
13 February 2006 21822 -MI Thermostable Taq polymerase fragment The present
invention is directed to the field of molecular biology. Particularly, the
invention is directed to a polypeptide with DNA polymerase activity. The
invention  provides a polypeptide with thermostable DNA polymerase
activity, whereby  thermostability is enhanced. The invention also provides
a method to produce said  5 polypeptide. DNA polymerases from mesophilic
microorganisms such as E.coli are well known  to the art. See, for example,
Bessman et al., J. Biol. Chem. 223 (1957) 171-177 and  Buttin, G., and
Kornberg, A., J. Biol. Chem. 241 (1966) 5419-5427. Also known to  the art
are DNA polymerases from thermophiles such as the Thermus aquaticus 10
species. The use of thermostable enzymes to amplify existing nucleic acid
sequences  in amounts that are large compared to the amount initially
present was described in  US 4,683,195, US 4,683,202, and US 4,965,188
which describe the process of the  polymerase chain reaction (PCR).
Commercial vendors, such as Roche Diagnostics  GmbH (Mannheim, Germany)
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 (Taq DNA polymerase,
also referred to as TaqWT) and  the use of that polymerase in PCR. 



13 February 2006 -2 T. aquaticus DNA polymerase is especially preferred for
use in PCR and other  recombinant DNA techniques, e.g. due to its high rate
of synthesis (capable of  polymerizing about 75 nucleotides per second).
Nevertheless, there remains a need  for alternative thermostable
polymerases. Particularly an enhanced thermostability 5 of a DNA polymerase
would be advantageous in the case where a prolonged initial  heat
incubation precedes PCR. An example for such a case is the activation of
DNA  polymerase activity of a DNA polymerase that has been chemically
modified in  order to reversibly block its enzymatic activity.
Particularly, thermostability of Taq DNA polymerase is surpassed by that of
other  10 polymerases. While the half life of purified TaqWT at 95C is
about 40 min in a stabilized preparation and about 20 min in a typical
reaction mixture used for  LightCycler PCR, other DNA polymerases such as
Pwo DNA polymerase (from  Pyrococcus woesei; Roche Catalogue No. 1664947)
is increased. Pwo DNA  polymerase exhibits increased thermal stability with
a half life of greater than 2 h at 15 100C compared to Taq DNA polymerase
with a half life of less than 5 min at this  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. Lawyer, F.C., et al. have described in J. Biol. Chem. 264
(1989) 6427-6437 the  isolation, characterization and expression of the DNA
polymerase gene from  Thermus aquaticus in E. coli. The cloning of
expression vectors comprising a DNA  sequence encoding a 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. 



13 February 2006 3 The molecular weight of this enzyme is reported to be 68
kDa as determined by  sucrose gradient centrifugation and 63 kDa as
determined by gel filtration. No  sequence data is provided for this
polymerase. US 5,616,494 teaches an enzymatically active truncated fragment
of Taq DNA  5 polymerase which excludes the N-terminal 235 amino acid
residues. The purified enzyme is described to be fully active, however
having a reduced processivity and  lacking 5'-exonuclease activity. When
compared with native Taq DNA polymerase,  more units of DNA polymerase are
necessary for the deltion fragment to complete a  PCR amplification
reaction. The truncated form with an additional N-terminal  10 methionine
was expressed in E. coli. US 5,885,813 discloses enzymatically active
truncated forms of Taq DNA  polymerase with an N-terminal deletion of 271
and 272 amino acids, both having a  tyrosine residue at the position
cossesponding to native Taq DNA polymerase  residue 667 in its dNMP binding
site. Both truncated forms were expressed in E. 15 coli with an additional
methionine-encoding start codon fused to each reading  frame. US 5,079,352
teaches a truncated form of Taq DNA polymerase (Example IX) with  a
molecular weight of approximately 61 kDa. During purification, this form
(also  known as the Stoffel fragment) was originally recognized as a
proteolytic artifact. 20 N-terminal sequencing revealed that the truncated
form arose as a result of  proteolytic cleavage between Glu289 and Ser290.
The deletion of 289 amino acids  from the N-terminus of native Taq DNA
polymerase resulted in a fully active DNA  polymerase. The document further
describes the construction of a vector  comprising a DNA encoding the
truncated form, that is the Stoffel fragment, and 25 an additional
methionine-encoding start codon. Using the vector, the truncated  form of
native Taq DNA polymerase with a molecular weight of approximately  61 kDa
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 Tag0289. US 5,436,149 teaches an enzymatically
active truncated Thermus aquaticus DNA  polymerase which, however, excludes
the N-terminal 279 amino acid residues. The 



13 February 2006 4 fragment was expressed in E. coli with two additional
codons encoding a methionie  (start codon) and a glycine residue, fused to
the reading frame encoding the amino  acid corresponding to native Taq DNA
polymerase residue 280. In the present text,  fragment of native Taq DNA
polymerase as documented by US 5,436,149 (also 5 known as Klentagl
commercially available from AB Peptides, Inc and also as  AdvanTaq DNA
polymerase commercially available from Clontech, Inc) is further  referred
to as TaqA279. The enzymatic activity of the truncated form is shown to
survive repeated exposure to temperatures of 99C. I i In view of the state
of the art, there is a desire for a purified, thermostable DNA  10
polymerase that may be used to improve the PCR process described above and
to improve the results obtained when using a thermostable DNA polymerase in
other  recombinant techniques such as DNA sequencing, and other processes
of template- dependent elongation of DNA primers by DNA polymerase
activity. The inventors have surprisingly found that a fragment of native
Thermus aquaticus  15 DNA polymerase (TaqWT) lacking 288 N-terminal amino
acids (TagA288) possesses an increased thermostability over TaqWT, TaqA279,
and TaqA289. The  present invention therefore helps to meet the need
described above by providing  Tag0288, 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 Tagi288. 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 13 February 2006 5 polymerase of SEQ ID NO:2, "Glu7" denotes the
Glutamic acid residue at amino  acid position 7. The terms "cell", "cell
line", and "cell culture" can be used interchangeably and all  such
designations include progeny. Thus, the words "transform ants" or 5
"transformed cells" include the primary transformed cell and cultures
derived from  that cell without regard to the number of transfers. All
progeny may not be  precisely identical in DNA content, due to deliberate
or inadvertent mutations.  Mutant progeny that have the same functionality
as screened for in the originally  transformed cell are included in the
definition of transformants. 10 The term "control sequences" refers to DNA
sequences necessary for the expression  of an operably linked coding
sequence in a particular host cell. The control  sequences that are
suitable for procaryotes, for example, include a promoter,  optionally an
operator sequence, a ribosome binding site, and possibly other  sequences.
Eucaryotic cells are known to utilize promoters, polyadenylation signals,
15 and enhancers. 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. 13 February 2006 6 



The term "non-ionic polymeric detergents" refers to surface-active agents
that have  no ionic charge and that are characterized for purposes of this
invention, by an  ability to stabilize Tag0288 at a pH range of from about
3.5 to about 9.5, preferably  from 4 to 8.5. 5 The term "oligonucleotide"
as used herein is defined as a molecule comprised of  two or more
deoxyribonucleotides or ribonucleotides, preferably more than three,  and
usually more than ten. The exact size will depend on many factors, which in
turn depends on the ultimate function or use of the oligonucleotide. The
oligonucleotide may be derived synthetically or by cloning. 10 The term
"primer" as used herein refers to an oligonucleotide which is capable of
acting as a point of initiation of synthesis when placed under conditions
in which  primer extension is initiated. An oligonucleotide "primer" may
occur naturally, as  in a purified restriction digest or be produced
synthetically. Synthesis of a primer  extension product which is
complementary to a nucleic acid strand is initiated in 15 the presence of
four different nucleoside triphosphates and a thermostable  polymerase
enzyme in an appropriate buffer at a suitable temperature. A "buffer"
includes cofactors (such as divalent metal ions) and salt (to provide the
appropriate  ionic 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 13 February 2006 7 



need not reflect the exact sequence of the template. For example, a non-
complementary nucleotide fragment may be attached to the 5' end of the
primer,  with the remainder of the primer sequence being substantially
complementary to  the strand. Non-complementary bases or longer sequences
can be interspersed into 5 the primer, provided that the primer sequence
has sufficient complementarity with  the sequence of the template to
hybridize and thereby form a template primer  complex for synthesis of the
extension product of the primer. The terms "restriction endonucleases" and
"restriction enzymes" refer to bacterial  enzymes which cut double-stranded
DNA at or near a specific nucleotide sequence. f 10 The term "
thermostable" polypeptide with DNA polymerase activity refers to an  enzyme
which is stable to heat and is heat resistant and catalyzes (facilitates)
combination of the nucleotides in the proper manner to form primer
extension  products that are complementary to a template nucleic acid
strand. Generally,  synthesis of a primer extension product begins at the
3' end of the primer and 15 proceeds in the 5' direction along the template
strand, until synthesis terminates.  An example for a thermostable DNA
polymerase is Taq DNA polymerase (TaqWT)  or deletion fragments thereof
such as TaqA279, Tagi289, and the present enzyme,  i.e. Tag0288. 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. 13 February 2006 



