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Figure 11

Dendrimer synthesis

The preparation of 8 [26] and the deprotected sugar [27] were reported
previously.
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Figure 16
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Figure 19
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Figure 23
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LABELLING STRATEGIES FOR THE
SENSITIVE DETECTION OF ANALYTES

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 11/913,156, filed Dec. 23, 2008, which applica-
tion is a National Stage application of International Applica-
tion No. PCT/EP2006/004017, filed Apr. 28, 2006, which
claims the benefit of U.S. Provisional Application No.
60/676,785, filed May 2, 2005; and U.S. Provisional Appli-
cation No. 60/750,100, filed Dec. 14, 2005 the entire contents
of' which is hereby incorporated herein by reference. Interna-
tional Application No. PCT/EP2006/004017 also claims the
benefit under 35 U.S.C. §119 of European Patent Application
No. EP 05009618.9, filed May 2, 2005; and European Patent
Application No. EP 05027370.5, filed Dec. 14, 2005.

[0002] Submitted herewith is a Sequence Listing in com-
puter readable format (CRF) which corresponds to the paper
Sequence Listing that was originally submitted on Apr. 27,
2009 in U.S. application Ser. No. 11/913,156.

DESCRIPTION

[0003] The present invention relates to methods and
reagents for detecting analytes, e.g. nucleic acids. The new
methods and reagents allow a simple and sensitive detection
even in complex biological samples.

BACKGROUND OF THE INVENTION

[0004] The rapid analysis of genetic material for specific
target sequences, e.g. for the presence of single nucleotide
polymorphisms, the presence of a certain gene; e.g. a resis-
tance gene, or of mRNA requires easy to use, efficient and
reliable new tools. The major problem is the need to detect the
DNA or RNA of interest directly in small biological samples
such as patient blood or plants. These provide the analyte only
in minute amounts. In order to reach the required sensitivity
an amplification step is usually required wherein either the
nucleic acid analyte is amplified prior to analysis or a detec-
tion method is used in which the minute detection signal,
directly obtained from the DNA/RNA analyte, is amplified.
[0005] Methods for the amplification of the nucleic acid
analyte include PCR and other nucleic acid amplification
protocols. PCR amplification has the major advantage that,
within a pool of different DNA strands obtained from the
biological material, only the DNA sequence of interest is
amplified. This is the basis for the reliable analysis of single
genes in complex biological samples. PCR amplification,
however, requires complex process steps which, in some
cases, are too inconvenient and expensive. Amplification of
the detection signal may be achieved by binding an enzyme
such a horse radish peroxidase to the analyte, which converts
a given substrate continuously into a colored product.
[0006] DNA metallization is another way to amplify the
detection signal. A single metallic particle attached to DNA/
RNA (the nucleus) catalyzes the deposition of ever more
metal, which catalyzes further metal deposition [1-9]. The
signal induced by metal deposition grows accordingly in an
exponential manner. The metal deposition can be detected
either electrically, if the analyte is placed within two elec-
trodes, or optically (e.g. with the eye) because the deposited
metal gives rise to a black spot e.g. on paper, in the gel, or in
the test tube. In principle, metal deposition is the most sensi-
tive detection method because a small metal cluster (nucleus)
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is sufficient to start the reaction. In practice, however, the
sensitivity of the method is limited by unspecific metal nucle-
ation e.g. through impurities in close spatial vicinity to the
analyte for example, on the electrodes, in the gel, or on the
paper holding the analyte. In fact unspecific metal deposition
is the major reason why silver staining of DNA is not rou-
tinely used in oligonucleotide analytics. Silver staining is
further complicated by the fact that DNA is unable to build the
initiation nucleus itself. It requires prior modification. The
method of choice today is the reaction of DNA with glutaral-
dehyde which covalently attaches to the DNA by sequence-
unspecific binding to primary amine groups on nucleobase
[7]. This adduct, if treated with a silver salt, reduces the Ag*
of the salt to atomic silver which, while bound to the DNA,
functions as the required nucleus. Further treatment of the
nucleated DNA with silver salts and reducing agents initiates
the exponential metal deposition. Another possibility is to
exchange the counterions on the DNA strand by Ag*, which is
subsequently reduced to give Ag® nucleation sites. The major
disadvantage is that the glutaraldehyde also reacts with impu-
rities or other chemical species close to the analyte, which
again induces unspecific silver deposition.

[0007] Metal clusters such as Au, Pd particles or Pt-com-
plexes attached to DNA also function as nucleation sites for
further metal deposition up to the construction of conducting
wires [1-9]. Here the clusters are attached to reactive groups
which form a covalent bond with DNA or to units that just
intercalate or bind otherwise to DNA/RNA. All these meth-
ods label the entire DNA in a biological sample and therefore
do not allow sequence-specific marking and hence sequence-
specific analysis of a target DNA such as a single gene in a
complex biological sample.

[0008] The preparation of labelled DNA domains by a
telomerase-mediated incorporation of amine-modified
nucleoside triphosphates into a primer-initiated modified
telomer repeat is described in [8]. The amine-containing
telomers are functionalized with activated gold nanoparticle
N-succinimidyl esters to yield gold nanoparticle DNA
strands. Enlargement of these nanoparticle sites by further
metal deposition along the DNA indeed yields rapid growth
of'the metal clusters up to the construction of DNA templated
molecular nanowires. However, the efficiency of amine-
modified triphosphate incorporation into the growing telomer
end is low and requires triphosphate doping which results in
adistribution of nucleation sites. Thus, the procedure does not
allow sequence-specific labelling.

[0009] Site-specific labelling of DNA has also recently
been attempted via a complex lithographic method [4].
According to this method, a partial protection of DNA mol-
ecules is effected by binding of RecA. The unprotected DNA
sequences are then treated with glutaraldehyde which marks
these sequences for metallization. Site-specific reduction of
silver ions by the DNA-bound aldehyde functions results in
wire formation along these regions. A sequence-specific
labelling of nucleic acid molecules in a complex biological
sample is not possible, however.

[0010] Although these documents demonstrate the interest
in new labelling strategies of DNA, the complicated pro-
cesses involved in order to achieve marking prevents these
systems from being used for any real application. In particu-
lar, these methods are unable to selectively label DNA or
RNA sequences of interest directly in a crude biological
sample.
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[0011] Thus it was an object of the present invention to
provide novel methods and reagents which allow a simple,
efficient and specific detection of analytes, particularly of
nucleic acids in complex biological samples.

SUMMARY OF THE INVENTION

[0012] A first aspect of the present invention relates to
methods and reagent kits for detecting an analyte, e.g. an
analyte, e.g. anucleic acid in a sample, wherein an association
product of the analyte to be detected with a novel aldehyde-
functionalized compound is formed, which allows sequence-
specific detection by forming marker groups, e.g. metal depo-
sitions around aldehyde groups in said association product.
[0013] More particularly, an embodiment of this aspect
relates to a method for detecting an analyte in a sample
comprising the steps:

[0014] 1 (i) providing a sample;

[0015] 2 (ii) contacting the sample with a functionalized
compound comprising at least one functional group
selected from an aldehyde group, a protected aldehyde
group, an aldehyde precursor group or a handle group
for introducing an aldehyde group, a protected aldehyde
group or an aldehyde precursor group, under conditions
wherein said compound forms an association product
with the analyte to be detected;

[0016] 3 (iii) if necessary, reacting the handle group with
a reaction partner, comprising an aldehyde group, a pro-
tected aldehyde group or an aldehyde precursor group,

[0017] 4 (iv) if necessary, converting protected aldehyde
groups and aldehyde precursor groups to aldehyde
groups,

[0018] 5 (v) contacting said association product having
aldehyde groups with a marker reagent under conditions
wherein marker groups are formed around aldehyde
groups in said association product, and

[0019] 6 (vi) detecting said marker groups.

[0020] A further embodiment of'this first aspect relates to a
reagent kit for detecting an analyte in a sample, comprising:

[0021] 1 (a) a functionalized compound comprising a
functional group selected from an aldehyde group, a
protected aldehyde group or an aldehyde precursor
group, or a handle group for introducing an aldehyde
group, a protected aldehyde group or an aldehyde pre-
cursor group,

[0022] 2 (b) optionally a reaction partner for the handle
group comprising an aldehyde group, a protected alde-
hyde group or an aldehyde precursor group,

[0023] 3 (c) optionally an aldehyde-forming reagent
capable of converting protected aldehyde groups and
aldehyde precursor groups to aldehyde groups, and

[0024] 4 (d) a marker reagent.

[0025] Still a further embodiment of this first aspect relates
to a compound of formula (I):

31 A-S—N

wherein A is a functional group selected from an aldehyde
group, a protected aldehyde group or an aldehyde precursor
group,

S is a spacer or a bond, preferably a covalent bond, and

N is a nucleic acid or nucleic acid analogue building block
such as a nucleosidic or nucleotidic compound.

[0026] In a second aspect the present invention relates to
methods and reagent kits for detecting an analyte, e.g. a
nucleic acid in a sample involving the use of a Click-func-
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tionalized compound which forms an association product
with the analyte to be detected. The sequence-specific intro-
duction of marker groups is effected by reacting the Click-
functionalized compound with, a suitable reaction partner
comprising marker groups or marker precursor groups.
[0027] An embodiment of this second aspect relates to a
method for detecting an analyte in a sample comprising the
steps:

[0028] 1 (i) providing a sample;

[0029] 2 (ii) contacting the sample with a functionalized
compound comprising at least one functional group
which s a first reaction partner for a Click reaction under
conditions wherein said compound forms an association
product with the analyte to be detected,

[0030] 3 (iii) contacting the association product with a
second reaction partner for a Click reaction under con-
ditions wherein a Click reaction between the first and
second reaction partner occurs, wherein the second reac-
tion partner further comprises a marker group or a
marker precursor group,

[0031] 4 (iv) if necessary, converting marker precursor
groups to marker groups, and

[0032] 5 (v) detecting said marker groups.

[0033] A further embodiment of this second aspect relates
to a reagent kit for detecting an analyte in a sample, compris-
ing:

[0034] 1 (a) a functionalized compound comprising at
least one functional group which is a first reaction part-
ner for a Click reaction,

[0035] 2 (b) a second reaction partner for a Click reac-
tion, wherein the second reaction partner further com-
prises a marker group or a marker precursor group, and

[0036] 3 (c)optionally a marker forming reagent capable
of converting marker precursor groups to marker groups.

[0037] Still a further embodiment of this second aspect
relates to a compound of the formula (II):

C—S—N

wherein C is a functional group which is a first reaction
partner for a Click reaction,

S is a spacer or a bond, preferably a covalent bond and

N is a nucleic acid or nucleic acid analogue building block
such as a nucleosidic or nucleotidic compound.

[0038] In a third aspect the present invention relates to
methods and reagent kits for detecting an analyte, e.g. a
nucleic acid in a sample involving the use of a photosensitizer
compound which forms an association product with the ana-
lyte to be detected. Preferably, photosensitizer groups are
sequence-specifically introduced into a nucleic acid. The
presence of photosensitizer groups is detected by irradiating
the labelled association product in contact with a photosen-
sitive medium, wherein the presence of photosensitizer
groups selectively causes a site-specific formation of marker
groups in the marker medium.

[0039] An embodiment of this third aspect relates to a
method for detecting an analyte in a sample by forming an
association product of the analyte and a functionalized com-
pound comprising photosensitizer groups and effecting an
energy transfer, particularly a transfer of radiation energy
from the photosensitizer groups to a photosensitive medium
wherein the energy transfer causes selective formation of
marker groups in the photosensitive medium.
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[0040] A further embodiment of this third aspect relates to
a method for detecting an analyte in a sample comprising the
steps:

[0041] 1iproviding a sample;

[0042] ii contacting the sample with a functionalized
compound comprising at least one functional group
selected from a photosensitizer group or a handle group
forintroducing a photosensitizer group under conditions
wherein said compound forms an association product
with the analyte to be detected;

[0043] iii if necessary, reacting the handle group with a
reaction partner comprising a photosensitizer group;

[0044] iv irradiating said association product in contact
with a photosensitive medium under conditions wherein
marker groups are formed in said photosensitive
medium in the presence of photosensitizer groups in said
association product, and

[0045] v detecting said marker groups.

[0046] Still a further embodiment of'this third aspect relates
to a reagent kit for detecting an analyte in a sample, compris-
ing:

[0047] aa functionalized compound comprising at least
one functional group selected from a photosensitizer
group or a handle group for introducing a photosensi-
tizer group;

[0048] b optionally a reaction partner for the handle
group comprising a photosensitizer group, and;

[0049] c a photosensitive medium which forms marker
groups upon irradiation in the presence of photosensi-
tizer groups.

[0050] The present invention allows a highly sensitive
detection of an analyte, e.g. nucleic acids or nucleic acid
binding proteins, in biological samples, e.g. clinical samples,
environmental samples or agricultural samples. Preferred
applications include, but are not limited to, the detection of
genetic variabilities, e.g. single nucleotide polymorphisms
(SNPs), pesticide or medicament resistances, tolerances or
intolerances, genotyping, e.g. the detection of species or
strains of organisms, the detection of genetically modified
organisms or strains, or the detection of pathogens or pests,
and the diagnosis of diseases, e.g. genetic diseases, allergic
diseases, autoimmune diseases or infectious diseases. A fur-
ther preferred application is the detection of nucleic acids in
samples for brand protection, wherein products such agricul-
tural products, food products, or goods of value and/or pack-
aging of these products are encoded with product-specific
information, e.g. but not limited to production site, date pro-
duction, distributor etc., and wherein this information is
detected with the methods as described above.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0051] The invention provides methods and reagents that
allow specific labelling of analytes with marker groups, e.g.
with reactive aldehyde groups in a complex sample. In a
preferred embodiment, metal deposition, e.g. silver deposi-
tion, can be effected specifically on the aldehyde groups
associated with the nucleic acid to be detected. In a further
preferred embodiment, metal deposition, e.g. silver deposi-
tion can be effected specifically by energy transfer from pho-
tosensitizing groups into a photosensitive medium, e.g. pho-
tographic paper. Due to the specific labelling procedure, the
background is strongly reduced and higher sensitivities and
reliabilities are obtained.
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[0052] The present invention comprises the detection of an
analyte. The detection may be a qualitative detection, e.g. the
determination of the presence or absence of an analyte, e.g. a
specific nucleic acid sequence in the sample to be analysed.
The invention, however, also allows quantitative detection of
an analyte, e.g. a nucleic acid sequence, in the sample to be
analysed. Qualitative and/or quantitative detection may com-
prise the determination of labelling groups according to
methods known in the art.

