
WO 2005/089409 PCT/US2005/008833  1 SENSOR CONSTRUCTS
AND DETECTION METHODS The present application claims
priority from U.S. Provisional Patent Application No.
60/554,313, filed March 17, 2004, entitled "Novel
Fluorescent Nanosensor Proteins," the 5 entire
disclosure of which is hereby incorporated by
reference.  BACKGROUND  Immunoassays and assays based
on the polymerase chain reaction (PCR) are among 10
the most widely used techniques for detecting
analytes. While PCR-based techniques  generally give
good detection sensitivity, they have not been widely
adopted for routine  screening in many laboratories.
One reason is that when PCR is used for detecting
analytes  in biological materials, its accuracy is
strongly influenced not only by the performance of the
PCR assay itself, but also by the quality of the
nucleic acids extracted from the biological 15
materials being tested. In addition, the detection
sensitivity of PCR-based methods can be  reduced by
inhibitors in the extract that may interfere with the
amplification process. Trained  lab personnel are also
required to conduct PCR assays in order to assure
their accuracy. Immunoassays are generally less
expensive and require less training to perform.  They
have been adopted in a variety of formats, with enzyme
linked immunosorbent assays  20 (ELISAs), lateral-flow
immunoassays, and Western-blot assays being the most
common. Current ELISA and Western-blot techniques,
however, require multiple incubation steps and  are
prone to operator error. Lateral-flow immunoassays are
generally faster but are not as  accurate as
conventional ELISAs. An alternative assay format has
been proposed by Tsien, et al. for detecting analytes.
25 This technique, described in U.S. Patent No.
5,998,204, makes use of a protein having an
analyte-binding region and two fluorescent labels.
When the analyte-binding region binds an  analyte, a
conformational change occurs which causes the two
fluorescent labels to change  position relative to
each other. This alters a fluorescence resonance
energy interaction  between the labels, which is
detected in order to determine analyte binding. 30
Frommer, et al. have proposed a similar assay format
in PCT International  Application No. 03/025220. This
assay makes use of a fusion protein that includes a
periplasmic binding protein portion and two
fluorescent protein portions. The fusion protein  



changes conformation upon binding an analyte, changing
the relative positions of the two WO 2005/089409
PCT/US2005/008833  2 fluorescent protein portions. An
altered fluorescence resonance energy interaction is
thereby  induced between the fluorescent protein
moieties. The assay systems disclosed by Tsien and
Frommer both require the use of sensor  constructs
which change conformation upon binding an analyte of
interest. Both, moreover,  5 detect only small
analytes such as simple sugars and amino acids. There
remains a need, therefore, for a more general approach
to analyte detection which takes advantage of
resonance energy transfer interactions but which is
not limited to constructs that must change
conformation in order to detect an analyte or that
detect only small analytes. 10 SUMMARY  The present
method of detecting an analyte in a sample involves
the use of a sensor  construct that comprises: (i) a
molecular recognition domain which specifically binds
the  analyte; (ii) a first label comprising an RET
donor; and (iii) a second label comprising an 15 RET
acceptor for the RET donor. The RET acceptor is
separated from the RET donor by a  distance that
allows Forster resonance energy transfer from the
donor to the acceptor to  occur, preferably by a
distance of from about 1 to about 25 nanometers. When
the molecular  recognition domain of the sensor
construct binds the analyte, proximity of the analyte
to the  RET donor and/or the RET acceptor interferes
with a FRET interaction between the RET 20 donor and
RET acceptor, resulting in a detectable optical
signal. The presence of the analyte  in the sample is
indicated by the detection of this optical signal. The
present methods can further include the more specific
steps of measuring a  control optical signal generated
by a Forster resonance energy transfer interaction
between  the RET donor and the RET acceptor of the
sensor construct prior to contacting the sensor 25
construct with the sample, and then determining the
difference between the control optical  signal and the
optical signal detected after contacting the sensor
construct with the sample.  The difference between
this signal and the control optical signal is
indicative of the amount of  the analyte in the
sample, thereby allowing quantitative detection of the
analyte. Preferably,  a change in the intensity or
decay kinetics of the fluorescence or luminescence of
the sensor  30 construct is measured as the optical
signal. 



