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invention is directed to a polypeptide with DNA pol ynerase activity. The

i nvention pr ogmmmﬁ\mmmsmm ptide with thernostabl e DNA pol ynerase _
activity, wher bility is enhanced. The invention also provides
a nethod to producessad 5 pol ypeptide. DNA pol ynerases from nesophilic
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Bessman et al., J. Biol. Chem 223 (1957) 171-177 and Buttin, G, and
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15 Primers, template, nucleoside triphosphates, the appropriate buffer and reaction

conditions, and polymerase are used in the PCR process, which involves

denaturation of target DNA, hybridization of primers, and synthesis of

complementary strands by the polymerase. The extension product of each primer

becomes a template for the production of the desired nucleic acid sequence. The

20 patents disclose that, if the polymerase employed is a thermostable enzyme, then

polymerase need not be added after every denaturation step, because heat will not

destroy the polymerase activity. However, repeated heating as it is the case in the

cyclic PCR process will impact on the enzymatic activity of a polymerase,

depending on its thermostability. After a given number of PCR cycles, a polymerase

25 with a higher thermostability will retain more enzymatic activity than a polymerase

with a lower thermostability. Therefore, thermostability is a desired feature for a
polymerase

US 4,889,818 and US 5,079,352 describe the isolation and recombinant expression
of a thermostable DNA polymerase with a molecular weight of of about 94 kDa
30 from Thermus aquaticus (Tag DNA polymerase, also referred to as TagWT) and
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the use of that polymerase in PCR.



13 February 2006 -2 T. aquaticus DNA polynerase is espe0|allylffa$ﬁ&g§goéor
use in PCR and ot her reconbi nant DNA techni ques, e.g. due to1l h

of synthesis (capable of polynerizing about 75 nucl eoti des per second).
Nevert hel ess, there remains a need for alternative thernostable

pol ymerases. Particularly an enhanced thernostability 5 of a DNA pol ymerase
woul d be advant ageous in the case where a prolonged initial heat

i ncubation precedes PCR An exanple for such a case is the actlvatlon of

DNA I tiwui a DNA po rase.t hat _ has he
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pol ynmerase (nol ecul ar wei ght of 94 kDa) and is said to have substan{ ihally
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Abstract 8%, @Q }?5559t (1976) on the purification of a thernostable DNA
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WO 91/02090 describes a thermostable DNA polymerase purified from Thermus
aquaticus. This polymerase is a 80 or 85 kDa degradation product of the intact
polymerase (molecular weight of 94 kDa) and is said to have substantially no 5'-3'

20 exonuclease activity. No sequence data is provided on this polymerase.

Lawyer, F.C,, et al. have described in J. Biol. Chem. 264 (1989) 6427-6437 the
isolation, characterization and expression of the DNA polymerase gene from
Thermus aquaticus in E. coli. The cloning of expression vectors comprising a DNA
sequence encoding a Taqg DNA polymerase fragment lacking the N-terminus of the

25 native enzyme is also disclosed.

Kaledin et al. have reported in Chemical Abstract 93, No. 40169p (1989) on the
purification of a thermostable DNA polymerase enzyme from Thermus aquaticus
having a molecular weight of about 60 - 62 kDa. No sequence data is provided for
this polymerase.

30 Chien et al. have reported in Chemical Abstract 85, No. 155559t (1976) on the

purification of a thermostable DNA polymerase enzyme from Thermus aquaticus.



13, February 2006 3 The nol ecul ar wei ght of this enzynme is rep 68

kDa as determ ned by sucrose gradient centrifugation and 63 E%g&gg&92666

determ ned by gel filtration. No sequence data is provided for this

pol ynmerase. US 5,616,494 teaches an enzymatically active truncated fragnent

of Tag DNA 5 pol ynerase which excludes the N-term nal 235 am no acid

resi dues. The purified enzyme is described to be fully active, however

having a reduced processivity and |acking 5'-exonucl ease actlvity When

conpared w,th native Taq DN% ol ynerase, nore units_ of yner ase are
ot
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pol yi®r ase mebioniredwasrexprdssddl iyt Facslive DNA pol ymerase. The docunent furt her
descri bes the construction of a vector conprising a DNA encoding the
truncated form that is the Stoffel fragnment, and 25 an additi onal

met hi oni ne-En28%:4ip disleses oersymatisallyy active vieunaated tfoems r oficBaedDNKor m of

native Taq é}QJeWr'i'ﬁ"i 3 &- WrPrthﬁ deRtiss '6'1"9'.‘?1 AR 9 arﬁ ) a#?c{soﬁétﬁq{a%h%/ﬁa 61 kbDa

was expresse col i t he present text,

( conmrer ci aIWVS%aﬁef‘QB? ét fth‘érﬂoﬁ\‘é‘ﬁl‘]l EsesPeRYiag éﬁsmﬁﬂ’ée?aq ﬂ?é‘lf?qa?ﬁé}’m%ﬁﬁ Tag DNA
pol yner as e)resi)dluen@dﬂ meusTammAupﬁh Bid. Beth asurdoed ﬁsﬂﬁ@we&ve)&é&s@ec@?@ﬁ?& I's

30 fugther f ed 89. US 5,436,149 teaches, an e tlcally
act i \&l/ge tr uﬁégt‘gaﬂ The ‘O%gdg?tﬁboﬁ%“eoﬂﬂ& dj yﬁ%r%@é’r’v\ﬁf%‘jﬂ fo 158 \‘i INgycl udes
t he N-ter miftaate. 279 am no acid residues. The

US 5,079,352 teaches a truncated form of Taq DNA polymerase (Example IX) with
a molecular weight of approximately 61 kDa. During purification, this form (also
known as the Stoffel fragment) was originally recognized as a proteolytic artifact.
20 N-terminal sequencing revealed that the truncated form arose as a result of
proteolytic cleavage between Glu289 and Ser290. The deletion of 289 amino acids
from the N-terminus of native Taq DNA polymerase resulted in a fully active DNA
polymerase. The document further describes the construction of a vector
comprising a DNA encoding the truncated form, that is the Stoffel fragment, and
25 an additional methionine-encoding start codon. Using the vector, the truncated
form of native Tag DNA polymerase with a molecular weight of approximately
61kDa was expressed in E. coli. In the present text, the Stoffel fragment
(commercially available from Applied Biosystems under the name AmpliTaq DNA
polymerase) of native Taq DNA polymerase as documented by US 5,079,352 is
30 further referred to as TaqA289.

US 5,436,149 teaches an enzymatically active truncated Thermus aquaticus DNA

polymerase which, however, excludes the N-terminal 279 amino acid residues. The



13 February 2006 4 fragnment was expressed in E. coli with two, d.’alg,ie%ln% rgg@é
codons encoding a nethionie (start codon) and a glycine residue

the reading frame encoding the amno acid corresponding to native Taq DNA
pol ynmerase residue 280. In the present text, fragnment of native Taq DNA
pol ymerase as docunented by US 5, 436, 149 (also 5 known as Kl ent agl
comercially avail able from AB Peptldeé- Inc and al so as AdvanTaq DNA

pol ymerase commercially available fromddontech, Inc) is further referred
to as TagA279. The enzymatic activity of the truncated formis shown to
survive repesmsat ¥apesUesed i Eaolorith treaddifongd codnsiencedipg ameshionte st at e

of the art,(stahedodohpad ﬁlgﬁltfn@ refdue] fRed ikd tiRteadih Tﬁ&&t@@b&n% arhtho
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protocols for Ta The. i nventj on al SO0 .enconpass its 20, caontaining
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fgm litate lu%%%r nt?‘e r}%tuﬂ?%% i &rlgr%lv%‘c’rllt oghermo ? ﬂg‘ PYEPFESEIPOCHET i ned
bel ow. Ami n@cmbldamtdemnlﬂwauclom Délésseqh@qmamdhpéw Ipedzcieses aftemgldtet i ons as

well as ! Neiepdichh eghgati&{]@r@ﬁqhﬁa%y@‘N@gu?ef%kqgm » Asp D Aspartic

acid, Ilel soI eucin eoni ne euci ne YSer S Serine, Tyr Y
Tyrosine, GQu E Gutamc acid, Phe F Phenylalanine, Pro P Proline, H's H

Hl Stl di ne, T@e&in@rﬂ)ﬁé%aﬂ@surbﬁ&n yleyehdhat AfdgMenPbAiHte Th&¥ Bufiqabitiy ne,
COysket ne.pip M IEveLopron il valng, S Q LG ampeg MM
an am no agiodsesses|aarinereassd ghereroshability ovehTegVTeTagA2Zhanéiaah28h Hid a
present invention therefore helps to meet the need described above by providing
Tan288, recombinant expression vectors encoding the same or derivatives thereof,
as well as purification protocols for TaqA288. The invention also encompasses kits
20 containing TaqA288 as well as the use of TaqA288 and kits containing TaqA288. In
addition, the invention encompasses methods for the sequencing of a nucleic acid
template and methods for amplifying a target nucleic acid.

To facilitate understanding of the invention, a number of terms are defined below.

Amino acid identification uses the the three-letter abbreviations as well as the
25 single-letter alphabet of amino acids, i.e., Asp D Aspartic acid, Ile I Isoleucine, Thr
T Threonine, Leu L Leucine, Ser S Serine, Tyr Y Tyrosine, Glu E Glutamic acid, Phe
F Phenylalanine, Pro P Proline, His H Histidine, Gly G Glycine, Lys K Lysine, Ala A
Alanine, Arg R Arginine, Cys C Cysteine, Trp W Tryptophan, Val V Valine, Gln Q
Glutamine, Met M Methionine, Asn N Asparagine. An amino acid at a particular
30 position in an amino acid sequence is given by its three-letter abbreviation and a

number. As an example, referring to the amino acid sequence of native Tag DNA



nunber.. As an exanple, referring to the am no acid sequence o i
DNA 13 February 2006 5 polynerase of SEQ ID NO 2, "G u7" denoi%gakhﬁﬁzaag
Gutamc acid residue at amno acid position 7. The ternms "cell", "cel
line", and "cell culture"” can be used interchangeably and all such
designations include progeny. Thus, the words "transformants"” or 5
"transforned cells" include the prinarf'transforned cell and cultures
derived from that cell wthout regard to the nunber of transfers Al l

progeny may nhot be i-sel% 4 d I cont.ent. to del i berate
b P nativer et R 10 WA an I Gy RACIRATUE e 18HARe RuRBHDnal i ¢y
as screenedcidgrositionthe ori gi nal |y transforned cell are |ncIuded in the

definition of transformants. 10 The term "control sequences" refers to DNA

sequences necessary for the expression of an operably |inked COdInF
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pr oduci ng Metaanpmgedy p}nznt}eivashe famefunedbnality ansdresrredtfooin thderigixpliyessi on
syst em may | yd n ect of.; er rel evant DNA may al so
be integra’ttrea&'s{br Efﬁgmﬁégguc(f%%%ggﬁﬁﬁﬁ¥% fF%“ﬁﬁ”%%%%" refers to a DNA
sequence that conprises control and coding sequences necessary for the
prodygtion 1f g e&ﬂu‘fﬁﬂg&hﬁ Pés@ s‘£8 lﬁ@uﬁﬁl Rht %e?éssargffc?rc‘tﬂé §9§ress?$he

pol ypepti de can be enco B u | engt seque
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retai ned. Z&qukieest ﬁ{alﬁﬁqretsQthM@C@rllﬂo@aﬂ?bt@b,' fr! &kl indhde " PR AR, | | nked
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sequences rﬁg%hﬁ’L & configuration wherein the coding sequences can be
expressed un ¥he direction of a control sequence. 13 February 2006 6

The term “expression system” refers to DNA sequences containing a desired coding
sequence and control sequences in operable linkage, so that hosts transformed with
these sequences are capable of producing the encoded proteins. To effect
transformation, the expression system may be included on a vector; however, the

20 relevant DNA may also be integrated into the host chromosome.

The term “gene” refers to a DNA sequence that comprises control and coding
sequences necessary for the production of a recoverable bioactive polypeptide or
precursor. The polypeptide can be encoded by a full length coding sequence or by

any portion of the coding sequence so long as the enzymatic activity is retained.

