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 igSZOOBOZOQ%%)(ég@Wder, inspije gfémgcqgetliﬁ.fqggzor;iQ§§$29§§t1§7%)protocols 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 replicatinﬂa,qil:'ﬁnce 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.



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 sulfate is atld 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 rﬁﬁg"?ﬁ;ff@“ li pglgreq li INgd.3SS }J%@' of the inventi 0, mgrgs ffer
o e RS 7 oiGe

tris-hydrochloric, tris-acetic etween 7.0 and 8.5. In a 35still more preferred

embodiment, the buffBFFE R HIERISAEON § <2t e BIARPEYis at a pH betwe&A72 AN 8. In a still
more preferred embadimédtpthe Ibutfestifisvoyelrpciidord, tisbaditiedr HEPES is at a pHeoD&#proximately

7.5.

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, the
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, the
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,



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 concentration 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 mork? 10 preferred embodiment, the buffer
tris-hydrochloric, trisacetic or HEPES is at a concentration of approximately 40 mM. In a preferred
embodiment of the method for replicating, amplifying or sequencing of the invention, the potassium salt is
potassium chloride GFPHES I S&6LEAMNI A ot e189r e @BNébodiment, the"Bta®dfum chloride or
the potassium acetate isnahantconcsaultsadiombetweea Fefaivbaneiddimddnin a still more, preferred

embodiment, the potgssigm,shiQnide & the,nassiHm AR s alpasoncentration elwegn 40 mM and

60 mM. In a still more preferred embodiment, th tassium 20 chloride or the potassjum acetate is at a
concentration of appTO%imiatel gﬁﬂ%l@f.eferreée E@?@W@h%ﬁ%ﬁ”ﬁﬂent of the mei%&"fg%“?eplicating,
amplifying or sequene/idg 6PAseNHREatiRTvERs ALGNeaNralchMrideis at a concentidttridetween 2 mM
and 20 mM. In a 25presadyefemeddarndpedinment, dhendragnesiinmehloride as ata concentration between

5 mM and 15 mM. '%&ﬁgHt@%ﬁ&r&;ﬁ%Qﬂﬁ@ qdimgnt, the magnesium chloride is at approximately 10
mM. In a preferred embodiment of the method for replicating, 30 amplifying or sequencing of the

invention, the polyoxyethylBARETCSSHRIRIBITORIr e TEIRC Yois8Hon between 0.0888%nd 0.03% of

the total volume, theaamlihorturn sdferEirgatfdisoimyentiatidhebamween 40 mM and BOmAltthe buffer

tris-hydrgghloric, trisracgtigerilhERESitfeati @ 35aneenisrtian baiweamad MM and 45 mivk and at a pH

between 7.2 14 and %1%0 Em%%pﬁgi%natcggmggn@a%@ g&%gﬂtéetion between 5 n%n§2é5 mM and
an

the potassium chloride or the potassium acetate is at a concentration between 40 m OmM. In a

preferred embodimef*bf the etilbd 6 PIRIGHRT, SNRAYRShg BF s@IBEIng of the inviftion, the
polyoxyethylenated sbolbitEnsad aclenrateasom e vasresiratibarof 1025% of the t@aiMolarae, the

ammonium sulfate iss@f AdrenrartradiemeidadnMnthardfritrigibydrochloric, trigagetie pr HEPES is at a

Concem@tlon of 40 rcr:]o'\rlllc"élrrwlt(rja‘%lltt)rzli c!? |gllp(r))];oximately 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,



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% of the total vdfime, the ammonium chloride is at a
concentration between 80 mM and 100 mM, the buffer tris-hydrochloric, tris-acetic or HEPES is at a
concentration between 30 mM and 45 mM and at a pH between 7.2 20 and 8.0, the magnesium chloride
is at a concentration'BERFRENS RGNS 85w ReiWasR HERESRIM chloride or thédEEsium acetate is at
a concentration betweer g@ferMderdoo0imevit, the bofiemarayareéarred embodimentiofttse method for
replicating, amplifying.gk Sequepeg g{y}ﬁ_'lgygﬁg}%n@gw%%oolyoxyethylenated sorbitan monolaurate is
in a concentration of 0. 025% of the tota ammonium horlde is at a concentration of 90 mM,
the buffer tris- hydrochlorlc, s ?iréeé ‘?—7@5@@ gta({f é%ﬁé@%ﬁa‘ﬁ %f"f0 mM and at a 6I—? f7.5, the
magnesitm chloridef® aerlieiinge mmidiNef A0SeAMeanHI 3T the Pbtassium chloride §H@potassium
acetate is at a concany aligerofristhpaMchloridn @ipseédan ermbediment of the methodsfar rgplicating,

amplifying or Seque%@ﬁ&%&h&'%\é‘?\ﬂ@&pQ@‘%RP'XP&‘%WH“%GQ Flolds] t&n monolauraet@rlr%én a proportion

35between 0.01% and 0.03% of the total volume, the ammonium 15 acetate is at a concentration

between 80 mM and®THEHRA"tHERUFHE HHE: W?BE'H[&H $AS8cetic or HEPES i€&Y &EBRgentration
between 30 mM andsi& mddrgratiatiangidtiyeenSrmi 2athd5810M theamagnesium clidlideres at a

concentgation betwegnhdaMeabddadniV aad Hﬂﬂi‘é?Ot@@SWmo@hI@i'tde or the potassiungigcetate is at a
concentration betwegpeﬁgommiagg @O {gh oncen %ﬁ) f%r(?d embodiment f%e thod for

replicating, amplifying or sequencing of the mventlon o oxyethylenated sorB/tan monolaurate is in a
concentration 10 of 0.02%5%' &¥ ?F‘?‘érf‘&ﬁmﬁﬂgﬁﬂ%’“tﬂ%t%m? rfﬁra{EBHate is at a concefftfafon of 90 mM,
the buffer tris-hydrocigityjrig sacetioanciig PHEE s etrdicontemwstion of 40 mM ansbiatraspi of 7.5, the

magnesium chloridejis otsanaenirRiing oblOpanhand thedatassiyim chigride or the potagsium acetate
isata

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



15concentration of 50 mM. Asused inthe present description,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 "sequencing"” relates to the determirddtion of the order of the nucleotides of a template

DNA. 25"Contacting” is understood as the fact that the template DNA and the reaction mixture are

incubated in primer extension conditions.

As used herein, the term "primer" relates to an

oligonucleotide capa®lé BPabthBagNaseStaRRIED &R 6f tARCSUIFAIA synthesis wheh Re¥a§hrimer

extension conditionss Pikfenablys thepaimehés @otesixyrilbbeddigonuelpotide.

Thaegsmears can be

prepared by means gf oy fuifable reethaghiReling /o Rxamds. but not limitedig, the direct chemical

synthesis. The primers can be d signed to E)od|

template DNA 16

br|d| 35WI'[E|O% fgcmc deox

In a pre err d em ent the met rrepli

ynucleotide seguences in the
cating,

5 amplifying or sequencing of  the invention, the

polyoxyethylenated sorbitan monolaurate is in a con centration
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



(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 re

present invention. 26f gt%rme"g}%qﬂ W'Brf 8?d?éfa?é§t%)'&c%?ﬁ[ﬁgr the sequence ot

licating, amplifying or sequencing of the

[EF1S 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. aThrg_J%r F@@ig@ryemgmh{e!gge%p qn%gjiog_lfﬂgmers with a random

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

In a preferred embodfRIEAISH (RERIRAS PEFSEINERGT BE dMipifying or sequenciffyofth

primer is specific.

nucleotides, "hexanucleoti

e invention, the

pdiyaxpetindenatefesnsbitamiboditaartoftiie armsthod for replicatipgnteatiplifying 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\ :

e" or "nexamer" protected a

nst the action of 3"-5" exohucleases. As used in

the present descriptidtfihe’ &iITESsA! & opierBEaag ARt Mhakktion of exonucfbdsdid Ofelates to a
modified primer sucly thahét nmpesstanthotide inwtleotytiedegadation by any 3"-5"1exoMucléase activity

present in the DNA prlyrhetase chicRrRiiof thedvertilium acetate is

15

20

25

30

35

concentration of 50 mM.

