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(54) Prevention of crystal formation in liquid solutions during storage by adding a betaine

(57) The present invention relates to the field of im-
proving and stabilizing concentrated solutions and in par-
ticular to improving and stabilizing concentrated solu-
tions for the extraction of nucleic acids from sample ma-
terial. Thus, the present invention, further, relates to the
field of molecular biology. The present invention de-
scribes the use of betaines for stabilizing organic salts
or chaotropic agents in solution which is particularly use-
ful in cases where organic salts or chaotropic agents are
present at high concentration such as for example cha-

otropic agents in buffers for the extraction of nucleic acids
from sample material. The present invention describes
the corresponding buffers and further relates to process-
es for the extraction of nucleic acids from sample material
as well as processes for the analysis of sample material.
Moreover, the present invention relates to kits and car-
tridges comprising at least one container with the corre-
sponding buffer.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of improving and stabilizing solutions. In particular, the present invention
relates to improving and stabilizing solutions for the lysis and extraction of nucleic acids from sample material. Some of
these solutions, thus, find application in the field of molecular biology, i.e. for example, in the process of preparing nucleic
acids for amplification. The present invention therefore further relates to the field of molecular biology.

BACKGROUND OF THE INVENTION

[0002] Nearly all laboratory procedures performed today require the use and storage of several and sometimes even
large numbers of solutions of various chemical compounds and mixtures. Routinely, such solutions are kept refrigerated
in the laboratory in order to prevent degradative processes and to suppress potential bacterial or fungal growth. As a
result of the reduced temperature in the refrigerator, or alternatively, temperature variation in the laboratory itself, some
of the chemical compounds in these solutions may form crystals that precipitate out of these solutions. Before using any
such solution, therefore laboratory personnel has to re-dissolve the precipitated crystals in order to obtain a solution
with the original concentration. This process of re-dissolving precipitates can be very tedious and time-consuming. In
particular, this is the case for concentrated solutions, e.g. solutions of chaotropic agents, because often and especially
in the field of molecular biology such agents have to be used at high concentrations and are thus prone to precipitation.
[0003] Therefore, there is a need in the art to find suitable additives that allow to stabilize compounds in solution. Such
additives would also be beneficial for commercial providers of pre-packaged solutions which are intended for immediate
use by the customer as any such pre-packaged product would be significantly less appealing or possibly even unusable
if laborious re-dissolution would be necessary.
[0004] A number of solutions for the lysis and extraction of nucleic acids from sample material contain high concen-
trations of chaotropic agents. For a wide range of applications lysis and extraction are followed by nucleic acid amplifi-
cation, e.g. for analytical or diagnostic purposes. Frequently, however, the use of chaotropic agents in lysis and extraction
solutions inhibits and/or disturbs the subsequent process of nucleic acid amplification. Therefore, there is, further, a
need in the art to provide solutions containing chaotropic agents for the lysis and extraction of nucleic acids from sample
material that can be used in lysis and extraction protocols followed by nucleic acid amplification, with good yields for
nucleic acid extraction and minimal inhibition and/or disturbance of the nucleic acid amplification.

