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Title:
BASE-MODIFIED-NUCLEOSIDE ANALOGS FOR THE DETECTION OF OG-ALKYL GUANINE
FIELD OF THE INVENTION

The present disclosure provides novel compounds and methods for detecting the
presence of O%-alkyl guanine in a nucleic acid and for isolating O¢-alkyl guanine
comprising nucleic acid. The disclosure is based on base-modified-nucleoside analogs

that form stable base pairs with O%-alkyl guanine.

BACKGROUND OF THE INVENTION

In our daily life we are constantly exposed to genotoxic chemicals that may interact
with cellular DNA, become covalently bound, and generate products called DNA
adducts. If DNA adducts persist and evade repair they can lead to mutations in cell-
cycle regulatory genes that may cause uncontrolled cell division leading to cancer.
Therefore DNA adduct formation is considered one of the key events in tumor
initiation during chemical carcinogenesis!3. Levels of DNA adducts represent the
amount of carcinogen absorbed by the body, escaped detoxification, encountered a
critical cellular macromolecule (DNA) and has not been repaired. Therefore, DNA
adducts serve as chemical-specific biomarkers of biologically significant exposure to
genotoxins and individual susceptibility to carcinogenesis*?. Similarly, some of the
most commonly used cancer therapeutics work by forming DNA adducts that trigger
cell death in rapidly dividing target cancer cells, and DNA adducts serve in this
situation as chemical biomarkers of drug sensitivity. As a result, these chemical
biomarkers are measured in cancer epidemiology population studies and in
chemotherapy clinical trials. The anticipated outcome of ongoing research involving
the detection of DNA adducts as chemical biomarkers is personalized medicine or
wellness strategies for cancer prevention and therapy that rely on accessible detection

technologies.

A current difficulty in detecting DNA adducts is that they are formed at exceedingly
low levels. The ability of DNA lesions to induce toxicity depends on their chemical
structure, abundance of formation and propensity to be recognized by specialized
DNA repair proteins, and their positions within the genome?®®. With respect to genome

positioning, local DNA sequence context influences the rate of DNA adduct formation,
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repair and mispairing potency!’. Furthermore, the location of a DNA lesion within the
gene will determine whether it results in mutations influencing the structure and
function of the corresponding protein. Current DNA adduct analysis techniques,
including 32P-postlabeling, immunoassay, fluorescence spectroscopy, and mass
spectrometry!l, have been largely focused on the detection of monomeric nucleoside or
nucleotide adducts without giving information about the sequence context of the
lesion. Therefore new approaches for addressing low-abundance adducts in a

sequence-specific manner are needed.

SUMMARY OF THE INVENTION
A first aspect of the disclosure provides an oligonucleotide comprising at least one
base-modified-nucleotide analog wherein the base-modified-nucleotide comprises the

following structure:

N
¥ e

N

R2

wherein R1 is selected from OH or H; and R2 is selected from a deoxyribose moiety of
a polynucleotide, a ribose moiety of a polynucleotide, and a nucleic acid backbone
mimic moiety. Preferably R1 is OH and R2 is selected from a ribose moiety, a
deoxyribose moiety, and a nucleic acid backbone mimic moiety or R1 is H and R2 is
selected from a deoxyribose moiety and a nucleic acid backbone mimic moiety.
Preferably R1 is selected from OH or H and R2 is a deoxyribose moiety of a
polynucleotide. Preferably, R1 is OH.
Preferably, said oligonucleotide is immobilized to a solid surface, more preferably a
nanoparticle, more preferably a gold nanoparticle. A further aspect of the disclosure
provides a kit of parts comprising the oligonucleotides and a solid substrate,
preferably particles, more preferably gold nanoparticles. A further aspect provides the

use of said oligonucleotides for detecting the presence of O%-alkyl guanine, in

particular the presence of O¢%-alkyl guanine in a target polynucleotide.
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A further aspect of the disclosure provides a base-modified-nucleoside analog having

the following structure:

N
R1—</ |

N

/

R2

wherein R1 is OH and R2 is selected from a ribose moiety, a deoxyribose moiety, and
a nucleic acid backbone mimic moiety or R1 is H and R2 is selected from a deoxyribose

moiety and a nucleic acid backbone mimic moiety. Preferably, R1 is OH.

Preferably, the base modified nucleoside analog has the following structure:

N
T
N

O Re
OR3

OR4

wherein R3 is selected from H, phosphorothioate monophosphate, (POs), (PO3)s,
(PQOs)s3, and a protective group for a hydroxyl group for synthesis of nucleic acid,
preferably R3 is H and

R4 is selected from H, a protective group for a hydroxyl group for synthesis of nucleic
acid, a phosphate group, a phosphate group protected with a protective group for
synthesis of nucleic acid, or -P(R7)R8 [where R7 and R8 are identical or different, and
each represent a hydroxyl group, a hydroxyl group protected with a protective group
for synthesis of nucleic acid, a mercapto group, a mercapto group protected with a
protective group for synthesis of nucleic acid, an amino group, an alkoxy group having
1 to 5 carbon atoms, an alkylthio group having 1 to 5 carbon atoms, a cyanoalkoxy
group having 1 to 6 carbon atoms, or a primary or secondary amine substituted by an

alkyl group having 1 to 5 carbon atoms, preferably R4 is H, and
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R5 is selected from H, OH, O-alkyl(CI-C6), F, CI, NH2, CN, SH, and a 2'- 4' bridge
locking the sugar in the C3 endo configuration, wherein R5 is not OH when R1 is H;
preferably R5 is H.

A further aspect of the disclosure provides a method for detecting the presence of O°-
alkyl guanine in a target polynucleotide,

said method comprising a) contacting the target polynucleotide (or a sample
comprising said target polynucleotide) with a first oligonucleotide that is
complementary to said polynucleotide such that said target polynucleotide and said
first oligonucleotide form a target duplex wherein

said oligonucleotide comprises at least one base-modified-nucleotide analog

comprising the following structure:

N
R~/ |

N

/

R2

wherein R1 is selected from OH or H, preferably OH; and R2 is selected from a
deoxyribose moiety of a polynucleotide, a ribose moiety of a polynucleotide, and a
nucleic acid backbone mimic moiety and b) measuring the formation of said duplex.

Preferably, said oligonucleotide is immobilized to a solid surface, more preferably a

nanoparticle, more preferably a gold nanoparticle.

Preferably the method further comprises contacting the target polynucleotide with a
second oligonucleotide that is complementary to said polynucleotide such that said
polynucleotide can simultaneously hybridize to both the first and second

oligonucleotides forming a duplex and b) measuring the formation of said duplex.

Preferably the method alternatively comprises contacting said target polynucleotide
with a second oligonucleotide that is complementary to said first oligonucleotide such
that said second oligonucleotide competes with the target polynucleotide for binding

to the first oligonucleotide (comprising the base-modified nucleotide analog).
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A further aspect of the disclosure provides a method for isolating an O%-alkyl guanine
containing target polynucleotide, said method comprising a) contacting a nucleic acid
containing sample with an oligonucleotide that is complementary to said target
polynucleotide such that said target polynucleotide and said oligonucleotide form a
target duplex, said oligonucleotide comprises at least one base-modified-nucleotide

analog comprising the following structure:

N
R1—</ |

N

/

R2

wherein R1 is selected from OH or H, preferably OH; and R2 is selected from a
deoxyribose moiety of a polynucleotide, a ribose moiety of a polynucleotide, and a
nucleic acid backbone mimic moiety and b) isolating said target duplex. Preferably

said oligonucleotide is coupled to a purification label or a solid substrate and the

target duplex is isolated via the purification label or solid substrate.
Preferably, O8-alkyl guanine is O%-methyl guanine.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. A) Of-methyl-G and O%-benzyl-G. B) Hydrophophobic nucleoside analogs
designed to pair opposite 0%-alkyl-G lesions. dR = deoxyribose.

Figure 2: Statistical analysis of AGcr® of duplex melting (Table 2). Error bars indicate
95% confidence intervals. Analog:target pairs that do not differ significantly (i.e, pairs
in which p > 0.05) according to the Games-Howell test are denoted (-).

Figure 3. Fluorescence emission spectra of 5 pM dsDNA in PBS buffer containing
nucleoside analogs ExBIM and ExBenzi excited at 250 nm. A) ExBIM base paired
opposite G, O6-MeG, and THF B) Exbenzi base paired opposite G, O6-MeG, and THF.
Figure 4. SCHEME 1. Synthesis of nucleoside analog phosporamidites. a) urea,
microwave irradiation. b) formic acid, EtOH, 75 °C. ¢) 9, NaH, THF, 25 °C. d) NaH,
MeOH:THF (1:9), 25 °C. e) DMT ‘BF4, Li2COs, Hunig's base, THF, 25 °C. f) 12,
Hunig's base, DCM, 25 °C.
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Figure 5: A) The synthetic nucleoside ExBIM forms stable base pairs with O%-meG. B)
AuNP probes: AuNPs tail-to tail functionalized with two sets of oligonucleotides, with
ExBIM incorporated into one set, indicated with terminal P. Target binding leads to
NP aggregation and red to purple color change. The purple solution indicates the
adduct.

Figure 6: Comparison of UV-Vis spectra of a mixture of AuNP probes before and after
treatment with a complementary target oligonucleotide

Figure 7: A) Dependence of absorbance ratios on temperature of aggregates formed
from target mixtures (20 nM of each G and irrelevant target) supplemented with
either O%-meG- (20 nM final concentration) or G-containing targets (40 nM final
concentration). An aggregate solution formed from the initial mixture (blank) served
as a control. Data points indicate mean+SD from three independent experiments. B)
Differential absorbance ratios between aggregates formed from target mixture (20 nM
of each G and irrelevant target) supplemented with O%-meG-containing target (20 nM
final concentration) and aggregates formed from target mixture supplemented with G-
containing target (40 nM final concentration).

Figure 8. A) Linear plot of absorbance ratios (700/530 nm) versus relative O°-meG
target concentration ([O%-meG]/[total target]). B) Linear plot of absorbance ratios
(700/530 nm) versus relative O5-meG target concentration (O°-meG]/[G]). Values are

mean+SD from three independent experiments.

DE TAILED DESCRIPTION OF THE DISCLOSED EMBODIMENTS

While there are a large number of putative DNA adduct targets that may be of
interest to measure in an individual, it has been widely reported that low levels of
aberrant methylation of DNA are frequently observed in human populations. The
methylated DNA bases most commonly found are N7-methylguanine (N7-meG) and
Of-methylguanine (O%-meG), detected in DNA isolated from blood lymphocytes or
leukocytes, gastrointestinal tissues, lung, urinary bladder placenta, and other human
tissues!216, These aberrant bases are believed to represent DNA damage caused by
methylating agents of dietary, environmental, or endogenous origin. Of these two
lesions, it is the presence of O%-meG in human DNA that is considered to be of
particular toxicological relevance because it is strongly mutagenicl?1?, causing G—A

mutations via a direct miscoding mechanism, and appears to be of major importance
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in the development of tumors in experimental animals treated with methylating
carcinogens?%21, The observation??24 of a high frequency of G—A transition mutations
in the K-ras or p53 genes of human colon and lung tumors lacking O%-meG-DNA
methyltransferase MGMT), an enzyme that specifically repairs O%-meG in DNA25,
implies the etiologic involvement of O°-meG in colon and lung carcinogenesis,
underlining the need to detect its presence in human biological samples. Despite the
recognized significance of the presence of O%-meG in human DNA, there are limited
strategies for measuring its occurrence in human populations 2. Radiolabelling,
immunohistochemistry, or HPLC coupled with MS or electrochemical detection are
useful for detecting low-abundance OS-alkyl-G DNA lesions in biological samples;
however, these methods involve time- and labor-intensive sample preparation and
analysis(de Groot et al., 1994; Dennehy and Loeppky, 2005; Georgiadis et al., 2011;
Huh et al., 1989; Kang et al.,, 1992; Yang et al., 2002). (de Groot et al., 1994; Dennehy
and Loeppky, 2005; Georgiadis et al., 2011; Huh et al., 1989; Kang et al., 1992; Yang
et al., 2002) and are not able to target DNA adducts in specific sequence contexts.
Sequence-specific detection of DNA is typically carried out by hybridizing
oligonucleotide probes with complementary target DNA. This method is used for
example in microarrays or DNA chips, which have become ubiquitous in biological
and biomedical research.(Gresham, 2011; Nazar and Robb, 2012; Sealfon and Chu,
2011; Wang et al., 1998; Wang and Li, 2011) Hybridization probes containing
nucleoside analogs that selectively interact with specific DNA lesions as opposed to
non-damaged DNA have been developed to monitor biochemical transformations such
as abasic site formation, DNA repair, and translesion and postlesion DNA synthesis
on damaged DNA substrates.(Gahlon et al., 2013; McCullough et al., 1997; Rachofsky
et al,, 2001; Roday et al., 2008; Shipova and Gates, 2005; Stivers, 1998) The
nucleoside analogs utilized in these hybridization probes often contain fluorescent
conjugated ring systems that facilitate spectroscopic detection; such nucleoside
analogs have been incorporated into hybridization probes for 8-oxo0-G and abasic
sites.(Greco et al., 2009; Greco and Tor, 2005; Nasr et al., 2009; Stivers, 1998;
Wilhelmsson, 2010) Other nucleoside analogs have been designed to chemically react
with the target lesion; for example, a hybridization probe that specifically transfers an

alkynylated enone to O%-meG but not to G was recently reported. The alkynylated OF-
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meG can subsequently be labelled with a fluorescent reporter or biotin group via click

chemistry to enable detection of the lesion in duplex DNA.(Onizuka et al., 2012)

An alternative type of hybridization probe for site-specific detection of O6-Me-G
contains hydrophobic nucleoside analogs (Benzi, BIM, Peri, and Per, Figure 1B) that
form more stable base pairs opposite Of-alkyl-G lesions than opposite non-damaged G,

A, T, and C.(Gahlon and Sturla, 2013b; Gong and Sturla, 2007)

The present disclosure provides nucleoside analogs Exbenzi and ExBIM for the
detection of Of-alkyl guanine (Figure 1B). The thermal stabilities of duplexes
containing ExBenzi and ExBIM paired opposite G, O%-Me-G, O%-Bn-G, and a model
abasic site (THF) as a control were evaluated according to their free energies of
duplex melting, which were derived from UV-absorbance melting curves. The
oligonucleotide probe containing Exbenzi was more selective for O%-alkyl-G vs G
strands than the previously described Per nucleoside. The larger nucleobases Exbenzi
and ExBIM better stabilized the ends of DNA than their smaller counterparts Benzi
and BIM (Table 3). Quantum yields of BIM, Benzi, ExBIM, and Exbenzi nucleosides
were determined. When ssDNA was hybridized to dsDNA, the fluorescent signal was
quenched (10 fold with ExBIM, 20 fold with Exbenzi). However, a trend for higher
fluorescence intensity was observed when nucleoside analogs were paired with O%-Me-

G vs. G or THF (Figure 3).