[0053] The analyte to be detected is preferably selected
from nucleic acids and nucleoside-, nucleotide- or nucleic
acid-binding molecules, e.g. nucleoside-, nucleotide- or
nucleic acid-binding proteins. More preferably, the analyte is
a nucleic acid, e.g. any type of nucleic acid which can be
detected according to known techniques, particularly hybrid-
ization techniques. For example, nucleic acid analytes may be
selected from DNA, e.g. double-stranded or single-stranded
DNA, RNA, or DNA-RNA hybrids. Particular examples of
nucleic acid analytes are genomic DNA, mRNA or products
derived therefrom, e.g. cDNA.

[0054] The method of the invention can be carried out
according to any known test format which is suitable for the
detection of analytes, particularly nucleic acid analytes in a
sample. For example, the method may involve the detection
of analytes immobilized on solid surfaces such as mem-
branes, e.g. in Southern or Northern blots, chips, arrays or
particles such as beads. Further, the detection can be carried
out in gels, e.g. after electrophoretic separation of the sample
in gels, e.g. agarose or polyacrylamide gels. The method may
involve the detection of single analytes or the parallel detec-
tion of a plurality of analytes, e.g. in a chip or microarray
format.

[0055] In a preferred embodiment the detection involves
irradiating a photosensitive medium in the presence of a
sample containing an association product indicative for an
analyte wherein the association product comprises photosen-
sitizer groups capable of effecting an energy transfer to the
photosensitive medium wherein marker groups are formed in
the medium.

[0056] The sample may be any sample which may contain
the analyte to be detected. For example, the sample may be a
biological sample, such as an agricultural sample, e.g. a
sample comprising plant material and/or material associated
with the site where plants grow, plant materials are stored or
processed. On the other hand, the sample may also be a
clinical sample, such as a tissue sample or a body fluid sample
such as blood, serum, plasma, etc, particularly of human
origin. Further types of samples include, but are not limited
to, environmental samples, soil samples, food samples, foren-
sic samples or samples from valuable goods which are tested
for brand protection.

[0057] Due to its high sensitivity, the method of the present
invention is suitable for detecting analytes directly without
amplification. According to the invention, even minute
amounts of analytes, e.g. of nucleic acids, e.g. 0.1 ng or lower,
preferably 0.01 ng or lower, more preferably 1 pg or lower,
still more preferably 0.1 pg or lower, even more preferably
0.01 pg or lower and most preferably 0.001 pg or lower may
be determined even without amplification. An especially high
sensitivity may be obtained by incorporating multiple modi-
fied nucleotides into a nucleic acid molecule by using unpro-
tected aldehyde groups and/or by using optimized staining
techniques. For example, the detection of an analyte, e.g. a
gene, in a biological sample, might be performed by a com-
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bination of Southern blotting and the inventive method. It
should be noted, however, that the method of the present
invention also allows the detection of nucleic acids combined
with an amplification step, which may be carried out accord-
ing to known protocols such as PCR or modifications thereof,
such as asymmetric PCR, real-time PCR, reverse transcrip-
tion PCR, etc, or other amplification protocols such as LCR.

[0058] In a preferred embodiment of the invention, a
sequence-specific detection of the analyte is carried out,
wherein for example a nucleic acid having a specific sequence
is distinguished from other nucleic acid sequences in the
sample or a polypeptide capable of binding a specific nucleic
acid sequence is distinguished from other polypeptides in the
sample. Such a sequence-specific detection preferably com-
prises a sequence-specific hybridization reaction by which
the nucleic acid sequence to be detected is associated with a
compound carrying a marker group or a marker precursor
group. It should be noted, however, that the present invention
also allows sequence-unspecific detection of nucleic acids,
e.g. detection of any nucleic acids present in a sample.

[0059] In order to identify the analyte to be detected, the
sample may be contacted with an aldehyde-functionalized,
Click-functionalized or photosensitizer-functionalized com-
pound under conditions wherein an association product with
the analyte, e.g. a nucleic acid is formed. An aldehyde-func-
tionalized compound comprises a functional group which
may be an aldehyde group, a protected aldehyde group, an
aldehyde precursor group, i.e. a group which may be con-
verted to an aldehyde group without a significant detrimental
effect on the detection procedure or a handle group for intro-
ducing an aldehyde group, a protected aldehyde group or an
aldehyde precursor group.

[0060] The functionalized compound may comprise a
single functional group or a plurality of functional groups.
For example, a functionalized compound may be coupled to a
dendrimeric moiety comprising a plurality, e.g. 2, 3,4, 5,6, 7,
8 or more functional groups as indicated above. Dendrimeric
moieties may be synthesized by known techniques. Prefer-
ably dendrimeric moieties are synthesized via Click reac-
tions, e.g. as described in Example 5.

[0061] The functional group is attached to a compound
which is capable of forming an association product with the
analyte. The compound may be a nucleosidic or nucleotidic
compound, e.g. a nucleoside or nucleoside analogue or a
nucleotide or nucleotide analogue or an oligomer or polymer
comprising at least one functionalized compound, e.g. a
nucleic acid or nucleic acid analogue. A nucleosidic or
nucleotidic compound is a nucleoside or nucleotide analogue
ora nucleotide or nucleotide analogue capable of being incor-
porated into nucleic acids or nucleic acid analogues, e.g. by
chemical or enzymatic methods. The resulting nucleic acid or
nucleic analogue should be capable of forming association
products, e.g. nucleic acid hybrids, with the analyte. Prefer-
ably, the compound comprises a base moiety, e.g. a nucleo-
base or another heterocyclic base moiety capable of forming
base pairs with a nucleobase, and a backbone moiety, e.g.
comprising a sugar moiety and optionally a phosphate moiety
in nucleosides or nucleotides or a different backbone moiety
in nucleoside or nucleotide analogues.

[0062] Preferred examples of functional nucleosidic com-
pounds, wherein the nucleobase is 7-dN-G, C, 7-dN-A or T,
and R is a functional group are shown in FIG. 1.
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[0063] Preferably, the functional group is attached to a base
moiety, e.g. to a nucleobase. The functional group, however,
may also be attached to a backbone moiety, e.g. a sugar group,
a phosphate group or, in the case of nucleoside or nucleotide
analogues, a modified sugar group, a modified phosphate
group or peptide backbone moiety, etc. Preferably, the func-
tional group is covalently attached to the compound via a
direct bond or via a spacer. If the attachment is effected via a
spacer, the functional group may be linked to an aliphatic or
cycloaliphatic group, an aromatic or heteroaromatic group,
an alkene group and/or an alkyne group. More preferably, the
functional group may be linked to aromatic or heteroaromatic
groups or to alkyne groups. Especially preferred aldehyde
groups include aromatic and aliphatic aldehyde groups such
as benzaldehyde, or aldehyde groups in aldoses such as tri-
oses, tetroses, pentoses or hexoses like glucose or mannose.

[0064] The functional group may be a free aldehyde group.
The functional group may also be a protected aldehyde group,
i.e. group which may be converted under the assay conditions
to analdehyde group. A preferred protected aldehyde group is
an acetal or hemiacetal group which can be converted into a
free aldehyde group by treatment with acids, e.g. organic or
inorganic acids. Preferred examples of acetal or hemiacetal
groups are acetal groups formed with a polyalcohol such as
propane diol or ethylene glycol, or hemiacetal groups in a
sugar or in a sugar-related compound such as an aldose sugar,
e.g. glucose or galactose. Further examples of protected alde-
hyde groups are imino groups (e.g. —NH groups), which give
aldehyde groups upon treatment with acids, thioacetal or
dithioacetal groups (e.g. C(SR), groups wherein R may be an
alkyl radical) which give aldehyde groups upon treatment
with mercury salts, oxime groups (e.g. —NOH groups),
which give aldehyde groups upon treatment with acids,
hydrazone groups (e.g. —N—NHR groups wherein R may be
an alkyl radical) which give aldehyde groups upon treatment
with acids and imidazolone or imidazolidine groups or ben-
zothiazole or dihydrobenzothiazole groups which give alde-
hydes upon hydrolysis, e.g. with acid. Specific examples of
functionalized compounds comprising free or protected alde-
hyde groups and methods for preparing such compounds are
shown in FIGS. 2, 3a, 3¢, 7, 8, 94, and 9e.

[0065] The functional group may also be an aldehyde pre-
cursor group, i.e. a group which may be converted to an
aldehyde group without a significant detrimental effect on the
nucleic acid detection procedure. Preferred aldehyde precur-
sor groups may be selected from carboxylic acids and car-
boxylic acid derivatives including nitriles which give alde-
hydes upon reduction and primary alcohols which give
aldehydes upon oxidation.

[0066] Inadifferentembodiment, the functional group may
be a photosensitizer group, i.e. a group which is capable of
effecting an energy transfer, e.g. a transfer of light energy, to
aphotosensitive medium, i.e. a photographic medium such as
photographic paper. The photosensitizer groups may be
selected from known fluorescent and/or dye labelling groups
such as cyanine-based indoline groups, quinoline groups, for
example commercially available fluorescent groups such as
Cy5 or CyS5.5. Specific examples of photosensitizer groups
are shown in FIG. 22.

[0067] The functional group may also be a handle group,
i.e. a group for introducing an aldehyde group, a protected
aldehyde group or an aldehyde precursor group or for intro-
ducing a photosensitizer group by reaction with a suitable
reaction partner, i.e. a compound comprising one of the above
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groups. In a preferred embodiment, the handle groups are
selected from Click functionalized groups: i.e. groups which
may react with a suitable reaction partner in a cycloaddition
reaction wherein a cyclic, e.g. heterocyclic linkage between
the click functional group and the reaction partner is formed,
and wherein the reaction partner comprises an aldehyde or a
protected aldehyde group or a photosensitizer group. An
especially preferred example of such a Click reaction is a
(342) cycloaddition between azide and alkyne groups which
results in the formation of 1,2,3-triazole rings. Thus, aldehyde
groups, may be generated by performing a Click reaction of
an azide or alkyne handle group and a corresponding reaction
partner, i.e. areaction partner comprising the complementary
alkyne or azide group and additionally an aldehyde, a pro-
tected aldehyde group or an aldehyde precursor. In a further
embodiment of the invention, the reaction partner of the
Click-functionalization, however, may also contain different
marker or marker precursor groups such as fluorescence
marker groups or photosensitizer groups.

[0068] An especially preferred embodiment of the Click
reaction comprises a copper catalyzed (3+2) cycloaddition
between an azide and an alkyne group. The irreversible for-
mation of 1,2,3-triazoles as a result of the azide/alkyne
cycloaddition is orthogonal, the required chemical groups are
small (incorporation with minimal disruption of the biomol-
ecule’s environment) and selective due to the lack of azides
and alkynes found in nature.

CuS0y, ascorbate

DMSO/H,0
- + _ T —_— R
N=N=N—R; —— 2 > 90%
R,
/
N
[ »
Y4
R; N

"click”

wherein R, and R, are organic radicals.

[0069] Specific examples of Click-functionalized com-
pounds and methods for preparing such compounds are
shown in FIGS. 34, 9a-c¢ and 10. Specific examples of reac-
tion partners for Click-functionalized compounds are shown
in FIGS. 11 and 12.

[0070] The functional group, e.g. an aldehyde-functional-
ized group or a Click-functionalized group or a photosensi-
tizer-functionalized group is preferably attached to a nucleo-
base which may be selected from naturally occurring and
non-naturally occurring purine and pyrimidine bases. Prefer-
ably, the nucleobases are selected from cytidine, uracil, thym-
ine, adenine, guanine, 7-deazaadenine, 7-deazaguanine,
inosine and xanthine. The functional group is preferably
attached to position 5 or 6, more preferably to position 5, of'a
pyrimidine nucleobase or to position 7 or 8, more preferably
to position 7 of a purine nucleobase, particularly if an enzy-
matic incorporation into a nucleic acid is desired.

[0071] The functional group may be covalently attached to
the compound, e.g. via a direct bond or a spacer, e.g. a spacer
having a chain length up to 20 atoms. The spacer may be a
flexible spacer, e.g. an alkylene-based spacer, optionally con-
taining heteroatoms such as O, S, and/or N or an at least
partially rigid spacer, e.g. a spacer which comprises at least
one rigid group selected from alkene groups, alkyne groups,
cyclic groups, particularly aromatic or heteroaromatic
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groups, but also cycloaliphatic groups and combinations
thereof. If the functionalization compound comprises a
Click-functionalization group which is the first reaction part-
ner for a Click-reaction and subsequently reacted with a sec-
ond reaction partner for a Click-reaction, an attachment of the
functional group via a direct bond, a flexible spacer or an
partially rigid spacer is preferred wherein the flexible spacer
could for example have a chain length up to 6 atoms, more
particularly up to 4 atoms, and wherein a partially rigid spacer
preferably has a chain length of up to 20-atoms, e.g. up to 10
atoms and comprises at least one rigid group as defined above,
particulary an alkyne group, and at least one flexible group,
e.g. an alkylene group. If on the other hand, the functional
group is an aldehyde group or a protected aldehyde group or
an aldehyde precursor group attachment via or a partially
rigid spacer as defined above or an at least partially rigid
spacer having a chain length of from 2 to 10 atoms is pre-
ferred. The structure of a rigid group-containing spacer, e.g. a
partially rigid spacer, is preferably such that the rigid group is
directly attached to the nucleobase. A preferred example of a
partially rigid spacer is shown in FIGS. 15a and &.

[0072] The functionalized compound is capable of forming
an association product with the analyte to be detected. On the
one hand, the functionalized compound may be selected from
compounds which can be incorporated into nucleic acids or
nucleic acid analogues, i.e. nucleic acid or nucleic acid ana-
logue building blocks. Preferred examples for such com-
pounds are nucleotides or nucleotide analogues, e.g. alde-
hyde-functionalized nucleotides or nucleotide analogues,
Click-functionalized nucleotides or nucleotide analogues or
photosensitizer-functionalized nucleotides or nucleotide ana-
logues. On the other hand; the functionalized compound may
be selected from nucleic acids or nucleic acid analogues, e.g.
aldehyde-functionalized nucleic acids or nucleic acid ana-
logues, Click-functionalized nucleic acids or analogues or
photosensitizer-functionalized nucleic acids or analogues.

