PHAGE 29 DNA POLYMERASE CHIMERA The present invention is encompassed within the
biotechnology field. Specifically, it relates to a DNA 5 polymerase chimera comprising an amino-terminal
(N-terminal) region encoding a 029 type DNA polymerase and a carboxyl-terminal (C-terminal) region
comprising at least one HhH domain which are bound by means of a connecting amino acid sequence
and to the use thereof for replicating, amplifying or 10 sequencing a template DNA. Likewise, the present
invention provides a method for replicating, amplifying or sequencing a deoxyribonucleic acid with said
DNA polymerase chimera and a kit forBt#fez 110 1S SERe of the Art 15The only
enzyme required by the bacteriophage 029 to replicate its genome is its DNA polymerase, a 66 KDa
monomeric protein capabl?h%f catggéﬁngirt])&)ethﬁg}]e iﬁ}sitiatéggog theS ergpli\g:vﬁﬁl(r)]n amed the elongation of the
synthesized strand. For the mitig{io_n, this polymerase is bound o a protein known as 20 "terminal” (TP),
recognizes the end UFSOPBYNAKhd SAESHIFRIY thé foRAKSoriDf & TP-dAMP covalent c&MPlex. After
the polyngerization opdPnmrakeotitiesrtheddiisipolym erase/mtiete(Ndimer disassaerataaland the

elongation of the Str?an%OQHQ&TEB”%]DNA i w&g Bﬂﬁ\]ﬁ%ﬁﬁéﬁggvgn %&%@y@rases require the

interaction with accessory proteins which stablilize the etween the enzyme and the DNA (Kuriyan

and O'Donnell. J MoleEI8N2 g§3ies8inay 1 £2¢/98) ERRIRNGthEr 458, ¥aid DNA polymerSséfteed to
couple the polymeriztozirupbitiihareldaciimnantrehtise dDd AcaBOestiagndiwihich is not bemgabpied for which

they require the funcggmu@;h%,agg@l@@ Uggrﬁ@{g& hgl;ggﬁ%ﬁug%g{otems. In thls.s%n%gtlag DNA
polymerase of the b%ct%relogﬂagae QleT? nﬂ?es 'lA()uEill(ntrIQ(aslctﬁlénc;ueosga! characteristics rp/alﬂlin it unique: a)
High processivity (deﬁﬁednas%e RUMBEF of nucleotides’ Inco%orapecfrby binding even?f]. i High strand
detachment capacityPlOHiE®s A161E P fAEERMGAHY GRRBINEB06 &R bacteriophage iAUAEABSENCe of
helicase typeaccessodegpyobeins Eicesatvwathanat @xistiodynepracessivity and strangraletachment allow the
029 DNA polymerasgtpbe,canghbia ofigymthrsizing DNA strands of more than 70 kb in length (Blanco et

a/. J Biol Chem. 1989; 264: 8935-8940).
Prior State of the Art

Pz 1§ D U

15 The only enzyme required by the bacteriophage @9 to
replicate its genome is its DNA polymerase, a 66 KD a monomeric
protein capable of catalyzing both the initiation o f the
replication and the elongation of the synthesized s trand. For
the initiation, this polymerase is bound to a prote in known as

20 “terminal” (TP), recognizes the end of the @9 DNA and
catalyzes the formation of a TP-dAMP covalent compl ex. After
the polymerization of 10 nucleotides, the DNA polym erase/TP
heterodimer disassociates and the elongation of the strand

coming from DNA is carried out.

25 Replicative DNA polymerases require the interactio n with
accessory proteins which stabilize the binding betw een the
enzyme and the DNA (Kuriyan and O'Donnell. J Mol Bi ol. 1993;
234: 915-925). On the other hand, said DNA polymera ses need to
couple the polymerization upon the detachment of th e DNA

30 strand which is not being copied for which they req uire the
functional association thereof to helicase type pro teins. In
this sense, the DNA polymerase of the bacteriophage @29 has
various intrinsic functional characteristics making it unigue:

a) High processivity (defined as the number of nucl eotides



¢) High accuracy in the insertion of nucleotides in the new 10strand (Esteban et a/. J Biol Chem. 1993;
268: 2719-2726). All these characteristics have led to the development of a great variety of
Isothermal process (at constant temperature) protocols for amplifying double stranded DNA (dsDNA)
based on the use of this polymerase. In a simple 15 corfliguration, the capacity of the 029 DNA
polymerase to use circular single stranded DNA (ssDNA) allows amplifying DNA by the rolling circle
method (or RCA - rolling-circle amplification), producing ssSDNA molecules of great length and containing
more than 10 copies'SfRE &P PRIGISEHEND0 (Blanco et a/. J Biol Chem. 1989; 264: 8935-8940;
U55001050, U55198543 aiith Skbhl7é2@ehmbmtiagarigasisidondonpliging dsDNA devidaped by Amersham

Biosciences / Molecylar SiagidRean BlaliGRRENE Resasdile Ik 1095-1099; Dgap.gla/. Proc Natl
Acad Sci USA. 2002; 99: 5261-5266), the combinﬁgon of the use 250f the 029 DNA polymerase with the

use of hexamers (he")(?yf-a nué%ﬁﬁ%%) raW&EﬁJHSSeq fice prﬁ‘?’l%rs éiﬂ%(ﬁ%‘%t?{éﬁ%ing amplification factors of
104-106 Starting frormrpeessjvayns asfociretibtendplastamhD®A [&dowpligtem of GE Healthgztre]@XArom 10
nanograms of Genogsi RGBT O G HeRING a0 RadAP RepliG(r) ot Qiaggrl. The products
produced are of high qu nd can be digested or sequenc ectly wit ne need of prior
purification, it has bgg%ngz%@n's r?gpégap tr@ i€ 029 DNA eﬁolfrﬁ'efalégﬁig H?g] h:iogs%téro%%ﬁ enzyme for this
purpose. The comm8f38diédPior carrying out the amplification reactions with the 029 DNA polymerase
contains tris-HC1 (pk) 7.5highisddiifecgmi cenesatiationaudtredtieesidimolar order) of NatelnewKC1 and
MgC12 ig320030203@7§@(§%gxer, ingpite géﬂgéﬁéﬁfaﬁ@g%@sgl@gfa%wotocols in very diverse 5

situations, the development of other protocols which allow starting from lesser DNA amounts is a growing
need.  The HhH ("helithEIfshA T%?‘f?ﬁ&?ﬁé“BYﬁd%éo613/9%@38?81%3 of its sequerf Und are found in
various DNA polymetas@tsdigaveietnd ¢flycosiiesed (Skraeeand GitisheanstaNucleic Acids Res. 2000; 28:
2643-2650; Doherty ehperbtu@lpippeicaRes. Eaifyati 24884 andihese motifs congainoaypair of

anti-parallel a-helixe?dgggﬁ?%gg??y&"maeir%igg type |9 I))['Tp‘_grass%c.:?daa-gelix does not errﬁﬁréjde from the
t

structure and therefore, unlike other DNA binding motifs, it cannot be 15 Intercalated in the major groove
of the DARA. Crystall6gPEpHIRISTLANEsSRgEEsPtHAR the protein-DIA IMEr RONGRRI 28 ©staBlished through
the "loop” between thigctwed sirlgelixesnddiDioagssDNup rtvinaagiahlishing nonspeaigiomiesactions with the

DNA and normally c%tair?gllmg CPSENSHRFRAUenste GhG, rolling-circle

amplification), producing ssDNA molecules of great length and
containing more than 10 copies of the circular temp late

20 (Blanco et al. J Biol Chem. 1989; 264: 8935-8940; US5001050,
US5198543 and US5576204). In the process for amplif ying dsDNA
developed by Amersham Biosciences / Molecular Stagi ng (Dean et
al . Genome Res. 2001; 11: 1095-1099; Dean et al. Proc Natl
Acad Sci USA. 2002; 99: 5261-5266), the combination of the use

25 of the @29 DNA polymerase with the use of hexamers (hexa-
nucleotides) random sequence primers allows obtaini ng
amplification factors of 10 4.10 ® starting from picograms of
circular plasmid DNA [Templiphi™ of GE Healthcare] or from 10
nanograms of Genomic DNA [Genomiphi™ of GE Healthca re and

30 Repli-G © of Qiagen]. The products produced are of high qual ity
and can be digested or sequenced directly without t he need of
prior purification, it has been demonstrated that t he @29 DNA
polymerase is the most robust enzyme for this purpo se. The

common buffer for carrying out the amplification re actions



20 wherein h is a hydrophobic residue normally I, V, or L. The resolution of crystallographic structures
suggests that the interactions are established between the nitrogen of the polypeptide strand and the
oxygen of the phosphates of the DNA. Furthermore, polar amino acids which would establish 25
additional interactions with the phosphate groups tend tdexist in the positions 2 and 3 with respect to the
second G. The last G of the consensus sequence forms the N-terminal part of the second a-helix and the
hydrophobic residue h contributes to the interactions between the two a-helixes of 30the motif. The two
a-helixes are packagéth féening @9 diiferoh2B66heaneds diifePlotbier didtatitsg the characteristic

hydrophobic pattern diéaghseianeasedd et imetérmosrrrglly form part of majer ghitictkres known as
(HhH)2 made up by HhH motifs bo -helix, forming a.mirror symmetry with respect to that
of the DNA facilitatin%/&t_ eagga@eggrlnding‘ﬁt%e%%%@ Zg'sakn%é'v (féﬁgéto'%m"afloéerisr}ri]rrﬁ.]1 Nucleic Acids Res. 2000;
28: 2643-2650; Doh&AYFECRNINGEIei’AciBeSResPPYEE!S24:D488eM o 7dIME S er et a/. EMBO J. 1995; 14:

4108-4120). 5 The foumttion dichievelgsrieatweeotiezapstabbés DN polymerases suchatsnTag and Pfu
and nonspecific DNAQipcine MRt Nar PR3 e iV shHisgAdedncrease the DNA binding capacity by
said polymerases. (Pavlov et a/. Proc, Natl Acad Sci USA. 2002;.99: 13510-13515; W02004013279; Wang
et a/. 10Nucleic Acids Re\sﬁ%:odjlr;1 2? Ti%?%%%.e ) T'Hé'%’ryzgfgﬁogf}%p]ﬁ)?é resolution of theAstructure of
the 029 DNA polyméePQ3Edieas srovitletrtiienelébdid Bakeste §hoffsiBNe for the processiviéNdolymerization
coupled to the strangspiachsesntiigasgeciicl clygiasiedsiic ¢fihs enaynee 15(Kamtekarsgira/. 2006;
EMBO J,¢5: 1335-13¢3)eic Acidd1R:OTHBI3HvesaR2)¥8H WillLpjher DNA polymergseag pidhe eukaryotic

type (family B) shows a similar general foId% a C-terminal polymerization domain fo_rm?d by the

universal subdomairfsHiRd&Fs, Hattn Zhef tRurip and FSFmAY 2cIhannel throudhAPRIER the DNA is

bound; and a 3"-5" Nuténwarakedlexonucieasieedomanecespbysiblediqrimenypwihgpphe nucleotides mistakenly

Incorporated during I rization, T ' ral differe W the DNA polymerases of
ﬁ?ﬂ% %%g(g%? Zation, [Rgmaip ﬁﬁéﬁﬂeﬁﬁg ?#oﬂl“}ﬁ(ag{%&cﬁﬁé g%%f’

known structure and that o Qis theP%resence, i tter, o two additional subdomains in its

polymerization domd{l¢¢/8tk: cbrtkep8iEn PN Eonkef?ER sequence in the®ub§roup of the
DNA polfimerases usitegcalgrstéirtteatieib T fedvand thé RRAapyitaer. The subdominprdiPR1 is located

close to paim and capfads withydas: DNAduplex. pfheisshrdomaiarddifa 30 with a r3-hairpjg structure
forms, close to the subdomains thumb, palm anoFfingers, an annular structure which would completely

| paim a
surround the newly s‘iﬁﬁ‘ﬁ@]%&‘fﬁf{g&,tbﬁwé‘?ﬂﬁ PRVSRIIOYherase to the DRNPEXEGUITEE for replicating in
a processive mannelodgkewisdyetth e seiatoshmio bR cifegettrer with 35the subdatimeinwifingers, palm and

the exonuclease domRINDNA and normally contains the consensus sequenc e GhG,

20 wherein  h is a hydrophobic residue normally I, V, or L. The
resolution of crystallographic structures suggests that the
interactions are established between the nitrogen o f the
polypeptide strand and the oxygen of the phosphates of the
DNA. Furthermore, polar amino acids which would est ablish

25 additional interactions with the phosphate groups t end to
exist in the positions 2 and 3 with respect to the second G.
The last G of the consensus sequence forms the N-te rminal part
of the second o-helix and the hydrophobic residue h
contributes to the interactions between the two a-helixes of

30 the motif. The two a-helixes are packaged forming an angle of
25-50° between one another dictating the characteri stic
hydrophobic pattern in the sequences. The HhH motif s generally
form part of major structures known as (HhH) » made up by two

HhH motifs bound by an o-helix, forming a mirror symmetry with



participates in the formation of a narrow channel through which the template strand passes to access the
active center during replication, forcing the separation of the double stranded DNA as the polymerase is
displaced, acting in a 5 manner similar to how a helicase would act and providing the polymerase with its
capacity of coupling the polymerization to the strand det4&chment (Kamtekar et a/. 2006; EMBO J 25:
1335- 1343; Rodriguez et a/. 2005; Proc Natl Acad Soo USA 102: 6407- 6412). Such significant
differences in the polymerization 10 domain of the 029 DNA polymerase with respect to the rest has the
effect that the fusion®fRePelstidairPtheecNiminelien et eBriduld have unpredictdildiBinding
properties thereof inttieeepblymirization gB0aD NWAd SEriehiarwotitie kewention 15The pseRest invention

relates to a DNA polypgrase sEisesa¢assREng & N-terminal (eaigr aRRANG 2 g¢8 type DNA
polymerase and a C-termin_a%I rggi]ga comprisinég, t least one HhH domain Whiih are bound by means of a
ce

connecting amino a&é%@%fu %6 the (% e@é??o?r%%?%&tﬁﬁélg%ﬁ@ hg or 20 sequencing a
template DNA. Likewise, theeprioseatianyeditiomipieyarieReiverithd@dor $@BlRafNf amplifying or
sequencing a deoxygbmiaeieiss agichvathsaichhiNArpahimesaseeahsnmNa and a kit formadmygng out said
method. The phage %ﬂf@h’é@_ %%Léﬂ%%%é]{?‘%é&d’%%%l%%@}ﬁéi%ﬁ% 25 of great intgit;%%liéor amplifying

DNA such as: a high processivity without the need of the participation of any accessory protein and a high

strand detachment cSR6IY MGRIAPAXBFESTEalE #Yenome of s&id BhctefSpHaL &A% single binding
event to the DNA, assoiell 3&. a2Aifh &0cukaeiOm330hthd/ eI hudlentides in the elewastrand. These

charactagistics have jgr@ioAbesdeyelegunest: af arareat)variety of protocols for the isothermal amplification
of DNA based on the use 9{1 éh@ t%llY [ u&ﬁ({e r‘é@ﬁh oillgyvt%ag%iqm%ogoducts of high quqlittryethat can be
t of pri

digested or sequenced 35directly witho e nee prior purification. However, there is a need for

protocols which allowahe Biplifiealioie@s®Nheformmesded atheuniotpeiiadf. TRepresent invention

responds to this neegipompanfoplite@Rppssachesndrihgisevelppment of a compasttanavhich

significantly improveg, ﬁeﬁgﬁﬁﬂéﬂfy gggégﬁcyiﬁgggténgﬂgzgpmn, and 2) the formatjon of chimeras
ific DNA

between the 029 DNA polymerase and nonspecifi inding motifs increasing the DNA binding

capacity'df the enzyf@mtekar  qh e 8% npleS\ELpatdnt; 185hown that the

The comparative analysis with other DNA polymerase s of
the eukaryotic type (family B) shows a similar gene ral
folding: a C-terminal polymerization domain formed by the
universal subdomains fingers, palmand thunb and forming a

20 channel through which the DNA is bound; and a 3"-5 N-terminal
exonuclease domain responsible for removing the nuc leotides
mistakenly incorporated during the polymerization. The main
structural difference between the DNA polymerases o f known
structure and that of @29 is the presence, in the latter, of

25 two additional subdomains in its polymerization dom ain, both
corresponding to insertions of conserved sequence i n the
subgroup of the DNA polymerases using a protein cal led TPR1
and TPR2 as primer. The subdomain TPR1 is located c lose to
pal m and contacts with the DNA duplex. The subdomain TP R2,

30 with a B- hai rpi n structure forms, close to the subdomains

thunb, palmand fingers, an annular structure which would

completely surround the newly synthesized DNA , binding the DNA
polymerase to the DNA, required for replicating in a
processive manner. Likewise, the subdomain TPR2, to gether with

35 the subdomains fingers, palm and the exonuclease domain,



10simultaneousadditionofpolyoxyethylenatedsorbitan monolaurate (Tween(r) 20) and an ammonium salt
to the buffer commonly used for the amplification with the 029 DNA polymerase, on the one hand,
prevents the non-specific DNA amplification and, on the other hand allows the detectable and 15specific
amplification from limiting amounts of 0.1 femtograms (f§) of plasmid DNA and 10 fg of genomic DNA as
template. With respect to the increase of the DNA binding capacity, in the present invention HhH
motifs of the topoisomerase V of Methanopyrus kandleri have been fused to 20 the carboxyl end of the
029 DNA polymerasBXHFR#SF 't oARe@ifg98q ab e dF Miketrnginating from 4 differ*@ﬁt’@i/‘nmeras.
These chimeras are whipahle ofrapptifgirgdheatasplatecEdNAtfrorrein amount less tlracethat required by

the natural 029 DNA4pQ pg@ﬁedt,%Afgrg%asmectégpg}gtlgppstﬁngﬂgv%ntlon relates to a QPolymerase
chimera (hereinafter, DN § merase chlmg/ra of the mveﬁon) com rlsmg a) an amino acid sequence

encoding a 029 typesﬁ?\lﬂe ol %rgget%%tﬁwo Wl?gec '?eﬁ‘ﬁ' ?%q‘lda[% %b) a connectlnd Mafhino acid
sequence® bound by @A ©NtPYs T akFasainewiacséqadriee comprising atdéwsténe

helixhairpin-helix dogayméréisE ith its capacity of coupling the polyme fization to
the strand detachment (Kamtekar et al. 2006; EMBO J 25: 1335-
1343; Rodriguez et al .2005; Proc Natl Acad Sci USA 102: 6407-
6412). Such significant differences in the polymeri zation
10 domain of the @29 DNA polymerase with respect to the rest has
the effect that the fusion of a peptide in the C-te rminal end
thereof would have unpredictable binding properties thereof in

the polymerization and DNA.