SUMMARY OF THE INVENTION

[0005] A large amount of laboratory work today is related to the isolation of nucleic acids from sample material in order
to amplify and/or analyze these nucleic acids. In many cases a chaotropic agent is used in order to perform this isolation.
Therefore, the corresponding solutions of chaotropic agents must be prepared and stored in a large number of laboratories
today. Due to their mechanism of action chaotropic agents have to be applied at high concentrations (e.g. close to
saturation). These concentrated solutions, however, naturally are prone to precipitation, e.g. as a result of temperature
variation. Re-dissolving of precipitates sometimes poses a problem as it can be very tedious and time-consuming.
[0006] The present invention provides a solution to this problem by providing betaines that are effective in stabilizing
solutions of organic salts and chaotropic agents. In particular, it has been found that suitable selection of the concentrations
of betaine additive and chaotropic agent allows their use in buffers that can be applied for the isolation of nucleic acids
from sample material with minimal or no interference with subsequent nucleic acid amplification reactions, e.g. by
polymerase chain reaction (PCR).
[0007] Furthermore, as a result of the stabilization, the betaine additives allow to obtain concentrations of organic salts
and chaotropic agents in solutions that exceed the saturation concentrations at a given temperature of solutions without
betaine additive.
[0008] The use of betaine additives according to the present invention, thus allows the manufacture of highly concen-
trated solutions of organic salts and chaotropic agents that will not precipitate if stored in a refrigerator, i.e. at temperatures
of 2 °C to 8 °C. Significantly, this renders unnecessary any assessment of the presence of precipitate in these solutions
prior to use. Therefore, solutions stabilized by betaines according to the invention can be packaged into containers that
do not allow to assess the presence of precipitate from the outside or which would not allow to take measures suitable
to re-dissolve such precipitate.
[0009] Moreover, the present invention relates to improved lysis and extraction solutions, i.e. solutions for the lysis
and extraction of nucleic acids comprising chaotropic agents and betaine additives, wherein the use of these solutions
in the course of lysis and extraction protocols results in higher yields of extracted nucleic acids and/or in less inhibition
and/or disturbance of subsequent nucleic acid amplification reactions performed with the extracted nucleic acids than
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the use of lysis and extraction solutions containing no such betaine additives. Such improved solutions for the lysis and
extraction of nucleic acids can in some cases also be stabilized with respect to precipitation as discussed above, i.e. for
example, be stable to precipitation if stored in a refrigerator, i.e. at temperatures of 2 °C to 8 °C, however, in other cases
such solutions are not stable to precipitation under refrigerated conditions. Correspondingly, the solutions according to
the present invention that are stabilized with respect to precipitation as discussed above can in some cases also be
improved solutions for the lysis and extraction of nucleic acids as discussed above.
[0010] Furthermore, the present invention is directed at processes for the extraction of nucleic acids from sample
material using the buffers of the invention as well as to processes for the analysis of sample material, e.g. by PCR,
employing the buffers of the present invention.
[0011] The use of betaines for the improvement and stabilization of solutions according to the invention comprises
aqueous solutions as well as non-aqueous solutions. The stabilization effect, however, is particularly pronounced for
organic salts, i.e. salts of organic cations, and chaotropic agents in aqueous solution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig. 1 PCR analysis of nucleic acid extracted from a human feces sample spiked with Clostridium difficile
genomic DNA and Bacillus subtilis comK plasmid DNA using a lysis buffer without betaine (Lysis Buffer A) and a lysis
buffer supplemented with 1.0 M betaine (Lysis Buffer B) (see example 2). Cultured Clostridium difficile cells were spiked
into a 20% suspension of human feces in PBS-DOC/NP-40 in different concentrations, viz. 2.5 x 105 cells (solid lines),
2.5 x 104 cells (dotted lines), and 2.5 x 103 cells (solid lines with triangles). Lysis Buffer A or Lysis Buffer B were added
to the feces suspensions together with 5000 cps of a plasmid DNA containing a cloned fragment of the Bacillus subtilis
comK gene. Nucleic acid was extracted from the lysates and analyzed by real-time PCR amplification. (A) Clostridium
difficile genomic DNA extracted with Lysis Buffer A; (B) Clostridium difficile genomic DNA extracted with Lysis Buffer
B; (C) Bacillus subtilis plasmid DNA extracted with Lysis Buffer A; (D) Bacillus subtilis plasmid DNA extracted with Lysis
Buffer B.
[0013] Fig. 2 PCR analysis of nucleic acid extracted from human feces samples spiked with Clostridium difficile tcdB
plasmid DNA and Bacillus subtilis comK plasmid DNA using a lysis buffer without betaine (Lysis Buffer A) and a lysis
buffer supplemented with 1.0 M betaine (Lysis Buffer B) (see example 3). Plasmid DNAs were spiked into a 20%
suspension of human feces in PBS-DOC/NP-40 at 5000 cps per extraction. Lysis Buffer A or Lysis Buffer B were added
to the feces suspensions and nucleic acid was extracted from the lysates followed by real-time PCR amplification with
multiplex mixtures Mix 1 (solid lines with triangles), Mix 4 (solid lines with rectangles), Mix 5 (dashed lines), and Mix 7
(solid lines). (A) Clostridium difficile plasmid DNA extracted with Lysis Buffer A; (B) Clostridium difficile plasmid DNA
extracted with Lysis Buffer B; (C) Bacillus subtilis plasmid DNA extracted with Lysis Buffer A; (D) Bacillus subtilis plasmid
DNA extracted with Lysis Buffer B.
[0014] Fig. 3 PCR analysis of nucleic acid extracted from a human feces sample spiked with Clostridium difficile
genomic DNA and Bacillus subtilis comK plasmid DNA using a lysis buffer without betaine (Lysis Buffer A) and a lysis
buffer supplemented with 1.5 M betaine (Lysis Buffer B) (see example 4). Cultured Clostridium difficile cells were spiked
into a 20% suspension of human feces in PBS-DOC/NP-40 in different concentrations, viz. 2.5 x 105 cells (solid lines),
2.5 x 104 cells (dotted lines), and 2.5 x 103 cells (solid lines with triangles). Lysis Buffer A or Lysis Buffer B were added
to the feces suspensions together with 5000 cps of a plasmid DNA containing a cloned fragment of the Bacillus subtilis
comK gene. Nucleic acid was extracted from the lysates and analyzed by real-time PCR amplification. (A) Clostridium
difficile genomic DNA extracted with Lysis Buffer A; (B) Clostridium difficile genomic DNA extracted with Lysis Buffer
B; (C) Bacillus subtilis plasmid DNA extracted with Lysis Buffer A; (D) Bacillus subtilis plasmid DNA extracted with Lysis
Buffer B.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0015] The present invention relates to a buffer comprising in aqueous solution:

- at least one chaotropic agent
- at least one betaine.

[0016] According to the present invention a buffer is a solution containing a buffer substance that is suitable to stabilize
the pH value of that solution. Numerous buffer substances are well known in the art. A typical example for a buffer
substance is Tris. In a particularly preferred embodiment the present invention relates to compositions and uses employing
Tris.
[0017] According to the present invention a chaotropic agent is a compound which is able to disrupt the three dimen-
sional structure of a macromolecule such as a protein or nucleic acid by interfering with stabilizing intramolecular inter-
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actions. Typical examples of chaotropic agents include urea, guanidinium hydrochloride, guanidinium isothiocyanate
(Gua-SCN). Another example of a chaotropic agent is lithium perchlorate.
[0018] According to the present invention betaines are compounds comprising a positively charged group as well as
a negatively charged group in their molecular structure wherein hydrogen migration cannot compensate these charges.
Preferred betaines include trimethylglycine and sultaine.
[0019] According to the present invention an aqueous solution is a solution formed from solid and liquid components,
wherein water is the most abundant liquid component. Correspondingly, in non-aqueous solutions a non-aqueous com-
ponent is the most abundant liquid component.
[0020] In a preferred embodiment of the present invention the buffers of the invention comprise:

- a chaotropic agent selected from the group consisting of:

urea, guanidinium hydrochloride, guanidinium isothiocyanate (Gua-SCN), lithium perchlorate,

- a betaine selected from the group consisting of:

trimethylglycine, sultaine.

[0021] In a particularly preferred embodiment of the present invention the buffers of the invention comprise:

- guanidinium isothiocyanate (Gua-SCN),
- trimethylglycine.

[0022] In a preferred embodiment of the present invention the buffers of the invention comprise additionally, at least
one of the following components:

- a surfactant
- a chelating agent for metal ions.

[0023] According to the present invention a surfactant is an agent that reduces the surface tension of a liquid. Numerous
anionic, cationic, non-ionic, and zwitterionic surfactants (categorized according to their charge) are well known in the
art amongst which are a large number of surfactants compatible with protocols for the extraction and subsequent analysis
of nucleic acids. In a preferred embodiment the invention relates to compositions and uses employing non-ionic sur-
factants. A typical example for a non-ionic surfactant is Triton X-100.
[0024] According to the present invention a chelating agent for metal ions is a compound that is capable of forming a
chelate-complex with a metal ion, thus preventing its interaction in processes resulting in the degradation of macromol-
ecules and in particular nucleic acids. Numerous chelating agents for metal ions are well known in the art. Typical
examples are EDTA and EGTA. In a particularly preferred embodiment the present invention relates to compositions
and uses employing EDTA.
[0025] In one aspect the present invention relates to compositions that contain at least one compound in a concentration
that is close to its saturation concentration. In this context saturation concentration denotes the maximum concentration
of a compound that can be obtained by dissolving that compound in a solution at a specific temperature. As the present
invention relates in one aspect to increasing the maximal concentration obtainable by dissolving a compound in a solution
by the addition of a betaine the saturation concentration for the purpose of the present invention is defined as the
saturation concentration obtained in the absence of betaine additive. Therefore, in a preferred embodiment the present
invention relates to buffers, wherein the concentration of the chaotropic agent (Cca) and the concentration of the betaine
(cbet) are selected from the group of: 
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wherein Csat is defined as the saturation concentration of the chaotropic agent in the corresponding solution at 25 °C if
no betaine is added.
[0026] A simple experiment can be performed in order to test if a combination of concentrations chosen for chaotropic
agent and betaine is suitable to stabilize a given solution with respect to crystal formation, e.g. during storage: A solution
containing chaotropic agent and betaine at the concentrations chosen is prepared and subjected to the temperature
conditions expected during storage (e.g. 2 °C to 8 °C as in a refrigerator), for a prolonged period of time, e.g. for 24
hours or one week. Subsequently, the solution is examined with respect to crystal formation, e.g. by visual inspection.
If no crystals are found the concentrations chosen are suitable to sufficiently stabilize the solution (cf. example 1).
[0027] A simple experiment can be performed in order to test if a concentration chosen for a betaine in a lysis and
extraction solution containing a chaotropic agent is suitable for improving the yields of extracted nucleic acids and/or is
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suitable for reducing the inhibitory and/or disturbing effect of the chaotropic agent on subsequent nucleic acid amplification
reactions: A solution containing chaotropic agent and betaine at the concentrations chosen is prepared, combined with
a nucleic acid sample and, subsequently, subjected to a nucleic acid amplification reaction (e.g. PCR). Alternatively, the
sample containing the nucleic acid is subjected to a lysis and extraction protocol of interest using a lysis and extraction
solution containing chaotropic agent and betaine at the concentrations chosen. The nucleic acid extracted thereby is
then used for the amplification reaction. The experiment is performed with different betaine concentrations and the results
of the nucleic acid amplification are compared thus yielding the most suitable betaine concentration. In the context of
quantitative real-time PCR for example the most suitable betaine concentration may be defined as the lowest corre-
sponding Ct-value for the sample.
[0028] In another embodiment of the present invention the buffers of the invention comprise in aqueous solution:

- 4.65 M to 4.85 M, preferably 4.75 M guanidinium isothiocyanate (Gua-SCN)
- 1.35 M to 1.65 M, preferably 1.5 M trimethylglycine.

[0029] The corresponding buffers combine the beneficial effect of the betaine additive, i.e. inhibition of the crystallization
of guanidinium isothiocyanate at temperatures typical for storage in a refrigerator (e.g. 2°C to 8°C) with improved yields
of extracted nucleic acids and/or significantly reduced inhibition and/or disturbance of subsequent amplification reactions
(e.g. PCR) performed with the extracted nucleic acids. This was verified experimentally, the result is displayed in Fig. 3
(see example 4).
[0030] In another embodiment of the present invention the buffers of the invention comprise in aqueous solution:

- 5.15 M to 5.35 M, preferably 5.25 M guanidinium isothiocyanate (Gua-SCN) and
- 0.9 M to 1.1 M, preferably 1 M trimethylglycine.

[0031] These buffers are not stable towards crystallization of guanidinium isothiocyanate at temperatures typical for
storage in a refrigerator (e.g. 2°C to 8°C), however, they result in high yields of extracted nucleic acids and/or very
significantly reduced inhibition and/or disturbance of subsequent amplification reactions (e.g. PCR) performed with the
extracted nucleic acids. This was verified experimentally, the result is displayed in Fig. 2 (see example 3).
[0032] In another embodiment the present invention further comprises a kit comprising, in packaged combination, at
least one container containing a buffer of the invention and at least one container containing some or all of the reagents
necessary for the amplification of nucleic acids. In a particularly preferred embodiment reagents required for nucleic
acid amplification comprise at least one of the following: an oligonucleotide primer pair or a plurality of different oligo-
nucleotide primer pairs, nucleotides, a polymerase, a label that allows to monitor the amplification process, a buffer for
the amplification reaction.
[0033] In another embodiment the present invention further comprises a cartridge containing a buffer according to the
invention. According to the present invention a cartridge is suitable to be used by an automated bioanalytical instrument
and is further suitable for storing liquid solutions and sample material so that liquid solutions and sample material in one
cartridge can temporarily be stored while the liquid solutions and sample material in another cartridge are being processed
by the automated bioanalytical instrument. In a preferred embodiment the present invention relates to cartridges which
are built in such a way that it is difficult or impossible to assess from the outside if precipitate is present in the cartridge.
In another preferred embodiment the present invention relates to cartridges which are built in such a way that it is difficult
or impossible to take measures suitable to re-dissolve precipitate present in the cartridge.
[0034] In another embodiment the present invention further comprises a process for the lysis of sample material and/or
extraction and/or analysis of nucleic acids from sample material comprising the step:

Exposing the sample material to a buffer according to the invention.