8 For the assay setting a special oligonucleotide as described above is
used in which  within the double-stranded portion at a position close to
the nucleotides initially  providing the 5' single-stranded overhang, a
nucleotide or nucleotide analogue is  located which is bound to a first
fluorophore. Preferably, the first fluorophore is 5 fluorescein. Within the
5' single-stranded overhang and at a position about 10  nucleotides from
the fluorophore-labeled first position there is an adenine. Instead  of
dTTP, the reaction mixture contains labeled dUTP or a mixture of labeled
and  unlabeled dUTP; dUTP is capable of being incorporated into the
opposite strand to  pair with said adenine. Preferably, the label bound to
dUTP is LightCycler - Red 10 640 as second fluorophore. Once labeled dUTP
is incorporated by DNA polymerase  enzymatic activity, the first and the
second label are brought into a proximity which  supports FRET.
Oligonucleotide molecules with incorporated labeled dUTP can be  measured
by quantifying FRET using light of a defined excitation wavelength
specific for fluorescein but not LightCycler - Red 640 and measuring
emitted light 15 at the emission wavelength of LightCycler - Red 640 using
a fluorimeter. The  skilled artisan is well aware of this principle,
methods and instruments to quantify  FRET. Using the FRET assay the
inventors compared TaqWT, TaqA289, TaqA279, and  Tagz288, 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 97C for 35 min. It was
surprisingly  found that due to heat treatment DNA polymerase activity of
TaqWT, TaqA289,  and TaqA279 was decreased to less than 50%, with TaqA279
retaining activity 25 between about 30% and less than about 50%, TaqA289
retaining activity between  about 15% and about 30%, and TaqWT retaining
activity between 0% and about  5%. In contrast, TaqA288 expressed with a
terminal methionine retained activity  between above about 50% and about
80%. Using the same FRET activity assay, TaqWT and TaqA288 were compared as
30 purified enzymes in a PCR reaction mixture. Following heat incubation at
98C for 30 min, TaqWT retained activity between about 10% and about 15%. In
contrast,  TaqA288 retained activity between about 30% and about 35%. 13
February 2006 



9 Using the same FRET activity assay, TaqWT, TaqA279 and TaqA288 were
compared as purified enzymes in a stabilized preparation, that is a storage
buffer  containing 50% glycerol. TaqWT, TagA279 and TaqA288 were kept in
the same  storage buffer. Following heat incubation at 98C for 30 min,
TaqWT retained 5 activity between about 40% and about 50%. Tagi279 retained
activity between  about 80% and about 100%. TaqA288 retained activity
between about 90% and  about 100%. Thermostability of TaqA288 with and
without N-terminal methionine was  indistinguishable. 10 A first embodiment
of the invention is a polypeptide with DNA polymerase activity,
characterized in that the amino acid sequence of the polypeptide is the
amino acid  sequence of Thermus aquaticus (Taq) DNA polymerase lacking the
N-terminal 288  amino acids of Taq DNA polymerase. In the present text said
polypeptide is also  referred to as Tag0288. Preferably, the amino acid
sequence of the polypeptide is  15 the amino acid sequence of SEQ ID NO:2.
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  TagA288. 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. It is also preferred that 30
thermostability is enhanced when compared to the deletion fragments TaqA289
and Tagz.279. The inventors have found that when expressing recombinantly
and  under the same conditions in E. coli TaqA288 (with an N-terminal
methionine), 13 February 2006 



-10 Tag0289, TaqA279 and TaqWT, Tag0288 has the highest thermostability
when  compared to the others. Another embodiment of the invention is a
nucleotide sequence encoding a  polypeptide according to the invention.
Those of skill in the art recognize that a 5 polypeptide with DNA
polymerase activity and increased thermostability according  to the
invention is most easily constructed by recombinant DNA techniques. In a
preferred embodiment of the invention the nucleotide sequence is the
nucleotide  sequence of SEQ ID NO:1 or SEQ ID NO:3. Also, the skilled
artisan is aware of silent codon changes (i.e. the amino acid  10 encoded
is unchanged) that can be introduced in the nucleotide sequence encoding
the first 10 to 20 amino terminal amino acid residues of the polypeptide,
and which  do not affect the sequence of the polypeptide. Such changes may
lead to an  optimized nucleotide sequence and may in a transformed host
cell such as an E. coli  cell or in a cell-free expression system such as
the cause an increased production of 15 the polypeptide according to the
invention. Other optimized nucleotide sequences  encoding a polypeptide of
the invention can be obtained by introducing silent  codon changes in the
entire coding sequence. This can be particularly useful if the  polypeptide
is to be expressed in a prokaryotic host cell of, e.g., the Bacillus
species  or in a eukaryotic host cell such as a yeast cell, preferably a
methylotrophic yeast  20 cell. To construct the expression vector, a DNA is
obtained that encodes the polypeptide  with DNA polymerase activity
according to the invention or a fusion of the  polypeptide to an additional
sequence that does not destroy activity or to an  additional sequence
cleavable under controlled conditions (such as treatment with 25 peptidase)
to give an active protein. The coding sequence is then placed in operable
linkage with suitable control sequences in an expression vector. Thus,
another  embodiment of the invention is a recombinant DNA vector comprising
a DNA  sequence according to the invention. The vector is used to transform
a suitable host cell, and the transformed host cell is  30 cultured under
conditions suitable for expression of the recombinant polypeptide with DNA
polymerase activity. The vector can be designed to replicate 13 February
2006 -11 



autonomously in the host cell or to integrate into the chromosomal DNA of
the  host cell. Each of the foregoing steps can be done in a variety of
ways. For example, the  desired coding sequence may be obtained from
genomic fragments 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 employs standard ligation and restriction techniques
that are well understood in the art. Isolated plasmids, DNA sequences, or
10 synthesized oligonucleotides are cleaved, modified, and religated in the
form  desired. Suitable restriction sites can, if not normally available,
be added to the ends  of the coding sequence so as to facilitate
construction of an expression vector, as  exemplified below. For portions
of vectors or coding sequences that require sequence modifications, a  15
variety of site-specific primer-directed mutagenesis methods are available.
The polymerase chain reaction (PCR) can be used to perform site-specific
mutagenesis.  In another technique now standard in the art, a synthetic
oligonucleotide encoding  the desired mutation is used as a primer to
direct synthesis of a complementary  nucleic acid sequence of a
single-stranded vector, such as pBS13+, that serves as a 20 template for
construction of the extension product of the mutagenizing primer.  The
mutagenized DNA is transformed into a host bacterium, and cultures of the
transformed bacteria are plated and identified. The identification of
modified  vectors may involve transfer of the DNA of selected transformants
to a  nitrocellulose filter or other membrane and the "lifts" hybridized
with kinased 25 synthetic primer at a temperature that permits
hybridization of an exact match to  the modified sequence but prevents
hybridization with the original strand.  Transformants that contain DNA
that hybridizes with the probe are then cultured  and serve as a reservoir
of the modified DNA. The person skilled in the art is also aware of
expression vectors that allow the  30 construction by recombinant means of
fusion polypeptides containing a so called "histidine tag". A
(poly)histidine tag is an amino acid sequence containing  preferably 6
consecutive histidines. The histidine tag is usually fused to the N-
terminus or the C-terminus of a desired polypeptide. Purification of such a
fusion 13 February 2006 



