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IMPROVED POLYMERASES

Field of the invention

The present invention relates‘tq polymerase enzymes and
more particularly to modified DNA polymerases haViﬁg an
affinity for DNA such that the polymeraéé‘haé an ability to
incorporate a nucleotide or nucleotides into a plurality of
separate DNA templates in.each reaction cYcle and is capable
of forwming an increased number‘of productive polymerase-DNA
complexes in each reaction cycle. vAlso iﬁcluded in the
scope of the present invention are methods of using the
modified polymerases for DNA sequehcing, especially in the

context of clustered arrays.

Background

The three-dimensional crystal structure of certain DNA
polymerases has revealed three separate subdomains, named
palm, fingers and‘thumb (Joyce, C.M. and Steiz, T. A. (1994)
Function and structure relationships in DNA polymerases,
Annu. Rev. Biochem., 63, 777-822), each having keylroles
during DNA polymérisation. | ) .

The C terminal thumb subdomain of DNA polymerases has
beéh implicated in DNA binding and processivity (Doublie et.
al. 1998. Nature 391, 251; Truniger et al. 2004. Nucleic
Acids Research 32, 371). Residues in this region of DNA
polymerases interact with the primer:template duplex.

Disruption of the structure of this region either by
the introduction of site-directed mutations or truncation by
the deletion of a small number of amino acids, has provided
evidende for variants with reduced DNA‘affinity and
processivity without gross changes in other thsical

properties such as dANTP affinity and nucleotide insertion
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fidelity (Truniger et al. 2004. Nucleic Acids Research 32,
371; Minnick et al. 1996. J. Biol. Chem., 271, 24954;
Polesky et al. 1990. J. Biol. Chem., 265, 14579).

Polymerases may be sepérated into two structurally
distinct families called family A and family B.

The C-terminal subdomain of.fémily B polymerases has
been poorly studied, but is believedvto be involved in DNA
binding based primarily on the inspection of the x-ray
crystal structure of the closed form (DNA—bbund) of.
polymerase RB69. Mutagenesis studiés have béen conducted
within this thumb domain for two examples of the family B
class, namely Phi29 and T4. However, these studies were
limited to amino acid deletions of large portions of the
domain. The same type of deletion has been carried out for
Klenow (a family A polymerase) . The'performance of the
variants in these studies was evaluated in terms of their
ability to bind and incorporate dNTPs,,the effect the
deletion had on fidelity, their affinity for DNA and also
their interaction with accessory proteins.

No studies of the thumb domain of the polymerase from a

thermophilic archaeon have previously been carried out.

SUMMARY OF THE INVENTION

The present invention is based upon the realisation
that the tight binding of a polymerase to the DNA template
is not always an advantageous property. This‘is
particularly the case in the contexﬁ ofksequencihg reactions
in which only a single nucleotide incorpofation event is
required in each reaction cycle. Thus, for a polymerase
that binds.tightly to DNA, the ability of the polymerase to

take part in incorporation of nucleotides on multiplé DNA
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strands is restricted compared to a variant polymerase that
has a lower affinity for DNA.

The present inventors have devised a method for
sequencing DNA that uses nucleotide analogues bearing
modifications at the 3’ sugar hydroxyl group which block
incorporation of further nucleotides (see WO03/048387 for
example and the citations described therein). The use of
nucleotides bearing a 3' block allows successive nucleotides
to be incorporated into a polynucleotide chain in a
controlled manner. After each nucleotide addition the
presence of the 3' block prevents incorporation of a further
nucleotide into the chain. Once the nature of the
incorporated nucleotide has been determined, the block may
be removed, leaving a free 3' hydroxyl group for addition of
the next nucleotide.

In addition, in the context of reactions such as
sequencing reactions involving modified nucleotides (as
discussed supra and in more detail herein below), tight
binding of a polymerase may in fact present certain
disadvantages in terms of reaction completion. For example,
if an inactive polymerase molecule that has a tight DNA
binding affinity forms a stable complex with a template DNA
molecule no extension is possible from that particular
template DNA molecule.

With this realisation, the present invention provides
altered polymerases which have a weaker interaction with
template DNA, Thus, the polymerase of the invention has an
improved ability to move from one template DNA molecule to
another during a reaction cycle. This ability to form an
increased number of productive polymerase-DNA complexes has

the benefit that levels or reaction completion in reactions
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involving addition of a single nuc1eotide in'each-reaciion
cycle may be much improved.

Unmodified polymerases tend to bind DNA with high
affinity-éuch‘that-the equation: .

K,

Pol + DNA T [Pol:DNA]

is heavily shifted to favour the [Pol:DNA] complex.

In contrast, in the present invention, the altered
polymerases bind to DNA'less'weil, meaning that the
equilibrium position is shifted towards the left hand side.

Therefore, the invention provides an altered polymerase
having reduced affinity for DNA such that the polymerase has
an ability to incorporate a nucleotide or nu¢1eotides into a
plurality of separate DNA templates in each reaction cycle.

| By "DNA template" is meant any DNA molecule which may
be bound by the polymerase and‘utilised as a template for
nucleic acid synthesis. o |

“Nucleotide" is defined herein to include both
nucleotides and nucleosides. Nucleosides, as for
nucleotides, comprise a purine or pyrimidihe‘base linked
glycosidically to ribose or deoxyribose, but they lack the
phosphate residues which would make them a nucleotide.
Synthetic and naturally occurring nucleotides aré:inCLuded
within the definition. ’Labelled nucleotides aré inciﬁded
within the definition. The advantageous properties of the
polymerases are ‘due to their reduced affinity for the DNA
template in combination with a retained affinity and
fidelity for the nucleotides which they incorporate.
| In one preferred aspect, an alteréd pdlymerase is.
prgvided having a reduced affinity for DNA such that the
polymerase has an ability to incorporaté ét.least one

synthetic nucleotide into a plurality of DNA templates in
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each reaction cycle. Prior to the present invention, the
problem of modifying a polymerase adapted to incorporate

non-natural nucleotides, to reduce its DNA affinity whilst

- retaining 1ts advantageous propertles has nelther been

realised nor addressed ‘

In one embodiment, the nueleetides comprise dideoxy
nucleotide triphosphates (ddNTPs) as used in the well known
Sanger sequencing reaction. These nucleotidee may be
labelled, for example with any of a mass label, radiolabel
or a fluorescent label. | -

In a further embodiment, the nucleotides comprise
nucleotides which have been modified at the 3' sugar
hydroxyl such that the substituent is larger in size than
the naturally occurring 3' hydrexyl group, compared to a
control polymerase.

In a preferred embodiment, the nucleotides comprise
those having a purine or pyrimidine base and a ribose or
deoxyribose sugar moiety having a removable 3'-OH blocking
group covalently attached thereto, such that the 3' carbon
atom has attached a group of the'structure '

_ o0z

wherein Z is any of -C(R’)2-O-R", -C(R’).- N(R”)z
C(R')2-N(H)R”, -C(R')z-S-R” and -C(R’),-F |

wherein each R" is or is part of a removable protecting
group; |

each R’ is independently a hydrogen'atom,dan alkyl,
substituted alkyl; arylalkyl, alkenyl, alkynyl, aryl}
heteroaryl, heterocyclic, acyl, cyano, alkoxy, aryloxy,
heteroaryloxy or amido group, or a detectable label attached
through a linking group; or (R’),; represents an alkylldene

group of formula =C(R’‘’‘), wherein each R’’’ may be the same
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or different and is selected from the gfoup comprising
hydrogen and halogen atoms and alkyl groups; and

wherein said molecule may be reacted to .yield an
intermediate in which each R" is exchanged for H or, where Z
is -C(R’),-F, the F is exchanged for OH, SH or NHz,
preferably OH, which intermediate.diSSociates under agueous
conditions to afford a molecule with a free 3'OH;

with the proviso that where Z is -C(R’);-S-R”, béth R’
groups are not H. o o '

The nucleosides or nucleotides which are incorporated
by the polymerases of the present invention accdfding to one
embodiment, comprise a purine Qr.pyrimidine base and a |
ribose or déoxyribose sugar moiety which has a blocking
group covalently attached thereto, prefeiably at the 3'0
position; which renders the molecules useful in techniques
requiring blocking of the 3'-OH group ﬁo prevent
incorporation of additional nucleotides, such as for example

in sequencing reactions, polynucleotide synthesis, nucleic

" acid amplification, nucleic acid hybridisation assays,

single nucleotide polymorphism studies, and other such
techniques. |

Once the blocking group has been removed, it is
possible to incorporate,andther nuclebéide to the fréeyB'—OH‘
group; . | ’ | | |

Preferred modified nucleotides are,exemplified in
Internationél Patent Application publicatioﬁ,number WO
2004/018497 in the name of Solexa‘Limited,'which reference
is incorporated herein in its entirety. . |

In a preferred embodiment the R' group of the modified
nucleotide of nucleoside is an alkyl or substituted alkyl.
In a fgrther embodiment the -Z group of the modified

nucleotide or nucleoside is of formula -C(R'),-N3. In a most
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preferred embodiment the modified nucleotide or nucleoside
includes a Z group which is an azido methyl group.'

The preferred polymerases of the invéntion, as
discussed in detail below, are particularly preférred for
incorporation of nucleotide analogues wherein Z is an azido
methyl group. - _

The modified nucleotide can be linked via the base to a
detectable label by a desirable linker, which label may be a
fluorophore, for example. The detectable label may instead,
if desirable, be incorporated 1nto the blocklng groups of
formula “Z”. The linker can be acid labile, photolabile or
contain a dlsulflde llnkage Other'liﬁkages, in particular
phosphine- cleavable azide-containing: llnkers, may be
employed in the invention as described in greater detail in
WO 2004/018497,ythe contents of which are iﬁcorporated‘ |
herein in their entirety. ,

Preferred labels and linkages include ﬁhose'disclosed

in WO 03/048387. This reference is incorporated‘herein in

- its entirety.

In one embodiment the modified nucleotide or nucleoside
has a base attached to a detectable label via a cleavable
linker, characterised in that the cleavable linker contains

a moiety selected from the group COmprisihg:

N, | r | o ’ 1'T' |
SO S Y
| “x | S |
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(wherein X is selected from the group comprising O, §, NH
and NQ wherein Q is a C;.10 substituted or uhsubstituted
alkyl group, Y is selected from the group comprising O, §,
NH and N(allyl), T is hydrogen or a C;.1, substituted or
unsubstituted alkyl group and * indicates where the moiety
is connected to the remainder of the nucleotide or
nucleoside) . | |

In one embodiment the detectable label comprises'a
fluorescent label. Suitable fluorophores are well known in
the art. In a preferred embodiment each différent nucleotide
type will carry a different fluorescent label. This
facilitates the.identification and incorporation of a
particular nucleotide. Thus, for example modified Adénine;
Guanine, Cytosine and Thymine would ali have attached a
separate fluorophore to allow them to be discriminated from
one another readily. Sufprisingly,,it has been found that
the altered polymerases are dapable of incorporating
modified nucleotide analogues carrYing a number of different
fluorescent labels. Moreover, the polymefases'are capable
of incorporating all four bases. These properties érbvide
substantial advantages with regard to the use 6f'the
polymerases of the present invention in nucleic acid
sequencing protocols.

As aforesaid, preferred nucleotide analogues include
those containing 0O-azido methyl functionality at the 3

position. It will be appreCiated that for other nucleotide
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analogues the~preferred amino acid sequence of the
polymerase in the C terminal thumb sub4domain region, which
contributes significantly to DNA binding, for optimum
incorporation may vary. For any given‘nucleotide analogue,
optimum sequence preferences in the C terminal thumb sub
domain region (such as at reSidues'Lyé 790; 800, 844, 874,
878 and Arg 806 in RB69 and at residues Arg 743,'Arg 713 and
Lys 705 in 9°N polymérase, as discussed in greater detail
below) may be determined by experiment, for‘example‘by’
construction of a library or discrete number of mutanté
followed by testing of individual variants in an |
incorporation assay system.

As aforementioned, the altered polymerases of the
invention are capable of improved incorporation of all
nucleotides,fincluding‘a,wide range of modified nucleotides
having large 3' substituent groups 6f differipg sizes. and of
varied chemical nature. The advantageous properties of the
polymerases are due to their reduced affinity for the DNA
template leading to increased dissociation of the polymerase
from the DNA without adverse effects on affinity and
fidelity for the nucleotides which they incorporate.

- By virtue of the decreased DNA binding affini;y of the
polymerase of the invention, it is able to incorpérate one
or more nucleotides into several different DNA molecules in
a single reaction cycle, Thus, the overall efficiency of
reaction is improved, leading to greater levels of
completion.

- By "a rea;ﬁion cycle" is meant a suitable reaction
period to allow the iﬁco:poratibn of nucleotides into the
template. Exemplary conditions'for a single reaction cycle

are one 30 minﬁte, 45°C incubation period.
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Many polymerisation reactions'ocour in the presenee of
an excess of DNA compared to polymerase. The polymerase of
the present invention allows such a polymerisation reaction
to proceed more effectively since the polymerase can
catalyse numerous rounds of incorporation of a nucleotide or
nucleotides on separate template DNA moleoules. An
unaltered polymerase on the other hand, particularly one
which binds DNA much more tighﬁly, will not have this
ability since it is more . llkely to only part1c1pate 1n
nucleotide incorporation on a 91ngle template in each
reaction cycle. The polymerase according to the present
invention allows high levels of reaction completion under
conditions where the concentration. of polymerase is limiting
with respect to the concentration of DNA. In particular,
the polymerase presents'improved‘ability to .incorporate one
or more nucleotides into separate DNA molecules under
conditions wherein the DNA:polymerase ratio is at least
about 2:1, 3:1 or 5:1. However, at high concentrations. of
polymerase, the improvement may be masked.

Thus, an altered polymerase is provided having an
affinity for DNA such that the'polymeraee is capable of
formlng an increased number of productlve polymerase DNA
complexes in each reaction cycle | '

The 1mproved propertles of the polymerases of the.
invention may be compared to a suitable ‘control. "Control
polymerase" is defined herein as the polymerase against
which the activity of the altered polymerase'is compared;

The control polymerase is of the same type as the altered

polymerase but does not carry the alteration which reduces

the affinity of the polymerase for DNA. Thus, in a most
preferred embodiment, the control polymerase is a 9°N

polymerase and the modified polymerase is the same 9°N



10

15

20

25

30

WO 2006/120433 PCT/GB2006/001700

11

polymerase except for the presence of one or more
modifications which reduce the affinity of the 9°N
polymerase for DNA. ' .'

In one embodiment, the control polymerase is a wild
type polymerase which is altered to provide an altered
polymerese which can be directly compared with the unaltered
polymerase.

In one embodiment, the control polymerase comprises
substitution mutations at positions which are functionally
equivalent to Leﬁ408 and Tyr409 and Pro410 in the 9°N DNA
polymerase amino acid sequence. Thus,‘inathis embodiment
the control polymerase has afsubstitutibn mutation.at
position 408 from leucine Eo a different amino acid, at
position 409 from tyrosine to a different amino acid and at-
position 410 from proline to a different amino acid or at
positions which are functionaIIY,equivaient'if the
polymerase is not a 9°N DNA polymerase. In a preferred
embodiment, the control polymerase is a 9°N DNA polymerase

‘comprising the said substitution mutations.

In another embodiment, the control polymerase comprises
substitution mutations which are fuﬁctionally equivalent to
Leu408Tyr and Tyr409Ala and Pro4l0Val in the 9°N DNA
polymerase amino acid sequence;’ Thus, in this embodiment
the control polymerasephasva substitution,mutation at
position 408 from leucine to tyrosine, at pesition 409 from
tyrosine to alanine and at position 410 from proline to |
valine or at positions which are functionally'equivalent if
the polymerase is not a 9°N DNA polymerase. In a preferred
embodiment, the control polymerase is a 9°N DNA polymerase
comprising the said substitution mutations. |

The control polymerase may further‘comprise a

substitution mutation at the position functionally



10

15

20

25

30

WO 2006/120433 PCT/GB2006/001700
12

equivalent to Cys223 in the 9§N DNA'polymerase amine acid
sequence. Thus, 1n this embodlment the control polymerase
has a substltutlon mutatlon at p051tlon 223 from cystelne to
a different amino acid, or at a position which is
functionally equivalent if the polymerase is not a 9°N DNA
polymerase. In a preferred embodiment; the control
polymerase is a 9°N DNA polymerase comprising the said
substitution mutation. In enother,embodiment, the control
polymerase comprises the substitution mutation functionally
equivalent to Cys223Ser in the 9°N DNA polymerase amino acid
sequence. Thus, in this embodiment the control polymerase
has a substitution mutation at position'223,from cysteine to
serine, or at a position which is functionally equivalent if"
the polymerase is not a 9%n DNA pelymerase. In a preferred
embodiment, the control polymerase. 1s a 9°N DNA polymerase
comprigsing the said substitution mutatlon

Preferably, the control polymerase'ls a 9°N DNA

polymerase comprising a combination of the above mentioned

" mutations.

The polymerase will generally have a reduced affinity
for DNA. This may be defined in'terms of'dissociation
constant. Thus, wild type polymerases tend to have .
dissociation constants in the nano-picomolar range. For the
purposes of the present invention, a polymerase having'an
affinity for DNA which is reduced compared to the control
unaltered polymerase is suitable. Preferably, due to the
alteration, the polymerase has at least a, or approx1mately
a, 2- fold, 3-fold, 4-fold or 5-fold etc 1n¢rease in its
dissociation constent when compared to the control unaltered
polymerase. |

By "functionally equivalent" is meant the amino acid

substitution that is considered to occur at the amino acid
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positien in another polymerase that has the same functional

role in the enzyme. As an example, the mutation at position

412 from Tyrosine to Valine (Y412V) in the Vent DNA

polymerase would be functionally eqdivalent to.a
substitution at position 409 from Tyrosine to Valine (Y409V)
in the 9°N polymerase. The bulk of this amino acid residue

is thought to act as a "steric gate" to block access of the
2'-hydroxyl of the nucleotide sugar to the binding site.
Also, residue 488 in Vent polymeraSe‘is deemed equivalent to
amino acid 485 in 9°N polymerase, such that the Alanine to
Leucine mutation at 488 in Vent (A488L) is deemed equivalent
to the A485L mutation in 9°N polymerase. |

Generally, functionally'equivaleﬁtfsubstitution

‘mutations in two or more different polymerases occur at

homologous amino acid positions in the amino acid sequences

of the polymereses. Hence, use herein of the term

“functionally equivalent” also encompasses mutations that

are “positionally equivalent”. or “homologous” to a given
mutation, regardless of whether or not'the particular
function of the mutated amino acid is known. It is possible
to identify positionally equivalent or homologous amino acid
residues in the amino acid sequences of twoeer mere |
different polymerases on the basis of sequeﬁCe alignment
and/or molecular modelling. | -

The altered polymerase will Qenerally be an "isolated"
or "purified" polypeptide. By "isolated polypeptide" is
meant a polypeptide that is essentially free from
contaminating_cellular components, such as carbohydrates,
lipids, nucleic acids or other prbteinaceous‘impurities
which may be associated with the polypeptide in nature.
Typically, a preparation of the isolated pelymerase‘contains

the polymerase in a highly pﬁrified‘form, i.e. at least
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about 80% pure, preferably at least about 90% pure,‘more
preferably at least about 95% pure, more preferably at least
about 98% pure and most preferably at least about 99% pure.
Purity of a preparatlon of the enzyme may be assessed for
example, by appearance of a single. band on- a standard SDS~-
polyacrylamlde electrophoresis gel.

The altered polymerase may be a "recombinant“f
polypeptide. , o

The altered polymerase according to the invention may
be any DNA polymerase. More particularly, the altered
polymerase may be a family B type DNA polymerase, or a
mutant or variant thereof. Family B DNA polymerases include

numerous archael DNA polymerase, human DNA polymerase o and

T4, RB69 ‘and ¢29 phage DNA polymerases. These'polymerases
are less well studied than the family A polymerases, which
include polymerases such as Taq, and T7 DNA polymerase. In
one embodiment the polymerase is .selected from any family B
archael DNA polymerase, human DNA polymerase a or T4, RBé69
and ¢29 phage DNA polymerases

The archael DNA polymerases are in many cases from
hyper;hermophlllc archea, which means that the polymerases
are often thermostable. 'Accordingly(fih a further'preferred
embodiment the polymerase is a thermophilicparchaeon
polymerase and is preferably selected from Vent, Deep Vent,
9°N and Pfu polymerase. Vent and Deep Vent are commercial
names used for family B DNA polymerases isolated from the
hyperthermophilic archaeonfThermococcus'litoralis and
Pyrococcus furiosus respectively. 9°N polymerase was also |
identified from Thermococcus sp. Pfu polymerase was isolated
from Pyrococcus furiosus. As mentioned above, prior to the
present invention the thumb domain from a thermophilic

polymeraseyhad not been studied. The most preferred
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polymerase in the present invention is 9°N .polymerase,
including mutants and variants thereof. 9°N:polymerase has
no requirement for acoessory proteins. This can be
contrasted with previously studied polymerases in which
deletions in the thumb domain were shown to adversely affect
the interaction with accessory proteins whilst not altering
other properties of the polymerase. In contrast, as is
shown in the Experimental Section below, a deletion of a
large number of residues of 9°N has a significant adverse
effect on the important ﬁroperties‘of 9°N such that |
catalytic activity is severely compromised.

It is to be understood that the invention is not
intended to be limited to mutants or variants of the family
B polymerases. The altered polymerase may also be a: famlly
A polymerase, or a mutant or variant thereof, for example a
mutant or variant Tag or T7 DNA polymerase enzyme, Or a |
polymerase not belonging to either family A or family B,
such as for example reverse transoriptases. However, for
reasons described herein family B polymerases are especially
preferred. |

A number of different types of’alteratiOn’are
contemplated by the 1nventlon, whlch result in a polymerase
dlsplaylng the de81red propertles as a result of a reduced
afflnlty for DNA. Partlcularly preferred are substltutlon
mutations in the'prlmary amino acid sequence of the
polymerase, although addition and'deletion mutations may
also produce useful polymerases. Suitable alteration
techniques, such as site directed mutagenesis for example,
are well known in the art. ' '

Thus, by "altered polymerase“ it is meant that the
polymeraee has et least one amino acid change compared to

the control polymerase enzyme. In general this Change will
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comprise the substitution of.at least one.amino acid for
another. In preferred embodiments, these changes.are non-
conservative changes, although conservative changes to
maintain the overall charge distribiution of the protein are
also envisaged in the preseht invention MoreOver,'it is
within the contemplatlon of the present 1nventlon that the
modification in the polymerase sequence may be a deletion or
addition of one or more amino acids from or to the protein,
provided that the resultant polymerase has reduced DNA
affinity and an ability to incorporate a nucleotide or
nucleotides into a plurality of separate DNA'templates in
each reaction cyele compared'to a‘COntrol pblymerese.

In one embodiment, the alteratlon to form the
polymerase of the invention comprlses at least one mutation,
and preferably at least onefsubstltutlon mutation,. at a
residue in the polymerésé which destabilises the interaction
of the polymerase with DNA.« Thus, the resultant polymerase
interacts in a less stable manner with DNA. As
aforementioned, a decrease in affinity of the polymerase for
DNA allows it to incorporate one or more nucleotides into .
several different DNA molecules in a single reaction cycle.
Thus, the overall efficiency of reaction is improved,
leading to greater levels of reaction Completion

In a further embodlment the alteration comprlses at
least one mutation, and preferably at least one substitution
mutation, at a residue in the polymerase which binds to DNA.
Suitable target residues for mutation can be selected
according to available‘crystal structures for suitable
polymerases, particularly when crystallised in the closed
state (bound to DNA). By reducing the number of binding
contacts with the DNA, an overall redﬁdtion'in DNA binding

affinity may be achieved. Thus, the resultant polymerase
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dlsplays improved characterlstlcs 1n the context of
nucleotide 1ncorporatlon reactions. in which tight binding to
DNA is disadvantageous.

