A method of removing nucleic acid contamination in reverse transcription

and amplification reactions

The disclosure relates to the removal of contaminating DNA from reverse
transcription reaction mixtures, hot-start DNA polymerase preparations and hot-start PCR
reaction mixtures through the use of a DNase. The disclosure also relates to the prevention
of false positive results in nucleic acid amplification reactions through the use of a DNase,
in particular amplification reactions which involve reverse franscription of the target
sequence, a hot-start DNA polymerase and/or a barrier hot-start PCR set-up. The disciosure
also relates to an extremely thermolabile DNase suitable for use in such methods.

In a first aspect, the present invention refers to a DNase or an enzymatically active fragment
thereof, said DNase having the sequence of SEQ ID No. 1 or a sequence which is at least 60%
identical thereto, but wherein the proline residue at position 237 of SEQ ID No 1, or the equivalent
proline in other sequences, has been modified, deleted or substituted, wherein said DNase or
enzymatically active fragment thereof

@) is irreversibly inactivated by at least 95% by heating at a temperature of 50°C for 5
mins in a buffer consisting of 25mM TrisHCL pH 8.5, 5mM M,Cland ImM DTT, and

(ii) cleaves double stranded DNA, but has essentially no detectable activity towards
single stranded DNA at concentrations of 0.01 to 0.05 U/ul.

In a second aspect, the present invention refers to a DNase or an enzymatically active
fragment thereof, wherein said DNase has the sequence of SEQ ID No. 5 or a sequence which is at
least 60% identical thereto, but wherein the proline residue at position 214 of SEQ ID No 3, or the
equivalent proline in other sequences, has been modified, deleted or substituted, wherein said DNase
or enzymatically active fragment thereof

@) 1s irreversibly inactivated by at least 95% by heating at a temperature of 50°C for 5
mins in a buffer consisting of 25mM TrisHCI, pH 8.5, 5mM M,Cl, and 1mM DTT, and

(i) cleaves double stranded DNA, but has essentially no detectable activity towards
single stranded DNA at concentrations of 0.01 to 0.05 U/ul.

In a third aspect, the present invention refers to a  method of removing nucleic acid
contamination from a reverse transcription reaction which method comprises use of a DNase as
defined above.

In a fourth aspect, the present invention refers to a method of in vitro reverse transcription of
a target nucleic acid, wherein said method includes a step of treating the reverse transcription reaction
mixture with a DNase as defined above.

In a fifth aspect, the present invention refers to a method of hot-start PCR, wherein said
reaction is a barrier hot-start PCR set up and/or involves a hot-start DNA polymerase, wherein said
method includes a step of treating the hot-start PCR set up/mixture or the hot-start DNA polymerase
with a DNase as defined above, prior to commencement of the hot start PCR.
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In a sixth aspect, the present invention refers to a nucleic acid molecule encoding the DNase
as defined above.

In a seventh aspect, the present invention refers to the use of a DNase as defined above as a
decontaminating agent in a method of amplifying of a nucleic acid.

In an eighth aspect, the present invention refers to the use of a DNase as defined above as a
decontaminating agent in a method of amplifying of a nucleic acid.

In a ninth aspect, the present invention refers to the use of a DNase as defined above in a
method as defined above.

In a tenth aspect, the present invention refers to a method for the isolation and purification of
a DNase or a fragment thereof as defined above, said method comprising expressing said DNase or
fragment thereof in a suitable host cell, and subsequently separating the DNase from said host cells
and/or the media in which said cells have been cultured.

In an eleventh aspect, the present invention refers to a kit or composition for carrying out a
method as defined above said kit or composition comprising a DNase as defined above and/or a

nucleic acid as defined above; and optionally one or more of the following

(i) a nucieotide triphosphate;

(ii) an oligonucleotide primer;

(iii) a reverse transcription enzyme;
(1v) a DNA polymerases;

(v) a DNA ligase; and

(vi) a restriction enzyme.

Nucleic acid ampilification techniques such as polymerase chain reactions (PCR's)
are one of the most powerful tools available in biotechnology, allowing preparation of a
large number of copies of a target sequence from a sample containing only a smail amount
of nucleic acid. In the case of PCR, oligonucleotide primers complementary to their
respective strands of a double stranded target sequence are added to the reaction mixture
containing the target sequence and free nucleotides. Thermal cycling in the presence of a
DNA polymerase results in amplification of the sequence between the primers. The ability
of the amplified fragments created by the PCR process fo act as templates for subsequent
PCR cycles results in the rapid production of a considerable quantity of the target
sequence. Even a single copy of the target sequence can yield sufficient nucleic acid to
allow detection by, e.g. hybridization with a labelled probe or incorporation of a **P labelled
deoxynucleotide triphosphates into the amplified segment.
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Ligase ampilification reaction (LAR) also known as ligase chain reaction (LCR), like
PCR, uses repetitive cycles and alternating temperature o achieve an exponential increase
in the number of copies of the target sequence. In this method, DNA ligase catalyses the
joining of two oligonucleotides complementary to adjacent regions of ohe of the target DNA
strands. Two other oligonucieotides complementary to the other strand can also be ligated.
After denaturation, the original template strands and the two ligated pairs can act as
templates for further hybridisation and ligation.

Strand displacement amplification (SDA) exploits the property of the enzymes
involved in DNA excision DNA repair fo replace a single nicked strand of DNA in a DNA
duplex with a newly synthesised strand. To create a nicked single strand repeatedly an
endonuclease restriction enzyme, e.g. Hindl or BsoBl, is used which only nicks DNA on one
strand of its recognition site when the opposite strand is hemiphosphorothiolated. The

primers used in this method contain an appropriate recognition site and dATPaS is used in
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the polymerisation reaction.

Nugcleic acid sequence based amplification (NASBA), also known as 38R (Self- -
Sustaining Sequence Replication) is essentially an in vifro version of natural retroviral
transcription. 38R involves repetitive reverse transcription from the RNA template to form a
cDNA template. From the cDNA template an RNA polymerase produces the corresponding
RNA.

Loop-mediated isothermal amplification (LAMP; Notomi, T., et al, Nuc. Acid Res.
2000 Vol 28 (12) e63) is based on the principle of autocyciing strand displacement DNA
synthesis. A DNA polymerase with a high strand displacement activity is used {e.g. Bst
DNA polymerase large fragment) with specifically designed primers. This process involves
strand separation to reveal new target sequence without the need for strand melting (the
process is therefore isothermat), |

Reverse transcription is a process in which a single strand RNA (ssRNA) template is
transcribed into a complementary single stranded DNA. The single stranded DNA may then
be used (o form double strand DNA (dsDNA). Some enzymes are capable of producing the
first DNA strand and synthesising the second strand to form dsDNA and others are specific
for just one of the two steps. The ssDNA and dsDNA may then be used in a variety of
molecular bioidgy applications. For instance they could be used directly in probe based
detection assays (e.g. Southem biotting ), sequencing experiments or in cloning protocols.
Very often the cDNA will be further ampiified in an amplification reaction such as PCR,
LCR, SDA, LAMP or 38R, for example to provide more material for the above experiments
or to be able to quantify the amount of RNA template present in the original sample.

Reverse transcription linked amplification reactions can be "one step” or "two step”
processes. in a one step process the components of the reverse transcription reaction and
the nucleic acid amplification reaction are present in a single reaction vessel and typically
the early reaction conditions are selected to aliow the reverse transcription reaction to
proceed 10 completion and reaction conditions are then switched to conditions suitable to
affow the nucleic acid ampilification reaction to proceed.

In a two step process the components of the reverse transcription reaction are first
combined and the reverse transcription reaction is performed. The reverse franscription
product is then combined with the componenis of the amplification reaction and subjected
to the amplification reaction. In a "one tube" two step protocol the amplification reaction
components are added to the same reaction vessel in which the reverse transcription
reaction was performed. In a "two tube” two step protocol the amplification reaction is
performed in a fresh reaction vessel.

Reverse franscription can be combined with any of PCA, LAMP, LCR, SDA or BSR
in & one or two step process. in the case of SDA a thermostable strand displacing enzyme
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and a thermostable restriction enzyme (e.g. BsoB1) should be chosen.

The ability of these amplification techniques to amplify minute quantities of a target
sequence makes them highly susceptibie to contamination by genomic DNA in the case of
RNA target sequences (i.e. those amplification reactions following or using reverse
transcription), and by target sequences in DNA molecules from previous amplification
reactions, both of which may be carried over in reagents (e.g. the polymerase, the primers,
the reaction buffer, etc.), pipetting devices, laboratory surfaces, gloves or aerosolization.
Aerosols can occur by disturbing a solution such as during a spill or even by disturbing the
small amount of material on a container surface such as the residue on the inner surface of
a cap of a plastic tube which can be aerosoclized when the tube is opened. When the
sample nucleic acid is being investigated for medical diagnostic or forensic reasons, the
impact of false-positive results caused by the accidental introduction into the reaction
mixture of nucleic acid which may comprise the target sequence, known as carry-over, can
be far-reaching.

Amplification reactions of particular susceptibility to the detrimental effects of nucleic
acid contamination are the quantitative PCR techniques as these have the power to
guantify less than 20 copies of a DNA sequence in a reaction. Thus, even the smaliest
levels of nucleic acid contamination can give faise results in gPCR technigues. In addition,
these methods require the detection of signais from the amplified target nucieic acids above
an inevitable background signal. Contaminating nucleic acid can contribute to this
background signal and so reduce the sensitivity of the technique. As such, minimising
contaminating nucleic acid maximises the sensitivity of a quantitative PCR experiment. in
experiments where small numbers of copies of target nucleic acids are detected, e.g.
quantitative PCR-based pathogen diagnostics and pathogen load quantification, it is
paramount that sensitivity of the quantitative PCR is maximised and false positives are
minimised. in the field of bacternia identification and diagnostics where segments of highly
conserved bacterial DNA are targeted (e.g. 165rRNA or 23SrRNA genes) by gPCR
techniques, nucleic acid contamination arising from the DNA polymerase preparation
{(which are typically obtained from bacteria and bacterial expression systems) is a major
problem. Methods to remove bacterial nucleic acid contaminants efficiently from DNA
polymerase preparations are therefore needed. Especially sought are methods that can
achieve this without having a detrimental impact on downstream amplification reactions and
without damaging the polymerase.

A number of techniques for preventing or limiting the effects of carry-over have been
developed. in the case of PCR these include nested primers, primers which anneal to the
target sequence inside the annealing boundaries of the two primers used to start PCR (K.B.
Mullis et al. Cold Spring Harbour Symposia Vol. LI, pp 263-273, 1986). The shorter PCR
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amplified product of the nested primers cannot anneal with the starting primers so if it is this

product which is carried over, the use of the starting primers will not amplify this carmry-over.
However, the carry-over has not been removed and if the same nested primers are used in
a subsequent PCR, the previously amplified product of the nested primers will be amplified.

Methods have been developed which involve incorporatioh of the nucieotide
deoxyuridine triphosphate (dUTP) into reverse transcribed/amplified nucleic acid sequences
in place of deoxythymidine triphosphate {8TTP). As deoxyuridine (dU) is not normally found
in naturally-occurring DNA, this base distinguishes previously produced amplicons from
new target sequences. Prior to the commencement of further reverse
transcription/amplification reactions, the amplification reaction mixture can be treated with
the enzyme uracil DNA glycosylase (UNG) which removes the uracil base, leaving the
sugar-phosphodiester backbone intact producing an abasic site in single strand (ss) and
double strand (ds) DNA (US-A-5,418,148). The temperature of the ampiification reaction
mixture is elevated to cleave the DNA at the abasic sites which resuits in degradation of the
carry-over.

