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(54) Bezeichnung: STABILISIERTE WASSRIGE NUKLEOSIDTRIPHOSPHA T-LOSUNGEN

(57) Abstract

The invention relates to stable aqueous solutions containing one or more nucleoside triphosphates, wherein each solution has a
pH value higher than 7.5 and no additional stabilizing substances. The nucleoside triphosphate solutions are specially used for DNA
synthesizing reactions, for instance Rt-PCR, cycle sequencing, random priming and nick translation. One of the most important applications
of corresponding solutions containing deoxy-nucleoside triphosphate (d—NTP) is their use in the polymerase chain reaction (PCR).

(57) Zusammenfassung

Die Erfindung betrifft stabile w4Brige Losungen enthaltend ein oder mehrere Nukloesidtriphosphate, wobei die jeweilige Lsung einen
pH-Wert von grofer als 7,5 und keinerlei zusitzlicher stabilisierend wirkender Substanzen aufweist. Die Nukleosidtriphosphatlésungen
werden insbesondere flir DN A-aufbauende Reaktionen wie z.B die RT-PCR, Cycle Sequencing, Random Priming und die Nick-Translation
verwendet. Eine der wichtigsten Anwendungen entsprechender Losungen enthaltend Desoxy-Nukleosidtriphosphate (d~NTP) ist ihr Einsatz

in der Polymcrasef—'Kettenrcaktior]_(PCR). ,




Abstract

The invention concerns stable aqueous solutions
containing one or several nucleoside triphosphates
wherein the respective solution has a pH value of more
than 7.5 and contains no additional substances with a
stabilizing effect. The nucleoside triphosphate
solutions are used in particular for DNA synthesizing
reactions such as e.g. RT-PCR, cycle sequencing, random
priming and nick translation. One of the most important
applications of such solutions containing deoxy-
nucleoside triphosphates (d-NTP) is their use in the
polymerase chain reaction (PCR).
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stabilized aqueous nucleoside triphosphate solutions

The invention concerns stable aqueous solutions
containing nucleoside triphosphates in which the

solution has a pH value above 7.5.

Nucleoside triphosphates (NTP) such as ribonucleoside,
deoxynucleoside and dideoxynucleoside triphosphates have
a variety of uses in the field of biochemistry and
molecular biology. Most of the applications relate to
reactions which synthesize or replicate DNA and RNA such
as the reverse transcriptase polymerase chain reaction
(RT-PCR), cycle sequencing and nick translation. In the
case of RT-PCR, DNA chains are synthesized in the 5'-3"!
direction by for example reverse transcriptase whereby
an RNA strand serves as the template. Certain NTPs such
as dideoxynucleoside triphosphates (dd-NTP) can be used
as chain terminators in the sequencing of DNA. One of
the most important applications of deoxynucleoside
triphosphates (d-NTP) is their use in the polymerase
chain reaction (PCR). In this application it is
absolutely essential that the NTP solutions are stable
above all during storage. The d-NTPs (d-ATP, d-CTP,
d-GTP, d-TTP, 4d-UTP among others) are usually stored as
Na or Li salts and typically at concentrations of

O.i mol/l and are commercially available in this form.
As a rule the pH values are physiological pH values i.e.
between ca. 7.0 and 7.5.

A disadvantage of the current, i.e. commercially

available, NTP solutions is in particular the




instability of the NTPs during storage or thermal
stress. The NTPs have a tendency to decompose over time
to form the corresponding diphosphates and mono-
phosphates. The triphosphate content decreases
especially at higher temperatures. The triphosphate
content already decreases by ca. 2-3 % within ten days
at a pH value of ca. 7.5 and a temperature of 35°C. In
contrast at room temperature the triphosphate content is
observed to decrease by only ca. 1 % after six weeks.
Hence the decomposition of the triphosphates in aqueous
solution limits the shelf life of the NTP solutions.
Consequently the suppliers of d-NTPs for example only
guarantee a shelf life of 12 months for dANTP solutions.
However, there is a need for aqueous solutions which
only contain dNTP and this at high concentrations and
which have a longer long-term stability than the

presently available solutions.