25 The terms “to place in operable linkage” and “operably linked” refer to the
positioning of the coding sequence such that control sequences will function to
drive expression of the protein encoded by the coding sequence. Thus, a coding
sequence “operably linked” to control sequences refers to a configuration wherein

the coding sequences can be expressed under the direction of a control sequence.
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ionic strength), adjusted to the des1red pH

A primer is single-stranded for maximum efficiency in amplification, but may
alternatively be double- stranded. If double-stranded, the primer is first treated to
separate its strands before being used to prepare extension products. The primer is
usually an oligodeoxyribonucleotide. The primer must be sufficiently long to prime
the synthesis of extension products in the presence of the polymerase enzyme. The
exact length of a primer will depend on many factors, such as source of primer and
result desired, and the reaction temperature must be adjusted depending on primer
length and nucleotide sequence to ensure proper annealing of primer to template.
Depending on the complexity of the target sequence, an oligonucleotide primer
typically contains 15 to 35 nucleotides. Short primer molecules generally require
lower temperatures to form sufficiently stable complexes with template.

A primer is selected to be “substantially” complementary to a strand of specific
sequence of the template. A primer must be sufficiently complementary to

hybridize with a template strand for primer elongation to occur. A primer sequence



need not reflect the exact sequence of the tenplate. For exarrpipe rﬂ%os
conpl ementary nucl eotide fragnent may be attached to the 5 end

prinmer, wth the renainder of the priner sequence being substantl ally
conpl errent ary to the strand. Non-conpl enentary bases or | onger sequences
can be interspersed into 5 the priner, provided that the prinmer sequence
has sufficient conplenentarity with t+e sequence of the tenplate to

hybri di ze and thereby forma tenplate pri mer conpl ex for synthesis of t he
extenS| on product of the prinmer. The terms "restriction endonucl eases" and
"restricti diednagimaefl ect ethére"taét saucare f then2gmplatennih cEapPlgodbNelst r anded

DEA at or bl'lﬁ)?ﬂi plémémasi ﬁ%&edﬂ&é' hehe rﬁ@qwé"@&hecﬂ td Ghel’ H%nﬂ?@'ﬂﬁhe primer,

t her nost abl e tide merase activj.ty refers to an enzyne
L enCT o usith 2R HPRBRG bt Bz RRuE AE SRyBHt SRSeren BT at oo
conbi nat i orthef;uhﬂite Nmst@ﬁpledﬁesltar;n budee oplcmger seq@ame@s cirobé Ditenspersadkinto

ext en ion roducts t 0 enentar nucl.ei.c .aci d
ctrand. Cordr arroe pioyRiendhiaRe PRl Bhte hEAGIR BRI T BT L he
3' end of tthe spquamnee oérthe I&np}amaedts(bnduzt hedehemeefotmmtthintg phimet enpl at e

strand, untd Im iy R -tﬁe se(;fq}lg@)&gr?%on %b)d% {.19{ a thernostabl e DNA

pol yner ase |s aqg ol ynmer ase et| on fragnments thereof
such as TaqA279, Tagi 289 and the present enzyrre i.e. Tag0288. The assay

for DNA polpieiase “%Erl%bh%n'd@ﬁé‘ed@as%n@' "rGQflls@drﬁ@rﬁd fs0fetiicChuctdil 20
term nal sequenc

rich a able of h d| zi.n th each other.
The ol i gonUREERES BB GPRAOUls a%bncya%efﬁﬁgrfé OF BF3fiaT FCIE%&%?@&{X SRYHE ze.
Hybridi zation |eads to a short stretch of doubl e-stranded DNA which ends
Wi t h 5' sjng] e- stranded yer < AL t he:. o 05|te
st(raﬂg, a tsié}?%eﬁlgl eraqStaPlgn&O gti’%e ‘6}% Idgopm?}’ eraSé lsvétr‘lltre%(f; YUubstrat e
for DNA polempmasekich|in stdbde 26 hsresedde hrﬁt dNTmltaardi datvla(kgntfacubm%i) n a
reaction m ivity ,
LB pol yrirMSBadf of M hudRlileh 1R Re pEbRRAnbie O B i
3' - OH functl?réﬁuﬂ?ﬁstthatn&’@l @a"flple@@n P ebHRRIAlE Ryrleie peid gpgicat@enardlind, t hat
is the strag?elth%f@fbftdﬁpnﬁler Qy@hnaﬂgproma Ee%ﬂﬁst:itotﬁiep.’f' Qﬁ@aﬁsmetp}tmkr bR 5'
over hang a copv bI unt end. ‘féﬁl’? ahsl i s.based on
Che 31 ot phegoksts i i e Skeban, st Biecs Bt B5ind dindd SRR ger ed
by DNA pol yAeeasepladdrs a/thteymoﬁehsieDNApplya&erasefns Tag Daiddpaymecna(ladwbel
| uor ophor e@ ci’erle%o%rtg{%ﬂgnqgth\@péocfgua{ £ BAPERLETAZsB! HlAGE %P SHAR, At €

FRET. 13 Februar
ie. Tan288

The assay for DNA polymerase activity uses a DNA oligonucleotide of which the
20 terminal sequences are G+C rich and capable of hybridizing with each other. The
oligonucleotide forms a loop when the terminal sequences hybridize. Hybridization
leads to a short stretch of double-stranded DNA which ends with a 5’ single-
stranded overhang. At the same time, on the opposite strand, a terminal 3’-OH
function is provided, thus presenting a substrate for DNA polymerases. In the
25 presence of dNTPs and divalent ions in a reaction mixture and under conditions
supporting DNA polymerase activity , a DNA polymerase catalyzes the elongation
of the strand with the terminal 3’-OH function with nucleotides complementary to
the template strand, that is the strand with the 5’ overhang. The reaction proceeds

until the 5’ overhang anymore in converted into a blunt end.

30 The assay is based on the principle of fluorescence resonance energy transfer
(FRET), triggered by DNA polymerase activity. Generally, as a first and a second

label fluorophores are preferred which are capable of interacting to generate FRET.



8 For the assay setting a special oligonucleotide as describe
used in which within the doubl e-stranded portion at a p05|t|g% %ﬁﬂ£¥b606
the nucleotides initially providing the 5 single-stranded overhang, a
nucl eoti de or nucl eotide analogue is |ocated which is bound to a first
fluorophore. Preferably, the first fluorophore is 5 fluorescein. Wthin the
5' single-stranded overhang and at a pokition about 10 nucl eotides from

t he fl uorophore-labeled first position there is an adenine. Instead of
dTTP, the reaction mxture contains |abeled dUTP or a m xtur bel ed
and unl abdicsdbeerry seitime 2 spedalpligougeotids #laseibadmhoye @duseﬁtla V\ffﬁgh

opposi te styigid the doRBlelstMntbd %@i‘tfbrfiﬁkei\ pB&tiof’lcRYse tahy nu&l?&de@@ﬁ'ﬂab@und to
dUTP i s Light Cycl er Red. 10 640  as a§9ond quor hore bel ed dUTP

o nbor pocoBIS thendA ST THETAGE OVETIEpant PUUECESE L pocleire 3ialtbias | ho
second | abebcatéd wiichuighioundtto A fipt Qbsﬂomli}wrd\mr@féra’tﬂjdﬂh@lﬁrﬁ fEiaEErphore is

ai I i de nol | b d
by qQuAnt i fyIHSGCERBT PRGN SrERf S AR RSl anPoRd dhgentD
speci fi c f arucldotideesori the flubroptoré-iapetedyrbtepositioRedhefdid anndemeadusteny
emtted |ightyy fi‘fle h{(lf' r?‘gﬁ u;?é‘ cx\@t\éﬁfs%\l%i%a éP@TP'oQ*‘af rqi\f)ﬁ{neeroﬂalﬁ?gd ?4&3 using

a fluorinmeter. Isan 1's rinci
met hods andirilmerdlﬂé’ﬁl&sdlw’ guantble pf bepgmcorriragding thREWP@t%tgavaﬂ%@

In?/ent ors GHMPARdailMmeh mtelT@%&%QLv Im/a@a%ou%aotﬁ cﬁ;a]gp@ﬁﬁ hv@weeilyR&?cPh
polynerase was reconnl nan e COol 1. nag ate 0O e
repecti ve &BrésEPR erqah%e @%ﬁ%ﬁ& A&gﬂgﬁé%&r&ow&d % Mﬁwerase

t her nost abidnkjatd adﬂ\lﬁymbxﬁmraaaeh@&tbwd laypel e biatighyinies pﬁ@ﬁﬁlbﬂj/&d’ut]:ﬂ | ysate
sanpl es before cub 97C

Al e bt AR EE Sl el A DALLSN Bl RS SR o ey,
TaqWr, TagqAB8&8uredaby qaqAf®y wRETdesingdighd dfoa Idefised lacitasiod waieddngltaqA279
t AA289
ot ai ning SBkilit o GRAELMARR ABPUMCIIGANIA 856 ohd Ay erpll LERO 00
acti vty b@ﬁvcéerﬁrmw@hdvaablsngth shdightCyelait T &, 64ﬁaa$\2881 ﬂstw@st@édTm th a

term nal nekhie@nifi@nlie il RKEra6t thid piinciple! WeeddaRAY enakeintoR % @idifpbout
80% Usi ng same FRET activity assay, TagW and TagA288 were conpared as

30 purifie ymes in a PCR reaction m xture. Follow ng heat incubation at
98C for 30 mn, TagW retained activity between about 10% and about 15%> In

contrast. Ta0ARRBReral g achib% RHUREDT9RRM, BGIRCrahoY, 3586

February 20
TaqA288, whereby each polymerase was recombinantly expressed in E. coli. In a

20 lysate of the repective expressing culture, each DNA polymerase was tested for
thermostability of DNA polymerase activity. Activity was measured in lysate
samples before and after heat incubation at 97°C for 35 min. It was surprisingly

( found that due to heat treatment DNA polymerase activity of TagWT, TaqA289,
| and TaqA279 was decreased to less than 50%, with TaqA279 retaining activity

25 between about 30% and less than about 50%, TaqA289 retaining activity between
about 15% and about 30%, and TaqWT retaining activity between 0% and about
5%. In contrast, TaqA288 expressed with a terminal methionine retained activity
between above about 50% and about 80%.

Using the same FRET activity assay, TagWT and TaqA288 were compared as

30 purified enzymes in a PCR reaction mixture. Following heat incubation at 98°C for
30 min, TaqWT retained activity between about 10% and about 15%. In contrast,
TaqA288 retained activity between about 30% and about 35%.



9 .Using the sane FRET activity assay, TagW, TaqA279 and Tanfﬁge 2006
conpared as purified enzynes in a stabilized preparation, that 1s a torage
buffer containing 50% gl ycerol. TagW, TagA279 and TaqA288 were kept in
the sane storage buffer. Follow ng heat incubation at 98C for 30 min,
TagWr retained 5 activity between about_ 40% and about 50% Tagi 279 ret ai ned
activity between about 80% and about 190% TagA288 retained activity

bet ween about 90% and about 100% Thernostability of TaqA288 with and

of the. i nvanrITF S i e el ey iSHH: CNAVRbI A0R4C. dy fapddfd' were o et
charact er i zethpaned haputifiel amdyneesdaiadststslizednmepattibhethpolsypeptage duifer t he
am no_ac d REMENCRIP Ty THS MHRIRAURARLS, LTRGN,ONA DOIMIRE S99 B6KLNO Lhe

N-t er m nal msra presen ext said
pol ypept i detorsgeabutfer. rhsllowingl heas lasub?é@@28898°|§r @fre?r(hmly,, Tach\é’Tamtﬂoethm d

Séquesce Ofachbﬁ?y IBQMeQH%'oQ? 4b% art® abB&t Qéﬂ/on%ﬁ&?bfb F&&lg@&‘%&ﬁ@ et P NO 2.