In the present methods, the RET donor can be any of a
number of fluorescent or  luminescent moieties, such
as a fluorescent protein, a luminescent protein, a
non-protein  fluorophore, a non-protein
chemiluminescent compound, or a fluorescent
nanocrystal. The WO 2005/089409 PCT/US2005/008833  3
RET acceptor can be a molecule which quenches a signal
from the RET donor, and in some  embodiments displays
an increased, sensitized acceptor signal. In order to
increase the  intensity of the optical signal,
multiple RET donors and acceptors can also be included
on  each sensor construct. The sensor construct itself
can be a polypeptide, and can comprise an 5 antibody
or antibody fragment such as a Fv portion of an
antibody. In such embodiments,  the molecular
recognition domain is a CDR region of the Fv portion
of the sensor construct.  The molecular recognition
domain can alternatively comprise a metal, such as a
chelated  metal, or an oligonucleotide. In some
embodiments of the sensor construct, the molecular
scaffold, the molecular  10 recognition domain, and/or
the labels can be provided as separate molecules and
then  combined to form the sensor construct. For
example, the molecular scaffold can comprise a
heterodimeric coiled coil polypeptide pair and the
molecular recognition domain can comprise  the binding
domain of a Fv fragment of an antibody (comprising a
Vii and a Vi fragment).  The molecular recognition
domain in this embodiment can also be a chelated
metal, an 15 oligonucleotide, a peptide, a biotin
molecule, or a non-peptide enzyme substrate/inhibitor
molecule. The different components of the sensor
construct in such embodiments are self- assembling
when brought into contact with one another and allow
Forster resonance energy  transfer from the RET donor
to the RET acceptor to occur. WO 2005/089409
PCT/US2005/008833  4 DRAWINGS  These and other
features, aspects and advantages of the present
invention will become  better understood with regard
to the following description, appended claims, and 5
accompanying figures where: Figure 1 illustrates the
binding of an analyte to a sensor construct according
to the  present methods. 



Figure 2 illustrates an alternative embodiment of the
present sensor construct in which  the MRD is attached
to a label. 10 Figure 2A illustrates another
embodiment of the present sensor construct in which
the  MRD is attached to a label. Figure 3 illustrates
the binding of an analyte to a further alternative
embodiment of the  present sensor construct. Figure 3A
illustrates the binding of an analyte to a yet another
embodiment of the  15 present sensor construct. Figure
4 illustrates a further alternative embodiment of the
present sensor construct in  which the MRD is
self-assembling. Figure 4A illustrates an embodiment
of the sensor construct depicted in Figure 4 in  which
the labels are also self-assembling. 20 Figure 5A
illustrates the assembly of another self-assembling
embodiment of the  present sensor construct. Figures
5B illustrates the binding of an analyte to the sensor
construct depicted in  Figure 5A. Figure 6 illustrates
an embodiment of the present sensor construct in which
the  25 molecular scaffold is self-assembling. Figures
7A-7G are graphs depicting results of experiments
performed according to the  present methods. All
dimensions specified in this disclosure are by way of
example only and are not  intended to be limiting.
Further, the proportions shown in these Figures are
not necessarily  30 to scale. As will be understood by
those with skill in the art with reference to this
disclosure, the actual dimensions of any device or
part of a device disclosed in this disclosure will be
determined by their intended use. WO 2005/089409
PCT/US2005/008833  5 DESCRIPTION  The present sensor
constructs allow the detection of an analyte by
interfering with a  Forster resonance energy transfer
(FRET) interaction between two labels. When the sensor
5 construct binds the analyte, such interference
results in an optical signal of changed intensity  



which can be detected by sensitive ratiometric or
fluorescence lifetime measurements.  Because the
present sensor constructs generate a detectable signal
upon binding to an analyte,  they are self-signaling,
which is an advantage over many current detection
assays in which  additional signal-generating elements
must be included in order to detect an analyte. In 10
addition, it is not necessary to attach the present
sensor constructs to a solid support, so that  the
present methods can be performed in solution as a
noncompetitive assay and provide  increased assay
throughput. DEFINITIONS  15 As used herein, the
following terms have the meanings given below, unless
a different  meaning is clearly intended by the
context in which such term is used. "Analyte" refers
to a molecule, compound, or other component in a
sample. Analytes  can be peptides, proteins,
polynucleotides, organic molecules, sugars or other
carbohydrates  or carbohydrate polymers, lipids, or
other types of molecules, including vitamins,
hormones, 20 and disease markers. Analytes can occur
in combination with and/or as portions of other
molecules. Analytes preferably do not include RET
donors or RET acceptors.  "Antibody" refers to an
immunoglobulin protein which specifically binds to an
analyte. Antibodies include various classes and
isotypes of immunoglobulins, such as IgA,  IgD, IgE,
IgGl, IgG2a, IgG2b, IgG3, and IgM. "Antibody
fragments" refer to molecules  25 such as Fab, scFv,
F(ab')2, and Fab' molecules comprising portions of
intact antibodies. "Antibody derivatives" refer to
antibodies or fragments thereof having additions or
substitutions, such as chimeric antibodies.
Antibodies, antibody fragments, and antibody
derivatives can be derived from human or animal
sources, from hybridomas, through  recombinant
methods, or in any other way known to the art. 30
"Epitope" refers to a localized region or regions on
the surface of an analyte to which  a molecular
recognition domain specifically binds. "Fluorescence"
refers to the emission of light from a substance
caused by exposure to  electromagnetic radiation
(generally in the visible range) from an external
source, such as a WO 2005/089409 PCT/US2005/008833  6
laser. For purposes of this definition, fluorescence
includes phosphorescence, defined as the  continued
emission of light by a substance after the exciting
radiation has been discontinued.  



