used in the
98RRERIION bmbiResPOL YR 356 BCCTRR®: E_O%éi’fteﬁﬁ‘ﬁﬁ? distortion is
prinmers selected fromthe group consisting of the

f obfenred trgher&in-aCAGIrEAANRDAIBUIStHTIGNAGA AAA ATC TAG ATA

ACG AGG GA-3'; Ai G mismatch); 5 GTA AAA CGA CGG CCA GTA

CCA CCG AAC TGC GGG TGA CGC CAA GCC-3 C*C m smat ch.

Map &y dafvanbRP a0 ehlded 1BCHBYEI g (Eoh t‘h@rﬂé@é’}{)ﬁnﬁ?%@éﬁ@ distorting 3’
the invention, the nucleic acid encoding the

etigiminidands’ noludne vathin its soopti fignking pHimeimbeamingommei e more unatural

PR B end B e Sh & miie R e Hhihtns 35 it istorton
PIoE SR doghity ﬂNA@ﬁpIeﬂ\g@J)ﬂ’i@tﬁﬁ/ fsheeduse of
ep

conpartnental i sed self r i cation, and consists of
the steps listed below (a) preparing nucleic acid

di ' 2d [ : h
oo o 1 ERRHE, P RS0 35 B Spngeof any DA
a@otiniRhRCMKIER 1:RRE 96l inhenH 8-50 bx SicRasdNroBREAIIRE A&BSy or where a 3-

and fl anking prinmers which bears a 'distorting end. _
(B) cxomsigasharoodcading gctiviey ngdicen disabled og. thraagh(maytation . Suitable
: . _ . | oi TN o
DA Hhaic b, SR 8381 10Ph00 BSk] Kufgd Sebpio 2000

mMpot@CEBy bely, HollX #hdricverse tasschptked RBChW mRoblnare processive,
t he engi neer ed DNA pol ynerase whi ch exhibits an

e feelity pplymerses-r ange; and (e) expressing the

engi neered DNA pol ynerase whi ch exhi bits an expanded
substrate range. Mst advant ageously, the nethod of

t hadvavagebushyy aorpginsasd DKAusaymbraseiavitr anosxpahiddd substrate range
nd flanking priners_which bears one or

ﬁ%}%&ﬁ{ggf o theianFEiRa: Bneenstiod HEPP § DRk .Arr%qm@h ddNA polymerase.
oS, e DAOYRIPAASEL 8 Bl KOIEH6r o 4 A
p plofmesraaualeicirih asteaphaie hedleic aciddPefersiely clee péli & holymerase is Taq
polymerase and the flanking primers used in the generation of the polymerase are one or
more of those primers selected from the group consisting of the following: 5'-CAG GAA
ACA GCT ATG ACA AAA ATC TAG ATA ACG AGG GA-3";A+G mismatch); 5'GTA
AAA CGA CGG CCA GTA CCA CCG AAC TGC GGG TGA CGC CAA GCeC-3' Cc*C

mismatch.

More advantageously, according to the above aspect of the invention, the nucleic acid
encoding the engineered polymerase according to the invention is generated using PCR

using one or more flanking primers listed herein.

Advantageously, the method of the present invention involves the use of

compartmentalised self replication, and consists of the steps listed below:



not 100% i dentical at the nucleic acid level to the
one or nore DNA pol ynerase/s or fragnents thereof,

wo c@siowdoith it is derived, and which i s synt heP€T/GB2004/004643

10

15

20

25

30

According to the invention, an engi neered DNA

pol ynerase may bel ong to any fgﬁkly of DNA pol yner ase.
Advant ageousl y, an engi neered pol yner ase according

to the invention is a pol A DNA pol ynerase.

referr [ [ [ase;

R b R %%@r. $FiGohercin the

and hopolyaguss ioferpatednghg a&épdtoﬁ%fﬂmlcbeiﬁéﬁca@ enol@siles encoding
herein defined so long as it exhibits the reqU|S|t

pr oper P} 8F MEEFsRBsp @mswswmmtpmqrw ichaeges %3 distorting
defined,perein. In addition, it is an essentia

feature of the present invention that an engi neered

DNA po I(l;bruenmﬂmntahmdg iy mueldihiacid of sap () intd eeisrosapsules;

i ncl ud th a 3-5 exonucl ease activity

under E‘He ’E’Eﬁ‘? Pglt ?@u Kroid fo PFRéluﬁ%Iﬂ%‘quSE%&t‘iVSrPNA polymerase
reacti g}gﬂm{ﬂ;@rﬁcg@%smegl on includes polynmerases in

whi ch the 3-5" exonucl ease is not part of the

pol yne(tb)s@rqing ghpeplcmke acdflannoding theserpirmooidab®A polymerase which
non-cov tive polynmerase). Such a

pr oofrg ?‘tpa(}&t “\EBEF}%%{T%“&WQ any 3' nisnatches

i ncor p@é)aéx%ﬂesﬁﬁg QhéleRgintQed MRRIROH Qhsed Gzﬁlchné&%%ﬁsoéh expanded
and thus woul d prevent a pol ynerase according to
|nventﬁdﬁﬂp@§®@55|ng an expanded substrate range as

defined herein. As defined herein the term'expanded
substrate range' (of an engi neered DNA pol ynerase)

TTMS alVratagssiRBL, ed MethRAAT B iRRnBHRO cHBFHRE th¥NAse of one or more
pol nerase accordin o the present invention is
643%118

b Belymierases aadtil peimerewhich heare oA moeywweleatidssmismatches

0 ereof fromwhich it is derived. The
té?%%ﬁggﬁgioa ef substrate range' refers to the

ability of an engi neered pol ynerase according to the
present invention to extend one or nore 'distorting

eﬁ&gor B St thE BT yapeetRs ety dAvaHism e derm engmeered DNA

( BWE&B ée'f#gﬁc R ﬁ&\ﬁ@o@n@ﬁa&yﬂ%xﬁ% ﬁi%%g)ng{:l%{c a%xd%\g%lu nde which is

pnbtymﬂ%l&kyhﬁceﬂ ra0 thewhictdic atidilevelles theathecarmet I’ﬁ‘)IAqmﬂymerase/s or
That is, essen{U al | pol ymerase which exhibits

a TAGIEHS dhezess rpmy %KlPhﬁTg’é desivethraad whigh isneathess. Apeording to the
?;]hiv:eitngéh gglterrg%?ﬁéér%@ PEM ﬁﬂ)gi}gﬁ%?seg Haa‘}' t?él&% i %n§ rﬂﬁllﬂgle(gf DNA
bpd)lyaiemse exfivbinthgeoaskye nar iengiabirkd tHNRO pel(}tnﬁmakei% according to the

ﬂi@tﬁﬁf@ﬂggwo?gr &é?rgﬂl%gfa %fﬁgﬁf?g&d §%ﬁ%qvpéh%terran@r@meered DNA
Syt e AR Pl 2428 ) Wt o
as GiERsered RINA giodyrherdsat as hewin diefined so long as it exhibits the requisite
property of possessing an expanded substrate range as defined herein. In addition, it is
an essential feature of the present invention that an engineered DNA polymerase
according to the invention does not include a polymerase with a 3-5’ exonuclease
activity under the conditions used for the polymerisation reaction. (This definition
includes polymerases in which the 3-5’ exonuclease is not part of the polymerase
polypeptide chain but is associated non-covalently with the active polymerase). Such a

proofreading activity would remove any 3’ mismatches incorporated according to the



damaged DNA tenpl ates and so on. Mire details are
given in the Exanples. According to the above aspect
w@booshesoihivent i on advant ageously t he DNA pol ynRCHEB2004/004643
generated using CSR technology is a pol A polynerase
and it is generated using flanking prinmers sel ected
fromthe group consisting of the follow ng: 5 -CAG GAA
© ACA CCT ATG ACA AAA ATC TAG ATA ACG AGG GA-3' ;A G

TSRS B 0 ST AR A B o A A TR AR I Kiing (0 the

t Heveatibn posskssappaeexpandedisnbitratérabgs endeined hyreBNA
pol ynmerase flanking primer which incorporates a 3'
msmatch will work with any suitable repertoire. The
process of msmatch extension will vary in
characteristics from pol ynerase to pol ynerase, and

5 will also vary according to the experi ment al

G SGHE bt 4 GHBL PuRnda, SHEKGH BYREFadopan finesisd DNA
( Heangersde) Meanddht silsfele rah Bl %@tlﬂé ?edzlgir?ﬂb%ﬁ%fe&rse according

ext ensi on” by ot her polynerases an

r dorthenmiesent Htvenimmsdarbgdet Hengkatl dfdble pee eomord DATA polymerases or

art will .also eci at.e t hat

o taghents PR e 1S ReP RS yBnf birdersmbsiale hge” refers

10 Mgé HRdHikioDE h e nQ&E&bdﬂyﬁ’!ﬂeHse QEHoYdLYiQ 'Eckthfe%esent invention to extend

pol ynmer ases which are devoid of 3-5' "exonucl ease

a®npvi er posof Pédistoritneuneds, t lidvadagtouslynstrarseetsionr mismatches

- Bl BbuRuS bk R eBitAtl 2 Ghc R BT and o,

Usitiigh theeonedriaske ol it adeltv26inl Which iR d2HOSE Binnot extend. That is,

I nventors generated a nunber of pol A polynerase

messentially, BvDNoA nohaneratearhichnexhibitsve relagedviubstteorange as herein

15 € )éllgf Hé(f h&shtﬁe %thlt t ncfg & E)?tgﬁj %1 qlitgﬁmg quéfs:l:.%se% IJ]n itB @Fneration

transversi

allBahsse pf rth?d lﬂ@hl&ingﬁﬂinﬁﬁri) Butgslee re'xﬁl@itlsy.a géﬂb@ﬁcﬁﬁllty to extend 3’

ability to ext mat ched _t hus in

f disterEpe a?@é%&fort%énw}%ééﬁ A*Weﬁfkﬁowl%@%meébsﬁaﬁrably, ‘expanded

sugﬁtrate FQNng&ﬁ&gﬁéra 9@%% 5@%*%%%?%@2F§§P%ﬂﬁ§spammnxof

pahyaterahsgudléotidet gitzables WSludghgONES OCINTRY, e dp@idbeléds Micleotides,

the present invention. According to the above aspect
20 ofdampged Aéntemplatesandfse oapMpre daiaitinase gley i thedixamples.

pol A pol yner ase.

According to the above aspect of the invention advantageously the DNA polymerase

generated using CSR technology is a pol A polymerase and it is generated using

flanking primers selected from the group consisting of the following: 5-CAG GAA
25 ACA GCT ATG ACA AAA ATC TAG ATA ACG AGG GA-3;A*G mismatch);
5'GTA AAA CGA CGG CCA GTA CCA CCG AAC TGC GGG TGA CGC CAA

GCC-3' C*C mismatch.

One skilled in the art will appreciate that in essence, any DNA polymerase flanking

30  primer which incorporates a 3’ mismatch will work with any suitable repertoire. The

process of mismatch extension will vary in characteristics from polymerase to

polymerase, and will also vary according to the experimental conditions. For example,



According to the above aspect of the invention,
preferably the engi neered DNA pol ynerase i s obtained

wa@ging4done nmet hod of the invention. In a furtheCT/a8p@®an04643
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still, the present invention provides a pol A DNA

pol ynerase wi th an expanded sugstrate range, or the

nucl eic acid encoding it, wheré@in the DNA pol ynerase

is designated M or M4 as shown in fig 1 and fig 2

r Y. 5

389854 VS R 1600 050 L B0 S e potymerse
| (Heaid enal, 92)e fGthadhisntdihce ngi herired] fdoNAtepsion T @b& padymerases
herein defjined is that polynerase designated M in fig

1 @A duse be @aﬁs@@dﬁtenﬁns@é@éh@f thil{derergipect t he

i nvention provides a pol A DNA polynerase with an

expanded substrate range, wherein the pol ynerase
exOuicbikiiliedain theasit wlbMso agprediaty thay ibisearoesseafiiad fefture v the present
am no .aci d sequences desj gnhat ed and M4 as shown in

f iTgveptigh dhat the @eﬁhegi)é?%n Rerein i opi e verk fsrgokanerasen gyhich are
S 5 . _ . . .
B e R < P e e Y MBS ysed for the
EppDGerizbdG, retd38S, asl sich RV Ww@bd Prestld 2GthES2dhiGyal of the
N583S, VI 131 @éZQV, L245R, E315K, G364D, (A03R,

EAREPOrBRd PHSPBRON ' R704W D144G G370D, E742G, K56E,

| 63T, K127R, M3171, QB80R, R343G &370D, E520G Gl2A,

A109T, D251E, P387L, A608V, R617K, D655E, T710N,

Elisg tharagiod of he @rventiss,| the prodit, inGaT@Dgenddiéila number of pol A

E694K, R795 3 0D, E A M4T7V, . ...
SR e B RS B2 R GR0S R 38 and S5 o i
D@%ﬂﬁltg R &HendYhE GFA AAERT i3 feion R dtced A8d inMBSBSR selection,
E694K, A743P. Advantageously, the invention provides a

pdiut Alsprntsinghe exkibit e gamereallyxphaneed ahiliyt toaaxéendakigmjsmatched
or, rtrrﬂe' nucleic acid encoding it, wherein the -

po?yn%lr'ase exhibits at | east 95%identity to one or

nore of the am no acid sequences designated M and M

as shown in fig 1 and fi% 2 respectively and depicted

SHbus inym futher asselcthe pessgntamentipn plovidsiphicsgiaceay DOHe polymerase

or, .t he i ' : 4

TR i e Bl ot SRerers S e 8 g potymerase

L 24 bbtainEBK Icing €3¢ OPmotd2@thod o8 &, préeititvedirch3P.  Most

advant ageously, the invention provides a pol A DNA

pol ynmerase with an expanded substrate range, or the

ggﬁc%cglfcgrég?‘gdt ﬂﬁe:ig)ggg bt bf th%ﬂe%'tlgn,tﬁ}@fgpﬁly T BR&A polymerase is a
pol A polymerase.

According to the above aspect of the invention, preferably the engineered DNA

polymerase is obtained using the method of the invention.

In a further aspect still, the present invention provides a pol A DNA polymerase with an
expanded substrate range, or the nucleic acid encoding it, wherein the DNA polymerase
is designated M1 or M4 as shown in fig 1 and fig 2 respectively and depicted as SEQ No
1 and SEQ No 2 respectively.



95% i dentity to one or nore of the am no acid
sequences designated M and M4 as shown in fig 1 and

w0 p@sa430especti vel y and depicted SEQ 1 and 2 PCT/GB2004/004643
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respectively and which conprises any one or nore of
the followi ng nmutations: G34A, D144G K314R, E520G
F598L, A608V, E742G 10 Accordi ﬂg to the above aspect
of the invention the rrut ation 520G describes a DNA

p rase cording to .th nv.ent |

PALTRLR o 358 0V skt 0F e R SRl L o ShSerea DNA

@egme?@s%ms hetdift iefingd We fiRt pUlyRidraeiesignhted M HAtfig 1 and depicted
which is located at the tip of the thunb donain

aSEQ ¥pdt ance 20A fromthe ' OH of the ni smat ched
primer term nus, would be involved in m smatch
recognition or extension . The nutation of E520 to

G2 §etl Stuethepdsbyctithp@di t@tivh providechpsloh ENAPoBedraSyitign expanded
present inventors have denonstrated. This aspect of

t IBbstiR{EanE® Whesein daacpeliyaarasq prliits ateask QS%udamnt&do one or more of
d?ﬁé’ i%' Qﬁast%&%@%s a{;\@g{ehgﬂ ﬁl&‘ﬁwﬁ % 1%1 gﬁ\gel%{?f fig 2 respectively

Cons e |nven
appd Ideplbted SEQ the 1gaideSBQi XNa ZOﬁespdatledflszl Sandoifhieh] gonpek&dany one or

DNA pol h d b
ot 4 N Tioving BRESeR: BRuen T aAt: keS R rat Fisedg: Nss3s, 1.1-
ofpI@Ge Ith@JP mo@olymhasmgs%f ey$1410 ﬁlwtﬂiﬁsl@f E315K, G364D,

or noré, of nore’4 or hore, 5 or nbre enginerréd
p&F405By d@é}QD et Ag d614Mt h&® M0dWin ' Bl44(@s G376PerRy406, &K56E, 163T,

DT 2 QfsoRy Radics Dafbpp Hagea T RuBfei&fbor, posiE, pasTL,

eX{RRY, A6 107K, "DESBH, C’fi?PbNﬂ R74IT AGOTI M144&, ay{$3al BHes1, G370D,
of naturally occurring polymerases. Viral reéverse

t 1aHEdr F6P4K e RT08G) B3Ke RPARG, QB70D, MIROGT THRAQA, M747V, K767R,

DR MG fs o AR AR0RY. BRI DYRRLRAR b0, Lads,
| FBGBGOG3pab, K5A0(AHnE! BED4KO A 4BNAS) or the unusual

pol B- fam | y poI ymer ase poI z (Johnson Nat ure), all
extend 3 m srratches with el evated efficiency conpared

to, high-fid Iit . nerase Thus, nmut ant _pol

oty niPaecdl che RO B o BE, DR BBt en expanded
SIsglsunfats:@ﬁge fdﬂl’dl‘id L agidrdntédihg itewheteihthetgd@fmerase exhibits at least
poI nmerases found in nature but so far represent,

t he
;ﬁ Hé@Wty terpeer arore 198 the awn%nﬁlﬂwewny@ﬁedmtqdhml and M4 as

e
25680 8L By 2T By ] B3 SEHF) 0, vy and i
P @binpEis&SEs, onMUrqﬂoraroe’ tiid fllloiving mvextians GRpRg MG, K314R, E520G,

cel | ul ar
F598L, A608V, E742G, D58G, R74P, A109T, L245R, R343G, G370D, E520G, N583S,
E694K, A743P.

Most advantageously, the invention provides a pol A DNA polymerase with an expanded
substrate range, or the nucleic acid encoding it, wherein the polymerase exhibits at least
95% identity to one or more of the amino acid sequences designated M1 and M4 as
shown in fig 1 and fig 2 respectively and depicted SEQ 1 and 2 respectively and which
comprises any one or more of the following mutations: G84A, D144G, K314R, E520G,
F598L, A608V, E742G.



processivity factors such as PCNA, M and M4 conbi ne
m smat ch extension (ME) and translesion synthesis

WQTGDS)MSM& h hi gh processivity and in the case PET/VB2@RO04643
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capabl e of efficient anplification of DNA fragnments of

up to 26kb.11 In a further aspﬁct still the present

i nvention provides a nucleic a 9d construct which is

capabl e of encoding a pol A DNA pol ynerase which

exi hi & n S r i.d, pol.
AL 0B 900 BB 1 9 0 53R hpes Do

hl@oly@d‘raéﬁﬁ@cbidu% tarthe irﬁveﬂt@@i gnehied gMcnﬁﬂ@ Mﬂesent at position 520 of the
respectively. According to the above aspect of the

i FER P%}ﬁ Seﬁlﬂf‘@%rﬂtﬂ Rregent ineaioss wepr supR¥sdstorfing that E520, which is
eRE&! urt the %{gspectdb\ﬂ%ﬁ{e :&ﬁ@% Caf% g%tcéﬁ{:é %gx 'ﬁ%r e'tfl& 3’0OH of the

In a o provides a

Dhifispeiclietpaser whmusnwexlddedeadolsedit m@dn@tﬂﬁf&gsgmtlﬂn or extension .
particul ar which is %¥fable of. m smat.ch extensj on,

\Aﬁé’ieé’ﬂ watipr o DR (i Gonlt Hsdeaglyripmosiars, in shelt eleplpgever as the present

n
e e S o, Pt S8R QoM A Geflipd fffher in he
Blaletaﬂhdﬁacnatubmofthemvasmct the invention provides a

pol A DNA polynerase with an expanded substrate range,
in particular which is capabl e of abasic site bypass,

WS ShrBsdnP §n NP Ch YR AR S %%Eﬂh%&sof 16 SheLARhYis applicable to the

consi'sts of the amno acid sequence of any one or
ofgendretion oficbleddsli gfnengukenet EINA aol@AGRses3BE aad eﬁ;Binded substrate
t he [ i des. a

rther ect still nventi. Iy

BUR: H67 AR B L BB B B & ‘P P polymerase
p@éfbfsctwafﬂ}fnx\tﬁ}b 602 o8 nfeRR) B ran & ADNANERPS bf Blok@Bhginerred polymerases.
i nvol ving the incor oration of unatural base anal ogué’

i Areferahly Hevpyn rideridst efed tomanixirerofion 7t B9 Poll 0 Ar Dhike ‘engineered
%EY (&&§§ conprises, preferably consists of the am no

a sequence of any one or nore of the clones

designated herein as 4Dl 1 and 5D4. h a further aspect

the present invention provides a pol A DNA polynerase

qut B lmﬁ’oé%ﬁéﬁ det Wabihe exteasipn egamismpiched 3 priveer termini is a feature of

DSEREEN WSAhl S SEPLEA 85 B R o
3GIMY RD and3pdlPmenBés capablelof #hhslekicangimBhdis (’YfLS)hsuch as the polY-

conprises any one or_ nore of the nutations (w
r dypBY: polygnesasenpel 10fV ajsmean; %ﬂOééBﬁ)ap@ml @éWe@urrgqn 2092 PNAS) or the

TR R S .
a%RsQ/ﬁtfedS&ﬂﬁHenC}‘ rb%rr@ﬁ?eﬁefbt hi g B8E1HP I RMaES Thu¥ S P mutant polA

rising a nucleic aci
polymerases according to the present invention share significant functional similarities
with other polymerases found in nature but so far represent, the only known member of
the polA-family polymerases that are proficient in mismatch extension (ME) and

translesion synthesis (TLS).

In contrast to TLS polymerases, which are distributive and depend on cellular
processivity factors such as PCNA, M1 and M4 combine mismatch extension (ME) and
translesion synthesis (TLS) with high processivity and in the case of M1 are capable of
efficient amplification of DNA fragments of up to 26kb.



construct according to the present invention. In a
further aspect still the present invention provides

wao b@snsw1of a DNA pol ynmerase accordi ng to t he PCEE8BR1I04/004643
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invention in any one or nore of the follow ng
applications selected fromthe_group consisting of the
follow ng: PCR anplification, %gquenci ng of damaged
DNA tenpl ates, the incorporation of unnatural base

anal o | Nt and the creation af novel . . C g

oy e, bt O R ekCinf R #8viee " Elsie srip gpstruct which i
ofcapilete ioff\e@Béding a psleAEDNAI Yolierads Qvlich @khiBits BheRgPanded substrate
of DNA pol ynerases according to the invention or ‘
s dPRES Bl sid PalgA N4 pelymearsrsds depietaé in Agdranddig 2 #hBEQ No 1 or

u gnﬁg . r i)l be famliar to those
s[}ﬁ(ﬁe\{?@l n 38% aq%&/n iagagéd'si(!:grsp%célgayh Bar nes, WM
(1994) Proc. Natl. Acad. Sd. USA 91, 2216-2220 which
is herein incorporated ref erence. According to the

by, referen the
abftirerding & theo pbeveeaspast etit the Anvention.e preinrgbly Hbe mupleic acid construct
p LM . Advant ageousl v,
[ :yn%é&s?egeneré?gglgﬁglﬂge‘%st e%:%r%?g%gmﬁsi ng fl anki ng

primers bearing one or nore 3' msmatch pairs of

interest as described herein, O her suitable nethods

| b Rt (0 TBYEREeT BOVIGs APOpAJISH AR VRapah an expanded
P i . L .
conpii koS, B pufofal 18MA [ CBLEK I bIbnBAGL bRy wherein the
XUSNAQslyi8Hse sombsses) prefdrihly sondistd ofithe hmipy esé@nkequence of any

i nventors haye denonst.rated. Accor.din o t he above
| 0t Sigre RN, IR Ry bR 28BS, Fat acs gma
pol ymerase according to the invention is in PCR

anplification and the polynerase is M as herein
ddBcyet wetiurthar eopadt e ivenhen phovdesas pottA dNAhpolymerase with an

i nventd on dvant ageousl. the. cr.eati navel .
SRS SRR Bh P S RL N BicBaS iR} HnA Sk s, wherein
ofth€ DNRapbIyRIRERE L&BPKS) frefcBPly EHsisivoBle H8HR/ 4

her ei n. %e?}ihni ti onsgré _'IJhI;ereteer rr}: en Si neer%d cRPbéquence of any
pong pepwseof thefadenes designatedrhgsein perd Ad8 S3SRthawh3Bls a

nucl ei ¢ aci d sequence which is not 100% i dentical at

the nucleic acid level to the one or nore DNA

PTh YaTRlrBRe/aSpdet still aeBMNentibA9r&ales hPIMAMDNA pdlyherase with an
derived, and which has been generated using one or

meKRAnSieE selsitts 188e% d prrEeHBwhichdy eanablpeafUsN, replication involving
ieggéaﬂlggﬂﬁ)_%%t%fﬁlglla%rb%sc’eeaﬁ?&g%%gj il tllxeonegw %‘/ r'ep Yc%?etdl BIQA, wherein
the pol A DNA polymerase comprises, preferably consists of the amino acid sequence

of any one or more of the clones designated herein as 4D11 and 5D4.

In a further aspect the present invention provides a pol A DNA polymerase with an
expanded substrate range, wherein the polymerase exhibits at least 95% identity to one
or more of the amino acid sequences designated 3B5, 3B8, 3C12, 3D1, 3A10, 3B6,
3B11, 4D11 and 5D4. which comprises any one or more of the mutations (with respect
to either of the three parent genes Taq, Tth, Tfl) or gene segments found in clones
3B5, 3B8, 3C12, 3D1, 3A10, 3B6, 3B11, 4D11 and 5D4.



pol ynerase or a pol-B fam |y DNA pol ynerase. More
advant ageousl y, an engi neered DNA pol ynerase accordi ng

W o00shesoimivention is a pol-A fam |y DNA pol yneP@HEB2®4/004643

referred to above the term ' engi neered DNA pol ynerase
al so includes within its scope, fragnents, derivatives
and honol ogues of an 'engi neer DNA pol yner ase' as
herein defined so long as it exhibits the requisite

i . t . .
PRt ApRESAEL AR AR B A LB el ABASE mucec ac
f eahsiruet adcotdisg for ths prasentiv@ntio@n t hat an engi neered

. DNA pol ynerase according to the invention does not
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include a polynerase with a 3-5 exonucl ease activity
unger e GoRel L i erk MEPRISAL 9

reacti on. ' %ﬂ%ﬁ{ gﬁlg ?%eo Irseg%g ilﬁ{éentg??ip\??{uég@\/\éﬂlﬁ ]g;er Oef?r%\PeNA polymerase
anyca3dingi tentht givesent imentiar &i edy ane wrdndg: b thd &IMR/LA® dpplications
of t&e i.nvention, and.thus woul d prevent a polémarase

acBSTaT Mg e ety AoRRLng PL s Llbsiing REReamakbention, sequencing of
S WhshEa! DN/RAGSIaSs, 48 i | 5 i |

"f angi ng pr iwrrlgprs S\’/Vni ch&g’gggﬁgﬁsaul s?@?ﬁﬁg aﬁ@{)%ﬁﬂrgo DNA and
r dfeesreatntdf oowelPRlynperhserretinities.pr i ner s whi ch possess at

their ' ends one or nore group/s, preferably

nucl eotide group/s which deviate from cognate

bag@of#d tole SRFEREL oihE %&ﬁﬁbﬂtﬁr&eﬁbyt%%gé)&'lgfaeblend’ of DNA
base-pairing geonmetry includes but is not limted to:
nipelyasrisge agtadimgcloethe Inasntidnesi eelsctéd .aecondindi fo deb atethod of the

d d ses . entire unnat | ,. synthetic e.

S OO 28 T8t ofHeRS rpnerares R it ooiied inthe art and
atCAysehiteg ih Barhs, meu\hpggmfp;_tob.ezvaﬂnyﬁlaal 98- URG 99! $H 189220 which is
to the above aspects of the invention, advantageously,

t herefn) inppargtes hymsferenceear one or more nucl eoti de

m smat ches at their 3' end. Advantageously, according

to the above aspects of the invention the flanking

P Aco®din gt \thd) B eQiPsct bWhe ihtéition, prefrablPthd DX Pélymerase is a pol
more._nucl eotide msmatches at the 3' priner end.

PrefBYALPY)YRERST- didgantecPnEy.aBolse genspaied gistilg OBR technology using
' e%% ?g:éne%%qger?%%ig%lﬁéw n?c{rhgerérﬁs%?t?éﬁ gl@sg ﬁg _Ent%%% as described herein.

nuc hes at r
pCeliezrsatibhle anethodsi inglutle stieeninp after @cﬁﬁ’ﬁ?t;&eéﬂecﬁbﬁ_(sdee Patel & Loeb

inyentjon, the flanking prinmers have one nucl eotide

D Lh g Hise duas Vo0 PR Waled 4omalaop e Rl pebstrate (Jestn
the ! i : il ngi peer e
R e T A

engi neered DNA pol ynmerase according to the present.

i nvent,i on isf1 br,oader thaog Tilhat of, the ogne or nore DNA
pOLSATEREs s thefborE Afheshiad 1R dpwstion, BrafetAbly Hhe tusp of a polymerase

dggcoMtifly tol e ThPddfiod iP5P AR aripiRdatifh Gnfi WS&lyﬁl%Ia% s M1 as herein

described.
According to the above aspect of the invention, advantageously, the creation of novel
polymerase activities is produced using the technique of compartmentalised self

replication as described herein.

Definitions



to the ability of an engi neered pol ynerase accordi ng
to the present invention to extend one or nore

wO diosperts ng ends, advant ageously transver si onPCT/GB2004/004643
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m smat ches (purine*purine, pyrimdine*pyrimdine) for
exanple A* , CC, GG T*T and G? , Which the one or
nmore pol ynerase/s from which it3is derived cannot

extend That is, essentially, a DNA polynerase which

ade ikt BnbRpGACORAD POl dFr o, WoDRU PFARY which has o

eﬁﬂﬁleitsa&ﬁﬂ hd@lubﬁ& wisee li@ﬁdtQ'@O% fdehtias et 0f nhblelcf dc@cDKalVB]gto the one or
prinmers) but also exhibits a generic ability to extend

3'mefe ANAtHokyneraAp Plofragmep ﬂ@r@f(ﬁom*whlch;i s derived, and which has
;nrl])%%t %Ceﬂglsé?\ﬁd Eglh fon%e%g rxlaglie ?%t@c&n&lﬁg{chp ll’ﬁe%lzocg g&(ﬁv%ngageously, an

nucrer c acl

( Rhginkgred EDRAS polyandrie  Mcondiag efoc tiRC intlefitign ds mcpoawu cfamﬂy DNA
sequence (b) Flgure 3. shows the general schene of .
mpghﬁwﬁsee&rt 2 el-Bnfapxly DBApolyaKTasse Mare gy aniagegnslyf an engineered

t Imﬂojl!)olgﬁg% % ?ﬁg&n ?iﬁg%oﬂ@ 4 PRLYIEE A ﬁg&gg%b{i? BNA polymerase.As

ext ensi 0 prinmers bearing
mrsfeatd e sbovieathy m;aieagmeapda DINA glolymerasf alsodntladesi within its scope

b iesisiito e iasRy o BARDIARE S  sadlaeeiesl DNA polymerese’ as herein

S t
mﬁgﬁgﬁgd fon Oa§ it %{1@@{{3 @ggéqbu?sgtg?rs%éﬂaﬁ&ﬂgﬁ&géglh rﬁn%{xg%ﬁfed substrate
e x&msdsafcﬁpe(bbgeml breadditieng itds te dssontial festmsad . the( Present invention that

Pol ynmer ase VI in PCR f.or ched .3'

iragnged BV o ieie SperyRe b dmamtan 5 o Jude a polymerase

S t1}%‘(1{‘)&1 QB.S"*eé)éﬁlﬁcl@éEEl adtivagtinRRr RhO HeHSioHS | 'd@gd A6+ MBS Solymerisation
th 3' transversion m simtches. (B) M smatch

e xemtnsno Bu¢dCr m@@mpdmm mtty twald eerspom any Balmnisingighéss incorporated

of pé%ﬁwg? ﬁiﬁ B?ﬁi Qf{l’é 11}1Vr?11 Q%{Ca\%fi &SEZQ(BS | ﬁg{]eu gllgttaspo(lymerase according
mt§ R 16 @ ioh | pdBdebditl A1 &pRh&Id subkttdter Bt 49 dsalcnMRfAs S

(bl ack di anobnds) and derivatives (open squares,
triangles) are shown in separate columms. Fig. 5.

L%?siyﬁr%?ggcge%swg% agél 4 éé)l'of{ll el‘rSV%'hl%ﬂ bfeguB )a %\A di%t%%ng%értn%gﬁp refer to

exheRrADHAr ﬁﬂmbﬁb@bﬁﬂleﬂrwm@h pabdteabiethelr B’ @inl @he @R more group/s,
undamaged tenpl ate, or a tenplate contai ning an abasic

siprefe lsamhql@ilés/ BrospeIvich detdate ipm mﬁhﬁﬁ%amnmgmmetry Such
g @rgg?eatlogse rﬂ%n"i‘t &gﬁ%@“ﬁ&%%aﬂ%fg gg'glﬂgfn? allncﬁ)dgse %tut 8" not limited to:

nucleotide mismatches, base lesions (i.e. modified or damaged bases) or entirely

unnatural, synthetic base substitutes at the 3 end of a flanking primer used according to
the methods of the invention. According to the above aspects of the invention,
advantageously, the flanking primer/s bear one or more nucleotide mismatches at their
3’ end. Advantageously, according to the above aspects of the invention the flanking
primers may have one, two, three, four, or five or more nucleotide mismatches at the
3’ primer end. Preferably according to the above aspects of the invention, the flanking
primers have one or two nucleotide mismatches at the 3’ primer end. Most preferably
according to the above aspects of the invention, the flanking primers have one

nucleotide mismatch at their 3’ primer end.



bases | ocated i medi ately downstream of the primer (N
-3). The local sequence context in the N-3 region is

w@raen4ons t he right hand side of each respectiRET/CBa®I/004643
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X= abasic site; T-T = CPD. Fig. 6. Polynerase activity
on unnatural substrates. (A) Pol ynerase activity in
PCR using all S dNTPs. aS DNA ]é"rrpl i fication products
of 0.4kb, 0.8kb and 2kb, are obtained with M but not

Wint.h f -di h , f DNA .
Nl Pl AR o R gnersa DA
Poblymerasspmeais thatt subsirat&CR gl dfftancaeated DAl RAANBALe according
of &ATP W th FITC 12-dATP (left) or dTTP with ‘
BIbICPrISRIGTRAD; 1§ RF9adeihey that of ithg ene errppier PN At paipmerases, or
. [ . | e ss
oREEHS cod ity QM et 6 M9 D BABRS e ot
atn theiabilityef arergneetcdpodymeraseadcording ® tAbptdsént iteention to extend
i rer annealed to a tenplate

extend a radi Ob\l%bﬁl d pri e _ .

c8Rt ai%hi %% SR %rﬁﬂg at @dfas advapfageously | (iigsyeasige mismatches
PGRrinBGR-ARPH i Ro A0 GO IOk sAnEbeas

Igr?gtnh from ayrfohage ?ﬁ-lDlﬁlAl{lég?rg et *aAq%{*{;\t,?)ﬁ*?gﬁ*g and G*A,
t whighiibe gne oampir¢ polyaterase/s framiwdtich itds derivadnann®:. dénd. That is,

ile. [ le ¢ i fy f Tent f 5kb. | H,
&Fs%gtﬁna_%gr I&‘Z@ﬁgﬁ SBH){%&%%F VIBN&l ﬁ%ﬁ%gt? _na Sﬁl%{_edgs_u strate range as herein
Haé firdid i SASLidy Qot 881y t5¥steaAthd S HBR ds Els%d ip its generation,

i ncorporation by msmatch extension clores.
iease 3E5the 3@& ingCpEmars) bebialowkrdiikit3 ai gedeiatabiity hatextend 3°

t hu . ' round.. gl S re able . to extend
p&ﬁ@tﬁb@t}@%&% a{%ﬁa%lgyef%u ’%1an§?@%8’§% By 10. A list
of pol ynerases selected to extend four m snmatches were
ass,a¥ed for their ability to extend abasic sites in
pBriet desgription pf thsfigarespol ymer ases were assayed for
their ability to bypass abasic sites in a primer
extension assay. Figure 12.. Several sanples of cave
hFignae { Ghoositha Mpaldeiahcidgs panddning bad sefidnad@) ysed.
Figure 13. Appropriate prinmers for use in the fnethod
of the invention. See exanple 15 for details. Figure
1iguPOb YARICREMLRIAEE BB arkiBBLbiGAL Q) SN VT €
y wi zg

tested for activit

Figure 3 shows the general scheme of mismatch extension CSR selection. Self-
replication of the pol gene by the encoded polymerase requires extension of flanking
primers bearing G'A and C'C 3’ mismatches. Polymerases capable of mismatch
extension (Pol*) replicate their own encoding gene (pol*), while Pol* cannot extend
mismatches and fails to self-replicate. Black bars denote incorporation of the

mismatch into replication products.

Fig. 4. Mismatch extension properties of selected polymerases. (A) Polymerase
activity in PCR for matched 3” ends and mismatches. Only mutant polymerases M4
and M1 (not shown) generate amplification products using primers with 3’
transversion mismatches. (B) Mismatch extension PCR assay. Mismatch extension
capability is expressed as arbitrary mismatch extension units (ratio of polymerase

activity in PCR with matched vs. mismatched flanking primers). Different



range of substrates using the hairpin ELI SA assay
described in exanple 8. See exanple 16 for details.

wOor@anesold. Pol ynerases sel ected for replicatipaI/oB20M004643
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were tested for activity wwth a range of substrates .
Polymerase 400 1. P is prinmer,;sCh is the chase

reaction. Reaction tines in mnutes. See exanple for
details. Figure 16. Pol ynmerases sel ected for

I @Blynfepdse® (bldk GibdnoWey)and @stiedivke or%ﬁtshﬂérteé’,_ﬁ%ﬁﬁes%hare shown in
range of substrates POl ynerase 5D4." P i's priner, 'S

t Bepasiagelummact i on. Reaction times in minutes. See

exanple 16 for details. Figure 17. Pol ynerases

selected for replication of 5NI were tested for

a®lg.\s. Wyesivint Byphs§ ab@aHO{APWIRI! @BﬁmlE’qbg{m.aiﬁcﬁpﬂyﬂﬂggase was

Pis priner, i.s the chase reaction. Reaction
i ASsAYeiLees tinmafor dg ahility tof evtendiea rddiddabicted primerart8aled to either an

fg%%g%[@g ?&g@?{lesl‘é‘{ § g%ﬁqqgte gzgﬁtlghlgligt i%I? 2‘%%{?85 !,Jﬁr\égcrigsyn cyclobutane
Pdiyytin¢-dsmibOdimét (GPPY. i fIEfngla@h séuehftewab 3g&HE LG ?tnfor three

Rgacti on times in mnutes. See exanple 16 for details
FPE6? docpted pmiediateln fonpsirsem ehtthe psimst (N133)- Thbelotadsequence

i ' 5 . |icate feat f
DERE MRS Cal GNP LRI SESLALER Blve pnc
DNk dbasigsite; SeGue@PPs, as i ndi cated. Labell ed randomers

were used to visualise the mcroarray and assess the
avai lability of target sequences for hybridisation.

oIge, BRIBE L SeUVRD O BEBRE SR () Bolymergeg sctivity in
eBURvasirgnall uf| GWEPS. e DNAFhmflificdioh | pRetut0bres 4k 01§ 0and 2kb,

, FITC10 FITC QO ) Single exanples from3 replicate
edt§etttaraed withr Mldwmoéwégn Pofaebet. 0¥hyhelltidestiedphage $X174

AU Fafer T M Spt el AR R A e otb P ymerape wtivity in
FPER- Ak bt FEPPREmEHT J@%ﬂ) edéi'thT ﬁ#bltzF%F@i %3&) of ATTP with

each co-gﬁgbrl disation is p agal ns
f BiptinelScAER (5lphPnlyfMi yeldsranfigifeation progioets( X 3kb DNA ladder

f A T RT apd CO). genon c sal sper m_DNA

t r\él@ s g{@%&a’ss ggaiSﬁ%Frggxpgg%en@iatmm Gy Polymerase activity
bk gdsaysadover aiiid Forf tOMifily e bakiel A eshiPEONES pRhRr annealed to a
determ ned using 3 replicate mcroarrays for each

clemmlate santainmg e NIpaplatahase.of a Cy5-1 abel | ed Taq

probe (Cy5 q), as a reference, and unl abel ed or

FI TC- | abel | ed probes (FITCLIO0O , FITC O M FI TCI OOM )

Bigk oo itk anigt PORIPCR aMpRAERIBE 07 i@BPments of increasing length from a

phage & DNA template. WtTag (wt) fails to generate amplification products larger
than 8.8kb while M1 is able to amplify fragments of > 25kb. AH, HindII-digested
phage A DNA marker.

Fig. 8. Hairpin-ELISAs to test nucleotide analogue incorporation by mismatch

extension clones.

Fig 9.. Clones 3B5. 3B8, 3C12 and 3D1 (where 3 indicates that these are third round

clones) were able to extend primers containing four mismatches.



by neasuring fluorescence signal from 12 non-feature
areas of each mcroarray. Mean pixel intensities were

w@ensnatoesl and used to derive a ratiometric vaPCEGBRI04/004643
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each nonfeature area. A nean of the nean ratio +/- 1
standard deviation is displayed for each

co- hybri di sati on experi nent. 1815 gure 22. Fidelity.
(A) MutS ELISA. Relative replication fidelity of

wt Tagq, M and M4 was determ ned using nmutS ELI SA of
two different DNA fragnments (either a 0.4kb or 2.5kb

reqi f..the cloned Tag, gene) obtai ned by PCR and

pﬁ?g%gﬂ- _gth%‘fw% Wbﬁ@?%ﬁtse]&&)‘ﬁg dhixind JaY: misgyateiss cyarg apfeyed for
NP0 SXRRE Lbdddd RS PRSgr ved in PCR fragnents

anplified wth eirther wt Tag or M. Types of

substitutions are given as % of total substitutions

(Wt Tag:, 4 M : . 74). Equi val ent_ subst.itut.i ons on L
o 10y Baye no/braess et assbon s ity o ywpseespasic sites in
(@priATlxcrbisrbygg - 1 delections (wtTag: 3, M: 1)

are not shown. Figure 23. Processivity of wtTaq, M

and M4 was neasured at three different pol ynerase

f?ﬁ%uerg\kat . O‘ge%%:r%gﬁ’ % &bgﬁgﬁif&ﬁkﬁéﬁ&; gé&ggas \gzeB € e%(ftracted and

| aRAlLRAration at each position was variabl e but
essentially identical for all three polynerases. For
exanpl e, the probability of enzyne dissociation is

F SPE 13, AR unaR SRR T MR RARH L B i Sorgramle

(116 fendetags.al | priner extension is the result of a
si ngl e DNA bi nding event) 13% of bound wt Taq, 28% of
M and 15% of M4 extended priners to the end of the

t 9. ' ' I idd far, positions .

2 SRR 1, PO e R e DR e Lot gy wih o
f raye 16¥- Sfoitrites ubthg thisi hetrpiti BIGSAL ARAF descdb@d Aint &&mple 8. See
term qatig_n cPrc)lababi lity was 5% for wtTaq, 1% for M,
afEBRIAdo A5 defails. DNA repli cation has been

characterized as | ow processive when the term nation
probability reaches 40-80%5. Qur results suggest that

MFigire 184Paymetasessebacteties replicatinnyofeiNIsese tedtddfor activity with a
rocessi Vi e | or hi r_than wt Taq, 19 arguin
P R of Wbslrbieh o b lmeEast ADAT o jSumBie Ch s the st reaction. Reaction

PERRS s Skutds. 984 Lah S ' nthesis. Detailed
delscri ption of t?ﬁe [ nvgﬁﬂrgg&a?%) Princi pl es underlying

CST technol ogy accordingto the invention.
Figure 16. Polymerases selected for replication of SNI were tested for activity with a
range of substrates Polymerase 5D4. P is primer, Ch is the chase reaction. Reaction

times in minutes. See example 16 for details.

Figure 17. Polymerases selected for replication of 5NI were tested for activity with a
range of substrates Polymerase 4D11. P is primer, Ch is the chase reaction. Reaction

times in minutes. See example 16 for details.