The pol ypepti d accordlng t he 1 nvention ca uced nore than
one net hoonOEté o ek bwtywr?/m%lé\r?éﬁ rBkainget At iNEY bﬁFWFaﬁbPPbﬁ@ offfed host
cel | whlchabbaggmmbnantly expresses the pol ypeptide. The am no acid
sequence of the polypeptide is however governed by the codons of the open
readi ng franme encodi ng 20 the pol ypeptide. A functional open reading franme
requires a Hiembstabilion €dadApfR with Naricerwitinalt Ketepmdmil ngrettgshiele was

Ther ef or e, ngm?n 1QF enbodi mrent of the invention the am no acid sequence
of the polypep &’tlonally has an N- term nal nethionine residue.
Preferably, the anlno acid sequence of the polypeptide is the am no acid

fa
SLED P TR ARSI R et ]

the ther nostharicterized b t}taﬁéhepanyweifﬂql éFéluF%CCleﬁhﬁéeh’PW? 18 Shfm t he

native enf¥s \%:@@Wh&ﬂmﬁm wrﬁularatsbpﬁcﬁirnlggh@gutteﬁmmmfl go

sequence (Ta c is also err a

t her nost abi Y i° é‘ﬁeﬁ\ﬁaﬂcg %Hg'tefﬁ‘?ﬁl\g‘eé‘ erﬁeﬂét?i‘éls%’fil g §° TaqA289

and Tagz. 27@ferrEdeoi aaVinqinass Hrafeeatflyithel atriad avill abqueenpe eﬁshengol ideiimant | y
3t

and ,ynder &IQ%‘%@%M&% é{) %%Ed‘llﬁN(??" TaqA288 (with an N-term nal

met hi'oni ne)

The polypeptide according to the invention can be produced using more than one
method. E.g., the polypeptide can be obtained from a transformed host cell which
recombinantly expresses the polypeptide. The amino acid sequence of the
polypeptide is however governed by the codons of the open reading frame encoding

20 the polypeptide. A functional open reading frame requires a start codon encoding
an N-terminal methionine residue. Therefore, in another embodiment of the
invention the amino acid sequence of the polypeptide additionally has an N-
terminal methionine residue. Preferably, the amino ‘acid sequence of the
polypeptide is the amino acid sequence of SEQ ID NO:4. In the present document

25 the polypeptides of both SEQ ID NO:2 and SEQ ID NO:4 are referred to as
TaqA288.

Preferably, the thermostability of the polypeptide is enhanced when compared to
the native enzymé, that is Tag DNA polymerase with the original amino acid
sequence (TaqWT) according to Seq ID No:7. It is also preferred that
30 thermostability is enhanced when compared to the deletion fragments TaqA289
and TaqA279. The inventors have found that when expressing recombinantly and

under the same conditions in E. coli TagA288 (with an N-terminal methionine),



-10 Tag0289, TagA279 and TagW, Tag0288 has the highest ther t
when conpared to the others. Another enbodi nent of the |nvegg§gﬁgPé&§bO6
nucl eoti de sequence encoding a polypeptide according to the invention.
Those of skill in the art recognize that a 5 pol ypeptide wi th DNA

pol ymerase activity and increased thernpstability according to the
invention is nost easily constructed b&oreconbinant DNA techniques. In a
preferred enbodi nent of the invention the nucl eotide sequence is the

i san | < TARRPL. oAty 3 ARTC bR e RaRpH (1 e Wbish ABiasR 1 Bncoded

i's unchanged,)npafhalttoctmodhersl ntroduced in the nucl eoti de sequence encodi ng
the first 10 to 20 amino term nal am no acid residues of the pol ypepti de,
and which do not affect the sequence of the pol ypeptide. Such changes may
l ead to an Aropidrmembddimenit eof ithte iseniences anchideyidensequenansiadieg ahost
cell such I I J fr uch as
the cause SuYPRRIleSsknER theineliifh cPhore o SRICRE Rt AoBat Bl e

i nveni on. Pd}’@é?tldﬁawtthlﬁ‘éﬂ mlyem@mem@wge@fubm@egsedet eisaesipibtyserreEst i de of

the invent 't@@h&ﬁﬂex@@o@ﬁt ﬁb&eéisﬂp)y cérmxfu@fiﬂ%y%c&hbﬁ%t D@@d%hﬁﬁﬁ@&@ﬁ an the
entire codi n se uenc Thi s i cul ar useful if the. po|]ypeptide

is to be eﬁﬁ? ambRdim et 4 96@YG§UHB§%€ aufleotife segugnce it e Bagsqdss
speci es  Ohkeduende GG YONG: 1 RSEQCKE) NCssch as a yeast cell, prefer ably a
met hyl ot rophi ¢ yeast 20 cell. To construct the expression vector, a DNAis
obt ai ned that encodes the polypeptide wth DNA pol ynerase activity

accor di ng tAdsa, htbe ishilledt droserots awinesoDeilent doden ghehggeeftei dee tmimm aaidldi tional
sequgnce thgt &%E%uﬁéi{apg&gtth&yc ﬂ%te'l}{{rE%(u&H ih %e%‘ud@o‘i"?i'e s%a&ﬂk%égcgﬂ

cl eavabl e under con I'tions tldase)

to give an thefisyél pr 4 emino terminebaning %Fefi]t@ﬁ]@és ﬁstthF ﬂ?é}rYPBPfai:ﬁeéInd Whéﬁber abl e
l'inkage Wi t43 sy raﬁf@dtetheomlaa{ceswﬁ%ﬁg@@peﬁlcﬁn S%Xlﬂ”&ﬁﬁg&nm\éﬁ‘%ﬂ to BRAUS,

anot her enbadi nment e inventipnis are ant vector, conpri sing
a DNA seql&’BHEé“éic‘E{??ed’i“ﬂﬁ S‘E%‘ef‘FFea‘}dg%‘é}ﬁtq %Hans%?fé"ﬂﬁgﬁsbfewcﬁé%ﬁl Focoﬁ)‘r ansform
a suitabl e chbsi ircekdll- flamdxptrbselotnrszyzgtsmuﬂnds tesdausedn mlcﬁeaséﬂcbx@dh&tuﬁﬁ@lf under
condi tions gw tlabl d‘ @Qﬁets han of the Heco |na ‘IP oé{a ptide with DNA
pol yher ase BREPYVPIRfderseorditg 6 the pveggioqQ }beﬁé’& lfrgzer eptd cat s {8 BB uary

2006 -11 encoding a polypeptlde of the invention can be obtained by introducing silent

codon changes in the entire coding sequence. This can be particularly useful if the

polypeptide is to be expressed in a prokaryotic host cell of, e.g., the Bacillus species

or in a eukaryotic host cell such as a yeast cell, preferably a methylotrophic yeast
20 cell.

To construct the expression vector, a DNA is obtained that encodes the polypeptide
with DNA polymerase activity according to the invention or a fusion of the
polypeptide to an additional sequence that does not destroy activity or to an
additional sequence cleavable under controlled conditions (such as treatment with
25 peptidase) to give an active protein. The coding sequence is then placed in operable
linkage with suitable control sequences in an expression vector. Thus, another
embodiment of the invention is a recombinant DNA vector comprising a DNA

sequence according to the invention.

The vector is used to transform a suitable host cell, and the transformed host cell is
30 cultured under conditions suitable for expression of the recombinant polypeptide

with  DNA polymerase activity. The vector can be designed to replicate



autononously in the host cell or to integrate into the chronmogp %@g
the host cell. Each of the foregoing steps can be done in a varl é}ly 0
ways. For exanple, the desired coding sequence nay be obtained from
genom ¢ fragnents and used 5 directly in appropriate hosts. The
construction for expression vectors operable in a variety of hosts is nade
usi ng appropriate replicons and contr'o]rlsequences, as set forth generally
bel ow. Construction of suitable vectors containing the desired coding and

control sequences rrpl 0 s standard |j at| on_an stricti ues

Chat  are veHDRORAERSLBIHE RV D oo I abHELag D S0 aesorRP N Bqtietbes.

10 synt heshaadelbl i gonucl eoti des are cl eaved, nodified, and religated in the
form desired. Suitable restriction sites can, if not normally avail abl e,

be added to the ends of the coding sequence so as to facilitate
const ruct i 8achobf dre tarpgadssiseps ver tberdoresin @werigy i dfi waysbEdoexankde, thert i ons

of vect or s 40t §0didie SEQHRLE e AL obiT FoReURnnE WRtMLheahonR a 15

variety of site-spec prinmer-directe rrutag nesi s net s are avail abl e.
The pol ynmefusdlydnapprorsiate hosis (Prerpnetavctisn fos expresioseyectrirperakledpaci f i c

nut agenesi §arjety Bf ABGE R matie o g%&@p}m@ }e}m@@ﬁsdadmc&rhﬂﬂ%@&luenaess yothetic

o TS R BTG Bl GreaBy PLCHA e comunge BE e ©

si ngl e- st r andlag a@ehetrol @HeéhcasenPbY3 tantidrdtligagsy esd astictidh tte@trmdq@ése for
it agen zedHoRHe: S, SHFEPRRGTT A 25t ek EPeRim DAY BlNePER e oror ¢ he

t r anE¥ or nesyrishesizedi aligimacipbadedarndeaddntmaddibed, ahk relipmd in dhe iformof

modi fi ed \ﬁ@s‘f{ ?mEB%Ye ﬂeFkt f&lxé!ﬁsﬁésacﬁﬁfl?hop or&xﬁﬂy@l}!ﬁaBLe, E&lfx&feh"tg ﬂfl]é i f ormant s

to a nitroce se filter or rane’and t di zed
wi th ki nasefithescading pequiencepia aeto feilisate sppdrustion @ftana&xppeéwﬁnt@cton as

hybri di zat eginglffi@dbepiact match to the nodified sequence but prevents
hybridi zation with the original strand. Transformants that contain DNA
that hybridizes with the probe are then cultured and serve as a reservoir
of the nodiFbi pertidNd.of Vékﬁo@@r&@ﬂlrgldehdlaﬁeé that l“’Equ&ETseciL&nad: fgdiwatien9fa

expressi on_ve tor hat structl o] r econbi nant,nmeans of
Fusi B pol Y dicuteBlee e ntfiptiusctis FRAGRAMPL Bt PEC VA T
(pol y) hi st ipdlynmrasagham raactizmi (rP@Pécnad bseged ticperbom satempngﬁc prghgangkiby 6

consecut i ve, Qhé&lkmeeﬁﬁqug H@wma%tdafﬁ fhethreaagt h% d’cﬁéﬁ’é élYaoBHt?l??tl&é)erch&Hg% such a

term nus or the C term nus of esired ﬂ P tion
fusion 13 Iﬁgbﬁiﬁéﬁeg mgp@gon 1s used as a primer to dlrect synt esis of a complementary

nucleic acid sequence of a single-stranded vector, such as pBS13+, that serves as a
20 template for construction of the extension product of the mutagenizing primer.
The mutagenized DNA is transformed into a host bacterium, and cultures of the
transformed bacteria are plated and identified. The identification of modified
vectors may involve transfer of the DNA of selected transformants to a
nitrocellulose filter or other membrane and the “lifts” hybridized with kinased
25 synthetic primer at a temperature that permits hybridization of an exact match to
the modified sequence but prevents hybridization with the original strand.
Transformants that contain DNA that hybridizes with the probe are then cultured

and serve as a reservoir of the modified DNA.

The person skilled in the art is also aware of expression vectors that allow the
30 construction by recombinant means of fusion polypeptides containing a so called
“histidine tag”. A (poly)histidine tag is an amino acid sequence containing
preferably 6 consecutive histidines. The histidine tag is usually fused to the N-

terminus or the C-terminus of a desired polypeptide. Purification of such a fusion



- .12 polypeptide is facilitated by inmobilize netal affinity hy
in which polyhistidine tagged fursion polypeptides are adsorggﬁﬁggﬁgg?gf
ions imMmobilized on netal-chelating resins. An exanple therefor is the

