r 21822 ;M Thernostabl e Taq pol ynerase fragnment The present invention is
directed to the field of nolecular biology. Particularly, the invention is
directed to a pol ypeptide with DNA pol ynerase activity. The invention

provi des a pol ypeptide with thernostabl e DNA pol ynerase activity, whereby
thernostability is enhanced. The invention also provides a nethod to
produce said 5 polypeptide. DNA polynerases from nesophilic

m croorgani sns such as E.coli are well known to the art. Seep;f@r Ma[xanpl e,
Bessman et al., J. Biol. Chem 223 (1957) 171-177 and Butti n“*G““a‘
Kornberg, A, J. Biol. Chem 241 (1966) 5419-5427. Also known to the art

are DNA pol ynerases from t MaefgtitleTag pelmrsast flagher nus aquaticus 10
speci es. The use of thernostable enzynes to anplify existing nucleic acid
sequences in amounts that are |large conpared to the anount initially
present was TdegoesebedhvientiorUs dre68d,1d 9 [1dlS oﬂnﬁ%u]%(a%iol@gvd PuiSicdla8l§5the 88

ooy VAo S PSR e IELNIRD A e e i g
mar ket PCR rhaaviées ¢ aeﬂdpgubim withporrppgee P A pslqurmr ectlwtenwhateey

nucl eosi de thiRNASRRY $SenHaRERIRE HRehab S aRY cﬁﬁdé‘@%étﬁ@ﬁ%%%d&@@ﬂ&“ ons,
and poI ynmer a ; are used in the PCR process, i nvol ves “denaturation of

target DNA, PAi%ati on of prinmers, and synthesis of conplenentary
strands by the polynerase. The extension product of each priner becones a

tenpl ate for.the ‘ﬁr oductl on of the.desired nucleic acid Eequenﬁg. The 20
patents di sl oedPHREasss from mesapliie PUCTQOERRRESEch as &-Pharntel kBpenenzyne,
then pol ymeo siseametrd, footexdrapladBedmat tesl., ¢viio) Cenatas 19500 181-4p7 abécause

neat will Nohuiflest Loy o%el?g'AY TRIERSCCREL Y1 TY %%{a"oé’!ﬁ\é%'m?rﬁp? %%qumqeat' ng

as it is the case 7n cess act ‘on the enzymatic
activity of the polare r{eNésle)lYmtfeﬁférfd?rng omnapthsles hecrhnustthatithrWS aAflateIusa gi ven

numbeyq of P@Be&éédfﬁ§use%fﬁﬁérm{aﬁf%eengﬁnw ttor}r{rlgslm &h&fugﬁﬂ&g@%&m@%qu%é@sw N

retain nore enzy rratlgactlwt th an%E rase . ]
t her most abi M fouRdpalas @req jospnmpedt Fﬁwungmgwdﬂémswt yosgteppribeddr a

pol yner ase WS 468855318 485,205, an@79s 3585, @%%kmedésmbé el ﬁ{to'cé%@ ANde
reconbi nant _expr essi tabl e a m)l ecul ar
o s s T e B 25 Btk DB oo
al so referr&tnbld @$arFegitt,1Gyrrgmg) market PCR reagents and publish PCR protocols.

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 TaqW'T) and
the use of that polymerase in PCR.




t he use ,of that polynerase in PCR | 2 T. aquaticus DNA polynerase is
especially preferred for use in PCR and ot her reconbi nant DNA techni ques,
e.g. due to its high rate of synthesis (capable of polynerizing about 75
nucl eoti des per second). Neverthel ess, there remains a need for
alternative thernostable polynerases Particul arly an enhanced
thernostability 5 of a DNA pol ynerase weul d be advantageous in the case
where a prolonged initial heat incubation precedes PCR An exanple for
such a casei s t he ab@ vation of ctivity of a

pol yner ase ha?tquﬁté‘gls ﬁ\ RASHCESF 11§ e?ﬁf&’iam'/é’ﬂe rﬁ"-d g?’défe o p@v@?‘%@ﬂ?@ bl ock
its enzynmat |recoa1dimamtt PN APadschhigukagrd.g/ , duehr 0 ighbidté by stgftha'ﬁeq l@Qnym?r ase

i S surpasse a ille the hal f. f
ouri 1 6d Ta%ﬁ*%flﬂw%ou?zggﬁfle%d R FROATE eyttt Sa e amain grpesiiy about
20 min in afeyplasdtiveshemniambid pelpmerasseBaftionlarlyiaghnByndcdrthBGRystabilier  DNA

pol ymeg ases $H%ﬁ§4%%} r%@ﬂh%@%g%ﬁv&%}c Bﬁ&g thPyc %C\%;e(i‘g% Is‘lgéc{ 1n|%(i)qhe

Cat al ogue No. 1664 I'S I Nncrease ymer ase 2:3% incr eased
thermal st abedtipgulgion piedsdesPER 4n @faﬂéﬁlééﬁéﬂch hsmie2s tﬂneatztnﬂa@ommﬁ@%rrpar ed

to Taq DNA pelyieiRsfvity bfa DRIA pbivherat thass.sthag él m&u
t enper at ure%ﬁﬁ%ll 02 1 ﬁ%ﬁﬁcrl beg ] tfﬂerrmstaagl e Do &Tg@gg%d?l fied

from Ther nu§™4doatie étsﬁ%zl‘}’%‘tc&été“% a 80 or 85 kDa degradat i on
product of the intact polynerase (nol ecular weight of 94 kDa) and is said

to have sub no 5' ucl ease act|V|t ., No .sequence data
i's pr\(;w dgd?%ﬁ]ctu iéfé.b gig @%@B& polgmerasg 1s ﬁ‘{rpﬁg%bﬁgg‘égkjﬁ Tin J.
Bi ol . 1Chem p@Bme(ramBQv)\/hﬁdzﬁe b8 lifet dvepurifdl BAGWT ,at BEC achlenitz@tinoniraad

expression Qifa Hﬂ@d %a?ﬂl&ﬁ”?ﬁ@%ﬁo&eﬁ'@ nfnL %‘ Eﬁ%{ﬁm%ac%%‘d%'m 4% (g coli

The cl oni ng o sion vectors co ence enco ng a Taq
DNA pol yrer é&'@”@f%ﬁn%@l‘ Pﬁ@leféAtméYmﬁltaéquuﬁhJ@S dfva Hé\]A PSlymadraseel femzyne i s

al so di scl opeghcobalsediomseBt Rathe RAYSoFRPN L efbéhm@%”h?&éasébspmcbh% No.
40169p (1989), on the

urificat 0 ymerase enzyne
from Ther rrugoaaﬁéﬁfeﬁ@%lthalﬁr%geda?&w@cm% %bﬁlwfe&éscﬁate@@hm B akDa. " No
sequettce datlaiCScauipnedl eI TR DNA PbEnizelsy RefasRalf BR hiethsl 5 &lin Have

reported in _Chem cal Abstract 85, No. 155559t (1976) on the
temperature.

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.

Lawver, 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 Taq 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.




puri fication of a thernpstable DNA pol ynmerase enzynme from Ther nus
aquaticus. 3 The nol ecul ar weight of this enzynme is reported to be 68 kDa
as determned by sucrose gradient centrifugation and 63 kDa as determ ned
by gel filtration. No sequence data is provided for this polynerase. US
5,616, 494 teaches an enzymatically active truncated fragment of Tag DNA 5
pol ymer ase whi ch excludes the N-terminal®-235 amino acid resi dues. The
purified enzynme is described to be fully active, hovﬁver haV|ngda rfﬁuced
rocessivity and . | acking 5'-exonucl ease activity. en conpared w
ﬁative Taq ‘BB??@%?&?%PtOﬁﬁpéeﬂﬁﬂ?%“bﬁPEN@@ﬁ%I ferdeasidemeiaed iry for

the del tionsheragngnididnd @afffigitRnaandERLEAPAI féteahined Hyeadtf188tod NRo
truncated formw.th an additi nag. N-L},erm nal 10 met hi oni ne was expressed
in E. coli. “US"E %g}%ﬁf@“&ﬁ%ﬁqr& BPOERNHtical Iy active truncated forns of

Tag DNA polynmerase with an N-term nal deletion of 271 and 272 ami no acids,
oNA pol yrer Aoe FEaR REcAES e R had i RERL L BRF FRRRN TP DR o e
wer e eXpr esPelymagase, whish extlides thiy Nuteraduiil t236 maninerecidi wridnes. dihe qulirifigd st ar t
codon fused hgat&&REINS bef BB ctiveShawd? ’}1§5%§ta61%9n§e%1 otc{:s?w&?taﬁg form
of Taq DNA polynerase (Exanple. |l IMAfh a nol ecdl ar wei ght o

appr oxi mat etr')af B KTROMEEFhEF il Yheacromaradirish neiivn (aa B A ralowerass ¢ he
Stoffel fragmepluhitWaSDNA gl gﬂa)!e ir?%?ﬁa@!;at%?ﬂ)raﬁi @elﬁ?@?rﬁgﬁlrﬁﬁﬂ % cggwéétggtsm t200f
N-t er m nal uenci. reveal ed tha e ncat e or m ar ose )

prot eol yti c%gl%eg{?gbgg]%‘é’f’\/\}éeéﬁu@'L}E}@tré‘ﬂﬁaté?@%.‘“g’m’é dditerrb N -89 ani no

aci dsl0 f r omnidulsiohirtearavienpressefl imBtdolie Tag DNA pol ymerase resulted in a fully
active DNA polynerase. The docunment further describes the construction of
a vector conprisin% a DNA encoding the truncated form that is the Stoffel
fragnent, an$ 2885aH Sadlicldsenanzymetialini adiventodicaigd sfams adddaq ONAg t he

vector, thepblyeabedth SPNMRAhiARLL UG 3 AAROL TR A5G0, R TRL Ul ar
wei ght of a rQX|nat§Iy 61 kDa was expressed in E. co |.1Jn t he present
text, the SOEPHBF 'Fidnanthe P@BWW@ﬁ@ﬂﬁﬂKwd&Eaﬁl@BF@3ﬂ?@d@%@ppdéGWBwosystens
under the naselvAmeyiihas ONMP PRLHERGRS Bhiofruf@kdd BriddvdPNApRlyaRs ase as
docunﬁpted bl.US 5 07%,%52 ls 30 Turther, referreg tg%aa TaqA289. US

5, 436.°149 t SALRAY AR GHTIRat PEEPPYInSEncoding STt speRp Tied seasl uaidiess DNA

frame.

US 5,079,352 teaches a truncated form of Tag 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 Taq 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 TagA289.

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

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




polynerase which, however, excludes the N-termnal 279 am no acid residues.
The -4 fragnent was expressed in E. coli with two additional codons

encodi ng a mnet hi oni e (start codon) and a glycine residue, fused to the
readi ng frame encoding the amno acid corresponding to native Taq DNA

pol ymerase residue 280. In the present text, fragnment of native Taq DNA
pol ynerase as docunented by US 5, 436, 149 (al so 5 known as Kl ent agl
comercially available from AB Peptides, Inc and also as AdvanTaq DNA

pol ymerase commercially avaj|able from dontech, Inc) is further referred
to as TaqA275ement wahsiRaeed ik oliith g addenanalsrdame gneasting @ metionls t o

survive repéaaecodsppand & glydink ERIeAfI4EE B B 8RAng FrBm¥icBWRhg tHieinshat e of
the art, thereg i ie t her nost apl e ol yner ase

is a desire for i.f : DNA " 10
that may be GSedHEPIT ?%?\Pené%ﬁgarﬁ%%g'ﬁf‘&’é’ CRETHEEN T et la bt RIAYDE BXFnpr ove
the results foigmeEnhed nehize Tagi DY Aapolysrerms taakloeubep dby D86, i1 @lsber
r econbk nant ni C eqguenci ot her processges of
t enpl a% e- del%g’n e%?@%&%&a??@ﬁlegyﬁ Hs\ﬂ‘g“t‘nﬁf"? ﬁeﬂg‘%hbég%f&tt@ﬁ’ylﬁérﬂ’gzag‘ﬁﬁsvi ty.
The i nvent orisivaaleq Bdtpppimeesy comumdciallatvadatile dgme Aloraéchn &t d)\vie fikier mus
aquaticus  15¢ENA pal MIBASRE Th agki Lgi 1,090,361 ds
(TagA288) posgesses aﬁgﬁncreasggﬂm?t%stggﬁﬁg& %b/}é%tﬁaag\?#, '%%gw% and
TagqA289. TheUrpressbsited arpame ontomrarantsef A¥ips to meet the need descri bed
above by providing TagA288, reconbi nant expression vectors encoding the
same or derivati veftther eo urificatign protocols for

|

f,, as Il . as !
TagA288. TheiVERT fnstale & the anss s ﬂ‘?sf@ fopya pyrifsdnihagnasitphe 8NAs wel |
as théduse ghlyfaaA23Baamdy bi mid:mhﬁ;bmifmﬂxeTW&esd cﬁlescﬂldilﬂi 498 anlhe
i nvention en . s _forn. the. sequenci ng o nucl ei c_aci
t enpl at e ané"(}1 ﬁg@’%ﬁﬁ‘g?‘?"gﬁ § ggrrt%ﬂefiﬁhﬁﬁ uﬁ”igaa?%&m%ﬁ%ql‘éb@aﬂégfﬂémﬁe1‘%\8f Ttate
under st andi mgcoatbindrg teahpdqites owch 2 I Abequentingemisothereprdedsicaed tdaplaw-  Ani no
acid identi fj.ga&deQ ; : -J Bt viations as well as the
25 singl e-1 ete?er ealp%lﬁg e‘tog]g)? Lial\h]n[? ﬁ%ﬁgglpojsl,g&ff@l%%% 2’[S(E)i%sngarti c acid, Ile l
| sol eucine, Thr T Threonine, Leu L Leucine, Ser S Serine, Tyr Y Tyrosine,

G u E G ut amhe idintors BRe: supheny kalnanhaes frfed? Pl Brerkius gﬁﬂicc%&i di ne,

Gy ycine,, L K Lysine, a, A Aanine, Arg R Arginine, S
Orbt ol he, “TRBN IRy BEBR a2V obisti By Gt ey 1R (RS
Met hi oni ne, pAssasshb As fiareyed eherivostabiling oaei thq® T,aT RAYH CaHdBTa RO 890FhE i on in
an am no aci i Ve its three-|letter. abbreviation.and a
nunber. As gﬁesgﬁtg&ng%?ont gr*egérfér{rierr}lgel? 0% [ﬁlgett(}hf ﬁSe‘géFS&”E 8%6@%‘/&13}’0?“}’( Pge Taq
DNA TaqA288, 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, GIn 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 Taq DNA




-5 polynerase of SEQ ID NO 2, "G u7" denotes the Gutam c acid residue at
amno acid position 7. The terns "cell"”, "cell line", and "cell culture"
can be used interchangeably and all such designations include progeny.
Thus, the words "transformants” or 5 "transfornmed cells" include the
primary transforned cell and cultures derived from that cell w thout
regard to the nunber of transfers. Al -progeny may not be precisely
identical in DNA content, due to deliberate or inadvertent mnutations.

Mut ant progeny t hat nctional.it s screened for in the
originally pp éﬂﬁ?s&‘#g %%Lﬁ?\@?e 9[‘#I Lﬂtﬂﬂ‘ateF ﬁhet %fﬂélt%fei‘clarﬁ Festiugrat amino

t r ansf or mantsid pbéitibhe. t erm "control sequences” refers to DNA sequences
necessary for the expression of an operably |inked coding sequence in a
particul ar host cell. The control sequences that are suitable for
procar yot es The G)frrrréxamhm ecell lined”uated Ecefrcolioted can bopsddomadrtlyangratdp enditldr
sequence, [ t [ »
Eucaryot | o a1 o argeitull AuRt, FrosBh BIS) dhl WoRR SREORERARR or i,
15 and enhangenrsormaseceller inrtuds prospriman tEynsfasmed celf an OﬂeHBN#TQQ desme es

cont ai ni ng ehaAleslr REhs@didiard %@QH@%@%MQM@& ARGYBPERS H&EBebl e
| i nkage, so tha%vggsts ira sformed w ese sequence are apabl e of

produci ng t REE ERIG & &S . COngEnds ﬂé'éeclto ehbgsdte g maed watent WéUtéR%'?Sesm on
syst em may b@tamﬂ)xld)@ady that hawleeﬂiecsﬁmeffﬁmuﬁfahtytd%%cre%ﬂed firaMant obBialipy al so

be integrat host 0 ene" refers to a DNA
sequence thﬁ?“%@ﬁ%?.%@é“%gﬁ rSﬂlnﬁECFﬁaﬁﬁﬁ(ﬁ§gﬁgéﬁgegsnecessary for the
production of a recoverabl e bioactive pol ypeptide or precursor. The

pol ypgpti detTﬁ@-EErHP“c%H&Bf’?egquYce? lfep%l‘é to BRALD &é?u%ﬂ%a%ﬁ&?%lcﬁm%&?%\ésm@”y

portion of e codin ence so long as the enz

ret ai ned. 28f FReoRP®R (Ebﬁgﬁﬁﬂ@pérd@ﬁephﬂﬁnégdﬂﬁanmﬂ"6ber@bmvﬂI|nked"
refer to th ?eqlul@ﬂé‘és tihgn 'aﬁg s@f&alﬂ@' FoiC ALY RRAYSN @ﬁarﬁﬂg hiddiale §BohRMer,
sequences Wi |

ction to drive expression o protei n encoded’ by the
codi ng sequeRdenalynify OPaf%dewe“%eueEeejm%&é@ddag VITES ARG POsHBlYc BHEF ol
sequences r efquescds Eab@nt icllraat kaswibet iR prometeqonddS8UIRACEMmalan be
expr ed un@eglghe direction of a control sequence. -6 The tern1"non ionic
pol yneri c detergents > refers to surface-active agents that have no ionic
charge and that are characterized for purposes of this invention, by an

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.