Accordingly, the disclosure provides base-modified-nucleoside analogs and
oligonucleotides comprising said nucleoside analogs for detecting the presence of OS-
alkyl guanine or for isolating a nucleic acid containing O8%-alkyl guanine. In preferred

embodiments, O%-alkyl guanine is O%-methyl guanine.

Preferably, a base-modified-nucleoside analog as disclosed herein has the following

structure:

N
"<
N
/)
Ro
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wherein R1 is OH or H and R2 is selected from a ribose moiety, a deoxyribose moiety,
and a nucleic acid backbone mimic moiety. Preferably R1 is OH and R2 is selected
from a ribose moiety, a deoxyribose moiety, and a nucleic acid backbone mimic moiety
or R1 is H and R2 is selected from a deoxyribose moiety and a nucleic acid backbone
mimic moiety. Preferably R1 is OH.

These nucleoside analogs are referred to herein as ExBIM (R1 is H) and Exbenzi (R1
is OH).

The sugar moiety of the nucleosides may contain additional natural and/or non-
natural modifications and/or substitutions, including stabilizing
modifications/substitutions and purification or detection labels. The base-modified-
nucleosides also include mono-, di-, and tri-phosphate nucleosides, i.e., “nucleotides”.
Additional modifications are known to the skilled person. EP0,302,175 describes
modification of nucleotides at the 5' or 3' end, as well as modification of the phosphate
moiety and US5446137 describes nucleotides that are substituted at the 4' position of
the sugar moiety. Locked Nucleic Acid derivatives are also encompassed by the
disclosure. LNAs are modified nucleotides or ribonucleotides that contain an extra
bridge between the 2' and 4' carbons of the ribose sugar moiety resulting in a "locked"

conformation, and/or bicvelic structure.

Nucleic acid backbone mimic moieties are well-known in the art and include, e.g.
GNAs, PNA, and TNAs. GNA (glycol nucleic acid) comprises a backbone of glycols
linked by phosphodiester bonds. PNA (peptide nucleic acid) comprises, N-(2-
aminoethyl)-glycine lined by peptide bonds. TNA (threose nucleic acid) comprises a
backbone of threose sugars linked by phosphodiester bonds.

The nucleosides may also include protective groups, e.g., protective groups for the
synthesis of nucleic acid. Protective group refers to a chemical group that changes a
functional group so as to disguise the chemical reactivity of the functional group and
prevent it from undesirably reacting during reactions occurring at other sites on the
compound. Suitable protecting groups include phthalyl, carbobenzyloxy, benzyl,
benzoyl, trityl, monomethoxytrityl, dimethoxytrityl (DMT), acetyl, trifluoroacetyl,
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trimethylsilyl, t-butyl(dimethyl)silyl, t-butyl(diphenyl)silyl, carbonate, 2-
trimethylsilylethyl, methoxymethyl, 2-methoxyethoxymethyl and dihydropyranyl

groups.

In preferred embodiments, the base-modified-nucleoside analog has the following

structure:

N
T
N

O Re
ORj3

OR4

wherein R1 is selected from OH or H, preferably R1 is OH;

R3 is selected from H, phosphorothioate monophosphate, (PO3), (POz)2, (PO3)s and a
protective group for a hydroxyl group for synthesis of nucleic acid,

R4 is selected from H, a protective group for a hydroxyl group for synthesis of nucleic
acid, a phosphate group, a phosphate group protected with a protective group for
synthesis of nucleic acid, or -P(R7)R8 [where R7 and R8 are identical or different, and
each represent a hydroxyl group, a hydroxyl group protected with a protective group
for synthesis of nucleic acid, a mercapto group, a mercapto group protected with a
protective group for synthesis of nucleic acid, an amino group, an alkoxy group having
1 to 5 carbon atoms, an alkylthio group having 1 to 5 carbon atoms, a cyanoalkoxy
group having 1 to 6 carbon atoms, or a primary or secondary amine substituted by an
alkyl group having 1 to 5 carbon atoms], and

R5 is selected from H, OH, O-alkyl(CI-C6), F, CI, NH2, CN, SH, and a 2'- 4' bridge
locking the sugar in the C3 endo configuration.

Preferably, R5 is not OH when R1 is H. Preferably R5 is H.

The base-modified-nucleoside analogs disclosed herein and the oligonucleotides
comprising base-modified-nucleotide analogs disclosed herein (referred herein

collectively as “the compounds of the disclosure”) may be used to detect the presence
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of O%-alkyl guanine in a sample. The compounds of the disclosure may also be used to

isolate or enrich for O%-alkyl guanine. Preferably, the O%-alkyl guanine is present as a
unit of a polynucleotide, i.e., the compounds detect the presence of Of-alkyl guanine in
a nucleic acid sequence. A polynucleotide comprises at least two nucleotide monomers,
preferably at least 3, 4, 5 or more nucleotide monomers. The terms “polynucleotide”

and “nucleic acid sequence” are used interchangeably herein.

O¢-alkyl guanine can be detected in or isolated from any sample that contains or is
suspected of containing nucleic acid. Samples include water, food, cells, organisms,
tissue, stool, and biological fluids (e.g., plasma, serum, urine, tears, saliva, spinal fluid
or lymph fluids). In some embodiments, the samples are obtained from individuals at
risk or suspected of being at risk of having or developing a hyperproliferative disorder,
e.g., tumor, cancer, neoplastic tissue. In some embodiments, the individuals have been
exposed to or are suspected of being exposed to a carcinogen, e.g., radiation, a
carcinogen in cigarettes, etc. In some embodiments, the individual is undergoing
chemotherapy. The nucleic acid may be RNA or DNA or fragments thereof.

Preferably, the nucleic acid is DNA.

In preferred embodiment, the compounds of the disclosure are used to detect the
presence of O%-alkyl guanine in a target polynucleotide or to enrich or isolate for a OS-
alkyl guanine containing target polynucleotide. Accordingly, one preferred object of
the disclosure is to provide compounds that target DNA adducts in sequence specific
context. Preferably, oligonucleotides are designed to hybridize with nucleic acid
susceptible to damage or to nucleic acid whose damage leads to harmful effects.
Preferred target polynucleotides include oncogenes (e.g., K-ras and p53). The target
sequence may comprise nucleic acid fragments, e.g., fragments that comprise
mutational “hotspots”. Fragments having a known sequence can be prepared by, e.g.,

digesting a nucleic acid sample with one or more restriction enzymes.

In addition to detecting O%-alkyl guanine, the disclosed nucleotide analogs are also
used as intermediates for production of oligonucleotides. Accordingly, the disclosure
provides an oligonucleotide comprising at least one base-modified-nucleotide analog

as disclosed herein. Preferably, an oligonucleotide is provided comprising at least one
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base-modified-nucleotide analog wherein the base-modified-nucleotide comprises the

following structure:

N
R1—</ |
N
/
R2
wherein R1 is selected from OH or H; and R2 is selected from a deoxyribose moiety of

a polynucleotide, a ribose moiety of a polynucleotide, and a nucleic acid backbone

mimic moiety.

Preferably, oligonucleotides are from about 6 to about 50 nucleotides in length. In still
more preferred embodiments oligonucleotides are from about 12 to about 20

nucleotides in length.

Preferably, the oligonucleotides are complementary to a target polynucleotide such
that the oligonucleotide is capable of forming a stable duplex with a target
polynucleotide comprising O%-alkyl guanine. It is understood in the art that a
sequence need not be 100% complementary to that of its target sequence to form a
duplex. The term complementarity is used herein to refer to a stretch of nucleic acids
which can hybridise to another stretch of nucleic acids. It is thus not absolutely
required that all the bases in the region of complementarity are capable of pairing
with bases in the opposing strand. Mismatches may to some extent be allowed, if
under the circumstances, the stretch of nucleotides is capable of hybridising to the
complementary part. In some embodiments, a complementary part comprises at least

3, 4, 5, or 6 consecutive nucleotides complementary to the target polynucleotide.

In addition to comprising the base-modified-nucleoside analogs disclosed herein, the
oligonucleotides may comprise additional nucleoside analogs containing natural
and/or non-natural modifications and/or substitutions as disclosed herein, including
stabilizing modifications/substitutions and purification or detection labels. The
additional nucleoside analogs may contain synthetic and natural bases such as 5-

methylcytosine (5-Me-C), 5-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-
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aminoadenine, 6-methyl and other alkyl derivatives of adenine and guanine, 2-propyl
and other alkyl derivatives of adenine and guanine, 2-thiouracil, 2-thiothymine and 2-
thiocytosine, 5-halouracil and cytosine, 5-propynyl uracil and cytosine and other

alkynyl derivatives of pyrimidine bases.

The oligonucleotide may contain a backbone of ribose moieties, deoxyribose moieties,
or nucleic acid backbone mimic moieties. The moieties may be connected by linkers
well-known in the art such phosphodiester bonds, peptide bonds, and

phosphorothioate linkages.

The preparation of oligonucleotides is well-known to a skilled person any includes the
phosphodiester method disclosed in Brown E. L. et al (1979) Methods Enzymol., 68:
109-151, the phosphotriester method described in Narang 5. A. et al (1979) Methods
Enzymol., 68: 90-98, the diethylphosphoramidate method disclosed in Beaucage S. L.,
Caruthers M. H. (1981) Tetrahedron Lett., 22: 1859-1862, as well as the use of either
phosphoramidite chemistry or H-phosphonate chemistry. Other methods include
those described in U.S. Pat. Nos. 4,659,774, 4,816,571, 5,141,813, 5,264,566,
4,959,463, 5,428,148, 5,554,744, 5,574,146, 5,602,244.

The compounds of the disclosure may be linked directly or indirectly to labels which
aid in detection or purification. Suitable labels include, enzymes such as alkaline
phosphatase and horseradish peroxidase, fluorescent proteins (e.g., GFP),
bioluminescent proteins (e.g. aequorin), dyes, fluorescers (e.g., FRET probes),
chemiluminescers radioactive groups. The detection of target duplexes may be
performed using any number of methods known to a skilled person including
fluorescence, chemiluminescence, bioluminescence, surface plasmon resonance,
surface acoustic waves, mass spectrometry, infrared spectroscopy, Raman
spectroscopy, atomic force microscopy, scanning tunneling microscopy,
electrochemical detection methods, nuclear magnetic resonance, quantum dots, and

the like.

The compounds of the disclosure may be immobilized to a solid substrate. The term

“solid substrate” refers to any material that provides a solid structure with which an
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oligonucleotide or nucleoside can be attached. Such materials include silicon, plastic,
metal (e.g. gold electrode), glass, polymers, ceramic surfaces, and the like. A solid
substrate may be of a rigid or non-rigid nature like gels, rubbers, polymers, etc. and it
may be any type of shape including spherical shapes like beads and particles.
Compounds of the disclosure are immobilized to a solid substrate directly or
indirectly, preferably through a covalent bond using a spacer molecule or linker
group. The immobilization of the compounds of the disclosure on a solid substrate can
aid in isolating target duplexes and for immobilizing bound target nucleic acid. In
some embodiments, the solid substrates act aid in the detection of duplex formation
(e.g., quantum dots (fluorescence), gold nanoparticles (aggregation), gold electrode

(conductivity), cantilever (surface tension)).

The solid substrates may also be useful to provide oligonucleotides in an arrayed
format. Preferably, a solid surface (e.g., DNA chip/microarray) is provided comprising

an array of oligonucleotides comprising ExBIM or Exbenzi.