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

As used in the present description, the term
“amplification” relates to the increase of the numb
copies of a template DNA.

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

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

As used herein, the term “primer” relates to an
oligonucleotide capable of acting as the starting p
DNA synthesis when it is in primer extension condit
Preferably, the primer is a deoxyribose oligonucleo

The primers can be prepared by means of any suitab
method, including for example, but not limited to,
chemical synthesis. The primers can be designed to

with specific deoxynucleotide sequences in the temp
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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/or 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 primel at a concentration between 20pM and 80pM.
In a still more preferred embodiment, the primer is at a concentration between 40pM and 60pM. In a still
more preferred embodiment, the primer is at a concentration of approximately 50pM. 20As used in the
present description tff@&eifth PRTIE[EbSTdeattiPAJSpHATRS SYBlAtsE 8 drganic molecule$T¥atYed by the
covalent bond of a pemtass), a nitrogen base and three phosphate groups.

Thetermnucleosidetriphoshatgginclide,2sAeaxyausieeside Liphogphates (ANTPs) sygf.as for
example, but not limited to dATP, dCTP, dITP, dUIP, dGTP, dTTP, or derivatives thereof. Preferably, the

deoxynucleoside trighbaBhats@ise dATP, B, JETriENeE TR W Mole preferably, thele four
dNTPs afe in equim6RiRIBMERIBNSIAreas BT cleponuatapitinieatasicthis aspect ofetHe Heention, the
deoxynucleoside triphagiphaEsAate i argainegntration between 100pM and 800pM. In a more preferred
embodiment, the deoxynu&l&gﬁligﬁeggi[gp SphatesAR & a,conceniratiqn betyveen 200pM and,600pM. In a

still more preferred embodiment, the 35deoxynucleoside triphosphates are at a concentration of 18

approximately 500pM e fahif LB detiNfBHradL oty dideoxynucEsii¥riphosphates
(ddNTPs) such as fosuskathpleijtbaamordimitedite, @AM, pRICTH, dtHTP, ddUTP, ddGTP, &N TP, 5 or
derivativgs thereof. syntifesemesRsrferredsenbogimesnts alidhsidnetbeshiggngeplicating, amplifying or
sequencing of the in i t least one nuclegsi ip .one primer is labelled by means of
techniques well knov}éﬁél}%%%itﬁ% CE?(EI{H% aﬁgéT%e%g%nu%ﬁﬂ%E%g%ed can be, for e@gﬁmﬁe, a
deoxynucleoside trifR8PHAE%ET R SN/ MUBIEBSIIEN BN HYEte. Detectable 19681€6BIude, for
example, radioactivehsoteges, foforesuertiatiefsy chémilineinesoentdatefs, bioluminescemtiabels or

enzymatic labels. 154gi4gef iBJhesPTRRENAIRSERBHAS. Hestafmintemplain 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



DNA" relates to a DNA molecule 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 template DNA is
genomic DNA. Replicating, amplifying or sequencing of the template DNA is carried out in primer
extension conditions. The expression "primer extension conditions" refers to the conditions in which the
template DNA-dependent synthesis 25initiated in a primer can take place. The template DNA
synthesis according BeiR@ e thSFER Y iRANRY 'SamMpRigRr 6eeequencing of the pFes8hfinvention can
take place by meansoflectiieemeieytiing piccess ‘dieataerepsantially constant tempetgiose.
30"Isothermal conditiahs s understas.assessentially constant temperature. Preferably, the template
DNA synthesis according to the etho%for replicati ifying or sequencing of the present invention
takes place at an essentléelﬁ/ 88ﬁ@taﬂtf ﬁ1p°é? ﬁﬂle ofémbgé‘feﬁ%lfxg{ }ﬁ %Sessentlally con&tant
temperat@re betweerPZ5eaied 40ansiniie a&ion rabrxPreseassly delapproximately 30&S 10 & large number
of methods allowing iddAicanpilifieasiam anatknewesistdhe istate afi the art. Some methiedlgtiequire a thermal

cycling process sucrh%,ag%g%q;ngl% bugnot limiteddto 5@&,@7 B@ggnerase chain regctiap (PCR). Other

methods do not require a thermal cycling process, rather they are performed at a essentially constant
temperature such as Mt %%é%?éelﬁ‘mrﬁ%f‘l% '?@d”l’ﬁ?'ﬂ%”rolllng circle amplification (RCA), the multiple
detachment amplification (MDA ethestiardpliatiigpraceiengt emsplification (SDA) or thenéawp mediated
amplification (LAMP)s Thamenibicaiins vha saepiater BAAagssuding to the methgslef dbe present

invention can take p n t B cli g process or at an essentially constant temperature.
15Preferably, the angg?% g]rcl%%f g?@?n%ﬁggt?g FXA Llccordl ((? to the method for amplifying of the present

invention takes place by ﬁﬁ‘e%tﬁée@frﬁﬂlﬁi@beﬁal?@rﬂbm‘?c@ﬁ&? A% A8Plby means of mulfipi@%etachment
amplification (MDA),sstrdinihdispeceeremyarhidicatotmn (G DA pomloop mediated 2@aimplification (LAMPA).

concentration between 2uM and 100uM. In a 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



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. 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 DNA polymerasé chimera of the invention, b) a buffer, and 30c)

magnesium chloride.

In a preferred embodiment of this aspect of the invention, the kit further

comprises polyoxyethylenated sorbitan monolaurate, an ammonium salt, a potassium salt or a
combination of any tRRPEBHIBEYSIRM¥rably, said ammonium salt is selected from the list 20 comprising:

ammonium sulfate, ammamieim ehhoridevoleasita@onitiph@petats.

alsBrefexalndys said potassium salt is

potassium chloride Q5 RQIASRILIBDAGE RIfFoshh AR Rigtask e aRAdiMent of this aspechafihie invention, the

kit furth ' imer. | d embodi t, t ' ' bit
protected againct 0 UANOH B CYARUIEgbe T £ pPAIFedhbodmon of IheCAlf

Erimer which is
¢t of the 10

inventiondthe kit furthedestyaijyaséeraetieoside triphosphates. For example, in a more preferred
embodiment of this aspeahofdh@dnverativrsdhekibduiife@tcopiprises detgmuedeoside triphosphates

and/or adideoxynuc}gﬂ%%&ipmrﬁ%%em sequencing of the invent
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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.,
to a DNA molecule to be replicated, amplified or se
a preferred embodiment the template DNA is plasmid
another preferred embodiment, the template DNA is g

Replicating, amplifying or sequencing of the temp
DNA is carried out in primer extension conditions.
expression “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.