Attempts to improve the stability of triphosphates have
up to now merely related to corresponding adenosine
triphosphate solutions. The stability of the adenosine
triphosphate was examined in relation to the pH value.
The presence of stabilizers was described as being
absolutely essential in accordance with the state of the
art. Thus the stability of adenosine triphosphate in
aqueous solution at a pH value of preferably 8.3 to 9.2
is described as being optimal in the presence of EDTA
(JP 64/003444/DERWENT 66-11664F). In the presence of
stabilizers such as guanidine/amino-guanidine or

~creatinine a pH value of 9 to 10 (JP 71/038270/DERWENT

71-722169 and JP 71/033592/DERWENT 71-631879), in the
presence of methionine as a stabilizer a pH value of
preferably 9 to 10.5 (JP 67/019115/DERWENT 66-29019F),
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in the presence of the stabilizers phosphate and
sorbitol/mannitol/glycerol/ benzyl alcohol/PEG a pH
value of 8 to 11 (JP 67/015115/DERWENT 6-28392F) and in
the presence of glycerol/H PO, a pH value of 3.7
(FR4078/DERWENT 66-22085F) 1is described. However, the
presence of stabilizers in d-NTP solutions can be

critical for many applications or cause interference.

.

A so-called Ready-to—go kit (Pharmacia) is known for
radioactive random primed labelling.vIn this kit all
reaction componénts are pre-mixed and already pre-
aliqubted for individual test mixtures and dry
stabilized (glassed). However, a disadvantage of this
form is that there is no flexibility with regard to the

 size of the test mixture, in addition time is required

to dissolve the "glassed" components which slows the

entire process and makes it less reproducible.

In EP O 049 909 the object is to provide all reaction
components of a kit for labelling nucleic acids already
mixed in a liquid form. However, the storage stability
of the mixture is only achieved by adding glycerol'as a
stabilizer. |

Hence it would be desirable to provide a stabilized
aqueous solution containing NTPs without the addition of

any stabilizers.

In one embodiment of the invention this is achieved by
the aqueous NTP solutions having a pH value of above

approximately 7.5. These nucleotide triphosphates




include ribonucleoside triphosphates, deoxynucleotide
and dideoxynucleotide triphosphates wherein the five
naturally occﬁrring as well as modified bases such as
isoguanine, deaza compounds and derivatives thereof come
into consideration as bases. Furthermore the nucleoside
triphosphates can be labelled with reporter groups. As a
rule the solutions according to the invention have a pH
value in a range of more than 7.5 to a maximum of 11. A
pPH value of ca. 8 to 10 proved to be particularly
advantageous. The pH value can be set by adding a base
(e.g. NaOH, KOH, LiOH) as well as by adding a buffer
(e.g Tris buffer, Na carbonate buffer, phosphate
buffer).

The concentration of the NTP solution is preferably
between ca. 2 mmol/l and 200 mmol/l. A concentration of
the NTPs of ca. 100 to 150 mmol/l is particularly
preferred. '

Stable d-NTP solutions are a particularly important
feature of rthis invention. The stability of these
solutions appears to be advantageous especially with

regard to an application in the polymerase chain
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reaction. As a rule the pH value of the d-NTP solution
is above ca. 7.5 and below ca. pH 11. A pH value between
ca. 8 and 10 proved to be particularly advantageous. The
concentration of the stable d-NTP solution is between

2 mmol/1l and 200 mmol/l. A concentration of the d-NTPs
of 100 to 150 mmol/l is particularly preferred.

It has surprisingly turned out that the stability of the
NTPs in aqueous solution at pH values of more than 7.5
and without the addition of any stabilizers is higher
than in the previously known solutions which have a pH
value of ca. 7.0 to 7.5. The stability of the d-NTPs in
aqueous solution reaches an optimum at a pH value of ca.
8 to 10. The increase of the pH value does not cause any
additional degradation reactions i.e. the pattern of the
degradation products remains unchanged at the pH values
according to the invention. Surprisingly the degradation
reactions proceed considerably more slowly at higher pH
values such as for example 8.3 than at physiological pH

values such as for example 7.5.

Hence it has turned out that at increased pH values no
by-products are formed at all which could impair the use
of the d-NTPs e.g. for the PCR reaction. Even after ca.
90 days at a temperature of 35°C the PCR function test
is positive. The higher pH value is uncritical for the
PCR itself since most PCR amplifications are carried out
in any case at pH values of more than 8.0. Hence for
example aqueous d-NTP solutions which have a pH value of
more than ca. 7.5 and less than/equal to ca. 11 proved
to be stable on the one hand and advantageous for use in
the PCR reaction. In this case a pH value of the 4-NTP
solution between 8 and 10 proven to be particularly
advantageous.




The stable NTP solutions according to the invention can
be used for all DNA and RNA synthesizing and DNA and RNA
replicating reactions. In particular the stable NTP
solution according to the invention can also be used for
RT-PCR, for nick translation, random priming and for
sequencing (cycle sequencing). Furthermore the stable
NTP solutions according to the invention proved to be
advantageous with regard to a longer duration of use of
the NTPs. That means that the stable solutions according
to the invention can be stored for a considerably longer
period than the previously used d4-NTP solutions.