Preferably, the solid substrate is a particle such as latex or carbon particle. Preferably
the particle is a nanoparticle such as metal (preferably gold or silver), semiconductor,
insulator, magnetic, or a quantum dot, more preferably the particle is a gold
nanoparticle. The size of the nanoparticles is preferably from about 5 nm to about
150 nm (mean diameter), more preferably from about 5 to about 50 nm, most
preferably from about 10 to about 30 nm. Methods of making such nanoparticles are
well-known in the art. Either the nanoparticles, the oligonucleotides or both are
functionalized by methods known in the art in order to attach the oligonucleotides to
the nanoparticles. In exemplary embodiments, oligonucleotides are terminated with a

5' thionucleoside or a 3’ thionucleoside for attaching to solid surfaces.

Preferred aspects of the disclosure provide for the use of the compounds of the
disclosure for detecting the presence of O%-alkyl guanine, preferably for detecting the
presence of O%-alkyl guanine in a target polynucleotide. Preferably, the disclosure
provides for the use of an oligonucleotide comprising at least one base-modified-
nucleotide analog as disclosed herein for detecting the presence of O%-alkyl guanine in

a target polynucleotide, wherein said oligonucleotide is complementary to said
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polynucleotide such that said target polynucleotide and said oligonucleotide form a

target duplex.

The detection of the presence of O%-alkyl guanine can be determined by measuring the
binding of the base-modified-nucleoside analogs to O%-alkyl guanine or by measuring
the formation of a duplex between the oligonucleotide and the OS-alkyl guanine in a

target polynucleotide(“target duplex”).

Binding and duplex formation can be measured by various assays well-known in the
art. The stability of duplex formation can be determined by analysing duplex
formation under various conditions. The formation of a duplex formed by the target
polynucleotide and the oligonucleotide (i.e., the target duplex) can be compared to the
formation of a duplex formed by the oligonucleotide and a control nucleic acid
sequence. The control nucleic acid sequence preferably has the same nucleic acid
sequence as the target sequence but lacks O%-alkyl guanine. An increase in the
amount of duplex formation of the target duplex over the control duplex indicates the

presence of O%-alkyl guanine in the target polynucleotide.

Accordingly, methods are provided for detecting the presence of O%-alkyl guanine in a
target polynucleotide comprising a) contacting a target polynucleotide with an
oligonucleotide comprising Exbenzi or ExBIM, wherein said oligonucleotide is
complementary to said target polynucleotide such that said target sequence and said
oligonucleotide form a duplex and b) measuring the formation or stability of said

duplex.

Preferably, the method further comprises ¢) comparing the formation of the target
duplex to the formation or stability of a duplex formed by said oligonucleotide with a
control nucleic acid sequence not having O%-alkyl guanine, wherein an increased
formation or stability of the target duplex over the control duplex indicates the

presence of O%-alkyl guanine in said nucleic acid sequence.

In preferred embodiments, the methods comprise a) contacting a target polynucleotide

with a first oligonucleotide that is complementary to said target polynucleotide and a
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second oligonucleotide that is complementary to said target polynucleotide such that
said target polynucleotide can simultaneously hybridize to both the first and second
oligonucleotides forming a duplex; wherein the first oligonucleotide is an
oligonucleotide comprising Exbenzi or ExBIM and b) measuring the formation or
stability of said duplex. In these embodiments, the resulting close proximity of the two

oligonucleotides may be used to measure the formation or stability of said duplex.

Preferably, the method further comprises ¢) comparing the formation of the target
duplex to the formation or stability of a duplex formed by said oligonucleotides with a
control nucleic acid sequence not having O¢-alkyl guanine, wherein increased
formation or stability of the target duplex over the control duplex indicates the

presence of O%-alkyl guanine in said nucleic acid sequence.

In an alternative embodiment, the second oligonucleotide is complementary to said
first oligonucleotide such that said second oligonucleotide competes with the target
polynucleotide for binding to the first oligonucleotide. In this embodiment, the first
oligonucleotide comprises Exbenzi or ExBIM and the second oligonucleotide does not
comprise O%-alkyl guanine. Since Exbenzi and ExBIM form more stable bonds with
O¢-alkyl guanine over guanine, the first oligonucleotide (comprising Exbenzi or
ExBIM) will form a more stable duplex with a target polynucleotide which contains
OS-alkyl guanine as compared to the second oligonucleotide (not containing O%-alkyl
guanine). Preferably, the second oligonucleotide in these embodiments has either the
same sequence as the target polynucleotide or differs only by the presence of guanine

instead of O%-alkyl guanine.

The contacting of the oligonucleotides with the target polynucleotide takes place
under conditions effective for hybridization of the ExBIM/Exbenzi oligonucleotide
with the target sequence of the nucleic acid. These hybridization conditions are well
known in the art and can readily be optimized for the particular system and target
polynucleotide employed. It is clear to a skilled person that these conditions can be
optimized such that the target duplex is able to form but the conditions are too
stringent for control duplex formation. This can be achieved, for example, by

increasing temperature and altering salt concentrations. In such an embodiment,
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control duplex formation does not occur (or occurs at a much reduced rate as

compared to target duplex formation).

Methods to measure formation and stability of nucleic acid duplexes are well-known
to the skilled person. In some embodiments, the duplex is heated in solution until the
strands of the duplex separate. The stability of a duplex is expressed by the
temperature at which one-half the base pairs have dissociated, commonly known as
the “melting temperature” or Tm. In practice, this is usually measured by monitoring
the ultraviolet absorbance of a solution of nucleic acid while the temperature is
increased and denoting the Tm as the temperature at half the maximal absorbance at

260 nm.

Methods to measure formation and stability can also be performed using labelled
nucleoside analogs or oligonucleotides. In further embodiments, the first
oligonucleotide is provided with a first detectable label and the second
oligonucleotides is provided with a second detectable label such that the close physical
proximity of the first and second labels resulting from duplex formation leads to a
measurable parameter. In some embodiments the first and second detectable label are

the same, in some embodiments they are different.

Exemplary labels include hybridization probes such as FRET probes. FRET probe
refers to a fluorescent oligonucleotide which is used for detection of a target
polynucleotide wherein detection is based on the FRET effect. The FRET probe
commonly contains two chromophores, an acceptor chromophore and a reporter
fluorophore. The acceptor chromophore is usually a non-fluorescent dye chosen to
quench fluorescence of the reporting fluorophore. Formation of target duplexes leads
to a change in fluorescent properties. (see Didenko, Biotechniques. Nov 2001; 31(5):

1106-1121 for a review of FRET based hybridization probes).

In some embodiments, a hairpin oligonucleotide complementary to the target
polynucleotide comprises both acceptor and reporter chromophores and Exbenzi or
ExBIM. Binding of the oligonucleotide to the target polynucleotide results in a change

in fluorescent properties.
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In other embodiments, a first oligonucleotide having an acceptor chromophore is
provided together with a second oligonucleotide having a reporter chromophore, such
that both oligonucleotides can simultaneously bind the target nucleic acid, wherein at
least one of the oligonucleotides comprises Exbenzi or ExBIM. Formation of a target
duplex comprising both oligonucleotides and the target polynucleotide results in a

change in fluorescent properties.

In preferred embodiments, competitive hybridization is performed wherein a first
oligonucleotide being complementary to the target polynucleotide and having an
acceptor chromophore and comprising Exbenzi or ExBIM is provided together with a
second oligonucleotide being complementary to the first oligonucleotide and having a
reporter chromophore, such that the target polynucleotide and the second
oligonucleotide compete for binding to the first oligonucleotide. If the target nucleotide
contains O%-alkyl guanine it will bind more stably to the first oligonucleotide than the

second oligonucleotide not containing OS%-alkyl guanine.

In some embodiments, the oligonucleotides are attached to quantum dots. The term
"quantum dot" (QD) refers to semiconductor or insulator nanoparticles that may
comprise a dopant. The wavelength of the light emitted (e.g., color) by the QD can be
selected according to the physical properties of the nanoparticles, such as size,
material, and the dopant. QD assays are known to a skilled person and are also

described in US20130029333.

In some embodiments, an oligonucleotide comprising ExBIM or Exbenzi is attached to
a QD. In some embodiments of the methods, the first oligonucleotide is attached to a
first quantum dot and the second oligonucleotide is attached to a second quantum dot.
Preferably, the quantum dots are selected such that each emits at a different

wavelength under the same excitation source.

In an exemplary embodiment, the first oligonucleotide comprising ExBIM or Exbenzi

is attached to QD565 and the second oligonucleotide is attached to QD655. The
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oligonucleotides are contacted with a nucleic acid sample. Target duplexes are

detected by measuring fluorescence.

In preferred embodiments, oligonucleotides are attached to nanoparticles and the
aggregation of the nanoparticles is used as a readout for target duplex formation.
Preferably said nanoparticles are gold nanoparticles (AuNP). Aggregation of said
particles can be detected by color change, fluorescence, radioactivity, quartz crystal
microbalance, Raman spectroscopy, light scattering, and electrical signals. AuNPs are
easily conjugated with biomolecules and retain the biochemical activity of the tagged
biomolecules. Methods for preparing oligonucleotide bound gold particles are disclosed

in the examples and are also described in WO 2008042156.

The examples describe an exemplary embodiment in which AulNPs are conjugated to
oligonucleotides designed to hybridize with DNA bearing an O°-meG adduct. Selective
hybridization is enabled by incorporating into the oligonucleotide probe the novel
nucleoside ExBIM. AuNP probes were constructed such that ExBIM is positioned to
pair opposite the target DNA adduct within a defined DNA sequence. DNA

hybridization results in self-assembly and aggregation of AuNPs.

The oligonucleotides comprising ExBIM or Exbenzi are also useful for enriching or
isolating a target nucleic acid. Isolating a target polynucleotide refers to increasing
the number or concentration of said target or reducing the amount of non-target

polynucleotide from a sample.

Accordingly, a method is provided for isolating an O°¢-alkyl guanine containing target
nucleic acid, said method comprising a) contacting a nucleic acid containing sample
with an oligonucleotide comprising ExBIM or Exbenzi, wherein said oligonucleotide is
complementary to said target polynucleotide such that said target sequence and said
oligonucleotide form a target duplex and b) isolating said target duplex. Preferably
the oligonucleotide is coupled to a purification label or a solid substrate and the target
duplex is isolated via the label or substrate. Suitable solid substrates have been
disclosed herein. For example, the substrate may be a magnetic bead and target

duplexes are separated from the sample with a magnetic field. Purification labels
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(e.g., biotin) are well-known to the skilled person and are also further described
herein. Example 3 provides an exemplary embodiment of a method for isolating a O¢-

alkyl guanine containing target nucleic acid.

It is understood that methods for isolating an O®-alkyl guanine containing target
polynucleotide can be used in conjunction with methods for detecting the presence of
0O6-alkyl guanine in a target nucleic acid. In an exemplary embodiment, a first
oligonucleotide comprising ExBIM or Exbenzi is attached to a magnetic bead. The
nucleic acid containing sample is contacted with said first oligonucleotide and a
magnetic field is applied to separate the target duplexes from the rest of the sample.
The target duplex is heated to denature the duplex. The first oligonucleotide is
removed by applying a magnetic field. The isolated target polynucleotide can then be
detected by the methods disclosed herein, e.g., using FRET hybridization probe or
gold particle aggregation. Combining an isolation step with a detection step can

increase the sensitivity and/or reduce the background of the methods.

Definitions

As used herein, "to comprise" and its conjugations is used in its non-limiting sense to
mean that items following the word are included, but items not specifically mentioned
are not excluded. In addition the verb “to consist” may be replaced by “to consist
essentially of” meaning that a compound or adjunct compound as defined herein may
comprise additional component(s) than the ones specifically identified, said additional

component(s) not altering the unique characteristic of the invention.

The articles “a” and “an” are used herein to refer to one or to more than one (i.e., to at
least one) of the grammatical object of the article. By way of example, “an element”
means one element or more than one element.

The word “approximately” or “about” when used in association with a numerical value
(approximately 10, about 10) preferably means that the value may be the given value

of 10 more or less 1% of the value.

All patent and literature references cited in the present specification are hereby

incorporated by reference in their entirety.
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The invention is further explained in the following examples. These examples do not

limit the scope of the invention, but merely serve to clarify the invention.