In similar fashlon, the polymerase may also carry an
alteration which comprises at- least one mutatlon, and
preferably at least one substitution mutation, at a.reeidue
found in the DNA binding domain of the polymerase. Again,
gsuch a mutation is predicted to decrease the DNA binding
affinity of the altered polymerase such that it is,able to
more readily bind to and diseociate from separate template
DNA molecules dﬁring a reaction.

In one embodiment, the polymerase includes an
alteration which comprises at least one mutation,‘and
preferably at least one substitution mutation, at a basic
amino acid residue in the polymerase As is well known in
the art, many p051t1ve1y charged amlno acid re51dues in
polymerases interact with the overall negatlvely charged DNA
double helix, in particular with speolflc phosphate groups
of nucleotides in the DNA. |

As aforementioned, the preferred type of alteration
resulting in a polymerase according to the invention .
comprises at least one substitution mutation. As is shown
in the experimental sectioﬂ,below; deletion of residues from |
the polymerase amino acid sequence can lead to’a polymerase
which, whilst having a reduced affinity for DNA, does not
have overall advantageous properties since catalytic ability
is 1mpa1red In one oarticularly preferred embodiment‘ the
polymerase comprlses two substitution mutations, but may
contain four, five, six or seven etc. mutatlonS»prov;ded
that the resultant polymerase has the.desired.properties.

Preferably, the affinity of the polymerase for

nucleotides is substantially unaffected by the alteration.
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As is shown in the experimental section (in particular
example 6), it is possible to mutate a polymerase such that
its affinity for DNA is reduced, whilst the affinity of the
polymerase for a'nucleotide;'which'may be a dNTP‘of ddNTP or
a modified vérsidn theteof for exémple (seevthe definition
of nucleotide supra) is not adversely éffected."By '
“substantiallyyunaffected“rin this'context‘is meant.that‘the
affinity for the nucleotide'remains of the same order as for
the unaltered polymerase. Pfeferably,'the‘affinity for
nucleotides is unaffected by the'alteration, '
Preferably, the fidelity of the pélymérase is
substantially unaffected by the alteration.  As is éhown in
the experimental section (in particular example 6), it is
possible to mutate a polymerase such:that its affinity for
DNA is reduced, whilst the fidelity of the polymerase is
substahtially unaffected by the alteration. By
"substantially unaffected" in this context is meant that the

misincorporation frequency for each nucleotide remains of

'~ the same order as for the unaltered polymerase. 'Preferably,

the fidelity of the polymerase is unaffected by the
alteration. ' " |

In terms of specific énd preferred structural mutants,
these may be béséd upon the most‘preferred'polymerase,
namely 9°N DNA polymerase. As‘disqussed‘in example'lybelow,
an energy minimised overlaid alignmeht (contracted by
Cresset) of the crystal structures of the open form of 9°N-7
DNA‘polymerase (PDB = 1lght), the open structure of a closely
related DNA polymerase RB69 (PDB = 1ih7) and the closed form
of RB69 (PDB = 1ig9) was used as a stfuctural model for the
identification of key residues ithlved in DNA binding.

Accordingly, an altered polymerasé is provided which

 comprises or incorporates one, two or three amino acid
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substitution mutations to a different amino acid at the
position or positions functionally equiVaient to Lys705,
Arg713 and/or Arg743 in the 9°N DNA polymerase amino acid
sequence. Preferably, the polymerase is a 9°N DNA
polymerase comprising these mutations. All combinations and
permutations of one, two or three mutations are contemplated
within the scope of the invention. | .

Mutations may also be made at other specific residues
based upon alignment of the‘ﬁopen“yéﬁﬂ DNA polymerase
structure (i.e. not bbuhd'to DNA) with the known crystal.
structure of the RB69 polymerase complexed with DNA . Thus,
an altered polymerase is provided which comprises or
incorporates one or two amino acid subetitution mutations to
a different amino acid at the position or positions
functionally equivalent to Arg606 and/or His679 in the 9°N
DNA polymerase amino acid\sequence; Preferably, the
polymeraseuis a 9°N DNA polymerase comprising these
mutations. All combinations and permutations of different
mutations are contemplatedfwithin the scope of the
invention. Thus, these mutations may be made in combination
with the other mutations discussed supra.

In one preferred embodiment, the polymerase‘comprises
at least a substitution mutétion to,a_different amino acid
at the positioﬁ fuﬂctionally equivalent'to'either Arg713 or
Arg743 in the 9°N DNA polymerase amino aoid sequence. These
two positions fepresent partioularly preferred sites for
mutation, as discussed in more detail in the experimental
section below. Both residues mey be mutated in the same
polymerase to a different amino acid. , |

In terms of the nature’of the different amino acid, the
substitution mutation‘or mutations preferably convert the

substituted -amino acid to a non-basic amino acid (i.e. not
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lysine or arginine). Any non-basic amino acid may be .
chosen. | |

PreferredfsubStitution mutation'or'mutatibns convert
the substituted amino acid to an_amino'acid selected from:

(1) acidic amino acids, |

(ii) aromatic amino acids, particularly tyrosine (Y) or

phenylalanine (F); and , |

(iii)non-polar amino acids, particularly, alagine (A),

glycine (G) or methionine (M).

In one embodiment, the substitution mutation or
mutations convert the subStitutedfamino acid to alanine,

In a more specific embodiment, an altered polymerase
is provided cOmprieing the\subStitution‘mutation'Qr '
mutations which are functionally equivalent to Lys705Ala
and/or Arg713Ala and/or Arg743Ala in the 9°N DNA'polymerase
amino acid sequence, Thus, in this embodiment the‘
polymerase hes a substitution mutation at position 705 .from

lysine to alanine and/or at position 713 from arginine to

~alanine and/or at position 743 from arginine to alanine or

at positions which are functionally equivalent if the
polymerase is not a 9°N DNA polymerase. In a preferred
embodiment, the polymerase is a 9°N DNA polymerase

‘comprising the'saidksubétitution~mutations.

In one embodiment, the altered polymerase:comprises the
amino acid substitution functionally equivalent to Arg713Ala
and in a further embodiment,,the'altered polymerase
comprises the amino acid substitution functionally
equivalent to Arg743Ala. Preferably, the altered polymerase
is a 9°N DNA polymerase. B ‘

Specific structural mutants may also be based upon
other types of polymerase, such as the RB69 polymerase for

which the "open“ and "closed" structures are known.
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Accordingly, an altered polymerase is provided which
comprises or incorporates'one/itwo,'thteé,vfour, five or six
amino acia substitution mutations té avdifferentlamiuo acid
at the position or positions functionally equivalent to
Lys790, Lys800, Arg806, Lys844, Lys874 and/or Lys878 in the
RB69 DNA polymerase amino acid sequénceQ Preferably, the
polymerase is a 9°N DNA.polymerase comprising these
analogous or functionaily equivalent mutations. All
combinations and permutations of one, two, three, four, five
or six mutations are contemplated within the scope of . the
invention.

' In terms of the nature of the different amino acid, the
substitution mutation or‘mutations:preferably convert the
substituted amino acid to a non-basic amino acid (i.e. not
lysiné or arginine).h Any non-basic amino- acid may be '
chosen. | . -

Preferréd substitutioh ﬁutation or mutations convert
the substituted amino acid to an amino acid selected from:

(i) acidic amino acids,. | , ,

(ii) aromatic amino acids, particularly tyrosine (Y) or

phenylalanine (F); and

(iii)non-polar ahino acids, particularly, alanine (A),

glycine (G) or methionine (M). ‘ R

In one embodiment, the substitution mutation or
mutations convert the substituted amino acid to alanine.

It should be noted that the present invention is not
limited to polymerases which have only been altered in the
above mentioned manner. Pdlymerases of the invention may
include a number of additionai mutations, such as for
example the preferfed mutant polymerases disclosed in detail
in WO 2005/024010. In particular, a polymerase comprising

substitution mutations at positions which are functionally
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equivalent to Leu408 and Tyr409 and Pro4l1l0 in the 9°N DNA
polymerase amino acid sequence is contemplated In a
preferred embodiment, the polymerase is a 9°N DNA polymerase
comprlslng the sald substltutlon mutatlons

In a spec1f1c-embod1ment, the polymerase comprises the
substitution mutations which are functionally.equivalent to
at least one or two but preferably all of Leud408Tyr and
Tyr409Ala and Pro41l0Val in the 9°N DNA polymerase amino acid
sequence. In a preferred embodiment, the polymerase is a
9°N DNA polymerase comprlslng all the said substltutlon '
mutations.

The polymerase may further comprise a substitution
mutation at the position functionally equivalent to Cys223
in the 9°N DNA polymerase amino acid seguence. In a
preferred embodiment the polymerase‘iS'a 9°N DNAypolymerase
comprlslng the 'said substltutlon mutation.  In one
embodiment, the polymerase comprlses the substltutlon
mutation functionally equivalent to Cy5223Ser in the 9°N DNA
polymerase. amino acid sequence.. In a preferred'embodlment,
the polymerase,is a 9°N DNA polymerase comprising the said
substitution mutation. |

Preferably, the polymerase is a 9°N DNA polymerase
compriging a oombination of the above mentioned‘mutations.

The invention also relates to a 9°N’polymerase molecule
comprising, consisting essentially of or coﬁsistihg of the
amino acid sequence shown as any one of SEQ ID NO: 1,'3, 5
or 21. The invention also encompasses polymerases having
amino acid sequences. which differ from those-ehowh as SEQ ID
NOs: 1, 3, 5 and 21 only in amino acid changes Which'do not
affect the function of the polymerase to a material extent.
In this case the relevant function of the polymerase is |

defined as a reduced affinity for DNA such that the
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polymerase has an ability to incorporate-a nucleotide or
nucleotides into a plurality of separate DNA templates in
each reaction cycle (compared to a controlﬂpolymerase)
and/or that the'polymerese is capable of forming an
increased number of productive polymerase-DNA complexes in
each reaction cycle (compared co a control polymerese).

Thus, conservative substitutioneeet fesidues which are
not'importaﬁt for this activity of the polYmeraée variants
having reduced DNA affinity are included within the scope of
the invention. The effect of further mutations on the
function of the enzyme may be readily tested, for example
using well known nucleotide incorpo:ation aseays (such as
those described in the examples of WO'2005/024010 and in
exaﬁples 3 and 4 below) . .

The altered polymerase of the invention may. also be
defined directly with reference~to its reduced affinity for
DNA, which together with a :substantially unaltered fidelity
and affinity for nucleotides produce. the advantagee‘

associated with the polymerases. of .the invention. Thus, an .

‘altered polymerase is provided which has a dissociation

constant (Kp) for DNA of atvleest, or’in the region of
between, epproximatelyré-fold greater,‘34fold greater, 4-
fold greater‘or 5-fold greater than the‘unaltered control
pol?merase. | . |

In one embodiment, an altered polymerase is provided
which will dissociate from DNA in the oresenCe of a Salti
solution, preferably a NaCl solution, having e,concentration
of less than or equal to about 500mM, preferably less than
500 mM. The salt solution may be of a suitable
concentration such that the reduced affinity polymerase of
the invention can be distinguished from an unaltered

polymerase which binds DNA more tightly. Suitable salt
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solution concentrations (preferably‘NaCl) are in the reglon

of approximately 150mM 200mM, 250mM 300mM or 350mM

' preferably 200mM. Any suitable double stranded DNA molecule

may be utilised to determine whether the alteration has the
desired effect in terms of reducing DNA affinity.
Preferably, the DNA molecule from which the polymerase
dissociates comprises the éequence set forth as SEQ ID No.:
18. Preferably, at‘least approximately 40%, 50%, 60%, 70%,
etc., of the polymerase will dissbeiate from the DNA at the
relevant NaCl concentration in the wash solution.

Dissociation experiments may be carried out by-.any
known means, such as, for example, by‘utilising the washing
assay detailed in example 5 of the Experimental Section
below (see also Figures 6 and 7);

As aforementioned, the reduction in DNA affinity is
(preferably) achieved without a notable or significent
decrease in the'affinity~of the polymerase for’ﬁucleetides.
Surprisingly, the altered polymerase of the invention may
also display comparable activity, for example, in terms of
Vmax, to the unmodified polymerase even though the DNA
binding affinity has been decreased. This surprising
property displayed by the polymerases of the present
invention is shown in the klnetlc analy51s of certaln
enzymes of the 1nvent10n in partlcular in example 6 of the
Experlmental Sectlon below and w1th reference to Figure 8.

The altered polymerase of the invention may ‘also be
defined directly with reference to its improved ability to
be purified ffom host cells in which the‘p01Ymerase is
expressed. Thus, thanks to the reduced affinity of the
altered polymerase for DNA (which together with a.
substantially unaltered affinity‘for nucleotides and

fidelity produce the advantages associated with the
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polymerases of the invention) the polymerase can more
readily be purified. Less endogenous DNA from the host cell
is carried over during purlflcatlon of the enzyme. Thus, a
more pure product results since less endogenous DNA remains
bound to the polymerase following the‘purification process.
An additional advantage of the reduced affinity for DNA of
the altered polymerases is that 1ess seyere purification
procedures need to be utilised in order to provide a
substantially pure polymerase preparation. Accordingly,
less polymerase will be adversely affected by the .
purification process itself leading to a polymerase
preparation with higher levels of overall act1v1ty In
addition, more uniform purlflcatlon should be possible
leadlng to less variability between‘batches of polymerase.
Representative data regarding the improvement-inrcarry over
of endogenous DNA during the purification procedure is,
provided in Example 7 of the experimental section'below.

Preferably, less than about 60 ng/ml, 50 ng/ml, 40
ng/ml, 30 ng/ml, 20 ng/ml, 10 ng/ml and more‘preferably less
than about 5 ng/ml of host DNA is carried over following
purification of the polymerase ‘Standard purification
protocols may be utilised, such as for example see Colley et
al., J. Biol. Chem. 264:17619 17622 (1989); Gu;de to Proteln
Purification, in Methods in Enzymology, vol. 182 (Deutscher,
ed., 1990). . |

Thus, the invention‘provides an altered polymerase
having an affinity for DNA such that; |

(i) the polymerase has a dissociation constant for DNA
of at least about, or approximately, 2-fold, 3-fold, 4-fold
or 5-fold greater than the unaltered/control polymerase

and/or
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(ii) at least 50%, 60%, 70% or 80% of the polymerase
dissociates from DNA to which the polymerase is bound'when a
sodium chloride solution having'a‘concentrétion'of between
about 200nM and 500nM, preferably between about 200 nM and
300 nM is applied thereto, and/or

(1ii)less than about 60, 50, 45, 40, 35, 30, 25, 20,
15, 10, 5, 3, 1 or 0.5 ng/ml of éndogenous DNA remains bound
to the polymerase following a purification process from the
cell in which the polymerase is expressed; |
the alteration not significantly adversely affécting
nucleotide binding ability or fidelity such that the
polymerase is capable of; '

(a) forming an increased number of productive
polymerase-DNA'complexes over a reaction ¢ycle (giving
improved levels of reaction'completion); and/or

- (b) cataly51ng an 1mproved(/1ncreased/elevated)
overall 1evel of nucleotide lncorporatlon,‘
especially under conditions where the concentration of
polymerase is limiting with respect to the concentration of
DNA. | |

The invention further relates to nucleic‘acid molecules
encoding the altered polymerase enzymes of the invention.

For any given altered polymerase which iéia mutant
version of a.polymerase for which the amino acid'sequence
and preferably also the wild type nucleotide sequence
encoding the polymerase is’knOWn, it is possible to obtain a
nucleotide sequence encoding the mutant adéording to the
basic principles of molecular biology. For example; given
that the wild type nucleotide séquehce‘encoding 9°N
polymerase is known, it is possible to deduce a nucleotide
sequence encoding any given mutant veision of 9°N haviﬁg one

or more amino acid substitutions using the standard genetic
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code. Similarly, nucleotide sequences can readily be
derived for mutant versions‘other polYmerases from bdth
family A and famlly B polymerases such as, for example,
Vent™, Pfu, Tsp JDF 3, Taq, etc. Nucleic .acid molecules
having the requlred nucleotide sequence;may’then'be
constructed using stendard molecu1ar bioiogy techniques
known in the art. | | |

In one partlcular embodlment the 1nventlon relates to
nuclelc acid molecules encodlng mutant vers1ons of the 9°N
polymerase. o ’ _

Therefore, the invention provides a nucleic acid
molecule which encodes an altered 9°N polymerase, the
nucleic acid molecule comprising, consisting'essentially of
or consisting of the nucleqtide sequence of any of SEQ ID
NO: 2, 4, 6, 19 or 20. R

In accordance with the present invention, a defined
nucleic acid ineludes not only the identical nueleic acid
but also any minor base variations including, in-psrticular,
substitutions in cases which result in a synonymous codon (a
different codon specifying the same amino acid residue) due
to the‘degeneratelcode in conservative amino acid
substitutions. The term “nucleic acid sequence”falso ’
includes the complementary sequence to any. 31ngle stranded
sequence given regarding base varlatlons ' '

The nucleic ac1d molecules described hefein mayfalso;
advantageeusly, be included in a snitable expression vector

to express the polymerase proteins encoded therefrom in a

~suitable host. Thus, there is provided an expression vector

comprising, consisting essentially of or consisting of the
nucleotide sequence of any of SEQ ID NO: 2, 4, 61,19 or 20.
Incorporation of cloned DNA into a suitable expression

vector for subsequent transformation of said cell and
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subsequent selection of the transformed cells is well known
to those skilled in the art as provided‘in Sambrook et al.
(1989), Molecular cloning: A Laboratory Manual, Cold Spring
Harbour Laboratory. e

Such an expression vector includes a vector haVing a
nucleic acid according to the invention operably linked to
regulatory sequences, such as promoter regions, that are
capable of effecting expression of said DNA fragments. The
term “operably linked”lrefers to a juxtaposition wherein the
components described are in a relationship permitting them
to function in their intended menner7 iSuch'vectors may be
transformed into a suitable host cell to provide for the
expression of a protein according to the invention.

The nucleic acid molecule may encode a mature protein
or a protein having a prosequence, including that enooding a
leader sequence on the preprotein which is then cleaved by
the host cell to form a mature protein.

, The vectors may be,‘for example, plasmid, virus or
phage vectors provided with an origin of replication, and
optionally a promoter for the expre581on of said nucleotide
and optionally a regulator of the promoter The vectors may
contain one or more selectable markers, such as, for
example, an antibiotic re31stance gene." |

| Regulatory elements required for expre551on include
promoter sequences to bind RNA polymerase and to direct an
appropriate level of transcription initiation and also
translation initiation sequences for ribosome binding.’ For
example, a bacterial expression vector‘may include a
promoter such'as the lac promoter and for translation
initiation the Shine-Delgarno sequence and the start codon
AUG. Similarly, a eukaryotic expression vector may include

a heterologous or homologous promoter for RNA polymerase II,
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a downstream polyadenylation signal;‘the start'codqn AUG,
and a termination codon for.detachment of the ribosome.
Such vectors may be obtained commeicially,or be assembied
from the sequences described by methods wall known in the
art. | - -

Transcription of DNA encoding the polymerése of the
invention by higher eukaryotes may be optimised by including:
an enhancer sequence in the vector. Enhancers are cis-
acting elements of DNA that act on a promoter to increase
the level of transcription. Vectors will also generally
include origins of replication in addition to the selectable

markers.

Preferred uses of the altered polymerases

In a further aspect the invention relates to use of an
altered polymerase having reduced affinity ﬁor DNA -according
to the invention'for the incorporation of a nucleotide into
a polynucleotide. As mentioned above, the nature of the
nucleotide is not limiting since the altered polymerases of
the invention retain affinity for the relevant nuclébtides.

As aforementioned, the invention is based upon the
realization that, the tight binding'of a polymerase to the
DNA template is not always an advantageous property. This
is particularly the case,in'the context. of seqﬂéncing
reactions in which only‘a single nucléotide incorporation
event is'pequired‘in each reaction cycle for éachytemplate
DNA molecule. In many of_thesé sequencing reactions a
labelled nucleotide is'utilised. '

Thus, the invention provides for use of a polymerase
which has been altered such that it displays a reduced

affinity for DNA and an ability to incorporate a labelled
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nucleotide into a plurality of éeparate DNA templates in
each reaction'cygle'for incorporation éf a labelled
nucleotide into a polyhucléotide,‘the lébel being utilised
to determine the nature of thé nﬁcleotide‘added:‘

In one embodiment, the nucleotide comprises a ddNTP.
Thus, the polymerase of the invention may be utilised in a
conventional Sanger séquencing reaction, the details of
which are well known in the art. |

In a preferred embodiment, the nucleotide’is a modified
nucleotide which has been modified'at'the 3' sugar hydrokyl
such that the substituent is larger in size thah,the
naturally occurring 3' hydroxyl group.

The polymerases of the invention may be used in any
area of technology where it is required/désifable to be able
to incorporate nucleotides, for éxample modified nucleotides
having a substituent at the 3' sugar hydroxyi position which
is larger in size“thanjthe,hatﬁrally occurriﬁthydroxyl
group, into a polyﬁuéleotiderchain. They may be used in any
area of technology where any of the,desirable'properties of
the enzyme, for example improved rate of incorporation of
nucleotides even under conditions where the DNA is present

in excess and increased levels of reaction completion under

these conditions, are required. This may be a praétibal,

technical or economic advantage.

"Although the altered polymerases exhibit desirable
properties in relation Eo incorporation of modified
nucleotides having a 1argé 3' substituent due to their
decreased affinity for DNA, the utility of the enzymes is
not confined to incorporation of such nucleotide analogues.
The desirable prbperties of the altered leymeraée'due to
its reduced affinity fof DNA méy provide édvantéges in

relation to incorpbration of any other nucleotide, including
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unmodified nucleotides, relative to enzymes known in the
art. In essence, the altered.polymerases of the invention
may be used to incorporate any type‘of nucleotide that they
have the ability to incorporate. |

The polymerases of the present invention are,useful in
a variety of techniques requiring incorporation of a
nucleotlde into a polynucleotlde, which include sequenc1ng
reactlons, polynucleotide synthes1s, nucleic acid
amplification, nucleic acid hybridisation assays, single
nucleotide polymorphism studies, and other such techniques.
Use in sequencing reactions represents a most preferred
embodiment. All such uses and methods utilizing the -
modified polymerases of the invention are included within
the scope of the present invention. |

The invention also relates to a method for
incorporating nucleotides into DNA comprising allowing the

following components to interact:

(i) A polymerase accordlng to the 1nventlon,
(ii) a DNA template; and .
(iii) a nucleotide solution.

As discussed'above, the polymerase of the 1nventlon has
particular appllcablllty in reactlons where incorporation of
only a single or relatlvely few nucleotldes are required in
each reaction cycle. Often in these reactions one or more
of the nucleotideskwill be labelled. Accordingly, the_
invention provides a method for-incorporating labelled
nucleotides into DNA comprising allowing the following
components to interact: , '

(i) A polymerase which has been altered such that

it displays a reduced affinity for DNA and an

ability to incorporate a labelled nucleotide
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into a plurallty of separate DNA templates in
each reactlon cycle, ' '
(ii) a DNA template; and
(iii) a nucleotide solution. 4
In one specific embodiment, the invention provides a
method for incorporating nucleotides which have been
modified at the 3' sugar hydroxyl such that the substituent
is larger in size than the naturally occurring 3' hYdroxyl
group into DNA comprising‘allowing the following components
to 1nteract | ' | | | '
- A polymerase according to the present 1nventlon
(as described above) '
- a DNA template; and
- a nucleotide solution containing the nucleotides
which have been modified at the 3' sugar hydroxyl
such that the substituent is larger in size,than
the naturally occurringf3' hydroXyL.group.
Particularly preferred arépdses and methods carried out
on a clustered array. Clustered arrays of nucleic acid
molecules may be produced using techniques generally known
in the art. ﬂBy'way of example, WO 98/44151 and WO 00/18957
(both of which are incorporated by reference'herein) both'
describe methods of nuclelc ac1d ampllflcatlon which allow
amplification products to be. 1mmoblllsed on a solid ‘support
in order to form arrays comprised of clusters or "colonies"
of immobilised nucleic acid molecules. Reference is also
made to WO 2005/078130 including the citations referred to
therein, the contents of all of which are hereby |
incorporated by reference. Incorporation.on'clusters, in
particular sequencing on clustered arrays, prov1des speC1flc

advantages because the polymerase is able to 1ncorporate



10

15

20

25

30

WO 2006/120433 PCT/GB2006/001700
33

nucleotides into multiple DNA templétes located in close
proximity,'thué.providing a‘highly efficient reactioh.