This method too is not without problems, as the introduction of dUTP in the reverse
transcription/amplification product can interfere with subsequent analysis of the product e.g.
by restriction enzyme cleavage or PCR (polymerisation efficiency can be reduced and the
use of proof-reading polymerases is preciuded}. Also, the UNG should be irreversibly
inactivated otherwise the products from subsequent reverse transcription/PCR reactions will
be degraded. Elevated temperature is a common mechanism to inactivate UNG enzymes,
but many of the UNG enzymes commercially available to date are not successiully
inactivated even after exposure 1o the temperatures of a PCR reaction. To minimise the
impact of residual UNG activity the temperature steps used in the amplification reaction
must be above 54°C and the reaction vessel must be kept at high temperatures or
immediately frozen, to prevent the newly produced ampilifications which will also contain
uracil from being degraded. Recently a UNG from cod has been described which can be
completely irreversibly inactivated when incubated at 50°C for 10 minutes and this has
made UNG based approaches more widely applicable.

However, a further limitation for any UNG system is that it cannot rid the reaction
mixture of contaminating genomic DNA since genomic DNA will not have the uracil
modification. Accordingly UNG systems are not capable of addressing genomic DNA
contamination of reverse transcription reactions,

it has also been suggested that individuat PCR reaction mixtures be treated prior to
addition of the target DNA and Tag DNA polymerase with DNasel or restriction
endonucieases that cut internal to the target sequence thus preventing amplification of
contaminating DNA (Furrer et al. Nature. Vol. 346 page 324, 1980). Simitarly, reverse
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transcription reaction mixtures can be treated in this way prior to addition of the reverse

transcriptase. This method requires a decontamination time of 30 minutes and in order to
inactivate the DNase! or restriction endonuclease after decontamination the reaction
mixture is boiled. Because of this boiling step, it is necessary to add the DNA polymerase
or the reverse franscriptase after decontamination. Of course, this represents a further risk
of the introduction of carry-over into the pre-ampiification/pre-reverse transcription mixture
and decontamination of the DNA polymerase itself is preciuded. Primer concentrations of 1
yuM must be used in this method because of DNase! activity towards single stranded DNA.

DNases that are more thermolabile have also been described. W099/007887
discloses a DNase isolated from Pandalus borealis that is substantially irreversibly
inactivated after 2 mins at 94°C. This same enzyme is also substantiafly irreversibly
inactivated after 15 minutes at 65°C. Anisimova et af (Biotechnology Letters; 2009, 31: 251
to 257) describe a randomly mutated version of king crab DNase (Kamchatka crab,
Paralithodes camtschaticus) that is inactivated afier incubation for 10 minutes at 65°C,
afthough inactivation can be achieved at temperatures as low as 55°C after 10 minutes if
the inactivation additives DTT (1-4 dithiothreitol) and EDTA are used.

EDTA is a metal ion chelating agent and so can interfere with the action of enzymes
that are sensitive to metal jon concentration. Anisimova indicate that the activity of the king
crab DNase is positively infiuenced by Mg ions and so EDTA coniribuies to its inactivation
by sequestering this activator. DNA polymerases are also very sensitive to metal ion
concentration and, in particular, the Mg2+ content of polymerase reaction mixtures must be
carefully controlied. As a result, use of EDTA in a DNase inactivation step has the potential
to directly inhibit the activity of downstream polymerase reactions. It is therefore preferable
not to use EDTA in processing steps preceding a polymerase reaction (e.g. reverse
transcription, PCR, SDA, 38SR).

As the mutant king crab DNase provided by Anisimova requires the presence of
EDTA to aliow inactivation to occur at temperatures below 65°C, this DNase is not suitable
for use in a DNA contaminant removal step that precedes a reverse transcription reaction
(which are typically performed at around 50°C). To allow this enzyme to be used without
the risk of EDTA inhibition of downstream steps there must be an inactivation step where
the mixture is heated to above 65°C. As this is above the typical reverse transcription
reaction temperature, this step will be separate énd in addition to the reverse transcription
step. This adds an additional step to the process thereby increasing the complexity and the
jabour-intensity of the process and which also, in the field of molecular biclogy where the
process may be repeated many times, represents a significant disadvantage in terms of
energy costs and equipment usage times. Moreover, uniess the reverse transcriptase is
added after the DNase treatment and inactivation, the DNase will be active during the
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reverse transcription step and so there is the risk that the cDNA product will be degraded.

The later addition of the reverse transcriptase to the reaction mixture would represent an
opportunity for contamination to occur and a complication to the process as a whole, again
with cost implications.

The present inventors have realised that a DNase which can be substantially
irreversibly inactivated at temperatures compatible with the step of reverse transcription,
and which is substantially specific for double siranded DNA, would provide 2 highly effective
and efficient method. However, there is no DNase currently available with these properties.
Such a DNase could be used to decontaminate a complete reverse transcription reaction
mixture (i.e. a reaction mixture that contains all of the basic components required for
reverse transcription of an RNA molecule to occur) immediately prior to the reverse
tfranscription reaction and then upon initiation of the reverse transcription reaction (i.e.
elevation of the temperature of the reaction mixture to the working temperature of the
chosen reverse transcription enzyme, e.g. 50°C or above) the DNase would be substantially
irreversibly inactivated over the course of the reverse transcription reaction (with the
majority of the inactivation ideally occurring in the first minutes of the reaction). This
timecourse of inactivation is important as it means that the newly formed cDNA would not
be degraded by the DNase. Unlike a DNase with a higher inactivation temperature, such a
OiNase would not require a separate inactivation step and/or a iater addition of reverse
transcriptase.

The present inventors have now produced an enzyme with these unique properties.

As with ali DNases, the extremely thermolabile DNase of the invention digests DNA by
cleaving the phosphodiester links of the sugar phosphate nucleic acid backbone.

Thus, according to the present invention, there is prcvidéd a method of removing
nucleic acid contamination from a reverse transcription reaction which comprises use of a
DNase that is substantially irreversibly inactivated by heating at a temperature of about
50°C for & minutes, and that is substantially specific for double stranded DNA. Preferably
these inactivation characteristics are achieved in the absence of EDTA

The DNase of the invention is thus used to degrade contaminating double stranded
DNA present in the reverse transcription reaction mixture or that is present the individual
components thereof, Thereby, contaminating DNA in the reverse transcription product
{which could be amplified and thereby give false positive results if the reverse transcription
product is so used) may be reduced or avoided and non-specific reverse transcription may
also be reduced or avoided.

in particuiar, the method invoives contacting the reverse transcription reaction
mixture, or the individual components thereof, with the DNase of the invention under
conditions which permit digestion of any double stranded DNA therein and then heating
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said reaction mixture, or the individual components thereof, to inactivate said DNase.

Preferably the reaction mixture is be a complete reaction mixture (i.e. including DNA
primers) and preferably the complete reaction mixture is heated at a temperature
corresponding to the working temperature of the reverse transcription enzyme contained
therein.

in another embodiment the reverse transcription reaction is followed by a nucleic
acid amplification reaction (e.g. PCR, LCR, SDA, 3SR, LAMP). Preferably, PCR, LCR or
LAMP follow the reverse transcription reaction. In a most preferred embodiment the
amb!iﬁcaﬁon reaction is PCR.

In another embodiment the reverse transcription reaction and the amplification
reaction are performed as a one step process, i.e. the reaction vessel has all of the
components for the reverse transcription reaction and the amplification reaction present at
the same time. However, two step processes may also be used. In such embodiments, the
various components of the reaction and partial reaction mixtures can be treated individually
with the DNase of the invention.

Alternatively viewed, this aspect of the invention provides use of a DNase that is
substantially irreversibly inactivated by heating at a temperature of about 50°C for 5
minutes, and that is substantially specific for double stranded DNA, in removing nucleic acid
contamination from a reverse transcription reaction, preferably wherein the reverse
transcription reaction is followed by a nucleic acid amplification reaction, e.g. reverse
transcription - PCR . Preferably these inactivation characteristics of the DNase are
achieved in the absence of EDTA

As mentioned above, the invention has particular utility in preventing or limiting
contamination with genomic DNA and carry-over, and in particular in preventing or reducing
false positive results due to carry-over and/or contamination with genomic DNA.

In a further aspect the invention aiso provides a method of preventing or reducing
faise positive results due to genomic DNA contamination and/or carry-over in reverse
transcription reactions, said method comprising using a DNase that is substantially
irreversibly inactivated by heating at a temperature of about 50°C for 5 minutes, and that is
substantially specific for double stranded DNA, to degrade contaminating genomic DNA
and/or carried-over double stranded DNA present in the reverse transcriptase reaction
mixture or the individual components thereof. Preferably these inactivation characteristics
of the DNase are achieved in the absence of EDTA.

The DNase of the invention is also suitable for use in the elimination or reduction of
carry-over in all amplification reactions. This is because the lower the inactivation
temperature of the DNase the easier it is to inactivate it during the amplification process
and the greater the degree of inactivation that can be achieved at any given temperature
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used in the inactivation step, which can conveniently be the DNA denaturation step (e.9.

94°C for 5 minutes) for dsDNA amplification protocols.

According to the present invention, there is also provided a method of removing
nucleic acid contamination from a nucleic acid amplification reaction which comprises use
of the DNase of the invention.

The DNase of the invention is thus used to degrade non-target double stranded
DNA present in the amplification reaction mixture or the individual components thereof.
Thereby, non-specific amplification may be reduced or avoided.

In particular, the method involves contacting the amplification reaction mixture, or
the individual components thereof, with the DNase of the invention under conditions which
permit digestion of any double stranded DNA therein; heating said reaction mixture, or the
individual components thereof, to inactivate said DNase and thereafter bringing said
mixture, or the individual components thereof, into contact with said target nucleic acid to
be amplified.

Afternatively viewed, this aspect of the invention provides use of the DNase of the
invention in removing nucleic acid contamination from an amplification reaction mibdure.

As mentioned above, the invention has particular utility in preventing or limiting
carry-over in nucleic acid amplification reactions, and in particular in preventing or reducing
faise positive results due to carry-over.

in a further aspect the invention also provides a method of preventing or reducing
false positive results due fo canry-over in nucleic acid ampliﬂcat'\oﬁ reactions, said method
comprising using the DNase of the invention to degrade carried-over non-target double
stranded DNA present in the amplification reaction mixture, or the individual components
thereof.

The DNase of the present invention can also be used to remove nucleic acid
contaminants from DNA polymerase preparations as well as being used to remove nucieic
acid contaminants from amplification reaction mixtures comprising a DNA polymerase. The
low inactivation temperature of the DNase of the present invention means that inaclivation
of the DNase after decontamination can be achieved without having a, or having a minimal,
detrimental impact on the polymerase.

The invention is particularly suited to the removal of nucleic acid contamination from
so called hot-start DNA polymerases. Numerous hot-start polymerases have been
developed. The objective behind hot-start DNA polymerases is to modify the polymerase to
prevent the enzyme from acting as a DNA polymerase (the ability to elongate a primed
polynucleotide sequence) until the amplification reaction mixiure reaches temperatures
approximating the optimum catalytic temperature of the DNA polymerase, or at least
temperatures at which primer annealing is sufficiently sequence specific to avoid or
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minimise non-specific amplification. This is because at lower temperatures primers can

anneal non-specifically to the nucleic acid sample and give rise to non specific amplification
products which can give false results and/or have inhibitory effects on the reaction. in
addition, in some cases the polymerase activity is less accurate and sequence errors can
arise in the amplification products. This increased specificity makes hot«s;cart polymerases
especially suitable for use in quantitative PCR,

One approach to creating hot-start DNA polymerases is {o attach thermolabile
groups to the polymerase that, while attached, inhibit or prevent the catalytic action of the
polymerase, but which dissociate from the polymerase at temperatures approximating the
optimum catalytic temperature of the polymerase, or at ieast temperatures at which primer
annealing is sufficiently sequence specific to avoid or minimise non-specific amplification.