ability to stabilize TagA288 at a pH range of from about 3.5 to about 9.5,
preferably from4to8.5. 5 The term "oligonucl eotide" as used herein is
defined as a nol ecul e conprised of two or nore deoxyribonucl eoti des or

ri bonucl eoti des, preferably nore than three, and usually nore than ten.
The exact size will depend on many factors, which in turn depends on the
ultimate function or use of the ollgonuéreotlde The ol igonucl eoti de may
be derived synthetically or by cloning. 10 The term' priner" as used herein

refers to a oI| OQUC|eOtIdethIC2@IS cap ab%e of acting poi nt of
initiation 9&? hRST-LORRBRYBICHE FdPtrgas- i%"'@\,ﬁgf‘@ﬁs thﬁ? Parer
ext ensi on i s10i joinfd etaege arkh tl@dtlage)mhaiaet@tlmieforgfmﬁ@sres offelyis G €dmkionabyhal |y, as

h I I h f
n oo siged i onagsl o ie et oltetlciy, Sypiests o

is initiat edrqnm416815he presence of four different nucleoside triphosphates
and a thernostable polynerase enzyne in an appropriate buffer at a
suitable tenperature., A "buffer" includes cofactors (such as dival ent

metal 7 ons) lasdednl pligamiciposde des vied eppinapdefned asi pnicdecste emypiived @dj ust ed

to the desiiRd Rithor® Rk onuglesiidg! & r%dn%@gggdés re@éﬁlgﬁgfﬁergftﬁ%rfﬂ'ﬁggy in

anplification, but may O alternatively b o
doubl e- st raﬁaédlsuilbremﬁf‘i A iFs. Fho giact figapatd %anééﬁlamﬂé faqterssvhishds before

blei ngdused tornprdepaids et eies ubimfe offmetisn dih@sPrdfMie b;ﬁgodllﬁlh%ltlhf Jhe
ol i godeoxyr i ponucl r icientlTy long to prine
t he synt hesPBg% U ?Sﬁgff%? ﬁBgfﬁcsthtl?eﬁw?heorgryég%ﬂ% of the pol ymerase

enzynme. The exact |l ength of a prinmer will depend on many factors, such as

sour cgy of pri @ﬁsmaﬂgrg%%rfg Sieh hQ?ﬁ% rr&?n @ oh§ %g%o%gfe @é g&%@%@ur must

be adj usted epend| rimer nsure
proper anneaftitgasof peint @é!ﬂltlﬁl‘;tlbﬁfbfimt sis VMpaﬁﬁ@hEdgmdnr t@dlb@mhewhltly of t he

target sequepgfr ei’-ﬂzngbhg?ﬁﬁﬁit@@t/kﬂj%liﬁﬂdﬁ%ﬁmdé y}?’l&@”' Hhaf leﬂﬁ.lr!rﬁy L9
nucl eoti des. Short grl mer . nol_ecul es gener al equire | ower terrper atur es

to form suf i &iPssiiey refrgien é’@ﬁ%l%)@éspf\ﬂﬁtlﬁdt%’ﬁﬁeﬁ@@y Sothesiy ofnae pripgr
sel ect ed t oehens) Smllpséc&fﬂ meidhyis coORTAMEBERRALA0Ya heléc %Elﬂadﬂﬁn@fls ﬁﬁﬁ@t‘ea'lﬁ

sequepce of ;the te nmu e suffici entI | ementary to
hybri di ze Wit péeseg%p gt@%t&ﬁq&nfo‘?u ‘?‘isﬁé rphshattsont W?St@qﬁri ner
sequence - 7pnedrpetenzehé achn appropxiatt biséguenceitafle ttdiﬁpdreumpd: A Ebuffer

AT e DM OTRLEIEALA ¥ AYALRThEGGRGAMTRN (TR Bl FNSSHLE 1he ®

1on1c strength), adjusted to the desired pH.

A primer is single-stranded for maximum efficiency in amplification, but may
20 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
25 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.

30 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




wi t,h the remai nder of the prinmer sequence being substantially conpl enentary
to the strand. Non-conpl enentary bases or | onger seqguences can be
interspersed into 5 the priner, provided that the prinmer sequence has
sufficient conplenentarity with the sequence of the tenplate to hybridize
and thereby forma tenplate primer conplex for synthesis of the extension
product of the priner. The terns "restri‘cti on endonucl eases" and
"restriction enzynmes" refer to bacterial enzymes which cut doubl e-stranded
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for DNA pol ynerase activity uses a i gonucleotide of which the 20
term nal sequences are G+C rich and capabl e of hybridizing with each other.
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i.e. TagA288.

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,




praoviding the 5 single-stranded overhang, a nucleotide or nucl eotide

anal ogue 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 position about 10 nucleotides fromthe fluorophore-|abeled first
position there is an adenine. Instead of dTTP, the reaction m xture
contains | abeled dUTP or a m xture of |-&beled and unl abel ed dUTP; dUTP is
capabl e of bei ng i ncorporat ed into the opposite strand to pair with said
adeni ne. fer , the | abel | nd t dUTP is LightCycler - Red 10 640 as
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measured in I sate before fter heat |nc bation at 97C for 35
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activity Of claghAiclactifiag ARBOrst arﬁﬂ(ﬂle'ﬁaﬁﬁalﬂnem blegdhe ased groxinasswhigrn 50%
505 Tagnosd Pyt RS ARePUrHy rBelE Ruf et ST BB oan R Taqu
retaining a@uqawrtesl tbeqwﬁnﬁ’m%lé}hﬁfabmgt hglﬁ%f b ndetiond raxsitatiohagA?d8ngh pr essed
with a tern ﬁJTf%Tr LBRis A%, het l%mgh@y AR 6t1$_ 30 Pe ﬁggegh 3% and

about . 80% Ing the sanme FRET act assa
conpated asat 31@3 pEMsSnewa welengi of ilighdCrdR ﬁ‘éih umngtauﬂaorlmtdroﬁﬁg heat

i ncubation gkill@B&rthset is3RellMware LA prigtidlN etk initi¥stREhWRE R g@ﬂlrﬂfv 10% and
about 15% ng ontrast, TaqA288 reFal ned activity between about 30% and

about 35% ing the same FRET activity assay, TagW, TagA279 and
TaqA288 were conpared as purified enzynes in a stabilized preparation,

that is a Smfn%gﬁle%g'legssay the inventors compared TagWT, TagA289, TagA279, and
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%, TagA289 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, TaqWT and TaqA288 were compared as

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




cont ai ni,ng 50% gl ycerol. TagW, TaqA279 and TagA288 were kept in the sanme
storage buffer. Follow ng heat incubation at 98C for 30 m n, TagW retai ned
5 activity between about 40% and about 50% TagA279 retained activity

bet ween about 80% and about 100% TagA288 retained activity between about
90% and about 100% Thernostability of TagA288 with and w t hout N-term nal
met hi oni ne was i ndistinguishable. 10 A%irst enbodi ment of the invention
is a pol ypeptide with DNA pol ynerase act|V|ty, characterized in that the
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encodi ng 20 ghbet p}pjo/y,peptl de. A functional open reading frame requires a
start codon encoding an N-term nal nethionine residue. Therefore, in
anot her enbodi nent of the invention the am no acid sequence of the
pol ypept i de T&ddhbi;t@lﬁi}il:}i Yofh@TaqaT88Nwithe rafdn alithoet VaBint@ar esédimindnaler abl y,
the am no agj 5%5512 of the polypeptide is the am no acid sequence of

SEQ I D NG 4! ‘St“%%‘ s5ent docunent 25 the pol ypeptides of both SEQ ID
NO 2 and SEQID NO 4 are referred to as TagA288. Preferably, the
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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 enzyme, that is Taq DNA polymerase with the original amino acid
sequence (TaqWT) according to Seq ID No:7. 1t 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),




Anot her .enbodi ment of the invention is a nucleotide sequence encoding a

pol ypeptide according to the invention. Those of skill in the art recognize
that a 5 pol ypeptide with DNA pol ynerase activity and increased
thernostability according to the invention is nost easily constructed by
reconmbi nant DNA techniques. In a preferred enbodi nent of the invention the
nucl eoti de sequence is the nucl eotide - ¥equence of SEQID NOI or SEQID
NO 3. Also, the skilled artisan is aware of silent codon changes (i.e. the

amno acid .10, e t hat can be introduced in the

nucl eot i de g@&%@% g%QgEG%F @H@ §¥”@§}Fétbe epfotheappitalilityahe aci d
resi dues ofc®mpm@dhyﬂ&ﬂﬁhd@ and mhlch do not affect the sequence of the
pol ypeptide. Such changes may lead to an optim zed nucl eoti de sequence and
may in a transfornmed host cell such as an E. coli <cell or in a cell-free
expressi on gysthem svcddiagnt hd teuseeation ricreaseldopdodaqidnon etodingt he

pol ypepti de Vi her |nlzed nucl eot i
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To const r uctequbgccafSEEEIS) HO: VELSED IDANONA i s obtai ned that encodes the

pol ypeptide w th DNA pol ynmerase activity according to the invention or a
fusion of the polypeptide to an additional sequence that does not destroy
activity or Also, ame slatled tartimaal is mmermtfeilerhteaﬂmhl ehamgee (1.« ahé raphihedacid

condi {j ons e ve an activ rotein.
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to the invention. The vect is used ansformaS|t cell, and
the transf oPREMZdackeey e%eguer@eaeﬁmw@a t@ﬁéféfmé‘bh@ﬁtFﬁlb%hs?ﬁﬁvébF@Ifor

expr essi on ofll rhe ar&ﬂql"é%leﬁtpf&m&@b))é&@rﬁ)m&eas%é EadobNin RRYMIRT pRRIueGsh ¥fty. The
vect can ﬁ} ‘§ gﬁd to{%ﬁg ate -11 a%}ﬁnonousléiln t he. host cell or to
i nt eglrSat e i RIEPYREPET AcHOLURRIe SRS tqme Othgoaptrmpsd npclepidsiseanecror egoi ng
steps can beu@dng 2 rpodypepridee vy tiod imaydon kat texelpined Hyhintroducing 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




desi red ,codi ng sequence may be obtained fromgenom c fragnents and used 5
directly in appropriate hosts. The construction for expression vectors
operable in a variety of hosts is made using appropriate replicons and
control sequences, as set forth generally below Construction of suitable
vectors containing the desired coding and control sequences enpl oys
standard ligation and restriction technllques that are well understood in
the art. Isolated plasnids DNA sequences or 10 synthesi zed

ol i gonucl eot i des ar ied, and.religated in t orm _desired.
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t hat hybri d\g,z@ﬁplmeumetolm probe are then cultured and serve as a reservoir
of the nodif DNA. The person skilled in the art is also aware of
expression vectors that allow the 30 construction by reconbi nant neans of
fusi on pol yEexpp@rd@s:s o€ oftt@ ok REdiag Sequratdsabat g it §Hqﬂ@nde&ﬁodlﬁéatlons a
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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




on netal.-chelating resins. An exanple therefor is the Q Aexpress
purification systemfrom Q agen. The sane conpany provi des an expression
vector (pQE) that 5 can be used to produce polyhistidine-tagged fusion
pol ypeptides. The histidine tag is, however, not necessarily desired as
being part of the purified pol ypeptlde W|th DNA activity. To this end, an
addi ti onal sequence providing a proteale cl eavage site can be |nserted
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exanple is a e Vi avag e.for 10 factor X pr.otease.
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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 mammualian 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.




be wused. .0 practice the present invention. However, mcrobial strains other
than E. coli can also be used, such as bacilli, for exanple Bacillus
subtilis, various species of 5 Pseudononas, and ot her bacterial strains,

for reconbi nant expression of the thernostable DNA pol ynmerases of the
present invention. In such procaryotic systens, plasm d vectors that
contain replication sites and control séfjuences derived fromthe host or a
species conpatible with the host are typically used. In addition to

bacteria, eukaryotic mcrobe uch east al so be us s .10
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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 yeast-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.




preci pitati on nethod of G aham and van der Eb, Virology 52 (1978) 546 is
preferred. Transformations into yeast are carried out according to the

nmet hod of 5 van Solingen, P., and Plaat, J.B., J. Bact. 130 (1977) 946-947
and Hsiao, C L., and Carbon, J., Proc. Natl. Acad. Sci. USA 76 (1979)
3829-3833. Anot her enbodiment of the invention is a method for produci ng a
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transformed eJIcEpressell n gt%{Jl l§ 3) lgavprgge&%rfgsmn 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 cuiture of transformed E. coli cells is to prepare a




- 15 lysate of the cells. One way to prepare a |ysate is by suspending the
cells in alysate buffer and treating the cells with ultrasound. The DNA
present in the lysate is digested with a DNase, preferred is DNase |. E
coli proteins are subsequently degraded by way of heat denaturation (30
mn, 72C preferred) and can be 5 separated fromthe |ysate by
centrifugation. Followi ng centrifugatiol,-the cleared supernatant is

chr omat ographed using a Ni -NTA Superflow colum (Q agen Catal ogue No.
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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 TagA288 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




range of. approxi mately 100 to 250,000 daltons, preferably about 4,000 to
200,000 daltons, and stabilize the enzyne at a pH of fromabout 3.5 to
about 9.5, preferably -16 fromabout 4 to 8.5. Exanples of such detergents
i ncl ude those specified on pages 295-298 of McCutcheon's Emulsifiers &
Detergents, North American edition (1983), published by the MCutcheon

Di vi si on of MC Publishing Co., 175 Rockl®Road, @ en Rock, NJ (USA). 5
Preferably, the detergents are selected fromthe group conprising
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(20) sor bi t Readuhleh Rockt™ fisdm | CI Americas Inc., WImngton, DE, and

| conol NP-40, an ethoxylated al kyl phenol (nonyl) from BASF Wandotte
Corp., Parsippany, NJ. Another enbodiment of the invention is a stabilized
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strand of tR&SHMMeangoid CGoap-gRarsipamey-™Ne priners are extended by the action
of a DNA polynerase. Specificity of 25 anplification depends on the
specificity  of 1%ri mag ybri d%zl%ti on. ,Pri,nersb;lr,e sel ected to be,
conpl ement af\POHET GROABERGAL 1A 1YeRESR Mo Aebai4Fd i FePH Al FEBWTISEC N r i ng
at the 3' epdlypéptehcitcsidigne dfe henticar @ed baffed eirtaiatigtoreauanee noknder the
el evajed tenperatures.used in aj typical P he i . hybridize only to
t he fsﬁt endleng’[ciq ‘target ensceéﬁtggg%t.s' T r\i}érlay: t}é%iuﬁtf‘i 85?5%?@&8%?6@%&?% es are
typi cal |y 36omsgerbmpdnetts sdened Eapethaigunm, consistindefl gycertle KO8 ey HOUr e
needed to | B4Ry droxymethyl)-aminomethanehydrochloride), EDTA (ethylenediamine-
tetraacetic acid disodium salt), Tween 20, and dithio-threitol (DTT). More
preferred is a stabilized preparation consisting of 63% (weight by volume) glvcerol,
20 100 mM KCl, 20 mM Tris/HCl pH 8.5, 0,1 mM EDTA, 0.5% (volume by volume)

Tween 20, L 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




priJsrer hybridization specificity. Under such |less stringent conditions, the
primers may bind non-specifically to other only partially conplenentary
nucleic acid sequences (or even to other prinmers) and initiate the

synt hesis of undesired - 17 extension products, which can be anplified
along with the target sequence. Anplification of the non-specific priner
ext ensi on products can conpete with amnglification of the desired target
sequences and can significantly decrease the efficiency of the

anpllflcatl of the desired. seque caus by non 5 specific
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reaction m K4Pe1EdnE8 support primer extension durlng the tine that the
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frequent feature | ho start" ot Qco nerase activity is
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al dehyde suBSRCHRN MGHHE ‘Eiéﬁ%%lPPEgs’s?éH{l?Ta?lXFGy'Sl@ar%F@Béhe iimgchdtyhg TE‘@ﬁUQ)’f t he

enzyne at amdrdetidnstdRMRRLASUE g&cifﬁgaﬁﬁurel\ysﬂdmmém recovery of enzymatic
activity at tenperatures above 50 The patents EP 0 771 870 and US

6, 479, 264 descri be the reversible inactivation of thernostabl e DNA
pol yner ase B5auﬁmm@naféku&rboXMMinaﬁcqﬂommﬂydﬂkdBNAU§oﬁn%E&eZﬁ&vﬁﬁ%;US
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t her npost abl e enz reag en {61 ' nclude
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anhydri de, &;eﬁnemr}h&afﬁe@w&r o %erés@cﬂha% ﬁecoﬂb%w LB Bief i R0BYESA gf:
exo-ci s- 3, 6- ehgoxo elta 4-te hydr op
polymerase for a certam perlod of tlme at clevated 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 (771 870 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




30 .anhydri de; and 3, 4,5, 6-tetrahvdropht halic anhydride. Accordingly,
citraconic anhydride and cis-aconitic anhydride are preferred for the
preparation of reversibly blocked DNA pol ynerases for use in PCR
anplifications. The reversibly inactivated enzynme is the result of a

chem cal nodification of the protein which inactivates the enzyne. The
activity of the inactivated enzynme is ridcovered by an incubation of the -18
reaction m xture at an eIevated tenperature prior to, or as part of, the
anplification .reaction. ? i.n anot her preferred enbodi nent  of t he

i nventi on, f%étl%mﬁéb@ﬁt&é evaf@éé%rap?fgﬂ{r%Pflﬁrewp%wt phathereprdificpgon

coval ently gQupbredHue, 1@ E@}@fﬂl@ Béfe@ecpaﬂabsdﬂient bﬁt&fénﬁv@ithénb{}féqjﬁh&& tihe DNA
pol yner ase actuylt%hﬁ} F gﬂgtlde coupl.ed 5 coval ntI%ﬂto sai d
bol ypept | deacPiding o fearpieal B BoR 1o REDE g 14 40y fPbm t he
group con5|sﬂrngﬂpbkkmmgahtD&bbpbbnamhydtnﬂq,oﬂ&&;@h@mﬁﬁ@ﬂhhemc@mﬁmﬂrlde
(c) 2,:3-di l, ei d | ndoxo- del,t
tetrahydrogﬁ%ﬁgpﬂgtgnlgggyﬁgglggth %1§¥§m- d%h tgﬁ‘ﬁ éanﬁaff%e%ﬁ%ydrlde.
Anot her pr efreny € gt gppesiingoff @héﬂwnm@nmmbnhmkfébbuameNZednbﬂhpkratlon

10 conprisipg a P@Jd)'xﬂ@lﬂ)i Arfiei¥ t hyp 1cPeD| yf’(ﬁﬁ as%)(@(\ds' 3’{) te){d?)\wﬁélﬁaby khe

pol ypeptide i s cova y coupl ed reversibly
bl ocki ng t hE&t mBEﬁVh@?W@‘é‘éﬂr\ﬁ @3 6f~"= abmryﬁgﬁw ligenhdedecoupl ed

covalently to said polypeptide. It is nore preferred that the conpound IS
selected fr m r pup .consi t|n citraconic hydri de,
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t et rahydr opfit ther.preferre the

i nvent on |§ %RTIS ea ?%Ylgl(%ddt% a G'qpo%gg é}%ablg cﬁf revers% J %Pocg {&?15 tf’h DNA
pol yner ase Relyingrasy actimie rOéldy»’ H%@epbﬂypfépm F@Hﬂt‘d @Vl@b?uﬂ}d tmylépolantptbhdy

capabl e of [igygf.$é P}eYerFﬂdot@lE! ﬂ'lg cBhﬁaoDM@QleﬂE@rf?cﬁﬁt 1‘0\5 Ynqlirdf oft Be
pol ypepti de when e acti |ty can

pept i
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polynera nz to . h b|t t he DNA pol ynerase activity. Pr e- m xi ng
of DNA poly?ﬁgpﬁﬁgpﬁgﬁa dFymer ase- speci fic antibodies results in the

formation of an antibody 25 pol ynerase conplex. Under these conditions

lovated ¢ oyerny e EPHELE SORmat G YRy Aflo b BBl E SRS E s
rel easing tfenDNNDaPpHDeRdds wmwd@&mmw acthtv, whereby the polypeptide

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 Tag DNA polymerase are known in the art and described, for example, in

US 5,338,671. Preferably, the monoclonal antibodies against Tag DNA polymerase
are TP4-92 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




function.in DNA synthesis during the PCR Preferably, the antibody is a
nonocl onal anti body agai nst Tag DNA pol ynerase. Monocl onal anti bodi es

agai nst 30 Tagq DNA pol ynerase are known in the art and described, for
exanple, in US 5,338,671. Preferably, the nonoclonal antibodies against
Tagq DNA polynerase are TP4-9.2 and TP1-12.2, obtainable from hybridomas
deposited with the Anerican Type Cul tut®- Collection (ATCC), and designated
by ATCC Accession Nunbers HB11807 and HB11127, respectively. Preferred
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bl ockdthg t h§5 95°C thus releasing active polymerase.

