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e\ (57) Abstract: The present invention relates to an improved method for the bisulfite conversion of DNA. By combination of dena-
turing solvents, new reaction conditions and new purification methods the efficacy of the bisulfite conversion is clearly improved.
The converted DNA can subsequently be analysed by different methods. The present invention facilitates the analysis of cytosine

methylation.
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Improved bisulfite conversion of DNA
Background of the invention

The present invention concerns a method for the detec-
tion of cytosine methylations in DNA. ©5-Methylcytosine 1is
the most frequent covalently modified base in the DNA of
eukaryotic cells. For example, it plays a role in the regqu-
lation of transcription, in genetic imprinting and in tu-
morigenesis (for review: Millar et al.: Five not four: His-
tory and significance of the fifth base. In: S. Beck and A.
Olek, eds.: The Epigenome. Wiley-VCH Verlag Weinheim 2003,
S. 3-20). The 1identification of 5-methylcytosine as a com-
ponent of genetic information is thus of considerable in-
terest. G5-Methylcytosine positions, however, cannot be
ldentified by sequencing, since 5-methylcytosine has the
same base-pairing behavior as cytosine. In addition, in the
case of a PCR amplification, the epigenetic information,

which is borne by 5-methylcytosines, is completely lost.

The usual methods for methylation analysis operate es-
sentially according to two different principles. Either me-
thylation-specific restriction enzymes are utilized, or a
selective chemical conversion of unmethylated cytosines to
uracil is conducted (bisulfite treatment). The enzymati-
cally or chemically pretreated DNA is then amplified and
can be analyzed 1n different ways (for review: Fraga and
Esteller: DNA Methylation: A Profile of Methods and Appli-
cations. Biotechniques 33:632-649, Sept. 2002) .WO 02/072880

pp. 1 ff).
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As the use of methylation-specific enzymes 1is re-
stricted to certain sequences containing restriction sites

recognised by said enzymes, for most applications a bisul-

fite treatment is conducted (for review: US 10/311,661).

According to the invention a “bisulfite reaction”, “bisul-
fite treatment” or “bisulfite method” shall mean a reaction
for the conversion of cytosine bases 1in a nucleic acid to
uracil bases in the presence of bisulfite ions whereby 5-
methyl-cytosine bases are not significantly converted. The
bisulfite reaction contains a deamination step and a desul-
fonation step which can be conducted separately or simulta-
neously (futher details are described and a reaction scheme
is shown in EP 1394172Al1, incorporated by reference herein
1n 1ts entirety). There are various documents addressing
specific aspects of the bisulfite reaction, including Ha-
yatsu et al., Biochemistry 9 (1970) 2858-28659; Slae and
Shapiro, J.0rg. Chem. 43 (1978) 4197-4200; Paulin et al.,
Nucl. Acids Res. 26 (1998) 5009-5010; Raizis et al., Anal
Biochem. 226 (1995), 161-1666; Wang et al. Nucleic Acids
Res. 8 (1980) 4777-4790. These documents are summarized in

EP 1394172A1 (incorporated by reference herein in its en-

tirety).

The bisulfite treatment is usually conducted in the
following way: The genomic DNA 1s isolated, mechanically or
enzymatically fragmentated, denaturated by NaOH, converted

several hours by a concentrated bisulfite solution and fi-
nally desulfonated and desalted (e.g.: Frommer et al.: A
genomic sequencing protocol that yields a positive display

of 5-methylcytosine residues in individual DNA strands.
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Proc Natl Acad Sci U S A. 1992 Mar 1:;89(5):1827-31;: 1incor-

porated by reference herein in its entirety).

In recent times several technical improvements of the
bisulfite methods were developed. The agarose bead method
incorporates the DNA to be investigated in an agarose ma-
trix, through which diffusion and renaturation of the DNA
1s prevented (bisulfite reacts only on single-stranded DNA)
and all precipitation and purification steps are replaced
by rapid dialysis (Olek A. et al. A modified and improved
method for bisulphite based cytosine methylation analysis,
Nucl. Acids Res. 1996, 24, 5064-5066). In the patent appli-
cation WO 01/98528 (= DE 100 29 915; = US application
10/311,661) a bisulfite conversion is described in which
the DNA sample is incubated with a bisulfite solution of a
concentration range between 0.1 mol/l to 6 mol/l in pres-
ence of a denaturing reagent and/or solvent and at least
one scavenger. In sald patent application several suitable
denaturing reagents and scavengers are described (document

incorporated by reference herein in its entirety). In the

patent application WO 03/038121 (=DE 101 54 317;
=10/416,624) a method is disclosed in which the DNA to be
analysed 1is bound to a solid surface during the bisulfite
treatment. Consequently, purification and washing steps are
facilitated. Further improvement are described in the pat-
ent applications EP1394173A1 and EP1394172A1 (incorporated

by reference herein in its entirety).

However, a basic problem of the bisulfite treatment
consists of the fact that long reaction times are necessary
in order to assure a complete conversion and to exclude

false-positive results. Simultaneously, however, this leads
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Lo a degradation of the DNA due to the long reaction times.
Higher reaction temperatures in fact lead to a higher con-
version rate, but also to a more intense degradation of the
DNA. The interactions between temperature, reaction time,
rates of conversion and degradation were recently investi-
gated systematically. In this way, it could be shown that
the highest conversion rates were attained at temperatures
of 55°C (with reaction times between 4 and 18 hours) and at
95°C (with a reaction time of one hour). A serious problem,
however, is the degradation of the DNA during this proce-
dure. At a reaction temperature of 55°C, 84-96% of DNA is
decomposed. At 95°C the degradation is in fact even higher
(Grunau et al.: Bisulfite genomic sequencing: systematic
investigation of critical experimental parameters. Nucleic
Aclds Res. 2001 Jul 1;29(13):E65-5; incorporated by refer-
ence herein in its entirety). Thus, most authors use reac-
tion temperatures of approximately 50°C (see: Frommer et
al., loc. cit. 1992, p. 1827; Olek et al., loc. cit. 1996,
P. 5065; Raizis et al: A bisulfite method of ©5-
methylcytosine mapping that minimizes template degradation.

Anal Biochem. 1995 Mar 20;226(1):161-6, 162).