EXAMPLES

Example 1:

Phosphoramidite and oligonucleotide synthesis. Phosphoramidites of Exbenzi and
ExBIM nucleosides were synthesized (Scheme 1; Figure4) for their site-specific
incorporation into oligonucleotides. Exbenzi nucleobase 7 was prepared in a solvent-
free reaction by heating 2,3-diaminonaphtalene and urea in a microwave,(Kidwai et
al., 2005) and ExBIM nucleobase 8 was prepared by heating 2,3-diaminonapthalene
in formic acid.(Herbert et al., 1987; Sachs, 1909) The nucleobases were glycosylated
by nucleophilic displacement of chloride from 1-(a)-chloro-3,5-di-O-p-toluoyl-2-
deoxyribose (9) to yield tolouylated nucleosides, which were deprotected by trans-
esterification with NaOMe to yield free nucleosides 5 and 6. Protection of the 3'-OH of
5 and 6 was initially attempted using DMTCI, but very low yields of product were
obtained. Thus, DMT groups were installed with the more reactive reagent DMT -BF4
to obtain 10 and 11.(Bleasdale et al., 1990; Hansen et al., 2011; Lakshman and Zajc,
1996) Finally, phosphoramidites 13 and 14 were formed by alkylating the 5'-OH of 10
and 11 with chlorinated phosphotidylating reagent 12.(Gong and Sturla, 2007) Per,
Peri, BIM, and Benzi nucleosides and phosphoramidites were synthesized as reported

elsewhere.(Gahlon and Sturla, 2013a; Gong and Sturla, 2007)

Oligonucleotides with sequences 5'-CCGXTATACCGACAA-3' (X = ExBenzi or ExBIM)
were prepared by solid-phase DNA synthesis; this sequence was selected to allow
direct comparison with published data examining related interactions.(Gahlon and
Sturla, 2013a; Gong and Sturla, 2007) For dangling-end studies, the sequence 5'-
XCGCGCG-3', which has previously been used to characterize m-stacking of both
natural nucleosides and nucleoside analogs,(Gao et al., 2004; Guckian et al., 2000; Lai
and Kool, 2004; Lee and Kool, 2005; Liu et al., 2005; Lu et al., 2004; Rosemeyer and
Seela, 2002) was selected. Incorporation of nucleoside analog phosphoramidites was
typically half as efficient as that of the natural nucleotide phosphoramidites (as

indicated by UV absorbance trityl cation monitoring), and the major side-products
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were oligonucleotides truncated immediately prior to Exbenzi or ExBIM
incorporation.

DNA duplex stability. The melting of DNA duplexes containing nucleoside analogs of
Per, Exbenzi, and ExBIM paired opposite G, O%-Me-G or O%-Bn-G was monitored by
UV spectroscopy. The thermodynamic stabilities of the duplexes (i.e., the free energies
of melting, AG) were calculated both by analyzing the shape of the melting curve to
obtain AGcr° and, for the purpose of comparison with previously reported nucleoside
analogs,(Gahlon and Sturla, 2013b) by evaluating the dependence of the melting
transition temperature on the duplex concentration to obtain AGrr® (Table 1). While
AGrTt® values are more commonly reported since they are less time-consuming to
derive, AGcr® values are more precise, and because a AGcr® can be derived from each
individual experiment, the data are more amenable to statistical analysis (Figure 2).
Free energies derived from the dependence of duplex melting temperatures as
opposed to transition temperatures were also determined (AGtv®), but for simplicity

only AGrr® and AGcr® are discussed below.
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TABLE 1. Free energies of probe:target melting.c

P X nb AGrTT® © AAGrT°d AGcr® ¢ AAGcr®
Per G 12 -16.6 £ 5.6 -15.6 0.1
O*MeG 7 -18.2+11.8 -1.6 -16.6 0.4 -1.0
O°BnG 9 -17.9+12.0 -1.3 -16.6 0.4 -1.0
THF 10 -16.2+ 5.6 0.4 -15.5+0.2 0.1
Exbenzi G 18 -15.1+4.5 -15.5+0.4
OtMeG 29 -18.1+10.5 -3.0 -17.2+ 0.6 -1.7
OfBnG 12 -17.0+ 6.5 -1.9 -17.8+0.4 -2.2
THF 18 -15.7+4.7 -0.6 -16.3+£0.3 -0.8
ExBIM G 17 -15.4+ 3.6 -16.2+0.3
OMeG 18 -17.9+£5.9 -2.5 -16.7+£0.3 -0.5
O¢BnG 18 -16.4+£6.7 -1.0 -16.9+£0.3 -0.7
THF 18 -16.56+5.9 -1.1 -17.0+0.4 -0.8

aDuplex = 5-TTGTCGGTATAXCGG-3’ complementary to 3-AACAGCCATATPGCC-5’,
in which X = nucleosides of G, O*Me-G, or O%Bn-G and P = nucleoside analog. All
thermodynamic parameters (with standard errors) are reported in kcal/mol. Standard
errors for values derived from plots of 1/T; vs In Cr and 1/Twn vs In Cr are propagated
from standard errors of the slopes and intercepts, as obtained from the LINEST
function in Excel. AG® values were calculated prior to rounding AS® and AH (Table 1)
to the nearest decimal place. P Number of separately prepared samples. <Values derived
from plots of 1/Tt vs In Cr. I<AAG® = AG°(P:adduct) - AG°(P:G). ¢Values derived using

the curve-fit method.

The extent to which a nucleoside analog discriminates between O%-alkyl-G and G is
reflected in the difference in stabilities of DNA duplexes containing analog:adduct
pairs and analog:G pairs (AAG° = AG°(analog:adduct) - AG°(analog:G)). In our study,
we found that the relative abilities of nucleoside analogs to discriminate between G
and O%-alkyl-G were dependent on the model used to calculate AG°. On the basis of
AGecr® values (Table 1, Figure 2), Exbenzi was the best able to distinguish between G
vs 0%-Me-G and O%-Bn-G (AAGcr® = -1.6 and -2.2 keal/mol, respectively), followed by
Per (AAGcr® = -1.0 and -1.0 kcal/mol) and then ExBIM (AAGcr® = -0.5 and -0.7
kcal/mol). Considering AGrr® values instead (Table 1), Exbenzi again discriminated
best between G vs O8-Me-G and Of-Bn-G (AAGTr° = -3.0 and -1.9 keal/mol,
respectively), while Per showed better discrimination than ExBIM opposite O%-Bn-G
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(AAGTT® = -1.3 and -1.0 kcal/mol, respectively) but not opposite O8-Me-G (AAGT° = -1.6
and -2.5 kcal/mol, respectively). For comparison, the naphthalene-derived Peri showed
moderate preference for O%-Me-G than G (AAGrr® = -2.2 kecal/mol) and weaker
preference for O%-Bn-G than G (AAGrr® = -1.2 kcal/mol), while the smaller nucleosides,
Benzi and BIM, discriminated modestly between G vs O08-Me-G (AAGr1° =-1.7 and -1.6
kcal/mol, respectively) and very weakly between O%-Bn-G vs G (AAGTr° =-0.5 and -0.6
kcal/mol, respectively) (Table 2).(Gahlon and Sturla, 2013b)

Table 2: Free energies of probe:target melting. probe:target melting.c

P X AGTT° € AAGrT® @
Peri G -16.2
OtMeG -18.4 -2.2
OBnG -17.4 -1.2
THF -15.9 0.3
Benzi G -15.2
OtMeG -16.9 -1.7
O¢BnG -15.7 -0.5
THF -14.0 1.2
BIM G -14.6
OtMeG -16.2 -1.6
O°BnG -15.2 -0.6
THF -13.9 0.7

aDuplex = 5-TTGTCGGTATAXCGG-3’ complementary to 3-AACAGCCATATPGCC-
5, in which X = nucleosides of G, O%Me-G, or O%Bn-G and P = nucleoside analog. All
thermodynamic parameters (with standard errors) are reported in kcal/mol. <Values
derived from plots of 1/T: vs In Cr. YAAG® = AG®(P:adduct) - AG°(P:G). ¢Values

derived using the curve-fit method. n.r. = not reported. n.d. = not determined.

The ability of each nucleoside analog to stabilize a different lesion, the model abasic
site THF, was also tested. Abasic sites are one of the most ubiquitous forms of DNA
damage, occuring at a background physiological rate of about 10,000 times per human
genome per day.(Lindahl, 1993) Thus, evaluating the stability of analog:THF pairs is
important for rating the specificity of the analogs toward their intended O%-alkyl-G
targets. According to AGcr® values, Exbenzi is the only analog that shows statistically

significant differentiation between G, O%-Me-G, O%-Bn-G, and THF (AGcr® = -15.5, -
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17.2, -17.8, and -16.3 kcal/mol, respectively) (Table 1, Figure 2). Although Per formed
more stable pairs opposite O%-Me-G and O%-Bn-G than opposite THF (AGcr® = -16.6, -
16.6, and -15.5 kecal/mol, respectively), it did not distinguish between G and THF
(AAGcr® = 0.1 kcal/mol). Meanwhile, ExBIM showed no distinction between O8-Me-G,
0%-Bn-G, and THF (AGcer® =-16.7, -16.9, and -17.0 kcal/mol, respectively). Similar
trends are observed when AGrr® values are considered, with the exception that Per
seemed to show a slightly greater preference for THF than for G (AGrr® = -16.2 and -
16.6 kcal/mol, respectively) and that ExBIM appeared to form a stronger pair opposite
0O8-Me-G (AGrr° = -17.9 keal/mol) than opposite O%-Bn-G and THF (AGtr° =-16.4 and -
16.5 kcal/mol, respectively) (Table 2).

A comparison between the relative stabilities of Exbenzi and ExBIM vs Benzi and
BIM opposite abasic sites reveals the potential impact of large nucleobase surface
area and elongated shape on m-stacking within the DNA duplex. Exbenzi and ExBIM
imparted greater duplex stability when placed opposite THF (AGrr® = -15.7 and -16.5
kcal/mol, respectively) than did Benzi and BIM (AGrr® =-14.0 and -13.9 kcal/mol,
respectively)(Gahlon and Sturla, 2013b) (Tables 1 and 2). Presumably, the elongated
nucleobases of Exbenzi and ExBIM are better than those of Benzi and BIM at filling
the gap of the abasic site and m-stacking with neighboring nucleobases.

Evaluating m-stacking. To assess the m-stacking of nucleoside analogs, their ability to
stabilize the termini of short DNA duplexes was evaluated. Such experiments have
been used to systematically explore the impact of dipole moment, polarizability, and
hydrophobicity on the ability of natural and non-natural bases to contribute to DNA
stabilization apart from hydrogen bonding or other interactions with complementary
partners.(Gao et al., 2004; Guckian et al., 2000; Isaksson and Chattopadhyaya, 2005;
Lai and Kool, 2004; Lee and Kool, 2005; Liu et al., 2005; Lu et al., 2004; Morales-
Rojas and Kool, 2002; Nakano et al., 2011; Rosemeyer and Seela, 2002) In these
experiments, the thermal stabilities (AGcr37) of duplexes containing dangling residues
on the 5'-end of a self-complementary oligonucleotide (5'-XCGCGCG-3") were
determined (Table 3). This sequence was selected since the G-C content precludes
minor groove binding of the dangling residue(Guckian et al., 2000) and is known to
form a B-DNA duplex structure at NaCl concentrations below 2.5 M.25(Gao et al.,
2004; Guckian et al., 2000; Lai and Kool, 2004; Lee and Kool, 2005; Liu et al., 2005;
Lu et al,, 2004; Rosemeyer and Seela, 2002) Previous studies indicated that the dipole
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moment or hydrophobicity (as reflected in log P values and retention time in reverse-
phase chromatography) of nucleoside analogs did not correlate to dangling-end
stabilization.2938 Rather, nucleobase polarizability and surface area (which influences
both polarizability and shielding of the duplex from solvent) robustly correlated to
dangling nucleoside stabilization.(Guckian et al., 2000; Rosemeyer and Seela, 2002)

TABLE 3. Dangling-end stabilization.c

P SA (Ao pe AGer®? Lit. AG37

- n.d. 11 -89+0.1 -8.1+0.14
Per n.d. 8 -10.6+ 0.1 n.d.

Peri n.d. 5 -11.7+£0.1 n.d.

Benzi n.d. 6 -10.9+0.2 n.d.

BIM n.d. 5 -10.2+0.1 n.d.
Exbenzi n.d. 7 -11.3+£0.2 n.d.
ExBIM n.d. 7 -11.8+0.3 n.d.

A 142 4 -10.5+0.1 -100+0.4 @
G 154 4 -10.5+0.1 -9.9+0.34
C 127 7 -9.6+0.1 -89+0.14
T 142 5 -99+0.1 -9.2+094
Benzene 110 n.r. n.d. -9.4+0.74
Naphthalene 158 n.r. n.d. -10.9+0.1 ¢
Pyrene 217 n.r. n.d. -11.3+0.3 ¢
xA n.d. n.r. n.d. -12.1£0.2¢
xC n.d. n.r. n.d. -10.1 £ 0.31
xT n.d. n.r. n.d. -11.1 +£0.3¢

aDuplex = 5-PCGCGCG-3 : 3'-GCGCGCP-5', in which P = designated nucleoside. All
free energies are reported in kcal/mol. Errors indicate standard error. ® Half of the
calculated surface area of the free nucleobase (ref 29). « Number of separately
prepared samples. ¢ Data derived from curve fits (ref. 29). ¢ Data derived from curve
fits (ref. 34). f Data averaged from concentration dependent and curve fit methods (ref.

32). n.d. = not determined. n.r.= not reported.

In this study, we also observed that as the surface area of the dangling-end nucleoside
increased, the more it stabilized the duplex. Among the nucleoside analogs, Exbenzi,
ExBIM, and Peri stabilized the duplex the most (AGer3"=-11.3, -11.8, -11.7 kecal/mol,

respectively), while Per and Benzi showed moderate stabilization (AG*"=-10.5 and -
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10.9 kecal/mol, respectively) and BIM, with the smallest surface area, stabilized the
duplex the least (AGcr®” = -10.2 keal/mol). Notably Benzi and BIM, which have similar
size and shape as purine nucleosides, stabilized the duplex to a similar extent as did
A and G (Exp. AGer37 = -10.5 kecal/mol each, Lit. AG37=-10.0 and -9.9 kcal/mol,
respectively).(Guckian et al., 2000) Duplexes containing dangling pyrimidines were
the least stable (Exp. AGcr®” = -9.6 and -9.9 kcal/mol, Lit. AG37 = -8.9, and -9.2 kcal/mol
for C and T, respectively).(Guckian et al., 2000) On the basis of their strong dangling-
end stabilization, we presume that Exbenzi, ExBIM, and Peri nucleosides adopt
conformations that allow their nucleobases bases to shield the hydrogen bonds of the
terminal G:C base pairs from water molecules that would disrupt the hydrogen
bonds.(Isaksson and Chattopadhyaya, 2005).