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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DNA pol ynerase activity of the pol ypepti de when bi ndi ng said pol ypeptide,
or a stabilized preparation according to the invention, for producing
primer extension products. Priner extension products are produced, e.g.,
when perform ng PCR or a sequencing reaction using the Sanger nethod. Thus
preferred is the use according 30 to the invention for sequencing a nucleic
acid tenplate. Also preferred is the us@0-according to the invention for
anplifying a target nucleic acid. Another exanple for priner extension is
nick translatjon. The skilled artisan is aware of a nunber of other

exanpl es i | 1'%k r BNAn goleeraser AsthAOderordige pioi ey inveneinsi on apipoghucatsn  The
invention encemamgese fheduci ng priner extension products using a

pol ypeptide -20 w th DNA pol ynmerase activity according to the invention or
a preparation containing the sane. Another enbodi nent of the invention is
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it contaj st lution o ncentration of, e.g.

25 mM  Anot IIIgar B?“ Sgar %Il q‘% KiT B rséb%%gé?ﬂ?daﬁgﬁ P& Yé‘i‘ﬁiaseISCtIy@?é ghdde

purified watddittapalhddNgP mhxe optiomdllyreidc HUTR inakadret dANRIIYER Qﬁ‘é&@dldﬂent of

the 'nVent'QHdH%rﬁNﬁE§b9dA58ﬂm Q?% SR gt %5 %ﬂ;nu(xﬁbﬁguac

sanpl e, conprising cOont ac sard
anmplificati 65315@5%”%01%1%&% ez%@lM ahmither ‘aeqblolfihlwkltb?mﬁoetmmﬁ aeryletandsal d

targets nuclpeiRcgradt fuafich RaBPlyARRRG e SElAEL GHvAILAM the group consisting
of (i) a 20 polypeptlde according to the invention, (ii) a polypeptide

according to the invention covalently coupled to a conpound capable of
reversibly Binochdr rtgﬂ:tdalﬁneﬂ\bﬁf t}h@lny\rmhaﬁes aeddiNdd %ermﬁlﬂﬁnQQItX&%PthIac‘me”

| ed I tid d al.y I de accordln
fgufh: I (r:l\?\e/{r%It:llﬁnglj %0 comn{pleergo?Ipe Istegé O?Q I:I)llltlactlr?g sald sampﬁe with an g

ampllﬁcatlon reactlon mixture containing a primer 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-



ant,i body. capabl e of reversibly bl ocking the DNA pol ynerase activity of the
25 pol ypepti de when bi ndi ng said pol ypeptide, (b) optionally rel easing

bl ocked DNA pol ynerase activity by heat treatnent, (c) annealing in the
resulting mxture of step (a) said prinmer to said target nucleic acid, (d)
anplifying the target nucleic acid by incubating after step (b) the
mxture to allow fornmation of priner ex2knsion products. 30 For ease of

di scussion, the protocol set forth bel ow assunes that the specific

sequence to be ified s co ai ned i n. a doubl e-str nded n cl.ei c acid.
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conpl ement ardpubler diriatd¢dampbficatios nrmsadmtmlﬁedd&ﬂomn primers can be used for
this purpose), and the succeeding steps proceed as in the double-stranded
anplification process described below. 5 Thus, an exenplary anplification
procesd conpiigedn exemelespamptificatian I@@msaépmlseseﬁ@kﬁtm@feﬁﬁ apitettiogr and
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at an to svnthe51ze, for each different sequence belng amphﬁed an extensmn product of
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 ternplates
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 (¢) 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.




ef f.ective tenperature to separate the priner extension products fromthe
tenpl ates on which they were synthesized to produce single-stranded

nol ecul es but not so 25 high as to denature irreversibly the enzyne; (e)
cooling the m xture fromstep (d) for an effective tine and to an
effective tenperature to pronote hybridization of a priner to each of the
si ngl e-stranded nol ecul es produced in s&p (d); and (f) maintaining the
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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.

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 emploved as can



20 .reactd on. The product of the chain reaction will be a discrete nucleic
acid duplex wth termni corresponding to the 5 ends of the specific
prinmers enpl oyed. 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 to2be anplified can 25 be obt ai ned
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useful not onty uci ng large ano one specific nucleic acid
sequence but also for anplifying sinultaneously nore than one different

speci fic nuekgh&s a8dyda 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




sequence | ocated on the sanme or different nucleic acid nolecules. Priners
play a key role in the PCR process. The word "priner" as used in 20
describing the anplification process can refer to nore than one priner,
particularly in the case where there is sone anbiguity in the information
regarding the term nal sequence(s) of the fragnent to be anplified or
where one enpl oys the degenerate prinmeg4process described in WO 91105753.
For instance, in the case where a nucleic acid sequence is inferred from
protein sequence infornmation, a collection of 25 priners containing
sequences r gBHBYEm ReCHic fopdisicdrd ersdidis nustiiaedidnequsasedn dhis megener acy
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collection will be sufficiently honblogous with a portion of tHe ‘desired
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mmIHicmiO@.%s% ofggrprsthm are conpl enmentary to internal
sequences (i“U4ze gbhﬁéﬁ@ ‘4%t are not on the ends) of the sequence to be
anplified. Such priners can be added at any stage and will provide a
shorter anply.fJ fr n rhatihyel y... .onger fragnment. can .be
o op ol by &S aldr ARTE Ly (18 SHIE Y St Ral IRl AURA RSB
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i ntroducing .an, i nvi.tro tation. In further cycles, this tati Il be
anpl i fied witRSnTIRAITS hreHad ‘éfrF‘ﬁ‘Efeginbl}e 05858 O ipaking ' altered DNA'

sequence as described above could 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.




funther .mspaired primng is required. The process of naking an altered DNA
sequence as descri bed above could be repeated on the altered DNA using
different priners to induce further sequence changes. In this way, a
series of nutated 20 sequences can gradually be produced wherein each new
addition to the series differs fromthe last in a mnor way, but fromthe
original DNA source sequence in an inekéasingly major way. Because the
priner can contain as part of its sequence a non-conplenentary sequence,
provided tha (tS a suffi |ent amount of the prinmer contains a sequence that 25
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using a sinple tech nlque - gonucl eot | ared using
any suit abl & biglogial 5%‘0‘%9’(5‘6@ asfad?Strlétk%mﬁl@nuFlﬁéﬁepllﬂﬁfét@hot ri ester and
phosphodi est er nmet hods descri bed above, or automated enbodi nents thereof.

I n one such utomat S%Hltnbodl ment et hyl phosphoram dites are used as

starting mat ?l"%ﬁtger @éﬂnﬁéag‘:ﬁ/ﬂﬁqebf"fé‘@r deg ey loa ML eHPUHEiRe et
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what pri mer s;; gﬁgsﬂ-l'ﬁ?eg’ arﬂpvﬁ@ég& a%ﬁ)%ﬂgleﬁg@é: gr:i'efrgn st l%raﬁlelrgg%lﬁg 3{1: D g 1

tenplate for PCR'to occur I C nuc acl uerice |s
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different n hosphat es an onucl eot i de primers for
each speci f |Cﬁéﬁg "g %T'LIE: aghok}@hv@h% rl!)‘éﬁl‘%‘?\é\‘ﬁéﬁlﬁ’fq’%tl"éﬁ%‘r algpbeasedin e  pe
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triphosphat e%m% € ofuun"f( 1.~1¥1 sgél-lrelzr)]ces, %:P?p 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 ! to
20 pM may be preferred for some applications, such as DNA sequencing 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
occuss 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




dGIP, and dTTP, although various nucl eotide derivatives can also be used in
the process. For exanple, when using PCR for the detection of a known
sequence in a sanple of unknown sequences, dTTP is often replaced by dUTP
in order to reduce contam nation between sanples as taught in WO 91105210.
20 The concentration of nucl eoside triphosphates can vary w dely.

Typically, the concentration is 50 to-30 aM of each dNTP in the buffer
for anplification, and MJCI2 is present in the buffer in an amunt of 1 to
3 MMto activate the polynerase and increase the s eCIfICItY of the
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buffered aquedﬁs IRt éﬂ%?&ﬂf@fﬁf pH of 7 to 9, nost preferably 30
about 8. To facilitate synthesis, a nolar excess of the two oligonucleotide
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the reacti ofn MeadiHl fel GedabdinkQa@l 18 LRIARIAIM FribRAhyBEEIRGS Shorter
hybri di zati on, of the p |neryéo its conplenmentary target (tenpl ate)

sequence. S&EH“?%H%@PS‘HW%}f ngRaERIeMpPeratBifabout 35C to 65C or nore,
preferably about 37C to 60C for an effective tine, generally froma few

seconcs L, SYS, B, MEL LAY Lo O 0 SEsends o ope ey 8
nucl eot i des addingang@ypeptide with DNA polymerase activity according to the invention in
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



1.5 in l.ength are used to increase the specificity of primer hybridization.
Shorter prinmers require |ower hybridization tenperatures. The conpl enent
to the original single-stranded nucleic acids can be synthesized by adding
a pol ypeptide with DNA pol ynerase activity according to the invention in
the presence of the appropriate buffer, _ dNTPs, and one or nore

ol i gonucl eotide 20 priners. If an appropriate single priner is added, the
priner extension product will be conplenentary to the single-stranded
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t echni ques usi ecA are reV|e din
Genet i gsl 6 gg)orc é%gC or more, depending on reagents, preferably 37°C to 60°C. The

20 hybridization temperature is maintained for an effective time, generally a few
seconds to minutes, and preferably 10 seconds to I 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




(1982) 405-437. The denaturation produces two separated conpl enentary
strands 15 of equal or unequal length. If the double-stranded nucleic acid
is denatured by heat, the reaction mxture is allowed to cool to a
tenperature that pronotes hybridization of each priner to the

conpl enmentary target (tenplate) sequence. This tenperature is usually from
about 35C to 65C or nore, depending on?§eagents, preferably 37C to 60C.
The 20 hybridi zation tenperature is nmaintained for an effective tineg,
generally a few seconds to_mnutes, and preferably 10 seconds to 1 mnute.
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ranges from about 40C to 80C, preferably 50C to 75C. The tenperature nore

preferably ranges from about 65C to 75C for the 10 pol ypepti de with DNA
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for this syRLpeg!se.A8a MANIG Hham ks, 49 sggc%gélggs sttegs of %fl%ra%llpliﬁcation
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

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
1s 50°C to 70°C,




m nut es .or nore, depending mainly on the tenperature, the length of the
nucleic acid, the enzyne, and the conplexity of the nucleic acid m xture.
The extension tine is usually about 30 seconds to a few mnutes. |If the
nucleic acid is longer, a 15 longer time period is generally required for
conpl enmentary strand synthesis. The newl y synthesized strand and the

conpl enent nucleic acid strand form a -doubl e-stranded nol ecule that is
used in the succeeding steps of the anplification process. In the next
step, the st s of thg bl e-stranded mpl ecul e %re separated by heat
denaturatio gaq%ﬁg af‘lﬂt‘f’é‘gaﬁﬂpﬁ‘ drvalved i e crele v plEanfb igRATREOhe 20
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the natur o SToTRet St SR Bt find Aike dorbert BRRkertRLRSRT he sanpl e
and the sensitivity of the detection process used after anplification. For
e e, Se0e] LA o 15651 S B 2 B SERLSRAT 1
high. If t h@egcb aédizcg aﬁercgwpqnet;@l rfidditigme pr0v1ded that 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
ternperature 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




of .nucleic acids and the initial target concentration is |low, nore cycles
will be required to anplify the signal sufficiently for detection. For
general anplification and detection, the process is repeated about 15
times. When anplification is used to generate sequences to be detected

wi th | abel ed sequence-specific probes and when 15 human genom c DNA is the
target of anplification, the process is3¥epeated 15 to 30 times to anplify
t he sequence sufficiently so that a clearly detectable signal is produced,

i.e., so that back n 0i.s doeﬁ erfere with detection. No
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Wthh is used to amplify 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 nudeic 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




10 .bl unt.-end ligation, or use of restriction enzynes to cleave at sites
contained within the priners. Other processes suitable for the

t her nost abl e DNA pol ynerases of the present invention include those
described in US 4,683,195 and US 4,683,202 and EP 0 229 701; EP 0 237 362;
and EP 0 258 017. In addition, the present enzyne is wuseful in asymetric
PCR (see Gyl lensten, U. B., and Erlich, -BlA , Proc.Natl. Acad. 15 Sci. USA85
(1988) 7652-7656); inverse PCR (Cbhnan H., et aI , Genetics 120 (1988)

621-623),; and se enC| n ee Innis I Proc | .
Acad. )SC| . U8 O’éﬁ'at‘fig%ﬁ @%3@“%%4 N SM“%%F%QHQGIC aEI% fresm the 51795!\1Pftcl ei c
Aci ds Res. 1sid ffdk@8Bdhks.9869) , r andom anplification of cDNA ends (RACE),
random primng PCR which is used to anplify a series of DNA fragnents, and
PCR processes with single 20 sided specificity such as anchor PCR and

| i gat i on- nedPHtedqeenchgrbyRBR Sasger dédoryheattobiyle athods Sangar, NEFHODProA

Conpani on t WMtAQQQSSd Q{ﬁpﬂ/W799y463(§4%9?1352un££0n3635 g]j% Ef’il[e&i gﬁ‘ll 1|r1y the

pol ypeptide with merase “activity acc invention is

usef ul °f or arﬁfﬂmwsqrhgn@{u £ dlea developaieat g m@eh‘quhUS?Y@Iichd?ﬂr@nCeret althe 25

Li ght Cycl er @gRarativgs ﬁoswﬁd) BSe raﬁ%gscemsfgmgﬁ{rSgg@&gpacﬁ)@l%&gﬁgfsggbg)ed

h I Va i
;Cahim renSl n?f‘?%ﬂm Eﬁgﬂéf‘ a(d,%%}%%é% Z%H%dl\?&nﬁhu?afeq LrBicdesehmiayes 4 é@éﬁbf‘%ly, t he
r ecommendat ums egiz\hﬁhls i(Matefapt, th%&rl]a]ralk%d(@\(?% ePrappiytlt QcéEE@;cZ_&@SA /S!agt heg 0
nmbodi t n 0 ng .a LC ,
conpr 1 o ng (S ATEE P e 1R Meharn b ebsh nar B g & £ dioithe
nucl eil¢ aci (946@%4% ant oinsteumenu efoc gelriwdl t dutampiodry pé P INAescgaeradedirmudystso t he
nventi on, @uliie L IRLGRENCR,AL. 381 | RAR] (NG ENALNL SN AR NG ggentgand one
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gan
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al ., Proc. '}ﬁaéoﬁc}ﬁ?@&tidgpﬂ-'-tri%pﬁie((&c?ﬁﬁ’); (iii) resolving the four sets of reaction
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




10 .9436-.9440), and instrunments for partial automation of DNA sequence
analysis (Smth, L.M, et al., Nature 321 (1986) 674-679; Prober, J.M, et
al ., Science 238 (1987) 336-341; and Ansorge, W, et al., Nuc. Acids Res.
15 (1987) 4593-4602). The basic di deoxy sequenci ng procedure involves (i)
anneal ing an oligonucleotide prinmer to a suitable single or denatured
doubl e stranded DNA tenplate; (ii) 15 eXending the prinmer with DNA

pol ymerase in four separate reactions each containing one a-|abel ed dNTP
or ddNTP (alternativel a | abel ed prlner can_be used), a m xture of

unl abel ed dNTSSEIMegHY aagémé REeR-EY KolEES ¢ guencmw laboratories. [t is possible to
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(2), TagA289 (3) and TagWr (4). Bars céPresponding to the sane experi nent
are indicated by a comon filling pattern. The bars represent the
nunerical va ues . ) Table 1. Exanple 1 Construction and production

eLata Ferg®H88 Starting with the DNA sequence encodi ng
TagWr of SEQ I D NO 6, an 10 oligonucleotide primer i nf:I udi ngI t h;a (IZj)NA
sequence en q the s uencelVRGIS xHi s- an ol i.gonycl eqti de
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PCR. The construct is i h I’eSSI on. .vect or.
Exanple 2 Activity of V\;Ilgﬁ'g&%g%):r{/gs ?ﬁa{'ﬁ aﬁg%ﬂler Ral g |18?1t69};13?| ants of
Tagq pdlymerase in bact éeianon fi mgamtiesi. Adettes eopp\?selststlhomwxeartce}vqiﬁ;ﬁ80L
(Q agen cat al ogue no. S?g%?e%)mtmElerleadl ng _frarres of Taql IWI, TaqA279,
TagA288, and TagA289 are cloned in E. coli strain XL 20 1 BI ue according to
standard procedures (Sanbrook, Fritsch & Maniatis, Mol ecular

Example 1
Construction and production of the deletion mutant TaqA288

Starting with the DNA sequence encoding TagWT 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 pQESOL

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 pQE80L {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 | H;O 16 g Bacto Trypton, 10 g Bacto Yeast Extract,
5 g NaCl; 25 pM 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