The above components are allqwed to interact uhder_
conditions which permit the formation of a.phosphodiester
linkage between the 5' phosphéte,group df‘a nuclédtide and a
free 3' hydroxyl group on the DNA templatejIWhereby the
nucleotide is incorporated into a polynucleotide. Preferred
nucleotides, including modified nucleotides, are described
in detail above.. ,

The incorporation reactions may occur in free“solution
or the DNA templates may be fixed to a solid sﬁpport.

The rate of incorporation of the nucleotide exhibited
by a mutant enzYme may be simiiar'to the rate of
incorporation of nucleotides,exhibited by the unaltered
enzyme. Due to the improved’activity of the modified
enzyme, thanks to its reduced affinity for DNA,,the same
rate of incorporation combined with the ability to |
incorporate.nucleotides into a plurélity'ofltemplates in a
single reaction cycle improves the overall rates of
completion. However, it is not neceéSary for the rate of
incorporatioﬁ of nuéleotides to be precisely the same to
that of the unaltered enzyme for a mutént enzyme to be of
practical use. The rate of incorporation_mayfbe less than,
equal to or greater than the rate of incorporation of
nucleotides by the unaltered enzyme, provided the overall
reaction efficiency in terms of reaction completion is
improved. |

In one particular embodiment of the invention, the
altered polymerases of the inveﬁtion may be used to-
incorporate modified nucleotides into a polynucleotide chain
in the context of a sequencing-by-synthesis protocoi;' In

this particular aspect of the method the nucleotides may
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have been modified at the 3' sugar hydroxyl such that the
substituent is larger in size than the natnrally occurring
3' hydroxyl group. TheseinuCleotidee are detected in order
to determine the sequence of ‘a DNA template ' |
Thus, in a still further aspect the 1nvention prov1des
a method of sequencing DNA compr131ng allowing the follow1ng
components to interact: | | -
- A polymerase according to the present invention
(as described above)

- a DNA template; and

- a nucleotide solution eontaining the nucleotides
which have been modified at the 3' sugar hydroxyl
such that the substituent is largef in size than
the naturally Qccurring 3' hydroxyl group
followed by detection of the incorporated modified
nucleotides thus allowing sequencing of the DNA
template. ‘ o ,

The DNA template for a sequenc1ng reaction w1ll
typically comprise a double-stranded,region having a free 3'
hydrexyl group which serves as a primer or initiation point
for the addition of further nucleotides in the eequencing
reaction. The region of the DNA'template to be sequenced
will overhang this free 3' hydroxyl group on the
complementary strand. The primer bearing the free 3
hydroxyl‘group may be added as a separate component (e.g. a
short oligonucleotide) which hybridises to a regidn of the
template to be sequenced. Alternatively, the primer and the
template strand to be sequenced may each form part of a
partially self—complementary nucleic acid strand capable of
forming an intramolecular duplex, such as for example a
hairpin loop structure. Nucleotides are added successively

to the free 3' hydroxyl group, resulting in synthesis of a
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polynucleotide chain in the 5' to 3' direction. After each
nucleotide'addition the nature of the base which has been
added will be determined, thus providing sequence
information for the DNA template.

© Such DNA sequenc1ng may be possible if the‘mOdified
nucleotides can act as chain terminetore Once the modlfled
nucleotlde ‘has been 1ncorporated 1nto the grow1ng
polynucleotide chain complementary to the reg;on of the
template being sequenced there is no free 3'-OH group
available to direct further sequeﬁce extension ahd therefore
the polymerase can not add further nucleotides. Once the
nature of the base.ineorporated into the gfowing chain has
been determined, the 3' block may be removed to allow

addition of the next successive nucleotide. By ordering the

| products derived using these modified nucleotides it is

possible to deduce the DNA sequence of the DNA template.
Such reactions can be done in a Single experiment if each of
the modified nucleotides has attached a different lebel,
known to correspondyto the'perticuler;base, to facilitate
discrimination betweethhe baSes added‘at~each incotporation
step. Alternatlvely, a separate reactlon may be carried out
containing each of the modlfled nucleotldes separately

In a preferred embodlment ‘the modlfled nucleotldes
carry a label to facilitate their detectlon Preferably
this is a fluorescent label. Each nucleotlde type may carry
a different fluorescent label. However the detectable label
need not be a fluorescent label. Any label can be used which
allows the detection of the incorporation of thevnucleotide
into the DNA sequence.

One method for detecting the fluerescently labelled
nucleotides,'suitable for use in the methods of the

invention, comprises using laser light of a wavelength
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specific for the labelled nucleotides, or the use of other
suitable sources of illumination. .A

In one embodiment, the fluoreséence'from the label on
the nucleotide may be detected by a CCD camera.

If the DNA templates are immobilised on a surface they
may preferably be immobilised on a surface to form a high
density array, which is preferably ajclustered or "colonial"
array as discussed supra. In one embodiment, and in '
accordance with the technology'develOped by the app}ieants
for the present invention, the high7densitydarray comprises
a single molecule array, wherein there is a single'DNA
molecule at each diserete site that is detectable on the
array. Single—molecule arrays comprised of nucleic acid
molecules that are individually resolvable by optical means
and the use of such arrays in sequencing are described, for
example, in WO 00/06770, the contents of which afe
incorporated herein by referende.' Single molecule arrays
comprised of individually resolvable nucleic acid melecules
including a hairpin loop structure are described in WO
01/57248, the contents of which are also incerporeted herein
by reference. The bolymerases of the invention are suitable
for use in conjunction with single molecule arrays prepared
according to the disclosures df,W0.00/b6770 of WO Qi/57248.
However, it is to be uﬁderstood thaﬁ ;he scdpe of tﬁe |
invention is not intended to be limited to the use of the
polymerases in connection with single molecule arraYs.

Single molecule array-based sequencing methods mey work
by adding fluorescently labelled modified nucleotides and an
altered polymerase to the single molecule erray.
Complementary nucleotides base-pair to the first base of

each nucleotide fragment and are then added to the primer in
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a reaction catalysed bf the improved polymeraSe enzyme.
Remaining free nucleotides are removed. |

Then, laser light of a spec1f1c wavelength for each
modified nucleotide excites the appropriate label on the
incorporated modified nucleotides,.leading to the
fluorescence of the label. This fluorescence may be detected
by a suitable CCD camera that can scan the entire array to
identify the incorporated modified nucleotides on each
fragment. Thus millions of sites may potentially be detected
in parallel. Fluorescence may then be removed. l

The identity of the incorporated modified nucleotide
reveals the identity of the base in the sample seqguence to
which it is paired. The cycle of inCorporation, detection
and identificationvmay then’be repeated approximately 25
times to determine the first 25 bases in each
oligonucleotide fragment attached to the array, which is
detectable. ‘ v

Thus, by simultaneously sequencing'allkmolecules on the
array, which are detectable, the first‘zs bases for the
hundreds of millions of oligonucleotide fragments attached
in single copy to the array‘may be determined. Obviously the
invention is not limited to sequencing 25 bases. Many more
or less bases may be sequenced depending on the level of
detail of sequence information required and the'complexity
of the array. ' '

U31ng a suitable biOinformatios program the generated
sequences may be aligned and compared to specific reference
sequences. This allows determination of any number of known
and unknown genetic variations such as single nucleotide
polymorphisms (SNPs) for example. B |

The utility of the altered polymerases of the'invention

is not limited to sequencing.applications using single-
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molecule arrays The polymerases may be used in conjunctlon
with any type of array- based (and partlcularly any hlgh
dens1ty array-based) sequenelng technology requlrlng the use
of a polymerase tO'ihcorpofate nucleotides intoda , 
polynucleotide chain, and in pafticular any array—based
sequeneing technology which relies on the incorporation'of
modified nucledtides having large 3' substituents (iarger
than natural hydroxyl‘grdup),'such as 3 blocking groups;

The polymerases of the invention may be used for
nucleic acid sequencing on essentially any type of array
formed by immobilisation of nucleic acid molecules on a
solid support. In addition to single molecule arrays
suitable arrays may include, for example, multi-
polynucleotide or clustered arrays in which distinct regions
on the array comprise multiple‘eopies~of.one individual
polynucleotide molecule or evehfmultiple copies‘of a small
number of.differeﬁtypelynucleotide molecules (e.g. multiple
copies of two complementaryanucleicfacid strands);

In particular, the polymerases of the invention‘may be
utilised in the nucleic acid sequencing methed described in
WO 98/44152, the contents of which are‘incorporated herein
by reference. This International application describes a
method of parallel sequencing of multiple templates located
at distinct locations on a‘solid.supportﬁ dThe method relies
on incorporation of 1abelled,nuc1eotides into a
polynucleotide chaln

The polymerases of the invention may be used in. the
method described in International Application WO 00/18957,
the contents of which are incorporated herein by reference.
This application describes a method of solid-phase nucleic
acid amplification and sequeneing in which a large number of

distinct nucleic acid molecules are arrayed and amplified
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simultaneously at high density via formation of nucleic acid
colonies and the nucleic acid colonies are‘subseqdently
sequenced. The altered polymerases of the invention may be
utilised in the sequeﬁcing step of this method;“-
Multi—polynucleotidé or. clustered arrays of nucleic
acid molecules may be produced using‘teChniqﬁes generally
known in the art. By way of‘examplé, WO‘98/44151 and WO
00/18957 both describe methods of nucleic acid amplification
which allow amplification prodﬁcts to be immobilised on .a
solid support in order to form arrays comprised of clﬁéters
or "coloniesﬁ of immobilised nucleic acid molecules. The
contents of WO 98/44151 and WO 00/18957‘relating to the
preparation of clustered arrays and use of such arrays as
templates for nucleic acid sequencing are incorpofated
herein by reference. The nucleic acid molecules present on
the clustered arrays prepared according»to these methods are

suitable templates for sequencing'using‘the-polymeraées of

-the invention. However, the invention is not intended to be

limited to use of the polymerases in sequencing reactions
carried out onfclusteréd arrays prepared‘accordihg‘to these
specific methods. : o | .

The polymerases of the invention méy further be used in
methods of fluorescent in situhséquenCing;*suéh as that ’
described by Mitra et al. Analyticél Biocheﬁistry 320, 55-
65, 2003.

The present inventién also contemplates kits which
include the-pOlymerase’of the invention, possibiy packaged
together with suitable instructions for use. The polymerase
will be provided in a form suitable for use, for example
provided in a suitable buffer or may be in a form which can

be reconstituted for use (e.g. in a lyophilized form) .
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Thus, a kit is provided for use in a nucleotide
incorporation reaction or assay comprising a polymerase of
the invention as described herein and a solution of
nucleotides, the nucleotides being such that the polymerase
can incorporate thém into a growing DNA strand. Preferred
nucleotides include suitably labelled nucleotides which can
thus be used in sequencing reactions for example. Labels
may include fluorescent labels, radiolabels and/or mass
labels as are well known in the art.

In one preferred embodiment, the nucleotide solution
comprises, consists essentially of or consists of synthetic
(i.e. non-natural) nucleotides such as ddNTPs for example.
The kit may thus be utilised in a Sanger sequencing reaction
for example.

In a further embodiment, the nucleotide solution
comprises, consists essentially of or consists of modified
nucleotides. Preferred modified nucleotides are defined
above with respect to the polymerases of the invention and
this description applies mutatis mutandis here.

The kit may, in a further embodiment, also incorporate

suitable primer and/or DNA template molecules which allow a

nucleotide incorporation reaction to be carried out.

In a still further aspect, the invention provides a
method for producing a polymerase according to the invention
comprising:

(i) selecting residues for mutagensis in the
polymerase;

(ii) producing a mutant polymerase in accordance with
the selection made in (i);

(iii) determining the affinity of the mutant

polymerase for DNA; and
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(iv) -if the affinity for DNA is reduced,'testing the
polymerase for an ability to form .an increased number‘Qf
productive polymerase-DNA complexes in eadh’reaction cycle.

Preferébly affinity for nucleotides is‘ﬁnaffectéd, but
may be consideréd satisfactory if it'remains‘of'the,same
order as for the unmodifiedbpolymerase, " N |

In one embodiment, the'method'further COmpriSes
ensuring that the fidelity of the polymerase remains of the
same order following mutagenesis. .

Preferably fidelity is unaffected, but may be
considered acceptable if it remains‘of the same order as for
the modified polymerase. |

Reaction cycle is'asbdefined above. ,

In a préferredbembodiment, the test bf the polymerase
includes the use of synthetic nuclthides,tQ determine
whether an increased number of productive«polymerase—DNA
complexes are being,forméd. Suitable nucleotide
incorporation assays in which the polymerasé may be tested
are known in the art (e.g. see W02005/024010) and are
described in more detail in thé experimental section below.

In one embodiment, residues are selected on ;he basis

of the 9°N primary amino acid sequence. In one embodiment,

~ the selection is made'by predicting which amino acids Will

contact thé DNA. Alternatively, residues may‘be selected
which are predicted to stabilise the interaction of the
polymeraSe with DNA and/or Which.aré fbund,in the DNA
binding domain of the polymerase and/or which are basic.
Predictions may be based on crystal structures of a suitable
polymerase, as discussed supra and in the experimental
section (example 1). ' \

Methods of mutagenesis, in particular siteFdirected

mutagenesis, are well characterised in the art and kits are
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commercially available. Adcordingly,‘theSe‘techniques-are
not discussed in detail. fAny suitéble~techniqﬁe,may be
utilized in the method of the invention. |

The reduction in affinity for DNA may be measured by
any suitable method. Preferably,-the.affinity ié reduced at
least, or approximately, l.5—fold,'25fold, 3efold} 4-fold or
5-fold etc. compared to the originalfunalteréd pblymérase.
This affinity may be measured with reference to the
dissociation constant for example.'

In a preferred embodiment, the polymerase is a family B
polymerase, preferably derived from a thermophilic archaeon

and most preferably is 9°N polymerase.

BRIEF DESCRIPTION OF THE DRAWINGS

The "invention will be fufthér understood with reference
to the following experimental sectién~and figures in which:

Figure 1 showsg overexpression of mutant enzymes of the
invention. v |

Figure 2 shows results of a NUNC tube assay using crude
preparations of the mutant enzymes.

Figure 3 shows results of a single'base incorporation
assay utilisiﬁg the mutant enzymes.

Figure 4 is a further presentation of the activity of
the mutant enzymes. |

Figure 5 presents results of timecourses for a single
base incorporation assay at [DNA] > [pbl] (fatio 5:1) for
the control polymerése (YAV) and for each of the three
mutant enzymes (K705A, R713A and R743A) .

Figure 6 shows results of the washihg assay, with the

fluorescence image of the NUNC wells shown.
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Figure 7 also presents results of the washing assay,
showing the affinity of the respective polymerases for a DNA
template (the data for K705A has been omitted for claritY).

Figure 8 represents Michaelis plots Showingﬂthe kinetic
characterization of the polymerase»énZymes; which are shown
overlaid. | ' | | |

Figure 9 presents the nucleotide and amino acid
sequences encoded by the codon-modified gene of clone 9

Figure 10 presents the results of SDS-PAGE expériments
comparing the expression of 3 clones (i,2 and 4).6f Pol 52
(codon-modified gene of clone 9 when expressed in pPET1l1l-a
expression vector) with Pol 19 (clone 9 géne expressed from
the pNEB917 expression vector)'and Pol 43 (clone 9 gene
exﬁressed from the pET1l-a expression vector) in the crude
lysates of uninduced.(gél I) and induced (Gel I,II)
cultures. ‘ , |
Abbreviations: MW~Molecular Weight;:PM-proteinkmarker; cl 9-

clone 9

DETAILED DESCRIPTION OF THE INVENTION

Experimental Section

Example 1 - Preparation of altered poiyﬁerasés

Rationale

Site- directed mutations were introduced in the C- -
terminal region of 9°N-7 YAV C223S polymerase in anfattempt
to reduce the affinity of the enzyme for DNA (wild-type 9°N-
7 polymerase has a very high affinity for DNA, Kd = 50 pM;
Southworth et al. 1996. PNAS. 93, 5281) . | |

An energy minimised oveflaid‘aligﬁment (contracted by

Creéset) of the crystal structures of the open form of 9°N-7



10

15

20

25

30

WO 2006/120433 PCT/GB2006/001700
44

DNA polymerase (PDB = 1qht), the open structure of a closely

related DNA polymerase RB69 (PDB = 11h7) and the closed form
of RB69 (PDB = 1199) was used as a structural model for the
identification of key residues involved in DNA blndlng. The
crystal structure of the closed form of RB69 polymerase
(Franklin et al. 2001. Cell 105, 657) identified a number of
residues that formed H-bond or electrostatic interactions
with the complexed DNA, either'directly to'the nucleotide
bases or the phosphate backbone. A ‘high proportlon of these
residues were basic (Lys790, 800, 844, 874, 878 and ArgBOG),
consistent with their likely interaction with acidic
phosphate'groups. Inspection of the closed'RB69_strﬁcture
showed that the majority of these residues adopted
orientations toward the bound duplex. No analogous structure
for the closed form of 9°N-7 pol exists and so we used our
structural alignment to identify basic residues in the open
form of 9°N-7 pol which adopted analogous conformatlons to
the basic re81dues (of those above) from the RB69 open
structure. Of .the 6 basic residues from RB69, 3 were found
to have a correspondlng basic resxdue in 9°N-7, these were:
Arg743 (RB69 Lys878), Arg713 (Lys800) and Lys705 (,Lys‘844)".”
It was decided to engineer 4 mutant enzymes, the alanine
variants of the residues shown (R743a, R713A and K7053) and
a 71 amino acid deletion (A?l), which,removed_an a-helix
from the thumb subdomain (residues‘disordéred in the 9°N-7
pol structure) within which the three residues’aboveVWere,

located.

Mutagenesis and cloning

Mutations were introduced into pSvVi9 (plasmid encoding

9°N-7 YAV C223S exo- polymerase) via a PCR method using
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Stratagene Quikchange XL kit and the protocol thereof (also
see WO 2005/024010)

fwad

rev

fwd

rev

fwd
rev

fwd

rev

Mutagenic primers used:
R743A. |
5’—CCCGGCGGTGGAGGCGATTCTAAAAGCC—3’
—GGGCCGCCACCTCCGCTAAGATTTTCGG—5’
R713A |
5’ -GAAGGATAGGCGACGCGGCGATTCCAGCTG-3
3" -CTTCCTATCCGCTGCGCCGCTAAGGTCGAC-5"
K705A
5’~GCTACATCGTCCTAGCGGGCTCTGGAAGG—3’
"3 - CGATGTAGCAGGATCGCCCGAGACCTTCC 5
A71 (C-terminus 704) ’
~GCTACATCGTCCTATGAGGCTCTGGAAGG—3;
3’ -CGATGTAGCAGGATACTCCGAGACCTTCC-5

(SEQ
(SEQ

(SEQ

(SEQ

(SEQ
(SEQ

(SEQ
(SEQ

ID
ID

ID
iD

ID

Ib

ID

ID

NO: 9)

NO: 10)
NO: 11)
NO: 12)
NO: 13)
‘NO: 14)
NO: 15)
NO: 16)

Potential clones were selected and PCR fragments.of the gene

sequenced to confirm the presence'of'thé,mutétion.

Positive clones were produced for all mutants.

Overexpression and growth:

° Transformed into expression strain Novagen

RosettaBlue DE3 pLysS

1 Growth and 1nduct10n carrled out as descrlbed in

Exper1mental section of WO 2005/024010.

*  Harvest and lysis carried out as described in

Experimental section of WO 2005/024010.

. Purification carried out as described in

Experimental section of WO 2005/024010.

Results:

° Successful overexpression of mutant enzymes was

acheieved. All mutant enzymes were overexpressed. SDS-PAGE



10

15

20

25

30

WO 2006/120433 PCT/GB2006/001700
46

gels were run to check»overexpression of the constructs (- =
uninduced; + = IPTG induced). The :eéulting gels are shown

in Figure 1.

Example 2 - NUNC tube assay using crude protein preparation.

Small 5 ml cultures of the mutent enzymes (along with a
culture of YAV C223S exo- for directvcomparison) were taken
through a quick purification as outlined in WO 2005/024010
up until the heat treatment step. At this point, the samples
were considered to be sufficiently pure to test their )
act1v1ty '

The buffers for each of the crude preparatlons were
exchanged into enzymology buffer‘(SO mM Tris pH 8.0, 6 mM
MgsO4, 1 mM EDTA, 0.05% Tween20)'usingfan S300 gel
filtratioﬁ spin-column " The Samples were not normalised for
concentratlon The test employed was a simple 1ncorporatlon
of ff£TTP into surface- coupled A-template halrpln 2 pmoles

of 5'-amino ollgo 815

(5’—CGATCACGATCACGATCACGATCACGATCACGATCACGCTGATGTGCATGCTGTTG
TTTTTTTACAACAGCATGCACATCAGCG-3’)l(SEQ ID NO: 17)

was coupled to a NUNC-nucleolink strip according to the
manufacturers protocol. | ’

Once washed, eech'well was incubated with a 20 ul
aliquot of a crude enzyme preparation (1dent1ty of enzyme
listed below) and 5 uM FET-N3-647. The.strlp was then
incubated at 45 °C for 30 minutes. The experiment was
performed in duplicate.‘Upoh completion of the 30 minute
incubation, wells were washed with 3 x 100 pl of high salt

wash buffer (10 mM Tris pH 8.0, 1M NaCl, 10 mM EDTA) and
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then 3 x 100 pl of MllllQ water. Strips were scanned on a
typhoon fluorescence imager CY5 fllter,‘PMT = 450 V).
The results are presented in Flgure 2, in which the

wells are as follows:

1 =20 ul enzymology buffer only + 1 ul 100 uM E£fT-N3-647
2 = 20 pl crude YAV C223S exo- + 1 ul 100 uM ffT—N3-647
3 = 20 pl crude YAV C223S R743A exo- (clone 12) + 1 pl 100

uM FET-N3-647

4 = 20 pl crude YAV C223S K705A exo- (clone 15) + 1 pl 100
uM EET-N3-647 | |

5 = 20 pl crude YAV C223S R743A exo- (clone 16) + 1 pl 100
UM EET-N3-647 o

6 = 20 pl crude YAV C223S R713A exo- (clone 24) + 1 ul 100
puM ££T-N3-647 |
7 = 20 pl crude YAV C223S A71 exo- (clone 38) + 1 pl 100 uM
fFT-N3-647 ' | |

8 = 20 pl crude YAV C223S R713A exo- (clone 39): + 1 ul 100
UM EET-N3-647 ' | ' '

Results ,

Enzymology was observed in all wells except the
background wells (MilliQ only) and well 1 (no enzyme
control). The fluorescence density is proportlonal to the
amount of ffTTP incorporation - the darker the well the
greater the level of 1ncorporatlon. Performance of the
mutant enzymes will be discussed relative to YAV (clone
9) (YAV C223S exo-). Deletion of the tip of the thumb
subdomain (A71 mutant) results in an enzyme that is severely
catalytically compromised, and only 1ncorporates to 35 % of
the level seen for clone 9. Mutant K705A was equivalent to

clone 9. The two arginine mutants R743A and'R713A showed
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elevated levels of incorporation, showing ~ 45% improvements

over clone 9.

Conclusion , .

Mutant enzymes K705A, R713A and R743A displéy,improved
levels of inCorporation and decreased affinity of the enzyme
for DNA. Removal of all three'of‘thésé basic_reSidues, in
combination with deletion of additionalyfeéidues, abolishes.
activity (A71 mutant). It may be that substitution of all
three residues would not lead to a decrease in activity, in

the absence of further mutations/deletions.