Our results are consistent with previous reports that larger nucleobases generally -
stack more strongly than smaller nucleobases since they have more surface area of
overlap with neighboring bases. This effect is specifically demonstrated in studies
evaluating the stacking capabilities of benzene, naphthalene, and pyrene nucleosides
(Lit. AG37=-9.4, -10.9, and -11.3 kcal/mol, respectively)(Guckian et al., 1996; Guckian
et al., 2000) or comparing A, C, and T to their elongated counterparts xA, xC, and xT
(Lit. AG37=-12.1, -10.1, and -11.1 kcal/mol, respectively).(Gao et al., 2004; Lee and
Kool, 2005; Liu et al., 2005) Bigger nucleobases do not necessarily have better overlap
with neighboring base pairs due to their shape or glycosidic orientation, as Kool's
study comparing the pyrene nucleoside with a larger porphyrin nucleoside
demonstrated.(Morales-Rojas and Kool, 2002) Thus, although the surface area of Per
is similar to that of Peri, the carbonyl group present on Per may induce a
conformation that is not favorable for dangling-end m-stacking, causing it's relatively
low dangling-end stabilization.

Quantum yields of nucleoside analogs. A quantitative measure of the fluorescence of a
compound that allows comparison to other fluorophores is the quantum yield ®sr.
Quantum yield is defined by the ratio of amount of photons absorbed to the amount of
photons emitted through fluorescence.(Sinkeldam et al., 2010) Fluorescence quantum
yields of nucleoside analogs were determined relative to standards tryptophan (water,
pH 7) and 2-aminopyridine (0.05 M H2S04) using the comparative method.(Williams,
1983) We found our quantum yields for tryptophan (®¢, measurea = 0.10) and 2-
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aminopyridine (s measured = 0.71) to be in reasonable agreement with those previously
reported (@¢ 1= 0.12(Chen, 1967)and @, 1t = 0.60,(Rusakowicz, 1968) respectively).
The following quantum yields of nucleoside analogs were determined (Table 4): BIM
(®r = 0.82) > Exbenzi (Or = 0.69) > ExBIM (®r = 0.44) > Benzi (®r = 0.35). Per and Peri
nucleosides were not measurably fluorescent (data not shown). The quantum yield of
Benzi (O = 0.35) is very similar as previously reported for the nucleobase
benzimidazolone (Or = 0.34).(Lazar et al., 2003) All nucleoside analogs tested herein
had emission maxima in the UV range (Figure S1, Table 4); those with a larger -
surface area (ExBIM and Exbenzi) emit fluorescence at a higher wavelength (364 nm
and 338 nm, respectively) compared to smaller nucleosides BIM and Benzi (297 nm
and 309 nm, respectively).

TABLE 4: Quantum yields (®f) of nucleoside analogs. @

Compound (solvent) Of, measured ? Aem, max
Tryptophan (water) 0.10 346 nm
2-Aminopyridine (0.05 M H2S04) 0.71 358 nm
Benzi (10% DMSO) 0.35 309 nm
BIM (10% DMSO) 0.82 297 nm
Exbenzi (10% DMSO) 0.69 338 nm
ExBIM (10% DMSO) 0.44 364 nm

e Obtained relative to standards tryptophan and 2-aminopyridine. ® Excitation

wavelength 250 nm.

Fluorescence of DNA containing nucleoside analogs. When Exbenzi and ExBIM were
incorporated into ssDNA, the emission maxima shifted to 384 nm and 350 nm,
respectively and the emission intensity was much lower than that of free nucleosides
at comparable concentration. For comparison, ssDNA comprised of natural
nucleosides showed no detectable fluorescence Upon hybridization of the nucleoside
analog-containing probe strands to complementary strands containing G, O%-Me-G, or
THF, the fluorescence was quenched relative to that of ssDNA (on the order of 20 fold
for ExBIM and 10 fold for Exbenzi).

General. Anhydrous solvents were purified through an LC Technology Solutions

solvent purification system, in which the solvent is passed through a column of
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activated alumina before being dispensed under nitrogen, or were purchased from
Sigma-Aldrich and used without further drying or purification. Diamines, nitrogen
bases, and sodium hydride were purchased from Sigma-Aldrich and used without
further purification. 1-(a)-Chloro-3,5-di-O-p-toluoyl-2-deoxy-D-ribose (9) was obtained
from Berry & Associates, and 2-cyanoethoxy-N,N-diisopropylaminochlorophosphine
(12) was obtained from Link Technologies and Sigma-Aldrich. 4,4'-Dimethoxyltrityl
tetraflouroborate (DMT ‘BF4) was prepared from 4,4'-dimethoxytrityl chloride
(DMTC]) as described previously.(Hansen et al., 2011) The Of-Bn-G phosphoramidite
was synthesized beginning from 2',3', N2-triacetyl-dG prepared as described.(Lee et al.,
1995) Os-Benzylation of 2',3', N2-triacetyl-dG was carried out using Mitsunobu reaction
conditions like those previously indicated, except that tetrahydrofuran was used as
the solvent instead of dioxane.(Gillet and Schaerer, 2002; Lee et al., 1995) Following
deacetylation of the 3' and 5' hydroxyl groups,(Mounetou et al., 1997) the 5' hydroxyl
was protected with a 4,4'-dimethoxytrityl group and subsequently the protected
nucleoside was converted to the phosphoramidite using conditions previously
described.(Gong and Sturla, 2007)

"H NMR spectra were acquired at 400 MHz and '*C NMR at 100 MHz on a Bruker
NMR spectrometer. Chemical shifts are reported relative to the non-deuterated
solvent signals (3.31 and 49.05 ppm in MeOH-d4, 2.50 and 39.43 in DMSO-ds, and
2.05 and 30.83 in acetone-ds for '"H and 3C NMR spectra, respectively). Flash
chromatography (silica gel 60A 200-400 mesh) was used for product purification.
Normal phase thin-layer chromatography (T'LC; plates obtained from Silicycle) was
used for reaction monitoring and the spots were visualized under UV light (254 nm).
High-resolution ESI-MS (HRMS) was performed on a Thermo Scientific Exactive
mass spectrometer. UV absorptions were measured at 260 nm using a Cary 100 UV-
Vis spectrophotometer equipped with a Peltier thermal programmer.
1H-naphtho|[2,3-d]imidazol-2(3H)-one (7). According to a previously described
method,(Kidwai et al., 2005) 2,3-diaminonapthalene (430 mg, 2.77 mmol) and urea
(218 mg, 3.63 mmol) were added to a 100 mL Erlenmeyer flask. The flask was heated
for 15 min in a 700W kitchen microwave, with stopping every 5 minutes to break up
and stir the chunky bronze-colored reaction mixture. The product was suspended in
5% aqueous HCI, and the precipitate was filtered off and washed twice more with 5%

HCI and twice with water. The gold-colored solid was then dried under vacuum to
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yield product (84% yield). '"H NMR (DMSO-de): 10.797 (s, 1.9 H), 7.80 (m, 2H), 7.28
(m, 4H). 13C NMR (DMSO-ds): 156.14, 131.00, 129.16, 123.22, 103.55. ESI-MS: M+H*
calc’d 185.0709, found 185.0711.

1I’-B-[1-naphtho[2,3-d]imidazol-2(3 H)-one)]-2’-deoxy-D-ribofuranose (5). The
synthesis of the Exbenzi nucleoside was adapted from that previously described for
the preparation of the Per nucleoside.(Gong and Sturla, 2007) Exbenzi nucleobase 7
(1.103 g, 5.50 mmol) and anhydrous THF (50 mL) were added to a flame-dried 100 mL
flask and flushed with nitrogen for several minutes. To the mixture, NaH (60% in
mineral oil, 333 mg, 8.25 mmol) was added portion-wise over 2 minutes. The flask was
again flushed with Ns for several minutes, and the dark brown suspension with
chunky gold precipitate was allowed to stir for 0.5 h. Then, a suspension of 1-(a)-
Chloro-3,5-di-O-p-toluoyl-2-deoxy-D-ribose (9) (2.14 g, 5.50 mmol) in anhydrous THF
(10 mL) was added dropwise to the stirring suspension of 7 over 0.5 h. After another
1.5 h stirring, during which TLC indicated no further conversion, the reaction was
quenched with H20 (15 mL) and concentrated to dryness with rotatory evaporation.
To remove the remaining Exbenzi from the reaction mixture, the solid was suspended
in 1:1 DCM/MeOH (50 mL). The suspension was centrifuged, the supernatant
removed, and the precipitated Exbenzi re-suspended and centrifuged again out of 20
mI MeOH. The supernatants were pooled and concentrated, then chromatographed
using a 0-10% MeOH in DCM gradient. Bis-toluoyl protected nucleoside (44 mg, 0.082
mmol), mono-toluoyl protected nucleoside (120 mg, 0.306 mmol), and fully deprotected
nucleoside (65 mg, 0.218 mmol) were obtained, for a total of 11% conversion of
Exbenzi.

The bis- and mono-toluoyl protected nucleosides (44 mg, 0.082 mmol and 120 mg,
0.306 mmol, respectively) were pooled and dissolved in THF (9 mL). NaH (60% in
mineral oil, 29 mg, 0.73 mmol) was added, then MeOH (1 mL) was added dropwise.
After 2 min, the mixture was dried by rotatory evaporation and chromatographed
using a 3-10% MeOH in DCM gradient. Fully deprotected nucleoside was pooled with
that obtained from the first step, for a total of 97 mg (0.32 mmol, 6%) over two
synthesis steps. 'H NMR (MeOH-d4 ): 7.79 (m, 3H), 7.34 (m, 3H), 6.37 (dd, J = 6.5,
8.3, 1H), 4.59 (m, 1H), 3.97 (m, 1H), 3.87 (dd, J = 3.5, 11.9, 1H), 3.82 (dd, J = 4.4, 11.9,
1H), 2.99 (ddd, J = 7.0, 8.3, 13.5, 1H), 2.16 (ddd, J = 2.9, 6.5, 13.5, 1H). *C NMR
(MeOH-d4 ): 156.89, 131.55, 131.22, 130.79, 130.39, 128.65, 128.03, 125.37, 125.04,
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107.36, 106.03, 88.34, 84.31, 72.72, 63.53, 37.74. ESI-MS: M+Na* calc’d 323.1002,
found 323.0992.

1I’-B-[1-naphtho[2,3-d]imidazol-2(3 H)-one)]-5’-0-(4,4’-dimethoxytrityl)-2’-
deoxy-D-ribofuranose (10). Exbenzi nucleoside 5 (182 mg, 0.607 mmol) and Li2CO3
(215 mg, 2.91 mmol) were co-evaporated out of dichloromethane and stored overnight
under vacuum. The mixture was then suspended in THF (16 mL) and
diisopropylethlyamine (0.32 mL, 1.8 mmol); the nucleoside dissolved but the Li2COs
remained solid (heating briefly to 50 °C did not appear to aid dissolution, as suggested
by the reported procedure).(Hansen et al., 2011) DMT-BF4 (435 mg, 1.11 mmol) was
added to the stirring suspension in small portions over 6 h. At 7 h, the reaction was
poured into DCM (40 mL) and washed with 50 mL each of saturated NaHCOs3
solution, H20, and saturated agqueous NaCl solution. The organics were back-
extracted with an additional 50 mL DCM, and then the organics dried over NazSO4
and concentrated. The material was chromatographed with a 50-100% ethyl acetate in
hexanes gradient to yield the product (78 mg, 21% yield). 'H NMR (acetone-ds): 10.00
(s, 1H), 7.77 (d, J = 8.0, 1H), 7.68 (s, 1H), 7.51 (m, 2H), 7.43 (s, 1H), 7.38 (m, 4H), 7.29
(t,J=174,1H), 7.20 (m, 5H), 6.77 (m, 4H), 6.36 (m, 1H), 4.78 (m, 1H), 4.49 (d, J = 4.5,
1H), 4.08 (m, 1H), 3.70 (s, 3H), 3.68 (s, 3H), 3.43 (m, 2H), 3.09 (m, 1H), 2.18 (ddd, J =
3.5, 6.4, 13.3, 1H). 3C NMR (acetone-ds): 159.57, 159.54, 155.00, 146.15, 136.87,
136.81, 131.08, 131.00, 130.82, 130.64, 130.48, 130.37, 129.17, 128.55, 128.33, 127.60,
127.53, 124.79, 124.38, 113.84, 106.90, 105.22, 86.90, 86.35, 86.31, 83.27, 72.22, 64.85,
55.41, 55.40, 37.41. ESI-MS: M+Na* calc’d 625.2309, found 625.2320.
1’-B-[1-naphtho[2,3-d]imidazol-2(3 H)-one)]-3’-2-cyanoethyl-
tetraisopropylphosphitidyl-5’-0-(4,4’-dimethoxytrityl)-2’-deoxy-D-
ribofuranose (13). DMT-protected nucleoside 10 (78 mg, 0.129 mmol) was
evaporated twice out of anhydrous DCM immediately prior to use. Into the capped,
Na-flushed flask of SM was added DCM (1.5 mL), Hunig’s base (0.09 mL, 0.52 mmol),
and phosphoramidite reagent 12 (35 ul, 0.15 mmol), followed by a final brief flush
with Na. The reaction was allowed to proceed for 4 h; however, after 1.5 h, no further
conversion of starting material was observed by TLC. The reaction mixture was then
concentrated by rotatory evaporation and purified by normal-phase chromatography
using a 20-50% gradient of ethyl acetate in hexanes. In addition to the desired