Q Aexpress purification systemfrom Q agen. The sane conpany provides an
expression vector (pQE) that 5 can be used to produce pol yhistidine-tagged
fusi on pol ypeptides. The histidine tagZ-, however, not necessarily desired
as being part of the purified polypeptide with DNA activity. To this end,
an additional sequence providing a,  protease. cleayage site can be jnserted
bet ween t heolipeptidgiindaqikiigtednly {meogdize rréérfaF ﬁ%inytfzségwlaét.ogr@%| IP-‘K]H‘Gt)\n

exanpl e i Spayﬁeﬂ&iﬁm%pg@aQuﬂsmnnﬁol?pépltia_as/m@dg&ﬂa@d borméal fbasiamoXilpeat ease.
Ther ef or e, anot her odi rent of "t he |n¥‘%nt| on i,s mAreconbl nant .DNA vect or

conpri si ng°R TRAL-SelRi g EeSHSc AP 1B Pe it DRAXPESS RYTHEGRION he DNA
sequence eggedefoam QugenMTIROdayREgInh ik yqRosided dmgpaéssion)veator {{ pQIE) mizdt

histi_dine ta i) an amn ci.d. sequence.provi d factor X protease

cl eavage sft® ea'éﬁea%%ﬁfocﬁ%e Pﬁlgﬁﬁhgﬁegiﬁ%&&%ﬁ,n g%lgp‘l(ﬁqgile " the pol ypepti de
according to the 15 invention. It is understood that the factor X protease
cl eavage s# | ISi 0 ' i f i r i zed and
cl eaved byirggslrsgfi g{%ﬁt.aé\nyst? r%’%?’ gg%lbbxﬁﬁpgﬁ%%ﬂ)}egessg@dgg?!aﬁ g 3? .agel\/(lt))fﬁgep;? g_?gpr ed, the
DNA sequenpelyperisigesith N4 astivispl Yo shisiend, ansddiionak saqnengnpiouiding @

sequence ofqpER: [RaMNdeSsiteVBNL O NReHES IbeBfech XhPIHRAIGE: BagPld/ BRDHE@RAW t h DNA
pol ymer ase to,the invention or a derivatjve thereof

ctivity 20 according
such as a P%%léﬁolﬁ/ﬁ’éﬂﬁm&n EENRE dAcieBTCEPIeVidmERsIsaNREe HIr FRTof t he
pﬁ' yrept i dﬁlcto)tﬁbiX_Caérbyeabﬂvmhmﬁ)ré,hanﬁﬂﬁﬂsérhb@t?iin&lmt obf ahe fexmﬁﬁ@i o }alect Orh
that is a reconbin vector.. the ~transfornmati on o ost Wi t
the vect or "SR ﬁﬂ%?ﬁt}?%ﬁof FRTPHSRE AJ? lgédseﬂ%esntce Qg r%%lg}rle lcnglﬁrc]itﬁ??'ons such
t hat expr eBsifemblyj ithe BMNAIrsequemgs ,enewrdss e fuséarh pdiypertideofordBtingenfi ivention is
a reconbin ; : I aF LABGH W b aaet QL
accordi ng tﬁ{?)ﬁltnﬁgeﬁ?sr%%% f%h%?fr%ﬁe) Elg:(,)nt ?%FQS q{gng%g)g@ﬂl?igqa fr%%ki%ﬁaX/rJ?%E)I\lﬁfevect ors,
and tr ansf eewee site siecraliso tedistdinsigernd (i) r@olipsetidy agierding & theysed t o

exrlrpﬁs thﬁwggﬁ@n. lﬁ%‘?ﬁlﬁlﬂ:ﬂétbodpﬂ@@?{eyﬁﬁi&ix p)‘@t@ﬁe,cléaﬂﬁgéciiti.e iggtmaﬁmmt 3 Ini ?n
ce S are use as. NoSstsS. r aryoti c (6] s.are | ener a,

of fi i ent HARGPERIAsAACARDS BF DHRE FHOBRIES A S5rV e eionBrHEM ViR HPhE and
are ther ef prertqaseiaivitpdMibes pitefieredy firedSNiAGrqudnca epaldgpe pisiatepaypeptidesi on
pol ypepti d(wavhic%fhatst e AhEREId éeﬂgg&telo?gEQ]I% ﬁ%l;):{uar y 2006

When one desires to produce a polypeptide with DNA polymerase activity

20 according to the invention or a derivative thereof such as a fusion polypeptide, the
production of a recombinant form of the polypeptide typically involves the

[ construction of an expression vector, that is a recombinant DNA vector, the
transformation of a host cell with the vector, and culture of the transformed host

cell under conditions such that expression will occur. Thus, another embodiment of

25 the invention is a recombinant host cell transformed with a recombinant DNA

vector according to the invention.

The control sequences, recombinant DNA vectors, and transformation methods are
dependent on the type of host cell used to express the gene. Generally, procaryotic,
yeast, insect, or mammalian cells are used as hosts. Procaryotic hosts are in general
30 the most efficient and convenient for the production of recombinant proteins and
are therefore preferred for the expression of a polypeptide or a fusion polypeptide

of the present invention.
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Terminator sequences may also be used to enhance expression when placed at the 3'
20 end of the coding sequence. Such terminators are found in the 3' untranslated
region following the coding sequences in vyeast-derived genes. Any vector
containing a yeast- compatible promoter, origin of replication, and other control
sequences is suitable for use in constructing yeast expression vectors for the

thermostable DNA polymerases of the present invention.

25 Moreover, the nucleotide sequences which code for a polypeptide with DNA
polymerase activity or a fusion polypeptide containing the same according to the
present invention can also be expressed in eucaryotic host cell cultures derived from

multicellular organisms.

Depending on the host cell used, transformation is done using standard techniques
30 appropriate to such cells. The calcium treatment employing calcium chloride, as
described by Cohen, S.N,, et al., Proc. Natl. Acad. Sci. USA 69 (1972) 2110-2114 is

used for procaryotes or other cells that contain substantial cell wall barriers.
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regaz®, th@olypeptlde according to the invention; (c) purifying the fusion polypeptide

expressed in step (b); (d) cleaving the fusion polypeptide by way of incubating said
fusion polypeptide in the presence of a protease with factor X proteolytic activity,
thereby detaching the polypeptide with DNA polymerase activity from the factor X
protease cleavage site and the histidine tag; (e) purifying the polypeptide with DNA
25 polymerase activity of step (d). It is even more preferred that in step (c) the fusion
polypeptide is purified using a particulate affinity matrix capable of binding a
histidine tag. It is even more preferred that in step (d) the histidine tag of the fusion
polypeptide is bound to the particulate affinity matrix. It is even more preferred
that the particulate affinity matrix is a chromatography material coated with a
30 metal-chelating resin, and metal ions are immobilized on the coated
chromatography material. It is even more preferred that the chromatography
material is coated with nickel-nitrilotriacetic acid (Ni-NTA). In this regard, the
person skilled in the art is aware of EP 1 069 131. Thus, a preferred way of isolating
a histidine-tagged fusion polypeptide according to the invention which has been

35 recombinantly expressed in a culture of transformed E. coli cells is to prepare a
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i nventi on which has been 35 reconbinantly expressed in a culture of
transforned E. coli cells is to prepare a 13 February 2006 - 15 |ysate of
the cells. One way to prepare a lysate_ is by suspending the cells in a

| ysate buffer and treating the cells~ W th ul trasound. The DNA present in
the lysate is digested with a DNase, preferred is DNase |. E. coli
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Alternatively, the fusion polypeptide can be cleaved with factor X protease when
bound to the immobilized metal affinity matrix of the column. In this case, the
column material to which the fusion polypeptide is bound is incubated in the
presence of factor X protease under conditions supporting specific proteolytic

25 activity of factor X protease. Subsequent washing with a buffer which is not an
elution buffer, i.e. a buffer which supports binding of the histidine tag to the Ni-
NTA-coated chromatographic material, will render the TaqA288 polypeptide in the
flow-through, together with factor X protease. Subsequently, factor X protease is
inactivated and the TaqA288 polypeptide is purified.

30 For long-term stability, the thermostable DNA polymerase enzymes of the present
invention can be stored in a buffer that contains one or more non-ionic polymeric
detergents. Such detergents are generally those that have a molecular weight in the
range of approximately 100 to 250,000 daltons, preferably about 4,000 to 200,000
daltons, and stabilize the enzyme at a pH of from about 3.5 to about 9.5, preferably



30 For long-termstability, the thernostable DNA pol ynerase eﬂ?F&ﬁﬁm?&O@@e
present invention can be stored in a buffer that contains one or
non-ionic polynmeric detergents. Such detergents are generally those that
have a nol ecul ar weight in the range of approximately 100 to 250, 000

dal tons, preferably about 4,000 to 200,000 daltons, and stabilize the
enzyme at a pH of fromabout 3.5 to abdt 9.5, preferably 13 February 2006
- 16 fromabout 4 to 8.5. Exanples of such detergents include those
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by vol urre) Tween 20, .1 nM DTT. In each, cy clg of a PCR anplification, a
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tetraacetic acid disodium salt), Tween 20, and dithio-threitol (DTT). More

preferred is a stabilized preparation consisting of 63% (weight by volume) glycerol,
20 100 mM KCl, 20 mM Tris/HCl pH 8.5, 0,1 mM EDTA, 0.5% (volume by volume)
Tween 20, 1 mM DTT.

In each cycle of a PCR amplification, a double-stranded target sequence is
denatured, primers are annealed to each strand of the denatured target, and the
primers are extended by the action of a DNA polymerase. Specificity of
25 amplification depends on the specificity of primer hybridization. Primers are
selected to be complementary to, or substantially complementary to, sequences
occurring at the 3' end of each strand of the target nucleic acid sequence. Under the
elevated temperatures used in a typical PCR, the primers hybridize only to the
intended target sequence. However, amplification reaction mixtures are typically
30 assembled at room temperature, well below the temperature needed to insure
primer hybridization specificity. Under such less stringent conditions, the primers
may bind non-specifically to other only partially complementary nucleic acid

sequences (or even to other primers) and initiate the synthesis of undesired



el.evated tenperatures used in a typical PCR, the priners hybri?#éﬁuﬁ?bﬁoéo
the intended target sequence. However, anplification reaction mxtures are
typically 30 assenbled at roomtenperature, well below the tenperature
needed to insure prinmer hybridization specificity. Under such |ess
stringent conditions, the priners may bind non-specifically to other only
partially conplenentary nucleic acid 'k%quences (or even to other priners)
and initiate the synthesis of undesired 13 February 2006 - 17 extension

products, which can he anpl.ified al on i.th the target seguence.
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the 20 PCR reaction m xture. US 6,183,998 descri bes the reversible

i nactivation of thernostable DNA using an al dehyde such as formal dehyde.
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i nactivation o enZ){matl c act / a thernosta nzyme. Preferred
the DNA polymerase for a certdin period of time at elevated temperature, thus

preventing production of unwanted DNA synthesis products during set-up of the
20 PCR reaction mixture. US 6,183,998 describes the reversible inactivation of
thermostable DNA using an aldehyde such as formaldehyde. Essentially complete
inactivation of the enzyme at ambient temperatures is achieved, with recovery of
enzymatic activity at temperatures above 50°C. The patents EP 0771 870 and
US 6,479,264 describe the reversible inactivation of thermostable DNA polymerase
25 using a dicarboxylic acid anhydride. US 5,773,258 and US 5,677,152 describe the
reversible inactivation of enzymatic activity of a thermostable enzyme. Preferred
reagents for covalent modification include maleic anhydride; substituted maleic
anhydrides such as citraconic anhydride, cis-aconitic anhydride, and 2,3-
dimethylmaleic =~ anhydride; exo-cis-3,6-endoxo-delta  4-tetrahydrophthalic
30 anhydride; and 3,4,5,6-tetrahydrophthalic anhydride. Accordingly, citraconic
anhydride and cis-aconitic anhydride are preferred for the preparation of reversibly
blocked DNA polymerases for use in PCR amplifications. The reversibly inactivated
enzyme is the result of a chemical modification of the protein which inactivates the

enzyme. The activity of the inactivated enzyme is recovered by an incubation of the
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activity c E%gggﬁmg%ﬂ%Pnggﬂy % eversibly by a non-coval ent nodification of
t he DNA polynerase US 5,338,671 discloses the use of antibodies specific
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is bound by an antibody capable of reversibly blocking the DNA polymerase activity

20 of the polypeptide when binding said polypeptide. DNA polymerase activity can
also be blocked reversibly by a non-covalent modification of the DNA polymerase.

! US 5,338,671 discloses the use of antibodies specific for the DNA polymerase
enzyme to inhibit the DNA polymerase activity. Pre-mixing of DNA polymerase

and DNA polymerase-specific antibodies results in the formation of an antibody-

25 polymerase complex. Under these conditions substantially no oligonucleotide
extension activity can be detected. At elevated temperatures, the antibody
dissociates from the complex, thus releasing the DNA polymerase, which can then

function in DNA synthesis during the PCR. Preferably, the antibody is a
monoclonal antibody against Taq DNA polymerase. Monoclonal antibodies against

30 Taq DNA polymerase are known in the art and described, for example, in
US 5,338,671. Preferably, the monoclonal antibodies against Taq DNA polymerase

are TP4-9.2 and TP1-12.2, obtainable from hybridomas deposited with the
American Type Culture Collection (ATCC), and designated by ATCC Accession
Numbers HB11807 and HB11127, respectively. Preferred antibodies have an
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Another embodiment of the invention is use of a polypeptide according to the
invention, the polypeptide according to the invention covalently coupled to a
compound capable of reversibly blocking the DNA polymerase activity of the
polypeptide when coupled covalently to said polypeptide, the polypeptide
25 according to the invention bound by an antibody capable of reversibly blocking the
DNA polymerase activity of the polypeptide when binding said polypeptide, or a
stabilized preparation according to the invention, for producing primer extension
products. Primer extension products are produced, e.g., when performing PCR or a
sequencing reaction using the Sanger method. Thus preferred is the use according
30 to the invention for sequencing a nucleic acid template. Also preferred is the use
according to the invention for amplifying a target nucleic acid. Another example for
primer extension is nick translation. The skilled artisan is aware of a number of
other examples illustrating the term “producing primer extension products”. The

invention encompasses producing primer extension products using a polypeptide
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the fi nal PeRCira@OpvefiddRaterROIdiaN tieiediré®RAbn Obluklee | nvention is a method
for anplifying a target nucleic acid in a sanple, conprising the steps of

(a) contacting said sanple with an anplification reaction m xture
cont ai ni ng Amopher reenb oclomph teofethe dnyentionSaia cnéthod déor amplifyige aeged rackkia

20 PSP 1 5825 AL B P 0SS Mol A RS
amplification reaction mixture contammg a pr1mer complementary to said target
nucleic acid and a polypeptide selected from the group consisting of (i) a

20 polypeptide according to the invention, (ii) a polypeptide according to the
invention covalently coupled to a compound capable of reversibly blocking the
DNA polymerase activity of the polypeptide when coupled covalently to said
polypeptide, and (iii) a polypeptide according to the invention bound by an
antibody capable of reversibly blocking the DNA polymerase activity of the

25 polypeptide when binding said polypeptide, (b) optionally releasing blocked DNA
polymerase activity by heat treatment, (c) annealing in the resulting mixture of step
(a) said primer to said target nucleic acid, (d) amplifying the target nucleic acid by
incubating after step (b) the mixture to allow formation of primer extension

products.