“Isothermal conditions” is understood as essentia
constant temperature. Preferably, the template DNA
according to the method for replicating, amplifying
sequencing of the present invention takes place at
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 15 invention, the kit comprises 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 contamination, etc.X8n the other hand, the kit can include all the
supports and recipients necessary for putting it into practice and for its optimization. Preferably, the kit
further comprises the instructions for carrying out the method of the invention. 25 Throughout the
description and clainid!! fR¥ VSRR BRI ARREOdRaHY $&ifants do not exclude other technical features,
additives, components orsteps fondbeopersbndsskibbechinhe arhpother objects, advantegres and features

of the invention will ke ipferredrRarbirmdhedasciRtians3efmd in part from the,practice of the
invention. The following. drawings and examples are grgvided by way of illustration gnd qlg not limit the
present invention. D8§%Wﬁtﬂﬁcgfﬁ1%u5}§®itffgsexampl ! E‘dl?llel'%'ghows the effect SFTREEN(r) 20 and
(NH4)23%4 in the 35pPhIfieaschaiaperGtiPo IsED A IBNAgHYMEPdse. The assaft BOWSs carried out as
described in the main textrimathg giresenes o, thativdigrtiedamaiismef plasmid DNA (4.2tkab). After

incubating at 30C f%és&ﬁgﬁ, E%ﬂgié%?%}?{ﬁéﬁaﬁp@%%daé‘sﬂe&%wd in the main {gxt, Op the left, the linear
DNA 5 fragments obtained after digesting the 029 DNA with Handlll used as DNA length markers.

Figure 2 shows the aMKfic&RioH'6f AMBENEEHTo HIE BEMLEMIEENA (in the order of femtB§rams) by the
029 DNA polymerasaniffipiee pregieplvoent Twarepl(iit20mand (44)230%. Thatrabd assay was carried out as

described in the maigidguémde p@ﬁgm@gt@ﬁo.@ﬁﬁ@ Tmen@)l 20candraédtex mM (NH4)2304¢ The DNA
length markers are tgﬁ]@%%]ﬁ ??f é%%ﬁsggemaﬁgﬂge%&% of I;|g%t;§p§ashows the effec{eoféklg NH4 ion in

the amplification capacity c A polym e assa
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



15 was carried out as described in the main text in the presence of 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 Figure 1. Figure 4 shows the amplificé®on of different amounts of Bacillus subtilis
genomic DNA by the 029 DNA polymerase in the presence of Tween(r) 20 and (NH4)2304. The assay
was carried out as described in the main text in the presence of 0.025% Tween(r) 25 20 and 45 mM
(NH4)2304. The DNACIBRGRII ARBIAE tHéAEmaTa8oB%e (iai$h Tigure 1. FGReS Shows the
significant Improvemertalepicted by the addition of 0.025% Tween(r) 20 and 45 mM (N664)2304 to the
current reaction buffer of g,cpmmerciah kitdcing 3R _rpnlificatiopaf DNA based on the,Q29 DNA
polymerase (lllustra kit of General Electrics HealthCare). The assay was carried out as described in the
main text. The DNA RORRHNA%ER-are the same as those used in Figure 1. 22 Figure 6 shows a
diagram 6&f the different stépsdol@fetias consaditicte ehinfusae’¥, G TheIIAY and HIGT. Figure
7 shows the retardatiomiifiqge! ®kthe auinmer/ tesrpasesDA Avmeleciies by the natural and eglameric 029 5

DNA polymerases. T, gfg}yéyigliﬁ@gdmg}ﬁcmlg r?rfrﬂgf %aggg/r%}rms&s labelled in 5" (dSDNA)yas incubated

with natural 029 DN/ poI?/merase or with the chimeric DNA polymerase indicated in the conditions
described in the textSTiYSHEHiHBEBLIREFHEB YsDR AN CFe polymerase-DRA complex were
detected by 10 autoradiographypefiereatie snpedaten téredfsbyaslestrophottesis in 4% (w/v) native

polyacrylamide gels i®@irtisnomemefirtisasnpmisiucleosiigiire 8 shows the progesgivadeplication of

DNA by the natural imeric.029 | jcation of 15 M1 oupled to
strand detachment t?i% ?h%%\%%é\%%g %%ﬁrg%cxgéeé%%@yé%%%?eﬂies. The replica%é%%gso ng of M13
DNA with a single prinGerWaRIEArridtf okt al'HBE hERMRIESErNERM I text using naturdSechimeric 029
DNA polymerases (30phiphbles poditiomdidebe/ M iiBdSiNAtaihasitha length is showen on 20 the right. (B)

Processive synthesis by the patyraleaad CRIRMHFRRP QNArﬂolya{gggggse&. Tihe assay was carried out in

the samfsconditionsias inqi éﬁ) H1seinq(igeccr)%a§li§& c%?c?erilatsrgtiggs oritrp]%SDL\lA polymerase indjcated. After
incubating at 30C for 30 min, the sampﬁas \'/Ove_re processed 38had BESR described in (A). g Figure 9
shows the rolling ciréleckeRHifiCaaon AREYSABRIPRE: digiAREbIdL0M plasmid DNA IsPHe fafural and

chimeric 029 DNA polmésasesambe assaydeagnaitesdeut apitepbrizeddn the main text in the presence
of buffer B and 50 nijRfiha RNAROMRIGRndicated. The DNA length markers are

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



30the same as those used in Figure 1. Figure 10 shows the amplification of the entire genome with
multiple priming of 100 fg B. subtalis genomic DNA with natural and chimeric 029 DNA polymerases. The
assay was carried out as described in the text in the presence of buffer 23 B and 50 nM of the DNA
polymerase indicated. The DNA length markers are the $hme as those used in Figure 1. EXAMPLES The
following specific examples provided in this patent 5 document serve to illustrate the nature of the
present invention. These examples are only included for illustrative purposes and must not be interpreted
as limitations to the e REBIFCRIFRSIRETENSI ThEIRfBAE! IR BxXEmples described BEIGRFTIfstrate the
invention without limiinthéhendietdeaf 20mpplicatiopidbare dbNAXANPkEbYL Optimization of Alterexperimental

conditions for amplifyingaNAavitaepylipke priming Lyidhe Q2R DINA polymerase. It hagibeen shown that
the 029 DNA polymerase amplifies 1 4-106 %c%s sﬁartin%[ﬁm several picograms of circular DNA.

] 510
For this purpose a réScioreButferritaiRing %o RiMtis Bl MsH"% 50 mM KC1 and 1011 Mgc12
(hereinafter Buffer Ayagasoisedbtaifted tafstndigbstimfitience of differeniedeiBtgenttiand satididnditions on the
DNA amplification capagify ehReRN mZQHelymerase of 029, it is found that the simultaneous addition of
0.025% Tween(r) 20 and 4'§. mMéNH4 2604%hto thell?;uf{er Afhciﬁplr)é i¥n rovetthQT[ amplification of the limited
amounts of provided DNA. REACtion coRditionsTor é%apﬁf@i%g pl%srrhi "TA-%he 25incubation mixture
contained 12.5 pl of bafieidAPSE plih ohheratererdf peyttegednapdinstiée action of the @29 DNA

polymerase in the presence of Tween ® 20 and (NH4) ,SQ. The
10 assay was carried out as described in the main text in the
presence of 0.025% Tween ® 20 and of 45 mM (NH4) 2SQ.. The DNA
length markers are the same as those used in Figure 1.
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.