Example 3 - Single base incorporation assay

The activity of the crude enzyme preparations
(normalised concentrations) was measured usiﬁg'the single .
base incorporation assay as‘descfibeduin WO 2005/024010. 10
minute incubations were run.with either 30 or 3Apg/ml crude
enzyme preparation in the preseﬁce df‘z uM f£T-N3-cy3 and 20
nM 10A hairpin DNA.(”P—labelléd), aliqudts of the reaction
mixture were withd:awn at 0, 30,'60}.186'and:6005’and run on

a 12 % acrylamide gel.

Results »

The Gel images are shown in Figure 3.

The band intensities were quantified using Imagequant
and the fluorescence intensity plotted versus incubation
time to generate the time—coursés'Shown in Figure 4.

These data give an estimate of the performance of the
mutant enzymes for the first base incorporation of ffTTP
relative to YAV. Due to the concentration normalisation, the

activities are directly comparable. The A71 mutant is
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essentially inactive (kobs is 21 % of that'ebserved for
YAV), R743A and K705A have comparable act1v1t1es to YAV, but
R713A shows a 81gn1f1cant enhancement in both kobs (2x that

observed for YAV) and the level of cycle completlon.

Examg}e 4 - Slngle base incorporation assay for purlfled

polymerases under conditions where [DNA] is ggeater than

[gol].

The activity of the'purified enzYmevpreparatioﬁe of
Clone 9 polymerase (YAV C2238 exo-) and the thumb sub-domain
mutants K705A, R713A and R743A was measured using the single
base 1ncorporat10n assay as descrlbed.ln WO. 2005/024010.

The experiment was carried out such that the‘respective
concentrations.of DNA and polymerase were at a ratio of
approximately 5:1.  Thus, the ability'of‘the enzyme to
incorporate nucleotides into multiple  DNA template molecules
in a single reaction cycle was investigated. 30 minute
incubations were run with 4 nM purified;enzyme'in'the
presence of 20 nM 10A hairpin DNA (**p- labelled) and 2 uM
ffT—NB-cy3, allquots of the reactlon mixture were withdrawn

at 0, 15, 30, 60, 180, 480, 900 and 1800s lntervals and run

~on a 12 % acrylamlde gel.

Results

The band intensities were quantified using Imagequant
and the fluorescence intensity, converted into perCentage
completion (based on the relative intensities of the

starting material and final product bands on the gel)

-plotted versus incubation time to generate the timecourses

shown in Figure 5.
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Timecourse plots for clone 9 and K705A are biphasic in
nature, displaying an initial exponentiel “burst” phase
(black‘line) followed by a linear dependence of product
conversion with time (grey line). The ampiitude'bf the burst
phase is greater for K705A than for clone 9 (~ 28 % and 19 %‘
respectively) and the gradient of the linear phése is |
steeper (hence fester) for K705A than clone 9. The
significance of this observation is discussed below.

In contras; to this, both R713A and R743A mutant
enzymes do not show this biphasic nature, instead, only the
fast exponential phase is observed. In both cases,’the
amplitude of the exponentlal phase is ~ 90 % indicating a
higher degree of product convers1on w1th1n this exponentlal
phase than either olone 9 or K705A. The burst phase equates
to the rate of incorporation of ffTTP of the population of
DNA molecules associated with a polymerase prior to:reaction
initiation i.e. maximum rate at which the terﬁary
pol :DNA: ££TTP complex can turnover. Any subsequent phase is
attributed to a slower d155001atlon/re assoc1at10n process
required for the polymerase to sequester new substrate
molecules (DNA and ffTTP). The biphasic nature observed for
clone 9 and K705A suggests that the slow post-burst phase is
caused by the'diffioﬁlty of the enzyme to dissociate,epd re-
associate with DNA, most likely due to their low Kd(DNA).

‘ The mutation of basic reSidues that may contaot duplex
DNA.When bound by the polymerase (namely R713 and R743) to
remove this functionality results in mﬁﬁant.enzyﬁes which
only display burst kinetics (R713A and R743A)..We interperet
this in one of two ways, 1) as having improved the enzymes
ability to dissociate and re-associate with DNA by
decreasing the affinity for DNA (ihcreased Kd (DNA) ) and/or

ii) the decrease in affinity for DNA in these mutants
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results in a larger “actlve enzyme” fraction in the
polymerase preparatlon. It has been shown that 1mpure DNA
polymerase (contaminated w;th E. coli genom;c.DNA‘carr;ed
through from lysis) inhibits the enzyme by reducing the
active enzyme fractlon of the preparatlon

The crude fitting of the timecourses suggests that the
observed rate constants for the burst phase seen for clone 9
and K705A are comparable (kobs ~ 0.06 s-1) whereas this rate
constant is smaller for R713A (kobs ~ 0.01 s-1) and R743A
(kobs ~ 0.004 s-1). Under these experimental cohditions, the
burst is faster for clone 9 and K705A than for R713A or
R743A, but the latter two enzymes reach completion in a
shorter period of time due to the absence of the slow,
linear dissociation/re—asSOciation phase inherent to clone 9

and K705A.

Example 5 - Washing assay.

Employing a washing assay qualitatively assesses the
affinity of purified enzyme preparatlons for DNA. 4 (1x8)
NUNC nucleolink strlps were functionalized with 2 pmoles of
5’ -amino A-template hairpin, ol;go 815
(5 H2N- | - o |
CGATCACGAfCACGATCACGATCACGATCACGATCACGCTGATGTGCATGCTGTTGTTTT
TTTACAACAGCATGCACATCAGCG-3') (SEQ ID NO: 18) according to
the manufacturer’s protocol. ,

Once washed, each well was. incubated with a 20 ul
aliquot of 500 nM enzyme (clone 9, K705A, R713A or R743A
mutants) at 45 °C for 30 minutes. Post ihcubation, each well
was washed with 3 x 100 ml of 10 mM Trls PH 8.0, 10 kaEDTA'
including varying concentratlons of NaCl (0 0,05, Qﬂl, 0.3,

0.4, 0.75, 1.0, 2.0 M) and then 3 x 100 ml MilliQ water.
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Wells were subsequently pre-equilibrated with enzymology
buffer prior to a further incubation of 20 ul of 2'pM f£T-
N3-647 at 45 °C for 30 minutes. Wells were washed with 3 x
100 ml high salt wash buffer (10 mM Tris pH 8.0, lM‘NaCl, 10
mM EDTA) and then 3 x 100 ml MilliQ weter. Strips'scanned on
Typhoon fluorescence imager (y5 filter, PMT = 500 V).

Results

The fluorescence image of the NUNC wells is shown in
Figure 6. | . | - |

Any fluorescence in the wells is due to residual'enZyme
bound to the surface-coupled DNA post-wash. Inoreasing the
ionic strength.of the wash buffer between incubation‘should
destabilise .the interaction'between.the\polymerase.and‘the
DNA by masking electrostatic interactions. Enzyme should be
more effecﬁively washed off ;he DNA at higher‘ionio.
strength. |

When a low ionic strength wash. is employed between
incubations all enzymes tested dlsplayed a high level of
incorporation, therefore 1neffect1ve at dissociating enzyme
from DNA. As the concentration of NaCl in the wash buffer
increased, the behaviour of the enzymes relatlve to each
other changed. Mutant enzymes R713A and R743A were more,
effectively removed from the DNA at [NaCl] < 200 mM, whereas
K705A and clone 9 showed a similar response to each other,
but required higher [NaCl] to remove them from the,DNA; Even
after a wash with 2 M NaCl, a significant (ca. 75 %)slevel
of incorporation relative to a 0 M NaCl wash was observed
for clone 9. This is clearly illustrated in the plot shown
in Figure 7 (the data for K705A has been omitted for

clarity). Interestingly, none of the enzymes tested appeared
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to be completely removed from the DNA after experiencing a 2
M NaCl wash.

From this experiment, it is clear that mutating
residues R713 and R743 result in enzymes that display lower
affinity for DNA than clone 9, as evidenced by their ability

to be washed from DNA by lower ionic strength washes.

Example 6 - Incorporation kinetics of ffT-N3-cy3 by Clone 9,
R713A and R743A.

The kinetic characterization of the enzymes was
conducted using NUNC tube assay and involved the measurement
of rate constants for the first order incorporation of £fT
N3 cy3 where [DNA] << [pol].or [EENTP], at a variety of
[EfTTP] . Below is described the methodology used for each of
the three polymerases tested.

Six (1x8) NUNC nucleolink strips were functionalized
with 2 pmoles of 5'-amino A template hairpin oligo 815 (5’
H2N- ,- ;
CGATCACGATCACGATCACGATCACGATCACGATCACGCTGATGTGCATGCTGTTGTTTT
TTTACAACAGCATGCACATCAGCG-3) (SEQ ID NO: 18), according to
the manufacturers protocol.

Each strip was employed for a time-course experiment at
a particular [£fT-N3-cy3]. 20 ul of enzymology buffer (50 mM
Tris pH 8.0, 6 mM MgSO4, 1 mM EDTA, 0.05 $ Tween20) was
incubated in each NUNC well at 45 °C for 2 minutes.

Time-courses were initiated by addition of a 20 ul
aliquot of 2x enzymology mix (XbuM ffT-N3-cy3, 1.1 uM
polymerase in enzymology buffer) pre-equilibrated at 45 °C
for 2 minutes using an 8-channel multipipette in order to
start reactions in individual wells at identical time-

points. The action of adding the 2x enzymology mix to the
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buffer in the well is sufficient to allow adequate mixing.
The reactions’weré stopped at desired time-points by the .
addition of 125 ul of 250 mM EDTA. After reactions in all 8
wells stopped, strips were washed with 3 x 100 ml high salt
wash (10 wM Tris pH 8.0, 1 M NacCl, 10 mM EDTA) and then 3 x
100 ml MilliQ water and then scanned on a Typhoon
fluorescence imager (Cy3 filter, PMT = 500 V). Fluorescence
intensities in each well were quantified using Imagequant.
Plotting the variatidn in Cy3 fluorescence intensity vs.
time generates time-course graphs. Under our experimental
conditions, these time-course plots evaluate well to a
single exponential decay process (fitted to equation: Yy = Vo
+ Aexp (x/t)) from which the reaction half life, t, is
determined, the inverse of which is termed the observed rate
constant kobs (kobs = 1/t).

The magnitude of the observed rate constant is

dependent on the concentration of fE£T-N3-cy3, so‘by
repeating this experiment at different ffT-N3-cy3
concentrations a range of kobs values can be determined for
a particular enzyme. The variation of kobs with ££T-N3-cy3
concentration is hyperbolic and fits well to the Michealis-
Menten equation: Vmax = (kpolx[S])/(Kd+([S]) here S = ffT N3-
Cy3, according to standard enzymological analysis.
Ffom the Michaelis plot, key values charactefistic of a
particular enzyme catalyzing a particular reaction can be
obtained, namely kpol (defined as the rate constant for the
process at infinite substrate concentration) and Kd (defined
as the dissociation constant, the concentration of substrate
at kpol/2). This process was repeated for clone 9, R713A and
R743A mutants. |

Michaelis plots for all of the enzymes are shown

overlaid in Figure 8.
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Results
The kinetic characteristics of ffT-N3-cy3 incorporation

for the enzymes tested are summarized below.

Clone 9 R713A - R743A
kpor / 87 0.061 . 0.10 0.068
Kqa / uM 1.72 3.32 1.92

" From this, it appears as though the mutations to the
DNA-binding region of the polymerases have not adversely
affected either the activity of the enzymes (at high
substrate concentrations, kpol approximates to.Vmax) or the
affinity the enzymes have for fully functional nucleotide
(in this case ffT-N3-cy3, but the trend is considered to be
applicable to all bases). This is an ideal situatidn,.as the
mutations have had the desired effect of modifying the DNA-
binding affinity of the enzymes without affecting other key

catalytic properties.

Example 7 - Purification of the polymerases and measurement

of levels of carry over DNA.

DNA contamination

Pico green assay

(Molecular Probes kit, cat # P11496).

Solutions required

TE buffer

10mM Tris.HCl pH 7.5

1mM EDTA .

40 mL required, 2 mL of 20 X TE buffer added to 38 mL H,0
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Solution 1 (2ug/mL ADNA) dilute 15 pL of A DNA with 735 AL
of 1 x TE buffer.
Solution 2 (50 ng/mL A) dilute 25 pL of A.DNA with 975 pl of
1 x TE buffer.

Standard curve

In 2 mL eppendorfs the following samples were made:

Sample A DNA @ A DNA @ glycerol
A DNA (ng) 2 mg mL (uL) 50 ng mL storage
(uL) buffer (uL) TE (uL)
100 160 400 1040
25 40 400 1160
10 16 400 1184
2.5 160 400 1040
1 64 100 1136
0.25 16 400 1184
0.025 1.6 400 1198 .4
0 400 1200

3 x 500 pL from each sample was put into 3 eppendorfs.

Enzyme samples

In 5 mL bijou bottles the following samples were made:

sample glycerol storage
Amount (uL) buffer (ul) TE (ul)
1 enzyme stock 400 1800
2 sample 1 1100 200 ‘ 900
3 sample 2 1106- 200 - 900
1 sample 3 1100 200 900

2 x 500 uL from each sample was put into 2 eppendorfs.
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A picogreen solution was prepared; 85 pL of picogreen
stock added to 17 mL of 1 x TE buffer. _ _

500 pL of this solution was added to each of the
standard curve and enzyme samples, and was mixed well by
pipetting and then all samples were transfered to 1.5 mL

fluorimeter cuvettes.

Using the fluorimeter

The advanced reads program of the Cary Eclipse file was
utilised. The A excitation was set to 480 nm and the A

emigssion was set to 520 nm, and 1000 volts were used.

Analysis

Data for the standard curve was entered into Graph pad
Prism a standard curve of the formula’y=ax+c was fitted.

The concentration values, x, was then determined.

Results

Polymerase sample Concentration of DNA
associated with purified
polymerase

Clone 9 bétch 5 62.9 ng + 1.9 ng

Clone 9 batch 6 63.7 ng + 2.1 ng

Clone 9 R743A 0.04 ng + 6.4 ng

Clone 9 R713A 8.2 ng + 4.2 ng

From this experiment, it is clear that the alterations
in the polymerases enhance purification of the enzyme since
less endogenous DNA is carried over during purification. As

mentioned above, carry over of endogenous DNA can adversely
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influence activity of the enzyme and so the mutations are

clearly advantageous.

Example '8: Preparation of a modified optimised codon usage

nucleic acid éequence which encodes the clone 9 polymerase.

The amino acid sequence shown in SEQ ID NO 1 was translated
into a nucleic acid sequence using the optimal nucleic acid
sequence at each codon to encode for the required/desired

amino-acid.
The deduced nucleic acid sequence is shown in SEQ ID NO.19.

In a similar scenario, the nucleic'acid séquence presented
as SEQ ID NO:20 was deduced based upon the amino-acid
sequence of the polymerase presented as SEQ ID NO: 21. Thel
polymerase having the amino acid sequence presented as SEQ
ID NO: 21 comprises the R743A mutation and also carries a
substitution mutation to Serine at both residues 141 and
143. Nucleic acid molecules and proteins comprising the
respective‘nucleotide and amino acid sequences form a part

of the invention.

Cloning of a codon- modified gene of clone 9 into the

expression vector pET1l-a using NdeI - Nhe I sites (to

preserve the internal Bam H I site).

Synthesis of a codon-optimised gene of clone 9

The nucleic acid sequence of SEQ ID NO 19 wés'synthesized
and supplied in pPCR -Script by GENEART..
The DNA and protein sequences were confirmed (results not

shown) .
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Cloning of pSV57 (codon-modified gene of clone 9 in the

PPCRScript vector) into pETll-a (hereinafter named pSV 52)

Preparation of the pET1l-a vector

P

The pET1l-a vector (Novagen catalog No. 69436-3) was
digested with Nde I and Nhe I, dephosphorylated, and any

undigested vector ligated using standard techniques.
The digested vector was purified on a 0.8% agarose gel and
using the MinElute® Gel extraction kit protocol from

Qiagen®

The purified digested pETll-a vector was quantified using a

polyacrylamide TB 4-20% gel.

Preparation of the insert (codon-modified gene of clone 9)

The codon-modified gene of clone 9 synthesized by GENEART in
the pPCRSCript vector (hereinafter pSV 57) was digested with
Nde I and Nhe. ‘ '

The digested insert was purified on a 0.8% agarose gel and
using the MinElute® Gel extraction kit protocol from

Qiagen®

The purified digested insert was quantified using a

polyacrylamide TB 4-20% gel.

Ligation
The pET1ll-a vector and the insert were ligated (ratio 1:3)
at the Nde I and Nhe I restriction sites using the Quick

ligation kit (NEB, M22008S).
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Transformation

2ul of the ligation mixture was used to transform XL1l0-gold
ultracompetent cells (Stratagene catalog No 200315). PCR

screening of the colonies containing the insert.

Transformants were picked and DNA minipreps of 3 positive
clones of XLl10-gold trénsformed with the ligation product
were prepared. The three purified plasmids (hereinafter
pSV52, clones 1,2 and 4 were sequenced'at the cloning sites
and all three clones were found to have the correct sequence

at the cloning sites.

The minipreps were also used to transform the expression E.

coli host BL21-CodonPlus (DE3)-RIL (Stratagene catalog No.

1 230245) as described below.

Southern blotting

pVent (pNEB917 derived vector), pSV43 (clone 9 in pETlla),
pSV54 (codon—optimised clone in pET1l-a) and pSV57 (codon-
modified gene in pPCR-Script supplied by GENEART) were
restricted and»Southern blotted to check for cross

hybridisation between the genes (results not shown) .

Expression Studies of Pol 52

Transformation of pSV52 (clones 1,2 and 4) into the
expression host E. coli BL21-CodonPlus (DE3)~RIL (Stratagene
catalog No 230245).

21-25ng of purified pSVSZ plasmid DNA (clones 1,2 and 4) was

used to transform competent cells of the expression host E.
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coli BL21-CodonPlus (DE3) RIL (hereinafter RIL) using the

manufacturer’s instructions.

50 pl of each transformation was plated onto fresh Luria-
Bertani (LB) égar medium containing 100 pg/ml of
carbenicillin and 34 ug/ml of chloramphenicol (LBCC agar

medium) and incubated overnight at 37° C.
The following glycerol stocks were also plated onto LBCC
agar plates to be used as controls for the expression

studies and incubated overnight at 37° C.

SOL10204:RIL-pSV19 (clone 9 in pNEB 917 vector)
SOL10354:RIL-pSV43 (clone 9 in pET1l-a Vectbr)

Production of cell pellets expressing Pol 52 and the

positive controls of clone 9

Single transformed E. coli colonies were used to inoculate
starter cultures of 3ml LBCC media in culture tubes and

incubated overnight at 37° C with shaking (225rpm).

The starter cultures were diluted 1/100 into 50ml LBCC media
in sterile vented Erlenmeyer flasks and incubated at 37° C
with vigorous shaking (300rpm) for approximately 4 hours

until ODsponm Was approximately 1.0.

10ml of the uninduced cultures was removed and the cells

harvested (as described below).

IPTG was added to a final concentration of 1mM and the

cultures induced for 2 hours at
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37° ¢ with vigorous shaking (300rpm).

10ml of the induced cultures was removed and the cells

harvested as follows:

Induced and uninduced cells were harvested by centrifugation

at 5000 X g for 30min at 4°C

The cell pellets were washed and resuspended in 1/10%" of
the culture volume of 1X Phosphate Buffered Saline (PBS) and

centrifuged as above.
The supernatants were decanted and the peilets stored at -
20° C until required for the cell lysis and purification

steps.

Cell Lysis and crude purification of Pol 52 and clone 9

The cell pellets were thawed and resuspended in1/50%" of
culture volume of 1X Wash buffer (50mM Tris-HCl pH 7.9, S50
mM glucose, 1lmM EDTA) containing 4mg/ml lysozyme freshly
added to the 1X buffer and incubated at room temperature for

1Smin.

An equal volume of 1X Lysis buffer (10mM Tris-HCl pH 7.9,
50mM KCl, 1mM EDTA,0.5% (w/v) Tween 20) cOntaihing.O.S%(w/v)
Tergitol NP-40 and 1X “complete EDTA—free"-préteinase
inhibitor cocktail (both added freshly to the 1X Lysis
buffer) was added to the cells which were gently mixed and

incubated at room temperature for 30min.
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The cells were heated at 80° C for lhr in a water bath then
centrifuged at 38,800 X g | '
for 30min at 4° C to remove cell debris and denatured

protein..

Preparation of samples normalised for volume and SDS-PAGE

analysis

The expression of Pol 52 and clone 9 DNA polymerases was
assessed by analysis of the crude lysates of the uninduced
and induced control samples on SDS-PAGE followed by

Coomassie blue staining.
Supernatants were carefully removed and the samples
normalised to volume by the addition of 50:50 (v/v) 1X Wash

buffer and 1X Lysis buffer to a final volume of 370ul.

Preparation of samples for Gel I

10 pul of the normalised crudellYSates (from uninduced and
induced samples) were mixed with 10 ul of loading buffer
containing 143mM DTT. '

Preparation of samples for Gel II

Normalised crude lysates from the induced samples only were
dilute 1/10 in distilled water to a final volume of 10 pl
and mixed with 10 pi of loadihg buffer containing 143mM DTT.

All samples were heated at 70° C for 10 minutes.

SDS-PAGE
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A NuPage® 4-12% Bis-Tris gel (Invitrogen catalog No
NP0321BOX) was prepared according to the manufacturer’s

instructions.

10 pl of SeeBlue® Plus2 pre-stained proteins standard
(Invitrogen catalog No LC5925) and ul of each sample were

loaded and the gels run at a constant 200V for 50minutes.

The gels were stained with Coomassie blue (SimplyBluem Safe

stain, Invitrogen, catalog No. LC 6060) .
Results

The results of the SDS-PAGE are shown in figure 10.

The estimated expression level in this experiment is 20mg/L
of culture.

Similar levels'of expression of the codon-modified gene of
clone 9 in E. coli host BL21—Codan1usv(DE3)-RIL (Pol52)
were obtained using the expression vector pETll-a when
compared to the un-modified gene of clone 9 in the same
cells using either the expression vector pNEB9l7 (Poll9) or
pET11  (Pol 43).

No significant differences were observed in the levels of

expression of the 3 different clones of Pol 52.
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Claims

1. An altered polymerase having a reduced affinity for DNA
such that the polymerase has an ability to incorporate a
nucleotide or.nucleotideS'iﬁto a plurality of separate DNA
templates in each reaction cycle compared‘to a control

polymerase.

2. An altered polymerase having a reduced affinity for DNA
such' that the polymerase is capable of forming an increased
number of productive polymerase-DNA complexes in each

reaction cycle compared to a control polymerase.

3. The polymerase of claim 1 or claim 2 wherein the

control polymerase is of the same type as the polymerase.

4. The polymerase of any of claims 1 to 3 wherein the
control polymerase comprises the substitution mutations
which are functionally equivalent to Leu408Tyr and Tyr409Ala

and Pro410Val in the 9°N DNA polymerase amino acid sequence.

5. The polymerase of claim 4 wherein the control

polymerase further comprises the substitution mutation
functionally equivalent to Cys223Ser in the 9°N DNA

polymerase amino acid sequence.

6. The polymerase of claim 4 or 5 wherein the control

polymerase is a 9°N DNA polymerase.

7. The polymerase of any preceding claim wherein the

alteration comprises at least one mutation at a residue in
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the polymerase which stabilises the interaction of the

polymerase with DNA.

8. The polymerase of any preceding claim wherein the
alteration comprises at least one mutation at a residue in

the polymerase which binds to DNA.

9. The polymerase of any preceding claim wherein the
alteration comprises at least one mutation at a residue

found in the DNA binding dbmain of the'polymerase.

10. The polymerase of any preceding claim wherein the
alteration comprises at least one mutation at a basic amino

acid residue in the polymerase.

11. The polymerase of any preceding claim wherein - the

alteration comprises at least one substitution mutation.