30 For ease of discussion, the protocol set forth below assumes that the specific
sequence to be amplified is contained in a double-stranded nucleic acid. However,
the process is equally useful in amplifying single- stranded nucleic acid, such as

mRNA, although in the preferred embodiment the ultimate product is still double-
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ultimate product is still double 13 February 2006 -21 stranded DNA. In the
anplificatign of a single-stranded nucleic acid, the firgt step involves
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20 each primer that is complementary to each nucleic acid strand template, but not so
high as to separate each extension product from the complementary strand
template; (d) heating the mixture from step (c) for an effective time and at an
effective temperature to separate the primer extension products from the termplates
on which they were synthesized to produce single-stranded molecules but not so
25 high as to denature irreversibly the enzyme; (e) cooling the mixture from step (d)
for an effective time and to an effective temperature to promote hybridization of a
primer to each of the single-stranded molecules produced in step (d); and (f)
maintaining the mixture from step (e) at an effective temperature for an effective
time to promote the activity of the polypeptide with DNA polymerase activity and
30 to synthesize, for each different sequence being amplified, an extension product of
each primer that is complementary to each nucleic acid template produced in step
(d) but not so high as to separate each extension product from the complementary
strand template. The effective times and temperatures in steps (e) and (f) may
coincide, so that steps (e) and (f) can be carried out simultaneously. Steps (d)-(f)

35 are repeated until the desired level of amplification is obtained.
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20 reaction. The product of the chain reaction will be a discrete nucleic acid duplex

with termini corresponding to the 5' ends of the specific primers employed.

l Any nucleic acid sequence, in purified or nonpurified form, can be utilized as the
starting nucleic acid(s), provided it contains or is suspected to contain the specific
nucleic acid sequence one desires to amplify. The nucleic acid to be amplified can

25 be obtained from any source, for example, from plasmids such as pBR322, from
cloned DNA or RNA, or from natural DNA or RNA from any source, including
bacteria, yeast, viruses, organelles, and higher organisms such as plants and animals.
DNA or RNA may be extracted from blood, tissue material such as chorionic villi,
or amniotic cells by a variety of techniques. See, e.g., Maniatis et al., Molecular

30 Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY, 1982, pp. 280-281. Thus, the process may employ, for example, DNA
or RNA, including messenger RNA, which DNA or RNA may be single-stranded or
double-stranded. In addition, a DNA-RNA hybrid that contains one strand of each

may be utilized. A mixture of any of these nucleic acids can also be employed as can
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After the heating step, the anplification reagents may be added directly

to the lysed cells. The starting nucleic acid sequence can contain
Primers play a key role in the PCR process. The word “primer” as used in

20 describing the amplification process can refer to more than one primer, particularly
in the case where there is some ambiguity in the information regarding the terminal
sequence(s) of the fragment to be amplified or where one employs the degenerate
primer process described in WO 91/05753. For instance, in the case where a nucleic
acid sequence is inferred from protein sequence information, a collection of

25 primers containing sequences representing all possible codon variations based on
degeneracy of the genetic code can be used for each strand. One primer from this
collection will be sufficiently homologous with a portion of the desired sequence to

be amplified so as to be useful for amplification.

In addition, more than one specific nucleic acid sequence can be amplified from the
30 first nucleic acid or mixture of nucleic acids, so long as the appropriate number of
different oligonucleotide primers are utilized. For example, if two different specific
nucleic acid sequences are to be produced, four primers are utilized. Two of the

primers are specific for one of the specific nucleic acid sequences, and the other two
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sequence as descrlbed above cou d be repeated on the altered DNA using different

primers to induce further sequence changes. In this way, a series of mutated
20 sequences can gradually be produced wherein each new addition to the series differs
from the last in a minor way, but from the original DNA source sequence in an

{ increasingly major way.

Because the primer can contain as part of its sequence a non-complementary
sequence, provided that a sufficient amount of the primer contains a sequence that
25 is complementary to the strand to be amplified, many other advantages can be
realized. For example, a nucleotide sequence that is not complementary to the
template sequence (such as, e.g., a promoter, linker, coding sequence, etc.) may be
attached at the 5' end of one or both of the primers and so appended to the product
of the amplification process. After the extension primer is added, sufficient cycles
30 are run to achieve the desired amount of new template containing the non-
complementary nucleotide insert. This allows production of large quantities of the
combined fragments in a relatively short period of time (e.g., two hours or less)

using a simple technique.
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The first Ssta%ﬂ)le of unknown sequences, dTTP is often replaced by dUTP in order to reduce
contamination between samples as taught in WO 91/05210.

20 The concentration of nucleoside triphosphates can vary widely. Typically, the
concentration is 50 to 500 uM of each ANTP in the buffer for amplification, and

, MgCl, is present in the buffer in an amount of 1 to 3 mM to activate the polymerase
and increase the specificity of the reaction. However, dNTP concentrations of 1 to

20 pM may be preferred for some applications, such as DNA se'quencing or

25 generating radiolabeled probes at high specific activity.

The nucleic acid strands of the target nucleic acid serve as templates for the
synthesis of additional nucleic acid strands, which are extension products of the
primers. This synthesis can be performed using any suitable method, but generally
occurs in a buffered aqueous solution, preferably at a pH of 7 to 9, most preferably
30 about 8. To facilitate synthesis, a molar excess of the two oligonucleotide primers is
added to the buffer containing the template strands. As a practical matter, the
amount of primer added will generally be in molar excess over the amount of

complementary strand (template) when the sequence to be amplified is contained
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are single-stranded, then no denaturation step need be enployed prior to
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the presence of the appropriate buffer, dNTPs, and one or more oligonucleotide
20 primers. If an appropriate single primer is added, the primer extension product will
be complementary to the single-stranded nucleic acid and will be hybridized with
the nucleic acid strand in a duplex of strands of equal or unequal length (depending
on where the primer hybridizes to the template), which may then be separated into
single strands as described above to produce two single, separated, complementary
25 strands, A second primer would then be added so that subsequent cycles of primer
extension would occur using both the original single-stranded nucleic acid and the
extension product of the first primer as templates. Alternatively, two or more
appropriate primers (one of which will prime synthesis using the extension product
of the other primer as a template) can be added to the single-stranded nucleic acid

30 and the reaction carried out.

If the nucleic acid contains two strands, as in the case of amplification of a double-
stranded target or second-cycle amplification of a single-stranded target, the strands

of nucleic acid must be separated before the primers are hybridized. This strand



target ((tenplate) sequence. Such tenperature is generally frojg to
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20 hybridization temperature is maintained for an effective time, generally a few

seconds to minutes, and preferably 10 seconds to 1 minute. In practical terms, the
temperature is simply lowered from about 95°C to as low as 37°C, and

hybridization occurs at a temperature within this range.

Whether the nucleic acid is single- or double-stranded, a polypeptide with DNA
25 polymerase activity according to the invention can be added prior to or during the
denaturation step or when the temperature is being reduced to or is in the range for
promoting hybridization. Although the thermostability of the polymerases of the
invention allows one to add such polymerases to the reaction mixture at any time,
one can substantially inhibit non-specific amplification by adding the polymerase
30 to the reaction mixture at a point in time when the mixture will not be cooled
below the stringent hybridization temperature. After hybridization, the reaction
mixture is then heated to or maintained at a temperature at which the activity of the
polypeptide with DNA polymerase activity is promoted or optimized, ie., a
temperature sufficient to increase the activity of the polypeptide with DNA




10 activity and in the presence of ATP is known to denature DNAF 5}3{2006
reaction conditions suitable for separating the strands of nucleic¢ acids
with helicases are described by Kuhn Hof f mann-Berling, CSH Quantitative
Bi ol ogy 43 (1978) 63, and techniques for using RecA are reviewed in
Radding, C M, Ann. Rev. Ceneticsl6 (1982) 405-437. The denaturation
produces two separat ed conpl enentary st¥8ands 15 of equal or unequal

| ength. 1If the doubl e- stranded nucleic acid is denatured by heat, the
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to synthesize an extension product of each primer that is conplenentary to
each nucleic acid tenplate, but must not be so hi gh as to denature each
ext ensi on 5l oewlyt synthwsized §tna0d‘pﬂreln'ém eompplesrept aele{ci aed stiahé foemper at ur e
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process. In the next step, the strands of the double-stranded molecule are separated

by heat denaturation at a temperature and for a time effective to denature the

20 molecule, but not at a temperature and for a period so long that the polypeptide
with DNA polymerase activity is completely and irreversibly denatured or

l inactivated. After this denaturation of template, the temperature is decreased to a
level that promotes hybridization of the primer to the complementary single-

stranded molecule (template) produced from the previous step, as described above.

25 After this hybridization step, or concurrently with the hybridization step, the
temperature is adjusted to a temperature that is effective to promote the activity of
the polypeptide with DNA polymerase activity to enable synthesis of a primer
extension product using as a template both the newly synthesized and the original
strands. The temperature again must not be so high as to separate (denature) the

30 extension product from its template, as described above. Hybridization may occur
during this step, so that the previous step of cooling after denaturation is not

required. In such a case, using simultaneous steps, the preferred temperature range
is 50°C to 70°C.



this synthesis reaction generally ranges from about 40C to 80 I y
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for the 10 pol ypeptide with DNA pol ynerase activity of the present
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specific nucleic acid sequence. The only limtationis the anount of the
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need be added after the initial addition, prov1ded at no key reagent has been
20 exhausted and that the polypeptide with DNA polymerase activity has not become
denatured or irreversibly inactivated, in which case additional polymerase or other
reagent would have to be added for the reaction to continue. After the appropriate
number of cycles has been completed to produce the desired amount of the specific
nucleic acid sequence, the reaction can be halted in the usual manner, e.g., by
25 inactivating the polypeptide with DNA polymerase activity by adding EDTA,

phenol, SDS, or CHCI3 or by separating the components of the reaction.

The amplification process can be conducted continuously. In one embodiment of
an automated process, the reaction mixture can be temperature cycled such that the
temperature is programmed to be controlled at a certain level for a certain time.
30 One such instrument for this purpose is the automated machine for handling the
amplification reaction developed and marketed by Perkin-Elmer Cetus
Instruments. Detailed instructions for carrying out PCR with the instrument are

available upon purchase of the instrument. Another example for such an
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Wh1ch is used to ampllfy a series of DNA fragments, and PCR processes with single
20 sided specificity such as anchor PCR and ligation-mediated anchor PCR as
described by Loh, E., in METHODS: A Companion to Methods in Enzymology

(1991) 2, pp. 11-19.

Particularly, the polypeptide with DNA polymerase activity according to the
invention is useful for amplifying a target nucleic acid using the LightCycler. The
25 LightCycler apparatus as well as protocols for performing PCR are described in the
manual “LightCycler Operator’s Manual Version 3.5” (October 2000) available
from Roche Diagnostics GmbH, Mannheim, Germany. Accordingly, the
recommendations given in chapter 4.3.1 likewise apply to TaqA288.