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 added. The DNA was denatured by incubation at
95C for 3 minutes and subsequent cooling in ice for 5 mMR. 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 results, 1 pl samples were taken from the reactions, the amplified DNA was
digested with the EcoRI rSgisiSrsbatonucllads WaedibferibdtaseiEhoresis in 0.7% agarose
gel. The DNA was 5detestaddoyhmeramsrat staining theligaandthiethidium bromide. Reaction
conditions for amplifying gefopic BNARRe ipgubatigpmbrure, coptpingd 125 pl of buffer A, 45 mM
(NH4)2304, 0.025% Tween(r) 20, 50 pM of hexamers protected against the action of the 3"-5"
exonuclease, 500 pM' G4 HRYIE BNReRiesHRR Ble bSide iR hHAtes (ACTP, dESFEC dTH4Y and dATP)
and the indicated antunisoyhidesbesiebitiisidend migdoNAofwithbassize of 4 Mpby/ZlheaBX¥NA denatured
by incubation at 95(%6[8&%&“?5‘%3?0%'5% Ep%&qg@&g&gﬁmﬁn Ag@;‘%r 5 min. The reac&gg] ¥R initiated

o) n a

upon adding 50 nM 029 DNA 15 polymerase and It was stopped atter the incubation'at 30C by means of
heating to 65C for 10%¥REPSEALIYSR the FEEIRYC PHAsRISEARRIBYaken from the®ASftbns and were
subjected to electropherasidiiinrG. tEsagab e thel tSheTDA Acbdiseletected by means of shaining the gels
with ethidium bromidg,2§0iare ki Fravssptivnrifec ohaddingide weM (NH4)2304 apd@04p% Tween(r) 20
in the arﬁg)lification og %rr}gélléamop&ts oggéovid§ plasrsréidaP{\lléA. AS@QPVXP’ th% 029 DNA polymerase did
not give any amplificatflon prgdaLPC deteCtable with the StAndard Buffer A when 100 fg of provided DNA
were used. In these SES¥ERRAEAITThdtfolEVHEBEIRAHREY 009598 Tween(r) 20 indid@bsence of DNA
caused the appearanehahtiadasdaiAmidelucts, most probably as a consequence of the nonspecific DNA

amplification caused by the-RyRrigdizating fBd,&RIQNIRUOR ALLRETIRGNRA Bpxamer primers.yhe same trace
was observed with 30 10 fg of provided DNA. However, in the presence of 100 fg of provided DNA, the

addition of 0.025% TRAREA(AYFBIRRNEd the 0P8 DRI pYEES & P r3aRia i &ectable amount of
amplifiedplasmid. Ta 3otaNprocupieh of speoidicdetacbspedifc timphiftechDNA indicatesahat the addition

of 0.025% Tween(r) 20 25 to't Mfgrpé a%,fést%@mﬁlbfé%ﬂ%@ ﬁ&ﬁ)’hﬁ’{ the 029 DNApolymerase.

A similar effect was observed with the NP40 detergent. Contrarily, other analyzed detergents such as

Triton X100 and TritGV& 144 BRI oM RRCAmpiRchABAas 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



5 capacity of the 029 DNA polymerase (not shown). The simultaneous addition of 0.025% Tween(r) 20
and 45 mM (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 ampiification even when the provided amount of DNA
was as low as 10 fg. As control, the addition of 45 mM (N664)2304 to the Buffer A did not produce any
improvement in the amplification capacity of the 029 DNA polymerase. 15Therefore, it can be concluded
that the simultaneou8 &266if8rMYF of 02&ANFWRRYTIS 288 dRd @ MNENBY4) 2304 to the BUHEY A (hereinafter
Buffer B) produces arclaarsptinizatior ag thesexpetimeaijateconditions for carrying out the amplification
with multiple primingegf GifspEas DNA by the 029 DNA 20 polymerase, both being absolutely necessary
reactants to amplify limited amounts (10 fﬁ[of rovi?ed DNA. In fact, as can be seen in Figure 2, the use
of Buffer B allowed the 025%!@]]0 dTérﬁgF & téc%%(ﬂq ﬁ%&?@'ﬂ?f&ﬂ%ﬁéﬁr& of DNA by usinat?;\%ﬁ)rovided
amount o plasmid agoeinaR! OSEf (- iigisaigled)e 25aifer ®hdbes Bfaeaction. As qualitgontrol, the
digestion of the ampiifieation preducisarifieEceRbagneatcriad llbear dsDNA fragmentsuafive2 kb which
indicated that the anbg%iggetgogr%rqg&qt%gyegg ﬁg}%é@é&dgéﬂlﬁﬁ%ﬂ%of the original plasmid.- Again, the

Buffer B also prevented the 30 nonspecific DNA amplification (see Figure 2 the lanes corresponding to
the reactions carried DG ISPV IEE D NAS D6 ati6uRtaBRIpFa8mid DNA. The 58€RFUas carried out
in the previously mehgbnetiustatiitibasnvettierpratwont dnofitn0Rs% Tween(r) 20 andftéld wfdicated
ammoniwn salt. As capiibaiohsesned in Figure 3 both the NH4C1 and the NH4CH3000 had a similar 5
effect to the (NH4)2@<4A9@{En1th8 i%llg Bﬁ' in.the sp g'%té( 9J| tI’ggn glified productﬁ;S 'I}Qis result
indicates that the aforementioned ette NHZ s i mmiting-amounts of
plasmid DNA is due & EHE i S & 0Py Afove was also
applied to the amplifizajineradegenomic DNA, the same type of assays performed in the presence of

limited concentrations of Eff §Ub aIisn nomit%‘elligt A (4 Mpb inﬂ%@r@@ Wa}smcarrrigd ouh.@s shown in Figure
4, the presence of 0.025% %r?% and 45 mM (NH P the Suaﬁerag]po'ﬁ the one hand

2 d b

ee
ween
preventdd the nonspEifi® DIimesraiglifieafion (FaMeahpigRsiRpravigEeBNA), and on the oth¥-hand,
allowed the 029 DNAg@ahimsiaseda gésetidateciablemanhispedifiangenomic DNA amaglification even when
10 fg of provided D%W%,?s‘d%ﬂn,k%r a%g P mqug&p% ti@ﬁe@mﬂépgﬂf{@”wmended in the

current commercial genomic amplification kits. 0 determine if the simultaneous addition of 0.025%

Tween(r) 20 and 45 WRA (I L5829 As L e ARt S P efficiency of the cUREHt ¥Wmmercial kits

for amplifying DNA 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



25 based on the 029 DNA polymerase, the same type of plasmid DNA amplification 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, by following the recodfmendation of the supplier, with the lllustra kit
only amounts of plasmid provided equal to or greater than 10 pg can be amplified in a detectable manner
in agarose gel. Contrarily, the simultaneous addition of 0.025% Tween(r) 20 and 3545 mM (NH4)2304 to
the reaction buffer oh&RENAUSrEXRE 57 SiGnificaritty PeavEes e #@E8ed amount of DNAwHich can be
amplified, amplificatisanpres ueis frakenpirowided dkdgtiohplasenichPNA being observed! DRyoldrg an

Improvement of four RId&Es; ofmagREUEEIR theafRiicatithueRXAMEILE 2. Improvemenf of the
amplification capacit Bf the 029 DN%“%N merase by the addition of HhH domai 029 DNA