Suitable thermolabile groups include polymerase specific antibodies and affibodies,
other specific polymerase binding proteins, specific oligonucleotide aptamers, non specific
coatings (e.g. wax), and covalent chemical modifications of the amino acids of the
polymerase (e.g. the amino acids in the active site). Decontamination of such polymerases
with @ DNase that is inactivated above the hot-start activation temperature of the hot-start
polymerase would mean that the hot-start properties of the hot-start polymerase could be
detrimentally affected. The present invention advantageously permits the removal of DNA
contaminants in preparations of hot-start polymerases with a DNase and subsequent
inactivation of the DNase at temperatures that are below the hot-start activation
temperature of typical hot-start polymerases and thus detrimentai impact on the hot-start
properties of hot-start polymerases can be avoided.

The hot-start polymerases discussed above are only one approach to performing
hot-start PCR. Other approaches prevent one or more of the PCR reaction mixture
components from coming into contact with the remaining components. Typically the
polymerase or the target nucleic acid is sequestered behind, or in, a material (typically lipid,
e.g. a wax) with a melting point at a temperature approximating the optimum catalytic
temperature of the polymerase, or at least at a temperature at which primer annealing is
sufficiently sequence specific to avoid or minimise non-specific amplification, The DNase of -
the invention therefore also allows nucleic acid contamination of these so called "barrier”
hot-start PCR set ups to be removed without detrimental impact on this type of hot-start
PCR.

Thus, the invention provides a method of removing nucieic acid contamination from
a hot-start PCR, wherein said reaction is a barrier hot-start PCR set up and/or involves a
hot-start DNA polymerase, which method comprises use of the DNase of the invention.

The DNase of the invention is thus used to degrade non-target double stranded
DNA present in the hot-start PCR reaction set up/mixture. Thereby, non-specific
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amplification may be reduced or avoided.

In particular, the method involves contacting the hot-start PCR reaction set
up/mixture with the DNase of the invention under conditions which permit digestion of any
double stranded DNA therein; heating said reaction set up/mixture to inactivate said DNase
and thereafter causing said target nucleic acid to be amplified to be contacted with the
remaining components of the reaction set up/mixture.

Alternatively viewed, this aspect of the invention provides the use of the DNase of
the invention in removing nucleic acid confamination from a hot-start PCR reaction, wherein
said reaction is a barrier hot-start reaction and/or involves a hot-start polymerase.

The invention also has particular utility in preventing or limiting carry-over in hot-start
PCR reactions, wherein said reactions are barrier hot-starf reactions and/or involve a hot-
start DNA polymerase, and in particular in preventing or reducing false positive results due
{0 carry-over,

In a further aspect the invention also provides a method of preventing or reducing
false positive results due 10 carry-over in hot-start PCR reactions, wherein said reactions
are barrier hot-start reactions and/or involve a hot-start DNA polymerase, said method
comprising using the DNase 0? the invention to degrade carmried-over non-target double
stranded DNA present in the hot-start PCR reaction set up/mixture.

The invention also pravides a methad of removing aucleic acid contamination from z
hot-start DNA polymerase preparation which comprises the use of the DNase of the
invention. The use of a DNase of invention in this method is also provided.

The DNase of the invention is thus used to degrade double stranded DNA present
in the hot-start DNA polymerase preparation. In particular, the method involves contacting
the hot-start DNA polymerase preparation with the DNase of the invention under conditions
which permit the digestion of any double stranded DNA present in the DNA polymerase
preparation and then heating the preparation to inactivate said DNase.

The present invention afso provides a method of in vitro amplification, reverse
transcription or hot-start PCR ampilification of a target nucleic acid, wherein said hot-start
PCR is a barrier hot-start reaction and/or involves a hot-start DNA polymerase,
characterised in that said method includes a step of treating the reaction mixture, the
reaction set up, or the individual components thereof with the DNase of the invention prior
to commencement of the actual amplification or reverse transcription reaction.

"Reverse franscription” is the process by which an RNA-dependent DNA
polymerase catalyses the formation of a DNA molecule complementary to an RNA template
{cDNA). More specifically the polymerase catalyses the polymerisation of
deoxyribonucleoside triphosphates in a sequence that is complementary (i.e. following
Watson-Crick base pairing rules) to a primed template RNA sequence.
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Numerous enzymes have been identified that have the ability to catalyse this

reaction and examples include, but are not limited to, HIV reverse transcriptase, AMV
reverse transcriptase, M-MLV reverse transcriptase, C therm. polymerase, and Tth
polymerase. These enzymes have a range of optimum working temperatures. Those
isolated from organisms such as viruses that infect animal hosts have an optimum working
temperature of around 37°C. Thermostable reverse transcriptases have however been
identified and have alse been produced by mutating wild-type reverse transcriptases and it
is these thermostable enzymes that are the enzymes that are typically used in reverse
transcriptase reactions in the laboratory. At the lower end of the spectrum is AMV with a
working range of 42 to 60°C, whereas the reverse transcriptase activity of Tth DNA
polymerase and C.therm. DNA polymerase have working ranges of 55 to 70°C and 60 to
70°C respectively.

At its most basic a complete reverse transcription reaction mixture will contain a
reverse transcription enzyme, an RNA template, suitable primers that can bind to the
template and from which the reverse transcriptase can begin polymerisation, dNTP's and a
suitable buffer. Incubation of the mixture at the working temperature of the reverse
transcriptase results in cONA production. Upon completion of the reverse transcription
reaction the cDNA can be used directly in sequencing or genotyping experiments or maybe
in cioning or detection proiocois.

By “"reverse transcription enzyme” it is meant any enzyme that has reverse
transcriptase activity {i.e. the ability to catalyse the polymerisation of a complementary DNA
counterpart to a primed RNA template sequence or RNA dependent DNA polymerase
activity). This activity may be the sole activity of the enzyme or, more typically, may be a
component activity of an enzyme (e.g. HIV reverse transcriptase, M»MLV reverse
transcriptase, AMV reverse transcriptase, Tth DNA polymerase, C. therm. polymerase).
Typical additional activities the polymerase may have include RNaseH, DNA directed DNA
polymerase, DNA-RNA unwinding activity, Mn?* dependent endonuclease. Preferably
however RNaseH and/or endonuclease activity will be minimal or absent.

A "reverse transcription enzyme preparation” is any material, typically a solution,
generally aqueous, comprising a reverse transcription enzyme. In particular, it refers to
commercially prepared preparations of a reverse transcription enzyme, i.e. a reverse
transcription enzyme reagent that may be supplied by a commercial supplier of laboratory
enzymes, although diluted, adjusted and/or modified versions of such preparations are alse
encompassed by this term. The reverse transcription enzyme preparation may aiso be a
preparation of a reve_rsé transcription enzyme that has been obtained from a bacterial
source which expresses the reverse transcription enzyme naturally and/or that comprises
an expression cassette encoding reverse transcription enzyme. The preparation may be
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purified to an extent as compared with the initial reverse transcription enzyme preparation

taken directly from the bacterial source.

The term "nuciegic acid amplification reaction” refers to any in vitro means for
increasing the number of copies of a target sequence of nucleic acid. Preferably, methods
will involve "thermal cycling", i.e. involving high temperature cycling. Amplification methods
include, but are not limited to, PCR and modifications thereto, 3SR, SDA, LAR or LCR and
LAMP and modifications thereto. PCR, LAMP and LCR and their modifications are thermal
cycling methods. Methods may result in a finear or exponential increase in the number of
copies of the target sequence. "Modifications” encompass, but are not limited to, real-time
amplification, quantitative and semi-quantitative amplification, competitive amplification, and
so on.

 The target nucleic acid may be DNA or RNA depending on the selected
amplification method. For example, for PCR the target is DNA, although when combined
with a reverse transcription step the target can be considered to be an RNA sequence.
3SR amplifies RNA target sequences directly.

The term "ampiification/reverse transcription reaction mixture” refers to any solution,
generally aqueous, comprising the various reagents used to amplify/reverse transcribe a
target nucleic acid. These include enzymes, aqueous buffers, salts and nucleoside
iriphosphates. The term refers o mixiures which contain all the necessary components for
carrying out a successful amplification reaction and to mixtures which are incomplete and
therefore contain only some (e.g. atleast 2, 3 or 4) of the required components. If prefaced
by the term "complete” the reaction mixture contains all of the components necessary for
reverse transcription and/or amplification.

A "hot-start DNA polymerase” is a DNA polymerase that has been modified, typically
by the addition of thermolabile molecular entities, to increase the temperature at which it
can perform detectable polymerisation of a primed DNA polynucleofide. The temperature at
which the hot-start DNA polymerase can perform detectabie levels of DNA polymerisation
preferably approximates the optimum catalytic temperature of the polymerase.

The term "hot-start DNA polymerase preparation” refers to any material, typically a
solution, generally aqueous, comprising a hot-start DNA polymerase. In particular, it refers
to commercially prepared preparations of hot-start DNA polymerase, i.e. a hot-start DNA
polymerase reagent that may be supplied by a commercial supplier of '!aboratory enzymes,
although diluted, adjusted and/or modified versions of such preparations are also
encompassed by this term. The hot-start DNA polymerase preparation may also be a
preparation of a hot-start DNA polymerase that has been obtained from a bacterial source
which expresses the polymerase naturaily and/or that comprises an expression cassetie
encoding the polymerase. The preparation may be purified to an extent as compared with
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the initial polymerase preparation taken directly from the bacterial source. Typically the

preparation will have also been treated to apply hot-start blocking entities to the
polymerase. :

A "hot-start PCR reaction” is a PCR amplification reaction in which detectable
polymerisation from a primed DNA polynucleotide only occurs at a temperature
approximating the optimum catalytic temperature of the polymerase. Preferred
temperatures of detectable polymerisation should be construed consistently with the
discussion of hot-start DNA polymerases.

A "hot-start PCR mixture" is a PCR reaction mixture as defined above comprising a
hot-start polymerase.

A "barrier hot-start PCR set up" is a reaction vessel comprising two or more
components of a PCR reaction mixture wherein at least one component is sequesiered
from the other component{s) behind, or in, a material with a melting temperature
corresponding fo temperatures'of detectable DNA polymerisation as defined above.
Preferably the material is a lipid, e.g. a wax.

By “"contamination” is meant the presence in the reaction mixture of nucleic acid that
can function as a template for reverse transcription and/or amplification that is not a part of
the nucleic acid population that is being targeted for reverse transcription/amplification. The
primers being used in the reaction mixiure are not contaminants. .

The term "removing nucleic acid contamination” is intended to cover both the
prevention and reduction of nucleic acid contamination.

The term "carry over” is used to describe any nucleic acid which is accidentally or
unintentionally introduced into a reaction mixture, in particular target sequences carried
over from previous amplification or reverse transcription reactions.

The term "false positive result” refers to a result which appears to show that the
nucleic acid sample under investigation contains the target sequence but wherein the
amplified product is derived from carry-over and/or-in the case of reverse transcription
based ampilification reactions, possibly genomic DNA. Clearly, the reduction in false
positive results which the invention provides is particularly advantageous in the forensic and
diagnostic fields. The methods of the invention enable the specificity of nucleic acid
amplification te be increased.