In addition to the high degradation rate of DNA, there
1s another problem in conventional bisulfite methods, which
consists of the fact that a powerful purification method
for converted DNA has not yet been described. Many authors
use precipitations (see Grunau et al., loc. cit.). A puri-
fication via DNA-binding surfaces has also been described
(see: Kawakami et al.: Hypermethylated APC DNA in plasma
and prognosis of patients with esophageal adenocarcinoma.

Journal of the National Cancer Institute, Vol. 92, No. 22,
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2000, pp. 1805-11). The vyield of these purifications, how-

ever, 1s limited.

Due to the high losses of the conventional bisulfite
treatment, 1t is problematic to use these methods for in-
vestigations in which the quantity of DNA to be analyzed is
limited. A particularly interesting field of methylation
analysis, however, lies in diagnosing cancer diseases or
other disorders associated with a change in methylation
status by means of analyis of DNA from bodily fluids, e.qg.
from blood or urine. However, DNA is present only in small
concentrations in body fluids, so that the applicability of
methylation analysis is limited by the low yield of conven-

tional bisulfite treatment.

Accordingly, based on the particular importance of cy-
tosine methylation analysis and based on the described dis-
advantages of conventional methodology, there is a great

technical need for improved methods of bisulfite conver-

sion.

It was now found that the addition of certain denatur-
1ng solvents 1ncreases the conversion rate of the bisulfite
reaction 1n an unexpectated, surprising way. Simultane-
ously, the necessary reaction time and consequently the
degradation rate are reduced. Although the use of denatur-
ing solvent 1s already known in the state of the art the
person skilled 1n the art could not expect that the sol-
vents selected in this invention would cause such a strong
effect. Besides the clearly improved conversion rate and
the reduced degration rate the use of said solvent leads to

another important advantage: Usually the bisulfite treat-
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ment 1s performed in the presence of high concentrations of
bisulfite (Fraga and Esteller recommend a final concentra-
tion of 5 mol/l; see above, p.642, left column, second
paragraph) . However, such a high concentration of salt
causes a high degradation and leads to problems within the
subsequent purification and amplification. A futher advan-
tage of the use of n-alkylenglycol compounds as a denatu-
rating agent according to the present invention compared to
the already known denaturing solvents is their higher water
solubility. As a consequence, the reaction compounds, in-
cluding the scavengers, are applicable in a broader concen-
tration range. By combining the new solvents with optimised
reaction conditions and new purification methods the effi-
cacy of the conversion can be further improved. A sensitive

DNA methylation analysis of tissue or bodily fluids becomes

possible.

Description
One embodiment of the present invention is a method for a
bisulfite conversion of DNA, wherein DNA is reacted with a
bisulfite reagent, characterized in that said reaction is
carried out in the presence of a compound out of the group
of dioxane, one of its derivatives and a similar aliphatic
cyclic ether.

Another embodiment of the present invention is a method
for a bisulfite conversion of DNA, wherein DNA is reacted
with a bisulfite reagent, characterized in that said reac-
tion 1s carried out in the presence of a compound of the

following formula:
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n = 1-35000

m = 1-3

R, = H, Me, Et, Pr, Bu
R, = H, Me, Et, Pr, Bu

Preferred are thus n-alkylene glycol compounds, particu-
larly their dialkyl ethers, and especially diethylene gly-
col dimethyl ether (DME).

For both embodiments the DNA to be investigated may
originate from different sources depending on the diagnos-
tic or scientific objective. For diagnostic investigations,
tissue samples are preferably used as the initial material,
but bodily fluids, particularly serum or plasma, can also
be used. It 1s also possible to use DNA from sputum, stool,
urine, or cerebrospinal fluid. Preferably, the DNA is iso-
lated from biological specimens. The DNA is extracted ac-
cording to standard methods, from blood, e.g., with the use
of the Qiagen UltraSens DNA extraction kit. Other methods
for purifying DNA are known to the person skilled in the

art.

Subsequently, the isolated DNA may be fragmented, e.q.,
by reaction with restriction enzymes. The reaction condi-
tions and the enzymes employed are known to the person
skilled in the art and are taken, e.g., from the protocols

supplied by the manufacturers.
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The bisulfite conversion may be produced according to
the known, protocols indicated above. The reaction may take
place both 1n solution as well as also on DNA bound to a
solid phase. Preferably sodium disulfite (= sodium bisul-
fite/sodium metabisulfite) is used, since it is more solu-
ble in water than sodium sulfite. The disulfite salt dis-
proportionates in aqueous solution to the hydrogen sulfite
anions necessary for the cytosine conversion. When bisul-
fite concentration is discussed below, this refers to the
concentration of hydrogen sulfite and sulfite anions in the
reaction solution. For the method according to the inven-
tion, concentration ranges of 0.1 to 6 mol/l are possible
(see above). Particularly preferred is a concentration
range of 1 to 6 mol/l, and most particularly preferred, 2-4
mol/l. However, when dioxane is used, the maximal concen-
tration of bisulfite that can be used is smaller (see be-
low). In selecting the bisulfite concentration, one must
consider that a high concentration of bisulfite leads to a

high conversion, but also leads to a high decomposition

rate due to the lower pH.

Dioxane can be utilized in different concentrations.
Preferably, the dioxane concentration amounts to 10 to 35%
(vol/vol), particularly preferred is 20 to 30%, and most
particularly preferred is 22 to 28% , especially 25%. A di-
oxane concentration higher than 35% 1is problematic, since
this results in a formation of two phases within the reac-
tion solution. In the particularly preferred embodiments
with a dioxane concentration of 22-28%, the final preferred
bisulfite concentration amounts to 3.3 to 3.6 mol/l, and in

the most particularly preferred embodiment with a dioxane
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concentration of 25%, it amounts to 3.5 mol/l (see Exam-

ples).

The n-alkylene glycol compounds according to the inven-
tion can be utilized in a different concentration range.
DME 1s preferably used in concentrations between 1-35%

(vol/vol). There is preferably between 5 and 25%, and most

preferably 10% DME.

The preferred scavengers utilised according to the in-
vention are chromane derivatives, e.g., 6-hydroxy-2,5,7,8, -
tetramethylchromane 2-carboxylic acid (also known as:
Trolox-C") . Further scavengers are listed in the patent ap-
plication WO 01/98528 (= DE 100 29 915; = US application

10/311,661; incorporated herein in its entirety).