Cl ani ngs A Laboratory Manual, 3rd edition, CSHL Press, 2001; Q agen nanual
"The Q AexpressionistTM', 5 r' edition, June 2003). Transforned col onies
are used to inoculate dYT nedium (per | H20 16 g Bacto Trypton, 10 g Bacto
Yeast Extract, 5 g NaCl; 25 pMAnpicillin) and overnight cultures are
grown in mcrowell plates 25 (Falcon No. 353227) at 37C under continuous
shaki ng (shaker incubator, 150 rounds-gér minute). 100 pl of an overni ght
culture is mxed with 100 | fresh nmedi umand |ncubated for 1 h. IPTGis
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the result with atrve activi
det ermi ned ifwtignr of residual DI\A po]ymerase 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 TaqWT
! 67 31 18 -3
2 90 36 32 -1
3 62 46 24 -3
4 78 38 28 1




experiments. Table 1 Relative activity of polypeptides with DNA pol ynerase
activity after 35 mn at 97C Experinent #TaqA288TaqA279TagA289TagVl' T
1673118-3 2903632-1 3624624-3 47838281 25 -37 Exanple 3 Expression and
purification of polypeptides with DNA polynerise activity A total volune of
4 1 of dYT medium split into 800 m aliquots in 2 1 flasks are inocul ated
with E. coli strain XL-1 Blue transforn®d- with the pQES8OL expression 5
vector (Q agen catal ogue no. 32923) in which the reading frame encodi ng
TaqA288, TESANg {KI entaq), the Stoffel fragment (Tagd290) , and TagW has
been inser | s are grown in a shaking culture at 37C (shaking

i ncubat or, ExPressionags pReficdtididfgolypipbtiads wapt DO pslonstdsy agfvigbout 0. 8
(measured at 600 nnm) | PTG (Isopropylthiogalactoside) is added to a final

concentration of 500 jM Cells are 10 further grown until an optical
density of Betordeml@nand 431 65dYEackiein, Tz iael B30 at aliqidiem sedisenired by

d 25 M Tri sHC
oH 5, o1 E%%“E?% bl XL I BRP b, RO R Ao B R e )
at room t enpestax ﬁﬁlégermta ¢gtt§at0| 62192913 ot wbish the madiﬁgérawl dngoding Thy428R, usi ng a
French Presgapubge ﬁteniaq@o%é)%offé}'afg rﬁe?)tamﬁgﬁ(a ) a%erE Tg'htﬁiq:l%r‘é

pol ymerases. fromthe DNA" Subsequent |
15 m n on aivsties pelisharegupeagienthiking ﬁéltWﬁeXQtu?%Cl @hm@ﬂs 1P¢Pbtahl§”a val er bat h

wi t hout fur rh@idsheatiingtef.ott a@ngitfaelrdeh&qnbﬁboﬂh@ 8%%!;19%:& &t €0 ¥ fﬁpm at ed

fromthe er nat centr.if i on. e super nat a is. dialyzed
agai nst BlOPSJ)]0 8&?%@’%5@%“% ”rrﬂﬁgﬁg 5|—§1 son@nirawi ‘ﬁﬁ HEo, ef R ol , 1
mV DTIG 100 fundth eNa@byn unﬁhbﬁegueﬂtdleyutvcdfrmméeﬁgl aphB Gs ehelpgl. The caﬁrafr@r med.

The first s a aro cal rm and el ution t.he. TagA28S
pol ypleptl detﬂgepl L@%ﬁe%eg Eédlr?nﬁ%gtperf at'to aethe vae B ’élﬁéquﬁ@ % %Tri sHA
pH 8.5, 0.1 MOTAsHS il §.860.0mM EDTA, 3% glycerol, 1 mM DTT (dlthlothreltol),

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 TaqA288 polypeptide by means of gradient
elution with B100 and B600 {25 mM TrisHCl pH 8.5, 0.1 mM EDTA, 5% glycerol,
I mM DTT, 600 mM NaCl). Following dialysis of the TaqgA288-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 TagA288
is dialyzed against storage buffer (50% [v/v] glycerol, 100 mM KCl, 20 mM TrisHCl
pH 8.5,0.1 mM EDTA, 1 mM DTT, 0.25% Thesit).




1 nM DTT, 600 mM NaCl ). Follow ng dialysis of the TagA288-contai ni ng
fraction 25 against B50 the enzyne is further purified using a Q sepharose
colum and for elution a gradient with B50 and B250 (25 mM Tri sHC pH 8.5,
0.1 nmM EDTA, 5% glycerol, 1 mMDIT, 250 nM NaCl). Finally the fraction
with the eluted TagA288 is dialyzed against storage buffer (50% [v/vl
glycerol, 100 MM KCl, 20 nM TrisHO pH®8:5, 0.1 nM EDTA, 1 nM DTT, 0.25%
Thesit). - 38 Purification protocol 2 Purification is facilitated if the

H s-tag i s ?, during pur| fication. 5 g sedimented cells are resuspended
in 25 n g‘ugl KAHPBPIOtSEl iV NaH2PO4, 300 mM NaCl, 10 nM i midazole, 0.1 mM
PVBF (phenyl nmet hyl sul fonyl fluoride), 1 mMDIT, 5 pH 8.0) and |ysed using
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Ni - NTA supePPIYBiP4fttS la FehRgafristHerass i s- tagged TaqA288 pol ypepti de
and heat-inactivated at 72C at 30 min. The foll ow ng

In order to remove the His tag, the Ni-NTA purified His-tagged TagA288
polypeptide is dialyzed against Xa reaction buffer (20 mM TrisHCI 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
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




steps ar.e ani on exchange chromat ography with Q sepharose, followed by

di al ysis against storage buffer. Exanple 4 30 Activity of TagA288 DNA

pol ynmerase activity is determ ned using standard procedures by first

hybri di zing an ML3 priner to ML3np9ss DNA at 65C and then incorporate -39
radi oactively | abel ed a32dCTP. Incorporation is neasured by liquid
scintillation counting. The activity i%° tonpared to a master lot of TaqWr
preparation which serves as a reference. Table 2 sumrari zes the results.

Table 2 5 Specific activities f polypeptides with ol ymerase activity
Taqur- 100 MiGeARdatded ey PraGrPtase R Py edon Bou R E g

Regar di ng t heumtigs diieeacaritpixsampared td hemkdter IoagfiTagiWie plagAZBS phickipept i de
no differe e i 1DNﬁ gl yner.ase, actiyvity have been detect ed.
Exanpl e 5 18&!!‘3%1 aéé‘lgr aergéngg'aragc ie)?qr%{% f%er%%é re?lgésAZ88 TaqA288 pol ypepti de

W thout Hi s-tag has been prepared. N-term nal sequencing has revealed the
am no acid gggjence ESPKALEEAPWPPPE. The nol ecul ar wei ght of the TagA2S8
pol ypepti de has been determ ned as being 62.5 kDa by nmeans of MALDI TOF.
15 Exanple 6 Citraconylation of TagA288 3 ngy of purified H s-tagged TagA288

pol ypept i de spiifikc é’dtiv[t%@@fb:?l?p&l-ﬂﬂcdfeﬁﬁritﬁ@Qﬂ%lyﬂﬁ?ﬁg,a\ct&qgf rnM KA, 1 nM EDTA,

pH8.5) are reacted with 2 of citraconic acid anhydride for 1 h at room

tenperature.—The mxture is subsequent] dialyzed 20 _against storage. buffer

(63% [w v] |glycerol, 10Qqm KCl, 20 nM TrisHO pH 8108,kU/hgl nM EDTA, |0. 5%
Tween 20, I nMDIT). -%qufstgent aains ~77 KU/mg

TaqA279 ~370 kU/mg

TaqA290 ~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

TagA288 polypeptide without His-tag has been prepared. N-terminal sequencing
has revealed the amino acid sequence ESPKALEEAPWPPPE. The molecular weight
of the TagA288 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 TagA288 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 TrisHCl pH 8.5,
0.1 mM EDTA, 0.5% Tween 20, 1 mM DTT).




1. \A pol.ypeptide with DNA pol ynerase activity, characterized in that the
am no acid sequence 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
amno acid 5 sequence of the pol ypeptide additionally has an N-term nal
met hi onine residue. 3. A nucleotide sequence encodi ng a pol ypepti de
according to any of the claims 1 and 2404. The nucl eoti de sequence
according to claim 3, characterized in that the 10 nucl eotide sequence is
t he nucl eotide sequence of SEQID NO 1 or, SEQID NO 3. 5. A reconbi nant
DNA vector conprising a DNA sequen Q@égﬁﬁ?%g to any of the clains 3 and
4. 6. The reconbi nant DNA vector according to claim5b, characterized in

that the 1 uen ) fusi on |st|n .of (i) a
term nal hlgthﬁ' ?PBQ%‘ Wgagg”ﬁnpgﬁﬁﬁﬁgﬁeﬂf i“dlﬂbﬁﬁ BYor X

pr ot ease cl eavagadsmmencadf the enlypttidehietheiastindiand seqencantSHQ ID NG:he

pol ypeptide according to claiml, 20 7. The reconbi nant DNA vect or

accordi ng to cIa|n1 characterized in that the DNA sequence encodes a
fusi on pol yBept ille nmﬂmntl%smh@narﬁﬁ) sbimch ¢haselgiesitin gft GRQRMIDNGIG. 8. A

met hods f or  prodygjagcd opahy pﬁﬂﬁe‘ﬂﬁdw At FINATP Ha¥ BRI Q@?erﬁfﬁﬁélvhqteﬁnomne
conprising the steps of 25 (a) transformng a host cell wth a reconbi nant

DNA vector accof@ity to clainms 5, -41 (b) culturing the host cell and
expressing in said host cell the polypeptide wi th DNA polynerase activity,

(c) purifying the eptide with DNA rase activit sed in
Sep by, 538, AT R Br SRR oD araEtE fhe Pk (6 EY ase
activity, conpfliasdidg the steps of (a) transforming a host cell with a
reconmbi nant DNA vector according to

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,

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

(ii1) 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,




any of the clainms 6 or 7, (b) culturing the host cell and expressing in
said host cell a fusion 10 polypeptide consisting of (i) a term nal
histidine tag, (ii) an am no acid sequence providing a factor X protease

cl eavage site adjacent to the histidine tag, and (iii) the pol ypeptide
according to claim1l1, 15 (c) purifying the fusion pol ypeptide expressed in
step (b), (d) cleaving the fusion pol ypgbtide by way of incubating said
fusion polypeptide in the presence of a protease with factor X proteolytic
activity, there det achi ng the pal vpeptide with ol ynmerase activity
fromthe factor t@@ prCBEEIé@%%EeI Q%a@LaEﬁ@rgwa Wesalfﬂ\l@?ﬁgcﬁe &ng BefyPeRriidee)
purifying the pol ypepth GNAwdlymBMle polvitmer ase activity of step (d). 10. The
met hod accordi ng.to clai: ri. Lp that in ste c)_the .fusion
pol ypeptide is gcriFﬁ@%hﬁ%?ﬁb8@®%§§F§dﬁ%§?§“§ﬂ¥%ﬁ??ﬁ“h%iWﬁ&gééﬁﬁﬁ e"of

bi nding a histidinétepdl) 11. The method according to any of the clainms 9
and 10, characterized in that in 25 step (d) the histidine tag of the

fusi on_ pol ypepti de ig %ound to the particulate affinity matrix. -42 12.
The met hod dccor'dimyghed fanyprefusing «ipahypsptide titht DNghpelaeeess Astivitnh t hat
the particul at eoiphisinigliie sB$sdfX is a chromatography material coated with a
netal - chelating resin, and netal ions are imobilized on the coated
chromat ography material. 5 13. The nmethod according to claim12,
characterized i fia)t hatantfoemotyr ohadtagh apthya ravaidinalt SA ceabedcirdifg to
nickel-nitrilotriacet] if:(N.-NTA). 14. A reconbi nant host cel
transforned with a ?éggﬁgﬁﬁgﬁgyéﬁg¥Vector as clained in any of the clains
5to 7. 15. A stabilized preparation conprising a polypeptide according to

any of the 10 ehpl Ghlrhiiflf e Hbsp BUTLRI LORLAANIAGIARL IRTE AIgh3! ON! C
1 pr a

polyneric detergents ., A stabilize pardtion according to claim 15,
charatterized in thQPWPW@“kﬁ@P?ﬁ%%ﬁ?%e is covalently coupled to a conpound
capabl e of reversibly

(1) aterminal histidine tag,

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

(iit) 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 ¢ and 10, characterized in that in
25 step (d) the histidine tag of the fusion polypeptide is bound to the particulate
affinity matrix.




bl ocki ng the DNA pol ynerase activity of the pol ypepti de when coupled 15
covalently to said polypeptide. 17. A stabilized preparation according to
claim 16, characterized in that the conpound is selected fromthe group
consisting of (a) citraconic anhydride, (b) cis-aconitic anhydride, 20 (c)
2, 3-di net hyl mal ei ¢ anhydride, (d) exo-cis-3, 6-endoxo-delta

4-tetrahydropht hal i c anhydride, and (€e)-3,4,5,6-tetrahydrophthalic
anhydride. 18. A stabilized preparation according to claim 15,
characterized ip that the polypeptide is bound by an anti body capabl e of
reversibly B?-oc@ﬁﬁ“f’tt]?@rmwd%gp yierehasaimet] W ﬁy%ﬁra‘ftﬁ%zeﬂdw]b@ﬁbif de when
bi ndi ng sai d pobyprplatd&finit maddseisof clropRtogPaMy HReASICRAREINELHE © nddit- Of the
claims | or 2, th ol ylpe.ptlde accardi ng to a]%of..gh cIaiEB 1 or, 2

coval ently coupf}éega({)”& 2 T Aihd MEHpdBRE 8F rRBPRITEIY 8P ocRE ngOTRE DNA
pol ynmer ase act i vioynadbgrapley mpotefipept i de - 43 when coupl ed covalently to said
pol ypepti de, the pol ypeptide according to any of the clains 1 or 2 bound
by an anti body capabl e of reversibly blocking the DNA pol ynerase activity
of thé pol ypept e meiblkeod Bicndlimgtosdiich 1 ohypeptizaiin that the shamidtpgreghy
preparation accaf,diNgisiBaRBYiH nite nfhfdtFBcetie akiR (f\ﬁtl\;‘ﬁﬁ;) for producing
primer extension products. 20. Use according to claim19, for sequencing a
nucleic acid tenplate. 21. Use according to claim19, for anplifying a

target nucleic agieldgnglanm@istt ca‘uotraﬁgbrrﬂédogl%i Qge@frﬁmﬁ?teﬁﬁﬂﬂ$%&ﬂr R§ igucts
conprising a stabilize pr.eparati@n according to any of the clains to
SR B An R 1 ARG 240 ¢

18. 10 23. A net arget nucleic acid in a sanple,
conprising the steps of 15 20 (a) contacting said sanple with an

anplificati r I 1 containing_a pri.ner substantiall
conpl ement a?@' t%a?g%t%lg&td géggé_é%yaﬁﬂ%lcgfné’ rlsggi%pglﬁge%{%o Cﬁ%redé?% eag‘élo)éé?eed from
t he gifoup consi geimmy loer €i in a pafey pemtiidiegactoodi mgret oommgniofpdlfmeedt ai ms 1

or 2, detergents.

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

(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




(ii.) a polypeptide according to any of the clains 1 or 2, covalently
coupled to a conpound capabl e of reversibly bl ocking the DNA pol ynerase
activity of the polypeptide, and (iii) a pol ypeptide according to any of
the clains 1 or 2, bound by an antibody capable of reversibly blocking the
DNA pol yrnerase activity of the pol ypeptide, (b) optionally rel easing

bl ocked DNA pol ynerase activity by heat*>treatnent, (c) annealing in the
resulting m xture of step (a) said priner to said target 25 nucleic acid,

(d) amplifying the target, nuclej.c acid by incybating after, step,(b) the
mxture to all oW Br??é’gfe ncod’F]IeBpY P WHHe’p‘ﬁ’Sdﬁ)&WPtldﬁ&C%ﬂdmﬁ tRet hod
for sequenci ng anpeflhei daiasildor Zbogrd by my ahtieodst @paldt of esversitily bipcking g
chain-term natedyfr t.he .nuclei,c acid t late t0 ke segyence
with a pol ypept iqlége ‘g’gggw&?’ﬁé&?? 525"@19 Atf_ﬁghecl aoll);.%epfiﬁgr“%n ibrf“?‘r‘.‘é Bg sence
of at |east on@obpaptide or mstebilised pagmmitiamatcorkngto amy ef theclladosildao

tri phosphates, Jga@dAfhRIHEIHAG &G sDEPIEMNEE of said nucleic acid fromthe
si zes of said fragmgnts. r@l’:ﬁQJENCE LISSTﬁ)ILII\IG <1510> Roche Di agnostics GrbH F.

Hof f mann- La Roche AG <120> Ther nostabl e Taq pol ynerase fragnent <130>

21822 <160>28, <Uk@acddadiapltd HaMe 8] BPseuencidlOrudeic sddtemplal8 <212> DNA
<213> Artificial <220> <223> TagD288 D-2, Faktor Xa-geschnitten <220>

21, Useaccording 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)  a polypeptide according to any of the claims 1 or 2,

{1i) 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

(111) 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

freatment,

(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.