phosphoramidite (24.6 mg, 24% yield), bis-phosphorylated material (5.6 mg,
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characterized by mass spectrometry and 'H NMR) and starting material (yield not
determined) were recovered. 1H NMR (acetone-ds): 7.77 (d, J = 8.1, 1H), 7.70 (d, J =
6.4, 1H), 7.53 (m, 2H), 7.40 (m, 6H), 7.24 (m, 7TH), 6.78 (m, 4H), 6.35 (dd, J =2, 7, 1H),
5.01 (m, 1H), 4.21 (m, 1H), 3.74 (m, 2H), 3.70 (m, 6H), 3.66 (m, 2H), 3.50 (dd, J = 2.7,
10.4, 1H), 3.43 (ddd, J = 2.3, 4.5, 10.4, 1H), 3.22 (m, 1H), 2.62 (m, 2H), 2.33 (m, 1H),
1.21 (m, 12H). ESI-MS: M+Na* calc’d 825.3388, found 825.3405.
1H-naphtho|[2,3-d]imidazole (8). According to a previously described
method,(Herbert et al., 1987; Sachs, 1909) a mixture of diaminonaphthalene (1.015 g,
6.416 mmol), formic acid (4.9 mL, 130 mmol), and ethanol (10 mL) was refluxed at 85
°C under N2 for 4.5 h. The reaction mixture was basified to pH 8 by dropwise addition
of pH 13 ammonium hydroxide solution (about 10 mL). The precipitated brown solid
was filtered off and washed with diethyl ether (ether washes were concentrated and
resuspended to produce another batch of gold-colored product), to yield ExBIM (786
mg, 73% yield). 'H NMR (MeOH-d4): 8.39 (s, 1H), 8.08 (bs, 2H), 7.97 (m, 2H), 7.39 (m,
2H). BC NMR (MeOH-d4): 146.99, 132.08, 129.03, 125.03. ESI-MS: M+H* calc’d
169.0760, found 169.0760.
1’-B-[1-naphtho[2,3-d]imidazole]-2’-deoxy-D-ribofuranose (6). The synthesis of
the ExBIM nucleoside 6 was adapted from that previously described for the
preparation of the Per nucleoside.(Gong and Sturla, 2007) Compound 8 (355 mg, 2.11
mmol) and anhydrous THF (24 mL) were added to a flame-dried 50 mL flask and
flushed with nitrogen for several minutes. To the mixture, NaH (60% in mineral oil,
88 mg, 4.6 mmol) was added. The flask was again flushed with N2 for several minutes,
and the fine brown suspension was allowed to stir for 0.5 h. Then, chlorosugar 9 (815
mg, 2.09 mmol) was added portionwise over 4 min to the stirring suspension. After
another 3.5 h stirring, the reaction was quenched with H20 (10 mL) and concentrated
by rotatory evaporation to remove the organic solvent. The remaining solution was
added to DCM (50 mL) and washed with saturated NaHCO3 solution (50 mL). The
aqueous layer was back-extracted with an additional 50 mL DCM, and then the
pooled organics were washed with an equal volume of H20 and saturated aqueous
NaCl solution and concentrated to brown syrup.

A solution of THF (40 mL), NaH (60% in mineral oil, 2 equiv), and MeOH (56 mL) was
prepared and added to the crude nucleoside mixture. After 3 min, TLC indicated that

the reaction was complete. The reaction mixture was filtered to remove unreacted
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nucleobase, quenched with H20 (20 mL), concentrated to a brown oil by rotatory
evaporation, and purified by normal phase chromatography using a 5-10% gradient of
MeOH in DCM. Target material was collected and crystallized out of MeOH/Acetone
to yield a single anomer of nucleoside (188 mg, 31% yield over two synthetic steps). 'H
NMR (DMSO-ds): 8.70 (s, 1H), 8.22 (m, 2H), 8.01 (m, 2H), 7.41 (m, 2H), 6.46 (dd, 6.1,
7.6, 1H), 5.37 (d, J = 4.1 Hz, 1H), 5.00 (t, J = 5.2, 1H), 4.44 (m, 1H), 3.91 (m, 1H), 3.59
(m, 2H), 2.71 (ddd, J = 6.2, 7.6, 13.3 1H), 2.35 (ddd, J = 3.1, 5.8, 13.3, 1H). *C NMR
(DMSO-ds): 146.21, 143.93, 133.36, 129.87, 129.52, 128.06, 127.54, 124.14, 123.33,
116.15, 106.98, 87.42, 84.48, 70.47, 61.48, 39.71. ESI-MS: M+H* calc’d 285.1234,
found 285.1232.
1I’-B-[1-naphtho[2,3-d]imidazole]-5’-0-(4,4’-dimethoxytrityl)-2’-deoxy-D-
ribofuranose (11). ExBIM nucleoside 6 (146 mg, 0.51 mmol), Li2COs (190 mg, 2.5
mmol), THF (17 mL), and Hunig’s base (0.27 mL, 1.5 mmol) were added to a flame-
dried flask. (Prolonged stirring, including at 55 °C as indicated previously,(Hansen et
al., 2011) did not help the reaction components to completely dissolve.) DMT-BF4 (252
mg, 0.61 mmol) was slowly added portion-wise to the stirring suspension over 2 h. By
TLC, conversion appeared to be occurring up to 6 h after reagent addition began, so
the reaction was allowed to stir overnight. At 21 h, however, no further conversion
was observed. The mixture was combined with DCM (40 mL) and washed with
saturated NaHCOs solution. The aqueous layer was back-extracted with DCM (50
mL) and the organic layers were pooled, washed with H20 (100 mL) and saturated
aqueous NaCl solution (100 mL), and concentrated to dryness. The residue was re-
suspended in DCM and filtered. The filtrate was concentrated and purified by normal
phase chromatography using a 5-10% gradient of MeOH in DCM to yield target
material (67 mg, 22% yield). 'H NMR (acetone-ds): 8.48 (s, 1H), 8.23 (s, 1H), 8.16 (s,
1H), 8.01 (m, 1H), 7.78 (m, 1H), 7.43 (m, 2H), 7.37 (m, 2H), 7.29 (m, 4H), 7.20 (m, 3H),
6.73 (m, 4H), 6.55 (t, J = 6.5, 1H), 4.76 (m, 1H), 4.67 (m, 1H), 4.21 (m, 1H), 3.685 (s,
3H), 3.681 (s, 3H), 3.35 (m, 2H), 2.99 (m, 1H), 2.58 (ddd, J =4.1, 6.0, 13.4, 1H). 13C
NMR (acetone-ds): 160.46, 147.31, 147.06, 146.73, 137.67, 137.62, 135.74, 132.49,
132.12, 131.92, 131.89, 130.08, 129.99, 129.52, 128.48, 126.05, 125.28, 118.65, 114.80,
109.20, 88.16, 87.92, 87.02, 73.17, 65.89, 56.38, 41.26. ESI-MS: M+Na* calc’d
609.2360, found 609.2361.
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1’-B-[1-naphtho[2,3-d]imidazole]-3’-2-cyanoethyl-tetraisopropylphosphitidyl-
5-0-(4,4’-dimethoxytrityl)-2’-deoxy-D-ribofuranose (14). DMT-protected
nucleoside 11 (67 mg, 0.115 mmol) was evaporated twice out of anhydrous DCM
immediately prior to use. Into the capped, Na-flushed flask of 11 was added DCM (1.5
mL), Hunig’s base (0.08 mL, 0.46 mmol), and phosphoramidite reagent 12 (31 ul, 0.14
mmol), followed by a final brief flush with N2. After 3 h, the reaction mixture was
concentrated by rotatory evaporation and purified by normal-phase chromatography
using a 25-50% gradient of ethyl acetate in hexanes. Two separate fractions of
material, presumed to be each diastereomer of desired phosphoramidite, were
obtained (peak A: 31.5 mg; peak B: 35.3 mg, 73% yield total). TH NMR (acetone-ds):
8.49 (s, 1H), 8.22 (s, 1H), 8.17 (s, 1H), 8.01 (m, 1H), 7.70 (m, 1H), 7.46 (m, 2H), 7.34
(m, 6H), 7.22 (m, 3H), 6.77 (m, 4H), 6.58 (dd, J = 6.1, 7.3, 1H), 4.95 (m, 1H), 4.35 (m,
1H), 3.78 (m, 2H), 3.70 (m, 8H), 3.47 (dd, J = 3.5, 10.4), 3.40 (dd, J = 4.5, 10.4, 1H),
3.11 (m, 1H), 2.70 (ddd, J = 3.5, 5.9, 13.5, 1H), 2.66 (overlapping ts, J = 6.0, 2H), 1.22
(overlapping ds, J = 6.9, 12H). ESI-MS: M+H" calc’d 787.3619, found 787.3635.
Oligonucleotides. The oligonucleotides containing O6-Me-G, THF, and G were
purchased from the Midland Certified Reagent Company Inc. The oligonucleotides
containing O%-Bn-G and nucleoside analogs were synthesized using 5’-O-
dimethoxytrityl protected phosphoramidites (natural nucleotides from Glen Research,
Inc, and Link Technologies) on a Mermade 4 DNA synthesizer. Oligonucleotides were
purified by reversed phase HPLC (Agilent 1100) on a Luna 5um C18 (2) 100 A 250
mm x 4.60 mm column (Phenomenex), and were eluted with acetonitrile and 50 mM
triethylammonium acetate buffer using a gradient of 5% to 16% acetonitrile over 21
min. The identity of each oligonucleotide was confirmed by ESI-MS. Concentrations of
oligonucleotides solutions were determined by measuring the UV absorbance at 260
nm. The molar extinction coefficients were determined via the nearest-neighbor
method using the IDT calculator at
http://eu.idtdna.com/analyzer/applications/oligoanalyzer. Each ¢ is provided in
L/(mole cm). Values used herein were: e(5'-TTGTCGGTATAYCGG-3', where Y = G,
Os-Me-@G, and 0%-Bn-G) = 145,500 (assuming that G, O6-Me-G, and O6-Bn-G each had
the same absorbance properties), e(5-CCGXTATACCGACAA-3', where X = ExBIM or
Exbenzi) = 152,000 (assuming that the probes have the same absorbance properties as

A), and 2(5-TTGTCGGTATAYCGG-3") = 135,600 (where Y = THF, assuming that
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THF has no absorbance at 260 nm). For the dangling-end experiments, £(5'-CGCGCG-
3" = 51,400, and e(5'-XCGCGCG-3") = 53,520 for X = Exbenzi, 53,134 for X = ExBIM,
52,260 for X = Benzi, 53,600 for X = Per, 53,900 for X = BIM, and 53,600 for X = Peri
(assuming that each ¢ corresponds to the sum of £(5'-CGCGCG-3') plus the ¢ for each
free probe nucleoside, which were measured separately).

UV Melting Experiments. The melting of DNA duplexes was observed using UV
spectroscopy. For non-complementary duplexes, solutions of duplex DNA (in 0.25 M
NaCl, 0.2 mM EDTA, 20 mM sodium phosphate, pH 7.0 buffer) were heated (in
Teflon- stoppered 1 cm path-length quartz cuvettes) to 80 °C, then cooled to 25 °C and
held at that temperature for 5 minutes to anneal the duplex; then, the heating cycle
was repeated to obtain the melting curve for data analysis. Two different
heating/cooling rates (0.75 °C/min and 1 °C/min) were tested; no significant
differences in transition temperatures due to these different rates were observed.

For each probe:target duplex, measurements of at least five different concentrations
(ranging from 0.8 to 10 pM) were taken. Hystereses were observed between melting
and cooling curves; only melting curves were analyzed.

For dangling-end experiments, DNA solutions (of single-strand concentrations
ranging from 12 to 40uM) were prepared in deionized water, then combined with
equal volumes of buffer (2 M NaCl, 0.2mM EDTA, 20 mM sodium phosphate, pH 7.0)
to generate sample solutions (with duplex concentrations ranging from 3 to 10 uM).
These samples were heated (in Teflon- stoppered 1 cm path-length quartz cuvettes) to
90 °C, then cooled to 20 °C and held at that temperature for 25-45 min to anneal the
duplex; then, the heating cycle was repeated once more to obtain a melting curve for
analysis. At least five samples per duplex (with duplex concentrations ranging from 3
to 10 uM) were analyzed.