- 12 polypeptide is facilitated by immobilize metal affinity chromatography
in which  polyhistidine tagged fursion polypeptides are adsorbed by metal
ions immobilized  on metal-chelating resins. An example therefor is the
QlAexpress purification  system from Qiagen. The same company provides an
expression vector (pQE) that  5 can be used to produce polyhistidine-tagged
fusion polypeptides. The histidine tag is, however, not necessarily desired
as being part of the purified  polypeptide with DNA activity. To this end,
an additional sequence providing a  protease cleavage site can be inserted
between the histidine tag and the desired  polypeptide. A well-known
example is a sequence providing a cleavage site for 10 factor X protease.
Therefore, another embodiment of the invention is a  recombinant DNA vector
comprising a DNA sequence according to the invention.  Preferably, the DNA
sequence encodes a fusion polypeptide consisting of (i) a  terminal
histidine tag, (ii) an amino acid sequence providing a factor X protease
cleavage site adjacent to the histidine tag, and (iii) the polypeptide
according to the 15 invention. It is understood that the factor X protease
cleavage site in the fusion  polypeptide is capable of being recognized and
cleaved by a protein with factor X  prortease activity. More preferred, the
DNA sequence encodes a fusion polypeptide  which has the amino acid
sequence of SEQ ID NO:5. When one desires to produce a polypeptide with DNA
polymerase activity  20 according to the invention or a derivative thereof
such as a fusion polypeptide, the production of a recombinant form of the
polypeptide typically involves the  construction of an expression vector,
that is a recombinant DNA vector, the  transformation of a host cell with
the vector, and culture of the transformed host  cell under conditions such
that expression will occur. Thus, another embodiment of 25 the invention is
a recombinant host cell transformed with a recombinant DNA  vector
according to the invention. The control sequences, recombinant DNA vectors,
and transformation methods are  dependent on the type of host cell used to
express the gene. Generally, procaryotic,  yeast, insect, or mammalian
cells are used as hosts. Procaryotic hosts are in general 30 the most
efficient and convenient for the production of recombinant proteins and
are therefore preferred for the expression of a polypeptide or a fusion
polypeptide  of the present invention. 13 February 2006 



- 13 The procaryote most frequently used to express recombinant proteins is
E. coli. The  skilled artisan is aware of numerous E. coli strains and
expression systems that can  be used to practice the present invention.
However, microbial strains other than E.  coli can also be used, such as
bacilli, for example Bacillus subtilis, various species of 5 Pseudomonas,
and other bacterial strains, for recombinant expression of the
thermostable DNA polymerases of the present invention. In such procaryotic
systems, plasmid vectors that contain replication sites and control
sequences  derived from the host or a species compatible with the host are
typically used. In addition to bacteria, eukaryotic microbes, such as
yeast, can also be used as  10 recombinant host cells. A polypeptide or a
fusion polypeptide according to the invention can therefore also be
produced using, preferably, methylotrophic yeast as  a eukaryotic microbial
host organism. Methylotrophic yeasts have the biochemical  pathways
necessary for methanol utilization and are classified into four genera,
based upon cell morphology and growth characteristics: Hansenula, Pichia,
15 Candida, and Torulopsis. The most highly developed methylotrophic host
systems  utilize Pichia pastoris (Komagataella pastoris) and Hansenula
polymorpha (Pichia  angusta). Expression of heterologous proteins in yeast
is described in US 5,618,676,  US 5,854,018, US 5,856,123, and US
5,919,651. 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. 13 February 2006 



- 14 Infection with Agrobacterium tumefaciens (Shaw, C.H., et at., Gene 23
(1983) 315- 330) is used for certain plant cells. For mammalian cells, the
calcium phosphate  precipitation method of Graham and van der Eb, Virology
52 (1978) 546 is  preferred. Transformations into yeast are carried out
according to the method 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. I Another embodiment of the invention is a method
for producing a polypeptide  with DNA polymerase activity, comprising the
steps of (a) transforming a host cell  with a recombinant DNA vector
according to the invention; (b) culturing the host 10 cell and expressing
in said host cell the polypeptide with DNA polymerase activity;  (c)
purifying the polypeptide with DNA polymerase activity expressed in step
(b).  Purification of the recombinantly expressed polypeptide is achieved
similarly as  with recombinantly expressed TaqWT (US 5,079,352) or deletion
fragments thereof  (US 5,616,494; US 5,436,149), except that TaqA288 is
obtained. More preferred is a 15 method for producing a polypeptide with
DNA polymerase activity, comprising the  steps of (a) transforming a host
cell with a recombinant DNA vector according to  the invention; (b)
culturing the host cell and expressing in said host cell a fusion
polypeptide consisting of (i) a terminal histidine tag, (ii) an amino acid
sequence  providing a factor X protease cleavage site adjacent to the
histidine tag, and (iii) the 20 polypeptide according to the invention; (c)
purifying the fusion polypeptide  expressed in step (b); (d) cleaving the
fusion polypeptide by way of incubating said  fusion polypeptide in the
presence of a protease with factor X proteolytic activity,  thereby
detaching the polypeptide with DNA polymerase activity from the factor X
protease cleavage site and the histidine tag; (e) purifying the polypeptide
with DNA 25 polymerase activity of step (d). It is even more preferred that
in step (c) the fusion  polypeptide is purified using a particulate
affinity matrix capable of binding a  histidine tag. It is even more
preferred that in step (d) the histidine tag of the fusion  polypeptide is
bound to the particulate affinity matrix. It is even more preferred  that
the particulate affinity matrix is a chromatography material coated with a
30 metal-chelating resin, and metal ions are immobilized on the coated
chromatography material. It is even more preferred that the chromatography
material is coated with nickel-nitrilotriacetic acid (Ni-NTA). In this
regard, the  



person skilled in the art is aware of EP 1 069 131. Thus, a preferred way
of isolating  a histidine-tagged fusion polypeptide according to the
invention which has been 35 recombinantly expressed in a culture of
transformed E. coli cells is to prepare a 13 February 2006 - 15 lysate of
the cells. One way to prepare a lysate is by suspending the cells in a
lysate  buffer and treating the cells with ultrasound. The DNA present in
the lysate is  digested with a DNase, preferred is DNase I. E. coli
proteins are subsequently  degraded by way of heat denaturation (30 min,
72C preferred) and can be 5 separated from the lysate by centrifugation.
Following centrifugation, the cleared  supernatant is chromatographed using
a Ni-NTA Superflow column (Qiagen  Catalogue No. 30410, 30430, or 30450),
whereby the histidine-tagged fusion  polypeptide is bound to the
immobilized metal affinity matrix of the column.  Following two washes with
washing buffer, a gradient of washing buffer and elution 10 buffer is
applied, whereby the elution buffer gradually replaces the washing buffer
in the gradient. Thereby the histidine-tagged fusion polypeptide can be
eluted from  the column. Further, the eluted fusion polypeptide is
incubated in the presence of  factor X protease under conditions supporting
specific proteolytic activity of factor  X protease. Following heat
denaturation (30 min, 72C preferred) cleaved off 15 histidine-tags and
uncleaved fusion polypeptides are separated from the product,  that is to
say Tag0288, by another chromatography using a Ni-NTA Superflow  column.
The flow-through including the product is collected. Further processing
steps may include concentration and dialysis, preferably against a buffer
supporting  stabilization of Tagz\288 resulting in a stabilized preparation
of the polypeptide  20 according to the invention. Alternatively, the
fusion polypeptide can be cleaved with factor X protease when  bound to the
immobilized metal affinity matrix of the column. In this case, the  column
material to which the fusion polypeptide is bound is incubated in the
presence of factor X protease under conditions supporting specific
proteolytic 25 activity of factor X protease. Subsequent washing with a
buffer which is not an  elution buffer, i.e. a buffer which supports
binding of the histidine tag to the Ni- NTA-coated chromatographic
material, will render the TaqA288 polypeptide in the  flow-through,
together with factor X protease. Subsequently, factor X protease is
inactivated and the Tagi288 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 13 February 2006
- 16 from about 4 to 8.5. Examples of such detergents include those
specified on pages  295-298 of McCutcheon's Emulsifiers & Detergents, North
American edition  (1983), published by the McCutcheon Division of MC
Publishing Co., 175 Rock  Road, Glen Rock, NJ (USA). 5 Preferably, the
detergents are selected from the group comprising ethoxylated fatty
alcohol ethers and lauryl ethers, ethoxylated alkyl phenols, octylphenoxy
polyethoxy ethanol compounds, modified oxyethylated and/or oxypropylated
straight-chain alcohols, polyethylene glycol monooleate compounds,
polysorbate  compounds, and phenolic fatty alcohol ethers. More
particularly preferred are 10 Tween 20, a polyoxyethylated (20) sorbitan
monolaurate from ICI Americas Inc.,  Wilmington, DE, and Iconol NP-40, an
ethoxylated alkyl phenol (nonyl) from  BASF Wyandotte Corp., Parsippany,
NJ. Another embodiment of the invention is a stabilized preparation
comprising a  polypeptide according to the invention in a buffer containing
one or more non 15 ionic polymeric detergents. Preferably, the buffer of
the stabilized preparation  contains components selected from the group
consisting of glycerol, KCI, Tris/HC1
(Tris(hydroxymethyl)-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)
glycerol, 20 100 mM KCI, 20 mM Tris/HCI pH 8.5, 0,1 mM EDTA, 0.5% (volume
by volume)  Tween 20, 1 mM DTT. In each cycle of a PCR amplification, a
double-stranded target sequence is  denatured, primers are annealed to each
strand of the denatured target, and the  primers are extended by the action
of a DNA polymerase. Specificity of 25 amplification depends on the
specificity of primer hybridization. Primers are  selected to be
complementary to, or substantially complementary to, sequences  occurring
at the 3' end of each strand of the target nucleic acid sequence. Under the