Another embodiment of the invention is a method for sequencing a nucleic acid,
30 comprising the step of generating chain-terminated fragments from the nucleic acid
template to be sequenced with a polypeptide according to the invention, in the

presence of at least one chain terminating agent and one or more nucleotide




5.PCR is useful. The anplification method may be utilized to £f88,Av 2006
particular nucleic acid sequence for insertion into a suitabl’e expression
vector, as described in US 4,800,159. The vector nay be used to transform
an appropriate host cell to produce the gene product of the sequence by
standard net hods of reconbi nant DNA technology Such cl oning may invol ve
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ref i nement ,
products on a high- resolution polyacrylamide-urea gel; and (iv) producing an

20 autoradiographic image of the gel that can be examined to infer the DNA sequence.
Alternatively, fluorescently labeled primers or nucleotides can be used to identify
the reaction products. Known dideoxy sequencing methods utilize a DNA
polymerase such as the Klenow fragment of E.coli DNA polymerase I, reverse
transcriptase, Taq DNA polymerase, or a modified T7 DNA polymerase.

25 As an alternative to basic dideoxy sequencing, cycle dideoxy sequencing is a linear,
asymmetric amplification of target sequences in the presence of dideoxy chain
terminators. A single cycle produces a family of extension products of all possible
lengths. Following denaturation of the extension reaction product from the DNA
template, multiple cycles of primer annealing and primer extension occur in the

30 presence of dideoxy terminators. The process is distinct from PCR in that only one
primer is used, the growth of the sequencing reaction products in each cycle is
linear, and the amplification products are heterogeneous in length and do not serve
as template for the next reaction. Cycle dideoxy sequencing is a technique

providing advantages for laboratories using automated DNA sequencing



5 recent years, including the devel opnent of novel vectors (Y@np&,@@rfg@(r@n
C., et al., Gene 33 (1985) 103-119), base analogs (MIls, D. R,

Kramer, F. R, Proc. Natl. Acad. Sci. USA 76 (1979) 2232-2235, and Barr et
al ., Bi oTechni ques 4 (1986) 428- 432), enzynes (Tabor, S., and Ri chardson,
C.C., Proc. Natl. Acad. Sci. USA 84 %287) 4767-4771, and Innis, MA. , et
al., Proc. Natl. Acad. Sci. USA 85 (1988) 10 9436-9440), and instrunents
for partial automation of DNA sequence analysis (Smth, L.M, et al.

Dot ba1.  ipDeyS AadhY oghd IEK vellioM sealitndthy 1ab3ELERGE 63 a%%%%?aé%z) The

basi ¢ di de@hgeceseqmpﬂgemmaewﬁe withaitvdenifg) daaneahe rsgecaﬁclty of the
ol i gonucl eQEdh‘I‘xﬁuep b8Pt n cass%t%%&ms'o?% a?rgeg&@é&”egrcelg%ghsnaru%anded
e r

DNA t enpl at e; ext e pri mer ras
separat e ré&@rqcelﬁecccéaew ARG M O@bieseam@déﬁmladmmcbrdlagigmwwc

(al tesnati Rined, #hd p{gglae\gjplmeurfgrh &, be used), a m xture of unl abel ed
dNTPs, and one chain-term nat i ng di deoxynucl eoti de-5"-tri phosphate

(ddNTP); (i1ii) resolving the four sets of reaction products on a high-
resol ution WAyp@llyM{eaﬁbd&ﬂtH Ebﬁhh@@ded &ft@m()!st‘dl)lhbf, Osk+6 LB AT 2288, have

autoradlogr hi,c i ma . that c e ed to infer tg
sequence. ‘F i ﬁ%‘ﬁ“@a&e? g Frfb‘?éi%trﬁf‘r“ﬁ agTYel%lBraber ithe rsdringent, atnsglinges can
be used t o terdperaturgs whidh areaetniond fmaqbaoﬁs hybndiaatict depriynes aqyenomig

met hods ut gz A s ROLYERE BRCall Balsr ﬁﬁgﬁ%\rpzlaﬂﬁ@e&%at@%at@&' | DNA

pol ynerase |,” reverse transc |ptase ase, or a no d T7
DNA Bl yerdteh ogusr hg eagh @ickeePeriarmiag ffhﬁ mswndrearéwtée@u@mmgur@ycr e

di deoxy seqeenoizseC] fesaltd inrwﬁ%mﬁcﬁﬁxmﬁérénﬁ?en@mé 'eﬁéﬂ]g?ébuﬁ er BRIA
sequences I t he I‘(E‘S(E‘I’ICCEFI singl e CyC e

term at or
produces a "Rafifop{AIF seeq %r%wtb%au%f%&sﬁeﬁrrl ligggiom; QflsécoqdéWgsctﬁscmlfeol | owi ng
denat ur at i dowdvet,Raclerhepesitoresieihabi éimipaedictcdnder dheuA tenpl ate,
mul tiple cycles of priner annealing and priner extension occur in the 30
presence of dideoxy term nators. The process is distinct fromPCR in that
only one giierfeltowisggsadples,eferpmoust Fequendelistisgduigecimigfigueecare providediuct s i n

eachjgycl e ¢ $iq kﬂéqﬁﬁ‘rﬂerstaﬂﬂ‘inﬁ he tﬂ?@késgétcﬁ’l%rﬁtfbrp rtf"?? %te ?éeeop%a‘r;J}ﬁogegF ous in

| ength and do not serve = as nex I deoxy
sequenci ng f‘i’ré an fthe ppregded Cbl“ﬁﬁnlélﬂsngn%@i%‘ﬂ algeésnwbﬁcatm@rcandzeu medeisi ng

aut omat ed BN SREUEBEI GoriBwiBb L xrt?r%%omfﬂ?e rwﬁréﬂm@mv@nﬁaﬁ for other
hi gh vol une sequenci ng Iaboratorles is possible to directly sequence

genom ¢ DNA, w thout cloning, due to the specificity of the
List of References

Ansorge, W., et al., Nuc. Acids Res. 15 (1987) 4593-4602
20 Barr et al., BioTechniques 4 (1986) 428-432
Beaucage et al., Tetrahedron Letters 22 (1981) 1859-1862
Bessman et al., J, Biol. Chem. 223 (1957) 171-177
Buttin, G., and Kornberg, A., ]. Biol. Chem. 241 (1966) 5419-5427
Chien et al., Chemical Abstract 85, No. 155559t (1976)
25 Chou, Q., et al., Nucleic Acids Res. 20 (1992) 1717-1723
Cohen, S.N, et al., Proc. Natl. Acad. Sci. USA 69 (1972) 2110-2114
EP 0229 701
EP 0237 362
EP 0258 017
30 EP 0771 870
EP 1069 131
Graham and van der Eb, Virology 52 (1978) 546




techni que and the increased anount of signal generated. Cycle g%lg [
prot ocol s accommpdat e single and doubl e stranded tenpl ates, iln3zfu |zﬁgb&%

genomc, 5 cloned, and PCR-anplified tenplates. DNA pol ynmerases with
enhanced thernostability, particularly Tagi 288, have several advantages in
cycl e sequencing: they tolerate the stringent annealing tenperatures which
are required for specific hybridizatiod3of primer to genomic targets as
well as tolerating the multiple cycles of high tenperature denaturation 10

whi ch occur_in each cle.. Pertorm ng the extensi e i t_ hi_gh

t enper at ur &Yﬂenft?%.g-%@ﬁg@f:ﬁg% gﬁﬁég‘?'wai A52gne % @%5 @ﬁ%@%@?ﬁgﬁ n

ZequeBCi ng Hesyla.5., wd Gal(ljaNA, J.ihat. NahtAadsScetnna(79) 3820t3838, due toI It he
estabilizatio secondar t fuct ur. K enperatures w

not el i ni ngPBISM‘K%8%%1’185%/&@#6%3@0g%su%ggwg?(%%&\%iég{g%ganpl es, references,

sequence | ikdlédig et 4lalithemicahAbstrapn O3 sNardd1p9m(li%8ed 15 to aid the

under st andi r i Lon. of which is set

fort h§i n th@fﬁ%gﬁﬁgggﬁiﬁﬁ%.dﬁ'%hﬁ%ég%? Oolé%p %h@? 9@19)6 i fications can be
made in t Hawyeodddueted, Eiolf Gherh. 2G4 (188R) d@p&48T ng fromthe spirit of the

i nvention. 1,5t of MIEFIROBIRC RSCAHRPIOR to Weth&ds iR Enry ey ARjods2R95.1115
(1987) 4593-4602 20 Barr et al., BioTechniques 4 (19853’ 428~ 432 Beaucage

et al., Tetrahedron®Letters 22 (1981) 1859-1862 Bessman et al., J. Biol.
Chem 223 (Mi@&iddis 2 4k, 1 MoRUtlbt Tlokeng: ANKhbéedtBBEeManudl, Cold SBriak Haem 241

(lscey 54135427 Guen st o ehenl Arpaet S By Lostoar (To7e) 25
al ., Proc. Matbnloggad., eBali, NudbAc B6id¢ Req 2P (298%)-We24 EP 0 229 701 EP 0 237
Vi rol ogy 52 T 8sE o e et L& DagRatss Nalhr0AAR 6ARA Y o,
H. A., Proc.Natl. AdddCubpon UNpigHn abHdE} Pubbishizgsen., Mt Fock Raad, Glag
Carbon, J., Proc. Naidk, N'f‘@@glA),%%i. 20854 76 (1979) 3829-3833
15 Mills, D.R., and Kramer, F.R., Proc. Natl. Acad. Sci. USA 76 (1979) 2232-2235
Ochman, H., et al., Genetics 120 (1988) 621-623
Prober, ].M., et al., Science 238 (1987) 336-341
Qiagen manual “The QlAexpressionist™?”, 5th edition, June 2003
Radding, C.M., Ann. Rev. Genetics16 (1982) 405-437
20 Saiki, R.K., et al., Science 230 (1985) 1350-1354
Sambrook, Fritsch & Maniatis, Molecular Cloning, A Laboratory Manual, 3rd
edition, CSHL Press, 2001
Sanger, F., et al., Proc. Natl. Acad. Sci. USA 74 (1977) 5463-5467
( Sharkey, D.]., et al., BioTechnology 12 (1994) 506-509
25 Shaw, C.H., et al., Gene 23 (1983) 315-330
Smith, L.M., et al., Nature 321 (1986) 674-679
Tabor, S., and Richardson, C.C., Proc. Natl. Acad. Sci. USA 84 (1987) 4767-4771
US 4,458,066
US 4,683,195
30 US 4,683,202
US 4,889,818
US 4,965,188
US 5,079,352
US 5,338,671
35 US 5,436,149
US 5,616,494



Innis, . MA., et al., Proc. Natl. Acad. Sci. USA 85 (1988) 94 %gﬂ{ in
et al., Chem cal Abstract 93, No. 40169p (1989) 5 Kuhn I—bffngl%;feéer g%(%d

CSH Quantitative Biology 43 (1978) 63 Lawer, F.C., et al., J. Biol. Chem
264 (1989) 6427-6437 Loh, E., in METHODS: A Conpanion to Methods in

Enzynol ogy (1991) 2, pp. 11 19 Maniatis et al., Mlecular Coning: A
Laboratory Manual, Cold Spring Har bor - 39" Labor at ory, Cold Spring Harbor,

NY, 1982, pp. 280-281 MConlogue, L., et al., Nucleic Acids Res. 16 (
1988) 9869 M Cutcheon's Enmulsifiers & Detergents, North Anerican edition
(1983), MEULEHEY® Di vi sion of MC Publishing Co., 175 Rock Road, G en
Rock, NJ (WUSM,67Rpm2 295-298 15 MIls, DR, and Kraner, F.R, Proc. Natl.
Acad. Sci .%;3625&1979) 2232-2235 Cchman, H., et al., Genetics 120 (1988)
621- 623 Prober; J°M, et al., Science 238 (1987) 336-341 Q agen nanual "The
Q Aexpr essilth’,854M8, 5th edition, June 2003 Radding, C M, Ann. Rev.