Summary of the Invention

15 The present invention relates to a DNA polymerase
chimera comprising a N-terminal region encoding a @29 type DNA
polymerase and a C-terminal region comprising, at | east one
HhH domain which are bound by means of a connecting amino acid
sequence and to the use thereof for replicating, am plifying or

20 sequencing a template DNA. Likewise, the present in vention
provides a method for replicating, amplifying or se qguencing a
deoxyribonucleic acid with said DNA polymerase chim era and a

kit for carrying out said method.

The phage @29 DNA polymerase has several characteristics

25 of great interest for amplifying DNA such as: a hig h
processivity without the need of the participation of any
accessory protein and a high strand detachment capa city
allowing it to replicate the genome of said bacteri ophage in a
single binding event to the DNA, as well as a high accuracy in

30 the insertion of nucleotides in the new strand. The se
characteristics have lead to the development of a g reat
variety of protocols for the isothermal amplificati on of DNA
based on the use of this polymerase which allow obt aining
products of high quality that can be digested or se guenced

35 directly without the need of prior purification. Ho wever,



As used in the present description, the term "DNA polymerase" relates to an enzyme capable of
catalyzing the polymerization of deoxynucleoside triphosphates. Generally, the enzyme initiates the
synthesis in the 3' end of a primer hybridized with a template DNA sequence and proceeds towards 5the
5' end of the template DNA strand. As used in the présent description, the term "chimera" relates to a
protein, the amino acid sequence of which is a product of fusion of amino acid sequences of at least two
different proteins. A chimeric protein is generally produced 10 by means of its expression from a chimeric
DNA encoding the cﬁlﬁﬁ%ifcadmﬁﬁ’d%@@@éaﬁéﬂﬂ@ﬁ. allownbg 3@glin the present defedii9fic, the terms "DNA
polymerase chimerabra"chiameriesSiNA gradymerakererglatento geratetinjriienamino acid seguence of which

is a product of 15 fusign,phaminpiacidsegyences of atdsastiwediferent proteins, of which one is a DNA
polymerase, and wh%h i? capabliof c?ét)%l%/zial? the Eolér’r}eriz tion of deoxynucleoside trjphosphates. The
DNA polymerase chitf&rS 8P ehe Thoi R LBRIpNLEL HBIRIENiEAI region encodifg'EDIE type DNA 20
polymerase (a), and ReiigivhigafregRnyidiintisitg atdediononaHih) dbmain (c) which arelound by
means of a connectigaMbno ACichpRIEENEEWREN thd\s Used in {Be PIrEENbdNveRLSN, she term "029 type
DNA polymerase” relates to.fan%&kmbpalxmeratsfe containin ;LP%I\W% 25 TPR2 sub.dgmains in its
polymerization domeﬂﬁnﬁpg\c/idcmg the p8 y'n?errggé With he°C pacefty of coupling the prodgs'gﬁ/e
polymerization to the&pagid e @ EM: Examples of 029 type DNA polymerases that can be used in the
present invention are selegtetidreratipgeisbraimppsiag, theiDbAwolymaerases isolated 30 frigm the

following phages: 029, edBRD- Lo 021 PZEy, NieMgG B1O3pEA-1, SF5, Cp-5,Cp-7, PEA,
PR5, PR722, L17 or Acidianus Bottle-shaped virus (ABV). In agreferred embodiment of this first

aspect of the inventiBIP RSN 425 sequec8 bt &) SR8 IIASHL MBS Mimera of the invention
encodes a 029 type Nvpdlymseasefovhidieis sel@étatddnonvithe DBIA polymerases ¢g8latedArom the

following phages: 029, (R51sERIA-Th D bae O0Rdn P SR B4 N MRYp&103, GA-1, SFR, GRR. Cp-7, PEA,
PR5, PR722, 5L17 or Acidianus B ttle'ﬁg%?r?eq P{g#dsaq O\I?vé/?he det

amplification and, on t ectable and

15 specific amplification from limiting amounts of 0.1 femtograms

(fg) of plasmid DNA and 10 fg of genomic DNA as tem plate.

With respect to the increase of the DNA binding
capacity, in the present invention HhH motifs of th e
topoisomerase V of Met hanopyrus kandl eri have been fused to

20 the carboxyl end of the @29 DNA polymerase through a
connecting sequence or I'i nker originating from 4 different
chimeras. These chimeras are capable of amplifying the
template DNA from an amount less than that required by the
natural @29 DNA polymerase.

25 A first aspect of the present invention relates to a DNA
polymerase chimera (hereinafter, DNA polymerase chi mera of the
invention) comprising:

a) an amino acid sequence encoding a @29 type DNA
polymerase bound by its C-terminal end to

30 b) a connecting amino acid sequence bound by its C-ter minal

end to
¢) an amino acid sequence comprising at least one heli X-

hairpin-helix domain (HhH).

As used in the present description, the term “DNA



Preferably, the amino acid sequence of (a) of the DNA polymerase chimera of the invention has a identity
of at least 80% with SEQ ID NO: 1. More preferably, the amino acid sequence of (a) of the chimera of the
invention has an 10 identity of at least 90% with SEQ ID NO: 1. Still more preferably, the amino acid
sequence of (a) of the chimera of the invention is SEQ 1D NO: 1. The exonuclease domain of the 029
type DNA polymerases is known and can be modified to reduce the exonuclease 15 activity retaining a
high processivity and strand detachment capacity. These modified DNA polymerases are especially
useful for sequencinBAXFREIFRISEIRES. ©© anreazyrderRPdAnBbERIFA of this first asiPectsf the invention,
the amino acid sequpoiga@fAaipof thedadihn2epsitimenssesahireeracef the inventionremalgdes a 029 type

DNA polymerase haying,modiicatiansmihe apiiciease samaips wherein said modified, DNA polymerase
has preferably, less hh%%r!]) % of exonuclease activity and, mare preferably, less than 1% of exonuclease

activity than the corr A HARISINP'YE SN BRABEIVNEFSSe or "wild tySe YR Lstill more
preferred®embodimetie Baridhd dhfdannrareABNA bolymerase Jacks detectable exonuclease activity
with respect to the correspengdi inaty allyeecuisiegdodhA thelyenarase. The HhH ("helixahwérpin-helix")
motifs are non-sequeqce .30 ge&g{g}%qhg)%@rggﬂgsga%gp%esgf%urally, the HhH motifs are formed by a

pair of anti-parallel a-helixes connected by a hook-type loop. This loop is Involved in the interaction with
the DNA and has in B8P Y LR AL RUBG RS THIRSEH P ToPy FEine-amino acid Fydf¥bhobic-glycine
(GhG) wherein h is diffardnbdphabicsarmipvneeid residines asmeraisly, leucine, isoleucip@drogdline. The last
ﬁly;ineh@bbthe cor&semuﬁ@@@uﬁn@ew&ggasfMﬁemgmdmsidNﬂh ehthe sehcolnd a-hf@iﬁgaﬂnd t]pe
ydrophobic residue h. ributes t interactions between 5the two a-helixes of the motif.
Examples of proteinsC '@%ﬂr%ggﬁﬁ%ﬁar%%%ﬁéﬁﬁew sequence are, but not limited to, the DNA topoisomerase
V of Methanopyrus kandlé¥, #&brétetis MRSENtACTARIMEP S NG RENDINP, RecR, UmAC, DnaE or
DnlJ of Escherichia polymerd$: themecte ms'eéhviziic AR ) dRABIGSeRRD27, BAD 53atBAD®H7, REV],
OGG1, NTG1, NTG2dUN- 1y EPol &fiyersiserre Wellagihe homelpgs of these proggingsin other
organis%s such as fPurs%ﬁarcr)}pIgm%t n(%|imit%gr}8ésl3%f3i||‘f'5|§a%?\t)#\i,\? %ﬁgnorhabditis elegarré% Haemophilus
influenzae, Methanococcus pannasc%u, 1%?\ﬂ|crococcus?uteus, t%anobacteriumthermo?ormicumOr

Salmonella typhimurﬁlﬁ??ﬁinsf of which one is a DNA polymerase, and whi ch is
capable of catalyzing the polymerization of deoxynu cleoside
triphosphates. The DNA polymerase chimera of the in vention
comprises an N-terminal region encoding a @9 type DNA

20 polymerase (a), and a C-terminal region comprising at least
one HhH domain (c) which are bound by means of a co nnecting

amino acid sequence (b).

As used in the present invention, the term “ @29 type DNA
polymerase” relates to any DNA polymerase containin g TPR1 and
25 TPR2 subdomains in its polymerization domain provid ing the
polymerase with the capacity of coupling the proces sive
polymerization to the strand detachment. Examples o f @29 type
DNA polymerases that can be used in the present inv ention are
selected from the list comprising the DNA polymeras es isolated
30 from the following phages: @29, Cp-1, PRD-1, @15, @21, PZE,
PZA, Nf, M2Y, B103, GA-1, SF5, Cp-5, Cp-7, PR4, PR5 , PR722,
L17 or Acidianus Bottle-shaped virus (ABV).
In a preferred embodiment of this first aspect of the

invention, the amino acid sequence of (a) of the DN A



Therefore, in a preferred embodiment of this first aspect of the invention, the amino acid sequence of (c)
of the DNA polymerase chimera of the invention comprises at least one 20HhH domain of a protein which
is selected from the list comprising: topoisomerase V of M.kandleri, MutY, Nth, MutM/Fpg, Nei, UvrC,
DinP, RecR, UmuC, DnaE or DnlJ of E. coli, 25-RAD1, RAD2, RADIO, RAD27, BAD 55, BAD 57, REV1,
OGG1, NTG1, NTG2, DIN-7 or EXO-1 of yeasts, or a homologous protein of the above in B. subitilis, C.
elegans, H. influenzae, M. pannaschii, M. luteus, M. thermoformicum or S. typhimurium. 30The C-terminal
end of the topoisomérigaeiess vhiroaredilr ikeoity@nized ¢ntode repeats of about290teraindNAcids each
known as A-L domaigsyandacthidaving fvdibhmetia poyRadareferred emhagiggapof this first
aspect of the invention, the amino acid sequence of (c%zof the DNA 35polymerase chimera of the

S 9, Cp-1, PRD-1, 015, @21, PZE,

invention, comprises S48t GiRviHe phages!

PZA, Nf, M2Y, B103, GA-1, SF5, Cp-5, Cp-7, PR4, PR5 , PR722,
5 L17 or Acidianus Bottle-shaped virus (ABV).
Preferably, the amino acid sequence of (a) of the DNA
polymerase chimera of the invention has a identity of at least
80% with SEQ ID NO: 1. More preferably, the amino a cid
sequence of (a) of the chimera of the invention has an
10 identity of at least 90% with SEQ ID NO: 1. Still m ore
preferably, the amino acid sequence of (a) of the ¢ himera of

the invention is SEQ ID NO: 1.

The exonuclease domain of the @9 type DNA polymerases

is known and can be modified to reduce the exonucle ase

15 activity retaining a high processivity and strand d etachment
capacity. These modified DNA polymerases are especi ally useful

for sequencing large molecules.

In a preferred embodiment of this first aspect of the
invention, the amino acid sequence of (a) of the DN A
20 polymerase chimera of the invention encodes a @29 type DNA
polymerase having modification in the exonuclease d omain,
wherein said modified DNA polymerase has preferably , less than
10% of exonuclease activity and, more preferably, | ess than 1%
of exonuclease activity than the corresponding natu rally
25 occurring DNA polymerase or “wild type”. In a still more
preferred embodiment, said modified @29 type DNA polymerase
lacks detectable exonuclease activity with respect to the

corresponding naturally occurring DNA polymerase.

The HhH (“helix-hairpin-helix”) motifs are non-seq uence
30 dependent DNA binding motifs. Structurally, the HhH motifs are
formed by a pair of anti-parallel a-helixes connected by a
hook-type loop. This loop is involved in the intera ction with
the DNA and has in general a consensus sequence con sisting of

glycine-amino acid hydrophobic-glycine (GhG) wherei n his a



HhH domain derived from the topoisomerase V of M. kandlera, the amino acid sequence of which is SEQ
ID NO: 2. In a more preferred embodiment of this first aspect of the invention, the amino acid
sequence of (c) of the DNA 5 polymerase chimera of the invention is SEQ ID NO: 3 corresponding to the
sequence of the H domain of the topoisomerase V of M.%andleri. In another more preferred
embodiment of this first aspect of the invention, the amino acid sequence of (c) of the 10 DNA
polymerase chimera of the invention is SEQ ID NO: 3 bound by its C-terminal end to SEQ ID NO: 4
corresponding to the"¥egRBeRiE BMiAR 24t dRsiirCof BREMRHYILBIBPase V of M. kan@R&EBEINd by its
C-terminal end to ther doinaimef e thpdisaharasendedtds. dapdleri. 15As used irdéheepreasent invention,

the term "connecting,amipo-aArifFERENRE" IBlalgs 1 a.ghert amino acid seguenge; ofat least 2 amino
acids in length which allows .ainta'ninﬁ)the fl nctiona‘jlg_of the amino acid sequencg)s of eg and (c) of the

DNA polymerase chiM&2e 15 TRVERHIbA>BrRRTABR & 28 ¢8nnecting amino &&id$¥Gtence of (b) is of
6 amino &cids. Moretpgdterably;helasaritegifamino acid sequence of (b) is SEQ ID NO: 5 or SEQ ID
NO: 6. Another aspect of theapiigsenbinyeokon relaies taathanrse M@t the BAA polymerase chimera of

the invention for rEp@%ﬁUQchaQPQIiMPQo?ﬁir%ﬁ@&'%‘ﬁiﬁ@ WRW&E%RAVA' Anothegaspect of the present

invention relates to a method for replicating, amplifying or sequencing a template DNA which comprises

contacting said DNANVR*A$BECHD N SO istUre BB MBI ET e AU HUINEBRA'Bblymerase chimera of the

invention, b) a buffet)gmBgpRedtenRchioti@e Dnak or DnlJ of Escherichia coli or
10 the proteins RAD1, RAD2, RAD10, RAD27, RAD 55, RA D 57, REV1],
OGG1, NTG1, NTG2, DIN-7 or EXO-1 of yeasts, as well as the
homologs of these proteins in other organisms such as for
example, but not limited to, Bacillus subtilis, Caenorhabditis

el egans, Haenophilus influenzae, Methanococcus jannaschii,
15 M crococcus | ut eus, Met hanobacterium  thernoform cum or
Sal nonel I a typhi murium
Therefore, in a preferred embodiment of this firs t
aspect of the invention, the amino acid sequence of (c) of the
DNA polymerase chimera of the invention comprises a t least one
20 HhH domain of a protein which is selected from the list
comprising:
- topoisomerase V of M kandl eri ,
- MutY, Nth, MutM/Fpg, Nei, UvrC, DinP, RecR, UmuC, D nakE
or DnlJ of E. coli,
25 - RAD1, RAD2, RAD10, RAD27, RAD 55, RAD 57, REV1, O GG1,
NTG1, NTG2, DIN-7 or EXO-1 of yeasts, or
- a homologous protein of the above in B. subtilis,
-C. elegans, H influenzae, M jannaschii, M |uteus,
M thermoform cumor S. typhimurium
30 The C-terminal end of the topoisomerase V of M kandl er
is organized into 12 repeats of about 50 amino acid s each
known as A-L domains and each having two HhH motifs
In a preferred embodiment of this first aspect of the
invention, the amino acid sequence of (c) of the DN A

35 polymerase chimera of the invention, comprises at | east one



d) a primer, and 35e) nucleoside triphosphates. 11 A preferred embodiment of this aspect of the
invention relates to a method for replicating, amplifying or sequencing a template DNA which comprises
contacting said DNA with a reaction mixture comprising the aforementioned elements (a)- 5 (e) and
further comprising polyoxyethylenated sorbitan monoladf@te, an ammonium salt, a potassium salt or a
combination of any of the above. In a preferred embodiment of the method for replicating, amplifying
or sequencing of the invention, the DNA polymerase 10 chimera of the invention is at a concentration
between 5 nM and 78MiVIaRaMISE ¢t feReleABYEAMEIASENE BINA polymerdde &RRGERS bf the
invention is at a congendratioratietvegeen2s stMtastd SSEYVDING: till more preferred embodiment, the DNA

polymerase chimera of thg, iQVaBlORiseRtd SHIRMIAN afid arprigedmately 50 nM. ¢ dp a preferred
embodiment of the rqgth.od for repllcatlrrlfﬂ, amg)_l fying or se lige{j}gm ﬂ{the invention, the
£ a Corice

polyoxyethylenated erbﬁ?é{ﬁnﬂ?gnc}_fb?ur% BueEn (5 26) i€ at ration between °083% and 0.1% of
the total volume of ZO#Rerestctiohimera rabréhgrefeypaoamisodfrrent,thefdlyckyethylenated sorbitan
monolaurate is in a pReHPEiIkgWeemhe.0Leeand G105k oHthadetahvaunae of the reactios. In a still

more preferred emb%gmemgegpg(oxyetmlq:(%@cg§p_rbitan monolaurate is in a proportion between
0.01% and 250.03% of the total volume of the reaction. In a still more preferred embodiment, the

polyoxyethylenated sorbit3n AIBRGaUPSYE iiRE "5 ERTSH B FpftoxdMiatliy 0.025% of the thtal volume of
the reaction. "Total vasipeaobfrih enveatstiv e isnineessteeduasabefresulting volumdcafitihthe addition of

30the terpplate DNADR AN KeaR&HSR ERieEof the ivanRbafeygetembodiment of theymetbaeufor replicating,
amplifying or sequer) 'r]g (gm%ﬁﬂ}i‘(?g i&’Qoth%WQ@:UW goa”te%%%% ted from the Iist[gqﬁréprising:
. 3bIn

ammonium sulfate, ammonium chloride or ammonium acetate preferred embodiment of the
method for replicatini)e,q“ence of the H domain of the topoisomerase V of M kandl eri

bound by its C-terminal end to the | domain of the

topoisomerase V of M kandl eri .