S.
polymerase was fusSd¥§itE Dt TP HoE 1 BBhTaiRE 3Bt Htlct new DNA polyr%(grgy@é%‘?h an
Improved®DNA bindifgiephbityeieefAlaws Likip galesdtamididits of provided DNIALIPREIELO inspection of
the structure of the 029 DIRéapmlymesiaseoleaddo selgriing thenbisionoofAhe HhH domains with the
C-terminal end of the enzyme singe this end (the,gnd Hlf the sythgdomaip thumb) is close fo the tunnel

entrance of the top dsDNA sequence. The fusion of the HhH domains with the N-terminal 15 end of the
029 DNA polymeras8\W8utofirois& YRa R fSicPapbin? o SARE e BRIERIEht since the
biochemical and struagairst trraciomotriberdterd eianthieasewhfdinyg of the parent DN/&agke$ place near the

amino eml. Furtherm@égd@mwtﬁmg@g@a{a@ip;hgﬁb{tgrrm@al end Woulqrr@pamuitablg 20
one for improving th%r%%@%ﬁ%%]@dd%%%ﬁtga& fggrcrﬁﬁj(%:%@(gtn éé tion of the hexan?]l?ﬁregr er with the

template DNA. In this sense, the tusion of a sequence ne N-terminal end of t DNA
polymerase has a ddWi#lgthg &eErirMAR)-afsIiREHi G289 Bififehe DNA polymer#¥e ¥onstruct. To
make the chimeras HRAY fand HIGTeG en&cups€ogporaatingvascenivusted to synthessenaDNA fragment

which contained the plclegtides emdiri}gﬂgggdHrabl()QOrg@dp@ H.656,m @9 DNA

15 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



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 commercial vector pUC57. The resulting plasmid pUC57-HhH was used
as template for amplifying a DNA fragment encoding thé&®lomains 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 Il fragments of 369 bp, respectively. In addition to a Kas1 site introduced by both primers, primer 1
also introduced 5 th® seejBefiee &noogingha8eifraioN Came@ynmector (Paviov etfahePros®datl Acad Sci

USA. 2002; 99: 135HhA3sdipherdierensithtapemet 44tepdused thmnucleotide seqyangggmcoding the
SEQ ID NO: 6 conn;%gg%a §E(%rl]$ NO: 1 (e:rongneaqt%éjeri\/t%';iveengreé/lﬂously describedi%H Sun et al.
Proteins. 2006; 65: 231- 0235, e_yr')rimer 3 c_on¥a|ne the equence encoding the _hisﬁdine residues
followed by a stop cddBi ahP@ BRI st RGRRE dGndblitled diagram of #f& HImeric DNA
polymerase construgijpAdidhe gametime, a gdbw2 Rlaspil, aeristiventtizarevat). 15taé Methods Enzymol.
1995; 262: 42-49) cantajni e e ' I rase (572 aminp,acids) was used as
a template for a PCﬁm@a%agﬁh%a#%%%gﬁ%%ﬁﬁéﬁ%ﬁﬁ%ﬁiﬁgﬁgﬁg: 11) includi(;l&gfg?_|za4i'uz Indlll site and
the primers 5 (SEQ 1B N&:P¥8¢0A6BSEA HNEFALNCES dhtiih Hidragments 20 111 affdl REof 1757 bp,
respectively. The fragraefitgyl bfameldvipiikdireodiote ¢pPtddnathpliDNA encoding this@R® DNA polymerase
followed by the SEQD A}&%nﬁe('é{ﬁﬂlmsgé B, ﬁ%%@d@e&@f g)ggagment V) se\pé;glnczﬁz\gplch also

include a Kas1 site. The fragments I-IV were purified in 0.7% agarose gels and were 25then digested

with Kag® The digesBRFBRIRNAGMERIENUNYSIE ArAMPARY FPRUBre ligated with BRECFLYSNA ligase to
obtain a linear DNA wher 08ebpreridedirmgnthvatcloinieia HYAS ¢Frigmant) and HIGT (Fraghsent V1),
respectively. The ligatedrosk! cigawiereopurfigghinny 7% agarosg,gejsandemsigdhanggdigested with 30 the
BamHI and Hindlll endonu Ie%saens. mer Qlli egr'tﬁatlj %odgr%tﬁiyggﬁgﬁpuriﬁed by electro Qg{es;s in agarose
gels. The fragments Vahd Viwerd fm%l?y cloned in thé vector p 7% (Tabor et a/. foc'Natl Acad Sci
USA. 1985; 82: 1074be¢078P PNA phiymeraseHIAY (029 DNA polymerase + SEQ ID NO: 5 connector 29 +

domaing 41 and | of topoV)rapekihs Tit(Q30 BRARRIMEErasse: HieESnRthide 6 connector + dggnains H and
| of topoV) were used as. éneog%g%e%%ﬂgséwgmh&qnmnmﬁs HGT anggaﬁ};ﬁ%%tjvely, by inserting
of 120 r (Strata

a stop codon after the H fragment poV by means of the Quik(flznange ene) directed
mutagenesis kit. The dORfFREO R JfehB) DROALSE] Gty QAU A8 absence of addit®Sh®l Rfutations was
carried out by meansgieseguéiciogdiiensnfire genendr veitchimenicpliNA polymerasesivadioa expressed in

EL21(DE3) cells of l%viﬁOI"i‘nY)mﬂ.)‘l"Q kﬂ?hﬁﬁ& ﬂa? 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



10 cloned chimeric gene in a pJLw2 plasmid derivative, and were then essentially purified as described in
(Lizaro et a/. Methods Enzymol. 1995; 262: 42-49). In summary, the chimeric DNA polymerases
obtained were the following: 15HAY: 029 DNA polymerase -SEQ ID NO: 5- HhH H (635 aa; -73 kDa)
HGT: 029 DNA polymerase -SEQ ID NO: 6- HhH H (638%a; -73 kDa)) HIAY: 029 DNA polymerase -SEQ
ID NO: 5- HhH H-1 (692 aa; -80 kDa) 20HIGT: 029 DNA polymerase -SEQ ID NO: 6- HhH H-1 (692 aa; -80
kDa) 2.2. DNA binding capacity of the chimeric DNA polymerases. To determine if the fusion of the
HhH motifs at the erd9tiHe 2P BNAIpBNefiseassATe e &ATTIRHroved binding 25 faf¥ftity of the
chimeras to the DNAyrth@usiiarciatioonatatysidgitohtheneldetrppizenetic shobility of the DNA.Gag3el was carried

?StNO 1g)orrlldit_ions %M%@%?ﬁ%a%\@ﬁ&ﬂ%ﬁﬁ@ﬁm&%%% _%@%%‘{ﬁ (JE]EQ ID Nozelélgs%ﬂ%@l btasest (StEQ
: aving a. extension of six nucleotides i ition to the sequence complementary to the
B T3 o5 fed,

oligonucleotide of 18hESSv2r fied by Isogen. e Bfigbhucléstitie 8s8TV&s labelled in 5'
with [7-32P] ATP an@fte@ T kihasd\dlynucleeti@e. dui@ dligdheiciéelideand 18 bdkes labelled in 5' was
hybridized with 30 thpéafick} bages ampiseprpanes ofAs2rbsitaCl and 60 mM (pHndibgtéds-HC1. The

hybridized oligonucl@r(patidqr{@olgfg%ﬁ]%tgoﬁ&asgﬁe!abed}eqﬂg 5&mqgonucleotide4${15%% baseg 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 XBALSALY" S RN g Y A5 AFET UMM Bithiothreitol, 10 it JE12, 20 mM
ammonium sulfate, Wi higieal bovine serum albumin (BSA), 4% glycerol, 1 nM oligonucleotide molecule
of 15 baggs/21 bases, andrihgdiaeiatesl wensRimrasioboabitits decribed above