12. The polymerase of claim.ll comprising two substitution

mutations.

13. The polymerase of any preceding claim wherein the

polymerase is a DNA polymerase.

14. The polymerase according to claim 13 wherein the DNA
polymerase is a family B type DNA polymerase.

15. The polymerase according to claim 14 which is selected

from any family B archael DNA polymerase, human DNA

polymerase o or T4, RB69 and ¢29 phage DNA polymerases.
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16. The family B archael DNA polymerase according to claim
15 which is selected from Vent, Deep Vent} 9°N and Pfu

polymerase.

17. The polyﬁerase according to claim 16,wherein the family

B archael DNA polymerase is 9°N polymerase.

18. The polymerase according to any preceding claim wherein
the affinity of the polymerase for nucleotides and/or the
fidelity of the polymerase is substantially unaffected by

~ the alteration.

19. The polymerase according to any preceding claim which
comprises‘ene, two or three amino. acid substitution
mutations to a different amino acid at the position or
positions  functionally equivalent to. Lys705, Arg713 and/or
Arg743 in the 9°N DNA polymerase amino acid sequence.

20. An altered polymerase which‘comprises one, two or three
amino acid substitution mutations to a different. amino acid
at the position or positions functionally equivalent to

Lys705, Arg713 and/or Arg743 in the 9°N DNA polymerase amino

acid sequence.

21. The polymerase according to claim 20 which comprises at
least a substitution mutation to a different amino acid at
the position functionally equivalent to either Arg713 or

Arg743 in the 9°N DNA polymerase amino acid seguence.

22. The altered polymerase of any preceding claim
comprising one or two amino acid substitution mutations to a

different amino acid at the position or positions
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functionally equivalent to Arg606 and/or His 679 in the 9°N

DNA polymerase amino acid sequence.

23. 2An altered polymerase comprising one or two amino acid
substitution ﬁutations to a different amino acid at the
position or positions functionally equivalent to Arg606
and/or His 679 in the 9°N DNA polymerase amino acid

sequence.

24:. ' An altered polymerase compfising one, two, three, four,
five or six amino acid substitution mutations to a different
amino acid. at the position or positions functionally
equivalent to Lys790, Lys800,. Arg806, Lys844, Lys874 and/or
Lys878 in the RB69 DNA polymerase amino acid sequence.

25. The polymerase according to any one of claims 19 to 24
wherein the: substitution mutation or mutations convert the

substituted amino acid to.a non-basic amino acid.

26. The polymerase according to claim 25 wherein the
substitution mutation or mutations convert the substituted
amino acid to an amino acid selected from:
(i) acidic amino acids, ‘
(ii) aromatic amino acids, particularly tyrosine (Y) or
phenylalanine (F); and | .
(iii)non-polar amino acids, particularly, alanine (A),

glycine (G) or methionine (M).

27. The polymerase according to claim 26 wherein the
substitution mutation or mutations'convert the substituted

amino acid to alanine.
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28. An altered polymerase comprising the substitution
mutation or mutations which are functionally equivalent to
Lys705Ala and/or Arg713Ala and/or Arg743Ala in the 9°N DNA

polymerase amino acid sequence.

29. The altered polymerase of claim 28 which comprises the
amino acid substitution functionally equivalent to

Arg713Ala.

30.  The altered polymerase of claim 28 or 29 which
comprises the amino acid substitution functionally

equivalent to Arg743Ala.

31. The altered polymerase of any preceding claim further
comprising one or more amino acid substitution mutations at
the position or positions which are functionally equivalent
to Leu408 and/or Tyr409 and/dr Pro410 in the 9°N DNA

polymerase amino acid sequence.

32. The altered polymerase of claim 31 comprising the
substitution mutations functionally equivalent to Leu408Tyr
and Tyr409Ala and Pro4l0Val in the 9°N DNA polymerase amino

acid sequence.

33. The altered polymerase of any preceding claim further
comprising a substitution mutation to a different amino acid
at the position functionally equivalent to Cy8223 in the 9°N

DNA polymerase amino acid sequence.

34. The altered polymeérase of claim 33 wherein the

polymerase comprises the substitution mutation functionally
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equivalent to Cys223Ser in the 9°N polymerase amino acid

sequence.

35. An altered 9°N polymerase comprising the amino acid

sequence of aﬁy one of SEQ ID NO: 1, 3, 5 or 21.

36. . A nucleic acid molecule encoding an altered polymerase

as defined in any one of the preceding claims.

37. A nucleic acid molecule according to claim 36 which
encodes an altered 9°N polymerase, the nucleic acid molecule

comprising the nucleotide sequence of SEQ ID NO: 2, 4 or 6.

38. A nucleic acid molecule comprising the nucleotide

sequence of SEQ ID NO. 19 or 20.

39. An expression vector comprising the nucleic acid

molecule of claim 36 to 38.
40. A host cell containing the vector of claim 39.

41. Use of a polymerase which has been altered such that it
displays a reduced affinity for DNA such that the polymerase
has an ability to incorporate a labelled nucleotide into a
plurality of separate DNA templates in each reaction cycle
for incorﬁoration of a labelled nucleotide into a
polynucleotide, the label being utilised to determine the

nature of the nucleotide added.

42. Use of a polymerase as defined in any one of claims 1
to 35 for incorporation of a nucleotide into a

polynucleotide.
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43. The use accordlng to claim 41 or 42 whereln the

1ncorporatlon occurs on a clustered array

44. A method'for incorporating labelled'nucleotides into

DNA comprlslng allowing the follow1ng components to

interact:

(1) A polymerase which has been altered such that
it displays a reduced affinity for DNA such
that the polymerase has an ability to
incorporate a labelled nucleotide into a
plurality of separate DNA templates in each
reaction cycle,

(1) a DNA template; and

(ii1) a nucleotide solution.

45. A method for incorporating nucleotides into DNA

comprising allowing the following components to interact:

(i) A polymerase according to any one of claims 1
to 35, |

(ii) a DNA template; and

(1ii) a nucleotide solution.

46. The method according to claim 44 or 45 wherein the DNA

template comprises a clustered array.

47. A kit for use in carrying out a nucleotide
incorporation reaction comprising:
a polymerase as defined in any of claims 1 to 36 and a

nucleotide solution.
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48. The kit of claim 47 wherein the nucleotide solution

comprises labelled nucleotides.

49. The kit of claim 47 or 48 wherein the nucleotides

comprise synthetic nucleotides.

50. The kit of any of claims 47 to 49 wherein the

nucleotides comprise modified nucleotides.

51. The kit of claim 50 wherein the nucleotides have been
modified at the 3' sugar hydroxyl such that the substituent
is larger in size than the naturally occurring 3' hydroxyl

group.

52. The kit according to claim 51 wherein the nucleotides
which have been modified at the 3' sugar hydroxyl such that
the substituent is larger in size than the naturally
occurring 3' hydroxyl group comprise a modified nucleotide
or nucleoside molecule comprising a purine or pyrimidine
base and a ribose or deoxyribose sugar moiety having a
removable 3'-OH blocking group covalently attached thereto,
such that the 3' carbon atom has attached a group of the
structure
-0-2

wherein Z is any of -C(R’),-0-R”, -C(R’)2-N(R"),, -
C(R’),-N(H)R”, -C(R’),-S-R” and -C(R’),-F,

wherein each R" is or is part of a removable protecting
group;

each R’ is independently a hydrogen atom, an alkyl,
substituted alkyl, arylalkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclic, acyl, cyano, alkoxy, aryloxy,

heteroaryloxy or amido group, or a detectable label attached



10

15

20

25

30

WO 2006/120433 PCT/GB2006/001700
74

through a linking group; or (R’), represents an alkylidene
group of formula =C(R’’’). wherein each R’’’ may be the same
or different and is selected from the group comprising
hydrogen and halogen atoms and alkyl groups; and

wherein said molecule may be reacted to yield an
intermediate in which each R" is exchanged for H or, where Z
is -C(R'),-F, the F is exchanged for OH, SH or NH,,
preferably OH, which intermediate diSsociates'uﬁderfaqueous
conditions to afford a molecule with a free 3'OH;

~with the proviso that where Z is -C(R’")2-S-R"”, both R’

groups are not H.

53. The kit according to claim 52 wherein R' of the
modified nucleotide or nucleoside is an alkyl or substituted
alkyl.

54. The kit according to claim 53 wherein -2 of the

modified nucleotide or nucleoside is of formula —C(R'):-N3.

55. The kit according to claim 54 wherein 7 is an

azidomethyl group.

56. The kit according to claim 51 wherein the nucleotides
which have been modified at the 3' sugar hydroxyl such that-
the substituent is larger in'size than the naturally
occurring 3' hydroxyl group are fluorescently labelled to

allow their detection.

57. The kit according to claim 51 wherein the nucleotides
which have been modified at the 3' sugar hydroxyl such that
the substltuent is larger in size than the naturally

occurring 3' hydroxyl group comprises a nucleotide or
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nucleoside having a base attached to a detectable label via -
a cleavable linker, characterised in that the cleavable

linker contains a moiety selected from the group comprising:

T.
I

(wherein X is selected from the group comprising O, S, NH
and NQ wherein Q is a C;.;p substituted or unsubstituted
alkyl group, Y is selected from the group comprising O, S,
NH and N(allyl), T is hydrogen or a Ci.10 substituted or
unsubstituted alkyl group and * indicates where the moiety
is connected to the remainder of the nucleotide or

nucleoside) .

58. The kit according to claim 57 wherein the detectable

label comprises a fluorescent label

59. The kit of any of claims 47 to 58 further ¢omprising

one or more DNA template molecules and/or primers.

60. A method of producing a polymerase as defined in any of

" claims 1 to 35 comprising:
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(i) selecting suitable residues for_mutagenesis in the
polymerase;

(ii) producing a mutant polymerase in accordance with the
selection made in (i) ;

(iii)determining the affinity of the mutant polymerase for
DNA; and

(iv) if the affinity for DNA is reduced, testing the
polymerase for an ability to form an increased member
of productive polymerase-DNA complexes in each reaction

- gcycle.

61. An altered polymerase as hereinbefore described with

reference to the accompanying figures.

62. A use as hereinbefore described with reference to the

accompanying figures.

63. A method for incorporating nucleotides as hereinbefore

described with reference to the accompanying figures.

64. A kit as hereinbefore described with reference to the

accompanying figures.

65. A method of producing a polymerase as hereinbefore

described with reference to the accompanying figures.



WO 2006/120433 PCT/GB2006/001700
1/11

iSeeBlue plus2 Mwt markers
| 3ug purifed YAV (batch 4)

1 ||Clone 9
‘ YAV C223Sexo0-

s S/ls?vngzgs R743Aexo- F I G . 1 A

' |Clone 15
YAV C223S K705Aexo-

1 | |Clone 16
YAV C223S R743Aexo-

.
| 3ug purifed YAV (batch 4)

: SeeBlue plus2 Mwt markers

Clone 24
YAV C223S R713Aex0-

(\;L?\?(em:gsm‘l exo - F I G . 1 B

Clone 39
YAV C223S R713Aexo-

3ug purifed YAV (batch 4)

Well: 1




WO 2006/120433 PCT/GB2006/001700

2/11

()}
w® Yoo
oR32R
Ll
AU AN
e uvonhoo B Teesle $uiww=s < DNA
| ‘ _ I 1 I | I _Jl i | l 1
I 30ug/mi :iug/mlI| 30ug/ml 3ug/ml N 30pg/ml Sng/m|J

[ !
Clone 9 YAV crude R743A

(purified control) (clone 12)

FIG. 3A

nn
OOU)U’)

Smoo ?
M —O0NO
nwnonn
[N el ot
Lid il

- o
o e smememm < DNAn#

| I4H I 11 I Il | B l_II ' 1
3pg/mi 30ug/ml 3ug/ml - 30pg/ml 3ug/ml 30ug/mi
| ng/m | ug mJ ' ug | ng " ng | ug;l
AT1 R713A K705A
(clone 38) (clone 24) (clone 15)

FIG. 3B



WO 2006/120433 PCT/GB2006/001700
3/11

100

—YAV  k, =0038s"
— = R743A k,_=0.026s"
==—nK705A k,_ =0.024s"
——R713A k, =0076s"
~==-D71  k,_=0008s"

Percentage complete

-
-
-------.-----.----------------"J

J | | ) | |
0 100 200 300 400 500 600

Time/s

FIG. 4



WO 2006/120433

{ 2000

1500

1000
Timels

500

0

¢

|
L.

2000

500

1

1000
Timels

L

500

100

) T ) T
o (@]
8 8 F &
uolesodiodul Jusdled

(@

PCT/GB2006/001700
41
(]
o
o
< |©
° op)
| I e
1o
o
0
n
S
o E
T
S
O O
g o L()
) o o o o .
8 &8 8 § & 0]
= uonesodiodul Jusdiad o =~
o
o LL
< ©
P
I\ o
o 2
L
n
=)
S E
< T
o
rOQ
(9]
O
T T T T T
o o [ o
8 8 © < N
© d

uoneiodioodul Jusaie



WO 2006/120433

511

— O ) O [5)

— Q © @© @®© ©

% (ZG pre pra 2 prd

2 = = = =

= = £ € £ £

E o (] (] (@]

() © o o o [Xp]

To) ~ N < N~

J S S 3 $ J
vav-@ @ ) @ &
vAvR743A > @ @) b
YAV R713A — L

BKG —»

FIG. 6

PCT/GB2006/001700

(&) < 1.0 M NaCl
< 2.0 M NaCl




WO 2006/120433 PCT/GB2006/001700
6/11
16000 -
S —0O— YAV
o —O—R743A
3 —2—R713A
1
12000 -
-
=~ —0
a
>
‘B
§ 8000+
kS
[<b] SR o
[&] D e SR R SRR SR R S
[y
3
@ 40004 —O
o)
-
o=
wH
b
o 0
| | ! - )
0 500 1000 1500 2000
[NaCl] / mM
0.08
0.06 - T ‘
a7
'/
/ -
<= rd / ' ‘D.
» 0.04 4 R
Ta RAY
x° /
0.02 VAV
----- R743A
--—=- R713A
0.00 : ; . :
0 2 4 6 8 10

[ffT-N --Cy3}/ uM

FIG. 8



WO 2006/120433 PCT/GB2006/001700

7/11
KpnI NdeI Agel
GGGCGAATTGGGTACCCATATGATCTTAGATACCGACTATATCACCGAGAACGGTAAACC
1 e Fmm Fmm e t Fom Fmm +

CCCGCTTAACCCATGGGTATACTAGAATCTATGGCTGATATAGTGGCTCTTGCCATTTGG
M I L D T D Y I T EN G K P

EcoRI BstBI
GGTGATAAGGGTGTTCAAAAAGGAAAATGGCGAATTCAAGATCGAGTATGATAGAACCTT
6l - A e o Fomm e +

CCACTATTCCCACAAGTTTTTCCTTTTACCGCTTAAGTTCTAGCTCATACTATCTTGGARA
VI R V F K K E N G E F K I E Y D R T F_
CGAACCGTACTTCTACGCCTTGTTGAAGGACGATAGTGCCATCGAAGATGTGAAAARAAGT
121 ——mmmm e Fom D amatte fomm Fomm e Fom +
GCTTGGCATGAAGATGCGGAACAACTTCCTGCTATCACGGTAGCTTCTACACTTTTTTCA
_E P Y F ¥ A L L K DD S A T E D V K K V_
TACCGCCAAACGTCACGGCACCGTGGTAAAGGTTAAACGCGCCGAAAAGGTTCAGAAGAA
181 —~-mmmemm Fmm e ———— o ————— Fmmm e e R anta L +
ATGGCGGTTTGCAGTGCCGTGGCACCATTTCCAATTTGCGCGGCTTTTCCAAGTCTTCTT
_T A K R H G T V V KV K RAE KV QO K K
Pvul
GTTCCTAGGCCGTCCGATCGAGGTGTGGAAATTGTACTTTAACCATCCGCAGGATGTCCC
241 —mmmem——- o Fommm tom e —— o ——————— Fmmm e +
CAAGGATCCGGCAGGCTAGCTCCACACCTTTAACATGAAATTGGTAGGCGTCCTACAGGG
F L G R P I E V W KL Y F N H P Q D V P

EcoRV EcoRV
GGCGATTAGAGATCGTATTCGTGCCCACCCGGCGGTAGTGGATATCTATGAGTACGATAT
301 -==m=m—m- Fomm Fomm Fomm e Fo e ———— o +

CCGCTAATCTCTAGCATAAGCACGGGTGGGCCGCCATCACCTATAGATACTCATGCTATA
A I R D R I R A HP A V V D I Y E Y D I
CCCGTTCGCAAAAAGATACTTGATTGATAAAGGACTAATCCCGATGGAAGGCGATGAAGA

361 —w—mmm——- Fmm e Fom e Fom e e L Fom e +
GGGCAAGCGTTTTTCTATGAACTAACTATTTCCTGATTAGGGCTACCTTCCGCTACTTCT

P F A K R Y L I D K G L I P M E G D E E

—— — — — — — —— — V— m————— —— — Sp— — — —— — —— ——t ——— o

Agel
ATTAACCATGTTAGCGTTCTCCATCTCCACCCTGTACCACGAAGGCGAAGAGTTCGGCAC
421 --mmmm - Fo e R Fomm e Fmm e ——— +

TAATTGGTACAATCGCARGAGGTAGAGGTGGGACATGGTGCTTCCGCTTCTCAAGCCGTG
L T ML A F 8§ I 8 T L Y HE G EE F G T

CGGTCCGATTCTGATGATCTCCTACGCAGACGGTAGCGAAGCACGTGTGATAACCTGGAA
481 -—-m——meo- Fmm—————— Fom e Fmm e o +

GCCAGGCTAAGACTACTAGAGGATGCGTCTGCCATCGCTTCGTGCACACTATTGGACCTT
G P I L M I S ¥ A D G S E A R V I T W K

— —— —— — —— —— r— S— —— — — —— a—— — So— —— — —— — —— —
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AatII BclI
GAAAATAGACCTACCTTACGTGGACGTCGTAAGTACCGAGAAGGAGATGATCARAAGATT
541 —mm————e- omm oo dmmmm e it e it +

CTTTTATCTGGATGGAATGCACCTGCAGCATTCATGGCTCTTCCTCTACTAGTTTTCTAA

K I D L P Y V D V V. S T E K E M T K R F_
BamHI

CCTGAGGGTGGTCCGTGAGAAGGATCCGGACGTACTGATTACCTATAARCGGCGATAACTT

601 —-mmm———— Fom e Fomm e i e Fom e +

GGACTCCCACCAGGCACTCTTCCTAGGCCTGCATGACTAATGGATATTGCCGCTATTGAA

L R V V R E KD P D V L I T Y N G D N F_

BglII

CGACTTCGCCTACTTGAAAAAGAGATCTGAGGAATTAGGCATCAAATTCACCCTGGGCCG

661 —wmmm———— Fom e Fmm Fom e ——— Fmm e o +

GCTGAAGCGGATGAACTTTTTCTCTAGACTCCTTAATCCGTAGTTTAAGTGGGACCCGGC

D P 2 Y L K KR S E E L G I K F T L G R_
PfIMI

TGATGGCAGTGAGCCGARAATCCAACGTATGGGCGACCGCTTCGCCGTCGAGGTGARAAGG

+
ACTACCGTCACTCGGCTTTTAGGTTGCATACCCGCTGGCGAAGCGGCAGCTCCACTTTCC
D G s E P K I Q R M G D R F A V E V K G_
Accl
CCGTATACATTTCGACTTGTATCCGGTGATTAGGCGTACCATTAATTTGCCGACCTACAC
781 —=mmm———— o e e = e Fo e ———— Fom e e +
GGCATATGTAAAGCTGAACATAGGCCACTAATCCGCATGGTAATTARACGGCTGGATGTG
R I HF D L Y P V I R R T T N L P T ¥ T
BbsI
CTTGGAAGCGGTGTACGAGGCGGTCTTCGGCAAGCCGAAGGARAAGGTGTACGCCGARAGA
841 -=--—----- Fom Fomm Fom Fmm e Fom +
GAACCTTCGCCACATGCTCCGCCAGAAGCCGTTCGGCTTCCTTTTCCACATGCGGCTTCT
_L E A V Y E AV F G K P K E K V Y A E BE
Xbal
GATCGCGCAGGCGTGGGAGAGCGGTGAGGGTCTAGAACGTGTTGCAAGATATAGCATGGA
901 -~ e Fom e ———— B it Fom e +
CTAGCGCGTCCGCACCCTCTCGCCACTCCCAGATCTTGCACAACGTTCTATATCGTACCT
I A O A WE S G E GG L E RV A R Y S M E_
GGACGCCAAAGTTACCTACGAATTGGGCCGCGAGTTTTTTCCGATGGAGGCCCAGTTATC
961 —m—=————— e o B Fomm e Fomm +
CCTGCGGTTTCAATGGATGCTTAACCCGGCGCTCARAAAAGGCTACCTCCGGGTCAATAG
D A K VT Y EBL 6GREF F P M E A Q L S
TCGTTTAATTGGCCAGTCCCTGTGGGATGTTAGCCGCAGTTCTACTGGTAATTTGGTAGA
1021 —=—~————— Fomm Fomm e Fom e Fom e +
AGCAAATTAACCGGTCAGGGACACCCTACAATCGGCGTCARGATGACCATTAAACCATCT
R L I_G Q@ S L W D V. S R S S T G N L V E
ATGGTTCTTACTGCGCAAAGCGTATAAACGTAACGAGTTAGCGCCAAATAAGCCGGACGA
1081 —-=-——=—-—- Fmm Fm——— b e Fommm e e +
TACCAAGARATGACGCGTTTCGCATATTTGCATTGCTCAATCGCGGTTTATTCGGCCTGCT
W F L L R K A Y K R N E L A P N XK P D E
ACGTGAACTGGCCCGTCGTCGTGGTGGCTATGCCGGCGGTTACGTGAAGGAACCGGAGCG
1141 ——=—==——— R e o ——— R Fmmmm Fmmm—————— +
TGCACTTGACCGGGCAGCAGCACCACCGATACGGCCGCCAATGCACTTCCTTGGCCTCGC
R E L A R R R G G Y A G G Y V. K E P E R
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TGGCCTATGGGATAACATTGTGTACCTTGACTTTAGAAGCTATGCGGTTAGCATCATCAT
1201 —==-—=—=— Fomm Fo——————— Fmm Fm——————— o +
ACCGGATACCCTATTGTAACACATGGAACTGAAATCTTCGATACGCCAATCGTAGTAGTA

G L WD N I VvV ¥ L D F R S Y A V S I I I

AatII
CACCCATAATGTTAGTCCGGACACATTGAATCGTGAAGGATGCAAAGAATATGACGTCGC
1261 --—wm—m—- o ——— fm e fomm Fmmm R e +
GTGGGTATTACAATCAGGCCTGTGTAACTTAGCACTTCCTACGTTTCTTATACTGCAGCG
_T H N V.S P D T L N R E G C K E Y D V A
CCCAGAGGTGGGCCACAAATTTTGTAAAGATTTCCCAGGATTCATCCCAAGITTGTTGGG
1321 ~——=—~—-— e b Fom Fomm e tomm e it +
GGGTCTCCACCCGGTGTTTAAAACATTTCTAAAGGGTCCTAAGTAGGGTTCAAACAACCC
P E V G H K F C KD F P G F I P S L L G
TGATCTGCTGGAAGAACGCCAGAAAATCAAACGTARGATGAAGGCGACCGTCGATCCACT
1381 -—=—-—=~- Fmm Fomm Fom Fomm Fomm +
ACTAGACGACCTTCTTGCGGTCTTTTAGTTTGCATTCTACTTCCGCTGGCAGCTAGGTGA
D L L EE R Q K I K R KMZK ATV D P L

