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Amplification Process

The present invention relates to processes for carrying out
reactions in which nucleic acids are amplified, to means of
controlling these reactions and kits and reagents, in

particular enzymes, used for conducting them.

Amplification reactions such as the polymerase chain reaction
(PCR) are very well known and widely used in the fields of
biotechnological research, as well as in diagnostics and

detection.

PCR is a procedure for generating large gquantities of a
particular nucleic acid sequence, in particular a DNA sequence,
and is based upon DNA’s characteristics of base pairing and
precise copying of complementary DNA strands. Typical PCR

involves a cycling process of three basic steps.

Denaturation : A mixture containing the PCR reagents (including
the nucleic acid to be copied, which may be DNA or RNA (the
template), the individual nucleotide bases (A,T,G,C), suitable
primers and polymerase enzyme) are heated to a predetermined

temperature to separate the two strands of the target DNA.

Annealing : The mixture is then cooled to another predetermined
temperature and the primers locate their complementary

sequences on the DNA strands and bind to them.

Extension : The mixture is heated again to a further
predetermined temperature. The polymerase enzyme (acting as a
catalyst) joins the individual nucleotide bases to the end of
the primer to form a new strand of DNA which is complementary
to the sequence of the target DNA, the two strands being bound
together.

Such reactions rely on the sequence of steps occurring in a
very precise order and at the precise temperature reguired for
the operation of that step. A problem arises when reagents are

mixed together, even for short periods of time, at different
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temperatures, for example prior to the start of the reaction.
Primers may interact with nucleic acid template, resulting in
primer extension of the template. This can lead to a reduction
in the overall yield of the desired product as well as the

production of non-specific products.

Various means of overcoming this problem have been proposed
previously. For example, initial attempts to overcome the
problem used a wax barrier to separate the various PCR reagents
from each other in a test tube (see for example USP 5,565,339).
The wax melted as the reaction mixture was heated to the
initial denaturation temperature, allowing the reagents to mix
together at the last possible moment, so that the possibility
of side-reactions was minimised. Such reactions are known as

“Hot Start” reactions.

Other chemical methods for achieving the suppression of side-
reactions have been attempted. For example, US Patent No.
5,677,152 describes a method in which the DNA polymerase is
chemically modified to ensure that it only becomes active at
elevated temperatures. In order to carry out this method
however, 1t 1s necessary to incubate the reaction mixture at
high temperatures for some time in order to generate active
enzyme. Such delays, whilst not significant in some instances,
can be detrimental where the results of PCR are required
rapidly. For many applications of the PCR technique it is
desirable to complete -the sequence of cycles in the minimum
possible time. In particular for example where respiratory air
or fluids or foods for human and animal stock consumption are
suspected of contamination rapid diagnostic methods may save

considerable money if not health, even lives.

In other methods, a monoclonal antibody to Thermus aquaticus
(Tag) DNA polymerase such as the anti-Tag DNA polymerase
antibody available from Sigma, is introduced into the reéction
mixture. The antibody binds to the enzyme, 3o as to inactivate
it, at ambient temperature. However, the antibody denatures

and dissociates from the enzyme at elevated temperatures used
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during the amplification cycles and so the enzyme becomes
active. The method however does not appear to eliminate non-

specific side-products in some cases.

Primer extension of a template during a PCR reactlon can be
represented as:

Mg™ +

DNA polymerase
DNA template + dNTP —_—> DNA template-dNMP + PPi

where dNTP is a deoxyribonucleic acid triphosphates, dNMP is
the corresponding deoxyribonucleic acid monophosphate and PPi
is an inorganic pyrophosphate. This reaction may also be

represented as

(DNA) n residues + dNTP & (DNA)nH. residues + PP1

The presence of increased levels of PPi, for example in a DNA
sequencing reaction is known to force the reaction shown above
in reverse. This is known as pyrophosphorolysis and it is a
recognised problem in DNA sequencing at 70°C using thermostable
DNA polymerases. Tt has been overcome through the addition of a
thermostable PPase to the DNA polymerase formulation used in

DNA sequencing.

The applicants have found that this reaction can form the basis
of an advantageous amplification reaction in which the

production of non-specific products may bé minimised.

According to the present invention there is provided a method
for conducting a nucleic acid amplification reaction, said
method comprising forming an amplification reaction mixture in
the presence of sufficient of a pyrophosphate salt to prevent
primer extension taking place, enzymatically digesting said
pyrophosphate, and subjecting said reaction mixture to

conditions such that an amplification reaction may proceed.
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Using the method of the invention, accurate amplification
reactions, which may be carried out rapidly and with good
specificity, can be carried out. It therefore represents a
good alternative to existing “Hot Start” amplification

technologies.

The initial amplification reaction mixture used in the method
of the invention is broadly speaking, a conventional mixture,
such as that used in the PCR reaction, to which pyrophosphate
salt is added. Thus it will generally comprise: i) a sample
which contains or is suspected of containing a target nucleic
acid sequence, (ii) at least one primer which hybridises to an
end region of said target sequence, iii) a source of magnesium
ions, (iv) nucleotide or nucleoside bases which constitute the
target sequence (i.e. A, T, C, G and/or U in the case of DNA
amplification or A,U,C and G in the case of RNA amplification),
and (v) a DNA polymerase which is thermostable at the
temperatures at which the amplification reaction is effected.
It will also comprise a buffer, as necessary in order to effect

the reaction, as is known in the art.

In particular (iv) will comprise nucleotides A, T, G and C in
respect of DNA amplificatlion and nucleosides A, U, C and G in

respect of RNA amplification.

Other combinations may be used however, where other primer
based amplifications reactions such as reverse transcriptase

PCR (RT-PCR) are being conducted.

In addition, the reagents may include labelled prcbes or
primers, and/or other labelling means such as intercalating
dyes such as Sybr Green, Sybr Gold, ethidium bromide etc. or
combinations of these, which might allow the application to be
monitored, without the need to examine the product on a gel
subsequently. The nature of these depends upon the type of
assay being undertaken. Generic intercalator methods use

intercalating dyes to monitorr the increase in double stranded
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DNA which occurs during an amplification process. These are
only quasi-strand-specific and therefore other labels are

required where strand specific detection is required.

Strand specific methods utilise additional nucleic acid
reaction components to monitor the progress of amplification
reactions. These methods often use fluorescence energy
transfer (FET) as the basis of detection. One or more nucleic
acid probes are labelled with fluorescent molecules, one of
which is able to act as an energy donor and the other of which
is an energy acceptor molecule. These are sometimes known as a
reporter molecule and a quencher molecule respectively. The
donor molecule is excited with a specific wavelength of light
which falls within its excitation spectrum and subsequently it
will emit light within its fluorescence emission wavelength.
The acceptor molecule is also excited at this wavelength by
accepting energy from the donor molecule by a variety of
distance-dependent energy transfer mechanisms. A specific
example of fluorescence energy transfer which can occur is
Fluorescence Resonance Energy Transfer or “FRET”. Generally,
the acceptor molecule accepts the emission energy of the donor
molecule when they are in close proximity (e.g. on the same, or
a neighbouring molecule). The basis of fluorescence energy
transfer detection is to monitor the changes at donor and

acceptor emission wavelengths.

There are two commonly used types of FET or FRET probes, those
using hydrolysis of nucleic acid probes to separate donor from
acceptor, and those using hybridisation to alter the spatial

relationship of donor and acceptor molecules.

Hydrolysis probes are commercially available as TagMan™
probes. These consist of DNA oligenucleotides that are
labelled with donor and acceptor molecules. The probes are
designed to bind to a specific region on one strand of a PCR

product.
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Following annealing of the PCR primer to this strand, Tag
enzyme extends the DNA with 5’ to 3' polymerase activity. Tag
enzyme also exhibits 5’ to 3’ exonuclease activity. TagMan™
probes are protected at the 3’ end by phosphorylation to
prevent them from priming Tag extension. If the TagMan™ probe
is hybridised to the product strand, an extending Tag molecule
may also hydrolyse the probe, liberating the donor from
acceptor as the basis of detection. The signal in this
instance is cumulatiwve, the concentration of free donor and
acceptor molecules increasing with each cycle of the

amplification reaction.

US Patent No. 5,491,063 describes a method for in-sclution
quenching of fluorescently labelled probes which relies on
modification of the signal from a labelled single stranded
oligonucleotide by a DNA binding agent. The difference in this
signal which occurs as a result of a reduced chain length of
the probe following probe cleavage (hydrolysis) during a
polymerase chain reaction is suggested for providing a means

for detecting the presence of a target nucleic acid.

Hybridisation probes are available in a number of forms.
Molecular beacons are oligonucleotides that have complementary
5’ and 3’ sequences such that they form hairpin loops.
Terminal fluorescenlt labels are in close proximity for FRET to
occur when the hairpin structure is formed. Following
hybridisation of molecular beacons to a complementary sequence
the fluorescent labels are separated, so FRET does not occur,

and this forms the basis of detection.

Pairs of labelled oligonucleotides may also be used. These
hybridise in close proximity on a PCR product strand bringing
donor and acceptor molecules together so that FRET can occur.
Enhanced FRET is the basis of detection. Variants of this type
include using a labelled amplification primer with a single

adjacent probe.
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US Patent No. 4,868,103 describes in general terms, a FRET
system for detecting the presence of an analyte, which utilises
an intercalating dye as the donor molecule. The process does

not involve an amplification stage.

Other examples of assays which utilise FET or FRET detection
are described in WO 99/28500, which utilises a combination of
an intercalating dye and a single labelled probe as a
signalling system, WO 99/28501 which utilises a comkination of
a labelled primer and an enzyme to generate a detectable
fluorescent signal, and WO 99/42611 which uses a combination of
an intercalating dye and a fluorescently labelled nucleotide as
the basis of the signal. Yet further assays which utilise
complex primers including labels and chemical blocking agents
and which are complementary are described for example in WO
99/66071.

Reaction mixtures used in the method of the invention may
incdlude any of the iabelling reagents necessary to conduct
assays as described above. In particular, such reaction
mixtures may advantageously be used in genotyping and, more
especially, in SNP evaluation. In these instances, the method
of the present invention is used in combination with dual
Tagman™ probes, one specific for the basic sequence and one
specific for the mutant. FEach probe preferably contains a
different flurophore and therefore different signals are
generated depending on the amount of the various forms of the
gene present. A single signal is generated from a homozygote

and a mixed signal is generated from a heterozygote.

Examples of suitable DNA polymerases which may be used in the
context of the invention are thermostable polymerases such as
Thermus aquaticus polymerase (Tag), Thermus thermophilus
polymerase (Tth), Thermus species NH polymerase (TspNH),
Thermus brockianus polymerase (Thbr) (all obtainable for example

from GeneSys Limited, Farnborough, U.K.), Pyrococcus furiosus

polymerase (Pfu) (obtalnable from Stratagene), 9°N7 exo-DNA



WO 02/088387 PCT/GB02/01861

10

15

20

25

30

35

8

polymerase, and Thermococcus litoralis DNA polymerase

(obtainable from New England Biolabs as VENT™ DNA polymerase).

The pyrophosphate used in the method of the invention may be
any soluble pyrophosphate including soluble metal and non-metal
{e.g. ammonium salts). Such compounds are often generically
known-as “inorganic pyrophosphate” or PPi and thils nomenclature
is used in the present application. In particular, the
pyrophosphate will be an alkali metal pyrophosphate, such as
sodium or potassium pyrophosphates including disodium
pyrophosphate (NayH,P,0;), anhydrous tetrasodium pyrophosphate
{NasP,07) , tetrasodium pyrophosphate decahydrate (Na,P,0;.10H:0)
and tetrapotassium pyrophosphate (anhydrous). Other soluble
pyrophosphates which may be used include iron pyrophosphates
such as ferric pyrophosphate (Fe,(P;07)3), and soluble ammonium
salts such as anhydrous tributylammonium pyrophosphate. Other

soluble pyrophosphates are available from commercial sources.

A preferred inorganic pyrophosphate is tetrasodium

pyrophosphate of formula Na,P,0,,

The concentration of pyrophosphate used in the reaction mixture
should be sufficient to prevent primer extension taking place.
This will depend to a large extent upon the particular nature
and concentration of the seguences being amplified, the primers
and the polymerase enzymes being used, as well as their
concentrations, and may be determined in any particular case by

routine methods.

The reaction mixture formed initially suitably contains
pyrophosphate at a concentration of at least 0.5mM, suitably at
a concentration of least 1mM, for example from 1-10mM and

preferably from 1-5mM.

Enzymatic digestion of the inorganic pyrophosphate is suitably
effected immediately prior to or during first phase of the

amplification reaction. This may be achieved by addition of an
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pyrophosphatase enzyme (PPase) (which may be known as an
inorganic pyrophosphatase enzyme - PPiase) immediately prior to

the start of the amplification reaction.

Preferably, however, the enzymatic digestion is effected using

a thermostabie PPase, which is active at elevated temperatures,

for example at temperatures in excess of 50°C. Preferably the
enzyme 1s only significantly active at these elevated
temperatures. This means that the PPase may be included in the
reaction mixture on formation, but it will not or not
significantly digest the inhibitory pyrophosphate at ambient
temperature. It will only become properly active when the
reaction mixture is heated as will be necessary for example
during the initial denaturation phase of a PCR reaction.

However, a short preliminary incubation at elevated
temperature, for example at from 50 to 100°C, and, preferably,

at from 80 to 95°C, may be carried out.

Examples of thermostable PPase include Sulfolbus acidicaldarius
pyrophosphatase, (Sac PPase - Meyer et al. Achives of Biochem,
and Biophys. (1995) 319, 1, 149-156) obtainable from GeneSys
Limited, Farnborough UK., or Thermococcus litoralis
pyrophosphatase, available from New England Biolabs (Catalogue
nos #M0296S and #M0296L). Preferably the thermostable PPase is
Aeropyrum pernix inorganic pyrophosphatase obtainable from

Genesys Limited, Farnmborough UK.’

Aeropyrum pernix Kl, the first strictly aerobic
hyperthermophilic archeaocn, was isolated in 1993 from a coastal
solfataric thermal vent at Kodaka ra-Jima Island, Japan, (Sako
et al, Int. J. Syst. Bacteriol. 46 (1996): 1070-1077. It is
deposited in the Japan Collection of Microorganisms, JCM 9820.

The applicants have for the first time isolated a thermostable
PPase from Aeropyrum pernix and this forms a further aspect of
the present invention. The genomic sequence comprising this

pyrophosphatase is shown in SEQ ID NO. 1 and the corresponding
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amino acid sequence is shown in SEQ ID NO. 2 (Figure 11
hereinafter). 1In particular the enzyme of the invention has
the amino acid sequence as shown as SEQ ID NO 25, which is
encoded by the region of SEQ ID NO 1 shown in bold type in
Figure 11, and represented also as SEQ ID NO 26.