In a preferred enbodi nent the present invention
provi des a nmethod for the generation of an engi neered

wobRspeoyTrer ase Wit h an expanded substrat e ranPer/aBR@h/004643
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conprises the steps of: (a) preparing nucleic acid
encodi ng a mutant DNA polynerase wherein the

pol ynerase i s generated using #Ianklng primers which
bear a 3' distorting end (b) conpartnmentalising the

04515 P A BEBBP el sty v

m@@iflsubst@i?éé\ R EREASDA VP G pAmef) €CHTIsCthe ¢BRS UkSion. Reaction
sorting the nucleic acid encoding the nmutant DNA

p&ﬁ?ﬁﬁ%ﬁ% hehexamplol ¢ fraetadrpanded substrate range;
and (e) expressing the nutant DNA pol ynerase which
exhi bits an expanded substrate range. The techni ques

irecteq.evol ution. and conpar iised self
° Biget of oMy iy YRGB ob T Gtafigd carobes. Microarrays
98063936 and. GB 01275643, in _the nanme of the present
i puipined § rephisats deateen abserial dilwions o6 T ag.iRE srhgamamad balmon sperm
reference. The inventors nodified the nmethods of
c D artirgeinicahemes asehficatep) Latadlied mamivthessimprd 8iagdoloyvisualise the
gener ated DNA pol ynerases whi ch exhi bited an expanded

S Hhigbideardirgess Ate healigbilitylef 4 seduRn@Rrib Eyﬁrﬁflsatﬁ)ﬁeArray co-
|nventors realised that for sel repllcat|on of

&%ﬁ%ﬁgr\gﬁ%@? g:ﬁ&g%%h{%@% [a% cf:"lr“] %&f cgﬁ_sﬁ‘g’t as a reference,
v TR oFRaP SR or %gEez{ﬁefzﬁlo " ototet gkl p, FITCIOM,

1995) Chem Biol. 2, 677-82 and fixed cells and
t FTs VOHSHEle exgmples frqa3/ueplicate experignesissask displated for each co-
(1990) Pr oc. Natl. Acad. Sd. USA 87, 4971-5; Enbl eton,
Miybridisaionochov, G, Jones, P. T. & Wnter, G (1992)
Nucl eic Acids ) but with low efficiencies. The present
inventors used recently devel oped oil in water
enul sions but nodified the corrposi tion of the

SHd@6 baNfrigfe %'Mf&aam? ggs alsI fig 317?1‘ ndika r&%@?ﬁ hfean FITC

are given in |ca|onsg

PiGRRRTRG B %Tﬁ&af?%%%hbﬁfeﬁ’f m&fﬁwmpﬁﬁiﬁ‘iﬁ&iﬁﬁi&mwo for

of PCRIin solution. Fur
each co-hybndlsatlon 18 plotted agamst the Cy5 fluorescence signal of the reference

probe (Cy5teq) for A) Taq, B) RT and C) genomic salmon sperm DNA target
sequences, as indicated. D) Microérray background signals from FITC-labelled probes
are determined using 3 replicate microarrays for each co-hybridisation experiment of a
CyS-labelled Taq probe (CySts), as a reference, and unlabeled or FITC-labelled
probes (FITC10ryq , FITC10Mm1, FITC100y;). Background information was generated
by measuring fluorescence signal from 12 non-feature areas of each microarray. Mean
pixel intensities were generated and used to derive a ratiometric value for each non-
feature area. A mean of the mean ratio +/- 1 standard deviation is displayed for each

co-hybridisation experiment.



details of the nmethod of conpartnentalised self
replication are given below M crocapsul es The

wonr@soeapsul es used according to the nethod of P€TI6B2004/004643
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20

i nvention require appropriate physical properties to
all ow the working of the inventjon. First, to ensure
that the nucleic acids and geﬂ@ products nmay not

di ffuse between nicrocapsul es, the contents of each

m crocapsul e nust be isolated fromthe contents of the
surroundi ng m crocapsules, so that there is no or

little exch e h | eic acids_and gene products
R0 RUTHG (B0 XS RISy btefte optiguanaetiof of Wil ag: M1 and
experinment. Second, the nethod of the present

i Adeial oletermipsdresing patS B84 ofr evoodifferent IDINAL aigments (either a
nunber of nucleic acids per mcrocapsule. This ensures

t 0adkbtdre2. Sleneegioroeliiht oddned Tdgnghng) dbtained bs/ BCR addipdobed at two
will be isolated from other nucleic acids. Thus,

AU EROcRREVBRPNA UM SechE ] 6 ARGed@iab SuBLiRIHG s %sl,te{'veﬁein PCR

c

hi ghly specific. The’enrichment factor is greates

Wi e : :
Pl AR 80P clHer SEAES oFHE. TBeSt bafifions e gpuem o5 %
activity of the encode ene_praoduct bei ng .as. tight  as

"5t el dptintics, BB Tt R 1A SR elsnt syboriAout §Bcqither strand
nucleic acid will be isolated fromthe products of all

ol erGrdslePd) weregsidedngether (Glevdnl)i Obsdreed —1 delections (wtTag: 3,
theoretically optimal situation of, on average, a

siMgl1g areunit ehewmaci d or | ess per m crocapsule i s not

used, a ratio of 5, 10, 50, 100 or 1000 or nore

nucl ei c acids per mcrocapsul e nay prove beneficial in
sorting a large library. Subsequent rounds of sorting,

I R [ e 0 PN :
nuc#lg?ci%c?%@%%y [ ut%iﬁ? Z&ryf aMV\AJI z%}xd\é‘%/{'% t S%I?Jgﬁéetd r ?tnéhé%? difforent
sorting of the nucleic acids. Preferably, there_is

S PRI A TP SrIREPRS b 1% elpeoe bR} Shabevebicep O 8t op DA, The
Third, the formation and the conposition of the )
miPEqcgesay Bufos uplgetidenpeornpnstips Bt edeh positienivwas vefiablpdut essentially
machi nery the expression of the nucleic acids and the
acdenticaly faf atlhérgenmlypnedsst sforCoxmmpjaenhd yprobabylity of enzyme
m croencapsul ati on system used nust fulfil these three

I AekdbdifitRNisShigHdreat JRRIHORS 1288 Rompare8 b SPosiidMNs P4 7 for all three
dependi ng on the precise nature of the requirenments in

o : . : : N

B3R BB 7Bk PSR (B8 RREE b

m croenca tion procedyres. are avail abl e

B2 P EIS Db} G B hel e 0 bpun: ML 2eheo! Mi%and 15% of M4

m crocapsul es used in _accordance with the present

i ¥epdedoprimers to the end of the template. The termination probabilities for
positions 2 through 5 varied from 15-25% for wtTag and MI and from 13-35% for
M4, while at positions 6 and 7 the termination proabability was 5% for wtTag, 1% for
MI, and 2-4% for M4. DNA replication has been characterized as low processive

when the termination probability reaches 40-80%". Our results suggest that MJ and

M4 are both processive polymerases, with processivity equal or higher than wtTag,



I ndeed, nore than 200 m croencapsul ati on net hods have
been identified in the literature (Finch, 1993). These

wo psd®1srenbr ane envel oped aqueous vesi cl es SPCTIGB2004/004643
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lipid vesicles (liposones) (New, 1990) and non-ionic
surfactant vesicles (van Hal et al., 1996). These are

cl osed- nenbr anous capsul es of gﬂngle or multiple

bi | ayers of non-coval ently assenbl ed nnlecules, with

each  bil ayer se ated fro bour an .

o GRS B PIRCHRS oy PR ot oF 1P Lshs iyeand translesion
menbrane is conposed of lipid nolecules; these are
usheihesis.phosphol i pi ds but sterols such as chol estero

may al so be incorporated into the nenbranes (New,

1990). A variety of enzyne cat al ysed bi ochem ca

reactjons, |nclud|ng and DNA pol ynerisation, can
bdetailed, dessaintionpfiihe F‘B’&ggﬂ’és (Chakrabarti et ah,

1994; verhol zer et ah, 1995a; Oberhol zer et a

1995b; Wal de et al, 1994; Wck & Luisi, 1996). Vvth a

meAd Pancples uadeolyeg OB fechmlegysicerndimgdb tlefinvdntionqueous

phase is outside the vesicles and is therefore
non-conpartnental i sed. This continuous, aqueous phase

ShRYl HefREel SHMY B tﬂertﬁe&hpin@%tﬁﬁﬂ proYRIeE F8ndikbd for the generation
i nhibited or destroyed (for exanple, by digestion of

n qu lagiepgimeérdd DAVA MOM@GOYItWBWHﬁW sbgieate rarge whieh comprises

ctions.are limted to the m crocapsul es (Luisi et
aI ©SI§R%A 22 Enzyne-catal ysed bi ochemical reactions

have algppReging antisist dcal e@houﬁlgna @MASANONAC polgBRAKkAl WHerein the
by a vari ety of ot her nethods. Many enz¥rres are active

i n revaobanerpseds penerated uin oitpnkingmyinger begromy- digprting end

& vl d 1993: Cr

<umar - 4P) & i fihehe Bikicit S5ior SRR il BbpochBles

1991; NBpegiresdhhg ﬁrﬁ%clelﬁﬁ a€id tetpreduce tAG2 respbtithe PNA |Eolymerase
al ., 1994 Ide et ah, 1993; Walde et ah, 1988) suc

as t he VAEHD tROBETRGIESHES er systen1(anger & Yamada,
1979). l(\{} g\sfwﬁg%pﬁfél ﬁf‘cl&?nacﬁi %]90(?% Erﬁ&%ﬁ BXA polymerase which

interfa nmerisation an erfac

conpl exahiti aﬁ\éﬁpdrﬂle&yubsﬂrQ@@ngeMlm ocapsul es of this

sort can_have rigi d, nonperneabl e nenbranes,

sem per(gkSBPEssipgithe festanisONH peheastage M@%cﬁ&%&ﬂss%n expanded
bor der egl,bBat gﬁ#%glose nitrate menbranes, polyan de

nenbranes and pi d- pol yam de nmenbranes can al

support bi ochem cal reactlons i ncluding nmultienzynme

Z| T@{eﬁg&@}cﬁg? g;g %%c?pgl?evo Ation 2ad %(?rggartnlféntahsec? SSeAH replication are detailed

in GB 97143002 and GB 98063936 and GB 01275643, in the name of the present

inventors. These documents are herein incorporated by reference.

The inventors modified the methods of compartmentalised self replication and
surprisingly generated DNA polymerases which exhibited an expanded substrate range

as herein defined.

In particular, the inventors realised that for self-replication of Taq polymerase,
compartments must remain stable at the high temperatures of PCR thermocycling.
Encapsulation of PCRs has been described previously for lipid vesicles (Oberholzer, T.,



m crocapsul es (Lim & Sun, 1980), which can be forned
under very mld conditions, have al so proven to be

W@ 20og/odoet onpat i bl e, providing, for exanple, aPCT/GB2004/004643

10

15

20

25

30

effective method of encapsulating living cells and

tissues (Chang, 1992; Sun et ah, 1992). Non-nenbranous
m cr oencapsul ati on systens bas¥t on phase partitioning
of an aqueous environnent in a colloidal system such

ARG kD B L (PR Tin iel 2007478 i R /g nd isues

er(th:ﬁsleOAs 7T NRE@EIO BL 7 & StR)3d, QOBAO{1990p Ardan 9L M Rd, Sci. US4 87,
ui d phases with one of the phases dispersed in the

#Hét-5a Irdhqum etls].oEoreckew 6 olnes, A Tc & Monttal Gs(1982) Nucleic Acids
(Sg ?eﬁ 5{ Sher man, 1968; Lissant, 1974; Lissant,
1984 Wl% g'ﬁg}% ul si ons may be produced from any
suitabl e conmbination of inmm scible liquids. Preferably
the enmul sion of the present invention has water

( ddatrassening verters mse&bh?émtb'adevebnﬁsbwém wpten smulsionsHus modified the
I
prcgl%gggmdl{] oir"]?lge Eﬁ? 'gxg%ng ﬁfﬁ\é{)}g %j ﬁxgaliééflla% dD«(:tLaﬁs are given in

h)Bikamptwb IThesd xﬁmhﬁeatimlne gieaﬂuzl irdrdased the hbat)stability BEA3 compartments
rix in which these droplets are suspende

n@ﬁ@ PUpurd BCRoAAIs HubE sTeisiatoctpRErach fipse pf P§53cm solution. Further

e

¢ et 0o Bk B patEL e Mot bpitofcihee SR, g

t he bi ochem cal conponents is conpartnentallsed in

di screet droplets (the internal phase). The externa
pAickocapalesy a hydr ophobic oil, generally contains

none of the bi ochem cal conponents and hence is inert.

The emul sion may be stabilised by addition of one or

miihe msigrdcapsmicaatsed ecaﬂ)gch'nlg $o ﬂzeuuné&od afittls inveh@serequire appropriate

surfactants are terned ents and act at

RS e Fo A ERY B S PEng PebE VO G ar | oast. del ay)
separation of the phases Nhny oi | s and many
enul siflers can be used for the generation of
waiirst; -tp rensime  thatu thei auedsic aCﬂe@adtganormbdms oreyl natt diffuse between
over 16, 000 urf ct.an n ar.e .ys as
e PiRy B EIEs ALFich o Rerp=lfguts tRasiEd fefipe contents of
| Rigd éﬁ@'@uhdhﬁ@'im%biﬁul% RE fd (1Rkrd 1s%dorrlﬁﬂe ERMakge of the nucleic acids
surfactants (Schick f966 such as sorbitan nonool eate

( spdeenanreducty @We%lﬁble MTWRWWCE@&E]@I%C&IGW the experiment.
nonool eate (Tween(tm80; ICl) and Triton-X-100.. The
use of anionic surfactants nay al so be benefi ci aI

SiSictatidl, ehes widiadt antie 131@§dnt1 Ghevenaoh #oauefe | thitethaidar QY limited

t aur ochol ate. Particu arly preferred is sodi um

dassepenhef pedeic acids per microcapsule. This ensures that the gene product of an
individual nucleic acid will be isolated from other nucleic acids. Thus, coupling
between nucleic acid and gene product will be highly specific. The enrichment factor is
greatest with on average one or fewer nucleic acids 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 nucleic acid will be isolated from the
products of all other nucleic acids. However, even if the theoretically optimal situation
of, on average, a single nucleic acid or less per microcapsule is not used, a ratio of 5, 10,

50, 100 or 1000 or more nucleic acids per microcapsule may prove beneficial in sorting

a large library. Subsequent rounds of sorting, including renewed encapsulation with



preferably at a concentration of 0.5%w v, or bel ow.
I ncl usi on of such surfactants can in sone cases

W0 p@seedes t he expression of the nucleic acids BCHGBR004/004643
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the activity of the gene products. Addition of sone
anionic surfactants to a non-enul sified reaction

m xture conpl etely abolishes t¥lansl ation. Duri ng

emul sification, however, the surfactant is transferred

fromthe ueous..phase into the interface and actjvity., .

| RS Rl B Sags Wafpeionpis SEer SOHE i dhs psteic aids.
MpréfeiaBE, tHerdlS a 8FgleSulcleRachi) St fcider, pRAhidrE@ipkileNs

proceed only after conpartnentalisation. Creation of

an emul sion generally requires the application of

hanj.cal energ force the ses together. There, ..
aning Y oabRir tnd fhe' Siioti ERE ipiogreules ud Hgt Sbolish the
V &Hinctibl 0Pthe FRERRRHEAEL cAR¥dstRof thalclid AGdSIdthe h&ivity of the gene
(such as magnetic stir-bars, propeller and turbine

streduetss, paddl e devi ces and whi sks), honpgeni sers

(i ncluding rotor-stator honogeni sers, high-pressure

val ve honogeni sers and jet honogeni sers), colloid
nMddnsequenily; aspicto@itepsulbiioh s ften esad it if6lAl iRBe three requirements.
devi ces (Becher, 1957; Dickinson, 1994).24 Aqueous .

i 14e GERIFRIAE Syt @R(Taay Hanysdenending gy the gFagiss mafse effthe requirements
g | Lvi: St i A i

o ple bl AR b ikt b il b BB B 1A0AEU A perpop

Addi tionally, we have denonstrated that severa

bi ochem cal reactions proceed in enul sion i

mife Pefteayaiste el migseeasaRstlation prrcedues araAvat M fi(zes  Benita, 1996) and
o 8d t\QEaL ke AR afﬁlﬁ&slﬁéd Bt dcegrdgﬂge &J{Fﬁﬁﬁal FtdeBPinvention.
are al so active in enulston m crocapsules. e

t dodeed) agye dkars 200t miaoembpsubatioh smethedsi Hakie Visden nigisntifidd in the
t h o,industrial scales of thousands of litres
(ggﬁﬁﬁgdﬁg%W}ﬁgﬁernan, 1968; Lissant, 1974; Lissant,

1984). The preferred m crocapsule size will vary

dependi ng upon the precise requirenents of any

i Adess doehds emembiann pnedasd tbatous svesiclee spehf as nigpid vesicles

di th esent i.nvention, In all case
¢ NGRS a0 RO e pluSeTIge AEan Fig 4F L 1996).
SiTh8se (48 IcRABI-NREREIIUS NEBRUIAN b1t REndIEaBE ' Bfliltiple bilayers of

concentration of conponents in the individual
minep-gerenilyesssernblad maloenlesi Mithi each bilrperewparetedafein its neighbour

reactivity of the ge oducts.,. Details of ane .

93,1 oS omingiiprh i R AR oSSR e derbansyis segeposed of
ofliptd@iopceREhesN M NisuAR, Qﬁ&}oﬁélﬁﬁ@s bit F4AEPARK-as cholesterol may
Expression within mcrocapsul es The processes of

erfspdssnesiperatst inlodhe mepbmanes €dew, 19 vA daebty of enzyme-catalysed
MpdcR&aRaH l‘e%c\%n \,”irgc%gding RNA and DNA polymerisation, can be performed

within liposomes (Chakrabarti ef al., 1994; Oberholzer et al., 1995a; Oberholzer et al.,
1995b; Walde et al., 1994; Wick & Luisi, 1996).

With a membrane-enveloped vesicle system much of the aqueous phase is outside the
vesicles and is therefore non-compartmentalised. This continuous, aqueous phase
should be removed or the biological systems in it inhibited or destroyed (for example,
by digestion of nucleic acids with DNase or RNase) in order that the reactions are

limited to the microcapsules (Luisi et al., 1987).
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of the requirenent for only a limted nunber of DNA

nol ecul es to be present in each mcrocapsule, this

therefore sets a practical upp& linit on the possible

m crocapsul e size. Preferably, the nmean volune of the

m crocapsules is less that 5.2 x 10"16n8B,

(corresponding to a spherical mcrocapsul e of dianeter

I er, e h 6. " :
R R our ooy (T 1808 ooy amynioated in
| dleigtocgpsales gengrated 1y’ 4 8aety 2f ®tigr mFhadse Manyt anwgmBNAre active in

RNA t t
APTFIeCTae TR aB 8 e ol b SudV Sy Lt Cresgh ef .
Welob3KmABMR ef &1, 11993 K UaS 8 /i r19k¢leuﬁ£1t& BTh?Q%@ WMo 8AFalde, 1991,
for exanple, the addition of volume excluding

c A efails 180RsPener Hally 4993 Walde 5t gl. ,ywﬂsWdhEG)t @nd993; Walde et
f ti t | udi
! Pl £33 Bror0R e AR et 500 (MERsu gt 2079

from bacter| a such as E. coli (Roberts, 1969; BI att ner

and Dahl berg, 1972; Roberts et al, 1975; Rosenberg et
|Mlcrocgg>'p§)s cang gr%g@gpr@ed dy qucwétpoéymensamgrygmd interfacial

i S Eiaf (o, BSeh ORI ARRAC oF i SRt gy have rigia

r elaﬁpermﬁalﬂE’C%eﬁlSﬂnlﬁ ebr al semlPBBEabled mepbif@se Semipermeable
mplification (Mele et al.,. 1983; Cahill et al.

191911r00@$@%e§ drorgeregh HYS?SHMOPP nifgis mepraiesenolyrmide, membranes and
1 t
?%@ %olgé}ﬁ o gﬁe?l?or%g% 1) aﬁea ' Sus%cl{ehﬂgge%a%ﬂo% including

arany, an al ned sequenc
r mplltlmlymrsysbﬁmse(lﬁhaﬁghwwt Cﬁiang,lBE?.) Lamg 1984)aljﬁdg1nate/polylysme

qHEREHHER (G Ro S oIl quids !cégfa? RGPy i conditions,
Clh‘ﬁ{fé @E;osﬁi%ber?% %@RV gdblb% & R6viHaS %d £bf ekgﬁ le an effective
emul sions and the in Itro t anSér|pt|O or coup

t mzatlswt ofpncapsulating bviagicelts andstissmas (Eheng, hé%n:ﬁﬂnad@ sz, 1992).
(for exanple, the coupled transcription-translation
systens could be made from a thernostabl e organi sm

S Noh-B8mBRARHI $nig@eARdab&H St on |s9&érﬁ@%a@&i bhepkdst 8GtiNhing of an
| ocal nucl eic acid concentration enabl es grger

maguesus peutasmenbingecalioadhl eystens tsuctehs/an afnmlsmaj eyslsabe used.
preferred practical upper Iimt to the mcrocapsule
vol unme of about 5.2 x 10 16nB (corresponding to a

S PhereabBf 1 afsbedpshied Y -thd Iibﬁessﬁtcﬁl%}ﬁﬁ‘ﬁ%@ t%hﬁ@d Ré emulsions;
be suffici ently large to acCommodate all of the

r digligragearous Aystaesniswe fimptissitde bauid pheses wntbmts obte phhses dispersed
aLe % %lge?%stdrop?e%cuf m\f\clzlrgsrgzloplctorlJ Rolloidal size (Becher, 1957; Sherman, 1968;

Lissant, 1974; Lissant, 1984).
Emulsions

Emulsions may be produced from any suitable combination of immiscible liquids.
Preferably the emulsion of the present invention has water (containing the biochemical
components) as the phase present in the form of finely divided droplets (the disperse,

internal or discontinuous phase) and a hydrophobic, immiscible liquid (an ‘0il’) as the



m crocapsul e. For exanple, in vitro, both
transcription reactions and coupl ed

WO e@sseILPpti on-transl ati on reacti ons requi re aPC€DGBR004/004643
nucl eosi de tri phosphate concentration of about 2nV
For exanple, in order to transcribe a gene to a single
short RNA nol ecul e of 500 base® in | ength, this would
require a mnimum of 500 nol ecul es of nucl eosi de

triphosphat roc sul e 0" 22 nol es In

o PR SE WRich BRe FRR SRR bl e Ao iaraptious of extemal
Mphaey|Sash EHslsid8 aféOtEﬁﬁéd”%té%ﬁJailn(W/@) %ﬁqfa@ ﬁié' a%vgitage that the
volune 4.17 x 10"19 litres (4 X

s Fhidtei aggPouscliage penjainiag dh%\hmcbmmﬂl %Wnneﬂs r1$ henputreentahsed in

t:h actlo nvol vi
© P Ph Rt el 8RBT Ry T Bhistal mbE bBsgrp bydrophobic o,
5 neeesslar ontdiis fone of thabidchbhRAl dohRREME afd Berlch &ITREL.VeS
approxi mat el y26 20nmin di aneter. Hence, the preferred

lower limt for n1crocapsu|es is a dianmeter of

I ul
SR UEGS! ol SEUR TS 04 18 ILCEORER i e s

nmsuafactahtsP X‘hés@ shfadtarto srcasiddngsifiiin® aSde iRl &t at the water/oil

di amet er between O Iun1and | Qum nore preferably of

él%twéeéﬁ ta peement(0p ak eféf@ém sgpagatepnsofythg phases qunmmls and many

10 uﬁ}ﬁ@rs C§Hh8§ eusg& agget t?lES IBHUB E?épmﬁggﬂgr 1 Onéd a recent

vant ageous I'S no COI nce

dmtapﬁatmmshsnéd oher b&;mﬂasurfaetms (mhrqpbiébvﬂmdhf aré. &Bdnaﬁea’llﬁhlmfylng

di anet cl.o S t.hose f bacteria, for
2B Cushizbitiim 1S Siianle altngnde g ety ingral g gnd nonionic
B AR t(@@ltu@lE 30ge)L- SBeIP - & Léoﬂinaﬂf‘hﬁho&}é&% g%%hmso- 'fop and
|ts sinmpl est form rw nian evolution I's ba on a

" polyoxyertintlgneeorbiten phmnudtaye@ween'C hehil€ and Meiton-X-100..
concentration of a single conpartnentalised gene, or
genone, drops fromO0.4 nMin a conpartnent of 2 um

diTAEREE of dnfond® s ficthing &Q?Eﬁ.rot heE BEné?ifcuﬁ L’Sﬁlﬂblﬁ%&ﬁ&tants include

The prokaryotic transcription/translation machi ner
ha@h@v@hvl@tﬁ and so@emataleroeholat@ nﬁancuimrhy preﬁa‘rredlls Sdinm deoxycholate

BT LT 8 5 A0 0 B RIS S st cn

15

Cﬂﬂ@@ﬁé Bk ifdreade Ghdl BxHHbRAMBRL @Fthbﬁm@hcaa(ﬁ@i‘ GRDbF Bl é&ﬁvny of the

of 0.2 nM This gene concentration is high enough fo

20 egenec P@i‘i‘!lcﬁsr Additeni oihsondy mpiwniarsrfastinta to @nmmemuksﬁiezd reaction

B0 B R3B ERe RbaTE "l oot Py en e surtactant

ats tednefitre® fdnihb a&[‘iﬁoﬁhpﬁ&e irﬁ@ Hetiafetfadd aﬂdrh@tlﬁ@_)nﬁ restored. Addition

product, is to have a nodify g)act|V|ty of the nucleic
hef an ARigeie STt jo g ERGRSR 9

t BM?I aREr &%p%ﬁ{n%ﬂtahsauon.

25

enerevlgifisp §Q$UéeSsﬂ1@ﬁme@Ictlons proceed

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

mechanical devices, including stirrers (such as magnetic stir-bars, propeller and turbine

stirrers, paddle devices and whisks), homogenisers (including rotor-stator homogenisers,

30  high-pressure valve homogenisers and jet homogenisers), colloid mills, ultrasound and

'membrane emulsification' devices (Becher, 1957; Dickinson, 1994).
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required of the gene product in the nethod of the

i nvention. The size of enulsion mcrocapsul es may be

varied sinply by tailoring the24enul sion conditions

used to formthe enul sion according to requirenents of

the sel ection system The |arger_the m crocapsule o
siAgueogsymidrenagailes formeteinywatermia-aihemulgions angecperglly stabje with Little
t C t i [ j | - ' s

| LR R 1B SR B P phoREls el e ShncBlielcs. fgaitionally,
t e diave @dméleateil cthat apserhle bisutheinivab febationsinfueteedf in  emulsion
m crocapsul es_possi bl e per, unit volune. 27 The size of
tH%lcfﬁcéﬁ’SGEe&ps @ROVeE s‘é’lngtl’lcétédnd%lo%{n}mi aPre§ssceg a’ﬂ?fably gene
! QeehiphiBAhd B8R bnOke hHE okt AR ORLLARSLRL 19 technology
system but also those of the selection system

ergaiseytedtréate erhhilsionsisiithivoluads dllrthe waiy aipda imtlusiviab saales tof thousands
Thys, the co ents of the selectign syste uch as

2 st tnchtoty s Suran. S8 BRrSrely PR dairre todict i on

vol unes and/ or reagent concentrati ons which are not

optimal for transcription/translation. As set forth

hertei prefesrad micmoapisnlerseet willmeyy depeadmgrupoddhe greoige aequirements of

secondary.re-encapsul ati on step; .nmorepver, they. na e
ook L Befrighene T SPoRERLEFe Sratinnt He presen
OrigedntibR. MR ¥hseS, therBREAHelin Pt BABhed bedWedgbne library size, the
sel ection as a whole. Enpirical determ nation of

optquired eririchmentpand thevrsfwirag g?memtgeéigg mf eommoaents an iths individual
» AT ARG R Sle sE R BRI ani e B SILE O B et products.

present invention is as descri bed above. Preferably, a
nucleic acid is a nol ecule or construct selected from

t Haetgjisorfppne srampleiof gn emulsiopnyscdrivhee ppdormipg thjanethod of the present
nmol ecul e, a.partiall r wholly artificial nucleic
aﬁ@nﬁgp&eﬁlgenc%r%@%}eﬂg of exclusively synthetic or a

m xture of naturally-occurring and synthetic bases,

any one of the foregoing linked to a pol ypeptide, and
aréxlwﬁ@loﬂf”"ﬂﬁé"ﬂé’foé@@?!@ linked to any ot her nol ecul ar

group or construct. Advantageously, the other

nol ecul ar group or construct nay be selected fromthe

gr Thepprocdrsdéssafl exgresfiom uniseouaeiittiin eqohliydeidual microcapsule provided
substances, particul arly beads, for exanple . .

pd¥ s the eRESEEadEIVERfnet | %%bs‘ﬁan&%@ stfépscgption  and  coupled

; @éﬁ]ﬁiopgrgag?lati&?ﬁgéoﬁle %EEC BrRenf bt ngﬁ Ifotar®NA concentrations.

i sotopi'c ['abel's, chem cal reagents, binding agents

suBdtaas oftthe cogyirbmentfodorle liniked. number of DNA molecules to be present
in each microcapsule, this therefore sets a practical upper limit on the possible
microcapsule size. Preferably, the mean volume of the microcapsules is less that 5.2 x
10 m®, (corresponding to a spherical microcapsule of diameter less than 10pm, more
preferably less than 6.5 x 107 m® (5pm), more preferably about 4.2 x 10™% m® (2um)

and ideally about 9 x 10™"® m® (2.6pm).

The effective DNA or RNA concentration in the microcapsules may be artificially
increased by various methods that will be well-known to those versed in the art. These

include, for example, the addition of volume excluding chemicals such as polyethylene



The nucleic acid portion of the nucleic acid may
conprise suitable regul atory sequences, such as those
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for exanple pronoters, enhancers, translationa
initiation sequences, polyadenyl ati on sequences,
splice sites-and the like. Pr ct selection Details
of a preferred nmethod of perforning t he net hod of the

o R R e, Ve e B B SF Rt Elones. dR8Rging dranseription

glumg R & 351 yifdtadek Hhdlbdifg Bitde MR DA erfafucR a9 W Ehli (Roberts, 1969;
seI ection are discussed in nore general terns bel ow. A

|Pd@tm9r &rd Dalbergal 272 Reberés & @hn Seaos@bpngeetwbml@?ﬁ) eukaryotes

20 8 NP 803, D 23088l B ARDEEER0 1 and spo
1Q19ﬁhon A0yt 8GR the pmﬁﬁe@& Eaat r@l:ﬁmm)“ (8418 e al 1988), QB

subsequent sel ection of the nucleic acid. Sorting c
béeniya@na}mpiéiqab@l Wiide eall.ol@83t tahidk of o, elrﬂ91aChetver1n and Spirin,

By T ST M S T B e o, 105

(Im@ 199 ){ aehsil feiLiled $egucAbe FpUBRIINCsySRRA(RALY @R al., 1991) and
for %ggnplg usi ng Dynabeadyétn)) and bghre3|stgncg to )an

dé@“ﬁ%étspbﬁef{l@ﬁra@@ééi?aﬁ@l 1§ aﬂ‘i?éleé&éesl99 c|Extinngene amplification

o a th .
RPN 8°5 b 0 A0 Tl E8 L8 e st i e
S Lﬂ:bﬁ]llﬂicﬁisemd shd Jrantg Inrab$o@i§)t161y bﬁ&du@[bd tﬂ’dﬁb&l;ﬁﬁﬁ-tﬁﬁslaﬁmﬁsystems are
by CRal?rrpllflcatlon with a 5 -biotinylation primer

s GRamORaRLe (10 cxameRlFfha feunlert ranserinfiondranslation systams ¢ould be made
t | ected can be
attacﬁmggﬁ%t%ﬂl%%@fﬁ%g%l %ufcy Ié’?’é”é‘?@”’%g a variety of

means that will be apparent to those of skill in the
art. A bi | at ucl ei c aC| d may be coupled to a
pdRgesiped dhecfice Em(Céel@sg ©EnAsnBHiAN; Ghablles fsgayicrocapsules to

U BRtustP FRAVE! g VTHJQ afidl b r&ﬁrrﬁf @Mﬁ%&x g%& lll‘BJE% Y4 1In!icrocapsule

therefore bind the nucI e| acl

afvblumietof abditiss2 b éalf mhcobrespdading &t 4 s;ﬁ:dramftdmm&thslt()u&t) e
or ligand by any suitable nmethod such as by addi ng

bi otinyl ated substrate or by coval ent coupling.

AThe rrﬁh@idcé{;%hléa sife Biuef bé‘)ﬁﬁﬁ%ﬁgﬂjﬂ YehekS a SBYe B8 of the required
coupled to avidin or streptavidin conplexed to a large

plcomeorrentso lo€ chk ebmgbﬁmmd r@y‘ucﬂgl tatl ara (6684 Kid) oocur within the

ferritin %r Thi s . co § be derlvatlse
wEHFoRt, o bl i O By B Ey e vaMERES and coupled
C @ﬂdﬁéch ﬂoﬂ-ﬂaﬂsﬁﬁoﬁ'rﬁbﬁoﬂéﬂlﬁug Qb1 ﬁﬁclédéﬁien%hé’é'phate concentration

hrough a non-coval ent interaction such
ofabouthM

For example, in order to transcribe a gene to a single short RNA molecule of 500 bases
in length, this would require a minimum of 500 molecules of nucleoside triphosphate per
microcapsule (8.33 x 10?2 moles). In order to constitute a 2mM solution, this number of
molecules must be contained within a microcapsule of volume 4.17 x 10 litres (4.17 x

10 m?® which if spherical would have a diameter of 93nm.

Furthermore, particularly in the case of reactions involving translation, it is to be noted

that the ribosomes necessary for the translation to occur are themselves approximately



as biotin-avidin. The substrate may be present in a
formunlinked to the nucleic acid but containing an
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activate it such as photoactivation (e.g. of a "caged"
bi oti n anal ogue, (Sundberg et , 1995; Pirrung and
Huang, 1996)). The catal yst t e sel ected then
converts the substrate to product. The "tag" could

' " A d/ .
S RSB e oROSE i MPE 808 A By o
oepmbriapttaly il0mm). conpl exed with the nucl ei c acid.

The29 ratio of substrate to product attached to the
nucleic acid via the "tag" will therefore reflect the

;lq?qél‘éfdi’& tﬁ@ﬁi&b&éﬁﬂ@‘z&b@g% ﬁ{ﬁﬁe?;ﬁ)g of the SRUY bF ?&Weé@%ﬂ x 102 m?

reacti ons ar st op a m Crocapsul es ar

c anbﬁb.ﬁed],O"_tﬁ mﬁ conetmndingdd o5 spl’gaﬁ:@ difn@ameﬁﬁf \bet@RaY 0726m and 10um,
can be enri.c usi ng.an anti bo r other nojecule
WFTRER PISCRRY (5ol RooRp Bt [ Gy 0 O X B Fafthm and Sum).

Ab%ﬁ@y ahnfetdosbB i.é&rﬁ%reqﬁgst RiREHEEfave the
no on

ecul ar tag, y the nucleic aci'ds encodi ng active
gene product will co-purify. The terns "isol ating",
"sorting' .and "selecting",.as well as variations
¢ e bt PoingiBers aBEitg gruPied B VegBuretimeg i @oplsts of 2.6um
PHREE MarmeRY)RiMbdeB tesehftf©thdsd &F aberif ff@ﬁé%éﬁlg%f, ﬁ&eﬁi&%' 1-1.5x

an entity froma heterogeneous popul atio or exanple
aZ @@ wierods ped Adesabacter axs 1.64d) ol dinmeeasvoidnells. In its simplest

suhst ance. wi th ich.,t S_associ ated before the .

R PR saltiof fpaked ey 575 60 Siconmiocone mechanism. The
| scatita¥ion (oF faedigalé @orﬁyirhﬁélﬁaﬂ{sb@?e;ﬂ%f oﬁ?erﬁﬂﬁé, td¥ops from 0.4 nM in a
essentially to honogeneity. Sorting of an entity

r egrepastnact o wnodiametenfto PSepMriom combartent|afts mo diameter. The

desi . | L er, undesired entities. In as far as
R T e L T DR R S L -
t of W52 thsdibdblet) §hepdingls Qérek Bt 'at apirofiatbtlPh8¥mold¥8ncentrations.
met hod of the present invention permts the sorting of
desRSHE NG ©Empartensniraf g wo sliameteriipate ¢opgentration of 0.2 nM. This

r eneri.ni f nucl ej Lgs: which,contain the ... . .
Rk A1 L AR LS 8R! S pgaion i e
t Aeolpmeadeenfuirecthaiciveg iftdn®y Sdnjle ADHIRURCETIBY gk product is formed it
isolatin n entity according to a particular property

t ReFesrt & phewt i nMewBichiibimRortapt 1f thel asne pednel/in chayk @ modifying
a&dtiqli %Pffﬂe u&&%!a@i'éﬁts ¢l #d %@\51‘?& ¥l ﬁ%icrgéa%vg\lﬁl}e ?hoﬁ%%g Fé selected

taq [Tbrary) using the present rnvention
cbheesg irenpind wttonly the regiremento forarahsutigéion et @instikion of the nucleic

var.iant .nucl.eic acids. Lihraries of nucleic acids can
SRR o bl S fodiying prdYiRntedwEs of fheceangipreluct in the

t hethbabF @wi@nti&eo!l s of naturally occurring nucleic
aci ds can be cloned from genonm c DNA or cDNA

The size of emulsion microcapsules may be varied simply by tailoring the emulsion
conditions used to form the emulsion according to requirements of the selection system.
The larger the microcapsule size, the larger is the volume that will be required to
encapsulate a given nucleic acid/nucleic acid library, since the ultimately limiting factor
will be the size of the microcapsule and thus the number of microcapsules possible per

unit volume.



(Sanbrook et al., 1989); for exanple, nutant Taq
libraries or other DNA polynerase |ibraries, nade by
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pol ynmer ase genes have proved very effective sources of
DNA pol ynerase fragnments. Further details are given in
the exanpl es. 30 Libraries of nes can al so be nmade by
encoding all (see for exanple Smth, 1985; Parm ey and

Smith, 1 of :

S G583 o 2 AR oS8 0 AR R s o
e ttheafansdi @b/ thinsiatisrasidenm, Satlales thbee eflthewelebitdn $/stem employed for
ol i gonucl eotide. Libraries can also be made b

i Hhe wenlele Aejdmuelaici asitscansirecta el ©p comppepnsy o sclggtion system,
n e ' ' a Lef: : echij |

VEPAE BicdiRal RORIBHION sy 8? oA selthte Rach SEUILANE It reagent
S @ohicengationsoathich BetHod optimabfoe ttradkcriplibffranstaivagi Ahket&brth herein,
ah, 1990; Low et ah, 1996). Random nutati ons can al so .

béUSh re@sEHISHBEY Ps) agearpmadated Py iat pesoRdary: igrangapsulation step;

, n | r ' . .
BTy gy B, G nRlallf lySoREHAL MR michEpmle size fn order t0
b asximiza fragseaptigiFrasttion 286 Gledmoas laovletle. afimpitie8i6jetermination of
"Rapdop . nutations can al so he introduced into genes .
| APUAI BIERAPHE FOPPRERT E2EP fORSP el i XDl s Ag) forth herein,
qulfgrefewegvne pol ymerases (Leung et ah, 1989). In a
preferred enbodi nent of the method of the invention,
the repertoire of nucleic fragnments used is a nutant

Tag.repertoi.re which,has been rmut.ated using. error . .
oo 2O IRGIE Aeu an Bochiancs el s REGReRt ing i i g described
t Qbshe Pﬁ?&ﬁ’ﬂ%@i nhél6iciRMeRtA fidlechREor! @mBhudt 3BKAEHE HFHRY the group
be in terns of random positions with randomrepertoire

ofcorgisting cf@iRSA anoleduds en oA miaderalep p pattialmpr wholly artificial nucleic

| ected det. i . it i 1 h .
- G ISP RS SRR RER MR b Bty pgoring and
Fupithec Bis¥E b fone JF it foeddinke [ihieddr ol f&GpdpyidelSandGany one of the
honol ogous reconbi nation either in v/vo (see
Kdowgreing kisliertio ay ofter majeralasSroup @f qongfryobt dyiyartageously, the other

1 St [, C I rting.lLn .
LT R so R bR 5ok bt s
NMipolydesies siibeBnes C padicilgrly (beadkg fof exainpRNpallysthre8 O riRadss emagnetic

further conponents required for the sorting process to

t aRkstancat suchoph, gagadiepberdht kebels, susl asy Sueraphgrey of dsotopic labels,
exda | & SCHqLption

e TElcE) OB R4 08 AR B8 flabrok (el FRMRERLS 2

selected for the requirenents of a specific system

fr%mthe, fol | ow, ng; tﬁ sui t.abl.e buffer, an.ip vitro
The nucleic acid portion of the nucleic acid may comprise suitable regulatory sequences,

such as those required for efficient expression of the gene product, for example

promoters, enhancers, translational initiation sequences, polyadenylation

sequences, splice sites and the like.

Product selection

Details of a preferred method of performing the method of the invention are given in

Example 1. However, those skilled in the art will appreciate that the examples given are



transcription/replication systemand/or an in vitro
transl ation systemcontaining all the necessary
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nucl eotides, nucleic acids (natural or synthetic),

transfer RNAs ri bosones and am no acids, and the31
substrates of the reaction of 4terest in order to

al l ow sel ection of the nodified gene product A

suit bIe buf

c e i b lsthids ot BrEtE: iffetiPhare Srseid 4 daoge gepeel terms
amdiow. | | therefore depend upon the requirenents of

each specific reaction system Buffers suitable for
biological and/ or chem cal reactions are known in the

ded .
a&‘tha@? SsPaG R Be spegsd s B pldiy SR Pt fpfigs that wil
Withd tHes Il i6 BEDir @ee, aomhtnliwmﬁﬁtnsoﬁ NDERI Ay tag will
fron1 acteria %Zuba 1973; Zuba 980; Lesley et a
1g0ffice (that (allgws fooby subsgmsini sqlemo@ @ é]@%/tl‘é(%ele Reidh a¥arérgican be by
J 8
acg 1ctt (%dl%ﬁéc% all%(Nthfﬁg gteggrgﬁtgl (SA%QS @ilﬁ?étt&n o% r1va1 of the

ySt éns
exadppll qudleioaridr @X&ﬂl@)es hﬁﬂhid&dblﬁ@l(ﬁﬂimbmﬂmg meNuthaédhﬂiques based
coupl ed transcrlptlon/translatlon all thg bacterial |
sy)é‘}t ByEnaticd sensgatiopy ifercsepple Bsiee vipwmbeasisr nh Tauft by resistance to

8ition ?&r%ﬁm 1%% 8518&%9 qﬂclucﬁﬂgrégﬁf&htrﬁ Snd&bfnu@%s%

acr S use e synt’hetic am no acl
desired, to |ncrease the possi bl e nunmber or varlety of
proteins, produced in the library. Thi

adQsnptY Bhwhich yhe puglee ﬁ@dtw@eﬂwrﬁs lrlﬁﬁerri] dp & liggpdl qp substrate is
a%%ﬁglgﬂgnﬂﬁ'a 26h. t ﬁ*ﬁﬁecaﬁ RNt ‘BS] B af hﬁb%f ?E with a 5° —é)lotmylatton

transtation the proteins to” be se
alprinded Such tRatrihebiptid S@#nuchkinated aretcowdlentlydddked. After

each round of selection the enrichnent of the pool of
nucl ei c acids for those encodi ng the nol ecul es of

| MfiRIBahd 6RSHEatE S BY Sdedidd HANCARBIRIANERRY AloiFRE nhibleic acid by a
vitro transcription/replication or coupled

t naristyrof prdansithet wilkbeaspperent @dhosecnfekﬂmhéh@ett eét‘tadtnp{bzibd nucleic

cl one nt tabl e pl asm.d
2ol v anconrtef o A pBRi TR BRI Erd REDRL o it g, Sfmeten) that i
C'c@ﬁt@& it a\fléﬁﬁlt Jtesrtre?ﬂdfddfﬂ Ql@ét'vﬂ[l tB@fcRé BAM: the nucleic acid with very
crocai\%osu e identification Mcrocapsul es may be

::IdEgh " H@M bl]hw padganype dﬁﬁmﬁ@bwlﬁoﬂr@eﬁiﬁtew tlrgem]ic by any suitable
i te@l“éﬁ gtl?gcﬁﬂ lt%lgtt‘x‘g;fl& %Subﬁf%tf 89§%g5 ée%% SRk Lfests

detectable fromthe outside as described in section

i1 (Mcrocapsule Sorting). This L .
Alternatively, a biotinylated nuc elc acid may be coupled to avidin or streptavidin

complexed to a large protein molecule such as thyroglobulin (669 Kd) or ferritin (440
Kd). This complex can be derivatised with substrate or ligand, for example by covalent
coupling to the alpha-amino group of lyéines or through a non-covalent interaction such
as biotin-avidin. The substrate may be present in a form unlinked to the nucleic acid btlt
containing an inactive “tag” that requires a further step to activate it such as
photoactivation (e.g. of a “caged” biotin analogue, (Sundberg et al., 1995; Pirrung and
Huang, 1996)). The catalyst to be selected then converts the substrate to product. The
“tag” could then be activated and the “tagged” substrate and/or product bound by a

tag-binding molecule (e.g. avidin or streptavidin) complexed with the nucleic acid. The



change, when identified, is used to trigger the
nodi fi cation of the gene within the32 conpartnent. In
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identification relies on a change in the optical

properties of the m crocapsul ? resulting froma

reaction | eading to | um nesce ge, phosphor escence or
fluorescence within the m crocapsule. Modification of

{ i AnE LMD phlie CSuctBulgabg, L i 9ges ed

by 1|Od$t§‘ui ?élrcatelglgtﬁ 0 ﬁ%ﬂgggigﬂﬁc@c@ﬁgg%%?e@%e% e YGjl therefore
f reflecethe entioef themubstraenrdeprodude i sohitioat i on of

| um nescence, phosphorescence or fluorescence can

trigger bonbardnent of the conpartnment wth photons

( VheRl dlCFeaRtnk lafd i Scolfhi ic aci
modi f i cateiaon of tﬁépﬁr%gcﬁf@ﬁgégné%%%% 1%?%% Cé)}rn%ﬁr%egc ggzugué:lem acids
ha]m:lodmgracties cnz'ymims q@néei mmishe;ddﬁmg aﬂnenﬁlmaifydoﬁ@théﬂ ﬂﬁlgle@Lfde which
c s (Keij et al.. 19 ..Mdificatjon of the nucleic

= EineS iy oo Rty Witk il 1 piobib Gpih spstetes nd product have
Mie@fidlbctllar A2 Bnly tRAMIRTHIDYcids BIO4AL 38 ! puri
group to theganugl eic aéi dcsl: bonba%dner?%ei\?\%?{?%gﬁa{lgﬁg purify.

of an appropriate wavel ength [ eads to the renoval of

t w A Lerwards, ,all, m.crocgpsul ar e.conbi_ned

ange fe%? ntie a{é"?% ’ a%qrg%g o5 Sttt Biget ?Fe‘?’g]i AS Ypfeations thereof, are used
eRatbinho Mgatation, Miot@he Bl PresBRGRHINAGN, 38R R A i
exhi bj ting the desi%ed agt ivity can be sel ect gg;%is of separating
aft PIHILY frop g heteregereowns pepiuiagion, foo bxanudle athiature, such that it is free of

S ifical i to,. pr. reacts.s ifically w.th,

RSB S 3 g LRSS e locess. 1
apefeeet atiebodifait, deslaioh AgfelsOtd PRAriRERRANDS AV 8ty Ofssentially to
it 1s not necessary for all the processes of

t RUPRASAFIBY | IR 40cemtihoiefeas 9/ the Prosess oF prefwrentiallydsolating desired
s j [ i.2gl tep, wth L] . ..
;LS bRD uhdreREsERRs T 415 &' BYLTuE Blpillionypafe desired enties,

sthk eartis disolating'eatidr 'sorting" aengyulvaknt. Whedhethol &f $eBf€sent invention
First, transcription/replication _and/or translation of

BRIt Ry epriing (qigdssired; nyplgiceadidsaEpan pedls Hyrariey or akmertoires) of
PhGse hdd@whi ' C g roduct .i.s

t hen (f [ _nkegk{cgs(%oﬁ{e&{r:lglgl %?%waﬁcéggﬁggh eg;eﬁeé: g]ﬂ%as }1§ed 0 refer fo the
(mheash (melsidubgsthe sorting pseowss) rif dsadatiigsan entity BBédrding to a particular
m cr%o{yg sul es are then broken, and the nucleic acids

HPH Q" t heir respective gene products optionally
purified. Alternatively, nucleic acids can be attached

to their respective gene products using nethods which
divitiabseleation ob a nedlcmpsid/micledmacid-fromexagdie aptdbeary (for example a

di | .Smth,. G,P.,1985), pol me di I .
TR N W A
N RrgeZamitk of FR9hk nﬁ%lgilcaa‘éidrs.e AHSSAQY oPHRIdidGcilid 84PPe created in a

(CulT, et al, 1992).
variety of different ways, including the following.

Pools of naturally occurring nucleic acids can be cloned from genomic DNA or cDNA
(Sambrook et al., 1989); for example, mutant Taq libraries or other DNA polymerase
libraries, made by PCR amplification repertoires of taq or other DNA polymerase genes
have proved very effective sources of DNA polymerase fragments. Further details are

given in the examples.



In the second step of the procedure, each purified
nucleic acid attached to its gene product is put into
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reaction to be selected. This reaction is then
initiated. After conpletion of the reactions, the

m crocapsul es are again br okert%and the nodified

nucl eic acids are selected. In the case of conplicated

Ltistep.reactions i.n which nany..i ndjvidual . .
CosBREn T R cPo At Britere by SRR il G sxample Smith, 1085,
U‘P!éﬁnlb?taﬁdl RAHHNJOSH) @R aftedf RAcPEd GirnexdmpRt b@@at REal., 1991) or
initial step of création and [ i nkij n?bof gene product

t pools of genss sk dor exaaplerMissiiretial.s1994) b 2 gailerter 9y doprel synthetic

sel.ectabl e.c e in the nuclei.c.acid . | £ j S
2 rEoERafan BaRer Gin L BHE S B o Blalo R Whldcic acia
CQREPbbISETtniclRid AdsMH@leMD, 8¢ iadarienyoheckmiqles i edoainduding; using
the process repeated in iterative steps. Anplification
mepuistor (siraing e opbacjariarsuelb at Rasak mehdh (Laap ¢ Shi kyS0etY agagishi et al,,
1 . 1Or usi ' t: . ,
L850 o, o000, 0B S R RUBELARE ot n v
anple by ehricnd n{uEglehd, land fonssirgy ordi idatiation (@Ftiedberg et al.,
Chetverin_and Spirin, 1995; Katanaev, K ﬁaasov gyd
SpPPPn or 1mgerporating of %e@ﬁdqaﬁe egqegz 1(65@;019 % Zaccolo et al.,
e ) . 88 a L s . . . .
SaPPEEOaEash HrntichdCEan 380BY, inhdikn, WS gones in vt during
anpdlychengaticnsior &e@dple by dsiag eandpns pbyoemsed (Leung et al., 1989). In a
anplification (\Wal ker e l,.1992) . ( . .
o S s ot rgneiaod Phy MBS0 reRfiofse AERuglelc fragments
H'ﬁgga fs'adﬁhgahtyfrﬂ\l%&wme%_ R B4R PnAstedbind\ehrbK§rod@RCR. Details
po d I-B f k a

ynmerase) an am |y polynerases which 1ac
3'arSiivex omBednaplse 1 pAowidieath thg neethedbof the ynehbtion,dhe term ‘random’

strict blockage taq the extensi,on qf distorted. or. .

T D FLEFFSS Of Fag PasTURTR Pt e o i AThiRo gpids at those
mgy%‘siﬁ%ﬂg BR B P 3. scltidde(phdiRteta e8P paitidsORItRG8nd6Rt r@frtoire of
consi derably depending on the nature of the m smatch,

s cuEng acidsatdnose seleqtgdipasiions.puri ne / pyri nmi di ne

pyri m dine) m smatches are extended up to 10"-fold

| ess efficiently than34 matched term ni (Huang 92).