The bisulfite conversion can be conducted in a wide
temperature range from 0 to 95 °C (see above). However, as
at higher temperatures the rates of both the conversion and
decomposition of the DNA increase, in a preferred embodi-
ment the reaction temperature lies between 30-70°C. Par-
ticularly preferred is a range between 45-60°C; most par-
ticularly preferred between 50-55°C. The optimal reaction
time of the bisulfite treatment depends on the reaction
temperature. The reaction time normally amounts to between
1 and 18 hours (see: Grunau et al. 2001, loc. cit.). The
reaction time is ordinarily 4-6 hours for a reaction tem-

perature of 50°C.

In a particularly preferred embodiment of the method
according to the invention, the bisulfite conversion is

conducted at mild reaction temperatures, wherein the reac-
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tion temperature is then clearly increased for a short time
at least once during the course of the conversion. In this
way, the effectiveness of the bisulfite conversion can be
surprisingly clearly be increased. The temperature in-
creases oOf short duration are named "thermospikes"“ below.
The "standard" reaction temperature outside the thermos-
pPikes 1s denoted as the basic reaction temperature. The ba-
sic reaction temperature amounts to between 0 and 80°C,
preferably between 30-70°C, most preferably 45°-55°C, as
described above. The reaction temperature during a thermos-
pike is 1lncreased to over 85°C by at least one thermospike.
The optimal number of thermospikes is a function of the ba-
silc reaction temperature. The higher the optimal number of
thermospikes 1is, the lower is the basic reaction tempera-
ture. At least one thermospike is necessary in each case.
And, on the other hand, in principle, any number of ther-
mospikes 18 conceivable. Of course, it must be considered
that with a large number of temperature increases, the de-
composition rate of the DNA also increases, and an optimal
conversion 1s no longer assured. The preferred number of
thermosplkes 1is thus between 1 and 10 thermospikes each
time, depending on the basic reaction temperature. A number
of two to 5 thermospikes is thus particularly preferred.
The thermospikes increase the reaction temperature prefera-
bly to 85 to 100°C, particularly preferably to 90-98°C, and
most preferably to 94°C-96°C.

The duration in time of the thermospikes also depends
on the wvolume of the reaction batch. It must be assured
that the temperature is increased uniformly throughout the
total reaction solution. For a 20 ul reaction batch when

using a thermocycler a duration between 15 seconds and 1.5




CA 02540310 2006-03-27

WO 2005/038051 PCT/EP2004/011715
11

minutes, especially a duration between 20 and 50 seconds is
preferred. In a particular preferred embodiment the dura-
tion is 30 seconds. Operating on a volume of 100 ul the
preferred range lies between 30 seconds and 5 minutes, es-
pecially between 1 and 3 minutes. Particulary preferred are
1.5 minutes. For a volume of 600 ul, a duration of 1 to 6
minutes, 1s preferred, especially between 2 and 4 minutes.
Particulary preferred is a duration of 3 minutes. A person
skilled in the art will easily be able to determine suit-
able durations of thermospikes in relation to a variety of

reaction volumes.

The above-described use of thermospikes leads to a sig-
nificantly better conversion rates in the bisulfite conver-
sion reaction, even when the above-described denaturing
solvents are not utilized. According to the invention, a
method for bisulfite conversion of DNA is hereby character-
1zed 1n that the basic reaction temperature amounts to 0°C
to 80°C and that the reaction temperature is increased for
a short time to over 85°C at least once in the course of
the conversion. The initial material can be processed as

described above.

The preferred temperature ranges, the number of ther-
mospikes, and their duration correspond to the above-listed
ranges. Accordingly, the basic reaction temperature amounts
to between 0 and 80°C, preferably between 30-70°C, most
preferably to 45°-55°C. The reaction temperature is in-
creased to over 85°C by at least one thermospike. The pre-
ferred number of thermospikes is between 1 and 10 thermos-
pikes depending on the basic reaction temperature. Two to

five thermospikes are particularly preferred. During the




CA 02540310 2006-03-27

WO 2005/038051 PCT/EP2004/011715
12

thermospikes the reaction temperature increases preferably

to 85 to 100°C, particularly preferably to 90-98°C, and
most preferably to 94°C-96°C.

The duration 1in time of the temperature increases also

depends on the volume of the reaction batch (see above).

After the bisulfite conversion is completed, the DNA is
desulfonated and purified. Different methods are known for
this purpose (e.g., see: DE 101 54 317 Al = US 10/416,624:
Grunau et al. 2001, loc. cit.). Normally, the reaction so-
lution 1s first treated with sodium hydroxide. Subsequently
a neutralization and alcohol precipitation of the DNA are
carried out. In a preferred embodiment of the above-
described embodiments according to the invention, the puri-
fication is performed by means of a gel filtration, e.g.,
with Sephadex-G25 columns. The bisulfite salt can be re-
moved very effectively in this way, without the need for
further washing steps. In a second preferred embodiment,
the purification 1is conducted via DNA-binding surfaces,
e.g., vVvia the Wizard DNA purification resin of Promega
(see: Kawakami et al., loc. cit.). A third preferred em-
bodiment wutilizes magnetic particles for purification,
e.g., with the help of the Magna-Pure process. These puri-
fication methods lead to particularly good results in com-
bination with the n-alkylene glycol compounds according to
the invention, particularly with DME. The purification is
conducted according to the manufacturer's instructions. It
1s known to the person skilled in the art that an even fur-
ther increased yield may be attainable by variation of the
manufacturer's instructions by using standard experiments.