15 As used in the present invention, the term “connec ting
amino acid sequence” relates to a short amino acid sequence of
at least 2 amino acids in length which allows maint aining the
functionality of the amino acid sequences of (a) an d (c) of
the DNA polymerase chimera of the invention. Prefer ably, the

20 connecting amino acid sequence of (b) is of 6 amino acids.
More preferably, the connecting amino acid sequence of (b) is

SEQ ID NO: 5 or SEQ ID NO: 6.

Another aspect of the present invention relates to the use
25 of the DNA polymerase chimera of the invention for
replicating, amplifying or sequencing a template DN A.
Another aspect of the present invention relates to a
method for replicating, amplifying or sequencing a template
DNA which comprises contacting said DNA with a reac tion
30 mixture comprising at least:
a) the DNA polymerase chimera of the invention,
b) a buffer,
¢) magnesium chloride,
d) aprimer, and

35 e) nucleoside triphosphates.



12 amplifying or sequencing of the invention, the ammonium salt is ammonium sulfate. In a more
preferred embodiment, the ammonium sulfate is at a concentration between 30 mM and 60 mM. In a still
more preferred embodiment, the ammonium sulfate 5is at a concentration between 40 mM and 50 mM. In
a still more preferred embodiment,the ammonium sulfatélis at a concentration of approximately 45 mM.

In a preferred embodiment of the method for replicating, amplifying or sequencing of the invention, the
ammonium salt 10 is ammonium chloride. In a more preferred embodiment, the ammonium chloride is at
a concentration between 69 PHNFESH APEOHVENHh A 8lifl ARPREpPEIER dBVEBMbodiment, the &Afmonium
chloride is at a concesiftation deterbedn (BOraphtatind, EOMphildglora still more preferredgrriaodjment, the
ammonium chloride is ata,LacHICRNIRALAN B BRUOXMRIEMICMMpna I a preferrgggmbodiment of

the method for replicating, am |If}lln or sequepcing of the invention, the ammonium sajt is ammonium
acetate. In a more plRFEIEC EHSBRISHR Ui AIBRIS I €58 at a concentration Bbtween 60 mM
and 120 20 mM. In &ektillRtbrefyireserréanapibodimeplyotyetArariptunsadetate is at a con&htration
between 80 mM andnid¥dieidn astilbmomiprefessed embeeissant, thalanamonium acetate s at a
concentration of appggximately 810aﬂ)‘Mf g pyeferred embodiment of the method for replicating, 25
amplifying or sequencing of the invention, the buffer is at a pH between 7.0 and 8.5. In a more preferred
embodiment, the buffer is 'Qt%%?—i%@ﬂzfé@h@'@%&féh?ﬂ%w fbréfeferred embodifiéi;, the buffer is at
a pH of approximatefyp|yihg arpredeersihewfisbeimention the Mbthod for replicatinge!y®aesasplifying or
sequenaipg of the inygiRtivn, dhed wianipdrishydsosbiesiardtisnasatic or HEPES. In a-gposenpreferred

embodiment of the Mgl 6F 1ERUGAIDA AR segURRGigC! the inventioy

tris-hydrochloric, tris-acetic or - sata etween |
embodiment, the buffBMFERYABIRISAKON S at a concentration betw

and 60 nM. In a still more preferred embodiment, th e DNA
polymerase chimera of the invention is at a concent ration of
15 approximately 50 nM.

In a preferred embodiment of the method for replic ating,
amplifying or sequencing of  the invention,
polyoxyethylenated sorbitan monolaurate (Tween ® 20) is at a
concentration between 0.003% and 0.1% of the total volume of

20 the reaction. In a more preferred embodiment,
polyoxyethylenated sorbitan monolaurate is in a pro portion
between 0.006% and 0.05% of the total volume of the reaction.
In a still more preferred embodiment, the polyoxyet hylenated
sorbitan monolaurate is in a proportion between 0.0 1% and
25 0.03% of the total volume of the reaction. In a sti Il more
preferred embodiment, the  polyoxyethylenated  sorbit an
monolaurate is in a proportion of approximately 0.0 25% of the
total volume of the reaction. “Total volume of the reaction”,
is understood as the resulting volume after the add ition of
30 the template DNA to the reaction mixture.

In a preferred embodiment of the method for replic ating,
amplifying or sequencing of the invention, the ammo nium salt
is selected from the list comprising: ammonium sulf ate,
ammonium chloride or ammonium acetate.

35 In a preferred embodiment of the method for replic ating,

e

een 25 nM

S
re preferred



tris-acetic or HEPES is at a pH between 7.2 and 8. In a still more preferred embodiment, the buffer
tris-hydrochloric, trisacetic or HEPES is at a pH of approximately 7.5. In a preferred embodiment of this
aspect of the method 5 for replicating, amplifying or sequencing of the invention, the buffer
tris-hydrochloric, tris-acetic or HEPES is at a concentratién between 25 mM and 50 mM. In a more
preferred embodiment, the buffer tris-hydrochloric, tris-acetic or HEPES is at a concentration between 30
mM and 45 mM. In a still more 10 preferred embodiment, the buffer tris-hydrochloric, trisacetic or HEPES
is at a concentration3FRPIEFmERENFIRNERL. the inMeatorefiifedPRbodiment of th&HReERYd for
replicating, amplifyinig cisaquiemcingifalethéninvemibeon, gheepetassiodsadinis potassium chibgide or

potassium acetate. 198,096, LaRiefrrademhadiment thsratassiym chloride or fhe hp@ssium acetate
is at a concentration between mM. HI] a still more preferred embodiment, the potassium

30 mM and 70
chloride or the potas@iMn{na%éﬁt@%ezﬂr %%BWC%'HR% D5 B MR mm and 60 i JHES il more
preferred®embodimeltathepraerigition oS Ada b ane Porldsinm acetate is at HitsiEentration of
approximately 50 migreferrdtn a @rtiireche mhesimaninahilie meihad forsreplicating, amplifying or
sequencing of the inyention, the B‘FQE&%%HQ&@HMWS at a concentration between 2 mM and 20 mM. In

a 25 more preferred embodiment, the magneSium chloride is at a concentration between 5 mM and 15
mM. In a still more preferrSHHHBERHEMC A RMGHES (R PRTREER Gt approximately®B¥mM. In a
preferred embodimeanplififiies meteaddioting pifchtngyedtoantptifgngor sequencing oftmesivention, the

polyoxyethylenated sorhiiadmMeniAKIE imimnamsepgidesbetepebdhieh% and 0.03% aghéhe total
volume, the ammoni lfate | oncentrati e M and 50 mM, th ff,
S At ﬁﬂ@@%% NS cé@éﬂﬂa%ﬂ%e%ﬂe Q8 nﬁnf n%# n%’n d ata pH

tris-hydrochloric, tris-acetic or HE} Is at a 35concentration between 30 mM and
between 7.2 14 and"®b, tRe fatiflesi9r cPiBfiteds eaocRREntiAforfBatieen 5 mM and'T5 mM and
the potassium chloridelwidthis potassitentetietatetsean8eomdantdatibn between 40miM.anch60 mM. In a

preferred embodimegyiohhe grethed datsimtieatifge ammonium chior ide is at a
15 concentration of approximately 90 mM.

In a preferred embodiment of the method for replic ating,
amplifying or sequencing of the invention, the ammo nium salt
is ammonium acetate. In a more preferred embodiment , the
ammonium acetate is at a concentration between 60 m M and 120

20 mM. In a still more preferred embodiment, the ammon ium acetate
is at a concentration between 80 mM and 100 mM. In a still
more preferred embodiment, the ammonium acetate is at a

concentration of approximately 90 mM.

In a preferred embodiment of the method for repli cating,
25 amplifying or sequencing of the invention, the buff erisata
pH between 7.0 and 8.5. In a more preferred embodim ent, the
buffer is at a pH between 7.2 and 8. In a still mor e preferred
embodiment, the buffer is at a pH of approximately 7.5.
In a preferred embodiment of the method for repli cating,
30 amplifying or sequencing of the invention, the buff er is tris-
hydrochloric, tris-acetic or HEPES. In a more prefe rred
embodiment of the method for replicating, amplifyin g or
sequencing of the invention, the buffer tris-hydroc hloric,
tris-acetic or HEPES is at a pH between 7.0 and 8.5 . In a

35 still more preferred embodiment, the buffer tris-hy drochloric,



5 amplifying or sequencing of the invention, the polyoxyethylenated sorbitan monolaurate is in a
concentration of 0.025% of the total volume, the ammonium sulfate is at a concentration of 45 mM, the
buffer tris-hydrochloric, trisacetic or HEPES is at a concentration of 40 mM and at a pH of 10 7.5, the
magnesium chloride is at a concentration of 10 mM and!the potassium chloride or the potassium acetate
is at a concentration of 50 mM. In a preferred embodiment of the method for replicating, amplifying or
sequencing of the invention, the 15 polyoxyethylenated sorbitan monolaurate is in a proportion between
0.01% and 0.03% oftte2¢6t41 FIRRE St htphbPitEhicfidBdSat a concentratiofl Bétileen 80 mM and
100 mM, the buffer tnsieynletaiddrémlitsiacetithombifePES hgdbdeiconcentration beiweess 30 mM and 45

mM and at a pH betwggn 4. 2ie-and 8.9 pihe: Qaehiesival chioride is at a concentration between 5 mM
and 15 mM and the potassium ch orid(ﬁ] ré{?@&gtas iym acetate is at a concentration betr\]/veen 40 mM

0

and 60 mM.  In a more Praf@iTEd EmBl PhPHHE RS f P&ph€ating, amplifying 8P sequencing
of the invention, the fo5reRigakBtRpelfRG YoasHdATRhGRLTatE is in a concentratidMi?D.025% of the
total volume, the amme@njutiarctilorigeristadra cancasdtiation 1o ®EINM, the buffer tris-hydioghloric, trisacetic

or HEPES is at a congetrgtign of QLM Anchaf a6 Av: IR mageesium chloride g ala

concentration of 10 mM and 30 the potassium chloride or the gotassmm acetate is at a concentration of
50 mM.  In a pref8PBAERRBL g RIS R YARHEY foF Iepfithting, amplifying Jf 8e6ERSing of the
invention, the polyoxgetis/fonaestiatiorbietiveno 36 e atedidSmdipioportion 35betwed@mM®@1% and 0.03% of

the totalygolume, theppsrsneniWmbbaideaiatehis auaoRGERitRbeNoaeiween 80 mM and @0 mM, the buffer
tris-hydrochloric, trisé% ﬁ%r%#@g%sa{l%‘%ﬁﬁ 88{;&?%@%&%%?% 30 mM and eﬁawMﬁnd ata pH
h a

between 7.2 and 8.0, the' magnesium chloride’is at a concentration between 55 mM and 15 mM and the
potassium chloride or the'pSREIRIFAGRERAETS A kSRR dion BRltween 40 MM antf6¥mM.  Ina
more preferred embadiptigntgoditiseqursitiog ddthe plicating, thenplifying or sequencirsgiahtba@tinvention, the

polyoxyethylenated gorbidardnpanolaBdie i pRRRRTateRte. In a mo re
15 preferred embodiment, the potassium chloride or the potassium
acetate is at a concentration between 30 mM and 70 mM. In a
still more preferred embodiment, the potassium chlo ride or the
potassium acetate is at a concentration between 40 mM and 60
mM. In a still more preferred embodiment, the potas sium
20 chloride or the potassium acetate is at a concentra tion of

approximately 50 mM.

In a preferred embodiment of the method for repli cating,
amplifying or sequencing of the invention, the magn esium

chloride is at a concentration between 2 mM and 20 mM. In a

25 more preferred embodiment, the magnesium chloride i s at a
concentration between 5 mM and 15 mM. In a still mo re

preferred embodiment, the magnesium chloride is at

approximately 10 mM.

In a preferred embodiment of the method for repli cating,
30 amplifying or sequencing of the invention, the
polyoxyethylenated sorbitan monolaurate is in a pro portion
between 0.01% and 0.03% of the total volume, the am monium
sulfate is at a concentration between 40 mM and 50 mM, the
buffer tris-hydrochloric, tris-acetic or HEPES is a t a

35 concentration between 30 mM and 45 mM and ata pH b etween 7.2



10 of 0.025% of the total volume, the ammonium acetate is at a concentration of 90 mM, the buffer
tris-hydrochloric, trisacetic or HEPES is at a concentration of 40 mM and at a pH of 7.5, the magnesium
chloride is at a concentration of 10 mM and the potassium chloride or the potassium acetate is at a
15concentration of 50 mM. Asused inthe present descripfion,theterm "replication" relates to the synthesis
of a complementary DNA from a template DNA. Asused inthe present description,theterm
20"amplification” relates to the increase of the number of copies of a template DNA. Asused inthe present
description, theterm '¥&4&EnEIAdgraeNstEE S i ete AMeassBRthe order of the RILREHERS of a template

DNA. 25"Contacting’ ismthdedstiGoohsisaine fiecipidtasdinentenplatedoibd and the reactiotasnixiure are
incubated in primer gxtension congiiRRsation beidesed RaVElnq e term "primer” rgjates to an

oligonucleotide capable of acting as
extension conditions. Pre*@raany,etrﬁ%

he starting point of the 30DNA synthesis when it is in primer
SRR B b e e eotde.

TheP¥fiflers can be

preparedby means 8fMahlyisgitabf metR@ENEIBLdINGf for &amplrvepiiemot lifited to, the direct chemical
synthesis. The primeisieapdis/idasigneorbadiybadizaudbwithispegific deoxynucleotidaus@ignences in the

template DNA

of 0.025% of the total volume, the ammonium sulfate is at a
concentration of 45 mM, the buffer tris-hydrochlori c, tris-
acetic or HEPES is at a concentration of 40 mM and at a pH of

10 7.5, the magnesium chloride is at a concentration o f10 mM and
the potassium chloride or the potassium acetate is at a
concentration of 50 mM.

In a preferred embodiment of the method for repli cating,

amplifying or sequencing of  the invention, the

15 polyoxyethylenated sorbitan monolaurate is in a pro portion
between 0.01% and 0.03% of the total volume, the am monium
chloride is at a concentration between 80 mM and 10 0 mM, the
buffer tris-hydrochloric, tris-acetic or HEPES is a t a
concentration between 30 mM and 45 mM and ata pH b etween 7.2

20 and 8.0, the magnesium chloride is at a concentrati on between
5 mM and 15 mM and the potassium chloride or the po tassium
acetate is at a concentration between 40 mM and 60 mM.

In a more preferred embodiment of the method for

replicating, amplifying or sequencing of the invent ion, the

25 polyoxyethylenated sorbitan monolaurate is in a con centration
of 0.025% of the total volume, the ammonium chlorid eis at a
concentration of 90 mM, the buffer tris-hydrochlori c, tris-
acetic or HEPES is at a concentration of 40 mM and at a pH of
7.5, the magnesium chloride is at a concentration o f 10 mM and

30 the potassium chloride or the potassium acetate is at a
concentration of 50 mM.

In a preferred embodiment of the method for repli cating,
amplifying or sequencing of  the invention, the
polyoxyethylenated sorbitan monolaurate is in a pro portion

35 between 0.01% and 0.03% of the total volume, the am monium



16 (specific primers) or can be randomly synthesized (arbitrary primers). As used in the present
description, the term "specific primer" relates to a primer the sequence of which is 5 complementary to a
specific deoxynucleotide sequence in the template DNA to be amplified. "Complementary" is
understood as the fact that the primer can be hybridized'With a region of the template DNA such that it
can act as the starting point of the DNA 10 synthesis when it is in primer extension conditions.
Preferably, that region has a 100% complementarity with a region of the template DNA. In other words,
each nucleotide in tHiE?EfolS 8 BoFAPFERTENLAYIBPWRARE HihaP¢dR%orm hydrogenB¥ndiewith a
nucleotide present irbtiffersingléydbdtraitd e ditempiateoH WERES, tisose with a normal experence in the
field will acknowledgg,thahpsime RARUNE AFROIR Withessdhar Q@Y% complemgntayity with respect to

the template DNA will function to carry out the method for replicating, amplifying or sequencing of the
present invention. 2GFHE rthe- T W'Brf 8?d?éfa?é§t%)'&c%?ﬁ[ﬁgr the sequence Ot WhitH 1S randomly
synthesiZed and whieHmY L&t 16 inilad8dHEDPRSIWIhESigrider fhdbenisositions of thidseiiplate DNA.
Generally, in the methethforsrepdicaticihtanmpl hying or seaneacdsy of the present imMention a population of
arbitrary 25 primers is usgd. -The jerm -arbitrary piimers: relates to a set of pgmers with a random

sequence and which are used to initiate the DNA synthesis in random positions of the template DNA.

In a preferred embodfIEATYH REMRAS PEFSEAERGT 86 dMiPifying or sequenciff§ofthe invention, the
primer is specific.  pdiycyetindenatefesrstitamiboddtaeratefstiie at@thod for replicatinepteatplifying or
sequenaipg of the inyeotipBeshe prémetkis/akbisaiie Risfesaliy, dbaaebitrary primer i 3pprotected against

the action of 3"-5" e)&%ﬂ(@&?{%ﬁgﬁ- Angl mare 1.7 %qgirqrpgyh?}m% &ibitrary primer is an oliganucleotide of 6
. : 8 i\ :

nucleotides, "hexanucleotide™ or "hexamer" protected agarnst the action of 3"-5" exonucleases. As used in
the present descripti%‘fﬁtiﬁ@ré—ﬂ%ﬁg%ﬁ)ﬁt a concentration ot 40 mM and at a pH of
7.5, the magnesium chloride is at a concentration o f10 mM and
the potassium chloride or the potassium acetate is at a
15 concentration of 50 mM.

As wused in the present description, the term
“replication” relates to the synthesis of a complem entary DNA
from a template DNA.

As used in the present description, the term

20 “amplification” relates to the increase of the numb er of

copies of a template DNA.