The term "DNase" refers to an enzyme which hydrolyzes a phosphodiester bond in
the DINA backbone and is not nucleotide sequence specific,

By "substantially irreversibly inactivated” is meant that on heating, the énzyme is at
least 95% inactivated, preferably 98% inactivated, more preferably the enzyme is 100% -
inactivated. Percentage inactivation can be conveniently measured by incubating a DNA
sample (e.g. 500bp PCR product) for 3 hr either with an inactivated DNase or with a non-
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inactivated DNase in a suitable buffer (e.g. Tris, HEPES, PBS) at 37°C; separating the
reaction products on an ethidium bromide agarose gel by electrophoresis and measuring
the relative intensities of fluorescence of the DNA bands under UV fight (Example 2).
Alternative methods could be devised by the skilled man to measure fo relative activities of
inactivated and non-inactivated DNase. For instance, relative changes in fluorescence of
SYBR green containing DNA samples could be used, Further methods are the Kunitz
assay {Kunitz, M; 1950, S. Gen Physiol, 33:363 and Example 1 and the modified Kunitz
assay devised by Yamamoto (Yamamoto, M; 1871, Biochim Biophys Acta, 228:95 and
Example 4).

Even when the temperature of the reaction mixture returns o room temperature, the
DNase does not regain its activity and there is substantially no residual activity; specifically,
less than 5%, preferably less than 2%, most preferably no detectable DNase activity
remains.

Substantially irreversible inactivation preferably occurs within 5 minutes of
incubation at a temperature of at or about 50°C, e.g. 48 10 52°C. Forexamplein1,20r3

‘minutes incubation at 50°C. The DNase of the invention may be substantially irreversibly

inactivated at lower temperatures or over sf\orter time periods but, in accordance with the
invention, heating for 5 minutes at about 50°C must be sufficient to substantially irreversibly
inactivate the enzyme. It will be readily apparent to the skilled man that adjustments fo one
of these two parameters can be compensated for by adjusting the other. For instance
increasing the inactivation temperature might permit the duration of incubation to be
reduced. Conversely, increasing the duration of incubation might permit a lower inactivation
temperature to be used. For exampie, a DNase in accordance with the invention could be
inactivated in a 1 or 2 minute incubation at a temperature of 55°C, in a 3 minute incubation
at a temperature of 52°C, in a 4 minute incubation at a temperature of 51°C in a 10 minute
incubation at a temperature of 49°C, orin a 15 minute incubation at a temperature of 48°C.
Of course, as is also readily apparent to the skilled man and shown in the Examples, when
the DNase of the invention is used in the methods of the invention, durations of incubation
fonger than five minutes may be used and inaclivation temperatures greater than about
50°C may be used, if practical (e.g. inactivation could take place at each of 50°C, 55°C,
65°C or 94°C for each of 15, 30 or 60 minutes; 60°C for 15 minutes: or 95°C for 10
minutes). However, to be in accordance with the invention, a DNase must show substantial
inactivation if incubated at a temperature of at or about 50°C for 5 minutes.

inactivation temperatures and times for a DNase should be assessed by incubating
the DNase in a solution that mimics a typical PCR or reverse franscriptase buffer (e.g.
25mM Tris/HCI, pH 8.5, 5SmiM MgCl,). EDTA should preferably be absent. The DNase
should be present at about between 0.01 U/pl and 10 U/l, preferably between 0.05 and 5
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U/ul, e.g. 0.5 and 1.5 U/l

inactivation at any given temperature can be enhanced in terms of extent and/or
speed by the presence of a disulphide bond reducing agent {i.e. an agent that inhibits
and/or disrupts disulphide bonds between two or more cysteine residues in a protein) in the
inactivation buffer. Examples of such agents include, but are not limited to DTT, 2-
mercaptoethanol, 2-mercaptoethytamine -HCl, TCEP-HCI (Tris(2-Carboxyethyl) phosphine
hydrochloride), N-ethyimaleimide. DTT is preferred. Alternatively the disulphide bond
reducing agent (e.g. DTT) can be used to reduce the inactivation temperature that is
required for a particular duration of inactivation step. The skilled man would be able to
determine appropriate concentrations of disulphide bond reducing agent for his needs that
would improve inactivation but would not be detrimental to his downstream reactions. For
instance, DTT can conveniently be incorporaied into the inactivation step at a concentration
of between 0.05 and 50mM. DTT is routinely used in reverse transcripfion reactions at
concentrations of between 1 and 10mM and is often used in PCR reactions.

Preferably, inactivation of the DNase in the methods of the invention occurs at a
DTT concentration of between 0.1 and 10mM, preferably between 0.5 and 5SmM and most
preferably between 1 and 2mM. For the standard assessment of inactivation temperature a
buffer of 25 mM Tris/HCI, pH 8.5, 5mM MgCl; and 1mM DTT is preferably used.

Linear doubie stranded DNA and supercoiied circuiar DNA are pboih subsirates of
the enzyme according to the invention. The enzyme has little, negligible, or essentially no
detectable activity for singie stranded DNA such as amplification/reverse transcriptase
primers. In other words, the DNase is substantially specific for double stranded DNA.,

By "substantially specific for double stranded DNA" it is meant that the DNase
cleaves double stranded DNA but has little, negligible or essentially no detectable activity
towards single stranded DNA at concentrations of 0.01 to 0.05 U/ui. Preferably, there wiit
be no detectable activity towards single stranded DNA at such concentrations. The skilled
man would easily be able to devise an experiment o make a comparison of relative DNase
activity towards single and double stranded DNA. Anisimova et al (BMC Biochemistry,
2008, 9:14) disclose such an experiment. Briefly, 2 Kunitz units of a DNase under test were
incubated with M13 phage DNA (single stranded) or lambda phage DNA (double stranded)
in 50mM Tris-HCI, pH7.5, 5mM MgCl, (30u! final reaction volume) for one hour and the
products were separated on an ethidium bromide agarose gel. Activity against single
strand and/or double stranded DNA was observable by the position of the bands relative to
untreated controls. Another approach is described in more detail in Example 8. in this
approach, the specificity for double- and single stranded DNA of a DNase may be tested by
measuring the increase in fluorescence from oligonucleotides labelled with the fluorophore
FAM (fluorescein) at the 5’ terminus and with TAMRA at the 3' terminus. The emitted light
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from FAM is absorbed (quenched) by TAMRA when the two labels are in proximity. The

cleavage of the oligonucieotide by the DNase results in the separation of FAM from TAMRA
and an increase in fluorescence from FAM that can be measured in a fluorimeter with
excitation wavelength 485 nm and emission wavelength 520 nm. A double stranded DNA
substrate can be prepared by mixing the labelled ofigonucleotide with a second
pligonucleotide that is complementary to the labelled oligonucieotide. Of course other
suitable fluorophore pairs may similarly be used,

in the case of reverse transcription reactions, these characteristics permit the
inclusion of the DNase within a reverse transcription reaction mixture comprising the RNA
sample, primers, nuclectides, reverse transcriptase and buffers (i.e. a complete reaction
mixture) and the rapid degradation of carry-over material and genomic DNA, e.g. at room
temperature. These characteristics also allow the inclusion of the DNase in a complete one
step reverse transcription based amplification reaction mixture,

These characteristics also allow the inclusion of the DNase in an amplification
reaction mixture comprising primers, nucleotides, DNA polymerase and buffers and the
rapid degradation of carry over material, ;9. at room temperature.

Advantageously, the thermolabile DNase of the invention is fully functional in a
complete amplification reaction mixture, and is compatible with standard in vifro
amplification reactanis and condifions. The enzyme shouid aiso be capabie of removing
suitable amounts of contaminating genomic DNA and/or carry-over from a reaction mixture,
usually fg- or pg-levels but preferably up to 1 ng. Preferably, the DNase is able to degrade
ali the carry-over within § minutes at room temperature, more preferably within 3 minutes,
most preferably within 2 minutes.

Raising the temperature of the reaction mixture to the inactivation temperature of the
DNase of the invention ('around 50°C) for a short time (e.g. 5 minutes) irreversibly
inactivates the DNase of invention.

in the case of reverse transcription reactions, this can conveniently be concomitant
with the reverse transcription step. In the case of DNA amplification reactions (including
hot-start PCR), the nucleic acid samples to be amplified and analysed (i.e. the target
nucleic acid) can then be added and ampiification begun. Even when the temperature of
the reaction mixture drops during the thermal cycling and after amplification or reverse
transcription, the copies of the target sequence will not be degraded because the DNase
has been irreversibly inactivated. It is a particular advantage of the present invention that
the reverse transcriptase and/or DNA polymerase can be included in the reverse
transcription and/or amplification reaction mixtures while the decontamination and
subsequent inactivation steps take place. This is as a result of the gentle conditions which
result in inaciivation of the DNase {about 50°C for § minutes) so a further potential source
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of contamination is removed.

Preferably the DNase has minimal nuclease activity towards the DNA strand of 2
DNA:RNA duplex. By "minimal” it is meant that the DNase has a nuclease :arctivity towards
the DNA strand of 2 DNA:RNA duplex that is less than 40% of its activily fowards a double |
stranded DNA. Preferably the DNase will have an activity toward DNA:RNA duplexes that
is less than 30% or less than 20% of its activily towards double stranded DNA.

Itis these particular characteristics of the preferred DNases of the invention (i.e.
rapid substantially irreversible inactivation, double strand specificity and, preferably, minimal
DNA:RNA duplex nuciease activity) that make these DNases exceptionally suitable for the
decontamination of one step reverse franscription ampiification protocols. This is because
the entire reaction mixture can be decontaminated, without fear of unwanted degradation of
the amplification or reverse transcription products, in a single step and no addition of further
materiais is required. This minimises contamination risk (including that of genomic DNA)
without sacrificing sensitivity through unwanted digestion of the initial reverse transcription
product and/or the amplification product.

The DNase enzyme used in the above methods itself constitutes a further aspect of
the invention. This aspect of the invention thus provides a DNase that is substantially
irreversibly inactivated by heating at a temperature of about 50°C for 5§ minutes and that is
substantially specific for double stranded DNA. Preferably these inactivalion characteristics
are achieved in the absence of EDTA).