The present invention, therefore, includes a polynucleotide
comprising SEQ ID NO 26 and variants or fragments thereof. For
example, the invention provides a polynucleotide of SEQ ID NO
1.

The present invention further includes an amino acid sequence
comprising SEQ ID NO 25 and variants or fragments thereof. For

example, the amino acid sequence may comprise SEQ ID NO 2.

The term “fragment thereof” as used herein in relation to a
polynucleotide sequence refers to any portion of the given
polynucleotide sequence which has the same activity as the
complete polynucleotide sequence. Fragments will suitably
comprise at least 300 and preferably at least 450 consecutive

bases from the basic seguence.

The term “variant thereof” in relation to a polynucleotide
sequences means any substitution of, variation of, modification
of, replacement of deletion of, or the addition of one or more
nucleic acid(s) from or to a polynucleotide sequence providing
the resultant protein sequence encoded by the polynucleotide
exhibits the same properties as the protein encoded by the
basic sequence. The term therefore includes allelic variants
and also includes a polynucleotide which substantially
hybridises to the polynucleotide sequence of the present
invention. Preferably, such hybridisation occurs at, or
between low and high stringency conditions. In general terms,
low stringency conditions can be defined as 3 x SSC at about

ambient temperature to about 55°C and high stringency condition

as 0.1 x S88C at about 65°C. 88C is the name of the buffer of
0.15M NaCl. 0.015M tri-sodium citrate. 3 x SSC is three times
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as strong as SSC and so on.

Typically, variants have 62% or more of the nucleotides in
common with the polynucleotide sequence of the present
invention, more typically 65%, preferably 70%, even more
preferably 80% or 85% and, especlally preferred are 90%, 95%,

98% or 99% or more identity.

When comparing nucleic acid sequences for the purposes of
determining the degree of identity, programs such as BESTFIT
and GAP (both from Wisconsin Genetics Computer Group (GCG)
software package). BESTFIT, for example, compares two
sequences and produces an optimal alignment of the most similar
segments. GAP enables sequences to be aligned along their
whole length and fins the optimal alignment by inserting spaces
in either sequence as appropriate. Suitably, in the context of
the present invention when discussing identity of nucleic acid
sequences, the comparison is made by alignment of the sequences

along their whole length.

The term “fragment thereof” as used herein in relation to an
amino acid sequence refers to any portion of the given amino
acld sequence which has the same activity as the complete amino
acid seqguence. Fragments will suitably comprise at least 100
and preferably at least 150 consecutive amino acids from the

basic sequence.

The term “variant thereof” as used herein in relation to an
amino acid sequence means seguences of amino acids which differ
from the base seguence from which they are derived in‘that one
or more amino acids within the sequence are substituted for
other amino acids. Amino acid substitutions may be regarded as
“conservative” where an amino acid is replaced with a different
amino acid with broadly similar properties. Non-conservative
substitutions are where amino acids are replaced with aminc
acids of a different type. Broadly speaking, fewer non-

conservative substitutions will be possible without altering



WO 02/088387 PCT/GB02/01861

10

15

20

25

30

35

12

the biological activity of the polypeptide. Suitably variants
will be at least 60% identical, preferably at least 75%
identical, and more preferably at least 90% identical to the

base sequence.

Homology in this instance can be judged for example using the
algorithm of Lipman-Pearson, with Ktuple:2, gap pena;ty:4, Gap
Length Penalty:12, standard PAM scoring matrix (Lipman, D.J.
and Pearson, W.R., Rapid and Sensitive Protein Similarity

Searches, Science, 1985, vol. 227, 1435-1441).

Preferably, the polynucleotide of the present invention
comprises SEQ ID NO 26 and sequences having greater than 62%
identity thereto.

These enzymes may be obtained from the natural source, or may
be expressed in recombinant host cells, such as E. coli cells,

using conventional methods.

Removal of pyrophosphate for example, at >50°C by the action of
a thermostable pyrophosphatase enzyme (PPase) then allows
primer extension (and therefore amplification) to proceed as
normal. During this process, lmole of pyrophosphate is
converted to Z2moles of inorganic phosphate (Pi), which does not

interfere with the amplification reaction.

The amount of pyrophosphatase included should be sufficient to
digest excess pyrophosphate salt present in the reaction
mixture. Generally speaking, this will be greater than the
amounts of these enzymes used conventionally in an eguivalent
cycle reaction to prevent pyrophosphorolysis, for example some
5 fold more. The precise amounts will depend upon various
factors including the particular enzyme being used, the
concentration of the pyrophosphate etc. Typically, PPase and
particularly thermostable PPase enzymes will be included in the

amplification reaction mixture at concentrations of at least

0.04 units per 50plL PCR reaction mixture, preferably at least
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0.08 units per 50pL PCR reaction mixture and more preferably

from about 0.2-10 units per 50uL PCR reaction mixture. In this

case, one unit is defined as the amount of enzyme catalysing
the conversion of lpmol pyrophosphate into 2umol orthophosphate
in one minute at 75°C under the following reaction conditions:

1mM K P,0,, 2mM MgCl,, 50mM Tris-HCl, pH 9.0 (25°C).

Enzymes used in the method of the invention can result in rapid
removal of inorganic pyrophosphate, depending upon the
temperature being used. Generally complete removal can be
achieved in less than 5 minutes, more often, in less than 2

minutes and as little as 15 seconds if required.

Once the inorganic pyrophosphate has been enzymatically removed
from the reaction mixture, the amplification reaction can
proceed, for example using a conventional thermal cycling

procedure.

The mechanism by which the method of the invention achieves the
desired result is not clear. It is probkabkle that the presence

of excess pyrophosphate inhibits the primer extension reaction.
There appears, however, to be no noticeable decrease in PCR

sensitivity or product yield.

The method of the invention can be conducted in any
conventional apparatus for conducting application reactions.
These include conventional block heating devices as described
for example in EP-A-0810030 and supplied by The Perkin-Elmer
Corporation, or rapid hot air thermal cyclers such as the
RapidCycler™ and LightCycler™ from Idaho Technologies Inc. or
other types of thermal cycler such as those described in
W098/24548.

According to a further aspect, the invention provides a kit for
conducting an amplification reaction, said kit comprising an

inorganic pyrophosphate, an inorganic pyrophosphatase enzyme,
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and optionally one or more reagents required for use in an
amplification reaction. The inorganic pyrophosphate is
sultably present in a sufficient amount to inhibit an
amplification reaction, as described above. Preferably the
amount of inorganic pyrophosphatase enzyme present in the kit
is sufficient to digest all of the said inorganic

pyrophosphate.

The one or more reagents include any .one of reagents (il) to
(v) listed above, and may also include buffers. Particular
examples of inorganic pyrophosphatase enzymes are thermostable

inorganic pyrophosphatase enzymes as described above.

In particular, the kits may suitably comprise as an optional
additional reagent, one or more primers required to conduct
amplification of a particular target DNA sequence, for example,
a sequence, which is diagnostic of a particular disease
condition or the presence of a particular pathogen in a sample.
The methods may also be used in the detection of polymorphisms

or allelic variations in genetic analysis.

Furthermore, the kits may comprise one or more labelled
reagents such as intercalating dyes, or fluorescently labelled
probes, primers or nucleotides, which may be useful in

detecting or monitoring the ampliZication reaction in situ.

In a further aspect, the 1nvention provides the use of an
inorganic pyrophosphate as described above, in a method for
carrying out amplification reactions as described above.
Preferably, the inorganic pyrophosphatase enzyme is from

Aeropyrum pernix.

Finally, in yet a further aspect, the invention provides the
use of an inorganic pyrophosphatase enzyme as described above,
in a method for carrying out amplification reactions as

described above.
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The invention will now be particularly described by way of
example with reference to the accompanying diagrammatic

drawings in which

Figure 1 shows the results of conducting a PCR in the presence
of various amounts of PPi where PPi is tetrasodium

pyrophosphate;

Figure 2. shows the effect of increasing MgCl; in the absence

and presence of 3mM PPi;

Figure 3 shows the results obtained using the method of the

invention and conventional PCR reaction;

Figure 4 shows the results obtained using the method of the

invention in an assay compared to a conventional PCR assay:;

Figure 5 shows the results of an experiment to test the storage
stability of PCR reaction mixtures used in the method of the

invention, as compared to conventional mixtures;

Figure 6 shows the results of the use of a different PPase in

the method of the invention;‘

Figure 7a and 7b and Figures 8a and 8b show the results of PCR
experiments using the method of the invention and a variety of

different DNA polymerases;

Figure 9 shows the results of an experiment comparing a

conventional “Hot Start” PCR with the method of the invention;

Figure 10 shows the results obtained by carrying out a similar

assay but using an alternative conventional PCR;

Figure 11 shows the genomic sequence of Aeropyrum pernix shown

as SEQ ID NO. 1 (Referenced as NC 000854 in GenBank BA0C0002),
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the corresponding amino acld sequence SEQ ID NO.2 and the
sequence of the enzyme (SEQ ID NO 25);

Figure 12 shows an alignment of different PPase sequences (SEQ
ID NOS 2 to 9), including the protein sequence of Aeropyrum
pernix shown as SEQ ID NO. 2;

Figure 13 shows the 686 base pailr PCR product (SEQ ID NO 10)
produced during isolation of the pyrophosphatase enzyme from

Aeropyrum pernix;

Figure 14 shows the polylinker sequence (SEQ ID NO 11) used in

the isolation of the pyrophosphatase from Aercopyrum pernix;

Figure 15 shows the seguence of the pTTQl8NHK vector (SEQ ID NO
12) used in the isolation of the pyrophosphatase from Aeropyrum

pernix;

Figure 16 shows the sequence (Z = stop) of the pTTQIBNHK vectoxr
including the PPase sequence used in the isolation of the

pyrophosphatase from Aeropyrum pernix (SEQ ID NO 13); and

Figure 17 shows the results of the method of the invention

using the inorganic pyrophosphatase from Aeropyrum pernix.

Example 1
Effect of PPi on PCR

Using Tag DNA polymerase, a standard 500bp lambda template PCR
using the following reagents, was conducted in the presence of
differing quantities of the inorganic pyrorphosphate,
tetrasodium pyrophosphate decahydrate (PPi).

Reagent Volume | Final concn.
10 x Reaction Buffer 5ul 1x

25mM MgCl, 3pl 1.5mM

5mM dNTPs 2nl 2001M
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5/ primer (10pm/pl) 5pl 1uM

3’ primer (10pm/ul) 5pl lpM

Template 1ng Lambda DNA

DNA polymerase (5u/pl) 0.25 1.25u

Water to Total volume 50.0n1
Lambda 500bp Primer sequences
57 Primer GAT GAG TTC GTG TCC GTIA CAA CTG G (SEQ ID NO 14)
3’ Primer GGT TAT CGA AAT CAG CCA CAG CcC C (SEQ ID NO 15)

1 x Reaction Buffer: 10mM Tris. pH 8.0, 50mM KCl.

PCR conditions for the assay were as follows:

i) 94°C '3.00 min ‘

ii) 20 cycles of 94°C for 10 secs
50°C for 10 secs
72°C for 30 secs

iii) 72°C for 7 mins

iv) 25°C hold,

The PPi was added such that the final concentration in the
reaction mixture was 0, 1, 2, 3, 4 and 5mM. The rxesults are
shown in Figure 1. 1In this Figure, the lanes correspond to the

following concentrations of PPi

Lanes

1 +2 0 PPi
3+ 4  ImM PPi
5+ 6 2mM PPi
7+ 8 3mM PPi
9 +10 amM PPi
11 5mM PPi

At all levels of PPi tested, no PCR product was produced.
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Example 2

Effect of increasing magnesium ion concentration

Mg binds to PPi and therefore it is possible that the
observations of Example 1 are due to chelation of Mg by excess
PPi. This would lead to insufficient Mg being present to allow
primer extension to proceed. In order to eliminate this
possibility, the procedure of Example 1 with 3mM PPi was
repeated in the presence of various concentrations of magnesium

ions.

The results are shown in Figure 2. In that Figure the lanes

represent the following reactions:

Lanes

1+ 2 1.5mM MgCl,

3+ 4 5mM MgCl,

5+ 6 7.5mM MgCl,

7+ 8 10mM MgCl,

9 + 10 1.5mM MgCl, + 3mM PPi
11 + 12 5mM MgCl, + 3mM PPi
13 + 14 7.5mM MgCl, + 3mM PPi
15 10mM MgCl; + 3mM PPi

The results show that the addition of Mg™ up to 10mM final
concentration (1.5mM is standard in a PCR) does not allow PCR
to occur, suggesting that it is the PPi which is blocking

primer extension.

Example 3

PCR reactions in the presence of Ppl and PPase

The 500bp lambda PCR of Example 1 was repeated, but this time,

0.2u of Sulfolobus acidocaldarius PPase (Sac PPase) was
included in reactions containing pyrophosphate (PPi).
Incubating the reaction at 95°C for 5 mins in the presence of
0.2u of Sac PPase was sufficient to destroy the pyrophosphate
so that the PCR reaction could proceed.
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The results are shown in Figure 3 where the lanes represent the

following reactions:

Lanes
Top Row
1+ 2 ImM PPi + 0.2u PPase
3+ 4 2mM PPi + 0.2u PPase
5+ 6 3mM PPi + 0.2u PPase
7+ 8 4mM PPi + 0.2u PPase
9 + 10 5mM PPi + 0.2u PPase
Bottom Row
1+ 2 imM PPi
3+ 4 2mM PPi
5+ 6 3mM PPi
7 + 8B 4mM PPi
9 + 10 5mM PPi
11 + 12 OmM PPi

A comparable level of PCR product was generated when compared

to the reaction without both PPi and PPase.

The example was repeated using concentrations of PPi of less
than 1mM. Results {not shown) indicated that 0.4mM PPi did not
completely suppress the PCR, but no PCR occurred at

concentrations of 0O.6mM

Example 4

PCR Assay
The method of the invention was then applied to an assay system

that requires a “HotStart” reaction in order to generate a PCR

product of the correct size.

The assay is based around the amplification of a 321bp fragment
of the human angiotensin gene. It has been recognised that the

assay will only generate the correct amplification product in
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the presence of betaine (EP-A-0962526 - see in particular

Example 8).

Without betaine a HotStart DNA polymerase generates few non-

specific amplification products or no products at all whereas a

non-HotStart DNA polymerase PCR generates a large number of

non-specific amplification products.