<221> CDS <222> (1),.(1638) <220> <221> misc feature <222> (1) . (1638)
<223> TaqgDelta 288 without N-term nal nethionine <400> 1 gaa agc ccc aag

gcc
du
ctt
Arg
ggg

ctg
Au
tcc
Lys
ggc
Arg
gag
Al a
ggc
Leu
gac
Prso

tgg
Thr

aac
Leu

gag

gag

gag gcc ccc tgg ccc ccg ccg gaa ggg 48 G u Ser Pro Lys Ala Leu

Ala Pro Trp Pro Pro Pro u dy 1 5 10 15 gcc ttc gtg ggc ttt gtg

cgc
Au
Ccgg
VaI

909
Arg
ctt
Ay
cct
Ser
acg
Au
ctg
115
432

aag gag ccc atg tgg gcc gat 96 Ala Phe Val @y Phe Vval Leu Ser
Pro Met Trp Ala Asp 20 25 3 ctt ctg gcc ctg gcec gcc gcc agg
gtc cac cgg gcc ccc 144 Leu Leu Ala Leu Ala Ala Ala Arg Ay

|s Ar Pro 35 40 45 gag cct tat .aaa cc ct ac ctg
AR op sfatdsnB a4 et o5 cofbrinfa e SRl a8 U9
GI ycln;am-ttmmna@dﬁfagﬁﬁngacﬁromathe gaclect gidgangtte tothg sggeenctd) agg
ggc,, p rg Au
2B B Me afoRubd T, P ObRY Bih: Y 2 BLFRRRP R, e ot o
t ccleagconzgainptepninaghy ama [PNPOg NI n_LelsroLémtrmfammyatesLeu Leu
As nan@@eﬁe@m@rﬁTﬁQﬁe @&ﬁle%@@ ogégidgﬁgdalé B RIC FofOtheCSes! HCsHBC 999
gag.336 Thr Val Ala Arg Arg Tyr Ay Ay GQu
1001388180 gag gcg ggg gag cgg gcc gcc ctt tcc gag agg ctc ttc
384 Gu Ala Gy Qu Arg Ala Ala Leu Her Au Arg Leu Phe Al a

120 125 tgg ggg agg ctt gag ggg gag gag agg ctc ctt tgg ctt tac




Ser Thr

Arg
acg
Ay
gtg
Al a
cac
180
624
200

du
ggg
145
gcc
165
576
185

130 135 140
480 Val
150 155 160
528 Val
170 175 gag
Au Qu
190 ccc ttc

Pro Phe Asn

205

gag cta ggg

GQu Leu Ay Leu
220 tcc acc agc gcc

Her Ala Al a

235 240 gtg gag aag atc
GQu Lys Ile Leu
255 tac att gac ccc ttg

Ile Asp Pro Leu Pro

Gy.Arg Leu u dy Gu Gu Arg Leu Leu Trp Leu Tyr
gag agg ccc ctt tcc get gtc ctg gcc cac atg gag gcc
Arg Pro Leu Ser Ala Val Leu Ala Hs Met Qu Ala Thr
cgc ctg gac gtg gcc tat ctc agg gcc ttg tcc ctg gag
Leu Asp Val Ala Tyr Leu Arg Ala Leu ggr Leu Ju Va
atc gcc cgc ctc gag gcc gag gtc ttc cgc ctg gcc ggc
Ala Arg Leu Gu Ala du Vval Phe Arg Leu Ala Ay His
ctc aac tcc cgg gac cag ctg ga E %ﬁ ttt gac
Asn Her Arg Asp Gn Leu Qu Arg LIS eGAsp 195
CCC gcc atc ggc aag acg gag aag acc ggc aag cgc 672
Ala lle Ay Lys Thr Qu Lys Thr Ay Lys Arg 210 215
gtc ctg=@é@>g6@dét@l%gmsg@g<@¢ﬁ cac ccc atc 720
Leu Gu Al a L&u H&E§m@rglaARacH 8GPro |1 e 225 230
cag tac c ctc acc aag ctg aag agc acc 768 Val
Tyr Arg <égg> LGSR AR}S TagurelyseSer Maem@y5 250
gac ctc atc cac _ccc agg acg ggc cgc ctc 816 Tyr
Leu Il e ¥ PFY®%rg Thr Ay Arg Leu
gcc acg<%%c acg ggc agg cta agt agc
Thr Al a ny Arg Leu Ser Fbr 275
ccc gtc a g GLL g, 912
val Argfll'g& P%o é‘ae“%g 295 300 -3
<210> 1
211> 1638
<212> DNA
«213> Artificial
<220>
<223> TaqD288 D-2, Faktor Xa-geschnitten
<220>
<221> (DS
<222> {1)..(1638)
«<220>
<221> misc_feature
<222> (1) ..(1638)
<223> TagDelta 288 without N-terminal methicnine
<400> 1
gaa age ccc aag goc ctg gag gag goc cco tgg coc ceg cog
Glu Ser Pro Lys Ala Leu Glu Glu Ala Pro Trp Pro Pro Pro
1 5 10
gcc tte gtg gge ttt gtg ctt tce cge aag gag ccc atg tgg
Ala Phe Val Gly Phe Val Leu Ser Arg Lys Glu Pro Met Trp
20 25 30
CLt ¢ty gcocc ctg goc gec goo agg ggg gge cgg gte cac cgg
Leu Leu Ala Leu Ala Ala Ala Arg Gly Gly Arg Val His Arg
35 40 45
gag cct tat aaa gcc Cctc agg gac ctg aag gag gcg cgg aggg
Glu Pro Tyr Lys Ala Leu Arg Asp Leu Lys Glu Ala Arg Gly
50 55 60
gcc aaa gac ctg age gtt ctg gec ctg agg gaa gge ctt ggco
Ala Lys Asp Leu Ser Val Leu Ala Leu Arg Glu Gly Leu Gly
&5 70 75
CCCc ggce gac gac cce atg cte cte gec tac cte ¢tg gac ccot

gaa
Glu
15

gcc
Ala

gcc
Ala

ctt
Leu

cte
Leu

tce

999
Gly

gat
Asp

coc
Pro

ctec
Leu

ccg
Pro
B8O

daac

260 265 270 cac acc cgc ttc aac cag
664 H's Thr Arg Phe Asn G n Thr
280 285 tcc gat ccc aac ctc cag aac
Ser Asp Pro Asn Leu A n Asn lle

48

96

144

192

240

288



atc
Arg
gac
Tyr
aac
Leu
agc
Trp
gcg
Al a
ctc
Ser
gag
Arg
ctg
Au
cgc
Tyr
gag
Arg

.CgC CcgQg gcc ttc atc gcc gag gag ggg tgg cta ttg gtg gcc 960 Arg

Arg Ala Phe Ile Ala Qu GQu Gy Trp Leu Leu Val Ala 305 310 315 320
tat agc cag ata gag ctc agg gtg ctg gcc cac ctc tcc ggc 1008 Leu
Ser Anlle Au Leu Arg Val Leu Ala H's Leu Ser Ay 325 330 335 gac
ctg atc cgg gtc ttc cag gag ggg /cggg gac atc cac acg 1056 Asp Qu
Ile Arg Val Phe A n Gu Ay Arg Asp Ile His Thr 340 345 350 gag acc
tgg atg ttc ggc gtc ccc cgg gag gcc gtg gac ccc 1104 Gu Thr Al a
Met rPhecl@ yspvakp Pire MitgLdd Uefada Mk ASPLE! 8s335:38Q &8p ctg atg cgc
gcc aag acc atc @ac ttc ggg gtc ofc tac ggc 1152 ggleu Met Arg Arg
Lys Thr Ile Asn Phe Ay Val Leu Tyr Ay 370 375 380 atg tcg gcc cac
t cCc acagrogagrCchag go¢ AbCyeCtad age gag @@dsd?98y thbtacSesacAl a Hiss Arg
G n T8 urhirebroAR&u Idle VAl oalky ArdGaug Ghvd B85c39013%%p 4@ @ec cag gcc ttc
cgc tac ttt cagcagc ttc ccc aagsgtg cgg 1248 1Aba G n Ala Phe Ile
Tyr Phe A n Ser Phe Pro Lys Val Arg 405 410 415 gcc tgg att gag aag
gag 99aFgoedagef £§9 TgFEFoettt dcc geg RIS c Ata gfe maFflegd u Lys Thr
Au® f‘lAr‘gYAF’ AFg "R yATRybeWEERT £20 M4a5LeA3Bhgada dec Iolic ttc gge cgce
tac gtg cca"gac cta gag gcé2cgg 1344 Gu THr Leu Phe Ay Arg Arg
Val Pro Asp Leu Qu Ala Arg 435 440 445 gtg aag agc gtg cgg gag gcg
cgc:ﬁ? vic (oot FC- 532 A0 PAEce 9 397 CLy/A]CCLYEY Ser t%‘alcgﬁrggel u AAR Al a

Met alBOh%rgAg?lu Mot Gﬁ"}"oli&S%l%%? 469 Gt c"Palt g &€8 GEc gecc gac ctce
aag ctg get - atg gtg aag ctcf440 val Gn G% Thr Ala Ala Asp Leu Met
80
Leu Al ag%tgagaiggl‘gcsc I(‘:gtl.'l t%95gc%7gtc421:5g %cc cac atg gag gcc acg ggg 480
Val Glu Arg Pro Leu Ser &la val Leu Ala His Met Glu Ala Thr Gly
145 150 155 160
gtg cgc ctg gac gtg gcc tat ctc agg goco ttg tcc ctg gag gtg gcc 528
Val Arg Leu Asp Val Ala Tyr Leu Arg Ala Leu Ser Leu Glu Val Ala
165 170 175
gag gag atc gcc cge ¢te gag gcc gag gte ttc cge ctg geco ggc cac 576
Glu Glu Ile Ala Arg Leu Glu Ala Glu Val Phe Arg Leu Ala Gly His
180 185 150
Ccc ttc aac ctc aac tce cgg gac cag ¢tg gaa agg gtc cte ttt gac 624
Pro Phe Asn Leu Asn Ser Arg Asp Gln Leu Glu Arg Val Leu Phe Asp
195 200 205
gag cta ggg ctt ccc goc atc gge aag acg gag aag acce ggc aag cgc 672
Glu Leu Gly Leu Pro Ala Ile Gly Lys Thr Glu Lys Thr Gly Lys Arg
210 215 220
tcc acc age gec gec gte ctg gag goec ¢€te ogc gag goc cac coc atce 720
Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu Ala His Pro Ile
225 230 235 240
gtg gag aag atc ctg cag tac cgg gag ctc acc aag ctg aag agc acc 768
Val Glu Lys Ile Leu Gln Tyr Arg Glu Leu Thr Lys Leu Lys Ser Thr
245 250 255
tac att gac ccc ttg ccg gac cte atc cac ceo agg acg ggc cgc ctc 81le
Tyr Ile Asp Pro Leu Pro Asp Leu Ile His Pro Arg Thr Gly Arg Leu
260 265 270
cac acc cge tte aac cag acg gco acg goc acg ggc agg cta agt agc 864
His Thr Arg Phe Asn Gln Thr Ala Thr Ala Thr Gly Arg Leu Ser Ser
275 280 285
tcc gat ccc aac cte cag aac ate ccc gte cge ace ccg ctt ggg cag 912

Ser Asp Pro Asn Leu Gin Asn Ile Pro Val Arg Thr Pro Leu Gly Gln
290 295 300



tte ccc.agg ctg gag gaa atg ggg gcc agg atg ctc ctt cag gtc cac 1488 Phe
Pro Arg Leu Qu Gu Met Gy Ala Arg Met Leu Leu G n Val His 485 490 495 gac
gag ctg gtc ctc gag gcc cca aaa gag agg gcg gag gcc gtg gcc 1536 Asp Qu
Leu Val Leu u Ala Pro Lys Gu Arg Ala Ju Ala Val Al a 500 505 510 cgg ctg
gcc aag gag gtc atg gag ggg gtg tat ccc gtg gcc gtg ccc 1584 Arg Leu Ala
Lys Au Val Mt Qu Ay Val Tyr Pro Leu Ala Val Pro 515 520 525 -4 ctg gag
gtg gag gtg ggg ata ggg gag gac tgg ctc tcc gcc aag gag 1632 Leu G u Val

G u Val dyabyatdaucCay ASP tTEmtkegeSatg A:g dayStdd beH30g 285 40 taasdga
1638 <210> 2rg<2&1axrgbAd rx2FRe BRTA1<AL3=14rdli, f1:¢ 8du slQR1 223>
TagD288 D- 23cfakt or Xa-geschnbtten <400> 2 @i Ser Pro Lys Az Leu Gu Qu
Ala Pro Trp Pro Pro Pro Qu dy 1 5 10 15 Ala Phe Val dy Phe Val Leu Ser
Arg Lys G uckr @ahetatTagr AR@ aA8 mag2@26gB80Qtd etigler AacteuwcAlgaucAl a MA@ Arg
Gy Ay Arglealrspi BrAégy Ala IPe 3lulbrulBralFa@lewrle Fia LeyseAl@yleu Arg Asp
Leu Lys Gu Ala Arg Ay Béu Leu 50 55 663Al a Lys Asp Leud3Ser Val Leu Al a
Leu Arg Qu Gy Leu Ay Leu Pro 65 70 75 80 Pro Ay Asp Asp Pro Met Leu

Leu Al a Tyr P F2EATCASYY PFO CF@rdtAsthc 8% 969 393 c9g gac atc cac acy 1056
Asp Glu Asn Leu Ile Arg Val Phe Gln Glu Gly Arg Asp Ile His Thr

340 345 350
gag acc gcc age tgg atg tte gge gtc cce cgg gag gec gtg gac ccoc 1104
Glu Thr Ala Ser Trp Met Phe Gly Val Pro Arg Glu Ala Val Asp Pro
365
gte cte tac ggc 1152

Val Leu Tyr Gly

cet tac gag gag 1200
Pro Tyr Glu Glu

400
ccec aag gtg cgg 1248
Pro Lys Val Arg

415
cgg ggg tac gtg 1296
Arg Gly Tyr Val
430

cta gag gcc cgg 1344
Leu Glu Ala Arg
445
ttc aac atg ccc 1292

Phe Asn Met Pro

atg gtg aag ctc 1440
Met Val Lys Leu

480
ctt cag gtc cac 1488
Leu Gln val His

495
gag gcc gtg gcc 1536
Glu Ala Vval ala
510

ctg gcc gtg ccco 1584

Leu Ala Val Pro
525




Thr. Thr ,Pro Gu Gy Val Ala Arg Arg Tyr Ay Ay GQu Trp Thr Gu 100 105
110 Au Ala dy Gu Arg Ala Ala Leu Ser Qu Arg Leu Phe Ala Asn Leu 115
120 125 Trp Ay Arg Leu Qu Gy Qu GQu Arg Leu Leu Trp Leu Tyr Arg Gu
130 135 140 Val du Arg Pro Leu Ser Ala Val Leu Ala Hs Met Au Ala Thr Gy
-5 145 150 155 160 Val Arg Leu Asp Val A a Tyr Leu Arg Ala Leu Ser Leu GQu
Val Ala 165 170 175 Au Gu lle Ala Arg d'eu’ @ u Ala Gu Val Phe Arg Leu
Ala Ay H's 180 185 190 Pro Phe Asn Leu Asn Ser Arg Asp G n Leu Qu Arg
Val Leu Phe Asp 195 200 205 Gu Leu Ay Leu Pro Ala lle Ay Lys Thr Gu
Lys Thr Gy ckyssaArgrg 344 52d ygd24kaSgsg ThE oSertofl arAkae gk deUgdd u Aliasieu
Arg G u Al alehssiRreall besw v225512301285, 240 AMal 743 ted y¢sr ld1e dygucd n Tyr Arg
G u Leu Thr Lyss3keu Lys Ser Thrs3s245 250 255 Tysadle Asp Pro Leu Pro Asp
Leu Ile Hs Pro Arg Thr Gy Arg Leu 260 265 270 H's Thr Arg Phe Asn Gn
Thr Ala Thr *Ag&gFhr Ay Arg Leu Ser Ser 275 280 285 Ser Asp Pro Ask3deu
Gn Asn Ile Pro Val Arg Thr Pro Leu Gy Gn 290 295 300 Arg Ile Arg Arg
Ala Phe Ile Ala Qu Qu Ay Trp Leu Leu Val Ala 305 310 315 320 Leu Asp
Tyr Ser Gn<Ft¥® Gu Leu Arg Val Leu Ala His Leu Ser Ay 325 330 335 Asp
G u Asn Leuzﬂ;e: Aig; Val Phe Gn Gu Gy Arg Asp Ile His Thr 340 345 350

<«213> Artificial

<220
<223> TagD28BB_D-2, Faktor Xa-geschnitten

<400> 2

Glu Ser Pro Lys Ala Leu Glu Glu Ala Pro Trp Pro Pro Pro Glu Gly
1 5 10 15

Ala Phe val Gly Phe Val Leu Ser Arg Lys Glu Prc Met Trp Ala Asp
25 30

Ala Arg Gly Gly Arg Val His Arg Ala Pro
49 45

Arg Asp Leu Lys Glu Ala Arg Gly Leu Leu
55 60

Leu Ala Leu Arg Glu Gly Leu Gly Leu Pro
75 8¢

Leu Leu Ala Tyr Leu Leu Asp Pro Ser Asn
90 95

Ala Arg Arg Tyr Gly Gly Glu Trp Thr Glu
105 110

Ala Leu Ser Glu Arg Leu Phe Ala Asn Leu
120 125

Glu Glu Arg Leu Leu Trp Leu Tyr Arg Glu
135 140

Ala Val Leu Ala His Met Glu Ala Thr Gly




Gu Thr,Ala Ser Trp Met Phe Gy Val Pro Arg Qu Ala Val Asp Pro 355 360
365 -6 Leu Met Arg Arg Ala Ala Lys Thr Ile Asn Phe Ay Val Leu Tyr Ay 370
375 380 Met Ser Ala His Arg Leu Ser Gn Gu Leu Ala lle Pro Tyr u Qu
385 390 395 400 Ala Gn Ala Phe Ile Qu Arg Tyr Phe G n Ser Phe Pro Lys Val
Arg 405 410 415 Ala Trp Ile Qu Lys Thr Leu Gu Qu Gy Arg Arg Arg Gy
Tyr Val 420 425 430 Gu Thr Leu Phe Ay %rg Arg Arg Tyr Val Pro Asp Leu
Gu Ala Arg 435 440 445 Val Lys Ser Val Arg Qu Ala Ala Gu Arg Met Ala
Phe Asn Met Bto 450 455 460,dal G n Gy Thr Ala Ala Asp Leulkit Lys Leu
Ala Met Val Lys Leu 465 470 475 480 Phe Pro Arg Leu Gu Qu t dy Ala
Arg Met Leu Leu G n Val H's 485 490 495 Asp Qu Leu Val Leu Qu Ala Pro
Lys G u Arg vdhaadd ueAlagp Mah #Alaary:508: 505 HL0LAY gk edy Aia aisa@ u Val Met
Gu @y Val Tyr Pro Leu Alsa Val Pro 515 530 525 Leu Gu Mal GQu Val Ay
Ile Ay Qu Asp Trp Leu Ser Ala Lys Qu 530 535 540 <210> 3 <211> 1641
<212> DNA <213> Artificial <220> <223> TagD28B E (ohne N-termi nal es