As wused in the present description, the term
“sequencing” relates to the determination of the or der of the
nucleotides of a template DNA.

25 “Contacting” is understood as the fact that the t emplate
DNA and the reaction mixture are incubated in prime r extension
conditions.

As used herein, the term “primer” relates to an

oligonucleotide capable of acting as the starting p oint of the
30 DNA synthesis when it is in primer extension condit ions.
Preferably, the primer is a deoxyribose oligonucleo tide.
The primers can be prepared by means of any suitab le
method, including for example, but not limited to, the direct
chemical synthesis. The primers can be designed to hybridize

35 with specific deoxynucleotide sequences in the temp late DNA



5 "protected against the action of exonucleases" relates to a modified primer such that it is resistant to the
nucleolytic degradation by any 3"-5" exonuclease activity present in the DNA polymerase chimera of the
invention. In the method for replicating, amplifying or sequencing 10 of the invention, more than
one primer can be used, being able to use specific and/bf arbitrary primers. In a preferred
embodiment of the method for replicating, amplifying or sequencing of the invention, the primer is at a
concentration between 2pM and 100pM. In a more preferred 15 embodiment, the primer is at a
concentration betweERERIISVPARETBOPMa RE SANIABHE PrafasEatembodiment, the pHaWs at a
concentration betwepnm#®M and 60pM. In a still more preferred embodiment, the primer is at a

concentration of approximate|y.a0RMhZBASdipeflip iR RrasentAeagiption the term "nygleoside

triphosphates” relates to organic molecules formed by the covalent bond of a pentose, a nitrogen base
and three phosphateord%%psrel‘?ﬁ%?er}%nﬁcl@Bg]‘aret %o§%%§ﬂ%csﬁnc%d‘gh"§ deoxynucleoside t?iphosphates
(dNTPs) Buch as foreexamenentant totiniasHicodgavrueiedtite ErPeUIP, dGTP, dF TP g derivatives
thereof. Preferably, theple@xyrnuaepsigderigaosphates are dATP, dTTP, dGTP and dCTP. Still more

preferably, these four dNTg&T%rlgni]grﬁ implay, conditions. In g .30 prefgrred,embodiment of this aspect of
the invention, the deoxynucleoside triphosphates are at a concentration between 100pM and 800pM. In a

more preferred emb8AFERINRIREYHAFI bR fRPRBPhERLEME! at a concentratiBlf Hleen 200pM
and 600pM. In a stillswbretigeférreth eatbogimenat, taeieddearyy miclbesiBe triphosphates ardNat a
concentyation of 18 gppreximatabnS00pM. TihetgrimprcCleasidainiphesphisigsalsoincludes

e

dideoxynucleoside tﬁ) jﬁ?tqﬁéd%éi-gﬁsﬂassu%h ﬁ%f)}gr f? | %hpalf’fiymt limited to, d%‘EPaddCTP,
or

ddITP, ddUTP, ddG P, erivatives thereof. n some’ preferred embodiments of the

method for replicatinG9mpiit)mi§Br'aEd¥ACIRGBEME IR &RGBAYat least one nuERYERE triphosphate or
one primer is labellethdy regansadf tecicqessaigl kitbwinén thienstateaof the art. The orm

hydrogen bonds with a nucleotide present in the sin gle
15 stranded template. However, those with a normal exp erience in
the field will acknowledge that primers having a re gion with
less than 100% complementarity with respect to the template
DNA will function to carry out the method for repli cating,

amplifying or sequencing of the present invention.

20 The term *“arbitrary primer” relates to a primer th e
sequence of which is randomly synthesized and which is used to
initiate the DNA synthesis in random positions of t he template
DNA. Generally, in the method for replicating, ampl ifying or
sequencing of the present invention a population of arbitrary

25 primers is used. The term “arbitrary primers” relat es to a set
of primers with a random sequence and which are use d to
initiate the DNA synthesis in random positions of t he template
DNA.

In a preferred embodiment of the method for repli cating,

30 amplifying or sequencing of the invention, the prim er is
specific.

In another preferred embodiment of the method for
replicating, amplifying or sequencing of the invent ion, the
primer is arbitrary. Preferably, the arbitrary prim er is

35 protected against the action of 3’-5" exonucleases. And more



10 nucleotide labelled can be, for example, a deoxynucleoside triphosphate or a dideoxynucleoside
triphosphate. Detectable labels include, for example, radioactive isotopes, fluorescent labels,
chemiluminescent labels, bioluminescent labels or enzymatic labels. 15As used in the present
description, the term "template DNA" relates to a DNA rhélecule that can serve as a substrate for
synthesizing a complementary DNA strand; i.e., it relates to a DNA molecule to be replicated, amplified or
sequenced. In a preferred embodiment the template DNA is plasmid DNA. In 20another preferred
embodiment, the terRFTEETHINAE YENGHIPTIA 'S anFRliBARUSIRe, amplifying or seqd@riify of the
template DNA is carrieclentitiés, pimenextangonocondikons. pheeexpression "primed exfansion conditions”
refers to the conditiops ipywhighsthe template LNA-dependent synthesis 25initiated in a primer can take
place. The template DNA synthesis according to the. metho@ for replicating, amplifying or sequencing
of the present invention can t4 %dpl'avcérl% R{Sﬁ?{g o$%f’?ﬁ@5‘ﬂ?al fcliﬁﬁ)ger%sé%ss or at an essthiaIIy
constant femperaturélrg@disgtifepnal dxnharivnsofiisxriieiersed a&assentially constiast terperature.
Preferably, the tempiadeifiNArayethesis nacardingiadhednathad for replicating, amypiyitg or sequencing
of the present invent&gqr%ggrp@cg@t§[§e§§gm@élé(sgo%@@t 5pégg)erature. More prefefably, at an

35essentially constant temperature between 25 and 40C, and 19 still more preferably at approximately
30C. A large nurftb¥ RAEYRERSES UM RGN SliSlification are known in the state of the art. Some
methods require a thermdhdyelimgtheddesseplicttiag, forpéfyinn e seut not limited to the eBgdlymerase

chain reggtion (PCR)s Athaieneshosisdenantorraprireendhep@akeycling process, rajhigg By are performed
at a essentially cons ant es:ﬁgcﬁg%r&o?%at%&é%%@mpIe, but not limited to the rolling circle amplification

(RCA), the multiple detachrment amplification , the strand 10 displacement amplification (SDA) or

the loop mediated amplififhBdhe{EAM e RmEMHiEatBRTMGIE fpate DNA accordifff'#:the method of
the present inventiommaliftakepEcedngingesibeinaci@mlecydiing process or at @rsessantially constant

temperature. 15Prefgsablythe arplification.f theitervniaie RNA more pref erred

15 embodiment, the primer is at a concentration betwee n 20uM and
80uM. In a still more preferred embodiment, the pri mer is at a
concentration between 40uM and 60uM. In a still mor e preferred
embodiment, the primer is at a concentration of app roximately
50uM.

20 As used in the present description the term “nucl eoside
triphosphates” relates to organic molecules formed by the
covalent bond of a pentose, a nitrogen base and thr ee

phosphate groups.

The term nucleoside triphosphates include

25 deoxynucleoside triphosphates (ANTPs) such as for e xample, but
not limited to dATP, dCTP, dITP, dUTP, dGTP, dTTP, or
derivatives  thereof. Preferably, the deoxynucleosid e
triphosphates are dATP, dTTP, dGTP and dCTP. Sitill more
preferably, these four dNTPs are in equimolar condi tions. In a

30 preferred embodiment of this aspect of the inventio n, the
deoxynucleoside triphosphates are at a concentratio n between
100uM and 800puM. In a more preferred embodiment, th e
deoxynucleoside triphosphates are at a concentratio n between
200pM and 600uM. In a still more preferred embodime nt, the

35 deoxynucleoside triphosphates are at a concentratio n of



according to the method for amplifying of the present invention takes place by means of rolling circle
amplification (RCA), by means of multiple detachment amplification (MDA), strand displacement

amplification (SDA) or loop mediated 20amplification (LAMPA).

Another aspect of the present

invention relates to a kit or device comprising elements 8itable for carrying out the method for replicating,
amplifying or sequencing of the present invention. 25Another aspect of the present invention relates to a
kit for carrying out the method for replicating, amplifying or sequencing of the present invention
comprising: a) the DRIR'BINAIRY2YMimera of the invention, b) a buffer, and 30c) magnesium chloride.
In a preferred embodimenthef thisraspeticiotideinveiptiosyttiaekit flsthericdmjesses polyoxyethylenated

sorbitan monolaurate;,3MMeMNIR Rl SHRARSRIHTTBYLLER £ombination of any.the,aRove.

35Preferably, said ammoni
chloride or ammoniu

tis selecte

ettt v R ol

from the list 20 coni} rising: ammonium
aﬂ S potassium chior

§uTIfate, ammonium
i -e(cfr’potassium

acetate. 5In a preferpedsiviivasmianedr this aspect of the invention, the kit further comprises a primer. In a
more preferred embodiment, $ba@rimerdsesan amibsamdrisnesiwhieh ismpriedected against the action of

3"-5" exonucleases.
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35

replicating, amplifying or sequencing of the invent
least one nucleoside triphosphate or one primer is
means of techniques well known in the state of the
nucleotide labelled can be, for example, a deoxynuc
triphosphate or a dideoxynucleoside triphosphate. D
labels include, for example, radioactive isotopes,
labels, chemiluminescent labels, bioluminescent Ilab
enzymatic labels.
As used in the present description, the term “tem
DNA” relates to a DNA molecule that can serve as a
for synthesizing a complementary DNA strand; i.e.,
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a preferred embodiment the template DNA is plasmid
another preferred embodiment, the template DNA is g
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expression

is carried out in primer extension conditions.

“primer extension conditions” refers to

conditions in which the template DNA-dependent synt
initiated in a primer can take place.

The template DNA synthesis according to the metho
replicating, amplifying or sequencing of the presen
can take place by means of a thermal cycling proces
essentially constant temperature.
is understood as essentia

“Isothermal conditions”

constant temperature. Preferably, the template DNA
amplifying
takes place at

according to the method for replicating,

sequencing of the present invention
essentially constant temperature. More preferably,

essentially constant temperature between 25 and 40°
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In a preferred embodiment of this aspect of the 10 invention, the kit further comprises nucleoside
triphosphates. For example, in a more preferred embodiment of this aspect of the invention, the kit further
comprises deoxynucleoside triphosphates and/or a dideoxynucleoside triphosphate. In a preferred
embodiment of this aspect of the 15 invention, the kit cdfhprises at least one triphosphate nucleoside or
one labelled primer. The labelled nucleoside can be, for example, a deoxynucleoside triphosphate or a
dideoxynucleoside triphosphate. The kit can further include, without any form of 20 limitation, buffers,
agents to prevent cotitaffrantTeaRly &RRAEVIARIENSL the kit can include all the supports and
recipients necessary for patting ituntbepractict @iscafiowitsy @NiazaticinatPreferably, thedkitaiarther
comprises the instrughigns fPfHeAryingr ke the gapthorkafdhe inygation. 25 Throughgiythe description

and claims, the word "comprises” and its variants doI n%t exclugie_ other technical fea%ureij, additives,
components or stepSYEBPtREESSHL Ky i BiPKe PHtiSt 8Bjbcts, advantages EhiPfiStures of the
inventionwill be infeP@yMArpsatchaim rassttasEiptioPBT arthripda from the practtéegiitige invention. The
following drawings aadiexamplgsiiate peevdedayevayef dlaspatiomand do not limit thegpresent invention.
Description of the Dr@é@’é‘ﬁgéuy Constanﬁjeg%gr&ﬁg%w&tgg %f,f%%r%Tween(r) 20 arpéj’ NHA)2304 in the

35amplification capacity of the 029 DNA polymerase. The assay 21 was carried out as described in the

2 . Ine
main text in the presERt&oftheMditAtad afieEn @B icaioNg B¥A)4.2 kpb). After incubdfifig at 30C for 5
h, the reactions werengtialgzedietedwsnribeduinptificativain tédDON thideft, tenlinear DNA 5 fragments

obtaipgd@ter digestd'ﬁwmrﬂaa Dblﬁpwi&at?dﬁn%b@edoas PAA lepgthieagkers. Figure@ shows the
amplification of dlfferéqn Iﬁg&(&gﬂ@% smé%a[;%!ﬁuwz%l%% gﬁfi%}g&{%rﬁtograms) by thetQZBI\I%NA

polymerase in the presence o een(r) 2 _ _
according to the method of the present invention ca n take
place by means of a thermal cycling process or at a n

essentially constant temperature.

15 Preferably, the amplification of the template DNA
according to the method for amplifying of the prese nt
invention takes place by means of rolling circle am plification
(RCA), by means of multiple detachment amplificatio n (MDA),
strand displacement amplification (SDA) or loop med iated
20 amplification (LAMPA).
Another aspect of the present invention relates to a kit
or device comprising elements suitable for carrying out the
method for replicating, amplifying or sequencing of the

present invention.

25 Another aspect of the present invention relates to a kit
for carrying out the method for replicating, amplif ying or
sequencing of the present invention comprising:

a) the DNA polymerase chimera of the invention,
b) a buffer, and
30 c) magnesium chloride.
In a preferred embodiment of this aspect of the
invention, the kit further comprises polyoxyethylen ated
sorbitan monolaurate, an ammonium salt, a potassium salt or a
combination of any the above.

35 Preferably, said ammonium salt is selected from th e list



10 assay was carried out as described in the main text in the presence of 0.025% Tween(r) 20 and of 45
mM (NH4)2304. The DNA length markers are the same as those used in Figure 1. Figure 3 shows
the effect of the NH4 ion in the amplification capacity of the 029 DNA polymerase. The assay 15 was
carried out as described in the main text in the presenc&®f 0.025% Tween(r) 20 and the indicated
ammonium salt as well as the indicated amounts of plasmid DNA (4.2 kpb). After incubating at 30C for 6
h, the reactions were analyzed as described in the main text. The DNA length markers are the 20same as
those used in FigureC®MPrisirgigareme_HBWEHiféeaAPMREEEN G @nt amounts of B¥RANIESUbtilis
genomic DNA by theab28t®NA polymerase in the presence of Tween(r) 20 and (NH4)2304. The assay
was carried out as descrilpggérldgh&g MRINIexsinthePressnssiah 4Rgs% Tween(r) 2520 and 45 mM
(NH4)2304. The DNA length markers are the same as those used in Figure 1. Figure 5 shows the
significant ImprovenPé’ﬁ?S(i%?c?g‘at%tﬁ'the addition of 0.025% Tween(r) 20 and 45 mM (N664)2304 to the
current réaction buffer of dcotnetaEEPRit RIPRAGNBOtarAplifitatiGeRFCONA BBSed on the 029 DNA
polymerase (lllustra iieticrengkal litleatties Healihseare). dheeassayawas carried out as aeseribed in the

main text. The DNA b‘?@@%g‘m&rﬁéﬁﬂ%%ﬂmﬁ% éﬂ%ﬁiﬁ’aﬁ’?cﬂn Figure 1. 22 . Figyre 6 shows a
diagram of the different steps followed to construct the chimeras HAY, HGT, HIAY and HIGT. Figure

7 shows the retardatol FegECGAHRSHIReriENIRie BRAYAEREcules by the natuf&i and chimeric 029 5
DNA polymerases. The hijbridizegieroidcuamoddiBdised/2thibasspdabetiedtive 5' (AsDNA) was incubated

with natwgal 029 DNAWRSIGRENRSRItALNWER dhastRikeeiieiéhidenplymerase indicatedrHsspnateenditions

described in the textFJp&mgéliitﬂg% erfot ep{reggrr%%h\@ﬂﬁmea{ gf]?h onmerase-DN%j%}%ng/lﬁx were

detected by 10 autoradiography after the separation thereort by electrophoresis in native
polyacrylamide gels {#0: IMKe8HI e ikl c AR P MPrises g HROYWRvs the processiv@TEhlication of
DNA by the natural anghctpheeerca02 NN polymekaseats iahéspphication of 15 Md.3 DNA coupled to

strand detachment by the;naturgd arechinariie AP N Pplkmeasgeas. dihareplication of 250 ng of M13
DNA witJa single primer was %Qerri(?% out as has beeg described.in the 51ext using natural %rechimeric 029

. { . triph . t
DNA polymerases (é%vﬁrﬂﬂs).n”l'he posi ioR OFthe ]_aé KR of Uhit |Hr1e%sé)th is shown on
nucleoside or one labelled primer. The labelled nuc leoside can

be, for example, a deoxynucleoside triphosphate or a
dideoxynucleoside triphosphate.
The kit can further include, without any form of

20 limitation, buffers, agents to prevent contaminatio n, etc. On
the other hand, the kit can include all the support s and
recipients necessary for putting it into practice a nd for its
optimization. Preferably, the kit further comprises the
instructions for carrying out the method of the inv ention.