Li fk@ikS §iv s N dNEAt B idtro@8€ badingHe@sologbhs k& ombination either in
incorporated efficiently, act as strong term nators

( Kool (sed Bawasaykownld epabd ¢ o impdiie bytemmetd SRt iStenager, 1994b)).
the principles described in Ghadessy, F. G et a (2001)
Proc. Nat. Acad. Sci, USA, 93, 4552-4557

( caTwasdpsmmd/riised sel f replication) and

In addition to the nucleic acids described above, the microcapsules according to the
invention will comprise further components required for the sorting process to take
place. Other components of the system will for example comprise those necessary for
transcription and/or translation of the nucleic acid. These are selected for the
requirements of a specific system from the following; a suitable buffef, an in vitro
transcription/replication system and/or an in vitro translation system containing all the
necessary ingredients, enzymes and cofactors, RNA polymerase, nucleotides, nucleic

acids (natural or synthetic), transfer RNAs, ribosomes and amino acids, and the



Ghadessy 2003, and outlined above. Both these
docunents are herein incorporated by reference. The
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to devel op a nethod by which the substrates
specificity of high fidelity DNA pol ynerases may be
expanded in a generic way. The'li nvent ors have
exenplified the techni que by expandi ng the substrate

oBEFRUPL L bl 1 B bt o Bk bbb mocined g
cpeaued two repertoires of randomy mutated Tagq genes,

as described in Ghadessy, F. Get al (2001) referred
to above. Three cycles of m smatch extensi on CSR was

perf or L0 L anki.n | Ners,,bear.i t he . .
i iRt Bt 3R SR PO 2 Rt f the biologica
Chynes are bétiveddidewill giefdorR &@&@ﬁb@@iﬂh@qut@ﬁéﬁynts of each specific
descri bed herein. Selected nutants exhibited the

afsiaptiqnysysteme xBubiers sytable-ar hielparvaband/emshemi¢ad reactions are known in
. _ o .
R FRSRPS B SRR SRLREL) Uy Lokt 199

term ni. These results are surprising, especially
ince Taq pol ynerase is unable_to extend such

iﬁgwe CHES traRGlatons gystgm V(l_ﬂg@@jﬂ;ly 0ERESY 2owH) extragh dypically from
UG dAgiat gz&a@p%eg,clezuﬁ&hﬁggoyeg{sg egb%ye 1@9g§g%£1%9, [PDX), rabbit

pol yner ases " which’ exhiBit" a’r substr

spticulbrytes (Pethemeemddeckso 9076) or whent) germACmtetbon@: £ 198%). Many

i nvention, the term/ ded supstrate ran

(BHER SRTHoBr b BRACBLY VBN Loy e AED I dpims bisgioEg) including
I a5t8ewARich N1 &N '&8@51@@&%;&%%%&1@%&1 @aﬁgﬂetf cBial st and the

present invention is bro%lder than that o e one ‘or
_nmtleulDWte pof ywhertiges, THT Y estgant sygerhh doepProimega). Wihe mixture of

it is derived. The.term ' a.broader.subhstrate r.ange' )
PSR RO T SRR RRgo e B A Ui AgERe the possible
ageAb&H Ovarietyt Bﬁpﬂéfe%%eﬁbdﬁdéﬂ i tthcz iibltaPyG? ’T%%Gn%&%b_e}gc%()mplished by

more 3' msmatches, for exanple _ \
Ctlergingi tBN Ashwith reetifamal nsnigo peidgnandaseng these tRWdisclor ithe in vitro

b A SN e e P ISR 258 e o

randeosys herein defined has the ability not only to
extend the 3' nmismatches used in its generation, (lIE
those of the flanking prinmers), but also exhibits a

g Le.apl Lty t tend 3. . m hesgfreal.

SRBE! i RAbALS &L ARl 605 S SRR o o

KerchBingEhe Oalednfed Bf, intee8iB8dAn ﬁéﬁ@eda@d ndfcd ertBEd in vitro

Al109T, L245R, R343G G370D, E520G 83S, EG694K,

Ararspyiption/replication or coupled transcription-translation reactions. The selected pool
is cloned into a suitable plasmid vector and RNA or recombinant protein is produced

from the individual clones for further purification and assay.
Microcapsule identification

Microcapsules may be identified by virtue of a change induced by the desired gene
product which either occurs or manifests itself at the surface of the microcapsule or is
detectable from the outside as described in section iii (Microcapsule Sorting). This

change, when identified, is used to trigger the modification of the gene within the



were chosen for further investigation. M and M4 not
only had greatly increased ability to extend the G and
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but appeared to have acquired a nore generic ability
to extend 3' mspaired termni,_ including other
strongly disfavoured transvers”ﬁ?on m smat ches (such as
AG A, GG (Fig. IB), which wTaq pol ynerase was

BB 4 ere 5y BRI iR SRl b fgtin st
tlog 4 ot iifthe Dpttipromeiich @ﬁ&@%&ﬁ&aﬁ@ﬁ@%éﬂ&% %bé'rﬂ?a reaction

M4d pol A DNA polynerase nutants are depicted S .
argpdBRdoNynEnessetsec Phesphgresgracape fhintsspenca Vthjn themicrocapsule.

N A ATt h——

Mof dtrinineScente, CEliveplibressuggest lagrebdtace op d¥dhipie)!i@entification of
| ecul ar solutions to the nm smatch extensi on

pHERBESFsace, GOsRhQressenesn Ohefiioresoense eanmigigger obprabpadment of the

S . . f .
i I B B B85 ) By cwion o
vdhi'(wnmdlepic Qafc}d. hﬁx simitdp prosedine kds loeedi ddsaritad pﬁev%uﬁl[qu the rapid
t 3 I ' ' t ' it
ot (hoE N o oL BB i S e,
u . : i " e i . f .

S e e el e bR bR biledoieping group to
etteemgilain abids boarhbaviimentdwith photoesiof ah approphiate( wWagglen2ih leads to

The only other feature clearly.shared by both M an )
AT gl o i 5 o BRI, P AP s o Db and the mucleic
| avigh é)%@leﬁntoﬁéﬂh&p i Gnd WnvirBemdrk. MERRiALEIRASR 0 i%eﬂls’ Soroducts

E74236 nutated in M (E742G forns a direct cont
wiekhibiting the desped aciimity+chnibgseleoied byaffimtyppuifcation asidg a molecule

(Li_,et ile in M, the.adjacent residue A743 is
s e ey B o o resisspec A B M ited
interactions by distorting | ocal backbone
conformati on. Back nutation of E742Gin M reduced
miMrltisten peagedwrd on, but only by ca. 20% i ndi cating
that it does not contribute decisively to m smatch
extension. Surprisingly, nutations in the N-term na

" IBwillepeodlsicbeaspediaedibar 4OrNQDD tht presé R@RNtib®) iPR not necessary
contributing to m_ smatch extension as suggest ed by the

2for #lbithe prrepwsss Off trAnserintionTepticalingi /el frapalatiops and selection to
?Elfog%ﬁ@ %%,bﬁ@ﬁ gsge%x %ho.?{ll Maeridi tglﬁg%g )P i? fon n-%ri%l%capsule. The

. pronote m smat ENsi on’ i
Uselbidh grotedgreveny tcompaippane ot more steps. First, transcription/replication

and/or translation of each nucleic acid of a nucleic acid library may take place in a first
microcapsule. Each gene product is then linked to the nucleic acid which encoded it
(which resides in the same microcapsule). The microcapsules are then broken, and the
nucleic acids attached to their respective gene products optionally purified.
Alternatively, nucleic acids can be attached to their respective gene products using
methods which do not rely on encapsulation. For example phage display (Smith,
G.P.,1985), polysome display (Mattheakkis et al., 1994), RNA-peptide fusion (Roberts
and Szostak, 1997) or lac repressor peptide fusion (Cull, et al., 1992).



di stance of the 53exoD fromthe active site (Utz 99,

Eom 96) is unlikely to involve direct effects on
we@ziosnsiooh catal ysis. Increased affinity for PCT/GB2004/004643

primer-tenplate duplex could al so increase m smatch

extensi on (Huang 92) but dissociation constants of

wtTag, M and M4 for matched &% ni smatched

primer-tenpl ate dupl ex were indistinguishable as

L o scoPnE BB St s ruhe G SR BAA HAHE geRepiicid 5 its gene
n??d&h@ﬂ ﬂs?u@ﬁﬁé’ Ersb&ﬂld%&%%@&ﬁﬁﬁﬁn@ébﬁﬁﬁéhﬁ Qtf the reaction to be

smat ch prinmer termhni is a feature of naturally
occlacted. nngps)IIyamloassstheW indiatedev dyfise Qonaﬂ@m pf dlseegeactions, the

OFIFPSTIES st et e el oS R e St 1 the case

5 p%k‘)ﬁ&%‘ﬁgéh@é‘d Baltiste) %&ﬁﬁﬂs &Oﬁﬁt«lﬁ(ﬁian‘j)rmcﬂli)iduﬁ EoMSINERS AR reaction
2002 PNAS) or the unusual pol B-fam |y pol ynmerase pol z

( mpﬁ glcnnwdmk e omfrioreintesyYRIE Sters IRt ‘@m@fqmeﬁ between the initial

va ffic ar ed_t
o tedion' SEDRpE TEEE rbhd U Pkt g e final step of

S'g@ﬂérﬁtﬁr@&ﬁé sdlatidblld Eake B the havldit hes. W t h preexi sting
pol ymerases but represent, to our know edge, the only
known poI A-fam |y pol ynerases that are proficient in

xtensi on (ME) and transl esion synthesis

10 (‘I{'g’?lfcf’ﬁocontrast to TLS pol ynerases, which are

di stributive and depend on cellul ar processivity

factors such as_PCNA (Prakash refs for, etalkappa, and.
i dn all thaaboyp GONASEH P NEENRAES @ﬁ@nﬂ@%n@ﬁd Mt 61‘? nucleic acids may be

DRSS KIS e Bl sete, SoRMEIR) may e v o

2plobymiErase mhalheezccaec (Sikiver mh) 1988 B or BeFusimgy o Qiya @anety of other gene
crucial role in allowing error-prone yet process

15 ¢ @mnhéa@tw@nteshmau% mcjuding; P iepkisasd rrpiplifigat 10FL£C'°‘h111 Foster and
|
IS, SRR ST, TP OBIAEIL Al S, 1999 e

adigdspetatretbactivh @ICR)ALasdbgponi ¢reil., 11988’11]313:(&@6(199]5)& thiel 3¢1f-sustained
occur opposite lesions.in_th tenpl ate strand.

The
aﬁP‘ﬂ‘%eP?e wplicgtign ﬁw’rtifﬁéFad%E“iog apd dywegas.rigpl) g strgpd dlsplacement
aﬁgﬁlﬁg&dn%w&ﬂ&?ekﬂ %)I s thought to arise froma
geonetric séléection in the active site
20 (Goodan 02). The ability of M and M4 to process both
buI ky mspairs and a distortin CPD (cys-syn
}ri(’ NApolyFprIses Accoling te the iRkentpes” it pl ausi bl e
that in analogy to TLS pol ynerases, they al so have
acquired a nore open active site. Indeed, nodelling
shbwed Géerala CPD di mer can not be accommodated in the
wt Tag pol ynerase active site without mayor steric
cl ashes (Trincaod).

25 High fidelity DNA polymerases such as Pol A(like Taq polymerase) and Pol-B family

polymerases which lack a 3'-5' exonuclease proofreading capability show a strict
blockage to the extension of distorted or mismatched 3' primer termini to avoid

propagation of misincorporations. While the degree of blockage varies considerably
depending on the nature of the mismatch, some transversion (purine-purine /

30 pyrimidine-pyrimidine) mismatches are extended up to 100-fold less efficiently than



M (and to a | esser degree M4) al so display a nuch
increased ability to incorporate extend and replicate

walpdosmsmmns types of unnatural nucl eotide substPEL/682004/004643

10

15

20

25

30

that deviate to varying degrees fromthe canonica

nucl eobase structure. O these the S substitution is
the nost conservative. However34 the sulfur anion is
significantly larger than oxygen anion and coordi nates

et ein b ol SRSy psye GBRERED, P Mndlogues, while
Fliabssrseatincidmleldt a6 sthui! tehihaess (Kidke [askewyc! eot i des

retai’n base-pairing potential but include a bul ky and
hydr ophobi ¢ substituent that nust be acconodated by

t ol ras tive sit Steric ¢l ash I the

e Dbt RS e e iRl gl fesBEREn (hal 8y gy G ot ol 2001)

f Ipged. &, | AdalieSci, lUSl&e 93, ues5E-usslh lpéddbpamktafbtP sélfy6flication) and

better substrate for M than biotin-11-dUTP, while .

wGhadessx 2003, andi oytlinededbioer  Both dhasg dloswRess ereahipisgigeorporated by

5NIl. represents th | e

<o e o Saty ReRRLRRIAA e FROLMA Fehfis to dovelop a method
&@bthe sibitraiez Spekificity POhigh €ideRyHNANolyeures flay be expanded in a

| acks any hydrogen bonding potential but like the

NnEEUFEI WHases, favours the anti-position with respect

to the ribose sugar as judged by NWVR (J. Gallego, D.L.

and P.H., unpublished results). Therefore, a 5NI A or

5Nthe Gnzasephive exomplifial ths edchinies bypbkgndinguthe subspate spezificity of the

transyersion m smatch _and nmay_cause Si )rHll

ar .
dibghotidslisneol-6 famalycealynerasas: BNRAHGYRe NG @EweRt iy ventors created two
El ' ' ' [

o SAPEbeCUPERITEL Sy SORL T uBRH BB, 7, G ctal o0
hyefengd o fbovei Tigeperclseofingsmath exgosiore@SRovasgfef foonehtsing flanking
insertion or replicatjon (revi by .Koaq|, 02).

v Do B s o L oRkiRg by Rgested clones were
b35keANNFIRR SMibnsRinlasSdyhebdribel AG@POr at ed, they38

subsequently lead to termnation, both at the 3' end
and as a tenpl ate base (Kool , Romesberg). Structural

K S T S S T AR Rp—
f Qlsediiss MR CRRUdeRetibll tidtdlRNe g das 8@@5&& bty tBY?Jtééljﬂdmispaired 3’

in binding the incom ng dNTP), the O helix (notif
arterminis THesesresults ary supiisingriespaciagiy sance Taydrobigesradsdn aishe to extend

v BV B U0l one Tt hese

regions. Rather nutations in M and M4 inplicate
re}giimons_of t he pol ynerase not previ OUS|]¥ associ ated .
wi s susing thistapprogels difi inveiors Gate gencratrd PINA pefymerases which exhibit a

t hrle’:llgl.)t()edS éﬁ%g{)ﬂgéﬁ%cfﬁgﬁg/gkpanded substrate range.

According to the present invention, the term ‘expanded substrate range’ (of an
engineered DNA polymerase) means that substrate range of an engineered DNA
polymerase according to the present invention is broader than that of the one or more
DNA polymerases, or fragments thereof from which it is derived. The term ‘a broader
substrate range’ refers to the ability of an engineered polymerase according to the present
invention to extend one or more 3’ mismatches, for example A*A, G*A, G*G, T*T,

C*C, which the one or more polymerase/s from which it is derived cannot extend. That



the +1 tenplate base-flipping function (E742, A743) in
the finger subdomain and the 5-3' exonucl ease domain

W@ 2Bened)s The 53exoD is too distant fromthe BCI/GB2004/004643
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site to have direct effects on m smatch extension. It

is, however, thought to be crugial for polynerase
processivity and may thus influence m smatch extension

(24). Indeed, the Stoffel fragment of Taq pol ynerase

(26) ' | . di.spl-ay .
bt | 2502 S8 SRR AR 8 BB ne 1 i
disfnddiadahé @pilif2 Aot o t@tkiend then3t Menmdehes Bsaf inMts gértbration, (IE
Mi may therefore contribute to _mismatch extension by | .
ethvanef kg frokipggrinss)pbyadsoseuhibits 2 gengde Autityforsrtoandd’ mismatches
abd || h quﬁic sites (generated in | arge DNA

f é’gﬁ%ayh? lgéxuﬁgzg%f’her pcycling) this may al so

contribute to the proficiency of M at |long PCR (Fig.

adhaio pesmgsnd oG TRRb I BobCrile AgosyoRr420) and

E%?{" %@@@ﬂ? of1 09e L SRBR SRl @?]MmrEfgmfnTE%BSg?@%%K, A743P)

ani'stic aspects of ‘the i’nvo
t nerdeS3R86n fortfarthen inviestigrtiomat ch recogni tion or
extension are therefore not obvious either. It is
worth noting though that adjacent regions, especially
t g1 PRACKA RGt | ROP 1RANKRENY NEcrBRkl CASlIE tANGiddd BRAG-A and C-C
parts of helix I,” nake ext'ensive contaCts with the
t éapdvatstorpmismatchgs padxn et GBR selpglidpy buappeared kabave acquired a more
previ ousl.y. been pbserved t.h m snat.ch _i.ncor.porati o .
b PSS ARG R a1F; ) HSRairl ety dnhuding et rqugly distavoured
E8deerion fdhdthes Toucht SsULLGIT £ Of Gidne@es. 189 Mscht WiTaq polymerase
ease passage of m smatches and increase el ongation
efwfas ghahle jo pdend, pnpisyiouslsrenated Beeok ¢tiap pPHYy Huang 92).
rotati on of the designated base out of the DNA helix
axis is a common nmechani sm anong DNA nodi fyi ng enzynes
( @M1 ncP=ha&ass adedidihg $o fHedavaftid! e for
pol ynerase function is less clear. 1t39 has been
specul ated that flipping out of the +1 tenpl ate base

j b 110 et y v '
ooychRE rElg” e s BRCUIRE BAE rycta ¥, WY DALA (R Afce, putants are
t degiogdaSEQUNS tIr erdnSEEIN AR erelmstively | andedrt eshewneinwFighl and fig 2
this mechani smtherefore m ght pronote apparent
niteRE¢tEelext ensi on but woul d produce -1 base
del eti ons. However, neither prinmer extensions nor
sequenci ng of PCR products generated with or M4 using
pDeRpites vary tshmiddr piopkridesd MO idiVidrtand helsed ethenbedettahglones) have few

T T NN T S R —
;r%gteiiiiigh ?g%ngg;lf;qe:f t@)@}b’ g?&’&ﬁ&z ﬁ\’éig 'I\E/gﬁﬁis}!‘gggl?aétfroﬂ?g&%‘ ket BY all but one
of the four best clones of the final selection. Curiously, E520 is located at the very tip of
the thumb domain at a distance of 20A from the 3' OH of the mismatched primer
terminus and its involvement in mismatch recognition or extension is unclear. However,
E520G is clearly important for mismatch extension as backmutation reduces mismatch

extension in both M1 and M4 to near wt levels (Fig. 2).

The only other feature clearly shared by both M1 and M4 are mutations targeting
residues, which may be involved in flipping cut the +1 template base. Residue E742



under stand, especially on the CPD dinmer, as the two
covalently linked thym ne tenpl ate bases woul d be

wo edosaetoosy to flipping out. Indeed, TLS pol ynRCHEB2(04/004643
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which are naturally able to bypass CPD di ners, appear
to lack a base-flipping function (28). Extension and

i ncor poration kinetics of pol y3rﬁarases according to the
i nvention. Exam nation of the ext ensi on and

incor r.ati |cs of he mut ant .pol L ases

geet 42 USRS 155”s Aoty Sl Vet +1 base on the
prt&ﬂﬁlﬁ@' dt¥ind QLDE a1 A R1L%E AR YHjaddns Qe§1dﬁfe°AP@3 & Butated to proline
transversion mspairs and consequently shoul d have a

si(4A#3R)c avtticly mayc digawé dnteractiensoby rdagtertiog rﬂpaalebiackboneh eonformation.
M B AT USRI s R B Sy by e 20%

PlihdEeatii tBitGNddes @8NEdnritiRedsadvdly dehishatdseitadand s
the case for TLS pol ynerases (23). However,

rreasurerrent of the overall nutation rate using the

BB O SRS 105 B BT, PR S5 o

| NGHERIE bk Rohtidutibg & nﬁﬂnz{t&t extérsidll &s dyggemsd Iby the12-4 fold increased
an | ncreased propensity for transversigns,
d|@@@§@h@xﬁﬁn§\¢p<ﬁbﬂt§’ JyymeresRf Mea@e@fe]&l st and polD of wtTaq

0 r i 1.0l I

CRE™, L) B0 Gl bUERTS LRk B SR e appuen
e\tﬁﬂIard:le%f thedBekoD fafm ﬂfe&ﬁtevé siten(LAn 69  E@n 96 pissindiltely to involve direct
mut ati ons may, be an effective sgl ution to accelerate

aFAISEEIIOFK RSN etaigip IBrsRInd & ﬁlé}éﬁ?lh@pra?%@m%e fpplgx could also
t S f
el b AL B AR ian (Aol 8) P RO g oaliR8 iy (Teo. M1 and
otMérfoDNﬂatplmddyand asBsiptched prm&me‘.emplate duplex i wers Indistibguishable as
the ns of ence s t hat n be accessed
o PRy AP PO IORGTPoRTRE PG RELEE 97 07! SEoW Rt at | o
spectrun1of wt Taqg andM in PCR40 Transitions
Transversi ons Del eti ons AT->GC GC- >AT AT->TA AT->CG
GFhehelGioushiip offMA@nd 24 Svith ¢ther MaturaBly oéculBing IINA(polymerases
*Mut ati ons derived from sequenci ng of 40 cl ones
(800bp) each. In sumary DNA pol ynerases according to
t Ny teHs Rl ol hﬁé(ﬁﬁ&he@n 3 C}ﬁ'ﬂﬁé}r "térﬁllﬂlnalis M feftfrdV¥bf naturally occurring
[

respectively as depicte n SEQ 1 and SEQ No 2
padwserasese Vivdl| wwerse @mg@ptasees(RT) like HIV-1 RT or AMV RT and

polymerases capable of translesion synthesis (TLS) such as the polY-family polymerases
pol 1 (Vaisman 2001JBC) or pol x (Washington 2002 PNAS) or the unusual polB-family

polymerase pol{ (Johnson Nature), all extend 3' mismatches with elevated efficiency
compared to high-fidelity polymerases. Thus, the selected polymerases share significant
functional similarities with preexisting polymerases but represent, to our knowledge, the
only known polA-family polymerases that are proficient in mismatch extension (ME) and
translesion synthesis (TLS). In contrast to TLS polymerases, which are distributive and
depend on cellular processivity factors such as PCNA (Prakash refs for eta/kappa and
iota), M1 and M4 combine ME and TLS with high processivity and in the case of M1 are
capable of efficient amplification of DNA fragments of up to 26kb.



(1) DNA Translesion synthesis (2) A generic ability to
i ncor porate unnatural base anal ogues into DNA. (3) M

whawspkeiabi ity to efficiently anplify DNA t apQEGB200p/004643
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to 26kb. Uses of DNA pol ynerases according to the
invention. Directed evol ution towards extension of
di storting transversi on m smat3dhes |ike G A or by CSR
yi el ds novel, "unfussy" polynerases with an abili ty to

per f or m not onl efficLent m smatch e ns.i o and T
bi[ﬁ thg Sescaet ape 5@%@% Bey matau?raflaﬁ a@reelat plipwing erfOf-Pfone yet
e PLESEMuli- r ¥EeFshquy 8 fi
eypﬁhés?&gn II:g'IHL%)él P lre%mﬂlﬁédtk ﬁ?lltage P% pol A- f a?naﬁ?le S proficient
Brfismattly eatensioheis gisd yanmcasaasy pegedwigte fart thewwbio oglcal functlon as

mut at. i esting that. TLS and..rel axed subs

" BEBH: T A HoR (RS AT Y TERHBLY QG0 PIRRYS 1650rS in the DNA
F eREA8E RErafd. A8ttty DratIs pélyRetueeioasefsdneplicfion blocking lesions
rather than a specialization The unusual properties

ofin tDMADNAﬂmglgmm ages oo or delaged @ewm@tnpr@é@ﬁpn in the active site

u2§ %%ﬂ%? Bty MO0 R BVl BRIt 2 disoring

dﬁh‘l irRahifREnd BinSRY ORMG | MgkeaItpRLLBYE that in analogy to
Iabelllng and/or the anplification of ultra-long DNA

t A epeymetasss, gy @iﬁ%h@vmgwd inmPFFeORFRPIGVE ifei Bieed, modelling

oG L kL £ b e Y R R 1P B ATl B fcggec acivesite

aRdigival Sapir steiRdlashe@enors01§.Benner, Bar bas, ribozyne
review)4l and may aid efforts to expand the genetic

al phabet (Benner, Schultz). The altered mnutation

S tr o t ¢
%tig é;érﬁf& 4 lég)gefgﬁé(%ggtﬁ?)aalé@ ﬂfsﬂ r% %uc ﬁgél%g%aq%)éhtg tg incorporate

oteRehd mﬂy&pﬁm@ﬂlffdﬁmr@ﬁes( éF Bﬁlatﬂi‘abﬁblclwtaiesslﬂmsm{tSS that deviate to

limts the conbinatorial diversity accessible thro

PR ind SRjBPReSan T PATREIALRISISOPRES STy Dbe DRt stitution i

Y R Y L -

exaimRl sdLodréineteh eatdor peoitls wiichvmahbe hmongsthe trassons why the wt
bases are m smatched with the tenBI ate strand
9

exengyrde i net peratsf fubngS s¥hstifution hl@queﬁglgly(@@@g‘é(gwylegt}des like aS
aI | ogﬂggegtrgtﬁ{ng onb}%agrﬁngn%kl%ltﬁll ﬁ{l EILJHe 5%{1 g{eagg thIOPhObIC substituent

ITET ases acC

t hﬁat'rﬁ&s@ Bt la@¢bmddatddayt the l{ioﬁl‘meﬂ@de BtiPO hiyaﬂta‘&ﬁslas}fes) in the active site
exanple M and M4 pol A polynerases_ as here

dese ahh[g@ajedﬂgy theapregenge ofa Jeiks @exﬁ}eahaﬂ%rlp@dﬁ@, we find biotin-16-dUTP
rrut a]%grb L s&ggatgvfgf' Ml Fﬁnt - g dm%@g’gﬁ a§ ARt Gutilize either.

I'ZI'ng an ever W der array
nUHieeﬁﬁdrdﬁucﬁ)Wahﬂagl&S SNThepnemmﬂw moahdiastipateparture from standard

nucleotide chemistry we investigated. Comparable in size to a purine base, SNI

competely lacks any hydrogen bonding potential but like the natural bases, favours the
anti-position with respect to the ribose sugar as judged by NMR (J. Gallego, D.L. and
P.H., unpublished results). Therefore, a SNI*A or SNI*G basepair would closely resemble
a purine-purine transversion mismatch and may cause similar distortions to the canonical
DNA duplex geometry. Elegant experiments using isosteric non-hydrogen bonding base
analogues have shown that Watson-Crick hydrogen bonding per se is not required for
efficient insertion or replication (reviewed by Kool 02). However, while many non-

hydrogen-bonding hydrophobic base analogues are efficiently incorporated, they



that directed evolution may ultimately permt
nodi fi cati on of polynerase chemstry itself, allow ng
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defi ned sequence thus extendi ng nol ecul ar evolution to
material science. The invention will now be descri bed
by the foll ow ng exanpl es whi ¥ are in no way limting
of the invention clained herein. Exanple 1 General

S il SRR e oo

ARBEHEGG CCA GTA CCA CCG AAC TGC GGG TGA CGC CAA
-3 : G C nmismatch : '-AAA AATCTA GAT AAC GAG GGC
AA-3' 4: 5'-ACC ACC GAA CTG CGG GTG ACG CCA AGC G 3'

2 s TR SR AT AT gty WAL s o e

pSHrthetake sttufeliba dso kbt eﬁ@@m%ﬁn@atch dlséﬁrﬁﬁﬁtl&h such5as motif A
AAAAATCTAGATAACGAGGGCAAB X

o(woi&wd Tndindingcha mepmmg dVIPY ﬂ@Af) lmit; @l@tlfa@) Feh residues

Gl G105 e AT A e o

TAGE 3nd M4 ﬁvedmko@iﬁcﬂ? #beence QT hiiktidhsT iloMes€Cedons. Rather
14: 5 '-GAG. TTC G CIT ACC GCA GA A T AG 3' 15: .
smiigionean MG apeestoaagiae of the: pelymsrase ok previously

TR AR bl 1 T im0,

Ctie Ctenipldie Gaxs-ippinglfinctivn- (B QB BECHETIM g8CSubidoMain and the
CCC GCA GJT !

T-
5-3' exonuclease domain %53exoD).

The 53exoD is too distant from the active site to have direct effects on mismatch
extension. It is, however, thought to be crucial for polymerase processivity and may thus
influence mismatch extension (24). Indeed, the Stoffel fragment of 7ag polymerase (26),
which lacks the 53exoD, displays both reduced processivity and more stringent mismatch
discrimination (27). Mutations in the 53exoD of M1 and M4 may therefore contribute to
mismatch extension by enhancing polymerase processivity. Together with the ability to
bypass abasic sites (generated in large DNA fragments during thermocycling) this may
also contribute to the proficiency of M1 at long PCR (Fig. 5). E520 is located at the very
tip of the thumb domain at the end of the H2 helix at a distance of 20A from the 3' OH of
the mismatched primer terminal base (P1) (2). Mechanistic aspects of the involvement of
the E520G mutation in mismatch recognition or extension are therefore not obvious
either. It is worth noting though that adjacent regions, especially the preceding loop
connecting helices H1 and H2 and parts of helix I, make extensive contacts with the
template-primer duplex between P3-P7 (2). It has previously been observed that
mismatch incorporation affects extension kinetics up to the P4 position (24). E520G may
modify the structure of these regions to ease passage of mismatches and increase
elongation efficiency post incorporation. Base flipping, i.e. rotation of the designated
base out of the DNA helix axis is a common mechanism among DNA modifying

enzymes (e.g. glycosylases) but its precise role for polymerase function is less clear. It



20: 5' -AAA CAG AGC TTG GCG TCA CCC GCA GIT C&G T-S' 2
: '-AAA CAC CCC TTG GCG TCA CCC GCA GIT CG&G T-3' 22:

WG2008GB0TAC CAT GOC TGC ACG AAT TOG GCA TCC GTECTEGEB20MD0N4643
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ACG GTC GCA GCG-3' (undamaged) 23: 5'-AGC TAC CAT GCC
TGC ACG ACA XCG GCA TCC GTC GCG ACC ACG GTC GCA

GCG 3'; X= abasic site 24: 5 3AGC TAC CAT GCC TGC ACG
AAX XCG GCA TCC GTC GCG ACC ACG GTC GCA GCG-3, XX= CPD

The. b TeRaleT 46 BERTEAS S5 e ST APl ToReRCTeeontibute o
&

g{ﬂyﬁg @ﬁﬁelﬁﬂﬁ-gv ing outGrolbisMR bedel pHisn@(v%) Ve i sucleotide to
mani pul atton “and protein expression. Expression of _
Teapnateongsirebuor tenmpigte rhanep. dntrfeSRce evid tthis rmerhenism therefore might
descri bed (10).. For _kinetic meEasur

(P
eRioads 5@%@%@@% nglel% V&gﬁ)l&ﬁ%&u}q@:—g dlgagg deletions. However,

desiffet ?;%%eé 3R2)endiShP9oR sBfueh&id Of PUR P¥sdtargneRSdIwith M1 or M4
(BroRad). Al PCR and primer extensions were perforned
i nsing Pametuvitled' G20md QG misorahes revepier app kengplate slippage but on the

0.1% Triton X-100 /.1.5 Ct Yeviq WL .
(R SRR T i GO B o g GRS a5 Y iy of
PrdINBESbARLAEPSIng RR Ghd cotleat dThWITIES chyabiliy of@URNE4 is easier to

are provided 1n Supplenentary information. Primer i
extdarsind; espestallyomsthaSP® disrens asdhe Vo govadently lked thygning template

f or mani.d 10 EDTA I 9 o

P TARIRLRS (oA PRR TR, 1RER. TS Toinerasce, i g naturally
PLEEeb BeSRSE CPDMidHekss Sppekf todack 4 Bise{flippinpiuretion(@8)ned

and 3 rounds of CSR selection carried out as described

(10) except using prinmers 1. (A Gmsmatch) and 2: (C

?%tgs rgamtncghl}d %@gréﬁéﬁgﬁ l{ﬁi%ti@g oflgoéiﬁglrmyacéﬁginﬁ tBithe invention.

st aggered extension process (StEP) PCR shuffling (33)

as described . For round 3, CSR cycles re.reduced to
1Gxaminagion eefi thegetirnman 3%F°§I§¥.M¥ neﬁgﬁaeﬁt & JayfagipRolymerases

u r and HicahBP ERreald | ¥nsitS! 181% oW &tend but also
n%?g%ﬁ%figztg% tﬁ %hact ? \%iglylclﬁn PCRrev%/i t h&frcr)gt %Sﬁtgd pri rcr)er s 3, |
4 jgvepaateitsintwersibt mispairs and consequently should have a significantly increased

mutation rate compared to the wt enzyme. More relaxed geometric selection in the active
site might also be expected to come at the price of significantly reduced fidelity as indeed
is the case for TLS polymerases (23). However, measurement of the overall mutation rate
using the MutS assay (not shown) and sequencing of PCR products generated by M1
indicated only a modest (< 2-fold) increase in the mutation rate (Table 1) mostly due to
an increased propensity for transversions. As discussed previously (10), CSR should
select for optimal self-mutation rates within the error threshold (31). A change in the
mutation spectrum towards a more even distribution of transition and transversion
mutations may be an effective solution to accelerate adaptation, while maintaining a
healthy distance from the error threshold. This may also make M1 a useful tool for
protein engineering as the bias of Taq (and other DNA polymerases) for transition
mutations limits the regions of sequence space that can be accessed effectively using

PCR mutagenesis

Table 1: Mutation spectrum of wtTaq and M1 in PCR



m smat ched priners 1 and 2 ( nM each) determ ned at
m mmal cycl e nunber (15-25 cycles). Extension

w@apabidonsy for different m smatches was det erP@TI68209y/004643
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the sane assay using msmatch priners 2 (CC

m smatch), 5 (A A msmtch), 6 (GG msmtch), 7 (GA

m smatch) with nmatched prinmer W or primer 1 (AG

m smatch) with matched prinmer 4. Incorporation of

unnatural substrates in 50 cycle PCR was carried out

usi ng standard conditi ons and 50mM S dNTPs (Pronega)

or 50MM Blapéitides dATP (Perkhf=FidRr), Rhodam ne-5-aUTP pga: o
(Perkin-Flmwer) or Biotin-16- dUTP (Roche) with

equi val eAT->HrounG€-ATt haT-ofllter AT-HSTPs GCabTASQBM)>CG

L P s cartied out,using a two-step cycling
p%‘&&%%ﬁ%@ desctibed (22) 94C Bor 2 i But es, fll | owed3
by120 cyrd es of {P4 C 15s5sec, 6§ C 30 ngn) using Sng
af _phage | DNA (Ne

w Engl and Biol abs) tenplate and
either prinmers 9, 10, with prinmer 12 or prinmer 13 wth

ptipers 1Q, .14. . Singl e nucl i de

i %W%@P'ég?rb‘f?ﬁé?&néﬁ USRCIRS Hggé elenesBAehn) caghar amet er s

were determ ned using a gel -based assay essentially as
described (16). Priners 15, 16, 17 (3 base = G C A

r &speemayeD YA peymeRstsaiebsihgiodhe prsahteidvémionn & pdrticular M1 and

t | ate strands, 18, 19, (tenpl ate se =C, G A )
- BED sbFerBiely 55 rdepitod Binsiide NGB aOEE, Hpe? dhqssiss the following
Cafpepticd: Dupl ex substrates were used at 50nM fi nal
concentration in 1 X Taq buffer with various

c bndaNArErensdestorofynghesisne and dNTP. Reactions were

cainrjied out.at 60C for tines reby <20% of

o Bl Klneoorad BERn RS haimes fto DA,

C (3) DN haSdhie ABi1B§ tcﬁé‘ﬁﬁ&enff?ﬂiﬁiiﬁiyﬂ)ﬁﬁfth@&s}ﬁ asoBYs. AN

equi | i brium bi ndi ng assay (12) was used to determ ne

relative affinity of polynerases for the m snatched

[oFa - I ed in.th i neti cs assays.

Pylsggerr({ef r]%lﬁ%ﬁm%&rﬁéra%?se?cﬁ 85‘85% g‘a&ft‘“%ﬁﬁt‘i’“r n | xTaq buffer

with 50nM 32P-1 abel ed matched priner-tenplate and 50nM

unl abel ed m snmat ched conpetitor primer-tenplates.

RPaetted mgolwaome tawdrts ettenbidyy ofdistottirgniemssediddi hisantdbts like G-A or
dCTP (200mM ) and trap DNA (Xbal /Il-restricted sheared

s&tGby SPRmsldNnevel, Binfegsi! polymrerases exibearn alititys to perform not only
deponsirated trap-effecti ess.over the tinme period .
(Sl Bt e 8RS 3RS GRSl feat rornReebyinatiral nucleotide
Taimpirats THo pressht 28vdntdts RERE §EDw1D that 3hd eRIhASA P TIS from a high-
Sént hetic abasic site) were synthesized by Lofstrand

L

delitwit m].‘Ae@m(i]@aipph& &ty or other polymerases requires but few mutations,

suggesting that TLS and relaxed substrate recognition are functionally connected and

may represent a default state of polymerase function rather than a specialization.

The unusual properties of the DNA polymerases according to the present invention, in
particular M1 and M4 may have immediate uses for example for the improved
incorporation of dye-modified nucleotides in sequencing and array labelling and/or the
amplification of ultra-long DNA targets. They may prove useful in the amplification of
damaged DNA templates in forensics or paelobiology, may permit an expansion of the

chemical repertoire of aptamers or deoxi-ribozymes (Bemner, Barbas, ribozyme review)



MD). Tenplate prinmer. 24 (containing a single cis-syn
thym ne dinmer), was nthesized as described (34).

wr005945025 sy was 32P-1 abel ed and anneal ed t o PCEGBR004/004643
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the three tenplates 22, 23, 24 (at a prinmer tenplate
ratio of nolar 1:1.5) and extended in 40MM Tris O at
pH 8.0, 5mM MgCt, 100mM of eadd dNTP, 10vM DTT, 250
rrg/m BSA, 2. 5%g|ycero| 10 Mprlrrer tenpl at e DNA and

r 8 4 :fjrgaé’tt ?@nefgsljé%ge ﬁlﬁ:{h Orﬂﬂﬁg?taﬁqngarm;ﬁ?auﬁz The altered

affiealcRtptanin® 6PMAL @2 _I_P filaR® b uddtul RN Ireanidd n@ut§gdih%1§ experiments as
5- n|tr0|ndole)§|n | xTaq buffer, 0.1 or 0.5U of

p&%&@fi&b@sm a@a@%@thamplmmsﬁ:sdnwardsdaba@eﬂ >51) t@@m@ons limits the

f ded
P S AT P AN BRI it o

Fl\/ﬂle&l My taestayd3’ ddb & whith il st base B rHieinaichbd @6kh4hd ’@:ﬁlplate strand
the nut S ELI SA assay (CGenecheck, Ft. Callins

b%%t%ﬁ*@ﬂiﬁl 94 FReeccqrampde ok toprstendrs tamde @ mlfcheth% kst two bases are
L anp@&ﬁe; ﬁﬁﬂ tﬁ@&ﬁg&{a Qg?ﬁd“ﬁég teszﬂa%ﬂ L 990@%%% IRA shuffling methods

hetic

i (Rremprer)dyi ailwkngveinembihe Moradidtaivily i'élﬁtedl s&plkfedsi on of
m smat ches were neasured using a gel--based
steady-state kinetic assay (Goodnan) (Tables 1 &2).

r e X . Cqm it 390 _apd..
A S RS GMB Nt OB R ol
t helyotehases, rfmsctxadlpéé M:loandd\/llﬁh'mirm odipsefatsfes htdin déschibe@may serve

G reve ener | aI hough | ess pronounce
hp sl Sfeaier s Shlagrrous ik peliois s Relumersges capable of
t B8l RER RS &Y widel Grraytof fodifR- nuaé%t@@ bibstrte€ Xf‘l%nﬁ'ﬂv&ﬁors anticipate

efficiency derives predomnantly fromincrease
r Hlattdingetel/nevelufiah umsy fudtimetaky pmrahlrnqﬂnﬁgamenaﬁepolymmdse chemistry

st AR olrBus BRABSHE PIChde ptiHind of gefined soquence thus

ebtterdiBs B01Q018 ¥V ARG AateriMeBieAtspai r (fCext)is
simlar to the relative efficiency of formng it

(fine) (Goodrran 1993, Goodman 1990, Washi ngton

ophioanBHFE St oa” BE abokebERRT U HEyip Rl it ke i no way
efifitdestthy invBaonvdlFagd(iFa.e 2). Table 2:

St eady-state kinetic paraneters for ext ensi on ki netics

by wt Taqg and nut ant pol ynerases. '-Term nal Pol ynerase

nﬁ’éaﬁp/le {ext Ratio
General Methods

List of primers:

1: 5'-CAG GAA ACA GCT ATG ACA AAA ATC TAG ATA ACG AGG GA-3;
A*G mismatch

2: 5'-GTA AAA CGA CGG CCA GTA CCA CCG AAC TGC GGG TGA CGC
CAA GCC-3'; CeC mismatch

3: 5’-AAA AAT CTA GAT AAC GAG GGC AA-3

4 5’-ACC ACC GAA CTG CGG GTG ACG CCA AGC G-3’

5: 5’-GAA CTG CGG GTG ACG CCA AGC GCA 3°; A+A mismatch
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Base pair CJoMn ) (
92312.5 - - M 308.0
wo3aM8845015 C C WTaq 0.2

25.8 0.356 2.3 x 10 390.
75.3 GAWTaq 1.6 32.8

m) OF/e ct CGWTaq 1477.0 0.016
0. 02 15400 - - W4 817.0 0.012

39.9 0.00546 5.9 0 1.PCMMGB202/004643
O MM 11.1 36.6 0.303 4.5 x 10
0.055.41.0M 2.4 22.0 0.111

72X10133M47529002§38X|O70AGWTaq
28045200221X101046M44628020021 X

3 09065 A GRICHEFTE Y EA S a7 G lmisgasy,

87 5 325 QGM@?@C@@GTEQ Aﬁcé @&A\MCF T>CcEH 4G1Mnﬁnﬁtcia17
1.3 x 10" 1. .9 x 10 275

187.0 @.A@PQMTXCT{iGHT@ACM@IGﬁ@We .3 pr| msr

base;
/&K ex

PR AR S ERGAT ARy AT RER Ferm hus)

ex0: (nptamT WCMMAT/AA Gadzql GehlrCce-3’
St eady-state kineti cggar ameters for incorporation

kihet i 8O- MOragCdn

Ak GRAGSI BAd s GABESE palr *
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5’-GGA GTA GAT GCT TGC TTT TCT GAG CC-3’

14: 5-GAGTTC GTG CTT ACC GCA GAA TGC AG-3’

15: 5’-ACC GAA CTG CGG GTG ACG CCAAGCG?3’

16:  5-ACC GAACTGCGG GTGACGCCAAGCC3

17:  5’-ACC GAA CTG CGG GTG ACG CCAAGCA3

18: 5°-AAA CAG CGC TTG GCG TCA CCC GCA GTT CGG T-3°

19:  5°-AAA CAG GGC TTG GCG TCA CCC GCA GTT CGG T-3’

20: 5°-AAA CAG AGC TTG GCG TCA CCC GCA GTT CGG T-3’

21 5°-AAA CACCGC TTG GCG TCA CCC GCA GTT CGG T-3°

22:  5-AGC TAC CAT GCC TGC ACG AAT TCG GCA TCC GTC GCG ACC
ACG GTC GCA GCG-3' (undamaged)

23:  5-AGC TAC CAT GCC TGC ACG ACA XCG GCA TCC GTC GCG ACC
ACG GTC GCA GCG-3"; X= abasic site

24:  5-AGC TAC CAT GCC TGC ACG AAX XCG GCA TCC GTC GCG ACC
ACG GTC GCA GCG-3, XX= CPD dimer

25:  5-CGT GGT CGC GAC GGA TGC CG-3'

26:  5-TAA TAC GAC TCA CTA TAG GGA GA-3¥’

27.  5-ACT GXT CTC CCT ATA GTG AGT CGT ATT A-3’; X=5NI

Materials and Methods

DNA manipulation and protein expression. Expression of Taq clones for screening

and CSR selection was as described (10). For kinetic measurements and gel extension

assays, polymerases were purified as described (32) using a Biorex70 ion exchange

resin (BioRad). All PCR and primer extensions were performed in 1x Tag buffer
(50mM KCV/10mM TriseHCI (pH 9.0) / 0.1% Triton X-100 / 1.5mM MgClp), with



M 308 0.02 15400 - - M4 817 0.012 68083 - - G dGIP
W Taq 57.47 365.27 0.157 1.7 X| O 1 M 215.98 377.1

W02838481¥2x 10"5 21.88 M4 656. 46 82.34 7.97 1pAWGB2@04/004643

10

15

20

25

30

68.82 G dATP W Tagq 1973.68 258.53 7.63 8.27 x 10 5 1
M 681.82 257.2 2.65 1.72 x | 4 2.08 M4 1935. 48
157.77 12.27 1.80 &4 2.18 G dTYP W Taq 25.08 1.64
15,29 1.65x 1 O 41 M 10.19 1.65 6.18 4.01 x 10 4
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T C gl effl ciency =
AT s PEED T Rt ERNS P EM ORI (it ant

pol ymerase) / (wtTaq) Exanple 3 Translesion synthesis.
Transversion mspairs represent di st ortin deV| ations

f COR telectiong deatizity ppaseleciad Phearigs &1 ppd LAS(E)gyge combined and 3
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B ARSI Lt L P SRREy oLy By 1 v
| mishstch)eamd| 22(€-G triignatch)dning cyclgedf @ALE@ s 58%S aning72°C 8

|nvest| gated their ability to travers an gbasi c si
affith Ratae %ﬂo%qurﬁéemw@#?ﬂ e SageRsed EEBRHION BERSESS: §fp) PeR

S nt | d
wt Taq, an Mt effi'ciently and rapidly
Eﬁ ﬂltg' 853 O - dek&ti F&J r AR Y SCHR | FPledRydtBd2IRUES to 10 and

ennmﬁagiumes neBd st the end of the tenplate (Fig. 5).

On the tenplate containing an abasic site, w Taq
PCR. A PCR assay was used to screen and rank clones. Briefly, clones were
normalized for activity in PCR with matched primers 3, 4 and activity with
mismatched primers 1 and 2 (1pM each) determined at minimal cycle number (15-25
cycles). Extension capability for different mismatches was determined by the same
assay using mismatch primers 2 (C+*C mismatch), 5 (A*A mismaich), 6 (G*G
mismatch), 7 (G*A mismatch) with matched primer 3 or primer 1 (A*G mismatch)
with matched primer 4. Incorporation of unnatural substrates in 50 cycle PCR was
carried out using standard conditions and 50uM oS dNTPs (Promega) or 50pM
FITC-12-dATP (Perkin-Elmer), Rhodamine-5-dUTP (Perkin-Elmer) or Biotin-16-
dUTP (Roche) with equivalent amounts of the other 3 dNTPs (all 50uM). Long PCR
was carried out using a two-step cycling protocol as described (22) 94°C for 2
minutes, followed by 20 cycles of (94°C 15 sec, 68°C 30 min) using Sng of phage A
DNA (New England Biolabs) template and either primers 9, 10, 11 with primer 12 or
primer 13 with primers 10, 14.

Single nucleotide incorporation/extension Kinetics. Kinetic parameters were
determined using a gel-based assay essentially as described (16). Primers 15, 16, 17

(3’ base = G, C, A respectively) were 32

strands 18, 19, 20 (template base = C, G, A respectively) or 21 (template base C

P-labeled and annealed to one of template
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further extension is largely abolished. In contrast,
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to the end of the tenplate. The size of the fina
product is simlar to that observed on the undanaged
tenpl ate indicating that bypa$d occurred without

del eti ons. Perhaps the nost striking exanple of the
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(TLS) by and MA may only be 2-5 fold less efficient
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pol ynmerase, Dpo4°from S. sol fataricus (Boudsocq e
( PO T)-teripiateai Readiiond WRers inifSted 6 6inA0GRFowsrndiendd€TP (200uM

t b DU COBOHeal BB cho B SR SRITEoDNA & @@ mD. Prior
ﬁ%@irﬁ?%ﬁ% %&Ho&&aféﬁ%@%ﬁbtli%éﬁ RRAHRGHES erﬁﬁr{ﬁec?gﬁ seconds).

it or arreSt polynerase activity due
poor geonetric fit or lack of interaction with either

pol ymerase_or _tepplate strand. A first, conseryative ..
o LrABFIEstan BepHEA oA RYar BOAEIEBRSr T2 [ BOSR dr ds (containing
(SRS ) abalib i) Gard Bntidsizell & yOXYBREnP Y ABBratodiel M aithersburg,
phosphate group 1I's replaced by sulfur. As part of a

dWIB).ni Template gBinTRS @petaigars realsinglenvelstsyac thoptisel dimer), was
substrates by DNA pol ynerases but,,when we repl aced all

f aynthediiddsaswdchiriicdde(B4). PEnwp Q8 versp APt lsbéled AERamicTkd to one of the

et 05T 34300 SR P SR BGE P A gt i
s b i jgat | t
A Aok 21 Cy M gt akisoubiv D1, 20

I'ze a I Cci ency
C t 9 <b £ :
R AL 2 RN O ol N B £ o

byat PO fon danimclteases (not shown). Nucl eoti des bearing
bul ky adducts such as fluorescent dyes are wi dely used
in applications such as dye term nator sequencing or

array | abel ling. ) 3
5NI replication assay. Primer 26 was

2P-labeled and annealed to template primer
27 (containing a single 5-nitroindole) in 1xTaq buffer, 0.1 or 0.5U of the polymerase
was added and reactions incubated at 60°C for 15 mins, after which 40uM of each

dNTP were added and incubation at 60°C continued for various times.