Hi stidin) <Z20>GluwPE A1LBSy Leu Glu Ala Glu Val Phe Arg Leu Ala Gly His

180 185 150

Pro Phe Asn Leu Asn Ser Arg Asp Gln Leu Glu Arg Val Leu Phe Asp
195 200 205

Glu Leu Gly Leu Pro Ala Ile Gly Lys Thr Glu Lys Thr Gly Lys Arg
210 215 220

Ser Thr Ser Ala Ala Val Leu Glu Ala Leu Arg Glu Ala His Pro Tle
225 230 235 240

Val Glu Lys Ile Leu Gln Tyr Arg Glu Leu Thr Lys Leu Lys Ser Thr
245 250 255

Tyr Ile Asp Pro Leu Pro Asp Leu Ile His Pro Arg Thr Gly Arg Leu
260 265 270

His Thr Arg Phe Asn Gln Thr Ala Thr Ala Thr Gly Arg Leu Ser Ser
275 280 285

Ser Asp Pro Asn Leu Gln Asn Ile Pro Val Arg Thr Pro Leu Gly Gln
230 255 300

Arg Tle Arg Arg Ala Phe Ile Ala Glu CGlu Gly Trp Leu Leu Val Rla
305 310 315 320

Leu Asp Tyr Ser Gln Ile Glu Leu Arg Val Leu Ala His Leu Ser Gly
325 330 335

Asp Glu Asn Leu Ile Arg val Phe Gln Glu Gly Arg Asp Ile His Thr
340 345 350

Glu Thr Ala Ser Trp Met Phe Gly Val Pro Arg Glu Ala Val Asp Pro
355 360 365




-7 &222> (1) .. (1641) <220> <221> msc feature <222> (1) _(1641) <223>
TaqDel ta288 with N-term nal nethionine <400> 3 atg gaa agc ccc aag gcc ctg
gag gag gcc ccc tgg ccc ccg ccg gaa 48 Mt GQu Ser Pro Lys Ala Leu Gu Qu
Ala Pro Trp Pro Pro Pro Au 1 5 10 15 ggg gcc ttc gtg ggc ttt gtg ctt tcc
cgc aag gag ccc atg tgg gcc 96 dy Ala Phe Val dy Phe Val Leu Ser Arg Lys
Gu Pro Met Trp Ala 20 25 30 gat ctt ctgbgcc ctg gcc gecc gecc agg ggg ggce
cgg gtc cac cgg gcc 144 Asp Leu Leu Ala Leu Ala Ala Ala Arg Ay dy Arg
Val Hi's ArgiAlae3ShA0afs ¢ Gngag Cotr tal ,288:4C61,C1 61 399 QaCeGL 9 aag gag
gcg cgg ggg ctt37392 Pro Qu Prg,sTyr Lys Ala LeigArg Asp Leu Lys Qu Ala
Arg Ay Leu 50 55 60 ctc gcc aaa gac ctg agc gtt ctg gcc ctg agg gaa ggc
ctt ggc ctc 240 Leu Ala Lys Asp Leu Ser Val Leu Ala Leu Arg u dy Leu
Ay Leu 65 Ot Fer80aCBE: L6 18JCsFac1Pa8Cu Ct ALJIIGt 6rL£irgr gRG ¢AC CtC ctg gac
cct tcc 28838Pro Pro Ay AspsAsp Pro Met Lewsseu Ala Tyr Leusdoseu Asp Pro
Ser 85 90 95 aac acc acc ccc gag ggg gtg gcc egg cgc tac ggc ggg gag tgg
acg 336 Asn Thr Thr Pro Qu Gy Val Ala Arg Arg Tyr Ay Ay GQu Trp Thr
100 105 110Agaglgaagelyr dgg Jaghraoglygele o bt PHecBrgags agy Xdgc ttc gcc aac
384 GQu Gu Ala dy GQu4pmsg Ala Ala Leu4der Au Arg Leu 4Rhe Ala Asn 115
120 125 ctg tgg ggg agg ctt gag ggg gag gag agg ctc ctt tgg ctt tac cgg 432

Leu Trp Gy ArgF Leu Gu Gly Gu GQu Arg Leu Leu Trp Leu Tyr Arg
Ala Trp Ile Glu Lys Thr Leu Glu GIiu Gly Arg Arg Arg Gly Tyr Val

420 425 430

Glu Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu Glu Ala Arg
435 440 445

Val Lys Ser Val Arg Glu Ala Ala Glu Arg Met Ala Phe Asn Met Pro
450 455 460

Val Gln Gly Thr Ala Ala Asp Leu Met Lys Leu Ala Met Val Lys Leu
465 470 475 4B0

Phe Fro Arg Leu Glu Glu Met Gly Ala Arg Met Leu Leu Gln Val His
485 490 495

Asp Glu Leu Val Leu Glu Ala Pro Lys Glu Arg Ala Glu Ala Val Ala
500 505 510

Arg Leu Ala Lys Glu Val Met Glu Gly Val Tyr Pro Leu Ala Val Pro
515 520 525

Leu Glu Val Glu Val Gly Ile Gly Glu Asp Trp Leu Ser Ala Lys Glu
530 535 540

<210> 3

<211> 1641

<212> DNA

<213> Artificial

<220>
<223> TagD288_E (chne N-terminales Histidin)




130
480
150
528
170

Ala Gu Qu Ile Ala Arg Leu Gu Ala Qu

Pro
gag
Leu
acc
Ser
gag
Lys
gac
Pro
ttc
Asn
ctc
Adn
ttc

135, 140 gag gtg gag agg ccc ctt tcc get gtc ctg gcc cac atg gag gcc acg
GQu Val u Arg Pro Leu Ser Ala Val Leu Ala Hs Met Qu Ala Thr 145
155 160 ggg gtg cgc ctg gac gtg gcc tat ctc agg gcc ttg tcc ctg gag gtg
Gy Val Arg Leu Asp Val Ala Tyr Leu Arg Ala Leu Ser
gcc gag gag atc gcc cgc ctc gag %pc gag gtc ttc cgc ctg gcc ggc 576
-Val Phe Arg Leu Ala Gy 180 185 190
-8 cac ccc ttc aac ctc aac tcc cgg gac cag ctg gaa agg gtc ctc ttt 624 His
195 200 205 gac
672 Asp Qu
215 220 cgc tcc
Arg Ser Thr
235 240 atc gtg
Ile Val Qu
255 acc tac att

175

Phe
cta
Ay
agc
Al a
aag
I'le
ccc
Leu
aac
Adn
cag
Asn
atc

Asn.bell Ashy SefssN g Asp G n Leu Gu
ggg ctt ccc gcc atc ggc aag acg gag

Leu<Pxa Ala Ile Ay Lys Thr Qu Lys

gCC «gfG OhiscCightgag gcC ctc cgc gag
Al a<Mad- Leny .GiissAla Leu Arg Qu Al a

Thr 1Ala Thr Ala ¥hr Ay Arg Leu Ser

aac atc ccc gtc cgc acc ccg ctt ggg 912 Ser

Arg Val Leu
aag acc ggc
Ay Lys
gcc cac ccc
H's Pro 225
at c <ty CBgDERC26gQvifAG-EEEnIAGT @APidEliGe aag age
Leu Gn Tyr Arg Gu Leu Thr Lys Leu Lys Ser 245
ttg<e@gy gac ctc atc cac ccc agg acg ggc cgc 816
Proafsmabeagel t& bes gPr OotArgaglbég Ghy Argrgb6c26bg 229 £4ac cac #cc cgce
cagMec §lgcerabyp gee PAed-egoeluagin ¢la ragtT:®68 o bPew A ssIthr Arg Phe

275 280 285 dgc tcc gat ccc aac

Thr

Leu Au Val 165

Phe
aag
210
720
230
768
250

Thr Tyr

Ile Asp

Ser Asp Pro Asn Leu

| | e99% §VACAPY T tPF ItBetF G-~ 290 R953B0ercatd &g9 Fcc cgc ¥YQY gcec
Lys Glu Pro Met Trp Ala

gccCgadiydcorf Etig Fee é’atltﬁugggf 369

gat ctt ctg gcc ctg geoce gocec gec agg ggg
Asp Leu Leu Ala Leu Ala Ala Ala Arg Gly

35 40

cce gag cct tat aaa goc cte agg gac ctg
Pra Glu Pro Tyr Lys Ala Leu Arg Asp Leu
50 55

ctc gee aaa gac ctg age gtt ctg goo ctg
Leu Ala Lys Asp Leu Ser Val Leu Ala Leu
65 70

cCg cCc ggc gac gac ccc atg cte cte gec
Pro Pro Gly Asp Asp Pro Met Leu Leu Ala
85 90

aac acc acc ccc gag ggg gtg goe cgg cgo
Asn Thr Thr Pro Glu Gly Val Ala Arg Arg
100 105

gag gag gcg ggg gag cgg goc goc ctt tec
Glu Glu Ala Gly Glu Arg Ala Ala Leu Ser

115 120

ctg tgg 999 agg ctt gag gyg gag gag agg
Leu Trp Gly Arg Leu Glu Gly Glu Glu Arg
130 135

gag gty gag agg ccc ctt tce gct gte ctg
Glu Val Glu Arg Pro Leu Ser Ala Val Leu
145 150

ggg gtg cgc ctg gac gtg gee tat ctc agg
Gly val Arg Leu Asp Val Ala Tyr Leu Arg

165 17¢C

gcc gag gag atc gec cge ctc gag goc gag
Ala Glu Glu TIle Ala Arg Leu Glu Ala Glu
180 185

ggc
Gly

aag
Lys

agg
Arg
75

tac

Tyr

tac

gag
Glu

ctc
Leu

gce
Ala
155

gco

Ala

gtc
Val

cgg
Arg

gag
Glu
60

gaa
Glu

ctc
Leu

ggc
Gly

agg
Arg

ctt
Leu
140

cac

Hig

ttg
Leu

tec
Phe

30

gtc cac
Val His
45

gcg cgg
Ala Arg

ggc ctt
Gly Leu

ctg gac
Leu Asp

g9g gag
Gly Glu
110

ctc tte
Leu Phe
125

tgg ctt
Trp Leu

atg gag
Met Glu

tce ctyg
Ser Leu

cge ctg
Arg Leu
150

cgg
Arg

999
Gly

ggc
Gly

cct
Pro
85

tgg
Trp

gcc
Ala

tac

Tyr

gcec
Ala

gag
Glu
175

gCC
Ala

gcc
Ala

ctt
Leu

ctc
Leu
80

tce
Ser

acg
Thr

aac
Asn

€99
Arg

acg
Thr
160

gtg

Val

ggc
Gly

144

192

240

288

336

jg4

432

480

528

576



Arg.

gcc
Leu
gac
AQu
acc
Al a
cgc
Arg
cac
Arg
ttc
Ile
gag
Lys
ggc
Arg
gag
Al a

gac
Leu

Tie Arg Arg Ala Phe Ile Ala Qu Gu Ay Trp Leu Leu Val 305 310 315
ctg gac tat agc cag ata gag ctc agg gtg ctg gcc cac ctc tcc 1008
Asp Tyr Ser Gn Ile Qu Leu Arg Val Leu Ala His Leu Ser 325 330 335
gag aac ctg atc cgg gtc ttc cag gag ggg cgg gac atc cac 1056 Gy
Asn Leu Ile Arg Val Phe Gn Qu y Arg Asp Ile H s 340 345 350 acg
gcc age tgg atg ttc ggc gtc ccc €gg gag gcc gtg gac 1104 Thr Qu
Ser Trp Met Phe Ay Val Pro Arg Au Ala Val Asp 355 360 365 ccc ctg
Cgg gcg gcc aag acc atc aac ttc ggg gtc ctc tac 1152 Pro Leu Met
Al a cAkacdeystcThic Icke aAsncdehegdGoyc Vabk dtgUgaly BgB G0 Ik 380 gacead g tcg
CQcC Hdt crricCEhec Agn gag shasegCBrater Cth deaccyagrd 280 Led gheMet Ser Al a
Leu Ser Awsd u Leu Ala IleodPro Tyr du 38308390 395 400 gag gcc cag
att gag cgc tac ttt cag age ttc ccc aag gtg 1248 du Ala dn A a
G u 9AF PaByrtaPhes Gch SerodRhetdPoec laps afgl gaDad)Bcd yc4dds cgg g t gg
aag AaeClet grugly dgag rRygcrlagflafyy dgg TyoctwaéyslZ86 GlarigysAla Trp Ile
Thr Lewrl@u Qu Ay ArgglA&rg Arg Ay Tyr22420 425 430 gtg gag acc ctc
cgc cgc cgc tac gtg cca gac cta gag gcc 1344 Val du Thr Leu Phe
Ar g “AF ¢ °Ty#eOVasc PFO 988 FHCetitGPtE ACa AS5CH4B2UF5C (§§ Ty aag”’#Hyc gtg
gcg PGB cCgaliic gt Aty Agecvalt e gt Aty LEYOY Aty MNAITIEYE Ser Val Arg
Ala’&u Arg Met Al a Pfle Asn met 450 %585 460 ccc gtc &g ggc acc gcc
e p et B Jhf 000 WII0MR B SRS LTT An A8
T ¥ a u Lys e Leu Glnyéyr &rg Glu Leu Thr Lys Leu Lys Ser
245 250 255

acc tac att gac ccoc ttg ceg gac cte atc cac ccc agg acg ggc cgc 816
Thr Tyr Ile Asp Pro Leu Proc Asp Leu Ile His Pro Arg Thr Gly Arg
260 265 270

ctc cac acc cgc tte aac cag acg gocc acyg gec acg ggoc agg cta agt Bed
Leu His Thr Arg Fhe Asn Gln Thr Ala Thr Ala Thr Gly Arg Leu Ser
2B0 285

aac ctc cag aac ate cce gte cge acc cocg ctt ggg 912
Asn Leu Gln Asn Ile Pro Val Arg Thr Pro Leu Gly
295 00

cgg gee ttc ate goc gag gag ggg tgg cta ttg gtg 960
Arg Ala Phe Tle Ala Glu Glu Gly Trp Leu Leu Val
310 315 320

agc cag ata gag ctec agg gtg ctg gec cac cte teco 1008
Ser Gln Ile Glu Leu Arg Val Leu Ala His Leu Ser
325 330 335

ctg atc cgg gtc tte cag gag ggyg cgg gac aktc cac 1056
Leu Ile Arg Val Phe Gln Glu Gly Arg Asp Tle His
345 350

agc tgg atg ttc gge gtc ccc cgg gag gcc gtg gac 1104
Ser Trp Met Phe Gly Val Pro Arg Glu Ala Val Asp
360 365

tgg gcg goc aag acc atc aac tte ggg gtc cte tac 1152
Arg Ala Ala Lys Thr Ile Asn Phe Gly Val Leu Tyr
375 3B0

cac cgc ctc tec cag gag cta gcoc atc cct tac gag 1200
His Arg Leu Ser Gln Glu Leu Ala Ile Pro Tyr Glu
380 395 400

ttc att gag cgc tac
Phe Ile Glu Arg Tyr

cag agce tte cec aag gtg 1248
Gln Ser Phe Pro Lys Val

ot

o t



465 470.475 480 ctc ttc ccc agg ctg gag gaa atg ggg gcc agg atg ctc ctt cag
gtc 1488 Leu Phe Pro Arg Leu u Gu Met Ay Ala Arg Met Leu Leu @ n Val
485 490 495 cac gac gag ctg gtc ctc gag gcc cca aaa gag agg gcg gag gcc gtg
1536 His Asp Qu Leu Val Leu Gu Ala Pro Lys Qu Arg Ala Qu Ala val 500
505 510 gcc cgg ctg gcc aag gag gtc atg gag ggg gtg tat ccc ctg gcc gtg
1584 Ala Arg Leu Ala Lys Gu Val Met Gd " dy Val Tyr Pro Leu Ala Val 515
520 525 ccc ctg gag gtg gag gtg ggg ata ggg gag gac tgg ctc tcc gee aag
1632 Pro Leu Qu Val Gueyal Gy Ile Awidu Asp Trp Leu,Ser Ala Lys 530
535 540 gag taa tga G u 545 <210> 4 <211> 545 <212> PRT <213>
Artificial <220rc =223t FaglRa88de (ohpeg Naobejgli fr) 85y BhStdedi e <400zs4t Met
Clu Ser Proakys:lAl mplele Glu 1k urhdl BelPrdy Bup Ry oady ordProg @iy vk 5 10 15 1641
Gy Ala Phe Val Ay Pam Val Leu Ser Asgs Lys Gu Pro MatoTrp Ala 20 25 30 -
10 Asp Leu Leu Ala Leu Ala Ala Ala Arg Gy Gy Arg Val Hs Arg Ala 35 40
45 Pro G u Pro ghgradeystAltac loea AArcgedspad edc lorg Eausdd atdrgggGae Leu13b0 55
60 Val Glu Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu Clu Ala

435 440 445

cgg gtg aag agc gtg c©gg gag gog gcc gag cgc atg gcc tte aac atg 1392
Arg Val Lys Ser Val Arg Glu Ala Ala Glu Arg Met Ala Phe Asn Met
450 455 460

cce gtc cag ggce acc goe goc gac ctc atg aag ctg get atg gtg aag 1440
Pro Val Gln Gly Thr Ala Ala Asp Leu Met Lys Leu Ala Met val Lys
465 470 478 480

ctc ttc cecec agg ctg gag gaa atg ggg gco agg atg ¢te ottt cag gte l488
Leu Phe Pro Arg Leu Glu Glu Met Gly Ala Arg Met Leu Leu Gln Val
485 490 495

cac gac gag ctg gtc ctc gag gcc c¢ca aaa gag agg gcg gdag goc gty 1536
His Asp Glu Leu Val Leu Glu Ala Pro Lys Glu Arg Ala Glu Ala Val
500 505 510

gcc cgg ctg gec aag gag gte atg gag ggg gtg tat ccc ctg gec gtg 1584
Ala Arg Leu Ala Lys Glu Val Met Glu Gly Val Tyr Pro Leu Zla Val
515 520 525

ccc ctg gag gtg gag gtg ggg ata ggg gag gac tgg cte teoc goo aag 1632
Pro Leu Glu Val Glu Val Gly Ile Gly Glu Asp Trp Leu Ser Ala Lys
530 535 540

gag taa tga 1641
Glu
545

<210> 4

<211> 545

«<212> PRT

«213> Artificial

<220>
«223> TagD288_E (ohne N-terminales Histidin)

<400> 4

Met Glu Ser Pro Lys Ala Leu Glu Glu Ala Pro Trp Pro Pro Pro Glu
1 5 10 15

Gly Ala Fhe Val Gly Phe val Leu Ser Arg Lys Glu Pro Met Trp Ala
20 25 30




Leu Ala.Lys Asp Leu Ser Val Leu Ala Leu Arg Gu Ay Leu Gy Leu 65 70 75
80 Pro Pro Ay Asp Asp Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro Ser 85 90
95 Asn Thr Thr Pro u Ay Val Ala Arg Arg Tyr Ay Ay @u Trp Thr 100 105
110 Gu Gu Ala dy Gu Arg Ala Ala Leu Ser Qu Arg Leu Phe Ala Asn 115
120 125 Leu Trp Ay Arg Leu Gu Gy Qu E)u Arg Leu Leu Trp Leu Tyr Arg