BclI EcoRI
GGAGAARAAGCTATTGGACTACCGTCAGCGCCTGATCAAGATTTTGGCGAATTCTTTCTA
1441 ~—--—---—- Fomm e fmm Fmm Fom +

CCTCTTTTTCGATAACCTGATGGCAGTCGCGGACTAGTTCTAAAACCGCTTAAGAAAGAT
_E K K L L D Y R Q R L I K I L A N S F Y
TGGATACTACGGCTACGCCAAAGCCCGTTGGTATTGTAARGAGTGCGCCGAGTCTGTCAC
1501 ~———=-—>- e o Fom T e +
ACCTATGATGCCGATGCGGTTTCGGGCAACCATAACATTTCTCACGCGGCTCAGACAGTG
G Y ¥ 6 ¥ A K A R W Y C K E C A E S V T
TGCCTGGGGTCGTGAATATATCGAAATGGTGATCCGCGAGCTGGAAGAGAAATTTGGATT
1561 —=—=——m~- o ——— e ettt Fomm e Fmm R el +
ACGGACCCCAGCACTTATATAGCTTTACCACTAGGCGCTCGACCTTCTCTTTAAACCTAA
A W GRE Y I E MV I RE L EEKF G F

Bsal
CAAAGTCTTGTACGCCGATACCGATGGTCTGCACGCGACCATTCCGGGTGCCGATGCCGA
B Fom— e ———— Frmm————— Fmm e ———— o —————— e ——— +

GTTTCAGAACATGCGGCTATGGCTACCAGACGTGCGCTGGTAAGGCCCACGGCTACGGCT
K V L Y A P T D G L HA T I P G A D A E

GACCGTGAAGAAAAAGGCGAAAGAGTTTTTGAAATATATCAATCCGAAGTTGCCGGGATT
1681 —=-————~- Fm Fom e o Fom Frm +
CTGGCACTTCTTITTTCCGCTTTCTCAAAAACTTTATATAGTTAGGCTTCAACGGCCCTAA
IV K K K A K B F L K Y I N P K L P G L
ATTAGAATTGGAATACGAAGGTTTCTATGTTCGCGGCTTTTTCGTGACCAAGAAAAAATA
1741 —=~m————e o Fommm—— fom e o Fomm +
TAATCTTAACCTTATGCTTCCARAGATACAAGCGCCGAAAAAGCACTGGTTCTTTITTAT
L E L E Y E G F Y V R G F F VT K K K Y

Xbal
CGCCGTGATCGACGAGGAAGGARAAATTACCACCCGTGGTICTAGAGATTGTTCGTCGTGA
1801 --~—————- e nte Fmm Fom e o ———— Frmm—————— +

GCGGCACTAGCTGCTCCTTCCTTTTTAATGGTGGGCACCAGATCTCTAACAAGCAGCACT
A VvV I D EE G K I T™ T™ R G L E I V R R D

o — i — —— — — — — p—— i —— it s St S s ot s it e
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CTGGTCCGARATCGCCAAAGARACCCAGGCCCGTGTACTGGAAGCGATTTTGAAGCATGG
1861 —~———-~——- Fom— e Fom Fom e R it Fm +
GACCAGGCTTTAGCGGTTTCTTTGGGTCCGGGCACATGACCTTCGCTAAAACTTCGTACC
W S E I A K E T ©Q A R V L, E A I L K H G
CGATGTGGAGGAGGCGGTTCGTATCGTCAAAGAAGTGACCGAAAAGCTGAGCAAGTATGA
1921 -————~——- Fom— i ———— Fmmm - e il o +
GCTACACCTCCTCCGCCAAGCATAGCAGTTTCTTCACTGGCTTTTCGACTCGTTCATACT
D V E E A V R I V KE V T EX XL S K XY E

BspMI

AGTGCCGCCGGAGAAATTGGTCATACACGAACAAATCACACGTGACCTGCGCGATTATAA

1981 ~————=-—-- Fmmm e Fmm Fomm e R e T o +
TCACGGCGGCCTCTTTAACCAGTATGTGCTTGTTTAGTGTGCACTGGACGCGCTAATATT

V. P P E K L VI H E Q I T R D L R D Y K

Agel

GGCGACCGGTCCGCACGTTGCCGTGGCGAAGCGTTTGGCGGCCCGTGGTGTTAAGATTCG

2041 ~==m=———- Fomm Fmm——————— Fomm—————— Fomm Fom +
CCGCTGGCCAGGCGTGCAACGGCACCGCTTCGCARACCGCCGGGCACCACAATTCTAAGC

A T G P H V A VvV A K R L A A R G V K I R

BstEIT
TCCAGGAACCGTGATTAGTTACATAGTGTTGAAGGGCAGTGGTCGTATTGGTGACCGTGC
2101 ~=—=————m e et o Fom o Fom e +

AGGTCCTTGGCACTAATCAATGTATCACAACTTCCCGTCACCAGCATARCCACTGGCACG
P 6 T VI S Y I VL K G S 6 R I G D R A
CATCCCGGCGGATGAGTTTGACCCGACCAAGCATCGTTATGACGCCGAATATTATATCGA

2161 ~———=mm~— Fomm e Frmm Fomm Fom e ———— Fmm—————— +
GTAGGGCCGCCTACTCAARACTGGGCTGGTTCGTAGCAATACTGCGGCTTATAATATAGCT

I P A DEVFDPT XK HRUYDAZETZY Y I E

BspMI
BbsI
GAATCAGGTGCTACCAGCGGTTGAACGTATTTTGAAGGCATTCGGCTATCGTARAGAAGA
2221 ~——mm—m- Frm e ——— o Fmm e et o +

CTTAGTCCACGATGGTCGCCAACTTGCATAARAACTTCCGTAAGCCGATAGCATTTCTTCT
N O VvV L P AV ER I L KA F G Y R K E D_
BspMI
CCTGCGCTACCAGAAAACCAAGCAGGTTGGTCTGGGTGCCTGGTTGAAAGTGAAAGGCAA
2281 -—m—mm e Fommm———— Fmmmm—m—— fom e tmm—————— +
GGACGCGATGGTCTTTTGGTTCGTCCAACCAGACCCACGGACCAACTTTCACTTTCCGTT
LR Y 0 KT K Q V G L G A W L K V K G K
NheI Sacl
AAAATAAGCTAGCGGAGCTCCAGCTTTTGTTCCC
2341 ---—mmmm e il fmmm fm——
TTTTATTCGATCGCCTCGAGGTCGAAAACAAGGG
K

—— —
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325

Leu

Leu

Asp

Glu
150
Ser
Asp
vVal
Phe
Phe
230
Asp
Pro
val
Glu
Arg
310

Phe

Trp

Leu

Glu

Glu

Glu

Val

Arg

Asp

215

Thr

Arg

Val

Tyr

Ile

Phe
Ala
Val
clu
200
Phe
Leu
Phe
Ile
Glu

280

Ala

295 |

Tyr

Phe

Asp.

Arg

Arg
375

Ser

Pro

Val

Lys

360

Glu

Gly

Arg

Ser

185

Lys

Ala

Gly

Ala

Arg

265

Ala

Gln

Met

Met

Ser

345

Ala

Leu

2/30

Thr

Val
170

Thr

Asp

TyT
Arg
Val
250
Arg
Val
Ala

Glu

Glu
330

Arg

Tyf

Ala

Gly
155
Ile
Glu
Pro
Leu
Asp
238
Glu
Thr
Phe
Trp
Asp
315
Ala
Ser

Lys

Arg

Pro

Thr

Lys

Asp

Lys

220

Gly

vVal

Ile

Gly

Glu

300

Ala

Gln

Ser

Arg

Arg
380

Ile

Trp

GIu

Val

205

Lys

Ser

Lys

Asn

Lys

285

Ser

Lys

Leu

Thr

Asn

365

Arg

Leu
Lys
Met
190
Leu
Arg
Glu
Gly
Leu
270
Pro
Gly
Val
Ser
Gly
350

Glu

Gly

PCT/GB2006/001700

Met

Lys

175

Ile

Ile

Ser

Pro

Arg

255

Pro

Lys.

Glu

Thr

Arg

335

Asn

Leu

Gly

Ile
160
Ile
Lys
Thr
Glu
Lys
240
Ile
Thr
Glu

Gly

Tyr

- 320

Leu

Leu

Ala

Tyr
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Ala
385
Val
Asn
val
Ile
Arg
465
Tyr
TYyTr
Val

Glu

His

WO 2006/120433

Gly

Tyr

val

Ala

Pro

450

Lys

Arg

Gly

Thr

Glu

530

Ala

545

Lys

Leu

Lys

Glu

Glu

Tyr

Gly

Leu

Ser

Pro

435

Ser

Met

Gln

Tyr

Ala

515

Lys

Thr

Phe

Tyr

Ala
595

Tyr
Asp
Pro
420
Glu

Leu

Lys

Arg

Aia

500

Trp

Phe

Ile

Leu

Glu

580

val

val

Phe

405

Asp

val

Leu

‘Ala

Leu

485

Lys

Gly

Gly

Pro

Lys

565

Gly

Ile

Lys

390

Arg

Thr

Gly

Gly

Thr

470

Ile

Ala

Arg

Phe

Gly

550

Tyr

Phe

Asp

Glu

Ser

Leu

His

Asp

455

Val

Lys

Arg

Glu

Lys

535

Ala

Ile

Tyr

Glu

Pro
Tyr
Asn
Lys
440
Leu
Asp
Ile
Trp
Tyxr
520
val
Asp
Asn

val

Glu
600

Glu

Ala

Arg

425

Phe

Leu

.Pro

Leu

Tyr
505
Ile
Leu
Ala
Pro
Arg
585

Gly

3/30

Arg

val

410

Glu

Cys

Glu

‘Leu

Ala
490

Cys

Glu

Tyr

Glu

Lys

570

Gly

Lys

Gly

395

Ser

Gly

Lys

Glu

Glu

475

Asn

Lys

Met

Ala

Thr

555

Leu

Phe

Ile

Leu

Ile

Cys

Asp

Arg
460

Lys-

Ser

Glu

val

Asp

540

val

Pro

Phe

Thr

Trp

Ile

Lys

Phe
445

Gln

Lys:

Phe

Cys

Ile

525

Thr

Lys

Gly

val

Thr

- 605

Asp

Ile

Glu

430

Pro

Lys

Leu

Tyr

Ala

510

Arg

Asp

Lys

Leu

Thr

590

Arg

Asn
Thr
415
Tyr
Gly
Ile
Leu
Gly
495
Glu
Glu
Gly
Lys
Leu
575

Lys

Gly

PCT/GB2006/001700

Ile
400
His
Asp
Phe
Lys
Asp -
480
Tyr
Ser
Leu
Leu
Ala
560
Glu

Lys

Leu
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Glu
Arg
625

Arg

Pro

Tyr.

Arg

Ala
705

Asp

-vVal

Glu

Leu

Ile
610

Val

Ile

Val Arg Arg

Leu Glu Ala

Val Lys Glu
645

Glu Lys Leu Val

Lys

660

Ala Thr Gly
675

Gly Vval Lys Ile

690

Gly Ser Gly Arg

Pro

Leu

Asp

Lys
770

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Thr Lys His
725

Pro Ala Vval
740

Leu Arg Tyr
755

val Lys Gly

2
2328
DNA

Asp
Ile
630
Val
Ile
Pro
Arg
Ile
710
Arg
Glu

Gln

Lys

Trp

615

Leu

Thr

His

His

Pro

695

Gly

Tyr

Arg

Lys

Lys
775

Artificial sequence

Mutant polymerase

2

Ser

Lys

Glu

Glu

val

680

Gly

Asp

Asp

Ile

Thr
760

Glu

His

Lys

Gln

665

Ala

Thr

Arg

Ala

Leu’

745

Lys

4/30

Ile

Gly

Leu

650

Ile

val

Val

Ala

Glu

730

Gln

Lys

Ala

Asp

635

Ser

Thr

Ala

Ile

Ile
715

Tyr

Ala

Val

Lys
620
Val
Lys
Arg
Lys
Ser
700

Pro

Tyr

‘Phe

Gly

Glu

Glu

Tyr

Asp

Arg

685

Tyr

Ala

Ile

Gly

Leu

©. 765

Thr

Glu

Glu

Leu

670

Leu

Ile

Asp

Glu

Tyr
750

Gly

PCT/GB2006/001700

Gln
Ala
Val
655
Arg
Ala
val
Glu
Asn
735

Arg

Ala

Ala
Val
640
Pro
Asp
Ala

Leu
Phe
720
Gln

Lys

Trp

atgattctcg ataccgacta catcaccgag aacgggaagc ccgtgataag ggtcttcaag 60
aaggagaacg gcgagtttaa aatcgagtac gacagaacct tcgagcccta cttctacgece 120

cttctgaagg acgattctge gatagaggac gtcaagaagg taaccgcaaa gaggcacgga 180



10

15

20

25

30

35

40

45

50

55

WO 2006/120433

acggttgtca
gaggtctgga
cgtgcccace
ctcatcgaca
gcgatcgcaa
agctacgccg
gttgacgtcg
aaggaccceg
aagégﬁtctg
atacagcgaa
taccccgtcea
gcegtetttg
agcggggagyg
gagctgggaa
ctctgggacg
gcctacaaga
cgegggggct
gtgtatctag
gatacéctca
ttctgcaagg
cagaagataa
taéaggcaga
aaggcceggt
atagaaatgg
acagacggtc
aaggagttct
ggcttctacg
ggcaagataa

gagacccagg

aggtgaagcg
agctctactt
ccgetgtegt
agggcctgat
ccctctatcé
acgggagcga
tctcgaccga
acgtgcectcat
aggaactcgg
tgggcgaccg
taaggcgcac
gaaagcccaa
gccttgaaag
gggagttctt
tctegegete
ggaacgagct
acgctggcegg
acttccgcectce
accgecgaggg
acttcecegg
agcggaagat
ggctgatcaa
ggtactgcaa
ttatccggga
tccatgctac
taaaatacat
tgaggggett

ccacgagggg

ccagggtcett

cgcégagaag
caaccatcct
tgacatctac
tccgatggag
cgagggcgag
ggcgagggtyg
gaaggagatg
cacctacaac
aataéagttc
ctttgcegtt
gataaacctc
ggagaaggtt
ggttgcaaga
ccecgatggag
gagcaccgga
cgccccaaac
gtacgttaag
gtatgcggtt
ctgtaaagag
cttcatacca
gaaggcaacg
aatcctégcc
ggagtgcgce
actcgaagaa
cattcccgga
taatccaaaa
cttcgtcacg
tcttgagatt

agaggcgata

5/30

gtgcagaaga
caggacgtcce
gagtacgaca
ggcgacgagg
gagttcggaa
ataacctgga
attaagcgct
ggcgacaact
acactcggca
gaggtgaagg
ccgacctaca

tacgcagagg

‘tactcgatgg

gecccagettt
aatttggtgg
aagcccgacg
gaaccagagc
tcaatcatca
tacgacgtcg
égcctcctgg

gttgacccge

aacagcttct

gagagcgtta
aaattcggtt
gcagacgctg
ctgceecggee
aagaagaagt
gtgaggcgeg

ctcaagcacg

agttcctcgg
cggcgattcg
tacccttege
agcttépgat
ccgggcegat
agaagattga
tcctécgcgt
tcgacttcge
gggacgggag
gcéggattca
cccttgagge
agatagcgca
aggacgctaa
cgaggcttat
agtggttect
agagggagct
ggggattgtg
taacccacaa
cccectgaggt
gagatttget
tégagaagaa
angctacta
cggectgggg
ttaaagttct

aaacagtcaa

tgctcgaact

acgctgtgat
actggagcga

gtgacgtcga

ggaggccegtt

PCT/GB2006/001700
caggccgata 240
agacaggata 300
caagcgctac 360
gctegectte 420
tctcatgata' 480
ccttecegtac 540
cgtcagggag 600
ctacctéaag' 660
‘cgagccgaag 720
cttcgacctd 780
cgtttacgag 840
ggcctgggag 900
ggtgacctac 960
aggccagagc 1020
cctgcggaag 1080
cgcgagacgg 1140
ggacaacatt 1200
cgtctegecg 1260
tggacacaag 1320
cgaggagagg 1380
actccﬁcgat 1440
cggctacgcec 1500
aagggagtat 1560
ctatgccgat . 1620
gaaaaaagca 1680
tgagtacgag 1740
agacgaggag 1800
gatagcgaag 1860

1920
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WO 2006/120433

aggatagtca
gtaatccacg
gcegttgega
tacatcgtcece
gacccgacga
gtggagagga
aagcaggtcg
<210>. 3
<211> 775
<212> PRT

<2135

<220>
<223>

<400> 3

Met Ile Leu
1

Arg Val Phe

Thr
35

Glu Asp Val

50

Val
65

Lys Arg

Glu val

Trp

Arg Asp Arg

Asp Ile Pro

118

Phe Glu

aggaagtgac
agéégataac
agaggctcge
tagegggctce
agcaccgcta
ttctaaaagc

gettgggege

Asp Thr
5

Lys Lys

Pro Tyr
Lys

Lys

Ala Glu

Leu
85

Lys

Ile
100

Arg

Phe Ala

Asp

Glu

Phe

val

Lys

70

Tyr

Ala

Lys

ggaaaagctg
gecgcgatttg
ggcgegtgga
tggaaggata
cgatgcggaa
cttecggetat

gtggctgaag

Artificial sequence

Mutant polymerase

Tyr Ile

Asn

Gly

Ala
40

Tyx

Thr
55

Ala

val Gln

Phe Asn

His Pro

Arg Tyr

120

6/30

agcaagtatg
agggattaca
gtgaaaatcc
ggcgacaggg
tactacatcg
cggaaggagg

gtgaagggga

Glu
10

Thr Asn

Glu Phe

25

Lys

Leu Leu Lys

Lys Arg His

Phe
75

Lys Lys

Pro Gln

90

His

Ala
105

Val val

Leu Ile Asp

aggtcccgee
aagccaccgg
ggcccggcéc
cgatthggé
agaaccaggt
atttécgcta

agaagtga

Gly Lys Pro

Ile Glu

Tyr
30

Asp Asp Ser

45

Gly Thr val

60

Leu Gly Arg

Asp Val Pro

Asp Ile Tyr

110

Lys Gly Leu

125

PCT/GB2006/001700

cgagaagctg
cccgcacgtt
ggtgataagc

tgatgagtte

tctececeggeg

ccagaagacg

val
15

Ile
Asp Arg
Ala Ile
val

Lys

Ile
80

Pro

Ala
95

Ile

Glu Tyr

Ile Pro

1980

2040

2100

2160

2220

2280

2328
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Met

Leu

145

Ser

Asp

Arg

Tyr

Glu
225

Ile

His

Tyr

Lys

Leu

305

Glu

Ile

vVal

WO 2006/120433

Glu
130

TyTr
Tyr
Leu
Phe
Asn
210
Leu
Gln
Phe
Thr
Val
290
Glu
Leu

Gly

Glu

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275.

Arg

Gly

Gln

Trp

Asp

Glu

Asp

Tyr

180

Arg

Asp

Ile

Met

Leu

260

Glu

Ala

Val

Arg

Ser

340

Phe

Glu

Gly

Gly

165

Val

val

Asn

Lys

Gly

245

Tyr

Ala

Glu

Ala

Glu

325

Leu

Leu

Glu

Glu

150

Ser

Asp

Val

Phe

Phe

230

Asp

Pro

val

Glu

Arg

310

Phe

Trp

Leu

Leu

135

Glu

Glu

val

Arg

Asp

215

Thr

Arg

Val

Tyr

Ile

295

Tyr

Phe

Asp

Arg

Thr

Phe

Ala

val

Glu

200

Phe

Leu

Phe

Ile

Glu

280

Ala

Ser

Pro

Val

Lys

Met

Gly

Arg
Ser
185
Lys
Ala
Gly
Ala
Arg
265
Ala
Gln
Met
Met
Ser

345

Ala

7/30

Leu

Thr

val

170

Thr

Asp

Tyr

Arg

Val

Ala

Gly

155

Iie

Glu

Pro

Leu

Asp

Phe

140

Pro

Thr

Lys

Asp

Lys

220

Gly

235

Glu

250 .

Arg,

Val

Ala

Glu

Glu

330

Arg

Tyr

Thr

Phe

Trp

Asp

315

Ala

Ser

Lys

Valv

Ile

Gly

Glu
300
Ala
Gln

Ser

Arg

Ala

Ile

Trp

Glu

val

205

Lys

Ser

Lys

Asn

Lys

285

Ser

Lys

Leu

Thr

Asn

Ile

Leu

Lys

Met

190

Leu

Arg

Glu

Gly

Leu
270

Pro

Gly

Val

Ser

Gly

350

Glu

Ala

‘Met

Lys

175

Ile

Ile

Ser

Pro

Arg

255

Pro

Lys

Glu

Thr

Arg

335

Asn

Leu

PCT/GB2006/001700

Thr
Ile
160
Ile
Lys
Thr
Glu
Lys
240
Ile
Thr
Glu
Gly
Tyr
320
Leu
Leu

Ala
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Pro

Ala

385

Val

Asn

val

Ile

Arg

465

Tyr

Tyr

val

Glu

His

545

Lys

Leu

WO 2006/120433

Asn

370

Gly

Tyr

val

Ala

Pro

450

Lys

Gly

Thr

Glu

530

Ala

Glu

Glu

355

Lys

Gly

Leu

Ser

Pro

435

Ser

Met

Gln

Tyr

Ala

515

Lys

Thr

Phe

Tyr

Pro

Tyr

Asp

Pro

420

Glu

Leu

Lys

Arg

Ala
500

Trp

Phe

Ile

Leu

Glu
580

Asp

Val

Phe

405

Asp

val

Leu

Ala

Leu

485

Lys

Gly

Gly

Pro

Lys

565

Gly

Glu
Lys
390
Arg
Thr
Gly
Gly
Thr
470
Ile
Ala
Arg
Phe
Gly
550

TYyr

Phe

Arg
375
Glu
Ser
Leu
His
Asp
455
val
Lys
Arg
Glu
Lys
535

Ala

Ile

Tyr

360

Glu

Pro

Tyr

Asn
Lys
440
Leu
Asp
Ile
Trp
Tyr
520
vVal
Asp

Asn

val

Leu

Glu

Ala

Arg

425

Phe

Leu

Pro

Leu

Tyr

505

Ile

Leu
Ala
Pro

Arg
585

8/30

Ala
Axrg
Val
410
Glu
Cys
Glu
Leu
Ala
490
Cys
Glu
Tyr
Glu
Lys

570

Gly

Arg
Gly
395
Ser
Gly
Lys

Glu

Glu
475

Asn

Lys

Met

Ala

Thr

555

Leu

Phe

Arg

380

Leu

ile

Cys

Asp

Arg

460

Lys

Ser

Glu

Val

Asp

540

Val

Pro

Phe

365

Arg
Trp
Tle
Lys
Phe
445
Gln
Lys
Phe
Cys
Ile
525
Thr
Lys

Gly

Val

Gly
Asp
Ile
Glu
430
Pro
Lys
Leu
Tyr
Ala
510
Arg
Asp
Lys

Leu

Thr
590

PCT/GB2006/001700

Gly

Asn

Thr

415

Tyr

Gly

Ile

Leu

Gly
495

Glu

Glu

Gly

Lys

Leu

575

Lys

Tyr

Ile

400

His

Asp

Phe

Lys

Asp

480

Tyr

Ser

Leu

Leu

Ala

560

Glu

Lys
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WO 2006/120433

Lys

Glu

Arg

625

Arg

Pro

Tyr

Arg

Lys

705

Asp

val

Glu

Leu

Tyr

Ile
610

vVal

Ile

Glu

Lys

Ala
595

Val

Leu

Val

Lys

Ala
675

Gly Vval

690

Gly Ser

Pro

Thr

Leu Pro

Asp

Lys
770

<210>
<211>
<212>
<213>

<220>
<223>

Leu
755

Val

4
2328
DNA

val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Ala

740

Arg

Lys

Ile

Arg

Ala

Glu

645

val

Gly

Ile.

Arg

His

725

val

Gly

Asp

Asp

Ile

630

vVal

Ile

Pro

Arg

Ile

710

Arg

Glu

Gln

Lys

Glu

Trp
615

Leu

Thr

His

His

Pro

695

Gly

Tyr

Arg

Lys

Glu
600 .