Correspondingly, optimized protocols are also part of this
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invention. Further technical instructions for purifying nu-
cleic acids via gel filtration, DNA-binding surfaces and
magnetic particles are known to the person skilled in the
art and are provided, e.g., from the manufacturer's in-
structions. In a most particularly preferred embodiment,
purification 1is conducted by means of an ultrafiltration.
Such a procedure has several technical advantages and re-
sults 1n a surprisingly successful purification of the con-
verted DNA. The recovery rate of the converted DNA is very
high (>85%, see Example 6). This is true for both, high-
molecular DNA as well as also for fragmented DNA, such as
found, e.g., in body fluids. The conventional methods for
1solating bisulfite-treated DNA, in contrast, only lead to
a recovery rate of approximately 25%. Ultrafiltration also
has other advantages. For instance, purification is very
flexible with respect to the volume of the samples to be
used. In addition, the bisulfite salts can be removed al-
most completely. Furthermore, a desulfonation can be per-
formed on the filter membrane, which additionally results
in a savings in time. Different commercially available ul-
trafiltration systems are known to the person skilled in
the art, which may be used for the method according to the
invention. In a preferred embodiment, Microcon ™ columns of
Millipore are used. The purification can thus be carried
out according to a modified manufacturer's protocol. For
this purpose, the bisulfite reaction solution is mixed with
water and loaded onto the ultrafiltration membrane. Subse-
quently the reaction solution is centrifuged for about 15
minutes and then washed with 1 x TE buffer. The DNA remains
on the membrane 1n this treatment. Next, desulfonation 1is
performed. For this purpose, 0.2 mol/l NaOH is added and
the DNA 1incubated for 10 min. Another centrifugation (10
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min) 1s then conducted, followed by a washing step with 1 x
TE buffer. The DNA 1i1s subsequently eluted. For this pur-
pose, the membrane is mixed with 50 ul of warm 1 x TE
buffer (50°C) for 10 minutes. The membrane is turned over
according to the manufacturer's instructions and a repeated
centrifugation is conducted, by means of which the DNA is
removed from the membrane. Now the eluate can be used di-
rectly for the intended detection reactions. It is known to
the person skilled in the art that other procedures may be
indicated with other ultrafiltration systems, and that a
good vyield can also be obtained by wvarying the above-

indicated conditions. The corresponding embodiments are

also part of this invention.

The above-described use of ultrafiltration also facili-
tates a clearly 1improved ©purification of  Dbisulfite-
converted DNA, when the above-described denaturing solvents
are not utilized or when conversion is conducted without
thermospikes. Therefore, according to the invention, a
method for the bisulfite conversion of DNA is hereby char-
acterized in that the purification of the converted DNA
takes place by means of ultrafiltration. The initial mate-
rial can thus be processed up as described above. Thermos-
pikes may also be wutilized. The preferred temperature
ranges, the number of thermospikes, and their duration cor-
respond to the above-listed ranges (see above). Also, ul-
trafiltration is preferably conducted as described above.
Accordingly, different ultrafiltration systems may be util-
ized. In a preferred embodiment, the Microcon ™ columns of
Millipore are used. The purification is preferably con-
ducted as described above according to a modified manufac-

turer's protocol. It 1is known to the person skilled in the
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art that other procedures can be indicated with other ul-
trafiltration systems, and that an even further improved
yield can also be obtained by wvarying the above-indicated

conditions. The corresponding embodiments are also part of

this invention.

The DNA which has been converted and purified via the
above-described different embodiments may now be analyzed
in different ways. It is particularly preferred to amplify
the DNA first by means of a polymerase chain reaction.
Thus, a selective amplification of the originally methy-
lated or unmethylated DNA can be assured via different
methods, e.g., via the so-called "HeavyMethyl" method (for
review: Cottrell et al.; A real-time PCR assay for DNA-
methylation wusing methylation-specific blockers. Nucleic
Acids Res. 2004 Jan 13;32(1):e10. WO 02/072880.) or the so-
called "methylation-sensitive PCR“ (“MSP”; see: Herman et
al.: Methylation-specific PCR: a novel PCR assay for
methylation status of CpG islands. Proc Natl Acad Sci U S
A. 1996 Sep 3;93(18):9821-6). The amplificates obtained may
be detected via conventional methods, e.g., via primer ex-
tension reactions (“MsSNuPE”; see, e.g.,: DE 100 10 280=US
10/220,090) or via hybridization to oligomer arrays (see
e.g.: Adorjan et al., Tumour class prediction and discovery
by microarray-based DNA methylation analysis. Nucleic Acids
Res. 2002 Mar 1;30(5):e21). In another particularly pre-
ferred embodiment, the amplificates are analyzed with the
use of PCR Real Time variants (see: US 6,331,393 "Methyl
Light"“). Preferred variants are therefore the "Tagman" and

the "Lightcycler" methods.




CA 02540310 2006-03-27

WO 2005/038051 PCT/EP2004/011715
16

The methods disclosed here are preferably used for the
diagnosis and/or prognosis of adverse events for patients
Oor 1individuals, whereby these adverse events belong to at
least one of the following categories: undesired drug in-
teractions; cancer diseases; CNS malfunctions, damage or
disease; symptoms of aggression or behavioral disturbances:;
clinical, psychological and social consequences of brain
damage; psychotic disturbances and personality disorders;
dementia and/or associated syndromes; cardiovascular dis-
ease, malfunction and damage; malfunction, damage or dis-
ease of the gastrointestinal tract; malfunction, damage or
disease of the respiratory system; lesion, inflammation,
infection, immunity and/or convalescence; malfunction, dam-
age or disease of the body as an abnormality in the devel-
opment process; malfunction, damage or disease of the skin,
of the muscles, of the connective tissue or of the bones;
endocrine and metabolic malfunction, damage or disease;

headaches or sexual malfunction.

The new method also serves in a particularly preferred
manner for distinguishing cell types, tissues or for inves-

tigating cell differentiation.

The new method also serves in a particularly preferred
manner for analysing the response of a patient to a drug

treatment.

The subject of the present invention is also a kit,
which contains a reagent containing bisulfite, denaturing
reagents or solvents, as well as scavengers, primers for

the production of the amplificates as well as, optionally,
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an ultrafiltration tube or instructions for conducting an

assay.

Examples

The following examples explain the invention.

Example 1:
Automated conduction of the bisulfite reaction

The application of the method for detecting the methy-
lation state of cytosines in the factor VIII gene of a ge-
nomic DNA sample, which is treated with a restriction en-
donuclease according to the instructions of the manufac-
turer, 1is described in the present example. The method is
based on the use of an automatic pipetting system (MWG
RoboSeq 4204) with four separate vertically movable adapt-
ers for exchangeable pipetting tips, so as to exclude cross

contaminations. The pipetting system makes possible the

pipetting of 100 pl [aliquots] with an error of less than +

2 pl. The operating plate of the automatic pipetting system
1s equipped with six racks for pipetting tips and eight pi-
petting positions, two of which can be cooled, a reagent
rack that can be cooled, a stacking system for 10 micro-
titer plates, a pipette tip washing station and a device
for separating the pipette tips from the adapter.