Although it is clear that any thermolabile DNase having the characteristics described
above may be suitable for use in the methods according to the invention, modified DNases
derived from the DNase of Pandalus borealis, or a similar DNase from another, preferably
marine, organism, in which a particular proline residue has been modified, deleted or
substituted form another aspect of the present invention. The arganism may be a
prokaryote or a eukaryote. By "prokaryote” it is meant any organism that lacks a cell
nucleus, i.e. any organism from the domains Bacteria and Archaea. Preferably the
organism is a bacterium. More preferably the organism is a eukaryote, e.g. an organism
classified in the taxonomic kingdoms Animalia, Plantae, Fungi or Protista, e.g. an organism
in the phyla/division Acanthocephala, Acoelomorpha, Annelida, Arthropoda, Brachiopoda,
Bryozoa, Chaetognatha, Chordata, Cnidaria, Ctenophora, Cycliophora, Echinodermata,
Echiura, Entoprocta, Gastrotricha, Gnathostomulida, Hemichordata, Kinorhyncha,
Loricifera, Micrognathozoa, Mollusca, Nematoda, Nematomorpha, Nemertea,
Onychop'hora, Orthonectida, Phoronida, Placozoa, Platyhelminthes, Porifera, Priapulida,
Rhombozoa, Rotifera, Sipuncula, Xenoturbellida, Anthocerotophyta, Bryophyta,
Marchantiophyta, Lycopodiophyta, Pteridophyia, Pleridospermatophyta, Coniferophyta,
Cycadophyta, Ginkgophyta, Gnetophyta, Anthophyta (or Magnoliophyta), Chytridiomycota,
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Deuteromycota, Zygomycota, Glomeromycota, Ascomycota or Basidiomycata. Qrganisms

from the kingdom Animalia, e.g. invertebrates and verlebrates, are of note. More preferably
the organism is selected from those in the phylum Arthropoda, e.g. an organism in the
subphylums Crustacea, Hexpoda, Chelicerata or Myriapoda, e.9. an organism in the
classes of Crustacea of Branchiopoda, Remipedia, Cephalocarida, Maxiliopoda, Ostracoda
or Malacostraca, preferably Malacostraca and more preferably an organism in the order
Decapoda. The organism may be classified in the family Pandalidae, e.g. in the genera
Anachlorocurtis, Atlantopandalus, Austropandalus, Calipandaius, Chelonika, Chiorocurtis,
Chiorotocella, Chlorotocus, Dichelopandalus, Dorodotes, Meterocarpus, Miropandalus,
Notopandalus, Pandalina, Pandalopsis, Pandalus, Pantomus, Peripandalus, Plesionika,
Procletes, Pseudopandalus or Stylopandalus; the family Lithodidae, e.g. in the genera
Cryptolithodes, Glyptolithodes, Lithodes, Lopholithodes, Neolithodes, Paralithodes,
Paralomis, Phyllolithodes or Rhinolithode; or the family Penaeidae, e.g. in the genera:
Farfantepenaeus, Fenneropenaeus, Litopenaeus or Marsupenaeus, The organism is
preferably an organism that has evoived {o inhabit cold environmen{s, e.g. cold marine or
aguatic environments. The organism will preferably be selected from e.g. Paralithodes
camischaticus (king crab), Marsupenaeus japonicus (kuruma shrimp) or Penaeus
Jjaponicus. in other embodiments the DNase is from a species of organism that is not a
prokaryote, &.g. not a bacierium, e.g. not a psychrotrophic bacterium.

Also included within the scope of the present invention are enzymatically active
fragments of these modified DNases.

Thus in a further aspect, the invention provides a DNase or an enzymatically active
fragment thereof, said DNase having the sequence of SEQ ID No. 1 or a sequence which is
at least 60%, preferably at least 70%, 80%, 90% or 95%, e.g. at least 98%, ideniical
thereto, but wherein the proline residue at position 237 of SEQ ID No 1, or the equivalent
profine in other sequences, has been modified, deleted or substituted, said DNase or
enzymatically active fragment thereof being substantially irreversibly inactivated by heating
at a temperature of about 50°C for 5 mins, and which is substantially specific for double
stranded DNA,

SEQ ID NO:1 is the amino acid sequence of the transiated portion of the cDNA for
Pandalus borealis DNase. The cDNA sequence is shown in SEQ ID NC:2. SEQ 1D NO:1
comprises a signal peptide sequence of MIGRTTFIALFVKVLTIWSFTKG (SEQ ID NO:9).
The mature form of Pandalus borealis DNase is shown in SEQ 1D NQO:5 (i.e. the sequence
of SEQ ID NO:1 without the signal peplide (SEQ 1D NO:9). Therefore the proline at residue
237 of SEQ D NO:1 is the same position as the proline at residue 214 of SEQ 1D NO:5.

Thus the invention also provides a DNase or an enzymatically active fragment
thereof, said DNase having the sequence of SEQ ID No. § or a sequence which is at least
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60%, preferably at least 70%, 80%, 80% or 85%, e.g. at least 98%, identical thereto, but

wherein the profine residue at position 214 of SEQ 1D No 5, or the equivalent proline in
other sequences, has been modified, deleted or substituted, said DNase or enzymatically
active fragment thereof being substantially irreversibly inactivated by heating ata
temperature of about 50°C for 5 mins, and which is substantially specific for double
stranded DNA.

Enzymatically active fragments and variants of SEQ ID No. 1 display at least 70%,
preferably at least 85%, more preferably at least 95% and most preferably at least 99% of
the enzymatic function of the mature enzyme of SEQ ID No. 5 (i.e. the ability hydrolyse a
phosphodiester bond in a DNA backbone without nucieotide sequence specificity). As
discussed elsewhere, the activily of 2 DNase can be assessed easily using routine
technigues.

Percentage sequence identity according to the invention can be calculated using
any of the widely available algorithms (e.g. using the Clustal W2 multiple sequence
alignment program (hitp:/iww.ebi.ac.uk/Tools/clustalW Z) using default parameters (DNA
Gap Open Penalty = 15.0; DNA Gap Extension Penalty = 6.66; DNA Matrix = identity;
Protein Gap Open Penalty = 10.0; Protein Gap Extension Penalty = 0.2; Protein matrix =
Gonnet; Protein/DNA ENDGAP = -1; Protein/DNA GAPDIST = 4)

"Equivalent profine residues in other seguences” than SEQ ID No. 1 or 5 can be
readily identified by using standard sequence alignment techniques such as Clustal W2 to
produce alignments such as that represented in Fig. 11.

Preferably the DNase of the invention or fragment thereof will have the sequence of
a DNase obtainabie from a species classified in any of the taxonomic groupings mentioned
above, e.g. from the phylum Arthropoda or the subphylums. Crustacea, Hexpoda,
Chelicerata and Myriapoda, €.g. Pandalus borealis, Paralithodes camtschaticus (king crab),
Marsupenaeus japonicus (kuruma shrimp) or Penaeus japonicus but wherein the proline
residue equivalent to the proling at position 237 of SEQ ID No 1 has been modified, deleted
or substituted. The DNase from Pandalus borealis wherein the proline residue equivalent
the proline at position 237 of SEQ 1D No 1 has been modified, deleted or substituted is
preferred.

In a most preferred embodiment the DNase of the invention has the amino acid
sequence of SEQ IDNO:3or 7.

By "substitution” of the profine (e.g. at residue 237 of SEQ ID NO:t/residue 214 of
SEQ ID NO:5) it is meant that the proline residue is replaced by another naturally occurring
amino acid, typically genetically encoded, or an amino acid analogue. Preferably the
proline is replaced by alanine, glycine, serine or cysteine.

By "modification” of the proline it is meant that the proline residue has had its usual
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stereochemical properties altered, e.g. by replacing its side chain with a different group,

modifying the composition of the side chain itself or replacing the hydrogen opposite the
side chain with a different side group.

The invention also provides nucleic acid molecules encoding the DNases of the
invention. Nucleotide sequences corresponding to the amino acid sequences of SEQ ID
NOs: 3 and 7 are disciosed in SEQ ID NOs: 4 and 8. Degeneracy of the genetic code
means that SEQ 1D NOs:4 and 8 are only two of many possible nucleotide sequences.

The invention also provides the use of the particular DNases described above as a
decontaminating agent in methods of amplifying of a nucleic acid. The use of the particular
DNases described above in the decontamination methods described herein represents a
particularly preferred embodiment of the invention.

A method for the isolation and purification of a DNase or an enzymatically active
fragment thereof as described above represents a further aspect of the present invention.
Thus, in this aspect the invention provides such a method, said method comprising
expressing said DNase or fragment thereof in a suitable host cell {e.g. Pichia pastoris; E,
coli; S. cereviciae, baculovirus infected insect cells), and subsequently separating the
DNase from said host cells and/or the media in which said cells have been cultured.
Expression of said DNase or fragment thereof can be achieved by incorporating into a
suitable hiost celi an expression vector encoding said DNase or fragment thereof, e.g. an
expression vector comprising a nucleic acid molecule encoding the amino acid sequences
of SEQ 1D NOs: 3 and 7, for instance nucleic acid molecule comprising the nucleotide
sequences of SEQ ID NOs: 4 or 8. Host cells comprising these expression cassettes and
nucleic acid molecules are encompassed by the invention.

The DNase enzyme may be separated, or isolated, from the host cells/culture media
using any of the purification techniques for protein known in the art and widely described in
the literature or any combination thereof. Such techniques may inciude for example,
precipitation, ultrafiltration, dialysis, various chromatographic techniques, e.g. gel filtration,
ion-exchange chromatography, affinity chromatography, electrophoresis, centrifugation etc.

Likewise an extract of host cells may also be prepared using techniques well known
in the art, e.g. homogenisation, freeze-thawing etc and from this extract the DNase of the
invention can be purified.

it has been found that a purification protocol based on a combination of ion
exchange chromatography and affinity chromatography, e.g. on a sepharose column, e.g. a
Red sepharose (Pharmacia Biotech, Sweden) or a Blue sepharose (GE Healthcare)
column, may readily be used to isolate the enzyme.

More particularly, the extract may be subjected to ion-exchange chromatography
and the protein eluted with a NaCl gradient. The fractions containing DNase activity may be
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dialysed and then applied to an affinity column before final elution with NaCl.

The present invention also provides kits which comprise at least a DNase according
to the inventian. The kits may also contain some or all of the necessary reagents, buffers,
enzymes eic. to carry out nucleic acid ampilification and/or reverse transcription reactions.
More particularly, the kits may contain nucleotide triphosphates (including dNTPaS for
SDA), oligonucleotide primers, reverse transcriptases, preferably those capable of
functioning at about 50°C, DNA polymerases, preferably a thermostabte polymerase such
as Taq polymerase or Bst polymerase (and hot-start versions thereof) or, in the case of
LAR, a DNA ligase (preferably a thermostable DNA ligase such as Ampligase® or that
disclosed in US6280998 which is isolated from Pyrococcus furiosus) of a restriction enzyme
(preferably a thermostable restriction enzyme such as BsoB1). The DNase may be
provided in one compartment together with a reverse transcriptase, DNA polymerase,
strand displacement polymerase or LCR ligase.

The present invention also provides compositions comprising a DNase of the
invention and one or more of the necessary reagents to carry out nucleic acid amplification
and/or reverse transcription reactions and methods, e.g. those components described
above. Typically such compositions will be agueous and buffered with a standard buffer
such as Tris, HEPES, efc.

Reverse transcription methods are of course now standard in the art, and may be
effected using any known or standard reagents and techniques.

In a typical reverse franscription protocol, the decontamination step may simply
involve incubating the reverse transcription reaction mixture containing the DNase fora
short period of time, for example 1 to 30 minutes at room temperature, conveniently 2 {o 15
minutes. The time of this incubation is not critical and may vary depending on the exact
DNase and concentration used, and the other components of the reaction system. The
temperature may be any temperature at which the enzyme is active i.e. bejow the
inactivation temperature (e.g. 37°C), but room temperature is convenient.

Such a reaction mixture may, as mentioned above, contain all the necessary
reactants for the reverse transcription reaction.

A typical representative reverse transcription mixture may for example include:
Companent Final Concentration

dATP 50-200 uM

dCTP 50-200 uM

dGTP 50-200 uM

dTTP 50-200 pM
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Primer 0.05-0.2 uM
AMV reverse transcriptase 10-200 Units
ds DNase of SEQ 1D NO7 0.1-2 Units
Reverse transcription buffer 1X
Sterile distilied water 1o final 50-100
Experimental template 50 pg-100 ng
Total Mix 25-50 W

in the above representative example, any combination of sterile distilled water and
experimental tempiate volumes can be used as long as the total volume of the reaction
(inchluding buffer, dNTPs, primers, enzymes and MgCl, solutions) equals 50-100 .
However, alternative final volumes may be used according to choice, to achieve e.g. similar
or other desired final concentrations of reactants. Any convenient or commercially available
reverse transcription buffer may be used. A suitable 5X reverse transcription buffer may be
250 mM Tris-HCl (pH 8.5 at 25°C}), 40 mM MgCl,, 150 mM KCi, 5 mM DTT. A reverse
transcription buffer may be purchased from Fermentas.