The PCR conditions used in the Angiotensin assay can be

summarised as follows.

Reagent Volume
10x Reaction Buffer 5pl
25mM MgCl, 3ul
SmM dNTPs 2pl
5/ primer (100um) 0.25
3" primer (100um) 0.25
Template 100ng/pl 50ng
5M Betaine 10.0
DNA polymerase (5u/ul) 0.25
Water to Total volunme 50.0ul1

Angiotensin primer seguences

57 Primer GCA ACG CCC CIC ACT ATA AA
37 Primer GCA CCC CGC CCT TGA AGT CC

Final concn.
1x
1. 5mM
200pM
0.5/uM
0.5/uM
Human xsomal DNA

™
1.25u

(SEQ ID NO 10)
(SEQ ID NO 17)

1 x Reaction Buffer: 10mM Tris. pH 8.0, 50mM KCl.

PCR conditions for the assay were as follows:

1) 95°C 2.00 min or less

1i) 35 cycles of 95°C for 15 secs
50°C for 30 secs
72°C for 30 secs

iii) 72°C for 7 mins

iv) 25°C hold
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The reaction was conducted using a PE9700 Instrument in the

presence of 3mM PPi and 0.2u PPase as described in Example 3.

The results are shown in Fiqure 4 in which the ITanes shown

represent the following reactions.

Lanes

1 Standard Tag polymerase PCR - without betaine - lots of
false priming

2 Standard Tag polymerase PCR - with betaine - bright
pand is correct product - with some false priming

3 Standard‘Taq polymerase PCR ~ without betaine but plus
3mM PPi and 0.2u Sac PPase — No false priming at all -
5mins denaturation at 95°C

4 Standard Tag polymerasé PCR - with betaine but plus 3mM

PPi and 0.2u Sac PPase - only correct product — 5mins
denaturation at 95°C

5 + 6 As per 3 but only 2 mins denaturation at 95°C

7 + 8 As per 4 but only 2 mins denaturation at 95°C

It is clear that using the method of the invention, an
effective “HotStart” reaction is achieved. A clear single
product band was obtained using PPi-and Sac PPase in the
presence of betaine., In addition, no false priming was seen,

even in the absence of betaine.

Example 5
Effects of Storage at Ambient Temperature

The effect of leaving a PCR mixture containing 0.2u Sac PPase
and 3mM PPi at room temperature 20°C for various lengths of
time prior to conducting the Angiotensin assay, was
investigated. Although Sac PPase is a thermostable enzyme, it
was possible that there would be a small level of enzyme
activity at ambient temperatures. This might lead to
insufficient PPi in the reaction to inhibit/stop the DNA
polymerase leading to primer extension and lack of “HotStart”

functionality.
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The method of Example 4 was repeated but the reaction mixtures
were stored at ambient temperature for various lengths of time

up to 2 hours prior to conducting the assay.

The results are shown in Figure 5 in which:

The Top Row - shows the results of a conventional Tag
polymerase PCR of angiotensin {(with and without betaine
present) following incubation of reagents at room temperature

for the time shown; and

The Bottom Row shows the results of a similar set of assays in
accordance with the method of the invention where, in all
cases, the assay mix contained 3mM PPi and 0.2u PPase per 50pl
PCR.

Lanes Presence of betaine Time at 22°C (Room Temp)
1+ 2 - 0

3+ 4 + 0

5+ 6 - 30 mins

7 + 8 + 30 mins

9 + 10 - 60 mins

11 + 12 + 60 mins

13 + 14 - 120 mins

15 + 16 + 120 mins

FEven after two hours, assay conducted in accordance with the
present invention functioned as expected, suggesting there is
insufficient ambient temperature digestion of the PPi by the

Sac PPase.

The result shown in Figure 5 showed that a 2 hour incubation of
the PCR mixiat room temperature, prior to PCR, had no effect on

the specificity providing PPi and Sac PPase was used.
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Example 6
Use of other thermostable PPase enzymes in the method of the

invention

The assay described in Example 4 was repeated alongside a
similar reaction using a different commercially available
thermostable PPase (with different unit definition of activity)
in place of Sac PPase. The results are shown in Figure 6 in

which the lanes represent the following reactions:

Lanes

1+ 2 Standard Tag polymerase PCR - without betaine

3+ 4 Standard Tag polymerase PCR - with betaine

5+ 6 Standard Tag polymerase PCR -~ without betaine but plus
3mM PPi and 0.2u Sdc PPase

7+ 8 Standard Tag polymerase PCR - with betaine plus 3mM PPi

and 0.2u Sac PPase

9 + 10 Standard Taqg polymerase PCR - without betaine but plus
3mM PPi and 10u* Thermococcus litoralis PPase

11 + 12 Sstandard Tag polymerase PCR - with betaine plus 3mM PPi

and 10u* Thermococcus litoralis PPase

* Units used in this case were as supplied by the manufacturer
and are defined as the amount of enzyme that will generate
40nmoles of phosphate per minute under standard reaction
conditions (10 minute reaction at 75°C in 50mM Tricine [pH

8.5], 1lmM MgCl,, 0.32mM PPi, reaction volume of 0.5ml).

Thermococcus litoralis PPase (available from New England
Biolabs) appears to have the same effect as Sac PPase in this

assay.

Example 7
Use of different thermostable DNA polymerases in the method of

the invention

A variety of thermostable DNA polymerases were employed in the
method of the invention and some comparative assays. These

included several non-proofreading Thermus sp. DNA polymerases,
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proof-reading hyperthermophilic archael DNA polymerases and

nmixes . of non-proofreading and proofreading DNA polymerases.

They were all tested using the 500bp lambda PCR as described in
Example 1 (Figure 7a and 7b), and several using the Angiotensin
assay as described in Example 4 (Figure 8a and 8b).

Detalls of the assay conditions are summarised as follows:
Figure 7a - Thermus DNA polymerases

Lanes
Top Row
Tag polymerase 0mM PPl and no PPase
Tag polymerase 3mM PPi and no PPase
Tag polymerase 3mM PPi and 0.2u Sac PPase

@ O > N

Tbr polymerase OmM PPi and no PPase

+ o+ o+ o+ o+

10 Tbr polymerase 3mM PPi and no PPase

P W 0O W

1+ 12 Thr polymerase 3mM PPi and 0.2u Sac PPase

Bottom Row

1+ 2 Tth polymerase 0mM PPi and no PPase

3+ 4 Tth polymerase 3mM PPi and no PPase

5+ 6 Tth polymerase 3mM PPi and 0.2u Sac PPase
7 + 8 TspNH polymerase OmM PPi and no PPase

9 + 10 TspNH polymerase 3mM PPi and no PPase

11 + 12 TspNH polymerase 3mM PPi and 0.2u Sac PPase
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Figure 7b - Archael Proof-reading DNA polymerases

Lanes
Top Row
1+ 2 Pfu polymerase (OmM PPi and no PPase
3+ 4 Pfu polymerase 3mM PPi and no PPase
5+ 6 Pfu polymerase 3mM PPi and 0.2u Sac PPase
7+ 8 9°N exo- polymerase OmM PPi and no PPase

9 + 10 9°N exo- polymerase 3mM PPi1 and no PPase
11 + 12 9°N exo- polymerase 3mM PPi and 0.2u Sac PPase

Bottom Row

1+ 2 VENT polymerase OmM PPi and no PPase
3+ 4 VENT polymerase 3mM PPi and no PPase
5+ 6 VENT polymerase 3mM PPi and 0.2u Sac PPase

Fig 8a Angiotensin assay without PPi and without Sac PPase

(with and without Betaine)

Lanes

1+ 2 Tag polymerase without betaine

3+ 4 Tag polymerase with betaine

5+ 6 Accurase polymerase without betaine
7+ 8 Accurase polymerase with betaine

9 + 10 Thr polymerase without betaine

11+ 12 Thr polymerase with betaine

13 + 14 Tth polymerase without betaine

15 + 16 Tth polymerase with betaine

Fig 8b Angiotensin assay with PPi and Sac PPase (with and

without Betaine)
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Control Lanes 1-4 (Top Row) and 12-16 (Bottom Row)

Lanes
Top Row

1+ 2 Tag polymerase without betaine but plus 3mM PPi -
No Sac PPase

3+ 4 Tag polymerase with betaine but plus 3mM PPi - -
No Sac PPase
All below with 3mM PPi and 0.2u Sac PPase

5+ 6 Tag polymerase without betaine

7+ 8 Tag polymerase with betaine

9 + 10 Accurase polymerase without betaine

11 + 12 Accurase polymerase with betaine

13 + 14 Thr polymerase without betaine

15 + 16 Thr polymerase with betaine

Bottom Row
All below with 3mM PPi and 0.2u Sac PPase

1+ 2 Tth polymerase without betaine
3+ 4 Tth polymerase with betaine

5+ 6 TspNH polymerase without betaine
7+ 8 TspNH polymerase with betaine

9 + 10 Pru polymerase without betaine
11 + 12 Pfu polymerase with betaine

13 + 14 Tag polymerase control without betaine and no PPi
or PPase
15 + 16 Tag polymerase control with betaine and no PPi or

PPase

All DNA polymerases tested were inhibited by PPi and that

inhibition could be overcome with Sac PPase.
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Comparative Example 8

Comparison of method of invention with conventional “Hotstart”

methodologies

We have some initial results (Figure 9 and 10) that show that a
chemically modified Iag polymerase (modified as described in US
Patent No 5,677,152) does generate some false PCR products in
the absence of betaine but gives the correct product in the

presence of betaine.

Figure 9 Angiotensin assay

Lanes

1+ 2 Tag polymerase without betaine

3+ 4 Tag polymerase with betaine

5+ 6 Chemically modified Tag without betaine

74+ 8 Chemically modified Tag with betaine

9 + 10 Method of the invention (3mM PPi and 2u Sac PPase)

without betiane
11 + 12 Method of the invention (3mM PPi and 2u Sac PPase)

with betaine

It appears that under these circumstances, the chemically
medified enzyme is inactive until it has a 10 min activation at
95°C. Without this preliminary incubation, negligible PCR
product was generated. The apparent false priming and
generation of wrong PCR products in the absence of betaine is
difficult to explain however, since the chemically'modified Taqg

is inactive at room temperature.
Figure 10 Angiotensin assay with Tag and anti-Tag antibody

Lanes
1+ 2 Anti-Tag antibody plus Tag polymerase without betaine
3+ 4 Anti~Tag antibody plus Tag polymerase with betaine

In an anti-Tag DNA polymerase antibody mediated HotStart, a

substantial number of false products are generated in the
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absence of betaine (similar to a standard Tag polymerase PCR
without betaine) and a minor false product is also generated

along with the correct product in the presence of betaine.

The method of the invention appears to give a rapid PCR
reaction which is more specific than both of these commercial

HotStart methodclogies.

Example 9

Isolation of inorganic pyrophosphatase from Aeropyrum pernix

Aeropyrum pernix was obtained from the J.C.M. culture ‘
collection. The inorganic pyrophosphatase enzyme was cloned,

expressed and purified.

Cloning and expression of inorganic pyrophosphatase from

A.pernix
The genome sequence comprising the pyrophosphatase gene of

Aeropyrum pernix is shown in Figure 11. The primers used were
designed from the genome sequence of Aeropyrum pernix. Thesc
are shown below as 5’ to 3’ with the restriction sites shown in
bold.

Upper primer, introducing the Nde I site: (SEQ ID
NO 18)

TGCATGCATATGACAGGCTGTCTGARAATTG

Lower primer, introducing the Hind III site: (SEQ
ID NO 19)

TAAGTGTAAGCTTGACTGTGGGGGCGGTGAAAG

Aligning the putative sequence from the genome with other
pyrophosphates genes suggested that a later AIG should be the
start methionine and not the 6ne shown in the databank (shown
in italics in SEQ ID NO.l1 in Figure 11) and that the amino acid
sequence of the enzyme is, in fact, as shown in SEQ ID NO 25.
Primers were therefore designed corresponding to the later

methionine (shown in bold in SEQ ID NO.l1l in Figure 11).
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A PCR was run using 100ng of the Aeropyrum pernix DNA in a
100pl volume with 30pM of the above primers. 20 cycles were

run with 55°C annealing and a 45 second extension time.
Initial hold of 3mins at 94°C

20 Cycles of 94°C, 10 secs, 55°C, 10 secs, 68°C, 45 secs.
Final hold of 72°C 7 minutes

PCR conditions.

50pM Upper Primer (5'..TGCATGCATATGACAGGCTGICIGAAAATTG. .3"-SEQ
ID NO:18)

50pM Lower Primer (5’..TAAGTGTAAGCTTGACTGTGGGGGCGGTGAAAG..3’ -
SEQ ID NO 19)

1.5mM MgCl,

1.25u Accurase DNA polymerase (Cat. No. AC00l, GeneSys Ltd.)
75mM Tris, pH 8.8 | ’
20mM Ammonium sulphate

0.1% (w/v) Tween20

100ng Aeropyrum pernix genomic DNA

The PCR product was 686 base pairs long as shown in Figure 13.
The PCR product was Prepanol™ (Cat. No. P00l, GeneSys Ltd.)
precipitated following the manufacturers recommended conditions
and finally re-suspended in 10mM Tris, 0.1imM EDTA.

The PCR product was digested with restriction enzymes Nde I and
Hind III, phenol extracted, precipitated with ethanol and re-—
suspended in 10mM Tris, 0.1lmM EDTA.

PITQL8NHK vector (shown in Figure 15) had also been digested
with Nde I and Hind III, phenol extracted, ethanol precipitated

and re-suspended in 10mM Tris, O.lmM EDTA.

100ng cut PCR sequence was ligated with 1pg of cut pTTQ18NHK
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vector (see Figure 16) in a total volume of 10pl, overnight at
16°C in 1x NEB ligation buffer using 200u of New England
Biolabs T4 DNA ligase. The plasmid vector was pTTQI8NHK, a
modified form of vector pTTQL8 (Stark MJ, Gene, 1987; 51(2-
3):255-67) containing a kanamycin antibiotic gene inserted at
the unique Eco0109 I restriction enzyme site and a replacement
polylinker (see Figure 14) inserted between the EcoR I site and

Hind III site of the original vector.

20ul of water was added and the reaction heated to 70°C for
20mins. 1/10 volume of 3M scdium acetate, pH 5.2 and 2 volumes
of ethanol added. It was mixed and stored at -20°C for 1 hour.
After microfuging at 10,0009 for 10mins, the supernatant was
removed from the pelleted DNA and the DNA re-suspended in 5ul

water.