Transition Temperature Analysis. The transition temperature (T;) of each melting
curve was determined by the Cary thermal application software (using the software's
derivative method), with smoothing of both the melting curve and derivative curve by
15 data points taken at 0.5 minute time increments for the non-complementary
duplexes. For purposes of calculating thermodynamic parameters by evaluating the
dependence of the transition temperature on duplex concentration, the transition
temperatures were assumed to be approximately equal to the duplex melting

temperature.
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Melting Temperature Analysis. The melting temperature (Twm) of each melting curve
was found using the hyperchromicity method available in the Cary Thermal
application software. Briefly, the software allows the user to select upper and linear
baselines for the melting curve and subsequently graphs the fraction of annealed
duplex (i.e., fraction-folded, or a) vs temperature. By definition, the Tn is determined
ata =0.5.

Calculating thermodynamic parameters by evaluating the dependence of the melting
transition temperature on duplex concentration. Thermodynamic parameters were
derived as previously described.(Marky and Breslauer, 1987) Briefly, plots of In Cr

1 R AS—RIn4

7= 2pnCr+ ——

Tm AH (where Cr= the total concentration of single stranded

DNA) vs 1/Tu (or Tt) were generated. The slope and intercept of the best-fit line
through the In Crvs 1/Tw (or Tt) plot were then fit into the following equation to solve
for AH® and AS:

Finally, using the Gibbs equation (AG = AH — TAS), the value of AG® was determined.
Errors of the slope and intercept for plots of Equation 1 were determined using the
LINEST function in Microsoft Excel.

Calculating thermodynamic parameters by analyzing the shape of the melting curuve.
Thermodynamic parameters were derived using the hyperchromicity method
available in the Cary Thermal application software. Briefly, after generating a
fraction-folded curve (a vs T, see "melting temperaures” above), the user then
designates the linear region of the fraction-folded curve (in this work, a = 0.4-0.6 was
selected for all curves). The software then plots In K, vs 1/T. Finally, the user
designates the linear region of this curve (in this work, the regions 1/T were selected
that corresponded to the upper and lower temperatures designated in the linear
regions of the fraction-folded curve), and the software calculates the thermodynamic
parameters of melting. Error values reported for thermodynamic parameters obtained
with this method represent the standard deviation of the mean values obtained for
each run.

Statistical Analysis. The AG® values derived from the curve-fit method were analyzed

using SPSS Statistics 17.0 software. The level of significance for each analysis was
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selected to be 0.05. Data sets from each probe:target duplex passed the Shapiro-Wilk
test for normality; however, the data collectively failed the Levene test for
homogeneity of variances (Levene statistic = 3.354, df1 =11, df 2 = 174, sig. = 0.000).
Thus, it was not possible to use the commonly-used ANOVA method for comparing the
statistical differences between data sets. Instead, the Welch test for equality of means
was performed; results indicated that there was a significant difference between data
sets (statistic = 65.422, df1 = 11, df2 = 57.234, sig. = 0.000). Finally, the post hoc
Games-Howell test (which does not require data sets of equal size or equal variance)
was performed to determine the significance of differences between data sets.
Absorbance and fluorescence spectra of nucleosides and oligonucleotides. Absorbance
spectra and fluorescence intensities were recorded on a Tecan infinite M200 Pro
platereader. For nucleoside analogs, serial dilutions of 10% spectral grade
dimethylsulfoxide (Sigma Aldrich) in water (MilliQ filtered) were prepared. For
oligonucleotides 5 pM solutions in PBS buffer were prepared. Absorbance of
nucleoside analogs was measured at 250 nm with a 5 nm band width in 96-well UV-
Star microplates (Greiner). For fluorescence emission spectra, nucleoside analog
dilutions and oligonucleotides were excited at 250 nm (5 nm band width for excitation,
20 nm band width for emission, 25°C) in black 96-well plates (Nunc).

Determination of quantum yields of nucleoside analogs. Quantum yields were
determined using the comparative method of Williams et al.,(Williams, 1983) in which
well characterized standards of a known @t are used. Standards should absorb and
emit fluorescence at the same wavelength as the samples to be tested (if recorded
under identical conditions). The quantum yield can be calculated with the following

equation:

©. - Grad, My
X . Grad\l niT

in which @y = ®rof sample, Osr = literature ®r value of standard, Gradx = slope of

sample integrated emission intensities vs absorbance, Gradsr = slope of standard
integrated emission intensities vs absorbance, n2x = refractive index of sample solvent,
and n2st = refractive index of standard solvent. Quantum yields of nucleoside analogs
(in 10% DMSO) were determined relative to standards tryptophan (Serva
Feinbiochemica) in water (pH 7,) and 2-aminopyridine (Sigma Aldrich) in 0.05 M
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H:2SO.. Tryptophan has a literature quantum yield of 0.12 with an emission maxima
at 356 nm (excited at 280 nm).(Chen, 1967) For 2-aminopyridine a quantum yield of
0.60 was reported (excitation wavelength 285 nm, emission between 315 — 480
nm).(Rusakowicz, 1968)

Absorbances of nucleoside analogs and standards were measured at 250 nm and
plotted vs the respective concentrations of the samples (at least 5 data points).
Theoretical absorbances of sample solutions at lower concentrations (i.e., those with
absorbances less than 0.1) were extrapolated from the slope of the best linear fit of the
absorbance vs concentration curves. Extrapolated values were needed for cases in
which the emission intensity of higher-concentration samples exceeded the detection
limit of the spectrometer. To obtain fluorescence emission spectra, samples were
excited at 250 nm. To calculate the emission intensity, the area below the curve of
relative fluorescence intensity was integrated (calculated using Microsoft Excel).
Because the minimum emission wavelength of the platereader was set to 280 nm, the
emission curves of nucleoside analogs BIM and Benzi were cut off at the lower
wavelength. Therefore the integrals of fluorescence intensity for BIM and Benzi were
calculated differently: the right half of the emission peak was integrated and
multiplied by two. Integrated fluorescence intensities were then plotted against
calculted absorbance values (at least 5 data points) and the slope of the corresponding
linear trendlines were used to calculate the quantum yields with the equation above.
The quantum yield of nucleoside analogs was calculated twice, using the
experimentally determined slopes of each standard (tryptophan and 2-aminopyridine).
Finally, the average of the two quantum yield values from both standards was used as
the final value for each nucleoside analog.
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Example 2

Assay principle. The nanoparticle-based detection system discussed herein involves
two different oligonucleotide-modified AuNP probes that align in a tail-to-tail fashion
onto a complementary target oligonucleotide (Fig. 5b). Two sets of AuNPs (d=20 nm)
were functionalized with 5’-thiol-modified (probe 1, Table 5) or 3’-thiol-modified (probe
2, Table 5) oligonucleotides, respectively. Probe 1 was a 16-mer consisting of an (A)o
spacer and a 6-mer recognition sequence. Probe 2 was a 17-mer consisting of an (A)1o
spacer and a 7-mer recognition sequence and the first base at the 5-end was ExBIM.
The 13-base oligonucleotide target strand was designed to have its 5-end
complementary to the 3’-end of probe 1, and its 3’-end complementary to the 5-end of
probe 2. The target could cross-link the two distinct sets of AuNPs through
hybridization, forming an aggregate network of AuNPs. Dispersed functionalized 20-
nm AuNPs have an intense red color due to the localized surface plasmon resonance
(SPR) and exhibit a characteristic SPR band at 530 nm (Fig. 6). The close proximity of
the cross-linked AuNPs caused coupling of their individual localized plasmon fields,
leading to a shift in their absorbance to a longer wavelength, and the color of the
solution changed from red to purple. Therefore, upon addition of target the 530-nm
SPR peak decreased while the absorbance in the 700-nm region increased (Fig. 6). The
absorbance ratio at 700 nm vs. 530 nm was used for characterizing the aggregation

state.
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Table 5. Oligonucleotide sequences used in this study

The underlined bases denote the recognition sequences, P = ExBIM, X = 0%-meG

Name Sequence

Probe 1 5’- HS - (A)10 CCTACG - &

Probe 2 5 - PCACCAG (A)w - SH- 3 5
Probe 3 5 - CCTACGPCACCAG - 3%

08-meG target 5 - CTGGTGXCGTAGG -3

G target 5 - CTGGTGGCGTAGG - 3
Irrelevant target 5 - CCCATCCACCCAC - ¥

10

Specificity studies. The specificity of the AuNP probes was assessed by using as
target synthetic oligonucleotides that were designed to represent a mutational hotspot
codon in exon 2 of the K-ras oncogene. The RAS gene family is among the most
studied and best characterized of the known cancer-related genes. The RAS oncogene
is well established to influence cell growth and regulation; its protein product affects
cell proliferation, apoptosis, migration, fate specification, and differentiation. There
are three known human isoforms: NRAS, HRAS, and KRAS. Of the three human ras
isoforms, KRAS is the most frequently altered gene, with mutations occurring in
17%—25% of all cancers. In particular, approximately 30%—40% of colon cancers
harbor a KRAS mutation. KRAS mutations in colon cancers have been associated
with poorer survival and increased tumor aggressiveness. Additionally, KRAS
mutations in colorectal cancer lead to resistance to select treatment strategies.

KRAS mutations in exon 2 (codons 12 and 13), and to a lesser extent in exon 3 (codon
61), are associated with colorectal cancer outcome. Nearly 97% of all KRAS mutations
are considered an early event in the adenoma-carcinoma sequence and are localized to
codons 12 or 13, with a large majority located in codon 1228, Mutations in each of the
three codons compromise the ability of GTPase-activating proteins to inactivate
hydrolysis of Ras-bound GTP to GDP?. Other mutations are uncommon as they result
in lower constitutive Ras signaling than mutations in codons 12, 13 and 61, and so are
selected against in carcinogenesis.

Specifically, the target oligonucleotides (13-mers) were designed so that the middle
base would correspond to the K-ras codon 13 mutational hotspot (Table 5). The target



10

15

20

25

30

WO 2015/162130 PCT/EP2015/058600

46

oligomers varied in the identity of the base placed opposite ExBIM. This position was
at the centre of the target sequence to achieve highest discrimination between the
adduct and the natural base, as it was shown by previous studies concerning
mismatch discrimination5-47. Thus we tested as targets: 1) an oligonucleotide
containing the alkylated base O%-meG and 2) an oligonucleotide containing the
natural base G. Additionally, we synthesized a non-complementary 13-mer sequence
(Table 1, irrelevant target) as a negative control.

To evaluate the stability of the aggregates formed in the presence of different target
oligonucleotides we compared the melting temperatures (7m) of AuNP probes
containing ExBIM paired opposite O%-meG or control sequences. This melting analysis
was performed by monitoring the absorbance of the solution with the re-suspended
aggregates at 530 nm as a function of temperature and measured the transition from
the aggregate to the dispersed state of the AuNP probes. This transition reflects the
hybridization state of the 3-component system comprised of the target oligonucleotide
and the tails of the NP-bound DNA sequences.

Thus, the T of the aggregates formed from the AuNP probes and 20 nM (Fig. 7a) of
the O%-meG-containing target was 32.7 °C. For the same AuNP probe and target
concentration, the Tm values for aggregates formed from the G- containing target was
29.4 °C. Therefore the difference in the melting temperatures (A7Tm) between the
aggregates formed from the O°-meG and G containing targets was 3.3 °C.
Dissociation curves were also obtained for DNA duplexes formed from the different
targets and the conventional oligonucleotide Probe 3 whose sequence combines the
recognition sequences of Probes 1 and 2. Higher concentrations of oligomers (2.2 uM
in each oligonucleotide) were used in order to obtain a measurable signal at 260 nm;
the experiment could not be performed at concentrations comparable to those used for
the aforementioned nanoparticle probe studies since the conventional oligonucleotides
do not exhibit measurable absorbance changes upon hybridization in this
concentration range. Broad melting curves were observed in all these cases, with T
values of 54.0 and 51.7 °C when ExBIM was placed opposite O°-meG and G,
respectively.

Specificity studies in mixtures of targets. To address the specificity of this
system regarding whether DNA adducts could be detected as a minority component in

a mixture of oligonucleotides, we performed a competition experiment to assess the
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ability of the O8-meG-containing target to increase the thermal stability of the
aggregates in the presence of other targets that can also induce aggregation (T'able 5).
In particular, three solutions of aggregates were tested. Each contained the two AuNP
probes (1 nM each) and 2 pmol of each of the G and irrelevant target (20 nM each,
final concentration). To one of the solutions, 2 pmol of the Of-meG- containing target
was added (20 nM final concentration), and to another one 2 pmol of the G containing
target (40 nM final concentration). Therefore the total target concentration for both
solutions was the same (60 nM). The third solution, where no extra target was added,
served as a control. Furthermore, a mixture of the two AuNP probes where no target
was added served as a negative control for aggregation. Upon aggregation, the
solutions were heated for 5 min at different temperatures (25-41 °C). The absorbance
ratio (A7o0/As30), reflecting aggregation state, decreased at higher temperatures,
indicating dispersion of the aggregates. However the rate of dispersion for O%-meG-
was slower than for G-supplemented solutions (Fig. 7A). In order to assess in this
mixture the discrimination efficiency of ExBIM between O%-meG and G we
determined the difference in absorbance ratios A(A7o0/As30), between the O%-meG- and
G-supplemented solutions as a function of temperature (Fig. 3B). The A(A700/As30)
ranged between 0.05 and 0.44. The maximum discrimination (A(A7/As27) = 0.44)
was observed at 27 °C. This experiment demonstrates that the proposed nanoprobes
can discriminate alkylated targets in a mixture with unmodified sequences that are
the same but contain a G.