[0073] The term “nucleotide” according to the present
invention particularly relates to ribonucleotides, 2'-deoxyri-
bonucleotides or 2',3'-dideoxyribonucleotides. Nucleotide
analogues may be selected from sugar- or backbone modified
nucleotides, particularly of nucleotide analogs which can be
enzymatically incorporated into nucleic acids. In preferred
sugar-modified nucleotides the 2'-OH or H-group of the
ribose sugar is replaced by a group selected from OR, R, halo,
SH, SR, NH,, NHR, NR, or CN, wherein R is C,-C, alkyl,
alkenyl or alkynyl and halo is F, Cl, Br or I. The ribose itself
can be replaced by other carbocyclic or heterocyclic 5- or
6-membered groups such as a cyclopentane or a cyclohexene
group. In preferred backbone modified nucleotides the phos-
pho(tri)ester group may be replaced by a modified group, e.g.
by a phosphorothioate group or a H-phosphonate group. Fur-
ther preferred nucleotide analogues include building blocks
for the synthesis of nucleic acid analogs such as morpholino
nucleic acids, peptide nucleic acids or locked nucleic acids.

[0074] Aldehyde-, Click- or photosensitizer-functionalized
nucleic acids may be oligonucleotides, e.g. nucleic acids hav-
ing a length of up to 30 nucleotide (or nucleotide analogue)
building blocks or polynucleotides having a length or more
than 30 nucleotide (or nucleotide analogue) building blocks.
Preferably, the nucleic acids and nucleic analogues are
capable of specific binding to the analyte, e.g. capable of
hybridizing with a nucleic acid analyte under assay condi-
tions. The minimum length is preferably 12 and more prefer-
ably 14 nucleotide (or nucleotide analogue) building blocks.
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[0075] Functionalized nucleic acid or nucleic acid ana-
logue building blocks may be incorporated into nucleic acids
by standard techniques for chemical synthesis and/or by
enzymatic incorporation. Chemical synthesis for example
may be carried out by standard phosphoramidite chemistry
using modified nucleoside phosphoramidites as building
blocks in standard synthesis protocols. Other types of pre-
ferred building blocks for chemical synthesis include
H-phosphonate or phosphorotriester modified nucleosides.
[0076] On the other hand, modified nucleotides may be
incorporated into nucleic acids by enzymatic methods. Sur-
prisingly, it was found that aldehyde- or Click-functionalized
nucleoside triphosphates are accepted as enzyme substrates
by nucleic acid synthesizing enzymes such as DNA poly-
merases, RNA polymerases, reverse transcriptases or telom-
erases. For example, it was found that modified nucleoside
triphosphates are accepted by DNA polymerases commonly
used for primer extension and amplification protocols, e.g.
thermostable DNA polymerases such as Taq polymerase,
Vent polymerase, Pfx polymerase, Pwo polymerase, or Ther-
minator polymerase as described in Example 7. Enzymes
accept modified triphosphates without loss in fidelity and
allow a template-based incorporation into nucleic acids such
as DNA and RNA.

[0077] The method of the present invention provides vari-
ous embodiments of analyte detection. For example, func-
tionalized nucleic acid building blocks, e.g. nucleotides or
nucleotide analogues, together with appropriate enzymes,
may be provided which are enzymatically incorporated into a
nucleic acid molecule which forms the association product
with the analyte. In the present invention, a single type of
functionalized nucleotide or a plurality of different types of
functionalized nucleotides may be employed. Alternatively
or additionally, a functionalized nucleic acid or nucleic acid
analogue may already be present, which has been manufac-
tured, e.g. by chemical or enzymatic synthesis, and which
specifically binds, e.g. by hybridization to the analyte to be
detected.

[0078] In a preferred embodiment the method comprises a
primer extension reaction optionally in combination with
subsequent nucleic acid amplification steps such as PCR. For
example, at least one primer molecule may be provided which
hybridizes under assay conditions with a nucleic acid analyte
to be detected or the complement thereof. The bound primer
is then extended wherein a detectable extension product is
obtained which is indicative for the presence and/or amount
of the nucleic acid analyte to be detected. According to this
embodiment, functionalized primers and/or functionalized
nucleotides or nucleotide analogues for incorporation into the
extension product may be used.

[0079] Alternatively and/or additionally the method of the
invention may comprise the use of functionalized hybridiza-
tion probes which hybridize under the assay conditions with
the nucleic acid analyte to be detected or the complement
thereof wherein the formation of a hybridization product is
indicative for the presence and/or amount of the nucleic acid
analyte to be detected.

[0080] The detection method of the invention may be car-
ried out by any known nucleic acid detection protocols, e.g.
involving the use of solid supports. For example, a solid
support, e.g. a chip or array or a particulate material such as a
bead may be provided to which a capture probe is bound
capable of hybridizing to the analyte to be detected. The solid
phase bound nucleic acid analyte may be detected by using
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functionalized hybridization probes which hybridize with the
nucleic acid analyte in a different sequence part as the capture
probe does and subsequent detection of the bound hybridiza-
tion probe, e.g. with a metallization reagent. This method is
particularly suitable for the diagnostic applications in the
agricultural and clinical field, e.g. for the detection of DNA
and/or mRNA from plants, e.g. genetically modified plants,
DNA from pathogens or plant pests etc.

[0081] Inaspecific embodiment, the detection may involve
contacting the association product of the analyte and a func-
tionalized compound comprising a photosensitizer group
with a photosensitive medium, e.g. by transferring a sample
or sample aliquot in which an association product may be
present onto the photosensitive medium, e.g. by spotting,
pipetting etc. Upon irradiation, an energy transfer from the
photosensitizer group to the photosensitive medium is
effected such that marker groups such as metal, e.g. silver,
nuclei are formed in the photosensitive medium in the pres-
ence, but not in the absence, of photosensitizer groups. If
necessary, the marker groups may be subjected to a develop-
ment procedure, e.g. a chemical or photochemical develop-
ment procedure according to photographic techniques. The
photosensitive medium may be any solid support or any sup-
ported material capable of forming marker groups, e.g. metal
nuclei. Preferably, the photosensitive medium is a light sen-
sitive medium, such as light sensitive paper or a light sensitive
emulsion or gel on a supportive material. More preferably the
photosensitive medium is a photographic medium such as
photographic paper. Irradiation is carried out under condi-
tions, e.g. of wavelengths and/or intensity of irradiation light,
under which selective marker group formation takes place in
the presence of photosensitizer groups. Preferably, irradiation
takes place with infrared light and/or with long wave visible
light, depending on the sensitivity of the medium. The irra-
diation wavelength may be e.g. 500 nm or higher, 520 nm or
higher, 540 nm or higher, 560 nm or higher, 580 nm or higher
for visible light or 700 nm to 10 pm, for infrared light.

[0082] Animportant aspect of the invention is the detection
of genetic variabilities, e.g. single nucleotide polymorphisms
(SNPs). The genome of, for example humans, contains nucle-
otide sequence variations at an average frequency of up to
0.1%. Therefore, these variabilities provide excellent markers
for the identification of genetic factors contributing to com-
plex disease susceptibility [16, 17]. Although there is a wide
range of techniques available for the detection of SNPs, most
of'these methods are slow, require extensive instrumentation,
and PCR amplification [18]. The present method, however, is
both inexpensive and flexible enough to accommodate low,
moderate and high-throughput screening needs with high
speed, sensitivity and efficiency. Several possibilities exist to
label selectively only the fully matching or the mismatching
strands allowing to use the method of the invention for the
detection of SNPs.

[0083] For example, the detection of nucleic acid matches
or mismatches, e.g. in SNPs, may comprise the use of func-
tionalized hybridization probes which hybridize under the
assay conditions with the nucleic acid analyte to be detected
for the complement thereof and subjecting the hybridization
product to a treatment procedure wherein a hybridization
product containing at least one mismatch is dissolved and
wherein the presence of an undissolved hybridization product
is indicative for the presence and/or amount of a nucleic acid
which has a fully complementary sequence (i.e. no mismatch)
to the hybridization probe.
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[0084] The treatment for the dissolution of mismatch-con-
taining hybridization products may comprise a mismatch
digestion treatment, i.e. the use of mismatch detecting
enzymes which cleave the hybridization product depending
on the presence of a mismatch. Suitable enzymes for such a
mismatch digestion treatment include mismatch-glycosy-
lases such as those encoded by the genes hMSH2 and hMLH1
and Mut S, Mut L. and Mut H. Additional proteins are MutY
and Mig.Mth1. Mig.Mth1 cuts T out of a TG mismatch, MutY
cuts out A in an AG mismatch and the enzyme TDG cuts out
T in a TG mismatch.

[0085] Alternatively or additionally, mismatch-containing
hybridization products may be dissolved by a differential
hybridization treatment involving the adjustment of hybrid-
ization conditions, e.g. in view of temperature, salt concen-
tration and/or washing with dimethyl ammonium chloride,
wherein a mismatch containing hybridization product is dis-
solved and the fully complementary hybridization product
remains stable.

[0086] In a still further embodiment, mismatches, e.g.
SNPs, may be determined by enzyme-catalyzed selective
primer elongation. For this purpose a primer is provided,
wherein the 3' end of the primer is directly located upstream
of'a potential mismatch site on the template analyte. A primer
extension is only possible when a nucleotide which is
complementary to the next base on the template is present. By
selecting a single type of functionalized nucleotide and deter-
mining whether it is incorporated into the primer or not, the
base on the potential mismatch site can be determined.

[0087] Themethod ofthe invention comprises the detection
of marker groups which are incorporated into an association
product of the analyte with a functionalized compound. The
marker groups are preferably selected from metal deposition-
forming groups, e.g. aldehyde-functionalized groups, from
fluorescent or fluorescence-forming groups or from redox
active groups.

[0088] The formation of metal depositions requires the
treatment of aldehyde groups with a metallization reagent,
e.g. a reagent comprising metal atoms and/or ions selected
from Ag, Au, Bi, Cu, Pd or Pt which can be selectively
deposited around aldehyde groups, e.g. by reduction. Prefer-
ably, the metallization reagent comprises an Ag* salt such as
an Ag-ammonium complex, i.e. the Tollens reagent. Further
preferred examples of metallization reagents are Cu (NO,)/1,,
platinum terpyridine complexes such as [Pt(terpy)Cl|Cl,
Pd(OAc), or KAuCl,.

[0089] Further, the functionalized groups may also func-
tion as a handle to attach other marker groups such as fluo-
rescent marker groups. For example, marker compounds with
amino groups may be coupled to aldehyde groups by reduc-
tive amination in the presence of a reducing agent such as
sodium cyanoborohydride. Alternatively hydrazone or oxime
formation may be used to provide marker groups.

[0090] The detection of the marker groups may be carried
out according to known methods. For example, metal depo-
sitions may be determined qualitatively and/or quantitatively
by optical methods and/or electrical methods. In a preferred
embodiment, metal depositions on a solid surface may be
determined by measuring electrical parameters, e.g. conduc-
tivity. Fluorescent marker groups may be determined quali-
tatively and/or quantitatively by known fluorescent measure-
ment methods, e.g. excitation via a suitable light source such
as a laser and detecting the emitted fluorescent light.
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[0091] In a further embodiment, the invention comprises
the detection of marker groups which are site-specifically
formed in a photosensitive medium in the presence of photo-
sensitizer groups in an association product of the analyte with
a functionalized compound. The photosensitizer groups are
preferably selected from fluorescent or luminescent groups.
The photosensitizer groups can be incorporated directly into
the association product or via a handle, e.g. via a Click-
reaction as explained above in detail. The photosensitive
medium comprises groups which, when irradiated in the pres-
ence of photosensitizer groups, form detectable marker
groups such as metal nuclei which can be developed accord-
ing to standard photographic techniques, e.g. by chemical or
photochemical development techniques.

[0092] The invention also relates to reagent kits for detect-
ing analytes, e.g. nucleic acid analyte’s in a sample which
comprise a functionalized compound having attached at least
one functional group as described above. Generally, the kit
may comprise a compound of formula (IIT)

F—S—N

wherein
[0093] F is any functional group as described above, e.g.
agroup A as defined in formula (1), a group. C as defined
in formula (II) and/or a photosensitizer group;

[0094] S is a spacer or a bond, preferably a covalent
bond, and

[0095] Nis anucleic acid or nucleic acid analogue build-
ing block such as a nucleosidic or nucleotidic com-
pound.

[0096] The reagent kit may optionally contain an aldehyde
forming reagent or a second partner for a Click-reaction and
marker or marker-forming reagents or a photosensitive
medium. The kits are preferably used in a method as indicated
above.

[0097] Further, the present invention relates to an aldehyde-
functionalized compound of formula (I) or a Click-function-
alized compound of formula (II) as indicated above. The
functionalized compounds may be building blocks for the
chemical or enzymatic synthesis of nucleic acids or nucleic
acid analogues or precursors thereof. Preferably, the com-
pounds are nucleoside triphosphates, particularly ribose,
2'-deoxyribose or 2'-, 3'-dideoxyribose nucleoside triphos-
phates or analogues thereof which may be enzymatically
incorporated into nucleic acids.

[0098] Furthermore, the compounds may be building
blocks for the chemical synthesis of nucleic acids, or nucleic
acid analogues such as peptide nucleic acids, morpholino
nucleic acids or locked nucleic acids. To this end nucleoside
phosphoramidites, H-phosphonates, phosphotriesters or
Fmoc and/or Boc protected nucleobase amino acids are suit-
able.

[0099] The invention also relates to a nucleic acid or
nucleic acid analogue molecule having incorporated therein
at least one compound of formula (I) and/or formula (IT). The
molecule may be anucleic acid selected from DNA and RNA
or a nucleic acid analogue, e.g. selected from peptidic nucleic
acids, morpholino nucleic acids or locked nucleic acids as
described in detail above.

[0100] Further, the invention relates to a method of synthe-
sizing a nucleic acid or nucleic acid analogue molecule com-
prising incorporating at least one nucleotide or nucleotide
analogue building block comprising a compound (I) and/or
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(II) into a nucleic acid or nucleic acid analogue molecule. The
method may comprise a chemical synthesis and/or an enzy-
matic synthesis.

[0101] Furthermore, the invention relates to a metallization
product of the nucleic acid or nucleic acid molecule as indi-
cated above which is obtainable by treatment of an aldehyde
functionalized compound containing nucleic acid with a met-
allization reagent as indicated in detail above.

[0102] Furthermore, the invention relates to an association
product of the nucleic acid or nucleic acid analogue molecule
as indicated above with an analyte as described above. Pref-
erably, the association product is a hybridization product with
a complementary nucleic acid.

[0103] In a preferred embodiment, the methods and the
reagent kits of the present invention are used for agricultural
applications. For example, the invention is suitable for the
detection of nucleic acids from plants, plant pathogens or
plant pests such as viruses, bacteria, fungi or insects. Further,
the invention is suitable for detecting genetic variabilities,
e.g. SNPs in plants or plant parts, plant pathogens or plant
pests such as insects.