0.5p1 was electroporated into E.coli TOPLOF’ cells and
following 1 hour recovery at 37°C, aliquots of the cells were
plated on Kanamycin Luria Broth agar plates. The plates were

incubated at 37°C overnight.

Colonies were gridded in duplicate on both a fresh Kanamycin
Luria Broth agar plate and a Kanamycin Luria Broth agar plate
prepared by addition of 1pl of 20mg/ml XGAL and 1pl of 0.5M
IPTG per ml of agar éel (KIX plate).

Following overnight incubation at 37°C, white colonies on the
KIX plate were screened by PCR with M13 forward and reverse
primers for the presence of an insert corresponding to the

Aeropyrum pernix PCR product.

9 colonies containing a 70lbp product were grown up'in 20ml LB
plus 100pg/ml Kanamycin to an OD600 of 1.0 then expression was
induced by addition of IPTG to 0.5mM final. Cells were grown
for a further 4hours and then the cells harvested ahd stored

frozen at —-20°C.
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Cells were lysed by addition of 0.5ml 50mM Tris-HCl, pH 7.9,
50mM dextrose, 1mM EDTA and 0.5ml 10mM Tris-HCL, pH7.9, 50mM
Kcl, 1mM EDTA, 0.5% v/v) Tween 20, 0.5% (v/v) Nonidet-P40 and

incubation at 80°C for 15 minutes.

Following centrifugation at 10,000g for 10 minutes at room
temperature, an aliguot from each lysed cells were analysed by
SDS polyacrylamaide gel electrophoresis using a 12% gel. The
gel was run then stained with Coomassie blue R250. ALl samples
showed a band of approx 23kDa, which corresponds to the size of

the putative PPase.

The same samples were then assayed for PPase activity at 75°C
using the colorimetric assay of Jukka K. Heinonen, Reijo J.

Lahti. (1981) Analytical Biochemistry, Vol.113, pp313-317.
All samples showed as positive, confirming that the expressed
protein possessed thermophilic inorganic pyrophosphatase

activity.

The first clone was subsequently used for larger scale

production of the protein.

purification of the Pyrophosphatase

This clone was in 24 litres of LB. Once the ODgyy reached
approximately 1.5, the culture was induced with 0.5mM IPTG and
left to grow for a further 4 hours. The cells were then
harvested and fhe cell pellet lysed. The expressed enzyme was
purified by standard column chromatography on phenyl-sepharose
CLAB (Amersham Pharmacia Biotech), hydroxylapatite (Bio-rad
Laboratories) and Hi-Performance Q Sepharose (Amersham
Pharmacia Biotech), finally being stored at —20°C in 20mM Tris-
HCl, pH 8.0, 100mM NaCl, 0.5% (v/v) Tween 20, 0.5% (v/v)
Nonidet P40, 0.1lmM EDTA, 1mM dithiothreitol and 50% glycerol.
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Example 10
PCR Assay using the A, pernix inorganic pyrophosphatase enzyme

The method of the present invention was carried out using the
A. pernix inorganic pyrophosphatase enzyme. The assay is based

around the amplification of the human B-actin gene.

In this assay, a kit was used which was obtained from from
Eurogentec S.A., Parc Scientifique du Sart-Tilman, rue Bois
Saint-Jean 14, 4102 SERAING, Belgium (Cat. No. RT-QP73-05).
The standard Taq polymerase was substituted for the HotStart
Tag polymerase provided with the kit.

PCR reaction mixture

1x Reaction Buffer

200uM, JdATP, dCTP, dGTP and 400uM GUTP

0.025u/pl unmodified Tag polymerase

0.002u/pl Aeropyrum pernix inorganic pyrophosphatase

0.3uM 5" Primer (5" GAC TCG TCA TAC TCC TGC TTIG CT 3’ —~ SEQ ID
NO 22)

0.3uM 3’ Primer (57 CAT TGC CGA CAG GAT GCA GAA 3’ -~ SEQ ID NO
23)

0.15uM Tagman probe (FAM-ATCCACATCIGCTGGAAGGTGGACAGT-TAMRA -
SEQ ID NO 24)

SmM MgCl,

2mM NaPPi

Passive Reference

1 in 4 dilutions of Human genomic DNA starting with 7.5ng (2500

copiles)

Cycling conditions

Initial denaturation of 94°C 3 minutes

40 cycles of 94°C, 15 seconds and 60°C, 60 seconds

The results are shown in Figure 19.
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In conclusion we believe that using the method of the
invention, by using pyrophosphate to inhibit a PCR and then
removing that inhibition, for example at 80°C-95°C through the
use of a thermostable PPase, behaves in the same manner as
HotStart PCR but at a rapid rate with the additional benefit of

increased specificity.

All references mentioned in the above specification are herein
incorporated by reference. Other modifications of the present
invention will be apparent to those skilled in the art without
departing from the scope and spirit of the invention. Although
the invention has been described in connection with the
specific preferred embodiments, it should be understood that
the invention as claimed should not be unduly limited to such
specific embodiments. Indeed, various modifications of the
described modes for carrying out the invention, which are
obvious to those skilled in the art, are intended to be within

the scope of the following claims.

Throughout this specification and the claims which follow,
unless the context requires otherwise, the word "comprise", and
variations such as "comprises" and "comprising", will be
understood to imply the inclusion of a stated integer or step or
group of integers or steps but not the exclusion of any other

integer or step or group of integers or steps.

The reference in this specification to any prior publication
(or information derived from it), or to any matter which is
known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication
(or information derived from 1it) or known matter forms part of
the common general knowledge in the field of endeavour to which

this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for conducting a nucleic acid amplification
reaction, said method comprising forming a PCR reaction mixture
by mixing together reagents necessary for carrying out an
amplification reaction by the polymerase chain reaction, and a
sufficient amount of a pyrophosphate salt to prevent primer
extension, adding to said mixture at least 0.04 units per 50uL
PCR reaction mixture of a thermostable pyrophosphatase enzyme
(PPase), and subjecting said reaction mixture to conditions
such that the said pyrophosphate salt is digested with a
pyrophosphatase enzyme (PPase) whereupon an amplification

reaction 1s carried out.

2. A method for conducting a nucleic acid amplification
reaction, said method comprising

forming a PCR reaction mixture by mixing together reagents
necessary for carrying out a PCR amplification reaction, and a
sufficient amount of a pyrophosphate salt to prevent primer
extension,

adding to said mixture a thermostable pyrophosphatase
enzyme (PPase) which is obtainable from a hyperthermophilic
archeaon, and

subjecting said reaction mixture to conditions such that
the said pyrophosphate salt is digested with pyrophosphatase
enzyme (PPase) whereupon an amplification reaction is carried

out.

3. A method according to claim 1 or claim 2 wherein the
reaction mixture contains a DNA polymerase which is selected
from Thermus aquaticus polymerase (Taqg), Thermus thermophilus
polymerase (Tth), Thermus species NH polymerase (TspNH),

Thermus brockianus polymerase (Tbr), Pyrococcus furiosus
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polymerase (Pfu), 9°N7 exo-DNa polymerase, and Thermococcus

literalis DNA polymerase. \

4, A method according to any one of claims 1 to 3 wherein the

inorganic pyrophosphate is an alkali metal pyrophosphate.

5. A method according to claim 4 wherein the inorganic

pyrophosphate is tetrasodium pyrophosphate of formula Na4P,0,.

6. A method according to any one of claims 1 to 5 wherein the
pyrophosphate is present in the reaction mixture at a

concentration of at least (0.5mM.

7. A method according to claim 6 wherein the pyrophosphate is

present at a concentration of from 1-10mM.

8. A method according to any one of claims 1 to 7 wherein the
thermostable PPase is Sulfolbus acidicaldarius inorganic
pyrophosphatase, (Sac PPase), thermococcus litoralis inorganic

pyrophosphatase or Aeropyrum pernix inorganic pyrophosphatase.

9. A method according to any one of claims 1 to 8 wherein the
thermostable PPase comprises the amino acid sequence shown in

SEQ ID NO. 25 or a variant or fragment thereof.

10. A method according to claim 8 or claim 9 wherein the
thermostable PPase 1s added to the reaction mixture on

formation thereof.

11. A method according to claim 10 which includes an
incubation step prior to the amplification reaction at a
temperature of 50°C or more, in order to allow the PPase to

digest inorganic pyrophosphate present.
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12. A method according to claim 2 wherein the PPase is added
to the reaction mixture at a concentration of at least 0.04u

per 50uL PCR reaction mixture.

13. A method according to any one of claims 1 to 12 wherein
the PPase 1is added to the reaction mixture at a concentration

of 0.08u per 50puL PCR reaction mixture.

14. A method according to claim 12 wherein the PPase is added
to the reaction mixture at a concentration of from 0.2-10u per

50pL PCR reaction mixture.

15. A kit when used for conducting an amplification reaction

according to any one of claims 1 to 14, saild kit comprising a

pyrophosphate salt, a thermostable pyrophosphatase enzyme, and
optionally one or more reagents required for use in an

amplification reaction.

16. A kit according to claim 15 which further comprises one or
more primers necessary to carry out amplification of a

particular target nucleic acid.

17. A kit according to claim 15 or claim 16 which further

includes one or more fluorescently labelled reagents.

18. A kit according to claim 17 wherein the fluorescently
labelled reagents are selected from one or more of an
intercalating dye, a fluorescently labelled probe, a
fluorescently labelled primer or a fluorescently labeled

nucleotide.

19. A pyrophosphatase enzyme encoded by the polynucleotide
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sequence as shown in SEQ ID NO. 26 or a variant or fragment

thereof.

20. A pyrophosphatase enzyme comprising the amino acid
sequence as shown in SEQ ID NO. 25 or a variant or fragment

thereof.

21. An isolated polynucleotide which encodes a pyrophosphatase

enzyme according to claim 18 or claim 19.

22. A method for conducting an amplification reaction
according to any one of claims 1 to 14, or a kit when used for
conducting an amplification reaction according to any one of
claims 15 to 18, or a pyrophosphatase enzyme according to any
one of claims 19 to 20, or an isolated polynucleotide according
to claim 21, substantially as herein before described with

reference to the Figures and/or Examples.
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FIGURE 8b
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MWTILPSKTGEVNSLSEITRLAKLSVRRVHAMTGCLKIGPGDEAPDVVNYVIELPMN
SSVKYEFDKEACIVKVDREFLYTSMVYPENYGFIPGTLEEDGDPVDVLVISREPVAPG
SLIEAVPVAVLDMEDEEGPDSKVVAVPKAKLDPLFASYKDVGDIPDALKSKIKHFFE
HYKELEPGKWVRVTGWRPAADAKEI IRRATERYKGA

- (SEQ ID NO

SEQ ID NO 1

taatcctaat
ttagctttat
gtctgaaaat
ctatgaacag: ttetgttaag
ggtteettta
aggaggacag
cgcttataga
gecaaggttgt
ttggcgacat
agetggagec
agattataag
gttttcetggg
ttgtctataga
cttacaccta
ggatctgecec
gtgggtgtta

1066801
1066861
1066921
1066981
1067041
1067101
1067161
1067221
1067281
1067341
1067401
1067461
1067521
1067581
1067641
1067701

2)

tegetttatg
aactcgacta
tggtcectgga

caccagcatg
agatcotgtt
ggctgtgece
tgcegtacee
acctgatgee
tggaaagtgg
gagggetata
agagtgtecge
ttatggctac
gaggttetge
tggggttcte
tctactette

tggacgatcc
gccaaactat
gatgaggcte
tacgagtteg
gtetaccect
gacgttctag
gtggecgtgt
aaggcoaagc
ctgaaatceca
gttagagtga
gagaggtata
acctttgagg
agttcttcta
gctgtatget
ceggtttgte
gggggtcteca

tteccageaa
cggttagacg
cagatgttgt
acaaggaggc
teaactacgg
ttattageeg
tagacatgga
tggaccecect
agataaagca
ctggatggag
agggggcgtyg
gcgatecacec
gcegetttea
gtggatgtag
gtatcegeot
gtatcagggt

aaccgggttt
ggtgcatgcea
gaatgtegtt
gtgtattgtt
gttoataccea
ggageeccegtt
ggacgaggag
attegccage
cttottegag
geetgetgee
atgagggett
tcgocagegt
ccgeccecac
ttgtagtaga
acagaggggqg
ctagtctgga

gttaacagce
atgacagget
atagagatac
aaggttgata
ggeactotag
gctecegget
ggtocggaca
tataaggacy
cactataagg
gatgcgaagg
aacggctcac
gegtgtgett
agtcaataca
cgccagecaca
ggtcggggat
aaggctgctg

MTGCLKIGPGDEAPDVVNVVIEIPMNSSVKYEFDKEACIVKVDRFLYTSMVYPENYG
FIPGTLEEDGDPVDVLVISREPVAPGSLIEAVPVAVLDMEDERGPDSKVVAVPKAKL
DPLFASYKDVGDIPDALKSKIKHFFEHYKELEPGKWVRVTGWRPAADAKEITRRATE

RYKGA

SEQ ID NO 26

atgacaggct
gaatgtcgtt
acaaggaggc
gtctacccet
agatcctgtt
cgcttataga
-ggtccggaca
attcgccage
agataaagca
gttagagtga
"gagggctata

gtctgaazat
atagagatac
gtgtattgtt
tcaactacgg
gacgttctag
ggctgtgcecce
gcaaggttgt
tataaggacg
cttcttcgag
ctggatggag
gagaggtata

(SEQ ID NO 25)

tggtcctgga
ctatgaacag
aaggttgata
gttcatacca
ttattagccyg
gtggcecgtgt
tgccgtaccce
ttggcgacat
cactataagg
gectgctgece
agggggcgtg

gatgaggctc
ttctgttaag
ggttccttta
ggcactctag
ggagcccgtt
tagacatgga
aaggccaagce
acctgatgece
agctggagcc
gatgcgaagg
a

cagatgttgt
tacgagttcg
caccagcatg
aggaggacgg
gctececegget
ggacgaggag
tggaccccct
ctgaaatcca
tggaaagtygg
agattataag
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Alignment of PPase sequences with ClustalW

Aeropyrum = deropyrum pernix
Sulfolobus = Sulfolobus solfataricus
E.coli = Escherichia coli