The automatic pipetting system is connected to a com-
puter by means of a serial interface and is controlled by
means of a software program, which permits the free pro-

gramming of all pipetting steps necessary for the applica-

tion of the method.

In the first step of the method, an aliquot of the DNA
sample 1s pipetted by hand into one of the 96 freely se-
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lectable positions of a microtiter plate. The microtiter

plate 1s then subsequently heated to 96°C with the use of an
Eppendorf MasterCycler for denaturing the pretreated DNA
sample. The microtiter plate is then transferred to the
automatic pipetting system. Aliquots of a denaturing agent
(dioxane), a 3.3 M sodium hydrogen sulfite solution, and a
solution of a scavenger in the denaturing agent used are
pipetted one after the other in a program-controlled manner
from the reagent rack into all positions that contain DNA.
Then the microtiter plate is incubated in the Eppendorf
Mastercycler, so that all unmethylated cytosine residues in
the DNA sample are converted into a bisulfite adduct with
the action of the sodium hydrogen sulfite.

After the bisulfite treatment, the microtiter plate is
transferred from the thermocycler to the automatic pipet-
ting system. A second microtiter plate of the same type is
then positioned. First, a basic Tris-HCl buffer (pH 9.5)
and then an aliquot of the bisulfite-treated DNA are trans-
ferred into the corresponding positions of the second mi-
crotiter plate in all chambers whose equivalent positions
on the first microtiter plate contain a bisulfite-treated
DNA sample. The bisulfite adducts of the unmethylated cyto-
sine residues are converted to uracil residues in the basic
solution.

The targeted amplification of one strand (the sense
strand in the present example) of the bisulfite-treated DNA
1s conducted by a polymerase chain reaction (PCR). A pair
of primers of type 1 (AGG GAG TTT TTT TTA GGG AAT AGA GGG A
(SEQ. ID: 1) and TAA TCC CAA AAC CTC TCC ACT ACA ACA A (SEQ
ID: 2) are used, which permit the specific amplification of

a successfully bisulfite-treated DNA strand, but not a DNA
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strand, whose unmethylated cytosine residues were not con-
verted to uracil residues or were incompletely converted. A
third microtiter plate of the same type is positioned in
the automatic pipetting system for the PCR reaction. In all
Cchambers, whose equivalent positions on the first micro-
titer plate contain a bisulfite-treated DNA sample, an ali-
quot of a stock solution, which contains a PCR buffer, a
DNA polymerase and a primer of type 1 is first automati-
cally pipetted. Then, an aliquot of the diluted bisulfite-
treated DNA 1s transferred automatically from each position
of the second microtiter plate to the corresponding posi-
tion of the third microtiter plate, before the latter is
transferred to the cycler for conducting the PCR reaction.
The PCR product is identified by agarose gel electrophore-
sis and subsequent staining with ethidium bromide (Fig. 1).
Figure 1 shows the gel image of a PCR-amplified bisulfite-
treated DNA strand (left: molecular weight marker, right:

PCR product) .

Example 2: Optimized bisulfite conversion by addition of

dioxane for the detection of DNA in plasma samples.

It will be shown that the optimized bisulfite method
makes possible a sensitive methylation analysis of DNA ob-
tained from body fluids. For this purpose, 1 ml of human
plasma was mixed with a specific quantity of human DNA. The
DNA was 1solated from the plasma samples via the Magna Pure
method (Roche) according to the manufacturer's instruc-
tions. The 100 ul of eluate resulting from the purification
were utilized completely in the following bisulfite reac-
tion. The conversion according to a standard method (From-
mer et al., loc. cit.) was conducted as a control. The pro-
cedure for the method according to the invention was as
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follows: The eluate was mixed with 354 ul of bisulfite so-
lution (5.89 mol/l) and 146 ul of dioxane containing a
radical scavenger (6 -hydroxy-2,5, 7, 8-tetramethylchromane 2-
carboxylic acid, 98.6 mg in 2.5 ml of dioxane). The reac-
tion mixture was denatured for 3 min at 99°C and subse-
quently 1incubated with the following temperature program
for a total of 5 h: 30 min 50°C; one thermospike (99.9°C)
for 3 min; 1.5 h 50°C; one thermospike (99.9°C) for 3 min;
3 h 50°C. The reaction mixtures of both the control as well
as also of the method according to the invention were sub-
sequently purified by ultrafiltration by means of a Milli-
pore Microcon ™ column. The purification was conducted es-
sentlally according to the manufacturer's instructions. For
this purpose, the reaction mixture was mixed with 300 ul of
water, loaded onto the ultrafiltration membrane, centri-
fuged for 15 min and subsequently washed with 1 x TE
buffer. The DNA remains on the membrane in this treatment.
Then desulfonation is performed. For this purpose, 0.2
mol/l NaOH was added and incubated for 10 min. A centrifu-
gation (10 min) was then conducted, followed by a washing
step with 1 x TE buffer. After this, the DNA was eluted.
For this purpose, the membrane was mixed for 10 minutes
with 50 ul of warm 1 x TE buffer (50°C). The membrane was
turned over according to the manufacturer's instructions.
Subsequently a repeated centrifugation was conducted, with
which the DNA was removed from the membrane. 10 ul of the
eluate were utilized for the following Lightcycler Real
Time PCR. A region of the human beta-actin gene was ana-
lysed (see Miyamoto: Nucleotide sequence of the human beta-
actin promoter 5' flanking region; Nucleic Acids Res. 15
(21), 9095 (1987)). The following primer and probes were
used: Forward primer: TGG TGA TGG AGG AGG TTT AGT AAG T
(SEQ ID 3); reverse primer: AAC CAA TAA AAC CTA CTC CTC CCT
TAA (SEQ ID 4); donor probe: TTG TGA ATT TGT GTT TGT TAT
TGT GTG TTG -flou (SEQ ID 5); acceptor probe: LC Red640-
TGG TGG TTA TTT TTT TTA TTA GGT TGT GGT -Phos (SEQ ID 6).
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The amplification was conducted by means of a bisulfite-
specific assay. The fluorescent signals were detected and
calculated with the Lightcycle software. The amount of con-
verted and 1solated DNA could be quantified by a comparison
with calibration curves. The optimized method produced a
DNA concentration of 133.21 ng/100 ul, while the conven-
tional method led to a concentration of 41.03 ng/100 ul.
The method according to the invention thus made possible a
yield that was three times higher than the conventional
method.