[0104] A further application is a detection or monitoring of
herbicide, fungicide or pesticide resistances, tolerances or
intolerances, e.g. resistances, tolerances or intolerances in
fungi, insects or plants in organisms or populations of organ-
isms. The invention is also suitable for rapid genotyping, e.g.
for the rapid detection and/or differentiation of species or
strains of fungi, insects, or plants. Further, detection and/or
differentiation of genetically modified organisms for strains,
e.g. organisms or strains of fungi, insects or plants is possible.
[0105] Due to the high sensitivity of the invention, early
diagnostic of pathogens is possible, i.e. diagnostics before
first symptoms of the presence of pathogens is visible. This is
particularly important for the diagnosis of soy rust (Phako-
spora pachyrizi) or other pathogens, e.g. Blumeria graminis,
Septoria tritici or Oomycetes or other pathogens for which
control is only possible, if their presence is detected before it
can be visually recognized.

[0106] Further, the invention is suitable for medical, diag-
nostic and forensic applications, e.g. in human or veterinary
medicine, e.g. for the detection of nucleic acids from patho-
gens, e.g. human pathogens or pathogens of livestock or pet
animals.

[0107] Further preferred applications include the detection
of genetic variabilities, e.g. SNPs in humans or the detection
of medicament resistances, tolerances or intolerances or aller-
gies. Further, the invention is suitable for genotyping, par-
ticularly genotyping of humans in order to determine muta-
tions associated with predisposition or enhanced risk of
disorders, allergies and intolerances.

[0108] The invention may also be used for the detection of
genetically modified organisms or strains, organisms or
strains of bacteria or viruses but also genetically modified life
stock animals etc. The invention is particularly suitable for
the rapid diagnosis of diseases, e.g. genetic diseases, allergic
diseases, autoimmune diseases or infectious diseases.
[0109] Furthermore, the invention is suitable for detecting
the function and/or expression of genes, e.g. for research
purposes.

[0110] Still a further embodiment is the use of the method
for brand protection, e.g. for detecting specific information
encoded in products such as valuable goods like plant protec-
tion products, pharmaceuticals, cosmetics and fine chemicals
(e.g. vitamins and amino acids) and beverage products, fuel
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products, e.g. gasoline and diesel, consumer electronic appli-
ances can be marked. Further, packaging of these and other
products can be marked. The information is encoded by
nucleic acids or nucleic acid analogues which have been
incorporated into the product and/or into the packaging of a
product. The information may relate to the identity of the
manufacturer, to production sites, date of production and/or
distributor. By means of the present invention, rapid detection
of product-specific data can be carried out. A sample may be
prepared from an aliquot of the product which is then con-
tacted with one or several sequence-specific functionalized
hybridization probes capable of detecting the presence of
nucleic acid-encoded information in the sample.

[0111] The invention is also suitable for the field of nutri-
ents. For example, in the feed area, animal nutrients, e.g. corn,
are supplemented with a greater quantity of preservatives
such as propionic acid. By applying the method of the inven-
tion, the addition of preservatives can be reduced. Further,
genomic analysis with the method of the invention allows the
prediction of an individual’s capability to utilize specific
nutrients (nutrigenomics).

[0112] Still a further preferred embodiment refers to the
field of epigenetics. This embodiment particularly refers to an
analysis of DNA, e.g. genomic DNA with regard to methyla-
tion of cytosine bases. In this embodiment, the DNA may be
treated with a cytosine-specific reagent, e.g. hydrazine and/or
hydroxylamine. By means of the treatment, a selective reac-
tion of either cytosine or methylcytosine residues occurs. For
example, treatment with hydroxylamine leads to a selective
modification of cytosine residues. Preferably, the reagent is
added in a sub-stoichiometric amount in order to obtain a
partial modification of e.g. cytosine residues. Subsequently,
the treated DNA is analysed, e.g. by a primer extension reac-
tion using at least one modified nucleic acid building block as
indicated above, e.g. a dU and/or dC base. Preferably a Click-
modified base, e.g. an alkyne-modified base is used. The
primer extension reaction gives a characteristic sequencing
ladder resulting from interruptions of the reaction on the
modified dC or 5-methyl-dC bases (cf. FIG. 26).

[0113] A further preferred embodiment refers to the appli-
cation of reporter nucleic acid molecules to a photosensitive
medium, e.g. photographic paper or any other light sensitive
medium. Preferably, the reporter molecules carry a photosen-
sitizer group and a quencher group. In the absence of analyte
the photosensitizer group is quenched. For example, the
reporter molecule may have a hairpin structure with the pho-
tosensitizer and the quencher group on or near the termini of
the molecule in close spatial relation-ship. When the reporter
molecule is present as a hairpin structure, the photosensitizer
group is quenched (according to the known molecular beacon
technique). Thus, a reporter molecule with an intact hairpin
structure cannot effect a sensibilisation when irradiating light
to the photosensitize medium. In the presence of an analyte
the hairpin structure is broken up. The analyte may be a
complementary nucleic acid strand or an enzyme which
cleaves the hairpin structure or a protein which binds to the
hairpin and thus brakes up the structure. The photosensitizer
group is separated from the quencher group and thus is
capable of photosensibilisation. In this case, irradiation of
light leads to a sensibilisation of the photographic medium
and thus to the detection of analyte (cf. FIG. 27).
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[0114] Inthis embodiment the present invention relates to a
method for detecting an analyte in a sample comprising the
steps:

[0115] i providing a sample,

[0116] 1ii providing a reporter molecule comprising a pho-

tosensitizer group or a handle group for introducing a pho-
tosensitizer group and a quencher group wherein the pho-
tosensitizer group is quenched in the absence ofthe analyte
to be detected,

[0117] 1iii contacting the sample with the reporter molecule
under conditions wherein the quenching of the photosen-
sitizer group is at least partially reduced or terminated in
the presence of the analyte,

[0118] 1iv if necessary, reacting the handle group with a
reaction partner comprising a photosensitizer group,

[0119] virradiating said reporter molecule in contact with a
photosensitive medium under conditions wherein marker
groups are formed in said photosensitive medium in the
presence of unquenched photosensitizer groups in said
reporter molecule, and

[0120] vi detecting said marker groups

[0121] Further, this embodiment refers to a reagent kit for

detecting an analyte in a sample comprising

[0122] aareporter molecule comprising a photosentisitizer
group or a handle group for introducing a photosensitizer
group and a quencher group wherein the photosensitizer
group is quenched in the absence of the analyte to be
detected,

[0123] b optionally a reaction partner for the handle group
comprising a photosensitizer group and

[0124] c¢ a photosensitive medium which forms marker
groups upon irradiation of unquenched photosensitizer
groups

[0125] Preferred aspects of the method an the reagent kits

and preferred applications are as described above.

[0126] The invention is further explained by the following

Figures and Examples.

DESCRIPTION OF FIGURES

[0127] FIG. 1: Preferred attachment sites of functional
groups (R), e.g. aldehyde functionalized groups on different
nucleobases 7-dN-G, C, 7-dN-A and T for the enzymatic
incorporation of marker groups into oligonucleotides.
[0128] FIG. 2: Schematic representation of the synthesis of
aldehyde functionalized nucleoside building blocks for the
solid phase synthesis of nucleic acids.

[0129] FIG. 3a: Schematic representation of the synthesis
of an acetal (protected aldehyde) functionalized nucleoside
triphosphate for the enzymatic synthesis of nucleic acids.
[0130] FIG. 3b6: An example of an alkyne functionalized
nucleoside triphosphate for efficient Click chemistry in DNA,
wherein n is preferably 0-4.

[0131] FIG. 3¢: An example of a protected aldehyde func-
tionalized triphosphate. The compounds shown in FIG. 3 are
suitable for efficient PCR incorporation into DNA.

[0132] FIG. 4: The results of a metallization reaction by
contacting Tollens reagent with an aldehyde-modified base:
(1) sugar solution as reference, (2) DNA with one aldehyde-
modified group, (3) DNA with two aldehyde groups and (4)
unmodified DNA.

[0133] FIG. 5: (I) Primer extension products stained with
Ag (a) or using a standard fluorescence dye (b): 1.1a: alde-
hyde-modified TTP in primer extension. I.1b: acetal-modi-
fied TTP in primer extension. [.3a: unmodified DNA. Silver
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staining only positive on Lane 1 and 2. I.1b-3b same gel but
stained unspecifically with a fluorescence dye. (I1) A 2142 by
PCR product stained with a fluorescent dye (a) or with Ag (b):
I12a: acetal-modified TTP in PCR. M: marker; 111b: alde-
hyde-modified TTP in PCR, 2: acetal-modified TTP in PCR,
1I3b: unmodified DNA.

[0134] FIG. 6: The results of a dilution series with a syn-
thetic DNA molecule containing a single aldehyde functional
group. Detection by Ag-staining.

[0135] FIG. 7: Examples of nucleosides with different
nucleobases carrying acetal (protected aldehyde) functions,
which can be converted into corresponding phosphoramid-
ites, H-phosphonates or triesters for chemical synthesis of
nucleic acids or into 5'-triphosphates for enzymatic incorpo-
rate of nucleic acids.

[0136] FIG. 8: Derivatisation of aldehyde modified DNA or
PNA with a fluorescence tag as an alternative to metallization
via reductive amination.

[0137] FIG. 9: Alkyne-modified (a,b), azide-modified (c)
and protected aldehyde-modified (d,e) nucleoside and nucle-
otide monomers, wherein n is preferably 0-4.

[0138] FIG. 10: Schematic representation of the synthesis
of alkyne-functionalized nucleosides and nucleotide triphos-
phates.

[0139] FIG. 11: Schematic representation of the synthesis
of azide-functionalized dendrimers comprising protected
aldehyde groups.

[0140] FIG. 12: Examples of azide and alkyne azide deriva-
tives with marker or marker precursor groups for the Click
reaction with alkyne- or azide-modified nucleotides or
nucleic acids.

[0141] FIG. 13: Ontop: MALDI-TOF analysis of the Click
reaction with oligonucleotides containing the modified base 2
(FIG. 9b) and fluorescein azides as the clicking partner (m:
495). Below: Gel electrophoresis of Click reactions of DNA
modified with monomer 2 and fluorescine azide. Al: Fluo-
rescence image, Lane 1: starting material prior to Click reac-
tion; 2,3: raw reaction mixture; 4: Azide under Click condi-
tions; A2: same gel stained with SYBR Green. B1: Lane 1,2:
raw reaction mixture; 3: starting material; B2 same gel but
stained stained with SYBR Green.

[0142] FIG. 14: Click reaction for introducing coumarin
azide into DNA results in a fluorescent product (right reaction
tube).

[0143] FIG. 15: An alkyne-modified phosphoramidite (a),
an alkyne-modified nucleoside (b) and azide-modified galac-
tose (c).

[0144] FIG.16: PCR assay using 200 uM of 8, dATP, dCTP
and dGTP, 0.05 pug genomic DNA from S. cerevisiae 499, 10x
polymerase buffer with magnesium, 0.3 mM each of primers
and 1.25 U polymerases. Lanel) Vent, 2) Vent (exo™), 3) Pwo,
4) Taq (exo”) from Roche, 5) Therminator, 6) Taq from
Promega and 7) marker.

[0145] FIG. 17: PCR amplification of 2142 by DNA with
modified triphosphate 1 or 8 (FIG. 10) replacing dTTP. Aga-
rose Gel (2%) was used and stained with Ethidium Bromide.
A total of 35 PCR cycles were run, with 45 sec used for each
incubation. Lane 1) NEB 2-log DNA ladder (0.1-10.0 kb),
Lane 2) Negative control (minus dTTP), Lane 3) with sub-
strate (1) replacing dTTP, 4) with substrate (8) replacing
dTTP and 5) positive control (using dTTP).
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[0146] FIG. 18: HPLC chromatogram of (a) the enzymatic
digest of PCR fragments (318 mer) incorporating triphos-
phate 8 (FIG. 10); (b) the enzymatic digest of PCR fragments
incorporating dTTP; (¢) nucleoside 7 (FIG. 10).

[0147] FIG. 19: Dilution series of 318 by PCR fragments
incorporating triphosphates 1 and 2 followed by “on the gel”
clicking and silver staining. (a) Dilution series of PCR frag-
ments incorporating 1 (Lane 1 7.0 ng, Lane 2 3.5 ng, Lane 3
1.3 ng, Lane 4 0.7 ng) and 2 (Lane 5 7.0 ng, Lane 6 3.5 ng,
Lane 7 1.3 ng, Lane 8 0.7 ng) run on a TBE-urea PAAG gel.
The gel was subjected to “on the gel” clicking with azide 3
and subsequent silver staining. (b) Comparative detection of
a dilution series of a PCR fragment incorporating 2 via (i) the
selective silver staining method (as per (a)) and via (ii)) SYBR
green Il (Lane 1 7ng, Lane23.5ng, Lane 3 1.3 ng, Lane 4 0.9
ng, Lane 5 0.5 ng, Lane 6 0.3 ng). (¢) Dilution series of PCR
fragments incorporating 2 (Lane 1 7 ng, Lane 2 3.5 ng, Lane
3 1.3 ng, Lane 4 0.9 ng, Lane 5 0.5 ng, Lane 6 0.3 ng) and 2
Lane 17.0ng,Lane23.5ng, Lane 3 1.3 ng, Lane 4 0.7 ng) run
on TBE-urea PAAG gel. The gel was then subjected to “on the
gel” clicking with aldehyde-modified azide 4 and subsequent
silver staining. (d) Dilution series of PCR fragments incor-
porating 2 (Lane 1 7 ng, Lane 2 3.5 ng, Lane 3 1.3 ng, Lane 4
0.9 ng, Lane 5 0.5 ng, Lane 6 0.3 ng) run on TBE-urea PAAG
gel. The gel was then subjected to “on the gel” clicking with
aldehyde-modified azide 5 and subsequent silver staining.
[0148] FIG. 20: AFM photographs of natural DNA (a) and
aldehyde-modified DNA (b) after exposure to Ag staining
conditions, and aldehyde-modified DNA after Ag staining
without development (c), after 2 min of development (d) and
after two times 2 min of development (e).

[0149] FIG. 21: A schematic depiction of an analyte, e.g.
DNA analyte detection method using the principles of black
and white photography. Initial replication of the DNA analyte
in the presence of a sequence-selective primer produces a
target sequence tagged with a sensitizer (S). After irradiation
and subsequent photographic development the analyte can be
detected on a photosensitive medium, e.g. photographic
paper.