[0035] The sample material containing the nucleic acid to be extracted contains in addition to the nucleic acid at least
one of the following: proteins, lipids, carbohydrates. In a preferred embodiment the sample material is of biological origin.
Typical sample materials include for example: cells, viruses, tissue, body fluids.
[0036] In a preferred embodiment of the present invention the nucleic acid to be analyzed is DNA. In a particularly
preferred embodiment of the present invention the nucleic acid to be analyzed is plasmid DNA.
[0037] A large number of processes for the lysis of sample material and/or extraction of nucleic acids from different
sample materials are known in the art. A number of such processes employ buffers containing chaotropic agents. During
the extraction procedure from sample materials of biological origin the chaotropic agent effects denaturation of biological
macromolecules, the disruption of non-covalent bonds and inhibition of enzymes that would otherwise degrade the
nucleic acids. In addition to exposing the sample material to the lysis composition, typically, the process of lysis and/or
extraction can also involve some kind of mechanical disruption, e.g. mechanical blender, glass beads, grinding, French
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pressure cell, homogenizer, sonication or freeze-thaw-cycles. A typical process for the lysis of sample material and
extraction of nucleic acids thereof comprises the steps: (i) exposing the sample material to a buffer according to the
invention, (ii) specific binding of nucleic acids to a suitable substance in a buffer according to the invention, (iii) washing
of the substance with bound nucleic acids with one or more solutions suitable for this step, (iv) elution of the nucleic
acids from the substance with a solution suitable for this step.
[0038] According to the present invention processes for the analysis of sample material are preferably processes
involving the amplification of nucleic acids contained in the sample material. Analysis-methods involving the amplification
of nucleic acids (e.g. by polymerase chain reaction (PCR), nucleic acid sequence-based amplification (NASBA) or ligase
chain reaction (LCR)) are well known in the art. In a preferred embodiment of the present invention the analysis of sample
material involves a quantitative real time PCR process. Such processes are well known in the art. In another preferred
embodiment of the present invention the nucleic acid that is analyzed is DNA. In a particularly preferred embodiment of
the present invention the nucleic acid that is analyzed is plasmid DNA.
[0039] In a preferred embodiment of the present invention the lysis and extraction protocol followed by nucleic acid
amplification is performed as follows:

A lysis buffer is prepared and used to extract nucleic acids from sample material. Typically, two volumes of lysis
buffer are added to one volume of sample and the resulting lysates are incubated for 10 minutes to establish complete
lysis. In a following step, the lysate is applied to a spin column containing a silica membrane. The spin column is
centrifuged and the flow-through is discarded. Next, the silica membrane is washed with a first wash buffer containing
a high concentration of chaotropic salt to remove residual unbound substances and subsequently with a wash buffer
containing a high concentration of ethanol to remove the chaotropic salts while keeping the nucleic acid bound to
the silica membrane. After removal of the ethanol remnants by an extra centrifugation step, bound nucleic acids are
eluted from the silica membrane by applying a pre-warmed low salt buffer to the spin column followed by a short
incubation prior to centrifugation. The flow-through of the elution step is collected in a clean tube and subsequently
used for PCR analysis. For the amplification of specific target DNA segments, an amount of the eluate with the
nucleic acids extracted from the sample is mixed with a buffer containing the ingredients necessary for PCR ampli-
fication (deoxyribonucleotides, MgCl2, Tris-HCl buffer, KCl, Taq DNA polymerase) and oligonucleotide primers and
probes derived from the target DNA primary structure. The PCR reaction mixture is denatured at an elevated
temperature to melt out any double-stranded DNA strains. Subsequently, the target DNA segments are amplified
by alternately incubating the PCR reaction mixture at a high temperature (typically 95°C) for denaturation and at a
lower temperature (typically 60°C) for primer and probe annealing and primer extension. Probe signals are monitored
over time and are measured during each annealing step.