elevated temperatures used in a typical PCR, the primers hybridize only to
the  intended target sequence. However, amplification reaction mixtures are
typically 30 assembled at room temperature, well below the temperature
needed to insure  primer hybridization specificity. Under such less
stringent conditions, the primers  may bind non-specifically to other only
partially complementary nucleic acid  sequences (or even to other primers)
and initiate the synthesis of undesired 13 February 2006 - 17 extension
products, which can be amplified along with the target sequence.
Amplification of the non-specific primer extension products can compete
with  amplification of the desired target sequences and can significantly
decrease the  efficiency of the amplification of the desired sequence.
Problems caused by non 5 specific amplification are discussed further in
Chou, Q., et al., Nucleic Acids Res. 20  (1992) 1717-1723. Non-specific
amplification can be reduced by reducing the formation of extension
products from primers bound to non-target sequences prior to the start of
the  reaction. In one method, referred to as a "hot-start" protocol, one or
more critical 10 reagents are withheld from the reaction mixture until the
temperature is raised  sufficiently to provide the necessary hybridization
specificity. In this manner, the  reaction mixture cannot support primer
extension during the time that the reaction  conditions do not insure
specific primer hybridization. As a frequent feature in "hot start"
protocols, the DNA polymerase activity is  15 withheld from PCR reaction
mixtures by way of reversible inactivation of the DNA polymerase, that is
to say, reversibly blocked DNA polymerase. One method uses a  chemically
modified DNA polymerase that becomes active only after incubation of  the
DNA polymerase for a certain period of time at elevated temperature, thus
preventing production of unwanted DNA synthesis products during set-up of
the 20 PCR reaction mixture. US 6,183,998 describes the reversible
inactivation of  thermostable DNA using an aldehyde such as formaldehyde.
Essentially complete  inactivation of the enzyme at ambient temperatures is
achieved, with recovery of  enzymatic activity at temperatures above 50C.
The patents EP 0 771 870 and  US 6,479,264 describe the reversible
inactivation of thermostable DNA polyrnerase 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 13 February 2006 - 18 reaction mixture at an elevated
temperature prior to, or as part of, the amplification  reaction. Thus, in
another preferred embodiment of the invention, the polypeptide  according
to the present invention is covalently coupled to a compound capable of
reversibly blocking the DNA polymerase activity of the polypeptide when
coupled 5 covalently to said polypeptide. It is more preferred that the
compound is selected  from the group consisting of (a) citraconic
anhydride, (b) cis-aconitic anhydride,  (c) 2,3-dimethylmaleic anhydride,
(d) exo-cis-3,6-endoxo-delta 4- tetrahydrophthalic anhydride, and (e)
3,4,5,6-tetrahydrophthalic anhydride. Another preferred embodiment of the
invention is a stabilized preparation  10 comprising a polypeptide with DNA
polymerase activity, whereby the polypeptide is covalently coupled to a
compound capable of reversibly blocking the DNA  polymerase activity of the
polypeptide when coupled covalently to said polypeptide.  It is more
preferred that the compound is selected from the group consisting of (a)
citraconic anhydride, (b) cis-aconitic anhydride, (c) 2,3-dimethylmaleic
anhydride, 15 (d) exo-cis-3,6-endoxo-delta 4-tetrahydrophthalic anhydride,
and (e) 3,4,5,6- tetrahydrophthalic anhydride. Yet, another preferred
embodiment of the invention is a stabilized preparation  comprising a
polypeptide with DNA polymerase activity, 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 polyrnerase  enzyme to inhibit the DNA polymerase activity.
Pre-mixing of DNA polyrnerase  and DNA polymerase-specific antibodies
results in the formation of an antibody 



25 polymerase complex. Under these conditions substantially no
oligonucleotide  extension activity can be detected. At elevated
temperatures, the antibody  dissociates from the complex, thus releasing
the DNA polymerase, which can then  function in DNA synthesis during the
PCR. Preferably, the antibody is a  monoclonal antibody against Taq DNA
polymerase. Monoclonal antibodies against 30 Taq DNA polymerase are known
in the art and described, for example, in  US 5,338,671. Preferably, the
monoclonal antibodies against Taq DNA polymerase  are TP4-9.2 and TP1-12.2,
obtainable from hybridomas deposited with the  American Type Culture
Collection (ATCC), and designated by ATCC Accession  Numbers HB11807 and
H1311127, respectively. Preferred antibodies have an 13 February 2006 - 19
association constant for the polymerase of at least about 1 x 107 MA. In
accordance  with the present invention antibodies defined as specific to
the DNA polymerase are  those antibodies that are capable of inhibiting the
enzymatic activity of the DNA  polymerase at. temperatures from about
20-40C. The antibodies of the invention 5 are either inactivated by
elevated temperatures used during PCR thermal cycling or  by pre-incubating
a PCR reaction mixture at an elevated temperature before  starting thermal
cycling. The ability of the antibodies to inhibit enzymatic activity  of
the polymerase can be determined by assays known to one of ordinary skill
in the  art, as described, for example, by Sharkey, D.J., et al.,
BioTechnology 12 (1994) 506 10 509. For example, standard assays for the
enzymatic activity of DNA polymerases  may be based upon the ability of the
polymerase to incorporate 3H-dNTP in single  strand gaps made in DNA. The
ability of an antibody to inhibit polymerase activity  is determined by
preincubating antibody with the polymerase and then conducting  the
standard polymerase assay. Antibodies capable of significantly decreasing
15 polymerase activity in such an assay are useful in the present
invention. Similar  assays may be used to determine that the desired
antibodies are inactivated by heat.  Briefly, the assay for the ability of
the antibody to inhibit the polymerase is  modified by raising to the
desired temperature, followed by cooling and assaying  for polymerase
activity. The desired antibodies are inactivated by temperatures of  20
85-95C, 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 13 February 2006 -20 with DNA polymerase activity
according to the invention or a preparation  containing the same. Another
embodiment of the invention is a kit for for producing primer extension
products comprising a stabilized preparation according to any of the the
invention. 5 Preferred is a kit for sequencing a nucleic acid template.
Also preferred is a kit for  amplifying a target nucleic acid. Very much
preferred is a kit for amplifying a target  nucleic acid using the
LightCycler. An example therefor is the LightCycler DNA  Master SYBR Green
I kit (Roche Diagnostics GmbH, Mannheim; Catalogue No.  2015099).
Accordingly, such a kit may comprise three vials, one of these (1) 10
containing a lOx concentrated reaction mix, containing a stabilized
preparation of  TaqA288 or TaqA288 with reversibly blocked DNA polymerase
activity, and  additionally dNTP mix, optionally with dUTP instead of dTTP,
SYBR green I dye,  and 10 mM MgCl2. Another vieal of the kit (2) contains a
stock solution of MgC12  at a concentration of, e.g., 25 mM. Another vieal
of the kit (3) contains sterile and  15 PCR grade purified water to adjust
the final reaction volume. Another embodiment of the invention is 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 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 13 February 2006 -21 stranded DNA. In the
amplification of a single-stranded nucleic acid, the first step  involves
the synthesis of a complementary strand (one of the two amplification
primers can be used for this purpose), and the succeeding steps proceed as
in the  double-stranded amplification process described below. 5 Thus, an
exemplary amplification process comprises the steps of. (a) contacting
each nucleic acid strand with four different nucleoside triphosphates and
two  oligonucleotide primers for each specific sequence being amplified,
wherein each  primer is selected to be substantially complementary to the
different strands of the  specific sequence, such that the extension
product synthesized from one primer, 10 when separated from its complement,
can serve as a template for synthesis of the  extension product of the
other primer, said contacting being at a temperature that  allows
hybridization of each primer to a complementary nucleic acid strand; (b)
contacting each nucleic acid strand, at the same time as or after step (a),
with a  polypeptide with DNA polymerase activity according to the present
invention that 15 enables combination of the nucleoside triphosphates to
form primer extension  products complementary to each strand of the
specific nucleic acid sequence; (c)  maintaining the mixture from step (b)
at an effective temperature for an effective  time to promote the activity
of the polypeptide with DNA polymerase activity and  to synthesize, for
each different sequence being amplified, an extension 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 templates  on which they were synthesized to
produce single-stranded molecules but not so 25 high as to denature
irreversibly the enzyme; (e) cooling the mixture from step (d)  for an
effective time and to an effective temperature to promote hybridization of
a  primer to each of the single-stranded molecules produced in step (d);
and (f)  maintaining the mixture from step (e) at an effective temperature
for an effective  time to promote the activity of the polypeptide with DNA
polymerase activity and 30 to synthesize, for each different sequence being
amplified, an extension product of  each primer that is complementary to
each nucleic acid template produced in step  (d) but not so high as to
separate each extension product from the complementary  strand template.
The effective times and temperatures in steps (e) and (f) may  coincide, so
that steps (e) and (f) can be carried out simultaneously. Steps (d)-(f)  35
are repeated until the desired level of amplification is obtained. 13
February 2006 -22 The amplification method is useful not only for producing
large amounts of a  specific nucleic acid sequence of known sequence but
also for producing nucleic  acid sequences that are known to exist but are
not completely specified. One need  know only a sufficient number of bases
at both ends of the sequence in sufficient 5 detail so that two
oligonucleotide primers can be prepared that will hybridize to  different
strands of the desired sequence at relative positions along the sequence
such that an extension product synthesized from one primer, when separated
from  the template (complement), can serve as a template for extension of
the other  primer into a nucleic acid sequence of defined length. The
greater the knowledge 10 about the bases at both ends of the sequence, the
greater can be the specificity of the  primers for the target nucleic acid
sequence and the efficiency of the process and  specificity of the
reaction. In any case, an initial. copy of the sequence to be amplified
must be available,  although the sequence need not be pure or a discrete
molecule. In general, the 15 amplification process involves a chain
reaction for producing, in exponential  quantities relative to the number
of reaction steps involved, at least one specific  