Cenety csl 6?%% A05-437 20 Saiki, R K, et al., Science 230 (1985)
1350-1354 Sa rodk, Fritsch & Maniatis, Ml ecular Coning, A Laboratory
Manual , 3r &S ®88%8n, CSHL Press, 2001 Sanger, F., et al., Proc. Natl.
Acad. Sci. (JdSAgyelgq11977) 5463-5467 Sharkey, D.J., et al., BioTechnol ogy 12
(1994) 506-509 25 Shaw, C.H., et al., Gene 23 (1983) 315-330 Smith, L. M,
et al., NatQﬁ@l@ﬂ%( 1986) 674-679 Tabor, S., and Richardson, C. C., Proc.
Nat | . Acad.useis79,463A 84 (1987) 4767-4771 US 4,458,066 US 4,683,195 30 US

‘51: gggq igé v%Sé{i%%%} égnd HRat 7303 808 13h01v A 626332 US 5,338,671 35 US
WO 91/02090

WO 91/05210

WO 91/05753

Yanisch-Perron, C., et al., Gene 33 (1985) 103-119

(



13 February 2006 -34 US 5,618,676 US 5,677,152 US 5,773, 25 18
5 US 5,856,123 US 5,885,813 US 5,919,651 US 6,183,998 US8%{%§%§5ggé%%
van Solingen, P., and Plaat, J.B., J. Bact. 130 (1977) 946-947 WO 91/02090
WD 91/ 05210 WO 91/05753 Yani sch-Perron, C., et al., Gene 33 (1985) 103-119
13 February 2006 -35 5 Description of the Figures Figure 1 Conparison of
four experinents to determine the relative activities of TagL288 (1),
TaqA279 (2), TagA289 (3) and TagWr (4). Bars corresponding to the sane
experinent are indicated by a comon filling pattern. The bars represent
the nuneri Chy f the,; €9 n Table 1. Exanple 1 Construction and
production of the deletion nmutant Tagz288 Starting with the DNA sequence

encodi ng TagWr of SEQ ID NO .6, a 10 ol igonucl eoti,de pringr including the
DNA sequen%ég‘%ﬁ&odi ng t %&Bﬁneg fw*&&ﬁmﬁ%& ‘é%?f”glﬁe gﬁegéaﬁJéYeeot i de
primer hybridizing to tabgvibbroSEauUens €l), TadAiy (205 Tidr28€(8 pamd RagWdf TaqWr
a DNA encodi ng the am cid sequence of I L.S: t usi ng
PCR The construct is R%% ?ra fse@rfeg?%ncﬁ%%pt&igg% egg(%%%ngia%)%n\g{ekg{egrb%

5 common filling pattern. The bars represent the numerical values

given in Table 1.

Example 1
Construction and production of the deletion mutant TaqA288

Starting with the DNA sequence encoding TagqWT of SEQ ID NO: 6, an
10 oligonucleotide primer including the DNA sequence encoding the sequence MRGS-
6xHis-IEGR and an oligonucleotide primer hybridizing to the DNA sequence
coding for the C-terminus of TagWT a DNA encoding the amino acid sequence of
SEQ ID NO: 5 is enerated using PCR. The construct is inserted into the pQE8OL

expression vector.

15 Example 2
Activity of WT Taq polymerase and N-terminal deletion variants of Taq

polymerase in bacterial lysates

Using the expression vector pQE8OL (Qiagen catalogue no. 32923) the reading

( frames of TaqWT, TaqA279, TaqA288, and TaqA289 are cloned in E. coli strain XL-
| 20 1 Blue according to standard procedures (Sambrook, Fritsch & Maniatis, Molecular
Cloning, A Laboratory Manual, 3rd edition, CSHL Press, 2001; Qiagen manual

“The QIAexpressionist™”, 5% edition, June 2003). Transformed colonies are used

to inoculate dYT medium (per I H,O 16 g Bacto Trypton, 10 g Bacto Yeast Extract,

5 g NaCl; 25 uM Ampicillin) and overnight cultures are grown in microwell plates

25 (Falcon No. 353227) at 37°C under continuous shaking (shaker incubator,
150 rounds per minute). 100 pl of an overnight culture is mixed with 100 pl fresh

medium and incubated for 1 h. IPTG is added to result in a final concentration of

500 uM and the cultures are incubated for another 4 h. Subsequently, the bacteria

are lyzed by mixing the culture with 10% B-PER® solution (e.g. B-PER Protein

30 Extraction Reagents, Pierce) and incubating the mixture at 60°C for 20 min. The

microwell plates are centrifuged at 3,300 rounds per minute (rpm) to clear the




15 Exanple2 Activity of W Taq pol ynerase and N-term nal del ey
of Taq polynerase in bacterial |ysates Using the expression ve %&%L
(Q agen catal ogue no. 32923) the reading franmes of TagW, Ta90279

TaqA288, and TaqA289 are cloned in E. coli strain XL 20 1 Blue according to
standard procedures (Sanbrook, Fritsch Mani atis, Mol ecular Cdoning, A
Laboratory Manual, 3rd edition, CSHL Pr §s, 2001; Q agen manual "The

Q AexpressionistTM', 5 h editi on June 2003) Transforned col oni es are used
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PCR master mix to final val unme CR mast
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ester 10 | abeled dUTP (equinmolar), 0.5 MM Md,) (in addltlon to the My
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quantitati yel¥eABRADIBY nuS i A¥erdatkH8LAdELRAI i§ JakAed kBfsion values are a
function of residual DNA polymerase activity. For each experiment a relative
activity value is calculated by dividing the measurement value of the heated sample

20 by the measurement value of the unheated control sample and multiplying the
result with 100. Table 1 summarizes the relative activity values determined in four

experiments.
Table 1

Relative activity of polypeptides with DNA polymerase activity after 35 min at 97°C

Experiment # TaqA288 TaqA279 TaqA289 TaqgWT
1 67 31 18 -3
2 90 36 32 -1
3 62 46 24 -3
4 78 38 28 1

25



excitation wavel ength is 485 nm Measurenents of |ight em ssipng E§n§§&ﬁﬁ
at the wavelength of 635 nm After background signal is subtracte

em ssion values are a function of residual DNA pol ynerase activity. For
each experinent a relative activity value is calculated by dividing the
measur enent val ue of the heated sanple 20 by the neasurenent val ue of the
unheat ed control sanple and multiplyiny the result with 100. Table 1
sumari zes the relative activity values determined in four experinents.
Table 1 Relative activity of polypeptides with DNA pol ynerase activity
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50 mM NaCl) at room temperature.

Purification protocol 1

15 The cells are lysed using a French Press twice at 1,000 bar. NaCl is added to 1.5 M to
dissolve polymerases from the DNA. Subsequently, the mixture is heated to 75°C
for 15 min on a water bath. Subsequently, the mixture is left in the water bath
without further heating for another 15 min. The precipitate is separated from the
supernatant by centrifugation. The supernatant is dialyzed against B100 buffer

20 (25 mM TrisHCI pH 8.5, 0.1 mM EDTA, 5% glycerol, 1 mM DTT, 100 mM NaCl).

‘ Subsequently, chromatographic steps are performed. The first step uses a heparin
sepharose column and elution of the TagA288 polypeptide by means of gradient
elution with B100 and B600 (25 mM TrisHCI pH 8.5, 0.1 mM EDTA, 5% glycerol,
1 mM DTT, 600 mM NaCl). Following dialysis of the TaqA288-containing fraction

25 against B50 the enzyme is further purified using a Q sepharose column and for
elution a gradient with B50 and B250 (25 mM TrisHCI pH 8.5, 0.1 mM EDTA, 5%
glycerol, 1 mM DTT, 250 mM NaCl). Finally the fraction with the eluted TaqA288
is dialyzed against storage buffer (50% [v/v] glycerol, 100 mM KCl, 20 mM TrisHCI
pH 8.5,0.1 mM EDTA, 1 mM DTT, 0.25% Thesit).



wi.thout further heating for another 15 min. The precipitate if; J9t266i6
fromthe supernatant by centrifugation. The supernatant is dialyze

agai nst B100 buffer 20 (25 mM TrisHCO pH 8.5, 0.1 nmM EDTA, 5% gl ycerol, 1
mM DTT, 100 mM NaCl ). Subsequently, chromatographic steps are perforned.
The first step uses a heparin sepharose colum and el ution of the TagA288
pol ypeptide by nmeans of gradient elutP®dn with B100 and B600 (25 nmM Tri sHd
pH 8.5, 0.1 nM EDTA, 5%glycerol, 1 nMDIT, 600 nM NaCl). Follow ng

di al ysis of the TagA288- cont aining fraction 25 agai nst B50 the enzyne is
further pufiui @EIUQI%PH{:}O%PQ sepharose colum and for elution a gradient
with B50 and B250 (25 mM TrisHCO pH 8.5, 0.1 nM EDTA, 5% glycerol, 1 nM

DTT, 250 Fi t t.h |.ut ed TagA288 i
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chr omat ogr epharose._ Fin t racti on cont ai the
purified H.ﬁq@a%é@lmwmas rihsr ppEfied Etéam@n@wataylz@ahr@gzﬁt%w With ég
buffes. In s@ﬁﬂﬁ‘éset OFih @D Vet Rachbs ctoﬂﬂamitngetl'w PFifle® UHi S da8skdHTaghagg ed
TaqA288 pol GEQI@‘?FS cfiaﬁ di aI zedS (?r "bf% a reaction buffer (20 nmM Tri sHC
pH 6.5, 50 T’Zt) TXa protease (1 U per ng TagA288
pol ypeptide) is 20 added together w t h 1/10 of the total reaction volune of
10x concentipaped reacligRe the His tag, the Ni-NTA purified His-tagged TaqA288
polypeptide is dialyzed against Xa reaction buffer (20 mM TrisHCl pH 6.5, 50 mM
NaCl, 1 mM CaCly). Factor Xa protease (1 U per mg TaqA288 polypeptide) is
20 added together with 1/10 of the total reaction volume of 10x concentrated reaction
buffer. The mixture is incubated for 3 to 6 days at 4°C. Subsequently, the pH is
L raised to 8.0 by adding 1 M TrisHCl pH 8.5 (about 1/100 volume). Further,
equilibrated Ni-NTA superflow material is added and the mixture is incubated for
30 min at room temperature under continuous agitation (rotation). The
25 supernatant is separated from the Ni-NTA superflow material with uncleaved His-
tagged TaqA288 polypeptide and heat-inactivated at 72°C at 30 min. The following
steps are anion exchange chromatography with Q sepharose, followed by dialysis
against storage buffer.

Example 4
30 Activity of TaqA288

DNA polymerase activity is determined using standard procedures by first
hybridizing an M13 primer to M13mp9ss DNA at 65°C and then incorporate



buffer. The m xture is incubated for 3 to 6 days at 4C. Subse t |

pHis raised to 8.0 by adding 1 MTrisHCO pH 8.5 (about 1llogy§§FH%¥beg
Further, equilibrated N -NTA superflow material is added and the m xture
is incubated for 30 mn at roomtenperature under continuous agitation
(rotation). The 25 supernatant is separated fromthe N -NTA superfl ow
material wth uncl eaved Hi s- tagged Taa%288 pol ypepti de and
heat-inactivated at 72C at 30 min. The following steps are ani on exchange
chromat ography with ephay fol |l owed by dialysj agaj nst .storage
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det er m ned cygh gy, StrNabRivity ¢ esragiued soby nfastes lot dfyDagWIT Zirggaramoidigr i mer to
ML3nmp9ss DNA at 65C.and t %ﬂ %ncor OIaHﬁ 13 tebruary 2006 -39 radioactively
| abel ed a33H¥4Es A GEEFH6r D Oh YR TRELSUPE S i quid scintillation
counting. The activity is conpared to a nmaster |ot of TagW preparation

whi ch ser A5 a reference. Table 2 summarizes the results. Table 2 5
Specific activities of polypeptides with DNA pol ynerase activity TaqgW™ -
100 kU/ ng TagA288-77 kU ng TaqA279-370 kU ng Tag0290-111 kU ng Regardi ng
the pgesenag.gfic é‘&ﬁ@t‘i&%{&f)g&@ﬁddﬂs it AINAbJIBekacARSRy POl ypepti de” no

di fferences regarding ol'ynmerase activity have been detected. Exanple 5
10 Nol ecul ar characterization of TagA288 TaqA288 polypeptide without

Hi s-tag has been prepar TN-term nal sjequenci ng ~heskugygal ed the am no
aci d sequs PPE—The not gcular wei ght f_The TagAZ88
pol ypepti de_has been d@f8¢% ned as heing 62 5 kDa HY EEQBQ_QL__NALDL TOE.

15 Exanpl ¢ 6 G traconylaghdpn of TagA288 3 ny of puBﬂi&EUm@is-tagged TagA288
pol ypeptidein 3 m r%%%hb&f bufTer (50 mv ~111 KU/mg

Regarding the presence or absence of the His tag in the TaqA288 polypeptide no

differences regarding DNA polymerase activity have been detected.