Aquifex = Aquifex aeolicus

Pho = Pyrococcus horikoshii

Pab = Pyrococcus abysii

Tli = Thermococcus litoralis

SEQ ID NO 2
SEQ ID NO 3
SEQ ID NO 4
SEQ ID NO 5
SEQ ID NO 6
SEQ ID NO 7
SEQ ID NO 8

Themoplasma = Themoplasma acidophilum SEQ ID NO 9

CLUSTAL W (1.8) multiple sequence alignment

aeropyrum
sulfolobus
E.coli
aquifex

Pho

Pab

T1i
thermoplasma

aeropyrum
sulfolobus
E.coll
aquifex

Pho

Pab

T1i
thermoplasma

aeropyrum
sulfolobus
E.coli
aquifex

Pho

Pab

Tli
thermoplasma

aeropyrum
sulfolobus
E.coli
aquifex

Pho

Pab

T1i
thexmoplasma

MWTILPSKTGFVNSLSFITRLAKLSVRRVHAMTGCLKIGP-GDEAPDVVNVVIEIEM-NS
——————————————————————————————————— MKLSP-GKNAPDVVNVLVEIPQ-GS

————————————— MSLLNGPA-GKDLPEDIYVVIEIPANAD

————————————— MGYDQLPP~GKNFPPEDIYVVIEIPQ-GS
MNPFHDLEP-GPNVPEVVYALIEIPK-GS
MNPFHDLEP~-GPNVPEVVYALIEIPK-GS
————— MNPFHDLEP-GPRVPEVVYATLIELFK-GS

e e e e e e e e MESFYHSVPVGPKPPEEVYVIVEIPR-GS
LA A A S

SVKYEFDKEACIVKVDRFLYTSMVYPFNYGFIPGTLEEDGDPVDVLVISREPVAPGSLIE
NIKYEYDDEEGVIKVDRVLYTSMNYPFNYGFIPGTLEEDGDPLDVLVITNYQLYPGSVIE
PIKYEIDKESGALFVDRFMSTAMFYPCNYGYINHTLSLDGDPVDVLVPTPYPLQPGSVIR
AVRKYELDEDTGVIEVDRFLFTAMYYPFNYGFVPOTLADDGDPVDVLVISREPVVPGAVMR
RNKYELDKETGLLKLDRVLYTPFHYPVDYGIIPRTWYEDGDRFDIMVIMREPTYPLTIIE
RNKYELDKKTGLLKLDRVLYSPFI'YPVDYGIIPRTWYDDDDPFDIMVIMREPTYPLTIIE
RNKYELDKKTGLIKLDRVLYSPFHYPVDYGIIPQTWYDDDDPFDIMVIMREPTYPGVLIE
RVKYEIAKDFPGMLVDRVLYSSVVYPVDYGLIPRTLYYDGDPMDVMVLISQPTFPGAIMK

* kK .. H *'k: :._** v kK ****

AVEVAVLDMEDEEGPDSKVVAVPKARKLDPLFASYKDVGDIPDALKSKIKHFFEHYKELEP
VRPIGILYMKDEEGEDAKIVAVPKDKTDPSFSNIKDINDLPQATKNKIVHFFEHYKELEP
CRPVGVLEKMTDERGEDAKLVAVPHSKLSKEYDHIKDVNDLPELL,KAQIAHFFEHYKDLEK
CRPIGMLEMRDEAGIDTKVIAVPHEKLDPSYSNIKTVDNLEPEIVREKIKHFFEHYKELEP
ARPIGLFEMIDSGDKDYKVLAVPVE--DPYFKDWKDISDVPKAFLDEIAHFFKRYKELE~
ARPIGLFKMIDSGDKDYKVLAVPVE--DPYFKDWKDIDDVPKAFLDEIAHFFKRYKELO~
ARPIGLFRMIDSGDKDYKVIAVPVE--DPYENDWKDISDVEKAFLDEIAHFFORYKELQ-

VRPIGMMKMVDQGETDNKILAVFDK-—DPNVSYIKDLKDVNAHLLDEIANFFSTYKILE—
Ko v K Kk, * Kyek% R Pk kK kK kg

GEWVRVTGWRPAADAKELIIRRAIERYKGA~-——~-—
GKYVKISGWGSATEAKNRICLAIKRVSGGQRZ-~~—
GRKWVKVEGWENAEARKAEIVASFER-AKNKZ-~--—
GEKWVKVENWKGLODAIEEIKKGIENYKKNKEG~—-~—
GKEIIVEGWEGAERAKREILRAIEMYKEKFGKKEZ
GEKEIIVEGWEGAEARKRELILRAIELYKEKFGSKEZ
GKEIIVEZGWENAEKAKQEILRAIELYKEKFRKZ ——
KKETKVLGWEGKEAALKEIEVSIKMYEEKYGKKNZ
* . .

L * *
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Figure 13
686bp PCR product. (SEQ ID NO 10)

RE sites in bold, PPase gene in italics, primer sites underlined

TGCATGCATATGACAGGCTGTCTGAAAATTGGTCCTGGAGATGAGGCTCCAGATGTITGTGAATGTCGTT
ATAGAGATACCTATGAACAGTITCTGTTAAGTACGAGTICGACAAGGAGGCGTGTATTGTTAAGGT TGAT
AGGTTCCTTTACACCAGCATGGTCTACCCCTTCAACTACGGGTTCATACCAGGCACTCTAGAGGAGGAC
GGAGATCCTETTGACGTTCTAGTTATTAGCCGGGAGCCCGTTGCTCCCEGCTCGCTTATAGAGGCTGIG
CCCGTGGCCETGTTAGACATCCGAGGACCAGGAGGGTCCGGACAGCAAGGTTGTTGCCGTACCCAAGGCC
AAGCTGGACCCCCTATTCGCCAGCTATAAGEACGTTGGCGACATACCTGATGCCCTGAAATCCAAGATA
AAGCACTTCTTCGAGCACTATAAGGAGCTGGAGCCTGGAAAGTGGGT TAGAGTIGACTGGATGGAGGCCT
GCTGCCGATGCGAAGGAGATTATAAGGAGGGCTATAGAGAGGTATAAGGGGGCGTGATGAGGGCTTARC
GGCTCACGTTTTCTGGGAGAGTGTCGCACCTTTGAGGGCGATCACCCTCGCCAGCGTGCETGTGCTTTT
GTCTATGATTATGGCTACAGTTCTTCTAGCCGCTTTCACCGCCCCCACAGTCAAGCTTACACTTA

Figure 14

Modified polylinker sequence of pTTQI8NHK from initial ATG to the Nde I site and
then the Hind Il site (SEQ ID NO 11)

Met Nde I
ATGCACCACCACCACCACCATATGGGCATGCTGAATTCGAGCTCGGTACCCGEGGATCCTCTAGAGTCG

ACCTGCAGGCATGCAAGCTT
Hind IIX
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Figure 15

pTTQ18NHK sequence (SEQ ID NO 12)

>pTTQLENHK Sequence -
GABCTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGITTTCCA 60
ATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCEGTATTGACGCCEEE 120
CAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGRRTGACTTGGTTGAGTACTCACCA 180
GTCACAGABAAGCATCTTACGGATGGCATGACAGTARGAGAATTATGCAGTGCTGCCATA 240
ACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACRACGATCGGAGGACCGAAGGAG 300
CTBACCGCTTTTTTGCACAACATGEGGGATCATGTAACTCGCCTTGATCGTTGGGAACCG 360
GAGCTGAATGARGCCATACCARACGACGAGCGTGACACCACGATGCCTGTAGCRATGGCA 420
ACAACGTTGCGCAAARCTATTAACT GGCGARCTACTTACTCTAGCTTCCCGGCAACAATTA 480
ATAGACTGGATGGAGGCGGATAAAGT TGCAGGACCACTITCTGCGCTCGGCCCTTCCGGCT 540
GGCTGGTTTATTGCTGATARATCTGGAGCCGGTGAGCCTGEGTCTCGCGGTATCATTGCA 600
GCACTGGGGCCAGATGETARGCCCTCCCGTATCGTAGTTATCTACACGACGGECAGTCAG 660
GCRAACTATGGATGARCGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCAT 720
TGGTAACTGTCAGACCAAGTTTACTCATATATACTITAGATTGATTTARAAACTTICATTTT 760
TAATTTARAAGGATCTAGGTGAAGATCCTTTTTGATARTCTCATGACCAAAATCCCTTAA 840
CGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGRAAAGATCAARAGGATCTTCTTGA 900
GATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCARACAAARAAACCACCGCTACCAGCG 960
GTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGC 1020
AGAGCGCAGATACCARATACTGTCCTTCTAGIGTAGCCGTAGTTAGGCCACCACTTCAAG 1080
AACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCC 1140
AGTGGCGATAAGTCETGTCTTACCEGETTGGACTCRAGACGATAGT TACCGGATAAGGCG 1200
CAGCGGTCGEGECTGAACGGEGGETTCCTGCACACAGCCCAGCTTGGAGCGAACGACCTAC 1260
ACCGAACTGAGATACCTACAGCGTGAGCATTGAGARAGCGCCACGCTTCCCGAAGGGAGA 1320
AAGGCGGACAGGTATCCGGTARGCEGCAGGGTCCGAACAGGAGAGCGCACGAGGGAGCTT 1380
CCAGGGGGAAACGCCTGGETATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAG 1440
CGTCGATTTTTGTGATGCTCGTCAGCGGGECGGAGCCTATGGAAAMACGCCAGCARCGCG 1500
GCCTTTTTACGGTTCCTGECCTTTTGCTGECCTTTTGCTCACATGTTCTTTCCTGCGTTA 1560
TCCCCTGATTCTGTGGATAACCGCTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGC 1620
AGCCGAACGACCGAGCGCAGCGAGTCACGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGC 1680
AAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGARTTARTTCTCATGTTTGA 1740
CAGCTTATCATCGACTGCACGGTGCACCAATGCTTCTGGCGTCAGGCAGCCATCGGAAGC 1800
TCTGCTATGGCTCTECAGETCGTAAATCACTGCATAATTCGTGTCEGCTCAAGECGCACTC 1860
CCGTTCTGGATAATGTTTTTTGCGCCGACATCATAACGGTTCTGGTCARATATTCTGAAAT 1920
GAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTGAGCGGATARCAAT . 1980
TTCACACAGGAAACACATATATGCACCACCACCACCACCATATGGGCATGCTGAATTCGA 2040
GCTCGGTACCCGGEGATCCTCTAGAGTCGACCTGCAGGUATGCAAGCTTGGCACTGGCCG 2100
TCCTTTTACAACGTCGTGACTGEGABAACCCTGGCGTTACCCAACTTAATCGCCTTGCAG 2160
CACATCCCCCTTTCGCCAGCTGECETAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCC 2220
AACAGTTGCGCAGCCTGAATGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATC 2280
TGTGCGGTATTTCACACCGCATARATTCCCTGTTTTGGCGGATGAGAGAAGATTTTCAGC 2340
CTGATACAGATTARATCAGRACGCAGAAGCGGTCTGATAARACAGARTTTGCCTGGCGGC 2400
AGTAGCGCEGGETGGTCCCACCTGACCCCATGCCGAACTCAGRAGTGARRCGCCGTAGCGCE 2460
GATGGTAGTGTGGGETCTCCCCATGCCGAGAGTAGGGAACTGCCAGGCATCARATAAAMACG 2520
AARGGCTCAGTCGRAAAGACTSGECCTTTCGTTTTATCTGTTGTTTGTCGGTIGAACGCTCT 2580
CCTGAGTAGGACARATCCGCCGGGAGCGGATTTGAACGTTGCGAAGCARCGGCCCGGAGE 2640
GTGGCGGGCAGGACGCCCGCCATAARCTGCCAGGCATCARATTAAGCAGARAGGCCATCCT 2700
GACGGATGGCCTTTTTGCCTTTCTACARACTCTTCCTGTCGTCATATCTACAAGCCATCC 2760
CCCCACAGATACGGTAAACTAGCCTCGTTTTTGCATCAGCGARAGCAGGGAATTTATGGTG 2820
CACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAAC 2880
ACCCRCTGRACGCGCCCTGACGEECTTGTCTGCTCCCGGCATCCGCTTACAGACARGCTGT 2940
GACCGTCTCCGGGAGCTGCATGTGTCAGRAGGTTTTCACCGTCATCACCGARACGCGCGAG 3000
ACGAARGGGCCTGATTAGARAARCTCATCGAGCATCARATGAAACTGCAATTTATTCATA 3060
TCAGGATTATCAATACCATATTTTTGARARAGCCGTTTCTGTAATGAAGGAGARBACTCA 3120
CCGRGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCA 3180
ACATCRATACAACCTATTAATTTCCCCTCGTCAARAATARGGTTATCARGTGAGARATCA 3240
CCATGRGTGACGACTGAATCCGGTGAGAATGGCAARAGNTTATGCATTTCTTTCCAGRACT 3300
TGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCARAACCGTTA 3360
TTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTARAAGGACAATTA 3420
CABACAGGAATCGAATGCARCCGGCGCAGGAACACTGCCAGCGCATCARCARTATTTTCA 3480
CCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCNGGGATCGCAGTGETG 3540
AGTAACCATGCATCATCAGGAGTACGGATARAAATGCTTGATGGTCGGARGAGGCATARAT 3600
TCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCARCGCTACCTTIG 3660
CCATGTTTCAGARACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCA 3720
CCTGATTGCCCGACAT TATCGCGAGCCCATTTATACCCATATARATCAGCATCCATGITG 3780
GAATTTAATCGCGGCCTCGAGCARGACGTTTCCCGTTGAATATGGCTCATARCACCCCTT 3840
GTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGT 3900
GCARTGTAACATCAGGGCCTCGTGATACGCCTATTTTTATAGGTTRATGICATGATAATA 3960
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ATGETTTCTTAGACGTGAGGTTCTGTACCCGACACCATCGAATGGTGCARRACCTTTCGC 4020
GGTATGGCATGATAGCGCCCGCAAGAGAGTCAATTCAGGGTGGTGRATGTGAAACCAGTA 4080
ACGTTATACGATGTCGCAGAGTATCCCCETETCTCTTATCAGACCGTTTCCCGCGTGGTE 4140
AACCAGGCCAGCCACGTITCTGCGAAARCGCGGGARARAGTGGAAGCEGCGATGGCGGAG 4200
CTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCEGGCARACAGTCGTTGCTGATT 4260
GGCETTGCCACCTCCAGTCTGGCCCTECACGCECCGTCECARATTGTCGCGGCGATTARA 4320
TCTCGCGCCCATCAACTCEETECCAGCGTGRTEGTGTCGATGGTAGAACGRAGCGGCGTC 4380
GARGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCARCGCGTCAGTGGGCTGATCATT 4440
AACTATCCGCTGGATGACCAGGATGCCATTGCTGTGEABGCTGCCTGCACTAATGTTCCG 4500
GCGTTATTTCTTGATGTCTCTGACCAGACACCCATCAACAGTATTATTTICTCCCATGAR 4560
GACGGTACGCGACTGEGCETGGAGCATCTGGTCGCATTGGGTCACCAGCARATCGCGCTG 4620
TTAGCGGGCCCATTAAGT TCTGTCTCGGCECETCTGCGTCTGGCTGGCTGGCATARATAT 4680
CTCACTCGCAATCAAATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCC 4740
GGTTTTCAACAAACCATGCAAATGCTGAATGAGGGCATCGTTCCCACTGCGATGCTGGIT 4800
GCCAACGATCAGATGECGCTGEGCGCAATGCGCGCCATTACCGAGTCCGGGCTECGCGIT 4860
GGTGCGGEATATCTCGETAGTGGGATACGACGATACCGARGACAGCTCATGTTATATCCCG 4920
CCGTTAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCARACCAGCGTGGACCGCTTG 4980
CTGCAACTCTCTCAGCGGCCAGGCGETGAAGEGCAATCAGCTGTTGCCCGTCTCACTGETG 5040
AAAAGAAAAACCACCCTGGCGCCCAATACGCARACCGCCTCTCCCCGCGCGTTGGCCGAT 5100
TCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGARAAGCGGGCAGTGAGCGCAACGC 5160
AATTAATGTAAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTICCGRC 5220
CTGCAAGAACCTCACGTCAGGTGGCACTTTTCGGGGARATGTGCGCGGAACCCCTATTTIG 5280
TTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATARAT 5340
GCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTAT 5400
TCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGARAGT 5460
ARRAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATC 5503