Characterization of sensitivity. In order to assess the sensitivity of this
ratiometric detection assay, solutions of aggregates were formed by mixing the two
AuNP probes (1 nM each) with a mixture of the G and irrelevant target (20 nM each,
final concentration). The nanoprobe-target mixtures were then further supplemented
with O%-meG/G target solutions , in which the relative concentration of O%-meG
ranged from 0 to 25 %. Upon aggregation, the absorbance ratio (A7oo/Aszo) was
determined. Under these conditions, A70/Asso values decreased linearly (R% = 0.990) as
the relative concentration of O%-meG decreased from 25% to 0%, indicating a
corresponding decrease in aggregate stability (Fig.8A). Additionally, the detection
limit for this assay was 96 fmol of the O%-meG-containing target (0.96 nM) in the
presence of 4 pmol of the G target (40 nM), which corresponds to a relative O%-meG-

containing target concentration of 2.4 % (Fig. 8A).
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Furthermore, when the presence of the irrelevant target is taken into account, the
detection limit for this assay was 96 fmol of the O%-meG target (0.96 nM) in the
presence of 6 pmol of total DNA targets (60 nM), which corresponds to a relative O°-

meG-containing target concentration of 1.6 %.(Fig. 8B)
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Example 3 Enrichment/isolation of DNA adducts in Kras

DNA is isolated from a biological sample (e.g., stool, blood, or tissue) and is subjected
to digestion with a restriction enzyme that digests the Kras gene upstream and
downstream of a DNA adduct hotspot.

Digested DNA is mixed with biotinylated oligonucleotides that are designed to
hybridize with the DNA fragments of the mutational hotspot. These biotinylated
oligos also comprise ExBIM or Exbenzi.

Biotinylated hybrids are mixed with Streptavidin coated magnetic beads ( e.g.
Dynabeads® from Invitrogen).

The biotinylated hybrids are captured on the magnetic beads through biotin-
streptavidin interaction.

Magnetic field is applied so that hybrids are separated from unhybridized DNA

fragments.

Solution is discarded and captured targets are washed with water or appropriate
buffer to remove any residual unhybridized targets.

Magnetic beads are resuspended in water or appropriate buffer. Dispersion is briefly
heated (e.g. 5 min at 70 °C), so that the hybrid duplex is denatured.

Magnetic field is applied while dispersion is still heated. The biotinylated capture
probes stay on the magnetic beads (the biotin-streptavidin interaction is very strong
and not affected by short-term heating in aqueous solutions).

The target polynucleotide fragments are in solution and can be collected.
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Claims

1. An oligonucleotide comprising at least one base-modified-nucleotide analog wherein

the base-modified-nucleotide comprises the following structure:

N
R1—</ |

N

/

R2

wherein R1 is selected from OH or H; and R2 is selected from a deoxyribose moiety of
a polynucleotide, a ribose moiety of a polynucleotide, and a nucleic acid backbone
mimic moiety.
2. The oligonucleotide of claim 1, wherein R1 is OH.

3. A base-modified-nucleoside analog having the following structure:

N
R~ |

N

/

R2

wherein R1 is OH and R2 is selected from a ribose moiety, a deoxyribose moiety, and
a nucleic acid backbone mimic moiety or
R1is H and R2 is selected from a deoxyribose moiety and a nucleic acid backbone

mimic moiety.

4. The base modified nucleoside analog of claim 3 having the following structure:
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Rs
ORj3

OR4

wherein R3 is selected from H, phosphorothioate monophosphate, (PO3), (PO3)s,
(POs3)s, and a protective group for a hydroxyl group for synthesis of nucleic acid, and
R4 is selected from H, a protective group for a hydroxyl group for synthesis of nucleic
acid, a phosphate group, a phosphate group protected with a protective group for
synthesis of nucleic acid, or -P(R7)R8 [where R7 and R8 are identical or different, and
each represent a hydroxyl group, a hydroxyl group protected with a protective group
for synthesis of nucleic acid, a mercapto group, a mercapto group protected with a
protective group for synthesis of nucleic acid, an amino group, an alkoxy group having
1 to 5 carbon atoms, an alkylthio group having 1 to 5 carbon atoms, a cyanoalkoxy
group having 1 to 6 carbon atoms, or a primary or secondary amine substituted by an
alkyl group having 1 to 5 carbon atoms], and

R5 is selected from H, OH, O-alkyl(CI-C6), F, CI, NH2, CN, SH, and a 2'- 4' bridge
locking the sugar in the C3 endo configuration, wherein R5 is not OH when R1 is H.

5. The base modified nucleoside analog of claim 3 or 4, where R1 is OH.

6. The use of an oligonucleotide according to any one of claims 1-2 or a base modified
nucleoside analog according to any one of claims 3-5 for detecting the presence of O°-

alkyl guanine.

7. The use of an oligonucleotide according to any one of claims 1-2 for isolating a

polynucleotide comprising O%-alkyl guanine.

8. A method for detecting the presence of O%-alkyl guanine in a target polynucleotide,
said method comprising a) contacting the target polynucleotide with a first

oligonucleotide according to any one of claims 1-2 that is complementary to said
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polynucleotide such that said polynucleotide and said first oligonucleotide form a

target duplex and b) measuring the formation of said duplex.

9. The method according to claim 8, further comprising contacting said target
polynucleotide with a second oligonucleotide that is complementary to said
polynucleotide such that said polynucleotide can simultaneously hybridize to both the
first and second oligonucleotides forming a duplex and b) measuring the formation of

said duplex.

10. The method according to claim 8, further comprising contacting said target
polynucleotide with a second oligonucleotide that is complementary to said first
oligonucleotide such that said second oligonucleotide competes with the target

polynucleotide for binding to the first oligonucleotide.

11. The method of any one of claims 8-10, wherein the first and/or second

oligonucleotide is attached to a solid substrate.

12. A method for isolating an OS-alkyl guanine containing target polynucleotide, said
method comprising a) contacting a nucleic acid containing sample with an
oligonucleotide according to claim 1 or 2, wherein said oligonucleotide is
complementary to said target polynucleotide such that said target polynucleotide and

said oligonucleotide form a target duplex and b) isolating said target duplex.

13. The use of claims 6 or 7 and the method of any one of claims 8-12, wherein said

O8-alkyl guanine is O%-methyl guanine.

14. A kit of parts comprising a solid substrate, preferably particles, more preferably

gold nanoparticles, and an oligonucleotide according to any one of 1-2.

15. An oligonucleotide according to any one of 1-2 immobilized to a solid substrate,

preferably particles, more preferably gold nanoparticles.



WO 2015/162130 PCT/EP2015/058600
1/8

Figure 1

A O,Me O/\©
N AN N
N SN
ST, ST
N™ >N” N- N™ N7 N-
dR H dR H

0°%-Me-G 0f-Bn-G
B
SO P
=S XD o
N ) N N
dR dR dR
1 (Per) 3 (Benzi) 5 (Exbenzi)
S OI
( D ¢
., N
dR dR dR

2 (Peri) 4 (BIM) 6 (ExBIM)



PCT/EP2015/058600
2/8

WO 2015/162130

JHLO 24Wgs00 Z=NS0@E DN

g x3 [Zuagx] 134

Ljow e
cor- (l ,_‘,_W %)
oIV

£1-
§'LT-

m B Am H o
61-

7 8InsI |



WO 2015/162130

Figure 3A

300

250 -

200

150

100 -

Relative fluorescence units

50

3/8

350

Figure 3B

Relative fluorescence units

Q0 -

80

70

60 -

50

40

20

10

400 450 500

Emission wavelength [nm]

550

350

400 450 500

Emission wavelength [nm]

550

PCT/EP2015/058600

4 ExBIM:G = ExBIM:06-Me-G ¢ ExBIM:THF

A ExBenzi:G

= ExBenzi:06-Me-G

+ ExBenzi:THF



PCT/EP2015/058600

WO 2015/162130

(@OH=Y4 (5 HO=Y
HO

O

CLe

4/8

HO ‘H=4
010

G

OloL

(LL)H=Y4 (01)HO=H (FL)H=Y (1) HO=H
HO /T
N
o . - zo\/\o/ﬂ\ J\
OLAQ 4 O
N gL
Y
z\vl NO~ O~ ﬂ\zf\ o
10 OlNad

N
_\ A/zug - auajelydeuouiwelp-g‘L

q

c
HN
N 0
_I_
N - °HN
o< LI °
N
_I_

¥ 2ans1



WO 2015/162130

Figure 5

e Nz N
, EXBIM

)

5/8

PCT/EP2015/058600




WO 2015/162130 PCT/EP2015/058600
6/8

Figure 6
0.8+ — dispersed AuNPs
— =aggregated AuNPs

o 0.64
Q
c
o
2 0.4
o]
172)
Q
< 0.2

0-0 ] L} v

400 500 600 700 800

Wavelength (nm)



WO 2015/162130

Figure 7

A

7/8

K-ras codon 13

1.24
« O%MeG
1.04 s G
A control
S 0.8+
[Ty
<
S 0.6- !
& .
0.4+ .
. 3 F o2 o8 4
0.24 ¢
24 26 28 30 32 34 36 38 40 42
Temperature (°C)
K-ras codon 13
0.5
0.4-
2 0.3
w
< .
S 0.2-
<
<]
0.1 4 ™
» m ~ » ]
0*0 * ] L ] | 1 * L ] £ 1
24 26 28 30 32 34 36 38 40 42

Temperature (°C)

PCT/EP2015/058600



WO 2015/162130

Figure 8

8/8

No heating (25 °C)

0.56 -

A700/A530

2
Y
F-N
L

0.40

R’=0.985

000 006 010 015 020 025

10%MeGyIG]

No heating (25 °C)

0.56

0.52

A700/A530

0.44 4

0.40 -

R’=0.990

¥

0.00 002 004 006 008 010 012 044

10%MeGy/total DNA]

PCT/EP2015/058600




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/058600

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO7H19/052 C12Q1/68
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

CO7H

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, CHEM ABS Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A JIACHANG GONG ET AL:
Adduct from Unmodified DNA",
vol. 129, no. 16,

4882-4883, XP055198049,

the whole document

"A Synthetic
Nucleoside Probe that Discerns a DNA

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY,
1 April 2007 (2007-04-01), pages
ISSN: 0002-7863, DOI: 10.1021/ja070688g

1-15

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

25 June 2015

Date of mailing of the international search report

08/07/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Gavriliu, Daniela

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/058600

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

H.L.GAHLON; S.J.STURLA: "Hydrogen Bonding
or Stacking Interections in
Differentiating Duplex Stability in
Oligonucleotides Containing Synthetic
Nucleoside Probes for Alkylated DNA",
CHEM. EUR. J.,

vol. 19, 2013, pages 11062-11067,
XP002741399,

the whole document

HIJAZI ABDULLAH ET AL: "Nucleosides. XL.
Synthesis and properties of
lin-naphthimidazole- ribonucleosides",
NUCLEOSIDES & NUCLEOTIDES, MARCEL DEKKER
INC, US,

vol. 3, no. 5, 1 January 1984 (1984-01-01)
, pages 549-557, XP009102041,

ISSN: 0732-8311, DOI:
10.1080/07328318408081289

the whole document

WO 2004,/031405 A1 (ECOLE POLYTECH [CH];
KINDERMANN MAIK [CH]; JOHNSSON KAI [CH];
BIERI CH) 15 April 2004 (2004-04-15)
claims; figures; examples

WO 94712517 Al (ANTIVIRALS INC [US])

9 June 1994 (1994-06-09)

claims; figures; examples

ZHIJIAN ZHU ET AL: "Design, Synthesis,
and Biological Evaluation of Tricyclic
Nucleosides (Dimensional Probes) as
Analogues of Certain Antiviral
Polyhalogenated Benzimidazole
Ribonucleosides",

JOURNAL OF MEDICINAL CHEMISTRY,

vol. 43, no. 12, 1 June 2000 (2000-06-01),
pages 2430-2437, XP055198414,

ISSN: 0022-2623, DOI: 10.1021/jm990290y
chart 1

1-15

1-15

1-15

1-15

1-15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2015/058600
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2004031405 Al 15-04-2004 AU 2003271669 Al 23-04-2004
CA 2501063 Al 15-04-2004
CN 1720332 A 11-01-2006
EP 1546371 Al 29-06-2005
JP 4976651 B2 18-07-2012
JP 2006501289 A 12-01-2006
KR 20050062588 A 23-06-2005
NZ 538986 A 30-06-2006
US 2006024775 Al 02-02-2006
WO 2004031405 Al 15-04-2004
ZA 200502210 A 22-02-2006

WO 9412517 Al 09-06-1994 AU 676704 B2 20-03-1997
CA 2149765 Al 09-06-1994
EP 0669927 Al 06-09-1995
JP HO8506093 A 02-07-1996
us 5405938 A 11-04-1995
WO 9412517 Al 09-06-1994

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - wo-search-report
	Page 67 - wo-search-report
	Page 68 - wo-search-report