Ser

Lys

Glu

Glu

val

680

Gly

Asp

Asp

Ile

Thr

. 760

Lys
775

Artificial sequence

Mutant polymerase

9/30

Gly Lys

Glu Ile

His Gly

Lys Leu
650

Gln Ile
665

Ala Val

Thr val

Ala Ala

Ala Glu
730

Leu Lys
745

Lys Gln

Ile

Ala

Asp
635

Ser

‘Thr

Ala

Ile

Ile

715

Tyr

Ala

val

. Thr

Lys
620

Vval

Lys

Arg

Lys

Ser

700

Pro

Tyr

Phe

Gly

Thr

605

Glu

Glu

Tyr

Asp

Arg

685

Tyr

Ala

Ile

Gly

Leu
765

Arg

Thr

Glu

Glu

Leu
670

.Leu

Ile
Asp
Glu
TyxY
750

Gly

PCT/GB2006/001700

Gly

Gln

Ala

Val

655

Arg

Ala

val

Glu

Asn

735

Arg

Ala

Leu

Ala

val

640

Pro .

Asp

Ala

Leu

Phe

720

Gln

Lys

Trp
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WO 2006/120433

<400> 4

atgattctceg
aaggagaacg
cttctgaagg

acggttgtca
gaggtctgga
cgtgcccace
ctcatcgaca
gcgatcgcaa
agcféﬁgccg
gttgacgtcg
aaggaccccg
aagcgcetetg
atacagcgaé
tacccecgtea
gccgtetttg
agcggggagg
gagctgggaa
ctctgggacg
gcctacaaga
cgcgggggct
gtgtatctag

gataccctca

ttctgcaagg
cagaagataa
tacaégcaga
aaggcceggt
atagaaatgg

acagacggtc

ataccgacta

gcgagtttaa

acgattctgce
aggtgaagcg
agctctactt
ccgetgtegt
agggcctgat
ccectctatca
acgggagcga
tctcgaccga
acgtgctcat
aggaactcgg
tgggcgacceg:
ﬁaaggcgcac
gaaagcccaa’
gccttgaaag
gggagttctt
tctcgegete
ggaacgagct
acgctggcegg
acttccgectce

accgcgaggg

acttcccegg
agcggaagat
ggctgatcaa
ggtactgcaa
ttatccggga

teccatgctac

catcaccgag
aatcgag;aq
gatagaggac
cgccgagaég
caaccatcct
tgacatctac
tccgatggag
cgagggcgag
ggcgagggtg
gaaggagatg

cacctacaac

‘aataaagttc

ctttgcecgtt

gataaacctc.

ggagaaggtt

ggttgcaaga

ccegatggag.

gagcaccgga
cgccccaaac
gtacgttaag
gtatgcggtt

ctgtaaagag

cttcatacca
gaaggcaacyg
aatcctcgcec
ggagﬁgégcc
actcgaagaa

cattcccgga

10/30

aacgggaagc
gacagaacct
gtcaagaagg
gtgcagaaga
caggacgtcc
gagtacgaca
ggcgacgagg
gagttcggaa
ataacctgga
attaagcgct
ggcgacaact
acactcggca
gaggtgaagg
ccgacctaca
tacgcagagyg
tactegatgg
gcccagettt
aatttggtgg
aagcccgacg
gaaccagagc
tcaatcatca

tacgacgteg

agcctcctgg
gttgacecge
aacagcttct
gagagcgtta
aaattcggtt

gcagacgctg

cdgtgataag

tcgageccta

taaccgcaaa

agtthﬁcgg
cggcgatteg
tacécttcgc
agcttacgat
cecgggecgat
agaagattga
tceteegegt
tcgacttege

gggacgggag

vgcaggattca

cccttgagge

agatagcgca

.aggacgctaa

cgaggcttat
agtggttcct
agagggagct
ggggattgtg
taacccacaa

ccectgaggt

gagatttget
tggagaagaa
acggctacta
ngcctggég
ttaaagttct

aaacagtcaa

PCT/GB2006/001700
ggtcttcaag 60
cttctacgcece 120
gaggcacgga 180
caggccgata 240
agacaggata 300
éaagcgctac 360
gctcgectte 420
tctcatgata’ 480
ccttcecgtac 540
cgtcagggag 600
ctacctgaag 660
cgagccgaag 720
cttcgaccte 780
cgtttacéag 840
‘ggcetgggag . 900 .
ggtgacctac 9260
aggccagagc 1020
cctgeggaag 1080
cgcgagacgg 1140
ggaéaacaét" 1200
cgtctcgecg 1260
tggacacaag 1320
cgaggagaggd i380
actcctcgat 1440
cggectacgce 1500
aaggéagtat 1560
ctatgccgat. 1620
gaaaaaagca 1680
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WO 2006/120433
11/30
aaggagttct taaaatacat taatccaaaa ctgcccggce
ggcttctacg tgaggggctt cttcgtcacg aagaagaagt
ggcaagataa ccacgagggg tcttgagatt'gtgaggcgdg
gagacccagg ccagggtctt agaggcgata ctcaagcacg
aggatagtca aggaagtgac ggaaaagc&g agcaagtatg
gtaatccacg agcagataéc gcgcgétttg agggattaca
gccgttgega agaggctege ggcgegtgga gtgaaaatcc
tacatcgtcc taaagggctc tggaaggata ggcgacgcgg
gacccgacga agcaccgcta cgatgcggaa tactacatcg
gtggagagga ttctaaaagc cttcggctat cggaaggagg
aagcaggtcg gecttgggege gtggctgaag gtgaagggga
<210> 5
<211l> 775
<212> PRT
<213> Artificial sequence
<220>
<223> Mutant polymerase
<400> 5
Met Ile Leu Asp .Thr Asp Tyr Ile Thr Glu Asn
1 5 10
Arg Val Phe Lys Lys Glu Asn Gly Glu Phe Lys
20 25
Thr Phe Glu Pro Tyr Phe Tyr Ala Leu Leu Lys
35 40
Glu Asp Val Lys Lys Val Thr Ala Lys Arg His
50 55
Val Lys Arg Ala Glu Lys Val Gln Lys Lys Phe
65 70 75
Glu Val Trp Lys Leu Tyr Phe Asn His Pro Gln
85 90
Arg Asp Arg Ile Arg Ala His Pro Ala Val val

Gly

tgctcgaact
acgctgtgat
actggagcga
gtgacgtcga
aégtcécgcc
aaéccaccgg
ggceccggeac
cgattccage
agaaccaggt
atttgcgcta

agaagtga

Lys Pro

Ile Glu

Tyr
30

Asp Asp Ser

45

Gly
60

Thr val

Leu Gly Arg

Asp Val Pro

Asp Ile Tyr

PCT/GB2006/001700

tgagtacgag
agacgaggag
gatagcgaag
ggaggccegtt

cgagaagctg

cccgecacgtt

ggtgataagc
tgatgagttc
tctececggeg

ccagaagacg

vVal
15

Ile
Asp Arg
Ala Ile
val

Lys

Ile
80

Pro

Ala Ile

25

Glu Tyr

1740
180Q
1860
1920
1980
2040
2100
2160
2220
2280

2328
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Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Glu

225

Ile

His

Tyr

Lys

Leu

305

Glu

WO 2006/120433

Ile

Glu’

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp-
260

Leu
275
Tyr

Arg

Gly

100

Phe

Asp

Glu

Asp

Tyr

180

Arg

Asp

Ile

Met

Leu

Glu

Ala

val

Arg

Ala

Glu

Gly

Gly

165

Val

Val

Asn

Lys

Gly
245

Tyr-

Ala

Glu

Ala

Glu
325

Lys

Glu

Glu

150

Ser

Asp

val

Phe

Phe

230

Asp

Pro

val

Glu

Arg

310

Phe

Arg

Leu
135

Glu

Glu

Val
Arg
Asp
215
Thr
Arg
val

Tyr

Ile
295

Tyr

Phe

Tyr
120
Thr
Phe
Ala
Val
Glu
200
Phe
Leu
Phe
Ile
Glu
280
Ala
Ser

Pro

105

Leu

‘Met

Gly

arg

Ser

185

Lys

Ala

Gly

Ala

Arg

265

Ala

Gln

Meﬁ

Met

12/30

Ile

Leu

Thr

val

170

Thr

Asp

Tyr

Arg

Asp

Al‘a

Gly

155

Ile

Glu

Pro

Leu

Asp

235

val
250
Arg
Val
Ala
Glu

Glu
330

Glu

' Thr

Phe

Trp

Asp

315

Ala

Lys
Phe
140
Pro
Thr
Lys
Asp
Lys
220

Gly

val

Ile

Gly

Glu

300

Ala

Gln

Gly
125
Ala
Ile
TIp
Glu
Val
205
Lys
Ser
Lys
Asn
Lys
285
Ser

Lys

Leu

110

Leu
Ile
Leu
Lys
Met
190
Leu
Arg
Glu
Gly
Leu
270
Pro
Gly

Val

Ser

Ile

Ala

Met

Lys

175

Ile

Ile

Ser

Pro

Arg

255

Pro

Lys

Glu

Thr

Arg
335

PCT/GB2006/001700

Pro
Thr
Ile
160
Ile
Lys
Thr
Glu
Lys
240
Ile
Thr
Glu
Gly
Tyr
320

Leu
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Ile

val

Pro

Ala
385

Val-

Asn

Val

Ile

Arg

465

Tyr

Tyr

Val

Glu

His

545

Lys

WO 2006/120433

Gly
Glu
Asn
370
Gly
Tyr
val
Ala
Pro
450
Lys
Arg
Gly
Thr
Glu
530

Ala

Glu

Gln

Trp

355

Lys

Gly

Leu

Ser

Pro

435

Ser

Met

Gln

Tyr

Ala

515

Lys

Thr

Phe

Ser

340

Phe

Pro

Tyr

Asp

‘Pro

420

Glu

-Leu

Lys

Arg

Ala

500

Trp

Phe

Ile‘

Leu

Leu
Leu
Asp
val
Phe
405
Asp
val
Leu
Ala
Leu
485
Lys
Gly
Gly

Pro

Lys

Trp
Leu
Glu
Lys
390
Arg
Thr
Gly
Gly
Thr
470
Ile
Ala
Arg

Phe

Gly
550

Tyr

Asp

Arg

Arg

375

Glu

Ser

Leu

His

Asp

455

val

Lys

Arg

Glu

Lys

535

Ala

Ile

val
Lys
360
Glu
Pro
Tyr
Asn
Lys
440
Leu
Asp
Ile
Trp
Tyr
520
val
Asp

Asn

Ser

345

Ala

Leu

Glu

Ala

Arg

425

Phe

Leu

Pro

Leu

Tyr

505

Ile

Leu

Ala

Pro

13/30

Arg

Tyr

Ala

Arg

val

410

Glu

Cys

Glu

Leu,

Ala

490

Cys

Glu

Tyr

Glu

Lys

Ser

Lys

Arg

Gly

395

Ser

Gly

Lys

Glu

Glu

475

Asn

Lys

Met

Ala

Thr

555

Leu

Ser
Arg
Arg
380
Leu
Ile
Cys
Asp
Arg
460
Lys

Ser

Glu

Val

Asp
540

val

Pro

Thr

Asn

365

Arg

Trp

Ile

Lys

Phe

445

Gln

Lys

Phe

Cys

Ile
525
Thr

Lys

cly

Gly
350
Glu
Gly
Asp
Ile
Glu
430
Pro
Lys
Leu
Tyr
Ala
510
Arg
Asp

Lys

Leu

Asn

Leu

Gly

Asn

Thr
415

Tyr
Gly
Ile
Leu
Gly
%95
Glu
Glu
Gly

Lys

Leu

PCT/GB2006/001700

Leu
Ala
Tyr
Ile
400
His
Asp
Phe
Lys
Asp
480
Tyr
Ser
Leu
Leu
Ala

560

Glu
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WO 2006/120433

Leu

Lys

Glu

Arg

625,

Arg

Pro

Tyr

Arg

Lys
705

Asp

Val

Glu

Leu

Glu

Tyxr

Ile

610

Val

Ile

Glu

Lys

Gly

690

Gly

Pro

Leu

Asp

Lys
770

<210>
<211>

<212>

Tyr

Ala

595

val

Leu

Val

Lys

Ala

675

val

Ser

Thr

Pro

Leu

755

val

2328
DNA

Glu

580

vVal

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Ala

740

Arg

Lys

565

Gly

Ile

Arg
Ala
Glu
645
Val
Gly
Ile
Arg
His
725

Val

Tyr

Gly

’Phe

Asp

Asp

Ile

630

val

Ile

Pro

Arg

Ile

710

Arg

Glu

Gln

Lys

Tyr
Glu
Trp
615
Leu
Thr
His
His
Pro
695
Gly
Tyr
Ala

Lys

Lys
775

val

Glu
600

Ser.

Lys

Glu

Glu

Val

680

Gly

Asp

Asp

Ile

Thr
760

14/30

Arg
585
Gly
Glu
His
Lys
Gln
665
Ala
Thr
Arg
Ala
Leu
745

Lys

570

Gly

Lys

Ile

Gly

Leu

650

Ile

Val

Val

Ala

Glu

730

Lys

Gln

Phe

.Ile

Ala

Asp

635

Ser

Thr

Ala

Ile

Ile
715

Tyr

Ala

val

Phe

Thx

Lys

620

val

Lys

Arg

Lys

Ser

700

Pro

Tyr

Phe

Gly

Val

Thr

605

Glu

Glu

Tyr

Asp

Arg

685

Tyr

Ala

Ile

Gly

Leu
765

Thr

590

Arg

Thr

Glu

Glu

Leu

670

Leu

Ile

Asp

Glu

Tyr

750

Gly

PCT/GB2006/001700

575

Lys
Gl‘y
Gln
Ala
Val
655
Arg
Ala
Val

Glu

Asn
735

arg

Ala

Lys

Leu

Ala

val

640

bro

Asp

Ala

Leu

Phe

720

Gln

Lys

Trp
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WO 2006/120433

<213>

<220>
<223>

<400> 6
atgattctcg

aaggagaacg
cttctgaagg
acggttgtca
gaggtctgga
cgtgcccace
ctcatcgaca
gcgatcgcaa
agétacgccg

gttgacgtcg

aaggaccccg

aagcgctctg
atacagcgaa
taccccgtcea
gcegtetttg
agcggggagg
gagctgggaa
ctctgggacg
gcctacaaga
cgegggggct
gtgtatctag
gataccctca
ttctgcaagg
cagaagataa
tacaggcaga

aaggcccggt

ataccgacta
gcgagtttaa
acgattctgc
aggtgaagcg
agctctactt
ccgetgtegt
agggcctgat

ccctectatca

acgggagcga

tctegaccga

acgtgctcat

‘aggaactcgg

tgggcgacceg
taaggcgcac
gaaagcccaa
gccttgaaag
gggagttctt
tctegegete
ggaacgagct
acgctggcgg
actteccgcete
accgcgaggg
acttcccecgg
agcggaagat
ggctgatcaa

ggtactgcaa

Artificial sequence

Mutant polymerase

catcaccgag
aatcgagtac

gatagaggac

cgcecgagaag:

caaccatcct
tgacatctac
tccgatggag

cgagggcgag

ggcgagggty:

gaaggagatg

cacctacaac

-aataaagttc

ctttgecgtt
gataaacctc
ggaéaaggtt
ggttgcaaga
cccgatggag
gagcaccgga
cgccccaaac
gtacgttaag
gtatgcggtt
ctgtaaagag
cttcatacca
gaaggcaacg

aatcctegec

ggagtgcgec

15/30

aacgggaagc
gacagaacdt
gtcaagaagg
gtgcagéaga
caggacgtcce
gagtacgaca
ggcgacgagg
gagttcggaa
ataacctgga
attaagcgct
ggcgacaact
acactcggca
gaggtgaagg
ccgacctaca
tacgcaéagg
tactcgatgg
gcccagéttt
aatttggtgg
aagcccgacg
gaaccagagc
tcaatcatca
tacgacgtcg
agectcectgg
gttgacccge
aacagcttet’

gagagcgtta

ccgtgataag
tcgagcéccta
taaccgcaaa
agttéctcgg
cggcgattcg
taccettege
agcttacgat
ccgggecgat
agaagattga
tcctcegegt
tcgacttcge
gggacgggagd

gcaggattca

cccttgaggce

agatagcgca
aggacgctaa

cgaggcttat

agtggttcct.

agagggagct
ggggattgtg
taacccacaa
ccecctgaggt
gagatttgct
tggagaagaa
acggctacta

cggcetgggg

aagggagtat

PCT/GB2006/001700
gg;éttcaag 60
cttctacgcec 120
gaggcacgga 180
caggccgata 240
agacaggata 300
caagcgctac 360
gctecgecette 420
tctcatgata 480
'ccttccgtac 540
cgtcaggéag 600
ctacctgaag 660
cgagccgaag 720
cttegaccte 780
cgtttacgag 840
ggcctgggag 900
ggtgacctac 960
aggccagagce 1020
éctgcggaag 1080
cgcgagacgg 1140
ggacaacatt 1200
cgtctcgccg 1260
tggacacaag 1320
cgaggagagg 1380
actcctcgat 1440
cggctacgcc 1500

1560
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WO 2006/120433
16/30
atagaaatgg ttatccggga actcgaagaa aaattcggtt ttaaagttct ctatgccgat
acagacggtc tccatgetac cattcccgga gcagacgetg aaacagtcaa gaaaaaagca
aaggagttct taaaatacat taatccaéaa ctgecceoggee tgctegaact tgagtacgag
ggcttctacg tgaggggctt cttcgtcacg aagaagaagt acgctgtgat agacgaggag
ggcaagataa ccacgagggg tcttgagatt gtgaggegcg actggagcga gatagcgaag
gagacécagg ccagggtctt agaggcgata ctcaagcacg gtgacgtcga ggaggccgtt
aggatagfca aggaagtgac ggaaaagctg agcaagtatg aggtcccgcc cgagaagetg
gtaatccacg agcagataac gegegatttg agggattaca aagccaccgg céégcacgtt
gccgttgega agaggetcge ggegegtgga gtgaaaatcc ggcccggeac ggtgataagc
tacatcgtcc taaagggctc tggaaggata ggcgacaggg cgattccage tgatgagttce
gacccgacga agcaccgcta cgatgcggaa tactacatcg agaaccaggt tctecccggeg
gtggaggcga ttctaaaage cttcggetat cggaaggagg-atttgegeta  ccagaagacg
aagéaggtcg gettgggege gtggctgaag gtgaagggga agaagtga
<210> 7
<211> 704
<212> PRT
<213> Artificial sequence
<220>
<223> Mutant polymerase
<400> 7
Met Ile Leu Asp Thr Asp Tyr Ile Thr Glu Asn Gly Lys Pro Val Ile
1 S 10 15
Arg Val Phe Lys Lys Glu Asn Gly Glu Phe Lys Ile Glu Tyr Asp Arg
20 25 30
Thr Phe Glu Pro Tyr Phe Tyr Ala Leu Leu Lys Asp Asp Ser Ala Ile
35 40 45
Glu Asp Val Lys Lys Val Thr Ala Lys Arg His Gly Thr val Val Lys
50 - 55 ' 60 :
Val Lys Arg Ala Glu Lys Val Gln Lys Lys Phe Leu Gly Arg Pro Ile
65 70 75 80
Glu val Trp Lys Leu Tyr Phe Asn His Pro Gln Asp Val Pro Ala Tle

1620
1680
1740

1800

1860

1920
1980
2040
2100
2160

2220

.2280

2328
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WO 2006/120433

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Glu

225

Ile

His

Tyr

Lys

Leu
305

Asp

Ile

Glu
130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

val

290

Glu

Arg

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Ile

100

Phe

Asp

Glu

Asp

Tyr

180

Arg

Asp

Ile

Met

Leu

260

Glu

Ala

Val

85

Arg

Ala

Glu

Gly

Gly

165

val

Val

Asn

Lys

Gly

245

Tyr

Ala

Glu

Ala

Ala

Lys

Glu

Glu

150

Ser

Asp

Val

Phe

Phe

230

Asp

Pro

Val

Glu

Arg
310

His

Arg

Leu

135

Glu

Glu

Val

Arg

Asp

215

Thr

Arg

val

Tyr

Ile

295

Tyr

Pro

'Tyr
120
Thr
Phe
Ala
val

Glu
200

‘Phe

Leu

Phe

Ile

Glu

280

Ala

Ser

17/30

Ala

105

Leu

Met

Gly

Arg

Ser

185

Lys

Ala

Gly

Ala

Arg

265

Ala

Gln

Met

90

Val
Ile
Leu
Thr
val
170
Thr
Asp
Tyr
Arg
Val
250
Arg
Val

Ala

Glu

Val
Asp
Ala
Gly
155
Ile
Glu
Pro
Leu
Asp
235
Glu
Thr
Phe

Trp

Asp
315

Asp

Lys

Phe

140

Pro

Thr

Lys

Asp

Lys

220

Gly

Val

Ile

Gly

Glu

300

Ala

Ile

Gly

125

Ala

Ile

Trp

Glu

Val

208

Lys

Ser

Lys

Asn

Lys
285

Ser

Lys

Tyr

110

Leu

Ile

Leu

Lys

Met

190

Leu

Arg

Glu

Gly

Leu

270

Pro

CGly

Val

PCT/GB2006/001700

95

Glu

Ile

Ala

Met

Lys

175

Ile

Ile

Ser

Pro

Arg
255

.Pro

Lys

Glu

Thr

Tyr
Pro

Thr

Ile
160
Ile
Lys
Thr
Glu
Lys
240
Ile
Thr
Glu

Gly

Tyr
320
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Glu

Ile

- Val

Pro

Ala

385

Val

Asn

Val

Ile

Arg

465

Tyr

val

Glu

His

WO 2006/120433

Leu
Gly
Glu
Asn
370
Gly
Tyr
Val
Ala
Pro
450
Lys
Arg
Gly
Thr
Glu

530

Ala

Gly

Gln

Trp

355

Lys

Gly

Leu

Ser

Pro

435

Ser

Met

Gln

TyT

Ala

515

Lys

Thr

Arg

Ser
340
Phe
Pro
Tyr
Asp
Pro
420
Glu
Leu
Lys

Arg

Ala
500

Trp

Phe

Ile

Glu
325

Leu

Leu

Asp

val

Phe

405

Asp

Val

Leu

Ala

Leu

485

Lys

Gly

Gly

Pro

Phe

Trp

Leu

Glu

Lys

390

Arg

Thr

Gly

Gly

Thr

470

Ile

Ala

Arg

Phe

Gly

Phe

Asp

Arg

Arg

375

Glu

Ser

Leu

His

Asp

455

val

Lys

Arg

Glu

Pro

val

Lys

360

Glu

Pro

Tyr

Asn

Lys

440

Leu

"'Bsp

Ile

Trp

Tyr

520

Lys
535

Ala

val

Asp

Met

Ser

345

Ala
Leu
Glu
ala
Arg
425
Phe
Leu
Pro
Leu
Tyr
505
Ile

Leu

Ala

18/30

Glu
330
Arg
Ty
Ala
Arg
val
410
Glu
Cys
Glu
Leu
Ala
490
Cys
Glu
Tyr

Glu

Ala

Ser

Lys

Arg

Gly

395

Ser

Gly

Lys

Glu

Glu

475

Asn

Lys

Met

Ala

Thr

Gln

Ser

Arg

Leu

Thr

Asn

365

Arg
380

Leu

Ile

e

Asp

Arg

460

Lys

Ser

Glu

Val

Asp

540

vVal

Arg

Trp

ile

Lys

Phe

445

Gln

Lys

Phe

Cys

Ile

525

Thr

Lys

Ser

Gly

350

Glu

Gly

Asp

Ile

Glu

430

Pro

Lys

Leu

TYyY
Ala
510
Arg

Asp

Lys

Arg

335

Asn

Leu

Gly

Asn

Thr
415

Tyr

Gly

Ile

Leu

Gly

495

Glu

Glu

Gly

Lys

PCT/GB2006/001700

Leu
Leu
Ala
Tyr
Ile
400
His
Asp
Phe
Lys
Asp
480
Tyr
Ser
Leu

Leu

Ala



10

15

20

25

30

35

40

45

50

55

545

Lys

Leu

Lys

Glu

Arg

625

Pro

Tyr

Arg

WO 2006/120433

Glu

Glu

Tyr

Ile

- 610

val

Ile

Glu

Lys

Gly
690

<210> 8
<211> 2

<212>
<213>

<220>

<223>

<400> 8
atgattcteg

Phe

Tyr

Ala

595

val

Leu

vVal

Lys

Ala

675

Val

328

DNA
Artificial sequence

aaggagaacg

cttctgaagg

acggttgtca

gaggtctgga

Leu

Glu

580

val

Arg

Glu

Lys

Leu

660

Thr

Lys

Lys
565
ély
Ile
Arg
Ala
Glu
645
val

Gly

Ile

550

Tyr

Phe

Asp

Asp

Ile

630

val

Ile

Pro

Arg

Mutant polymerase

Ile

Glu

Trp

615

Leu

Thr

His

His

Pro
695

Asn
Val
Glu
600
Ser

Lys

Glu

Glu'

val
680

Gly

Pro

Arg

585

Gly

Glu

His

Lys

Gln

665

Ala

Thr

19/30

Lys

570

Gly

Lys

Ile

Gly

Leu-
650

Ile

Val

Val

555

Leu
Phe
Ile
Ala
Asp
635
Se?
Thr
Ala

Ile

ataccgacta catcaccgag aacgggaagce

gcgagtttaa aatcgagtac gacagaacct

acgattctge gatagaggac gtcaagaagg

aggtgaagcg cgccgagaag gtgcagaaga

agctctactt caaccatcet caggacgtcce

Pro

‘Phe

Thr
Lys
620
val

Lys

Arg

Lys

Ser
700

Gly
val
Thr
605

Glu

Glu

Tyr

‘Asp

Arg
685

Tyr

Leu

Thr

590

Arg

Thr

Glu

Glu

Leu

PCT/GB2006/001700

560

Leu Glu
575

Lys Lys
Gly Leu
Gln Ala .