Depending on the level of potential contamination, the amount of DNase needed
may vary. With a short incubation step (0-15 minutes at room temperature), 2.0 Units/50pl
reaction mixture is generaily more than sufficient. 0.1 to 2.0 units/50 pi reaction mixture is
suitable and an activity of approximately 0.5 uniis/50 pl reaction mixture e.g. 0.2 t0 1.0
Units/50p1 reaction mixture)is preferred. At a concentration of 2.0 Unit/50ul reaction mixture
some ssDNase activity is observed and therefore the activities listed above are preferred.
One unit of enzyme is defined as the amount that in the Kunitz assay or the modified Kunitz
assay of Yamamoto (both supra) increases the absorption at 260 nm by 0.001 per minute.
After incubation, the DNase is inactivated by heating the reaction mixture. Conveniently this
may be achieved by heating in the reverse transcription step, e.g. around 50°C for 30
minutes.

Conveniently the amplification method comprising the decontamination step using a
DNase of the invention will involve or be based on the PCR. PCR methods are standard in
the art and may be effected using any known or standard reagents and techniques.

In a typical PCR reaction protocol, the decontamination step may simply involve
incubating the amplification reaction mixture containing the DNase for a short period of
time, for example 1 to 10 minutes at room temperature, conveniently 2 to 5 minutes. The
time of this incubation is not critical and may vary depending on the exact DNase and
concentration used, and the other components of the reaction system. The temperature
may be any temperature at which the enzyme is active i.e. below the inactivation
temperature (e.g. 37°C), but room temperature is convenient.



10

15

20

25

30

35

WO 2011/010094 PCT/GB2010/001384

-23-
Such a reaction mixture may, as mentioned above, contain all the necessary

reactants for the amplification reaction, aside from the template i.e. the target nucieic acid
to be amplified.
A typical representative PCR amplification reaction mixture may for example include:

Component Final Concentration
dATP 50-200 uM
dCTP 50-200 uM.
dGTP 50-200 pM
dTTP 50-200 uM .
Primer 1 0.05-0.2 uM
Primer 2 0.05-0.2 uM
DNA polymerase 1-2.5 Units

ds DNase of SEQ D NQ:7 0.1-2 Units
MgCl, 1.5-3.0 mM
PCR Buffer 1X

Sterile distilled water to final 50-100 ul
Experimental iempiate ‘ 50 pg-100 ng

(to be added after

inactivation of DNase)

Total Mix 25-50 i

in the above representative example, any combination of sterife distilled water and
experimental template volumes can be used as long as the total volume of the reaction
(including buffer, dNTPs, primers, enzymes and MgCl, solutions) equals 25-50 ui.
However, alternative final volumes may be used according to choice, to achieve e.g. similar
or other desired final concentrations of reactants. Any convenient or commercially available
PCR buffer may be used. '

After decontamination, the DNase is inactivated by heating the reaction mixture.
Conveniently this may be achieved by heating in the first PCR cycle.

Optimal performance of the PCR process is influenced by choice of température.
time at temperature, and length of time between temperatures for each step in the cycle. A
typical cycling profile for utilizing DNase to degrade contaminating ds DNA prior to PCR
ampilification of freshly added target nucleic acid is as foliows: (a) 0 to 10 minutes of DNase
incubation at room temperature; (b) 2 minutes of DNase inactivation at 94°C; (c) addition of

tempiate; 1 minute of DNA melting at 94°C; (d) 15 seconds of primer annealing at 50-65°C;
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{e) 30 seconds of primer extending at 72°C; (f) 10 seconds of DNA meiting at 94°C; and

steps (d)H{f) are repeated as many times as necessary o obtain the desired level of
amplification.

As mentioned previously the DNase of the invention is especially suited to a one
step reverse transcription amplification reaction, for instance reverse transcription PCR.
Such protocols are well established in the art but, for completeness, a typical representative
reverse transcription PCR mixture may for example include:

Component FEinal Concentration
dATP 50-200 pM
dCTP - 50-200 pM
dGTP 50-200 pM
dTTP ' 50-200 uM
Primer 1 0.05-0.2 uM
Primer 2 0.05-0.2 uM
AMV reverse transcriptase 10-200 Units
DNA polymerase 1-2.5 Units
ds DNase of SEQ ID NO:7 0.1-2 Units
MgCl, 3.0-6.0 mM
PCR buffer 1X

Sterile distilled water to final 25-50 pi
Experimental RNA template 50 pg-100 ng
Total Mix 25-50 pi

The above discussion in refation to volumes and buffers in reverse transcription and
PCR reactions are applicable here. After decontamination, the reverse transcriptase
reaction is performed at a temperature at which the DNase is inactivated (e.g. 50°C for one
hour). During this step the DNase is inactivated. This means that the cDNA product will not
be degraded as it is produced and when the PCR reaction begins there is no degradation of
that product either. After the reverse transcription reaction the PCR reaction is performed
without further addition to the reaction mixtures by exposing the reaction vessels to a
cycling profile such as the profile described above.

The invention will now be described by way of non-limiting Examples with reference
to the following figures in which:

Fig. 1 shows photographs of a number of agarose gels which show the activity of
the DNase of SEQ ID NO:7 and the wild type Pandalus borealis DNase (SEQ 1D NO:6)



10

15

20

25

30

35

WO 2011/010094 PCT/GB2016/001384

-25-
which have been inactivated in the presence or absence of DTT at 50, 55, 65 or 94°C for

15, 30 or 60 minutes against plasmid DNA at 37°C for 3hours.

Fig. 2 shows the timecourse of inactivation of the DNase of SEQ 1D NO:7 at 55°C in
the presence of DTT,

Fig. 3 shows the timecourse of inactivation of the DNage of SEQ 1D NO:7 at 50°C in
the presence of DTT.

Fig. 4 shows the amino sequence of malure form P214A mutant Pandalus borealis
DNase of the invention (SEQ ID NO:7).

Fig. 5 shows is the coding nucleotide sequence of the P214A mutant of the mature
form of Pandaius borealis DNase (SEQ ID No. 8).

Fig. 6 shows the nuclectide sequence and amino acid sequence of the P237A
mutant Pandalus borealis DNase of the invention (SEQ ID NO:3 and 4). This amino acid
sequence includes the signal peptide MIGRTTFIALFVKVLTIWSFTKG {SEQ 1D NO:9).

Fig. 7 shows the amino acid sequence of the mature form of the DNase of Pandalus
borealis (SEQ ID NO:5).

Fig. 8 shows the coding nucleotide sequence of the mature form of Pandalus
borealis DNase (SEQ 1D No. 6),

Fig. 9 shows the ¢cDNA nucleotide sequence and translated amino acid sequence of
the Pandalus borealis DNase (SEQ 1D NO:1 and 2). This amino acid sequence includes
the signal peptide MIGRTTFIALFVKVLTIWSFTKG (SEQ ID NO:9).

Fig. 10 shows the effect of Wild type Pandalus borealis DNase and P214A mutant
on efficiency of one-step RT-PCR.

Fig. 11 shows the amino acid sequence alignment of king crab (Paralithodes
camtschaticus) DNase (SEQ 1D No. 15) and Pandalus borealis DNase (SEQ 1D No. 5).
65.7% identity in 379 residues overtap; Score: 1384.0; Gap frequency: 0.0%.

Fig. 12 shows the effect of increasing concentrations of P214A mutanton a
quantitative PCR protocol. '

Fig. 13 shows a comparison of the thermolability of DNase | and P214A mutant
through measuring the inhibitory effects of heat treated enzymes on a quantitative PCR
protocol.

Fig. 14 shows the degree of removal of spiked DNA from a quantitative PCR
reaction mix with increasing amounts of P214A mutant.

Fig. 18 shows the effect of increasing concentrations of P214A mutant on a one
step RT-PCR reaction.

Fig 16 shows the effect of P214A mutant on no template gPCR conirols.

and in which



10

25

20

25

30

35

WO 2011/010094 PCT/GB2010/001384
~26~

SEQ 1D No. 1 is the amino acid sequence of the translated portion of the cDNA nucieotide
sequence of the Pandalus borealis DNase.

SEQ ID No. 2 is the cONA nucleotide sequence of the Pandalus borealis DNase.

SEQ ID No. 3 is the amino acid sequence of the P237A mutant Pandalus borealis DNase.
SEQ ID No. 4 is the coding nucleotide sequence of P237A mutant Pandalus borealis
DNase.

SEQ ID No. 5 is the amino acid sequence of mature form of Pandalus borealis DNase,
SEQ ID No. 8 is the coding nucleotide sequence of the mature form of Pandalus borealis
DNase.

SEQ ID No. 7 is the amino acid sequence of the P214A mutant of the mature form of
Pandalus borealis DNase.

SEQ ID No. 8 is the coding nucleotide sequence of the P214A mutant of the mature form of
Pandalus borealis DNase. -

SEQ D No. §is the amino acid sequence of the signal peptide of Pandalus borealis
DNase. -

SEQ ID No. 10 is an 5 FAM and 3' TAMRA labelled oligonucleotide for measuring DNase
activity.

SEQ D No. 11 is the compiementary sequence of SEQ 1D No. 10.

SEQ ID No. 12 is a forward primer for amplifying a section of the E. coli 23SrRNA gene.
SEQ ID No. 13 is a reverse primer for amplifying a section of the £, coli 235rRNA gene.
SEQ ID No. 14 is a 5' FAM and 3' BHQ labelled oligonucleotide probe complementary to a
section of the £, coli 23SrRNA gene between the regions complementary to SEQ 1D No. 13
and SEQ ID No. 14,

SEQ ID No. 15 is the amino acid sequence of the King Crab (Paralithodes camischaticus)
DNase.

Sequence Listing Free Text

SEQ ID No. 10
<223> 5' FAM and 3' TAMRA labelled oligonucieotide probe for measuring DNase activily.

SEQ ID No. 11
<223> complementary sequence of SEQ ID No. 10.

SEQ 1D No. 12
<223> forward primer for amplifying a section of the £, cofi 23SrRNA gene.
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SEQ ID No. 13
<223> reverse primer for amplifying a section of the E. coli 23SrRNA gene.

SEQ D No. 14

<223> 5' FAM and 3' BHQ labelled oligonucleoctide probe complementary to a section of the
E. coli 23SrRNA gene beitween the regions complementary to SEQ ID No. 13 and SEQ ID
No. 14.

EXAMPLE 1 - Measurement of DNase activity

Kunitz Assay

DNase activity may be assayed according o the procedure of Kunitz (Kunitz, M.,
1850, Crystalline Deoxyribonuciease, )l, Digestion of Thymus Nucleic Acid. The Kinetics of
Reaction. J. Gen. Physiof,, 33, 363-377). Ten i of enzyme preparation is added to 50 ug
calf thymus DNA in 100 mM sodium acetate, pH 5.0, 5 mM MgCl,, in a final volume of 1 ml.
The mixture is incubated at 25°C and increase in absorption is measured at 260 nm. 1 U =
0.001 ODyg increase x min™.

