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NANOPROBES FOR DETECTION OR
MODIFICATION OF MOLECULES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation-in-part application of U.S. Ser. No.
11/638,160, filed Dec. 12,2006, now U.S. Pat. No. 8,344,121,
which claims priority to U.S. Provisional Application Nos.
60/749,729 and 60/749,858 both filed Dec. 12, 2005 and
herein incorporated by reference.

FIELD

This application relates to probes that can be used to detect
or modify molecules, such as proteins and nucleic acid mol-
ecules, as well as methods of their use.

BACKGROUND

Several methods are currently available for detecting pro-
teins and other molecules (such as nucleic acid molecules).
For example, proteins can be detected using western blotting,
flow cytometry, and ELISA methods. In addition, nucleic
acids can be detected using Southern or northern blotting,
microarrays, quantitative or non-quantitative PCR, chemical
footprinting, and other methods known in the art. However,
these methods require multiple steps and long detection
times. Therefore, agents that permit detection with fewer
steps and less time are needed. In addition, agents that permit
detection in vivo are needed.

Methods are also currently available for modifying pro-
teins and nucleic acid molecules, such as the use of antisense
or siRNA molecules. However, agents having broader appli-
cations are needed.

SUMMARY

The disclosure is directed to molecular agents (referred to
herein as nanoprobes) that can be used for detecting (such as
quantitating) or modifying (such as destroying) one or more
target molecules, such as biomolecules, organic molecules,
and other molecules such as nylon. For example, the probes
can be used to detect or modify a protein or a nucleic acid
molecule. Although the application provides probes to use for
particular biomolecules, one skilled in the art will recognize
that the disclosed probes can be adapted to detect or modify
any molecule of interest, for example by using particular
functional groups.

In one example, a probe for a target biomolecule includes
a molecular linker and first and second functional groups
linked and spaced by the molecular linker. The functional
groups are capable of interacting with one another or with the
target biomolecule in a predetermined reaction, wherein the
molecular linker links the first and second functional groups
sufficiently spaced from one another such that the functional
groups do not substantially interact in an absence of the target
biomolecule. In particular examples, the molecular linker
links the first and second functional groups sufficiently
spaced a distance from one another to avoid substantial
entanglement of the first and second functional groups in an
absence of the target biomolecule. In some examples, the
molecular linker (or at least a portion thereof) is of sufficient
rigidity to reduce interaction of the first and second functional
groups in the absence of the target biomolecule. In particular
examples, the molecular linker is of a sufficient length to
substantially avoid interaction of the first and second func-
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tional groups in the absence of the target biomolecule, and
allow interaction of the first and second functional groups in
the presence of the target biomolecule.

The molecular linker (or a portion thereof, such as a
molecular rod that is part of the molecular linker) has a
sufficient length in view of its flexibility to space the func-
tional groups sufficiently apart to avoid the undesired inter-
action in the absence of the target biomolecule, but retain
sufficient flexibility to allow the functional groups to interact
with each other or the target when one or more functional
groups bind to the target. For example, at least part of the
linker can have a persistence length that permits at least a
portion of the molecular linker to be of sufficient rigidity and
length to reduce interaction of the first and second functional
groups in the absence of the target biomolecule, and allow
interaction of the first and second functional groups in the
presence of the target biomolecule. In particular examples,
the total length of the molecular linker is different than (such
as greater or less than) the persistence length of one or more
components that make up the linker, such as a double- or
single-stranded nucleic acid molecule. However, in particular
examples, the total length of the molecular linker does not
exceed a length beyond which significant interaction occurs
between the first and second functional groups in the absence
of the target biomolecule, while allowing significant interac-
tion of the first and second functional groups in the presence
of'the target biomolecule. Such interactions can be measured
using methods known in the art, for example by measuring
acceptor emission fluorescence when one functional group
includes a donor fluorophore and one or more other func-
tional groups include a corresponding acceptor fluorophore
of a FRET pair. In other examples, a functional group is
substantially maintained at a distance of at least twice the
Férster radius (such as a Forster radius of 22 to 90 A) from the
other functional group in the absence of the target.

Persistence length (lp) is the average local conformation
for a linear chain, which reflects the sum of the average
projections of all chain segments on a direction described by
agiven segment. Therefore, persistence length is a measure of
the rigidity or stiffness of a polymer chain. In particular
examples, persistence length is the degree of bending (and
hence the effective stiffness of the chain) which, in effect,
measures the contour distance over which there occurs, onthe
average, a 68.40° bend. Therefore, the persistence length will
vary depending on the composition of the molecular linker.
For example, the persistence length for a double-stranded
DNA (dsDNA) molecule will differ from that of a single-
stranded DNA (ssDNA) molecule and from polyethylene
glycol (PEG). In particular examples, dsDNA has a persis-
tence length of about 400-500 A, and dsRNA has a persis-
tence length of 700-750 A, for example at an ionic strength of
about 0.2 M and at a temperature of 20° C. In particular
examples, ssDNA has a persistence length of about 40 A (for
example at 20° C.) (Clossey and Carlon, Phys. Rev. E. Stat.
Nonlin. Soft. Matter. Phys. 68(6 Pt 1):061911, 2003). In par-
ticular examples, PEG has a persistence length ofabout 3.8 A.

Particular examples of molecular linkers include, but are
not limited to, tethers, molecular rods, or combinations
thereof. For example, the molecular linker of sufficient rigid-
ity can include a molecular rod, for example a molecular rod
composed of a double-stranded DNA molecule (dsDNA). In
some examples, the molecular linker of sufficient rigidity
includes multiple molecular rods linked by tethers, or mul-
tiple tethers linked by molecular rods. One particular example
of a tether is a molecule composed of (or in some examples
consisting of) polyethylene glycol (PEG).
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The functional groups include molecules that can interact
with one another or with the target biomolecule (or both) to
provide a predetermined reaction, such as a detectable signal
or a modification of a target biomolecule. The functional
groups can be linked in a spatially separated orientation by a
molecular linker so that the functional groups do not interact
to provide the reaction in the absence of the target molecule.
However, the molecular linker permits the functional groups,
under predetermined conditions, to be brought into sufficient
proximity with one another to interact and produce a prede-
termined reaction, such as a detectable signal or modification
of a target biomolecule to which the probe binds or hybrid-
izes. For example, the functional groups can include a target-
ing moiety (such as an antibody, protein, or nucleic acid
probe) that binds to one or more sites on the target biomol-
ecule to bring the functional groups in sufficient proximity to
one another (or in sufficient proximity to the target biomol-
ecule) for the interaction to occur. In another example, the
functional groups can include an activatable moiety, such as a
labeling moiety or a biomolecule modifying moiety (such as
a proteinase or RNase). For example, at least one of the
labeling moieties can be activated when brought into suffi-
cient proximity to another labeling moiety, such as the exci-
tation of an acceptor fluorophore labeling moiety by a donor
fluorophore labeling moiety when the donor and acceptor are
in sufficient proximity with one another. However, the acti-
vatable moiety can have biological activity in the absence of
the interaction of the functional group with the target biomol-
ecule, but have increased biological activity towards the tar-
get biomolecule when the functional groups are in sufficient
proximity with the target biomolecule. In particular
examples, a functional group includes both a targeting moiety
and an activatable moiety.

Particular examples of functional groups include, but are
not limited to, targeting agents (such as nucleic acid mol-
ecules, protein detection agents (for example antibodies),
proteins, and nucleotides), as well as activation agents (such
as a label or biomolecule modifying agent, for example a
proteinase or nuclease), or combinations thereof. For
example, a functional group can include a labeled antibody.
One specific example of a label includes a FRET donor or a
FRET acceptor fluorophore. Nanoprobes that include donor
and acceptor fluorophore labeling moieties, for example in
combination with a targeting moiety, will ideally produce
little or no detectable background fluorescence emission from
the acceptor fluorophore in the absence of the target biomol-
ecule. The targeting moieties are selected to recognize and
bind selectively or substantially only to targets of the biomol-
ecule that bring the labeling (or other activatable) moieties
into sufficient proximity for the targeting reaction to occur
and signal the presence of the biomolecule. In the presence of
the biomolecule, one or more of the other functional groups
(such as antibodies or nucleic acid molecules) interact with
the target biomolecule, which brings the donor and acceptor
fluorophore into sufficient proximity such that the resonance
with the donor fluorophore can excite the acceptor fluoro-
phore, thereby resulting in an acceptor fluorophore emission
spectrum or decrease in donor emission that can be detected.

Also provided are methods of using the nanoprobes, for
example to detect or modify a biomolecule, or both. For
example, methods are provided for using a nanoprobe to treat
a subject having a disease that could be treated by decreasing
the activity or expression of the target biomolecule. In a
particular example, methods are providing for using a nano-
probe to sequence a sample nucleic acid molecule.

Methods of using the nanoprobes in combination with total
internal reflection (TIR) to detect one or more target biomol-
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ecules are also provided. For example, one or nanoprobes
specific for one or more targets can be attached to a solid
substrate, such as a glass slide or optic fiber (e.g., an optic
fiber with its cladding removed). In some examples, the nano-
probes include an appropriate FRET donor and acceptor pair.
For example, if multiple targets are to be detected, the nano-
probes for each target can have a unique donor/acceptor pair,
which permits determination of which target is detected. The
sample known or suspected of containing the one or more
target biomolecules is applied to the substrate. A laser that
produces light with excitation frequency for donor fluoro-
phores present on the nanoprobes can be used. The laser light
enters the substrate (e.g., an optic fiber or glass slide). The
light is trapped in the substrate by TIR. In the presence of the
target(s), nanoprobes on the surface of the substrate will bind
to the target molecule and provide a FRET signal using
energy from the TIR evanescent wave. Some of this light
propagates downwards through the substrate, for example
through a filter that removes stray light from the laser, and
passes light from FRET to a detector. The resulting signal
from the acceptor fluorophore is detected if the target is
present, but no significant acceptor signal is detected if the
target is absent from the sample.

The foregoing and other features of the disclosure will
become more apparent from the following detailed descrip-
tion of a several examples which proceeds with reference to
the accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A is a schematic drawing showing an exemplary
nanoprobe that includes functional groups linked by a tether.

FIG. 1B is a schematic drawing showing an exemplary
nanoprobe that includes functional groups linked by a
molecular rod and tethers.

FIG. 1C is a schematic drawing showing an exemplary
nanoprobe that includes functional groups linked by multiple
molecular rods and tethers.

FIG. 2A is a schematic drawing showing an exemplary
nanoprobe that can be used to detect a DNA binding protein.

FIG. 2B is a schematic drawing showing binding of the
exemplary nanoprobe of FIG. 1A to a target DNA binding
protein, thereby generating a detectable signal.

FIG. 3A is a schematic drawing showing an exemplary
nanoprobe that can be used to detect an antigenic compound,
such as a protein.

FIG. 3B is a schematic drawing showing binding of the
exemplary nanoprobe of FIG. 2A to a target antigenic com-
pound, thereby generating a detectable signal.

FIG. 4A is a schematic drawing showing an exemplary
nanoprobe, which can be used to detect an antigenic com-
pound, that further includes a molecular rod.

FIG. 4B is a schematic drawing showing an exemplary
nanoprobe that includes anti-IgG molecules, which can be
used to detect an antigenic compound. In particular examples,
this nanoprobe does not include the anti-target moiety, and
the anti-target moiety is selected by a user.

FIG. 5A is a schematic drawing showing an exemplary
nanoprobe that includes multiple tethers and a molecular rod,
which can be used to detect an antigenic compound.

FIG. 5B is a schematic drawing showing binding of the
exemplary nanoprobe of FIG. 5A to a target antigenic com-
pound, thereby generating a detectable signal.

FIG. 5C is a schematic drawing showing binding of the
exemplary nanoprobe of FIG. 5A to a target antigenic com-
pound that is a complex of at least two biomolecules, thereby
generating a detectable signal.
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FIG. 6 is a schematic drawing showing an exemplary nano-
probe that includes antisense functional groups, which can be
used to detect a target mRNA molecule.

FIG. 7 is a schematic drawing showing an exemplary
mRNA nanoprobe, which can be used to detect a target
mRNA molecule, that includes antisense functional groups
and a ligase. The ligase can “seal” the probe so thateven if the
target RNA has been destroyed or dissociates from the probe,
the signal from the labeling moiety will continue.

FIGS. 8A-C are schematic drawings showing an exem-
plary nanoprobes that can be used to sequence a nucleic acid
molecule.

FIG.9is a schematic drawing showing an exemplary nano-
probe that includes antisense and RNase H functional groups,
which can be used to destroy a target mRNA molecule.

FIG. 10A is a schematic drawing showing an exemplary
nanoprobe that includes a DNA binding region and proteinase
K functional groups, which can be used to cleave a DNA
binding protein.

FIG. 10B is a schematic drawing showing an exemplary
nanoprobe that includes a protein binding agent and protein-
ase K functional groups, which can be used to cleave a target
protein.

FIG. 11 is a schematic drawing showing an exemplary
nanoprobe that includes antisense DNA and RNase H func-
tional groups, which can be used to quantitate a target mRNA
molecule.

FIG. 12A is a schematic drawing showing an exemplary
nanoprobe that includes antisense and fluorophore functional
groups, which can be used to detect a target mRNA molecule.

FIG. 12B is a schematic drawing showing how an exem-
plary nanoprobe 1000 can be used to detect a target mRNA
molecule 1020, thereby forming a bound nanoprobe 1050.

FIG. 13A is a plot showing the relative intensity of emis-
sion at different wavelengths for the two states of the nano-
probe of FIG. 12A (see FIG. 12B) in the presence or absence
of'the target sequence. The peak at 520 nm is 6-FAM emission
and the peak at 620 nm is Texas Red emission.

FIG. 13B is a plot showing the relative intensity of emis-
sion at different wavelengths for the two states of the nano-
probe of FIG. 12A (see FIG. 12B) in the presence or absence
of the target sequence, and in the presence or absence of
DNasel. The peak at 520 nm is 6-FAM emission and the peak
at 620 nm is Texas Red emission.

FIG. 14A is a schematic drawing showing an exemplary
universal nanoprobe that includes antisense and fluorophore
functional groups, which can be used to detect a target nucleic
acid molecule.

FIG. 14B is a graph showing the relative intensity of emis-
sion at different wavelengths for the two states of the univer-
sal nanoprobe of FIG. 14B in the presence or absence of the
target sequence. The peak at 615 nm is Texas Red emission.

FIG. 15A is a schematic drawing showing an exemplary
tetherless nanoprobe that includes antisense and fluorophore
functional groups, but not tethers, which can be used to detect
a target mRNA molecule.

FIG. 15B is a graph showing the ratio of emission fluores-
cence between nanoprobes that include and omit a PEG tether
and the thermodynamics of nanoprobe-target sequence com-
plex formation.

FIG. 15C is a graph comparing the kinetics of nanoprobe-
target sequence complex formation between nanoprobes that
include and omit a PEG tether.

FIG. 16A is a bar graph showing the effect of NaCl and
MgCl, concentration on nanoprobe-target sequence complex
formation.
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FIG. 16B is a graph showing the kinetics of nanoprobe-
target sequence complex formation in the presence of 250
mM NaCl and 100 mM MgCl,.

FIGS. 17A-F are graphs showing the distance between
fluorophores and FRET at several molecular rod lengths. A
rod has two tethers and FRET is measured between the tether
tips. This is a computer simulation. The tethers are 120 A long
and consist of segments that have the persistence length of
PEG (3.8 A). (E and F) rod length 0 A. (C and D) rod length
60 A. (A and B) rod length 120 A. The data were generated
using the bite program and graphed using the genhis and
genpic programs.

FIGS. 18A-D are graphs showing the effect of tether length
on FRET at various rod lengths. The FRET distance, R, is 60
A. Each graph shows the FRET efficiency versus the rod
length. The color corresponds to the frequency that the nano-
probe gives a particular FRET signal. (A) tether length 2 A;
(B) tether length 60 A; (C) tether length 120 A; (D) tether
length 240 A. The data of the graphs of FIG. 17 can be
obtained from the lower left part of FIG. 18 (such as FIG.
18C, with a tether length of 120 A) by taking vertical slices at
rod lengths of 0 A, 60 A and 120 A. The data were generated
using the bite program and graphed using programs genhis
and denplo.

FIGS. 19A and 19B show a schematic drawing showing a
nanoprobe attached to a surface.

FIG. 20 is a schematic drawing showing a nanoprobe that
includes a non-specific targeting moiety (such as dodecyl
sulfate) and a specific targeting moiety (such as an antibody)
that can be used to detect a target protein.