Figure 16

pTTQ18NHK sequence containing PPase (bold) and remainder of PCR
product cloned (italics) (SEQ ID NO 13)

pTTQ18NHK-PPase
6105 bp

tac promoter

Nde 12021

rrBLEHncZ

Hind I 2687
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>PTTQL8NHK-FPPASE SEQUENCE

GAACTGGATCTCAACAGCGCTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCA
ATGATGAGCACTTTTARAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGG
CBAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTITGAGTACTCACCA
GTCACAGAAARGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATA
ACCATGAGTGATAACACTGCGGCCAACTTACTTCTCGACAACGATCGGAGGACCGAAGGAG
CTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCECCTTGATCGTTGGGAACCG
GAGCTGAATGAAGCCATACCARACGACGAGCGETGACACCACGATGCCTGTAGCAATGGCA
ACAACGTTGCGCARACTATTAACTGGCCAACTACTTACTCTAGCTTCCCGGCAACAATTA
ATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCT
GGCTGETTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGECTCTCGCGGTATCATTGCA
GCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAG
GCAACTATGGATGAACGAARATAGACAGATCGCTCAGATAGGTGCCTCACTGATTAAGCAT
TGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTT
TAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAARTCCCTTAA
CGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGCTAGAAAAGATCARAGGATCTTCTTGA
GATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACARARAAACCACCGCTACCAGCG
GTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTITCCGAAGGTAACTGGCTTCAGC
AGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCARAG
ARCTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTIGTTACCAGTGGCTGCTGCC
AGTGGCGATAAGTCGTGTCTTACCGGGETTGGACTCAAGACGATAGTTACCGGATAAGGCG
CRGCGGTCGGGCTGAACGGEGGECTTCCGTGCACACAGCCCAGCTTGGAGCGARCGACCTAC
ACCGAACTGAGATACCTACAGCGTGAGCATTGAGAARAGCGCCACGCTTCCCGAAGGGAGA
ARGGCGGACAGGTATCCAGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTT
CCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGETTTCGCCACCTCTGACTTGAG
CGTCGATTTTTGTGATGCTCGTCAGGGEGECGGAGCCTATGCGAAAARCGCCAGCAACGCG
GCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTICTTTCCTGCGTTA
TCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGC
AGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGC
ABACCGCCTCTCCCCGCGCGTTGGCCCATTCATTAATGCAGAATTAATTCTCATGTTTGA
CAGCTTATCATCGACTGCACGGTGCACCAATGCTTCTGGCGTCAGGCAGCCATCGGAAGC
TGTGETATGGCTGTGCAGGTCGTARATCACTGCATAATTCGTGTCGCT CAAGGCGCACTC
CCGTTCTGGATARTGTTTTTTGCGCCGACATCATAACGGTTCTGGCAAATATTCTGARAT
GAGCTGTTGACAATTANTCATCGGCTCGTATAATGTGTGCGAATTGTCGAGCGGATAACRAT
TTCACACAGGAARACACATATATGCACCACCACCACCACCATATGACAGGCTGTCTIGAAAA
TTGGTCCTGGAGATGAGGCTCCAGATGITCTGAATGTCGTTATAGAGATACCTATGAACA
GTTCTGTTAAGTACGAGTTCGACAAGGAGGCGTGTATIGTTAAGGTIGATAGGTICCTTT
ACACCAGCATGGCTCTACCCCTTCAACTACGGCTTCATACCAGGCACTCTAGAGCAGGACG
GAGATCCIGTTGACGTTCTAGTTATTACGCCGGEAGCCCGTTGCTCCCGECTCGCITATAG
AGGCTGTGCCCGTGGCCEIGTTAGACATGCAGGACGAGGAGGGTCCGGACAGCARAGETTG
TTGCCEGTACCCAAGGCCAAGCTGGACCCCCTATTCGCCAGCTATARCGACGTTGGCGACA
TACCTGATGCCCTGAAATCCAAGATAAAGCACTTCTTCGAGCACTATAAGEGAGCTGCAGC
CTGGAAAGTCGEETTAGACTCACTCCATGCAGCCCTCCTGCCCATGCCAAGCGAGATTATAA
GBAGGGCTATAGAGAGGTATAAGGGGECGTCATGAGGGCTTAACGGCTCACGTTTTCTGG
GAGAGTGICGCACCTTTGAGGECGATCACCCTCGCCAGCGIGCGIGTGCTTTTGTCTATG
ATTATGGCTACAGTTCTTCTAGCCGCTTTCACCGCCCCCACAGTCAAGCTTGGCACTGGC
CGTCGTTITACAACGTCCTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGC
AGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGARGAGGCCCGCACCGATCGCCCTTC
CCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCA
TCTGTGCGGTATTTCACACCGCATAARTTCCCTGTTTTGGCGGATGAGAGARAGATTTTCA
GCCTGATACAGATTAMATCAGAACGCAGANGCGETCTGATAARACAGAATTTGCCTGECG
GCAGTAGCGCGGTGGTCCCACCTGACCCCATGCCGARCT CAGAAGTGARACGCCGTAGCG
CCGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGCATCAAATAAAA
CGRRAGGCTCAGTCGAARGACTGGGCCTTTCGTTTITATCTGTTGTTTGTCGGTGRACECT
CTCCTGAGTAGGACAAATCCGCCGGGAGCGGATTIGAACGT IGCGAAGCARCGGCCCGGA
GGGTGGCGGGECAGGACGCCCGCCATARACTGCCAGGCATCAAATTAAGCAGAAGGCCATC
CTGACGGATGGCCTTTTTGCGTTTCTACARACTCTTCCTGTCGTCATATCTACAAGCCAT
CCCCCCRCAGATACGGTARACTAGCCTCGTTTTTGCATCAGGAAAGCAGGGAATTTATGG
TGCACTCTCAGTACAATCTGCTICTGATGCCGCATAGTTARGCCAGCCCCGACACCCGCCA
ACACCCGCTGACECGCCCTGACGGGCTTGTCTGCTCCCGGCATCCECTTACAGACAAGCT
GTGACCGTCTCCGGGAGCTGCATETGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCE
AGACGARAGGGCCTGATTAGAARAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCA
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Figure 16 cont’d...

TATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACT 3720
CACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTC 3780
CAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAAT 3840
CACCATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGNTTATGCATTTCTTTCCAGA 3900
CTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGT 3960
TATTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAAT 4020
TACAAACAGGAATCGAATGCAACCGGECGCAGGAACACTGCCAGCGCATCAACARTATTTT 4080
CACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCNGGGATCGCAGT GG 4140
TEACTAACCATGCATCATCAGGAGTACGGATARRATGCT TEGATGGT CGGAAGAGGCATAA 4200
ATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTT 4260
PECCATETTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCG 4320
CACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATARAT CAGCATCCATGT 4380
TGGAATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCC 4440
TTGTATTACTGTTTATGTAAGCAGACACTTTTATTGT TCATGATGATATATTITTATCTT 4500
GTGCAATGTAACATCAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAA 4560
TARTGETTTCTTAGACGTGAGGTTCTGTACCCGACACCATCGAATGGTGCARRACCTTTC 4620
GCGGTATGGCATGATAGCGCCCGGAAGAGAGTCAATTCAGGGTGGTGAATGTGAAACCAG 4680
TAACGTTATACGATGTCGCAGAGTATGCCGGTGTCTCTTATCAGACCGTTTCCCGCGTGG 4740
TGAACCAGGCCAGCCACGTTTCTGCGAAAACGCGGGARARAGTGGAAGCGGCCATGGLGE 4800
AGCTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGGCAAACAGTCGTTGCTGA 4860
TTGGCGTTGCCACCTCCAGTCTGGCCCTGCACGCGCCGTCGCAAATTGTCGCGGCGATTA 4920
AATCTCGCGCCGATCAACTGGGTGCCAGCGTGGTGGTGTCGATGGTAGAACGAAGCGGCG 4980
TCGAAGCCTGTARAGCGGCGGTGCACAAT CTTCTCGCGCAACGCETCAGTGGGCTGATCA 5040
TTAACTATCCGCTGGATGACCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGTTC 5100
CGGCGTTATTTCTTGATGTCTCTGACCAGACACCCATCAACAGTATTATTTTCTCCCATG 5160
AAGACGGTACGCGACTGGGCGTGGAGCATCTGGTCGCATTGGGTCACCAGCAAATCGCGC 5220
TETTAGCGGGCCCATTARGTTCTGTCTCGGCGCGTCTGCETCIGEGCTGECTGGCATARAT 5280
ATCTCACTCGCAATCAAATTCAGCCGATAGCGEAACGGGAAGGCGACTGGAGTGCCATGT 5340
CCGETTTTCAACARACCATGCAAATGCTGAATGAGGGCATCGTTCCCACTGCGATGLTEE 5400
TTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACCGAGTCCGGGCTGCGCG 5460
TTGETGCGGATATCTCCETAGTGGGATACCACGATACCCGAAGACAGCTCATGTTATATCC 5520
CGCCGTTAACCACCATCARACAGGATTTTCGCCTGCTGGGGCARACCAGCGETGEACCGCT 5580
TGCTGCAACT CTCTCAGGGCCAGGCGGTGRAGGGCAATCAGCTGTTGCCCEGTCTICACTGGE 5640
TGAAAAGAAAAACCACCCTGGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCG 5700
ATTCATTAATGCAGCTGGCACGACACETTTCCCGACTGGAARGCEGGECAGTGAGCGCARC 5760
GCAATTAATGTAAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCG 5820
ACCTGCAAGAACCT CACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATT 5880
TGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAA 5940
ATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTT 6000
ATTCCCTTTTTTGCCGCATTTTCGCCTTCCTGTTTTTGCTCACCCAGARACGCTGGTGARA 6060
GTAAAAGATGCTGAAGAT CAGTTGGGTGCACGAGTGGGTTACATC 6105
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Figure 17
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Phe

Gly

Glu

Pro

Lys

25

Lys

Gly

Met

Arg

Lys

105

Asp

Phe

Trp

Leu

Gly

10

Gly

Leu

Ile

val

Pro

90

val

Ile

Gln

Glu

Tyr
170

Pro

Ser

Asp

Ile

Ile

75

Ile

Leu

Ser

Arg

Asn

155

Lys

Glu

Arg

Arg

Pro

60

Met

Gly

Ala

Asp

Tyr

140

Ala

Glu

val

Asn

val

45

Gln

Arg

Leu

vVal

Val

125

Lys

Glu

Lys

Pro

Lys

30

Leu

Thr

Glu

Phe

Pro

110

Pro

Glu

Lys

Phe

Glu

15

Tyr

Tyr

Trp

Pro

Lys

95

val

Lys

Leu

Ala

Lys
175

PCT/GB02/01861

Val

Glu

Ser

Tyzr

Thr

80

Met

Glu

Ala

Gln

Lys

160

Lys
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<210> 9

<211>
<212>
<213>

<400> ©

Met

1

Glu

Glu

Ser

Tyr

65

Thr

Met

Lys

His

Glu

145

Leu

Glu

Val

Ile

Ser

50

Tyr

Phe

Val

Asp

Leu

130

Lys

Lys

179

PRT

Ser

Tyr

Ala

35

Val

Asp

Pro

Asp

Pro

115

Leu

Lys

Glu

Phe

val

20

Lys

Val

Gly

Gly

Gln

100

Asn

Asp

Glu

Ile

Tyr

Ile

Asp

Tyr

Asp

Ala

85

Gly

Val

Glu

Thr

Glu
168

Hisg

Val

Phe

Pro

Pro

70

Ile

Glu

Ser

Ile

Lys

150

Val

Ser

Glu

Pro

Val

55

Met

Met

Thr

Tyr

Ala

135

vVal

Ser

Thermoplasma acidophilum

Val

Ile

Gly

40

Asp

Asp

Lys

Asp

Ile

120

Asn

Leu

Ile

Pro

Pro

25

Met

Tyr

Val

val

Asn

105

Lys

Phe

Gly

Lys

10

val

10

aArg

Leu

Gly

Met

Arg

20

Lys

Asp

Phe

Trp

Met
170

Gly

Gly

vVal

Leu

Val

75

Pro

Ile

Leu

Ser

Glu

155

Tyr

Pro

Ser

Asp

Ile

60

Leu

Ile

Leu

Lys

Thr

140

Gly

Glu

Lys

Arg

Arg

45

Pro

Ile

Gly

Ala

Asp

125

Tyr

Lys

Glu

Pro

Val

30

val

Arg

Ser

Met

Val

110

Val

Lys

Glu

Lys

Pro

15

Lys

Leu

Thr

Gln

Met

95

Phe

Asn

Ile

Ala

Tyr
175

PCT/GB02/01861

Glu

Tyr

Leu

Pro

80

Lys

Asp

Ala

Leu

Ala

160

Gly
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Lys Lys Asn

<210> 10
<211> 686

<212> DNA

<213> AReropyrum pernix

<400> 10

tgcatgeata
aatgtecgtta
tgtattgtta
ttcataccag
gagcccgttyg
gacgaggagyg
ttegecaget
ttecttegage
cctgctgeceg
tgagggctta
cgecagegtg

cgceccccaca

<210> 11

<211> 8%
<212>

<213>

DNA

<220>
<223>

tgacaggcectg
tagagatacc
aggttgatag
gcactctaga
ctceceggete
gtcecggacag
ataaggacgt
actataagga
atgcgaagga
acggctcacg
cgktgtgettt
gtcaagctta

tctgaaaatt
tatgaacagt
gttectttac
ggaggacgga
gcttatagag
caaggttgtt
tggcgacata
gctggagect
gattataagg
ttttetggga
tgtctatgat

cactta

Artificial Sequence

11

ggtcetggag
tctgttaagt
accagcatgg
gatcctgttg
gctgtgeccg
gcegtacccea
cctgatgececc
ggaaagtggy
agggctatag
gagtgtcgea
tatggctaca

polvlinker sequence of pTTQ18NHK

<400> 11

atgaggctcce
acgagttcga
tctacccott
acgttctagt
tggecgtgtt
aggccaagct
tgaaatccaa
ttagagtgac
agaggtataa
cetttgaggg
gttcttctag