Ala Val
640

val Pro
655

Arg Asp

670"

Leu

Ile

ccgtgataag:

tcgagcecta

taaccgcaaa

agttectegg

cggcgattecg

Ala Ala

Val Leu

ggtcttcaag
cttctacgee
gaggcacgga
caggccgata

agacaggata

60
120
186
240

300
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cgtgceccacce

ctcatcgaca

gcgatcecgeaa
agctacgecg
gttgacgtcg
aaggacceeg
aagcgctetg
atacagcgaa
taceccgtca
éccgtctttg
agcggggagyg
gagctgggaa
ctctgggacg
gcctacaaga

cgcgggggct

gtgtatcectag.

gataccctca
ttctgcaagg
cagaagaﬁaa

tacaggcaga

aaggcceggt

atagaaatgg
acagacggtc
aaggagttct
ggcttctacg
ggcaagataa
gagacccagg
aggatagtca

gtaatccacg

ccgetgtegt
agggéctgat
ccctcectatca
acgggagcga
tctegaccga
acgtgcteat
aggaactcgg
tgggcgaccg
taaggcgcac
gaaagcccaa
gccttgaaag

gggagttcett

tctegegetce.

ggaacgagct
acgctggegg

actteccgcete

accgcgaggg

acttcccegg
agcggaagat
ggctgatcaa
ggfactgcaa
ttatccggga
tccatgctac
taaaatacat
tgaggggctt
ccacgagggy

ccagggtcett

‘aggaagtgac

agcagataac

tgacatctac
tcegatggag
cgagggcéag
ggcgagggtg
gaaggagatg
cacctacéac
aataaagttc
étttgccgtt
gataaacctc
ggagaaggtt
ggttgcaaga
cccgatggag
gagcaccgga
cgccecaaac
gtacgttaag
gtatgecggtt
ctgtaaagag
éttcatacca
gaaggcaacg
aatcctcgec
ggagtgcgcece
actcgaagaa
cattccecgga
taatccaaaa
cttcgteacg
tcttgagatt
agagéégata
ggéaaagctg

gecgegatttyg

20/30

gagtacgaca
ggcgacgagg
gagttcggéa

ataacctgga

attaagcget

ggcgacaact
acactcggca
gaggtgaagg
ccgacctaca

tacgcagagg

tactcgatgg

gcecagettt:

aatttggtgyg
aagcccgacyg

gaaccagagc

‘tcaatcatca’

‘tacgacgtcg

agecctcctgg
gttgacecge
aacagcttct
gagagcgtta
aaattcggtt
gcagacgctg
ctgcccégcc
aégaagaagt
gtgaggcgcg
ctcaagcacg
agcaagtatg

agggattaca

tacccttege
agcttacgat
ccgggecgat

agaagattga

tectccgegt

tcgacttcgce
ggéacgggag
gcaggattca
cccttgagge
agatagcéca
aggacgctaa

cgaggcettat

agtggttecet -

agagggagc;
ggggattgtg
taacccacaa
cccectgaggt

gagatttget

tggagaagaa

acggctacta
cggeetgggg
ttaaagttct
aaacagtcaa
tgctcgaact
acgctgtgat
actggagcga
gtgacgtcga
aggtcccgcc

aagccaccgg

cccogeacgtt

PCT/GB2006/001700
caagcgctac 360
gctegectte 420
tctcatgata 480
cccﬁccgtac 540
cgtcagggag 600
ctacctgaag . 660
cgagccgaag 720
cﬁtcgacctc 780
cgtttacgaé.’ 840
ggcctgggag 900
ggtgacctac 9260
-aggccagage 1020
cctgeggaag 1080
cgcgagacgg 1140
ggacaacatt - 1200
cgtectegeeg 1260
tggacacaag- . 1320
cgaggagagyg . 1380
actcctcgat 1440
cggctacgece 1500
aégggagtét 1560
ctatgécgat 1620
gaaaaaagca 1680
tgagtacgag 1740
agacgaggag 1800
gatagcgaag 1860
ggaggccgtt 1920
cgagaagctg 1980

2040
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21/30

geccgttgega agéggctcgc ggcgcgtgga gtgaaaatce
tacatcgtce tgacgggctc tggaaggata ggcgacaggg
gacccgacga agcaccgcta cgatgcggaa tactacatcg

gtggagagga ttctaaaagc cttcggctat cggaaggagg

aagcaggtcg gcttgggege gtggetgaag gtgaagggga
<210> S

<211l> 28

<212> DNA .

<213> Artificial sequence

<220>

<223> Fwd primer

<400> 9

ccecggeggtg gaggcgattc taaaagcec

<210> 10

<211> 28

<212> DNA

<213> Artificial sequence
<220>

<223> Rev primer

<400> 10 ’

gggccgeccac ctcecgetaag. attttegg

<210> 11

<211> 30

<212> DNA

<213> Artificial sequence
<220>

<223> Fwd primer

<400> 11

gaaggatagg cgacgcggeg attccagetg

<210> 12

<211> 30

<212> DNA ,

<213> Artificial sequence
<220>

<223> Rev primer

<400> 12

cttcctatee getgegecge taaggtcegac

PCT/GB2006/001700

chccggcaé ggtgataagc
cgattccagce tgatgagtﬁc
agaaccaggt tctcceggeg
atttgcgcta ccagaagacg

agaagéga

2100

2160

2220

2280

2328

28

28

30

30
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WO 2006/120433
<210> 13
<211> ’29
<212> DNA
<213> Artificial sequence
<220> .
<223> Fwd primer
<400> 13

gctacatcgt cctageggge tectggaagg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

14

29

DNA

Artificial sequence

Rev primer

14

cgatgtagca ggatcgceceg agaccttce

<210>
<211>
<212>
<213>

<220>

<223>

<400>

15

29

DNA

Artificial sequence

Fwd primer

15

gctacategt cctatgagge tctggaagg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

16

29

DNA

Artificial sequence

Rev primer

16

cgatgtagca ggatactccg agaccttec

- <210>

<211>
<212>
<213>

<220>
<223>

<400>

17

84

DNA ,
Artificial sequence

Template DNA

17

22/30

PCT/GB2006/001700

29

29

29
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23/30

PCT/GB2006/001700

cgatcacgat cacgatcacg atcacgatca cgatcacgct gatgtgcatg ctgttgtttt

tttacaacag catgcacatc agcg

<210>
<211>
<212>
<213>

18
84
DNA

<220>
<223>

<220>
<221>
<222>
<223>

(2).

<400> 18

misc_feature

(1)

Artificial sequence

NH2 coupled template

NH2 group attached to 5' end

cgatcacgat cacgatcacg atcacgatca cgatcacgct gatgtgcatg ctgttgtttt

tttacaacag catgcacatc agcg

<210>
<211>
<212>
<213>

19
2328
DNA

<220>
<223>

<400> 19
atgatcttag

aaggaaaatg
ttgttgaagg
accgtggtaa
gaggtgtgga
cgtgcccacce
ttgattgata
tccatctcea
tcctacgeag
gtggacgtcg
aaggatc¢gg

aagagatctg

ataccgacta
gcgaattcaa
acgatagtgce
aggttaaacg
aattgtactt
cggcggtagt
aaggactaat
ccctgtacca
acggtagecga
taagtaccga
acgtactgat

aggaattagg

Artificial sequence

Codon optimised polymerase

tatcaccgag
gatcgagtat
catcgaagat
cgccgaaaag
taaccatccg
ggatatctat
cccgatggaa
cgaaggcgaa
agcacgtgtg
gaaggagatg
tacctataac

catcaaattc

aacggtaaac
gatagaacct
gtgaaaaaag
gttcagaaga
caggatgtcce
gagtacgata
ggcgatgaag
gagttcggca
ataacctgga
atcaaaagat
ggcgataact

accctgggce

cggtgataag
tcgaaccgta
ttaccgccaa
agttcétagé
cggcgattag
tcecegttege
aattaaccat
ccggtecgat
agaaaataga
tcctgagggt

tcgacttege

gtgatggcag

ggtgttcaaa

cttetacgee

acgtcacgge

ccgtecgate
agatcgtatt
aaaaagatac
gttagcgttc
tctgatgate
cctaccttac
ggtcecgtgag
ctacttgaaa

tQagccgaaa

60

84

60

84

60
120
180
240
300
360
420
480
540
600
660

720
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atccaacgta
tatcecggtga
geggtetteg
agcggtgagg
gaattgggcce
ctgtgggatg
gcgtataaac
cgtggtggct
gtétéccttg
gacacattga
ttttgtaaag
cagaaaatca
taccgtecage
aaagccegtt
atcgaaatgg
accgatggtc
aaagagtttt
gétttctatg
ggaaaaatta
gaaacccagg
cgtatcgtéa
gtcatacacg
geegtggega
tacatagtgt
gaccegacca
gttgaacgta
aagcaggttg

<210>
<211l>

20
2328

tgggcgaceg
ttaggcgtac
gcaagccgaa
gtctééaacg
gcgagttttt
ttagccgcecag
gtaacgagtt
atgccggcgg
éctttagaag
atcgtgaagg
atttcccagg
aacgtaagat
gcctgatcaa
ggtattgtaa
tgatccgcga
tgcacgcgac
tgaaatatat
ttecgeggett
ccacccgtgg
ccegtgtact
aagaagtgac
aacaaatcac
agegtttgge
tgaagggcag
agcatcgtta

ttttgaaggce

gtctgggtge

cttcgeegtce
cattaatttg
ggaaaaggtg
tgttgcaaga
tccgatggag
ttctactggt
agcgccaaat
ttacgtgaag
ctatgcggtt
étgcaaagaa
attcatccca
gaaggcgacc
gattttggeg
agagtgcgcc
gctggaagag
cattcecgggt
caatccgaag
tttegtgacce
tctagagatt
ggaagcgatt
cgaaaagctg
acgtgacctg
ggecegtggt
tggtcgtatt
tgacgccgaa
attcggctat

ctggttgaaa

24/30

gaggtgaaag
ccgaccﬁaca
tacgcecgaag
tatagcatgg
gcccagttat
aatttggtag
aagccggacg
gaacecggage
agcatcatca
tatgacgtcg
agtttgttgg
gtcgatccac
aattctttcet
gagtctgtca
aaatttggat
gccgatgecg
ttgccgggat
aagaaaaaat
gttecgtegtyg
Etgaagcatg
agcaagtatg
cgcgattata
gttaagattc
ggtgaccgtg
tattatatcg
cgtaaagaag

gtgaaaggca

gcecgtataca
ccttggaagce
agatcgcgca
aggacgccaa
ctegtttaat
aatggttctt
aacgtgaact
gtggcctatyg
tcacccataa
ccccagaggt
gtgatctgét
tggagaaaaa
atggatacta
ctgectgggg
tcaaagtctt
agaccgtgaa
tattagaatt
acgccgtgat
actggtccga
gcgatgtgga
aagtgccgec
gggcgaécgg
gtccaggaac
ccatccegge
agaatcaggt
acctgcgeta

aaaaataa

PCT/GB2006/001700
tttegacttg 780
ggtgtacgag 840
ggcgtgggag 900
agttacctac 960
tggccagtcc 1020
actgcgcaaa 1080
ggccecgtegt 1140
ggataaéatt' 1200
tgttagtccg 1260
gggccacaaa 1320
ggaagaacgc 1380
gctattggac 1440
cggctacgcec 1500
tcgtgaatat 1560
gtacgccgat 1620
gaaaaaggcg 1680
ggaatacgaa 1740
cgacgaggaa 1800
aatcgccaaa - 1860
ggaggcggtt“. 1920
ggagaaattg - 1980
tccgcacgtt 2040
cgtgattagt 2100
ggatgagttt 12;60
gctaccagcg 2220
ccagaaaacce 2280

2328



10

15

20

25

30

35

40

45

50

55

WO 2006/120433

<212>
<213>

DNA
<220>
<223>
<400> 20
atgatcttag
aaggaaaatg
ttgttgaagg
accgtggtaa
gaggtgtgga
cgtgeccacc
ttgattgata
tccatctcca

tecctacgcag

gtggacgtcg

aaggatccgg.

aagagatctg

atccaacgta

tatccggtga
gcggtectteg
agcggtgagg
gaattgggcc
ctgtgggatg
gcgtataaac
cgtggtggcet
gtgtaccttg
gacacattga
ttttgtaaag
cagaaaatca

taccgtcagce

ataccgacta

gcgaattcaa
acgatagtgc
aggttaaacg
aattgtactt
cggcggtagt
aaggactaat
ccctgtacca
acggtagcga
taagtaccéa
acgtactgat
éggaattagg
tgggcgaccyg
ttaggcgtac
gcaagccgaa
gtctagaacg
gcgagttttt
ttagccgcag
gtaacgagtt
atgccggcég
actttagaag
atcgtgaagg
atttcccagg
aacgtaagat

gcctgatcaa

Artificial sequence

tatcaccgag

gatcgagtat
catcgaagaﬁ
cgccgaaaag
taaccatccg
ggatatctat
cccgatggaa
cgaaggcgaa
agcacgtgtg
gaaggagatg
tacctataac
catcaaattc

cttecgeegte

cattaatttg

ggaaaaggtg
tgttgcaaga
tccgatggag
ttctactggt
agcgccaéat
ttacgtgaag
ctatgcggtt
atgcaaagaa
attcétccca
gaaggcgacce

gattttggcg

25/30

aacggtaaac

gatagaacct
gtgaaaaaag
gttcagaaga
caggatgtcc

gagtacgata

ggcgatgaag

gagttcggca
ataacctgga
atcaaaagat
ggcgataact
accectgggcec
gaggtgaaag
ccgacctaca
tacgccgaag
tatagcatgg
gceccagttat
aatttggtag
aaggcggacg
gaaccggagce
agcatcatca
tatgacgtecg
agtttgttgg
gtcgatécac

aattctttet

Codon éptimised thumb mutant polymerase

cggtgataag

tcgaaccgta
ttaccgccaa
agttcctagg
éggcgattag
tcecegttege
aattaaccat
ccggteecgat
agaaaataga
tcctgagggt
tcgacttege
gtgatggcag
gccgtataca
ccttggaage
agatcgcgca
aggacgccaa
étcgtttaat
aatggttett
aacgtgaact
gtggcctatg
tcacccataa
ccccagaggt
gtgatetgcet
tggagaaaaa

atggatacta

PCT/GB2006/001700
ggtgttcaaa 60
cttctacgcece 120
acgtcacggc 180
ccgtecgate 240
agatcgtatt 300
aaaéagatac 360
gttagegttc 420
tctgatgatc 480
cctaccttac 540
ggtccgtgag 600
ctacttgaaa 660
tgagccgaaa 720
tttcgacttg 780
ggtgtacgag 840
ggcgtgggag 900
agttacctac 960
tggccagtce 1020
actgcgcaaa 1080
ggcececgtegt 1140
ggataacatt 1200
tgttagtccg 1260
gggccacaaa 1320
ggaagaacgc 1380
gctattggac 1440
cggctacgcee 1500
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26/30
aaagcccgtt ggtattgtaa agagtgcgec gagtctgtea ctgectgggg tcecgtgaatat 11560
atcgaaatgg tgatccgcga getggaagag aaatttggat tcaaagtctt'gtacgccgat 1620
accgatggtec tgcacgcgac cattccgggt gocgatgecg agaccgtgaa gaaaaaggcg 1680
aaagagtttt tgaaatatat caatccgaag ttgccgggat tattagaatt ggaatacgaa 1740
ggtttctatg ttcgeggett tttegtgacc aagaaaaaat acgccgbgat cgacgaggaa 1800
ggaaaaatta ccacccgtgg tctagagatt gttcgtegtg actggtceccga aatcgccaaa 1860
gaaacccagg cccgtgtact ggaagcgatt ttgaagcatg gcgatgtgga ggaggceggtt l1920
cgtatcgtca aagaagtgac cgaaaagctg agcaagtatg aagtgccgee ggagaaattg 1980
gtcatacacg aacaaatcac acgtgacctg cgcgattata aggcgaccgg tccgcacgtt 2040
gccgtggega agegtttgge ggcecgtggt gttaagatte gtccaggaac cgtgattagt 2100
tacatagtgt tgaagggcag tggtcgtatt ggtgaccgtg ccatccegge ggatgagttt 2160
gacccgacca agcatcgtta tgacgccgaa tattatatcg agaatcaggt gctaccageg 2220
gttgaagcta ttttgaaggc attcggcetat cgtaaagaag acctgcgdta ccagaaaacc 2280
aagcaggttg gtctgggtgce ctggttgaaa gtgaaaggca aaaaataa 2328
<210> 21
<211> 775
<212> PRT
<213> Artificial sequence
<220>
<223> Codon optimised thumb mutant polymerase
<400> 21
Met Ile Leu Asp Thr Asp Tyr Ile Thr Glu Asn Gly Lys Pro Val Ile
1 5 10 o 15
Arg Val Phe Lys Lys Glu Asn Gly Glu Phe Lys Ile Glu Tyr Asp Arg
20 25 30
Thr Phe Glu Pro Tyr Phe Tyr Ala Leu Leu Lys Asp Asp Ser Ala Ile
35 : 40 45
Glu Asp Val Lys Lys Val Thr Ala Lys Arg His Gly Thr val Val Lys
50 55 : 60
Val Lys Arg Ala Glu Lys Val Gln Lys Lys Phe Leu Gly Arg Pro Ile
65 70 75 80
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Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Glu

225

Ile

His

Tyr

Lys

Leu

val
Asp
Ile
Glu
130
Tyxr
Tyr
Leu
Phe
Asn
210
Leu
Gln
Phe
Thr
val

290

Glu

Trp

Arg

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Lys

Ile

Leu
85

Arg

100

Phe

Asp

Glu

Asp

Tyr

180

Arg

Asp

Ile

Met

Leu

260

Glu

Ala

Val

Ala

Glu

Gly

Gly

165

Val

Val

Asn

Lys

Gly

245

Tyr

Ala

Glu

Ala

Tyxr
Ala
Lys
Glu
Glu
150
Ser
Asp
val
Phe
Phe
230
Asp
Pro
val

Glu

Arg

Phe

His

Arg

Leu

135

Glu

Glu

Val

‘Arg

Asp

215

Thr

Arg

Val

Tyr

Ile
295

Tyr

Asn

Pro

Tyr

120

Thr

Phe

Ala

Val

Glu

200

Phe

Leu

Phe

Ile

Glu

280

Ala

Ser

His

Ala

105

Leu

Met

Gly

Arg

Ser
185

Lys.

Ala

Gly

Ala

Arg

265

Ala

Gln

Met

27/30

Pro
90

Val
Ile
Leu
Thr
Val
170

Thr

Asp

Tyr.

Arg
Val
250
Arg
val

Ala

Glu

Gln

Val

Asp

Ala

Gly

155

Ile

Glu

Pro

Leu

Asp

235

Glu

"'I'hr

Phe

Trp

Asp

Asp
Asp
Lys
Phe
140
Pro
Thr
Lys
Asp
Lys
220
Gly
Val
Ile
Gly
Glu

300

Ala

val

Ile

Gly

125

Ser

Ile

Trp

Glu

val

205

Lys

ser

Lys

Asn

Lys

285

Ser

Lys

Pro

Tyr
110

Leu

Ile

Leu

Lys

Met

190

Leu

Arg

Glu

Gly

Leu

270

Pro

Gly

val

PCT/GB2006/001700

Ala

95

Glu

Ile

Ser

Met

Lys

175

Ile

Ile

Ser

Pro

Arg

258

Pro

Lys

Glu

Thr

Ile
Tyr
Pro
Thr
Ile
160
Ile
Lys
Thr
Glu
Lys
240
Ile
Thr
Glu

Gly

Tyr



10

15

20

25

30

35

40

45

50

55

305

Glu

Ile

vVal

Pro

WO 2006/120433

Leu

Gly

Glu

Asn

- 370

Ala
385

vVal

" Asn

Val

Ile

Arg

465

Tyx

val

Glu

Gly

Tyr

vVal

Ala

Pro

450

Lys

Arg

Gly

Thr

Glu
530

Gly
Gln

Trp
355
Lys
Gly
Leu
Ser
Pro
435
Ser

Met

Gln

Ala
515

Lys

Arg

Ser

340

Phe

Pro

Tyr

Asp

Pro

420

Glu

Leu

Lys

Arg

Ala

500

Trp

Phe

Glu
325
Leu
Leu
Asp
val
Phe
405

Asp

Val

Leu

Ala

Leu

485

Lys

Gly

Gly

310

Phe

Trp

Leu

Glu

Lys

390

Arg

‘Thr

Gly

Gly

Thr

470

Ile

Ala

Arg

Phe

Phe
Asp
Arg
Arg
375
Glu
Ser
Leu
His
Asp
455
Val

Lys

Arg

Glu

Lys
535

Pro
val
Lys
360
Glu
Pro
Tyr
Asn
Lys
440
Leu
Asp
Ile
Trp
Ty
520

val

Met

Ser

345

Ala

Leu

Glu

Ala

Arg

425

Phe

Leu

Pro

Leu

Tyr
505

Ile

Leu

28/30

Glu

330

Arg

Tyr

Ala

Arg

vVal

410

Glu

Cys

Glu

Leu

Ala

490

Cys

Glu

Tyr

315

Ala

Ser

Lys

Arg

Gly

395

Ser

Gly

Lys

Glu

Glu

475

Asn

Lys

Met

Ala

'Gln

Ser

Arg

Arg

380

Leu

Ile

Cys

Asp

Arg

460

Lys

Ser

Glu

val

Asp
540

Leu

Thr

Asn

365

Arg

Trp

Ile

Lys

Phe

445

Gln

Lys

Phe

Cys

Ile

525

Thr

Ser

Gly

350

Glu

Gly

Asp

I‘le

Glu

430

Pro

Lys

Leu

Tyr

Ala

510

Arg

Asp

PCT/GB2006/001700
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