Example 3: Optimized bisulfite conversion by addition of

DME for the detection of DNA in plasma samples.

It will be shown that the optimized bisulfite method
makes possible a sensitive methylation analysis of DNA ob-
tained from body fluids. For this purpose, 1 ml of human
plasma was mixed with a specific quantity of human DNA. The
DNA was 1solated from the plasma samples via the Magna Pure
method (Roche) according to the manufacturer's instruc-
tions. The 100 ul of eluate resulting from the purification
were utilized completely in the following bisulfite reac-
tion. Conversion according to a standard method (Frommer et
al., loc. cit.) was conducted as a control. The procedure
for the method according to the invention was as follows:
The eluate was mixed with 354 ul of bisulfite solution
(5.89 mol/l) and 46 ul of DME containing a radical scaven-
ger (6-hydroxy-2,5, 7, 8-tetramethylchromane 2-carboxylic
acid, 98.6 mg in 787 ul of DME). The reaction mixture was
denatured for 3 min at 99°C and subsequently incubated with
the following temperature program for a total of 5 h: 30
min 50°C; one thermospike (99.9°C) for 3 min; 1.5 h 50°C;

one thermospike (99.9°C) for 3 min; 3 h 50°C. The reaction
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mixtures of both the control as well as also of the method
according to the invention were subsequently purified by
ultrafiltration by means of a Millipore Microcon ™ column.
The purification was conducted essentially according to the
manufacturer's instructions. For this purpose, the reaction
mixture was mixed with 300 ul of water, loaded onto the ul-
trafiltration membrane, centrifuged for 15 min and subse-
quently washed with 1 x TE buffer. The DNA remains on the
membrane 1n this treatment. Then desulfonation is per-
formed. For this purpose, 0.2 mol/l1 NaOH was added and in-
cubated for 10 min. A centrifugation (10 min) was then con-
ducted, followed by a washing step with 1 x TE buffer. Af-
ter this, the DNA was eluted. For this purpose, the mem-
brane was mixed for 10 minutes with 50 ul of warm 1 x TE
buffer (50°C). The membrane was turned over according to
the manufacturer's instructions. Subsequently a repeated
centrifugation was conducted, by means of which the DNA was
removed from the membrane. 10 ul of the eluate were util-
ized for the following Lightcycler Real Time PCR. A region
of the human beta-actin gene was analysed by using the
primers and probes described in example 2. The amplifica-
tion was conducted by means of a bisulfite-specific assay.
The results calculated by the Lightcycler software are
shown 1in Figure 2. The curves on the left correspond to the
optimized method, while the curves on the right correspond
to the conventional method. It is shown that the optimized
method produces a significant fluorescent signal, even with
a small number of cycles. The DNA yield is thus higher than
with the conventional method. The amount of converted DNA
can be quantified by a comparison with calibration curves.
The optimized method produced a DNA concentration of 133.27

ng/100 ul, while the conventional method led to a concen-
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tration of 41.03 ng/100 ul. The method according to the in-
vention thus made possible a yield that was three times

higher than the conventional method.

Example 4

Bisulfite conversion with help of thermospikes

2 pl of ddH,O were added to 1 ul of highly pure human
DNA digested with MssI (Promega; 160 ng). The samples were
denatured for 10 minutes at 96°C. Then roughly 10 ul of
bisulfite solution (5.85 mol/l) and 7 ul of a radical scav-
enger/dioxane mixture (5 ul of dioxane plus 2 ul of scaven-
ger) were added. After this, the first sample (0 h wvalue)
was removed and placed on ice. The reaction mixture was in-
cubated for 30 seconds at 96°C and subsequently for 59.5
minutes at 50°C. The second sample (1 h value) was removed
and placed on ice. The third sample (2 h wvalue) was incu-
bated once more for 30 seconds at 96°C and for 59.5 minutes
at 50°C. Subsequently this sample was also placed on ice.
The fourth sample (3 h wvalue) was incubated once more for
30 seconds at 96°C and for 59.5 minutes at 50°C, and subse-
quently also cooled. 30 ul of ddH,O0 were added to the sam-
ples. The reaction mixture was purified wvia G25 Sephadex
columns. The eluate was mixed with 50 pul of 100 mmol/l
Tris-HCl (pH 9.5) and desulfonated at 96°C for 20 minutes.
2 pl of this solution were used for each PCR reaction. Two
bisulfite-specific fragments, two nonspecific fragments and
a genomic fragment were amplified each time in the PCR. The
bisulfite-specific fragments are more intensely amplified,
the further the bisulfite conversion has progressed. The
nonspecific fragments are amplified independently of the

bisulfite conversion and provide an indication of the deg-
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radation of the DNA. The genomic fragment is amplified only
insofar as genomic DNA which is not converted with bisul-
fite 1s still present. The amplification of the genomic DNA
1s thus a measurement for an incomplete bisulfite conver-
sion. The amplificates separated in agarose gels can be
seen 1in Figure 3. It is shown that in the method according
to the 1invention, a large part of the DNA has been con-
verted even after one hour. Genomic DNA can no longer be
detected after three hours at the latest, i.e., the bisul-
fite conversion is complete. In conventional bisulfite

Creatment, corresponding values are produced at the earli-

est after 5 h (see below).

Example 5

Comparison of bisulfite treatment with thermospikes to bi-
sulfite treatment without thermospikes

Samples which were treated as in Example 4 were incu-
bated with a reaction time of 3 or 5 h with two thermos-
pikes. The controls were reacted without thermospikes. Pu-
rification and PCR were conducted as described above. Two
bisulfite-specific fragments were amplified. One of the
fragments was cytosine-rich. A relatively 1long reaction
time was thus necessary in order to attain a complete con-
version. The other fragment, in contrast, was cytosine-poor
and was thus completely converted after a relatively short
time. The results of the amplifications are shown in Figure
4. The conventional bisulfite conversion can be seen in the
figures on the left, while the optimized conversion with
thermospikes can be seen in the figures on the right. The
cytosine-rich fragment is plotted on the left each time,

while the cytosine-poor fragment is plotted on the right.