Example 5
10 Nolecular characterization of TaqA288

TaqA288 polypeptide without His-tag has been prepared. N-terminal sequencing

has revealed the amino acid sequence ESPKALEEAPWPPPE. The molecular weight

of the TaqA288 polypeptide has been determined as being 62.5 kDa by means of
( MALDI TOF.

15 Example 6
Citraconylation of TaqA288

3 mg of purified His-tagged TaqA288 polypeptide in 3 ml reaction buffer (50 mM
HEPES, 300 mM KCl, 1 mM EDTA, pH8.5) are reacted with 2 pl of citraconic acid
anhydride for 1h at room temperature. The mixture is subsequently dialyzed

20 against storage buffer (63% [w/v] glycerol, 100 mM KCl, 20 mM TrisHCI pH 8.5,
0.1 mM EDTA, 0.5% Tween 20, 1 mM DTT).



HEPES, 300 nM KC1, 1 nmM EDTA, pH8.5) are reacted with 2 | of ﬁj’ogrbacon'?ﬁ%
acid anhydride for 1 h at roomtenperature. The mxture is s %dﬁa(-fx y
di al yzed 20 agai nst storage buffer (63%[wv] glycerol, 100 mM KC1l, 20 nmM
TrisHd pH 8.5, 0.1 mM EDTA, 0.5% Tween 20, 1 nM DTT). 13 February 2006
-40 Patent Clainms 1. A polypeptide with DNA pol ynerase activity,
characterized in that the amino acid-$@quence of the polypeptide is the
am no acid sequence of SEQ ID NO 2. 2. The pol ypeptide according to claim
1, characterized in that the am no_acid 5 sequence of the polypeptide
additionally has an N-terninal netR#sRt GBIm§ esi due. 3. A nucl eoti de
sequence encodi ng a pol ypeptide according to any of the clains | and 2. 4.
The nucl eot i de ,sequence, acgording to claim3 har act eri.zed in that the 10
nucl eot i de lseq@eﬂ@@l"?péﬁfH‘@ﬁh@g"’ég‘?b’ﬁ‘émﬁ%a{?@h@e&@f“ Bl i1 (it thegmges | o

NO 3. 5. A recasidissquiincObifthegolypeptidnp thsamimoaacidNggsaguefSEQADSOME.ng t o
any of the clains 3 and 4. 6. The reconbi nant DNA vector according to
claim5, characterized in that the 15 DNA sequence encodes a fusion

pol ypept i d&. cofdiestdlymeptifle @rdordingerondlaiad Lhilatraatérived imghat(the amzno aicho aci d
sequence provi qj f gchar aseyg a P te. i -t he

hi sti %i ne tag, q%ﬂ%n?? iQ?) {Iﬁghgégg{@%dgp?@ g&g@ og I Eg ?Je%qg]‘?%%?%th%%n% The
reconbi nant DNAes}é® or according to claim6, characterized in that the DNA
sequence encodes a fusion pol ypeptide which has the am no acid sequence of
SEQ ID NGO 5. 8., A nethpd for produgin ol ypeptide with | yner ase
activity, Sconp Pgaeﬁ?j“félféq‘é‘i“é §n6°fd%233g?8 £Rt #S?ISHW%“P{%@@P%% th a
reconbi nant DNA amdcd.or according to clainms 5, 13 February 2006 -41

(

4.  The nucleotide sequence according to claim 3, characterized in that the
10 nucleotide sequence is the nucleotide sequence of SEQ ID NO:1 or SEQ ID
NO:3.

5. A recombinant DNA vector comprising a DNA sequence according to any of
the claims 3 and 4.

6.  The recombinant DNA vector according to claim 5, characterized in that the
15 DNA sequence encodes a fusion polypeptide consisting of

(i)  aterminal histidine tag,

(ii) an amino acid sequence providing a factor X protease cleavage site
adjacent to the histidine tag, and

(iii) the polypeptide according to claim 1,

20 7.  The recombinant DNA vector according to claim 6, characterized in that the
DNA sequence encodes a fusion polypeptide which has the amino acid
sequence of SEQ ID NO:5.

8. A method for producing a polypeptide with DNA polymerase activity,

comprising the steps of

25 (a) transforming a host cell with a recombinant DNA vector according to

claims 5,



(b) culturing the host cell and expressing in said host cell H‘februa 2006
pol ypeptide w th DNA polynerase activity, (c) purifying the pol ypeptide

wi th DNA pol ynerase activity expressed in step (b). 5 9. A nethod for
produci ng a pol ypeptide with DNA pol ynmerase activity, conprising the steps
of (a) transformng a host cell with a reconbi nant DNA vector according to
any of the clains 6 or 7, (b) culturi ﬁélt'he host cell and expressing in
said host cell a fusion 10 pol ypeptide consisting of (i) a term nal

hi stidine tag, 4ki)_&an_an no,acid,seguence .providi fagt or . X pr.qt ease

cl eavage site (g)jj aC&Z‘H{‘“ hy hesteldang) dipress glﬁﬁﬂ‘d?ﬁsffdﬁ P&Wg@g?u de
accordi ng to cl ai mwith DINA pplymeraseycingtyt he f usi on pol ypepti de expressed in
step (b), (d) cl.eav] ; } pHikde YR O i i.pg:said
fusion pol ypegf?deﬂq}gy%lﬁgh%m@%ggg%) a %?%t ngs"e WSF%CFE‘%% s%?(l)rt%eol ytic
activity, thereby et ng the pol ypeptide with DNA pol ynerase activity
fromthe factor X protease cleavage site and the histidine tag, 20 (e)
purifying the pol ypeptide with DNA polynerase activity of step (d). 10. The
met hoé accordi Yy ‘F‘S&é’ﬁa?% QFOCQW%& E?IVE%%FnthﬁaPN% ERETRES) atmELY usi on
pol ypeptide is d@ﬂﬁ}irﬁsﬁx@th@ﬁe?goﬁ particulate affinity matri x capabl e of
binding a histidine tag. 11. The nethod according to any of the clains 9
and 10, characterized in that in 25 step (d) the histidine tag of the

f usi on pol ypept(atle transbouridg addsheelpaithiacreb@ahbinaat N vyctomidcbrding 3o
February 2006 -42 1g. -Fhe gqeihod according to any of the clainms 10 to 11,

characterized in tha{y the “particul’ate affinity matrix is a chromatography
material coated with a nmetal- chelating resin, and netal ions are

i fmobi i zed on bhe &Goatiag tHhhewRLapRARNY TS & -saRl hdst THE JTREHOE
accoral ng to claim 1%, cparact erjized in that the chromatography nmaterial

is cddted with ni ckRAYREPEAF FORISIEEA i ¢ acid (Ni - NTA).

(i)  aterminal histidine tag,
(i) an amino acid sequence providing a factor X protease cleavage
site adjacent to the histidine tag, and

(iii) the polypeptide according to claim 1,
15 (c) purifying the fusion polypeptide expressed in step (b),

(d) cleaving the fusion polypeptide by way of incubating said fusion
polypeptide in the presence of a protease with factor X proteolytic
activity, thereby detaching the polypeptide with DNA polymerase
activity from the factor X protease cleavage site and the histidine tag,

20 (e) purifying the polypeptide with DNA polymerase activity of step (d).

10. The method according to claim 9, characterized in that in step (c) the fusion
polypeptide is purified using a particulate affinity matrix capable of binding a
histidine tag.

11.  The method according to any of the claims 9 and 10, characterized in that in
25 step (d) the histidine tag of the fusion polypeptide is bound to the particulate
affinity matrix.



14. A reconbi nant host cell transformed with a reconbi nant

claimed in any of the clains 5 to 7. 15. A stabilized prepafgf%gﬁﬁa£§2aé6
conprising a polypeptide according to any of the 10 clainms 1 or 2 in a
buffer containing one or nore non-ionic polyneric detergents. 16. A
stabilized preparation according to claim 15, characterized in that the
pol ypeptide is covalently coupl ed to at&onpound capabl e of reversibly

bl ocki ng t he DNA pol ynerase activity of the pol ypepti de when coupled 15

covalently to id pol ypepti.de. 17. stabilized preparation, according to
claim 16, dhar 10¢ dtheditschrging o anof @Sﬁgﬂﬂﬁé5 a1 Daancisansd wnﬁ%@h@egr oup
consi sting of F@x)ticﬁla‘td’ aeany enAarkYds tlematédiple snae@htddiel athudhede, 20 (c)
2, 3-di mret hyl ma ﬁic.anh%%ride (qéig o:cis-%§6=endgﬁo-gelta

4’ tetrahydr ophfRATE atifur 208, BHAT 108 474, BRBOPLErdnar ot aPice

anhydri de. 18. cirostabghphechaprmpar ati on according to clai m 15,
characterized in that the polypeptide is bound by an anti body capabl e of

reversibly blocking the DNA 25 pol ymerase activity of the pol ypeptide when
bi ndicng saild pdhypethodieccotding tseaiph 13, ghetacteized dethat tordiromatography of t he

claims 1 or 2, rﬁa*ﬂé%ia"l’%'c)éQﬁ%B%i@?nicﬁﬂQﬁfr%G&cEt}f& RW(aiNThE, clains 1 or 2

covalently coupled to a conpound capable of reversibly blocking the DNA
pol ymerase activity of the pol ypeptide 13 February 2006 -43 when coupl ed

coval ently140 aiddop®indpeHdstleell thesfohyPemti dercasebihdDNA veaty 4f the
claims 1 or 2 bound, by an ?]Etibody capabl e of reversibly blocking the DNA

pol ynerase act FOIESA SRyl MoiBent °de when binding said pol ypeptide, or a
stabilized preparation according to any of the clains 15 to 5 18, for

pr oduci ng i mgr qt I r.odu - i ] | ai for
sequenci ngﬁ)g' g&c?tgﬁggﬁk%%ﬁ eu% aogﬁpn%r%f at@@"%ﬁ@% %Jrzl)gdlﬁjg tglagllyrrg)f}gie for
ampl 1GFyi ng a t sleget Inatlein aabifer pontaining ong gir fmewe promdigeion golymiatisr
ext ensi on prodagtte,%fggnpri sing a stabilized preparation according to any of
the clains 1.5 to 18. 10 23. A nethod for anplifying a target nucleic acid
in a sanple, conprising the

16. A stabilized preparation according to claim 15, characterized in that the

polypeptide is covalently coupled to a compound capable of reversibly
blocking the DNA polymerase activity of the polypeptide when coupled
15 covalently to said polypeptide.

17. A stabilized preparation according to claim 16, characterized in that the

compound is selected from the group consisting of

o (a) citraconic anhydride,
(b) cis-aconitic anhydride,
20 (¢)  2,3-dimethylmaleic anhydride,
(d) exo-cis-3,6-endoxo-delta 4-tetrahydrophthalic anhydride, and
(e) 3,4,5,6-tetrahydrophthalic anhydride.

18. A stabilized preparation according to claim 15, characterized in that the
polypeptide is bound by an antibody capable of reversibly blocking the DNA
25 polymerase activity of the polypeptide when binding said polypeptide.

19.  Use of a polypeptide according to any of the claims 1 or 2, the polypeptide
according to any of the claims 1 or 2 covalently coupled to a compound

capable of reversibly blocking the DNA polymerase activity of the polypeptide
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acid fromthe sizes of said fragnents.

21.  Use according to claim 19, for amplifying a target nucleic acid.

22. A kit for for producing primer extension products comprising a stabilized

preparation according to any of the claims 15 to 18.

10 23. A method for amplifying a target nucleic acid in a sample, comprising the
steps of

(a) contacting said sample with an amplification reaction mixture
containing a primer substantially complementary to said target nucleic

acid and a polypeptide selected from the group consisting of

15 (i)  apolypeptide according to any of the claims 1 or 2,
(ii) a polypeptide according to any of the claims 1 or 2, covalently
coupled to a compound capable of reversibly blocking the DNA
- polymerase activity of the polypeptide, and
(iii) a polypeptide according to any of the claims 1 or 2, bound by an
20 antibody capable of reversibly blocking the DNA polymerase
activity of the polypeptide,

(b) optionally releasing blocked DNA polymerase activity by heat
treatment,

(c) annealing in the resulting mixture of step (a) said primer to said target

25 nucleic acid,

(d) amplifying the target nucleic acid by incubating after step (b) the

mixture to allow formation of primer extension products.
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A method for sequencing a nucleic acid, comprising the step of generating
chain-terminated fragments from the nucleic acid template to be sequenced
with a polypeptide according to any of the claims 1 or 2, in the presence of at
least one chain terminating agent and one or more nucleotide triphosphates,
and determining the sequence of said nucleic acid from the sizes of said
fragments.