[0150] FIG. 22: Depiction of cyanine dyes (1), (2) and (3).
Dilution series of cyanine dyes irradiated for 10 seconds
using an overhead projector lamp equipped With a 520 nm
cut-off filter using (a) 1; (b) 2; and (c) 3 or irradiation for 5
minutes with an infrared lamp using (d) 1, (e) 2 and £ (3). The
spot experiments correspond to the following dilutions: Spot
1:1x107'* mol., Spot 2: 1x107*2 mol., Spot 3: 3x10™'* mol,
Spot 4: 1x107" mol, Spot 5: 3x107* mol, Spot 6: 1x10~'*
mol, Spot 7: 3x107** mol, Spot 8: 1x10~'> mol, Spot 9:
3x107'° mol, Spot 10:1x107*° mol,

[0151] FIG. 23: Spot tests of oligodeoxyribonucleotides
ODN-I[5-GCGATT CGTTCGTCG C-3'] (SEQIDNO: 1),
ODN-2 [5'-CGC GAA TGA ACA GCG C-3'] (SEQ ID NO:
2) and ODN-3 [5'-GCG ACC GAT TCG C-3"] (SEQ ID NO:
3) all at 50 nmol. using (a) high energy irradiation and a
cut-oft filter (520 nm); and (b) low energy irradiation via
prolonged exposure (5 minutes) using an infrared lamp.
[0152] FIG. 24: Depiction of cyanine dyes CyS5 and Cy5.5.
Dilution series of cyanine dyes tethered to ODNs irradiated
for either 10 seconds using an overhead projector lamp
equipped with a 520 nm cut-off filter using (a) ODN-4 [5'-
Cy5-GCG CTG TTC ATT CGC G-3" (SEQ ID NO: 4); (b)
ODN-5 [5-Cy5.5-GCG CTG TTC ATT CGC G-3"1 (SEQ ID
NO: 5); or irradiation for 5 minutes with an infrared lamp
using (c) ODN-4; (d) ODN-5. The spot experiments corre-
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spond to the following dilutions: Spot 1: 1x107*! mol., Spot
2: 3x107'2 mol., Spot 3: 1x107'2 mol, Spot 4: 3x107" mol,
Spot 5: 1x107" mol, Spot 6: 3x107* mol, Spot 7: 1x10~'*
mol, Spot 8: 3x107!> mol.

[0153] FIG. 25: Schematic depiction of the process of the
“Click and photograph” methodology. A sequence, e.g. gene,
ofinterest is specifically selected and amplified via PCR with
alkyne-modified triphosphates (dU*TP) and gene-selective
primers. These alkyne functions can be tagged via click
chemistry with an appropriate photosensitizer (S) producing
photosensitized DNA hybrids. Irradiation of the sample on
photo paper and subsequent development will provide a new
method for the ultra sensitive and specific detection of genes.
[0154] FIG. 26: Schematic depiction of a method for iden-
tifying methylation patterns in DNA by cytosine-specific
chemical modifications. A DNA analyte is reacted with a
cytosine (or methylcytosine) specific modification agent, e.g.
hydroxylamine, preferably in a sub-stoichiometric amounts
in order to give partially modified cytosine residues (C*). A
primer extension reaction with an alkynyl-modified base is
carried out. This reaction terminates at modified cytosine
residues resulting in a “ladder” of extension products having
a characteristic length. After separating the primer extension
products e.g. on a gel, a Click reaction with an azide-modified
marker group, e.g. a modified sugar and a subsequent detec-
tion of the marker group (e.g. via silver staining) is carried
out. The methylation pattern of the DNA sample may be
determined by comparing extension products from a methy-
lated DNA sample with the extension products from an unm-
ethylated DNA sample which has been subjected to the same
treatment.

[0155] FIG. 27: Schematic depiction of a molecular beacon
detection method on a photosensitive medium. A reporter
molecule having a fluorescence group (F) and a quenching
group (Q) is provided. In the absence of analyte, the reporter
molecule has a hairpin structure and the fluorescence is
quenched. In the presence of analyte the quenching group is
removed from the fluorescence group which becomes
unquenchend (F*). The sample is irradiated in the presence of
a photographic medium such as photographic paper or other
light-sensitive material and developed.

EXAMPLES
Example 1

Synthesis of Aldehyde-modified Nucleosides and
Nucleotides

[0156] Nucleosides and nucleoside triphosphates with
aldehyde-modified nucleobases were synthesized from
appropriately modified nucleosides which carry a leaving
group such as I, preferably either on position 5 of pyrimidine
bases, e.g. T, U and C or on position 7 of purine bases, e.g.
7-desaza G, 7-desaza A, G and A as shown in FIG. 1. All
modifications on these positions protrude out of the DNA
major groove.

[0157] The synthesis of an aldehyde-modified T (U)
nucleoside phosphoramidite first via Sonogashira mediated
alkynylation [20] followed by reaction with appropriate func-
tional groups was performed as shown in FIG. 2. The alde-
hyde function was kept protected as an acetal group. The
acetal protection group may be removed by treatment with
acid. The modified nucleoside phosphoramidite may be
incorporated into nucleic acids by chemical synthesis.
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[0158] The synthesis of an acetal-modified nucleoside
triphosphate was carried out as shown in FIG. 3a. Further
alkyne (for Click reaction), acetal- and hemiacetal-modified
nucleoside triphosphates are shown in FIG. 35. The modified
nucleoside triphosphates may be incorporated into nucleic
acids by enzymatic synthesis.

[0159] The use of Pd-based C—C forming reactions such
as by Sonogashira/Suzuki [20] provides a general synthetic
approach for the synthesis of aldehyde-modified nucleosides
and nucleotides with different aldehyde groups with different
modified nucleobases. Further, aldehyde groups with differ-
ent steric, electronic and functional characteristics may be
synthesized.

Example 2

Incorporation of Aldehyde-modified Nucleosides and
Nucleotides into Oligonucleotides

2.1 Incorporation by Chemical Synthesis

[0160] Incorporation of the acetal/aldehyde-modified
nucleoside phosphoramidite was achieved by conventional
solid phase synthesis [21]. Several DNA oligonucleotides
containing one or multiple acetal/aldehyde-modified nucleo-
bases were prepared as depicted in Table 1. Deprotection of
the acetal groups afforded the aldehyde-modified DNA oli-
gonucleotide.

[0161] The oligonucleotides were tested for their ability to
form base pairs with complementary DNA strands in order to
obtain double stranded DNA molecules. It was found that the
reduction of duplex stability due to the presence of the alde-
hyde group is low. The melting point of double strands is
lowered by about only 2° C. per modification. This amount of
destabilisation is, however, fully acceptable for the intended
applications.

TABLE 1

Oligodesoxynucleotides synthesised by solid
phase synthesis (SEQ ID NOS: 6-10, re-

spectively, in order of appearance) .
T, [° C.]
1 TTTTTTXTTTTT
2 TTTTTTXXTTTTT
3 GCCGAXGCGC 53.8 (56.5 unmodified
control)
4 GCGXATAXATAXTCGC 48 .4 (53.7 unmodified

control)

5 TTXTTXTTXTTXTTX

2.2 Incorporation by Enzymatic Methods

[0162] Acetal modified triphosphate monomers were pre-
pared according to FIG. 3. The most selective method of
synthesising triphosphates is the procedure following Lud-
wig and Eckstein [11, 12]. This procedure is slightly acidic so
one obtains a mixture of aldehyde and acetal-TTP which can
be separated by HPLC, if desired [13].

[0163] Studies were performed with both the acetal and
aldehyde triphosphates and a variety of different DNA poly-
merases. They showed that all polymerases accept the modi-
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fied triphosphate as substrate and they selectively incorporate
the modified base. Also multiple incorporations turned out to
be unproblematic. The following polymerases were tested in
primer extension studies and PCR. The experiments were
performed with the acetal protected thymidine and also with
the deprotected aldehyde functionalized thymidine.

Primer extention PCR
Therminator (NEB) Pfx (A)
Vent Taq (A)
Vent (exo™) Vent (B)

Taq

[0164] We also performed PCR studies with TPP replaced
by the synthetic triphosphates (acetal and aldehyde). The
PCR experiment showed that the modified base can be incor-
porated into a whole gene 2400 base pairs long establishing
that we can create genes specifically labelled with hundreds
of aldehyde derived nucleation sites.

Example 3

Detection of the Labelled Oligonucleotides and
Genes

[0165] A preferred method for the metal deposition on
aldehydes is based on the Tollens test [14].

R—CHO+2 Ag[NH,]OH—>R—COO NH,"+2 Ag(s)+
H,O0+NH,

[0166] In this reaction a silver-ammonium complex is
reduced by the aldehyde. If the concentration of the aldehyde
is high, one can see a film of solid silver on the inside of the
reaction tube.

[0167] Both the aldehyde containing nucleoside and the
chemically synthesised aldehyde-modified nucleic acids
could be detected in a silver staining test indicative of alde-
hyde functions (FIG. 4). An unlabeled DNA strand gave in
contrast a clearly negative result under the same conditions,
showing that the aldehyde selectively introduced into specific
DNA sequences allow selective detection of these modified
sequences.

[0168] Detection of aldehyde-modified nucleic acids by
silver staining was also carried out on gels. The aldehyde
groups on the DNA were sufficient to reduce the silver ions
within a gel. The seeds formed by the process on the DNA
could be developed until a clear black band made up from
deposited silver can be seen on the gel.

[0169] This was demonstrated by staining aldehyde-modi-
fied nucleic acids from primer extension reactions and from
PCR (FIG. 5 (I) and (II) respectively).

[0170] As shown in FIG. 5, the DNA containing the modi-
fied nucleoside is exclusively Ag-stained while unmodified
DNA stays unstained. This is true for the extended primer and
for the PCR product. The staining procedure is based on the
SilverXPress kit (Invitrogen), but with a stronger Tollens
solution. Staining following other procedures is also possible.
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Example 4
Determination of Sensitivity

[0171] Inorder to determine the sensitivity of the detection
method, dilution experiments were performed (FIG. 6). It was
found that staining of aldehyde-functionalized DNA with a
standard Ag staining kit was at least five times more sensitive
than staining with ethidium bromide (~0.5 ng of DNA with a
length of 50 bp).

[0172] This very impressive sensitivity is obtained even
with coarse visual detection.

Example 5

Synthesis of Azide- and Alkyne-modified Nucleo-
sides and Nucleotides

[0173] Nucleosides and nucleoside triphosphate with azide
and alkyne-modified bases were synthesized substantially as
described in Example 1.

5.1 Synthesis of Alkyne-modified Nucleotides

[0174] A detailed reaction scheme for the synthesis of
alkyne-modified nucleoside triphosphate is shown in FIG. 10.
[0175] The preparation of nucleoside (1) and its corre-
sponding triphosphate (2) was carried out as previously [23,
24].

[0176] To athoroughly degassed solution of 3 (1.00 g, 1.72
mmol.),*] Pd(PPhs), (0.198 g, 0.172 mmol.) and Cul (0.065
g, 0.344 mmol.) in DMF (3 mL) was added degassed N,N-
diisopropylethyl amine (1.5 mL, 8.59 mmol.) and the reaction
mixture stirred at room temperature for 10 minutes. A
degassed solution of 4-pentyn-1-ol (320 ul., 3.44 mmol.) in
DMF (1 mlL.) was added dropwise to the reaction mixture over
1 hour. After complete addition, the reaction mixture was
stirred at room temperature overnight. After concentration in
vacuo, the crude mixture was diluted with ethyl acetate (200
ml) and the organic layer was washed with brine (3x50 mL)
followed by water (50 mL). The organic layer was dried
(MgSO,), filtered and concentrated in vacuo. Flash column
chromatography (SiO,) eluting with a gradient of ethyl
acetate:isohexane (1:1) followed by ethyl acetate:isohexane
(2:1) provided 4 (0.790 g, 86%) as a pale yellow foam. 'H
NMR (CDCl;, 300 MHz): § 0.01 (s, 3 H, OSiCHj,), 0.00 (s, 3
H, OSiCH,), 0.05 (s, 3 H, OSiCH,), 0.07 (s, 3 H, OSiCH,),
0.81 (s, 6 H, OSi(CH;)5), 0.85 (s, 6 H, OSi(CH,),), 1.74 (m,
2H, CH,—CH,CH,—OH), 1.95 (m, 1H, H-2f),2.20 (m, 1H,
H-2a), 2.42 (t, 2H, J=6.0 Hz, C=C—CH,CH,—), 3.67 (dd,
1H, J=114, 2.1 (CDCl,, 75.5 MHz): § 5.4 (SiCH,), -5.3
(SiCH;), —-4.8 (SiCH;), -4.6 (SiCH;), 16.7 (C=C—
CH,CH,), 18.0 (SiC(CH,),), 18.5 (SiC(CH,);), 26.1 (SiC
(CH,)3), 26.4 (SiC(CH,),), 31.5 (CH,—CH,—CH,—OH),
423 (C-2Y, 61.9 (CH,—CH,CH,—OH), 63.3 (C-3"), 72.4
(C=0), 72.7 (C-3", 86.0 (C-1"), 88.7 (C-4"), 95.0 (C=C),
100.9 (C-5), 101.0 (C=C), 141.9 (C-6), 149.6 (C-2), 162.4
(C-4). HRMS (ESI, +ve) calcd. for C, H,,N,NaOSi, 561.
2792 [M+Na]"* found 561.2803.