Figure legends

Figure 1: Decrease of the d-GTP content
The decrease of the d-GTP concentration at a
temperature of 35°C was monitored over a
period of 140 days at pH values of 7.5, 7.9
and 8.4.

Figure 2: Decrease of the d-CTP content
The decrease of the d-CTP concentration at a
temperature of 35°C was monitored over a
period of 90 days at pH values of 7.5, 7.9
and 8.3.

Figure 3: Decrease of the d-TTP content
The decrease of the d-TTP concentration at a
temperature of 35°C was monitored over a
period of 90 days at pH values of 7.5, 7.9
and 8.3.

Figure 4: Decrease of the d-UTP content

The decrease of the d-UTP concentration at a




temperature of 35°C was monitored over a
period of 90 days at pH values of 7.5, 7.9

and 8.3.

Figure 5: Decrease of the d-ATP content
The decrease of the d-ATP concentration at a
temperature of 35°C was monitored over a
period of 65 days at pH values of 7.5, 7.9
and 8.4.
Figure 6: Triphosphate content in relation to the pH value
Figure 7: pH dependence of the stability of UTP
Figure 8: pH dependence of the stability of UDP
Figure 9: pH dependence of the stability of ATP
Figure 10: pH dependence of the stability of ADP
Figure 11: pH dependence of the stability of 7-deaza-
deoxy-GTP
Figure 12: pH dependence of the stability of 7-deaza-
deoxy-GTP
Figure 13: Dependence of the stability of dATP on the
concentration of the solution at pH=8.3, in
which ¢=100 mmol/1l, 10 mmol/l and 2 mmol/1l
JDXTRA\O_,\
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Figure 14: Dependence of the stability of dATP on the
concentration of the solution at pH=8.3, in
which ¢=100 mmol/1l, 10 mmol/l and 2 mmol/l

Figure 15: Dependence of the stability of dCTP on the
concentration of the solution at pH=8.3, in
which ¢=100 mmol/1l, 10 mmol/l and 2 mmol/1l

Figure 16: Dependence of the stability of dCTP on the
concentration of the solution at pH=8.3, in
which ¢=100 mmol/1l, 10 mmol/l and 2 mmol/l

The invention is further elucidated by the following
examples:

Example 1:

Production of a stable d-NTP solution according to the

invention

d-NTPs were purified by anion chromatography with the
aid of a salt gradient and desalted by reverse osmosis.
This is followed by an ultrafiltration (exclusion limit
1000 - 5000 D) to remove DNAses/RNAses. The
concentration of the solution is then adjusted with
sterile water to typically 100 mM. The pH value is
adjusted to the corresponding pH value (> 7.5) by the
addition of bases (alkali/alkaline earth/ammonium
hydroxide; amines) usually NaOH.




Example 2:

Degradation of the triphosphate at various pH values

d-NTP solutions at a concentration of 100 to 110 mmol/1l
were adjusted to pH values between 7.5 and 8.3 with
sodium hydroxide solution. The sample was stored at
35°C, 22°C, 4°C and -20°C. Aliquots were removed at
various time points and the purity was examined by means
of HPLC. The relative amount of the tri, di and
monophosphate as well as of the free base was determined

by integrating the areas.

The decrease of the triphosphate content is dependent on
pH. The decrease was slowest at ca. pH 8.3 for all

examined nucleotides (fig. 1-5).

I.e. even at higher pH values such as 8.3 no additional
peaks are seen in the HPLC chromatogram which could

indicate decomposition products.

Example 3:
Determination of the pH optimum of the d-NTPs

d-NTP solutions (dCTP, dTTP, dUTP)‘at a concentration of
100 to 110 mmol/l were adjusted to pH values between 7.5
and 12 (d-ATP, dGTP not pH 7.9 and 8.3) with sodium
hydroxide solution. The sample was stressed for 35 days
at 35°C and subsequently the purity was examined by
means of HPLC. The relative amount of the tri, di and
monophosphate as well as of the free base was determined

by integrating the areas.




For all examined d-NTPs the optimum was in a range
between pH 9.0 and 11.0. Up to pH 12 there was only a
slight degradation (except for d-CTP which is deaminated
at pH 12 to form 4-UTP) (see fig. 6, 7, 8, 9, 10, 11,
12).