Fidelity assays. Mutation rates were determined using the mutS ELISA assay
(Genecheck, Ft. Collins, CO) or by performing 2x50 cycles of PCR on three different

templates and sequencing the cloned products.
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active clones were sequenced. In particular, clone HO
has significant activity on the prinmers with two

wor@seiones. H O is a chinera of T. aquaticus RET/GBROOPO04643
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(residues 4 to 20 and 221 to 640), T8 (residues 1 to 3
and 641 to 834) and T. ther rmg@i lics (residues 21 to
220). H O has five detectabl e Crossover sites and 13
poi nt mutations, of which 4 are silent (F74 "1,

ext ensi on pajfyner ase.uqs‘d.g emg @3sf7i catigga sand sel ection
was perfornmed on the StEP Taq, Tth and Tfl library

essential | yM& descri3odtZ Ghadllssy, G3g4ét al .- 2001).
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3Pgyc 9 50 C for 30 seconds and
7 “@ﬁ‘@fcogg%%ﬁggs}\&&?%%gﬁ??aI 65 C for 10 m nutes).
R Anmphirfahcpiliaeraps)dgpctaTa®r e di gested with Xbal and
Sail, recloned into pASK75 and transfornmed into E.
coli as above. In parallel an alternative selection
apRL ?:waas used: the induced |ibrary was enul sified
as above with the additional presence of biotinylated
dUTP and incubated at 94 C5 mnutes, 50 C 1 mnute

:H‘??l;siqsgal} s&tnq{gggd'Aqugse\ie%ggrg%E%@gg %%ﬁgsz‘c\g%\g%gr?igg deviations from the
0 a o h

Ol BENEE o e aSord i sHEUATRL M) M Syart capable of
t pecessimpudtheretbviationd ofitherDINA sti20tu@; swqhuas esionsain the template strand.
\}\@OOOr mfor 30.mnutes.in a bgnght op..m crocentri fLi)ge,, :

SHé %ﬁlteﬁte?é‘%élﬁﬁ?é{n‘%‘? IYRRgAted Ja R ARSLY Fontr%‘(?rs_rﬁ an abasic site and a
buflsh 1ERui0Spsaaiiine &Bid (@PDPYRFNSRAS a0 PRI, Bl @bRESDassays using
wer e” washed tw ce and resuspended in 20m of bead
berf fredaniapediemplate, piilay, 311 hmdVEDIACientlP hdlagijly Txeended primers to

TR P L. LISt DS SR, W e, i
efficiently inserts a base opposite the lesion but, further extension is largely abolished. In
contrast, both M1 and M4 are able to extend past the lesion and to the end of the
template. The size of the final product is similar to that observed on the undamaged
template indicating that bypass occurred without deletions. Perhaps the most striking
example of the proficiency of M1 and M4 to bypass template lesions is observed on the
CPD-containing template (Fig. 5). Under the assay conditions, wtTaq utilizes a fraction
of the available template and is only able to insert a base opposite the 3°T of the dimer
after prolonged reaction conditions. In contrast, both M1 and M4 are able to readily
extend all of the primer to the 3’T of the dimer. In addition, there is also considerable
extension of these primers to the 5°T of the CPD. As with the abasic template, a
significant fraction of these primers are subsequently fully extended to the end of the
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and finally resuspended in 50 ml bead buffer. The
resuspended beads were reanplified wth outnested
primers (sequences and prograrﬁ%e as above) and

recl oned and transformed into E. coli as above.52 Two
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Dipuierpetiein BER vedeg filsdde gorsrate laay apphificatisn pyaducts, while M1 (and

8 by i NS RSP PR AR pERER 2Rty Sicatng
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their 3' wer e ed t he enu] si on separ ate
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?f!est ar\é"v&ﬁ@el?%sé}ﬁﬁe gp%@oﬁpﬁch%§ Wld At R RESuelBing or array labelling,

eened and r
Although generally well tolerated they are incorporated considerably less efficiently than

the natural ANTP substrates and can cause permature termination in homopolymeric runs,
presumably because of steric crowding due to the bulky dye molecules. In PCR the effect
is potentiated because both template and product strands are labelled. When we replaced
dUTP with Biotin-16-dUTP or dATP with FITC-12-dATP in PCR, wtTaq was unable to
generate any amplification products, while M1 was able to generate 2.7 kb amplification
products fully labelled with Biotin-16-dUTP or a 0.4kb fully labelled with FITC-12-
dATP (Fig. 6). Recently, there has been significant interest in hydrophobic, non-
hydrogen bonding base-analogues and the applications they may enable. One of these is
the candiate "universal base" 5-nitroindole (SNI) (Loakes & Brown 96), which, like other
hydrophobic, strongly stacking base analogues , is readily accepted as a substrate, but



by PCR assay (as above). Once again, polynerases that
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the m smatches and none could do all. There was a

not abl e i ncrease in clones displaying m smatch
activity over the first round.*33 The best clones from
the second round were conbined with the best clones
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i ndi cates that these are first round clones), 2El to
2H12 are second round clones (where 2 indicates that
t Beamply® second round clones) The best first and
second round clones were shuffled as descri bed above
and subjected to another round of CSR The sanme two
s [
3ﬂ)ﬁﬁ§f ilﬁgat% féécet\r’r&uz[tegsfvf(‘gg R‘z&gtg ok Segﬁlﬁr @hittd'® Fragments a
S (v kB Song blStGdaﬁ(Hel exeenrleda&snmeh Idi’rges tangets bip emlukeelt bf a proofreading
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p%l)éq?%giﬁzg&tfyraﬁﬁpéﬁf 3 gar?ég;ls ﬁﬁ% lekb @fl%t Neagn o S'P‘?ﬁ{ conditions

Wer e articu cl ones 3B5.” 3B8, 3Cl2 an
30 tHewdteexce3ofi mdiltary @slymmases stﬁhexrmocdsswdy faciony. Under the same

PR EHoB asoEri g S B 1 G SRy Lieoeleciay pasis for the

gﬁﬂﬁeﬁﬁﬂe liteatidn ihRge ROENARIAS %u%hﬁﬂé't%)iﬁ&n@tuﬁd &ith@btion due to an

nposition: the first part of the protein, roughlﬁ
cmabdﬁpwdxtngi mésmatehes fdlayiog nutleel mtsmprpomtlomhg ese are thought

Tt h
VT G5 T P B A et
M Al RASrd fn%%la?eh &féhsionDiAlty trésutts Eﬁaglrﬁlﬂ@ﬂy extended amplification

re-occurred in the majority of sequenced mutants and
omageBhmortsdbis gerpePt-ed an extra 16 amino acids at its
Ctermnus through a frame shift at position 2499. Tfl
was hi ghly underrepresented, although sone of its

s @yample 6nhibrpriesefpolymreasp ichingerabai rpi n ELI SA to
neasur e pol ynmerase activity. The bel ow protocol is a
sensitive nethod to nmeasure pol ynerase activity both
for the jncorporation of unnatural .nucl eotide

‘subst r AiRETIPLAFEEM e RABIPBST BTV 2HEKE YL Cpsiri¢ied using a gene

shuffling technique called Staggered extension protocol (StEP, (Zhao, Giver et al.
1998)). This technique allows two or more genes of interest from different species to
be randomly recombined to produce chimeras, the sequence of which contains parts of

the original input parent genes. .

Thermus aquaticus (Taq) wild type and T8 (a previously selected 11 fold more
thermostable Taq variant (Ghadessy, Ong et al. 2001)), Thermus thermophilus (Tth)
and Thermus flavus (Ifl) polymerases had previously been amplified from genomic
DNA and cloned into pASK75 (Skerra 1994) and tested for activity. These genes were
then shuffled using the staggered extension protocol (StEP) as described (Zhao, Giver



extension or replication of unnatural nucleotide
substrates (incorporated as part of the hairpin
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whi ch constitutes both priner and tenplate in one. h
contains as part of the hairpin a biotinylated dU
resi due, which allows capt uresgf

ol i gonucl eotide on streptavidin-coated surfaces. The
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ACG CAG TCG GCA TCC GIC (CG ACC ACG TT5 TTC GIG GT
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t bmtmnﬁgemsert afsisyTRIOR acreenihg anfl wad abpﬂobcﬁdateiycl@‘om diagnostic
typically D G 16-dUTP. Product is captured ( for
eXapstian chisest ot 2@ ploncs HqOHuieéa%Oewngm mairiplign dajferghndicating that
' ﬁ{%oﬁ)gl%gyat\#égndﬁgrslea ﬁ%§e§gerﬁ% F NeRclcCcihg! Cit%%howed an
stran
anvdragedyf)4 trtdorbssorers st geneeasur e of poI ymer ase
activity. Method: Extension reactions are carried out
in x Taq buffer includi ng 1- 1001M of hairpin priner

NTP m ture 30% dUTP-DI G,
S ] SOl ST by SR e by
i ncubation at 50 for |-5mn, foI | oned by incubation at
72 Cfor I-5mn. (1-10m) Reacti on products are added

to StremRaMhalsifice@dt 8l feld-Bon PladheFofnRid @PIRWREP Tag, Tth and T7
Roche) in 200m PBS, 0.2% Tween20 (PBST) and incubated

I'S neasure |ngf r ex e an anti-D

aflibrasy sseahglbi agt deseribest (Glmdpssys Ong ﬁ:t a1 2081 plismatchaprémers with

r PG PR PRE A BT I 022000 EBEEFG CoAREE T AA coA

t E@IPAE TEC g Bba s GAAT Q0K GEMPAITE WET fABAl OYANAAA TCT
to |h. Th%ﬁfl ate is washed 3- 4x in PBST and devel oped

H/G-ADevpom thessriaeras e sawice of eelective pressure. The
llie%lug ]Eiéeon soétﬁert Sﬁ}atc{éﬁc ?\ e[%\ﬂ‘ﬁieﬂ 1%%6 gC&atg\ﬁggh’ CA) with an

OI' po m sia S1 on

pwd&uenal 35% eﬂ}ﬂQCEddlgmedt Wéthr Daddli td teméve enetiglated rp(tmrad DNA,
4 basepal r_msmatch were assayed for .their ability t
i Hedep ot nglé%r(Ue“rB) tofreTetg Estdualramsisofiewlified with outnested

primers and recloned and transformed into E. coli as above.

The resultant clones were screened and ranked by PCR assay. Brieﬂﬂy, 2 plof
induced cells were added to 20 pl of PCR mix with the relevant mismatch primers.
Clones that produced a band were then subjected to further analysis and the most

active clones were sequenced.

In particular, clone H10 has significant activity on the primers with two
mismatches. H10 is a chimera of T. aquaticus wild type (residues 4 to 20 and 221 to
640), T8 (residues 1 to 3 and 641 to 834) and T. thermophilus (residues 21 to 220). H10
has five detectable crossover sites and 13 point mutations, of which 4 are silent (F74—1,
F280—L, P300—S, T387—A, A441-V, A519—V Q536—R, R679—G, F699—-L).



Cl ones were grown at 30 C overnight in 200m 2XTY +
anpicillin (10Om/ M). A 150m (2xTY + anpicillin | OOm
w@toosp40ver day culture was started fromthe ovRCHGHRG04/004643

and grown for 3 hours at 37C. After 3 hours protein

expression was i nduced by the addition of 50m of 2XTY
+ anhydrous tetracycline (8ng/4H) to the culture which
was then aIIovved to grow for a further 3h at 37C. The
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I(hﬁﬂs')“t@rénlftﬁ/e £4n9IADNA and treated with
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t he ‘extensi on reaction was added to 200m of PBS- Tween

(lfor PBSinuEs2%4tiveeénal26) Cnfostl0emizntes)| Reamhlification products were

SRR e IE) SRR SN RRR g U AT R BB col o
abb&fe. Whi ch was added 200m PBS- Tween +

anti - di gi oxi geni n-POD Fab fragnents (anti body dil uted
15 1/2000; Roche). The antibody was allowed to bind for
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Memulsified as above with the additional presence of biotinylated dUTP and incubated

at 94°C 5 minutes, 50 °C 1 minute and 72 °C 1 minute. The aqueous phase was ether

extracted, the DNA in the aqueous phase was precipitated by addition of 1/10 volume
20 of 3M NaAc, 1 pl glycogen and 2.5 volumes of 100% ethanol. This was then

incubated for 1 hour at -20 °C, spun for at 13000rpm for 30 minutes in a benchtop

microcentrifuge, washed with 70% ethanol and resuspended in 50 ul buffer EB

(Qiagen). 20ul of Dynabeads (DynaL Biotech) were washed twice and resuspended in
20pl of bead buffer (10mM Tris pH 7.5, I1mM EDTA, 0.2M NaCl) The washed beads

25  were then mixed with the selection in a total volume of 0.5 ml bead buffer and then

incubated overnight under constant agitation at room temperature to capture

biotinylated products. Beads were washed twice in bead buffer, twice in buffer EB and

finally resuspended in 50 pl bead buffer. The resuspended beads were reamplified with

outnested primers (sequences and programme as above) and recloned and transformed

30 into E. coli as above.
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Fl uorescein 12-dATP. The ability of clones sel ected
for 4-m smatch extension to |§?orporate Fl uorescein
12- dATP (Perkin Elner) was assayed using the priner
FI TCA. The |ysates used were concentrated 4-fold. 57
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UTP Arrersham Bi oscl ences) was assayed using the -
pr| mer ELI SAT3P. The |ysates used were concentrated
4-fold. The DI G |abelled dUTP in the extension
r d4e tsgianiglones frachagh 6«}§Brﬁnﬂ|Qﬁﬁ weteescreengd gsimenlgschyt RER assay.
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S0 5 1B RS8BT IR B o 4
Vmiéhash prisietse CldneSthat prodﬂ[dsr&l @bdndiwere dienchibjeeied to further analysis

sel cted for 4-msmatc extenS| on to bypass abasic
Apd heifzretisits a9 Swelrs fagpls fed gradrarle pusinaieh PrBES (smate mismatch

s I A SRS RN G o o

bBbandny'- GTAM&LQA@ASCG&@C}A@G@AC@@MCGM ZFG{]OGG}G TGA CGC
G ones. selected for. 4-mi snatch 0 assa
FSEGCE Ty oqubis, TioaEh et ber bepas AR SaR BSACT coa
2o A AN TAT AR ITRAYBEA CC and GTA AAA CGA CGG CCA GTT TAT
TAA CCA CCG AAC TGC; four mismatch primers above.) was investigated.
Polymerases that could extend all of these mismatches were found, though many

polymerases could do only one of the mismatches and none could do all.

The plasmid DNA of the ten best clones was then purified and shuffled as described
above (StEP, (Zhao, Giver et al. 1998)). This was then purified, cut and cloned and
the resultant library was subjected to another round of CSR as described (Ghadessy,
Ong et al. 2001). The same two sets of mismatch primers with four mismatches at their
3’ end were used in the emulsion as two separate sources source of selective pressure.
This was then dealt with as above and the resultant clones were screened and ranked
by PCR assay (as above). Once again, polymerases that could extend all of these
mismatches were found (see Table), though many polymerases could do only one of
the mismatches and none could do all. There was a notable increase in clones

displaying mismatch activity over the first round.
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E-H Clones isolated after 2 rounds of 4-m smatch
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Experinent V. Abasic site and

hydr oxyhydant oi n

bypass Pol ynerases 3A10 and 3Dl were investigated

further, for their abill t Q@ _bypass, a i: it

o e e el s Gt etpbond forkd sreb BERBRR Sl 8% AOfts from the
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base. A ycosylation of the silylated hydantoin base in
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Al is Tth polymerase; A2 Tfl; A3 Taq; A4 Ml; A5 M4; A6 HI10 (see previous
example. 1A7 to 1D12 are first round clones (where 1 indicates that these are first
round clones), 2E1 to 2H12 are second round clones (where 2 indicates that these are

second round clones)

The best first and second round clones were shuffled as described above and subjected
to another round of CSR. The same two sets of mismatch primers with four
mismatches at their 3° end were used in the emulsion as two separate sources of
selective pressure. This was then dealt with as above and the resultant clones were
screened and ranked by PCR assay (as above). Once again, polymerases that could
extend all of these mismatches were found . In particular, clones 3BS5. 3B8, 3C12 and
3D1 (where 3 indicates that these are third round clones) were able to extend primers

containing four mismatches. See figure 9
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30  was pelleted at 2254xg for 5 minutes.
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M_LAYLLDPSNTTP
\ABGEIY EfAGERAN LSRNV G b EGEE RO Wo Y REVERED SAVL AHVEAT
GVRLDVAYL RASSLEVAEEI ARLE 7

AEVFRLAGHPFNLNSRDQL ERVL FDEL GLPAI GKTEKTGKRSTSAAVL EAL GRE

%‘%M% .‘f%ﬁ'ﬁg%é%m@l RRAF| AEEGALLV

ARVt RyloAbd sS{doteLibR¥rdEmatch extension to incorporate Fluorescein 12-
TASWWFGVPREAVDPL MRRAAKT| NFGVL YGVSARRL SQELAI PYEE
| BIOURRY BRSpyeEasing the primer FITC4. The lysates used were

concentrated 4-fold.




RRRGYVETLFGRRRYVPDL EARVKSVREAAERVAFNMPVQGT AADL VKL AMVKL
FPRLEEMGARMLLQVHDELVLE

WO\RKERABA/ARLAKEVMEGVYPLAVPLEVEVGAE GEDW.SAKE*  1POT/GB2004/004643
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ATGCGTGGTATGCATCCTCTTTTTGAGCCCAAGGECCGCGT CCTCCTGGTGGAC
GGCCACCACCTGGECCTACCGCAC

CTTCCACGCCCT GAAGGGGCT CACCACCACACGRRRRERAGCCRGT GOGGRRCRRT
CCACGGECTTCGCCAAGAGCCTC

AR o T

GCTGGOCCT CATCAAGG
A@W@@Wm&ﬁﬁ@&m&@@@cﬁm@md were

CCTCTACCAACTCGICTCCGA
CCGCCGT CCCCGT CCTCCACCCCGAGGECCACCT CATCACCCCGGAGTGECTTTG
cixpevimen tHEIE Ficwith C vDye S-dCTP:

A el S R LA A AL 6 e Bt € ys-acr
AMGACEBEOTEICAAGCTICTR AOGAGTEREGAL GECTEGAABACEFOTREAAGes used

%m&@cMCAT%C@TU GAAGCTCTCCTGGGAC

CTGGECCAAGGT GCGCACCGACC
TGCCCCTAGAGGT GGACT TCGCCAAAAGGCGGGAGCCCGACCGGGAGAGECTTA
CEspaimeaT I-AJAISACWIG CyDye 3-dUTP:

@W@lmm a%cl-lrgcl;ension to 1ncorp01%tAe '((1 g}cl';eG 3-dUTP
@@%@EWM' USHEHAMFHFTATSPIPRE Hhtes used

HIATWARGECHT GAGRSIAGCGE@Aon was

%W rt&r@ﬁ@@&%&ﬁ&ﬁe&%ﬁ%ﬁ%&m&ﬁéﬂ was

AGERREIEN I RR-TRoT6dc:TPOD Fab fragments (Roche

CCTCCTGGACCCT TCCAACACCA GGGG(% ) GGECCCEECECTACEECEG

GGAGT GGACGCGAGGAGCECEEG

%%A(‘gj}ﬁ TE%]&G_@%F CTTCGCCAACCTGTGGEGGEGAGECTTGA
A\ N T UCUTTT T OO

CTTTACCGGGAGGT GGAGAGGCCCCTTTCCGT TGT CCTGECCCACATGGAGECC

(RS TosICsites was
&%&%ém&%é&‘?&ﬁﬁ& P OAC

CITEEEGEA THLCGETATGCGECACC ACG TT5 TTC GTG GTC GCG ACG GAT

émg GCGCTCCACCGGCGCCGCCGTCCTGGAGGCCCTC

] U I T AT

CCAGGACGEECCGCCT CCACACCCGCT TCAACCAGACGECCACGGECCACGEECA
%@&ﬁ@&ﬁ%ﬁ%@éﬂt@m@wmﬁ different

TTGGT GGT %I &ACT ATA(IggyAGATAGAGCT CAGGGTGCTGECCCACCTCTCC
GCCGACGAGAACCT GATCCGEGEG

T&%’%WCATCCACAC@GAAACC@CCAGCT GGATGI TCGECG
TCCC GGACCC

A2= Tfl Wild-type
A3= Tag Wild-type
Ad= Taq mutant M1




CCTGAT GCGCCGGGCGGECCAAGACCAT CAACT TCGGGGT TCTCTACGGCATGTC
GGCCTACCGCCTCTCCCAGGAG

WECTRSBEATCCCT TACGAGGAGGCCCAGGCCT TCATTGAGCGCT AQHTIT GGG 4643
TTCCCCAAGGT GOGGGCCTGGAT
T GGGAAGACCCT GGAGGAGGGCAGGAGGCGGEGGEGTACGT GGAGACCCTCTTCGG
CCGCCGCCGCTACGTGCCAGA 58
CCTAGAGGCCCGGGTGAAGAGCGTGCGGGAGGCGGCCGAGCGOATGGCCTTQAA

g% GCT GCCTATGGT GAAGCT CTTCCCCAGGCT GGAGGAAAT

GE16CTTCAG
GT CCACGACGAGCTAGT CCTCGAGGCCCCAAAAGAGAGGECGGAGECCGTGECC
cBowrdstinaepisaparger 1 round of 4-mismatch selection

Oun(@)?g;rlsmgﬂ- selection i \CEEAG

5 NMRGVHPLFEPKGRVLLVDGHHLAYRTFHAL KGL TTSRGEPVRAVHGFAKSL LKA
LKEDGYKAVFV\FDAKAPSFRHE
hewrpRBizAre REL VDL L GFTRLEVPGYEADDVLATLAKKAE

K%%%#“Mﬁ@%ﬁ?ﬂl%@%@ GEKTALKLLK

EVGIintihde KBIADRIaKEPADRENrE Anvestigated further for their ability to bypass abasic

AKVRT DL PL EVDFAKRREPDRERL RAFLERL EL GSLLHEFGLL
Eg),fggﬁ_ﬂééq pRERydantgng, gijch are both known to exist in damaged DNA such

10 P GDDPI\/L LAYW@%%\/ &H@Eﬁ%&%%ﬁ%ﬁ‘%ﬁescmbed

RYBEEBEE R RAAaSERY ErA N MWESRE FErEFRIat ARBYRRELEMW ANEATE Tag by
GVRLDVAYLRAL SL EVAEEI ARL

EARERYN N RS EBEE B9V FDEL GLPAI GKTEKTGKRSTGAAVL EAL RE
AHP| VEKI LQYRELTKLKSTY! DPLPD

L1 HPRTGRLHTRFNQTATATGRL SSSDPNLONI PVRTQLGQRI RRAFI AEEGNL
LW.DYSQ ELRVLAHLSGDENL| RVFQ

15 £ AR IR PRISRTP Gy P lhesised By Sandard procoiures saring from
P \Y.
CREMRTA] BErBI DL ORISR TN Y s Hdrscnce

APKEMMAN@AKEME\MPMWL@VE(V@&MW EagFEIRe to two N-

W@W c@fblc were separaW%aracﬂ%T@%}NMR
A ARG S A 67

o B

Wﬁ%@ﬁ&m&é&&&mc TeC

GTC GCG ACC ACG TTY TTC GTG GTC GCG

CCICCT T GGT CCCCGGCTACGAGGCGG
Mmtem Y= Blotln du.

CAAGAAGGCGGAAAAGGAGGEGT ACGAGGT GCGCAT CCT CACCGCCGACCGCGA
CCTCTACCAACTCGTCTCCGA
25 CGT@éIC‘s’E@ﬁméEI' OFT

Gar %W&WGFM the

W@%&w&%mwm@m of

ARCCIGEACCGGCT GAAGCCC

30  2F3:

ATGGCGATGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGCCACCACCTGGCCTACCGCACCTT
CTTCGCCCTGAAGGGCCCCACCACGAGCCGGGGCGAACCGGTGCAGGTGGTCTACGGCTTCGCCAAGAGCCTCCTC
AAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAGGCCCCCTCATTCCGCCACAAGG
CCTACGAGGCCTACAGGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGCAGCTCGCCCTCATCAAGGAGCT
35 GGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGGACGACGTTCTCGCCACCGTGGCCAAG



GCCATCCGCERAGAAGATCCTGGECCCACATGGACGATCTGAAGCTCTCCTGGEGAC
CTGGECCAAGGT GCGCACCGACC

WA GSCBIGCAGGT GGACT TCGCCAAAAGGCGGEGAGCCCGACCEEARAMGBLINT/A04643
GGCECCTTTCTGCGAGAGECTTG
AGCTTGGECAGCCTCCTCCACGAGT TCGECCT TCTGGAAAGCCCCAAGGCCCTGEG
AGGAGGCCTCCTGGCCCCOGCC 59
GCGAAGCGEECCTTCGTEEECTTTGT GCT TACCCGCAAGGAGCCCAT GT GGECCGA
TQIJ&EMWQGGGCATCCTCACCGCCGACCGCGGCCTCTACCAACTCGTCTCTGACCGC

AGEHECEEEOTCHETCH GBI TACEHEA

QEEECGGAGC
GGGACCCCTCCGACAACCTCCCCGGGGTCAAGGGCATCGGGGAGAAGA

£HCCES AGCCTTATA_AAGCCCTCAGAGACCTGAAGGAGGCGCGGGGGCTTCTCGC

A A BCET TICFCE IO CERCTAUGEGAEGCICE G GCCTAC
ay. FCGAGGGGGTGGCCCGGCGCTACGGCGGGGAGTGGACGGAGGAGGCGGGG
STTCGCCAACCTGTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGC
%Tﬂ@@@@mmﬁmdt GG TS KHUACAAGATIEGAGGEACGTGGC

%W@@mmCAAGCTGAAGAGCACCTACATTGACCCCTTGCCGGACCTCATCCACCC

, , TCCCAAC
A A R T e
20 A ceS GCTCAGGGTGCTGGCCCACCTCTCCGGCGACGAGAACCTGATCCGGGT

@WMWWW@MWWWGGACCC
AEACCATCAACTTCGGGGTTCTCTACGGCATGTCGGCCTACCGCCTCTCCCAGGAG

AA@@Zt‘@@@tk:TGAGGTGGAGGTGGGGATAGGGGAGGACTGGCTCTCCGCCAAGGAG
30 AGEY CCAGAACAT CCCCGT CCGCACCCCGCT TGEGCAGAGGAT CCGCCGEGECCT

TMWMLKGPTTSRGEPVQVVYGFAKSLLKALKEDGYKAVFVVFDAKAPSFRHK.AY

AEXEET A AEGAD . 3 A CTVGDRVAVLH
v LVGDPSDNLPGVKGIGEK TALKLLKEWGSLENLLKNLDRVKPENVREKIK A

S PTSEY 9"’-* PDREGIRAELERLEEGSLLHEEGL BSPKALEEAPWEFPEGAEVGFVLSRKE
35 GhlalASrLAC A\ (Al : ok ﬁ&ﬁ% PEGVARR
GGIEWIERA 08 LEGEERLLWLYREVERPLSVVLAHMEATGVRLDVAYLRALSLEVAEEIARLE

IDPLPDLI
P2 LIRVFQE
T mmKTINFGVLYGMSAYRLSQELAIPYEEAQAFIERYFQSFPKVRAWIGKTLEE

g ¢ A GG AGAGGA
T%%% imcmmza
55 Al MWOQ@&ACCTCAGGCTCTCCTTGGAGCTCTCCCGGGTGCGCACCGACCT
MREMCPEJAEPICRSATCSAOCMIC AT EFCAL ROCL oS RGP SOCCFAKSICAEAGGCTTGA
L 15 %%WCTGGAAAGCCCCAAGGCCCTGG GGAGGCCCCCTGGCCCCCGCCG
GCAAGGAGCCCATGTGGGCCGATCTTCTGGCCCTGGCCGCCGCCAG
Y@WW@E@E@W%@W&&EWMME&WWGCC

60 E f m .(v GGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGS(C}E%CG:%
pustatits T

\A@SLCEN]‘L(}_AK{NL@RLAGPNCREIKCG‘@QFGTCCTGGCCCACATGGAGGCCACAGGGGTGCGCCTGGACGTGGCC

I B R e S C rcaaoas

A . CCGCCGTCCTGGAGGCCCTCCGCGAGGCCCACCCCATCGTGGA

GAAGATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGACCCCTTGCCGGACCTCATCCACCCC
AGGACGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACAGGCAGGCTAAGTAGCTCCGATCCCAACC
TCCAGAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCGGGCCTTCATCGCCGAGGAGGGGTGGCTATT

70 GGTGGCCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGACGAGAACCTGATCCGGGTC
TTCCAGGAGGGGCGGGACATCCACACGGAGACCGCCAGTTGGATGTTCGGCGTCCCCCGGGAGGCCGTGGACCCCC




PMADL L AL AAARGGRVHRAPEPYKAL RDL KEARGLLAKDL SVLALREG.GLPP
CGDDPMLLAYLLDPSNTTPEGVARR

WO GBEMIFABAGERAAL SERL FANLWGRL EGEERL LW YREVERPL SEOL/GBREBAT04643
GVRLDVAYLRALSLEVAEEI ARLE
AEVFRLAGHPFNLNSRDQL ERVLFDELGLPAI GKTEKTGKRSTSAAVL EALREA
HPI VEKI LQYRELTKLKSTYI DPLPDLI
HPRTGRLHTRFNQTATATGRLSSSDPNLONI PVRTPLGORI RRAFI AEEGNLLV
Al:EVedebEtlsGldaRbAdEN ) RMTEdscoecTeracaacaTaTcaoccoscescetetcecacoager

GRE&tdAT(E:’EAS ERERIEAAMOPLIVRIRAAMGEL it GMrO A BRI CE AR GALdOYREC TGGATT
A%& RSTADRABYAYGEH SESGTACGTGGAGACCCTCTTCGGCCGCCGCCGCTACGTGCCAGAC
5

YOTAECGA S CTTCAGG
F@RLAREMQARNEG G_(EECAAAAGAGAGGGCGGAGGCCGTGGCCCGGCTGGCCAAGGAGGTCATGG
EEACH PR T EACTES NS SHIIESA JTEICTCTCCGCCAAGGAGT

A'F TGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGEC
10 @WEWWEKGPTTSRGEPVQAVYGFAKSLLKALKEDGYKAVFVVFDAKAPSLRHEAY

v AR DRVAVLH
selvoilae AN B So LA REK KA

L@@.T}@PDRERLRAFLERLEFGSLLHEFGLLESPKALEEAPW'PPPEGAFVGFVLSRKE

J

A AP OO TP P PPCACIICDMACPEGVARR
GEERLLWLYREVDRPLSAVLAHMEATGVRLDVAYLRASSLEVAEEIARLE
PAIGKTEKTGKRSTSAAVLEALREAHP IVEKILQYRELTKLKS TYIDPLPDLI
NAGGE ARARRY AEN A0 IWLIRVFQE
KTINFGVLYGMSARRLSQELAIPYEEAQAFIERYFQSFPKVRAWIEKTLEEG

CGI'TCTCGCCACCCTGGECCAAG
AAGGCGGAAAAGGAGGEGTACGAGGT GCGCAT CCTCACCGCCGACCGCGECCTA
CTCGTCTATGACCGC

25 ; IR AT AT A BRI RS GE6AG cooeac

MW@WAGCCGGGGGGAGCCGGTGCGGGCGGTCCACGGCTTCGCCAAGAGCCTC

BOAGTOEGCARCIIBT CREAAURCCTACCOTCARGANCT)
T WcCAccTCATCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCAGGCCG
GTGGGGGACCCCTCCGACAACCTCCCCGGGGTCAAGGGCATCGGGGAG
AQLE ASCGEIACAAAGATTCAAI SCEUCACATHELYSAAACT CAE MG L ECEchAEEahttcaAGCCC

AT ATGGACGATCTGAAGCTCTCCTGGGACCTGGCCAAGGTGCGCACCGACC

GAGGGGGTGGCCCGGCGCTACGGCGGGGAGTGGACGGAGGAGGCGGG

CXICEAET TCCTTTGG
FRISCGTTGTCCTGGCCCACATGGAGGCCACAGGGGTGCGCCTGGACGTGG
. CCGAGGAGATCGCCCGCCTC GGCCGAGGTC CTGGCCGG

‘ Q %ﬁﬁﬁﬁzﬂ ATCGGC

G@@@M&Wa&@@mmGGCAGAGGATCCGCCGGGCCTTCATCGCCGAGGAGGGGTGGCTA

TCCGGG
50 T A WMW& GAGGCCGTGGACCC

A CAAGEBATCAACTTCGGGGTTCTCTACGGCATGTCGGCCTACCGCCTCTCCCAGGAG
A@W@@@@X@'@@G@(@A@ﬁ TOEBCAACTTIC XICBEACHAATAIGAGIE CCTGGAT

GCGGGGGTACGTGGAGACCCTCTTCGGCCGCCGCCGCTACGTGCCAGA
A CACCGC
55 T { ARG OGO A DR ANhAN AL B ARG TTCAG
cmmm@qgg@@gg@cmGAGAGGGcGGAGGccGTGGCCCGGCTGGCCAAGGAGGTCATG

TR R T O R SRR RS I A TGRSR A

60 A AT TP X AT T KT R Yoy
RA ZDERPROLA L GFTRLEVPGYEADDVLATLAKKAEKEGYEVRILTADRDLYQLVSDRVAV

VLY PEQWVDIRA VGDPSDNLPGVKGIGEKTALKLLKEWGSLENLLKNLDRLKPAIREKILA
AQUOHAANGARED] A ERRGEERX ECKL T ESBACHASPPEAGET GFVLSRK
m@m RDLKEARGLLAKDLSVLALREGLGLPPGDDPMLLAYLLDPSNTTPEGVAR

65 EGEERLLWLYREVERPLSVVLAHMEATGVRLDVAYLRALSLEVAEEIARL
EAEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTEKTGKRSTGAAVLEALREAHPIVEKILQYRELTKLKSTYIDPLPD
LIHPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTQLGQRIRRAFIAEEGWLLVVLDYSQIELRVLAHLSGDENLIRVFQ
EGRDIHTETASWMFGVPQEAVDPLMRRAAKTINFGVLYGMSAYRLSQELAIPYEEAQAFIERYFQSFPKVRAWIGKTLEE

GRRRGYVETLFGRRRYVPDLEARVKSVREAAERMAFNTPVQGTAADLMKLAMVKLFPRLEEMGARMLLQVHDELVLE
70 APKERAEAVARLAKEVMEGVYPLAVPLEVEVGIGEDWLSAKE*




AAGATCCTGCAGT ACCGGEGAGCT CACCAAGCT GAAGAGCACCTACATTGACCCC
TTGTCGGACCTCATCCACCCCA

W@LASBIEBECCCCT CCACACCCGCT TCAACCAGACGECCACGECCARIBGBABHN4643
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TAAGTAGCT CCGATCCCAACCT

CCAGAACATCCCCGT CCGCACCCCGCTT GAGGATCCGCCGGECCTTCAT

CCCGAGs GAGGGEGTGECTACTG 6

GI'GGTCCTGGACTATAGCCAGATAGAGCT CAGGGT GCTGECCCACCTCTCCGEEC

GACGAAAACCTGATCAGGGTCT

TCCAGGAGEGEECCEGACAT CCACACGGAGACCGECCAGCTGGATGT TCGECGT CC

CCCGEGAGGCCGTGGACCCCC

TGATC GACCATCAACT TCGEGEGTCCTCTACGECATGT CGG
CCAAGGGCCGCGTCCTCCTGGTGGACGGCCACCACCTGGCCTACCGCAC

-
EQKEETGZA G CAABRREST FOXEG G ECTACTACEOAEAESCAAGAGCCTC

p '@AAGGCCGTCTTC GTGGTCTTTGACGCCAAGGCCCCCTCCCTCCGCCACG

W@Wﬁﬁé&%@%ﬁ%

A -

A kéet > TGGGGAAGCCTGGAAAACCTCCTCAAGAACCTGGACCGGCTGAAGCCC

GCOCGACGT ATIGGHTGANECAACT TTCUGACKICTEIGAMIGRAA TG CCGACC
G ’ AGGCGGGAGCCCGACCGGGAGAGGCTTAGGGCCTTTCTGGAGAGGCTTG

A
Q"’ & CCTTCTGGAAAGCCCCAAGGCCCTGGAGGAGGCCTCCTGGCCCCCGCC

SCAECECGE - ACkAGCEE AACTECLAGE GCCGCC
ggzpngpqgcGAGccTTATAAAGccCTCAGGGACCTGAAGGAGGCGCGGGGGCTTCTC

TCGCCT
A e P oA RO AN A GaCGo
AGAEA3Cc CATCGCCAACCTGTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTG
T C GACGTG
“E’%E% R S R A R AR R K rsceo
THY CCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTCCCGCCATCGG
EAYRAGRANCTREZOERRA! mpmamqm@wmmmmmw&mmww
G CREOEREACA GCTGAAGAGCACCTACATTGACCCCTTGCCGGACCTCATCCAC
% @ CCAGACGGCCACGGCCACGGGCAGGCTAAGTAGCTCCGATCCCA

P s ENIGEE(AGSEL A & GTGGCT
Gg[mq_qqmwwrMGCTCAGGGTGCTGGCCCACCTCTCCGGCGACGAGAACCTGATCCGG
HE% A CGTGGAC
k] SR CCCAGG
E%E&@EML@B&ECATTGAGCGCTACTTTCAGAGCTTCCCCAAGGTGCGGGCCTG

G@&ngﬁ%ﬁmmﬁ%%%%ﬂc@%%?&%ﬁ%

AAGCTCTTCCCCCGCCTCCGGGAGATGGGGGCCCGCATGCTCCTCC
Y G A SAGIRAAICBEREFAANLANBRIAEGIEREICPE AGREVHERPL G AVITAGIVEAGGAGGCCA

CW@TLWTA%LCETGGAGGTGAAGGTGGGGATCGGGGAGGACTGGCTCTCCGCCAAGG
Al Al

GHPFNLNSRDQL EMVL FDEL RLPAL GKTQKTGKRSTSAAVLEALREA
WRE LVK@PK@WF@PL}@DLTSRGEPVQAVYGFAKSLLKALKEDGYKAVFVVFDAKAPSLRHEA

SR SRR R AR L e an

AFLERLELGSLLHEFGLLESPKALEEASWPPPEGAFVGFVLTRKE

A LS WAL TARY 9 », L. A NLES R R 2,
MMRF#%&WPF@MLWERFWWNLWEEPEGVARR
A@é@ﬂiﬁ@* g@g@gm% WLYREVERPLSAVLAHMEATGVRLDVAYLRALSLEVAEEIARLE
5 I EKTGKRSTSAAVLEALREAHPIVEKILQYRELTKLKSTYIDPLPDLI
Rixpior ki TRANGEARIRNOK PISEripNRMIR BVIREGQAIR RAINE BIVR Y QB D AZAIDIL MK A ADSIBENLIRVFQE
FBRPIEER R/HDE A K TINFGVLYGMSAHRLSQELAIPYEEAQAFIERYFQSFPKVRAWIEKTLEEG

CXET ARRN WWE&FP%&MGARMLLQVHDELLLE
ATGG TGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGC
CACCACCTGGECCTACCGCACCTT

CTTCGCCCT GAAGGECCCCACCACGAGCCGEEECGAACCGGT GCAGGTGGTCTA

TECGEAGTCTACTENIGRCANGGCACCTT
CGGGGCGAACCGGTGCAGGTGGTCTACGGCTTCGCCAAGAGCCTCCTC
T . GGAGCT
A@TW@QG’@AWGAGGTCCCCGGCTACGAGGCGGACGACGTTCTCGCCACCCTGGCCAAG

AAGGCGGAAAAGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGGCCTATACCAACTCGTCTATGACCGC
GTCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCAGGCCGGAGC
AGTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGGTCAAGGGCATCGGGGAGAAGA
CCGCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACCTGGACCGGGTAAAGCCAGAAA
ACGTCCGGGAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTGGAGCTCTCCCGGGTGCGCACCGACCT
CCCCCTGGAGGTGGACCTCGCCCAGGGGCGGGAGCCCGACCGGGAGGGGCTTAGGGCCTTTCTGGAGAGGCTTGA
GTTTGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCCCGCCG
GAAGGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTTCTGGCCCTGGCCGCCGCCAG
GGGTGGTCGAGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGGGACCTGAAGGAGGCGCGGGGGCTTCTCGCC




GGT GGACCTCCT GGGGT TTACCCGCCT CGAGGT COCCGECT ACGAGGCGGACGA

CGTTCTCGCCACCTTCGCCAAG
WORBSDBBAAAAGGAGGGGT ACGAGGT GCGCAT CCTCACCGCCGAQBAIGRBOT4643

TACCAACTCGTCTCTGACCGOG

TCGOCGT CCTCCACCCCGAGGBGCCACCT CAT CACCCCGGAGT GGCTTTGGGAGA

AGTACGGCCTCAGGCCGGAGCA 62

GT GGGT GGACT TCCGCGOCCT CGT GEGGAACCCCT CCGACAACCT CCOOGGGGT

Cﬁﬁ&%xg(Séﬁ%@%é@&@EGAAGGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACC

mmmwmﬁmmmm@cmcm
RAASBAHCTTCGCCAACCTGTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCT

CreBAeheE IRt it detiaccocce

A .NI(( QG @@GCTGGAAATGGTGCTCTTTGACGAGCTTAGGCTTCCCGCCTTGGGGAAG

Gl et e bt e A AR AGACCGCCAGCTGGATGTTCGGCGTCCCCCGGGAGGCC TGGACCCCC
mﬁmd@ﬁa&m WQW&GGAGCT

GEEEGET GECCCGECECT A
ALKGPTTSRGEPVQVVYGFAKSLLKALKEDGYKAVFVVFDAKAPSFRHKAY

GFTRLEVPGYEADDVLATLAKKAEKEGYEVRILTAD DRVAVLH
I, AN IBRRALY IO TR X BN OB A ST RERIK A
25 G@;@z\mwmm@@@mtm@mmmmnmmmsLLHEFGLLBSPKALEEAPWPPPEGAFVGFVLSRKE

EEIARLE
GK%@@EMWF@E‘E@PALGKTQKTGKRSTSAAVLEALREAHPIVEIQLQYRELTKLKSTYIDPLSDL

30 T%“ : T P@:@%@%@ S A
el :

AAERMAFNMPVQGTAADLMKLAMVKLFPRLEEMGARMLLQVHDELVLE
LUE OESRARBCGT CCTCTTTGACGAGCTAGG

35 GAGAAGACCGGECAAGCGCT CCACCAGCGCCGCCGT CCTGGAGGCCCTCCGLCGAG
G2GBACCCCATCGTGGAGAAG
AIWW%W@WWWMEWMCACCTT

CACAAGG
§ Ad . A GGAGCT
GGA(;@:{@@WWGAGGTccccGGcTACGAGGCGGACGACGTTCTCGCCACCTTCGCCAAG
R A G R e R A roasos.