25 Throughout the description and claims, the word
"comprises" and its variants do not exclude other t echnical
features, additives, components or steps. For the p ersons
skilled in the art, other objects, advantages and f eatures of
the invention will be inferred in part from the des cription

30 and in part from the practice of the invention. The following
drawings and examples are provided by way of illust ration and

do not limit the present invention.
Description of the Drawings
Figure 1 shows the effect of Tween ® 20 and (NH4) ,SQ in the

35 amplification capacity of the @29 DNA polymerase. The assay



20 the right. (B) Processive synthesis by the natural and chimeric 029 DNA polymerases. The assay was
carried out in the same conditions as in (A), using decreasing concentrations of the DNA polymerase
indicated. After incubating at 30C for 20 min, the samples were processed as has been described in (A).
25 Figure 9 shows the rolling circle amplification with mdfiple priming of 10 fg plasmid DNA by the natural
and chimeric 029 DNA polymerases. The assay was carried out as described in the main text in the
presence of buffer B and 50 nM of the DNA polymerase indicated. The DNA length markers are 30the
same as those used"3Ftglidrut as gggerreeddnshsiathésntipllfication of the entRPERBEAe with multiple
priming of 100 fg B. stihkelisngeaemiabdlAtsvith paisiréed abdAchiuernip)29 DNA polymerases. The assay

was carried out as dgsgrbed, inthgdexbinsthe pesersR Y Qidieras3 B and 50 nM of the,DNA polymerase
indicated. The DNA lgn th arkerhs are the same as thog%IUﬁgd in Figure 1. EXAMPLES Tltlle following
specific examples pr rél%F Phid Safgﬁlf‘ 5%bc rﬂeWFs Ve Y5illPhte the nature of the Présent
invention5 These exdmgiesaredaiyemclteledidestitiostrative purposes@admiisiitiot beHimeltpreted as
limitations to the inveQtigR LHNMed hareindlerefore, the examples described below illustrate the
invention without limiting the field of 1 amplit%ation ﬁt}er?of. %@MPXE 1 Olpttimg'zation of the experimental
conditions for amplifying NA"With mu |plse p?ir?ﬂ” g' 5;36} {ne oji\} %%?Vm%r%se. It has been shown that
the 029 DNA polymearaseidnipiifiesn1 84 Odrdd6dinfeststaating fogntseveral picogramg@®f @Méular DNA.
For this purpose a reggjirerdudiar entaiaiaa 0 smMasnHC], pPH 7.9058m\K@1 8-, 10rRaM MgC12
(hereinafter Buffer A was \lljvged.aﬁfteélr tﬁgtigg dths%rilggalelrrlm of %ilfgetreth detergent and Tc.naltthce:onditions on the
DNA amplification capa@(ty 6f the BRA"26%0 ymerase o 82@ It is found that the simUltalieous addition of

0.025% Tween(r) 20°E8285 AP (4EM4) 386810 the BRI 2hifhpYridtidde theSEhphifiedabA of the limited
amounts of provideddditA nfRd@ctiare donshiionasfdroaenpldyind-jplasmid DNA.- Thel.

Figure 3 shows the effect of the NH 4,5 ion in the
amplification capacity of the @9 DNA polymerase. The assay
15 was carried out as described in the main text in th e presence

of 0.025% Tween ® 20 and the indicated ammonium salt as well as

the indicated amounts of plasmid DNA (4.2 kpb). Aft er

incubating at 30°C for 6 h, the reactions were anal yzed as

described in the main text. The DNA length markers are the
20 same as those used in Figure 1.

Figure 4 shows the amplification of different amou nts of
Bacillus subtilis genomic DNA by the @29 DNA polymerase in the
presence of Tween  ©® 20 and (NH4) ,SQ. The assay was carried out
as described in the main text in the presence of 0. 025% Tween ®

25 20 and 45 mM (NH4) ,SQ. The DNA length markers are the same as
those used in Figure 1.

Figure 5 shows the significant improvement depicte d by
the addition of 0.025% Tween ® 20 and 45 mM (NH ,),SQ to the
current reaction buffer of a commercial kit for the

30 amplification of DNA based on the 829 DNA polymeras e (lllustra
kit of General Electrics HealthCare). The assay was carried
out as described in the main text. The DNA length m arkers are

the same as those used in Figure 1.



25incubation mixture contained 12.5 pl of buffer A, 50 pM of hexamers protected against the action of the
exonuclease, 500 pM of each of the deoxynucleoside triphosphates (dCTP, dGTP, dTTP and dATP), the
indicated amounts of a plasmid DNA (with a size of 4.2 kbp) and, where 30 indicated, (NH4)2604 45 mM
or 0.025% Tween(r) 20 or a combination of both was adtfed. The DNA was denatured by incubation at
95C for 3 minutes and subsequent cooling in ice for 5 min. The reaction was initiated upon adding 50 nM
029 DNA polymerase and it was stopped after the incubation at 30C by means of 24 heating to 65C for
10 min. To analyze the re$i#ge L 5e4fples WA BIRON e AilttreTederd il ctdamplified DNA was
digested with the EcaRbrasirictiencbindensielesse@ndivesasuljgeted to electrophoresis in 0.7% agarose

gel. The DNA was Sdetecteg by meanggf,staiping e galpwithethidiunoreraide. Reaction
conditions for amplifying genomic DNA..- The incubation mixture contained 12.5 pl of buffer A, 45 mM

(NH4)2304, 0.025% PFEEIRTIPEHE SONONTBIERER M REBINA GG inst the actiod i the 328"

exonuclease, 500 p\aoA gatimefadds theagbadned eodteltriphts phsées (ACTP, dS8TPhakESP and dATP)

and the indicated arrp%mg%%Bglc'klgggﬁxpt@xjgsgﬁ{ggg&it%&)%(wmalsize of 4 Mpb). The, DA denatured
or [

by incubation at 95C for 3 minutes and subsequent cooling in ice for 5 min. The reaction was initiated
upon adding 50 nM B9YTSNEEE 1% Y80S £8EeHE WAL LEPYasEattEt the incubatiotfEP36C by means of
heating to 65C for 1@hmicnnfidicnsatiesertberresthts tdxpl Bampidditieere taken from thesrefagtéons and were
subjected to electropherasisnR Qn6%r g2 RRAERlsd BRI NAWES Weteated by meags @i$igining the gels
with ethidjum bromideljtongF.%ehl ShOV\%?the etﬁect oggddé{@ 45 n}w r(‘Is\(l)lf—|4)2§04 and 0.025% Tween(r) 20
in the amplification of smaﬁil| Suhts ofaprovidedeplasm|'E)1a A As sﬁown, the’029 DNA polymerase did
not give any amplific2lfi&fPBROERRE defBetaye WAl eheosgidarddsuder A when 100 $5 dPprovided DNA
were used. In these n2inoeactibinaconatitios)s, the addition of 0.025% Tween(r) 20 in the absence of DNA
caused the appearance of gage Igl\g,%wgog]légg%dgggﬁ;é)@&@gmﬁgw%?quence of the ngpspecific DNA

amplification caused b%/ the hybridization an elon\Bation of the random hexamer primers. The same trace

was observed with ZBYEIGBF PrENEIED DNA. RR_WEYE PANRERRFESENCBDIABETLES provided DNA, the
addition1sf 0.025% TMEeiNA Calideccddhet@BO DIBACchokymerase¢o maotkice a detectablendmount of

amplified plasmid. The total prq&gcﬁiﬁﬂ 8&%%&-\@&0&99%@89‘& Q%Bfi?gdoPMf‘ indicates thaf the addition
of 0.025% Tween(r) 20 '

DNA with a single primer was carried out as has bee n described
in the text using natural or chimeric @29 DNA polymerases (30
nM). The position of the M13 DNA of unit in length is shown on
20 the right. (B) Processive synthesis by the natural and
chimeric @29 DNA polymerases. The assay was carried out in th e
same conditions as in (A), using decreasing concent rations of
the DNA polymerase indicated. After incubating at 3 0°C for 20
min, the samples were processed as has been describ edin (A).
25 Figure 9 shows the rolling circle amplification with
multiple priming of 10 fg plasmid DNA by the natura | and
chimeric @9 DNA polymerases. The assay was carried out as
described in the main text in the presence of buffe r B and 50
nM of the DNA polymerase indicated. The DNA length markers are
30 the same as those used in Figure 1.
Figure 10 shows the amplification of the entire ge nome
with multiple priming of 100 fg B. subtilis genomic DNA with
natural and chimeric @29 DNA polymerases. The assay was

carried out as described in the text in the presenc e of buffer



25 to the Buffer A powers the amplification capacity of the 029 DNA polymerase. A similar effect was
observed with the NP40 detergent. Contrarily, other analyzed detergents such as Triton X100 and Triton
X114 did not power the amplification 5 capacity of the 029 DNA polymerase (not shown). The
simultaneous addition of 0.025% Tween(r) 20 and 45 m&# (N664)2304 to the buffer A has two
consequences in the yield and the specificity of the amplified products: 1) DNA amplification in the
absence of provided DNA was not detected; 2) several Rg of 10 plasmid DNA of unit length were
obtained by amplific&iafceve RVt th&Nrooriereare irt eHeNANRdNas low as 10¥deM¥control, the
addition of 45 mM (Nﬁﬁ@&%}é toetbenBuftethdselicseinFioduce. any improvement in the amplification
capacity of the 029 RNApspperase. 15Therefore it can be concluded that the simultaneous addition of
0.025% Tween(r) 20 and 4 N664)2 4 to the Buffer A (hereinafter Buffer B) produces a clear
optimization of the experinl E?\t&”g Adit Sﬁg CEAPIRY %rui’%?g dhPifiBation with multip@Piming of
circular DNA by the G29/DRA Qﬂ\fﬁol)t@néﬂa@éatbofh%e”ﬁ@@bsﬁlut@w RERSessary reactants gftamplify
limited amounts (10 iigjeafipioviced PRdMplasfacs, asycaribgeaeeniin Figure 2, the usgwefiBeffer B allowed

the 029 DNA polymq{%gst&sgmhﬁﬁgenml%ggﬁ%eqépg@lmté[lt%ng a provided amopn{,pf plasmid as low

as 0.1 fg (-24 molecules) 25 after 6 hours of reaction. As quality control, the digestion of the amplification
products with EcoRI'BERERLAIMEAEEBN A AGINENL DI AR Mch indicated th&8 i Amplification
products were reallylteindetsiepedts afthetionigiitbdyldgtiid Mgain, the Buffer B aldgidretented the 30
nonspeaific DNA ammm@ﬂ@m(@e&,tzlgure 2 the Ianes correspondlng to the reactions carried out without
provided DNA). 26 @RM@L f.plas - , d?'dt in the preV|o%st mentioned
conditions in the presence of 0.025° 0 anbe observed
in Figure 3 both the B ' ' ' [ ily 5tfeq 220Obéh in the yield
and in the speC|f|C|typ@fyr;Iﬁ@r§gepllfled products ThIS result |nd|cates that the aforementioned effect of the
(NH4)2304 in the ampllflc:i\ttlon f I|m|t|hoqNar{h rh s of plasmid EIB,IQ] sd Le to the NHI4 ions. 10To
determine if the optimized cond itlons dectibed above was a o applleoc?tyomt rgsgrﬁ{)qﬁl'c'g?on of genomic
DNA, th&Ssame typel8f désayiepe farinadirmisesraseiseeramfiriteiereen&entrations of B. sibtalis genomic
DNA (4 Mpb in lengthyrais padsied aubabsoshier icoRtgbire) 4othevpresence of 0.02%4A5 Tween(r) 20
and 45 mM (NH4)23 mSth%quekg anths ﬁ’uﬂ/?l\ﬁ@@p prevemgg H&‘Fcé?%lﬁfé‘?%‘%@yp‘ amplification

(lanes without provided DNA), and on the other hand allowéd the 029 DNA polymerase to give

detectable and specHﬁ?%e'ﬁ%‘?ﬁ|t§%ﬂ%t%‘?‘dﬁﬂ'ﬁ%%ﬁ?oﬂfé{@ﬂ%hgﬁtio fg of provided DNEWAME used, i.e.,

salt conditions on the DNA amplification capacity o f the DNA
20 polymerase of @29, it is found that the simultaneous addition
of 0.025% Tween® 20 and 45 mM (NH 4) 2SQ, to the Buffer A highly
improve the amplification of the limited amounts of provided
DNA.
Reaction conditions for amplifying plasmid DNA.- Th e
25 incubation mixture contained 12.5 pl of buffer A, 5 0 puM of

hexamers protected against the action of the 3-5
exonuclease, 500 pM of each of the deoxynucleoside

triphosphates (dCTP, dGTP, dTTP and dATP), the indi cated

amounts of a plasmid DNA (with a size of 4.2 kbp) a nd, where
30 indicated, (NH 4) 2SQ, 45 mM or 0.025% Tween® 20 or a combination

of both was added. The DNA was denatured by incubat ion at 95°C

for 3 minutes and subsequent cooling in ice for 5 m in. The

reaction was initiated upon adding 50 nM @29 DNA polymerase

and it was stopped after the incubation at 30°C by means of



20 an amount 106 times lower than that recommended in the current commercial genomic amplification
kits. To determine if the simultaneous addition of 0.025% Tween(r) 20 and 45 mM (NH4)2304
increases the amplification efficiency of the current commercial kits for amplifying DNA 25 based on the
029 DNA polymerase, the same type of plasmid DNA a#tlification assays described in Figures 1, 2 and 3
was carried out. Figure 5 shows the significant Improvements depicted by the addition of 0.025%
Tween(r) 20 and 45 mM (NH4)2304 to the current reaction buffer of the lllustra kit 30 (GE HealthCare).
As can be observed hB§filIdifg thd¥edBnentatiRvFehE S UBRHEY, with the Illustra kit Bhly amounts of
plasmid provided egsahigesvgneatsierh & Aneg esnidre, anphifiedfie a detectable mabner wasgarose gel.

Contrarily, the simul LS a,gg,itig{é 0&90%5%’5?6&%“(&)13&@8%@54%“'\” (NH4)23044ta,the reaction
buffer of the Illustra kit 27 s %gnlfl ant reduces the needed amount of DNA whlcthcan be amplified,

amplification producty BSHEHI8VIER It’ﬁrS? plds 76” BRFECBRIAY dbserved, involviflg 3h BFovement of
four ordePs of magniflgtReiedthe raeapHfit ARINNG R ARPYID zth'ﬁtbrovement of thefarl?fﬁmléatlon capacity of
the 029 DNA polymerasermatfieraddiimned HoH Aopiging. genorfi290NNA polymerase wasHeised with one

or two HhH domalngrtguggp&tr%mgv @&télpggjyrgggaﬁﬁs (yyltguﬁgrlr}&prgved DNA bindingscapgcity which

allows using less amounts of provided DNA. The 10 inspection of the structure of the 029 DNA

polymerase lead to $BfeeHTPth&RAGh SPERIRINEY doﬁ%aH% W REBEEIRECSS of the enzyme since
this end (the end of #eisabitiermdienthiheny iS chyseuretse tbphaMentrance of the tofragdDNA sequence.

The fusign of the HhiddgspRRGNEBidBarNNRIRad ([dEBendiefrthei®28 DNA polym@ﬁa&mwld
compromise the |ntr|£|r§&ctﬁgp%8|%t%s rragﬁinge%% Sga gsm ﬁlgh%]%)chemlcal and st,;'l;d lr_l?; data

demonstrated that the unwmdlng of the parent es p ace hear the amino end ermore,

positioning the HhH H8M&AnEZh ﬂﬁé‘l\'t"f@mﬂ‘&l B WE0RLHRS BY BliEBle 20 one for #RibASving the
binding of the dsDNA5sa@rtdoAneiduyshadutiditstgneof tduelmgxaner forimer with the terpizsite DNA. In this

sense, the fusion of g sequence (HiSI6 at.the N- t%gﬂmghgmg of the, 029 DNA polym%@s digs a damaging
effect in the ampllflcatlon 252.1 Chimeric DNA polymerase construct. To make the chimeras HIAY and
HIGT th,‘FISCrlpt polymerase and it was stopped after the incubation at 30°C by

means of heating to 65°C for 10 min. To analyze the results, 1
pl samples were taken from the reactions and were s ubjected to
electrophoresis in 0.7% agarose gel. The DNA was de tected by
means of staining the gels with ethidium bromide.

20 Figure 1 shows the effect of adding 45 mM (NH 4) 2SQ, and
0.025% Tween® 20 in the amplification of small amou nts of

provided plasmid DNA. As shown, the

@29 DNA polymerase did not

give any amplification product detectable with the standard
Buffer A when 100 fg of provided DNA were used. In these
25 reaction conditions, the addition of 0.025% Tween® 20 in the
absence of DNA caused the appearance of trace DNA p roducts,
most probably as a consequence of the nonspecific D NA
amplification caused by the hybridization and elong ation of
the random hexamer primers. The same trace was obse rved with
30 10 fg of provided DNA. However, in the presence of 100 fg of
provided DNA, the addition of 0.025% Tween® 20 allo wed the @29
DNA polymerase to produce a detectable amount of am plified
plasmid. The total production of specific or nonspe cific
amplified DNA indicates that the addition of 0.025% Tween® 20



Corporation was entrusted to synthesise a DNA fragment which contained the nucleotides encoding the
HhH domains, H (56 amino acids) and | (51 amino acids) of the topoisomerase V of 30 M. handle= (code
in GenEank AF311944 and (Pavlov et a/. Proc Natl Acad Sci USA. 2002; 99: 13510-13515), and the latter
was cloned between the EcoRYV sites of the commerciaPvector pUC57. The resulting plasmid pUC57-HhH
was used as template for amplifying a DNA fragment encoding the domains H and | by PCR. 28
Therefore, the primer 3 (SEQ ID NO: 7) together with the primers 1 (SEQ ID NO: 8) or 2 (SEQ ID NO: 9)
gave the DNA | and 10 fizgyBiéiersAioPGEer H i espaifitioedyp. ¢apaddition to a Kasl site irlbedu@@éd by both

primers, primer 1 alsonNAtissiiae6se. tAeskAfilieneR eRge TG SR ID NO: 5 connggtripddaviov et a/.
Proc Natl Acad Sci U%}e. 2%2;699' %r 5106&1%?% yvh%easttpe Rtrimseur 2 Introduced thghnuac:;]eotide
sequence encoding ﬂw_e SE ID W&S: _yéonnector_ Fayé Q BNO- 10 connector derivative previously
described in Sun et d/"PofdRts 208 06/e5 X334 -ditlonos gpwendhsriaflia contained thé%E8lience encoding
the 6 histgline residugpieipwer hyea stop cedon pRA a Bayntdlsite (GRe intdgdre 6raesimplified diagram
of the chimeric DNA e constru e i p plasmid derjyative {|-izaro et 15
a/. Methods Enzymoﬁﬁ%@eggzsz%ﬁﬁ?ﬁ%ﬁn%@%%ﬁegmo in%g%/lthe 029 DN Mﬁfyﬁ%eafase (572
amino acids) was us@d'3% 84hftatdsoi] seReseten Eafhed/ it With the primer 4T$EES ID NO: 11)
including a 5' HindllIspiteif#nitg thth@amgeitied (BEQ@EDINONA2)pi6 (SEQ ID NO: 1fBjtionabtain the
fragments 20 Il anqﬂé/a%fsggggolp&d;ﬁéajeswlgwag he &@95%%?5 UL and IV will thegefpre coptain the DNA
encoding the 029 DNA polymerase followed by the %% ID NO: 5 (Fragment Ill) and SEQ ID NO: 6
(fragmeﬁ? IV) sequeRESENTIHEN Ay ieRmR weretadird B iilments 1-1IV wer8Rifean 0.7%
agarose gels and wevke2Shbepraligedtedwith KhPINFhavaigestdavDasARatgments | and HiAand 1l and IV
were ligated with thecddi/BINfdigagrde ebpaimalipgar DNA of 21 08bpeimeodingthe ghimera HIAY
(Fragment V) and le%;r %@g(ranerr]lt VI Les %CpYr?l%' The Ili 9at{|5cg pcré)ducts were puriggg iQ 0.7% agarose
gels and were then digeste with 30 the BamHI and Hindill éndondcleases. The oﬁgesyteé products were
purified by electrophthesihidaretangedse The fragments V and VI were finally cloned in the vector

pT7-4 (igbor et a/. Proc NatbAese, SEidd® el 98h¢I82: dl Qif4- 10 Bimingrnebimeras HIAY (02 DNA

polymerase + SEQ I%M%n%F@BQ@%%@e%@ 20 and 45 mM (NH 4) 2SQ to the Buffer
A (hereinafter Buffer B) produces a clear optimizat ion of the
experimental conditions for carrying out the amplif ication
with  multiple priming of circular DNA by the @29 DNA
20 polymerase, both being absolutely necessary reactan ts to
amplify limited amounts (10 fg) of provided DNA. In fact, as
can be seen in Figure 2, the use of Buffer B allowe dthe @29
DNA polymerase to synthesize micrograms of DNA by u sing a
provided amount of plasmid as low as 0.1 fg ( (24 molecules)
25 after 6 hours of reaction. As quality control, the digestion
of the amplification products with EcoRI generated linear
dsDNA fragments of 4.2 kb which indicated that the
amplification products were really tandem repeats o f the
original plasmid. Again, the Buffer B also prevente d the
30 nonspecific DNA amplification (see Figure 2 the lan es
corresponding to the reactions carried out without provided
DNA).