Description of Artificial Sequence: Modified

PCT/GB02/01861

agatgttgtg
caaggagygcy
caactacggg
tattageccgg
agacatggag
ggacccecta
gataaagcac
tggatggagg
gggggcgtga
cgatcaccect

ccgctttcac

120
180
240
300
360
420
480
540
600
660
686

atgcaccécc accaccacca tatgggeatg ctgaattcga gcteggtacc cggggatcct 60

ctagagtcga cctgcaggca tgcaagctt

89
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<210>
<211>

12
5503
<212> DNA

<213>

<220>
<223>

vector

<220>
<221>
<222>
<223>
<400> 12

gaactggatc
atgatgageca
caagagcaac
gtcacagaaa
accatgagtg
ctaaccgett
gagctgaatg
acaacgttge
atagactgga
ggctggttta
geactgggge
gcaactatgg
tggtaactgt
taatttaaaa
cgtgagtttt
gatccttttt
gtggtttgtt
agagcgcaga
aactctgtag
agtggecgata
cagcggtcgy
accgaactga

aaggcggaca

(3279,

misc_feature

3525)

tcaacagegg
cttttaaagt
teggtegeeg
agcatcttac
ataacactge
ttttgcacaa
aagccatacc
gcaaactatt
tggaggcgga
ttgctgataa
cagatggtaa
atgaacgaaa
cagaccaagt
ggatctaggt
cgttccactg
ttctgegegt
tgccggatca
taccaaatac
caccgecetac
agtecgtgtcet
gctgaacggg
gatacctaca

ggtatceggt

Artificial Sequence

nisaorgorcort

taagatcctt
tctgetatgt
catacactat
ggatggcatg
ggccaactta
catgggggat
aaacgacgag
aactggcgaa
taaagttgca
atctggagcc
gcccteocegt
tagacagatc
ttactcatat
gaagatcctt
agcgtcagac
aatctgctge
agagctacca
tgtccttcta
ataccteget
taccgggttg
gggttcgtge
gegtgageat
aageggeagy

12

gagagttttce
ggegeggtat
tctéagaatg
acagtaagag
cttctgacaa
catgtaactc
cgtgacacca
ctacttactce
ggaccacttc
ggtgagecgtyg
ategtagtta
gctgagatag
atactttaga
tttgataatc
ccegtagaaa
ttgcaaacaa
actcttttte
gtgtagcegt
ctgctaatcee
gactcaagac
acacagccca
tgagaaagcg
gtecggaacaq

Description of Artificial Sequence: pTTQ18NHK

gceecgaaga
tatecegtat
acttggttga
aattatgeag
cgatcggagg
gccttgatcg
cgatgeetgt
tagctteceg
tgecgcetegge
ggtctegegg
tctacacgac
gtgccteact
ttgatttaaa
tcatgaccaa
agatcaaagg
aaaaaccacc
cgaaggtaac
agttaggcca
tgttaccagt
gatagttacc
gcttggageg
ccacgcttce

gagagcgcac

PCT/GB02/01861

acgttttcca
tgacgeeggg
gtactcacca
tgectgeeata
accgaaggag
ttgggaaceg
agcaatggca
gcaacaatta
ccttecgget
tatcattgea
ggggagtcag
gattaageat
acttcatttt
aatcccttaa
atcttcttga
gctacecageg
tggectteage
ccacttcaag
ggectgetgcc
ggataaggceg
aacgacctac
cgaagggaga
gagggagcett

120
180
240
300
360
420
480
540
600
660
720
780
840
=[0]e}
960
1020
1080
1140
1200
1260
1320
1380
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ccagggggaa
cgtegatttt

gectttttac
tccectgatt
agccgaacyga
aaaccgccte
cagcttateca
tgtggtatgg
ccgttetgga
gagcectgttga
ttcacacagg
gcteggtace
tecgttttaca
cacatcceee
aacagttgcg
tgtgeggtat
ctgatacaga
agtagegegg
gatggtagtg
aaaggctcag
cctgagtagg
gtggcgggea
gacggatggce
ccecacagat
cactctcagt
acccgetgac
gaccgtctee
acgaaaggge
tcaggattat
ccgaggeagt
acatcaatac
ccatgagtga
tgttcaacag
tteattegtyg
caaacaggaa
cctgaatcayg
agtaaccatyg

tcegtcagece

acgcctggta
tgtgatgctc
ggtteoctgge
ctgtggataa
ccgagcgcag
tcececgegeg
tegactgeac
ctgtgeaggt
taatgttttt
caattaatca
aaacacatat
cggggatcct
acgtcgtgac
tttcgecage
cagcctgaat
ttecacacege
ttaaatcaga
tggtececace
tggggtctece
tcgaaagact
acaaatccgc
ggacgccege
ctttttgegt
acggtaaact
acaatctgct
gcgcectgac
gggagetgea
ctgattagaa
caataccata
tccataggat
aacctattaa
cgactgaatc
gccagcececatt
attgegecetg
tcgaatgcaa
gatattcttc
catcatcagg
agtttagtct

tctttatagt
gtcagggggg
cttttgetgg
ccgtattacce
cgagtcagtg
ttggececgatt
ggtgeaccaa
cgtaaatcac
tgegecgaca
tcggetegta
atgcaccacc
ctagagtcga
tgggaaaacc
tggcgtaata
ggcgaatgge
ataaattcce
acgcagaage
tgacccecatg
ccatgcgaga
gggecttteg
cgggagcgga
cataaactge
ttctacaaac
agcctegttt
ctgatgcege
gggcttgtet
tgtgtcagag
aaactcatcg
tittttgaaaa
ggcaagatce
ttteccctceg
cggtgagaat
acgctegtcea
agcgagacga
ccggegeagyg
taatacctgg
agtacggata

gaccatctca

13

cctgtegggt
cggagcctat
cettttgete
gecctttgagt
agcgaggaag
cattaatgca
tgcttetgge
tgecataatte
tcataacggt
taatgtgtgg
accaccacca
cctgeaggea
ctggegttac
gcgaagagygc
gcctgatgeg
tgttttggeg
ggtctgataa
ccgéactcag
gtagggaact
ttttatctgt
tttgaacgtt
caggcatcaa
teottectgte
ttgcatcagyg
atagttaagc
gctececeggea
gttttecacceg
agcatcaaat
agccgtttet
tggtateggt
tcaaaaataa
ggcaaaagnt
tcaaaatcac
aatacgcgat
aacactgcca
aatgctgttt
aaatgcttga

tctgtaacat

ttcgecacct
ggaaaaacgc
sgcatgttctt
gagctgatac
cggaagagcyg
gaattaatte
gtcaggcagce
gtgtcgetca
tctggcaaat
aattgtgage
tatgggcatg
tgcaagecttg
ccaacttaat
ccgcaccgat
gtattttcte
gatgagagaa
aacagaattt
aagtgaaacg
gccaggeatce
tgtttgtegg
gcgaagcaac
attaagcaga
gtcatatcta
aaagcaggga
cagccccecgac
tecegettaca
tcatcacega
gaaactgcaa
gtaatgaagg
ctgecgattee
ggttatcaag
tatgecattte
tegecatcaac
cgctgttaaa
gegcatcaac
tccengggat
tggtcggaag
cattggcaac

PCT/GB02/01861

ctgacttgag
cagcaacgcg
tcctgegtta
cgctegecge
cccaatacge
tcatgtttga
catcggaagc
aggegcacte
attctgaaat
ggataacaat
ctgaattcga
gcactggeccg
cgecttgeag
cgeccecttece
cttacgecatc
gattttcagce
gectggegge
ccgtagegec
aaataaaacg
tgaacgctct
ggcecggagyg
aggeccatcct
caagccatce
atttatggtyg
acccgecaac
gacaagctgt
aacgcgcgag
tttattecata
agaaaactca
gactcgtceca
tgagaaatca
tttccagact
caaaccgtta
aggacaatta
aatattttca
cgcagtggtyg
aggcataaat

gctacctttg

1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
5120
3180
3240
3300
3360
3420
3480
3540
3600
3660
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ccatgtttca
cctgattgece
gaatttaatc
gtattactgt
gcaatgtaac
atggtttctt
ggtatggeat
acgttatacg
aaccaggcca
ctgaattaca
ggcgttgcea
tctegegeeyg
gaagcectgta
aactatccgce
gcgttatttc
gacggtacgce
ttagegggee
ctcactegea
ggttttecaac
gccaacgatce
ggtgeggata
ccgttaacca
ctgcaactct
aaaagaaaaa
tecattaatge
aattaatgta
ctgcaagaac
tttattttte
gctteaataa
tecctttttt

aaaagatgct

gaaacaactc
cgacattatc
gcggcctega
ttatgtaage
atcagggect
agacgtgagy
gatagegece
atgtcgeaga
gecacgttte
ttcccaaceyg
ccteccagtet
atcaactggyg
aagcggeggt
tggatgacca
ttgatgtcte
gactgggcgt

cattaagtte

atcaaattca
aaaccatgca
agatggcgcet
tecteggtagt
ccatcaaaca
ctecagggceca
ccaccctgge
agctggeacg
agttagetea
ctcacgtecag
taaatacatt
tattgaaaaa
gcggeatttt
gaagatcagt

tggcgcateg
gcgagccceat
gcaagacgtt
agacagtttt
cgtgatacge
ttctgtacee
ggaagagagt
gtatgeecggt
tgcgaaaacg
cgtggcacaa
ggccctgeac
tgceagegtg
gcacaatctt
ggatgecatt
tgaccagaca
ggagcatctg
tgtcoctoggeg
gecgatageg
aatgctgaat
gggcgcaatyg
gggatacgac
ggattttcge
ggcggtgaag
gcccaatacg
acaggtttcc
ctecattagge
gtggeacttt
caaatatgta
ggaagagtat
gccttectgt
tgggtgeacyg

14

ggcttceccat
ttatacccat
tceccgttgaa
attgttecatg
ctatttttat
gacaccatcg
caattcaggg
gtctettatce
cgggaaaaag
caactggcgg
gcgeegtege
gtggtgtcga
ctcgegceaac
gctgtggaag
cccatcaaca
gtcgecattgg
cgtetgegte
gaacgggaag
gagggeatcg
cgcgcecatta
gataccgaag
ctgetgggge
ggcaatcagc
caaaccgcct
cgactggaaa
accccaggcet
tcggggaaat
teccgeteatg
gagtattcaa
ttttgecteac

agtgggttac

acaatcgata
ataaatcage
tatggctcat
atgatatatt
aggttaatgt
aatggtgcaa
tggtgaatgt
agaccgtttc
tggaagcgge
gcaaacagte
aaattgtcgce
tggtagaacg
gegteagtgg
ctgcetgeac
gtattatttt
gtcaccagea
tggctggetg
gcgactggag
ttcccactge
ccgagtecgg
acagctcatg
saaccagcgt
tgttgccegt
cteccegege
gegggeagtyg
ttacacttta
gtgegeggaa
agacgataac
catttecgtyg
ccagaaacgc

ate

PCT/GB02/01861

gattgtcgea
atccatgttg
aacacccctt
tttatettgt
catgataata
aacctttege
gaaaccagta
cegegtggtyg
gatggcggag
gttgctgatt
ggcgattaaa
aagcggcgtce
gctgatcatt
taatgttceg
ctcccatgaa
aatcgcgetyg
gcataaatat
tgceatgtceo
gatgctggtt
gctgegegtt
ttatatcceg
ggaccgcttg
ctcactggtg
gttggcegat
agcgcaacge
tgecttecgac
ccectatttg
cctgataaat
tcgeccttat
tggtgaaagt

3720
3780
3840
3500
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5503



WO 02/088387

<210> 13

<211> 6105
<212> DNA

<213>

<220>
<223>

Artificial Sequence

15

vector including the PPase sequence

<220>
<221>
<222>
<223>
<400> 13

gaactggatc
atgatgagea
caagagcaac
gtcacagaaa
accatgagtg
ctaaccgett
gagctgaatg
acaacgttgce
atagactgga
ggctggttta
_gecactgggge
gcaactatgg
tggtaactgt
taatttaaaa
cgtgagtttt
gatccttttt
gtggtttgtt
agagcgcaga
aactctgtag
agtggcggta
cagcggtegg
accgaactga

aaggcggaca

misc_feature

(3881, 4127)

tcaacagcecgg
cttttaaagt
teggtegecg
agcatcttac
ataacactgc
ttttgecacaa
aageccatacce
gcaaactatt
tygaggcgga
ttgctgataa
cagatggtaa
atgaacgaaa
cagaccaagt
ggatctaggt
cgttecactg
ttctgegegt
tgccggatcea
taccaaatac
caccgectac
agtcgtgtet
gctgaacggg
gatacctaca

ggtatceggt

nisacocrgorcor t

taagatcett
teoctgetatgt
catacactat
ggatggcatg
ggccaactta
catgggggat
aaacgacgaqg
aactggegaa
taaagttgca
atctggagcc
gcecteeegt
tagacagatc
ttactcatat
gaagatcctt
agegtcagac
aatctgetge
agagctacca
tgtcecttcta
ataccteget
taccgggttg
gggttegtge
gcgtgageat
aageggeagy

gagagtttte
ggcgeggtat
tctéagaatg
acagtaagag
cttctgacaa
catgtaactc
cgtgacacca
ctacttactc
ggaccacttc
ggtgagcgtyg
atecgtagtta
getgagatag
atactttaga
tttgataatc
cccgtagaaa
ttgcaaacaa
actettttte
gtgtagecgt
ctgetaatcec
gactcaagac
acacagccca
tgagaaagcy
gteggaacag