CA 02540310 2006-03-27

WO 2005/038051 PCT/EP2004/011715
23

It 1s shown that the method according to the invention
makes possible a clearly more sensitive detection. There-
fore, the cytosine-rich fragment can be clearly detected
even after 3 hours with a thermospike treatment, while it
cannot be detected with the conventional method even after

5 hours of reaction time.

Example 6: DNA recovery rate in the method according to the

invention

It will be shown that the method according to the in-
vention makes possible a very effective bisulfite conver-
sion and purification. For this purpose, different amounts
of M13-DNA and human DNA were dissolved in 100 ul of water.
The DNA solutions were mixed with 354 ul of bisulfite solu-
tion (5.89 mol/l) and 146 ul of dioxane containing a radi-
cal scavenger (6 -hydroxy-2,5, 7, 8-tetramethylchromane 2 -
carboxylic acid, 98.6 mg in 2.5 ml of dioxane). The reac-
tion mixture was denatured for 3 min at 99°C and subse-
quently incubated with the following temperature program
for a total of 5 h: 30 min 50°C; one thermospike (99.9°C)
for 3 min; 1.5 h 50°C; one thermospike (99.9°C) for 3 min;
3 h 50°C. The reaction mixtures were subsequently purified
by ultrafiltration by means of a Millipore Microcon ™ col-
umn. The purification was conducted essentially according
to the manufacturer's instructions. For this purpose, the
reaction mixture was mixed with 300 ul of water, loaded
onto the wultrafiltration membrane, centrifuged for 15 min
and subsequently washed with 1 x TE buffer. The DNA remains
on the membrane in this treatment. Then desulfonation is
performed. For this purpose, 0.2 mol/l NaOH was added and

incubated for 10 min. A centrifugation (10 min) was then
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conducted, followed by a washing step with 1 x TE buffer.
After this, the DNA was eluted. For this purpose, the mem-
brane was mixed for 10 minutes with 50 ul of warm 1 x TE
buffer (50°QC). The membrane was turned over according to
the manufacturer's instructions. Subsequently a repeated
centrifugation was conducted, by means of which the DNA was
removed from the membrane. The DNA concentrations were then
determined fluorometrically (olive green). The data are
shown 1n Table 1. The recovery rate of the DNA amounts to
at least 75%. In the known methods for bisulfite conversion

and purification of DNA, the recovery rates, in contrast,

lie below 25%.

TABLE 1:

Utilized amount of |M 13 DNA after ul- |Human single-

'DNA in ng trafiltration stranded DNA after
ultrafiltration

6000 not determined 108.5 %

o 7

(2000 86.91% 84.8%

1000 90.54% 81.51%

100 96.77 % 74 .23%

Brief description of the figures

Fig. 1 shows the result of Example 1. The gel pattern
of a PCR-amplified bisulfite-treated DNA strand is shown
(left: molecular weight marker, right: PCR product).
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Fig. 2 shows the results of Example 3 (use of DME). DNA
was 1solated from plasma samples, treated with bisulfite
and amplified by means of a Lightcycler PCR. The Y-axis
shows the fluorescent signal measured in each cycle. The X-
axls 1indicates the number of cycles. The curves of the me-
thod according to the invention are shown on the left and
those of the conventional method are shown on the right. It
1s shown that the optimized method produces a significant
fluorescent signal, even with a small number of cycles.
The DNA yield is higher than with the conventional method.

Fig. 3 shows the results of Example 4. The resulting
gel from a electrophoresis after a PCR amplification 1is
shown. Two different bisulfite-specific fragments, two non-
specific fragments and one genomic fragment were amplified
each time. The uppermost figure shows the zero value (reac-
tion time = 0 hours). The second figure from the top shows
the reaction with one thermospike and for one hour of total
reaction time. The third figure from the top corresponds to
the reaction with two thermospikes and two hours of total
reaction time. The lowermost figure shows a reaction with
three thermospikes and three hours of reaction time. A
large part of the DNA is converted even after one hour with
the method according to the invention (second figure from
the top). At the latest after three hours, genomic DNA can
no longer be detected (lowermost figure).

Fig. 4 shows the results of Example 5. The gel electro-
phoresis is shown after a PCR amplification. Two different
bisulfite-specific amplificates were amplified. The figures
on the 1left show conventional bisulfite treatment, while
those on the right show the method according to the inven-
tion. A reaction time of 3 h is shown on the top and a re-

action time of 5 h is shown on the bottom. A clearly more
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sensitive detection is possible with the method according
to the 1nvention (thermospikes). Therefore, the fragment
shown 1n the left lane can be detected after 3 hours of re-
action time, whereas the fragment from the conventional

method still cannot be detected even after 5 hours of incu-

bation.




DEMANDES OU BREVETS VOLUMINEUX

LA PRESENTE PARTIE DE CETTE DEMANDE OU CE BREVETS
COMPREND PLUS D’UN TOME.

CECIESTLETOME 1 DE 2

NOTE: Pour les tomes additionels, veillez contacter le Bureau Canadien des Brevets.

JUMBO APPLICATIONS / PATENTS

THIS SECTION OF THE APPLICATION / PATENT CONTAINS MORE
THAN ONE VOLUME,

THISISVOLUME 1 OF 2

o, P — L ] bbbt

NOTE: For additional volumes please contact the Canadian Patent Office.

s L% M LIA DT B e LB B SN AT Al s " s 4 ARty fr vt e dt e ' 4w PO



. LA -, AR A AR N ML . - . .- .- -
L el R N S s e B
o L S O T AL R i IS
LU e 4\'-- R ",-..".'."':.; R -",?‘.:-%'.-,-.;\,-.b:: S :‘.::f‘,qh iy ;:
< < h.': Pt ‘ - --~’~_'-‘.'x.\'.‘nf?"'\':".l;'-%/}'. ..- . :’ e : :
(i Ry IS ' < e v v S
- " 3 - 7, - 4 L
e v RS “te ot
' ey A O o =T
o i S e s v 5
~oh s ok .
RO gepy by A don o O
A . X - X oAl .
H W "oy, ) -
“rz R b
e P iy
Vo D7 AR I AR

2N N el
T A T i e
AR S B R
R O AP RO T
o b F

y * - A

& ' - AP
'.k'.'