The modified Kunitz Assay of Yamamoto
The modified Kunitz assay, an endpoint assay, described by Yamamoto

(Yamamoto, M. 1971. Purification and some properties of an acid deoxyribonuclease from
testes of Chinook salmon Oncorhynchus tshawytscha. Biochim Biophys Acta, 228, 95-104)
is & more sensitive version of the Kunitz assay and is considered to be more suitable for the
measurement of residual DNase activity following inactivation. Ten pl enzyme is added to
200 yg calf thymus DNA in 20 mM Tris/HCL, pH 8.0, 5 mM MgCly, in a final volume of 1 ml,
The mixture is incubated at 37°C for 20 minutes. Then 0.5 mi ice-cold 12% HMCIQ, is added,
thoroughly mixed, and left on ice for 20 minutes. The tubes are centrifuged on full speed in
an Eppendorf centrifuge for 10 minutes. Absorption at 260 nm is determined from which
the Units are calculated. 1 U = 0.001 ODag increase x min™.

EXAMPLE 2 - Mutation of Pandalus borealis DNase

Pandalus borealis DNase (SEQ ID No. 5) was mutated at residue 214
(corresponding to residue 237 in SEQ 1D No 1) using the Quick-change ™ mutagenesis kit
from Invitrogen and the manufacturers instructions. Proline is the wild type residue and
alanine was the replacement residue. Figures 4 1o © show the amino acid and nucleotide
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sequences of the wild type and the mutated versions of the Pandalus borealis DNase.

Mutants were sequenced and found to be correct and transformed in Pichia pastoris. A
transformant was obtained that showed a good expression, similar to the wild type. Initial
inactivation tests on the P214A mutant showed it to be more easily inactivated at 55°C than
the wild type DNase.

The recombinant Pichia pastoris cione containing the mutant P214A DNase
expression cassette was then expressed in a one-litre fermentor. The fermentation was
done as described in Pichia fermentation process guidelines, Invitrogen. The fermentate
{approximate 1 1) was centrifuged 4500 g for 15 minutes to remove the cells, and the
supernatant was poured into a new bottie. pH was then adjusted to 8 by adding 0.5 M
NaOH and then it was centrifuged for 4500 g for 15 minutes to remove precipitated salts.
The new supernatant was finally filtered through a Whatman GF/F filter.

P214A DNase protein was initially purified using anion exchange chromatography.
The pH adjusted and filtered supernatant (1150 mi) was applied to a Q-Sepharose FF
column (2.6/10) equilibrated with 25 mM Tris/HCI pH 8, 5 mM MgCl,, 0.25 M NaCl (Buffer
A). The column was then washed with 19 column volumes buffer A and then the P214A
protein was eluted with buffer 25 mM Tris/HCI pH 8, 5 mM MgCi2, 0.5 M NaCl. Fractions of
10 mi were collected. The flow rate used was 10 mi/min. Fractions containing the P214A
rotein were selected by measuring acfivity according 1o the Kunitz method described in
Example 1.

The selected fractions were pooled and dialyzed in 10 mM Tris/HCI, pH 7.5, 5 mM
MgCl, (Buffer B) at 4°C. The volume of the dialyzed sample was adjusted to 200 mi using
the same buffer and was then applied o a Blue Sepharose FF column (5.0/10) equilibrated
with buffer B. The column was washed with 2 column volumes of buffer B and the P214A
DNase protein was eluted using buffer B + 0.25 M NaCl, and fractions of 10 ml were
collected. The flow rate used was 10 mi/fmin. Finally, the P214A containing fractions were
selected by measuring the activity as described above, pooled, and concentrated.

EXAMPLE 3 - Determination of residual activity after inactivation at different
temperatures

To determine if the P214A mutant is completely inactivated by heat, the integrity of &
PCR-product in presence of heat-inactivated P214A mutant or the wild type enzyme was
assessed.

Enzyme (0.8 U P214A, or 1.5 U wt) was added to PCR tubes containing a total |
volume of 20 pl in a 25 mM Tris/HCI, pH 8, 5 mM MgCl,, £ 1 mi DTT buffer. The enzymes
were heat inactivated for 15, 30 and 60 minutes at various temperatures and the tubes were
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thereafter placed on ice. 0.5 pg of a purified ~500 bp PCR product was added and

reactions were incubated for 3 hours at 37 °C. Finally the reactions were analyzed using
agarose ge! electrophoresis. A negative control (no enzyme) and a positive control {100 x
diluted enzyme added after the heat-inactivation step) were treated in the same way as the
reactions above. '

Figure 1 summarizes the heat-inactivation experiments of the P214A mutant
compared to the wild type enzyme at 50 °C, 55 °C, 65 °C and 94 °C. The ng-enzyme contral
{-) show the intact PCR-product, whereas the positive control (+), 100 times diluted enzyme
not heat-inactivated, illustrates the effect of 1 % residual activity.

From control experiments, no visible degradation of the PCR product indicates less
than 0.01 % residual activity (resulfs not shown), which is the detection fimit when using ~1
U enzyme in the assay. At 50 °C and 55 °C only the P214A mutant is completely heat-
inactivated, demonstrating the effect of the P214A substitution. Addition of DTT (1 mM in
this experiment) is necessary for complete inactivation of both enzymes. Only when
incubated for 60 min at 84 °C a complete heat-inactivation seen in the absence of DTT.

EXAMPLE 4 - Timecourse of inactivation of P214A at 50°C and 55°C

if a DNase is used to deconiaminate a complete reverse transcriptase reaction
mixture it is important that it is inactivated early in the reverse transcriptase step. If the
nuclease is not immediately inactivated it could start to cleave the cDNA and have a
detrimental effect on the reverse transcription products. This is especially important if the
reverse transcription is part of a quantitative assay to measure the amount of RNA in a
sample. lnactivation of the P214A mutant DNase at 50°C and 55°C-at shorter time points
was therefore tested.

P214A, 12.5-128 U, was diluted in a typical RT-buffer (50 mM Tris/HCI, pH 8.3, 50
mM KCl, 5 mM MgCl;, 5 mM DTT) in a total volume of 25 ul. Samples were incubated at 50
and 55 °C in a PCR machine for 0- 5 minutes. Then remaining activity was measured using
the modified Kunitz assay as described in Example 1.

As can be seen from Figures 2 and 3, the P214A mutant can be completely
inactivated within 1 minute at 55°C and almost completely inactivated within one minute at
50°C.

EXAMPLE § - Effect of wild type and Pandalus borealis DNase and P214A mutant on
efficiency of one-step RT-PCR. )

One step gRT-PCR amplification reactions were performed using the Briliiant QRT-



10

15

20

25

30

35

WO 2011/016094 PCT/GB2019/601384

-30-
PCR Master Mix Kit 1-Step (Stratagene), and thermocycling and detection in a Smart Cycler

i (Cepheid).

The reaction mix (25 pl) contained 12.5 ul 2X QRT-PCR master mix, 1.25 pl 20x
primer/probe mix (GAPDH HS98899905_m1, Applied Biosystems), 0.1 yl Stratascript
reverse {ranscriptase, 1 pl DNase enzyme. As a template, 1 pl (1 ng/p)) of Stratagene
QPCR Human Reference Total RNA (Stratagene) was used. Each reaction mixiure was
pre-incubated 30°C for 15 minutes. Then one-step reverse transcription PCR was done at
50°C for 30 min, 95°C for 10 min, followed by 45 cycles of 84°C for 15 sec, 60°C for 1 min.

As shown in Figure 10, little or no effect on RT-PCR efficiency is observed in
samples containing the P214A mutant. On the other hand, the wild type nuclease severely
affects the efficiency of the RT-PCR.

EXAMPLE 6 - Analysis of ds/ssDNA specificities for P214A:

The specificity for double- and single stranded DNA for P214A was tested by
measuring fluorescence from oligonucleotides labelied with the fluorophore FAM
(fluorescein) at the §'terminus and with TAMRA at the 3'terminus. Cleavage of the
oligonucleotide by the nuclease would result in an increase in fluorescence from FAM that
is measured in a fluorimeter with excitation wavelength 485 nm and emission wavelength
520 nm. A double stranded DNA substrate was prepared by mixing the labelied
oligonucleotide with a second oligonucleotide that was complementary to the labelled
oligonucleotide.

37 Units of the P214A mutant was added to a reaction mixture that contained 50
mM Tris/HC}, pH 8.0, 5 mM MgCl, and 0.2 pM labelled oligonucleotide (DNAsub) (total
volume 100 pl). The mixture was incubated at 25°C in a white welled microtiterplate for
fluoroscopy.

Similarly, 0.2 pM complementary oligonucleotide, compDNAsub, was added to a
reaction mixture as above to form a double stranded DNA substrate. 0.01 Unit P214A
mutant was then added to the reaction mixture.

Fluorescence over time was measured in a Victor3 instrument and the activity was
calculated as the initial increase of fluorescence per minute, corrected for the increase of
fluorescence without nuclease {blank reaction), and expressed as (fluorescence
units/minute)Kunitz Unit.

For doubie stranded DNA substrate, the resuit was 211,922 (fluorescence
units/min)/Kunitz Unit, and for single stranded DNA substrate the resutt was 10.4
{fluorescence units/min)/Kunitz Unit. Accordingly, the double stranded DNA substrate is
degraded at a rate 20,366 faster than singie stranded DNA.
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Oligonucieotides:
DNAsub: 5-FAM-CGCCATCGGAGGTTC-TAMRA-3’ [SEQ ID NO: 10)
compDNAsub: 5-GAACCTCCGATGGCG-3' [SEQ ID NO:11]}

EXAMPLE 7 - gPCR decontamination using the P214A mutant

Materials and Methods

Escherichia coli TOP10Q genomic DNA was isolated using DNeasy Blood and Tissue
Kit (Qiagen), and DNA concentration was measured using Quant-iT dsDNA BR assay kit
and Qubit fluoremeter (Life Technologies). For detection and quantification of £, coli
genomic DNA using quantitative PCR (qPCRY}, a small region of the highly conserved 238
rRNA gene was used to design a primer/probe set as described in (Smith GJ 1l et.al.; 1999,
Biotechniques 26(3):518-22, 524, 526). This gene is present in seven copies in the E. coli
genome.

in general, gPCR was done in a Smart Cycler Il (Cepheid) in 25 i reactions
containing 12.5 pi 2x Brilliant gPCR master mix (Stratagene) or TagMan Gene Expression
master mix{Applied Biosysiems), 3 yM of each primer and 1 uM probe, 1 mM DTT, 1 or 10
pg E. coli genomic DNA, and various amounts of P214A mutant enzyme or DNasel
(Sigma). gPCR reaction was performed as foliows: 95°C for 10 minutes, followed by 40
cycles of 95°C for 15 seconds and 60°C for 1 minute.

Primers/probe:

Ecoli_23S_fwd: 5'-GAAAGGCGCGCGATACAG -3 [SEQ ID No. 12}

Ecoli_23S_rev: 5-GTCCCGCCCTACTCATCG A-3ISEQ 1D No. 13}

Ecoli_23S_probe: 5-FAM-CCCCGTACACAAAAATGCACATGCTG-BHQ-3' [SEQ ID No.

14)

Effect of P214A mutant on primer/probe integrity (ssDNA)

This experiment tested whether the P214A mutant has an inhibitory affecton a
qPCR protocol through degradation of the primers/probe in a QPCR mix (i.e. degradation of
single stranded DNA).