: TeA GGAGCA
m&'ﬁéﬂéﬁmmccCTCCGACAACCTCCCCGGGGTCAAGGGCATCGGGGAGAAGACC
. TG T ARG GAAAAC

Mﬁ%&%@%@iﬁ%ﬁwmm
ACCTCCT
WWWGTGGCCCGGCGCTACGGCGGGGAGTGGACGGAGGAGGCGGGGGAGCG
' R A e R T AL T e comanc

GCCTATC

GGAGATCGCCCGCCTCGAGGCCGAGGTCTTCCGCCTGGCCGGCCACCC

( CISRCEGCATT GCRATCRYCA
CGCCGCCGTCCTGGAGGCCCTCCGCGAGGCCCACCCCATCGTGGAGAAG
AGCTGAACAGCACCTACATIGACCCCTTGCCGGACCTCATCCACCCCAGGA
\ CXOGGL (o CCERACE b coTeea
& GCAGAGGATCCGCCGGGCCTTCATCGCCGAGGAGGGGTGGCTATTGGTG

G@mﬁm@'@m@@mGGGGTCCTCTACGGCATGTCGGCCCGCCGccTCTCCCAGGAGCTAGC

’igg:?% %@m[\ % , W 208 A (A A
P m GGCGGCCGAGCGCATGGCCTI‘CAACATGCCCGTCCAGGGCACCGCCGCC

CCABBTIECRGGA SAGRA00A
%?WWGAGAGGGCGGAGGCCGTGGCCCGGCTGGCCAAGGAGGTCATGGAGG
AGGTGGAGGTGGGGATAGGGGAGGACTGGCTTTCCGCCAAGGGTTAG

70
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Above: nucleic acid sequence of the clone
MAM_PLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVQWGFAKSL LKALK

WERNBTMANIBNF DAKAPSFRHKAY PCT/GB2004/004643

EAYRAGRAPTPEDFPRQLALI KELVDLLGFTRLEVPGYEADDVLATFAKKAEKE
GYEVRI LTADRGLYQLVSDRVAVLH

PEGHLI TPEW.VEKYG.RPEQW\/DF RAL\/a\IPSDNL PGVKG GEKTALKLLKEW
GSLENLLKNL DRVKPEN\/REKI KA

Eﬁ%%@&%{;\%@g \fg@ PDREGL RAFL ERLEFGSL LHEFGLL
EG

PMADIEERAL: : (RN ARG AKBUSH VXA REGHIBIKRIBFRHKAY

%Wm FF EVP GYEADDVLATFAKKAEKEGYEVRILTADRGLYQLVSDRVAVLH
FRY(y

b AGH AR R Y oAV AV SR

WW&WAMIAM@MMEKARQ@EARGLLAKDLSVLALREGLGLPPGDDPMLLAYLLDPSNTTPEGVARR
Mk MRt TR Ikl Pl QRIRRAFIAEEGWLLVVLDYSQIELRVLAHLSGDENLIRVFQE

FRRFURAHTYRE KR WM%W@%& PIRPRY BREAE! TLEEG
"' SRR ERYEME™ QGTAADLMKL VKLFPRLEEMGARMLLQVHDELVLE

GRDI HTETASV\M:G/ PREAVDPL I\/RRAAKTI NFG/ LYGVSARRLSCELAI PYEE

APdveERMeCOhM\Ad/d dgid Eh&6F the clone

RRRGYVETLFGRRRYVPDL EARVKSVREAAERMAFNMPVQGT AADL MKLAMVKL

FPRLEEMGARM.LQVHDELVLE '

ARERAEAVARLAKEVVEGVYPLAVPLEVEVAE GEDW.SAKG Above is

tAheGmmmToadem@Amemea@fcG(tchem@bmﬂﬁaclé&CCACCACCTGGCCTACCGCACCTT
GEIGAA ARG

AGETEE EACRACRETACTH @IGCATCCTCACCGCCGACCGCGACCTCTACCAACTCGTCTCCGACCGCG
W R Eresncyeaienicaangniciveay i wo
5 AAGACC

m@@_m-fmmccTGGAAAACCTCCTCAAGAACCTGGACCGGGTAAAGCCAGAAAAC

TTACCCBOCATCAGGTITCONBBITACCAEEFEEARGACAGGGG
@ﬁm ATAAAGCCCTCAGGGACTTGAAGGAGGCGCGGGGGCTICTCGCCAAA
oo e e yje sie s e cooXe SRR o et otase

GAGCG
WA@FWWACCTGTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCTTTAC

%@@@i@%@%‘%@ﬁ%@?ﬁm SCACC

TGGTG
AGGGTGCTGGCCCACCTCTCCGGCGACGAGAACCTGATCCGGGTCTTCC

' W&%@%ﬁmmm

CTAGC
AAGGTGCGGGCCTGGATTGAG
SREICEETAS CCTA
e < s mccacc
G@EaTEW’E@G&ETCTTCCCCAGGCTGGAAGAAACGGGGGCCAGGATGCTCCTTCAGGTCC

T TS AGTACTPREATAC 2 CTSCGUEELENE WO W((E L ET
WGTGGAGGTGGGGATAGGGGAGGACTGGCTCTCCGCCAAGGAGTGA

mt@@fﬂﬁ@aﬂLmﬁﬁﬂmdwmﬁmmmﬁmev

OREPE (SETS EVPGYEVDDVLASLAKKVEK.EGYEVRILTADRDLYQLVSDRVAVLH
G]—ILJ‘ EW, '“g’éﬂ PSD
ke Rkl GREphI K

AGE

GRDIHTETASWMFGVPREAVDPLMRRAAKTIN FGVLYGMSAHRLSQELAIPYEEAQAFIERYFQSFPKVRAWIEKTLEEG
RRRGYVETLFGRRRYVPDLEARVKSVREAAERMAFNMPVQGTAADLMKLAMVKLFPRLEETGARMLLQVHDELVLEA
PKERAEAVARLAKEAMEGVYPLAVPLEVEVGIGEDWLSAKE*

2H1:



GGACCCT TCCAACACCACCCCCGAGEEEGET GECCCEECECTACGECEEEEAGT G
GACGGAGGAGGECGEGEEGEAGCG

W@RHSBEOGT T TCCGAGAGCECT CT TCGCCAACCT GT GCEEGAGCCTHCIAGBLHBEN4643
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GGAGAGCCTCCTTTGCECTTTAC
CGGEGAGGT GGATAGGECCCCT TTCCCCT GT CCT GGCCCACAT GGAGGCCACAGSES
GI'GCGCCCTGGACGTGECCTACC
TCAGGGECCT TGTCCCT GGAGGT GECCGAGGAGAT CGCCCGCCT CGAGECCGAGG

T Gl AP e P e GGG CCGCGTCCTCCTGGTGGACGGCCACCACCTGGCCTACCGCACCTT
WWWWCTCCTC
" A SGCCGTCTTCGTGGTCTTTGACGCCAAGGCCTOCTCCTTCCGCCACGAGG
: AGGACTTCO0CCOGCAGCTCGOCCTCATCAAGGAGCT
e 6

AL t‘-('d

NSHEoE o

o

G@mm@@@@mt@g}zﬁwxxgecccATccTCAccGccGAccGcGGCCTCTACCAACTCGTCTCTGACCGCG

CAGEBCGABGGEACCT AT ACCEEEGAR GGAGCA

\ %WMGCCTGGAAAACCTCCTCAAGAACCTGGACCGGGTAAAGCCAGAAAAC

TGGAAAGCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCCCGCCGGAA
‘ G2 G4

£ COECTEICHCTTECATEGCECAGGGG
TATAAAGCCCTCAGGGACTTGAAGGAGGCGCGGGGGCTICTCOCCAAA

A A S A ITBEGACCS
GGAGCG

A O )
Gé@b@@@ff@m'@@mgu‘m@@mccTGTGGGGGAGGCWGAGGGGGAGGAGAGGCTCCTTTGGCTTTAC
0 CCTATC
Sx¥ e R R R S ccacce
T CERBCEUGEGACCHACACOISTECRSCTAT AGAAG
A WT@MGAG@A%@%A%A' Tl TEGAl ggé%%@c%?gmcmm
1 ACGGCCACGGCCACGGGCAGGCTAAGTAGCTCCGATCCCAACCTCCA
CCAGKCACKRACHEGIOCAGIBRGACHEAT T GAGEEITATIA T CAGAGIOTGLTATTGGTG
CAMW@? @GGGTGCTGGCCCACCTCTCCGGCGACGAGAACCTGACCCGGGTCTTCC
AR I ccroce
‘ G GCTGGC
C@I'mmmmﬁTcATAGAGCGCTACTTCCAAAGCTTCCCCAAGGTGCGGGCCTGGATAGAA
: A ; . ’ A GACCTC
A 3C f fmgfgcccccc
g CTCTTCCCCCGCCTCCGGGAGATGGGGGCCCGCATGCTCCTCCAGGTCC

Wmmwm TGGAGA
GGTGAAGGTGGGGATCGGGGAGGACTGGCTCTCC % GAGTGAG
CCGCAGTTCGGTGGTTAA

GGCCCCAAAAGAGA

GGECGGAGECCGTGECCCEEC

EERLLWLYREVDRPLSAVLAHMEATGVRLDVAYLRALSLEVAEEIARLE

EA¥Y (I R HK TR REUS EAVPREYVERY N AKAS Y KRR IDPLPDLI
G B\ QD{PVRTPLGQRIRRAFIAEEGWLLV VLDYSQIELRVLAHLSGDENLTRVFQE

TINEOVLYGMSAHRLSQBLAIPYERA AFIERYFQSFPKVRAWIEK TLEEG
P EeboRSIANbTNS ASE kR KIRAM BARMCEWHDELLLE

G@gmgmwwpmvmEDWLSAQGVSRPAGSAWRHPQFGG*

HL EDL RL SL EL SRVRTDL PL EVDL AQGREPDRERL RAFL ERL EFGSL L HEFGLL

ESPKAL EEAPWPPPEGAFVGFVL SRKE

PNARADL L AL AAARGGRVHRT PEPYKAL RDLKEARGL L AKDL SVLALREGL GL PP

GD[’D@MLT Em@m FIEMRFQAGGGCCGCGTCCTCCTGGTGGACGGCCACCACCTGGCCTACCGCAC
RGeS AR S b Ve L SAAA N E A ciccaco

A ";. f: h@éé&ﬁsé&xﬁGccccGACCCCCGAGGACTTCCCCCGGCAGCTCGCCCTCATCAAGG

AMRLGA L R e AR Bt OrcTocon
%g@é ?(%ﬁ' % GTCTCCGA
ATCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCAGGCCG

HRR'&GR!IEE'@E&Q’W @EJS CWGW&WGGGAG
L BVSEFISE .ggg AAG CTGGAAAACCTC TCAAGAACCTGGACCGGGTAAAGCCA
G TTGGAG TCTCCCGGGTGCGCACCG
AL ‘ ﬁ&iﬁ&ﬁﬁ%&% EcAGAGGET
AQEEGERYICGSFERE0 Wﬁm@g@‘TCTGGAAAGCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCCCG

SR P e

GCTTCTC
bl Wt IAAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCT
KERNEARGAREA RWEWEWE‘ Qg:@@gg GGGGAGTGGACGGAGGAGGCGG
GGGAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTG
GCTTTACCGGGAGGTGGATAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACAGGGGTACGGCTGGACGTG
GCCTGCCTGCAGGCCCTTTCCCTGGAGCTTGCGGAGGAGATCCGCCGCCTCGAGGAGGAGGTCTTCCGCTTGGCGG
GCCACCCCTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTCCCGCCATCGG

pY)
o)
IO
%—%




2H : 64
ATGGTGATGCTTCCCCTCTTTGAGCCCAAGGGCCGECGT CCTCCTGGTGGACGEC

WEAOSMECTICCCTACCGCACCTT PCT/GB2004/004643
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CTTCGOCCT GAAGGGECCT CACCACGAGCCGGEGEGOGAACCGGT GCAGGOGGTCTA
CGGCTTCGCCAAGAGCCTCCTC

AAGGCCOCT GAAGGAGGACGGGT ACAAGGCEST CTTCGT GGT CTTTGACGCCAAG
GCCTCCTCCTTCCGOCACGAGG

CeAl A LRIF AR AL AT AL LRSI Sl eeidecaTcar
Amﬁmm

I@AA‘J’(@M@A@@TCACCAAGCTGAAGAGCACCTACATTGACCCCTTGCCGGACCTCATCCAC
? -z-(e‘iv-?f GA C (ﬁ%’?@% GTGGCT
ENETE W2GAGCTCAGGGTGCTGGCCCACCTCTCCGGCGACGAGAACCTGACCCGG
COT@2ACOCRCGATCACGEECT G TGGACC

! CAACTTCGGGGTTCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGA
A GCCTGG

0 C ; : ACGTGCCC
AT GGGAGGCCGCGGAGCGCATGGCCTTCAACATGCCCGTCCAGGGCACC

CRHEECOETCTEEGGSAGATES TCCTCC
LEXECUNRaEIeN eI 0 WEAGGCCA
WEWCCTGGAGGTGAAGGTGGGGATCGGGGAGGACTGGCTCTCCGCCAAGG
GEECT CAAGCT CCTCAAGGAGT GGGGAAGCCTGGAAAACCT CCTCAAGAACCT G

Ci@g&;%%%-1’%6‘ﬁ\§‘£g:&§ﬁIﬁ*&"ﬁ‘ﬁ:‘FALKGPTTSRGEPVQAVYGFAKSLLKALKEDGYKAAFVVFDAKAPSFRHEA
; BABGACOTCARGEEGY SRL T GRAGGL

DRVAVL

PAERRE AC
VKVGIGEDWLSAKE*

TGGI CGEGT CCACCGEECCCCCGAGCCT TATAAAGCCCT CAGGGACT TGAAGGA
GGCGCGEEEECTTCTCGCCAAA

GACCTGAGCGT TCTGGECCCT AAGGGAAGGCCT TGECCT CCCGCCCGEECGACGAC
CCCATGCTCCTCGCCTACCTCCT

(ﬁﬂm TCCAACACCACCCCCGAGEEEGET GBCCCEGECECT ACGECGGEEEAGT G

LGRS TS g & gg GGGCCGCGTCCTCCTGGTGGACGGCCACCACCTGGCCTACCGCACCTT
A ner‘crér -r.@g A

AeA AGt G d ACAAGG
m@@m@@‘m‘ﬁmﬁmﬁcmc&wmCGAGGACTTCCCCCGGCAGCTCGCCCTCATCAAGGAGCT

%@%ﬁ%%mmmﬁﬁ&

ATCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCAGGCCGGAGCA

CAGEUGAET TGO EA GG EATCCACENEATUCCCCERIT LGAGATCHGNGASAAGACC

-|- GCCTGGAAAACCTCCTCAAGAACCTGGACCGGGTAAAGCCAGAAAAC
&Ew A AAGACCTCAGGCTCTCCTTGGAGCTCTCCC GGTGCGCACCGACCTCC
K83 LR I5RT ACEAGEESCT @&E TGAGTT

qg‘sp TGGAAAGCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCCCGCCGGAA
CEERIEEAR Cochan
GCCAAA

Cﬁ@@#@@@@%@@'fmﬁccccTTGGcCTcCCGCCCGGCGACGACCCCATGCTCCTCGCCTACCTCCT

TCCTGGCCCACATGGAGGCCACGGGGGTGCGCCTGGACGTGGCCTATC
CECRTAGHEECSATOICTACETTARECCACCC
GAAATGGTGCTC'ITTGACGAGCTTAGGCTTCCCGCCTTGGGGAAGACG
CT GAGAAG
Afad CAGGA
WWGACGGCCACGGCCACGGGCAGGCTAAGTAGCTCCGATCCCAACCTCCA
Gﬁﬁﬁm ‘ 2 MG EE Ch it
&G ¥ - TCTTCC
W/@E@mcCGCCAGCTGGATGTTCGGCGTCCCCCGGGAGGCCGTGGACCCCCTGA

TESRCLY ) AT exey W@@macmm
é\fﬁi& ACGAGE %ﬁgﬁcc“%gg%%‘ GAGCTTCCCCAAGGTGCGGGCCTGGATTGAG

LY SSAGERGSE A GGGGTACGTGGAGACCCTCTTCGGCCGCCGCCGCTACGTGCCAGACCTA
T GLECCECEHAEECAAGAGCCATCAACTIACOREABTACTIC R AQERCATETAEBCCsccaee
é%@? P SEFOREFATEL A€ TCTTCCCCAGGCTGGAGGAAACGGGGGCCAGGATGCTCCTTCAGGTCC
AGH A

e o

GGATAGAA
MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVQVVYGFAKSLLKALKEDGYKAVFVVFDAKAPSFRHKAY
EAYRAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATLAKKAEKEGYEVRILTADRGLYQLVSDRVAVLH
PEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEWGSLENLLKNLDRVKPENVREKIKA
HLEDLRLSLELSRVRTDLPLEVDLAQGREPDREGLRAFLERLEFGSLLHEFGLLESPKALEEAPWPPPEGAFVGFVLSRKE




AAGACCCT GGAGGAGGEEGAGGAAGCGEGEECTACGT GGAAACCCT CTTCGGAAGA
AGGCGCTACGIGCCCGACCTC

WOROSOEOGEGT GAAGAGT GT CAGGGAGGECCGECGGAGCGCAT GCCITZABLIAT 4643
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CCOGT CCAGGGCACCGOOGCC
GACCTTATGAAGCTCGCCAT GGT GAAGCT CT TCCOCCGOCT CCGGGAGAT GGG
GCCCGCATGCTCCTCCAGGTCC 06

ACGACGAGCT CCTCCT GGAGGCCCCCCAAGCGCGEEECCRAGGAGGT GECEECT T

TWm@\LRDLKEARGLLAKDLSVLALREGLGLPPGDDPMLLAYLLDPSNTTPEGVARR
CRATEGHA SBEEAT AEEIARLE

BLRS PALGKTQKTGKRSTSAAVLEALREAHPIVEKILQYRELTKLKSTYIDPLSDL

IELRVLAHLSGDENLIRVFQE

p Wokey _- A €28 FQSFPKVRAWIEKTLEEG
NM@MHERKMDMWEMB@ M@WW@ENGMM‘LHDEWLEA

KEREYRNRNEPAR SRR CIGEDWLSAKS"
EAYKAGRAPTPEDFPRQLAL | KELVDLLG-TRLEVPGYEVDDVLASL AKKVEKE
GYEVRI LTADRGLYQLVSDRVAVLH

PRESE | TPEW.VWEKYGL RPE DFRALVGDPSDNL PGVKG GEKTALKLLKEW

C?%%T%%“ GGCCGCGTCCTCCTGGTGGACGGCCACCACCTGGCCTACCGCACCTT

GC CAGGTGGICT TC GCCTCCTC
5 BN DRI RA bR G Mo CACAAGG
ESPIAEARAPAPRRECAFIFEERICSIRIGECCCCCGAGGACTTCCCCCGGCAGCTCGCCCTCATCAAGGAGCT

P A AR R R R D R AL RIS ARACE AR S AL RSB Accoco

GBERN&MMCII@E&MEEE’&W@!RRFCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCAGGCCGGAGCA

SRS A G e s aaanc.

ACCTCAGGCTCTCCTTGGAGCTCTCCCGGGTGCGCACCGACCTCC

Al mmmn@@e GRRETESARTATBAMARBACTTGAGTT

H%Wﬁ E%%@E}GCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCCCG%&%%%%
1 LT

HrbeRb oA kel RV R ARC PR b A BOANEEOR GOCAAA

L .x%&qumcg% GGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACCTCCT

N A R SRR Y cerrrac

GCTTTAC

AEE&GE;QS«EBW&I@T@E&EGCCCACATGGAGGCCACAGGGGTACGGCTGGACGTGGCCTGCC

RKWPG%RW WEF@WNWVWHWWR@GCCACCG
FISE%?W c GAAAGGGTCCTCTT TGACGAGCTAGGGCTTCCCGCCATCGGCAAGACG
GA GCCGCCATCCTGGAGGCCCTCCGCGAGGCCCACCCCATCGTGGAGAAG

MGM@AWKMBCWMQEMWW%AWCCAGGA
A-CACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAAGTAGCTCCGATCCCAACCTCCA
A‘é

W@WmmmoTGGATGTTCGGCGchccCGGGAGGCCGTGGACCCCCTGA

G GGCTACGTGGAAACCCTCTTCGGAAGAAGGCGCTACGTGCCCGACCTC
QUCCTCANCCRICHCT TBETIGTTT GCCGCC
A * FCTCTTCCCCCGCCTCCGGGAGATGGGGGCCCGCATGCTCCTCCAGGTCC
CAAGCGCGGGCCGAGGAGGTGGCGGCTTTGGCCAAGGAGGCCATGGAGA

AT N A O A A SR A GG A ARG ETHC I AGTO A

DT
RVAVLL

ﬁ:i;'(c: A6 MVGDPSDNLPGVKGIGKKTALKLLKEWGSLENLLKNLDRVKPENVREKIKA

N
EGEERLLWLYREVDRPLSAVLAHMEATGVRLDVACLQALSLELAEEIRRLE

N GEECCARTT A EOAREONCECEAGTRBIBTRSTGDPLPDLIH
Qb IPVRTPLGQR.IRRAFIAEEGWLLVVLDYSQIELRVLAHLSGDENLTRVFQEG

CAAGKR LXEDE LT oA
DELLLEA

AAGACCGCOCT CAAGCT CCTCAAGGAGT GGGAAGCCT GGAAAACCTCCTCAAG
AACCT GGACCGGGT AAAGCCA

GAAAACGT CCGEGAGAAGAT CAAGGCCCACCT GGAAGACCTCAGGCTCTCCTTG
GABE?CTCOOBOGTGORCACOS

$GEGCACCTT
c e AAGRSCCTCCTC
TWIJ@EGM@A@B@I’GGCCGTCTICGTGGTCTTTGACGCCAAGGccccCTCCTTCCGCCACGAGG
CCTACGAGGCCTACAAGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGCAGCTCGCCCTCATCAAGGAGCT
GGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCAAGGCTACGAGGCGGACGACGTCCTCGCCACCCTGGCCAAG
AAGGCGGAAAAAGAAGGGTACGAGGTGCGCATCCTCACCGCCGACCGGGACCTCTACCAGCTCGTCTCCGACCGC
GTCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCAGGCCGGAGC
AGTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGGTCAAGGGCATCGGGGAGAAGA
CCGCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAATCTCCTCAAGAACCTGGATCGGGTAAAGCCGGAAA




TGAGT TTGGECGECCTCCTCCACGAGT TCGGECCT TCTGGAAAGCCCCAAGGCCCT
GGAGGAGECCCCCTEECCCCCG

WEBBSHSBBECCCT TCGTGEECT TTGTGCT T TCCCGCAAGGAGCCOATTEG BLHBL0N4643
GATCTTCTGECCCTGEECCGCCEC
CAGGEGTGGTCAEEGET CCACCGGGCCCCCG% TATAAAGCCCTCAGGGACTT
GAAGGAGECGECEEEEECTTCTC
GCCAAAGACCT GAGCGT TCTGECCCT AAGEGAAGECCT TGECCT CCCECCCEEC

W%WTGGAAGACCTCAGGCTCTCCTTGGAGCTCTCCCGGGTGCGTACCGACCT
AG

ACLCTCHCTASAGEACT TICCAAGH , AICSEEOITACCYAG
lece CCTTCTGGAAAGCCCCAAGGCCCTGOAGGAGGCCCCCTOOCCECCOCCG

SCTIICTHCT TGTGGGCCGATCTICTGGCCCTIGGCCGCCGCCAG
5 cdded! m&m&@mmcm

FEGAAGGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACC

AX ACHCHNGAGEK o
3 tk: TTGGCT
¥ CTGTCCTGGCCCACATGGAGGCCACAGGGGTGCGCCTGGACGTGGCC

10  GEATEACTECAGHICTIGRFEXCCTIEAA CCGGCC
W GCTGGAAAGGGTCCT CTTCCC ATCGGCAA
\ AGCGCCGCCGTCCTGGAGGCCCTCCGCGAGGCCCACCCCATCGTGGA
ChGAKCEICAAACA CRRGHERACACCTGEMABRETCGTCIGATGARE CACCCC
|5 ASTRAGIECCICTIIICHS 3‘;&‘.. 5CAGACGGCCACGOCCACOOGCAGGCTAAGTAGCTCCGATCCCAACC
B R R S A S A e S cone
X7 ACH -fmCGGAGACCGCCAGCTGGATGTTCGGTGTCCCCCCGGAGGCCGTGGACCCCC
WWQE TGGATA
TGGATA
20

CCCASTFERRCACACHEBEATE >
GCTCTTCCCCCGCCTCCGGGAGATGGGGGCCCGCATGCTC TCCAGG
AAGCGCGGGCCGAGGAGGTGGCGGCTTTGGCCAAGGAGGCCATGG
’s CEAGEH (GEEEAGNBEATCDECTACBECAAGGAGT

Al LGRS K G ARAEGABN RN FaH eI I I A AN Sses FRHEA Y
CelXACEACHARRI R GGG

TRLEVQGYEADDVLATLAKKAEKEGYEVRILTADRDLYQLVSDRVAVLH

AR ervL sric
30 D VLSRKE
Gf RIGR r{‘f“’ LKEARGLLAKDLSVLALREGLGLPPGDDPMLLAYLLDPSNTTPEGVARR
CRGIHRAT! EEREEEGSEOGA ST NG 26 AEEIARLE
C@ﬁfﬁ S PAIGKTERTGKRSTSAAVLEALREAHPIVEKILQYRELTKLKSTYIDPLPDLI
NIPVRTPLGORIRRAFIAEEGWLLVALDYSQIELRVLAHLSGDENLIRVFQE

35 Géfkﬁéééé%é A A AR AT OO DARAGIEKTLEEG

AERMAFNMPVQGTAADLMKLAMVKLFPRLREMGARMLLQVHDELLLE

ATWXW%&%@E&?RX&%&G@CTAC@TG@MA@CTGTC
GGAAGAAGGCGCTACGTGCCC

40 GACCTCAACGCCCGGGT GAAGAGT GT CAGGGAGGCCGOGGAGCGCATGGECCTTC
AACATGCCOGT CCAGGGCACC
GCCGCCGACCTTATGAAGCT CGCCAT GGTGAAGCTCTTCCCOCGCCTCOGRGAG

GCACCTT
CCTCCTC

GGAGCT

ATCBEAT
CCCGGCTACGAGGCGGACGACGTTCTCGCCACCCTGGCCAAG
A&%%G&C CGGCCTCTACCAACTCGTCTCTGACCGCG
MM

L A6 GGAGCA
qumccCTCCGACAACCTCCCCGGGGTCAAGGGCATCGGGGAGAAGACC

ORI TR G LB AT AR ccrce

BGAOCAMEAGCCCGACCGGGAGAGGCTTAGGGCCTTTCTGGAGAGGCTTGAGTT

CGATVG
HF’E%“WE‘”EWWW‘E R Y IR R sccsoc

'_‘rJuG LRI AAAGCCCTCAGGGACTTGAAGGAGGCGCGGGGGCTTCTCGCCAAA
A %Rb@ir&ir&w&fﬂ?&h RLARAFACERLEEAGC TAIERCGLTACCTCCT
60 LESPWEEW %%%ZGGCGCTACGGCGGGGAGTGGACGGAGGAGGCGGGGGAGCG
GCTTTAC

E FIRIARGII AN S8 g e occrare

P@Mtﬂmm@mm@cz@dmemmcGCCCGCCTCGAGGCCGAGGTCTchGCCTGGCCGGCCACCC
R 2o BRSO A
65 GAGAAG

D) AAGAGCACCTACATTGACCCCTTGCCGGACCTCATCCACCCCAGGA
CGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAAGTAGCTCCGACCCCAACCTCCA
GAACATCCCCGTCCGCACCCCGCTCGGGCAGAGGATCCGCCGGGCCTTCATCGCCGAGGAGGGGTGGCTATTGGTG
GTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGACGAGAACCTGATCCGGGTCTICC
70  AGGAGGGGCGGGACATCCACACGGAAACCGCCAGCTGGATGTTCGGCGTCCCCCGGGAGGCCGTGGACCCCCTAA
TGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTTCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGAGCTAGC




L EEEVFRLAGHPFNLNSRDQL ERVL FDEL GLPAI GKTEKTGKRSTSAAI LEALR
EAHPI VEKI LQYRELTKLKSTYI DPLPD

WO LHBPRIER. HTRFNQTATATGRLSSSDPNLQNI PVRTPLGORI RRACNGBRIGWN04643
LW.DYSQ ELRVLAHLSGDENLTRVF
LEGRDI HTETASWWFGVPREAVDPL MRRAAKTI NFGVL YGVBAHRL SQELAI PY
EEAQAFI ERYFQSFPKVRAW EKTLE
EGRKRGYVETL FGRRRYVPDLNARVKSVREAAERVAFNVPVQGT AADL MKLAW

o %116ATTGAGCGCTACATTCAGAGCTI‘CCCCAAGGTGCGGGCCTGGATTGAG
KEANEL MMMM&@W@A@CMM@CCMACCM

R R S R R e somec
iyl ﬂﬂ CPRCCACAGOCTCS AGGTCC
5 A AGAGAGGGCGGAGGCCGTGOCCCOGCTAGCCAAGGAGGCCATGGAGG
ADGAE CLEETECAEBIEETABTAAGTGA
10
LSRKE
EGVARR
GEERI LWLYREVERPLSVVLAHMEATGVRLDVAYLRALSLEVAEEIARLE
Wm@q@@%ﬁg@ﬁmmm
15 QNIPVRTPLGQRIRRAFIAEEGWLLVVLDYSQIELRVL. DENLIRVFQE

0l TINFGVLYGMSAHRLSQELAIPYEEAQAFIERYIQSFPKVRAWIEKTLEEG
GRERATOR S0 .

FARGERI ) GOCCTEDELVLEA
TWWVGIGEBW“AKE*
70 TCGCCGTCCTCCACCCCGAGEECCACCT CATCACCCCGGAGT GECTTTGGGAGA
AGT ACGGCCTCAGGCCGGAGCA

GIGBGT GGACT TCCGECECCCT CGT GEEEGACCCCT CCGACAACCT
ACLECAAGGGCCOCGTCCTCCTGGTGOACGGCCACCACCTGGCCTACCGCAC

363 ShBeARER s ccacs
GCCACG

25

CACCTCATCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCAGGCCG
GGGAG

(TGO A SCA A G CBAC TSR GG R ALK TS
%‘@ TGGGGAAGCCTGGAAAACCTCCTCAAGAACCTGGACCGGGTAAAGCCA
i) Al CACCTGGAAGACCTCAGGCTCTCCTTGGAGCTCTCCCGGGTGCGCACCG
T TEASGEECEEEAE ACKCCEONACHARTEEAGRA

35 WWGGCCTTCTGGAAAGCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCCCG
CCGCCGC
W@%@%&%WW aerTeTe
KAAWGA '(

AGGCGG
. TCCTTTG
FrPrARCeEEAeG e FAdGte TCCGCTGTCCTGGCCCACATGGAGGCCACAGGGGTACGGCTGGACGTG
GACOTRAGCKSETCTEEO0GT AAGHGAAEEEET T CIBCE TSR COSIBCIIGATICACT TGGCGG
SEMEES SACCTEAME REGEEEGAE CAGCTGGAAAGGGTCCTCTTIGACGAGCTAGGGCTTCCCGCCATCGG
£ACCs CGCCGCCATCCTGGAGGCCCTCCGCGAGGCCCACCCCATCGT
CEATICT Y GICECATCCAC

AR 3R oAcocoe
P PP ACCCGG
ai-azm_fa-OA@ACGGAAACCGCCAGCTGGATGTTCGGCGTCCCCCGGGAGGCCGTGGAC

FCCCAGG
GGCCTG

30

40

EECOCERTTCAAEBCAGAIAGGGCAC
GTGAAGCTCTTCCCCCGCCTCCGGGAGATGGGGGCCCGCATGCTCCTCC

R GRS b A TASCCAAGS

AR LA Gl SO CF A psFriEA

mmmLGFTRLEVPGYEADDVLATLAKKAEKEGYEVRILTADRDLYQLVSDRVAVL

60 & @@W REKIK
AREEDERIBLE D PDRERLRAFLERL EFGGY] HEFGLLESPRAL GFVLSRK
- A 8 A A‘A A ™S ‘_ BIP

RDLK.EARGLLAKDLSVLALREGLGLPPGDDPMLLAYLLDPSNTTPEGVAR
EAERUA Ok CORGSACEBTAALAEEIRRL
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GAACATCCCCGT CCGCACCCCGCT TEGGECAGAGGAT CCGCCGEECCTTCATCGC
CGAGGAGEGGTGECTACTGGT G
WOV BEARCT AT AGCCAGATAGAGCT CAGGGT GCTGGCCCACCT (IQZGBLI@ADN4643

GAAAACCTGATCAGGEGTCTTCC

AGGAGGGEECGEGACAT CCACACGGAGA GCTGGATGI TCGECGTCCCCC

GGGAGECCGT GGACCCCCTGA

TGCGECCCEECEECCAAGACCAT CAACT TCEEEGT CCTCTACGECAT GTCGECCC

ACCGCCTCTCCCAGGAGCTAGC
TACGAGGAGGCCCAGGECCTTCATTGAGCGCTACTTTCAGAGCTTCCC

W%EE@%@GGGCcGTGTcCTCCTGGTGGACGGCCACCACCTGGCCTACCGCACCTT
CEESISCaTSFATSER? o v TCCTC

5 ; Ak ATACAAGGCCG CAAGG
" X C CCCCGACCCCCGAGGACTTCCCCCGGCAGCTCGCCCTCATCAAGGAGCT
PAGRCEAST 0L

BACEORGECRACIGAAT CCAAG
COBEFOTABOEH ACEY CGCATCCTCACCGCCGACCGCGGCCTCTACCE AAICET:CGG TégT‘(\JT ACCGCG

G ACCTCA CTTTGGGAGAAGTACGGCCTCAGGCCGGAGCA
10 F Rl dedAbE6sk TOEACIGAAAGBEBGAAGACC
E@T@Gﬁ@m@oeTGGAAAAccchTCAAGAACCTGGACCGGGTAAAGCCAGAAAAC

1SEq c o) 3 CCTCC

A j ¢ TGAGTT

] AT AT CTGGAAAGCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCCCGCCGGAA

15 GEEGIETATCROCTICECCETGICCCTES AETERTG SECAGGGG

CTTATAAAGCCC AGGGA GCCAAA
GGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACCTCCT

REECALHEPACTSREERPY MW K S ACRAIHRGCAGCG

20 EOGYICAVE WRGARYRSFRFYIGASAACCTGTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTIGGCTTTAC
7 TAGC GAGGCCACGGGGGTGCGCCTGGACGTGGCCTATC

%%ﬁﬁ%@a&g& a%&%:ékl e TATdCAKIKAEEISBCCACCT
EdrCALIRGECCGEALSBIRY! ASAAMTGGTGCTCTTTGACGAGCTTAGGCTTCCCGCCTTGGGGAAGACG

Al Cr GAAG
@@Wﬁﬁgﬂ{%@wﬁ% E.ﬁﬁ— \ R S IR A K AT LR e acon
25 BITENY :c GGCCACGGCCACGGGCAGGCTAAGTAGCTCCGATCCCAACCTCCA
ACTGGTG

%@%m&%gﬁ%mnm
GATGTTCGGCGTCCCCCGGGAGGCCGTGGACCCCCTGA
, GIAEBICOVICALREGCCAGPROCTAGS
30 WLMBQCEPWWARRGAGCGCTACTTTCAGAGCTTCCCCAAGGTGCGGGCCTGGATTGAG
(ﬁc SAEAdEATGecaee

A AGEh ARIE TCCCCAGGCTGGAGGAAATGGGGGCCAGGATGCTCCTTCAGGTCC

35 W%MTE&E&W@E{W?&%WM%% GToA

'Mﬁwﬁ'%ﬂ@m’“'ﬁm P R I R v avi
PR() EBRIL YEADDVLATLA RVAVLH

ﬁé}% m 1 PGVKGIGEK TALKLLKEWGSLENLLKNLDRVKPENVREKIKA
40 LAY HBlFECMIHVGMSAIRL PIEPMIVEFVLSRKE

WWWM@RGLLAKDLSVLALREGLGLPPGDDP MLLAYLLDPSNTTPEGVARR
W Ay vV VAYLRALSLEVAEEIARLE

AL
Rk W fryIDPLSDL
F T WNEQQJIPVRTPLGQRIRRAFLAEEGWLLWLDYSQIELRVLAHLSGDENLIRVFQE
/FQSFPKVRAWIEKTLEEG

MGARMLL VHDELVLE

CTTCGCCCT GAAGGECCCCACCGECGAGCCGEEECGAACCGGT GCAGGTGGTCTA

50 Alg:z %ﬁg 2 ITE@% AAGGCCGGGTCCTCCTGGTGGACGGCCACCACCTGGCCTACCGCACCTT
AGHACGAX ST TTTEET BT CITTCACKRTEGAGCCTCCTC
C-:@mwmq@@mqm&gcCCGTCTTCGTGGTCTTTGACGCCAAGGcccCCTCATTCCGCCACAAGG

CGGCAGCTCGCCCTCATCAAGGAGCT
AR BB GOCAAG

55 % WGCGCATCCTCACCGCCGACCGCGGCCTCTACCAACTCGTCTCCGACCGC
" ‘ AA : AGGCCGGAGC

SLiciGS) AAGCCTGGAAAACCTCCTCAAGAACCTGGACCGGGTAAAGCCAGAAA

S CCADAAGACGETT ARA GBS ETATGCITCEITEFACE: ACCGACCT

60 T GCGGGAGCCCGACCGGGAGGGGC'ITA GCTTGA
Tm YLIJL,C C AAAGCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCCCGCCG
A AT CRBAGA GECTIACHGAGACCGCCAG

A ECAGCL2CECAGETA GCCTTATAAAGCCCTCAGGGACCTGAAGGAGGCGCGGGGGCTTCTCGCC
AAAGACCTGAGCGTTCTGGCCCTAAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACC

65 TCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGGAGTGGACGGAGGAGGCGGGGG
AGCGGGCCGCCC'ITTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCT
'I'TACCGGGAGGTGGAGAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGACCACGGGGGTGCGCCTGGACGTGGCC
TATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGGCCGAGGTCTTCCGCCTGGCCGGCC
GCCCCTTCAACCTCAACTCCCGAGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTCCCGCCATCGGCAA

70 GACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCGCGAGGCCCACCCCATCGTGGA




GI'GGGTGGACT TCCGECGECCCT CGT GEGEEGACCCCT CCGACAACCT CCCCGEEGET
CAAGGGCATCGGGAAGAAGACC

W@ EAAECT CCT CAAGGAGT GGGGAAGCCT GGAAAACCT CCT OAZEBBAICT 4643
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GT CCGGGAGAAGAT CAAGGCCCACCT GGAAGACCT CAGGCTCTCCTTGGAGCTC

TCCCGGEGT GCGCACCGACCTCC 70

CCCTGGAGGT GGACCT CGCCCAGGGRCGEGAGCCCGACCGRGAGGGECTTAGESG

C@IAER%%&;\%ECAAGCTGAAGAGCACCTACATTGACCCCTI’GCCGGACCTCATCCACCCC
GITOBCECREES ACACGRACA T hGEA

CA : CCCAACC
'A‘ GGGCAGAGGATCCGCCGGGCCTTCATCGCCGAGGAGGGGTGGCTATT

R AN b R e banccoce
GACCCCC
m@mc@@@@mﬂcGGCGTccTcTACGGCATGTCCGCCCATAGGCTCTCCCAGGAGCT

R GAR TGGATT
FATIEEEIE TN E 00y L CO S RIS SE SR L

GGGCCGCGGAGCGCATGGCCTTCAACATGCCCGTCCAGGGCACCGCC

GG\ @W /AT € LY. E G I & SUEEN 6. :
O@mﬁmﬁﬁg@gCMGCGCGGGCCGAGGAGGTGGCGGCTTTGGCCAAGGAGGCCATGG
GAGGTGGAGGTGGGGATEEGGGAGG§S'L[f CCICCaCLANGOAGT

GEACCCT TCCAACACCACCCCCGA

Sanats inairesT T safaiccee s eul RVAVLH

SAPTPO DI RVAVLH
CEAaEAGEET ROV DIACY GDPSDNLPGVKGIGEK TA LKLLKEWGSLENLLKNLDRVKPENVREKIKA
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Pl VRAWIEKTLE
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GEEWQZ%@W@WAG‘\@GLEVEVGIGEDWLSAKE*
GACCGGCAAGCGCTCCACCAGCGCCGCCAT CCTGGAGGCCCT CCCCGAG
G@E@éﬁ)@@@%@@ﬂﬂ@é@&@mcmeoGTGTCCTCCTGGTGGACGGCCACCACCTGGCCTACCGCACCTCCT

AgSACCINOTTACOT TIACACAGIGICCTCAAGG

TCTTTGACGCCAAGGCCCCCCCATTCCGCCACAAGGCCTACG

CCA CCCCCGAGGACTTCCCCCGGCAGCTCGCCCTCGTCAAGGAGCTGGTGGACC
CARCCAGACGECCACBEOCACGORCAGISEL

GGCGGAAA

SR BRI L IR G Cnccroan
CTCCTCAA
BCAAGAACCTGGACCGGGTAAAGCCAGAAAACGTCCGGGAGAAGATCAAGG

m&&mﬁﬁﬁmmmﬁﬁ%ﬁ

T-EGGSGAGGCCCCCTGGCCCCCGCCGGAAGGGGCCTTCGTGGGCTTTGTGCTTTCC

g@(%ﬂ?&ﬂ I CEGS T T OOBT CCGAGCCT
X AGGAGGCGCGGGGGCTTICTCGCCAAAGACCTGAGCGTICTGGCCCTAAGGGAAGGC
05 SAAEGACECEATGCTCCTCGCCTACCTCCTGGACCCTICCAACACCACCCCCGAGGGGGTGG
TW@@M@W@G@W@@EC&%@MX@@%@MCCT@
A O APAAPETCCTTTGGCTTTACCGGGAGGTGGATAGGCCCCTTTCCGCTGTCCTGGCCC
ARSI Ot e Sorearer
§ ‘ GGTCCTCTT
mw‘m@t@@@@ﬁMAAGACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCATCCTGGAGGC
‘ ‘ 3 S EATRKEES S v

AGACG ACGGGCAG

L4 GAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCGGGCCTTCATC

JEELTIEGILNG (S E/LEL 6 KEETP CECCAEGICACTTRATAGAT BB CCGGCGAC
G@ﬁéﬁ@@%ﬁéﬁ%ﬁ@@?ﬁ@ﬂ%@%@ﬁ GGCGGGACATCCACACGGAGACCGCCAGCTGGATGTTCGGCGTCCCCCGG
CGGCCAAGACCATCAACTTCGGGGTCCTCTA GGCA CCCACCGC

ACEACEAGE L EECA RGO ATKECR LG O TGRS ECATTCA CCAAGGTGC

WWW%%% ACAPPRRIKAYEA

FDAKAPPFRHKAYEA

RLEVPGYEADDVLATLAKKAEKEGYEVRILTADRGLYWVLHPEGH
AR

ANDK GIGKTRIKEMPEYEADD! HLEDLRL
EFGSLLHEFGLLESPKALEEAPWPPPEGAFVGFVLSRKAPMWADLLAL

LA GLPPG LLDP WTEEAGE
VRSN B SRR LA ACHTENLN

T AILEALREAHPIVEKILQYRELTKLKSTY IDPLPDLIHPRTGRLHTRFNQTATA
REVEEACRE L SOty b ORRRYVEDLN:
’ YVPDLNA

LLLEAPQARAEEVAALAKEAMEKAYPL

AVPLEVKVGIGEDWLSAKE*
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EEVFRLAGHPFNLNSRDQLERVLFDELGL I?fd GKTEKTCGKRSTSAAI LEALREA
HPI VEKI LQYRELTKLKSTY!I DPLPDLI H
PRTGRLHTRFNQTATATGRLSSSDPNLONI PVRTPLGOQRI RRAFI AEEGWL LWL
D¥5Q ELRVLAHLSGDENLTRVFQEG

ICRIFEICK QGT%? PYE CGCCTTCT

@g@g%mw% AAKCCZEIGGTGCAGGC GTCTACGGCT CGCCAAGAG%’CCTCAAGG
TGGTCTTTGACGCCAAGGCCCCCTCC’ITCCGCCACGAGGCCTACG

ABOVKICAMGAGETGGTGGACC

A %GGCTACGAGGCGGACGACGTCCTCGCCACCCTGGCCAAGAAGGCGGAAA

G CGCGTCGCCGTCCTCC
WWA %iaGCAGTGGGTGGACTTCC

) CGACAEAGCTCCTCA
AAGAACCTGGACCGGGTAAAGCCAGAAAACGTCCGGGAGAAGATCAAG

cC ACCTCGCCC
N A I Aok CGAGTTCG

GGAGGCCCCCTGGCCCCCGCCGGAAGGGGCCTTCGTGGGCTTTGTGCTTTC
il
AG GGGAAGG
C@E&@Gﬁi@%’ﬁ@@@@&ﬁ@@mememcCCTACCTCCTGGACCCTTCCAACACCGCCCCCGAGGGGGTG

e A CFIATAOETICTICGCCAACCT
GGCTTTACC AGGTGGATAGGCCCCTTTCCGCTGTCCTGGC

GGACGTGGCCTATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGC
AICRECHIBCACHTESAAGBCTACGABEXCGABAAGGGTCCTC
CAAGACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGOAG

AU ERGACL
.‘l‘ GEdGGCACAAE AEE

TWWWCAGAACATCCCCGTCCGCACCCCGCTCGGGCAGAGGATCCGCCGGGCCTTC
; R AR e T A soorcon:

ARG GCGTCCCC
WMWGGGCGGCCAAGACCATCAACTTCGGGGTTCTCTACGGCATGTCGGCCCAC
AGPC GBI OO T S G S A CTICE R CRSCO T TICEAGO CCCCAAGG
T WAGGAGGGGAGGAAGCGGGGCTACGTGGAAACCCTCTTCGGAAGAAGGCGC
AAGGGCGTCAGGGAGGCCGCGGAGCGCATGGCCTTCAACATGCCCGTCCAG

CEOECACTCARAGCE AT OANCNGT BHRGAAGTCTIG oA AR TG EANGAACACGCATGCTC
OPAGOT AT AL B AFSTC 2GGCCCCCCAAGCGCGGGCCGGGGAGGTGGCGGCTTTGGCCAAGGAGGCC

R AR AT FEIRELS oM oon

/\
TCTCCCGGGTGCGTACCGACCT
RAEEFRSA FRHEAYEA
PROLE A AVLHPEGH
2 PSNNLPGVKGIGEKTALKLLKEWGSLENLLKNLDRVKPENVREKIKAHLEDLRL

TETOEREABETOCEA MWADLLA
R ‘@'SC. GHELAKDLSVLALREGLGLPPGDDPMLLAYLLDPSNTAPEGVARRYGGEWTEEAG
A RE VDRPLSAVLAHMEATGVRLDVAYLRALSLEVAEEIARLEAEVFRLAGHPFNL
G@s&@@m;@@m@a@%ﬁﬁﬁmﬁ DAL @ HTRFNQTA
ISPIN CRIRRARE EGWLLVVLDYSQIELRVLAHLSGDENLIRVFQEGRDIHTETASWMFGVPRE

S e N p R e N e Y e VAN D o e eV RN

GACCTGAGCGT TCT GGECCCTAAGGGAAGECCT TGECCT CCCECCCEECGAC

(%MCA@Q\AGGCCGGGTCCTCCTGGTGGACGGCCACCACCTGGCCTACCGCACCTTCT

M, , A EODCGECECT CCTCAAGG

AGE TCTTCGTGGTCTTTGACGCCAAGGCCCCCTCCCTCCGCCACGAGGCCTACG
X CT GGTGGACC
Ao ddeo i (CTAN IV L ISR OCGAAA
(MAWTWCCGCCGACCGGGACCTCTACCAGCTCGTCTCCGACCGCGTCGCCGTCCTCC
T R G A e T R e R A e G AL o orcoron
GCTCCTCA
ALSEGIHGCEXAGECIGAOLKARCEHCETCAAGAACCTGGACCGGCTGAAGCCCGCCATCCGGGAGAAGATCCTGGCC
TR T A O A GG T X TR AL S e S A K SR PECK IO CHOCT P A GGG T TCGCCAAA

WWWGGGCCTTTCTGGAGAGGCTTGAGCTTGGCAGCCTCCTCCACGAGTTCGGC
GGCCTCCTGGCCCCCGCCGGAAGGGGCCTTCGTGGGCTTTGTGCTTTCCC
e o CEA GHEACTCITTA:

ACRBEGTA ; ? CCGAGCCTT
CEGTCAPINA CGCGGGGGCTTCTCGCCAAAGACCTGAGCGTTCTGGCCCTAAGGGAAGGCC

T AR St ?i%r > A GGGGTGGC
AACCTGT

. CTCCTTTGGCT'I"TACCGGGAGGTGGATAGGCCCCTTTCCGCTGTCCTGGCCC
ACATGGAGGCCACAGGGGTGCGCTTGGACGTGGCCTATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCC
GCCTCGAGGCCGAGGTCTTCCGCCTGGCCGGCCATCCCTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTT
TGACGAGCTAGGGCTTCCCGCCATCGGCAAGACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGC
CCTCCGCGAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGA
CCCCTTGCCGGACCTCATCCACCCCAGGACGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAG
GCTAAGTAGCTCCGATCCCAACCTCCAGAACATCCCCGTCCGCACCCCGCTCGGGCAGAGGATCCGCCGGGCCTTCGTC



GAAGAT CCTGCAGTACCGGGAGCT CACCAAGCT GAAGAGCACCTACATTGACCC

CTTGCCGGACCTCATCCACCCC
WABBACGBBECCGCCT CCACACCCGCT TCAACCAGACGGCCACGGCOACIZGEDAGE 4643

CTAAGTAGCTCCGATCCCAACC

TCCAGAACAT CCCCGT CCGCACCCCGCT TGGGCAGAGGAT CCGCCGGRCCTTCA

TCGCCGAGGAGGGGTGGCTATT 72

GGTGGCCCT GGACTATAGCCAGAT AGAGCT CAGGGT GCTGGCCCACCTCTCOGG

C%%%é&&-g%‘-K%%&TGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGAC

G RCAGARBEAGACCH ADGICHERET

; TCCCCCGG
&% CGGCCAAGACCATCAACTTCGGGGTTCTCTACGGCATGTCGGCCCACCGC

A e cacaotae
dels ' : GGCGCTAC
(E@Q@WEMW GTGTCAGGGAGGCCGCGGAGCGCATGGCCTTCAACATGCCCGTCCAGGGC
4 TGCTCCTCC
@Wm A A T B A T s coccara

TGGAGGTGAAGGAGGGGATCGGGGAGGACTGGCTCTCCGCCAAGGAGTG
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GB‘ERTW@@VDRPLSAVLAHMEATGVRLDVAYLRALSLEVAEEIARLEAEVFRLAGHPFNLN

Mégvh. PLFEPKGRVLLVDGHHLAYRTFFALKGL I TSRGEPVQAVYG-AKSL LKAL
25  KEMXGYRAEVVEOAKARBEESIBEAGGGCCGCGTCCTCCTGGTGGACGGCCACCACCTGGCCTACCGCACCTTCT
TCCTCAAGG
A A R PR AL L L R R R R N AT RREARRE Goccrace
GXEsderAchbbidoL YA @MVMCGAGGACTTCCCCCGGCAGCTcGCCCTCATCAAGGAGCTGGTGGACC
: O GCGGAAA
, e VR SRR e carecreea
GOAEYOGCTTTGGGAGA AGTACGGCCTCAGGCCGGAGCAGTGGGTGGACTTCCG
Hb&&cﬂk&h@oﬁ%@b@lg@m DREAGERAFIJEREARESACHERBIAAGCTCCTCAA

E F CTGGACCGGGTAAAGCCAGAAAACGTCCGGGAGAAGATCAAGG
CAEGGT G G ACCGACCTCCCCCTGGAGGTGGACCTCGCCCA

35 P (é;f,éHERCGAGTTCGG
GDE]"—”IN/[’_G_GAMLC{QWA@RGGCCCCCTGGCCCCCGCCGGAAGGGGCCTTCGTGGGCTTTGTGCTTTCC
CCTGAGCCT

Z\%T A S B A R B e A R R L SRR R coemncac
40 ct;d%éd* EMBEEdcARITBCTCCTCGCCTACCTCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGG
EFW&L“ "@;@ﬂﬁ%?ﬁf% % ?ﬁ}%@ CCAACCTGT

Hﬁg@fg@mm GCTTTACCOGGAGG %:E g TCCTGGCCC
CTATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCC

RHN@?’O&T@E&?G%S@RNC RIPL/AQORICRRARLCAEERNABNGGGTCCTCTT

ARSACA] GAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGC
« A
ACGGGCAG
A%A%R@@@EPW&AWEKE@EE@CCCCGTCCGCACCCCGCTCGGGCAGAGGATCCGCCGGGCCTTCATC
RN ! AR IR A
YA y Al GTCCCCCGG
50 FRixbs GCGGCCAAGACCATCAACTTCGGGGTTCTCTACGGCATGTCGGCCCACCGC
ARTHRRABEVAGITEGEANERANFIARYZCES ARG AT B ARFITAGIPCAAAGCTTCCCCAAGGTGC
e

WGGCGCH\C
GTCCAGGGC

WA@WA’T@GTGAAGCTcTAccccCGCCTCCGGGAGATGGGGGCCCGCATGCTCCTCC

GGT AGGCCATG
e %%ﬁ CCGCCCAAGGAGTG
ACCCGCAGTTCGGTGGTTAA
ACAAGGCCCGTCTTCGTGGTCTTTGACGCCAAG
LKGPTTSRGEPVQVVYGFAKSLLKALKEDGYKAVFVVFDAKAPSFRHKAYEA
ARk Fohd Pk HLEDLRLS
A@@:s@moﬁrm QSABGRYRCAA FLERLEFGGLLHEFGLLESPKALEEAPWPPPEGAFVGFVLSRKEPMWADLLAL
AAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPPGDDPMLLAYLLDPSNTTPEGVARRYGGEWTEEAGE
RAALSERLFANLWGRLEGEERLLWLYREVERPLSAVLAHMEATGVRLDVAYLRALSLEVAEEIARLEAEVFRLAGHPFNLN
65  SRDQLERVLFDELGLPAIGKTEKTGKRSTSAAVLEALREAHPIVEKILQYRELTKLKSTYIDPLPDHIHPRTGRLHTRFNQTAT
ATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLVVLDYSQIELRVLAHLSGDENLTRVFQEGRDIHTETASWMFGVPRE
AVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEEAQAFIERYFQSFPKVRAWIEK TLEEGRKRGYVETLFGRRRYVPDLN
ARVKSVREAAERMAFNMPYVQGTAADLMKLAMVKLYPRLREMGARMLLQVHDELLLEAPQARAEEVAALAKEAMEKAYP
LAVPLEVKVGIGEDWLSAQGVSRPAGSA WRHPQFGG*
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GGTGGACCT CCTGEGEGT TTACCCGECCT CGAGGT CCCCEECTACGAGECGGACEA
CGTTCTCGCCACCCTGECCAAG

WORBSUBEBMRAAAGCGAGEEGET ACGAGGT GCGCAT CCTCACCGCCCGAORAZGBAI0T 004643
TACCAACTCGI CTCTGACCGCG
TCGCCGT CCTCCACCCCGAGGEECCACCT CATCACCCCGGAGT GECTTTGGGAGA
AGT ACGECCT CAGGCCGGAGCA 73
GTGXBTCIBACTTCCC{:C{:CCTCGTCIBG(XBACCCCTCCGAOAACCTCCCCGEGGT