[0177] To a stirred solution of 4 (0.300 g, 0.56 mmol.) in
dichloromethane (5 ml.) was added a solution of Dess-Martin
periodinane (0.378 g, 0.89 mmol.) in dichloromethane (5 mL.)
dropwise over 5 minutes at room temperature under a nitro-
gen atmosphere. The reaction mixture was stirred for 2 hours
followed by quenching with saturated sodium thiosulfate
solution (10 mL). The crude mixture was then diluted with
dichloromethane (200 mL) and the organic layer washed with
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brine (2x30 mL.) and water (2x30 mL). The organic layer was
then dried (MgSO,), filtered and concentrated in vacuo. Col-
umn chromatography (flash silica) eluting with 35% ethylac-
etate in isohexane afforded 5 (0.193 g, 65%) as a pale yellow
foam. 'H NMR (CDCl,, 600 MHz): $0.07 (s, 3 H, OSiCH,),
0.00 (s, 3 H, OSiCH,), 0.05 (s, 3 H, OSiCH,), 0.06 (s, 3 H,
OSiCH,), 0.81 (s, 6 H, OSi(CH,),), 0.85 (s, 6 H, OSi(CH,),),
1.95 (m, 1H, H-2p), 2.21 (m, 1H, H-2v), 2.61 (t, 2H, J=7.2
Hz, —CH,CH,—), 2.67 (t, 2 H, I=7.2 Hz, —CH,CH,—),
3.68d(d, 1H,J=11.4,2.4Hz, H-5",3.81(dd, 1H,J=11.4,2.4
Hz, H-5"),3.89 (m, 1H, H-4"), 432 (m, 1H, H-3"), 6.20 (dd, 1
H,J=7.2,6 Hz,H-1",7.84 (s, 1H, H-6), 8.99 (bs, 1H, N—H),
9.72 (s, 1H, CHO). '*C NMR (CDCl,, 150.8 MHz): 63.8
(SiCH,), -3.7 (SiCH,), -3.1 (SiCH;), -2.9 (SiCH,), 14.4
(C=C—CH,CH,), 19.7 (SiC(CH;);), 20.1 (SiC(CH,),),
27.4 (SiC(CH;),), 27.7 (SiC(CH,);), 43.7 (C-2Y, 44.1
(CH,—CH,—CHO), 64.6 (C-5"),74.0 (C-3' and C=C), 87.5
(C-11, 90.0 (C-4"), 94.3 (C=C), 101.9 (C-5), 143.8 (C-6),
150.9 (C-2), 163.7 (C-4), 201.6 (CHO). HRMS (ESI, +ve)
caled. for C,4H,,N,NaOSi, 559.2635 [M+Na]* found 559.
2634.

[0178] To asolutionof 5 (0.530 g, 1.00 mmol.) and K,CO,
(0.269 g, 1.98 mmol.) in dry methanol (20 mL) was added a
solution of 1-diazo-2-oxo-propyl-phosphonic acid dimethyl
ester (0.261 g, 1.19 mmol.) in dry methanol (5§ mL) at room
temperature under a nitrogen atmosphere. The reaction mix-
ture was stirred at room temperature overnight, filtered and
concentrated in vacuo. The crude mixture was dissolved in
ethyl acetate (200 mL) and the organic layer was washed with
brine (2x30 ml) and water (2x30 mL), dried (MgSO,,) and
concentrated in vacuo. Column chromatography (flash silica)
eluting with 20% ethylacetate in isohexane afforded 6 (0.290
g, 55%) as a colourless foam. "H NMR (CDCl,, 600 Mhz): §
0.00 (s, 3 H, OSiCH,), 0.01 (s, 3 H, OSiCH,), 0.06 (s, 3 H,
OSiCH,), 0.07 (s, 3 H, OSiCH,), 0.82 (s, 6 H, OSi(CH,)5),
0.86 (s, 6 H, OSi(CH,),), 1.93 (m, 1H, H-213), 1.95 (s, 1H,
C=C—H), 2.22 (m, 1H, H-2), 2.39 (dt, 2H, J=8.4, 2.4 Hz,
—CH,CH,—), 2.55 (t, 2H, J=8.4 Hz, —CH,CH,—), 3.68
(dd, 1H, J=11.4, 2.4 Hz, H-5"), 3.81 (d, 1H, J=11.4, 2.4 Hz,
H-5"), 3.89 (m, 1H, H-4"), 4.33 (m, 1H, H-3"), 6.20 (dd, 1H,
J=7.8,6 Hz,H-1"),7.85 (s, 1H, H-6),8.33 (bs, IH,N—H). *C
NMR (CDCl;, 150.8 MHz): 67.0 (SiCH;), -6.9 (SiCH,),
-6.4 (SiCH,), -6.2 (SiCH,), 16.5 (C=C—CH,CH,), 16.9
(C=C—CH,CH,), 17.0 (SiC(CH;);), 18.2 (SiC(CH,),),
24.2 (SiC(CH,);), 24.5 (SiC(CHs,),), 40.4 (C-2"), 61.4 (C-5Y,
67.9 (C=C—H), 70.8(C-3",70.9 (C=C), 80.9 (C=C), 84.1
(C-11, 86.8 (C-4), 91.2 (C=0), 98.7 (C-5), 140.6 (C-6),
147.5 (C-2), 159.9 (C-4). HRMS (FAB, +ve) calcd. for
C,,H,5N,0481,+H 533.28670 [M+H]*found 533.26009.

[0179] To acooled solution (0° C.) of 6 (0.270,0.51 mmol.)
in THF (5 mL) was added TBAF (1.0 M, 1.52 mL,, 1.52
mmol.) under a nitrogen atmosphere. The reaction mixture
was stirred for 3 hours, quenched with glacial acetic acid (1.0
ml) and concentrated in vacuo. Column chromatography
(flash silica) eluting with 10% methanol in ethyl acetate
afforded 7 (0.127 g, 82%) as a colourless oil. 'H NMR (d,4-
DMSO, 400 MHz): 61.88 (s, 1H, C=C—H), 2.07 (m, 2H,
H-2",2.36 (dt,2H, ]=7.2,2.4 Hz, —CH,CH,—), 2.54 (t, 2H,
J=6.8 Hz, —CH,CH,—), 3.53 (dd, 1H, J=12.0, 4.0 Hz, H-5"),
3.58(dd, 1H, J=12.0, 4.0 Hz, H-5"), 3.76 (m, 1H, H-4"), 4.19
(m, 1H,H-3"), 5.07 (bs, 1H, O—H), 5.23 (bs, 1H, O—H), 6.08
(t, 1H, J=6.4 Hz, H-1), 8.11 (s, 1H, H-6), 11.55 (bs, 1H,
N—H). *C NMR (CDCl;, 150.8 MHz): § 17.6 (C=C—
CH,CH,), 18.9 (C—C—CH,CH,), 39.5 (C-2", 60.7 (C-5",
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70.0 (C-3", 73.7 (C=C—H), 75.1 (C=C), 84.6 (C-1"), 87.3
(C-41, 89.1 (C=C), 93.0 (C=C), 100.2 (C-5), 144.7 (C-6),
151.0 (C-2), 163.2 (C-4). HRMS (FAB, +ve) calcd. for
C,sH, gN,Og+Na [M+Na]™327.28771 found 327.09635.
HRMS (FT-ICR MS -) caled. for C,;H,N,O+AcO~
[M+AcO™]™ 363,1198 found 363,1221, MS-MS caled. for
C,sH,N,O,[M™] 303,1 found 303,1.

[0180] To a cooled solution (0? C) of 7 (0.060 g, 0.197
mmol.) and 1,8-bis(dimethylamino)naphthalene (proton
sponge, 0.068 g, 0.316 mmol.) trimethyl phosphate (2 mL)
was added phosphorous oxychloride (22 pul, 0.237 mmol.)
dropwise over 5 min. under a nitrogen atmosphere. The reac-
tion mixture was stirred for 3 hours at 0? C. A solution of
tributylammonium pyrophosphate (0.080 g, 0.237 mmol.) in
dry DMF (2.0 mL)) was added to the reaction mixture and
stirred for 1 min. followed by quenching with triethylammo-
nium bicarbonate (1.0 M, 20 mL, pH=8.5). The reaction
mixture was stirred for 2 h and lyophilised overnight. RP-
HPLC purification (0-50% 0.1 M triethylammonium acetate
? 20:80 H,0:MeCN with 0.1 M triethylammonium acetate
gradient over 45 min. at a flow rate of 5 mL.min.™") yielded 8
(17.7 min.) as the triethylammonium salt. *'P NMR (D, 0, 81
MHz): §22.4(t,1P,J=19.8 Hz, P-),-10.5(d, 1 P, J=20.3 Hz,
P-a), -9.7 (d, 1 P, I=19.8 Hz, P-y). MALDI-TOF (ATT
matrix, negative mode): 271 [M+2 H]*~, 542 [M+2 H]".

5.2 Synthesis of Dendrimeric Azide-functionalized Click
Reactions partners

[0181] A detailed reaction scheme for the synthesis of
azide-functionalized dendrimers containing a plurality of
hemiacetal groups (protected aldehyde groups) is shown in
FIG. 11.

General Procedure for the Cu(I)-catalysed Triazole Ligation
Reaction

[0182] To a solution of 9 (7.31 g, 0.0256 mol.), 10 (3.00 g,
0.0128 mol.) in THF:H,O (3:1, 40 mL) was added a solution
of CuSO, (0.103 g, 0.641 mmol.) in H,O (3 mL) followed by
solid sodium ascorbate (0.253 g, 1.28 mmol.). The reaction
mixture was stirred overnight at room temperature. The sus-
pension was diluted with H,O (50 mL), cooled to 0° C. and
treated with concentrated NH,OH (5 mL) for 10 minutes. The
reaction mixture was diluted with dichloromethane (500 mL.)
and the organic layer washed with brine (2x50 mL), followed
by H,O (2x50 mL). The organic layer was retained, dried
(MgSO,) and concentrated in vacuo. Column chromatogra-
phy (flash silica) eluting with 1:1 ethyl acetate:petroleum
spirit afforded 9 (2.76 g), mono-Click product (11,3.94 g) as
a colourless foam, followed by 12 (4.92 g, 48%). The mono-
click product (11) was then reacted with one equivalent of 9 to
afford 12 quantitatively after workup and with no further
purification required. 'H NMR (CDCl,, 600 MHz): 8 1.29 (s,
6H,C—CH,), 1.35(s,6 H,C—CH,), 1.38 (s, 6 H,C—CH,),
1.49 (s, 6 H, C—CH,), 4.19 (m, 4H, H4'/H5"), 4.32 (dd, 2H,
J=4.8,2.4Hz,H2",4.46 (dd, 2H, J=14.4, 8.4 Hz, H6"), 4.50
(s,2H,—CH,—), 4.62 (m, 2H, H 3"), 4.64 (m, 2H, H 6"), 5.18
(s, 4H, —CH,—), 5.51 (d, 2H, J=4.8 Hz, H1"), 6.59 (t, 1H,
J=1.8Hz, Ar—H), 6.64 (d, 2H, J=1.8 Hz, Ar—H), 7.79 (s, 2H,
C=CH—). "C NMR (CDCl;, 150.8 Mhz): & 24.4
(C—CH,), 24.7 (C—CH,), 25.9 (C—CH,), 26.0 (C—CH,),
46.1 (CH,—), 50.6 (—CH6'/H6"), 62.2 (Ar—CH,—), 67.0
(CH4", 70.1 (CH2", 70.5 (CH3"), 70.9 (CHS5"), 96.0 (CH1"),
102.0 (Ar—CH), 107.9,109.1, 110.0, 124.0 (C—CH), 139.6,
143.4, 160.0. ESI-MS m/z 806 [M+H]".
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[0183] The reaction of 13 (1.53 g, 1.88 mmol.) and 10
(0.220 g, 0.94 mmol.) in the presence of CuSO, (0.008 g,
0.047 mmol.) and sodium ascorbate (0.019 g, 0.094 mmol.)
afforded 14 (1.65 g, 95%) as a colourless foam after column
chromatography (flash SiO,; ethyl acetate:methanol 9:1). 'H
NMR (CDCl;, 600 MHz): § 1.26 (s, 12 H, C—CHy,), 1.27 (s,
6 H, C—CH,), 1.34 (s, 12 H, C—CH,), 1.35 (s, 12 H,
C—CH,), 1.48 (s, 6 H,C—CH,), 4.19 (m, 8H, H4/H5"), 4.32
(m, 4H,H2"),4.46 (m, 4H, H6™),4.47 (s, 2H, —CH,—), 4.62
(m, 4H, H3"), 4.64 (m, 4H,H 6", 5.12 (s, 8H, —CH,—), 5.15
(s,4H,—CH,—), 5.40 (s, 4H,—CH,—), 5.49 (bd, 4H, J=4.8
Hz,H1"), 6.50 (m, 4H, Ar—H), 6.55 (m, 2H, Ar—H), 6.58 (m,
1H, Ar—H), 6.61 (m, 2H, Ar—H), 7.59 (s, 2H, C—CH—),
7.78 (s, 4H, C=CH—). >C NMR (CDCl,, 150.8 MHz): &
244 (C—CH,), 249 (C—CH,), 25.9 (C—CH,), 26.0
(C—CH,), 45.9 (CH,—), 50.4 (—CH6'/H6"), 53.9 (Ar—
CH,—),61.8 (Ar—CH,—),61.9(Ar—CH,—), 67.0(CH4"),
70.1 (CH2", 70.5 (CH3"), 71.1 (CH5"), 96.1 (CH1"), 101.6,
101.7,107.2,108.0, 109.0,109.9, 122.9, 124.2, 136.7, 140.0,
143.2, 144.1, 159.5, 160.0. MALDI-TOF (ATT, positive
mode): m/z 1859 [M+H]*.

General Procedure for the Conversion of Dendritic Chlorides
to Azides

[0184] To a solution of 12 (4.84 g, 6.01 mmol.) in acetone:
water (4:1, 100 mL) was added NaN; (0.586 g, 9.01 mmol.)
and heated to reflux under a nitrogen atmosphere for 3 hours.
The reaction mixture was diluted with ethyl acetate (600 mL.)
and the organic layer washed with brine (2x50 mL.) followed
by water (2x50 mL). The organic layer was retained, dried
(MgSO,) and concentrated in vacuo to yield 13 (4.72 g, 97%)
as a white amorphous solid.

[0185] 'H NMR (d-acetone, 400 MHz): 8 1.28 (s, 6 H,
C—CH,), 1.35(s, 6 H,C—CH,), 1.36 (s, 6H, C—CHj;), 1 .44
(s, 6 H,C—CH,), 4.30 (dd, 2H, J=3.6, 2.0 Hz, H 6'/6"), 4.32
(dd, 2H, J=3.2, 1.6 Hz, H 5"), 4.36 (dd, 2H, J=7.6, 1.6 Hz, H
4", 4.39 (dd, 2H, J=4.8, 2.4 Hz, H2"), 4.61 (d, 2H, ]=3.6 Hz,
H676"),4.64 (s,2H,—CH,), 4.70 (dd, 2H, J=7.6, 2.4 Hz, H
3",5.20 (s, 4H,—CH,—), 5.47 (d, 2H, J=4.8 Hz, H1"), 6.73
(m, 3 H, Ar—H), 8.07 (s, 2H, C=C—H). '>C NMR (d,-
acetone, 150.8 MHz):  25.7 (C—CH,), 26.1 (C—CH;), 27.2
(C—CH,), 27.4 (C—CH,), 47.6 (CH,—), 52.0 (—CH6'/
Hé6™), 63.4 (Ar—CH,—), 68.8 (CH4", 72.0 (CH2"), 72.5
(CH3", 72.9 (CH5"), 98.2 (CH1", 103.3 (Ar—CH), 109.9
(Ar—CH), 110.4,111.2,126.3 (C—CH), 141.9, 144.8, 161.
8. HRMS (ESI, +ve) caled for C;,H, N;O,,Na 834.3398
[M+Na]* found 834.3404.