Figure 3 shows the effect of the ammonium ions and

0.025% Tween® 20 in improving the amplification of small



+ domains H and | of topoV) and HIGT (029 DNA polymerase + SEQ ID NO: 6 connector + domains H
and | of topoV) were used as the template to construct the chimeras HGT and HAY, respectively, by
inserting a stop codon after the H fragment 5 of 12o0poV by means of the QuikChange(r) (Stratagene)
directed mutagenesis kit. The confirmation of the DNA &juence and the absence of additional mutations
was carried out by means of sequencing the entire gene. The chimeric DNA polymerases were expressed
in EL21(DE3) cells of E. cola which housed the 10 cloned chimeric gene in a pJLw2 plasmid derivative,
and were then essefRNBulficdead deSibedhn @Ssato@Saraietheds Enzymol. 1998; $62: 42-49).

In summary, the chimesioi3NAnpoijonedasesdithissned ivereixedoiovfing: 15HAY: 029 @ddAYpolymerase

-SEQ ID NO: 5- HhH- (635 20510 R HET 0R RNARRIVEeLsE -SEQ ID NO:fsdifid H (635 aa;
-73 kDa)) HIAY: 029, DNA Igghmp?:;ﬁs?(%SEQ ID NO: 5- HhH H- Ié692 aa; -80 E%ﬁ?tl) 20HIGT: 029 DNA

polymerase -SEQ ID'NCY 2 ha; 80‘1@)5) 9 IONR bindiRG R paa7 of B chimeric DNA
polymerases. Teffettetmitkeif e fusion)oBS@e PAF rifotiReattiRls eRBCf ithet29 DNA polymerase
conferred an Improvgglebi'rmtmgf 2 cansinidy pkdbecehimesasdaithe DNA, the retardathufaﬁealysis of the

electrophoretic mobiljty, of,the QW@rgghg@s&g&e%p%e nfgonditions of t
oligonucleotides of 15 bases SE{S ID NO: 14) and 21 bases SEQ ID NO: 15 avm a 5' 30 extension

of six nucleotides in AYBIHEAIRS @@H%@H@@Bﬂﬁ?@?@ﬂtgw 5the oligonucleotitié® ‘Pi@bases were
supplied by Isogen. WHe wligonucleotide of 15 bases was labelled in 5' with [7-32P] ATP and the T4

kinase pelynucleotide. Thegligaanthedtide dplimkageshalioledidiivayas hybridized withphgi

was also applied to the amplification of genomic DN A, the same

type of assays performed in the presence of limited

concentrations of B. subtilis genomic DNA (4 Mpb in length)
was carried out. As shown in Figure 4, the presence of 0.025%

15 Tween® 20 and 45 mM (NH 4) »SQ in the buffer B, on the one hand
prevented the nonspecific DNA amplification (lanes without
provided DNA), and on the other hand, allowed the @29 DNA
polymerase to give detectable and specific genomic DNA
amplification even when 10 fg of provided DNA were used, i.e.,

20 an amount 10 ° times lower than that recommended in the current

commercial genomic amplification kits.
To determine if the simultaneous addition of 0.025 %
Tween® 20 and 45 mM (NH 4).,SQ increases the amplification

efficiency of the current commercial kits for ampli fying DNA

25 based on the 829 DNA polymerase, the same type of p lasmid DNA
amplification assays described in Figures 1, 2 and 3 was
carried out. Figure 5 shows the significant improve ments
depicted by the addition of 0.025% Tween® 20 and 45 mM
(NH,4) .SQ to the current reaction buffer of the Illustra kit

30 (GE HealthCare). As can be observed, by following t he
recommendation of the supplier, with the lllustra k it only
amounts of plasmid provided equal to or greater tha n 10 pg can

be amplified in a detectable manner in agarose gel.
Contrarily, the simultaneous addition of 0.025% Twe en® 20 and
35 45 mM (NH,) ,SQ, to the reaction buffer of the lllustra kit



that of 21 bases in the presence of 0.2 M NaC1 and 60 mM (pH 7.5) tris-HC1. The hybridized
oligonucleotide molecule of 15 bases labelled in 5'/oligonucleotide of 21 bases was used to analyze the
interaction with the natural or chimeric 029 DNA 5 polymerases. The incubation mixture, in a final volume
of 20 pl contained 50 mM (pH 7.5) tris-HC1, 1 mM dithicthreitol, 10 mM MgC12, 20 mM ammonium
sulfate, 0.1 mg/ml bovine serum albumin (BSA), 4% glycerol, 1 nM oligonucleotide molecule of 15
bases/21 bases, and the indicated concentration of the 10 natural or chimeric 029 DNA polymerase.
After incubation for SiEfIGENIYC ethisesaitpla_efRt 2818 Be P eYebtrophoresis in A%390Rfacrylamide
gels (w/v) (monomerabigli8€dl) avinptiticatortaipedutss midripHbrévijedisacetate and 1 mM EDBA and were
developed at 4 C in fhessamenpuiiengtdp s4cay, Garantiglhaspldasrribed by (Cartheyet a/. Cell. 1985;
43: 439-448). After autoradiography, the pol m? ase-dsDNA complex was detected as a detachment of
the mobility (retardaﬁB?%r?no{ﬁ%aﬂa'&é?ight%eogﬁﬂ% Bl 1abelled DNA. In these conditions, the natural 029
DNA polyimerase 2Epfdiide algipgieereaarditio pifigatien terPashelled hybridize@foli§onucleotide
molecule of 15 basegidIphases(sersdByred havhish Hamhhegmiperpreted as a stable enzyme-DNA
complex competent for polymerization (Mendez et a/. J Eiol Chem. 1994; 269: 30030-30038). The
chimeras HAY, HGT and HI-STOMA RA¥REESE BREAUSHRINE A5 Rty §iddtedMan the nat@af enzyme since
the larger part of thetswbsstatet wag OEtaphythevibea ®ith aMicprsedtiation unlike thé matdiral DNA

polymerase which neggleshanmaPiasinaalahy Zinesdishes prasentration. The chinpgra HRY had a DNA
binding capacity simjlar to, or even 30 less than, that of the natural ﬁl)olymerase. From these results, it

can be ¢ncluded thQEHﬁCQ%’hBFéﬁ‘,etﬁE“a&tﬂﬁiBfnﬂb% the HhH H g 48NS 1R to the C-terminal
end of the 029 DNA gri¢gtingrdue fosiofess drelMiprodedddNAvlnthiedCeapacity, althoudgrtieae are
exceptions such as ignthecasedziie 3hahimerantlifng end-Bolagsgircle replication pyothgchimeric DNA
polymerases. To det%rm'r;]eigf tggsgmporom%mﬁn% ip thrg DI(\:IA g]jn%igng op) ined by the addition of the HhH
domains of the Topo\/ 10 the C-terminal end of the 0 E‘rﬂ)ﬁA po ymerpase affected, on the one hand, the
polymerization activitfa4pRFen e Gt the probEseRBaEmMMESESMNDNA coupled tEHERkrand
detachment, replicatipia assays WigpdMbRpponhétasdigbuibethbpoplymeragandid starts the

polymerization from E}aﬁ%’%‘i&gI—&_gr&%gfdgg%@@%ugog%équge gv&gﬁe%?ggied out. In this asgay. the first

replication cycle does guire stran tachment, but once it is completed, the polymerase finds the 5’
end of the primer, thS&48YalrfiRP A ReaTERA MRy B8RERIe the the parent
DNA takes place near the amino end. Furthermore, po sitioning
the HhH domains in the N-terminal end would not be suitable
20 one for improving the binding of the dsDNA part for med by
hybridization of the hexamer primer with the templa te DNA. In
this sense, the fusion of a sequence (His) s at the N-terminal

end of the @29 DNA polymerase has a damaging effect in the

amplification.
25 2.1 Chimeric DNA polymerase construct
To make the chimeras HIAY and HIGT, GenScript
Corporation was entrusted to synthesise a DNA fragm ent which
contained the nucleotides encoding the HhH domains, H (56
amino acids) and | (51 amino acids) of the topoisom erase V of
30 M kandl eri (code in GenBank AF311944 and (Pavilov et al. Proc
Natl Acad Sci USA. 2002; 99: 13510-13515), and the latter was
cloned between the EcoRV sites of the commercial vector pUC57.
The resulting plasmid pUC57-HhH was used as templat e for

amplifying a DNA fragment encoding the domains H an d 1 by PCR.



15following replication cycles (rolling circle type). Conditions of the assay.- The MI3mpl8 ssDNA was
hybridized with the universal primer in the presence of 0.2 M NaC1 and 60 mM (pH 7.5) tris-HC1, and the
resulting molecule was used as a primer/template to analyze the polymerization of 20 processive DNA
coupled to the strand detachment by the chimeric DNA p8lymerases. The incubation mixture contained in
25 pl, 50 mM (pH 7.5) tris-HC1, 10 mM MgC12, 1 mM dithiothreitol, 4% glycerol, 0.1 mg/ml ESA, 40 pM
dCTP, dGTP, dTTP, and 1[a—32P]dA‘I_’P (1pC1), 250 ng MI3mpl8 ssDNA primed with 25 the
oligonucleotide of setfEHCEESE® IPHIRED: I E &R B NRF nAtdParBicEnifheric 029 DNA polfifierase. After
incubating for the ingidated 1iEAIBO0; t)eorencEibQsivete: stpppedtby the additioneoDBIAY EDTA 10

mM -SDS, and the sgrapies WrIEUtereskiNiughsparbagexGigficolumns. The relagiygagtivity 30 was
calculated from the Cerenkoy ra%igcgmgrﬁrrﬁﬁondin tothe excluded volume. For size analysis, the

labelled DNA was deRatursa Bl B PIRSH 8158 Was subjected to efS4FSphoresis in 0.7%
alkaline @garose gelassauRifseeniedve BivnekQt & NOVIB| ®iBedio7 1 110: 119-148)J0nftedtthe 32
electrophoresis, the MI3mp8 s MAaaf stitisAengtznets deteotesshy)siaining with ethigitgasbromide, and
the gels were then d{ﬁg&ﬁg@@ﬁg{%qm@%eguﬁ&%@y IREgWe B8A, a significagai%sc&%very is that 5

the presence of the HhH domains does not interfere with the strand detachment capacity of the chimeric
DNA polymerases. THe 2R\t SBNACKHth 52l N e FRSEY YaY, HGT, HIAYSARd HIGT was
greater than that symtevsigeld Bgstiderhior@l029 DNA pdlymlerdset€iss 280enéY #dies, respectively). The
10 repliqation speedxygs sifalaritiethe casgiabihenshipgliascEAYamdIGT) or even fagseis(chimeras

HIGT and HIAY) thaHi én(% gp%,gl%dst\g{éﬂqa}}r{%ﬁ egg%g%ﬁé%%}léwo&ymerase. This re&%_'ingtigates that the

presence of HhH dotréaln_s mﬁt A '5%%(5‘ i Ahpolymerase in the ch]meDﬁE improves the
use 150f the templat€SNA alirfy thé rdMAY'erJ9ENctigif chimer Ic
2H4.Processivepolymmiiﬁmiaabymen'hmericDNg\sz)olymerases. 029 DEA polymerkabse is k; paradigm for
the processive DNA replicatige sineg Hrr CaRabIR 9fiRrmiRIaliRgenesethan 70 20 kb withqut
dissocia{ibng from theaP eitrﬁc;[hg eﬁzsencéegé%;xy@ry&'_%gi%% Elékilnelref%g, whether the fuseir(])g of the HhH
domains’in the C-termina enddof & ‘polymerase in the Chimeric DNA polymer%ses affected the
processivity of the pelysedinaaltion wgg%Rbynetymerase (572 amino acids) was used as

a template for a PCR reaction carried out with the primer 4
(SEQ ID NO: 11) including a 5 Hi ndlll site and the primers 5
(SEQ ID NO: 12) or 6 (SEQ ID NO: 13), to obtain the fragments
20 [l and IV of 1757 bp, respectively. The fragments Il and IV
will therefore contain the DNA encoding the @29 DNA polymerase
followed by the SEQ ID NO: 5 (Fragment IIl) and SEQ ID NO: 6
(fragment 1V) sequences which also include a Kasl site. The
fragments I-IV were purified in 0.7% agarose gels a nd were
25 then digested with Kasl. The digested DNA fragments | and I,
and Il and IV were ligated with the T4 DNA ligase t 0 obtain a
linear DNA of 2108 bp encoding the chimera HIAY (Fr agment V)
and HIGT (Fragment VI), respectively. The ligated p roducts
were purified in 0.7% agarose gels and were then di gested with
30 the BanHl and Hi ndlll endonucleases. The digested products
were purified by electrophoresis in agarose gels. T he
fragments V and VI were finally cloned in the vecto r pT7-4

(Tabor et al. Proc Natl Acad Sci USA. 1985; 82: 1074-1078).
The chimeras HIAY ( @29 DNA polymerase + SEQ ID NO: 5 connector



25Conditions of the assay.- The processivity of the chimeric DNA polymerases was analyzed with
different proportions of enzyme/DNA. The incubation mixture contained, in 25 pl, 50 mM (pH 7.5)
tris-HCL, 10 mM MgC12, 1 mM ditiothreitol, 4% glycerol, 0.1 mg/ml ESA, 40 pM dCTP, dGTP, 30dTTP,
and [a-32P]dATP (1 pCi), 250 ng primed MI3mpl8 ssDN#, and the indicated decreasing amounts of the
natural 029 DNA polymerase or chimeric DNA polymerases. After incubating for 20 min at 30C, the
reactions were stopped by the addition of 10 mM EDTA -0.1% SDS, and the samples were filtered
through 33 Sephadek @+BansctuaAd oFwpsieead alifSTs( the labell¢dPNA prigderzedred®y treatment
with 0.7 M NaOH anghwas su6iasteebo-elerisnRharesis|iBiQofigvalkaline agarose gelyddaeprocessivity of
the polymerization was evaluated ’3 analyzing the length of 5 tE plication products with decreasing
proportions of DNA |ct%yn\€%rp Z%%D % C_Or%,irg shct)}vﬁv% in Figure 8 PG jgcﬁaenagsiﬂé%oportions of enzyme/DNA
did not alter the lengifSBETRE¥IdNGREBHI SUBOR SRR EEdDY the natural or chirfl@éd@@B9 DNA
polymerases, 10accofdiingdd aypnoeassive DNAQuiNghaagzation mbdeira?agemllirgaidle amplification

(RCA) with multiple primigeh&diplasrrid BANARYiGieAaterahansgbghimeric 029 DNApalyimgeases. As has
been described abov%,S gr?th tt?e h(i]g[p) ‘groce sivitg 15 and .ter;deosl}{%nd detachment ca ggint¥ \c/)\%hich the 029

a ce,of ad al mutations, was carri .
DNA polymerase has were the PSS the %Ievelopmen Ot one ofthe more efficien processes for

amplifying isothermaiessBNRGHINA FTEFSHIATEB IS SCRIRERYINADIR AMStaging, in WHRFESHECORO DNA
polymerase combinegprissanmoBLbegErseraerisners achievesthecisotretmaoasebaaaurate

amplificgfjon of 104 {9,106 EmiP%§H@W9E§@mgi%ﬁ% Qmmg]s of circular plagmjds.iZempliphim

(www.gehealthcare.com)]. The results with a OZQ%éEIBAﬁ(g% merase which contained a (His)6 sequence

fused in the C-termifAf'ertPYRBTRYLF MUY B3af e &ffd8ncy 25 thereof, dufing The rolling circle
replication with a siniflethsidmenzitnead #96apedilé204Qiving amplification products detectable during the

RCA with multiple priminginThgnsagne wasceeniaio fonathermirtast detivasyes of the 029UYNA polymerase
which showed great eargiBané)r the dNTP, replicating the 30 M13 DNA at the level of the natural DNA
polymerase, but could not give amplification products. Therefore, although the fusion of HhH domains to

the C-tetminal end ofifhe 028 PINPebRETassese R prdVedxhair SRS @dpaliy of the nakli@dl enzyme to
perform the rolling cigelg-re@isasioR WHDRfAB8IESEQ ID NO: 6- HhH H (635 aa; ~73
kDa))
HIAY: @29 DNA polymerase -SEQ ID NO: 5- HhH H-I (692 aa; ~ 80
kDa)
20 HIGT: @29 DNA polymerase -SEQ ID NO: 6- HhH H-1 (692 aa; ~ 80
kDa)
2.2. DNA binding capacity of the chimeric DNA polym erases.