Example 4:

Calculation of the stabilization of d-NTPs at pH 8.3
compared to pH 7.5

The stabilization was estimated by the following formula
from three independent stress experiments of d-NTPs at
pH 8.3 and 7.5 at 35°C in which samples were taken at
intervals between 7 and 89 days.

A content (pH 8.3) - A content (7.5)
X 100
A content (pH 7.5)

in which Acontent (pH...) = content (t=0)-content (t)

This resulted in the following stabilizations for the
individual nucleotides in percent at a pH value of 7.5
compared to a pH value of 8.3 (table 1):
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Table 1:

Nucleotide average value|maximum value|minimum value
d-ATP 19 % 33 % 9 %

d-CTP 20 % 37 % 10 %

d-GTP 21 % 30 % 12 %

d-TTP 5 % 17 % 26 %

d-uTP 5 % 15 % 25 %

Example 5:

Stabilization at room temperature

After 204 days (20°C) the difference in the pH

Eh stabilization became apparent (in the real-time model).

el In the case of d~ATP solutions the triphosphate content
e for example decreased by ca. 7.6 % at pH 7.5, by ca.
;"'} 6.3 % at pH 8.3 (difference 17 %). In the case of 4d-GTP
:t:a solutions the triphosphate content decreased for example
i by ca. 6.8 % at pH 7.5 and by ca. 5.2 % at pH 8.3

(difference 23 %).

The reference to any prior art in this specification is
not, and should not be taken as, an acknowledgment or any
form of suggestion that that prior art forms part of the
common general knowledge in Australia.

Throughout this specification and the claims which
follow, unless the context requires otherwise, the word
"comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion
of a stated integer or step or group of integers or steps
but not the exclusion of any other integer or step or
group of integers or steps.
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Stable aqueous solution containing nucleoside
triphosphates, wherein the pH value of the solution
is above ca. 7.5, the solution is free of
additional stabilizing agents and the PCR function
test is positive after ca. 90 days at a temperature
of 35°C.

Stable aqueous solution as claimed in claim 1,
wherein the nucleoside triphosphates are modified

nucleoside triphosphates.

Stable aqueous solution as claimed in claim 1 or 2,
wherein the pH value is in a range between 7.5 and
11.

Stable ‘aqueous solution as claimed in claim 1, 2 or
3, wherein the concentration of the nucleoside
triphosphates is ca. 2 to 200 mmol/l.

Stable aqueous solution as claimed in one of the
claims 1 to 4, wherein the solution contains deoxy-

nucleoside triphosphates.

Stable aqueous solution as claimed in claims 1 to 5
containing a substance which buffers at or above pH
7.5.
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7. Use of a stable aqueous solution as claimed in
claims 1 to 6 for a DNA and/or RNA synthesizing

reaction.

8. Use of a stable aqueous solution as claimed in
claims 1 to 6 to replicate DNA and/or RNA sequences -
or fragments. '

9. Use of a stable aqueous solution as claimed in
claims 1 to 6 to specifically replicate nucleic
acid fragments in the presence of an enzyme with

reverse transcriptase activity.

10. Use of a stable aqueous solution as claimed in
claims 1 to 6 for the cycle sequencing of nucleic

acids.

11. Use of a stable aqueous solution as claimed in
claims 1 to 6 for the specific replication of

deoxynucleic acid sequences or fragments.

12. Use of a stable aqueous solution as claimed in

claims 1 to 6 for random priming.

13. Use of a stable agqueous solution as claimed in

claims 1 to 6 for nick translation.

14. Stable aqueous solution according to any one of
claims 1 to 6 substantially as hereinbefore described

with reference to the drawings and/or examples.

DATED this 28" day of June 2001

—

XéA24’ Roche Diagnostics GmbH

S
N ¢x‘

?y DAVIES COLLISON CAVE
Wwpatent Attorneys for the Applicants
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area % HPLC

Fig. 3
Decrease of d-TTP
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area % HPLC

Fig. 4
Decrease of d-UTP
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Fig. 5
Decrease of d-ATP
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Fig. 7
PH stability UTP
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Fig. 10
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Fig. 11
stability 7-deaza-d-GTP
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Fig. 12
stability 7-deaza-d-GTP
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% d-ATP

Fig. 13
Stability 4ATP with dilution

100

96 -

94

-=-c=100
-o—c=10
—t— =2

L
N
—+

86+

84 4 t t i t 1 t t {
0 5 10 15 20 25 30 35 40 45 50
days 35°C



% dADP

16

Fig. 14
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Fig. 15
Stability dCTP
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Fig. 16
Stability dCTP
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