[0040] In another embodiment the present invention further comprises the use of a betaine as an additive for a buffer
that is suitable for the extraction of nucleic acids from sample material, wherein the sample material, in addition to the
nucleic acids, contains at least one of the following components: proteins, lipids, carbohydrates.
[0041] In another embodiment the present invention further comprises the use of a betaine for improving lysis and
extraction solutions containing a chaotropic agent, wherein the use of these solutions in the course of the lysis and
extraction procedure results in higher yields of extracted nucleic acids and/or in less inhibition and/or disturbance of
subsequent nucleic acid amplification reactions performed with the extracted nucleic acids, than the use of lysis and
extraction solutions containing no such betaine additives.
[0042] A large number of effects are known in the art that result in the reduction of extraction-yield and/or inhibition
and/or disturbance of nucleic acid amplification reactions. Such effects can be caused by the presence of detrimental
agents. People of skill in the art can readily identify such effects. In the context of quantitative real time PCR for example
such an effect can be identified by comparing the curve displaying the temporal development of the signal correlated to
nucleic acid amplification for a sample containing a potentially detrimental agent to that of a sample without such an
agent. In a preferred embodiment of the present invention such an effect that results in the reduction of extraction-yield
and/or inhibition and/or disturbance of nucleic acid amplification reactions is characterized by an increased Ct-value for
the sample that is subject to this effect.
[0043] In another embodiment the present invention further comprises the use of a betaine for stabilizing a compound
in a solution. According to the present invention stabilization of the compound in the solution is achieved if at constant
temperature the saturation concentration of that compound can be increased by the addition of the betaine. The saturation
concentration of a compound is the maximal concentration at which that compound can be dissolved at a specific
temperature. The solution can be an aqueous solution or a non-aqueous solution. In a preferred embodiment the solution
is an aqueous solution.
[0044] In a preferred embodiment of the present invention the compound to be stabilized in a solution is either an
organic salt or a chaotropic agent. According to the present invention an organic salt is a salt of an organic cation. Typical
organic cations are guanidinium and ammonium.
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[0045] In another preferred embodiment of the present invention the compound to be stabilized in a solution is selected
from the group of:

urea, guanidinium hydrochloride, guanidinium isothiocyanate (Gua-SCN) and lithium perchlorate

[0046] In another preferred embodiment of the present invention, the betaine for stabilizing the compound in solution
is selected from the group of:

trimethylglycine, sultaine.

EXAMPLES

Example 1:

[0047] Aqueous solutions comprising different concentrations of Guanidinium isothiocyanate (Gua-SCN) and Triton
X-100, EDTA as well as Tris-HCl (pH 6.4) were prepared at room temperature and trimethylglycine was added in different
concentrations. Subsequently, the solutions were cooled down to a temperature of 2 °C and stored at that temperature
in a refrigerator for one week. After that crystal formation was examined by visual inspection. Table 1 contains a summary
of the results: +++ = formation of large amounts of crystals, ++ = formation of intermediate amounts of crystals, + =
formation of low amounts of crystals, 0 = no formation of crystals. The effect of the addition of trimethylglycine on the
formation of crystals is clearly visible. Adding 1.5 M trimethylglycine to a solution of 4.7 M Gua-SCN or 2 M trimethylglycine
to a solution of 5.25 M Gua-SCN prevents crystal formation.

Example 2:

[0048] The following experiment was performed in order to show that adding trimethylglycine does not negatively
affect the overall assay. Two lysis buffers were prepared. One of these buffers (Lysis Buffer A) consisted of 5.25 M Gua-
SCN, 50 mM Tris-HCl (pH 6.4), 20 mM EDTA, and 1.3 % (w/v) Triton X-100. The other lysis buffer (Lysis Buffer B) had
exactly the same composition with the exception that it additionally contained 1.0 M trimethylglycine. These lysis buffers
were used to extract nucleic acid from difficult sample matrices known to contain high concentrations of inhibitory factors
for PCR amplification and high levels of background DNA competing with the target DNA of interest for binding places
on the silica moiety. A 20 % (w/v) suspension of a human feces sample was prepared in Phosphate Buffered Saline
(PBS) solution supplemented with 1.0 % deoxycholate (DOC) and 1.0 % Nonidet-P40 (NP-40). To 400 Pl of this feces
suspension (equivalent to 80 mgr feces) 800 Pl of either Lysis Buffer A (without trimethylglycine) or Lysis Buffer B (with
1.0 M trimethylglycine) were added. To these lysates different amounts of a culture of Clostridium difficile cells of strain
ATCC 9689T were added containing about 2.5 x 105, 2.5 x 104, or 2.5 x 103 cells. Additionally, 5000 copies of a plasmid
DNA containing a cloned fragment of the Bacillus subtilis comK gene were spiked into the lysate as a so-called Sample
Processing Control (SPC) to monitor extraction and PCR analysis. Upon centrifugation of the resulting suspension during

Table 1: Effect of the addition of trimethylglycine on crystal formation at 2 °C.