nucleic acid sequence given that (a) the ends of the required sequence are
known in  sufficient detail that oligonucleotides can be synthesized that
will hybridize to them  and (b) that a small amount of the sequence is
available to initiate the chain 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
employed as can 13 February 2006 -23 nucleic acids produced from a previous
amplification reaction (using the same or  different primers). The specific
nucleic acid sequence to be amplified can be only a  fraction of a large
molecule or can be present initially as a discrete molecule, so that  the
specific sequence constitutes the entire nucleic acid. 5 The sequence to be
amplified need not be present initially in a pure form; the  sequence can
be a minor fraction of a complex mixture, such as a portion of the 3-
globin gene contained in whole human DNA (as exemplified in Saiki, R.K., et
al.,  Science 230 (1985) 1350-1354) or a portion of a nucleic acid sequence
due to a  particular microorganism, which organism might constitute only a
very minor 10 fraction of a particular biological sample. The cells can be
directly used in the  amplification process after suspension in hypotonic
buffer and heat treatment at  about 90C-100C until cell lysis and
dispersion of intracellular components occur  (generally 1 to 15 minutes).
After the heating step, the amplification reagents may  be added directly
to the lysed cells. The starting nucleic acid sequence can contain 



15 more than one desired specific nucleic acid sequence. The amplification
process is  useful not only for producing large amounts of one specific
nucleic acid sequence  but also for amplifying simultaneously more than one
different specific nucleic acid  sequence located on the same or different
nucleic acid molecules. Primers play a key role in the PCR process. The
word "primer" as used in  20 describing the amplification process can refer
to more than one primer, particularly in the case where there is some
ambiguity in the information regarding the terminal  sequence(s) of the
fragment to be amplified or where one employs the degenerate  primer
process described in WO 91/05753. For instance, in the case where a nucleic
acid sequence is inferred from protein sequence information, a collection
of 25 primers containing sequences representing all possible codon
variations based on  degeneracy of the genetic code can be used for each
strand. One primer from this  collection will be sufficiently homologous
with a portion of the desired sequence to  be amplified so as to be useful
for amplification. In addition, more than one specific nucleic acid
sequence can be amplified from the  30 first nucleic acid or mixture of
nucleic acids, so long as the appropriate number of different
oligonucleotide primers are utilized. For example, if two different
specific  nucleic acid sequences are to be produced, four primers are
utilized. Two of the  primers are specific for one of the specific nucleic
acid sequences, and the other two 13 February 2006 -24 primers are specific
for the second specific nucleic acid sequence. In this manner,  each of the
two different specific sequences can be produced exponentially by the
present process. A sequence within a given sequence can be amplified after
a given number of  5 amplification cycles to obtain greater specificity in
the reaction by adding, after at least one cycle of amplification, a set of
primers that are complementary to internal  sequences (i.e., sequences that
are not on the ends) of the sequence to be amplified.  Such primers can be
added at any stage and will provide a shorter amplified  fragment.
Alternatively, a longer fragment can be prepared by using primers with 10
non-complementary ends but having some overlap with the primers previously
utilized in the amplification. Primers also play a key role when the
amplification process is used for invitro  mutagenesis. The product of an
amplification reaction where the primers employed  



are not exactly complementary to the original template will contain the
sequence of 15 the primer rather than the template, so introducing an
invitro mutation. In further  cycles, this mutation will be amplified with
an undiminished efficiency because no  further mispaired priming is
required. The process of making an 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. 13 February
2006 -25 i Oligonucleotide primers can be prepared using any suitable
method, such as, for  example, the phosphotriester and phosphodiester
methods described above, or  automated embodiments thereof. In one such
automated embodiment,  diethylphosphoramidites are used as starting
materials and can be synthesized as 5 described by Beaucage et al.,
Tetrahedron Letters 22 (1981) 1859-1862. One  method for synthesizing
oligonucleotides on a modified solid support is described  in U.S. Patent
No. 4,458,066. One can also use a primer that has been isolated from  a
biological source (such as a restriction endonuclease digest). No matter
what primers are used, however, the reaction mixture must contain a  10
template for PCR to occur, because the specific nucleic acid sequence is
produced by using a nucleic acid containing that sequence as a template.
The first step  



involves contacting each nucleic acid strand with four different nucleoside
triphosphates and two oligonucleotide primers for each specific nucleic
acid  sequence being amplified or detected. If the nucleic acids to be
amplified or 15 detected are DNA, then the nucleoside triphosphates are
usually dATP, dCTP,  dGTP, and dTTP, although various nucleotide
derivatives can also be used in the  process. For example, when using PCR
for the detection of a known sequence in a  sample of unknown sequences,
dTTP is often replaced by dUTP in order to reduce  contamination between
samples as taught in WO 91/05210. 20 The concentration of nucleoside
triphosphates can vary widely. Typically, the  concentration is 50 to 500 M
of each dNTP in the buffer for amplification, and  MgCl2 is present in the
buffer in an amount of 1 to 3 mM to activate the polymerase  and increase
the specificity of the reaction. However, dNTP concentrations of 1 to  20
pM may be preferred for some applications, such as DNA 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  occurs in a buffered aqueous solution, preferably at a pH of 7
to 9, most preferably 30 about 8. To facilitate synthesis, a molar excess
of the two oligonucleotide primers is  added to the buffer containing the
template strands. As a practical matter, the  amount of primer added will
generally be in molar excess over the amount of  complementary strand
(template) when the sequence to be amplified is contained 13 February 2006
-26 in a mixture of complicated long- chain nucleic acid strands. A large
molar excess is  preferred to improve the efficiency of the process.
Accordingly, primer template  ratios of at least 1000:1 or higher are
generally employed for cloned DNA templates,  and primer: template ratios
of about 100:1 or higher are generally employed for  5 amplification from
complex genomic samples. The mixture of template, primers, and nucleoside
triphosphates is then treated  according to whether the nucleic acids being
amplified or detected are double-or  single-stranded. If the nucleic acids
are single-stranded, then no denaturation step  need be employed prior to
the first extension cycle, and the reaction mixture is held 10 at a
temperature that promotes hybridization of the primer to its complementary



target (template) sequence. Such temperature is generally from about 35C to
65C  or more, preferably about 37C to 60C for an effective time, generally
from a few  seconds to five minutes, preferably from 30 seconds to one
minute. A hybridization  temperature of 35C to 70C may be used. Primers
that are 15 nucleotides or longer 15 in length are used to increase the
specificity of primer hybridization. Shorter  primers require lower
hybridization temperatures. The complement to the original single-stranded
nucleic acids can be synthesized by  adding a polypeptide 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 13 February 2006 -27 separation can be accomplished by any suitable
denaturing method, including  physical, chemical or enzymatic means. One
preferred physical method of  separating the strands of the nucleic acid
involves heating the nucleic acid until  complete (>99%) denaturation
occurs. Typical heat denaturation involves 5 temperatures ranging from
about 80C to 105C for times generally ranging from  about a few seconds to
minutes, depending on the composition and size of the  nucleic acid.
Preferably, the effective denaturing temperature is 90C-100C for a  few
seconds to 1 minute. Strand separation may also be induced by an enzyme
from  the class of enzymes known as helicases or the enzyme RecA, which has
helicase 