Description of Artificial Seguence: pTTQ18NHK

gcccegaaga
tatccegtat
acttggttga
aattatgcag
cgatcggagyg
gccttgatcg
cgatgecectgt
tagcttcceg
tgegetegge
ggtctcgegg
tctacacgac
gtgecectcact
ttgatttaaa
tcatgaccaa
agatcaaagg
aaaaaccace
cgaaggtaac
agttaggcca
tgttaccagt
gatagttacc
gcttggageg
ccacgcttec

gagagcgceac

PCT/GB02/01861

acgttttceca
tgacgceggg
gtactcacca
tgctgccata
accgaaggag
ttgggaaccyg
agcaatggca
gcaacaatta
ccttecgget
tatcattgeca
ggggagtcag
gattaagcat
acttcatttt
aatcccttaa
atecttettga
gctaccageg
tggcttceage
ccacttcaag
ggctgctgcc
ggataaggeg
aacgacctac
cgaagggaga
gagggagett

120
180
240
300
360
420
480
540
600
660
720
780
840
300
960
1020
1080
1140
1200
1260
1320
1380
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ccagggggaa
cgtcgatttt

gectttttac
tccectgatt
agccgaacga
aaaccgccte
cagcttatca
tgtggtatgg
ccgttotgga
gagctgttga
ttcacacagg
ttggtcctgg
gttctgttaa
acaccagcat
gagatcctgt
aggctgtgee
ttgcegtacc
tacctgatge
ctggaaagtg
ggagggctat
gagagtgtcg
attatggcta
cgtegtttta
agcacatccc
ccaacagttg
tctgtgeggt
gectgataca
gcagtagcge
ccgatggtag
cgaaaggctce
ctcecetgagta
© gggtggcggg
ctgacggatg
ccccecacag
tgcactctceca
acacccgctg
gtgaccgtct

agacgaaagg

acgcctggta
tgtgatgcectc
ggttocetgge
ctgtggataa
ccgagcgeag
tececcgegeg
tcgactgeac
ctgtgecaggt
taatgttttt
caattaatca
aaacacatat
agatgaggct
gtacgagttc
ggtctaccec
tgacgttcta
cgtggcegtyg
caaggccaag
cctgaaatcee
ggttagagtg
agagaggtat
cacctttgag
cagttcttct
caacgtogtg
cctttegeca
cgcagcctga
atttecacace
gattaaatca
ggtggtccca
tgtggggtct
agtcgaaaga
ggacaaatcce
caggacgece
gectttttge
atacggtaaa
gtacaatctg
acgcgecectg
ccgggagetyg
gecctgattag

tectttatagt
gtcagggggg
cttttgctgg
ccgtattacce
cgagtcagtg
ttggecegatt
ggtgcaccaa
cgtaaatcac
tgecgecgaca
tecggectegta
atgcaccacc
ccagatgttg
gacaaggagg
ttcaactacg
gttattageco
ttagacatgg
ctggacccece
aagataaagc
actggatgga
aagggggegt
ggcgatcacc
agccgctttce
actgggaaaa
gectggcegtaa
atggcgaatg
gcataaattc
gaacgcagaa
cctgacccca
cecccatgega
ctgggeettt
gccgggageg
gccataaact
gtttctacaa
ctagcctegt
ctctgatgcee
acgggcttgt
catgtgtcag

aaaaactcat

16

cctgteggat
cggagcctat
ccttttgete
gcetttgagt
agcgaggaag
cattaatgea
tgettctgge
tgcataattc
tcataacggt
taatgtgtgg
accaccacca
tgaatgtogt
cgtgtattgt
ggttecatace
gggagececgt
aggacgagga
tattcgccag
acttcttcga
ggecctgetge
gatgagggct
ctecgecageg
accgcecccca
ccectggegtt
tagecgaagag
gegectgatg
cctgttttgg
gcggtctgat
tgcegaacte
gagtagggaa
cgttttatct
gatttgaacg
gccaggeatce
actcttcctg
ttttgcatca
gcatagttaa
ctgctcecegyg
aggttttcac

cgagcatcaa

ttcgceccacet
ggaaaaacgc
acatgttctt
gagctgatac
cggaagagceg
gaattaattc
gtcaggcagce
gtgtcgcectea
tectggcaaat
aattgtgagc
tatgacaggce
tatagagata
taaggttgat

aggecacteta

tgctcccggc.

gggtceggac
ctataaggac
gcactataag
cgatgcgaag
taacggctca
tgcgtgtget
cagtcaagct
acccaactta
gocegeaccqg
cggtatttte
cggatgagag
aaaacagaat
agaagtgaaa
ctgececaggea
gttgtttgte
ttgegaagea
aaattaagca
tcgtecatatce
ggaaagcagg
gccagoccog
catccgetta
cgtecatcace

atgaaactgce

PCT/GB02/01861

ctgacttgag
cagcaacgcg
tecctgegtta
cgctegeege
ccecaatacge
tcétgtttga
catcggaagce
aggcgceacte
attctgaaat
ggataacaat
tgtctgaaaa
cctatgaaca
aggttecttt
gaggaggacg
tecgettatag
agcaaggttg
gttggcgaca
gagctggagce
gagattataa
cgttttctgg
tttgtctatg
tggcactgge
ategeocttge
atcecgceccectte
tececttacgea
aagatttteca
ttgectggeg
cgeegtageg
tcaaataaaa
ggtgaacgct
acggccecegga
gaaggcecate
tacaageccat
gaatttatgg
acacccgeca
cagacaagct
gaaacgcgeg
aatttattca

1440
1500
1560
1620
1680
1740
1800
1860
1820
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660



WO 02/088387

tatcaggatt
caccgaggca
caacatcaat
caccatgagt
cttgttcaac
tattcattcg
tacaaacagg
cacctgaatce
tgagtaacca
attcegtcag
tgccatgttt
cacctgattg
tggaatttaa
ttgtattact
gtgcaatgta
taatggttte
gcggtatgge
taacgttata
tgaaccagge
agctgaatta
ttggegttge
aatctegege
tcgaagectg
ttaactatcce
cggcgttatt
aagacggtac
tgttagegygg
atctecactcg
ccggttttca
ttgeccaacga
ttggtgegga
cgcegttaac
tgctgeaact
tgaaaagaaa
attcattaat
gcaattaatg
acctgcaaga

tgtttatttt

atcaatacca
gtteccatagg
acaacctatt
gacgactgaa
aggccagcca
tgattgegee
aatcgaatge
aggatattct
tgcatcatca
ccagtttagt
cagaaacaac
cccgacatta
tcgeggecte
gtttatgtaa
acatcagggce
ttagacgtga
atgatagcgc
cgatgtegea
cagccacgtt
cattcccaac
cacctccagt
cgatcaactg
taaagcggcg
gctggatgac
tcttgatgte
gegactggge
cccattaagt
caatcaaatt
acaaaccatg
tcagatggeg
tatcteggta
caccatcaaa
ctctecaggge
aaccaccctg
gcagctggea
taagttaget
acctcacgtc

tctaaataca

tatttttgaa
atggcaagat
aatttccecct
teceggtgaga
ttacgctegt
tgagcgagac
aaccggcgca
tctaatacct
ggagtacgga
ctgaccatct
tctggegeat
tcgegagecece
gagcaagacg
gcagacagtt
ctegtgatac
ggttetgtac
ccggaagaga
gagtatgccg
tectgegaaaa
cgcgtggcac
ctggcceoctge
ggtgccagcey
gtgcacaatc
caggatgcea
tctgaccaga
gtggagcatc
teotgtectegg
cagccgatag
caaatgctga
ctgggcgeaa
gtgggatacg
caggatttte
caggcggtga
gcgeccaata
cgacaggttt
cactcattaé
aggtggcact
ttcaaatatg

17

aaagccgttt
cctggtatcg
cgtcaaaaat
atggcaaaag
catcaaaatce
gaaatacgeg
ggaacactgce
ggaatgctgt
taaaatgcett
catctgtaac
cgggcettcce
atttataccc
tttececgttyg
ttattgttea
geoctattttt
ccgacaccat
gtcaattcag
gtgtctetta
cgegggaaaa
aacaactggce
acgcgecgtc
tggtggtgte
ttctecgegea
ttgectgtgga
cacccatcaa
tggtcgeatt
cgegtetgeg
cggaacggga
atgagggcat
tgcgcgceeat

acgataccga

‘gectgetggg

agggcaatca
cgcaaaccgc
cecegactgga
gcaccccagg
tttcggggaa

tatcegcectea

ctgtaatgaa
gtctgegatt
aaggttatca
nttatgecatt
actegcatca
atcgetgtta
cagcgecatca
tttcecenggg
gatggtcgga
atcattggca
atacaatcga
atataaatca
aatatggctc
tgatgatata
ataggttaat
cgaatggtge
ggtggtgaat
tcagaccgtt
agtggaagceg
gggcaaacag
gcaaattgtc
gatggtagaa
acgcgtcagt
agetgectge
cagtattatt
gggtcaccag
tctggetgge
aggcgactgg
cgtteccact
taccgagtcce
agacagetca
gcaaaccagce
gctgttgecce
ctcteccecege
aagcgggeag
ctttacactt
atgtgcgegg

tgagacaata
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ggagaaaact
ccgactegte
agtgagaaat
tetttecaga
accaaaccgt
aaaggacaat
acaatatttt
atcgcagtgg
agaggcataa
acgectacett
tagattgtcg
gcatccatgt
ataacacccc
tttttatett
gtcaﬁgataa
aaaaccttte
gtgaaaccag
tccegegtgg
gcgatggegg
tcgttgetga
gcggcgatta
cgaagcgygcyg
gggctgatca
actaatgttce
ttcotceeatg
caaatcgege
tggcataaat
agtgeccatgt
gcgatgetag
gggctgegeyg
tgttatatce
gtggacecget
gtctecactgg
gcgttggecy
tgagcgcaac
tatgetteeg
aacccctatt

accctgataa

3720
3780
3840
3900
3960
4020
4080 -
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580'
5640
5700
5760
5820
5380
5940
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18

atgcttcaat aatattgaaa aaggaagagt atgagtatte aacatttceg tgtcgecett 6000
attcocctttt ttgeggcatt ttgeccttect gtttttgeotc acccagaaac getggtgaaa 6060
gtaaaagatg ctgaagatca gttgggtgca cgagtgggtt acatc 6105

<210> 14
<211> 25
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Seguence: Primer

<400> 14

gatgagtteg tgtecgtaca actgg 25

<210> 15
<211> 25
<212> DNA

<213> Artificial Segquence

<220>

<223> Description of Artificial Sequence: Primer

<400> 15

ggttatcgaa atcagccaca gegec 25

<210> 16
<211> 20
<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Primer
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<400>

19

16

gcaacgccec tcactataaa

<210>
<21l1>
<212>
<213>

<220>
<223>

<400>

17
20
DNA

Artificial Sequence

Description of Artificial Sequence: Primer

17

gcacccegece cttgaagtec

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

<220>
<223>

<400>

18
31
DNA

Artificial Seguence

Description of Artificial Sequence: Primer

18

tgcatgeata tgacaggetg tctgaaaatt g

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

<220>
<223>

<400>

19
33
DNA

Artificial sSequence

Description of Artificial Sequence: Primer

19

taagtgtaag cttgactgtg ggggcggtga aag

PCT/GB02/01861

20

20

31

33
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<210>

<400>

000

<210>

<400>

000

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

<220>
<223>

<400>

20

20

20

21

21

22
23
DNA

Artificial Sequence

Description of Artificial Sequence:

22

gactcgteat actcctgett got

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

<220>
<223>

<400>

23
21
DNA

Artificial Sequence

Description of Artificial Sequence:

23

cattgeccgac aggatgcaga a

Primer

Primer

PCT/GB02/01861

23

21
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<210> 24
<211> 27

<212> DNA

<213> Artificial Sequence

<220>

21

<223> Description of Artificial Sequence: Probe

<400> 24

atccacatet gctggaaggt ggacagt

<210> 25
<211> 17

6

<212> PRT

<213> Aeropyrum

<400> 25
Met Thr
1

Val Asn

Phe Asp

Ser Met
50

Glu Asp
65

Ala Pro

Glu Asp

Gly

val

Lys

35

val

Gly

Gly

Glu

Cys

Val

20

Glu

Tyr

Asp

Ser

Glu
100

pernix

Leu

Ile

Ala

Pro

Pro

Leu

85

Gly

Lys

Glu

Cys

Phe

Val

70

Ile

Pro

Ile

Ile

Ile

Asn

55

Asp

Glu

Asp

Gly

Pro

Val

40

Tyr

Val

Ala

Ser

Pro

Met

25

Lys

Gly

Leu

val

Lys
105

Gly

10

Asn

Val

Phe

Val

Pro

90

Val

Asp

Ser

Asp

Ile

Ile

75

Val

Val

Glu

ser

Arg

Pro

60

Ser

Ala

Ala

Ala

val

Phe

45

Gly

Arg

val

val

Pro

Lys

30

Leu

Thr

Glu

Leu

Pro

110

Asp

15

TYT

Tyr

Leu

Pro

AsSp

95

Lys
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27

val

Glu

Thr

Glu

val

80

Met

Ala
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Lys Leu Asp Pro Leu Phe Ala Ser Tyr Lys Asp Val Gly Asp Ile Pro
115 120 125
Asp Ala Leu Lys Ser Lys Ile Lys His Phe Phe Glu His Tyr Lys Glu
130 135 140
Leu Glu Pro Gly Lys Trp Val Arg Val Thr Gly Trp Arg Pro Ala Ala
145 150 155 160
Asp Ala Lys Glu Ile Ile Arg Arg Ala Ile Glu Arg Tyr Lys Gly Ala
1865 170 175
<210> 26
<211> 531
<212> DNA
<213> Aeropyrum pernix
<400> 26
atgacagget gtctgaaaat tggtcctgga gatgaggectc cagatgtigt gaatgtcegtt 60
atagagatac ctatgaacag ttctgttaag tacgagttcg acaaggaggc gtgtattgtt 120
aaggttgata ggttcoccttta caccageatg gtctacccct tcaactacgg gttceatacca 180
ggcactctag aggaggacgg agatcctgtt gacgttctag ttattageoeg ggagcccgtt 240
gctccegget cgecttataga ggetgtgocce gtggecgtgt tagacatgga ggacgaggag 300
ggtcocggaca geaaggttgt tgecgtaccce aaggccaagc tggaccccct attegecage 260
tataaggacg ttggegacat acctgatgec ctgaaatcca agataaagea cttottcgag 420
cactataagg agctggagce tggaaagtgg gttagagtga ctggatggag geoctgetgee 480
gatgcgaagg agattataag gagggctata gagaggtata agggggegtg a 531
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