FIGS. 21A-C are a schematic drawings showing nano-
probes that include a non-specific targeting moiety (such as a
intercalating fluorophore) and a specific targeting moiety
(such as a complementary nucleic acid molecule) that can be
used to detect a mRNA molecule.

FIGS. 22A and B show an exemplary nanoprobe that uses
coomassie as an alternative to a fluorophore in the (A)
absence or (B) presence of the target molecule.

FIG. 23 is a schematic drawing showing how quencher
containing-oligonucleotides can be used to decrease back-
ground fluorescence from a nanoprobe.

FIG. 24 is a schematic drawing showing how the nano-
probes provided herein can be used in combination with TIR
to detect a target biomolecule.

SEQUENCE LISTING

The nucleic acid sequences listed in the accompanying
sequence listing are shown using standard letter abbreviations
for nucleotide bases. In particular examples, only one strand
of'a nucleic acid sequence is shown, but the complementary
strand is understood as included by any reference to the
displayed strand (for example in the case of a dsDNA molecu-
lar rod).

SEQ ID NOS: 1-4 are exemplary nucleic acid sequences
that include a p53 binding site.

SEQ ID NO: 5 is an exemplary molecular rod sequence.

SEQ ID NOS: 6 and 7 are exemplary sequences that can be
used to generate the nanoprobe shown in FIG. 4A.

SEQ ID NOS: 8-11 are exemplary sequences that can be
used to generate the nanoprobe shown in FIG. 5A.

SEQ ID NO: 12 is an exemplary target nucleic acid
sequence.

SEQ ID NOS: 13-18 are exemplary sequences that can be
used to generate the nanoprobe shown in FIG. 12A.
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SEQ ID NOS: 16-18 are nucleic acid sequences that will
specifically hybridize to a portion of SEQ ID NO: 12 to form
different sized molecular rods (FIG. 12A, 1002).

SEQ ID NOS: 13-18 and 19-24 are exemplary sequences
that can be used to generate the nanoprobe shown in FIG.
14A.

SEQ ID NO: 25 is an exemplary target nucleic acid
sequence.

SEQ ID NOS: 26-28 are exemplary sequences that can be
used to generate the nanoprobe shown in FIG. 7.

SEQ ID NOS: 29-38 are exemplary target sequences that
can be detected with the antisense sequence shown in SEQ ID
NOS: 39-48, respectively.

SEQID NOS: 26-27 and 49 are sequences that can be used
to generate the probe shown in FIG. 11.

SEQ ID NOS: 50-57 are exemplary DNA binding target
sequences that can be detected with the sequence shown in
SEQ ID NOS: 58-61, respectively.

SEQ ID NO: 62 is a sequence that can be used to generate
the nanoprobe shown in FIG. 10B.

SEQ ID NOS: 63-90 are sequences that can be used to
generate the nanoprobe shown in FIG. 8C.

SEQ ID NOS: 91-95 are exemplary quencher-containing
oligonucleotides.

SEQ ID NO: 96 is an exemplary target p53 nucleic acid
sequence.

DETAILED DESCRIPTION OF SEVERAL
EMBODIMENTS

Abbreviations and Terms

The following explanations of terms and methods are pro-
vided to better describe the present disclosure and to guide
those of ordinary skill in the art in the practice of the present
disclosure. As used herein, “comprising” means “including”
and the singular forms “a” or “an” or “the” include plural
references unless the context clearly dictates otherwise. For
example, reference to “a tether” includes one or a plurality of
such tethers, and reference to “an antibody” includes refer-
ence to one or more antibodies and equivalents thereof known
to those skilled in the art, and so forth. The term “or” refers to
a single element of stated alternative elements or a combina-
tion of two or more elements, unless the context clearly indi-
cates otherwise. For example, the phrase “detecting or modi-
fying” refers to detecting, modifying, or a combination of
both detecting and modifying.

Unless explained otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this
disclosure belongs. Although methods and materials similar
or equivalent to those described herein can be used in the
practice or testing of the present disclosure, suitable methods
and materials are described below. The materials, methods,
and examples are illustrative only and not intended to be
limiting. Other features and advantages of the disclosure are
apparent from the following detailed description and the
claims.

A angstrom

dsDNA double-stranded DNA

FRET Forster resonance energy transfer

GFP green fluorescent protein

LNA locked nucleic acid

PEG polyethylene glycol

PNA peptide nucleic acid

RT reverse transcriptase

ssDNA single-stranded DNA
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Acceptor fluorophore: Compounds which absorb energy
from a donor fluorophore, for example in the range of about
400 to 900 nm (such as in the range of about 500 to 800 nm).
Acceptor fluorophores generally absorb light at a wavelength
which is usually at least 10 nm higher (such as at least 20 nm
higher), than the maximum absorbance wavelength of the
donor fluorophore, and have a fluorescence emission maxi-
mum at a wavelength ranging from about 400 to 900 nm.
Acceptor fluorophores have an excitation spectrum which
overlaps with the emission of the donor fluorophore, such that
energy emitted by the donor can excite the acceptor. Ideally,
an acceptor fluorophore is capable of being attached to the
disclosed nanoprobes.

Exemplary acceptor fluorophores include, but are not lim-
ited to, rhodamine and its derivatives (such as N,N,N',N'-
tetramethyl-6-carboxyrhodamine (TAMRA), 6-carboxy-X-
rhodamine (ROX)), fluorescein derivatives (such as
S-carboxyfluorescein (FAM) and 2'7'-dimethoxy-4'5'-
dichloro-6-carboxyfluorescein (JOE)), green fluorescent pro-
tein (GFP), BODIPY (4,4-difluoro-4-bora-3a,4a-diaza-s-in-
dacene) and cyanine dyes.

In a particular example, an acceptor fluorophore is a dark
quencher, such as, Dabeyl, Black Hole Quenchers™ from
Glen Research, Eclipse™ Dark Quencher from Epoch Bio-
sciences, lowa Black™ from Integrated DNA Technologies.
In such an example, instead of detecting an increase in emis-
sion signal from the acceptor fluorophore when in sufficient
proximity to the donor fluorophore, a decrease in the emission
signal from the donor fluorophore can be detected when in
sufficient proximity to the quencher.

Activating or activatable moiety: A component of the func-
tional group that acts on the target or with another functional
group. For example, if the target is a protein, the activating
moiety may be a protease. In another example, the activating
moiety permits detection of the target biomolecule, for
example a label moiety.

Administration: To provide or give a subject an agent, such
as composition which includes the agent, by any effective
route. In particular examples the agent includes one or more
of the disclosed nanoprobes, alone or in the presence of a
pharmaceutically acceptable carrier or other therapeutic
agents. Exemplary routes of administration include, but are
not limited to, oral, injection (such as subcutaneous, intra-
muscular, intradermal, intraperitoneal, and intravenous), sub-
lingual, rectal, transdermal, intranasal, and inhalation routes.

Antibody: Immunoglobulin (Ig) molecules and immuno-
logically active portions of 1 g molecules, such as molecules
that contain an antigen binding site which specifically binds
(immunoreacts with) an antigen. Monoclonal and polyclonal
immunoglobulin, as well as immunologically effective por-
tions (“fragments”) thereof, are encompassed by the disclo-
sure. Antibodies can be used as functional groups in the
disclosed nanoprobes.

An exemplary immunoglobulin is IgG. Naturally occur-
ring IgG includes four polypeptide chains, two heavy chains
and two light chains inter-connected by disulfide bonds.
However, the antigen-binding function of an antibody can be
performed by fragments of a naturally occurring antibody.
Thus, these antigen-binding fragments are also intended to be
designated by the term “antibody”. Examples of binding frag-
ments encompassed within the term antibody include (i) an
Fab fragment that includes the variable light (VL), variable
heavy (VH), constant light (CL) and constant heavy (CH1)
domains; (ii) an Fd fragment that includes the VH and CH1
domains; (iii) an Fv fragment that includes the VL. and VH
domains of a single arm of an antibody, (iv) a dAb fragment
that consists of a VH domain; and (v) an F(ab'), fragment, a
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bivalent fragment that includes two Fab fragments linked by
a disulfide bridge at the hinge region.

In a particular example, an antibody is a humanized anti-
body (or immunologically effective portion thereof) or a chi-
meric antibody. Another particular example of an antibody is
a nanobody (antibodies from camelids). Nanobodies have a
heavy chain equivalent from which single-domain antibody
fragments can be obtained, but not a light chain.

Antisense: Molecules that are specifically hybridizable
(for example under highly stringent hybridization conditions)
or specifically complementary to either RNA or the plus
strand of DNA, for example a target mRNA or DNA
sequence. In a particular example, one or more antisense
molecules include one or more of the functional groups of the
disclosed nanoprobes. Antisense molecules ideally contain a
sufficient number of nucleotides to permit a specific interac-
tion with a target nucleic acid sequence.

In particular examples, an antisense molecule is of a length
that the melting temperature of the antisense:nucleic acid
molecule hybrid formed is greater than about 45° C. For
example, 20 base pairs provides a melting temperature of
about 60° C. Therefore, at reaction temperatures 0 25-45° C.,
the antisense:nucleic acid molecule hybrid formed would not
sufficiently separate. Therefore, in particular examples, an
antisense molecule includes at least 10 nucleotides, such as at
least 12, at least 15, at least 20, at least 30, at least 40, or at
least 50 nucleotides, for example 10-100 nucleotides (such as
10-50, 20-40, or 20-30 nucleotides).

Binding: An association between two or more molecules,
such as the formation of a complex. Generally, the stronger
the binding of the molecules in a complex, the slower their
rate of dissociation. Specific binding refers to a preferential
binding between an agent and a target.

Particular examples of specific binding include, but are not
limited to, hybridization of one nucleic acid molecule to a
complementary nucleic acid molecule, the association of an
antibody with a peptide or other antigen, or the association of
a protein with a target protein or target nucleic acid molecule.

In a particular example, a protein is known to bind to
another protein or another biomolecule if a sufficient amount
of the protein forms chemical bonds to the protein or other
biomolecule, for example a sufficient amount to permit detec-
tion of that binding, such as detection using the disclosed
nanoprobes.

In one example, an oligonucleotide molecule (such as an
antisense molecule) is observed to bind to a target nucleic
acid molecule if a sufficient amount of the oligonucleotide
molecule forms base pairs or is hybridized to its target nucleic
acid molecule to permit detection of that binding, for example
detection using the disclosed nanoprobes. The binding
between an oligonucleotide and its target nucleic acid mol-
ecule is frequently characterized by the temperature (T,)) at
which 50% of the oligonucleotide is melted from its target. A
higher (T,,) means a stronger or more stable complex relative
to a complex with a lower (T,,).

In a particular example, binding is assessed by detecting
labels present on the nanoprobe. For example, the fluorescent
signal generated following the interaction of donor and
acceptor fluorophores can be measured as an indication of
binding between one or more functional groups on a nano-
probe and one or more target biomolecules.

In a particular example, an antibody specifically binds to a
target biomolecule if the antibody specifically immunoreacts
with the target biomolecule. Specific binding is typically
determined from the reference point of the ability of the
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antibody to differentially bind the target biomolecule and an
unrelated biomolecule, and therefore distinguish between
two different biomolecules.

Biomolecule: An organic molecule, such as a macromol-
ecule, present in living organisms, such as a mammal. Par-
ticular examples of biomolecules include, but are not limited
to, proteins, nucleic acid molecules (such as DNA and RNA
molecules), saccharides, vitamins, carbohydrates and lipids.

Detect: To determine if an agent is present or absent. In
some examples this can further include quantification. For
example, use of the disclosed nanoprobes in particular
examples permits detection of one or more biomolecules in a
sample. In particular examples, an emission signal from an
acceptor fluorophore (such as the increase in the signal) is
detected. In other particular examples, the emission signal
from the donor fluorophore (such as the decrease in the sig-
nal) is detected.

Detection can be in bulk, so that a macroscopic number of
molecules (such as at least 10** molecules) can be observed
simultaneously. Detection can also include identification of
signals from single molecules using microscopy and such
techniques as total internal reflection to reduce background
noise. The spectra of individual molecules can be obtained by
these techniques (Ha et al., Proc. Natl. Acad. Sci. USA.
93:6264-8, 1996).

Donor Fluorophore: Fluorophores or luminescent mol-
ecules capable of transferring energy to an acceptor fluoro-
phore, thereby generating a detectable fluorescent signal.
Donor fluorophores are generally compounds that absorb in
the range of about 300 to 900 nm, for example about 350 to
800 nm. Donor fluorophores have a strong molar absorbance
coefficient at the desired excitation wavelength, for example
greater than about 10° M~! cm™. A variety of compounds can
be employed as donor fluorescent components, including
fluorescein (and derivatives thereot), rhodamine (and deriva-
tives thereof), GFP, phycoerythrin, BODIPY, DAPI (4',6-
diamidino-2-phenylindole), Indo-1, coumarin, dansyl, and
cyanine dyes. In particular examples, a donor fluorophore is a
chemiluminescent molecule, such as aequorin.

DNA-binding protein: Any protein that can specifically
bind to double- or single-stranded DNA. Examples include
many proteins involved in the regulation of gene expression
(including transcription factors), proteins involved in the
packaging of DNA within the nucleus (such as histones),
nucleic acid-dependent polymerases involved in DNA repli-
cation and transcription, or any of many accessory proteins
which are involved in these processes. Other particular
examples of DNA binding proteins include, but are not lim-
ited to p53, Tus (terminal utilization substance which binds to
Ter, the terminus region in E. coli), F is (factor for inversion
stimulation which controls many genetic systems in E. coli),
Lambda repressor, and Lac repressor.

Emission signal: The light of a particular wavelength gen-
erated from a fluorophore after the fluorophore absorbs light
at its excitation wavelengths.

Emission spectrum: The energy spectrum which results
after a fluorophore is excited by a specific wavelength oflight.
Each fluorophore has a characteristic emission spectrum. In
one example, individual fluorophores (or unique combina-
tions of fluorophores) are attached to nucleotides and the
emission spectra from the fluorophores provide a means for
distinguishing between the different nucleotides.

Entangled: To be twisted together, for example in a tangled
mass. In particular examples, entanglement of a nanoprobe
would reduce or prevent the functional groups from interact-
ing with one another or from interacting with a target biomol-
ecule, in the presence of the target biomolecule. In other
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particular examples, entanglement of a nanoprobe results in
an undesirable interaction between the functional groups, for
example an interaction that prevents interaction with, modi-
fication of, or detection of the target biomolecule.

Excitation or excitation signal: The light of a particular
wavelength necessary to excite a fluorophore to a state such
that the fluorophore will emit a different, such as longer,
wavelength of light.

Fluorophore: A chemical compound, which when excited
by exposure to a particular stimulus such as a defined wave-
length of light, emits light (fluoresces), for example at a
different wavelength.

Fluorophores are part of the larger class of luminescent
compounds. Luminescent compounds include chemilumi-
nescent molecules, which do not require a particular wave-
length of light to luminesce, but rather use a chemical source
of'energy. Therefore, the use of chemiluminescent molecules
eliminates the need for an external source of electromagnetic
radiation, such as a laser. Examples of chemiluminescent
molecules include, but are not limited to, aequorin (Tsien,
1998, Ann. Rev. Biochem. 67:509).