[0186] The reaction of 14 (1.51 g, 0.81 mmol.) and NaN;
(0.079 g, 1.22 mmol.) afforded 15 (1.45 g, 96%) as a white
amorphous solid. 'H NMR (CDCl,, 600 MHz): 81.27 (s, 12
H, C—CH,), 1.34 (s, 12 H, C—CH,), 1.37 (s, 12 H,
C—CH,), 1.48 (s, 12 H, C—CH,), 4.19 (m, 8H, H4/HS"),
4.24 (s, 2H, —CH,—), 432 (m, 4 H, H 2), 4.46 (dd, 4H,
J=13.8, 8.4 Hz, H6"), 4.62 (m, 4H, H3"), 4.64 (m, 4H, H 6"),
5.12 (s, 4H, —CH,—), 5.18 (s, 8H, —CH,—), 5.43 (s, 4H,
—CH,—), 5.49 (bd, 4H, J=4.8 Hz, H1"), 6.50 (m, 2H,
Ar—H), 6.55 (m, 4H, Ar—H), 6.58 (m, 1H, Ar—H), 6.60 (m,
2H,Ar—H), 7.78 (s, 2H, C—CH—), 7.79 (s, 4H, C—CH—).
13C NMR (CDCl,, 150.8 MHz): 8 24.4 (C—CHs,), 24.8
(C—CHs,), 25.8 (C—CHs;), 25.9 (C—CHs;), 45.9 (CH,—),
50.4 (—CHG6'/H6"), 54.6 (Ar—CH,—), 62.0 (Ar—CH,—),
62.1 (Ar—CHr), 67.1 (CH4"), 70.3 (CH2'"),70.7 (CH3"), 71.1
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(CH5"),96.2(CHI1"),101.7,101.8,107.4,107.7,109.0, 109.9,
124.0, 124.2, 137.8, 143.1, 143.4, 144.1, 159.7, 159.9.
HRMS (ESI, +ve) caled for Cg,H,, N,,0,,Na 1886.7829
[M+Na+H]* found 1887.7862.

General Procedure for the Dendritic Isopropylidene Depro-
tection

[0187] To a mixture of TFA:water (1:1; 10 mL) was added
13 (0.020 g, 24.7 umol.) under a nitrogen atmosphere. The
reaction mixture was heated to 50° C. for 4 hours followed by
concentration in vacuo. Water (20 mL) was added to the
mixture and the aqueous layer was washed several times with
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TCEP) and a copper(]) stabilising ligand. The results of these
are summarised in Table 2. Oligonucleotides comprising the
rigid base 1 consistently afforded lower yields of the Click
product compared with the flexible alkyne 2. Temperature (10
to 40° C.) did not affect yields of the Click reactions.

[0192] The efficiency of the Click reaction was then
assayed as a function of azide type exhibiting suitable prop-
erties for detection (FIG. 12). Fluorescein azides are
extremely sensitive fluorescent markers (fluorescent quan-
tum yield almost unity), whereas the coumarin azide provides
a proof of Click marker as fluorescence is switched on upon
triazole formation [19].

TABLE 2
Summary of Click reactions using benzyl azide, CUSO, and TCEP.
ODN sequences are disclosed as SEQ ID NOS: 11-14, respectively,
in order of appearance.
X =1 X =2
Yield (%)
Starting Desired Other Starting Desired Other
ODN sequence Material Product Products Material Product Products
3'-GCG CTT ACX TGT CGC G-5' 3 97 - - 100 Azide
reduction
3'-GCG CTT ACX XGT CGC G-5' 84 16 - 100 Azide
(monoclick) reduction
3'-GCG CTT ACX TGX CGC G-5' 94 6 - 100 Azide
(monoclick) reduction
3'-GCG CTX ACX TGX CGC G-5' 84 16 NA NA NA
(bisclick)
DCM (3x20 mL), retained and lyophilized overnight to afford [0193] Consistent with the experiments involving the use of

16 (0.015 g, 63%) as a pale yellow foam. MALDI-TOF (ATT,
positive mode): m/z 652 [M+H]*.

[0188] The reaction of 15 (1.40 g, 0.75 mmol.) with TFA:
water (1:1; 20mL) afforded 17 (1.05 g, 90%) as a pale yellow
amorphous solid. MALDI-TOF (ATT, positive mode): m/z
1545 [M+H]*.

Example 6

Incorporating of Azide- and Alkyne-modified
Nucleosides and Nucleotides into Nucleic Acids

[0189] Azide- and alkyne modified nucleosides and nucle-
otides are efficiently incorporated into nucleic acids by
chemical or enzymatic synthesis substantially as described in
Example 2. The resulting modified nucleic acids can be spe-
cifically labelled according to the desired application e.g. by
fluorescent labelling or metal deposition.

[0190] This labelling strategy is a fast and represents
extremely sensitive method for the detection of nucleic acids,
nucleic acid sequences and genes even without the need for
PCR amplification.

[0191] Ina first experiment, to investigate the performance
of the Click reaction within a DNA architecture, the nucleo-
sides 1 and 2 (FIGS. 9a and b) were prepared and incorpo-
rated into oligonucleotides via standard solid phase synthetic
protocols. The efficiency of the Click reaction was investi-
gated using benzyl azide, CuSQO,, reductant (ascorbate or

benzyl azide, oligodeoxy-nucleotides comprising the rigid
alkyne afforded lower Click conversion yields. The flexible
alkyne-containing oligonucleotides provided in contrast
almost quantitative conversion according to HPLC and
MALDI-TOF. Labelling of DNA was again possible directly
onthe gel. The DNA containing the modified nucleobase was
separated from other DNA strands by gel electrophoresis and
the gel was then treated with the fluorescein azide and Cu(l)
to perform the Click. Washing of the gel removed excess
fluorescein leaving behind the stained DNA in the gel (FIG.
13).

[0194] From these experiments is can be clearly deduced
that DNA containing the alkyne modified bases can be selec-
tive labelled with fluorescein. CYBR green dyes DNA unspe-
cifically and therefore marks also unmodified DNA prior to
the click reaction as in lane 1 of A2 and lane 3 of B2 (FIG. 13).
[0195] Fluorescein is a molecule which fluoresces strongly
both as a monomer and after clicking to DNA. After the click
reaction with fluorescein, the gel has therefore to be washed
in order to remove excess fluorescein which leaved behind the
stained DNA.

[0196] Coumarin is an alternative fluorescing molecule,
which is however not fluorescing as a monomer. It starts to
emit fluorescence only after the Click reaction, when the
azide is converted into the triazole. The fluorescence of the
coumarin switches effectively on after the click as seen in the
below experiment in reaction tubes (FIG. 14). A similar
experiment can be made on the gel.
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[0197] In a further experiment, the efficiency of the Click
reaction was investigated with oligodeoxynucleotides (ODN)
incorporating the nucleoside 2 (FIG. 15). This nucleoside was
incorporated into oligonucleotides via standard solid phase
synthetic protocols using the corresponding phosphoramidite
1 (FIG. 15). The oligonucleotides comprising a single or
multiple alkyne reporter groups are shown in Table 3.

TABLE 3

ODN sequences are disclosed as SEQ ID NOS:
15-17, regpectively, in order of appearance.

X =19
OMass

Starting

ODN Sequences Material Product

3'-GCG CTT ACX TGT CGC G-5' ODN1 ODN1-P
4952 5157 {calc)
(calc)
4955 5157 (obs)
(obs)

3'-GCG CTT ACX XGT CGC G-5' ODN2 ODN2-P
5042 5452 (calc)
(calc)
5042 5455 (obs)
(obs)

3'-GCG CTT XXX XXX CGC G-5' ODN6 ODN6-P
5407 6637 {(calc)
(calc)
5413 6646 (obs)
(obs)

[0198] The Click procedure involved the sequential addi-

tion of azide 3 (FIG. 15) (DMSO solution, 10 mM, 50 equiv.),
CuS0,/ligand[29] complex (DMSO solution, 0.05 M, 20
equiv.) and TCEP (aqueous solution, 0.1 M, 40 equiv.) solu-
tions to a 0.2 mM solution of the corresponding ODN. The
reaction mixture was shaken at room temperature overnight.
The samples were then desalted by membrane and their mass
determined by MALDI-TOF (HPA matrix).

Example 7
PCR Amplification of DNA Templates with Modi-
fied dNTPs
[0199] 7.1 PCR Amplification of pol 1 from Yeast
[0200] Template and primers employed for PCR experi-
ments:

Forward primer
(SEQ ID NO: 18)
5'-GATTTGGGCCGGATTTGTTTC

Reverse primer
(SEQ ID NO: 19)
3'-TTTTATGCTATCTCTGATACCCTTG

Template:
sequence of 318 bp (nt483-800 of Rad30)
of yeast:
(SEQ ID NO: 20)
GGGCCGGATTTGTTTCAATATGCTAATGTTTGATAATGAGTACGAGCTT

ACAGGCGACTTGAAACTGAAAGATGCATTAAGCAATATTCGTGAGGCTT

TTATAGGGGGCAACTATGATATAAATTCCCATCTACCTCTTATACCCGAA
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-continued
ARGATAAAGTCTCTGAAGTTTGAAGGCGATGT TTTCAAT CCAGAGGGCA
GAGATCTGATCACAGATTGGGACGATGTAATACTTGCACTAGGATCTCA
GGTATGCAAGGGTATCAGAGATAGCATAAAAGATATTCTCGGTTATACT

ACTTCGTGTGGTTTGTCTAGCAC

[0201] The 318 by template contains 59.75% [A+T] and
40.25% [C+G].
[0202] A series of commercially available thermostabile

polymerases were assessed for the ability to incorporate the
modified deoxyuridine triphosphates 2 and 8 (FIG. 10) using
the PCR reaction. DNA polymerases used were:

[0203] Pwo and Taq (exo) DNA polymerase (Roche)
[0204] Vent, Vent (exo0), therminator polymerase (from
New England Biolabs)

[0205] Taq (promega).
[0206] A typical PCR reaction contained 0.05 ug genomic
S. cerevisiae YPH 499 or 0.5 ng DNA template (pDestl7-
Poleta yeast[1-1889]), 0.3 mM each of the forward and
reverse primers, 1.25 U polymerase and 10x polymerase
buffer with magnesium, 200 uM of each unmodified dNTPs
(dATP, dCTP and dGTP; NEB) and 200 uM modified dUTP.
For the control were natural triphosphates (dATP, dCTP,
dGTP and dTTP) used. The reactions were done in an overall
volume of 50 uL.. PCR experiments were performed on an
Eppendort Mastercycler Personal.
[0207] For amplification hotstart (2 min at 94° C.) was
used, followed by 10 cycles of amplification (15 sec at 94° C.,
30secat53°C.,45secat72°C.), 25 cycles (15 secat 94° C.,
30secat 56° C., 45 sec at 72° C.) and a final incubation for 2
min at 72° C. PCR products were analyzed on a 2% agarose
gel by staining with ethidium bromide (FIG. 16). PCR prod-
ucts were purified on a QIAquick PCR purification kit
(Qiagen), and used for silver staining, sequencing or diges-
tion. The products of PCR reaction were separated by 2%
agarose gel electrophoresis containing ethidium bromide.
The products were recorded with a Ultra-Violet Products
CCD camera.
7.2 PCR Amplification of polH from Human
[0208] A typical PCR reaction contained 0.5 pg DNA tem-
plate (pDest17-pIH human[1-2142], 0.3 mM each of the for-
ward and reverse primers, 1.25 U Pwo polymerase and 10x
polymerase buffer with magnesium, 200 uM of each unmodi-
fied dNTPs (dATP, dCTP and dGTP; NEB) and 200 uM
modified dUTP. For the control were natural triphosphates
(dATP, dCTP, dGTP and dTTP) used. The reactions were
done in an overall volume of 50 pL.. PCR experiments were
performed on an Eppendorf Mastercycler Personal.
[0209] For amplification hotstart (2 min at 94° C.) was
used, followed by 10 cycles of amplification (15 sec at 94° C.,
30secat53°C.,210secat 72°C.), 30 cycles (15secat 94°C.,
30 sec at 56° C., 210 sec at 72° C.) and a final incubation for
7 min at 72° C. PCR products were analyzed on a 1% agarose
gel by staining with ethidium bromide. PCR products were
purified on a QIAquick PCR purification kit (Qiagen), and
used for digestion or sequencing.
[0210] The products of PCR reaction were separated by 1%
agarose gel electrophoresis containing ethidium bromide.
The products were recorded with a Ultra-Violet Products
CCD camera. The results are shown in FIG. 17.
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[0211] For workup 6 pul. of 0.1 M HCI was added and the
probes centrifuged (6000 rpm, 5 min). The digest was analy-
sed, by HPLC (interchim Interchrom Uptisphere 3 HDO col-
umn (150x2.1 mm), Buffer A: 2 mM TEA/HOAc in H,O;
Buffer B: 2 mM TEA/HOAc H,0:MeCN 1:4; & 30 min; 0%
29 30% B; 30 g 32 min; 30% g5 100% B; 32 &¢ 36 min;
100% B; 36 g 38 min; 100% g5 0% B; 38 & 60 min; 0% B;
flow 0.2 ml/min) (FIG. 18). The different peaks were
assigned by co-injection, UV and FT-ICR-HPLC-MS-MS
using the same conditions

7.3 Enzymatic Digestion of PCR Fragments (318 mer) Incor-
porating an Alkyne-mediated Nucleotide

[0212] For the enzymatic digestion the 318 by DNA tem-
plate containing the modified nucleotide 8 (FIG. 10) (ca. 10
ngin 100 ul water) was incubated in 10 uL Buffer A (300 mM
ammonium acetate, 100 mM CaCl,, 1 mM ZnSO,, pH 5.7),
22 units Nuclease P1 (Penicilinum citrium) and 0.05 unit Calf
Spleen Phosphodiesterase II. The sample was shaken at 37°
C. for 3 h. The digest was completed by adding 12 ul. Buffer
B (500 mM Tris-HCI, 1 mM EDTA), 10 units Alkaline Phos-
phatase (CIP) and 0.1 unit Snake venom phosphodiesterase |
(Crotalus adamanteus venom). The sample was shaken for
another 3h at 37° C.