GGTGGACGGCCACCACCTGGCCTACCGCACCTTCT
: M@EW@CCTCMGG
WMWGTCWCGTGGTCWTGACGCCAAGGcccCCTCATTCCGCCACAAGGCCTACG

TGOC AGSCRBOCHA ; 2 Ay CORCE ; A GTGGACC
5 n Rt . ceCGe IAC G2 - c@%%GCGGAAA
\danhaaTiiddcGrdoGes ~ CGCCGACCGCGGCCTCTACCAACTCGTCTCTGACCGCGTCGCCGTCCTCCA

A g G2 GACTTCCG
AT P e
AAGAACCTGGACCGGGTAAAGCCAGAAAACGTCCGGGAGAAGATCAAGG

CrCYGRMEAGBCCAACESUTITAGATEGACCTCGCCCA
K TAGGGCCTTTCTGGAGAGGCTTGAGTTTGGCAGCCTCCTCCACGAGTTCGG

Wﬁf&%@%&mmm&
dcccGaGeeT
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CCTTTGGCTTTACCGGGAGGTGGATAGGCCCCTTTCCGCTGTCCTGGCCC
20 )¢ GATCCGCC
GGCCACCCCTTCAACCTCAACTC AAGGGTCCTCTT
AAGACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCATCCTGGAGGC
AGGEEHGET SEECCEGAETT ACECBEAGAGICCTACATTGA

CCGGCGAC

25 %@@EH}Eﬁ@ﬁéﬁémceceGGACATCCACACGGAAACCGCCAGCTGGATGTTCGGCGTCCCCCGG

20

; 3GCCCACCGC
7\
O PRRECCAAGGTGE

‘ y A
T GAGCHACT TBEACTCT EGAGET GEOTBAGRAGA IO OC R TT CYATSBALATACSCCTCCAGGGE
30 TE . A RPAT G ATGGTGAAGCTCTTCCCCCGCCTCCGGGAGATGGGGGCCCGCATGCTCCTCC
A CCCCCA.AGCGCGGGCCGAGGAAGTGGCGGCTTTGGCCAAGGAGGCCATG
b G3.0CH SN GACRABTT

DEEGAAGGAGTGA

G R RO Y V1 HPEGH
PIPEL YTRICEVE AR AVLHPEGHL
=2 SDNLPGVKGIGEKTALKLLKEWGSLENLLKNLDRVKPENVREKIKAHLEDLRLS
e PARTC ‘ -y MWADLLAL

GEWTEEAGE

35

TRENQTATA

AIPY. IER YFQSFPKVRAWIEKTLEEGRKRGYVETLFGRRRYVPDLNA
: &%@WQMMAMEMYPL

45 Gr GGACTATAGCCAGATAGAGCT CAGGGTGCTGECCCACCTCTCCEECGAC
AT 6AGEEEAGGGCCGCGTCCTCCTGGTGGACGGCCACCACCTGGCCTACCGCACCTTCT

Amgﬁmmgggm

NCGE AT G \ AN R
A SATCA (GGA 3 GCCGGAGCAGTGGGTGGACTTCCG
CAEER L JAG AR G deh e W&&%@e&ﬁ@m eXaeTecTcan
GGG AGCH A0 T@Q@'CAAGAACCTGGACCGGGTAAAGCCAGAA.AACGTCCGGGAGAAGATCAAGG
: A SR AT SaE e xcanarrcas
GAGTTCGG

AGGAGGCCCCCTGGCCCCCGCCGGAAGGGGCCTTCGTGGGCTTTGTGCTTTCC

G&WCWWW {E%%&? CCCGAGCCT
60 - AGGCGCGGGGGCTTCTCGCCAAAGACC CGW GGGAAGGC
gﬁ 3¢ CATGCTCCTCGCCTACCTCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGG
o5& 3 mm%mmm CCAACCTGT

G@@qmpmﬁg@ppm@cTCCTTTGGCTTTACCGGGAGGTGGAGAGGCCCCTTrCCGCTGTCCTGGCCC

gg §§§C§&GGAGATCGCCC
TGGTGCTCTT

70 GCCGAGGAGGGGTGGCTACTGGTGGTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGAC
GAAAACCTGATCAGGGTCTTCCAGGAGGGGCGGGACATCCACACGGAGACCGCCAGCTGGATGTTCGGCGTCCCCCGG
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GYEVRI LTADRGLYQLVSDRVAVLH

PEGHLI TPEW.VEKYGLRPEQA/DFRAL VGDPSDNL PGVKG GEKTALKLLKEW
GSLENLLKNL DRVKPENVREKI KA

HLEDLRLSLEL SRVRTDL PLEVDLAQGREPDRERL RAFLERLEFGGLLHEFGLL

ERK AL EARMR R R GARN N e SR EAGACCA TCAACTTCGGGGTCCTCTACGGCATGTCGGCCCACCGT
RiviidEdor Agsla AAYA RCaARNd

RAREFALAGEIRDAGEARGMITAKIDE SMC AITREBEA TRFECAAGGTGC
MGSGCAGGAGGCGGGGGTACGTGGAGACCCTCTTCGGCCGCCGCCGCTAC

GCATGGCCTTCAACAT CCCGTCCAGGG
EAz m%% G6HATGCTCCT

vmﬁ)smamm@@[gmTﬂ(R{gEcccCAAAAGAGAGGGCGGAGGCCGTGGCCCGGCTGGCCAAGGAGGCCA

AR PRGN KBRS FIOBA T PR IR ARSI E AP IREACCAACOaTT
VEKI LQYRELTKLKSTYI DPLPDL

IWRTCRWEW&@SWQS WW ‘g& SFRHKAYEA
mvggﬁﬂsw ADDVLATLAKKAEREGYEVRILTA. R(_E\ AVLHPEGHL
&%ﬁ%@e@% GIGEKTALK_LLKEWGSLENLLKNLDRVKPENVREKIKAHLEDLRLS
VR BRYKIAKR] 25 ALREGLGLPPGDDPMLLAYLLDPSNTTPEGVARRYGGEWTEEAGER

e LG PR A B AR rrrnGTAT

TRFNQTAT

A LERKEEFMWADLLALA
PFRESS WEMBM@%@EBRMEAEGWLLWLDYSQIELRVLAHLSGDENLIRVFQEGRDIHTETASWMFGVPRE
TBIRRYAIIINERYS A ADRAS(Q TiﬁpERRGWETLFGRRRWPDLE

'efv es L A AR Vi %% VL EAVARLAKEAMEGVYP

CTTCTTCGCCCT GAAGGEECCCCACCACGAGCCGEEEECEAACCGEET GCAGECEET
CTACGGCTTCGCCAAGAGCCTC
CTCAAGGCCCCT GAAGGAGGACGGEGTACAAGGCCGECCTTCGTGGTCTTTGACGCC
AAGGCCCCCT CCT TCCGCC‘ACG

CCTCTACCAACTCGTCTCCGA
CREKIEALRR SIS GAPCICEH DA CCTC AR CATICOAGEACASEIS Tekéend four
GGAGAAGTACGGCCTCAGGCCG

%Wﬂ_ W@WM%W%oduced

GAAAACGT CCCEGAGAAGAT CAAGGCCCACCTGGAAGACCTCAGECTCTCCTTG
GAGCTCTCCCGEGT GCGECACCG
ACCTCCCCCT GGAGGT GGACCT CGCCCAGEEECGEGAGCCCGACCEEGAGAGEC
TTAGGECCTTTCT GGAGAGGCT

A w@%%%%%e&%%%&%@wmwAm extend

%ﬁ%ﬁﬁm& PCR, as well as Al10, B6 and B8, which cannot, all
TTCCGAGAGGCT CT TCGCCAACCT GT GGGGGAGGCT TG
A@@&B@m@pﬂ@v@mpmuct

GCTTTACCGGEGAGGT GGATAGGCCCCTTTCCGCTGT CCTGECCCACAT GGAGEC
CACAGGEEGTACGECTGGACGT G

Example 13: Translesion synthesis activity by mismatch extension clone as

determined by primer extension assays.




GCCTGCCTGCAGGCCCT TTCCCT GGAGCT TGCGGAGGAGAT CCGCCECCTCGAG
GAGGAGGTCTTCCGCTTGECGG

W@RACEOGT TCAACCT CAACT CCCGGGACCAGCT GGAAAGGGT CICIT G BLHARTmI4643
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20 A

AGCTAGGGECTTCCCGCCATCGG

CAAGACGGAGAAGACCGEECAAGCECT CCACCAGCGCCGECCAT CCTGGAGGECCCT
CCGCGAGGCCCACCCCATCGT >

GGAGAAGAT CCTGCAGT ACCGGGAGCT CACCAAGCT GAAGAGCACCTACATTGA
CCCCTTGCCGGACCTCATCCAC

CCCAGGACGGGCCGCCT CCACACCCGCTTCAACCAGACGGECCACGECCACGEEC

Wm%d for their ability to bypass abasic sites in a primer
CCGCACCCCGCTCGEECA

GAGGATCCGCCGGECCT
TCAT CCEEGT,

Aﬁ?ﬁ%&é@éé&u AGCCAGATAGAGCTCAGGGTGCTGECCCACCTCTC
CGGCGACGAGAACCT GACCCGG

GTCTTCCAGGAGGGGECGGEGACAT CCACACGGAAACCGCCAGCTGGATGT TCGGC
GTCCCCCGGGAGGCCGTGGAC . )

P < 3 2y, spdeTeietdrTefssstale 2004).
TCGGCCCACCGCCTCTCCCAGG o . o
ASTCARATRAEEIT ARAAGRGRESCAGGCETMEATIEAGDRCT ABTHIacAyRsic site
GCTTCCCCAAGGTGCGGGCCTG

ACRTECAMBYOETET Etandard

C
WM%T%@GGX %r%o\ was 5' W% (5000

AGGT CCACGACGAGCT CCT CCTGRAGGECCCCCCAAGCGCCGEEECCCAGCAGGT GG
OGOl CHTGEBaPCRharmacia ) using T4 polynucleotide kinase (Invitrogen,
TGGAGAAGGCCTATCCCCTCGECCGT ACCCCT GGAGGT GAAGGT GEGGATCAEEEG
ACHABREEA Y. AGEEAmplate DNAs were prepared by annealing the
MRGWLPLFEPKGRVLLVDGHHLAYRTF FAL KGPTTSRGEPVQAVYGFAKSL LKA

VRN dme e P e o P LA s S Rt AR primer

EGYEVRI LTADRDLYQ_VSDRVAVL o

HFEG e THEN R  RPEN W BRARRASAP SN POTREP R PAMKG FAC CAT
WGSL ENL L KNL DRVKPENVREKI K '
ABEDIRCSAEGSRXETILELEUAL RCSRIDREE ARG ARGEEEE GAAFGLG-3'; 2)
L ESPKAL EEAPWPPPEGAFVGE-VLSRK

ERMMRL LAWBYRGGRGNRAREE <é\ it i< Fabagik: | st Sl attREGAEL X in bold
PGDDPM_ LAYLLDPSI\ITTPEG\/AR

m I FANMEREGE EREA WY BRYDRPr6AVEAEIMEAG ACC
LSLELAEEI RRL

VGG EEN SRR R, £ ChEAL TR X BPTOA LkRE: aomv

HPRTGRLHTRFNQTATATGRLSSSDPNLONI PVRTPLGORI RRAFI AEEGALL W
L DYSEL RYIpEHISSGDSNM AECE, 100uM of each ultrapure dNTP (Amersham
GRDI HTETASWWFGVPREAVDPL MRRAAKTI NFGVL YGVBAHRL SQELAI PYEE

AGHE '*L?c‘ﬁvmwlﬁﬁer 250 uelml BSA 2.5% glycerol, 10 nM S'32P]

NARVKSVREAA NMPVQGT IVKLAMVKL

R
SIS B B S 5

ATGGCGATGCT TCCCCTCTTTGAGCCCAAGGECCGTGICCTCCTGGT. GGA
CADRAGETEEaCTAGORMDEET by the addition of 10 pl of 95% formamide/ 10 mM

EDTA and the samples heated to 100°C for 5 min. Reaction mixtures (5 pl) were
subjected to 20 % polyacrylamide/7 M Urea gel electrophoresis and replication

products visualized by PhosphorImager analysis.



CTTCGCCCT GAAGGECCCCACCACGAGCCGEEECGAACCGGT GCAGGTGGTCTA
CGCCTTCGCCAAGAGCCTCCTC

WORBSOECTAAGGAGGACGCGEGT ACAAGGECCGT CT TCGT GGT CT T TREAZGBLIAADI4643
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GCCCCCCCATTCCGCCACAAGG
CCTACGAGGCCTACAGGEGECGEGEEA CCCCCGAGGACT TCCCCCGEC
AGCTCGCCCTCATCAAGGAGCT
GGTGGACCT CCTGGEGEGT TTACCCGCCT CGAGGT CCCCGECT ACGAGECGGACGA
CGTTCTCGCCACCCTGECCAAG
AAGGCGCGAAAAGGAGEGEGT ACGAGGT GCGCAT CCTCACCGCCGACCGECEECCTC
TACCAACTCGI CTCTGACCGCG

@&m@@m@awm@f%ﬁwwlm

CGABRBECBA D G SERAABREIC both abasic site and CPD extens1on and bypass than
M@WW@@W@I GGAAAACCTCCTCAAGAACCTG
XPAeREHEAAAAC

GI'CCGGGAGAAGAT CAAGGCCCACCTGGAAGATCTCAGGCTCTCCTTGGAGCTC

GIBGGCCTTCGTGIBGL,I r TGTGCTTTCCCGCAAGGAGCCCATGTIGGGCCGATCTT
: ~ W aaoiAerzoected to be achieved at the cost of lower fidelity. We

GACCT GAGCGT TCTGGECCCT AAC-IGGAAGGCCT TGGECCTCCCGCCCCECEACGAC
CCCATGCT CCT CGCCT ACCT CCT

mgﬁﬁﬁg %@%W&%mm PCR

CGGGAGGT GGAGAGGCCCCTTTCCGCTGTCCT, CATGGAGGCCACGERG
Gfidelitydr acEEE ezt asgay (Debbie et al., 199
TQAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAG@CCGAGG
TCTTCCGCCTGRCCGGCCACCC
CTTCAACCTCAACT CCCGGGACCAGCT GGAAATGGTGCTCTTTGACGAGCTTAG

Cihifebiised Misaaeh B¥dmg protein plates (Genecheck, Ft Collins, USA) were
CAAAAGACGCGEECAAGCGCTCCACCAGCECCECCGT CCTGAGECCCTCCELGAG

nts as r manufacturer’s instructions, essentially as
%%{W CRACASCACCTACAT TGAGTOCTTG

GIAGCT CCGATCCCAACCT CCA
GAACATCCCCGT CCGCACCCCGCT TEGGECAGAGGAT CCGCCGEECCTTCATCGC
CGAGGAGGGGTGECTACTGGTG

GwvescompTed dat péot GerachVi gt cosabeady known
GAAAACCTGATCAGGGTCTTCC

AGAREIBHREAAGA TUACACHATARCHCACHTDEPAR ] TCHIDIERDESYy et al.,
GGGAGGCCGT GGACCCCCTGA

TG AACHOCAR A LA e ACSTolT FERERE Grror rate
CRREBEE AR T LA R AT TG O, This

AC@@PPAMM@@@@T I gg% e@rgglatlo Gﬁ 18 suglc-:lentiy iow to not be

GAGGOCOGOET GAAGAGOGT GOGBGAGEOBGC0GAGOGCATGROCT TCAACATG
CORIaoAB :
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GACCTCATGAAGCT GGCTATGGT GAAGCT CTTCCCCAGECT GGAGGAAAT GEGEG
GCCAGGATCGCTCCTTCAGGTCC

TGGCCAAGGAGGT CATGGAGG

GGGTGTATCCCCTGECCGT GCCCCT GRAGHT GGAGGT GEEGATAGEEGAGGACT
GGCTCTCCGCCAAGGAGT A
MAM_PLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVOWYGFAKSLLKALK
EDGYKAVFWFDAKAPPFRHKAY

EAYRAGRAPTPEDFPRQLAL I KELVDLLGFTRLEVPGYEADDVLATLAKKAEKE

ESPKAL EEAP PPEGAFVGFVL SRKE
PMAADL L ALAAARGGRVHRAPEPYKAL RDLKEARGLLAKDL SVLALREG-GLPP
GDDPMLLAYLLDPSNTTPEGVARR

Y
%%W%ﬁﬁggg@%b EGRRREADN: dRRYERD LinhYh AIVHADrmation

R AP NSRORL ML D B QTR BT Rantoins)
A O RPN A, Y RTBE SR ETAE (8RR red from
GRDI H'I'ETASVWFGVPREAVDPL MRRAAKTI NFGVL YGVBAHRL SQELAI PYEE
AGAFEERYBORE PKREW EKTLEEG

RRRGYVETLFGRRRYVPDL EARVKSVREAAERVAFNVPVQGT AADL MKL AMVKL

FPRLEEMGARMLLQVHDELVLE
APKERAEAVARLAKEVMEGVYPLAVPLEVEVGAE GEDW.SAKE* 3A10

A T -
C/@HC@?% : Q%WQWW@@WWSW un

GCCGEEECGAA
CARTl R B oTEREETEA

AAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAG
GCCCCCTCATTCCGCCACAAGG
CCTACGAGGCCTACAGGGECGEEGAGEGECCCCGACCCCCCAGGACT TCCCCCEEC
ASevaacsondest chsaeabysna (Crocuta spelaea) were extracted and analysed. Of
GGTGGACCTCCTGGGEGT TTACCCGCCT CGAGGT CCCCGECTACGAGGCGGACEA
CEHIETEEaCADGIFRABRCRAG e 12 for the list) failed to ever produce an amplification
AAGGCGGAAAAGGAGGGGT ACGAGGT GCGCAT CCTCACCGCCGACCGCEECCTC
TACSARETCGTCTCCGACCGC
CGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGECTTTGGGAG
AAGTACGGCCTCAGGCCGGAGC
AGT GGGT GGACT TCCGCGCCCT CGT GEEGGACCCCT CCGACAACCT CCCCEEEG
TCAAGGGCAT CGGCGGAGAAGA
BT a5 oA R LA AR pectrunm
TGGACCGGGTAAAGCCAGAAA
ADCSTOBTEEAGAAGAT CAAGGCCCACCT GGAAGACCT CAGGCTCTCCTTGGAGC
TCTCCCGGGT GCGCACCGACCT
CCCCCTGGAGGT GGACCT CECCCAGGEECGEGAGCCCGACCGEGAGEEECTTAG
GGCCTTTCTGGAGAGCCTTGA

ng%gﬂ' @e@mfm SETRAARIGERE,AAGEREREGHAhLLY less

T ECE bRl wes Ve AR SRRt of Tag
OB E R aIa L) i ¢ rad Of ARS8 eoipdidtto Tag in

the absence of M1. It was hoped that if M1 could bypass the blocking lesions, then the

wild type Tag would amplify the resulting translesion synthesis product. On two



AAAGACCT GAGCGT TCTGGCCCTAAGGGAAGGECCT TGECCT CCCGCCCEECGAC
GACCCCATCGCTCCTCGCCTACC

wa a0FBEACCCT TCCAACACCACCCCCGAGEEGEET GECCCEECCCTACIEGBLHBEM 4643
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AGT GGACGCGAGGAGGECGEEEEG

AGCGGEECCECCCTTTCCGAGAGECTCT TCGCg‘CAACCT GIGEEGCGAGECTTGAGG
GCGAGGAGAGCCTCCTTTGECT 7

TTACCGGEGAGGT GGAGAGGECCCCT TTCCGCT GT CCTGECCCACATGGAGACCAC

m{%ﬁiﬂ?ﬁ*ﬁ%ﬁ&é@é nwm&&wﬂ%ﬁcaﬁon
GAGGTCTTCCGCCTEECCEECC .
cerodestreeseasTerairoaysdidepideaedisup Bfr P ermElRrGAGC
TAGGGCTTCCCGCCATCGGECAA
GACGGAGAAGACCGGECAAGCGCT CCACCAGCECCECCGT CCTGGAGELCCCTCCG
CGAGGCCCACCCCATCGIGAT0

GMEANTA AN LA EELu b ACRA R h PAO GNP A 71 -G,
CT TGCCGGACCT CATCCACCCC ~

CoOEOEROCTCCACACCCT TGAMCACAOCTRCARGENCACTRRCATE, 1cgion

TCCAGAACAT CCCCGT CCGCACCCCGCT TAGECAGAGGATCCGCCGEECCTTCA
Tosottnedonoaderanetganmef C or a population variant sequence not seen previously
GGTGGTCCTGGACT ATAGCCAGAT GGAGCT CAGGGT GCTGGECCCACCTCTCCGG
C@AGDARAAGIIGAPOAIBGEEGons exist in modern spotted hyena (Crocuta crocuta),
TTCCAGGAGGEGEGAAGGACAT CCACACCCAGACCGCAACGCTGGATGI TCGGTGTC

Wdatmn Of the 10 sequences obtained from the same
GACGGTGAACT TCGECGT CT ACGGCATGT CCG
T e s A

cecceccecmcemcccmc
cleapatyceanir d2ANARCR rod cryers

ATGCCCGTCCAGGGCACCGCC

GOBGMEC TRAT GEABTEEETCATGETGAAGCT CTTCCCCCGCCT CCGGGAGATG
GGGGCCCGCATGCTCCTCCAGG

TCCACGACGAGCT CCT CCT GGAGGCCCCCCAAGCGCGGGECCGAGGAGGT GGG
CTTTGGCCAAGGAGGCCATGG

ﬁ C%T{T MW%%%%TW% of Ml
AL P EEPKER VO AR A TTSBREY PSS e

EAYRAGRAPTP PRQLALI KELVDLLGFTRLEVPGYEADDVLATLAKKAEKE
hems vepRedrirRe BN A

PEGHL| TPEW.VEKYGL RPEQM\WDFRAL VGDPSDNL PGVKG GEKTALKLLKEW

GSLENL L KNL DRVKPENVREKI KA

HLEDL RLSLEL SRVRT DL PLEVDLAQGREPDREG.RAFLERLEFGSLLHEFG.L

E iREAPY RO BREALY &lidth $88KEx tending polymerase needs less ancient DNA for
P DLLALAAARGGERVHQAPEPYKAL RDLKEARG.LAKDLSVLALREG.G.PP

G@lglﬁ %Ei'& SNTTPEGVAR
RYGGE RAAL SERL FANLWGRL EGEERL LW.YREVERPL SAVL AHVET
TGVRLDVAYLRALSLEVAEEI ARL
EAEVFRLAGRPFNLNSRDQLERVL FDEL GLPAI GKTEKTGKRSTSAAVLEALRE
AHPI VEKI LQYRELTKLKSTYI DPLPDL
| Hofyrayeeses RhaCtiamAedrIntssetipg) ReRpastiest P Rt RRIE pag A which can
WLDYSQVELRVLAHLSGDENLI RVFQ
EGKRInHEQEABUWECeP RENVDPA VRFRAAKTY GOV WHchSABIRr ShHes| \dbasic site
EAVAFI ERYFQSFPKVRAW EKTLE

bypass were purified. In order to keep the number of experiments manageable, they

were blended in equal volumes with M1, SuperTaq and heparin purified wild-type



EGRRRGYVETL FGRRRYVPDL NARVKSVRGAAERMAFNIVPVQGT AADL MKLAW
KLFPRLREMGARML L QVHDEL L

WO BABPQRAEEVAAL AKEAVEKAYPLAVPLEVEVGE GEDW.SAKE*PGBEB2004/004643
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ATGGCGATGCTTCCCCTCTTTGAGCCCAAGGECCGT GTCCTCCTGGT GGACGEC
CACCACCTGECCTACCGCACCTCCT

TCGOCCT GAAGGGCCCCACCACGAGCOGGEACGAACCGGT GCAGGTGGTCTACG
GCTTCGCCAAGAGCCTCCTCAAGG

%ﬁ?ﬁﬁ%ﬁ*ﬁﬁg SERASEP T LRI OO PG ana s

TCCT GGGGT TTA CGAGGT CCCCGECTACGAGGCCGACGACGT TCTCG

AGGAGGGEGTACGAGGT GCGCAT CCTCACCGECCGACCGECGEECCTCTACCAACT CG
TCTCTGACCGCGI CGCCGT CCTCCA
CCCCGAGGEGCCACCT CATCACCCCGCGAGT GCCT TTGEGAGAAGT ACGECCTCAG

CLeGEnare AGIIRESPOIA{ETas€Gtould negatively affect the PCR through its mutant
CGCCCTCGT GEGEEGACCCCTCCGACAACCT CCCCEEEGT CAAGEECATCGEEA

W&%@%@M&%m@d with Segngag and used to perform an
G

‘ TGGOAGCCTCCTCOATGAGTTCGG
corpareeiEsoTiA

iecedrddamAGECCCCCT GGCCCCCGCCGGAAGG
GGCCTTCGTGRECTTTGTGCTTTCC
CGCAAGGCGCCCAT GTGGGCCGAT CTTCTGGCCCT GGCCGCCGCCAGGGGTGRT
CGGGTCTACCGGGCCCCCGAGCCT
T/ﬁé\% fd HaRAHEACEE AR RIS B a PCR
GCGTTCT AAGGGAAGGC
SPATEREEE IR b R R G AR T ag, by a

Gl

W TGAGGGCGAGGAGAGGCTCCTTTGGECT TTACCGGGAGGT GGATA
GTCCTGGECCC

ACATGCGGAGGCCACAGGEEGTACGECT GGACGT GECCTGCCTGCAGECCCTTTCCC

TGGAGCT TGCGGAGGAGATCCGCC

GCCTCGAGGAGGAGGT CTTCCGCT TGBCGEGECCACACCTTCAACCTCAACTCCC

GBEACOEEIEAARARETGILY GIeH in aDNA PCR did not transfer readily to the blend

TGACGAGCTAGGEGECT TCCCGCCAT CGGCAAGACGLAGAAGACCGECAAGCECTC

AL M e Whontimised for ApliTagQold (Applicd Bigsystems), &
R R O AE s A9t th A R e release

%ﬁ»&%ﬁw %ﬁé@%@&%ﬁ%ﬁé&e&&%&%ﬁbmw

GCAGAGGATCCGCCGEGECCTTCATC
GopenagAeEER

401

twbepAtTdhedraramneiatadamesrdngcercaadigh risk
GTGCTGGCTCACCTCTCCGGCGAC
ECAGA TEBAQASCEATAGOBDE utilised
AGCTGGATGT TCGECGTCCCCOGG
GRERCRTiF ot Wstd N
%(, 'm:f\ &@A ﬁg@%%%%%%ﬁ%% buffers
GO T A CARRRACACGRAT AT OAGA ot In

FSATZesT AEEATEAGTTEPAGEHRA to the
CTCTACGGCAT GT CGGCCCACCGC
the first step, the aDNA is amplified over 28 cycles with either SuperTaq or the blend.

In the second step, the first PCR is diluted 20 fold in a secondary clean room and



GI'GCCCGACCT CAACGCCCGEGT GAAGAGT GT CAGGGAGGECCGCGEGAGCGCATG
GCCTTCAACATGCCCGT CCAGGEC

WOSOSUEBECGACCT TATGAAGCT CGCCAT GGT GAAGCT CT TCCCOXAIGBAUOHED4643
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GAGATGGGEGEECCCGCATGCTCCTCC

AGGTCCACGACGAGCTCCTCCT GC-?AC-?C—?CC%CCAACIIIIIIIZCGACI—?ACI;T GG
CGGCTTTGGCCAAGGAGGCCATG

GAGAAGGCCTATCCCCT CECCGT ACCCCT GGAGGT GAAGGT GGEGATCCEGGEAG

MR R AR R A st e ek P e auently

E%%%&ﬁ%%é@@ﬁf WE‘E%L‘%_@QTRL EVPGYEADDVLATLAKKAEKEGY

EVRI LTADRGL YQLVSDRVAVLHPEGH
L1 TPEW.VEKYGL RPEQADFRAL VGDPSDNL PGVKG GEKTALKLLKEWSGSLE
NL L KNL DRVKPENVREKI KAHLEDL RL

SBEESRVRTIDoP B AQRREP DRERIIIAE &Rl FF (5P CREFCR BRI b er (HT
EAPV\PPPEGAFVGFVLSRKAPM/\ADL LAL

MB%@B%H%%&%ALBW@GP@?WYof each

LLDPS TPEG/A RYGGEWE

I SE )mé@’f@gﬁvj n(Rg _ﬁ%kﬁlﬁi%p[ EE bz%ﬁvi's 8 ? Ef'f-léi §S.&39%Aglb%n equal
FDEL GLPAI TEKT RST.SAAIL REAHP] V. YRELT
@9%&-&5&& K 3 %gd forEfé’Lcycles hl% I%Chgwas setupina
TGRLSSSDPNLQ\II PVRTPLGQRI RRAFI AEEGW.LW.DYSQ ELRVLAHLSGD
Eﬁgpmmmmnate for aDNA... The first step PCR was then
VDPLMRRAAKTI NFGVLYGVBAHRL SQELAI PYEEAQAFI ERYFQSFPKVRAW
Edidit B CRRROY WET lse@RBRY\@REInNAom and thermocycled for a further 32 cycles
RVKSVREAAERVAFNMPVQGT AADL MKLAMVKL FPRLREMGARML L QVHDEL L L

EAREARARR IS 5
ATGGCGATGCTT Cﬁé&%&@gwﬁﬁ?@w @%&4 aﬁch)ugerTaq. No

e Ry CE;%T&C%%&?\A%GGTGQAGGCGGTCTACG

GCT TCGCCAAGAGCCT CCTCAAGG

CCCTGAAGGAGGACGEGTACAAGECCGT CTTCGT GGT CTTTGACGCCAAGECCC
CCTCCT TCCGCCACGAGGCCT ACG

A p o A
CCCT CATCAAGGAGCT GGT GGACC

T Ol GBaeiord ARTOCOETIREAGEI GCANGE, TACGREAISEAFMIGTEETLCve) was
CCACCCTGGCCAAGAAGGCGGAAA

WWWM@TCTA@@TCG
TCTCCGAS CGCCGTCCTCC

ACCCCGAGGEGECCACCT CATCACCCCGGAGT GECT TTGEGAGAAGT ACGGCCTCA
GGCCGGAGCAGI GGGTGGACTTCC

CROOCT Gl COCREACOOCT CCANCARCCT COCOBBBTCANCELCATICRES, 1

AGGGECGEGAGCT CGACCGEGAGAGGCT TAGEECCT TTCT GGAGAGGCT TGAGT
Teencerirrtioncet ciAddadepcSuperTag. This therefore represented the second
GCCTTCT GGAAAGCCCCAAGGCCCT GGAGGAGGCCCCCT GEGCCCCCGCCGGAAG
CoGREMRBGTBCETIRGICITa Tthe mismatch extension polymerases were more
CCGCAAGGAGCCCATGT GGGCCGATCT TCTGGCCCTGGECCGCCGCCAGEEGT GG

mx-the blend

GCCCGECGCTACCECEEEGAGT CGACCGAGGAGGELCEEEEEAGCEEECCECCCTT
g%%%q&%%xtension polymerases perform consistently better in

ancient DNA PCR.



GTI'GEEGGAGCECT TGAGGEEEGAGGAGAGECT CCT TTGECT TTACCGEGAGGT GGA
TAGGCCCCTTTCCGCTGICCTGEC

WE@EASAISBBAGCGCCACAGCEEGT ACGECT GGACGT GGCCTAT CT CAGRKIATGBIBI 004643
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CCTGGAGGT GGCCGAGGAGATCGC

TTTGACGAGCT AGGEGECT TCCCGCCAT CGECAAGACCGAGAAGACCGGECAAGCEC
TCCACCAGCGCCGECCGT CCTGGAG 81
GCCCTCCECGAGECCCACCCCAT CGT GGAGAAGAT CCTGCAGTACCGEGACGCTC

&%%&ﬂ &@%?mm%%@m the
AACCAGACGGCCACGGCCACGEEC

Adterprefetioncef eosinglearsittie TeICAcCA TRER aerbleasticcdoadeess  this,
GGGCAGAGGATCCGCCGGRCCTTC

ATEHGIGARCRECESECRITAT FAPIGGHOCTEEACTIAT ABBDAGATAGAEETTul PCR
AGGGTGCTGGCCCACCTCTCCGGC

%@ﬁ@éﬂgﬁl %I%%W&%&@&ﬁmﬁﬁmp erTaq

GCTGGATGIT
g@ A P 2 W@%&@@%%eqmred
%ﬁ%@%%@p es prev1ous%,%r%§g SHRL gh quaﬁ'lty were

TACGT GCCCGACCT CAACGCCCGGET GAAC GGCCCCCGAGCCC
Athoseoprd sgstesratdmaiting didations to increase the amount of material available for

GGCACCGCCGCCGACCT CATGAAGCTCGCCATGGTGAAGCTCTTCCCCCGECCTC
CERIpGA TCOBECRGRESATISTERCVas chosen to allow maximal dilutions.
ATGGAGAAGGCCTATCCCCTCGCCGT ACCCCT GGAGGT GAAGGT GEGGATCGEG
GAGGACTGGECTCTCCGCCAAGGAG TGA
MAMLPLFEPKGRVLLVDGHHLAYRAFFALI CALTTSRGEPVQAVYGFAKSLLKA

b@@%@%ﬁ%ﬁ@é@ﬁu Kéﬁ%gﬁﬁ&%ﬁ BRI RniooA o emaged
PR RV RPN BE A Ve s Comep SEieTRl e Resitsepnditons,

NLL KNL DRVKPEN\/REKI KAHLEDLRL

sithy drprense MebvesnatRRrsEsR thetrarrpeesch locking lestagpkapdeone that
EAPWPPPEGAFVGFVLSRKEPMAADL LA

L AsdREERHRAEER KA RBLagPARAE. L AKDL SVLAL REGL GLPPGDDPM_LA
YLLDPSNTAPEGVARRYGGEW EEAG

ERAAL SERL FANLWGRL EGEERL LW._YREVDRPL SAVLAHVEATGVRLDVAYLR
ALSLEVAEElI ARL EAEVF RLAGHPFNL

T WPW Hizich E%&%ﬁ%&%ﬁ%‘ﬂe}@ﬁ% HREFould only

TATGQM_LC????%EPM Eﬁé@ AEMEA dﬁ%E)%rl‘e\{)\élr‘tD YS% L:In eig '%‘out of nine

AVDPL I\/RRAAKTI NFGVLYGMS HRL SQELAI PYEEAQAFI %R FPKVRAW

| ERPEIHReRKRINy [l Nnore  success an Superlaq. The
AWKWREAAERWFNWV@T AADLMKLAMWKLFPRLREMGARMLLQVHDELL =~

L EoaetbiitgEnAshis KEORVEKRY bPL sl VIKVET76ADVSSAlkermBRE by binomial
ATGGCGATGCTTCCCCTCTTTGAGCCCAAAGGCCGEGT CCTCCTGGTGGACGEC

CALSARKE IR TAGCECACEIMbnly accepted that chance can be dismissed as an
TCGCCCTGAAGEECCT CACCACGAGCCGEEECGAACCGGTGCAGGTGGI CTACG

; cted to occur at 5% probability or less.
%%GGAEE% ‘GGAﬁéﬁCGGGTEE;A@%%cCGrC?TCGTGGf’@rTTGAC&éAeAS%GCCC

CCTCCCTCCGCCACGAGGCCTACG

We can therefore state that this effect is not due to chance and that the blend is

repeatedly performing better than SuperTaq in the conditions of the experiment. This



AGGCCT ACAAGGCGGGGAGGECCCCGACCCCCGAGGACT TCCTCCGGCAGCTCG
CCCTCATCAAGGAGCTGGTGGACC

W BOFGE6GT TTACCCGCCT CGAGGT CCAAGGCT ACGAGGCGGACAAIZT 8TNOT 4643
CCACCCT GGCCAAGAAGGCGGAAA
AAGAAGGGTACGAGGT GCGCAT CCT CACCGCCGACCGGGACCT CTACCAGCTCG
TCTCCGACCGCGTCGCCGTCCTCC 82
ACCCCGAGGGCCACCT CATCACCCCGGAGT GGCT TTGGGAGAAGTACGGCCTCA

PR PO (A LA B o P O N BRI B & ot
AGAAGACCGCCCTCAAGCTCCTCA _

CCATOOGGCAGAAGATCCTGOCC
CACATGGACGATCTGAAGCT CT CCT GGGACCT GECCAAGGT GOGCACCGACCTG
CCCCTAGAGGTGGACTTCGCCAAA

%@ bAsed e bl UEREIEIHRE Tth8Ghrnbtural base

5 AT
GCCTTCGTGGGL,I TTGTGCTTTCCC
GCAAGGAGCCCATGT GEGCCGATCTTCT GECCCT GECCECCECCAGGREEECC

CHR eI R &S stonFHdTBypass of 5NI directly from the polymerase chimera
TTGGECCT CCCECCCEECGACGACCCCAT GCTCCTCGCCTACCT

ACCCTT ,
ysing an analogous strategy to the mismatch selection

R R Slog o T ATA

10 CAEEAGHE G GNBEGATETA GRA TFA TEEGE TTTACEGEGGCTEAPA C TGC
GECCCCTTTCCCCTGT CCT GRECCC

AGEI SR ARSI RS T serprrascETAPE Relsaatiyey 1Bt esdey3” ends.

IR IR e S AR G AR SFTATR ACA A4

BGIECTECA 5NI-3°, 5°-GTA AAA CGA CGG CCA GTA

R R R O e R RN S e tctnal SN

15 % VRN CGACAE%W%TWWAW%QGIGWOH

COESITetEEDNGERATIOTACCCCAGGACGGECCGECCT CCACACCCGCTTCAA
CCAGACGGCCACGGECCACGEECAG
GCTAAGTAGCTCCGATCCCAACCTCCAGAACATCCCCGTCCGCACCCCGCTCEG
WWTM £ fhimber of clones with greatly increased ability to
GCCGAGGAGGGGTGECTATTGGT GGT CCTGGACTATAGCCAGATAGAGCTCAGG
Gregdiraecidacaroncitednencones were round 4 clone 4D11 and round 5 clone
%CCA:T GACCCGGGTCTTCCTGGAGGGGECGEGACATCCACACGGAAACCECC

A TGT TCGGCGT CCCCCGG

GAGGCCGT GGACCCCCT GATGCGCCGGEECEECCAAGACCATCAACTTCGEGEGET T

CTCTACGGCATGT CGGOOCACCGC ..
Cﬂ%E*EIIJA §§§Ag§a§@8%%%a%gg%ggxggéE%Ag€£gg%EéCCTAC

ggéggg CCGGTG AGGCGGTTTACGGCTTC
CCAAG

I
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CGAGGCCTACAAGGCGGGGAGGGCCCCGACCCCCGAGGACTTC

9
G@@%@@@%ﬁ&@@@ﬂﬁ Cd ASTCACEIGHCEI A CCEABCEXATCorncaC
m&m&mmeoCAAGAAGGCGGAAAAAGAAGGGTACGAGGTGCGCATc

W%Wﬂmw GRAGCTC
GACEY

% AGAAAATGTCCGG

CGACCTC
Y@% X XGKAVES A oncnce
35 Y GAGTTTGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGAGGAGGCCCCC
TGEGECCCCCECCGGAAGCGECCTTCETEEECTTTETGCTTTCCCGCAAGGAGCCCATGTGGEGECCGATCTT
CTERCCCTCRCCGCCCCCAAGCRTEECCERATCCACCEGGECCCCCEGAGCCTTATAMAAGCCCTCAGGGALC
TTGAAGCAGGCGCCEGEGEEGECTTCTCGCCAAAGACCTGAGCGTTCTGGCCCTAAGGGAAGGCCTTGGELCCTC
CCGCCCRGCCGACCGACCCCATGEGCTCCTCGECCTACCTCCTGGACCCTTCCAACACCACCCCCGAGGGGGETG
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TEACAT RIS BAYY ceece
b ARBERN Gk,

BbCEEEETECECCTGEACGTGECCTATCTCAGGGCCTTG
AWMWMW@&WGW@CCTTC

L EXEROQRRAESE AR GAKEANERANIA G ATVEI TE VRKEEGICGERMNA SAKE TCGBITATCCGCCAAG
CCATC

GGCTA
CGGGCC
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CCcGCc

CTCCTT

i ; SR IR BAACEISER
G@AWW%CCCCAAAAGAGAGGGCGGAGGCCGTGGCCCGGCTGGCCAAG
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C%'Tpl;%% _CTGGAGGAGECCCCCT GECCCCCCCCCEAAGG
GECCTTCGIGECTTTGIGCTTTCC
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3 ] HCATRITKUAUS IGEDW

CAAWGAAGAGCACCT ACATTGA
CCCCTTGCCGGACCACAT CCACCCCAGGACGEECCECCTCCACACCCGCTTCAA
CCAGACGECCACGGECCACGEECAG

GCCGAGGAGGEEGT GECTATTGGT GGT CCTGGACTATAGCCAGATAGAGCT CAGG
G'EG@T GGCCCACCT CT CCGGCGAC 5’ -

T TICAGERGCEOBTEECATATGERGACTGSAACEYITEECCTAC

A@m@mp@mccm%wCGGGGCGAACCGGTGCAGGCGGTCTACGGCTTC
g PIGYTCR PAE 2 ‘ §GCCAAG

A eSS TR PR SRCERH AR
Cﬂ%?? Qggg@%ﬁggﬁ@g%gﬁé@ﬁ&ﬁﬁéﬁgAGGCCTACAAGGCGGGGAGGGCCCCGAGCCCCGAGGACTTC
(X ACEsmpya It icoC o
CGCATC
COTCTCCGACCACETCGCCATCCTCCACCCCGAGGGCCAC
acacc
CIEEE636886E¥&§56@@EB@6£H&&5CcccGGGGTCAAGGGCATCGGGGAGAAGACCGCCCTCAAGCTC
G aCALEACTICAASKTEEEERCANGACH EREACTABA TGCGGGAG
R A CAT RECE T ECAQTTCA AGCTCTCCTEEEACCTGGCCAAGGTGCECACCGACCTECCC
CTGGAGETGGACTTCGCCARAAGGCGGGAGTCCEATCGEGAGAGECTTAGEGCCTTTCTGGAGAGECTT
GAGTTTGECAGCCTCCTCCACGAGTTCGGCCTTCTGGARAGCCCCAAGGCCCTGGAGGAGECCCCCTGE
CCCCCGCCEETAGGEACCTTCGTGEGCTTTETGCTTTCCCGCARGGAGCCCATGTGGGCCEATCTTCTG
GCCCTEGECCGCCGCCAGGEETEETCGEATCCACCEEECCCCCGAGCCTTATAAAGCCCTCAGAGACCTE
AAGCAGGCGCGGEEECTTCTCGCCAAAGACCTGAGCATTCTGECCCTCAGGGAAGGCCTTGECCTCCCE
CCCGECEACGACCCCATGCTCOTCGCCTACCTCCTGGACCCTTCCAACACCACCCCCGAGETGRTEGECT




AGGT CCACGACGAGCT CCT CCT GGAGGCCCCCCAAGCGCGEECCGAGGAGGT GG
CGCCTTTGECCAAGGAGGCCATG
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MAM_PLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVQAYGFAKSLLKALK
EDGYKAVFWFDAKAPSFRHKAYEA

YRAGRAPTPEDFPRQLALI KELVDLL GFTRE EVPGYEADDVLATLAKKAEKEGY
EVRI LTADRGL YQLVSDRVAVLHPEGHL

I TCGCC
i@%mg e I ERKEE G ALK KRMESE RN reac

L GCTCCTTTGGCTTTACCGEGGGGGTGGAGAGGCCCCTT
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L iV ET B (R A REEE IR RE EA e R T 6Xd d B Sl EEENCAL & T TG TCC
APW&RB&@&EV&@&SMWMTE&GGCCGAGGTCTTCCGCCTGGCCGGCCACCCCTTCAAC
Dk
LQMMWWMGCCGTCCTGGAGGCCCTCCGCGAGGCCCACCCCATCGTG
RRNMGARERT O AREATRCECFRARE T CAC Y RIS ATRPL S SOP AFIMEAT TSPRE ENAPE FGACCTC
| RO RE R R AR CEAS0 RS G e ASACRECTTCARCCAGACGGCCACGECCACGEGCAGGCTAAGT

SvER e Rt LG RL B QRE scccne

Ik 3 GAGGGGCGGGACATCCAC‘ACGGAAACCGCCAGC
ook 2k Tégkﬁacgéﬁéﬂﬁh deb Mtk & ncTTC
C@@d]ﬁ%%@@lﬁ&%ﬁ@ﬂ&@ﬂ@ﬁ&ccCAGGAGCTAGCCATCCCTTACGAGGAGGCCCAG

AVERIYRRAAK & & ARG ENEARIC S6 AL P IEACHTECERY OB EENCORAWAGGAG
| E¢CRCEEGRIBEYNE T FERRRYN PO N CGAAGAAGGCGCTACGTGCCCGACCTCAACGCCCGE

AR SV REFAERRAARFFSAQCTF RIS NREGRVREARRE REVSAFRIMCE CRAOEEFCCCCAC
LmwmwmwmcCCAGGcTGGAGGAAACGGGGGCCAGGATGCTCCTTCAG

L A A A A R R O e
AFEAEER B e B P ER SR T eeCTT
CA CCTTCT

%@%ﬁ (GCOGGGECGAACCGGT GCAGGT GGTCTACG
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EVQGY
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CRECEATERNCNCRT CATCACCRCCRACERBC EATEAGMEAAGTADBSACTRAGS LEVA
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PYERS @ﬁEﬁHﬁé¥%ﬁﬁﬁﬁ%ﬁﬁ%ﬁ%ﬁ%ﬁ%ﬁﬂﬁ%ﬁ%ﬁé@% SSDPN
EGRDI
FIERY

TEEAABEETEAYEACEREFTEEER
CERVELEEAN R EEEENARABEECT GGAGGAGGCCCCCT GGCCCCCGCCEGRAAGG
GGCCTTCGTGGGCTTTGTGCTTTCA
CGCAAGGAGCCCAT GTGEGECCGAT CTTCT GGCCCT GGCCGCCGCCAGGGGTGRT

WITMQ WWP Herdewum Rega Institute, Katholieke Universiteit

Leuven, Belgium. Results are shown in Figure 14

1. ELISA with tUTP:




ACAT GGAGGECCACAGEGEGT ACGECT GGACGT GGECCTGCCTGCAGECCCTTTCCC
TGGAGCT TGCGGAGGAGATCCGCC

WA SASHBGT AGGECT TCCCGCCAT CGECAAGACCGAGAAGACCGRIARGBLHTT 004643
CACCAGCGCCGCCATCCTGGAGEC
CCTCCGCGAGGCCCACCCCATCGT GA TCCTGCAGIACCGGGAGCTCAC
CAAGCTGAAGAGCACCTACATTGA
CCCCTTGCCGGACCT CATCCACCCCAGGACGEECCGECCT CCACACCCCCTTCAA

ARG AP et oA A AR oA entilly

GERCOEGHIIPRAC UTP derivative (3, 2°)-beta-L-threonyl-UTP was
CCTGACCCGGGICTTCCT

GGAGGEECEEGACATCCACACGCGAAACCECC
A@gmm@gﬂ@qms (ELISAT2p: 5°-TAG CTC GGT AA CGC CGG
%@Fﬁ)&% BB Td Y558 dc 6-3°
5 GEGIXLHCGP

GAMBACHGTCAECATECCECBGECCGRATGA CGT
CCCTTCAACATGECCCGI CCAGEEC
ACKTBERGIRCGAEC e G aENSACEdeAACSiadietin{eiep Agspayeh)). The
FAAGGA ,1
VAT P R ORIk S, PHISA SRl S dpsipagh precet that

Ewmmmmtensmn reaction was replaced with Fluorescein 12-

YRAGRAPTPEDEPRQ_ALI K TR P YEADDVL AT L. AKKAEK]
E@ﬁl MW@_ Rqé P}{IM A’ e gcorpora}{on o}' @F oresceElrcla 2-dATP

10 | R MREERY B BRI RAMEOR bl EREIA KL L KEVESLEN

| KAHLEDLRLS
L EL SRVRTDL PLEVDLAQGREPDREG.RAFLERL EFGSLLHEFG_LESPKALEE
APWPPPEGAFVGFVL SRKEPMADL LAL
AAARGGRVHRAPEPYKAL RDLKEARGLLAKDLSVLALREG.G.PPGDDPM_LAY
L DR ARRRY ABRVECEWT EEAGE
RAACSERCFANCWERLEGEERL LWL YREVDRPL SAVL AHVEATGVRLDVACL QA
L SIhELahHEy RELBEEVSRa@sPEMcted for SNI replication extension to sequentially

15 %ﬁﬂ%f@%ﬁﬁ@ﬁg&@%ﬁ? AAel cLe %@%s%l}zfgcli Lg Efiie hairpin
PYRT REORE RRAK ABECHE/NEBGATELEYGAMUG BB A CCA
E L TRVF EGRDI ETASWFGVPREA o
VIREVREEARTCNEEE YEMEABRGS A Al BEAGAE| BRY/FdpEmdliRupiin (Glen
EKTLEE YVETLFCRERYVPDL
ﬁﬂﬁ%\‘ﬂﬁ@l‘” ERRLRIeE s e R L QVHDELLL
EAPQARAEEVAAL AKEAVEKAYPL AVPLEVKVG GEDW.SAKE* 3D

ATC-ZGCGATGCT TCCCCT CT TTGAC-ZCCOAAC—ZGGCCC—ZCGT CCTCCTGGTI GGACGEC
witicExDyE Adc dCVDV63 dCTP:

O A AR PSRRI SRR GBRB Gttty

A AEAABKECBENET CtlschiasT THAGITTAASKICAS3-dCTP
CCT CATTCCGCCACAAGGCCT ACG . o ,
SNeT SeXSACIEECEA T eERSECRARLTRG - TAC

e R EhdaneTrerde © 10
AR ¢ ¥=dU-biotin (Glen research)). The lysates used were
CCCCGAGGGCCA CATCACCCCGGAGT GCCTTTGGGAGAAGTACGGCCTCAG
GGACTTCCG
CGCCCTCGT GEEGEGACCCCT CCGACAACCT CCCCGGEGEGT CAAGGGCATCGGGGA
GAAGACCGCCCTCAAGCTCCTCAA
GGAGT GGGGAAGCCT GGAAAACCT CCTCAAGAACCT GGACCGGGTAAAGCCAGA

4. Basmpas %ALI%%GG

30 The ability of round 5 clones selected for SNI replication extension to bypass an abasic
site was assayed using the hairpin primer (PScreenlabas: 5’-AGC TAC CAT GCC
TGC ACG CAG YCG GCA TCC GTC GCG ACC ACG TTX TTC GTG GTC GCG

Al GIC

=




CCCACCT GGAAGACCT CAGGCTCTCCTTGGAGCT CTCCCGEEGT GCGCACCGACC
TCCCCCTGGAGGT GGACCTCGCCCA

W@2BS0EBEAGCCCCCGACCEEEAGEGEECT TAGEECCT TTCT GCGAGARKITGB2(B1/004643
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TGGCAGCCTCTTCCACGAGI TCGG
CCTTCTGGAAAGCCCCAAGGCCCTGEA GGCCCCCGECCCGAAGG

GECCTTCGIGEECTTTGTGCTTTCC
CGOAAGGAGCCOATGT GGBCCGATCT TCTGGECCCT GECCCCCECCAGCEEGTGGT

lysates

TOEAAACCAIRIEEEAEEIAT GG
(CCCGGCGCT ACGROGGGRAGT GGACGGAGGAGGCGEGEGAGCGEGECCGCCCTTT
CCGAGAGGCTCTTCGCCAACCTGT
GGGGGAGGCT TGAGGGGGAGGAGAGGCTCCT TTGGCT TTACCGGGAGGT GGAGA
GGCCCCTTTCCGCTGTCCTGGCCC

’ GRECOATRIOCEHCRARFI Y AEETYeAGDBLaHd GDACC
TGGAGOT GEOCGAGGAGAT CBOCC
CECE iR ARSI aSeGCCGGOCACCCCTTCAACCT CAACTCCC
GGGACCAGCT TGGIGCTCTT
TGACGAGCT TAGGCT TCCCGCCT TGGGGAAGACGCAAAAGACGGGCAAGCGCTC
CRARESECCCTARTIATGAUTIACTATAGGGAGA

CRRBPRSAACAGCACCRACAT AT GAGT GA TR TCCCCASATEEA

CCCCTTGI CGGACCT CATCCACCCCAGGACGEECCGECCT CCACACCCCCTTCAA
CCAGACGGECCACGGCCACGEECAG

GCTAAGTAGCT CCGATCECANTBTOBAGAACAT CCCCGT CCGCACCCCGCTTGG
GCAGAGGAT CCGECCEEECCT TCATC

GCCGAGGAGEEGT GECTACT GG, GACTATAGCCAGATAGAGCTCAGG

GIGCTGGECCCACCT CTCCGECGE

GAAAACCTGATCAGGEGTCTT I ‘ ACATCCACACGGAGACCGCC
AGCTGGATGIT 4

GAGGCCGT GGA GACCATCAACTTCGGEGEGTC
CTCTACGGCATGT

CTCTCCCAGGAGCTAGCCA TACGAGGAGGCCCAGGECCTTCATTGAGCGC

TACTTTCAGAGCT TCCCCAABGTGC

GGGECCTGCGAT TGAGAAGACCCT GRAGGAGGGECAGGAGCECEEEEGTACGTGGAGA
CCCTCTT AC

GI'GCCAGACCT AGAGGECCCEEGET GAAGAGCGT GCGEEGAGECGEECCGAGCECATG
@ﬁmmﬁmwcm@marﬂed out as follows

at TGAAGCT%GA mG?T template 1n a volume o%‘ul were

e s

X@%&%’Wmm A (AT b TadHdn of one
NAMI?L@EW@W@LWLQM@F#F&M@N?%R@W@M@FAMKﬁuksalnples
AKAPSFRHKAYEA

S AR O TS HRCEVREHEAIBVIORTHORKKAEREGy 100mM
EYR A AbRn t the end of the ti th 3
| Tpmma“%%ﬁm%%%mfpma e, fime comrse the renpaining
LIdNI!III PR EMARH KR KAdDEDIL RSN each ANTP 40uM) and reactions incubated at
R SR Py SSREARE BESAIoR, Samples were eletirophorerioally separated
HOLBNL s RERL AR
O T R R e GPRRMAY bried and

AstBBERL FHhE YR PEEERR e (VRIRERPIISAA/EITEGVRE PuoetRAlusing the

SlLorEng@aErE ARL%? F &Alecularl\ﬂ?ynamlcs) Results are shown in Figures 35, 36:
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DENLI RVFQEGRDI HTETASWMFGVPRE

AVDPLMRRAAKTI NFGVLYGVBAHRL SCELAI PYEEAQAFI ERYFQSFPKVRAW
| EKTLEEGRRRGYVETLFGRRRYVPDLE 87

ARVKSVREAAERVAFNVPVQGT AADL MKLAMVKL FPRL GETGARM. L QVHDELV

LEAPKERAEAVARL AKEA LAVP EVA GEDW.SAKG* EXx | .
TSI oGP (0B 1380 1Y FilrTiR SPIOEPERO ARG Gy 1dentioa
Pgﬁdﬁti%ﬂﬁ%adgfto PHMBIRERELRERGTRA rbavtiBNs @Rath dRWhown).

m sma es were assayed for their ability to extend
abasic sites in PCR (Figure 10). Cl12 and DI, which can

28 bbb ol PRSP e CRbies

anplification product. Exanple 12: Abasic site bypass
by m smatch extension clone in PCR A |ist of

pol ynerases selected to extend four m smatches were
assayed for their ability to extend abA%T® sites in
PCR (Figure 10). Cl12 and DI, which can so extend

f PHnerbsMat ghedr ACCREITCAOTRTRGGESAGA | 'as Al O, B6 and
B8, whi ch cannot, alhﬁgroduced an amplification

pAenplte Exdmpl e ATFATGGRGALTGATA], PEXGAGA ty by
m smat ch ext ensi on clone as determ ned by priner

ext ensi on assays. 75 Seven pol ynerases were assayed for
their ability toXbypadsCaldasic sites in a priner
extensi on assay (Figure 11). Prinmer extension assays
were essentially as described in (Ghadessy et al.,

2 ' : ak i .ides and a 51ner
c%%?gFﬁgﬁhﬁgﬁé?ﬁ%ﬂg??%ggﬁgg?ggggﬁéhﬁg%e synt hesi zed by

a
LabshbRofl g@lﬁbﬂ&ﬁ%ﬂrﬁﬁ' 431 00peral bofr lgmpMB) inugi vodume of 44l were
standard techni ques and were gel purified prior to
ueaneated2Onk Mihvéfer.(@lg_goﬁp wiolymerpse aseerklelysae (ail) was added

(S,gﬁé?%g iS5 \}v“ertggp%ﬁl@&g gpf/’(ﬁ 0 13 foiRlCiolidw e 55 4adfiBh of asniTe

ucl eoti d

(lyih &&Qﬁblulﬁéb%mgﬁ@)dNTMn@hﬁ%bﬁdOuM). 8ul samples were taken

prinmer-tenplate were prepared by annealing the
5'af velHohstieleepoifBnerd pddeadeto 8pl stop sflutidre (TMourea, 100mM EDTA

o FORBIERE 13 055ane] Fl i 00 DR HORSPRETARE § b IRTPs were
%@d@@%@%@gﬁ AT RSP v Grnd FEEHBRSIRGE08Gt 50°C for a
further 30 minutes. Reaction samples were electrophoretically separated using 20%
polyacrylamide gels at 25W for 4 hours. The resultant gels were dried and scanned
using a phosphorimager (Molecular Dynamics). Data was processed using the program

ImageQuant (Molecular Dynamics). Results are shown in Figures 17, 18) :

The NI-NI self-pair is also formed exceptionally well, though further extension is
reduced (data not shown). Similar reactions using Taq, Tth and Tfl wild-type
polymerases under identical conditions leads to almost undetectable extension

reactions (data not shown).



an oligo (LABA51T) containing a synthetic abasic site
(indicated as an X in bold font); 5" -AGC TAC CAT GCC

Wa aosMEBIACA XCG GCA TCC GIC GCG ACC ACG GIC QBAT/GB2004/004643

10

15

20

GCG 3'. Standard replication reactions of 10 m

contai ned 40M Tris"HO at pH_ 8.0, 5mM Mgl , | OOrM of

each ul trapure dNTP (Amsrshamgﬁ’har maci a Biotech, NJ),

10nM DTT, 250 ng/m BSA, 2.5%glycerol, 10 nM5'[ 32P]
priner-tenplate DNA and 0.1 Unjt. of .polynerase. After

i BxtmRle @ﬁ ‘éf" ayapapyacipre Pﬁﬁgyt’flﬂ@tlggé%ﬂg&ﬁi wer e
termnated by the addition of 10 mi of 95% formam de/

1 BangetEvoRe arfparadedysRik | agplifisaticndot S kp Gaqoensy ustngypigmers 29, 28
Reaction m xtures (5 m) were subjected to 20 % _

pot 9kc of theenilBe pé! ener esing)ptimetsedfy, 133 pRalnesi speemddNA (Invitrogen)
replication products visualized by Phosphorl mager

aRab Yedpire@Gat POIOYERI &8 56%ADPIIMSFITICE antd Sy 5 agbbssewanrdrepared by
was chosen for further analysis (Figure 2 JRF

?g@ﬁnﬁlﬁlﬁﬁﬁﬁz}n ot é?ﬂngff;rg CPrIE) )%? lZalﬂqOJsﬁiﬂMgcbl‘?ﬁHfsaélf‘,eZS with either 100%

ym ne=thym ne s clearly better

a ahasi. ¢, si ex n,an a
DR CIPpea ot BT e P G SR T PRAAT or
I nvestigation of msmatch extension cl S as
080%raR P T9plavedt By EUP <8 TP aRoll CHP @81 B30 GARBMWG)
expected to be achieved at the cost of lower fidelity.
Wverssesbdant IGOEME TRty weterpueisied gaing RER pupbsafiyi kit (Qiagen) and
MitS is an E. coli derived m smatch binding protein
t Bidpakddniess®h MIMS D ase siiaiet! diits IGARSTE antnossland-boztdd 4lass slides
base) additions or deletions. It can be used to

! R | & OFrid ic) yisigutiohe Rt performed
g?@g:{n_.ﬂ{’g) 1%@7% bq\?{r‘rzr!rr%%?? R]ggg{oﬁlbié%g\t g%%giqhdi ng protein P
pl at e echeck, .Ft.Collins, USA) were used for
fia‘&@r?‘flé%;é}ﬁg‘g’lugﬁg’ﬁ?cglsas per manufacturer's
i nstructions, essentially as described in (Debbie et
al ., 1997). The mutation rate of DI was conPared t hat, o s
o fPrinTealcplidasiwite takedvier 2hir abSQRC, farrahpted avidpagitaopdereXdmip at 42°C in
i ncreased nmutation rate (approxi mately 2 fold)
( GhagksoN %6 BSA FracB0R4) (RAdhe)/0lataSPSebeiléd tbridmia in ultrapure water,
suggests that D has a 2 fold increased error rate

¢ Mﬁléde%o:{ fgl d\}/{rqxggg W%hefr ook PlefipbREIE AREY rBIEPM prdhsh-2-ol and dried

compar e Thi's corresponds approximately to a
ééhg c esa%OairesEcrregr;l. %grtlé 8f ?ﬁdc-' asﬁdsa{rg-ia%leﬁgcf {nyoblesej Vv\\’fegeopr%ggred in 20pl of

hybridization buffer (lmM Tris-HCl pH7.4, 50mM tetrasodium pyrophosphate, 1x

Denhardts solution, 40% deionised formamide, 0.1% SDS, 100pg/ml sheared salmon
sperm DNA). Each sample was heated to 95°C for Smin, centrifuged for 2min, applied to
the surface of an array and covered with a 22x22 mm HybriSlip (Sigma). Hybridizations
were performed at 48°C for 16hr in a hybridization chamber (Corning). Arrays were
washed once with 2xSSC/0.1% SDS at 65°C for 5Smin once with 0.2xSSC at RT for 5Smin

and twice with 0.05xSSC at RT for 5min. Slides were dried in a clean airstream, scanned



probl ematic for many applications. 77 Exanpl e 15;

I nvestigation of m smatch extension clones for the
wa@epsioijocat i on of danaged DNA such as is fonndPCTIGB2004/004643

anci ent sanples. DNA recovered from ancient sanples is

i nvariably damaged, limting the information it can

yi el d. Pol ynerases that can byBass danmge (such as

abasic site or hydantoins) night therefore be useful

in_increasing_the |nf ti hat .can be recove .

¢ Wb AR R e (BRRE R ST MERRmRn Y S Lo, aray images
ext endi ng polynerase can anplify previously

uamtysed Dbiap SeftioRx mcken(Mnacdayerdl sanpl es of cave

hyena (Crocuta spel aea) were extracted and anal ysed.

O those, seven sanples (see Figure 12 for the |ist)

failed to ever produce an anplification product. These

B'ﬂthe‘fe YRR 0E0A D8 Ratulal nsTeofidtd vt ﬂ%ﬁcﬁhn@ﬁmﬂ R@unterparts altered
expa

ded substrate spectrum pol yner ases. has a
ht |
SIS AR o, aRt) ] e e

was bl ended with rcial ar atj.on .of

{ SihsBirDNAT B covairB 65 s Bt PR (58 Shovpl

to 10 and conpared to Taq in the absence of M. It was
hoped that if M could bypass the bl ocking |esions,

then the wild type Tag would anplify the resulting

t Tap9.4di aprsa) mewhish pilloatienines QhAY wo H8tls etpandathed been replaced
occasions, the M/ SuperTaqg m x was able to produce an

aRin FI’F@lQmMP oguet 1065, e@iﬁpl&me ediaé el el Tuod@cence. The

(see figure 12 for one exanple) The DNA was cl oned and
oSSR A S RS e e

o b e m‘ B ws;%fgﬁgrﬁ"aﬁs@%awow
in aDNA. I ndeed, both nutations_exist in_ npd
s patgedibny 8154, Waie EGT Gl Qo has an FOI g 288 ?%%HVPﬂ@a%E‘elé heh 2 high

interpretation. O the 10 sequences obtained fromthe
sagel] sefc fmesiphibrePERYstitutivne awld adfeat fhybtiflisatiamicheracteristics we
single mutation, an Ato Gin different places. These

a L?%%fﬁgl%%‘do%. 'Sslélg%sgoifeirhg&éﬁ‘rdynéédp@ﬁﬁﬁnﬁu Wegorapitd fihe Atbrercent signal
guently seen in aDNA PCR and are
15 OM2nd5RADY PG B8 L Rh 8qSieALRNSEes RRErated Wng either wtTag or M1
and replacing only 10% of dAMP with FITC-12-dAMP (FITC10taq, FITC10w:m;
(FOI=30)). In competitive co-hybridisation with a standard Cy5-labelled probe
(Cy51aq), FITC100y; hybridised specifically only with its cognate Tag polymerase
target sequence and not with any non-cognate control DNA. Hybridisation of
20 FITC100p; generated an up to 20-fold higher specific signal than equimolar amounts
of the FITC10 probes (Fig. 20) without showing increased background binding (Figs.

19,21).



obtai ned fromthe same PCR product. Contam nation
probl ens prevented an exhaustive analysis of the

wheewsehitoss of M pol ynmerase. However, this resuP@T/GB2004/004643
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strongly suggested that a suitable altered pol ynerase
could be usefully applied to aDNA. Experinent 2: A

bl end of m smatch extendi ng p(%oymsrase needs | ess
anci ent DNA for a successful PCR Pol ynerases that

displ ayed, i nterestin rgperties:. B Cl12 and ,
WERBDS 20, X ok S ROFestrigs et pelS e B My aga ma
whi ch are proficient at abasic site hypass wer

piYhutatiosy rates, wered deteppingd disingn @%Mrﬁllégieﬁﬁé}’zi% n#rogcheck, Ft.
manageabl e, they were blended in equal volumes with
MCollsp €i0)agrcarding &p andmiasturersi ingtrydtiods.t erpetivdy,. amplification
This m x of pol ynerases was used in al nost all

SFhﬁi@@Iﬂs eRtivex Beni 0t syded of PORebLLatketsowlth different GC content
bl end. To ensure that no pol ynmerase woul d negatively

%lfslﬁf: kyg? 3?8%??& hru sk LECITUWaBt I M0t dondd a(‘gb?%w @ach) were

bl'ended wth SuperTag and use

f . ' ' le k
C o e o PR iR O T PR e Cocact v

(data not shown), indicating that it was unlikely that

any of the nutant enzynes would be a liability in the

bl end. The activity of the bl end was checked agai nst

t Reoraiscuons myismptcBgptensian nbightberomesied ity icoxpe @i kgt prage of reduced
series. By this nmeasure, the blend was | ess active

t fdelitSy pe miisicompyratioh and dongef 1¢ads.to Tleanimatich. t Measuréthadt of the
are usually used in aDNA PCR did not transfer readily

t r i+l : f
S T e PSSR0 BB o

)
modi f.i.ed. ver si o t |l .
SPORN IR HEPRafdschoy ks, Bl L3, BReRl (LG increased
hot starts are not. advjisable i anal ysi s becaus .
oBRHTIRG Toirom R D) o HoSe e I SapEh PEUICAR O ATgY mutation
t hernocycling carries a high risk of contam nation. ) )
Fapedtarmennepared toevidagi wih peleatly apareased BivPguly foptrpepversions, in
not be utilised either: antibodies used to inactivate
WipZaigubk G/Ow(/enpmaswdrsiops(Rig 228B). not bind to the

chinmerical proteins selected fromthe Ml ecul ar

Breeding library and hot start buffers proved

i neffective (data not shown). A new two step nested

P%‘a%})rl@ Ef:gﬁ(ro\e@s%i\}i'@ed- I'n

£

Naturally occurring translesion polymerases are mostly poorly processive. We therefore
investigated, if processivity of M1 and M4 was similarly reduced but found that, even at
the lowest enzyme concentrations, primer extension and termination probabilities by M1
and M4 closely matched those of wtTaq (Fig.23), indicating that both M and M4 exhibit

processivity equal (or higher) than wtTag. This is also reflected in the striking

proficiency of M1 in long-range PCR (see example 6).



the first step, the aDNA is anplified over 28 cycles
wWith either SuperTaqg or the blend. In the second step,

wo b@soi30s3 PCR is diluted 20 fold in a secondar@I/GB2@n/004643
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room and80 anplified with SuperTaqg using in-nested

prinmers. This is the approach subsequently used to

conpare SuperTaqg and the bIen@lBriefIy, 2 mof ancient
sanple were added to a 20 m PCR i n SuperTaqg buffer (HT
BiotecQ} with 1 mMof .the a rogriate %%j rs gsee d ab
FPIRGPSIVIT) Was MRASHTedeLite @ OTRIFT CHSAYICR 83y di° presence and absence
tri phosphate (dNTP) as well as 0. m of SuperTaq or an
eoflitap VOV AumBeratinationapiebaulitjasevers cglontpedasssording i fhgrmethod of
28 cycles. This PCR was set up in a clean room

f Hokeshargalpr ecauti ons appropriate for aDNA.. The first

step PCR was then diluted 1 in 20 in a secondary cl ean

room and t hernocycled for a further 32 cycles with the

same buffer and dNTPs conditions, using in-nested
p@li{@@ﬁl{%l%@iﬁe ?ﬁﬂ%@c’g’-&é Q?Pd}aﬁ@g%@w b3 WBRCRPAG-3") was
to tes or

ontamnation. A two fold dilution series

ol s, 8945k 10 HITES Pl OB T3 T8 L08R occ aco

the blend slightly |less actjve) wa rned and |

 Gen it chc CReLTCE s G ST REk: BEnBaed A mimeremplate
the blend was nore likely to produce a band at a | ower

c oativeof maldrolil.6j. aDileg (BLA2BuNde PPIEMMT 9 25nMe Aé(B:08nM; 0.5nM;
represented the second experinent that indicated that

t BEMY] SARRLA (ROSHALS 0 SAMY BrMIEWafepreiveubated dth the primer-template
proficient at anplifying aDNA than w | d-type Taq.

i : | 1RRCHY S EASIEP .00 XA REAIE S 0mM KCl, 0.1%
per'%?ﬂ?@%ﬁ%#g%e t?& etteﬁ I n gﬁ%ien? DNA ﬁ%%?Sl °
S I e i and the inher S | Ci
SRR BhS SRR B Reldot SRR ROl G SERRR Y ol v
positive or negative PCR problematic, To address this .
il e tpeRaTRPNA Ga0E-Told e ahuniabslft PRmEr TR IoReactions
successful PCR anplifications at a limting sanple
divten¢ penforwendent 8P € donButin. Gyeipewtiasion obfpobmpapseagvidh the trap DNA
the blend woul d all owed a statistical analysis. As the

aREbkhtated hnd@ ObYE1IcE Optiim edtehplaté esort yihe afditigppodaiNiTPss completely
| arge, sanples previously shown to be of high quality

Ve ElihEe ﬁ? RBLeh G gxgt §ﬁovlzﬂ;) WetoRgtra nlglhltab(é]':ffécﬁ&éness. Thus, in the

i NCr ease e anount mat eri al avail able for

ﬁ&{p%sﬁ%esﬁ’i t?&lﬂsﬁgré; _ah%ﬁgt sy%ﬁl%yig Q@s%lt@@?roﬁpg ‘§ﬁ1@let B Lﬁ’l\ﬁﬁng event.

Gel band intensities were calculated using a Phosphoimager and ImageQuant (both
Molecular Dynamics) software. Percentage of polymerase molecules, which extended
primers to the end of the template was calculated using the formula: In x 100% /
(I1+12+...+In), where In is the intensity of the band at position 22 or 23; I, 12... is the
intensity of the band at position 1, 2... Termination probabilities (t) were calculated
according to the method of Kokoska et al', whereby 7 at a particular template position
was calculated as the intensity of the band at this position divided by the sum of the

intensity of this band and the band intensities of all longer products.



This has the additional advantage that at a
sufficiently high dilution, the undamaged DNA wi | |

whaons/owen dil uted out, |eaving only damaged tBOPGBR@®4/004643
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In such conditions, the difference between a

pol ymerase that can bypass bl ocki ng | esions and one
that cannot shoul d become cleafdy apparent. A total of
nine experinents at limting amounts of aDNA, where
the PCR woul d only be stochastically successful
(Figures 14 and 15 ) were perforned. In eight out of
ni ne experinments, the blend resulted in nore
successful PCRs than SuperTag. The probability of this
occurring by chance is 1.76% as determ ned by

bi nom al distribution analysis. It is commonly
accepted that chance can be dism ssed as an

exql] piplida@ibnyhemtioRe® e iMe bSovexfiReifRetié® abf GbeirRinddfporated by
probability or less. W can therefore state that this

el dBg! %xcé Sy dH¥us 1ﬁ&t18€§%£&ﬁoh?@f thtehfes&ib%ﬁ%fﬁﬁods and system
repea edly performng better than SuperTaq In
itions, of t ee rlrrent s82 .
¢ Sh LIS RIB! H 01% 5P 86 mbhr i A Sl SR 3 S SRfout departing
olynerases are a nore sensitive tool for the recovery

oﬁogh@qeéﬁpqumd @g&ﬁ eseey(gwﬁqmpnl Altlkoygh the presant na/entlon has

pol ymer ases capabl e of replicating the unnatural base
abatmgeseribedi it cimdetion( $idh) spagifisepreferead tmbodixtepissiibghould be
and bypass of 5N directly fromthe pol ynerase chinera

| ivhA&ktood @5t thdiaderitidney anphed $houkd g barundiB lagddsto such specific
strategy to the m smatch sel ection using flanking

p %@1@% A %%1&%%0@%@5 ’%%e%‘c%cﬁﬂ@ Iﬁ&gés’bfgﬁc(:acrgin g out

adks PER 19,520 B el U i

flankin iimers (5 ATG ACA ATC
m@ipbmt%sf«c@gm@s(ré@@dsgﬂwﬂe snte% A@Eec@h%ecés&m of the
GTA CCA C5NI G AAC TGC GGG TGA CGC CAA GC5NI-3')
cdolewisgrdpimet ernal 5NI (or a derivative) as well as

3" terminal 5NI (or a derivative) to increase

sel ection pressure for 5Nl replication. Five rounds of

sel ection yielded a nunber of clones with greatly

[ ability to replicate 5NI. Anong the best
cpgﬁggﬁmg%e round 4 clone 4 and round 5 cl one 5D4:

1. Schaaper, R. M. (1993) J. Biol. Chem. 268, 23762-23765.

2. Li, Y., Korolev, S. & Waksman, G. (1998) Embo J. 17,7514-7525.

3. Doublié, S., Tabor, S., Long, A. M., Richardson, C. C. & Ellenberger, T.
(1998) Nature 391, 251-258.

4, Johnson, S. J., Taylor, J. S. & Beese, L. S. (2003) Proc. Natl. Acad. Sci. USA
100, 38895-38900.

5. Li, Y., Mitaxov, V. & Waksman, G. (1999) Proc. Natl. Acad. Sci. USA 96,
9491-9496.

6. Astatke, M., Ng, K., Grindley, N. D. & Joyce, C. M. (1998) Proc. Natl. Acad.
Sci. USA 95, 3402-3407.

7. Patel, P. H. & Loeb, L. A. (2000) J. Biol. Chem. 275, 40266-40272.




4D11: 5' -
ATGGCGATGCTTCCCCTCTTTGAGCCCAAAGGCCGEGT CCTCCT GG GGACGEC

WEAOSMECTISCCCTAC PCT/GB2004/004643
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CGCACCTTCTTCGCCCT GAAGGGECCT CACCACGAGCCGEEEECGAACCGGT GCAG
GCGGTTTACGECTTC
GCCAAGAGCCTCCT CAAGGCCCT GAAGGAGBACGGGTACAAGGCCGICTTCGTG
GICTTTGACGCCAAG

GCCCCCTCCTTCCGCCACGAGGCCTACCGA (I?OEGGGA%S(ID?OG
A8cccctesticab Tl Kristensen, P. & Wlnter G (1999) Angew. Chem. Int. Ed. 38,

CCCCW CATCAAGGAGCTGGTGGACCTCCTGEEGT TTACCCGC
CTCGA

TACGAGRIGEACCACK; TICCT GEaCTABECVIEHBARGAACECREGRFASHERABGE. (2002)
TACGAGGTGCGCATC

CTCACCE e ARt et Sric PR RV TR CGACCEOGT CGCOGTCCTC
W Qe L L&) &Holh 2 52001&; oc. Natl. ,é%zg G'IS%ZG USA 98,

GIGGACHISLEE53CC

O O T A ORISR A S ST AANE

gTCA%A & %ﬁ%ﬁm@&w&m@m APSRes. 20,

GAGAAGAT CAAGIEECCACCT GGAAGACCT CAGGCTCTCCTTGGAGCTCTCCCGG

DT ORI A PO RA KR e A E R A GAGBCTTAGS

CegT TTRWSRSAGzloge, D. E., McKinne ., Spasic, D., Goda, L., Levenson, C. &
CTTGAGT TTGBECAGCCT é%T CGAGT TC&GCCT ‘FCT GGAAAGCCCCAAGGCC

CTGGAGSAEERGACE (1990) Nucleic Acids Res 18, 999-1003.

I\W@%ﬁ! UG EREATSTEEGARGRACCCC

C’E@GCC@T T BCRCGEIcHfaAKICECCOEGYMEECERD oL, 262,
GGGAC

TTGAAG@&@@@GCG@G@GCTTCTCGCCAAAGACCTGAGCGTTCTG@CCCTAA@

R g ek S RNk IR Rl Shem- 265,

ACCCCCQAGRI648.(333

GCCCGGECGCTACGECGEEGAGT GGACGGAGGAWGOWI T
TdBcaGAdseeaT &, Iwai, S., Hanaoka, F. & Woodgate ucleic Acids Res
ﬁgw TGAGGGGEGAGGAGAGGCTCCTTTGECTTTACCGG

C'ﬂDTCCG(EEﬁECS:T«S’B(BEEﬁéﬁAF BRI
TATCTCAGGGCCTT
WM@MQ@&M&TUTWG

C A, Mcan D. L., Schultz, P. G. &
W Gt A it A AT ARG T

CCCGCCA@msbArkE. E. (2000) Nucleic Aczds Res, 2911 2914.
et (19985 Froc Nan: Acad Sor USA 20062220 25
AT T EACTAGFBACTESARARACTEANCACACCTACATT
TGCCGGAC
mmm@m&e%@e@@w@c&c@ﬂmmwm@;@@m@

AR ACCT BB Qoo ABH e St BB IBcF ABRD) /- Mot

AGGAT COHLCPR(¥73_837.,
TTCATCGCCGAGRGRGEGT GRCTAT TGGT GGT CCTGGACTATAGCCAGAT GGAG
CTNGCEReRGHE ., Stoffel, S., Saiki, R. K., Chang, S. Y., Landre, P. A., Abramson,

O R A D T | (IH PR el P2 SRR AATC
27. Tada, M., Omata, M., Kawali, S., Saisho, H., Ohto, M., Saiki, R. K. & Sninsky,
J. 1. (1993) Cancer Res 53, 2472-2474.




AGCTGGATGI TCGECGT CCCCCEEGAGECCGT GGACCCCCT GAT GCGCCGEECG
GCCAAGACCATCCA

WA TSBE6I5T CTCTACGGECAT GT CGECCCACCGCCT CTCCCAGGAGKTAGBLIAT 004643

10

CCTTACGAGGAGGCC
CAGGCCTTCATTGAGCGCTACT TTCAGAGCT TCCCCAAGGT GCGGGCCTGGATT
GAGAAGACCCTGGAG 94
GAGGGCAGGAGGECGGEGEGTACGT GGAGACCCT CTTCGGCCGCCGCCGCTACGTG

%@%%%&M&%wawz

CAGCECAE A G CJohnson, R Escalante Prakash, S., Prakash, L. &
GA\CCTOA\TGA\AG:TZWAT@GA\A TCCCOA(XX:T GGAGEAAACGEEG

GCCAGGAESETAETY: K. (2001) Mol. Cell 8, 417-426.

m@%@,@ﬁmo %ns eln, %%?uct Dyn

GAGBT%I@S&@XETGTAT@CCTGI%T@CCCTGBAGBTGBAGBTGXXB

ATAGGGGAGGACTGG CTCTCCGCCAAGGAGTGA-' 4D11 amino acid
sdluené&igen, M. (1971) Naturwissenschafien 58, 465-523.

are R D YOGS i, RV itsbae ) B-1(1%%0) anal

APSFRHBAUEAY KBGRAFIREDFPRQLAL | | OALVDLLGFTRLEVQGYEADDVL
ATL AKKAEKEGYEVRI
L%ADRD@@_%DQWLMPM@PMW@@P&Q@#MM@ Nature

ﬁL t E(NHL ME@E@%%E& RL SLEL SRVRTDL PL EVDFAKRREPDRER

L BXARFMurata, T., Iwai, S. & Ohtsuka, E. (1990) Nucleic Acids Res 18, 7279-7286.
LEFGSLLHEFG.LESPKAL EEAPWPPPEGAFVGFVL SRKEPMMDL LALAAAKG
GRVHRAPEPYKALRD

LKEARGLLAKDL SVLALREG.G_PPGDDPM_LAYLLDPSNTTPEGVARRYGGEW
TEEAGERAALSERLF

ANLWGRL EGEERL LW YREVERPL SAVL AHVEATGVRLDVAYLRAL SLEVAEEI
ARLEAEVFRLAGHPF NLNSRDQLERVLFDELGLPAI GKTEKTGKRSTSAAVXL
ALREAHPI VEKI LQYRELTKLKSTYI DPLPD

LI HPRTGRLHTRFNQTATATGRLSSSDPNLONI PVRTPLGOQRI RRAFI AEGGWL
LWLDYSQVELRVLA

HLSGDENL| RVFQEGRDI HTETASVWFGVPREAVDPLVRRAAKTI NFGVLYGVS
AHRLSQELAI PYEEA

QAFI ERYFQSFPKVRAW EKTLEEGRRRGYVETLFGRRRYVPDLEARVKSVREA
AERVAFNVPVQGTAA DLMKLAMVKLFPRLE TXGARM.LQVHDELVL
APKXERAEAVARLAKEVM GVYPLAXVPLEVEVGE GEDW LSAKE* 504 :

ATGECGATGCTTCCCCTCTTTGAGCCCAAAGECCGEEGT CCTCCTGGT GGACGEC
CACCACCTGGECCTAC
CGCACCTTCTTCGCCCT GAAGGGECCT CACCACGAGT CGEGEECGAACCEGT GCAG
GCGGTCTACGECTTC
GCCAAGAGCCT CCTCAAGGCCCT GAAGGAGGACGEGTACAAGGCCATCTTCGTI G
GICTTTGACGCCAAG
GCCCCCTCCT TCCGCCACGAGECCCACGAGECCTACAAGGCGEEEAGEECCCCG
AGCCCCGAGGACTTC
CCCCGGECAGCTCGCCCTCATCAAGGAGCT GGTGGACCT CCTGEEGT TTACCCGC
CTCGAGGTCCAAGEC



TACGAGGCGGACGACGT CCTCGCCACCCT GGCCAAGAAGGECGGAAAAAGAAGSG
TACGAGGTGCGCATC

WETACEBECGACCGGGACCT CTACCAGCT CGT CT CCGACCCCGT XZGBA0F 004643
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CACCCCGAGGEGECCAC
CTCATCACCCCGGAGT GECTTTGCEGAGAAGT ACGECCT CAGGECCGGAGCAGT GG
GTGGACTTCCGCECC 95

CTCGT GGGEGACCCCT CCGACAACCT CCCCGGGEGT CAAGGGCAT CGGGGAGAAG
ACCGCCCTCAAGCTC
CTCAAGGAGT GGGGAAGCCT GGAAAAEEAIMEB A AGAACCT GGACCGGCTGAAG
CCCGCCATCCGGGAG

B e G Lt LB RGOS G

CTCAGEHAE AN GHIED DA CGATAEREABAG3PTEAGEBadeic acid
TTTCTGGAGAGCCTT,

GAGTTPesinganergingeehBNAolrneraee Voo EAR arhed caumises the use of

GA W mers which bear one or more distorting 3’ termini.
ccggé% P A P O e e O AR AT G
TGGGCCGATCTTCTG

CIBGGI.CIBT COAWAGL‘CT Tﬁ\lTAAA
encration of a engmeere polymerase with an expanded

W@ﬂm@@dem@w
CCORGCEAGEsatagandeTeciicacoiinge raginemed BNV polyncasearherein the

OO e A A AP SIS RS s ncoding

GAGAGGhEd fackeDNA erases and primers which bear distorting 3 termini.
AACCTGTGGGEGGAGCCTT CgA GCGGAGGSCTCCTTTGECTTTA

GTGGAGKBG0agETmentalising the nucleic acid of step (a) into microcapsules;

TOOaCT B O LA AT AR A SRR R TARARTT IR By merase
CT GCAGHA (oA cAlAd u@sCCECCT CGAGGCCGAGGT CTTCCGCCTGECC
GGCCACCCCTTCAAC

CTCAACTOOREim denusisasidanordos dror vegieesies PAEspelyestgse Which
@W&Wﬁ%&&@%wwmme

GOCCACQECAIzEsE@g the engineered DNA polymerase which exhibits an expanded
GAGAAGATCCT GCAGT ACCGGGAGCT CACCAAGCTGAAGAGCACTTACATTGAC

CCCTT

ATCC‘ACCCC‘AGGA\CG(}I:CC{:CT CCACACCCGCTTCAACCAGACGEECCACEECC
ACGGGCAGGCTAAGT

A@mmﬁﬁg@@&ﬁ%ﬂﬁmﬁw GLECACOCCHSTAREI AGNGMmS of the

RTEACHARIT GEOT AT G TRasT CE fscREPRaISERpA BARgEsence of
A W@Tﬁt‘m bases at the 3’end of the one or more }%_nmers (primer
CCGGGTCTTCCAGGAGGEEECEEAA

AGEEAANBABCOAGT; the presence of two nucleot1de mismatch bases at the 3’end of the

Mgmng primers i% mer mls matc 1s01:{10n:§: %Ee: :pr:e:se: nzc:e: of three

%@%@@Bﬁmgmmmﬁﬁ%ﬁ (primer

G@ﬁfﬁﬁﬁ&ﬂ@@@@@@ﬂ@m@wm@fm@mmwmmm@w end of
PR A AR B PEgRe of one

GAG Al AN RIAkdPPases at the 3° end of one or more flanking primers or combinations
GT GAAGAGCGT CAGGGAGGCCGECEGAGCGCATGECCTTCAACAT GCCCGT CCAG

CTCACGAAGCTGGCTATGGT GAAGCT CT TCCCCAGGECT GGAGGAAACGEEEECC

30 AGGATGCTCCTTCAG



GI'CCACGACGAGCT GGT CCTCGAGGCCCCAAAAGAGAGGEECGEAGECCGTGECC
CGGCTGGCCAAGGAG

W@ 38ACEEET GTAT CCCCT GECCGT GCCCCT GGAGGT GGAGTIEGBLHNT /A04643
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30

GGGGAGGACTGCCTT TCCGCCAAGGGITAG - ' 5D4 amino acid
sequence: '

MAMLPL FEPKGRVLLVDGHHLAYRTFFALKIE. TTSRGEPVQAVYGFAKSL LKAL
KEDG

YKAI FWFDAKAPSFRHEAHEAYKAGRAPSPEDFPRQLAL I KELVDLLGFTRLEV | )
QYA method according to claim 3 wherein the distorting 3” terminus of the primers is

EARDVLATLAKKAEKEGIEVRL L TADROL YOLVSERYAVL PR TRRMHE or more

RGBT /SRR KOl GRH AL KENGRAEN. S0 RBOIRAphosphate

L ABIVEIDKL SWDL AKVRT DL PL EVDFAKRRESDRERL RAFL ERLEFGSLLHEFG
LLES
PKAL EEAPWPPPVGAFVG-VL SRKEPMAADL L ALAAARGGRVHRAPEPYKAL RD

LKEA method according to claim 4 wherein the flanking primers bear one or more
RGLLAKDLSVLALREG.GLPPGDDPM_LAYLLDPSNT TPEWARRYGGEW EEAG
Emacleotide mismatches at their 3* end.

ALSERL FANLWGRL EGEGRLLW. YRGVERPL SAVLAHVEATGVRLDVAYLRALS

LEVA

EEs ARL EARIdRIaASSRRBIL NSRBI frEMAdHTE Il A WEETRIK TIBK RSIEBfeeked  DNA
LEAL .

RERLPRSFRSE is OPREATRNADPYIRIBRISDL | HPRTGRLHTRFNQTATATGRLSS

SDPN

LONI PVRTPLGOQRI RRAFI AEGOWALLW.DYSQVEL RVLAHLSGDENLI RVFQEG

RDV. A method according to claim 6 wherein the pol A polymerase is generated from
HTETA: PREAVDP Tl NF AHRL LAI PYE F

| 9 o?vr%';gvreperEtéues oLfJ\r/aRn%)ﬁn y mutz&\e/clf ¥%Vgenes. SQE EAQA
FQSFPKVRAW EKTLEEGRKRGYVETLFGRRRYVPDLNARVKSVREAAERVAFN

MPVQ .

GTAARL FicthahactFidiRigRe TdiRVG vOeHDEIhve FAPKERAEAUAF iskgeprmEted from

GvY €] S . : ded
spe E f %ﬁ%@%ﬁ?% srggo}?gcﬁlpg’x&arg%keﬁd)ﬁ ﬁe%%’]gggt ieo n of

5NI Round 5 pol ynerases selected for replication of

5NI were tested for activity with a range_ of i
suBsA mattbed asdonding tie chamrpmherin $% pelsAypolesepspisaeangrated from

exanple 8. tUTP.,and ceAlR re Ki AN

 2EBRE et ST ShEatiB Rt Gpld elddrom the group
Kaddheistifk 6f B ify&Fvaihk el erh@sniaticBa(Tg) Thefastthérmophitus (Tth) and
shown in Figure 14 1. ELISA wth tUTP:85 The ability

of Theyonwg flgves @Wds sel ected for 5N replication

extension to sequentially incorporate 2 or 3 of the

TNA UTP derivative (3', 2')-beta-L-threonyl -UTP was

as38YA dnéthbd @eddréinh ab rapiy rofpelbimer 3 t¢ BLIWEAERT theSpol TAGolymerase is

%&dﬁ@g&%&é}ﬁ%ﬁ%&%ﬂ%hﬁn %ilGeTp(;EXA HIS;A%E)?ymerase is
generated using 3’ mismatch flanking primers selected from the group consisting of
the following: 5'-CAG GAA ACA GCT ATG ACA AAA ATC TAG ATA ACG AGG
GA-3'; A*G mismaich);5'GTA AAA CGA CGG CCA GTA CCA CCG AAC TGC
GGG TGA CGC CAA GCC-3' C*C mismatch.



ELI SAT3p: 5' -TAG CTC GGI' AAA CCC CGG CTT CCG TCG CGA
CCA CGI' TX TTC GIG GIC GCG ACG GAA &CC G 3

W@ 260di4Ppidtin (A en research)). The |ysates uskCI/GBR@®4/004643
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-concentrated 4-fold. ELISA protocol was a descri bed

except that The DI G Il abelled dUTP in the extension

reaction was replaced with Fl gprescein 12- dATP

(Perkin-El mer) (at 3% of dATP) and the incorporation

of Fluorescein 12-dATP was detected by .
altt. i A Fhethod sceidinP @D aﬁamffcrlaigwehtt@ 9(w etigi) theppol gh pohymerase is

th P, The abi
Sinore PR OB BhiiRons YokuB oty PhehGHspElea . Th
tzi}ﬁ Y gﬁ&'& e R ¥in thd Folde DNREst@n&@s%'EE mSateds sdy@ fanking primers
usi ng hairpin prinmers (ELI'SA2 5'-TAG CTC GGA
Wi f@EEn BRI ataher 3@@@@@@@@@#@@@ gpup consisting

Tt Rl Seh A rAn AT AR AR PMATTREL ToA ATA

"G QERVeT§TICTIPSa0E OBV CLAQBG JOA GICITTE ACA GGT CAA
roun clones selecte or I ca e o

t 6CHeGABNTAA GGTG3 ot porde Ghv A¢/§dﬁ€¥c‘£ﬁ‘3 KRR 8AT AGA
d | 5

U SRR QU Loiofer, OSTR ey e arc TIC Ach

pG@IBCAA(@CIrSmpTA& GGIMAES3CTA CCA GGG CTC CGG CTT CCG

TCG CGA CCA CGT TXT TCG TGG TCG CGA CGG AAG CCG - 3!
(X—dU- biotin (4 en research)) The | ysates used vvere

ag? ¢ Et%?g ddccorg &a éll SS Btt% @%\@ﬁﬁﬁn %llé blymerase is

roun es se ctedfor 5NI repllc i on
ﬁérﬁmﬁb@ ﬁohﬂreb@mﬁﬁs oﬁtTaq lzasésc o8 ﬁbm mpsrtcams ay echimsiangf Taq , Tth

e
%hcé%g ﬁ%ge Qlalg jes af e BhOTX)) with R Fesdxemple being
site en T esear c

e | ysat es used were :
condgointdelead dérif ativs Elam:ﬂ &ongthe mrpume ponsistiag if e following: 5°-

G IR AGR G W AR AKD ATCTAGRTA AT HBEUeA x5, 5-

Tﬁ@%@g@mﬁ&mm €C8 AAC TGC GGG TGA CGC CAA

GCX-3’) ot primers with containing unnatural base analogues at their 3’ ends and

internally (X), with X for example being 5-nitroindole or derivatives, selected from the
group consisting of the following: (5’-CAG GAA ACA GCT ATG ACA AAA ATC
TAG ATA XCG AGG GCA X-3°, 5’-GTA AAA CGA CGG CCA GTA CCA CXG
AAC TGC GGG TGA CGC CAA GCX-3%).

13. A method for the generation of an engineered DNA polymerase with an expanded
substrate range according to any of claims 1 to 12 which comprises the step of
preparing and expressing nucleic acid encoding a blend of engineered polymerases.

14. An engineered DNA polymerase which exhibits an expanded substrate range.

15 An engineered DNA polymerase which exhibits an expanded substrate range

obtainable using the method of any preceding claim.



Pri mer extension reactions were carried out as
follows: 50pnol of P-labelled prinmer and | OOpnol of

wao egophatoes i n a vol unme of 44m were anneal ed i nPCI/GBEP04/004643
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buffer. 4 or 5D4 polynerase as cell |lysate (6m) was

added and reactions were incubated at 50 C for 15

m nutes followed by addition 68 one dNTP ( min total

vol une of 50m , final dNTP concentration 40mV). 8m

sanpl es were taken at various tine points and added to )
8116, Ateapinsekd DNk pOIHM emase ayhidlOSbiEDm e xperded; supsigate range which
xyl ene cyanol F). At the.e of the tinme course the
rispRianedgsmedher t%@écgﬁtﬁgg'(fi nal concentration each

dNTP 40mV) and reactions incubated at 50 C for a

further 30 mnutes. Reaction sanples were . L
elldc Anopigireeted RN Aypodwpetase aetordingép clodw 6| radain Afivduch is an
gels at 25 for1 4 hours. The resultant gels were dried
afEIsE ARG S Bhosphor i mager (Mol ecul ar

Dynami cs). Data was processed using the program

| mgeQuant (Ml ecul ar Dynam cs). Results are sho in._ . )
Fil§urepol 35 Db peiyngirase With ee £xpansied sulstate TrAGS: OFtthe Aheleic acid

TR R B8 PP S ey
Ngtd 3 RAPEStiveR: anklepicRaAraa ISBONa chne SBY Blo@resectively.

5-nitroindol e-5 -tri phosphate (5NITP). 5NI TP Pri mer
5' - TAATACGACTCACTATAGGGAGA Tenpl ate 3' -

ATTAT TAT . = ' -
TS CLERH ISEIERN, Ko BRG fone, whrin e
58eRRlerat cRhibavel leed 9524 dntinnid dne@pmudre of theenpinataeid sequences
a volune of 44m were anneal ed ] Taq buffer,., 4. or

© B g 404 N ST 1 Gt T 15 2 g SR AL lgpictéd SEQ No 1
r ' | ' o gM& Eollowi
B SERY NGy iR URARRS wittch XhniiBlses. b b fuckOlof WEbllowing
d Wifationec E5206) DAR4GD M 4P SEL26G,B624GW6838,akdn Rt44G, 1254P,

{FSR00a BRAP DRSS E b n g oYy [ Re Fan SR (oufy, Gk, BaaaD,
??ﬁlﬁ%& TRk | "Ry REMr SB144E, é3i7@!2,l ¥o4ENTRS 6 BRI TRAAETR, M3171,

concentrati on each dNTP 40 and reactions
| IQAS0R, eR348G,5GBTOD,08520Q, uG1B4s 0% P36 LB, PiedetAGRY, RO17K,

Rty oy Yy T AR i S Ve RO A TR

9§ Bs LR/ e 38 (GSOBINESLOG, T539A, M747V, K767R, G84A, D144G,
K314R, E520G, F598L, A608V, E742G, D58G, R74P, A109T, L245R, R343G,
G370D, E520G, N583S, E694K, A743P.

20. A pol A DNA polymerase with an expanded substrate range, in particular which is
capable of mismatch extension, wherein the DNA polymerase comprises, preferably
consists of the amino acid sequence of any one or more of the clones designated herein

as 3B5, 3B8, 3C12 and 3D1.