Examples of particular fluorophores that can be used in the
nanoprobes disclosed herein are provided in U.S. Pat. No.
5,866,366 to Nazarenko et al., such as 4-acetamido-4'-
isothiocyanatostilbene-2,2' disulfonic acid, acridine and
derivatives such as acridine and acridine isothiocyanate,
5-(2'-aminoethyl)aminonaphthalene-1-sulfonic acid
(EDANS), 4-amino-N-[3-vinylsulfonyl)phenyl|naphthalim-
ide-3,5 disulfonate (Lucifer Yellow VS), N-(4-anilino-1-
naphthyl)maleimide, anthranilamide, Brilliant Yellow, cou-
marin and derivatives such as coumarin, 7-amino-4-
methylcoumarin  (AMC, Coumarin 120), 7-amino-4-
trifluoromethylcouluarin (Coumaran 151); cyanosine; 4',6-
diaminidino-2-phenylindole (DAPD); 5'5"-
dibromopyrogallol-sulfonephthalein (Bromopyrogallol
Red); 7-diethylamino-3-(4'-isothiocyanatophenyl)-4-meth-
ylcoumarin; diethylenetriamine pentaacetate; 4,4'-diisothio-
cyanatodihydro-stilbene-2,2'-disulfonic acid; 4,4'-diisothio-
cyanatostilbene-2,2'-disulfonic  acid; 5-[dimethylamino]
naphthalene-1-sulfonyl chloride (DNS, dansyl chloride);
4-dimethylaminophenylazophenyl-4'-isothiocyanate
(DABITC); eosin and derivatives such as eosin and eosin
isothiocyanate; erythrosin and derivatives such as erythrosin
B and erythrosin isothiocyanate; ethidium; fluorescein and
derivatives such as S5-carboxyfluorescein (FAM), 5-(4,6-
dichlorotriazin-2-yl)aminofluorescein (DTAF), 2'7'-
dimethoxy-4'5'-dichloro-6-carboxyfluorescein (JOE), fluo-
rescein, fluorescein isothiocyanate (FITC), and QFITC
(XRITC); fluorescamine; IR144; IR1446; Malachite Green
isothiocyanate; 4-methylumbelliferone; ortho cresolphtha-
lein; nitrotyrosine; pararosaniline; Phenol Red; B-phyco-
erythrin; o-phthaldialdehyde; pyrene and derivatives such as
pyrene, pyrene butyrate and succinimidyl 1-pyrene butyrate;
Reactive Red 4 (Cibacron® Brilliant Red 3B-A); rhodamine
and derivatives such as 6-carboxy-X-rhodamine (ROX),
6-carboxyrhodamine (R6G), lissamine rhodamine B sulfonyl
chloride, rhodamine (Rhod), rhodamine B, rhodamine 123,
rhodamine X isothiocyanate, sulforhodamine B, sulfor-
hodamine 101 and sulfonyl chloride derivative of sulfor-
hodamine 101 (Texas Red); N,N,N'N'-tetramethyl-6-carbox-
yrhodamine (TAMRA); tetramethyl rhodamine; tetramethyl
rhodamine isothiocyanate (TRITC); riboflavin; rosolic acid
and terbium chelate derivatives.

Other suitable fluorophores include thiol-reactive
europium chelates which emit at approximately 617 nm
(Heyduk and Heyduk, Analyt. Biochem. 248:216-27,1997; J.
Biol. Chem. 274:3315-22, 1999), as well as GFP, Lissa-
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mine™, diethylaminocoumarin, fluorescein chlorotriazinyl,
naphthofluorescein, 4,7-dichlororhodamine and xanthene (as
described in U.S. Pat. No. 5,800,996 to Lee et al.) and deriva-
tives thereof. In one example, the fluorophore is a large Stokes
shift protein (see Kogure et al., Nat. Biotech. 24:577-81,
2006). Other fluorophores known to those skilled in the art
can also be used, for example those available from Molecular
Probes (Eugene, Oreg.).

In particular examples, a fluorophore is used as a donor
fluorophore or as an acceptor fluorophore. Ideally, fluoro-
phores have the ability to be attached to a nanoprobe compo-
nent without sufficiently interfering with the ability of the
nanoprobe to interact with the target biomolecule, are stable
against photobleaching, and have high quantum efficiency. In
examples where multiple acceptor fluorophores are used, for
example on a single nanoprobe or for example on different
nanoprobes that are used together, the fluorophores are
advantageously selected to have distinguishable emission
spectra, such that emission from one fluorophore (or combi-
nation of two or more fluorophores) is distinguishable from
another fluorophore (or combination of two or more fluoro-
phores).

Forster (or fluorescence) resonance energy transfer
(FRET): A process in which an excited fluorophore (the
donor) transfers its excited state energy to a lower-energy
light absorbing molecule (the acceptor). This energy transfer
is non-radiative, and due primarily to a dipole-dipole interac-
tion between the donor and acceptor fluorophores. This
energy can be passed over a distance, for example a limited
distance such as 10-100 A. FRET efficiency drops off accord-
ing to 1/(1+(R/R0)"6) where RO is the distance at which the
FRET efficiency is 50%.

FRET pairs: Sets (such as pairs) of fluorophores that can
engage in fluorescence resonance energy transfer (FRET).
Examples of FRET pairs that can be used are listed below.
However, one skilled in the art will recognize that numerous
other combinations of fluorophores can be used.

FAM is most efficiently excited by light with a wavelength
01’488 nm, emits light with a spectrum of 500 to 650 nm, and
has an emission maximum of 525 nm. FAM is a suitable
donor fluorophore for use with JOE, TAMRA, and ROX (all
of which have their excitation maxima at 514 nm, and will not
be significantly stimulated by the light that stimulates FAM).

The GFP mutant H9-40 (Tsien, 1998, Ann. Rev. Biochem.
67:509), which is excited at 399 nm and emits at 511 nm, can
serve as a suitable donor fluorophore for use with BODIPY,
fluorescein, rhodamine green and Oregon green. In addition,
the fluorophores tetramethylrhodamine, [issamine™, Texas
Red and naphthofluorescein can be used as acceptor fluoro-
phores with this GFP mutant.

The fluorophore 3-(e-carboxy-pentyl)-3'-ethyl-5,5'-dim-
ethyloxacarbocyanine (CYA) is maximally excited at 488 nm
and can therefore serve as a donor fluorophore for rhodamine
derivatives (such as R6G, TAMRA, and ROX) which can be
used as acceptor fluorophores (see Hung et al., Analytical
Biochemistry, 243:15-27, 1996). However, CYA and FAM
are not examples of a good FRET pair, because both are
excited maximally at the same wavelength (488 nm).

One of ordinary skill in the art can easily determine, using
art-known techniques of spectrophotometry, which fluoro-
phores will make suitable donor-acceptor FRET pairs. In
addition, Grant et al. (Biosens Bioelectron. 16:231-7, 2001)
provide particular examples of FRET pairs that can be used in
the nanoprobes disclosed herein.

Functional group: Any agent that can be used to detect
(such as quantitate) or modify (or both) a biomolecule. Par-
ticular examples include, but are not limited to, targeting
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moieties and activating moieties that are brought into activat-
ing proximity when the targeting moiety binds to the target
biomolecule. The targeting moiety, for example, brings the
activatable moiety into sufficient proximity to the target for
the activatable moiety to act on the target (for example when
the activatable moiety is a non-specific proteinase that is
brought sufficiently close to a protein target biomolecule to
cleave or degrade the target protein). In other examples, each
of the functional groups includes a targeting moiety and an
activating moiety, and the targeting moiety binds to the target
at a distance that selectively activates the activatable moiety.
For example, each functional group can include an antibody
or probe that binds to the target, and each functional group can
include a labeling moiety, such a member of a FRET donor
and acceptor fluorophore pair, wherein the acceptor is acti-
vated by the donor to emit a fluorescent signal when the target
protein binds and brings the FRET pair into sufficient prox-
imity to emit a detectable characteristic signal from the
acceptor.

Particular examples of targeting moieties include, but are
not limited to, antibodies, proteins, nucleotides and nucleic
acid molecules (such as DNA binding molecules, PNAs or
LNAs). Particular examples of activating moieties include,
but are not limited to, labels (such as fluorophores) and modi-
fying agents (such as enzymes, for example nucleases,
ligases, or proteases, and a crosslinkable group such as pso-
ralen).

Green fluorescent protein (GFP): The source of fluorescent
light emission in Aequorea victoria. As used herein, GFP
refers to both the wild-type protein, and spectrally shifted
mutants thereof, for example as described in Tsien, 1998,
Ann. Rev. Biochem. 67:509 and in U.S. Pat. Nos. 5,777,079
and 5,625,048 to Tsien and Heim, herein incorporated by
reference. In particular examples, GFP is excited using a
laser. In other examples, GFP is excited using aequorin, for
example using a GFP-aequorin fusion protein.

Hybridization: To form base pairs between complementary
regions of two strands of DNA, RNA, or between DNA and
RNA, thereby forming a duplex molecule. Hybridization con-
ditions resulting in particular degrees of stringency will vary
depending upon the nature of the hybridization method and
the composition and length of the hybridizing nucleic acid
sequences. Generally, the temperature of hybridization and
the ionic strength (such as the Na* concentration) of the
hybridization buffer will determine the stringency of hybrid-
ization. Calculations regarding hybridization conditions for
attaining particular degrees of stringency are discussed in
Sambrook et al., (1989) Molecular Cloning, second edition,
Cold Spring Harbor Laboratory, Plainview, N.Y. (chapters 9
and 11). The following is an exemplary set of hybridization
conditions and is not limiting:

Very High Stringency (Detects Sequences that Share at
Least 90% Identity)

Hybridization: 5xSSC at 65° C. for 16 hours

Wash twice: 2xSSC at room temperature (RT) for 15 min-
utes each

Wash twice: 0.5xSSC at 65° C. for 20 minutes each

High Stringency (Detects Sequences that Share at Least
80% Identity r)

Hybridization: 5x-6xSSC at 65° C.-70° C. for 16-20 hours

Wash twice: 2xSSC at RT for 5-20 minutes each

Wash twice: 1xSSC at 55° C.-70° C. for 30 minutes each

Low Stringency (Detects Sequences that Share at Least
50% Identity)
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Hybridization: 6xSSC at RT to 55° C. for 16-20 hours

Wash at least twice: 2x-3xSSC at RT to 55° C. for 20-30
minutes each.

20xSSC is 3.0 M NaCl/0.3 M trisodium citrate.

Label: An agent capable of detection, for example by spec-
trophotometry, flow cytometry, or microscopy. For example,
one or more labels can be attached to a nanoprobe, thereby
permitting detection of the target biomolecule. Exemplary
labels include radioactive isotopes, fluorophores, ligands,
chemiluminescent agents, enzymes, and combinations
thereof.

Ligase: An enzyme that can catalyse the joining of two
molecules (“ligation”) by forming a new chemical bond. An
exemplary ligase is DNA ligase, which can link two nucleic
acid molecules by forming a phosphodiester bond between
the two molecules.

Linker or molecular linker: A structure that joins one mol-
ecule to other, such as one functional group to another func-
tional group, wherein one portion of the linker is operably
linked to a first functional group, and wherein another portion
of'the linker is operably linked to two or more other functional
groups. Particular examples of linkers that can be used in a
nanoprobe include, but are not limited to, tethers, molecular
rods, or combinations thereof.

Locked Nucleic Acid (LNA™): A bicyclic nucleic acid
where a ribonucleoside is linked between the 2'-oxygen and
the 4'-carbon atoms with a methylene unit. This link restricts
the flexibility of the ribofuranose ring of the nucleotide ana-
log and locks it into the rigid bicyclic N-type conformation.
The LNA also induces adjacent bases to adopta conformation
of the more thermodynamically stable form of the A duplex.

LNA oligonucleotides can be synthesized by standard
phosphoramidite chemistry using DNA-synthesizers. In
addition, LNA can be mixed with DNA, RNA as well as other
nucleic acid analogs. In particular examples, LNA includes a
functional group, such as an acceptor fluorophore.

Luminescence Resonance Energy Transfer (LRET): A pro-
cess similar to FRET, in which the donor molecule is itself a
luminescent molecule, or is excited by a luminescent mol-
ecule, instead of for example by a laser. Using LRET can
decrease the background fluorescence. In particular
examples, a chemiluminescent molecule can be used to excite
a donor fluorophore (such as GFP), without the need for an
external source of electromagnetic radiation. In other
examples, the luminescent molecule is the donor, wherein the
excited resonance of the luminescent molecule excites one or
more acceptor fluorophores.

An example of luminescent molecule that can be used
includes, but is not limited to, aequorin. The bioluminescence
from aequorin, which peaks at 470 nm, can be used to excite
a donor GFP fluorophore (Tsien, 1998, Ann. Rev. Biochem.
67:509; Baubet et al., 2000, Proc. Natl. Acad. Sci. US.A.,
97:7260-5). GFP then excites an acceptor fluorophore dis-
closed herein. In this example, both aequorin and GFP can be
attached to a nanoprobe.

Modify: To change an agent, for example to decrease the
biological activity of a biomolecule. For example, use of the
disclosed nanoprobes in particular examples permits modifi-
cation (such as cleavage or ligation) of one or more biomol-
ecules in a sample.

Nanoprobe or probe: A molecular device that can be used
to detect or modify (for example cleave or ligate) a target
biomolecule, such as a protein or nucleic acid molecule. In
particular examples, a nanoprobe or probe includes one or
more labels that permit detection of the probe, such as an
acceptor and donor fluorophore pair.
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Nucleic acid molecule (or sequence): A deoxyribonucle-
otide or ribonucleotide polymer including without limitation,
cDNA, mRNA, genomic DNA, and synthetic (such as chemi-
cally synthesized) DNA or RNA. The nucleic acid molecule
can be double stranded (ds) or single stranded (ss). Where
single stranded, the nucleic acid molecule can be the sense
strand or the antisense strand. Nucleic acid molecules can
include natural nucleotides (such as A, T/U, C, and G), and
can also include analogs of natural nucleotides.

Nucleotide: Includes, but is not limited to, a monomer that
includes a base, such as a pyrimidine, purine, or synthetic
analogs thereof, linked to a sugar and one or more phosphate
groups. A set of bases linked to a peptide backbone, as in a
peptide nucleic acid (PNA), can be used as a substitute for a
nucleic acid molecule. A nucleotide is one monomer in a
polynucleotide. A nucleotide sequence refers to the sequence
of bases in an oligonucleotide.

Nucleotide analog: A nucleotide containing one or more
modifications of the naturally occurring base, sugar, phos-
phate backbone, or combinations thereof. Such modifications
can result in the inability of the nucleotide to be incorporated
into a growing nucleic acid chain. A particular example
includes a non-hydrolyzable nucleotide. Non-hydrolyzable
nucleotides include mononucleotides and trinucleotides in
which the oxygen between the alpha and beta phosphates has
been replaced with nitrogen or carbon (Jena Bioscience).
HIV-1 reverse transcriptase cannot hydrolyze dTTP with the
oxygen between the alpha and beta phosphates replaced by
nitrogen (Ma et al., J. Med. Chem., 35: 1938-41, 1992).

A “type” of nucleotide analog refers to one of a set of
nucleotide analogs that share a common characteristic that is
to bedetected. For example, the sets of nucleotide analogs can
be divided into four types: A, T, C and G analogs (for DNA)
or A, U, C and G analogs (for RNA). In this example, each
type of nucleotide analog can be associated with a unique tag,
such as one or more acceptor fluorophores, so as to be distin-
guishable from the other nucleotide analogs in the set (for
example by fluorescent spectroscopy or by other optical
means).

An exemplary nucleotide analog that can be used in place
of “C” is a G-clamp (Glen Research). G-clamp is a tricyclic
Aminoethyl-Phenoxazine 2'-deoxyCytidine analogue (AP-
dC). The G-clamp is available as a phosphoramidite and so
can be synthesized into DNA structures. Such an analog can
be used in the nanoprobes provided herein (for example the
dCTP 556 shown in FIG. 8A can be substituted with a
G-clamp).

Oligonucleotide: A linear polynucleotide (such as DNA or
RNA) sequence, for example of at least 6 nucleotides, for
example at least 9, at least 15, at least 18, at least 24, at least
30, at least 50, at least 100, at least 200 or even at least 500
nucleotides long. In particular examples, an oligonucleotide
is about 6-50 bases, for example about 10-25 bases, such as
12-20 bases.

An oligonucleotide can contain non-naturally occurring
portions, such as altered sugar moieties or inter-sugar link-
ages, such as a phosphorothioate oligodeoxynucleotide. In
particular examples, an oligonucleotide containing non-natu-
rally occurring portions can bind to RNA or DNA, and
include peptide nucleic acid (PNA) molecules.

Peptide Nucleic Acid (PNA): A class of informational mol-
ecules containing a neutral peptide-like backbone with
nucleobases allowing it to hybridize to complementary RNA
or DNA with higher affinity and specificity than conventional
oligonucleotides. The structure of a PNA molecule is analo-
gous with DNA, wherein the deoxyribose phosphate back-
bone has been replaced by a backbone similar to that found in
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peptides. In particular examples, PNA is resistant to
nucleases and proteases. PNAs can include a functional group
at the N(5)-terminus, such as a fluorophore (for example an
acceptor fluorophore).

Persistence length (Ip): The average local conformation for
alinear chain, reflecting the sum of the average projections of
all chain segments on a direction described by a given seg-
ment. In particular examples, persistence length is the degree
of bending (and hence the effective stiffness of the chain)
which, in effect, measures the contour distance over which
there occurs, on the average, a 68.40° bend.

Polyethylene glycol (PEG): A polymer of ethylene com-
pounds, H(OCH,CH,), OH. Pegylation is the act of adding a
PEG structure to another molecule, for example, a functional
molecule such as a targeting or activatable moiety. PEG is
soluble in water, methanol, benzene, dichloromethane and is
insoluble in diethyl ether and hexane.