Reaction mixes as described above (Brilliant gPCR master mix) were set up without
template (E. coli genomic) DNA and incubated at 37°C for 10 minutes. An inactivation step
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of 95°C for 10 minutes was done before adding 10 pg of E. coli genomic DNA as a
template. gPCR amplification was then performed as described above.
The 37°C incubation step allows the P214A mutant to catalyse that degradation of

DNA. The 85°C incubation for 10 minutes completely inactivates the mutant before the
template DNA is added. Any inhibition of the gPCR resuits can therefore only be due to a
nuclease activity against ssDNA (the primers/probe have been degraded). As shown in
Figure 12, the qPCR result is not affected by adding up to 1 U of P214A mutant, indicating
that it has no measurable activity against the primers/probe in the qPCR reaction mix.

Comparison of thermolability of DNasel and P214A mutant in a gPCR protocol

Reaction mixes as described above were set up without template DNA in the
presence or absence of DNasel (1U) or P214A (1U). An incubation step of 37°C for 10
minutes was then followed by an inactivation step of 50°C or 85°C for 15 minutes. 1 pg of
E. coli genomic DNA was then added to the mixtures and gPCR was performed as
described above.

To account for variable reaction setup-times in QPCR axperiments, the reaction
mixes were incubated at room-temperature for 15 min before being subjected to
and will inhibit the gPCR results.

As iliustrated in Figure 13, the P214A mutant does not inhibit the gPCR compared to
the control reaction (Control (-Enz); no enzyme added), and $0 can be considered to be

ampiification. Any residual DNace activity in the reaction mix will degrade the template DNA

completely inactivated by a 15 min 50°C incubation step in this experiment. The DNasel
enzyme is not inactivated, and Ct is shifted by more than 8, indicating high remaining
activity after the inactivation step or/and activity against the primers/probe in the reaction

mix.

Removal of spiked DNA from gPCR reaction mixiures

To test the ability of the P214A mutant to remove “contaminating” DNA, various
amounts of P214A mutant to the gPCR reaction mixes described above (TagMan Gene
Expression master mix) spiked with 1 pg of E.coli genomic DNA. The reaction mixtures
were then incubated for 10 minutes at 37°C and then incubated at 60°C for 15 minutes. The
results are shown in Figure 14. As can be seen, 0.25 U or more of the P214A mutant per
25y reaction mixture causes the Ct to increase by more than 8. This indicates a >250 fold
reduction in the concentration of the spiked DNA.

In addition to the individual results discussed above, if should be noted that the no
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template controls (NTC) gave positive results for both the Brilliant gPCR master mix
{Stratagene), and the TagMan Gene Expression Master mix (Applied Biosystems). This
ilustrates the problem of contaminating DNA in gPCR mixes when using universal primers
targeting bacterial or E. coli DNA for detecting or diagnosing bacteria.

EXAMPLE 8 - Effect of P214A mutant on efficiency of one-step RT-PCR.

The experiment described in Example 5 was repeated with several concentrations
of the P214A mutant to investigate how increasing amounts of the enzyme affected the
sensitivity of the RT-PCR reaction. Five different concentrations ranging from 0 to 1 U of
DNase were tested and the results are displayed in Figure 15. Using 0.1-0.5 U of DNase
does not afiect the sensitivity of the RT-PCR. Using 1 U of the enzyme decreases the
sensitivity with a Ct of 1.5.

EXAMPLE 9 - Removal of bacterial DNA contaminants from commercial PCR
products

It has been shown (Example 7) that traces of bacterial DNA are often present in
commerciai nucieic acid amplification reaction mixtures (so called “master mixes"). in gPCR
experiments for detecting pathogens this is often a problem as ampiification of these
contaminants leads to false positives, inciuding in the No Template Controls (NTCs). in this
example, 1 U of P214A mutant DNase was added to qPCR master mixes from four different
suppliers and preincubated for 10 minutes at 37°C. Following this, the master mixes were
incubated at 60°C for 15 minutes, and compared to non-treated master mixes in a gPCR
reaction as described in Example 7. No template was added to any reaction. The results
are shown in Figure 16 and it can be seen that only the master mixes preincubated with the
enzyme give negative NTCs.



10

15

20

25

30

CLAIMS

1. A DNase or an enzymatically active fragment thereof, said DNase having the sequence of SEQ
ID No. 1 or a sequence which is at least 60% identical thereto, but wherein the proline residue at position
237 of SEQ ID No 1, or the equivalent proline in other sequences, has been modified, deleted or
substituted, wherein said DNase or enzymatically active fragment thereof

i) is irreversibly inactivated by at least 95% by heating at a temperature of 50°C for 5 mins
in a buffer consisting of 25mM TrisHCI, pH 8.5, 5mM M,Cl, and 1mM DTT, and

(i1) cleaves double stranded DNA, but has essentially no detectable activity towards single
stranded DNA at concentrations of 0.01 to 0.05 U/ul.

2. A DNase or an enzymatically active fragment thereof, wherein said DNase has the sequence of
SEQ ID No. 5 or a sequence which is at least 60% identical thereto, but wherein the proline residue at
position 214 of SEQ ID No 5, or the equivalent proline in other sequences, has been modified, deleted or
substituted, wherein said DNase or enzymatically active fragment thereof

1) is irreversibly inactivated by at least 95% by heating at a temperature of 50°C for 5 mins
in a buffer consisting of 25mM TrisHCIL, pH 8.5, 5mM M,Cl, and 1mM DTT, and

(i1) cleaves double stranded DNA, but has essentially no detectable activity towards single
stranded DNA at concentrations of 0.01 to 0.05 U/ul.

3. A DNase or fragment thereof as claimed in claim 1, wherein said DNase has a sequence which is
at least 70% identical to SEQ ID No. I, but wherein the proline residue equivalent to position 237 of SEQ
ID No. 1 has been modified, deleted or substituted.

4. A DNase or fragment thereof as claimed in claim 3, wherein said DNase has a sequence which is
at least 80% identical to SEQ ID No. 1, but wherein the proline residue equivalent to position 237 of SEQ
ID No.1 has been modified, deleted or substituted.

5. A DNase or fragment thereof as claimed in claim 4, wherein said DNase has a sequence which is
at least 90% identical to SEQ ID No. 1, but wherein the proline residue equivalent to position 237 or SEQ
ID No. 1 has been modified, deleted or substituted.

6. A DNase or fragment thereof as claimed in claim 2, wherein said DNase has a sequence which is

at least 70% identical to SEQ ID No. 5, but wherein the proline residue equivalent to position 214 of SEQ
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ID No. 5 has been modified, deleted or substituted.

7. A DNase or fragment thereof as claimed in claim 6, wherein said DNase has a sequence which is
at least 80% identical to SEQ ID No. 5, but wherein the proline residue equivalent to position 214 of SEQ
ID No. 5 has been modified, deleted or substituted.

8. A DNase or fragment thereof as claimed in claim 7, wherein said DNase has a sequence which is
at least 90% identical to SEQ ID No. S, but wherein the proline residue equivalent to position 214 of SEQ
ID No. 5 has been modified, deleted or substituted.

9. A DNase or a fragment thereof as claimed in any one of claims 1 to 8, said DNase having the
sequence of a DNase obtainable from a species from the phylum Arthropodoa, but wherein the proline
residue equivalent to the proline at position 237 of SEQ ID No 1 has been modified, deleted or
substituted.

10. A DNase or a fragment thereof as claimed in claim 9, said DNase having the sequence of a
DNase obtainable from a species from a subphylum selected from Crustacea, Hexpoda, Chelicerata or
Myriapoda, but wherein the proline residue equivalent to the proline at position 237 of SEQ ID No 1 has

been modified, deleted or substituted.

11 A DNase or a fragment thereof as claimed in claim 9 or claim 10, said DNase having the
sequence of a DNase obtainable from a species selected from Pandalus borealis, Paralithodes
camtschaticus (king crab), Marspenus japonicus (kuruma shrimp) or Penaeus japonicus, but wherein the
proline residue equivalent to the proline at position 237 of SEQ ID No 1 has been modified, deleted or

substituted.

12. A DNase or a fragment thereof as claimed in claim 11 said DNase having the sequence of a
DNase obtainable from Pandalus borealis but wherein the proline residue equivalent to the proline at
position 237 of SEQ ID No 1 has been modified, deleted or substituted.

13. A DNase as claimed in any one of claims 1 to 12 said DNase having the sequence of SEQ ID
NO:3 or SEQ ID NO:7.
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14. A method of removing nucleic acid contamination from a reverse transcription reaction which

method comprises use of a DNase as claimed in any one of claims 1 to 13.

15. A method of removing nucleic acid contamination from a hot-start PCR, wherein said reaction is
a barrier hot-start PCR set up and/or involves a hot-start DNA polymerase, which method comprises use

of a DNase as claimed in any one of claims 1 to 13.

16. A method as claimed in claim 14 or claim 15, wherein a reverse transcription reaction mixture, a
hot-start PCR set up, a hot-start PCR mixture, or any of the individual components thereof is contacted
with the DNase under conditions which permit digestion of any contaminating double stranded DNA and

thereafter the reaction mixture is heated to inactivate the DNase.

17. A method of in vitro reverse transcription of a target nucleic acid, wherein said method includes a
step of treating the reverse transcription reaction mixture with a DNase as claimed in any one of claims 1
to 13.

18. A method as claimed in claim 15 or 16, wherein the reverse transcription reaction mixture is a
complete mixture and is heated at the working temperature of the reverse franscription enzyme to

inactivate the DNase

19. A method as claimed in claim 17 or 18, said method comprising one or more cycles comprising
one or more of the following steps:

(i) primer annealing

(i1} strand elongation from a primed polynucleotide

(ii1) polynucleotide duplex melting.

20. A method of as claimed in any one of claims 14 and 16 to 19, wherein said reverse transcription

reaction is followed by a nucleic acid amplification reaction.

21. A method as claimed in claim 20, wherein said nucleic acid amplification reaction is PCR, LCR,

SDA, 3SR or LAMP, preferably PCR.

22. A method as claimed in claim 20 or claim 21, wherein the reverse transcription reaction and the
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amplification reaction are performed in a single reaction vessel.

23. A method of hot-start PCR, wherein said reaction is a barrier hot-start PCR set up and/or involves
a hot-start DNA polymerase, wherein said method includes a step of treating the hot-start PCR set
up/mixture or the hot-start DNA polymerase with a DNase as claimed in any one of claims 1 to 13, prior

to commencement of the hot start PCR.

24, A method as claimed in any one of claims 21 to 23, said method further comprising a plurality of
cycles comprising one or more of the following steps:

(i) polynucleotide duplex melting

(ii) primer annealing

(iii) strand elongation from a primed polynucleotide.

25. A nucleic acid molecule encoding the DNase of any one of claims 1 to 13.

26. A nucleic acid molecule as claimed in claim 25 comprising the nucleotide sequence of SEQ ID
NO:4 or SEQ ID NO:8

27. Use of a DNase as claimed in any one of claims 1 to 13 as a decontaminating agent in a method

of amplifying of a nucleic acid.

28. Use of a DNase as claimed in any one of claims 1 to 13 in a method as claimed in any one of

claims 14 to 24.

29. A method for the isolation and purification of a DNase or a fragment thereof as claimed in any
one of claims 1 to 13, said method comprising expressing said DNase or fragment thereof in a suitable
host cell, and subsequently separating the DNase from said host cells and/or the media in which said cells

have been cultured.

30. A kit or composition for carrying out a method as claimed in any one of claims 14 to 24, said kit
or composition comprising a DNase as claimed in any one of claim 1 to 13 and/or a nucleic acid as
claimed in claim 25 or 26; and optionally one or more of the following

(i) a nucleotide triphosphate;

(ii) an oligonucleotide primer;



(iif) a reverse transcription enzyme;
(iv) a DNA polymerases;
(v) a DNA ligase; and

(vi) a restriction enzyme.
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