21. A pol A DNA polymerase with an expanded substrate range, in particular which is
capable of abasic site bypass, wherein the DNA polymerase comprises, preferably
consists of the amino acid sequence of any one or more of the clones designated herein

as 3A10, 3B6 and 3B11.
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usi ng a phosphori mager (Mol ecul ar Dynam cs). Data was
processed using the program | mageQuant (Ml ecul ar

wO0wanIms) . Results are shown in Figures 17, 1B0T/GBTi0a/004643

NI -N self-pair is also fornmed exceptionally well
t hough further extension is reduced (data not shovvn)
Simlar reactions using Tag, 32h and Tfl wild-type
pol ynmerases under identical conditions |eads to al nost
undet ect abl e extensi on reactions (data not |
shown) . Exanpl e 19: Array manufacture and hybridi zation

i r W Lfi i . .
o D B B b PR i Sk which i
Hiapal:fj@ |ofgmag ngplicaioprinvelving3Be iBdorp@atiomof slpenuralm\dée analogues

gl R e e Bl TRER it ee i6) ApdNAwppoTieesie: cnorises

Brablp cHRRIEBNEhD EmTRf ablg|
g{r? hor lS?80% (FITAOOM) or 1 i 3/?%? R 0%%%\4\%&\%@ of the clones

Fdememeqhuemaaééﬂlmﬁdémc 12- dATP or 10% of dCTP

replaced by Cy5-dCTP (Cy5 ). Cy5 and Cy3 random 20ners
(MAG) were used at 250nM Targets were purified using

PGR Ausdlf ACBINpdtjrheratd a@ﬂﬂ)ana%aﬁ&&pféﬁl%@raté" 2% RRRin the
and spotted _onto GAPSI | am nosil ane-coated gl ass
Jrolmecsasechibits @ laash Yo ddantity sx@nedor(BprsRItbe Pmé)o. acid sequences

S r rdi

el S S50 S, SRR 3B 7Y B oy ppmriss
alhy 3@e Or mone obiht eelitatidnd (ﬁfﬁhtr@dpbarto feQherd Ml tiée ﬁz%@ht' gnes Tagq,
5x SSC/ 0. 1% BSA Fraction V (Roche)/0. 1% SDS, boile

» i) 91 gene spamepbitoandén elenesdBRedBS3C2n mk,rseegm 8B6, 3B11,

c?ngtsy 4Joom tenperature (RT), rinsed in propan-2-ol

in a clean airstream 50ng of FITC and

c,y5 | abel | ed probes vvere prepared in 20m of

h%‘?r}a atlon buf f er In%/ITrlsHCI pH7. 4, 50nM

BBEPIGRACH) FOsReE FREREnE A0 PagiRggred BolyBIetAsE @fcordipgto any of
deiiQRi§¢so% or mam de, 0. 1% SDS, | OOm g/ m shear ed

sal nron sperm DNA). Each sanple was heated to 95C for

5mn, centrifuged for 2mn, applied to the surface of

a and ove ed wth a 22x22 nmm Hybri Sl i
o0 3 SRR et e blad 5 R u L St R oplymerss which

h
ot e s 2 o gt

wi fig 1ongdgStoreapecHYelfy@as Sﬁfa Nodrt SEQ Ne 2nrtdhs defignaBsVdtand M4
RT for 5mn. Slides were dried in a clean airstream
§%sgﬁ%b"8 with an ArrayWRx aut ol oader (Applied

Precision Instrunments) and the array imges anal ysed

usi ng Sof t WRx tracker (Ml ecul arware).

26. A vector comprising a nucleic acid construct according to claim 24 or claim 25..

27. The use of an engineered DNA polymerase according to any of claims 15 to 23 in any
one or more of the following applications selected from the group consisting of the
following: PCR amplification, sequencing of damaged DNA templates, the incorporation

of unatural base analogues into DNA and the creation of novel polymerase activities.

28. The use of a blend of engineered polymerases according to claim 27.



10

15

Conpl ete substitution of natural nucleotides with
their unnatural counterparts altered the properties of

wo b@soedwd ti ng anplification products. For exaP@l/€B2004/004643

fully al phaS substituted DNA was conpl etely resistant

to nucl ease digestion (not shown). The 0.4kb fragnent,

in which all adenines (dA) od0Both strands had been

replaced with FITC 12-dAWMP (FTTC100 ), di spl ayed

extrenely bright fluarescence. The frequency of

B0 a6 P EEaTRBE B 81 0B SAOBD WHIEHE GhS Hesneere polymerase i

I %ﬁf‘ja y the fluorescence intensity
(% a pro ea)“éfé sqoéb@r?%?%{\rray probes commonly range
from 10-50, while FITCLO0 has an FO of 295. To

v ate if such .a high level of flyorophore
o3¢ ek 2GR b O Hyigt P8 Mdaten e en%meered pol A polymerase
ol [ r
ScLREERLL 28 ot 1R 3te Flalit ekt 36 EBgRlied SEERG' Find SEQ No 2
gespectatelyd by FI TGl 00 with equival ent probes gener at ed
using either wtTag or M and repl acing only 10% of
dAWP with FI TG 12-dAMP (FI TC10Taq FI TC10 (FO =30)). In
d

B R B e oy ggee 2 depicted in fig
dpadidebignated SERINo W t h its cognate Taq pol yner ase
target sequence and not w th any non-cognate control
DNA. Hybridisation of FITCI OO M generated an up to
20: TR¢ dsda@bRiingSPetaihi 27 5 aaﬁ\ﬁ 28 baRnPEHE BPhﬁ‘)?e BOA Hofymerases
of the FITCO O probes (Fig. 20) wthout show ng
|1hé11€e1§éé@n94fél@g@ifdmmllbwm ABS(3BHSCl29 3101 3A1003B6, 3B11, 4D11

? e 20 : Mutation rates & spectra of selected
po yrrefases M and MA. Mutation rates were determ ned
using the nmutS ELI SA assay26 (Genecheck, Ft. Collins,
CO according to manufacturers instructions.
Al ternatively, anplification products derived from
2x50 cycles of PCR of 2 targets with different GC
content (H'V pal (38% GC), Taq (68% GC)) were cl oned,
40 cl ones (800bp each) were sequenced and mnutations
(wt Taq (51),M (75)) analyzed. Prom scuous m snatch
extensi on m ght be expected to cone at the price of
reduced fidelity, as m sincorporation no |onger |eads
to term nation. Measurenent of the overall nutation
rate using both the MutS assay (Fig 22A) and direct
sequenci ng of anplification products, however,
i ndi cated an only nodestly (1.6 fold) increased
nmutation rate in M (or M4). However, M displays a
significantly altered nutation



spectrum conpared to wTaq, with a clearly increased
propensity for transversions, in particular GC>CG

WO c@ssv®isi ons (Fig 22B). Exanpl e 21: ProcessiRCT/GB2004/004643

Natural Iy occurring translesion polynmerases are nostly
poorly processive. We therefore investigated, if
processivity of M and M4 Wd2Qinilarly reduced but
found that, even at the | owest enzyne concentrations,
pri mer extension and term nation probabilities by M
andM4 cl osely matched those of wtTaq (Fig.23),
indicating that both M andM4 exhibit processivity
equal (or higher) than wTaq. This is also reflected
in the striking proficiency ofM in |ong-range PCR
(see exanple 6).91 Processivity was neasured using a
pri mer extension assay the presence and absence of
trap DNA. Term nation probabilities were cal cul ated
oska et al.
F fgg‘g%dg?‘gg&hgm“g?%?ﬁﬁa?%’%m@ GTG TAG AGA CGA GTG
@%%?E ETGAGGﬂﬂﬂﬁﬂﬂﬁGﬂ@@G&ﬁﬁE@EEﬁBﬂGﬁNﬂGGCCG AaCBGGCCT

GCGG

il %@@Mgﬁ
AGG

G@édCéﬁACGMCB@A core AGGAGCTGGTGG

OTOBII G THHIGCEA G@ﬁﬁﬂ@@t q@EABENAGOCERNCGBANCCTGGCCA
S e
g G GG%&@@@@ CCGGG
EE3GGdh cAGradaa AX ctOPc@t G GEAIMCBGGGAGAAGACG

R@QGAGGhQGﬂET@JGGﬂQGKﬂFﬁﬁ A&E&WﬁGeHGﬁﬂcTCETﬂWAﬂﬂwmﬁTGGACCG

e R

atGh GEEéGmcdmncmGGRAancoeaAGGmc GRaoamEIEREs TRGCOctd®cGGA
t AGEGONATECHIISIGHITE TARECTTABELG84GHEARBECA GIGEARFEGTETGGCC

e A

eACaCtAYeIESTHAGAGIELGAATCLREGPTASEGCEGOGAGT@ERA &GCGGGG
DNAGS ﬁﬁﬁ@@C@CTR@§GGﬁ§dGﬁE@ﬁ???qg G§T§Kﬁ@ﬁﬁﬁdﬁﬁ TGAGGGGGAG

GeLeC GGCCCACA

et sobelcdadlodaioty G%fé%%c GGTGG

OSROGABRYEGC T@@g@ @Gk cgedrase N@@@é#i AACC

sm@AAEWQCCGaﬂ' s gGeAA ol ﬁéﬂH§GGWGGeGGW&GGGQWHGHEGCCATCG
T, %Q

A CEF ECGREGGGGCCCTCCGC
S Rl R R et
AGACGEYGACHTRICACG @olc&\ctzheAAGtm@@Tcth AR COAOCAGAACA

aFC QOSHTGANTAZZCOGCPR; GGG GNQBATCCGQ§GGGQCWﬁ¢KﬂGﬂ AGIGAGGGGT

TR e e e e
CCCGGGAGGCCGTGGACCCCCTGATGCGCCGGGCGGCCAAG

ACCATCAACTTCGGGGTCCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGAGCTAGCCA
TCCCTTACGAGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGCTTCCCCAAGGTGCG
GGCCTGGATTGAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCT
TCGGCCGCCGCCGCTACGTGCCAGACCTAGAGGCCCGGGTGAAGAGCGTGCGGGGGGCG
GCCGAGCGCATGGCCTTCAACATGCCCGTCCAGGGCACCGCCGCCGACCTCATGAAGCTG
GCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAATGGGGGCCAGGATGCTCCTTCAGGTC
CACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGTGGCCCGGCTGGC
CAAGGAGGTCATGGAGGGGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGAT
AGGGGAGGACTGGCTCTCCGCCAAGGAGTGA

FIG. 1a



according to the nethod of Kokoska et al\ whereby t at
a particular tenplate position was cal cul ated as the

WO paossioty of the band at this position divideRCDhgBRIVE/004643
sum of the intensity of this band and the band
intensities of all Iongerégr%ﬂ%cts.QZ AU publications
nmentioned in the above sp i/f4%ation are herein
i ncorporated by reference. Various nodifications and
vari ations of the described nethods and system of the
present invention will be apparent to those skilled in
the art wi thout departing fromthe scope and spirit of
the present invention. Al though the present invention
has been described in connection with specific
preferred enbodi nents, it shoul d be understood that
the invention as clainmed should not be unduly limted
to such specific enbodi nents. Indeed, various
nodi fications of the described nodes for carrying out
the invention which argﬁobyi to_those skilled in
bi ochem stry, nol ecul arz E@L§§§<an Aoz ot echnol ogy or
related fields are intef 5] in the scope of
the follow ng clains. Haaper, R M

IAD
LY
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(1993) J. Biol. Chem 288~ s, 2. Li, Y.,
Korolev, S. & Waksman, 3% 5J. 17,
7514-7525. 3. Doublie, SE- £8&ELong, A M,

Ri chardson, C. C. & El 12 3998) Nature 391,
251-258. 4. Johnson, S.5 S S, & Beese, L.

S. (2003) Proc. Natl.
5. Li, Y., Mtaxov, V.

0, 38895-38900.
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V
A
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55

Nat|. Acad. Sd. USA 96,% ZEE<Astatke, M, Ng,
K., Gindley, N D & §§ﬁ2 ﬁbﬁiiﬁ%S) Proc. Natl .
Acad. Sd. USA 95, 340243%@?9 < > P. H & Loeb,
L. A (2000) . Biol. Crémza 5 %&40272. 93 8.
Jestin, J. L., KristenspfZpPs QEeP, G (1999)
Angew. Chem Int. Ed. 3BRAIMABICD. X G, Chen,
L., Sera, T., Fa, M, SsRutEORES>% Rﬁsberg, F.
(2002) Proc. Natl. Aca .g% BADYE 5597 6602.

N
E

LDVAYLRALSLEVAEEIARLEAEVFRLAGHPFNLNSRDQL
E

FIG

MRGMLPLFEPKGRVLLVDGHHLAYRTFHALKGLTTSRGEPSNE &F

EAYGGYKAARAPTPEDFPRQLALIKELVDLLGLARLEVPG
PAIREKILAHMDDLKLSWDLAKVRTDLPLEVDFAKRREPDRERH
PPEGAFVGFVLSRREPMWADLLALAAARGGRVHRAPEPY

LAYLLDPSNTTPEGVARRYGGEWTEEAGERAALSERLFA
HRLSQELAIPYEEAQAFIERYFQSFPKVRAWIEKTLEEGRRRG

DRIHVLHPEGYLITPAWLWEKYGLRPDQWADYRALTGDE
HPIVEKILQYRELTKLKSTYIDPLPDLIHPRTGRLHTRFNQT
EEGWLLVVLDYSQIELRVLAHLSGDENLIRVFQEGRDIHT
MPVQGTAADLMKLAMVKLFPRLEEMGARMLLQVHDELVIZ&
DWLSAKE

M1 amino acid sequence:



10. Gnhadessy, F. J., Ong, J. L. & Holliger, P. (2001)
Proc. Natl. Acad. ScL USA 98, 4552-4557. . Tawfik, D.
w®2008/0G01s fi ths, A D. (1998) Nature Bi ot echnol PABGB2004/004643
652-656. 12. Huang, M-M, Arnheim N. & Goodman, M
F. (1992) Nucleic Acids Res. 20, 4567-4573. 13. Kool
E. T. (2000) Curr. Op. Ched/ 2ol . 4, 602-608. 14.
Kwok, S., Kellogg, D. E., MKinney, N, Spasic, D.,
Goda, L., Levenson, . & Sninsky, J. J. (1990) Nucleic
Acids Res 18, 999-1005. 15. Eom S. H., Wang, J. &
Steitz, T. A (1996) Nature 382, 278-281. 16.
Creighton, S., Bloom . B. & Goodman, M F. (1995)
Met h. Enzynol. 262, 232-56. 17. Mendel man, L. V.,
Petruska, J. & Goodman, M F. (1990) J. Biol. Chem
265, 2338-2346. 18. Boudsocq, F., Iwai, S., Hanaoka,
F. & Wodgate, R (2001) Nucleic Acids Res 29,
4607-4616. 19. Verma, S. & Eckstein, F. (1998) Annu.

ReYour&r PERSRME %uclgﬁ'alefd"seggglce Loakes D. (2001)
Nuc%elc Aci ds Res 29, 2437-2447. 21. Berger, M, Wi,

ATG%(%(W@TCT ATARGAGREGA G@G@chggﬁm;@]zce AT GQGCAECACCTGGCCT

e B A R RS

2 EEGGGGQOCC(ZQSG CTN?ITCECC AV TRTTCTCREVAAGGAGCTGGTGG

GCQIICG gﬁWCGGQCTACG&GW@ACQTCCTGGCCA
gg cT g%%%%:c; GACAAA
( TACCTCATCA
Hcece @ TGGd\VﬂTTG RAG ACG GC@%G GGL:CG TACCGGG
(2001 AOCGWACCB\@FCCGJA&:AAM:{TWGGQBIC A,TCEGGQAGAAGACG

AAGCTT GGAAGQCCT AASCTGGACCG
i@?ﬁ G %ggﬁagﬁaq b

ccéAc g@AG@@TT CTVirCT RGGAMTGA GGC €CTCCTCC
sacgh@;rmﬁqc@ﬂmGGWAAGSGC@AAGR:c@ch&\m CCTGGBCCCCGCCGG

S e e e

9A6E02TTGGCCTCCCGCCCGACGACGACCCCATGCTCCTCGCCTACCTCCTGGACCCTTCC
AACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGGAGTGGACGGAGGAGGCAGG
GGAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAGGGGGA
GGAAAGGCTCCTTTGGCTTTACCGGGAGGTGGAGAGGCCCCTTTCCGCTGTCCTGGCCCAC
ATGGAGGCCACGGGGGTGCGCCTGGACGTGGCCTATCTCAGGGCCTTGTCCCTGGAGGTG
GCCGAGGAGATCGCCCGCCTCGAGGCCGAGGTCTTCCGCCTGGCCGGCCACCCCTTCAAC
CTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTCCCGCCATC
GGCAAGACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGGGGCCCTCCG
CGAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAG
CACCTACATTGACCCCTTGCCGGACCTCATCCACCCCAGGACGGGCCGCCTCCACACCCGC
TTCAACCAGACGGCCACGGCCACGGGCAGGCTAAGTAGCTCCGATCCCAACCTCCAGAGC
ATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCGGGCCTTCATCGCCGAGGAGGGG
TGGCTATTGGTGGCCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCG
GCGACGAGAACCTGATCCGGGTCTTCCAGGAGGGGCGGGACATCCACACGGAGACCGCC
AGCTGGATGTTCGGCGTCCCCCGGGAGGCCGTGGACCCCCTGATGCGCCGGGCGGCCAAG
ACCATCAACTTCGGGGTCCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGAGCTAGCCA
TCCCTTACGAGGAGGCCCAGGCCTTCATTAAGCGCTACTTTCAGAGCTTCCCCAAGGTGCG
GGCCTGGATTGAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCT
TCGGCCGCCGCCGCTACGTGCCAGACCTAGAGGCCCGGGTGAAGAGCGTGCGGGAGCCG
GCCGAGCGCATGGCCTTCAACATGCCCGTCCAGGGTACCGCCGCCGACCTCATGAAGCTG
GCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAATGGGGGCCAGGATGCTCCTTCAGGTC
CACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGTGGCCCGGCTGGC
CAAGGAGGTCATGGAGGGGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGAT
AGGGGAGGACTGGCTCTCCGCCAAGGAGTGA

FIG. 2a
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Acids Res 18, 7279-7286.95 CLAIM5S 1. A nethod for the
generation of an engi neered DNA pol ynerase with an
expanded substrate range which conprises the step of
preparing and expressing nucleic acid encoding an
engi neered DNA pol ynerase wherein the nethod conprises
the use of tenplate nucleic acid and prinmers which
bear one or nore distorking 'ad&ermnio 2. A nethod for
t he generation of a endt <gg£ynerase W th an
expanded substrate ran iiges the steps of:
(a) preparing nucleic engi neered DNA
pol ynerase, wherein th isa~gener at ed usi ng
a repertoire of nuclei g encodi ng one or
nore DNA pol ynerases a A bear di storting
3 termni. (b) conpart nucl ei c acid of
step (a) into mcrocap ssing the
nucl eic acid to produc ve DNA
pol ymerase within the %K&‘sorting t he
nucl ei ¢ acid encodi ng pol yner ase
whi ch exhi bits an expa nge; and (e)
expressi ng the engi nee e which
exhi bits an expanded s A net hod

the distorting

according to claim1l o

3" termnus of the pri by any one or
prﬁgg%ce of
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EEGWLLVALDYSQIELRVLAHLSGDENLIRVFQEGRDIHTETA

nore of the foll ow ng

DRIHVLHPEGYLITPAWLWEKYGLRPDQWADYRALTGDESD
PPEGAFVGFVLSRKEPMWADLLALAAARGGRVHRAPEPYKALBIIKE
LAYLLDPSNTTPEGVARRYGGEWTEEAGERAALSERLFANLW
LDVAYLRALSLEVAEEIARLEAEVFRLAGHPFNLNSRDQLERVIYF
HRLSQELAIPYEEAQAFIKRYFQSFPKVRAWIEKTLEEGRRRGY
MPVQGTAADLMKLAMVKLFPRLEEMGARMLLQVHDELVLE

DWLSAKE

EAYGGYKAGRAPTPEDFPRQLALIKELVDLLGLTRLEVPGYEA

M4 amino acid sequence:



one nucl eotide m smatch bases at the 'end of the one

or nore priners (primer msmatch disortion); the
w@r@smomoes of two nucl eoti de m smatch bases at PEEGBedvd/004643

of the one or nore flanking prinmers (prinmer msmatch

di sortion); the presence g% Eggee nucl eoti de m smatch

bases at the 'end of the é nore flanking priners

(primer msmatch disortion); the presence of four

nucl eoti de m smatch bases at the 'end of the one or

nore flanking primers (primer m smatch disortion) and

the presence of one or nore unnatural bases at the 3'

end of one or nore flanking prinmers or conbinations

thereof.96 4. A nethod according to claim3 wherein

the distorting 3" termnus of the prinmers is effected

by the presence of one or nore unnatural bases at the

3" end of one or nore flanking priners; wherein the at

| east one unnatural base is 5nitroindole triphosphate

(5NITP). 5. A nethod according to claim4 wherein the

flanki ng priners bear of nucl eot i de

m smat ches at their 7~

preceding claim DNA pol yner ase
is a pol A DNA pglynmerase. 7. A nethod\according to

cl aim 6 wherein/the pol | ymerase i s\generated from
one or nore repertoires of |[randomy nutated Tag genes

polynerase 'S g ] ed fopm®repertoires generated by
reconbining re * pol genes. 9 A neth [
to claim7 wh re| he pol | A«pol ynerase i g generated
fromrepertoines er at ¢d| by reconbi ni ngfone or nore

foll ow ng: Theknus an% jcus (Taq), Ther
hernus flavus (Tf1). 10 A
wherhn t he
ertoireS of Taq
genes and wherein tRe poI Erase i,S-

' i pri mer el ect ed
Wi ng: ;i: CAG GAA
AAA ATC TAG ATA ACG AGY GA-

AAA CGA CGﬁ CCA GTA CCA\CCG AAC TGC

0

ACA GCT ATG ACA
m smat ch) ; 5' G,




GGG TGA CEC CAA GCC-3" C*C msmatch. 97 . A net hod
according to any of clains 3 to 9 wherein the pol A
w@ologoeioase i s generated fromrepertoires of TRCI/GBA@I/004643
or fromrepertoires of chimeras of Tag , Tth and Tfl
genes wherein the pol A DNA poI ynmerase is generated
using flanking primers wi t@ £29r nismatches at their
3" end (underlined) selected fromthe group consisting
of the follow ng5:'-CAG GAA ACA GCT ATG ACA AAA GTG
AAA TGA ATA GIT CGA CITTT-3"'; 5'-GIA AAA CGA CGG CCA
GIC TTC ACA GGT CAA GCT TAT TAA GGTG 3' ; 5 -CAG GAA
ACA GCT ATG ACC ATT GAT AGA GIT ATT TTA CCA C AGGG
-3"; 5 -GIA AAA CGA CGG CCA GIC TTC ACA GGT CAA GCT
TAT TAA GGIG - ' 12. A nethod according to any of
clains 3 to 9 wherein the pol A polynerase is
generated fromrepertoires of Taq genes or from
repertoires of chineras of Tag , Tth and Tfl genes
wherein the pol A DNA pol ynerase is generated using
flanking prinmers with containing unnatural base
anal ogues at their 3 end (X), with X for exanple
bei ng 5-nitroindole or deri vat ives selected fromthe

group consisting of the f W ng CAl

SR 06 e 86 e ol oG
GCX— ot pr Wi t t ai g, un hase '

anal ogfes ot UG0S B EEATES A GO
for exanple belng 5-nitroi ndol e or derivatives,

sel ect ed frogrthegroupctonsistingof—tie—fot o aiep

(5" - CAG GAA ACA GCT ATG ACA AAA ATC TAG ATA XCG AGG
GCA X-3', 5 GTAAAACGACGGCCAGTACCACXGAACT(Z

me'r%q}: £3') . 13. Anethod for the
offi & ?'

pol ymer ases. T AT engimeered-DNApotyETasTwhch
exhi bits an expanded substrate range. 15 An engi neered
DNA pol ynmerage wnich exhibits an expanded substrate
range obtai ngbl e using the nethod of any preceding
claim988:16. |A engl neer ed DNA poI yrrer ase V\,hl ch

Mismatch extension properties of selected polymerases.

FIG. 4a



i s obtained using the nethod of claim112. 17. An
engi neered DNA pol ynerase according to claimor claim
woki0si043085 an engi neered pol A pol ynmerase. 18. BCPGB2084/004643
DNA pol ynmerase with an expanded substrate range, or
the nucleic acid encoding jit, wherein the DNA
pol ynerase i s designated M /#9M4 as shown in fi g1l
and 2 respectively and depicted as SEQ No 1 and SEQ No
2 respectively. 19. A pol A DNA polynerase with an
expanded substrate range, wherein the pol ynerase
exhibits at | east 95% identity to one or nore of the
am no acid sequences designated M and M4 as shown in
fig 1l and fig 2 respectively and depicted SEQ No 1 and
SEQ No 2 respectively and which conprises any one or
nore of the follow ng nutations: E520G D144G L254P,
E520G E524G N583S, 1.1- D144G L254P, E520G E524G
N583S, VI 131, A129V, L245R E315K, G364D, (AO03R,
E432D, P481A, 1614M R704W D144G G370D, E742G K56E,
| 63T, K127R, M3171, QB80R, R343G &370D, E520G Gl2A,
A109T, D251E, P387L, A608V, R617K, D655E, T710N,
E742G A109T, D144G V1551, P298L, G370D, |1614M
E694K, R795G E39K, R343G G370D, E520G T539A, M47V,

K767R, GB4A, D144G K314R, E520G F598l, A608V, E742G
D58G, R74P, §9T L245R, R343G G370D,| E520G N583S,
E694K, A74BP.720. A pol A pol ynerase wth an
expanded Substrjate range, in pafticular which is
capable o 'gnatch ext ensi ¢n, erei nf t he] DNA
pol ymeras& congri ses, prefefably consijsts pf the am no
acid sequ&nhce qf any one or |norge of the cljpnes
desi gnated Hgyqin a 3B5, 3B8, 3Cl2 and 3D 21. A pol
A DNA pol rage with an expan subsit ratje range, in
parti cul arz whi dh i s capabl e| of asi c [site bypass,
wherein tﬁa B\ pol ynerase ¢onpyises, |preferably
consi sts thg am no acid sequepce off any one or nore
of the cl g]e% desi gnat ed hefein p%&EQ, 3B6 and
3BI'1.99 2¢& Bol A pol ynerase w tih an expanded
substrate-rangd, in rticufar ich i|s capabl e of DNA
replicati %(1 ignvaVitaxng |t he inpcorpbratian of unatural
base anal &gues |i nto 4l’éeV\A y replicatjled DNA, wherein
t he pol A?NAéf ol yne Eoppri %GEBS,’ZOE G520E
t
0
wtTaq M1 M4

Mismatch extension properties of selected polymerases.

FIG. 4b



war@sHM15 23. A pol

preferably consists of the am no acid sequence of any
one or nore of the clones designated herein as 4D 1

substrate range, wherein the polynerase exhibits at

| east 95% identity to one or nore of the am no acid

sequences desi gnat ed 3B5, 8849 3c12, 3D, 3A10, 3BS6,

3Bl 1, 4DI 1 and 5D4. which conprises any one or nore

of the nutations (with respect to either of the three

parent genes Taq, Tth, Tfl) or gene segnents found in

cl ones 3B5, 3B8, 3Cl2, 3D, 3A10, 3B6, 3Bl 1, 4 and

5D4. 24. A nucleic acid constrgqr—encodlng an

engi neered pol ynerase accor di.ng-§qgan ﬁ off clains to

23. 25. Agmucl eic acid constr. & &lnd an

engi neer ed #pol A DNA pol ynera Se&Hi bits an

expanded substrate range, whe | qQl A DNA

pol ynmerase is depicted in fig 17and 4 respectively
waoge gnatled M and M

gnueleic acid

i Z5.. 27. The

orlding to any

ha fol | ow ng

gi sting of the

construct accordlng to cIa|n124
use of an engi neered DNA pol ynet:
of clains to 23 in any one or nof
applications selected, fromth g

fol | owi ng7#PE '|f§0at%on ctné|of damaged
DNA t enpl the?ln@®rpor@ uraeyral base
anal ogues ‘DNA and . the crig 0R gcvel

pol yner as activities. 28. The use'®fo 3t|end of
engi neer ed pol yner ases accor dif)
The use aggording to claim 27
engi neer eékipol ynerase i s der
pol ymerasel. 30. The use accor
28 wherein the engi neered pol el age |stNI or W4
as depicted in fig 1 and fig 2 a S|grated;SEQ No 1
and SEQ Ng.2 respectively. 31: sglagcord gé¥§

cl ai m 27 or cl aim 28of M DNA ‘ as depi d
in fig 1 and desi gnated SEQ No
according to claim 27 or claim
pol A polynerases in the list ca
fol l owing,, 3B5 3B8, 3Cl2, 30, 3

- i 28 wherein t he
ab |l east Taq

Q..

ailm 27.0r cl aim

, ,Undamaged

CPD

1K
wn
|
2 E
" .
e %
t ‘ﬁﬁw N N LR v E 'is % g
- ¥R g_

A DNA pol ynerase with an eRQEGB@4/004643



and 5D4.1 / 29 Figure showsM nucleic acid sequence

ATGCTCCCTCTTTTTGAGCCCAAAGGCCGCGT CCTCCTGGT GGACGGCCACCAC
WET@BS0BD15 PCT/GB2004/004643

ACCGCACCT TCCACGCCCT GAAGGEGCCT CACCACCAGCCGEEEEEGAGCCEGETEC

AGGCGG

TCTACGGCTTCGCCAAGAGCCT CCT EAARBCCCT CAAGGAGGACGGGGACGCGG

TGATCG

TGGTCTTTGACGCCAAGGCCCCCT CCT TCCGCCACGAGGECCTACGEEEGEGTACA

AGGCGG

CCCGGGECCCCCACGCCGGAGGACT TTCCCCGGCAACT CGCCCTCATCAAGGAGC

TGGTGG

ATCTCCT GEGEGECT GECGCECCT CGAGGT CCCGEGECT ACGAGGCGGACGACGT CC

TGGCCA

GCCTGGCCAAGAAGGCGGAAAAGGAGGGECTACGAGGT CCGCAT CCTCACCGCCG

ACAAA oX M1 wt M1 wt M1 wt

GGCCTTTAG

CTCATCA
GG
ACCGGG

g%c%? cce ACT TCGCCAAAAG
%@&&@@MAW&M@M@WTP
CGAGTTCGGCCTTCTGGAAA C GGAGGCCCCCTGECCCCC

AGGGEGECCTTCGTGEECTTTGT CCTTTCCCGCAGGGAGCCCAT GT GGGCCGATCT
TCTGECC

CTGECCECCECCAGCEEEEEECCEEET CCACCGEEECCCCCGAGCCTTATAAAGCC
CTCAGG

GACCT GAAGGAGGECGECEEEEECT TCTCGCCAAAGACCTGAGCGT TCTGECCCT G
AGGGAA

GGCCTTGECCT CCCECCCEECGACGACCCCATGCTCCTCGCCTACCTCCTGGAC
CCTTCCA

CCC@H@SH%’WTCCT CCACTASTSTHRAFBLERPHPACCTC
Polymerase activity on unnatural substrates.

FIG. 6b
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ACCTACATTGACCCCT TACCGGACCT CAT CCACCCCAGGACGGEGECCGCCTCCAC
ACCCGCT

W RACGAGACCECCACGECCACGEGECAGECTAAGT AGCT CCGAT QBB BINEM4643
AGAACA
TCCCCGT CCGCACCCCACT TGRRCAGAGGAT CCRCCEEGECCT TCAT CGCCGAGG
AGGGGT 10/29
GGCTATTGGTGGTCCTGGACTATAGCCAGAT AGAGCT CAGGGT GCTGGCCCACC
TCTCCG
GCGACGAGAACCT GATCCGGGT CT TCCAGGAGGGECEGEGACAT CCACACGGAGA
CCGCC
AGCTGGATGT TCGGCGT CCCCCGGEGAGGCCGT GGACCCCCT GATGCGCCGEREGEEG
GCCAAG
ACCATCAACTTCGEGGTCCTCTACGECATGTCGECCCACCGCCTCTCCCAGGAG
CTAGCCA Wit M1 ;
TCCCTTAcnmenmcnnrrmﬁnxrﬁTCAJTGwﬁxntwACTTTCﬁEA&
AGGTGCG %

GCCCTGGATTGAGAAGACCCT GC-?AGC—?AGGGCAGC—?AGCIZGGGCIST ACGT C-?G,‘\GAC
CCTCT

JWWW@%%S Eni)

am no acid sequence:
NRGMLPLFEPKGRVL L VDGHHL AYRFHHES KB TSRGEPVQAVYGFAKSL LKA
L KEDGDAVI VWFDAKAPSFRH

EAYGGYKAARAPTPEDFPRQLAL| KELVDLLGLARLEVPGYEADDVLASLAKKA
EKEGYEVRI LTADKGLYQLLS

DRI HVLHPEGYL| TPAW. VEKYGL RPDQAADYRAL TGDESDNLPGVKG GEKTA
RKLL EEWGSL EALLKNLDRLK

PAI REKI L AHVDDL KL SWDLAKVRT DL PL EVDFAKRREPDRERL RAFLERLEFG
SLLHEFGL LESPKAL EEAPWP

L AYLLDPSNTTPEGVARRYGGEWI EEAGERAAL SERL FANLWGRLEGEERL LW
YREVERPL SAVLAHVEATGVR D

LDVAYLRALS BARL EAEVERBACHPFNSNBRDQLEERVL FDELSE. RAYS

wt M1 wt M1 wt M1 wt M1 wt M1

Long range PCR.
FIG. 7



Fi gur

e 2a shows M4 nucleic acid sequence

ATGCTCCCTCTTTATGAGCCCAAGEECCACGTCCTCCTGRTGGACGECCACCAC

WwW@TBS0BD15 PCT/GB2004/004643
ACCGCACCTTCCACGCCCTGAAGGEGECCTCACCACCAGCCGEEEEEGAGCCAEGTEL
AGGCGG
TCTACGGCTTCGCCAAGAGCCTCCTMA@CCTCAAGGAGG@CG@GGACGCGG
TGATCG
TGGTCTTTGACGCCAAGGCCCCCTCCTTCCCCCAT GAGGCCTACGGEGEGEGEGTACA
AGGCGG

CGCCGCGAGGACT TTCCCCGACAACT CGCCCTCATCAAGGAGC

TGGTGG
ACCT CCT GEEECT GACGCGCCT CGAGGT CCCGGECT ACGAGECGEGACGACGT CC
TGGCCA
GCCTGECCAAGAAGGECEGAAAAGGAGEECTACGAGGT CCGCATCCTCACCGLCCG

BEpdhnent 1.

&

WAL T RTINS el T S Rl wsing the

CACECEIEGCT TTGGGAAAAGT ACGGCCT GAGGCCCGACCAGT GGGCCGACT

' A CEACCAGT COCACANCCT T COCEEECT CAAGEECAT GCCECA
ABLHTACCATITICGCCGGCTTCCGTCGCGACCACGTTPITTCGTGGTCGCGA
@@E\W@@@WGTGGGGGAGCCTGGAAGCCCTCCTCAAGAACCTG

GCT GAAGCCCGCCATCCGGGAGAAGATCCT GGCCCACATGGACGATCT GAAGCT

CT,(‘T(‘ 2 “3 S5 __6 9 10 11 12

CTTAGCCAAAAG

AGFTTGGCJ@Q)_OOO
— 320
640
(9960
1.280

600

CCOCT

Adigh EmiicoCcCHEEEGEEGT GRCCCEECECT ACGECGERGAGT GGACGGAGGAG

EeéGmit = 0.000
GGAGCGGGECCGCCCT

TTCCGAGAGGCTCTTCGCCAACCT GT GEGGGAGGCTTGA

B R RS M AT AR A S Res 0042

@CEEICAD038 0.061 0.461 0.449 0.640 0.523 0.444 0.412 0.222 0.404 0.476

GET TS GREIHESIHICACLIL TH 6 FAETIF D252 0.260

RO TEH ORI CEARICEENGET 39 GO TR DA ACHEE.  0.157
TF@SB‘Q)?)W 0.316 0.927 1.021 0.843 0.636 1.018 1.057 0.632 0.933 0.638

MI’CO 4?9%%%489 0.774 GG?I—S 02[4 088@%1—6 ggg T% 1.070

0X4

0.410 .

b&%de?&m%ﬁﬁm%&?r&i\ﬂ?mb&%d«%@r&%b&%@ 0-750

GAAGAG
CACCTACATTGACCCCT TGCCGGA GCGACGGECCECCTCCA
CACCTACATTGAOOCCT TSGR RS



TTCAACCAGACGGECCACGGECCACGEECAGECTAAGTAGCTCCGATCCCAACCTC
CAGAGC

WATOSOEBTICCGCACCCCGCT TGEECAGAGGAT CCECCGEECCT TAATUGBUBADN4643
GAGGEEG

TGGCTATTGGTGGCCCTGGACTATAGCCAGATAGAGCT CAGGGTGCTGRCCCAC
CTCTCCG 12 /29
GCGACGAGAACCTGATCCGGGTCTTCCAGGAGGEGEGECGEGACATCCACACGGAGA
CCGCC

AGCTGGATGT TCGECGT CCCCCEEGAGECCGT GGACCCCCT GAT GCGCCGEECG
GCCAAG

ACCATCAACT TCGEGEGTCCTCTACGGECAT GT CEECCCACCGCCTCTCCCAGGAG
CTAGCCA
TCCCTTACGAGGAGGCCCAGGECCTTCATTAAGCGCTACT TTCAGAGCT TCCCCA

%%GAGAAGACCCT GGAGGAGGEGCAGGAGGECGEEEGTACGT GGAGAC

&dASA with Bio-11-dATP on clones selected for 4-mismatch extension and
AR AT ACREGR RCBETSANCAGKT (e imer

TGGCCTTCAACAT GCCCGT CCAGEGTACCGCCECCGACCTCATG

AACCTG
AT G AT B RN SRR BT o

CCTCGAGGECCCCAAAAGAGAGEGECEGAGECCET GECCCEG

CTGGC
CAAGAGG] CATEGAGHGOGT GT AT COCET GRCOGT GOCRETGRAGGT
aepchy o c1cadoandoacioa QSTE? v

awi no aci d| sequienck:

VREVEPIYEP P EVDEHREA HACKGET lbﬁ{g PRV YGFARSIHERA—
LEKEGGDAVI VWFDAKAPS .

@YCGYKAGF\’APTP GYEADDV
EGYEVRIL TADK LS B i

"HVLHPEGYLI TI

T T

EGN AH

EB#’E'R/HQMKH N /L YGVBA

HRIWOGHRItA PYEBAEAFI KRYFQSFPKVRAW EKTLEEGRRRGYVETLFGRRRY
VPDL EARVKSVREPAERVAFN

WV@T AODE My b AWVl BEPRD EENCARKD. L QFDED W4 EABKSERABAGARDABS 0.027
R NEO 57 V8 o Y B 0750 P8 564650 550228338 6378 0.044 0.050 0.160
0204 0373 0.177 0219 0.142 0.080 0.033 0.821 0.147 0310 0.050 0.032
0288 0.094 0.038 0.050 0381 0.076 0.057 0264 0.052 0.044 0.056 0.031
0.540 0.061 0.054 0928 1.106 0.151 0.152 0441 0342 0381 0345 0.802
0.038 0.069 0.639 0.089 0.184 0.045 0.055 0401 0.154 0.072 0.715 0.647
0.062 0.043 0.135 0.057 0.904 0.546 0.182 0.844 0.054 0.064 0.250 0.188
1332 0758 0.036 0.535 0212 0.057 0.049 0214 1.070 0.494 0.570 0.839

FIG. 8b



CD LL6/29 GCG CCC CGC CGA GCG CCA CCG W Taq I'W
M smat ch extension properties of sel ected pol ynerases.
WO-R@s5/0475/ 29 O 14- C 12 o V) 10 JC 8 G742E ePGI/GB2004/004643

MLexo Miexo G520E < GB20E 2- J wtTag ML M4 M smat ch

extension properties of selected pol ynerases.
nm.SB 0O CD,0 30"T 2 5 13/28 T 2" 5
030" T2 &

30",

0 30"T 2 5,

30"T 2"

Experiment III.

0 30"Y 2 &'

05 10 20' 30|

FI G

, 05 10
, 05 10

30",

4bA
20'
, 0

ELISA with CyDye 5-dCTP on clones selected for 4-mismatch extension using the
primer ELISAC4P

(5-

TAGCTACCAGGGGCTCCGGCTTCCGTCGCGACCACGTTPITTCGTGGTCGCGACGGAAGCC

G-3', P1=Biotin)

9 10

11

12

I @& M m U O W »

High Limit =

Low Limit =

0.053
0.079
0.113
0.081
0.119
0.086
0.076
0.422

0.062
0.057
0.136
0.075
0.079
0.079
0.085
0.209

0.200
0.000

0.054
0.055
0.134
0.068
0.074
0.112
0.077
0.143

0.058
0.084
0.129
0.068
0.092
0.092
0.084
0.175

0.048
0.058
0.120
0.083
0.142
0.113
0.105
0.197

0.083 0.063
0.078 0.060
0.122 0.111
0.076 0.065
0.106 0.091
0.079 0.075
0.115 0.088
0.142 0.144

FIG. 8¢

0.043
0.061
0.176
0.072
0.103
0.089
0.126
0.155

0.081
0.061
0.109
0.060
0.084
0.081
0.068
0.182

0.066
0.058
0.119
0.061
0.092
0.086
0.074
0.168

0.065
0.054
0.112
0.065
0.077
0.133
0.090
0.156

0.058
0.075
0.115
0.065
0.101
0.131
0.101
0.156



"ndamaged Abasi ¢ CPD Undamaged Abasi ¢ CPD Undanaged
Abasic CPD . wtTag 1 M4 Lesion bypass activity FIG9 /

wQoos4305 ML Wt ML wt | H Pol ynmerase activity oPCT/GB2004/004643

unnatural substrates ( S dNTP). FIG 6a ML M 4kb

0. 5kb! L FITC1 2-dATP Bioti n-16-dUTP Pol yner ase
activity on unnatural sub$4r/a2®s. FIG 6b10 / 29 W 1
ACTGG 5N pr 010 20" 30" 40" 0 10" 20" 30" 40"
Pol ymerase activity on unnatural substrates (5NI) FIG
6c IH 8.8 12.8 18.7 23.1 25.1 kb vt ML w ML w M wt
ML wt ML Long range PCR FI G 7Experinent |

Experiment IV.

ELISA with CyDye 3-dUTP on clones selected for 4-mismatch extension using the ELISA primer
ELISAT3P

(5-
TAGCTCGGTAAACGCCGGCTTCCGTCGCGACCACGTTPSTTCGTGGTCGCGACGGAAGCCG
--3', P1=Biotin)

T @ m m U O W »

High Limit =

Low Limit =

0.104
0.578
0.261
0.651
0.716
0.019
0.291
1.673

0.141
0.014
0.516
0.277
0.143
0.380
0.174
0.724

1.650
0.000

0.226
0.029
0.399
0.372
0.215
0.331
0.388
0.031

0.316
0.255
0.643
0.540
0.574
0.336
0.363
0.795

0.244
0.297
0.188
0.444
0.782
0.582
0.735
0.454

0.878 0.352
0.629 0.541
0.339 0.285
0.485 0.311
0.492 0.509
0.187 0.253
0.827 0.435
0.400 0.297

FIG. 8d

0.107
0.347
1.051
0.569
0.910
0.768
1.072
0.649

0.000
0.330
— 0.660
— 0.990
= 1.320
1.650

0.310
0.346
0.546
0.236
0.617
0.391
0.230
1.139

0.147
0.191
0.501
0.173
0.615
0.285
0.332
0.755

0.090 0.022
0.206 0.522
0.174 0.183
0.222 0.077
0.515 0.719
0.829 0.789
0.545 0.394
0.407 0.509



ELI SA with Fl uorescein 12-dATP on cl ones sel ected for

4-m smat ch extension using the priner

FITCA (5 -

WA ABSIACCATTTTCGECCGECTTCCGTCGCGACCACGT TP TTCGTRATGBAEBA 004643
CGGAAGCCG 3
600 Low Limt

1.378 0. 360
0.061 0. 461
0.476 0. 467
0.736 0.551
0.581 0.399
0.316 0.927
0. 638 0. 046
0.576 0.366
0.972 0. 467
0 Eseeimeniya4

oORPrPOFRPOOROO

Pi=Biolin) d 10 1 1 1 2 Hi

. 566 31@8 2&8

= 0 000 O.
.216 O
.449 0.640 O
.125 0.588 0
.222 0.260 O
.556 0.347 0
.021 0.843 0
.499 0.906 0O
.344 1.070 O
.448 0.366 O

. 663 0.419 0.

. 523
. 818
. 627
. 280
. 636
. 489
. 404
. 408

346

POOORPROOOO

gh Limt =
9 0.846 1.558 0.652
259 0.042 0.513 0.038

1

0.444 0.412 0.222 0.404
.31 1 0.718 0.292 1.169

. 574
472
. 018
.774
. 286
. 988

117

. 340
. 157
. 057
. 408
. 455
. 410

. 204

POOORrROO

. 422
. 056
. 632
. 444
. 335
. 512

. 936

OrOOOoORrOo
PRPPOOOO

. 593
. 357
. 933
. 867
. 140
. 291

. 239

0 ELA dnl cﬁnes&all&ed/ foBmismpRh b)ﬂBl@ibn hding aﬁalr% EMISK'prlm er containing an

asic site

? 11- dATP on cl ones sel ected for

4-m smat ch

ension and displayed activity wth Fluorescein
1ﬂ°rld1ﬁtTlF%cneen1t\bae 1ERHaSAsita s Gpiotingsetibwecepr | mer FI TC102 (5 -

Tﬁ@@ﬁé@ﬁﬁiﬁ%@EN&%%&@§%§§§§§§%@$EﬁE%E%ﬁ¥¥ﬁ§§T%%-éﬁ%ﬁ%ﬁ?

. 048 0.200 0.660 0.464
0. 459 0.053 0.042 0.325 0.067 O 035 0.027 0.275 0.097

=GEATHED ow Limit= 0 000 0. 044

0.014 O. 2207 8. 161 0. 859 @ 092 0.838 §. 04® 0434413. 050
0,360 e ,

Iz ¢ m m o O W

High Limit =

Low Limit =

0.075
0.445
0314
0.144
1.170
0.025

0.099
0.913

1.200
0.000

0.092 0.137 0.882
0.011 0.035 0.096
0.512 0.091 0.113
0.098 0.063 0.071
0.220 0.073 0.563
0.077 0.913 0.094

0.075 0.102 0.021
0.957 0.038 1.382

0.453
0.095
0.086
0.129
0.343
0.150

0.742
0.575

0.441
0.086
0.092
0.093
0.099
0.062

0.666
0.101

FIG. 8e

0.185
0.059
0.083
0.107
0.280
0.229

0.990
0.105

0.058
0.093
0.746
0.095
0.099
0.092

0.659
0.125

0.931 0.108
0.089 0.071
0.122 0.304
0.019 0.089
0.596 0.442
0.087 0.071

0.063 0.095
0.761 1.099

0.040
0.037
0.065
0.110
0.135
0.814

0.070
0.285

0.023
0.113
0.093
0.079
0.883
0.912

0.105
0.808



0.204 0.373 0.177 0.219 0.142 0.080 0.033 0.821 0.147
0.310 0.050 0.032 0.288 0.094 0.038 0.050 0.381 0.076
W0205/401264 0. 052 0.044 0.056 0.031 0.540 0. OBAT/GBRE4/004643
0.928 1.106 0.151 0.152 0.441 0.342 0.381 0.345 0.802
0.038 0.069 0.639 0.089 0.184 0.045 0.055 0.401 0.154
0.072 0.715 0.647 0.062 043§F2%'135 0. 057 0.904 0.546
0. 182 0.844 0.054 0.064 188 1.332 0.758 0.036
0.535 0.212 0.057 0.049 0.214 1.070 0.494 0.570 0.839
FIG 8b13 / 29 Experinment I11. ELISA with CyDye 5-dCTP
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Four Mismatch Extension in PCR.
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ACCCCATGCATATAGGCATGTACATATTA TGATCTTACATGAGGACTTAC

A
TCTCAAAAGTTTATTTCAAGT GTATAGT CTGTAAGCATGTATTTCACTTAGTCC

A GGAGCTTAATCACCAGGECCTCGAGAAACCAGCAACCCTTGCEAGT FI G
1322 / 29

aDNA + - 4+ - -+ - + -

M1

Tagq

PCR amplification of a mix of extracts of cave hyenas (Crocuta spelea) that had
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Sanple Dilution S perTaq Mutant bl end I nprovenent
Experi nent Positive Negative Positive Negative PCR PCR
WEORsSPER1Y GS3-7 500 24 12 28 8 16% 2 GS3-7 20POI/&B2®4/504643
19 150% 3 GS3-7 1000 2 1 27 24 24 14% 4 366 52 2 4 0
100% 5 366 10 12 12 16 8 33% 6 GS3-7 1000 12 36 14 34
16% 7 GS3-7 1000 10 14 7 DA 7?@9@8 GS3-7 1000 12 36 13
35 8% 9 GS3-7 1000 12 36 13 35 8% Total 107 197 124
180 15% PCRS in the presence of limting anounts of
cave bear aDNA FIG 1423 / 29 +dATP +dTTP +dCTP +dGTP
B LI S TiSs: fbitfs: " ", 20 30
h 120 30 Ch FIG 15 +dATP +dTTP +dCTP +dGIP ,, . .
;M*: Vi 10 20 3 Ch 20 30 Ch 10 20 30 Ch 1 20 3 C24

/[ 29 dA dT X dC X = dG

B

ACCCCATGCATATAGGCATGTACATATTATGCTTGATCTTACATGAGGACTTACA
TCTCAAAAGTTTATTTCAAGTGTATAGTCTGTAAGCATGTATTTCACTTAGTCCA
GGAGCTTAATCACCAGGCCTCGAGAAACCAGCAACCCTTGCGAGT

FIG. 13
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