. -:‘" @ . % g .: -"‘.';'
or o B ’ | N
- . Ay

. LI N X SO - gt st ..\'~'~‘-'-'-‘ T dt AT .'!.“.
A L AR -:-:":”'.:;;':-"::*:-'. AN T TR A, - R
5 - R S SRR Gl B ) A ety B, PN .
O i E e e b A P St T LS ot PO PR
" A M I I i} PRI TN CR L M et .
-d e . " Wt BESL A -etete a0 . ’e 7 . . g .t
= PO vy e A N I i s, e I e
a5 A o NS BT o o R
o y . - res N B W N y M
Ihix - s -;ﬁ' ., i - W 2
A " '1} . Yt . ‘ LRI SO " K &N ' .
" N REA4-2°% - PR S 4 o~ -
o 2t B : . L N € X 5 .
o P h e () ::' " y . ¢ et et s - AT \‘V.‘-}; 2
I AL
A
N

L - w oA , NP . B o A .

e e o ! R e ;,,,-.;' e A AN et .“?.*"..'-' o AN e Ol
P e -;_5;:3‘2.-:.«g';:;ﬁg.’:;;-_‘;‘.‘;‘;:s;ﬁ:::;’;;’;;:-5‘.{ --{;'}3{:‘_3{3;%&"1;; A NGRS BSi:
Ry S N A T e N P R R R R LR N R -JE ﬁ§.’5-ﬁ RO 2o 2

WO 2005/038051 PCT/EP2004/011715

CLAIMS

1) A method for bisulfite conversion of DNA, wherein ge-
nomic DNA is reacted with a bisulfite reagent, character-
'ized in that said reaction is carried out in the presence
of ba compound out of the group of dioxane, one of its de-
rivatives and a similar aliphatic cyclic ether; wheress

diw
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¢

-im—t&hat] the concentration of said compounds amounts to 10-

35 % by volume.

.2) B-)f The method according to claim 1, further characterized
in that the concentration of said compounds amounts to 20-

30 % by volume.

J i A method for bisulfite conversion of DNA, wherein ge-
nomic¢ DNA 1is reacted with a bisulfite reagent, character-
ized in that said reaction is carried out in the presence

of a compound with the following formula:

1-35000

1-3

H, Me, Et, Pr, Bu
H, Me, Et, Pr, Bu

Popoa s
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. . 3
'J) 53 The method according to claim'r};, further characterized
in that said compound involves an n-alkylene glycol com-

pound.

. ¢
5) | The method according to claimffy, further characterized

in that said compound involves a dialkyl ether.

5 )
f) H The method accordn.ng to cla:LmSl/d, further chara'cterized

in that said compound involves diethylene glycol d1methy1
ether (DME).

ﬂH The method accgrding to clainf &, further characterized
in that said compound is present in a concentration of 1-

35 % by volume. .

3)H The method accf_fcjrding to claim%, further characterized
in that said compound is present in a concentration of 5-

25 % by volume.

3) eJ A method for bisulfite conversion of DNA, wherein iso-~
lated genomic DNA is reacted with a bisulfite reagent,
characterized in that the reaction is conducted at a tem-
perature in the range of 0- 8&, and that the reaction tem-
perature is increased to a range of 85-100C brlefly during
the course of the conversion (thermospike).

«ﬂﬂ B3¥ The method according to claim B¢, further characterized
in that the number of temperature increases of brief dura-

tion (thermospikes) amounts to 2 to S.

vV
4"} B2y The method according to claim’ 10, further characterized

in that during the temperature increases of brief duration
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(thermospikes) the reaction temperature increases to 85 to

100°C.

.. A1
42 B34 The method according to claim, further characterized

in that the temperature increases of brief duration (ther-

-.---.-mo:Spik-es)--f~inC-r;aa~Se the -reaction temperature to-90 to 98°C.

4
43) F.-q-! The method according to clails/f!.-el, further characterized

in that the converted DNA is purified via magnetic parti-

cles.

449' Bbs¥ A method for the bisulfite conversion of DNA is hereby

characterized in that the converted DNA is purified by

means of ultrafiltration.

o . | L '3‘[ %, Tﬂf,
45j b6y The method according to claims 1,f =364 ox’S, further
characterized in that the converted DNA 1s analyzed by

means ‘of one of the following methods: MSP, Heavy Methyl,

MsSNuPE, Methyl Light.

| . ' 3,3 ‘49, |
4{) 7| The method according to claims 1,}[-47—4.-94 or gy, further

characterized in that DNA of tissue samples or bodily flu-

ids is investigated.
(Y

' 3,7
499 l89] Use of a method according to claims 1,h:-ﬂ-9[ orl1l5 for
the diagnosis and/or 'prognosis of adverse events for pa-
tients or individuals, whereby these adverse events belong
to at least éme of the following categories: undesired
drug interactions; cancer diseases; CNS malfunctions, dam-
age or disease; symptoms of aggression or behavioral dis-

turbances; clinical, psychological and social conseguences

i CA 02540310 2006-03-27
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of brain damage; psychotic disturbances and personality
disorders; dementia énd/.or associated synd'tomes; cardiovas-
cular disease, malfunction and damage; malfunction, damage
or disease of the gastrointestinal tract; malfunction, dam-
age or disease of the respiratory system; lesion, 'inflamma-

.,-_—.,_ - .y pe— » _.—..-— . ——

tion, infection, :meunn.ty "and/or convalescence; malfunc-

tiocn, damage or disease of the body as an abnormaiity in
the development process; malfunction, damage or disease of
the skin, of the muscles, of the connectivemtis'sue oxr of
the bones; endocrine and metabolic malfunctio_n,' damage 'or

disease; headaches or sexual malfunction.

| 2,9 Vb
//6? I-}-B-)[’ Use of a method according to clalms 1 5}4——1-& orfig5 for

distinguishing cell - types or tissues or for mvest:l.gatlng

cell diff erentlatlon .

43)‘ ey A kit, which ccnsists of a 'reagent containing bisul-

CA 02540310 2006-03-27

fite, denaturing reagents or sOlvents, as well as scaven-
‘gerss and primers for the production éf' amplificates and,
optionally, contairis an ultrafiltration tube or instruc-
tions for conducting an assay according to ohe of the pre-

cecdling claims.
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20) Use of chromane derivates for a bisulfite conversion

of DNA.

1) Use of 6-hydroxy-2,5,7,8,-tetramethylchromane 2-

2

n of DNA.
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Fig. 2
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