Particular examples of PEG that can be used in the dis-
closed nanoprobes include, but are not limited to: 1-7 units of
Spacer 18 (Integrated DNA Technologies, Coralville, lowa),
such as 3-5 units of Spacer 18, C3 Spacer phosphoramidite
(such as 1-10units), Spacer 9 (such as 1-10 units), PC (Photo-
Cleavable) Spacer (such as 1-10 units), (all available from
Integrated DNA Technologies). In other examples, lengths of
PEG that can be used in the disclosed nanoprobes include, but
are not limited to, 1 to 40 monomers of PEG.

Polymerase: An enzyme which synthesizes a nucleic acid
strand complementary to a nucleic acid template. Examples
of polymerases that can be used to sequence a nucleic acid
molecule include, but are not limited to the E. coli DNA
polymerase 1, specifically the Klenow fragment which has 3'
to 5' exonuclease activity, Taq polymerase, reverse tran-
scriptase (such as HIV-1 RT), E. coli RNA polymerase, and
wheat germ RNA polymerase II.

The choice of polymerase is dependent on the nucleic acid
to be sequenced. If the template is a single-stranded DNA
molecule, a DNA-directed DNA or RNA polymerase can be
used; if the template is a single-stranded RNA molecule, then
a reverse transcriptase (such as an RNA-directed DNA poly-
merase) can be used.

Proteinase K: An endolytic protease that cleaves peptide
bonds at the carboxylic sides of aliphatic, aromatic or hydro-
phobic amino acids. Proteinase K is classified as a serine
protease. The smallest peptide to be hydrolyzed is a tetrapep-
tide. Proteinase K is commercially available, for example
from Fermentas (Hanover, Md.; #200491).

Quantum dots: Engineered, inorganic semiconductor crys-
talline nanoparticles that fluoresce stably and possess a uni-
form surface area that can be chemically modified to attach
biomolecules (such as one or more nanoprobes) to them.
Although generally spherical, quantum dots attached to nano-
probes of the present disclosure can be of any shape (such a
spherical, tubular, pyramidal, conical or cubical), but particu-
larly suitable nanoparticles are spherical. The spherical sur-
face provides a substantially smooth and predictably oriented
surface for the attachment of specific binding agents such as
antibodies, with the binders extending substantially radially
outwardly from the surface of the sphere.

Generally, quantum dots can be prepared with relative
monodispersity (for example, with the diameter of the core
varying approximately less than 10% between quantum dots
in the preparation), as has been described previously (Ba-
wendi et al., J. Am. Chem. Soc. 115:8706, 1993). Quantum
dots known in the art have, for example, a core selected from
the group consisting of CdSe, CdS, and CdTe (collectively
referred to as “CdX”).
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Recombinant: A recombinant nucleic acid or protein
sequence is one that has a sequence that is not naturally
occurring or has a sequence that is made by an artificial
combination of two otherwise separated segments of
sequence. This artificial combination can be accomplished by
chemical synthesis or by the artificial manipulation of iso-
lated segments of nucleic acid or protein sequences, for
example by genetic engineering techniques. In particular
examples, a molecular rod composed of a dsDNA is a recom-
binant molecule.

RNase H (Ribonuclease H): A ribonuclease (EC 3.1.26.4)
that cleaves the 3'-O—P-bond of RNA in a DNA/RNA duplex
to produce 3'-hydroxyl and 5'-phosphate terminated products.
RNAse H does not degrade DNA or unhybridized RNA. To
terminate the reaction, a chelator, such as EDTA, can be
added to sequester the required metal ions in the reaction
mixture.

Members of the RNase H family can be found in nearly all
organisms. RNase H proteins can be produced using commer-
cially available clones (for example from the E. coli Genome
Project, University of Wisconsin, Madison, Wis., such as
clone pPEKGbH0214; from NEB, Ambion, and Roche). In one
example, MuLLV RNAse H is used for the nanoprobe (for
example see Zhan and Crouch, J. Biol. Chem., 272:22023-9,
1997).

Rod or molecular rod: A structure that can be included in a
nanoprobe’s molecular linker to increase the rigidity of a
portion of the nanoprobe, thereby reducing the interaction of
functional groups, labels (such as donor and acceptor fluoro-
phores), or combinations thereof, in the absence of the target
biomolecule. In addition, molecular rods are of a length that
permits the functional groups, labels, or combinations thereof
to interact in the presence of the target biomolecule.

In a particular example, a molecular rod present in a
molecular linker has a length shorter than its persistence
length. In the absence of the target biomolecule, the rod
significantly reduces the interaction of the first and second
functional groups joined by the molecular linker that contains
the rod. In one example, a molecular rod consisting of dsDNA
has a length of 10-140 nucleotides, which is shorter than the
persistence length of dsDNA, about 150 nucleotides.

Exemplary molecular rods include, but are not limited to,
dsDNA molecules, peptide nucleic acids (PNAs), carbon
nanotubes, locked nucleic acid molecules (LNAs), a micro-
tubule, a bacterium, a linear virus particle, virus tail fibers or
other protein structures (such as protein components contain-
ing alpha helices or beta barrels or other protein structures,
such as a leucine zipper structure). A molecular rod can be a
portion of a three-dimensional molecular construct, such as a
cube or octahedron built from DNA (for example see Seeman,
Sci. Am. 290:64-9 and 72-5, 2004). In a particular example, a
molecular rod is a dsDNA molecule of at least 10 nucleotides,
at least 35 nucleotides, or 150 nucleotides or less, such as
10-150 nucleotides, 10-140 nucleotides, 20-100 nucleotides,
20-50 nucleotides, 20-40 nucleotides, 30-50 nucleotides, or
about 20, 30, or 40 nucleotides.

Sample: Specimens such as samples containing biomol-
ecules, such as nucleic acid molecules (for example genomic
DNA, cDNA, RNA, or mRNA) or proteins. Exemplary
samples are those containing cells or cell lysates from a
subject, such as those present in peripheral blood (or a frac-
tion thereof such as serum), urine, saliva, tissue biopsy, sur-
gical specimen, fine needle aspirates, amniocentesis samples
and autopsy material. Also encompassed by this disclosure
are environmental samples, such as air, water, soil, as well as
samples obtained from swabbing a surface.
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Signal: A detectable change or impulse in a physical prop-
erty that provides information. In the context of the disclosed
methods, examples include electromagnetic signals such as
light, for example light of a particular quantity or wavelength.
In certain examples the signal is the disappearance of a physi-
cal event, such as quenching of light.

Subject: Living multi-cellular vertebrate organisms,
including human and veterinary subjects, such as cows, pigs,
horses, dogs, cats, birds, reptiles, and fish.

Target biomolecule: A biomolecule (such as a nucleic acid
molecule, protein, or antigenic compound) whose detection,
modification (such as inactivation or ligation), quantitation,
qualitative detection, or a combination thereof, is intended.
The biomolecule need not be in a purified form. Various other
biomolecules can also be present with the target biomolecule.
For example, the target biomolecule can be a specific nucleic
acid molecule or a protein in a cell (which can include host
RNAs (such as mRNA), DNAs (such as genomic or cDNA),
and proteins), the detection or modification of which is
intended.

Targeting moiety: A functional group component that
binds a functional group to the target biomolecule. Examples
include antibodies that recognize protein targets, and nucleic
acid molecules that bind to nucleic acid target sequences.

Tether: A structure that can be included in a nanoprobe to
link one functional group to another, directly or indirectly. For
example a tether can be used to directly link one functional
group to another, such as a tether of 120 to 240 A. In another
example, one or more tethers, in combination with one or
more molecular rods, are used to link one functional group to
another. Ideally, the tether is a length that reduces the likeli-
hood that the tether will tangle with itself or with other com-
ponents of the nanoprobe, while still allowing the functional
groups, labels, or combinations thereof to interact in the pres-
ence of the target biomolecule.

Exemplary tethers disclosed herein include water soluble
long chain molecules, such as PEG, peptides (such as a pep-
tide of at least 30 amino acids, for example at least 30 con-
tiguous amino acids of the RecB protein 70-amino acid-long
flexible tether connecting the helicase to the nuclease (Single-
ton et al., Nature 432:187-93, 2004)), sugar chains (such as
2000-14000 residues), abasic phosphodiester spacers (such
as the IDT 5' dSpacer), carbohydrate chains (such as at least
10 sugar molecules), and polycaprolactone chains (such as at
least 10 monomers). In a particular example, a tether is com-
posed of PEG, for example a PEG length of about 23-600 A,
such as 23-400 A, or 23-164 A.

Therapeutically effective amount: An amount of an agent
(alone or in combination with other therapeutically effective
agents) sufficient to achieve a desired biological effect, for
example an amount that is effective to decrease the activity of
a target biomolecule by at least a desired amount. In a par-
ticular example, it is an amount of a nanoprobe disclosed
herein that is effective to decrease the activity of a target
biomolecule by at least 25%, at least 50%, at least 75%, or at
least 90%, for example as compared to an amount of activity
prior to treatment.

In some examples, it is an amount of a therapeutic nano-
probe (alone or in combination with other therapeutically
effective agents) that can decrease the activity of a target
biomolecule to improve signs or symptoms of a disease
caused by activity or expression of a target biomolecule. An
effective amount of a nanoprobe that decreases the activity of
a target biomolecule can be administered in a single dose, or
in several doses (for example daily, weekly, or monthly)
during a course of treatment. However, the effective amount
of agent may be dependent on the source of agent adminis-
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tered, the subject being treated, the severity and type of dis-
ease being treated, and the manner of administration.

Treating a disease: “Treatment” refers to a therapeutic
intervention that ameliorates a sign or symptom of a disease
or pathological condition, such as a sign or symptom of
cancer. Treatment can also induce remission or cure of a
condition, such as cancer. In particular examples, treatment
includes preventing a disease, for example by inhibiting the
full development of a disease, such as preventing develop-
ment of cancer (for example preventing metastasis of the
cancer). Prevention of a disease does not require a total
absence of disease. For example, a decrease of at least 10%, at
least 25% or at least 50% can be sufficient.

Under conditions sufficient for: A phrase that is used to
describe any environment that permits the desired activity.

An example includes contacting a nanoprobe with a
sample sufficient to allow the desired activity. In particular
examples, the desired activity is the detection or modification
of one or more target biomolecules in the sample. In other
particular examples, the desired activity further includes
quantitation of one or more target biomolecules in the sample.

Unique Emission Signal: An emission signal that conveys
information about a specific event, such as the emission spec-
trum for a particular fluorophore, which can be distinguished
from other signals (such as other emission spectrum signals).
Examples in association with the disclosed methods include
attaching one or more individual fluorophores or other labels
to different types of nanoprobes, where each different type of
nanoprobe (for example nanoprobes that are specific for dif-
ferent mutations of the same protein) has its own individual or
own combination of signals (such as fluorophores that emit at
different unique wavelengths). Each nanoprobe class will
have a unique emission signal that in the examples is based on
the fluorophore(s) present on that class of nanoprobe. This
signal can be used to determine which nanoprobe is interact-
ing with a target biomolecule. Similarly, by attaching one or
more individual fluorophores or other labels to each type of
nucleotide, each different type of nucleotide (A, T/U, C or G)
has its own individual or own combination of signals (such as
fluorophores that emit at different unique wavelengths). Each
nucleotide class will have a unique emission signal that in the
examples is based on the fluorophore(s) present on that class
of'nucleotide. This signal can be used to determine which type
of nucleotide (A, T/U, C or G) will be added to a growing
complementary strand of nucleic acid, and these signals in
combination indicate the nucleic acid sequence.

A signal can be characterized not only by different wave-
lengths but also by different intensities at various wave-
lengths, to form a unique spectrum. In particular, two signals
having the same set of wavelengths can be distinguished if
they have some different intensities at particular wavelengths.

General Strategy

The disclosed nanoprobes include a linker that spaces
functional groups. The linker has a combination of length and
flexibility that substantially maintains the functional groups
spaced a desired distance in the absence of the target biomol-
ecule, but permits them to substantially interact in the pres-
ence of the target biomolecule. Each functional group can
include a targeting moiety or an activating moiety (such as a
labeling moiety), or combinations thereof. The following
table illustrates some such combinations.
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TABLE 1

Exemplary functional group combinations.

Target  Functional group 1 Functional Group 2

Protein  Antibody/Donor* Antibody/Acceptor

Protein  Antibody/Acceptor Antibody/Donor

Protein  Antibody/Donor Nucleic acid sequence/Acceptor

Protein  Antibody/Acceptor Nucleic acid sequence/Donor

Protein  Antibody Proteinase

Protein  Antibody/Acceptor Proteinase/Donor

Protein  Antibody/Donor Proteinase/Acceptor

Protein  Nucleic acid sequence Proteinase

Protein  Nucleic acid sequence/Donor  Proteinase/Acceptor/Antibody

DNA Nucleic acid probe nuclease

DNA Nucleic acid probe/donor Nucleic acid probe/acceptor

DNA Nucleic acid probe/acceptor ~ Nucleic acid probe/donor

DNA Polymerase/donor Non-hydrolyzable dNTPs/
acceptors

RNA Nucleic acid probe RNase H

RNA Nucleic acid probe/acceptor RNase H

Nucleic acid probe/donor
RNA Nucleic acid probe/donor Nucleic acid probe/acceptor
RNA Nucleic acid probe/acceptor ~ Nucleic acid probe/donor

*donor is a donor fluorophore, acceptor is an acceptor fluorophore

The multi-component nanoprobes need only to maintain
potentially interacting components of the functional group
outside of a minimum distance. Also, since the location of the
molecular components can only be expressed in terms of
statistical probabilities, it is understood that absences of inter-
action are not absolute but instead refer to restriction of
dynamic molecular movements in a manner that reduces
undesired interactions between functional groups to a desired
level. Once the probe binds to a target molecule (for example
by protein/antibody interaction or nucleic acid/nucleic acid
hybridization) the flexibility of the linker is sufficient to per-
mit the functional groups to interact (for example in a donor/
acceptor fluorophore interaction) or the target and unbounded
functional group to interact (for example in a protein/protein
interaction). When each functional group includes a labeling
moiety (such as a donor/acceptor) and targeting moiety (such
as an antibody) the first targeting moiety binds to the target.
With the first targeting moiety bound to the target at the first
site, the second targeting moiety then has an increased statis-
tical probability of interacting with the target at a preselected
second site. With both targeting moieties bound to the target,
the donor/acceptor moieties are maintained in sufficient prox-
imity for a period of time that permits the donor/acceptor
interaction to occur and emit a detectable signal (or result in
quenching of a detectable signal).

Nanoprobes for Detection or Modification of a
Biomolecule

The present disclosure provides nanoprobes for one or
more target biomolecules. In particular examples, the dis-
closed nanoprobes are used in vitro, ex vivo, or even in vivo to
detect or modify the target biomolecule. For example, one or
more nanoprobes can be attached to a surface (such as a glass
or plastic slide or a microarray surface), such as via a linker,
a biological sample incubated with the surface, wherein
detection of a signal from the nanoprobe indicates the pres-
ence or absence of a target molecule. The nanoprobes include
two or more functional groups that are selected based on the
target biomolecule. Particular examples of biomolecules that
can be targeted include, but are not limited to, nucleic acid
molecules (such as RNA or DNA molecules), antigenic com-
pounds (such as an antigenic protein), as well as proteins.
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In particular examples, nanoprobes provide benefits over
currently available technologies, such as ELISA. For
example, the nanoprobes can provide a rapid method of
detecting or modifying a target biomolecule, are relatively
inexpensive to use and manufacture, can be built using modu-
lar designs with interchangeable parts, and can permit mea-
surement of several parameters simultaneously.

One particular example of a probe for a target biomolecule
includes a molecular linker and first and second functional
groups linked and spaced by the molecular linker. For
example, FIG. 1A shows a nanoprobe 10 that includes first
and second functional groups 12, 14 that are linked and
spaced by the molecular linker 16. The functional groups are
capable of interacting with one another or with the target
biomolecule in a predetermined reaction, wherein the
molecular linker maintains the first and second functional
groups sufficiently spaced from one another such that the
functional groups do not substantially interact in an absence
of the target biomolecule. In particular examples, they are
spaced a distance from one another to avoid substantial
entanglement of the first and second functional groups in an
absence of the target biomolecule. However, in the presence
of the target biomolecule, the molecular linker permits the
first and second functional groups to sufficiently interact with
one another or with the target biomolecule in the predeter-
mined reaction. For example, in the presence of the target
biomolecule the first and second functional groups attach to
the target in sufficient proximity to permit the functional
groups to interact and yield a signal (such as light) or a target
modifying effect (such as target lysis or degradation).