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



10 natural or chimeric 029 DNA polymerase. After incubation for 5 min at 4 C, the samples were
subjected to electrophoresis in 4% polyacrylamide gels (w/v) (monomer:bis 80:1) which 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, essentially
as 15 described by (Carthew et a/. Cell. 1985; 43: 439-448). After autoradiography, the
polymerase-dsDNA complex was detected as a detachment of the mobility (retardation) in the migration
position of the labelled DNA. In these conditions, the natural 029 DNA polymerase 20 produces a single
retardation band usif§iiieaaie R SEHHAZRE S SMRABAIENDMEIe of 15 based/ZRh&Ses (see Figure
7) which has been Intefpifiettd as@ifeiathle enayace-Divéa coropidedcampetent for polymegzation (Mendez
et a/. J Eiol Chem. 1994: 268830030530R3R)ed N SRIMEIAS HAX.HGT and HIGT (25 ghpwed a DNA
binding capacity greater thafn the nagur_al enz& & since the larger part of the substrate was detached with
2 9.5 nM concentrat@a RS EL NS R r'%é‘f%?grase which needed an approximately 2 times higher
concentration. The chiAMRLE A YreR{ave s ieRng AN sRYRN SAFIRA! pid8¢han, that of the

natural polymerase. {I®BNRSE FR4ES j;tﬁ@rémtigﬂr@,q:%h@gngjgeneral, the addition of the HhH H
and H+I domains of Topa V to the C-terminal end of the 029 DNA poI}(merase confers an Improved DNA

binding capacity, although fReR 4@ YXCERREHLASEREINITHABC YW Rt 987 chimera HAXY. 2.3.Rolling
circle replication by tleecehémertiodDNANpadpiyeesses. Wit detenpninediithe Improveréntimitige DNA binding

5 obtained by the adgitignpfihenbhdemainef thpdrpeNtediae C-terminal end gitRe§9 DNA

polymerase affected, on the one hand, the palymerization acti\r‘/?i%, and on the other, the processive

synthesi¥of DNA collSREG 1Y RE"S SR Bt RHRfent, replicatiof RSN SRANARASS AR in which the DNA
polymerase 10 startsetesdipoiinaduisianion frentitire r@grotiptod £DNA oligonucledeid@naiere carried out.
In this assay, the firstgRlicatiosneysle €aes M eruitsstiandidgtagiment, but once gdsneampleted, the
polymerase finds the 5' end of the primer, thus requiring an active detach t to continue the 15following
replication cycles (rc?ll?rlljg ircle %';5’65).‘?’1 ' %:gljﬂ{mglor?g{{ﬁgl_ee §§sgg§/.-q éiﬁéﬁgpm ssDNA was hybridized
with the universal pritR@taRcthe Brebisite Brioe2 i deranisae thk thH 7.5) tris-HEAMHAR] the resulting

moleculgsvas used asd drimeer/temulaie o ppnalerestheulycorizatine @fe intrinsic

capacity of strand detachment since the biochemical and
structural data demonstrated that the unwinding of 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.



20 processive DNA coupled to the strand detachment by the chimeric DNA polymerases. 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 [a-32P]dATP (1pC1), 250 ng MI3mpl8 ssDNA primed with
25 the oligonucleotide of sequence SEQ ID NO: 16, and80 nM natural or chimeric 029 DNA polymerase.
After incubating for the indicated times at 30C, the reactions were stopped by the addition of 0.1% EDTA
10 mM -SDS, and the samples were filtered through Sephadex G-50 columns. The relative activity 30
was calculated from TherefeienKiy PEBNRtticon E5iedBoN@ing rdtaetstciéled volume. FoPsi?8 analysis, the
labelled DNA was demiatered (SEQe@mEntsyioh 9.(BEONaOID ad)dgaastsubjected to eledamephoresis in 0.7%
alkaline agarose gelgap feserihetsindMsPapelebdivbiioBighid 977; 110: 119-146), After the 32
electrophoresis, the MI3mP8_sst\1A%‘?oLu§itﬂ'hn Ierp}gth was detected by staining with eth%ﬂ{g bromide, and
the gels were then dff&d N0 SREYSHRTYr BRI RERENH hF§ e 8A, a significant8&&5%ery is that 5

the presehce of the HBISeRyeRIALASEEEohhRFR rPWIR: thecatrasiPuétachment cagi®ty ofthe chimeric
DNA polymerases. The armowdtoARNAssy uibe szt bydhesshimesasHAY, HGT, HIAWardHIGT was

greater than that syr}me&igrﬁgr_ l%yimgd&@%rﬂ{é)%gcg%éogm&sgr@, 5, 5and 7 tir’ggiﬁgrﬁ%t)ectively). The

10 replication speed was similar (in the case of the chimeras HAY and HGT) or even faster (chimeras
HIGT and HIAY) thar tRaltbBRifetPRfF e H Al 2P DN AHYISHYErse. This restitiifcates that the
presence of HhH domawmidly tdesOiberhiinauend of the OR9dDNArgielysnete ptHBEhimeras improves the

use 150fghe templatesBNAduRg EnesrdlingisieleHeitrlédBe encoding the 6
2.4.Processivepolyrrh%{'@go_@éngg%m%régq)géQ :grpoec;gﬁ%%d o 029 DNA polyr§§%§§ig§ a paradigm for
eo

the processive DNA replication since it is ca_P _ mcorgoratlng more than 70 b without
dissociating from thd BRI #EBs@ntdBfigdxHiadPprStbivs. $HERIfore, whether thdFUi¥h of the HhH
domains in the C-terpoipakeerse obibeu029 DNA polymerase in the chimeric DNA polymerases affected the

p;‘c}ces'sivi% Xf th? polymeﬂz&téogamaﬁiﬁq%au@%wamnﬁatmwm@_faﬁay-- T/fe)eNpArOﬁ%Si\@'Wé)f the
chimeric polymerases was analyz , re portions of enzyme . The incubation
mixture %:%)ntained, inaebBig tg%a?n%f'@?hg}%g é%sg%%}oﬁﬁnﬁ\ﬂ%&?h{‘? flﬁ M ditiothreitol,gﬁ%eglycerol, 0.1

mg/ml ESA, 40 pM cOTRIGGMP, @29 DNA polymerase (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



30dTTP, and [a-32P]dATP (1 pCi), 250 ng primed MI3mpl8 ssDNA, 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 Sephadex G-50 columns. For size afdlysis, the labelled DNA was denatured by
treatment with 0.7 M NaOH and was subjected to electrophoresis in 0.7% alkaline agarose gel. The
processivity of the polymerization was evaluated by analyzing the length of 5 the replication products with
decreasing proportiondashdi Al pofl heéreeyDRA HIGTAs shown igdCigpita BBy rekieseaisPiroportions of
enzyme/DNA did nojligs thectinatiopfiemianoatigmnredispissumhesized by the najgyalor chimeric
029 DNA polymeras%s 1peacqoréjint% toa r%¥%0§s§iye DNA é)rglfyrr]%ifationd mﬁgg 2.5. Rolling circle
amplification (RCA) with m_mﬁr?lte priming o pfasml DNA' y the na ural ‘and Chimeric 029 DNA
polymerases. As hal$TREEHENsHBEPERER SEBHTIHRN AR SRScHssivity 15 and theé@akatdetachment
capacity @hich the 020 @V poyymeaaseohasenrekittabgse for tHe @ernaedgpmepntietede of the more

efficient processes fﬁf&é’@@H&éiQ@(i{.sﬁmmﬁ}rﬁ§%%fk{b{e°ﬂ&ﬂ%}éaﬁér5iOSCienCG‘S/ MQlegidl@ieStaging, in
which the 029 DNA gglg/mera§ea§§.énbg]erg with random hexglmer lngimers achieves the 20is?thermal and

accurate amplification ot 104%0 el lﬁ?“s?tr}%nv@aect%rgﬁmglﬁtt of picograms of cir@ﬁl%r}sp?asmids