Gua-SCN Triton X-100 EDTA Tris-HCl (pH 6.4) Trimethylglycine

[M] [wt%] [mM] [mM] [M] Crystal formation

4.7 1.3 20 50 0 ++

4.7 1.3 20 50 0.5 +

4.7 1.3 20 50 1 +

4.7 1.3 20 50 1.5 0

4.7 1.3 20 50 2 0

5.25 1.3 20 50 0 ++

5.25 1.3 20 50 0.5 +

5.25 1.3 20 50 1 +

5.25 1.3 20 50 1.5 +

5.25 1.3 20 50 2 0
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2 minutes to remove any undissolved feces components, the cleared lysate was applied to a NucleoSpin Blood Column
(Macherey-Nagel, Düren, Germany) in two portions of 550 Pl and each portion was incubated during 1 minute at room
temperature prior to centrifugation through the silica membrane in the spin column. After that the spin column was
centrifuged and the flow-through was discarded. Next, the silica membrane was washed with a first wash buffer containing
a high concentration of chaotropic salt to remove residual unbound substances (600 Pl BW Buffer (Macherey-Nagel,
Düren, Germany)) and subsequently with a wash buffer containing a high concentration of ethanol to remove the cha-
otropic salts while still keeping the nucleic acid bound to the silica membrane (600 Pl B5 Buffer (Macherey-Nagel, Duren,
Germany)) followed by centrifugation during 1 minute for each of the wash buffers. After the final washing step, residual
ethanol was removed from the silica membrane by an extra centrifugation step of 3 minutes. Finally, bound nucleic acids
were eluted from the silica membrane by applying two aliquots of 75 Pl of BE Buffer (Macherey-Nagel, Düren, Germany)
to the spin columns that were pre-warmed to 70°C followed by a short incubation (2 minutes at room temperature) prior
to centrifugation (1 minute). Flow-through of the elution step was collected in a clean tube and subsequently used for
PCR analysis. Upon elution, the two eluate aliquots were pooled and immediately used for PCR analysis. For the PCR
reactions, 10 Pl of the nucleic acid extracts prepared with either Lysis Buffer A or Lysis Buffer B, were mixed with 12.5
Pl LightCycler® 480 Probes Master (Roche Diagnostics GmbH, Mannheim, Germany) mastermix and 0.5 Pl of a 90 mM
MgCl2 solution. To these mixtures, 2 Pl of a multiplex PCR mix of primers and Taqman probes were added targeting
two regions on the tcdB gene of Clostridium difficile and the cloned Bacillus subtilis comK fragment in the plasmid DNA
that was spiked into each sample as the SPC. Taqman probes for the individual PCR targets were labeled with fluoro-
phores FAM for comK and Yakima Yellow and ATT0647N for the tcdB gene targets. PCR reaction mixtures were
processed in a Bio-Rad CFX96 system (Bio-Rad Laboratories, Veenendaal, The Netherlands). Denaturation was per-
formed at 95°C during 10 minutes and was followed by 50 cycles, each consisting of 15 seconds denaturation at 95°C
and 60 seconds annealing/extension at 60°C. Fluorescence was monitored over time and measured at the end of each
annealing/extension step. Real-time PCR curves that were obtained for the different PCR targets in the different samples
are shown in Figure 1. From the figure it can be seen that for the tcdB targets that were amplified from the Clostridium
difficile genomic DNA that was extracted from the 20% human feces suspensions in PBS/DOC-NP-40, no difference is
observed between the extractions for which Lysis Buffer A or Lysis Buffer B were used. For both lysis buffers, all PCR
reactions are positive for all of the input levels of cultured Clostridium difficile cells and Ct values are comparable for
the different input levels and the different amounts of feces that were used. Consequently, the addition of trimethylglycine
to the lysis buffer has no negative effects on the extraction of bacterial genomic DNA from a human feces sample.
However, for the comK plasmid DNA a clear difference was observed between Lysis Buffers A and B. For Lysis Buffer
A, not all PCR reactions revealed a positive result and some variation in the Ct values for the individual PCR curves
was observed despite the fact that each sample was spiked with the same amount of comK plasmid DNA. For Lysis
Buffer B, all PCR reactions were positive and Ct values were much more consistent as for Lysis Buffer A. The example
shows that trimethylglycine addition has no negative effect on nucleic acid extraction and, unexpectedly, reveals even
better results for plasmid DNA. Therefore, addition of 1.0 M of trimethylglycine to the lysis buffer used in a silica-based
nucleic acid extraction procedure is beneficial for the extraction of plasmid DNA spiked into a human feces sample.