As noted above, in particular examples the length of the
molecular rod is one that maintains the first and second func-
tional groups sufficiently spaced from one another such that
the functional groups do not substantially interact in an
absence of the target biomolecule. Methods are known in the
art for determining whether one functional group interacts
with one or more other functional groups, for example in the
presence or absence of a target molecule. In one example, to
determine if a particular length molecular linker is appropri-
ate, a probe of the present disclosure having a particular
molecular linker length is generated using the methods dis-
closed herein. In particular examples, multiple probes are
generated, each having a different molecular linker length. To
identify lengths of molecular linkers that are suitable for use,
a donor fluorophore is attached to one end of the molecular
linker and an appropriate acceptor fluorophore is attached to
the other end of the molecular linker. In particular examples,
the probe includes a FRET pair. To determine if the ends of the
molecular linkers are capable of interacting with one another,
the molecular linker can be placed in a solution in the pres-
ence and absence of the target biomolecule, and acceptor
emission fluorescence detected, for example by spectropho-
tometry or fluorescence microscopy. In particular examples,
lengths of molecular linkers that only produce significant
acceptor emission fluorescence (for example above a prede-
termined threshold) when the target biomolecule is present,
and produce no more than background levels of acceptor
emission fluorescence in the absence of the target biomol-
ecule, can be used in the probes of the present disclosure. In
contrast, in particular examples, lengths of molecular linkers
that do not produce significant acceptor emission fluores-
cence when the target biomolecule is present, or produce
levels of acceptor emission fluorescence that are significantly
above background in the absence of the target biomolecule,
are not used in the probes of the present disclosure. In some
examples, the length of the molecular linker that produces a
desirable result can vary depending on the particular FRET
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pair used. For example, the length of the molecular linker
used if a GFP/fluorescein FRET pair is part of the probe, may
be different than the length of the molecular linker used if an
Alexa Fluor 430/BODIPY 630 FRET pair is part of the probe.

In particular examples, the molecular linker (or at least a
portion thereof, such as a portion that includes a molecular
rod) is of a sufficient rigidity to reduce interaction of the first
and second functional groups in the absence of the target
biomolecule. For example, a portion of the molecular linker
can have a persistence length that permits that part of the
molecular linker to be of sufficient rigidity to reduce the
interaction of the first and second functional groups in the
absence of the target biomolecule, while other portions of the
molecular linker (such as a tether) allow interaction of the first
and second functional groups (or interaction of one or more
functional groups with the target biomolecule) in the pres-
ence of the target biomolecule.

The total length of the molecular linker can be the same or
a different length than the persistence length for a particular
component of the molecular linker, as long as the length
differential is insufficient to yield undesired interaction of the
functional groups. For example, if the molecular linker
includes a molecular rod that has a particular persistence
length, the molecular linker can be shorter or longer than that
persistence length. For example, if the persistence length of
dsDNA is greater than 150 nt, the total length of the linker can
be greater than 150 nt, for example by having tethers or
additional rods. Similarly, the linker can be shorter than 150
nt, for example by having a rod of 40 nt, and a tether of 2-4 or
3-4 PEG spacer 18 moieties. In addition, the molecular rod
length itself can be shorter or greater than the persistence
length of the polymer used to generate the molecular rod. In
particular examples, a molecular linker includes a molecular
rod, and the total length of the rod is shorter than the persis-
tence length of the molecule composing the molecular rod
(such as 0.1-times, 0.5-times, or 1-times the persistence
length of the molecule composing the molecular rod). In yet
other particular examples, the length of the linker can be
greater or less than the persistence length of any one of its
components. For example, for a molecular linker that
includes a molecular rod, the total length of the molecular
linker is not more than 5-times shorter or longer than the
persistence length of the molecule composing the molecular
rod (such as 1-5 times, 1-4 times, or 1-3 times the persistence
length of the molecular linker that contains the molecular
rod). In one example, the molecular rod is composed of
dsDNA, which has a persistence length of 400-500 A, and the
length of the molecular rod is greater than 400-500 A (such as
550-700 A or 550-1000 A) or shorter than the persistence
length (such as 100-350 A, for example 200-350 A).

Those skilled in the art will recognize that at one persis-
tence length the far end of a rod is often still substantially
pointing in the same direction (68.40°) as the original direc-
tion and that a rod of this length, and hence flexibility, can still
provide a useful functional rigidity. Rods of lengths greater
than the persistence length provide a further degree of flex-
ibility that can be acceptable in some applications. In other
applications a single linker can consist of a single molecule of
a uniform kind (as 1000 bp of dsDNA, which is substantially
longer than the persistence length) wherein certain portions
of that linker are sufficiently close (for example 40 bp) that
they may act as molecular rods locally and provide nanoprobe
functions locally, while longer portions of the linker are suf-
ficiently far apart as to act as molecular tethers that allow the
parts to come together or not depending on Brownian motion
and the presence of target molecules that can be bound. Such
a situation occurs when local transcription factors bind to
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DNA in essentially rigid positions relative to each other,
while further pieces of DNA can ‘loop’ around to supply, for
example, an enhancer, activator or repressor (as for example
in the GalR binding sites of . coli, Semsey et al., Genes Dev.
18:1898-907, 2004). Although such nanoprobe constructions
are possible, in general the constructions described herein
distinguish clearly between molecular rods as being not sub-
stantially larger than the persistence length and molecular
tethers as being substantially longer than their corresponding
persistence length. Unlike the dsDNA transcriptional control
systems found in nature, generally in the nanoprobes
described herein the molecular rods and tethers are con-
structed by connecting different kinds of molecules that have
substantially different persistence lengths as for example
dsDNA with PEG.

The persistence length will vary depending on the compo-
sition. For example, the persistence length for a double-
stranded DNA (dsDNA) molecule differs from that of a
single-stranded DNA (ssDNA) molecule and from polyeth-
ylene glycol (PEG). For example, dsDNA has a persistence
length of 400-500 A. In particular examples, ssDNA has a
persistence length of about 40 A. In particular examples, PEG
has a persistence length of about 3.8+0.02 A (Kienberger et
al., Single Molecules 1:123-8, 2000).

To substantially avoid interaction of the first and second
functional groups in the absence of the target biomolecule,
and allow interaction of the first and second functional groups
in the presence of the target biomolecule, the length of the
linker is at least sufficient to maintain the functional groups
spaced at least the Forster radius for the particular donor and
acceptor fluorophores used, such as a distance of 22 to 90 A.
In some examples, the length of the linker is sufficient to
separate charges on the functional groups, such as a distance
of 10to 1000 A. In particular examples, the total length of the
molecular linker is about 10 to 500 A, such as 10to 300 A, 10
10200 A, 2010200 A, 20 to 187 A, 20 t0 150 A, 60 to 120 A,
or 60 to 200 A.

Examples of molecular linkers include, but are not limited
to, tethers, molecular rods, or combinations thereof. For
example, the molecular linker can include multiple molecular
rods linked by tethers or multiple tethers linked by molecular
rods. One particular example is shown in FIG. 1B, where the
nanoprobe 20 includes first and second functional groups 12,
14 that are linked and spaced by the molecular linker 16,
wherein the molecular linker is composed of a molecular rod
22 linked by tethers 24, 26. Another particular example is
shown in FIG. 1C, where the nanoprobe 30 includes first and
second functional groups 12, 14 that are linked and spaced by
the molecular linker 16, wherein the molecular linker is com-
posed of multiple tethers 32, 34 linked by multiple molecular
rods 36, 38, 40. Although the first and second functional
groups shown in FIGS. 1A-C are shown as a single entity 12,
14, multiple functional groups can be attached to a single
molecular rod or a single tether. In addition, each of the first
and second functional groups can include multiple functional
groups. In a specific example, each molecular rod is about 100
to 200 A (such as about 120-140 A), and each tether is about
23 to 187 A (such as about 60 A).

The functional groups include molecules that can interact
with one another or with the target biomolecule (or both) to
provide a predetermined reaction, such as a detectable signal
or a modification of a target biomolecule. The functional
groups can be maintained in a spatially separated orientation
by a molecular linker so that the functional groups do not
interact to provide the reaction in the absence of the target
molecule. However, the molecular linker permits the func-
tional groups, under predetermined conditions, to be brought
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into sufficient proximity with one another to interact and
produce a predetermined reaction, such as a detectable signal
or modification of a target biomolecule to which the probe
binds or hybridizes, or both.

Examples of functional groups include targeting moieties
and activating moieties, which are brought into activating
proximity when the targeting moiety binds to the target bio-
molecule. In particular examples, a targeting moiety brings an
activatable moiety into sufficient proximity to the target for
the activatable moiety to act on the target. For example, if the
activatable moiety is a non-specific proteinase, the target
moiety upon interacting with the target protein brings the
proteinase sufficiently close to the protein target biomolecule
to cleave or degrade the target protein. Therefore, activatable
moieties can be used to modify a target biomolecule, for
example to decrease the activity of the target biomolecule. In
another example, if the activatable moiety is an acceptor
fluorophore, the target moiety upon interacting with the target
biomolecule brings a donor fluorophore sufficiently close to
the acceptor fluorophore to excite the acceptor fluorophore,
thereby resulting in the production of a detectable acceptor
emission signal. Therefore, activatable moieties can be used
to permit detection of the interaction of a nanoprobe with the
target biomolecule.

Particular examples of targeting moieties include, but are
not limited to, antibodies, proteins, nucleotides, and nucleic
acid molecules. Particular examples of activating moieties
include, but are not limited to, labels (such as a fluorophore)
and modifying agents (such as such as enzymes, for example
nucleases, ligases, or proteases, and a crosslinkable group
such as psoralen). In one example, the activating moiety is an
agent that can cleave the target biomolecule (for example to
decrease the biological activity of the biomolecule), such as a
proteinase or a nuclease. In another example, the activating
moiety is an agent that can stabilize the target biomolecule,
such as a ligase.

One skilled in the art will appreciate that combinations of
functional groups can be used. For example, the functional
group can include both a targeting moiety and an activating
moiety, such as in the example of a labeled antibody. Other
particular combinations of functional groups that can be
included on a nanoprobe include, but are not limited to: an
antibody that can specifically bind to the target protein (such
as a DNA binding protein), and one or more DNA binding
sites that can specifically bind to the target protein; first and
second antisense oligonucleotides that can hybridize to a
target nucleic acid sequence under high stringency condi-
tions; a nucleic acid sequence capable of specifically hybrid-
izing to a target nucleic acid, thereby forming a nucleic acid
complex (such as a DNA/RNA complex), and a protein
capable of cleaving the nucleic acid complex; one or more
DNA binding sites that can specifically bind to the target
protein and a protein capable of cleaving the protein; and a
polymerase and one or more non-hydrolyzable dNTPs (or
other nucleosides or nucleoside analogues).

In particular examples, one of the functional groups is an
activating moiety that permits detection of the nanoprobe
interacting with the target biomolecule. One particular
example is a label. In particular examples the label is a func-
tional group, or part of a functional group (such as a labeled
antibody). However, one skilled in the art will recognize that
one or more labels can be attached to any part of the nano-
probe that results in a significantly decreased signal in the
absence of the target biomolecule, and a detectable signal in
the presence of the target biomolecule. In a specific example,
the label includes an acceptor fluorophore or a donor fluoro-
phore. For example, the acceptor fluorophore and the donor
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fluorophores can be part of the first and second functional
groups, or can be linked or otherwise attached to the probe
(for example to the molecular linker, such as to a tether or to
a molecular rod). For example, the acceptor fluorophore can
be linked to the first functional group and the donor fluoro-
phore linked to the second functional group, or the reverse:
the acceptor fluorophore linked to the second functional
group and the donor fluorophore linked to the first functional
group.

Functional Groups

As described above, functional groups may include target-
ing moieties and activating moieties, such as agents that inter-
act with another functional group, with the target biomol-
ecule, or both, to provide a predetermined reaction, such as a
detectable signal or a modification of a target biomolecule.
The disclosed nanoprobes can include two or more functional
groups, such as three or more functional groups, such as 2, 3,
4,5,6,7, 8,9 or 10 different functional groups.

In some examples, a functional group is a targeting moiety,
such as one that can specifically bind to a target biomolecule,
such as a protein detection agent (for example a protein,
nucleic acid molecule, or an antibody) or a nucleic acid mol-
ecule detection agent (for example a protein, nucleic acid
molecule, or a nucleotide, for example a non-hydrolyzable
dNTP). For example a functional group can include an anti-
body that specifically binds to a target protein. In one
example, a functional group includes a protein (such as a
polymerase, for example reverse transcriptase) that binds to a
target nucleic acid molecule. In other examples, a functional
group is one that can specifically hybridize to the target bio-
molecule, such as a nucleic acid molecule, for example an
antisense sequence. For example a functional group can
include an antisense molecule that specifically hybridizes to a
target nucleic acid sequence (for example under high strin-
gency conditions).

In yet other examples, a functional group is an activating
moiety, such as one whose biological activity towards the
target biomolecule increases or one that is activated in the
presence of the target biomolecule. For example, the biologi-
cal activity of the activating moiety towards the target bio-
molecule, on a nanoprobe that includes both a targeting moi-
ety and an activation moiety, can increase upon the interaction
of a targeting moiety with the target biomolecule, by bringing
the activating moiety in sufficient proximity to the target
biomolecule to have the desired effect on the biomolecule.
Particular examples of activating moieties whose biological
activity towards the target biomolecule increases in the pres-
ence of the target biomolecule, include but are not limited to,
agents that can modify the target biomolecule, for example
agents (such as enzymes) that cleave the target biomolecule
(such as nucleases and proteinases, for example RNase H,
proteinase K, and trypsin, as well as restriction enzymes),
agents that alter the interaction between the target biomol-
ecule and the functional group (such as ligase). For example,
agents that cleave the target biomolecule can be used to
decrease the biological activity of the target biomolecule.

In particular examples, a nanoprobe that includes both a
targeting moiety and an activation moiety decreases non-
specific damage (for example to other components in the cell
or in the sample). For example, a nanoprobe used to degrade
a target biomolecule can include a targeting moiety that will
direct the probe to the biomolecule of interest, and an activa-
tion moiety (such as an enzyme) that can cleave the target
biomolecule. Although some non-specific degradation may
occur, this non-specific degradation is significantly reduced
by the presence of the targeting moiety.
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In other examples the activating moiety specifically recog-
nizes and interacts with, modifies, and/or degrades a particu-
lar target such as a pathogen or pathogenic molecule, such as
amyloid protein plaques of the type found in Alzheimer’s
disease or some prion disorders (such as spongiform
encephalopathies). Hence the targeting moiety may be spe-
cific for the amyloid protein and the activating moiety may be
a ubiquitinase that specifically interacts with the amyloid
protein to target it to the proteasome without substantially
nonspecifically degrading other intracellular proteins.

In one example, a functional group is an activating moiety
that is activated in the presence of the target biomolecule.
Particular examples of such activating moieties include
labels, such as a fluorophore. For example if one of the acti-
vating moieties is a donor fluorophore, and another activating
moiety is an acceptor fluorophore, binding of the nanoprobe
to the target biomolecule brings the donor and acceptor fluo-
rophores in sufficient proximity such that the donor fluoro-
phore can activate the acceptor fluorophore, thereby produc-
ing a detectable acceptor fluorophore emission signal.

The functional groups selected will depend on the target
biomolecule ofinterest, and whether the target biomolecule is
to be detected, modified, or both. For example, if the target
biomolecule is a protein, particular examples of targeting
moieties include antibodies and proteins that specifically bind
to the target protein. If the protein is a DNA binding protein,
the targeting moieties can include one or more DNA
sequences specific for the target protein. If the target biomol-
ecule is a nucleic acid sequence, particular examples of tar-
geting moieties include nucleic acid molecules that can spe-
cifically hybridize to the target nucleic acid sequence, such as
an antisense molecule. In particular examples an antisense
functional group can hybridize to a target nucleic acid
sequence under high stringency conditions.

If detection of the biomolecule is desired, targeting agents
that specifically bind to the target biomolecule can be used,
such as a protein binding agent, for example a protein or an
antibody or a nucleic acid sequence. For example, if detection
of the target biomolecule is desired, even if the target mol-
ecule is destroyed or disassociates from the nanoprobe, a
ligase can be used as an activating moiety to seal the probe
after the probe binds to the target biomolecule. If modifica-
tion of the biomolecule is desired, such as reducing the bio-
logical activity of the target biomolecule (such as a reduction
ofat least 50%, at least 80%, or even at least 95%), agents that
specifically cleave the target biomolecule can be used.
Examples of such agents include, but are not limited to:
proteinases (for example if the target biomolecule is a pro-
tein), RNases (for example if the target biomolecule is an
RNA or a DNA/RNA hybrid), and DNases (for example if the
target biomolecule is a DNA sequence). In particular
examples, the specific cleaving agents can, in addition to
recognizing a particular class of target biomolecules (such as
proteins or nucleic acid molecules), specifically recognize
and act upon or cleave particular targets, such as an enzyme
that acts upon a specific protein substrate.