10 activity and in the presence of ATP is known to denature DNA. The
reaction  conditions suitable for separating the strands of nucleic acids
with helicases are  described by Kuhn Hoffmann-Berling, CSH-Quantitative
Biology 43 (1978) 63, and  techniques for using RecA are reviewed in
Radding, C.M., Ann. Rev. Geneticsl6  (1982) 405-437. The denaturation
produces two separated complementary strands  15 of equal or unequal
length. If the double-stranded nucleic acid is denatured by heat, the
reaction mixture is  allowed to cool to a temperature that promotes
hybridization of each primer to the  complementary target (template)
sequence. This temperature is usually from about  35C to 65C or more,
depending on reagents, preferably 37C to 60C. The 20 hybridization
temperature is maintained for an effective time, generally a few  seconds
to minutes, and preferably 10 seconds to 1 minute. In practical terms, the
temperature is simply lowered from about 95C to as low as 37C, 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, i.e., a  temperature sufficient to increase the activity of the
polypeptide with DNA 13 February 2006 -28 polymerase activity in
facilitating synthesis of the primer extension products from  the
hybridized primer and template. The temperature must actually be sufficient
to  synthesize an extension product of each primer that is complementary to
each  nucleic acid template, but must not be so high as to denature each
extension 5 product from its complementary template (i.e., the temperature
is generally less  than about 80C to 90C). Depending on the nucleic acid(s)
employed, the typical temperature effective for  



this synthesis reaction generally ranges from about 40C to 80C, preferably
50C to  75C. The temperature more preferably ranges from about 65C to 75C
for the 10 polypeptide with DNA polymerase activity of the present
invention. The period of  time required for this synthesis may range from
about 10 seconds to several  minutes or more, depending mainly on the
temperature, the length of the nucleic  acid, the enzyme, and the
complexity of the nucleic acid mixture. The extension  time is usually
about 30 seconds to a few minutes. If the nucleic acid is longer, a  15
longer time period is generally required for complementary strand
synthesis. i The newly synthesized strand and the complement nucleic acid
strand form a  double-stranded molecule that is used in the succeeding
steps of the amplification  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  is 50C to 70C. 13
February 2006 -29 The heating and cooling steps involved in one cycle of
strand separation,  hybridization, and extension product synthesis can be
repeated as many times as  needed to produce the desired quantity of the
specific nucleic acid sequence. The  only limitation is the amount of the
primers, the polypeptide with DNA polymerase 5 activity, and the nucleoside
triphosphates present. Usually, from 15 to 30 cycles are  



completed. For diagnostic detection of amplified DNA, the number of cycles
will  depend on the nature of the sample, the initial target concentration
in the sample  and the sensitivity of the detection process used after
amplification. For a given  sensitivity of detection, fewer cycles will be
required if the sample being amplified is 10 pure and the initial target
concentration is high. If the sample is a complex mixture  of nucleic acids
and the initial target concentration is low, more cycles will be  required
to amplify the signal sufficiently for detection. For general amplification
and detection, the process is repeated about 15 times. When amplification
is used to  generate sequences to be detected with labeled
sequence-specific probes and when 15 human genomic DNA is the target of
amplification, the process is repeated 15 to 30  times to amplify the
sequence sufficiently so that a clearly detectable signal is  produced,
i.e., so that background noise does not interfere with detection. No
additional nucleotides, primers, or polypeptide with DNA polymerase
activity  need be added after the initial addition, provided 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 CHC13 or by separating the components of the reaction. The
amplification process can be conducted continuously. In one embodiment of
an automated process, the reaction mixture can be temperature cycled such
that the  temperature is programmed to be controlled at a certain level for
a certain time. 30 One such instrument for this purpose is the automated
machine for handling the  amplification reaction developed and marketed by
Perkin-Elmer Cetus  Instruments. Detailed instructions for carrying out PCR
with the instrument are  available upon purchase of the instrument. Another
example for such an 13 February 2006 -30 instrument is the LightCycler
available from Roche Diagnostics GmbH, Mannheim,  Germany. The polypeptide
with DNA polymerase activity of the present invention is very  useful in
the diverse processes in which amplification of a nucleic acid sequence by 



5 PCR is useful. The amplification method may be utilized to clone a
particular  nucleic acid sequence for insertion into a suitable expression
vector, as described in  US 4,800,159. The vector may be used to transform
an appropriate host cell to  produce the gene product of the sequence by
standard methods of recombinant  DNA technology. Such cloning may involve
direct ligation into a vector using 10 blunt-end ligation, or use of
restriction enzymes to cleave at sites contained within  the primers. Other
processes suitable for the thermostable DNA polymerases 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 enzyme
is  useful in asymmetric PCR (see Gyllensten, U.B., and Erlich, H.A.,
Proc.Natl. Acad. 15 Sci. USA85 (1988) 7652-7656); inverse PCR (Ochman, H.,
et al., Genetics 120  (1988) 621-623); and for DNA sequencing (see Innis,
M.A., et al., Proc. Natl. Acad.  Sci. USA 85 (1988) 9436-9440, and
McConlogue, L., et al., Nucleic Acids Res. 16  (1988) 9869), random
amplification of cDNA ends (RACE), random priming PCR  which 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 nucleic acid,  30 comprising the
step of generating chain-terminated fragments from the nucleic acid
template to be sequenced with a polypeptide according to the invention, in
the  presence of at least one chain terminating agent and one or more
nucleotide 13 February 2006 - 31  triphosphates, and determining the
sequence of said nucleic acid from the sizes of  said fragments. DNA
sequencing by the Sanger dideoxynucleotide method (Sanger, F., et al.,
Proc.  Natl. Acad. Sci. USA 74 (1977) 5463-5467) has undergone significant
refinement in 



5 recent years, including the development of novel vectors (Yanisch-Perron,
C., et al.,  Gene 33 (1985) 103-119), base analogs (Mills, D.R., and
Kramer, F.R., Proc. Natl.  Acad. Sci. USA 76 (1979) 2232-2235, and Barr et
al., BioTechniques 4 (1986) 428- 432), enzymes (Tabor, S., and Richardson,
C.C., Proc. Natl. Acad. Sci. USA 84  (1987) 4767-4771, and Innis, M.A., et
al., Proc. Natl. Acad. Sci. USA 85 (1988) 10 9436-9440), and instruments
for partial automation of DNA sequence analysis  (Smith, 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 dideoxy sequencing procedure involves (i) annealing an
oligonucleotide  primer to a suitable single or denatured double stranded
DNA template; (ii) 15 extending the primer with DNA polymerase in four
separate reactions, each  containing one a-labeled dNTP or ddNTP
(alternatively, a labeled primer can be  used), a mixture of unlabeled
dNTPs, and one chain-terminating  dideoxynucleotide-5'-triphosphate
(ddNTP); (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 13 February 2006 -32 instruments and for other
high volume sequencing laboratories. It is possible to  directly sequence
genomic DNA, without cloning, due to the specificity of the  