Example 3:

[0049] The following experiment was performed in order to show that adding trimethylglycine improves nucleic acid
yield and/or reduces inhibitory and/or disturbing effects resulting from chaotropic agents in the lysis and extraction buffer.
Lysis Buffer A (as defined in example 2) and Lysis Buffer B (as defined in example 2) were used to extract nucleic acid
from a 20 % human feces suspension in PBS/DOC-NP-40 essentially as described for example 2 with the only difference
that the tcdB target was not spiked into the lysates as genomic DNA from cultured Clostridium difficile cells but as
plasmid DNA containing the target PCR segment as a cloned fragment. Similar to the Bacillus subtilis comK plasmid
DNA, 5000 copies of the tcdB fragment plasmid DNA were spiked into each lysate. Subsequently, nucleic acid extraction
and PCR analysis were performed essentially as described in example 2. For PCR analysis, each of the eluates now
was amplified with four different multiplex PCR mixtures. Each of the mixtures contained the primers and probes for
three PCR targets, one of which was the tcdB gene PCR target and another one was the Bacillus subtilis comK PCR
target. The third PCR target in each of the multiplex PCR mixtures was variable. Results of this PCR analysis are depicted
in Figure 2. For all three PCR targets for which the results are shown and that were amplified from the corresponding
plasmid DNAs as extracted from the feces lysates prepared with either Lysis Buffer A or Lysis Buffer B, it was observed
that better results were obtained for Lysis Buffer B, i.e. for the lysis buffer containing 1.0 M trimethylglycine. For this lysis
buffer, all PCR reactions revealed a positive result and Ct values were lower and more consistent as for their counterparts
obtained with Lysis Buffer A. In addition, not all PCR reactions revealed a positive result for the eluates obtained with
Lysis Buffer A.
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Example 4:

[0050] The experiment performed was exactly the same as in example 2, but performed with different buffers. Lysis
Buffer A consisted of 4.75 M Gua-SCN, 50 mM Tris-HCl (pH 6.4), 20 mM EDTA, and 1.3 % (w/v) Triton X-100. The other
lysis buffer (Lysis Buffer B) had exactly the same composition with the exception that it additionally contained 1.5 M
trimethylglycine. Results of the PCR analysis are depicted in Figure 3.

Claims

1. Buffer comprising in aqueous solution:

at least one chaotropic agent
at least one betaine.

2. Buffer according to claim 1, wherein:

the chaotropic agent is selected from the group consisting of:

urea, guanidinium hydrochloride, guanidinium isothiocyanate (Gua-SCN), lithium perchlorate
the betaine is selected from the group consisting of:

trimethylglycine, sultaine.

3. Buffer according to claims 1 to 2, additionally comprising at least one of the following components:

a surfactant
a chelating agent for metal ions

4. Buffer according to claims 1 to 3, wherein the concentration of the chaotropic agent (Cca) and the concentration of
the betaine (Cbet) are selected from the group of: 
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wherein Csat is defined as the saturation concentration of the chaotropic agent in the corresponding solution at 25
°C if no betaine is added.

5. Buffer according to claims 1 to 4 comprising in aqueous solution:

4.65 M to 4.85 M, preferably 4.75 M guanidinium isothiocyanate (Gua-SCN)
1.35 M to 1.65 M, preferably 1.5 M trimethylglycine.

6. Buffer according to claims 1 to 4 comprising in aqueous solution:

5.15 M to 5.35 M, preferably 5.25 M guanidinium isothiocyanate (Gua-SCN) 0.9 M to 1.1 M, preferably 1 M
trimethylglycine.

7. A kit comprising, in packaged combination, at least one container containing a buffer according to claims 1 to 6 and
at least one container containing some or all of the reagents necessary for the amplification of nucleic acids.

8. Cartridge containing a buffer according to claims 1 to 6.

9. Process for the lysis of sample material and/or extraction and/or analysis of nucleic acids from sample material
comprising the step:

Exposing the sample material to a buffer according to claims 1 to 6.

10. Process according to claim 9, wherein the nucleic acid to be analyzed is DNA, and preferably, wherein the nucleic
acid to be analyzed is plasmid DNA.

11. Use of a betaine as an additive for a buffer, that is suitable for the extraction of nucleic acids from sample material,
wherein the sample material, in addition to the nucleic acids, contains at least one of the following components:
proteins, lipids, carbohydrates.
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12. Use of a betaine for improving lysis and extraction solutions containing a chaotropic agent, wherein the use of these
solutions in the course of the lysis and extraction procedure results in higher yields of extracted nucleic acids and/or
in less inhibition and/or disturbance of subsequent nucleic acid amplification reactions performed with the extracted
nucleic acids, than the use of lysis and extraction solutions containing no such betaine additives.

13. Use of a betaine for stabilizing a compound in a solution.

14. Use according to claim 13, wherein the compound is either an organic salt or a chaotropic agent.

15. Use according to claims 13 to 14, wherein the compound is selected from the group of:

urea, guanidinium hydrochloride, guanidinium isothiocyanate (Gua-SCN) or lithium perchlorate and,

wherein the betaine is selected from the group of:

Trimethylglycine, sultaine.
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