[Templiphim (www.geHEERRBErEESMIE TP rdS8IWERQ IS IPNRSolymerase dfieh ¥distained a (His)6
sequence fused in thegreteeaninal Bl thesofsiBowvied that, despite the efitianayua thieseof, during the

rolling ciygle repIicatiggn\é/&tr&qﬁgﬁglsép{éni}% HJW\% mggrp@bégr%g\%ing amplification prodiicts detectable

during the RCA with multi Ierrlmlng. The same was certain for other mutant derivatives of the 029 DNA
polymerase which stSled5F

LEdY JRHANS FoPthaSRIPEY rihIEAFAS the 30 M13 DNA & th@ fevel of the
natural DNA polymeNgiaodiEaanmend?fivecdndgtitidation products. Therefore, although the fusion of HhH
domains to the C-terminaligndi@hihg, GRE EXvAenoIpMLrpsyiaREReshthpdatrinsic capacity«pé the natural
enzyme to perform the rf8||llg)%8'!rcle replication with a single 34

15 HAY: ¢29 DNA polymerase -SEQ ID NO: 5- HhH H (635 aa; ~73 kDa)
HGT: @29 DNA polymerase -SEQ 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



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 n u];al O;QI 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 pabgmexapasylamidin agidhtio(wie) théntedntadiisolegy)withninultiple priminghdescribed
above, a process for.amplifine eireBensMcsknew: asimuiipggisplacement gmplification (MDA)
was developed baseéj orLthe properties of the 2%)[‘3DNA8 6I}émerase combined with the use of random
s PRSI 5EH &

hexamer primers (D qu?i_ Bib N AR : & 5261-5266). TR !%{ﬁagmiphim (GE
Healthcdke) and ReplRG(We@RIgERRRY, based®bnahiplodess; 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



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 natural 029
DNA polymerase, MDA of the B. subtilis genomic DNA was performed. 15Conditions of the assay.- The
incubation mixture contained, in 12.5 pl of buffer 13, 108%g B. subtilis genomic DNA. To denature the
DNA, the samples were Incubated for 3 min at 95C and were then cooled with ice for 5 min. The reactions
were initiated by the addition of 50 nM natural or chimeric 20 029 DNA polymerase. After incubating at
30C for the indicated'tifigd. tfd'reactions were stopped by incubating the samples for 10 min at 65C. 1 pl
of each reaction waanalyesichdpy eietirophwikasisnin By7%hegabseegel. Aty electrophoresis, the
amplified DNA was dgfeqigdy staining with ethidium 25bromide. As shown in Figure 10, in the
experimental conditions descr:ged above, the natural 029 DNA olymera?é({a gave detectable amplification
products after 5 h of incubdflort 1R BRirle fAeH PSS dliceamPii bEA%roducts in this time, 30
but the tdtal amount @faiRgslifedeNddiRerd mevaSmhaenaireteithan that obtained MY tke natural 029
DNA polymerase. Agyead.@isqe alserugd, the rest,gf thechinriaassST i hand HIGT gave clear

amplification products in the shorter assay time .h& the total amplified amount in this 36 time being
im0 (A ana T B G GTERa TGy Bl Trat obbaved afer & h witihel

The hatural 029 DNA
polymerase. These RFSORESYRIRVAIEaFIAOIHNY€oERCE BT thie SRR dbmains providedatitmeRimeric DNA
polymerases an imprepedthoapaaity weth amplpiying the/igemamoNANA with respecpbtytheazatural 029 DNA
polymergse. 2.7 Megw{gwtﬁgmg%%ﬁa%ﬂf the oﬂ@\qriﬁr Agolymerases. 3 pl of gach of the

samples from the experiment showed 10 in Figure 9, corresponding to the multiple rolling circle
amplification of 10 fg’F3EHARBIEANEE S X IR R parﬁ%é(nég of 17 pl of the re&rfgﬁ%n mixture (2p1
New England BiolabipNEBNQRIEResR NBURaKI6. Sranfideiashslenf the NEB EcoRi id@oaeiclease and 14.5
pl H20) to obtain lingarngnenapiaEs, lhofghenanpifiedRlagid: Aftar ticubating for 1 houghat 37C, the
DNA was purlfled thropiah Qﬁﬂg%qﬁfﬁkgétﬁaﬁ&ﬁ)& @étgcc%gmst@rggn as .eluted in 30 iRLg’FmQuffer (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 Baffer, 8 pl HUCH 5eB5R{9BEYCles (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



20 units) NEB T4 DNA ligase. The reactions were incubated for one night at 16 C, and E. coil XL-1 Blue
competent cells were transformed with 2 pl of each. Approximately 1000 transformants were obtained
with each of the amplification samples, whereas none were obtained with the control samples 25 which
contained 10 fg of a plasmid of 4.2 kpb treated in the safde manner as each of the samples described
above. Two clones were selected from each transformation and the corresponding plasmids were purified
and sequenced according to standard processes. The oligonucleotides used for the sequencing were: 30
pT7-N (SEQ ID NO: &lg5treperasisiste IM1Rers syt sl ourt (SEMGINO: 19). In total 4918
non-overlapping nuctieciides f staicingiite qiédomds @nigdifiedi byethe natural and geimetie DNA
polymerases were sgauepeadiningitrsHlig-apRenown in Table 1 and they indicate a synthesis accuracy
of the chimeric DNA 35poIéX%n rases similar tg the n,atufral en(i me. 37 Table 1. Polymeriﬁ]%ttion accuracy

of the natural and chimeri BRA RS PO LERGRd8ns  Natural 0
5 the presence of the HhH domains does not interfere with the
strand detachment capacity of the chimeric DNA poly merases.
The amount of DNA synthesized by the chimeras HAY, HGT, HIAY
and HIGT was greater than that synthesized by the n atural @9
DNA polymerase (4, 5, 5 and 7 times, respectively). The
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



(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
CLAIMS 1.- A DNA polymerase chimera comprising:

10

15

20

25

30

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)
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
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.

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
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
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
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.



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 1,
wherein the amino acid sequence of (c) comprises at led8t one HhH domain of a protein which is selected
from the list comprising: topoisomerase V of Methanopyrus kandleri, 15-MutY, Nth, MutM/Fpg, Nei, UvrC,
DinP, RecR, UmuC, DnaE or DnIJ of Escherlchla coI| _ RADl RAD2, RADIO, RAD27, BAD 55, RAD 57,
REV1, OGG1, NTGENA f (3% BLEEAPAIEIN of the above

in Bacillus subtilis, ZQQanyQﬁbaﬁmmq%amma@emoph|Ius,mfflmg@ymggagococcusmnnasch|| Micro
coccusluteus, Methanoba?terégp hetmhofclm_{g]&cyenhcn)g%almo ella¥ himuri um. 3.- The DNA

polymerase chimera according to Claim 5 gy Bemditere Pr 'ming
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



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 (c) is SEQ ID NO: 3. 30 5.- The DNA polymerase chimera according
to claim 3, wherein the amino acid sequence of (c) is SB® 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: 5 or SEQ ID NO: 6. 7.- The DNA polymerase chimera
according to any of diarnReiNgoBNIghdPeii ! the TEOWNPE DNRBHIEFSfase of (a) is setedtéerom the DNA
polymerases Isolate¢hfipnmtie dodemiag seages Odth QelnRRR-1, 015, 021, PZE@RZANNS, M2Y,
B103, GA-1, SF5, Cp-5, Cp-7, PEA, PR5, PR722, L17 or ABU. 8.- The DNA pol rase chimera
according to any of 2? ms?P f ?%’ ﬁv(\e/%?errglsnmttﬁé _éﬁfﬁ/ﬁé%ﬁ% Brgﬁ/erﬂcerase of (a) has?aé ar%n?no acid
sequence having an'HENtRYBNaAENKIES 96 Gt TSR Ip9INESTases a 9 - The DNINRSKAterase chimera
according to claim 8cayaeitgifmothan(Bityp eh® Néngolyrherasetbfreapbas an amino adidesgguence having an
identity of at least 90% yvijh SE@ %N%Mherase. 10.- The DNA polymerase chimera according to
ymerase of

claim 9, 15wherein the 029 type DNA po (a) has the amino acid se(%\uence SEQ ID NO: 1.
2.7 Measurement of the accuracy of the chimeric DN

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.