130 135 140 Au Val Qu Arg Pro Leu Ser Afa Val Leu Ala Hs Met Qu Ala Thr
145 150 155 160 Ay Val Arg Leu Asp Val Ala Tyr Leu Arg Ala Leu Ser Leu Gu
Val 165 170 175 Ala Qu Gu Ile Ala Arg Leu Gu Ala Qu Val Phe Arg Leu
Ala Ay 180 185 190 H's Pro Phe Asn Leu Asn Ser Arg Asp G n Leu Qu Arg
Val Leu Phe 2sp3mu206: 205 1Asrl1G ala ele Gry di@ucIRr Brdilval Idie Mdgyalays Thr G u
Lys Thr Ay Lys 239 215 220 Arg Sep¢ Thr Ser Ala Aka Val Leu Gu Ala Leu
Arg Gu Ala Hs Pro 225 230 235 240 Ile Val GQu Lys Ile Leu G n Tyr Arg

G u Leu Thr Lys Leu Lys Ser -11 245 250 255 Thr Tyr Ile Asp Pro Leu Pro Asp
Leu Il e H sPPpdIArgroTRYT Sivy Arglew2B0s 265 12A0LYse®  \HR &2 Phie FArvgleehe Asn A n
Thr Ala Thr Al &°Thr Ay Arg Leu"Ser 275 280 288° Ser Ser Asp Pro Asn Leu
Gn Asn Ile Pro Val Arg Thr Pro Leu Ay 290 295 300 Gn Arg Ile Arg Arg

Ala Phe Ile_ Ala GQu GQu Sly Trp Leu Leu Val
Leu Ala Lys Asp Lel Ser val Leu Ala Leu Arg Glu Gly Leu Gly Leu

65 70 75 80

Pro Pro Gly Asp Asp Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro Ser




310 .315 320 Ala Leu Asp Tyr Ser An lle Gu Leu Arg Va

325 330 335 Gy Asp Qu Asn Leu Ile Arg Val Phe Gn GQu Ay Arg Asp
H's 340 345 350 Thr Qu Thr Ala Ser Trp Met Phe Ay Val Pro Arg G u
Val Asp 355 360 365 Pro Leu Met Arg Arg Ala Ala Lys Thr Ile Asn Phe
Val Leu Tyr 370 375 380 Gy Met Ser Ala Hs Arg Leu Ser G n Qu Leu
lle Pro Tyr Au 385 390 395 400 AGullAta @ n Ala Phe Ile Qu Arg Tyr
G n Ser Phe Pro Lys Val 405 410 415 Arg Ala Trp Ile Qu Lys Thr Leu
GQu Sly Arg Arg Arg Gy Tyr 420 425 A30 Val A u Thr Jeu Phe Sly Arg
Arg Tyr Val Pro Asp Leu Gu Ala 435 440 445 Arg Val Lys Ser Val Arg
Ala Ala Qu Arg Met Ala Phe Asn Met 450 455 460 - 12 Pro Val Gn Ay
Al a Al aTAsprykemdVeip bys deaupd AsMebu Mak divSerA85; 460 475,480 Leu Phe
Arg Leu Qu Gu Metc Gy Ala Arg MeksLeu Leu G n Vaky 485 490 495 His
Gu Leu Val Leu Qu Ala Pro Lys Au Arg Ala Gu Ala Val 500 505 510
Arg Leu Ala Lys Gu Val Met u Ay Val Tyr Pro Leu Ala Val 515 520
Pro Leu i@ HivathrGhig Vaé 26hyGln| ehrGrya Ghu MAspThr plitedg Sen Ara Lys 530
540 Gu 545 <Z’B0> 5 280 285

Ser Ser Asp Pro Asn Leu Gln Asn Ile Pro Val Arg Thr Pro Leu Gly
295 300

Arg Arg Ala Phe Ile Ala Glu Glu Gly Trp Leu Leu Val

310 315 320

Tyr Ser Gln Ile Glu Leu Arg Val Leu Ala His Leu Ser

325 330 335
Asn Leu Ile Arg Val Phe Gln Glu Gly Arg Asp Ile His
340 345 350
Ala Ser Trp Met Phe Gly Val Pro Arg Glu Ala Val Asp
360 365

Arg Arg Ala Ala Lys Thr Ile Asn Phe Gly Val Leu Tyr
175 380

Ala His Arg Leu Ser Gln Glu Leu Ala Ile Pro Tyr Glu

390 395 400

Ala Phe Ile Glu Arg Tyr Phe Gln Ser Phe Pro Lys Val

405 410 415
Ile Glu Lys Thr Leu Glu Glu Gly Arg Arg Arg Gly Tyr
420 425 430
Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu Glu Ala
440 445

Ser Val Arg Glu Ala Ala Glu Arg Met Ala Phe Asn Met

455 460

Leu Ala H's Leu



<211> 558 <212> PRT <213> Artificial <220> <223> TagbD288 D2 <220>
<221> M SC FEATURE <223> TagDel ta2Be with N-term nal histidine tag and
factor X protease cleavage site <400> 5 Met Arg Gy Ser H's His His H's
Hs Hslle Qu dy Arg Qu Ser 15 10 15 Pro Lys Ala Leu Qu Gu Ala Pro
Trp Pro Pro Pro Gu Gy Ala Phe 20 25 30 Val dy Phe Val Leu Ser Arg Lys
GQu Pro Met Trp Ala Asp Leu Leu 35 40 252 Ala Leu Ala Ala Al a Arg Ay Ay
Arg Val Hs Arg Ala Pro Au Pro 50 55 60 -13 Tyr Lys Ala Leu Arg Asp Leu
Lys G u Al a sAbgvad yid-euy liew IA'aaAiayﬁsp 62y 7&%1:7]55/589&10‘%@8. Ley =ar LV@' Leu Al a
Leu Arg Quseky Leu Ay Leu #£n0 Pro Ay 85 98 95 Asp Asp Prggdvet Leu Leu
Ala Tyr Leu Leu Asp Pro Ser Asn Thr Thr 100 105 110 Pro Au @y Vval Al a
Arg Arg Tyr Ay Ay Qu Trp Thr Qu Gu Ala 115 120 125 dy GQu Arg Ala
Al a Leu Ser L&huPhAr grd ey Phe AhaclAsretl euy Tip Glgymetl30u 135 d40vArg Leu G u
Gy Gu Qu Arg Leu Leu ®Bp Leu Tyr Arg @sa Val GQu 145 4450 155 160 Arg
Pro Leu Ser Ala Val Leu Ala Hs Met Qu Ala Thr Ay Vval Arg 165 170 175

His Asp Glu Leu Val Leu Glu Ala Pro Lys Glu Arg Ala Glu Ala Val
500 505 510

Ala Arg Leu Ala Lys Glu Val Met Glu Gly val Tyr Pro Leu Ala Val
515 520 525

Pro Leu Glu Val Glu Val Gly Ile Gly Glu Asp Trp Leu Ser Ala Lys

530 535 540
Glu
545
<210> &
<211l> 558
<212> PRT

<213> Artificial

<220>
<223> TagD288 D-2

<220>

<221> MISC FEATURE

<223> TaqgDelta288 with N-terminal histidine tag and factor X protease
cleavage site

«<400> 5
Met Arg Gly Ser His His His His His His Tle Glu Gly Arg Glu Ser

1 5 10 15

Pro Lys Ala Leu Glu Glu Ala Pro Trp Pro Pro Pro Glu Gly Ala Phe
20 25 30

val Gly Phe Val Leu Ser Arg Lys Glu Pro Met Trp Ala Asp Leu Leu
35 40 45

Ala Leu Ala Ala Ala Arg Gly Gly Arg Val His Arg Ala Pro Glu Pro
5¢ 55 60




Asp.vVal Ala Tyr Leu Arg Ala Leu Ser Leu Qu Val Ala Qu Gu 180 185
Ile Ala Arg Leu u Ala Qu Val Phe Arg Leu Ala Ay H's Pro Phe 195
205 Asn Leu Asn Ser Arg Asp G n Leu Gu Arg Val Leu Phe Asp Qu Leu
215 220 Ay Leu Pro Ala lle Ay Lys Thr Qu Lys Thr Ay Lys Arg Ser Thr
230 235 240 Ser Ala Ala Val Leu Qu ﬁjqa Leu Arg Gu Ala H's Pro Ile Val
245 250 255 Lys Ile Leu @ n Tyr Arg u Leu Thr Lys Leu Lys Ser Thr
Ile 260 265 270 Asp Pro Leu Pro Asp Leu Ile Hs Pro Arg Thr Ay Arg
H's Thr 275 280 285 - 14 Arg Phe Asn @ n Thr Ala Thr Ala Thr Gy Arg
Ser Ser TerLyAspla 280 A295%s300:0PLes Asa Alaundd 81,AsBu llee@ AmonMal Arg Thr
Leu Aye&@n Arg Ile 3050310 315 320 ArgisArg Ala Phe IlesAla Gu Gu
Trp Leu Leu Val Ala Leu Asp 325 330 335 Tyr Ser G n lle GQu Leu Arg
Leu Ala H's Leu Ser Ay Asp Gu 340 345 350 Asn Leu Ile Arg Val Phe

A u dy2AapgessPer Vel Hes Allar L@ grdigiuv B55L836018368u Ara BerGIlv p Met Phe
Val Pro Arg Gu Ala VWal Asp Pro Leu M8t 370 375 380 #Arg Arg Ala Al a
Thr Ile Asn Phe Gy Val Leu Tyr Ay Met Ser 385 390 395 400 Ala His
Leu Ser Gn GQu Leu Alalle Pro Tyr Au GQu Ala Gn 405 410 415 Al a
lle d uAAPg‘\SFy?fOPPli?‘; &R ISérMPhEY‘PIII?‘; I8 APRl P& §ew§§gﬂhﬁ 20 425 430

Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly Glu Trp Thr Glu Glu Ala
115 120 125




He . du Lys Thr Leu Gu u Ay Arg Arg Arg Ay Tyr Val GQu Thr 435 440 445
Leu Phe Gy Arg Arg Arg Tyr Val Pro Asp Leu Gu Ala Arg Val Lys 450 455
460 Ser Val Arg Gu Ala Ala Gu Arg Met Ala Phe Asn Met Pro Val A n 465
470 475 480 Gy Thr Ala Ala Asp Leu Met Lys Leu Ala Net Val Lys Leu Phe Pro
485 490 495 Arg Leu u Qu Met Ay Ala Arg Met Leu Leu Gn Val Hs Asp GQu
-15 500 505 510 Leu VvVal Leu Qu Ala Prd'@VS GQu Arg Ala Qu Ala Val Ala Arg
Leu 515 520 525 Ala Lys Qu VvVal Met Gu Sly Val Tyr Pro Leu Ala Val Pro
Leu u 530 535 540 val du Vval Sly Ile Sly Gu Asp Trp Leu Ser Al a Lys

G u 545 550 555 <210> 6 <211> 2499 <212> DNA <213> Thernus aquati cus
<220> <221=argrrbe Xspatln en<223>Thepen: readingrhranesencedisag aat i ve Ther nus
aquaticus (Taq)esDNA pol ynerasess220> <221> CDHBo<222> (1) .. (2499) <400>
6 atg agg ggg atg ctg ccc ctc ttt gag ccc aag ggc cgg gtc ctc ctg 48 Met

Arg Sly Met Leu Pro Leu Phe Qu Pro Lys Sly Arg Val Leu Leu 1 5 10 15
Pro Asn Leu Gln Asn Ile Pro Val Arg Thr Pro Leu Gly Gln Arg Ile

305 310 315 320

Arg Arg Ala Phe Ile Ala Glu Glu Gly Trp Leu Leu Val Ala Leu Asp




.ggc cac cac ctg gcc tac cgc acc ttc cac gcc ctg aag ggc 96 Val Asp

Hs Leu Ala Tyr Arg Thr Phe H's Ala Leu Lys Sly 20 25 30 ctc acc
Cgg ggg gag ccg gtg cag gcg gtc tac ggc ttc gcc 144 Leu Thr Thr
Sly u Pro Val An Ala Val Tyr Ay Phe Ala 35 40 45 aag agc ctc
gcc ctc aag gag gac ggg gac gcg gtg atc gtg 192 Lys Ser Leu Leu
Leu Lys Qu Asp Sly Asp Ala Val"i1e Val 50 55 60 gtc ttt gac gcc
ccc tcc ttc cgec cac gag gcc tac ggg ggg 240 Val Phe Asp Ala Lys
Ser Phe Arg Heso G u Ala Tyr GsysSly 65 70 75 89,tac aag gcg ggc cgg
acg ccg gag gac ttt ccc cgg caa ctc 288 Tyr Lys Ala Gy Arg Ala
Pro Qu Asp Phe Pro Arg An Leu 85 90 95 -16 gcc ctc atc aag gag
gac LeticvaCt Tpuggin @il g rgeguyegeliciheg gag QabalAvar el dAdgerduys A u Leu
Leu Leu G@sisleu Ala Arg Lesedd u 100 105 11é2gtc ccg ggc tac gag gcg
gtc ctg gcc agc ctg gcc aag aag 364 Val Pro Ay Tyr Gu Ala Asp
Leu Ala Ser Leu Ala Lys Lys 115 120 125 gcg gaa aag gag ggc tac gag
at c Aét dvacelugie! Yaec Hallyaval432r PAbale@ dla ys! Gra 1@ycIlyr @ u Val
Leu Thr33Al a Asp Lys Aspe3E30 135 140 ctt34%c cag ctc ctt tcc gac cgc
gtc ctc cac ccc gag ggg 480 Leu Tyr G n Leu Leu Ser Asp Arg lle
Leu Hs Pro Qu 145 150 155 160 tac ctc atc acc ccg gcc tgg ctt
aag Vf‘ééslﬁg‘@lc’f’@’ &b@ FEEgober Tyr leeber| #aThys Ble Ala Trp Leu Trp
Tyr °&y Leu Arg Pro °t85 170 175 gac %®dg tgg gcc gac tac cgg gcc ctg
gac gag tcc gac aac 576 Asp Gn Trp Ala Asp Tyr Arg Ala Leu Thr

Gu e, Asp Asn

<211> 24995
«212> DNA
<213> Thermus agquaticus

<220

<221> misc_ feature

<223»> open reading frame encoding native Thermus aguaticus {Tag) DNA
polymerase

<220>
<221> CDS
<222> (1) ..{2499)

<400> 6

atg agg ggg atg ctg cce ctc ttt gag ccc aag ggc cgg gtc cto ctg 48
Met Arg Gly Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu Leu

1 5 10 15

gtg gac ggc cac cac ctg goc tac cge ace tte cac goc ctg aag ggco 96

Val Asp Gly His His Leu Ala Tyr Arg Thr Phe His Ala Leu Lys Gly




18Q
624
200
du
aag
Pro
ctc
Ser
ttc
Al a
agg
Leu
aag
Al a
ttt
Val
ctg
Al a
gcc
Leu

gtt

185.

190 ctt ccc ggg gtc aag ggc atc ggg gag aag acg gcg agg aag ctt ctg

Leu Pro Ay Val Lys Ay Ile Ay GQu Lys Thr Ala Arg Lys Leu Leu 195

205
du
ccc
Al a
tcc
Trp
gcc
Lys
ctt
du
gcc
Leu
gtg
Leu
gcc
Al a
ctc
Arg
ctg

gag gag tgg ggg agc ctg gaa gcc ctc ctc aag aac ctg gac cgg ctg 672
Trp Ay Ser Leu Gu Ala Leu Leu Lys Asn Leu Asp Arg Leu 210 215 220
gcc ate cgg gag aag atc ctg gcc }c\éc atg gac gat ctg aag 720 Lys
Ile Arg Gu Lys Ile Leu Ala H s" Mt Asp Asp Leu Lys 225 230 235 240
tgg gac ctg gcc aag gtg cgc acc gac ctg ccc ctg gag gtg 768 Leu
Asp geel:tAl @cd s ab AgggtBhiaAspe ey dg0clLdeTcc @k 245 25012255 gac
aaa ragg.e@QUiejags GO 1gacvagssagu agd @it aggigeeqgtdsli &6 Asp Phe
Arg Arg Qu Proo Asp Arg G u AngsLeu Arg Al a Pheo260 265 270 ctg gag
gag ttt ggc agc ctc ctc cac gag ttc ggc ctt ctg 864 Leu Gu Arg
Phe 9&F ycc8ezgd ear lbew ddusga@ gadPhec Gry deeuadceut@ ¢bc 288 285 gaa3sgo ccc
ct gVgagrga®lyg€er Gde Algorepcescigl deg Aaasgyge9r2a 1GulySer Pro Lys
Au Qu AlEPro Trp Pro Pre2®Pro Au Ay 2902295 300 gcc ttc gtg ggc
ctt tcc cgc aag gag ccc atg tgg gcc gat 960 Ala Phe Val @y Phe
Ser 9A$§3Ey%69(33‘ﬂ3 PE® %tga’ﬂr%;CAF%% P BG52F16°3¥8C 32G 9aF7 ctt4¥X g gce
gcc AR 1’5191@’59564 gox 'Ié’ﬁgG t E2lc&AE9 4 (FecTecdlafem LyEetfPLeu Al a Leu
Ala Arg*8y Ay Arg Val*Mis Arg Ala Prot¥¥25 330 335 gag cct tat aaa

a ac ctg aa a cg C ctt ctc 1056 du Pro Tyr Lys Al a
Agg 'éu;yﬁ % gc g\Fg g g ﬁ_ég‘: céEl 9§&0°t§4§a°3§6° gee ﬁ&aygacx g agc
¢Lg

u His Pro

S
gec 6L g ¥agy gaa gg¢ [Eft 590 150

tac ctc atc acc ccg goco tgg ctt tgg gaa aag tac ggc ctg agg ccco 528
Tyr Leu Ile Thr Pro Ala Trp Leu Trp Glu Lys Tyr Gly Leu Arg Pro
165 170 175

gac cag tgg gcc gac tac cgg goc ctg acc ggg gac gag tcc gac aac 576
Asp Gln Trp Ala Asp Tyr Arg Ala Leu Thr Gly Asp Glu Ser Asp Asn
180 185 190

ctt cecc ggg gtc aag ggc atc ggg gag aag acg goyg agg aag ctt ctg 624
Leu Pro Gly Val Lys Gly Ile Gly Glu Lys Thr Ala Arg Lys Leu Leu