technique and the increased amount of signal generated. Cycle sequencing
protocols accommodate single and double stranded templates, including
genomic,  5 cloned, and PCR-amplified templates. DNA polymerases with
enhanced thermostability, particularly Tagi288, have  several advantages in
cycle sequencing: they tolerate the stringent annealing  temperatures which
are required for specific hybridization of primer to genomic  targets as
well as tolerating the multiple cycles of high temperature denaturation 10
which occur in each cycle. Performing the extension reaction at high
temperatures,  i.e., 70-75C, results in a significant improvement in
sequencing results with DNA  that contains secondary structure, due to the
destabilization of secondary structure.  However, such temperatures will
not eliminate all secondary structure. The following examples, references,
sequence listing, tables and figures are provided  15 to aid the
understanding of the present invention, the true scope of which is set
forth in the appended claims. It is understood that modifications can be
made in  the procedures set forth without departing from the spirit of the
invention. List of References Ansorge, W., et al., Nuc. Acids Res. 15
(1987) 4593-4602  20 Barr et al., BioTechniques 4 (1986) 428-432 Beaucage
et al., Tetrahedron Letters 22 (1981) 1859-1862  Bessman et al., J. Biol.
Chem. 223 (1957) 171-177 Buttin, G., and Kornberg, A., J. Biol. Chem. 241
(1966) 5419-5427  Chien et al., Chemical Abstract 85, No. 155559t (1976) 25
Chou, Q., et al., Nucleic Acids Res. 20 (1992) 1717-1723 Cohen, S.N., et
al., Proc. Natl. Acad. Sci. USA 69 (1972) 2110-2114  EP 0 229 701 EP 0 237
362  EP0258017  30 EP 0 771 870 EP 1 069 131 Graham and van der Eb,
Virology 52 (1978) 546 13 February 2006 -33 Gyllensten, U.B., and Erlich,
H.A., Proc.Natl. Acad. Sci. USA85 (1988) 7652-7656  Hsiao, C.L., and
Carbon, J., Proc. Natl. Acad. Sci. USA 76 (1979) 3829-3833  



Innis, M.A., et al., Proc. Natl. Acad. Sci. USA 85 (1988) 9436-9440 Kaledin
et al., Chemical Abstract 93, No. 40169p (1989) 5 Kuhn Hoffmann-Berling,
CSH-Quantitative Biology 43 (1978) 63  Lawyer, F.C., et al., J. Biol. Chem.
264 (1989) 6427-6437 Loh, E., in METHODS: A Companion to Methods in
Enzymology (1991) 2, pp. 11 19  Maniatis et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor 10 Laboratory, Cold Spring Harbor,
NY, 1982, pp. 280-281  McConlogue, L., et al., Nucleic Acids Res. 16 (
1988) 9869 McCutcheon's Emulsifiers & Detergents, North American edition
(1983),  McCutcheon Division of MC Publishing Co., 175 Rock Road, Glen
Rock, NJ (USA), pp. 295-298 15 Mills, D.R., and Kramer, F.R., Proc. Natl.
Acad. Sci. USA 76 (1979) 2232-2235  Ochman, H., et al., Genetics 120 (1988)
621-623 Prober, J.M., et al., Science 238 (1987) 336-341 Qiagen manual "The
QIAexpressionistTM", 5th edition, June 2003  Radding, C.M., Ann. Rev.
Geneticsl6 (1982) 405-437 20 Saiki, R.K., et al., Science 230 (1985)
1350-1354 Sambrook, Fritsch & Maniatis, Molecular Cloning, A Laboratory
Manual, 3rd  edition, CSHL Press, 2001 Sanger, F., et al., Proc. Natl.
Acad. Sci. USA 74 (1977) 5463-5467  Sharkey, D.J., et al., BioTechnology 12
(1994) 506-509 25 Shaw, C.H., et al., Gene 23 (1983) 315-330  Smith, L.M.,
et al., Nature 321 (1986) 674-679 Tabor, S., and Richardson, C.C., Proc.
Natl. Acad. Sci. USA 84 (1987) 4767-4771  US 4,458,066 US 4,683,195  30 US
4,683,202  US 4,889,818  US 4,965,188  US 5,079,352  US 5,338,671 35 US
5,436,149  US 5,616,494 



13 February 2006 -34 US 5,618,676  US 5,677,152  US 5,773,258  US 5,854,018
5 US 5,856,123  US 5,885,813  US 5,919,651  US 6,183,998  US 6,479,264 10
van Solingen, P., and Plaat, J.B., J. Bact. 130 (1977) 946-947  WO 91/02090
WO 91/05210  WO 91/05753 Yanisch-Perron, C., et al., Gene 33 (1985) 103-119
13 February 2006 -35 5 Description of the Figures Figure 1 Comparison of
four experiments to determine the relative  activities of TagL288 (1),
TaqA279 (2), TagA289 (3) and TaqWT  (4). Bars corresponding to the same
experiment are indicated by a  common filling pattern. The bars represent
the numerical values  given in Table 1. Example 1 Construction and
production of the deletion mutant Tagz288 Starting with the DNA sequence
encoding TaqWT 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 TaqWT
a DNA encoding the amino acid sequence of  SEQ ID NO: 5 is enerated using
PCR. The construct is inserted into the pQE80L  expression vector. 



15 Example2 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, Tag0279,
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
QlAexpressionistTM", 5`h edition, June 2003). Transformed colonies are used
to inoculate dYT medium (per 1 H2O 16 g Bacto Trypton, 10 g Bacto Yeast
Extract,  5 g NaCl; 25 M Ampicillin) and overnight cultures are grown in
microwell plates 25 (Falcon No. 353227) at 37C under continuous shaking
(shaker incubator,  150 rounds per minute). 100 1 of an overnight culture
is mixed with 100 l fresh  medium and incubated for 1 h. IPTG is added to
result in a final concentration of  500 M and the cultures are incubated
for another 4 h. Subsequently, the bacteria  are lyzed by mixing the
culture with 10% B-PER(r) solution (e.g. B-PER Protein 30 Extraction
Reagents, Pierce) and incubating the mixture at 60C for 20 min. The
microwell plates are centrifuged at 3,300 rounds per minute (rpm) to clear
the 13 February 2006 -36 lysates. Of each lysate a first 40 l aliquot is
pipetted into an Eppendorf PCR plate  (96 cavities with 0.2 ml volume
each). The plate is incubated for 35 min at 97C in  an Eppendorf
"Mastercycler gradient" thermocycler. Of each lysate a second 40 l  aliquot
is kept at room temperature as a positive control. 5 Subsequently, 30-40 l
of each lysate (heated lysates as well as controls) are  transferred to
another microwell plate (Costar No. 3903, 96 cavities) and mixed  with a
PCR master mix to yield a final volume of 100 l. The PCR master mix
contains l01 10x Taq buffer, dATP, dCTP and dGTP at 0.15 mM each, 0.2 mM
dNTP additionally containing LightCycler Red 640 - N-hydroxysuccinimide
ester  10 labeled dUTP (equimolar), 0.5 mM MgCl,) (in addition to the Mg
Cl2 comprised in  the 10x Taq buffer), and 50 pM of a fluorescein-labeled
template according to SEQ  ID NO.:8 (i.e. 0.5 l of a solution containing
1.6 pg/l of the template). The  microwell plate is incubated at 72C for 60
min to allow for template elongation. Subsequently, plates are cooled at 4C
for 10 min. FRET (fluorescence resonance  15 energy transfer) is
quantitatively measured using a fluorimeter (Tecan). The 