Other targeting agents include aptamers, which are DNA,
RNA, or protein domains that target proteins, small organic
molecules, and even entire organisms. Such aptamers can
serve as targeting moiety functional groups joined by the
linker. For example, aptamers are known for many agents
including IgE (Invitrogen, Catalog Number 02-9788) and
hemagglutinin of influenza (Jeon et al., J. Biol. Chem. 279:
48410-9, 2004). In some examples, the aptamer is divided in
half, and each half placed on the two sides of the rod-tether
nanoprobe (for example FIGS. 1B 12, 14). In the absence of
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the target, the nanoprobe would not hold together, but in the
presence of the target the parts would come together and
produce a signal.

Tethers

Molecular linkers can include one or more tethers, which
can provide flexibility to the probe. Ideally, tethers are flex-
ible enough to allow movement of the functional groups, for
example to permit the functional groups to interact with one
another, or to interact with a target biomolecule. The length of
the tether should be sufficient to substantially avoid interac-
tion of the functional groups in the absence of the target
biomolecule, and allow interaction of the functional groups in
the presence of the target biomolecule. However, the tether is
ideally not so long as to result in entanglement of the tether or
the functional groups. In particular examples, tethers are
water soluble and non-toxic.

In particular examples, the length of the tether is long
enough to separate the functional groups in the absence of the
target biomolecule, but not so long as to result in tangling of
the nanoprobe or the functional groups, and short enough to
allow the functional groups to interact with the target biomol-
ecule when present or with one another.

Examples of particular materials that can be used as tethers
include, but are not limited to, single-stranded DNA mol-
ecules, sugar chains, peptides (such as the connector between
two parts of the RecB protein), and polyethylene glycol
(PEG) or any other flexible polymer having the properties
disclosed herein. In a particular example, a tether is composed
of two or more of these agents. In a specific example a tether
includes, or in some examples consists of, PEG.

In particular examples, the tether is about 10-500 A, such
as 20-200 A, 23-187 A, 100-140 A, or 70-94 A, for example
120 A.

In particular examples, the tether is composed of PEG,
such as 3 to 7 units of 18-atom PEG spacers that are 23.4 A
long, such as 2-4 or 3-4 of such spacers. PEG is non-toxic,
flexible, hydrophilic and can be inserted as spacers during
DNA synthesis (SyntheGen, Glen Research).

In one example, the tether is a single-stranded DNA (ss-
DNA) molecule, for example having a length of 10-40 nucle-
otides, such as 10-30 nucleotides, 10-20 nucleotides, for
example 10 nucleotides, 20 nucleotides, or 40 nucleotides. In
particular examples, a ssDNA tether can anneal to another
nucleic acid strand, thereby converting a flexible tether into a
rigid molecular rod. Ideally, the sequence is one that does not
specifically hybridize to itself, the functional groups, or to a
nucleic acid sequence in the sample to be analyzed.

In one example, the tether is a sugar chain (for example
having a length of 10-100 sugar moieties, such as 10-75,
10-50, or 20-40 sugar moieties).

Molecular Rods

Molecular linkers can include one or more molecular rods,
which can provide sufficient rigidity to the probe to reduce
interaction of the first and second functional groups in the
absence of the target biomolecule. However, the length of the
rod is sufficient to permit interaction of the functional groups
in the presence of the target biomolecule. In some examples,
the presence of a molecular rod in the nanoprobe reduces the
likelihood of entanglement and can increase the speed of the
binding of the nanoprobe to the target biomolecule.

The disclosed nanoprobes can include one or more
molecular rods, such as at least two molecular rods, for
example 1, 2,3,4,5,6,7, 8,9, or 10 molecular rods. In one
example, use of one or more molecular rods reduces the
required tether length, thereby reducing the cost and size of
the device.
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In a particular example, the molecular rod is a double-
stranded DNA (dsDNA) sequence. The length of the dsDNA
is one that allows interaction of the functional groups in the
presence of the target biomolecule, but reduces their interac-
tion in the absence of the target biomolecule. Ifthe nanoprobe
includes donor and acceptor fluorophores, the length of the
dsDNA is one that allows interaction of the fluorophores in
the presence of the target biomolecule, but reduces their inter-
action in the absence of the target biomolecule. In specific
examples, the dsDNA molecular rod is a length that is about
equal to the persistence length of 400-500 A. However, one
skilled in the art will recognize that lengths shorter or greater
can be used, as long as the rod reduces the interaction of
functional groups in the absence of the target biomolecule,
and does not result in significant entanglement of a molecular
linker. In specific examples, the dsDNA molecular rod is 150
to 200 nucleotides, such as 10-150 nucleotides, such as
10-140 nucleotides, 20-140 nucleotides, 20-100 nucleotides,
20-50 nucleotides, 30-50 nucleotides, or 30-40 nucleotides,
for example 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, or 45
nucleotides. In specific examples, the dsDNA molecular rod
is at least 10 nucleotides, such as at least 20 nucleotides. In a
particular example, the molecular rod is a dsDNA of'40 bases.
Bases are 3.38 A thick so 40 base pairs is 135 A long, which
is greater than the typical FRET distance. In a particular
example, the sequence of the dsDNA is chosen using the
NANEYV program (Goodman et al., BioTechniques, 38:548-
50, 2005).

In other particular examples, the molecular rod is com-
posed of DNA molecules containing modifications or vari-
ants of the DNA, such as peptide backbone DNA (Peptide
Nucleic Acid, PNA) or locked nucleic acids (LNAs). In par-
ticular examples, such DNA variants are used to alter the helix
thermal stability and resistance to nucleases. In yet another
example the molecular rod is composed of carbon nanotubes
(for example nanotubes that are 100-200 A in length). In yet
other examples, the molecular rod includes bacteria, virus
particles, or viral tail fibers.

Labels

In particular examples, nanoprobes disclosed herein
include one or more detectable labels, for example to permit
detection of the nanoprobe interacting with a target biomol-
ecule. Exemplary labels that can be used include fluoro-
phores, chemiluminescent agents, and charge. For example, a
change in charge can be detected as the target biomolecule
approaches a capacitor.

In a particular example, a nanoprobe includes an acceptor
fluorophore and a donor fluorophore. Although the figures
herein only show a single donor and acceptor fluorophore on
the nanoprobe, multiple fluorophores can be included on the
nanoprobe to increase the signal or to provide combinations
of spectra. Ideally, the acceptor and donor fluorophores are
attached to the nanoprobe in a position that decreases their
interaction in the absence of the target biomolecule (thereby
reducing detectable signal). However, in the presence of the
target biomolecule, the interaction of the functional groups
with the target biomolecule allows the acceptor and donor
fluorophores to interact, such that the donor fluorophore
excites the acceptor fluorophore and the acceptor emits at its
characteristic wavelength, thereby generating a detectable
signal.

In a particular example, the donor fluorophore has a large
Stokes shift. This decreases the excitation of the acceptor
fluorophore by the donor excitation light frequency. Appro-
priate filtration can also reduce or remove the excitation
wavelength, leaving only the emission spectrum from the
acceptor to be detected.
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In a particular example, the donor fluorophore is Green
Fluorescent Protein (GFP). In another particular example, the
donor fluorophore is a chemiluminescent molecule, such as
aequorin. Chelated lanthanides provide bright, large stokes
shift, non-bleaching luminophores with sharp emission spec-
tra, and can therefore be used as donors. The use of a chemi-
luminescent molecule as the donor fluorophore eliminates the
need for an external light source.

Particular examples of acceptor and donor fluorophore
pairs that can be used include, but are not limited to: GFP
mutant H9-40 (Tsien, 1998, Ann. Rev. Biochem. 67:509) as a
suitable donor fluorophore for use with BODIPY, fluorescein,
rhodamine green, Oregon green, tetramethylrhodamine, Lis-
samine™, Texas Red and naphthofluorescein as acceptor
fluorophores, and fluorophore 3-(e-carboxy-pentyl)-3'-ethyl-
5,5'-dimethyloxacarbocyanine (CYA) as a donor fluorophore
for fluorescein or rhodamine derivatives (such as R6G,
TAMRA, and ROX) as acceptor fluorophores. Other particu-
lar examples of acceptor and donor fluorophore pairs include,
but are not limited to: 7-dimethylaminocoumarin-4-acetic
acid (DMACA) and fluorescein-5-isothiocyanate (FITC);
7-amino-4-methyl-3-coumarinylacetic acid (AMCA) and
fluorescein-5-isothiocyanate (FITC); and fluorescein-5-
isothiocyanate (FITC) and tetramethylrhodamine isothiocy-
anate (TRITC).

Examples of fluorescent dyes that can be particularly used
for attaching a fluorophore to a molecular linker include the
Alexa Fluor series (Molecular Probes, Eugene, Oreg.). In one
example, Alexa Fluor 430 absorbs at 430 nm and, because of
its high Stokes shift, emits far away at 540 nm, and can
therefore be used as a donor fluorophore. Alexa Fluor 430 can
be used in particular examples with Alexa Fluors 546, 555,
568, 594, 647, and BODIPY 630 as acceptor fluorophores
since their excitation spectra overlap the 540 nm emission
peak of Alexa Fluor 430.

Donor and acceptor molecules can also be designed using
bimolecular fluorescence complementation (BiFC), a tech-
nique developed by Hu and Kerppola (Hu et al., Nat. Biotech-
nol. 21:539-45, 2003; Hu et al., Mol Cell. 9(4):789-98,
2002). Two partial GFP fragments join to give a complemen-
tation and hence fluorescence. The complementation takes
only a few moments but formation of the chromophore takes
a long time, t, ,=300 seconds. So the method can be slower
than FRET. Because the chromophore forms permanently, it
can be used in a nanoprobe to provide a long-lasting result.
Quantum Dots

In one example, one or more nanoprobes disclosed herein
are attached to fluorescent nanoparticles referred to as quan-
tum dots. The quantum dot or Cornell dot (silica coated fluo-
rophores) can be the donor fluorophore, while the nanoprobes
attached to the quantum dot can include one or more corre-
sponding acceptor fluorophores. In particular examples, the
nanoprobes are attached to the quantum dot directly, or via a
linker, such as with antibodies coating the quantum dot.

The quantum dots can be tethered together, for example
with a molecular linker of a sufficient length to prevent sig-
nificant FRET. In another example, quantum dots are tethered
together using a molecular linker. In another example, three
dimensional molecular linkers (such as tetrahedron construc-
tions) keep some nanoprobe functional groups a significant
distance from the surface of a quantum dot such that when a
functional group on the nanoprobe binds to the target biomol-
ecule, the target biomolecule is brought to the quantum dot
surface and is detected by FRET.

The quantum dot can part of the nanoprobe, thereby replac-
ing a fluorophore, such as replace a donor, acceptor, or both.
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Reducing Photobleaching

Methods of reducing photobleaching are known in the art,
and the disclosed methods are not limited so particular reduc-
tion methods. In one example, confocal microscopy can be
used to reduce photobleaching of fluorophores (described
above). Another means that can be used to reduce pho-
tobleaching is to incubate the sample in a solution containing
an oxygen scavenger system, for example as described by
Kitamura et al. (Nature, 397:129, 1999); Okada and
Hirokawa (Science, 283:1152, 1999); Harada et al. (J. Mol.
Biol. 216:49, 1990). Examples of solutions include: 1% glu-
cose, 0.05 mg/ml glucose oxidase and 0.1 mg/ml catalase;
and 0.5% 2-mercaptoethanol, 4.5 mg/ml glucose, 216 pug/ml
glucose oxidase, 36 pg/ml catalase, 2 mM ATP in buffer.

One method that can be used to reduce photobleaching is to
coat fluorophores with calcium phosphate (also known as
molecular dots, see Adair et al., Colloidal Lessons Learned
for Dispersion of Nanosize Particular Suspensions, in Les-
sons in Nanotechnology from Traditional and advanced
Genetics, 2005). For example, when trapped inside 60 nm
nanoparticles, fluorophores remain extremely stable and do
not significantly decay. For the present probes, small nano-
particles of about 0.5-2 nm (such as 1 nm to 2 nm) having one
amino group (or other unique attachment point) on the surface
can be used. For example, a tethered fluorophore having an
amino group (to permit attachment of the fluorophore to the
desired location on the nanoprobe) can be coated and attached
to a nanoprobe. The layering can be accomplished by incu-
bating the fluorophore with carboxyl (—COOH) groups and
then adding calcium or aluminum. On adding phosphate
H,PO,~, another layer is formed. In some examples, gold is
used to coat the fluorophores. The resulting particles have
plasmon resonance, possibly enhancing the fluorescence in
addition to the protective coating (see Lakowicz, Aral. Bio-
chem. 298: 1-24, 2001).

Yet other methods of reducing photobleaching include
placing a nanoprobe proximal to metallic islands (Lakowicz,
Anal. Biochem. 298: 1-24, 2001) and incubation in Trolox
(Rasnik et al., Nat. Methods 3:891-3, 2006).

Exemplary Nanoprobes for Detection of Biomolecules

The present disclosure provides multiple examples of
nanoprobes that can be used to detect one or more biomol-
ecules. For example, such nanoprobes can be used to deter-
mine whether a target biomolecule is present or absent in a
sample. In some examples, the target biomolecule is quanti-
tated.

One particular example of a nanoprobe 50 includes two
functional groups linked by a tether as shown in FIG. 2A. One
functional group includes a protein binding agent 52 (such as
an antibody or protein) and an acceptor fluorophore 54. The
other functional group contains a DNA molecule having one
or more protein binding sites 56, and a donor fluorophore 58.
The functional groups are joined via a molecular linker 60
(such as a tether). Such a nanoprobe can be used to detect
binding of a protein to DNA (FIG. 2B). The protein binding
agent 52 specifically binds to the protein 62 that binds to the
protein binding sites 56. One skilled in the art will appreciate
that the positions of the donor fluorophore 58 and the acceptor
fluorophore 54 can be switched. As shown in FIG. 2B, in the
presence of the target biomolecule 62, the targeting moieties
(the protein binding agent 52 and the protein binding sites 56)
bind to the target biomolecule 62 in sufficient proximity to
bring the activating moieties (donor fluorophore 58 and
acceptor fluorophore 54) into sufficient proximity to allow the
donor fluorophore 58 to transfer energy 64 to the acceptor
fluorophore 54. This energy transfer activates the acceptor
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fluorophore 54 so that it emits at its characteristic wavelength,
thereby generating a detectable signal 66.

The protein binding agent 52 is a targeting moiety that
includes any agent that can specifically bind to a protein of
interest, and ideally is capable of attaching to a tether and a
label, such as a fluorophore. Examples of protein binding
agents 52 include, but are not limited to, antibodies and pro-
teins. Particular examples of protein binding agents include
agents that can bind to a DNA binding protein. DNA binding
proteins include any protein that binds to double- or single-
stranded DNA. Examples include proteins involved in the
regulation of gene expression (including transcription fac-
tors), proteins involved in the packaging of DNA within the
nucleus (such as histones), and nucleic acid-dependent poly-
merases involved in DNA replication and transcription, as
well as accessory proteins involved in these processes. One
particular example of a DNA binding protein is p53.

In particular examples, the DNA binding protein is p53,
and the protein binding agent 52 is an agent that can detect
p53. Examples include, but are not limited to, an anti-p53
antibody (such as pAb421) or a p53-binding protein (such as
P53BP1, MDM2, Rad51, TBP, P300, SRC1, and ACTr). Ina
particular example, a p53 activating or non-activating anti-
body is used. A nanoprobe using an activating antibody will
activate p53 to bind to DNA and so will detect all p53 mol-
ecules while a non-activating antibody will only detect p53
that has been activated by another mechanism. By using these
two nanoprobes with a common donor and different acceptor
fluorophores, the ratio of non-activated to activated p53 can
be monitored. Other p53 antibodies can be used to detect the
various different phosphorylation and acetylation modifica-
tions of p53. In addition, antibodies can be used to detect
particular p53 mutations.