7.4 General Procedure for the Cu(I)-catalysed Triazole Liga-
tion Reaction of Sugar Azides with Modified ds DNA on
Polyacrylamide Gels

[0213] Al click experiments were run on 318 by PCR
fragments comprising either 2 or 8 (FIG. 10) in place of dTTP.
The modified PCR fragments were separated on 5% poly-
acrylamide gels then each gel was placed in a bath comprising
1:1 MeOH:H,O (25 mL). A solution of sugar azide (0.1 M, 3
mlL) was added to the bath followed by a solution of CuSO,
(0.1 M, 600 pL and finally TCEP (0.1 M, 1.2 mL). These
solutions were gently shaken at room temperature overnight.

7.5 General Procedure for the Silver Staining of Sugar Azides
Linked to Double-stranded DNA

[0214] The click solution was decanted and each gel was
washed with 1:1 MeOH: H,O (3x50 mL, 10 min. each wash),
followed by H,O (3x50 mL, 10 min. each wash). Each gel
was then incubated with the Tollens reagent® (40 mL) for 30
min. After subsequent washing with H,O (3x50 mL, 10 min.
each wash) the gels were developed with a developing solu-
tion comprising 100 mL H,O, citric acid (1%, 250 pL) and
formaldehyde (35%, 80-200 pL). Depending on the formal-
dehyde concentration, the development process can vary
from 2 min. to 20 min.

! Preparation of the Tollens reagent: To 80 mL H,O was added AgNO; (0.5 M,
5 mL), followed by NaOH (3.0 M, 1.0 mL) and finally NH,OH (1:1 conc.

NH,OH:IL,0, 2.2 mL).
CONCLUSION

[0215] The current invention proposed involves a new and
modular method for the site specific labelling of nucleic acids
by via the efficient incorporation of modified triphosphates.
These modified triphosphates comprise groups that can be
further functionalized, marked or stained according to the
needs of the user. [tis foreseeable that RNA labelling could be
achieved via these methods as well using RNA polymerases
and reverse transcriptase respectively. Therefore an early and
efficient detection of viral genomes within a host could be
effected. The reported novel nucleic acid labelling protocol is
simple, efficient, sensitive and highly-selective.
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Example 8

Detection of Nucleic Acids Using Photographic Pro-
cesses

[0216] The black and white photographic process is one of
the most sensitive chemical methods known. Photons cap-
tured on photographic paper initiate the formation of small
Ag-nuclei which catalyse further silver deposition during a
subsequent development process [22]. This gives rise to sig-
nal amplification factors between 10° for Ag* chemical
reduction and 10! for Ag* photochemical reduction that are
similar to that obtained using the PCR.

[0217] We have developed a sensitive method that utilizes
photosensitizing dyes tethered to nucleic acids, which
enables one to potentially detect a particular gene at subfem-
tomolar sensitivity (FIG. 21). This new method is simple (can
use conventional photographic materials), fast (detection in
minutes), efficient (only one photosensitising molecule is
required per biomolecule) and sensitive (current unoptimised
sensitivity levels are ~107'*-107'° mol). Coupling this meth-
odology with gene specific biochemical tools such as primer
extension and PCR technologies provides a new and powerful
method for the detection of nucleic acids and other analytes.

[0218] A number of fluorescent cyanine indoline (1 and 2)
and quinoline dye derivatives (3) were investigated for their
ability to act as photosensitizers in a photographic process
(F1G. 22). The visible absorption maxima for 1-3 are 546 nm,
646 nm and 607 nm, respectively.

[0219] The indoline dye (1) was readily detected down to
the 3x107"* mol. (30 fmol), whereas the limit of detection of
(2) was approximately 1-3 fmol (FIGS. 224 and 225). The
detection of the quinoline cyanine dye (3) was found to be
more sensitive (detection limit ~0.3 fmol) than the indoline
dyes (FIG. 22¢). Background fog may occur upon irradiation
with intense light, however, fog can be suppressed by using a
low intensity infrared light source, although sensitivity is
somewhat lower (FIG. 22d-f).

[0220] Control experiments (FIG. 23) using unmodified
oligodeoxyribonucleotides (ODN-1, ODN-2, ODN-3) pro-
duced a small background negative photographic response
upon high-energy irradiation at levels of 50 nmol. (i.e. three
orders of magnitude difference). The negative background
levels can be suppressed completely if irradiation is con-
ducted with an infrared lamp for 5 minutes (FIG. 235). In
summary, unmodified DNA gives no staining.

[0221] A dilution series of commercially available dyes
Cy5 (M,,,,—046 nm, ODN-4) and Cy5.5 (=646 nm,
ODN-5) tethered ODNs were then tested (FIG. 16). The
detection limit of ODN-4 was found to be 100 fmol, whereas
the sensitivity of Cy5.5 ODN-5 detection was a factor of ten
higher (detection limit 10 fmol). Therefore, although a slight
decrease in sensitivity was observed with cyanine dye conju-
gated ODNs compared with their non-tethered controls (FIG.
24), the results clearly demonstrate that the photography of
photosensitizer-conjugated biomolecules such as ODNs can
be used at a highly sensitive analytical tool.

[0222] Photosensitive dyes, e.g. compounds 4 or 5 also may

be introduced into nucleic acids via Click chemistry (FIG.
25).
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CONCLUSION

[0223] A photographic methodology can be coupled with
photosensitized dye-nucleic acids to create a fast, simple,
efficient and sensitive method for analyte, e.g. nucleic acid,
detection.

[0224] Suitable examples of photosensitizer groups are
quinoline-based cyanine dyes (e.g. 3) or indoline dyes (e.g. 1
or 2) as shown in FIG. 22, which offer sensitives of at least 10
fmol (1), 1 fmol (2) or 0.1 fmol (3).

[0225] Indoline-based dyes such as Cy5 and Cy5.5 tethered
to oligodeoxyribonucleotides may be detected at levels of 100
fmol and 10 fmol, respectively.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 20

<210> SEQ ID NO 1

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 1

gcgattegtt cgtege

<210> SEQ ID NO 2

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 2

cgecgaatgaa cagegce

Synthetic

16

Synthetic

16
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 3

LENGTH: 13

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

SEQUENCE: 3

gegaccgatt cge

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 4

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
oligonucleotide

FEATURE:

NAME/KEY: modified_base

LOCATION: (1)..(1)

OTHER INFORMATION: Cyanin5-modified g

SEQUENCE: 4

gegetgttea ttegeg

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 5

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
oligonucleotide

FEATURE:

NAME/KEY: modified_base

LOCATION: (1)..(1)

OTHER INFORMATION: Cyanin5-modified g

SEQUENCE: 5

gegetgttea ttegeg

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 6

LENGTH: 12

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
oligonucleotide

FEATURE:

NAME/KEY: modified base

LOCATION: (7)..(7)

Synthetic

13

Synthetic

16

Synthetic

16

Synthetic

OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t

SEQUENCE: 6

ttttttnttt tt

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>

SEQ ID NO 7

LENGTH: 13

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
oligonucleotide

FEATURE:

NAME/KEY: modified_base

LOCATION: (7)..(8)

12

Synthetic
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<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t
<400> SEQUENCE: 7

ttttttnntt ttt

<210> SEQ ID NO 8

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (6)..(6)
<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t

<400> SEQUENCE: 8

gecgangege

<210> SEQ ID NO 9

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (8)..(8)
<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (12)..(12)
<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t

<400> SEQUENCE: 9

gegnatanat antcge

<210> SEQ ID NO 10

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (3)..(3)
<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (6)..(6)
<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (12)..(12)
<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (15)..(15)
<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t

13

10

16



US 2012/0190838 Al Jul. 26,2012
20

-continued

<400> SEQUENCE: 10

ttnttnttnt tnttn 15

<210> SEQ ID NO 11

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t

<400> SEQUENCE: 11

gcgetgtnea ttegeg 16

<210> SEQ ID NO 12

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t

<400> SEQUENCE: 12

gcgetgnnea ttecgeg 16

<210> SEQ ID NO 13

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t

<400> SEQUENCE: 13

gcgengtnea ttegeg 16

<210> SEQ ID NO 14

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t
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<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t

<400> SEQUENCE: 14

gcgengtnea ntcgeg 16

<210> SEQ ID NO 15

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t

<400> SEQUENCE: 15

gcgetgtnea ttegeg 16

<210> SEQ ID NO 16

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (7)..(8)

<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t

<400> SEQUENCE: 16

gcgetgnnea ttecgeg 16

<210> SEQ ID NO 17

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (5)..(10

<223> OTHER INFORMATION: acetal/aldehyde-modified a, ¢, g or t

<400> SEQUENCE: 17

gcgennnnnn ttcgeg 16

<210> SEQ ID NO 18

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 18
gatttgggcc ggatttgttt ¢ 21

<210> SEQ ID NO 19
<211> LENGTH: 25
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<212>
<213>
<220>
<223>
<400>
gttce
<210>
<211>
<212>
<213>
<400>
gggcee
gaaac
aaatt

tttca

atctce

TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 19

catag tctctatcgt atttt
SEQ ID NO 20

LENGTH: 318

TYPE: DNA

ORGANISM: Saccharomyces cerevisiae

SEQUENCE: 20

Synthetic

25

ggatt tgtttcaata tgctaatgtt tgataatgag tacgagctta caggcgactt 60

tgaaa gatgcattaa gcaatattcg tgaggetttt atagggggca actatgatat 120

cccat ctacctetta tacccgaaaa gataaagtet ctgaagtttg aaggcegatgt 180

atcca gagggcagag atctgatcac agattgggac gatgtaatac ttgcactagg 240

aggta tgcaagggta tcagagatag cataaaagat attcteggtt atactactte 300

gtgtggtttyg tctagcac

318

1. A nucleic acid or a nucleic acid analogue molecule
having incorporated therein at least one compound of formula
(ID):

C—S-N an

wherein
C is a Click functional group selected from alkyne and
azide groups which is a first reaction partner for a Click
reaction, said Click reaction being a (3+2) cycloaddition
reaction between azide and alkyne groups
forming a 1,2,3-triazole ring
S is a spacer, and
N is a nucleic acid or nucleic acid analogue building block
such as a nucleosidic or nucleotidic compound, wherein
the Click functional group is attached to a nucleobase,

wherein the functional group is an alkyne group attached to
position 5 and/or 6 of a pyrimidine nucleobase, or to
positions 7 and/or 8 of a purine nucleobase, and wherein
the nucleic acid or nucleic acid analogue molecule is
capable of hybridising with a complementary nucleic
acid.

2. The nucleic acid or a nucleic acid analogue molecule of
claim 1, wherein the compound of formula (II) further com-
prises marker groups or marker precursor groups.

3. The nucleic acid or a nucleic acid analogue molecule of
claim 1, wherein the nucleobase is selected from the group
consisting of naturally occurring and non-naturally occurring
purine and pyrimidine bases.

4. The nucleic acid or a nucleic acid analogue molecule of
claim 1, wherein the nucleobase is selected from the group
consisting of adenine, 7-deazaguanine, guanine, 7-deazagua-
nine, cytosine, thymidine, uracil, inosine, and xanthine.

5. The nucleic acid or a nucleic acid analogue molecule of
claim 1, wherein the functional group is attached to positions
5 and 6 of a pyrimidine nucleobase, or to positions 7 and 8 of
a purine nucleobase.

6. The nucleic acid or a nucleic acid analogue molecule of
claim 1, wherein the spacer is an at least partially rigid spacer.

7. The nucleic acid or a nucleic acid analogue molecule of
claim 1, wherein the spacer comprises at least one group
selected from the group consisting of alkene groups, alkyne
groups, cyclic groups, aromatic groups, heteroaromatic
groups, and combinations thereof.

8. The nucleic acid or a nucleic acid analogue molecule of
claim 1, wherein the molecule is a building block for the
chemical or enzymatic synthesis of nucleic acids or nucleic
acid analogues or a precursor thereof.

9. The nucleic acid or a nucleic acid analogue molecule of
claim 1, wherein the molecule is a nucleoside triphosphate, a
ribose, 2'-deoxyribose, a 2'3'-dideoxyribose nucleoside
triphosphate, a nucleoside phosphoramidite, H-phosphonate
or phosphotriester.

10. The nucleic acid or a nucleic acid analogue molecule of
claim 1, wherein the molecule is a building block for the
synthesis of peptide nucleic acids, morpholino nucleic acids,
or locked nucleic acids.

11. The nucleic acid or a nucleic acid analogue molecule of
claim 1, wherein the functional group is attached to the
nucleobase via a spacer having a chain length of up to 10
atoms.

12. The nucleic acid or a nucleic acid analogue molecule of
claims 1, wherein the chain length is of up to 3 atoms.

13. The nucleic acid or a nucleic acid analogue molecule of
claim 1 which is a nucleic acid selected from the group
consisting of DNA and RNA, or a nucleic acid analogue
molecule selected from the group consisting of peptidic
nucleic acids, morpholino nucleic acids and locked nucleic
acids.

14. An association product of the nucleic acid or nucleic
acid analogue molecule of claim 1 with an analyte.

15. An association product of the nucleic acid or nucleic
acid analogue molecule of claim 13 with an analyte.
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16. The product of claim 14 which is a hybridization prod-
uct with a complementary nucleic acid.

17. The product of claim 15 which is a hybridization prod-
uct with a complementary nucleic acid.

18. A compound obtained by synthesizing a nucleic acid or
nucleic acid analogue molecule that is capable of hybridizing
with a complementary nucleic acid, comprising incorporat-
ing a nucleotide or nucleotide analogue building block com-
prising a compound (II):

C—S-N an

wherein

C is a Click functional group selected from alkyne and
azide groups which is a first reaction partner for a Click
reaction, said Click reaction being a (3+2) cycloaddition
reaction between azide and alkyne groups forming a
1,2,3-triazole ring,
S is a spacer, and
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N is a nucleic acid or nucleic acid analogue building block
such as a nucleosidic or nucleotidic compound, wherein
the Click functional group is attached to a nucleobase;
and

contacting the nucleic acid or nucleic acid analogue mol-
ecule with a second reaction partner of compound (II)
and performing a Click reaction between the first and
second reaction partners, said Click reaction being a
(342) cycloaddition reaction between azide and alkyne
groups forming a 1,2,3-triazole ring,

wherein the functional group is an alkyne group attached to
positions 5 or/and 6 of a pyrimidine nucleobase, or to
positions 7 or/and 8 of'a purine nucleobase into a nucleic
acid or nucleic acid analogue molecule.

19. An association product of the compound of claim 18

with a complementary nucleic acid.
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