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 corresponding naturally occurring DNA

polymerase. 12.- The DNA polymerase chimera actbrding 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. 13.- The DNA polymerase chimera according to claim 12, wherein the
modified 029 type DIGPIBoly MeVAEIEHIQ]) ek aeRiciabrEYGhdEkaseactivity withf@$petttothe
30corresponding naigrahnaGssnrReaEYNA polymerase. 14.- Use of the DNA polymerase chimera
according to any of claims 1 to 13 for replicating, amplifying or sequencing a template DNA. 15.-
Method for replicatingolgmmstisang or sequencing a 40 temjplat®BNA which comprises contacting|said
DNA with a reaction-mixture comprising-at-least:-a) the DNA polymerase chimera according to-any of
claims 1 to 12, 5b) a'\ﬁtﬁ‘fé‘k c) magnesium chloride, d) a B'imer, and

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.



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 of claims 15 to 17, wherein thédfeaction 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 monolaurate is in a prop&kd®etween 0.003% and 0.1% of the total volume
of the reaction. 21.- The method according to claim 20, wherein the 25polyoxyethylenated

sorbitan monolaurate is in a RIHRRISIGHREIMEENRLROEN R FHQ-05% of the total volume of the reaction.
22.- The method according to claim 21, wherein the polyoxyethylenated sorbitan monolaurate is in a

proportion between 0.08% X8 SF cEHE RSB VAUAEof the re 4P E23 - The method according
to any of &laims 17 to 2@plherasp, theeohinosiCHiersattieseected from the list comprising: ammonium

sulfate, ammonium chlgsjdg Q¥ RBUFHIHINRSEERL8quence bound bgéds dlg method accorging to claim 23,
wherein the 35ammoniuerr§1d§glt is ammonium sulfate.

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



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.- The method according to claim 23,
wherein the ammonium salt is ammonium chloride or ard®honium 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. 29.- The method according to claim 28, wherein the ammonium
chloride or the amm&Niiin? BRRNISSR PESHEENFafion between 80 mM and 100 mM. 1530.- The method
according to any of claimg.15Ttiee2 9Nwhgraymthesb utieimsr irisduddochlaricartyiseacetic or HEPES. 31.-

The method accordig%imsapyoog,%iﬁlz |rfL§1 o 30, wher e M}{iéj)?%%te%ggl Op?%v%en 7.0 and 8.5.

. t o
32.- The method according to any of claims 15 to 31, 20wherein agnesium chloride is at a
concentration betwegglested from the DNA polymerases isolated from the following

5 phages: 29, Cp-1, PRD-1, @l5, 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



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 or the potassium acetate is at a concentration between 30 mM and 70
mM. 35.- The method according to claim 34, whrein the potassium chloride or the potassium
acetate is at a 30concentration between 40 mM and 60 mM. 36.- The method according to any of
claims 15 to 35, wherein the nucleoside triphosphates are dCTP, dGTP, dTTP and dATP.
37.- The method acdBRAFtoRNAIM B WRFEISESe SROPRINER3#PDYATiand dATP niltidoside
triphosphates are in eguiiorolaikt42 esnpuisitgy at leasB.- The method according to any of claims 15 to 37,
wherein the primer is arbjtragy 4 'amygggeg]mg&ta@i@g{pgngfogg%pucleases. 539,z The method
according to any of claimst15 to 38, wherein the template DNA is plasmid DNA. 40.- The method
according to any of claims 95%0 38, wherein the template DNA is genomic DNA.
5 b) a buffer,

c) magnesium chloride,

d) aprimer, and

e) nucleoside triphosphates.

16.- The method according to claim 15, wherein th e

10 reaction mixture further comprises polyoxyethylenat ed sorbitan

monolaurate.

17.- The method according to either of claims 15 or 16,
wherein the reaction mixture further comprises an a mmonium
salt.

15 18.- The method according to any of claims 15 to 17,
wherein the reaction mixture further comprises a po tassium
salt.

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

20 20.- The method according to any of claims 16 to 19,
wherein the polyoxyethylenated sorbitan monolaurate is in a
proportion between 0.003% and 0.1% of the total vol ume of the
reaction.

21.- The method according to claim 20, wherein th e

25 polyoxyethylenated sorbitan monolaurate is in a pro portion
between 0.006% and 0.05% of the total volume of the reaction.

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

30 23.- The method according to any of claims 17 to 22,
wherein the ammonium salt is selected from the list
comprising: ammonium sulfate, ammonium chloride or ammonium
acetate.

24.- The method according to claim 23, wherein th e

35

ammonium salt is ammonium sulfate.



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
DNA according to any of claims 15 to 41, wherein the amplification takes place by means of rolling circle
amplification (RCA), multiple 15displacementamplificatidd(MDA),stranddisplacement amplification (SDA)
or loop mediated amplification (LAMPA). 43.- The method according to any of claims 15 to 42,
wherein at least one nucleoside triphosphate or one primer is labelled. 2044.- Kit for carrying out a
method according to claim8- 151 43¢BMprRsERIIAY tHe BRI péfymEiasinciiimera according®o any of
claims 1 to 13, b) a kuifeshand 2ifa)eniagnestsntehtariole betweehb30kit according tonlaimi 44, further
comprising polyoxyethylenated sorbitan monolaurate. 46.- Kit according to either of claims 44 or 45,

further comprising an ammoni It. 3047.- Ki rdin ny of clai 44 to 46, further comprisin
frther comprising an amoNiy T Sk RS ac SIS 6 DD 3B Gl to 46, further gomprising a

5 ammonium sulfate is at a concentration between 40 m M and 50
mM.
27.- The method according to claim 23, wherein th e
ammonium salt is ammonium chloride or ammonium acet ate.
28.- The method according to claim 27, wherein th e
10 ammonium chloride or the ammonium acetate is at a

concentration between 60 mM and 120 mM.

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

15 30.- The method according to any of claims 15 to 29,
wherein the buffer is tris-hydrochloric, tris-aceti c or HEPES.
31.- The method according to any of claims 15 to 30,

wherein the buffer is at a pH between 7.0 and 8.5.

32.- The method according to any of claims 15 to 31,
20 wherein the magnesium chloride is at a concentratio n between 2
mM and 20 mM.
33.- The method according to claim 32, wherein th e
magnesium chloride is at a concentration between 5 mM and 15
mM.
25 34.- The method according to any of claims 18 to 33,
wherein the potassium chloride or the potassium ace tate is at

a concentration between 30 mM and 70 mM.
35.- The method according to claim 34, wherein th e

potassium chloride or the potassium acetate is at a

30 concentration between 40 mM and 60 mM.

36.- The method according to any of claims 15 to 35,
wherein the nucleoside triphosphates are dCTP, dGTP , dTTP and
dATP.

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

35 dGTP, dTTP and dATP nucleoside triphosphates are in equimolar



48.- Kit according 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. 51.- Kit according to

claims 48 to 50, wherein at least one nucleoside triphosphate or one primer is labelled.

10

15

20

25

30

35

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.