excitation wavelength is 485 nm. Measurements of light emission are taken
at the  wavelength of 635 nm. After background signal is subtracted
emission values are a  function of residual DNA polymerase activity. For
each experiment a relative  activity value is calculated by dividing the
measurement value of the heated sample 20 by the measurement value of the
unheated control sample and multiplying the  result with 100. Table 1
summarizes the relative activity values determined in four  experiments.
Table 1 Relative activity of polypeptides with DNA polymerase activity
after 35 min at 97C Experiment #Tag0288TaqA279TaqA289TaqWT 1673118-3
2903632-1 3624624-3 47838281 25 13 February 2006 -37 Example 3 Expression
and purification of polypeptides with DNA polymerase activity A total
volume of 4 1 of dYT medium, split into 800 ml aliquots in 2 1 flasks are
inoculated with E. coli strain XL-1 Blue transformed with the pQE80L
expression 5 vector (Qiagen catalogue no. 32923) in which the reading frame
encoding TaqA288,  TaqA279 (Klentaq), the Stoffel fragment (TagA290) , and
TaqWT has been  inserted. Cells are grown in a shaking culture at 37C
(shaking incubator, 250  rounds per minute). At an optical density of about
0.8 (measured at 600 nm) IPTG  (Isopropylthiogalactoside) is added to a
final concentration of 500 M. Cells are 10 further grown until an optical
density of between 2 and 3 is reached. The cells are  then sedimented by
centrifugation and the pellet is resuspended in B50 buffer  (25 mM TrisHCl
pH 8.5, 0.1 mM EDTA, 5% glycerol, 1 mM DTT (dithiothreitol),  50 mM NaCl)
at room temperature. Purification protocol 1 15 The cells are lysed using a
French Press twice at 1,000 bar. NaCI is added to 1.5 M to  dissolve
polymerases from the DNA. Subsequently, the mixture is heated to 75C  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 TrisHCl 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,  1 mM DTT, 600 mM NaCl). Following
dialysis of the TagA288-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 TrisHCl pH 8.5, 0.1 mM EDTA, 5%  glycerol, 1 mM
DTT, 250 mM NaCl). Finally the fraction with the eluted TaqA288  is
dialyzed against storage buffer (50% [v/v] glycerol, 100 mM KCI, 20 mM
TrisHCl  pH 8.5, 0.1 mM EDTA, 1 mM DTT, 0.25% Thesit). 13 February 2006 -38
Purification protocol 2 Purification is facilitated if the His-tag is used
during purification. 5 g sedimented  cells are resuspended in 25 ml lysis
buffer (50 mM NaH2PO4, 300 mM NaCl,  10 mM imidazole, 0.1 mM PMSF
(phenylmethylsulfonyl fluoride), 1 mM DTT, 5 pH 8.0) and lysed using
ultrasound. DNase I (Roche Diagnostics GmbH,  Mannheim) is added to a final
concentration of 20 mg/ml and MgC12 to a final  concentration of 4 mM. The
mixture is incubated at 25C for 30 min. Following  heat incubation for 30
min at 72C the precipitate is sedimented by centrifugation  (22,000 x g).
The cleared supernatant is loaded onto a 10 ml Ni-NTA superflow 10 column
(Qiagen). The column is washed with two volumes of buffer A (50 mM
NaH2PO4, 300 mM NaCl, 10 mM imidazole, pH 8.0). The column is eluted with a
volume of 100 ml of a linear gradient, starting with buffer A and ending
with buffer  B (50 mM NaH2PO4, 300 mM NaCl, 250 mM imidazole, pH 8.0). The
His-tagged  TaqA288 polypeptide is further purified by anion exchange
chromatography with Q 15 sepharose. Finally, the fraction containing the
purified His-tagged TaqA288  polypeptide is dialyzed against storage
buffer. In order to remove the His tag, the Ni-NTA purified His-tagged
TaqA288  polypeptide is dialyzed against Xa reaction buffer (20 mM TrisHCl
pH 6.5, 50 mM  NaCl, 1 mM CaC12). 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 4C. 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 72C 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 65C and then incorporate 13 February 2006 -39 radioactively
labeled a32dCTP. Incorporation is measured by liquid scintillation
counting. The activity is compared to a master lot of TaqWT preparation
which  serves as a reference. Table 2 summarizes the results. Table 2 5
Specific activities of polypeptides with DNA polymerase activity TaqWT"-
100 kU/mg TaqA288-77 kU/mg TaqA279-370 kU/mg Tag0290-111 kU/mg Regarding
the presence or absence of the His tag in the TaqA288 polypeptide no
differences regarding DNA polymerase activity have been detected. Example 5
10 Nolecular characterization of TaqA288 TaqA288 polypeptide without
His-tag has been prepared. N-terminal sequencing  has revealed the amino
acid sequence ESPKALEEAPWPPPE. The molecular weight  of the TaqA288
polypeptide has been determined as being 62,5 kDa by means of  MALDI TOF.
15 Example 6 Citraconylation of TaqA288 3 mg of purified His-tagged TaqA288
polypeptide in 3 ml reaction buffer (50 mM  



HEPES, 300 mM KC1, 1 mM EDTA, pH8.5) are reacted with 2 l of citraconic
acid  anhydride for 1 h at room temperature. The mixture is subsequently
dialyzed 20 against storage buffer (63% [w/v] glycerol, 100 mM KC1, 20 mM
TrisHCl pH 8.5,  0.1 mM EDTA, 0.5% Tween 20, 1 mM DTT). 13 February 2006
-40 Patent Claims 1. A polypeptide with DNA polymerase activity,
characterized in that the amino  acid sequence of the polypeptide is the
amino acid sequence of SEQ ID NO:2. 2. The polypeptide according to claim
1, characterized in that the amino acid  5 sequence of the polypeptide
additionally has an N-terminal methionine  residue. 3. A nucleotide
sequence encoding a polypeptide according to any of the claims  l and 2. 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) a terminal histidine tag, (ii) an amino acid
sequence providing a factor X protease cleavage site  adjacent to the
histidine tag, and (iii) the polypeptide according to claim 1, 20 7. The
recombinant DNA vector according to claim 6, characterized in that the  DNA
sequence encodes a fusion polypeptide which has the amino acid  sequence of
SEQ ID NO:5. 8. A method for producing a polypeptide with DNA polymerase
activity,  comprising the steps of 25 (a) transforming a host cell with a
recombinant DNA vector according to  claims 5, 13 February 2006 -41 



(b) culturing the host cell and expressing in said host cell the
polypeptide  with DNA polymerase activity, (c) purifying the polypeptide
with DNA polymerase activity expressed in  step (b). 5 9. A method for
producing a polypeptide with DNA polymerase activity,  comprising the steps
of (a) transforming a host cell with a recombinant DNA vector according to
any of the claims 6 or 7, (b) culturing the host cell and expressing in
said host cell a fusion  10 polypeptide consisting of (i) a terminal
histidine tag, (ii) an amino acid sequence providing a factor X protease
cleavage  site adjacent to the histidine tag, and (iii) the polypeptide
according to claim 1, 15 (c) purifying the fusion polypeptide expressed in
step (b), (d) cleaving the fusion polypeptide by way of incubating said
fusion  polypeptide in the presence of a protease with factor X proteolytic
activity, thereby detaching the polypeptide with DNA polymerase  activity
from the factor X protease cleavage site and the histidine tag, 20 (e)
purifying the polypeptide with DNA polymerase activity of step (d). 10. The
method according to claim 9, characterized in that in step (c) the fusion
polypeptide is purified using a particulate affinity matrix capable of
binding a  histidine tag. 11. The method according to any of the claims 9
and 10, characterized in that in  25 step (d) the histidine tag of the
fusion polypeptide is bound to the particulate  affinity matrix. 13
February 2006 -42 12, The method according to any of the claims 10 to 11,
characterized in that the  particulate affinity matrix is a chromatography
material coated with a metal- chelating resin, and metal ions are
immobilized on the coated  chromatography material. 5 13. The method
according to claim 12, characterized in that the chromatography  material
is coated with nickel-nitrilotriacetic acid (Ni-NTA). 



14. A recombinant host cell transformed with a recombinant DNA vector as
claimed in any of the claims 5 to 7. 15. A stabilized preparation
comprising a polypeptide according to any of the  10 claims 1 or 2 in a
buffer containing one or more non-ionic polymeric  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 (c)
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 13 February 2006 -43 when coupled
covalently to said polypeptide, the polypeptide according to  any of the
claims 1 or 2 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 any of the claims 15 to  5 18, for
producing primer extension products. 20. Use according to claim 19, for
sequencing a nucleic acid template.  21. Use according to claim 19, for
amplifying a target nucleic acid. 22. A kit for for producing primer
extension products comprising a stabilized  preparation according to any of
the claims 1.5 to 18. 10 23. A method for amplifying a target nucleic acid
in a sample, comprising the  



steps of 15 20 (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 (i) a
polypeptide according to any of the claims 1 or 2, (ii) a polypeptide
according to any of the claims 1 or 2, covalently  coupled to a compound
capable of reversibly blocking the DNA  polymerase activity of the
polypeptide, and (iii) a polypeptide according to any of the claims 1 or 2,
bound by an  antibody capable of reversibly blocking the DNA polymerase
activity of the polypeptide, (b) optionally releasing blocked DNA
polymerase activity by heat  treatment, (c) annealing in the resulting
mixture of step (a) said primer to said target  25 nucleic acid, (d)
amplifying the target nucleic acid by incubating after step (b) the
mixture to allow formation of primer extension products. 13 February 2006
-44 24. A method for sequencing a nucleic acid, comprising the step of
generating  chain-terminated fragments from the nucleic acid template to be
sequenced  with a polypeptide according to any of the claims 1 or 2, in the
presence of at  least one chain terminating agent and one or more
nucleotide triphosphates, 5 and determining the sequence of said nucleic
acid from the sizes of said  fragments.  