The one or more protein binding sites 56 can include at
least two protein binding sites, such as at least three DNA
binding sites, for example 1,2, 3,4, 5, 6,7, 8,9 or 10 binding
site sequences. The sequence of the protein binding site 56
will depend on the target protein to be detected. For example,
if detection of p53 binding to DNA is desired, the protein
binding site 56 can include or consist of the sequence GAA-
CATGCCCGGGCATGTCC (SEQ ID NO: 1), GAACAT-
GTCCCAAACATGTTG (SEQ ID NO: 2), or RRRCW-
WGYYYRRRCWWGYY (SEQID NO: 3) (wherein R is any
purine, Y is any pyrimidine, and W is A or T). Other particular
p53 binding sequences are known (for example see Miner and
Kulesz-Martin Nucleic Acids Res. 25:1319-26, 1997; Kaku et
al., Nucleic Acids Res. 29:1989-93, 2001, herein incorporated
by reference as to the p53 binding sequences). As shown in
FIG. 2A, the one or more protein binding sites 56 are repre-
sented by three rectangles with crosses. In one example, each
rectangle represents half of a p53 site. p53 could bind to the
left and middle as shown in FIG. 2B, or to the middle and right
rectangles. Since there are two sites for p53 to bind on the
nanoprobe 50 but only one can be bound at a time, the sensi-
tivity of the p53 assay can be doubled (for example see U.S.
Pat. No. 6,774,222).

Another particular example of a nanoprobe that includes
two functional groups linked by a tether is shown in FIG. 3A.
Each functional group includes both a targeting moiety 102,
104 and an activating moiety 106, 108 where the activating
moiety serves as a label. Such a nanoprobe can be used to
detect any antigenic compound of interest, such as a protein.
The nanoprobe 100 includes at least two protein binding
agents 102, 104 (such as an antibody or protein) linked via a
molecular linker 110 (such as a tether). One antibody 102
carries a donor fluorophore 106 and the other antibody 104
carries an acceptor fluorophore 108 of a FRET pair. One
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skilled in the art will appreciate that the positions of the donor
fluorophore 106 and the acceptor fluorophore 108 can be
switched. As shown in FIG. 3B, in the presence of the target
protein 112, the targeting moieties (protein binding agents
102, 104) specifically bind to the target protein 112, thereby
bringing the two activating moieties (fluorophores 106, 108)
into sufficient proximity to allow the donor fluorophore 106
to transfer energy 114 to the acceptor fluorophore 108. This
energy transfer activates the acceptor fluorophore 108 so that
it emits at its characteristic wavelength, thereby generating a
detectable signal 116.

In particular examples, the protein binding agents 102,
104, are antibodies or proteins that can specifically bind to an
antigenic compound of interest, such as a protein. For
example, if the protein is p53, p53 antibodies or p53 binding
proteins can be used in the nanoprobe shown in FIG. 3A, for
example to measure total p53 concentration independently of
p53 DNA binding ability. In contrast, the nanoprobe 50
shown in FIG. 2A would only detect p53 if it were bound to
the DNA binding sequence. For example, nanoprobe 100 in
FIG. 3A can be used even if p53 is mutated in a way that
interferes with p53’s ability to bind to DNA, and thus would
not be detected by the nanoprobe 50 shown in FIG. 2A. In one
example, the nanoprobe 100 is used for detecting modified
proteins. For example, antibodies specific to a modified pro-
tein can distinguish between the wild type and a modified
protein (such as a mutant protein). For example, anti-phos-
pho-p53 and anti-acetylated-p53 antibodies are available
from commercial sources (such as Cell Signaling Technol-
ogy, Inc.). Using these antibodies, whether or not p53 has
been activated and the specific way in which p53 has been
activated can be determined.

In another specific example, the antibodies 102, 104 are
matched antibody pairs. Matched antibody pairs are antibod-
ies that recognize different domains (such as epitopes) of the
same protein, and therefore can be used to detect an antigenic
protein of interest (such as epidermal growth factor, human
growth factor, 11-8, IL.-16, and prostate specific antigen). Such
antibodies are available from commercial sources such as
Anogen (Mississauga, Ontario, Canada). In yet another
example the antibodies 102, 104 are specific for biowarfare
agents (such as Bacillus anthracis) and p450 variants. In one
example, the antibodies 102, 104 detect a cancer-specific
antigen, such as BRCA1 (for example to determine if a cancer
is BRCAI1 positive, or to determine if a particular treatment
modality is appropriate for a subject having cancer), p53 (for
example to determine if a cancer is p53 positive, to determine
if a cancer expresses a particular p53 mutation, or to deter-
mine if a particular treatment modality is appropriate for a
subject having cancer). In another example, the antibodies
102, 104 detect human chorionic gonadotropin (HCG) (for
example as a pregnancy test).

In particular examples, a molecular linker includes a
molecular rod, for example as shown in FIG. 4A. The inclu-
sion of a molecular rod, such as a dsDNA molecule, can
increase the rigidity of the molecular linker and further sepa-
rate the functional groups in the absence of the target biomol-
ecule. For example, a nanoprobe with a molecular rod can
have at least two points about which the antibodies or other
functional groups (such as a binding protein) will move by
Brownian motion. That is, there will be at least two “cloud
spheres” each of which represents all the possible locations of
a functional group with respect to the end of a rod as allowed
by tethers. By design, these spheres will intersect to some
degree. In the absence of a target molecule, the nanoprobe can
maintain substantial sphere separation, but ideally the dis-
tance between the two ends of the molecular rod is less than
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the sum of the two tether lengths and the target molecule size
when held between the two ‘hands’. In the presence of the
target biomolecule, both “hands” hold onto the target, bring-
ing the activatable moieties (such as the donor and acceptor
fluorophores) together, thereby creating a detectable signal.
In particular examples, the molecular rod is used to decrease
FRET between the donor and acceptor fluorophores on the
nanoprobe in the absence of the target biomolecule.

FIG. 4A shows the nanoprobe of FIG. 3A with the inclu-
sion of a double-stranded DNA sequence as the molecular
rod. The nanoprobe 200 includes functional groups 202, 204,
206, 208, linked by a molecular linker composed of tethers
210, 212 linked by a molecular rod 214. Each functional
group includes both a targeting moiety 202, 204 and an acti-
vating moiety 206, 208 where the activating moiety serves as
a label. Such a nanoprobe can be used to detect any antigenic
compound of interest, such as a protein. One skilled in the art
will appreciate that the positions of the donor fluorophore 206
and the acceptor fluorophore 208 can be switched. Similar to
what is shown in FI1G. 3B, in the presence of the target protein,
the protein binding agents 202 204 will specifically bind to
the target protein, thereby bringing the two fluorophores 206
208 into sufficient proximity to generate a detectable signal.

The molecular rod 214 can include a dsDNA sequence that
increases the rigidity of the molecular linker, for example to
reduce the interaction of the protein binding agents in the
absence of the target antigenic compound. In particular
examples the rod reduces the FRET signal in the absence of
the target antigenic compound, while still allowing interac-
tion of the donor and acceptor fluorophores in the presence of
the antigenic compound. In a particular example, the molecu-
lar rod is a dsDNA sequence of 10 to 140 nucleotides, such as
20-100 nucleotides, for example 40 nucleotides. In a specific
example the molecular rod is 120 angstroms (A).

FIG. 4B shows a variation of the nanoprobe 200 shown in
FIG. 4A. The nanoprobe 250 further includes anti-IgG anti-
bodies 252 254. In a particular example, the anti-IgG anti-
bodies 252 254 are anti-mouse IgG antibodies, such as a
fluorescently labeled anti-mouse IgG antibody (for example
available from Jackson ImmunoResearch Laboratories, Inc.,
West Grove, Pa.), which are bound to mouse anti-target bio-
molecule antibodies. This approach allows the anti-target
biomolecule antibodies to be exchanged easily. Therefore, the
nanoprobe 250 can be generated without the anti-target anti-
bodies 202 204, and the end user can attach the desired mouse
anti-target biomolecule antibodies of interest.

By making molecular rod 214 from dsDNA, the two halves
of the nanoprobe can be constructed independently and then
annealed to create rod 214. That is, anti-IgG 252 is attached to
fluorophore 206, tether 210 and the upper DNA strand of rod
214 in one reaction. In a separate reaction anti-IgG 254 is
joined to fluorophore 208, tether 212 and the lower DNA
strand of rod 214. These two components provide a “kit” to an
end user. The end user attaches anti-target antibody 202 to the
left component in one reaction. In a separate reaction, the end
user attaches anti-target antibody 204 to the right component.
The end user then joins the left and the right components to
create the final nanoprobe containing dsDNA rod 214. By this
means the anti-IgGs 252 and 254 can be identical, but every
nanoprobe contains one anti-target of type 202 and another
anti-target of type 204.

Another particular example of a nanoprobe that includes a
molecular rod is shown in FIG. 5A. In contrast to the nano-
probe 200 shown in FIG. 4, which showed the functional
groups 202 and 204 attached directly to the tether 210, 212,
the nanoprobe 300 shown in FIG. 5A shows functional groups
302, 304 attached directly to a dsDNA oligonucleotide 306
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and functional groups 308, 310 attached directly to a dsDNA
oligonucleotide 312. Each functional group of nanoprobe 300
includes both a targeting moiety 302, 308 and an activating
moiety 304, 310 where the activating moiety serves as a label.
By replacing part of the tether 314, 316 with a molecular rod
306, 312, as well as introducing a molecular rod 318 within
the tether, the region of space explored by the functional
group 302, 304, 308 or 310 is reduced to the surfaces of two
spheres rather than the entire volume of two spheres. This can
reduce or eliminate tangling of tethers 314, 316. In one
example, oligonucleotide 306, 312 (which in some examples
are molecular rods) are included in a nanoprobe, to allow for
generation of a particular molecular linker. For example,
DNA and PEG constructs can be synthesized commercially.
Attachment of fluorophores and other functional groups to
such a molecular linker can be accomplished by use of an
amino group (for example an amino group at the end of the
linker, or within the linker). In particular examples, the oli-
gonucleotides 306, 312 are dsDNA with one amino group per
DNA strand. In example, each amino group is used to attach
a functional group. As shown in FIG. 5A, oligonucleotides
306, 312 connect the functional groups 302, 308 and fluoro-
phores 304, 310, respectively, to the nanoprobe. Nanoprobe
300 therefore provides a means of construction in which only
one amino group is needed for each strand of DNA/PEG
synthesized.

The nanoprobe 300 can also be used to detect any antigenic
compound of interest, such as a protein. In a particular
example, the nanoprobe 300 includes at least two functional
groups 302 and 308 (such as protein binding agents, for
example antibodies or proteins), that are linked together via a
molecular linker composed of two or more molecular rods
306, 312, 318 linked by two or more tethers 314, 316. The
nanoprobe 300 includes a donor fluorophore 304 and an
acceptor fluorophore 310. One skilled in the art will appreci-
ate that the positions of the donor fluorophore 304 and the
acceptor fluorophore 310 can be switched. In a particular
example, at least two functional groups 302 and 308 are
anti-mouse IgG antibodies, which allows anti-target biomol-
ecule antibodies to be exchanged easily (as described above
for FIG. 4B).

As shown in FIG. 5B, in the presence of the target biomol-
ecule 320 (such as an antigenic compound), the protein bind-
ing agents 302, 308 will specifically bind to the target bio-
molecule 320, thereby bringing the two fluorophores 304,
310 into sufficient proximity to allow the donor fluorophore
304 to transfer energy 322 to the acceptor fluorophore 310,
upon excitation 324 of the donor fluorophore 304. This
energy transfer activates the acceptor fluorophore 310 so that
it emits at its characteristic wavelength, thereby generating a
detectable signal 326.

In a particular example, the nanoprobe 300 is used to detect
a protein complex. For example, as shown in FIG. 5C, if the
target biomolecule 320 is a protein complex that includes at
least two different biomolecules 328, 330 that can interact
and form a detectable complex, nanoprobes that include pro-
tein binding agents 302, 308 that can each specifically bind to
one member of a protein complex can be used. For example,
protein binding agent 302 can detect biomolecule 328 and
protein binding agent 308 can detect biomolecule 330. If the
biomolecules 328, 330 interact, then the distance between the
fluorophores 304, 310 decreases, and a detectable signal 326
will be observed.

Nanoprobes can also be used to detect target nucleic acid
molecules, for example to determine whether a particular
nucleic acid sequence is present or absent in a sample. FIG. 6
shows a nanoprobe 400 that includes targeting moieties as
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functional groups (antisense DNA oligonucleotides 402, 404
that can specifically hybridize to a target RNA sequence 406),
as well as activating moieties (a donor fluorophore 408 is
attached to the 5' end of one antisense oligonucleotide 402,
and an acceptor fluorophore 410 is attached to the 3' end of the
other antisense oligonucleotide 404). The antisense oligo-
nucleotides 402, 404 are linked via a molecular linker that
includes tethers 412 414 separated by a molecular rod 416.
One skilled in the art will appreciate that the positions of
donor 408 and acceptor 410 fluorophores can be reversed. In
the absence of the mRNA target 406 (not part of the nano-
probe) there is little detectable signal. However, as shown in
FIG. 6, when the antisense oligonucleotides 402, 404 specifi-
cally hybridize to the mRNA target 406, the donor 408 and an
acceptor fluorophore 410 are in sufficient proximity to allow
the acceptor fluorophore 410 to produce a characteristic
wavelength of light, resulting in a detectable signal. In par-
ticular examples, the nanoprobe 400 shown does not require
the use of high temperatures to melt a DNA helix, thereby
permitting its use in vivo. For example, the nanoprobe 400
can be introduced into a living cell to detect mRNA inside the
cell. The detectable signal can be measured using known
methods in the art, such as fluorescence microscopy.

A variation of nanoprobe 400 is shown in FIG. 7. The
nanoprobe 500 in FIG. 7 includes antisense oligonucleotides
502, 504 that can specifically hybridize to a target RNA
sequence 506, which are linked via tethers 508 510 that are
separated by a molecular rod 512.

A dsDNA molecule 514 is used to attach the ligase 516 via
a tether 518. The nanoprobe 400 includes three molecules,
which are hybridized to form the nanoprobe. The first mol-
ecule includes fluorophore 520, antisense oligonucleotide
502, tether 508, the bottom strand of molecular rod 512, and
the top strand of dsDNA molecule 514. The second molecule
includes fluorophore 522, antisense oligonucleotide 504,
tether 510, and the top strand of molecular rod 512. When the
first and second molecules are hybridized, this results in the
formation of molecular rod 512. Therefore, the sequence of
the top and bottom strand of molecular rod 512 are comple-
mentary. The third molecule includes the bottom strand of
dsDNA molecule 514, tether 518, and ligase 516. When the
second and third molecules are hybridized, this results in the
formation of dsDNA molecule 514. Therefore, the sequences
of the top and bottom strand of dsDNA molecule 514 are
complementary.

The nanoprobe 500 also includes activating moieties:
donor fluorophore 520 attached to the 5' end of antisense
oligonucleotide 502, and acceptor fluorophore 522 attached
to the 3' end of antisense oligonucleotide 504. One skilled in
the art will appreciate that the position donor and acceptor
fluorophores can be reversed. In the absence of the mRNA
target 506 (not part of the nanoprobe) there is little detectable
emission signal from the acceptor fluorophore 522. However,
as shown in FIG. 7, when the antisense oligonucleotides 502,
504 specifically hybridize to the mRNA target 506, the donor
520 and an acceptor fluorophore 522 are in sufficient prox-
imity to allow the donor fluorophore 520 to transfer energy to
the acceptor fluorophore 522. This energy transfer activates
the acceptor fluorophore 522 so that it emits at its character-
istic wavelength, thereby generating a detectable signal. A
probe without ligase 516 will detect the target RNA 506 but
eventually they may separate again by thermal motions and
the detectable signal will be reduced or eventually disappear
completely. By adding a ligase 516, when the target mRNA
506 is bound, the nanoprobe 500 is modified so that DNA 502
is joined to DNA 504 so that there is a detectable signal from
the acceptor 522, even if the target RNA 506 is no longer
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bound to the nanoprobe. A particular example of a ligase that
can be used is T4 DNA ligase, which can join DNA in DNA/
RNA hybrids (Engler and Richardson, (1982) P. D. Boyer
(Eds.), The Enzymes, 5, pp. 3. San Diego: Academic Press.).