To determine if the fusion of the HhH motifs at th e end
of the @29 DNA polymerase conferred an improved binding
25 capacity of the chimeras to the DNA, the retardatio n analysis
of the electrophoretic mobility of the DNA in gel w as carried
out.
Conditions of the assay.- The oligonucleotides of 1 5
bases (SEQ ID NO: 14) and 21 bases (SEQ ID NO: 15) having a 5’
30 extension of six nucleotides in addition to the seq uence
complementary to the oligonucleotide of 15 bases we re supplied
by Isogen. The oligonucleotide of 15 bases was labe lled in 5’
with [ y-*P] ATP and the T4 kinase polynucleotide. The

oligonucleotide of 15 bases labelled in 5’ was hybr idized with



34 primer, a similar efficiency increase during the RCA with multiple priming could not be anticipated.
Conditions of the assay.- The incubation mixture contained, in 12.5 pl of buffer 13, 10 fg plasmid DNA
(4.2 kpb) 5 as supply. To denature the DNA provided, the samples were incubated for 3 min at 95C and
were then cooled in ice for 5 min. The reactions were inftfated by the addition of 50 nM natural or chimeric
029 DNA polymerase. After incubating at 30C for the indicated times, the reactions were stopped by 10
incubating the samples for 10 min at 65C. 1 0.1 of each reaction was digested with EcoRI and was then
analyzed by electroph®résRliRaseandhassecges Aot MtddpHbresis, the ampliffdli WA Was detected
by staining with ethidigntisercidehd SAbrelmadrvigdrigtieeti@e theinatural 029 DNA palyoferase gave a

detectable amplificaligaeRradurt e Ak, SffeastiaN of be Ghibefg HAY gave a detegtaplg,amplification
product from 4 h, the total production amount of amplification after 5 h being twice of that obtained with
the natural 029 DNARHY BB (IR P eECIPRAERIFB AT ProdliEEd an amount of ahpffRPHNA
comparable to that ofsigmechseihThe iohitegian HAR ¢, iniptdrestwoy that the yield ofumenafra@m amplification
was obtained in the ghestekireasiPmiIMsH(3.5) vihednaximpaaspeunt of amplifiegeiaNAyvith the chimeras
HIAY and HIGT was @Sﬂ llar E%th t obtained with thh na(t)u];al 0 9I DbNAnpoI merase, although as in the
case of the chimera ST, Said iaximuni r{}fgf’orl' Was Gchisved r0l 3 h O reaction. After digesting the
synthesized DNA withotHaITdBSEnirA% &ty ¢atel Elc o1 OhaBReaRakISaYe of the amplifidtFHNA gave a dsDNA
fragment of 4.2 kb wiscihasésintitated, thalthedargicprd ebtieramplification product rgatheconsisted of
tandem Jgpeats of the to;iginral ”ITqLesrpgid. '[FEJ dﬁiultmingi&gtgs reater 88‘9%9@/ of the chimeric DNA
polymerases to ampﬂﬁluliml ed amounts (10 g?so the plasmid D than the natural 029 DNA

polymerase. 35 2.6 AfplificAtichcoTaRelesNg witHUSAIEHIE BIRSITAB of genomic DNR'BS'SHe natural and

chimeric 029 DNA patymexagasylamide gels (w/v) (monomer:bis 80:1) whi ch
contained 12 mM (pH 7.5) tris-acetate and 1 mM EDTA and were
developed at 4 °C in the same buffer at 8 V/cm, ess entially as
15 described by (Carthew et al. Cell. 1985; 43: 439-448). After
autoradiography, the polymerase-dsDNA complex was d etected as
a detachment of the mobility (retardation) in the m igration

position of the labelled DNA.

In these conditions, the natural @9 DNA polymerase

20 produces a single retardation band using the labell ed

hybridized oligonucleotide molecule of 15 bases/21 bases (see

Figure 7) which has been interpreted as a stable en zyme-DNA

complex competent for polymerization (Méndez et al. J Biol

Chem. 1994; 269: 30030-30038). The chimeras HAY, HG T and HIGT
25 showed a DNA binding capacity greater than the natu ral enzyme

since the larger part of the substrate was detached with 2 9.5

nM concentration unlike the natural DNA polymerase which

needed an approximately 2 times higher concentratio n. The

chimera HIAY had a DNA binding capacity similar to, or even
30 less than, that of the natural polymerase. From the se results,

it can be concluded that, in general, the addition of the HhH

H and H+l domains of Topo V to the C-terminal end o fthe @29

DNA polymerase confers an improved DNA binding capa city,

although there are exceptions such as in the case o f the



In addition to the RCA technology with multiple priming described above, a process for amplifying entire
genome known 5 as multiple displacement amplification (MDA) was developed based on the properties
of the 029 DNA polymerase combined with the use of random hexamer primers (Dean et a/. Proc Nat]
Acad Sci USA. 2002; 99: 5261-5266). The Genomiphim3GE Healthcare) and Repli-G(r) (Qiagen) kits,
based on this process, 10 require a minimum amount of 10 ng of genomic DNA. To investigate if the
chimeric DNA polymerases have Improved capacity for amplifying limited amounts of genomic DNA with
respect to the naturdi29®NApolymerase, MDA of the B. subtilis genomic DNA was performed.
15Conditions of the assayRolling inciubatiorpiiatiore contained,dnirk@rid ploMiAuffer 13, 100 fg B. subtilis
genomic DNA. To depaiiie-the DNA, the samples were Incubated for 3 min at 95C and were then cooled
with ice for 5 min. The reactions were initjated hy the addition of 50 nM natural or chimeric 20 029 DNA
polymerase. After incubatirT& RS thefifai ?é%’?i%eég, {ﬂetPga&%s%(g}%gstopped by incubating the
samples for 10 min &088d10p| 16 csichira=aitiba WaK daagredbipelectrophoresis infOPPY Bgarose gel.
After electrophoresisythe_amplifieshB bBnwas detec w%g?gey&gg siidigmg Sksomide. As
shown in Figure 10, in tme egpt%rimelntal cort1.ditions escribed t%ﬁ:)ve, the natural O%ﬁ Dl\tlnA polymerase
gave detectable amﬁﬁ?caﬂrc')ri pr%t%’é’t@%rf%r@hagtfvi'r?/Cu%]atiSrﬁ. & chimera HAY alsgrpro%uced
amplification producReasisaiRetnesitNG tetdpamEune sransplified DNA after 8a6RW@8much greater
than that obtained witipitbesioa tisealy® 2HONIS polyenerastchAsecBNAISO be observeshiyheast of the

chimeragy HGT, HIAY,.and Héeﬂ_o%ﬂ-}é?iﬂﬁé\‘i applifigatiandio y&%ﬁ inthe shorter assay ting 3 h), the total
amplified amount in this 36 time being similar to (HIAY and HIG .%or much greater (HGT) than that

observed after 6 h wiPPRETFHIHRI PG SRACHRIMPalls A6 MBsults indicate that$hl Presence of the
HhH domains provideslitriiethiryrieid aROhEIRuHe kikaed datagireved Scapacity for Behpliffing the genomic
DNA with respect to jthg nasiéed? bl haphysnaiasmdd. iHdessdrement of the accuracy gkthe chimeric

DNA polymerases. 3. bl Gf GaeD QLT s HRRIER I AR AP RRSEBERL showed inue the

15 following replication cycles (rolling circle type).

Conditions of the assay.- The M13mpl8 ssDNA was

hybridized with the universal primer in the presenc eof 0.2 M
NaCl and 60 mM (pH 7.5) tris-HCI, and the resulting molecule
was used as a primer/template to analyze the polyme rization of

20 processive DNA coupled to the strand detachment by the
chimeric DNA polymerases. The incubation mixture co ntained in
25 u, 50 mM (pH 7.5) tris-HCI, 10 mM MgCI 2 1 mM
dithiothreitol, 4% glycerol, 0.1 mg/ml BSA, 40 uM d CTP, dGTP,
dTTP, and [ a-**P]dATP (1uCi), 250 ng M13mp18 ssDNA primed with

25 the oligonucleotide of sequence SEQ ID NO: 16, and 30 nM
natural or chimeric @29 DNA polymerase. After incubating for
the indicated times at 30°C, the reactions were sto pped by the
addition of 0.1% EDTA 10 mM -SDS, and the samples w ere
filtered through Sephadex G-50 columns. The relativ e activity

30 was calculated from the Cerenkov radiation correspo nding to
the excluded volume. For size analysis, the labelle d DNA was
denatured by treatment with 0.7 M NaOH and was subj ected to
electrophoresis in 0.7% alkaline agarose gels as de scribed in

(McDonell et al. J Mol Biol. 1977; 110: 119-146). After the



10 in Figure 9, corresponding to the multiple rolling circle amplification of 10 fg plasmid DNA were
Incubated in the presence of 17 pl of the restriction mixture (2p1 New England Biolabs (NEB) 10X EcoRI
Buffer, 0.5 pl [10 units] of the NEB EcoRI endonuclease and 14.5 pl H20) to obtain linear monomers 15
of the amplified plasmid. After incubating for 1 hour at 3¥€, the DNA was purified through Qiagen
Gel-Extraction Fit Columns and was eluted in 30 pl TE buffer (10 mM (pH 7.5) tris-HC], 1 mM EDTA). 10
pl of each elution were religated by incubating them with 2 pl NEB 10X Ligase Buffer, 8 pl H20 and 0.5 pl
(200 20 units) NEB F12°tpAAiBESe. TheMéAPREnSIHAR iAtuHEtel fdeMSHe night at 16 C, AR$ E. coil XL-1
Blue competent cellsisveredranstairingdwtitletdigilof acided ppdakienately 1000 trangéarmenets were
obtained with each qf]gﬂqjQég@ﬁ@glg{g&gﬁgg;%ggdwhereas none were obtained with the control samples
25 which contained 10 fg of a plasmid of 4.2 kpb treated in tq.e same manner as each of the samples
described above. Two cloh8sSWaY8 Ubf8ty ﬁ‘gn? SHUEANSSRRB P and the corresponlily plasmids
were purified and setjgepieeenaecirling it iseontiine peescwidiiertae oligonucleotideitiséi for the
sequencing were: 36uahd-teEhQeHD dipacly) osder LRifREQDNANEHN.8) and spl0+héBE43.|ID NO: 19). In
total, 4918 non-overlﬁ%omoﬂHptﬁqsiggss%tﬁ&q%gft}p%gl@ﬁmlggsaw’ﬁed by the natdral ang chimeric

DNA polymerases were sequenced. The results are shown in Table 1 and they indicate a synthesis
accuracy of the chinfSlcHfRNAYSSSBRAGE H3e SNSinsHatasBase Rutlifalenzyme. 37 TAIBI# 1. 8%/ merization
accuracy of the natupa/angbshterasie 029 HNA pady metiages Ralyssavalse Mutations Nataral O

10 replication speed was similar (in the case of the ¢ himeras HAY
and HGT) or even faster (chimeras HIGT and HIAY) th an that
obtained with the natural @9 DNA polymerase. This result
indicates that the presence of HhH domains in the C -terminal
end of the @29 DNA polymerase in the chimeras improves the use

15 of the template DNA during the rolling circle repli cation.

2.4. Processive  polymerization by the chimeric DNA

polymerases.
@29 DNA polymerase is a paradigm for the processive DNA
replication since it is capable of incorporating mo re than 70
20 kb without dissociating from the DNA in the absence of
auxiliary proteins. Therefore, whether the fusion o f the HhH
domains in the C-terminal end of the @29 DNA polymerase in the
chimeric DNA polymerases affected the processivity of the

polymerization was analyzed.

25 Conditions of the assay.- The processivity of the
chimeric DNA polymerases was analyzed with differen t
proportions of enzyme/DNA. The incubation mixture c ontained,
in 25 pl, 50 mM (pH 7.5) trissHCL, 10 mM MgCI 2 1 mM
ditiothreitol, 4% glycerol, 0.1 mg/ml BSA, 40 uM dC TP, dGTP,
30 dTTP, and [ a-3**P]JdATP (1 uCi), 250 ng primed M13mpl18 ssDNA,
and the indicated decreasing amounts of the natural @29 DNA
polymerase or chimeric DNA polymerases. After incub ating for
20 min at 30°C, the reactions were stopped by the a ddition of

10 mM EDTA -0.1% SDS, and the samples were filtered through
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Sephadex G-50 columns. For size analysis, the label
denatured by treatment with 0.7 M NaOH and was subj
electrophoresis in 0.7% alkaline agarose gel. The p
of the polymerization was evaluated by analyzing th
the replication products with decreasing proportion
polymerase/DNA.

As shown in

enzyme/DNA did not alter the length of the elongati

synthesized by the natural or chimeric

according to a processive DNA polymerization model.

Figure 8B, decreasing proportions of

led DNA was
ected to
rocessivity
e length of
s of DNA

on products

@29 DNA polymerases,

2.5. Rolling circle amplification (RCA) with multip le priming
of plasmid DNA by the natural and chimeric @9 DNA
polymerases.

As has been described above, both the high process ivity
and the strand detachment capacity which the @9 DNA
polymerase has were the base for the development of one of the
more efficient processes for amplifying isothermal ssDNA by
Amersham Biosciences/Molecular Staging, in which th e @29 DNA
polymerase combined with random hexamer primers ach ieves the
isothermal and accurate amplification of 10 “to 10 °© times by
strand detachment of picograms of circular plasmids
[Templiphi™ (www.gehealthcare.com)]. The results wi th a @29
DNA polymerase which contained a (His) 6 sequence fused in the
C-terminal end thereof showed that, despite the eff iciency
thereof, during the rolling circle replication with a single
primer, it was incapable of giving amplification pr oducts
detectable during the RCA with multiple priming. Th e same was

certain for other mutant derivatives of the

which showed greater affinity for the dNTP, replica
M13 DNA at the level of the natural DNA polymerase,
not give amplification products. Therefore, althoug
fusion of HhH domains to the C-terminal end of the
polymerase improved the intrinsic capacity of the n

enzyme to perform the rolling circle replication wi

@29 DNA polymerase

ting the
but could
h the
@29 DNA
atural

th a single



HIAY 1 (transversion G to T) HIGT O 4918 non-overlapping nucleotides of each of the plasmids
amplified by the natural and chimeric DNA polymerases were 5sequenced as described in the main text.

38
34

primer, a similar efficiency increase during the RC A with
multiple priming could not be anticipated.

Conditions of the assay.- The incubation mixture

contained, in 12.5 pul of buffer B, 10 fg plasmid DN A (4.2 kpb)

5 as supply. To denature the DNA provided, the sample S were
incubated for 3 min at 95°C and were then cooled in ice for 5
min. The reactions were initiated by the addition o f 50 nM
natural or chimeric @29 DNA polymerase. After incubating at
30°C for the indicated times, the reactions were st opped by

10 incubating the samples for 10 min at 65°C. 1 pl of each
reaction was digested with EcoRl and was then analy zed by
electrophoresis in 0.7% agarose gel. After electrop horesis,
the amplified DNA was detected by staining with eth idium
bromide.

15 As shown in Figure 9, the natural @9 DNA polymerase
gave a detectable amplification product from 4 h of reaction.
The chimera HAY gave a detectable amplification pro duct from 4
h, the total production amount of amplification aft er 5h
being twice of that obtained with the natural @29 DNA

20 polymerase. The chimera HGT produced an amount of a mplified
DNA comparable to that obtained with the chimera HA Y; it is
interesting that the vyield of maximum amplification was
obtained in the shorter reaction time (3 h). The ma ximum
amount of amplified DNA with the chimeras HIAY and HIGT was

25 similar to that obtained with the natural @29 DNA polymerase,
although as in the case of the chimera HGT, said ma ximum vyield
was achieved from 3 h of reaction. After digesting the
synthesized DNA with the four chimeras with EcoRl, more than
80% of the amplified DNA gave a dsDNA fragment of 4 .2 kb which

30 indicated that the large part of the amplification product
really consisted of tandem repeats of the original plasmid.

This result indicates a greater capacity of the ch imeric
DNA polymerases to amplify limited amounts (10 fg) of the

plasmid DNA than the natural @29 DNA polymerase.



CLAIMS 1.- A DNA polymerase chimera comprising: a) an amino acid sequence encoding a 029 type
DNA 5polymerase, bound by its C-terminal end to b) a connecting amino acid sequence bound by its
C-terminal end to ¢) an amino acid sequence comprising at least one helix-hairpin-helix (HhH) domain.
102.- The DNA polymerase chimera according to claim 3> wherein the amino acid sequence of (c)
comprises at least one HhH domain of a protein which is selected from the list comprising:
topoisomerase V of Methano yrus kandleri, 15- MutY Nth MutM/Fpg, Nei, UvrC, DinP, RecR, UmuC,
DnakE or DnlJ of EschErfvARAEHON-A the Pyt . OREOIC OGG1, NTG1,

NTG2, DIN-7 or EX%NQbyqa@t@t@@ and chimerica homolog@y@mqi,awmgrg@@sabove in Bacillus subtilis,
20Caenorhabditiselegans Ha%mcl)(% g %nf%ﬂzﬁl% I\/Ilethan cocqyps“?annaschu Micro coccusluteus

Methanobacteriumthe rmoPormlcum oogy
described above, a process for amplifying entire ge nome known
5 as multiple displacement amplification (MDA) was de veloped
based on the properties of the @29 DNA polymerase combined
with the use of random hexamer primers (Dean et al . Proc Natl
Acad Sci USA. 2002; 99: 5261-5266). The Genomiphi™ (GE
Healthcare) and Repli-G ® (Qiagen) kits, based on this process,

10 require a minimum amount of 10 ng of genomic DNA. T o]
investigate if the chimeric DNA polymerases have im proved
capacity for amplifying limited amounts of genomic DNA with
respect to the natural @9 DNA polymerase, MDA of the B.
subti | i s genomic DNA was performed.