,Asp Leu Ser Val Leu Ala Leu Arg GQu Ay Leu Gy Leu Pro 355 360 365

gac gac ccc atg ctc ctc gcc tac ctc ctg gac cct tcc aac 1152 Pro
Asp Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro Ser Asn 370 375 380 acc
gag ggg gtg gcc cgg cgc tac ggc ggg gag tgg acg gag 1200 Thr Thr
Gy Val Ala Arg Arg Tyr Ay Ay GQu Trp Thr Gu 385 390 395 400 gag
gag cgg gcc gcc ctt tcc gag agg ttc ttc gcc aac ctg 1248 du Al a
Arg Ala Ala Leu Ser u Arg Leu Phe Al a Asn Leu 405 410 415 tgg ggg
gag ggg gag gag agg ctc ctt tgg ctt tac cgg gag 1296 Trp Ay Arg
Gy & bt sAE 4B Je@UgcE Bod-84y TYE c%@gg@ Had20542e 430 gt gcgag agy
tccrgetregt £1aCLE: @CE Macaat Brady @86 AgovLH0did é al¥aprd u Arg Pro
Ala Val Leu Ala Bks Met Gu Ala Bas Ay 435 440 445 gtg cgc ctg gac

tat ctc agg gcc ttg tcc ctg gag gtg gcc 1392 Val Arg Leu Asp Val
Leugég g-cAl ertlear Se¢ dteladd gadV/atg Aka Jhg0gtbbgAG0sgag gag at aogec cgce
gcc Gagrgt et Lxs ége letgrrgcasygeu cae dld4fia &qic@ wekl Al a Arg Leu
G u Val Phe AR4p Leu Ala Gy HBs5465 470 475 4660ccc ttc aac ctc aac
gac cag ctg gaa agg gtc ctc ttt gac 1488 Pro Phe Asn Leu Asn Ser
A n9Eewrad RcAre VaFf dteurtBheccASps 485 #90I95-tgage cita ¢y ct tletc gcce
aag Aé%gwgagpahﬁi §et Vggcleaatlac e PE36SIuGy LewGh yebekroPro Ala |l e
Thr Gu Ly®>Thr Ay Lys Ar¢f%S00 505 510 tcébacc agc gcc gcc gtc ctg
ctc (E:;? gag gcc cac ccc atc 1584 Ser Thr Ser Ala Ala Val Leu GQu
o & GOA THY Bro AL 515 BIEF 595 Ctjt:g; gacaéﬁt dt€ ¥g cagli@ac cgg
acc ’é%@lgt}bgpaﬁif age MSECLETG?ZI Ala Tyr Leu

Pro Ser Asn
380

acc acc ccc gag gg9g gtg goe cgg cde tac ggc ggg gag tgg acg gag 1200
Thr Thr Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly Glu Trp Thr Glu
385 390 395 400
gag gcg 999 gag cgg gcc gocc ctt tec gag agg cte ttc goc aac ctg 1248

Glu Ala Gly Glu Arg Ala Ala Leu Ser Glu Arg Leu Phe Ala Asn Leu




Val. Gu.,Lys Ile Leu dn Tyr Arg Gu Leu Thr Lys Leu Lys Ser Thr - 18 530
535 540 tac att gac ccc ttg ccg gac etc atc cac ccc agg acg agc cgc ctc
1680 Tyr Ile Asp Pro Leu Pro Asp Leu Ile H's Pro Arg Thr Ay Arg Leu 545
550 555 560 cac acc cgc ttc aac cag acg gcc acg gcc acg ggc agg cta agt agc
1728 H's Thr Arg Phe Asn G n Thr Ala Thr Ala Thr Gy Arg Leu Ser Ser 565
570 575 tcc gat ccc aac ctc cag aac atc-é8c gtc cgc acc ccg ctt ggg cag
1776 Ser Asp Pro Asn Leu @n Asn Ile Pro Val Arg Thr Pro Leu Ay G n 580
585 590 agg atcsmmgc cgg gcc ttcsade gecc gag gagsggg tgg cta ttg gtg gcce
1824 Arg Ile Arg Arg Ala Phe Ile Ala Gu Gu Ay Trp Leu Leu Val Al a 595
600 605 ctg Wgacaitagaagec Gag &gdgPAgreltcagl & agd GcfdCfycC EtL tceoeggc
1872 Leu AspyrTiyle S€F pGb el RoGhsp Lew 1AEGzi¥abrd by Aha dihSaledeSer Gy 610
615 620 gac 'gag aac ctg atc =g gtc ttc cag gag 9ggg cgg gac atx cac acg
1920 Asp GQu Asn Leu Ile Arg Val Phe Gn JQu Ay Arg Asp Ile H's Thr 625
630 635 640 WagrEcesytee age taggaat get tacggge iLafCGgfdQagdad 6L Jt g7gac ccc
1968 G u TH¥sATha Sex Piie sMEGlnPher Gly TVal A1Rr thrAcly Gryl 1AhasefaberASp Pro 645
650 655 ctg atg cgc cgg ¢€§ gcc aag acc &7 aac ttc ggg gt ctc tac ggc
2016 Leu Met Arg Arg Ala Ala Lys Thr Ile Asn Phe Gy Val Leu Tyr Gy 660
665 670 at g *EPAcETERC (FE TCPcraccete&g- gi§ TIcaagr cratcttcass tar gagrogag
2064 Met SEFTANE HS AR gCESUH S & PeP Valletr IAFE Pre PrABITYELl:d u G u 675
680 685 gcc cag gcec tt8att gag cgc t&85ttt cag age tti€°ccc aag gtg cgg

2112 Ala Gn Ala Phe Ile Gu Ar Tgr Phe G n Ser Phe Pro Lys Val Arg
agg atc cgc cgg gcc tte att géc g

ag gag ggg tgg cta ttg gtg gecc 1824
Arg Ile Arg Arg Ala Phe Ile Ala Glu Glu Gly Trp Leu Leu Val Ala
595 600 605
ctg gac tat agc cag ata gag ctc agg gtg ctg gec cac cte toc ggc 1872

Leu Asp Tyr Ser Gln Ile Glu Leu Arg Val Leu Ala His Leu Ser Gly




690. 695,700 gee tgg att gag aag acc ctg gag gag ggc agg agg cgg ggg tac gtg
2160 Ala Trp Ille u Lys Thr Leu Qu Qu Gy Arg Arg Arg Ay Tyr Val 705
710 715 720 gag acc ctc ttc ggc cgc cgc cgc tac gtg cca gac cta gag gcc cgg
2208 G u Thr Leu Phe Gy Arg Arg Arg Tyr Val Pro Asp Leu Gu Ala Arg 725
730 735 gtg aag age gtg cgg gag gcg gcc gag cgc atg gcc ttc aac atg ccc
2256 Val Lys Ser Val Arg Au Ala Ala d 9Arg Met Ala Phe Asn Met Pro 740
745 750 gtc cag ggc acc gcc gcc gac ctc atg aag ctg get atg gtg aag etc
2304 - 19 Vala1Gun &y thhra Al @aAhdp AsP Meelyeleul X5 ket vAh a Ml Val Lys Leu
755 760 765 ttc ccesmagg ctg gag gaas@tg ggg gcc aggsatg ctc ctt cag gtc cac
2352 Phe Pro Arg Leu Qu Gu Mt Ay Ala Arg Met Leu Leu G n Val H's 770
775 780 gac tgageeet ggggtes Ghe @agatgtesceac adg gagetggrgeygsgag gac gt gsgec
2400 Asp Grbelmw Ma Léte@lGaluAte P10 Aly sir@ NetArgp Aba cCth waAl ®isVal Al a 785
790 795 800 cgg’’@tg gcc aag gag’ytc atg gag ggg7gtg tat ccc ctg gcc gtg ccc
2448 Arg Leu Ala Lys Qu Val Met Qu Ay Val Tyr Pro Leu Ala Val Pro 805
810 815 ct g SgacFagt §-ydEF Ftg WYgIst acyger ag TacItygaTidectate goe aagigag
2496 Leu GPGPVAEM @mv%lLeej}U|4J@ By e FlASPITR e Béw AServadl &lalys G u 820
825 830 tga 8299 <210> 7 <7P9> 832 <212> PRF <213> Thernusé®quati cus

<400> 7 Met Arg Ay Met Leu Pro Leu Phe Qu Pro Lys Ay Arg Val Leu Leu
cggctg gcc aag gag gtc atg gag ggg gtg tat ccd ctg goc gty coc 2448

Arg Leu Ala Lys Glu Val Met Glu Gly vVal Tyr Pro Leu Ala Val Pro
805 810 815

ctg gag gtg gag gtg ggg ata ggg gag gac tgg ctc tcc gec aay gag 2456
Leu Glu Val Glu val Gly Ile Gly Glu Asp Trp Leu Ser Ala Lys Glu

820 825 830

tga 2499

<210> 7

<211> 832

<212> PFRT

«213> Thermus agquaticus

<d00=> 7

Met Arg Gly Met Leu Pro Leu Phe Glu Pro Lys Gly Arg Val Leu Leu
1 5 10 15




1 510 15 Val Asp Ay Hs Hs Leu Ala Tyr Arg Thr Phe H's Ala Leu Lys Ay
20 25 30 Leu Thr Thr Ser Arg Ay GQu Pro Val @n Ala Val Tyr Ay Phe Al a
35 40 45 Lys Ser Leu Leu Lys Ala Leu Lys Qu Asp Ay Asp Ala Val Ile Val

50 55 60 Val Phe Asp Ala Lys Ala Pro Ser Phe Arg Hs Gu Ala Tyr Ay Ay
65 70 75 80 Tyr Lys Ala Gy Arg Ala Pro I(Er Pro Gu Asp Phe Pro Arg @ n Leu
85 90 95 Ala Leu Ile Lys GQu Leu Val Asp“teu Leu Gy Leu Ala Arg Leu Qu
100 105 110 -20 VvVal Pro Ay Tyr Qu Ala Asp Asp Val Leu Ala Ser Leu Ala Lys
Lys 115 120 125 Ala Qu Lys AQu Ay Tyr Gu Val Arg Ile Leu Thr Ala Asp
Lys Asp 130 135 140 Leu Tyr G@n Leu Leu Ser Asp Arg Ile H's Val Leu H's
Pro Au Gy valdsolsly I'sd cl6rIRyksHd esp vk CEAralRr eeAlau Fip leur s p A u Lys
Tyr Ay Leu Arg Prols 165 170 175 Aspced n Trp Ala AspsTyr Arg Ala Leu Thr
Gy Asp Qu Ser Asp Asn 180 185 190 Leu Pro Ay Val Lys Ay Ile dy Qu
Lys Thr Ala Arg Lys Leu Leu 195 200 205 Qu Gu Trp Ay Ser Leu Au A a
Leu Leu Lys®A3rFltelirsASht Aty TvauClwRYe 218 A2(0LduyEhiPAda Asp IvseAsr g G u Lys
lle Leu Ala Hi skt Asp Asp Leulldys 225 230 2352240 z,eu Ser Trp Asp Leu
Ala Lys Val Arg Thr Asp Leu Pro Leu Au Val 245 250 255 Asp Phe Al a Lys

Arg Arg Gu Pro Asg Arg Gu Arg Leu Arg Al a Phe
Leu Tyr Gln L&u Leu Ser Asp Arg Ile KHis Val Leu His Pro Glu Gly

145 150 155 160

Tyr Leu Ile Thr Pro Ala Trp Leu Trp Glu Lys Tyr Gly Leu Arg Pro
165 170 175

Asp Gln Trp Ala Asp Tyr Arg Ala Leu Thr Gly Asp Glu Ser Asp Asn




260. 2654270 Leu Au Arg Leu u Phe Ay Ser Leu Leu Hs Gu Phe Gy Leu Leu
275 280 285 GQu Ser Pro Lys Ala Leu Gu QQu Ala Pro Trp Pro Pro Pro Au Gy
290 295 300 Ala Phe Val Gy Phe Val Leu Ser Arg Lys Gu Pro Met Trp Ala Asp
305 310 315 320 Leu Leu Ala Leu Ala Ala Ala Arg Ay Gy Arg Val Hs Arg Ala
Pro a -21 325 330 335 Qu Pro Tyr Lys AE@ Leu Arg Asp Leu Lys Gu Ala Arg
Gy Leu Leu 340 345 350 Ala Lys Asp Leu"Ser Val Leu Ala Leu Arg Au Gy
Leu Ay Leu Pro 355 360 365 Pro Ay Asp Asp Pro Met Leu Leu Ala Tyr Leu
Leu Asp Pro Ser Asn 37033%5 380 Thr Thr $Bro Au Gy Val Asa Arg Arg Tyr
Gy Ay Au Trp Thr Gu 385 390 395 400 Au Ala Ay Gu Arg Ala Ala Leu
Ser Qu Arg Leu Phe Ala Asn Leu 405 410 415 Trp Ay Arg Leu Au dy GQu

G u Arg LeuClewrPryrievs Fye LAugh@ bsp 420 425014301aVakg Gly tAnguddr o Leu Ser
Ala Val Leu Ala His Mt d u Ala Thr G3ys 435 440 445 Vab Arg Leu Asp Val
Ala Tyr Leu Arg Ala Leu Ser Leu Gu Val Ala 450 455 460 Au du lle Ala
Arg Leu Qu Ala Qu Val Phe Arg Leu Ala Gy H's 465 470 475 480 Pro Phe
Asn Leu Asn?SRrLYArFPASE: GER Péuled BloAFG: VP HeuSPhesnShy 1485P490 495 G u
Leu Ay Leu Pro Al&°lle Ay Lys Th#*@d u Lys Thr d yé1iys Arg

Pro Gly Asp Asp Pro Met Leu Leu Ala Tyr Leu Leu Asp Pro Ser Asn
370 375 igo

Thr Thr Pro Glu Gly Val Ala Arg Arg Tyr Gly Gly Glu Trp Thr Glu




500. 505,510 Ser Thr Ser Ala Ala Val Leu Cu Ala Leu Arg GQu Ala Hs Pro Ile
515 520 525 Val GQu Lys Ile Leu An Tyr Arg Qu Leu Thr Lys Leu Lys Ser Thr
530 535 540 46 -22 Tyr Ile Asp Pro Leu Pro Asp Leu Ile His Pro Arg Thr Gy
Arg Leu 545 550 555 560 His Thr Arg Phe Asn G n Thr Ala Thr Ala Thr Gy
Arg Leu Ser Ser 565 570 575 Ser Asp Pro n Leu Gn Asn Ile Pro Val Arg
Thr Pro Leu Ay @n 580 585 590 Arg 1l &2 fg Arg Ala Phe Ile Ala Qu Qu
Gy Trp Leu Leu Val Ala 595 600 605 Leu Asp Tyr Ser Gn Ile Qu Leu Arg
Val Leu Al a mrsrileensiSero Gey prelRsH1bu G20 :ASPe:d HrfShr lay Adserdy g Val Phe
Gn Qu AysAsg Asp Ile Hi s sEbr 625 630 635%40 A u Thr Al as&er Trp Met
Phe Ay Val Pro Arg Gu Ala Val Asp Pro 645 650 655 Leu Met Arg Arg Ala
Ala Lys Thr Ile Asn Phe Ay Val Leu Tyr Ay 660 665 670 Met Ser Ala Hi's
Arg Leu Ser HE:ri'h@ fird &be Alsa GlneTiRr alayhr @la THruUGL6Eby 680 &85l a A n Al a
Phe Ile Qu Arg Tyr Phe Gh Ser Phe Pro L8 Val Arg 690 %95 700 Ala Trp
Ile u Lys Thr Leu Gu GQu Gy Arg Arg Arg Gy Tyr Val 705 710 715 720
Gu Thr Leu Phe Ay Arg Arg Arg Tyr Val Pro Asp Leu Gu Ala Arg 725 730
735 Val Lys SSérASVa%/rOAf*g“ EPY ARl AlGFEe Arg ANet TN BrPhReu S Wt Pro 740
745 750 >80 585 590

Arg Ile Arg Arg Ala Phe Ile Ala Glu Glu Gly Trp Leu Leu Val Ala
585 600 605

Leu Asp Tyr Ser Gln Ile Glu Leu Arg Val Leu Ala His Leu Ser Gly
610 615 620

Asp Glu Asn Leu Ile Arg Val Phe Gln Glu Gly Arg Asp Ile His Thr
625 630 &35 640

Glu Thr Ala Ser Trp Met Phe Gly Val Pro Arg Glu Ala Val Asp Pro
645 650 655

Leu Met Arg Arg Ala Ala Lys Thr Ile Asn Phe Gly Val Leu Tyvr Gly
650 665 670

Met Ser Ala His Arg Leu Ser Gln Glu Leu Ala Ile Pro Tyr Glu Glu
675 680 685

Ala Gln Ala Phe Ile Glu Arg Tyr Phe Gln Ser Phe Pro Lys Val Arg
630 695 700

Ala Trp Ile Glu Lys Thr Leu Glu Glu Gly Arg Arg Arg Gly Tyr Val
705 710 715 720

Glu Thr Leu Phe Gly Arg Arg Arg Tyr Val Pro Asp Leu Glu Ala Arg
725 730 735

Val Lys Ser Val Arg Glu &la Ala @Glu Arg Met Ala Phe Asn Met Pro
740C 745 750

Val Gln Gly Thr Ala Ala Asp Leu Met Lys Leu Ala Met Val Lys Leu
755 760 765




Val. @ nedy Thr Ala Ala Asp Leu Met Lys Leu Ala Met Val Lys Leu 755 760
765 23 Phe Pro Arg Leu u Gu Mt Ay Ala Arg Met Leu Leu Gn Val Hs 770
775 780 Asp Qu Leu Val Leu Gu Ala Pro Lys Gu Arg Ala Ju Ala Val A a
785 790 795 800 Arg Leu Ala Lys Gu Val Met Au Ay Val Tyr Pro Leu Al a Val
Pro 805 810 815 Leu Gu Val GQu Val dy_lle Gy Qu Asp Trp Leu Ser A a
Lys A u 820 825830 <210>8 <211>53 <212> " <213>Artificial <220> Flu T-14
ol i gonucl eoti de; DNA tenplate for screening of <223>heat-st abl e DNA

pol ymerase nmutants; the T on position 14 is |abeled with fluoresceine.
<220> <221>rrhgcrroemtai.eu <2223301M9t? a1 4) a <22 3mdtabel edu wiikhvdil woy escei ne
<400>8 tcgattcgygte acgtccgcgc gattggcgca tatagcgeseg atcgcggacg tac 53

Asp Glu Leu Val Leu Glu Ala Pro Lys Glu Arg Ala Glu Ala Val Ala
785 790 795 BGO

Arg Leu Ala Lys Glu Val Met Glu Gly Val Tyr Pro Leu Ala Val Pro
805 B1GC 815

Leu Glu Val Glu Val Gly Ile Gly Glu Asp Trp Leu Ser Ala Lys Glu
820 825 830

«210> 8
<211l= 53
<212> DNA

<213> Artificial

«<220>

<223»> Flu T-14 oligonucleotide; DNA template for screening of
heat-stable DNA polymerase mutants; the T on position 14 is
labeled with fluoresceine.

<220>
<221> misc_feature
<222>  {14)..(14)

<223> labeled with fluoresceine

<400> B
tcgatteggt acgtceegeoge gatcggegea tatagcgccg atcgcggacg tac 53