Nanoprobes can also be used to determine the sequence of
a target nucleic acid molecule. FIGS. 8A-C shows nano-
probes (herein referred to as medusa nanoprobes) that can be
used to sequence a nucleic acid molecule. As shown in FIG.
8A, the nanoprobe 550 includes a targeting moiety (poly-
merase 552) linked to multiple nucleotides 554, 556, 558, 560
that cannot be added to a growing nucleic acid chain (such as
a base that contains a non-hydrolyzable triphosphate) via
molecular linkers 562. The nucleotides 554, 556, 558, 560
can be attached at the base, at the 3' hydroxyl of the sugar, at
the 5'y phosphate or to any point on a nucleotide that does not
interfere with specific nucleotide binding to the polymerase
or complementary base pairing. The nucleotides 554, 556,
558, 560 can be different nucleotides (as shown in FIG. 8A),
or can be the same nucleotides (in which case nanoprobes
with each nucleotide would be included in the sequencing
reaction). The polymerase 552 includes a donor fluorophore
564, and each nucleotide 554, 556, 558, 560 includes an
acceptor fluorophore 566, 568, 570, 572. For example, if
multiple types of nucleotides are on the same nanoprobe, each
nucleotide can include a unique acceptor fluorophore.

A variation of the nanoprobe shown in FIG. 8 A is shown in
FIG. 8B. The nanoprobe 580 includes a polymerase 552
linked to multiple nucleotides 554, 556, 558, 560 via a
molecular linker 562 composed of multiple molecular rods
(for example 582) and tethers (for example 584). The nano-
probe 580 includes a donor fluorophore 564, and each nucle-
otide 554, 556, 558, 560 is associated with a different accep-
tor fluorophore 566, 572, 570, 568, respectively. In this
example, primer 586 and target nucleic acid to be sequenced
588 are not part of the nanoprobe 580. However, if desired,
primer 586 can be attached to the nanoprobe 580 via a
molecular linker

Another variation is shown in FIG. 8C. The nanoprobe 590
includes a polymerase 552 linked to multiple nucleotides 554,
556, 558, 560 via a molecular linker 562 composed of
molecular rods (for example 561, 563, 565, 569, 571, 575,
577, 581, 582) and tethers (for example 584, 567, 573, 579,
583, 585, 587, 589). The nanoprobe 590 includes a donor
fluorophore 564, and each nucleotide 554, 556, 558, 560 is
associated with a different acceptor fluorophore 566, 572,
570,568, respectively. The primer 586 and target nucleic acid
to be sequenced 588 are not part of the nanoprobe 590. How-
ever, if desired, primer 586 can be attached to the nanoprobe
580 via a molecular linker

Nanoprobes can also be used to detect alternative splicing,
for example as an alternative to molecular beacons. For
example, a pair of nanoprobes with different acceptors can
distinguish two alternative splice junctions (for example, this
can be done with a nanoprobe containing three different
molecular linkers). The nanoprobe can have long homology
regions (high Tm) yetifitbinds to a place which is not a target
it gives no signal.

A nanoprobe that detected an alternative splice junction
can be joined with a second nanoprobe on in the same mol-
ecule. For example, the left can include an upstream binding
arm with a donor and the right can include two or more
downstream binding arms with different acceptors. Such a
probe can be generated using a single DNA to which and
multiple “arms” are annealed by hybridization. For example,
a molecular rod can include multiple tethers. The left-most
tether is for the upstream part of a splice junction. The down
stream two tethers are for the alternative splice junctions.
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Exemplary Nanoprobes for Modification of Biomolecules

The present disclosure provides multiple examples of
nanoprobes that can be used to modify one or more biomol-
ecules. For example, such nanoprobes can be used to cleave a
target biomolecule, for example to reduce the biological
activity of the target biomolecule.

One particular example of a nanoprobe that can be used to
cleave a target RNA molecule (for example to inactivate the
RNA) is shown in FIG. 9. The nanoprobe 600 includes two
functional groups: a targeting moiety (an antisense oligo-
nucleotide 602) and an activating moiety (RNase H 604). A
molecular linker 606 (such as a tether) joins the antisense
oligonucleotide 602 to the RNase H 604, wherein the anti-
sense oligonucleotide 602 can hybridize to the RNA target
608. In the absence of the mRNA target 608 (not part of the
nanoprobe), RNase H 604 will not cut the mRNA target,
because RNase H cuts RNA only in RNA/DNA hybrids.
However, in the presence of the mRNA target 608, the anti-
sense oligonucleotide 602 finds the mRNA target 608 and
will hybridize to the mRNA target. The RNase H 604 can then
cleave the mRNA target 608 because the linker 606 holds
them sufficiently close together for a sufficient period of time
for the RNAse H to cut the RNA/DNA hybrid target.

One particular example of a nanoprobe that can be used to
cleave a target protein (such as a DNA binding protein, for
example a transcription factor) is shown in FIG. 10A. The
nanoprobe 700 includes two functional groups: a targeting
moiety (a dsDNA molecule 702) and an activating moiety
(proteinase K 704). A molecular linker 706 (such as a tether)
joins the dsDNA molecule 702 to the proteinase K 704,
wherein the dsDNA molecule 702 includes a sequence that
will specifically bind to the target protein 708 (not part of the
nanoprobe). If desired, the nanoprobe 700 could also include
amolecular rod (for example as part of the linker 706). In the
absence of the target protein 708 (not part of the nanoprobe),
the proteinase K 704 will not specifically cleave the protein
target (though it may cleave proteins free in solution). How-
ever, in the presence of the target protein 708, the target
protein 708 will specifically bind to the dssDNA 702, and be in
close enough proximity to the proteinase K 704 such that the
proteinase K 704 can then preferentially cleave the protein
target 708, thereby significantly reducing the biological activ-
ity of the protein.

Another particular example of a nanoprobe that can be used
to cleave a target protein (such as amyloids, virus or bacterial
components) is shown in FIG. 10B. The nanoprobe 800
includes two functional groups: a targeting moiety (a protein
binding agent 802) and an activating moiety (proteinase K or
other proteinase 804). A molecular linker 806 joins the pro-
tein binding agent 802 to the proteinase 804, wherein the
protein binding agent 802 (such as an antibody) specifically
binds to the target protein 808 (not part of the nanoprobe). The
molecular linker 806 includes tethers 810, 812 separated by a
molecular rod 814.

In particular examples, the nanoprobe 800 can further
include other activating moieties, such as a donor fluorophore
816 and an acceptor fluorophore 818, such as a donor fluo-
rophore 816 attached to a tether 812 and an acceptor fluoro-
phore 818 attached to another tether 810. In another example
(not pictured), the probe 800 further includes a single-
stranded nucleic acid molecule between tether 812 and the
protein binding agent 802, as well as between tether 810 and
the proteinase K 804. The donor fluorophore 816 is attached
to an amino of a single stranded nucleic acid complementary
to the single stranded nucleic acid molecule between tether
812 and the protein binding agent 802, and the acceptor
fluorophore 818 is attached to an amino of a single-stranded
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nucleic acid complementary to the single stranded nucleic
acid molecule between tether 810 and the proteinase K 804.
The single-stranded nucleic acid molecules containing each
fluorophore are hybridized to the nanoprobe, thereby attach-
ing the fluorophores to the nanoprobe. One skilled in the art
will appreciate that the positions of the donor and acceptor
fluorophores can be reversed.

The molecular rod 814 ideally keeps the proteinase K 804
sufficiently separated from the protein binding agent 802,
thereby reducing or preventing hydrolysis of the protein bind-
ing agent 802. When the target protein 808 (not part of the
nanoprobe) is bound by the protein binding agent 802, it is
held in place to be cleaved by the proteinase K 804. In par-
ticular examples, this cleavage can be observed by detecting
a signal from an acceptor fluorophore. In the absence of the
target protein 808, the donor and acceptor fluorophores 816,
818 will not be in sufficient proximity with one another to
produce a detectable signal from the acceptor 818, and the
proteinase K 804 will not be in sufficient proximity with the
target protein 808 to degrade the target protein. In the pres-
ence of the target protein 808, the donor and acceptor fluoro-
phores 816, 818 are in sufficient proximity with one another
to produce a detectable signal from the acceptor 818, and the
proteinase K 804 is in sufficient proximity with the target
protein 808 to degrade the target protein. Therefore, detection
of'an emission signal from the acceptor fluorophore (or detec-
tion of loss of an emission signal from the donor fluorophore)
indicates that the target protein is being cleaved.

In a particular example, the nanoprobe 800 shown in FIG.
10B can include a protein binding agent that specifically
binds to proteinase K 804 (such as an anti-protienase K anti-
body) on a tether that links the protein binding agent to the
proteinase K, for example to reduce the biological activity of
proteinase K (such as to reduce degradation of non-target
biomolecules). However when the target protein 808 is bound
to the protein binding agent 802, the protein binding agent
that specifically binds to proteinase K 804 will sometimes not
be bound to proteinase K, thereby releasing proteinase K, and
permitting the proteinase K to cleave the target protein 808.

In particular examples, the disclosed nanoprobes that can
modify a target biomolecule can be used as an alternative to
siRNA-based gene silencing methods.

Exemplary Nanoprobes for Detecting and Modifying Bio-
molecules

The present disclosure also provides multiple examples of
nanoprobes that can be used to both detect and to modify one
or more biomolecules. For example, such nanoprobes can be
used to detect a target biomolecule, for example quantitate an
amount of the target biomolecule present, and also modify the
detected biomolecules.

As described above, nanoprobe 800 shown in FIG. 10B can
be used to detect cleavage of a target protein.

A variation of nanoprobe 600 in FIG. 9 is shown in FIG. 11.
Similar to nanoprobe 600, nanoprobe 900 can be used to
cleave a target mRNA molecule. However, nanoprobe 900
can also be used to quantitate an amount of mRNA present,
for example to determine an amount of target mRNA present
in asample. The nanoprobe 900 in FIG. 11 includes activation
moieties, a donor fluorophore 902 and acceptor fluorophore
904 that permit detection (and in some examples quantita-
tion) of RNA as it is cleaved by the RNase 920 (such as RNase
H). Nanoprobe 900 includes two antisense oligonucleotides
906, 908 that can specifically hybridize to a target RNA
sequence 910 (not part of the nanoprobe), which are linked
via a molecular linker that includes tethers 912, 914 that are
joined by a molecular rod 916. A dsDNA molecule 918 is
used to attach the RNase 920 via a tether 922. The nanoprobe
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900 includes three molecules, which are hybridized to form
the nanoprobe. The first molecule includes fluorophore 902,
antisense oligonucleotide 906, tether 912, the bottom strand
of molecular rod 916, and the top strand of dsDNA molecule
918. The second molecule includes fluorophore 904, anti-
sense oligonucleotide 908, tether 914, and the top strand of
molecular rod 916. When the first and second molecules are
hybridized, this results in the formation of molecular rod 916.
Therefore, the sequence of the top and bottom strands of
molecular rod 916 are complementary. The third molecule
includes the bottom strand of dsDNA molecule 918, tether
922, and RNase 920. When the first and third molecules are
hybridized, this results in the formation of dsDNA molecule
918. Therefore, the sequences of the top and bottom strand of
dsDNA molecule 918 are complementary.

The nanoprobe 900 includes a donor fluorophore 902
attached to the 5' end of antisense oligonucleotide 906 (such
as the 5' nucleotide), and an acceptor fluorophore 904
attached to the 3' end of antisense oligonucleotide 908 (such
as the 3' nucleotide). One skilled in the art will appreciate that
the position donor and acceptor fluorophores can be reversed.
In the absence of the mRNA target 910 (not part of the
nanoprobe) there is little detectable signal from the acceptor
fluorophore 904 (or alternatively, a strong, unquenched signal
from the donor fluorophore 902). In addition, when RNase
920 is RNaseH, RNaseH will not cut any unbound mRNA
target 910, because RNase H only cleaves RNA in RNA/DNA
hybrids. However, as shown in FIG. 11, in the presence of the
mRNA target 910 the antisense oligonucleotides 906, 908
specifically hybridize to the mRNA target 910, allowing the
donor 902 and acceptor fluorophore 904 to be sufficient prox-
imity to allow the donor fluorophore 902 to transfer energy to
the acceptor fluorophore 904, thereby activating the acceptor
fluorophore so that it emits at its characteristic wavelength,
and generating a detectable signal. The detectable signal will
be generated each time the nanoprobe 900 binds to the target
RNA 910. In addition, when the antisense oligonucleotides
906, 908 specifically hybridize to the mRNA target 910, this
brings the RNase 920 in sufficient proximity to the formed
DNA/RNA hybrid between the mRNA target 910 and the
antisense oligonucleotides 906, 908, so that the RNAse 920
can cleave the DNA/RNA hybrid, which will reduce or even-
tually eliminate the detectable signal. The nanoprobe 900
then can repeat the process on a new target RNA 910. There-
fore, the cleavage of an mRNA is accompanied by a FRET
signal burst, which can be monitored to count specific nRNA
molecules. The mRNA molecules are destroyed after count-
ing so there is no duplication. In particular examples, the total
detectable signal is proportional to the number of destroyed
target RNA molecules.

In addition, the nanoprobe 900 can be used to count spe-
cific kinds of splicing in the mRNA. For example, if the left
halfofthe target RNA 910 is the 3' end of an exon and the right
half is the 5' end of the next exon that have been joined by
splicing, then the nanoprobe 900 will detect this particular
splice alternative and generate a detectable signal from the
acceptor fluorophore 904. Other splicing alternatives will not
be detected. Therefore, nanoprobes that are specific for vari-
ous alternative splice products (for example by having the
sequences of the antisense oligonucleotides 906, 908 specific
for each splice product to be detected) can be contacted with
a sample, to determine which splice products are present in
the sample. By including a different acceptor fluorophore 904
or combinations of acceptor fluorophores on each nanoprobe
that each recognizes a particular splice product, two or more
nanoprobes added to the sample can be differentiated by the
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different acceptor fluorophore signals produced. Therefore,
the generation of specific alternative splicing products can be
monitored in real time.
Purification of Bound Nanoprobes

In some examples, nanoprobes bound to their target mol-
ecule are purified. For example, the resulting complexes can
be purified by applying the reaction mixture to a solid
medium containing the target, such as a column containing
beads coated with the target. This will remove free nanoprobe
leaving in the flow-through nanoprobes complexed with the
target. Such purification can in some examples reduce back-
ground. Alternatively, this can be done by conjugating the
target to magnetic beads and removing excess nanoprobes by
a magnet.

Generation of Nanoprobes

Many methods are available for generating the disclosed
nanoprobes. For example, methods of attaching a fluorophore
to another molecule are known. In addition, methods of gen-
erating DNA-PEG structures are known. Although particular
methods are provided herein, the disclosure is not limited to
these methods.

DNA/PEG Synthesis and Attachments

In examples where the molecular linker includes one or
more DNA molecular rods and one or more PEG tethers, the
following methods can be used. DNA of any desired sequence
can be obtained from a variety of commercial sources (such as
Invitrogen, Synthegen, Sigma). The sequence of'the DNA can
be determined using the NANEV program, which employs
evolutionary methods for the design of nucleic acid nano-
structure (Goodman et al., Bio Techniques, 38:548-50, 2005).
This program can be used to design DNA sequences in a
nanoprobe so that only the desired structure forms by hybrid-
ization. In particular examples a PEG tether is incorporated as
a standard phosphoramidite ‘spacer’ anywhere within the
molecular linker. It is also possible to introduce an amino
group anywhere in the DNA sequence.

By appropriate use of DNA-DNA hybridization, a nano-
probe can be constructed using only one amino group per
DNA/PEG linker. This allows the amino group to be used to
attach a fluorophore or protein on the nanoprobe, for example
as shown in FIG. SA.

DNA-Protein Conjugation Methods

A synthetic DNA containing an amino group can be
attached to a protein via a unique cysteine (Kukolka and
Niemeyer, Org. Biomol. Chem., 2:2203-6, 2004) or a differ-
ent chemically modified residue (Khidekel et al., J Am.
Chem. Soc., 125:16162-3, 2003; Zhang et al., Science, 303:
371-3,2004; and Klarmann et al., Protein Expr. Purif., 38:37-
44,2004).

In one example, a nanoprobe includes one antibody
attached to a molecular linker For example, the method of
Kozlov et al. (Biopolymers, 73:621-30, 2004) can be used to
make antibody-oligonucleotide conjugates. In addition, the
complexes can be separated by the ratio of number of anti-
bodies per oligonucleotide, to obtain those having a 1:1 ratio.
A desired antibody that recognizes a target biomolecule can
be attached to an oligonucleotide commercially (Biosyn,
Lewisville, Tex.).

In one example, a single chain antibody (scFv) that recog-
nizes a target biomolecule includes a Cys on the C-terminus
(for example using the method of Hayashi et al., Gene, 160:
129-30, 1995), thereby allowing the antibody to be attached
to an amino-modified oligonucleotide.

Inanother example, a monoclonal antibody that recognizes
atarget biomolecule (such as a commercially available mono-