15 Conditions of the assay.- The incubation mixture
contained, in 12.5 pl of buffer B, 100 fg B. subtilis genomic
DNA. To denature the DNA, the samples were incubate d for 3 min
at 95°C and were then cooled with ice for 5 min. Th e reactions
were initiated by the addition of 50 nM natural or chimeric

20 @29 DNA polymerase. After incubating at 30°C for the indicated
times, the reactions were stopped by incubating the samples
for 10 min at 65°C. 1 ul of each reaction was analy zed by
electrophoresis in 0.7% agarose gel. After electrop horesis,
the amplified DNA was detected by staining with eth idium

25 bromide.

As shown in Figure 10, in the experimental conditi ons
described above, the natural @29 DNA polymerase gave
detectable amplification products after 5 h of incu bation. The
chimera HAY also produced amplification products in this time,

30 but the total amount of amplified DNA after 6 h was much
greater than that obtained with the natural @9 DNA
polymerase. As can also be observed, the rest of th e chimeras,
HGT, HIAY and HIGT gave clear amplification product s in the

shorter assay time (3 h), the total amplified amoun t in this



typhimuri um. 3.- The DNA polymerase chimera according to claim 2, 25 wherein the amino acid
sequence of (c) comprises at least one HhH domain derived from the topoisomerase V of Methanopyrus
kandleri. 4.- The DNA polymerase chimera according to claim 3, wherein the amino acid sequence
of (¢) is SEQ ID NO: 3. 30 5.- The DNA polymerase chi#fera according to claim 3, wherein the amino
acid sequence of (c) is SEQ ID NO: 3 bound by its C-terminal end to SEQ ID NO: 4. 6.- The DNA
polymerase chimera according to any of claims 1 to 5, wherein the connecting amino acid sequence of
39 (b) is SEQ ID NO"BeoPSIIFIDINGR 611AY and HiGT DN A6l Aiefase chimera ac®okdA§to any of
claims 1 to 6, Wheremghetﬂa9 tyrerll Aapelymerasgidf (8 isnselegted from the DNAgolympgrases
Isolated from the foIIo ; g aﬁﬁs 029 %omldlcl?aReD 1t e5 021 PZE, PZA, Nf, M2Yf ll?hleOB GA-1, SF5,
Cp-5, Cp-7, PEA, PFEg 3% é % NOA oFymerase chimera accordlng to any of
claims 1 to 7, where?ﬁhﬂﬁé"wg’lﬁ%owﬂ% Bﬁ%@%&%ﬁ@oﬁﬁ?%%no acid seqUEIRAAving an
identity obat least 8C%4padily ISHBQIiINYEhel genomi@. DNAe VDN Aeppégmerase chimetaadwording to claim
8, wherein the 029 t¥BﬁJB,\|A WW%%%&E@ Jas an amino acid sequence having an identity of at least

90% with SEQ ID NO: 1 10.- The DNA polymerase chimera accordln to claim 9,
2.7 Measurement of the accuracy of the chimeric

polymerases.
3 ul of each of the samples from the experiment sh owed
10 in Figure 9, corresponding to the multiple rolling circle
amplification of 10 fg plasmid DNA were incubated i n the
presence of 17 ul of the restriction mixture (2 ul New England
Biolabs (NEB) 10X EcoRI Buffer, 0.5 pl [10 units] of the NEB
EcoRI endonuclease and 14.5 ul H ,0) to obtain linear monomers
15 of the amplified plasmid. After incubating for 1 ho ur at 37°C,
the DNA was purified through Qiagen Gel-Extraction Kit Columns
and was eluted in 30 ul TE buffer (10 mM (pH 7.5) tris-HCI, 1
mM EDTA). 10 ul of each elution were religated by incubating
them with 2 ul NEB 10X Ligase Buffer, 8 plH ,0and 0.5 ul (200
20 units) NEB T4 DNA ligase. The reactions were incuba ted for one
night at 16 °C, and E. coli XL-1 Blue competent cells were
transformed with 2 ul of each. Approximately 1000
transformants were obtained with each of the amplif ication
samples, whereas none were obtained with the contro | samples
25 which contained 10 fg of a plasmid of 4.2 kpb treat ed in the
same manner as each of the samples described above. Two clones
were selected from each transformation and the corr esponding
plasmids were purified and sequenced according to s tandard
processes. The oligonucleotides used for the sequen cing were:
30 pT7-N (SEQ ID NO: 17), sp4+10 (SEQ ID NO: 18) and s p10+7 (SEQ
ID NO: 19). In total, 4918 non-overlapping nucleoti des of each
of the plasmids amplified by the natural and chimer ic DNA
polymerases were sequenced. The results are shown i n Table 1
and they indicate a synthesis accuracy of the chime ric DNA

35 polymerases similar to the natural enzyme.



15wherein the 029 type DNA polymerase of (a) has the amino acid sequence SEQ ID NO: 1. 11.-
The DNA polymerase chimera according to any of claims 1 to 10, wherein the 029 type DNA polymerase
of (a) has a modification in the exonuclease domain and wherein said 20 modified DNA polymerase has
less than 10% of exonuclease activity than the correspohding naturally occurring DNA polymerase.

12.- The DNA polymerase chimera according to claim 11, wherein the modified 029 type DNA
polymerase of (a) has less 25than 1% of exonuclease activity than the corresponding naturally occurring
DNA polymerase. TaPi3 L Ty DNIA3HON AtsHR®Y cHifier2pktRbAdihg to claim 12, wHEfEHCthe modified
029 type DNA polymgrasf Qfhtdreksegetectableexonucleaseactivity withrespecttothe 30corresponding

naturally occurring DNA polymerase. 14.- Use of the DNA polymerase chimera according to any of
claims 1 to 13 for replwatingsamplifying or sequencing a tearpiate DNA. 15.- Method for replicating,
amplifying or sequencing-a—40-template-DNA-which-compyises-contacting-said-DNA-with-areaetipn
mixture comprising AY?&E@ a) the DNA polymerase chlmbéra according to any of claims 1 to 12, 5b) a
buffer, HAY 0

HGT 0

HIAY 1 (transversion Gto T)

HIGT 0

4918 non-overlapping nucleotides of each of the pla smids

amplified by the natural and chimeric DNA polymeras es were

5 sequenced as described in the main text.



¢) magnesium chloride, d) a primer, and e) nucleoside triphosphates. 16.- The method according
to claim 15, wherein the 10reaction mixture further comprises polyoxyethylenated sorbitan monolaurate.
17.- The method according to either of claims 15 or 16, wherein the reaction mixture further comprises an
ammonium salt. 1518.- The method according to any offlaims 15 to 17, wherein the reaction mixture
further comprises a potassium salt. 19.- The method according to claim 18, wherein the potassium
salt is potassium chloride or potassium acetate. 20 20.- The method according to any of claims 16 to 19,
wherein the polyoxyethylenated sorbitan monolaurated<¥'& proportion between 0.003% and 0.1% of the
total volume of the reaction. 21.- The method according to claim 20, wherein the

25polyoxyethylenated sorpitgrbmpﬁg'%g@ggei%mn@rgr fi9pdretween 0.006% and 0.05% of the total
volume of the reaction. 22.- The method according to claim 21, wherein the polyoxyethylenated

sorbitan monolaurate is3h AP A6H BRAMEER 8699 BAd 0.03% BPHEZERN volume of the reaction. 30
23.- The method accordingrterasy, bbataibysitt Cite@Enatkhedaem the ammonium salt is selected from the list

comprising: ammoniumsulfale, RAIMPRAHAY GRIPLUEL.ehABIRRIBY 8 eciate. minal
end to
c) an amino acid sequence comprising at least one

helix-hairpin-helix (HhH) domain.

10 2.- The DNA polymerase chimera according to claim 1,
wherein the amino acid sequence of (¢) comprises at least one
HhH domain of a protein which is selected from the list
comprising:
- topoisomerase V of Met hanopyrus kandl eri,
15 - MutY, Nth, MutM/Fpg, Nei, UvrC, DinP, RecR, UmuC, D nak
or DnlJ of Escherichia coli,
- RAD1, RAD2, RAD10, RAD27, RAD 55, RAD 57, REV1, OGG 1,
NTG1, NTG2, DIN-7 or EXO-1 of yeasts, or
- a homologous protein of the above in Bacillus subtilis,
20 Caenorhabditis el egans, Haenophi | us i nfl uenzae,
Met hanococcus jannaschii, M crococcus | ut eus,
Met hanobact eri um t her mof or m cum or Sal nonel | a

typhi muri um
3.- The DNA polymerase chimera according to claim 2,
25 wherein the amino acid sequence of (c) comprises at least one
HhH domain derived from the topoisomerase V of Met hanopyr us
kandl eri .
4.- The DNA polymerase chimera according to claim 3,
wherein the amino acid sequence of (c) is SEQ ID NO ;3.
30 5.- The DNA polymerase chimera according to claim 3,
wherein the amino acid sequence of (c) is SEQ ID NO : 3 bound
by its C-terminal end to SEQ ID NO: 4.
6.- The DNA polymerase chimera according to any o f
claims 1 to 5, wherein the connecting amino acid se guence of



24.- The method according to claim 23, wherein the 35ammonium salt is ammonium sulfate. 41 25.-
The method according to claim 24, wherein the ammonium sulfate is at a concentration between 30 mM
and 60 mM. 26.- The method according to claim 25, wherein the 5ammonium sulfate is at a
concentration between 40 mM and 50 mM. 27.- Th&®method according to claim 23, wherein the
ammonium salt is ammonium chloride or ammonium acetate. 28.- The method according to
claim 27, wherein the 10ammonium chloride or the ammonium acetate is at a concentration between 60
mM and 120 mM.  (b) BEERHR Methor BECJRIMNG ® claim 28, wherein the ammonium chloride or the
ammonium acetate is at & cofaenakorpbigtweease SonimietanatddiGimMo1589.-0The method &ccording to

T ey o IR RBAIELS o Y B SRR, 31 The meod
selected from the DNA polymerases |solated from the foIIowmg
5 phages: @9, Cp-1, PRD-1, @15, @21, PZE, PZA, Nf, M2Y, B103,
GA-1, SF5, Cp-5, Cp-7, PR4, PR5, PR722, L17 or ABV.
8.- The DNA polymerase chimera according to any o f
claims 1 to 7, wherein the @29 type DNA polymerase of (a) has
an amino acid sequence having an identity of at lea st 80% with
10 SEQ ID NO: 1.
9.- The DNA polymerase chimera according to claim 8,
wherein the @29 type DNA polymerase of (a) has an amino acid
sequence having an identity of at least 90% with SE Q ID NO: 1.
10.- The DNA polymerase chimera according to clai m 9,
15 wherein the @29 type DNA polymerase of (a) has the amino acid
sequence SEQ ID NO: 1.
11.- The DNA polymerase chimera according to any of
claims 1 to 10, wherein the @29 type DNA polymerase of (a) has
a modification in the exonuclease domain and wherei n said
20 modified DNA polymerase has less than 10% of exonuc lease
activity than the corresponding naturally occurring DNA
polymerase.
12.- The DNA polymerase chimera according to clai m 11,
wherein the modified @29 type DNA polymerase of (a) has less
25 than 1% of exonuclease activity than the correspond ing

naturally occurring DNA polymerase.

13.- The DNA polymerase chimera according to clai m 12,
wherein the modified @29 type DNA polymerase of (a) lacks
detectable exonuclease activity with respect to the

30 corresponding naturally occurring DNA polymerase.

14.- Use of the DNA polymerase chimera according to any

of claims 1 to 13 for replicating, amplifying or se guencing a

template DNA.

15.- Method for replicating, amplifying or sequen cing a



32.- The method according to any of claims 15 to 31, 20wherein the magnesium chloride is at a

concentration between 2 mM and 20 mM.

33.- The method according to claim 32, wherein the

magnesium chloride is at a concentration between 5 mM and 15 mM. 2534.- The method according to
any of claims 18 to 33, wherein the potassium chloride 4Pthe potassium acetate is at a concentration

between 30 mM and 70 mM.
chloride or the potassium acetate is at a 30concentration between 40 mM and 60 mM.

35.- The method according to claim 34, wherein the potassium

36.- The

method according to'&RP'FE claifis 150 3rpHEpsincEehides8ite Biho¥bhates are dET®, dGTP,
reaction mixdidre ddrepnwdtbedleastording to claim 36, wherein the dCTP, 35dGTP, dTTP

and dATP nucleoside trighpsnhREES AR dFEIHIRRIAT 42 RAMYWSy of cla38-- The methggaccording to any
of claims 15 to 37, wherein the primer is arbitrary and is protected against the action of exonucleases.

539.- The method accordiﬁog% any of claims 15 to 38,

dTTP and dATP.
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b) a buffer,

c) magnesium chloride,

d) aprimer, and

e) nucleoside triphosphates.

16.- The method according to claim 15, wherein
reaction mixture further comprises polyoxyethylenat
monolaurate.

17.- The method according to either of claims 15
wherein the reaction mixture further comprises an a
salt.

18.- The method according to any of claims 15 to
wherein the reaction mixture further comprises a po
salt.

19.- The method according to claim 18, wherein
potassium salt is potassium chloride or potassium a

20.- The method according to any of claims 16 to
wherein the polyoxyethylenated sorbitan monolaurate
proportion between 0.003% and 0.1% of the total vol
reaction.

21.- The method according to claim 20, wherein
polyoxyethylenated sorbitan monolaurate is in a pro
between 0.006% and 0.05% of the total volume of the

22.- The method according to claim 21, wherein
polyoxyethylenated sorbitan monolaurate is in a pro
between 0.01% and 0.03% of the total volume of the

23.- The method according to any of claims 17 to
wherein the ammonium salt is selected from the
comprising: ammonium sulfate, ammonium chloride or
acetate.

24.- The method according to claim 23, wherein

ammonium salt is ammonium sulfate.

th
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or 16,
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17,

tassium
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19,
is in a

ume of the

portion
reaction.

portion
reaction.

22,

ammonium



wherein the template DNA is plasmid DNA. 40.- The method according to any of claims 15 to 38,
wherein the template DNA is genomic DNA. 41.- The method according to any of claims 15 to
40, 10wherein the amplification is performed at an essentially constant temperature between 25 and 40
C. 42.- The method for amplifying a template DNA4Ecording to any of claims 15 to 41, wherein the
amplification takes place by means of rolling circle amplification (RCA), multiple
15displacementamplification(MDA),stranddisplacement amplification (SDA) or loop mediated amplification
(LAMPA). 43.- The riethdd'actBianty B@RINSK dmiflaIN5 26 4 h@REYelh at least one niftleoside
triphosphate or one pnimeniisahhed i2644. cdit dotraamyirgreah 8method according tanglains 15 to 43
comprising: a) the DN polymerase chimera according to any of claims 1 to 13, b) a buffer, and 25c)

magnesium chloride. 45.- Kit accordjng to claim 44, further comprising polyoxyethylenated sorbitan
monolaurate. 46.- Kit&ochPgings %‘i’th%?ccgf %ni8 £ 5?4%5,’fu‘r's’}£e i

é?'EOﬁmrising an ammonium salt.
5 M and 50
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ammonium sulfate is at a concentration between 40 m
mM.

27.- The method according to claim 23, wherein th
ammonium salt is ammonium chloride or ammonium acet

28.- The method according to claim 27, wherein th
ammonium chloride or the ammonium acetate is at
concentration between 60 mM and 120 mM.

29.- The method according to claim 28, wherein th
ammonium chloride or the ammonium acetate is at
concentration between 80 mM and 100 mM.

30.- The method according to any of claims 15 to
wherein the buffer is tris-hydrochloric, tris-aceti

31.- The method according to any of claims 15 to
wherein the buffer is at a pH between 7.0 and 8.5.

32.- The method according to any of claims 15 to
wherein the magnesium chloride is at a concentratio
mM and 20 mM.

33.- The method according to claim 32, wherein th
magnesium chloride is at a concentration between 5
mM.

34.- The method according to any of claims 18 to
wherein the potassium chloride or the potassium ace
a concentration between 30 mM and 70 mM.

35.- The method according to claim 34, wherein th
potassium chloride or the potassium acetate is at a
concentration between 40 mM and 60 mM.

36.- The method according to any of claims 15 to
wherein the nucleoside triphosphates are dCTP, dGTP
dATP.

37.- The method according to claim 36, wherein th

dGTP, dTTP and dATP nucleoside triphosphates are in

ate.

29,
c or HEPES.
30,

31,
n between 2

e
mM and 15

33,

tate is at

35,
, dTTP and

e dCTP,

equimolar



3047.- Kit according to any of claims 44 to 46, further comprising a potassium salt.
to either of claims 44 or 47, further comprising a primer. 49.- Kit according to any of claims 44
to 48, further 35comprising the primer according to claim 38. 43 50.- Kit according to any of claims
44 to 49, further comprising nucleoside triphosphates. 42 51.- Kit according to claims 48 to 50, wherein

48.- Kit according

at least one nucleoside triphosphate or one primer is labelled.
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amounts.

38.- The method according to any of claims 15 to
wherein the primer is arbitrary and is protected ag
action of exonucleases.

39.- The method according to any of claims 15 to
wherein the template DNA is plasmid DNA.

40.- The method according to any of claims 15 to
wherein the template DNA is genomic DNA.

41.- The method according to any of claims 15 to
wherein the amplification is performed at an essent
constant temperature between 25 and 40 °C.

42.- The method for amplifying a template DNA acc
to any of claims 15 to 41, wherein the amplificatio
place by means of rolling circle amplification (RCA

displacement  amplification  (MDA), strand displaceme

amplification (SDA) or loop mediated amplification
43.- The method according to any of claims 15 to
wherein at least one nucleoside triphosphate or one
labelled.
44.- Kit for carrying out a method according to ¢
15 to 43 comprising:
a) the DNA polymerase chimera according to any of clai
to 13,
b) a buffer, and
c) magnesium chloride.
45.- Kit according to claim 44, further comprisin
polyoxyethylenated sorbitan monolaurate.
46.- Kit according to either of claims 44 or 45,
comprising an ammonium salt.
47.- Kit according to any of claims 44 to 46, fur
comprising a potassium salt.
48.- Kit according to either of claims 44 or 47,
comprising a primer.
49.- Kit according to any of claims 44 to 48, fur

comprising the primer according to claim 38.
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43

50.- Kit according to any of claims 44 to 49, fur ther
comprising nucleoside triphosphates.

51.- Kit according to claims 48 to 50, wherein at least
one nucleoside triphosphate or one primer is labell ed.