"Forster Radius" refers to the distance at which
resonance energy transfer between a RET donor and RET
acceptor is 50% efficient (i.e. the spectral emission
of 50% of excited  5 donors is dimmed by a FRET
interaction). "FRET," "FRET interaction," and similar
terms refer to Forster resonance energy  transfer
between a RET donor and a RET acceptor, as well as to
similar types of energy  transfer not strictly
following the Forster's theory, such as the
nonoverlapping energy  transfer when nonoverlapping
acceptors are utilized (see, e.g., Anal. Chem.2005,
77: 1483- 10 1487). "FRET ratio" (denoted by the
symbol "R" in Figures 7A-71) refers to the ratio of
steady-state fluorescence intensities of a fluorescent
RET donor and a fluorescent RET  acceptor at their
respective emission peaks when a sensor construct is
excited at the optimal  RET donor excitation
wavelength (Amax). "Label" refers to a molecule or
moiety capable of 15 providing a detectable signal. In
the present sensor constructs and methods, the labels
are  RET donors or RET acceptors and the signal is an
electromagnetic (e.g., optical) signal.
"Luminescence" refers to the production and emission
of light from a nonthermal source, i.e. other than a
hot, incandescent body. Among the several types of
luminescence  are chemiluminescence and
bioluminescence, which are produced, respectively, by
chemical  20 and biochemical reactions. Luminescence
does not include fluorescence. "Moiety" refers to a
portion of a molecule having a property of interest.
"Molecular recognition domain" or "MRD" refers to a
molecule or moiety which is  able to specifically bind
an analyte. Examples of MRD's include antibody binding
domains  (i.e., CDR regions), antigen epitopes (e.g.,
when detecting antibodies), chelated metals, 25
oligonucleotides, peptides and hormone receptors.
"Molecular size" with respect to a globular protein or
peptide refers to the  hydrodynamic radius of the
molecule. "Oligonucleotide" refers to a chain of
between 5 and 200 nucleotides, generally  between
about 20 and 100 nucleotides, and more preferably
about 30 nucleotides. 30 "Peptide" refers to a
molecule comprising 50 or fewer linked amino acids.
"Polynucleotide" refers to a molecule comprising two
or more linked nucleic acids.  Polynucleotides include
nucleic acids as well as nucleic acid molecules having
substitutions  and additions. 



WO 2005/089409 PCT/US2005/008833  7 "Polypeptide"
refers to a molecule comprising two or more linked
amino acids.  "Protein" refers to a molecule
comprising more than 50 linked amino acids.
"Ratiometric methods" refer to methods which measure
the ratio of fluorescence from a RET donor and a RET
acceptor in order to determine the amount of an
analyte in a sample.  5 Ratiometric measurements can
be conducted with fluorometers. "RET donor" refers to
a fluorescent or luminescent moiety or molecule which
is able  to interact with a RET acceptor via Forster
resonance energy transfer. "RET acceptor" refers to a
moiety or molecule which is able to interact with a
RET  donor via Forster resonance energy transfer,
through enhanced fluorescence of the RET 10 acceptor
and/or quenching of a signal from the RET donor.
"Sensor construct" refers to a molecule, or to a
collection of molecules comprising  subunits which
function together, which is capable of providing a
detectable signal indicating  the presence of an
analyte in a sample as a result of the binding of the
analyte to the sensor  construct. 15 "Specific
binding" or "specifically bind," with respect to the
interaction between an  analyte and a molecular
recognition domain, refers to the attachment of the
molecular  recognition domain to the analyte and not
to other components of a sample under the  conditions
of a particular assay. A relatively small amount of
non-specific binding by a  MRD can be tolerated in
some assays, though this will need to be accounted for
in 20 interpreting assay results in order to avoid
false positive results or inaccurate quantitative
data. A molecular recognition domain can bind a
particular group or class of molecules in  some cases
and still be regarded as specifically binding such
molecules, such as when the  MRD binds an epitope
common to the group of molecules. The binding of an
analyte by a  molecular recognition domain can be
reversible, i.e. the analyte can be detached from the
25 specific binding partner without structurally
altering the analyte or the specific binding  partner,
or can be irreversible such as the binding between
biotin and avidin. "Specific epitope binding,"
"specifically binding an epitope," and similar terms
refer  to the attachment of a molecular recognition
domain to a specific epitope of an analyte. Such
binding occurs only between a molecular recognition
domain and the specific epitope, though 



30 a small amount of non-specific binding can be
tolerated in some assays, for example the  binding of
an oligonucleotide to another oligonucleotide having
several mismatched bases, or  the binding of an
antibody binding domain to an isoform of an analyte.
Specific epitope  binding excludes binding
interactions which can occur between an analyte and a
number of WO 2005/089409 PCT/US2005/008833  8
different molecules, such as ionic binding between a
chelator and any of a number of  different metals. A
molecular recognition domain can however be described
as exhibiting  specific epitope binding if it binds
the same epitope on a particular group or class of
molecules. For example, the MRD can be directed
against the Fc region of a class of 5 antibodies and
thereby specifically bind a number of different
antibodies of that particular  class. As used herein,
the term "comprise" and variations of the term, such
as "comprising"  and "comprises," are not intended to
exclude other additives, components, integers or
steps.  The terms "a, " "an, " and "the" and similar
referents used herein are to be construed to cover  10
both the singular and the plural unless their usage in
context indicates otherwise. FRET Forster resonance
energy transfer is the physical principal utilized in
the present  15 methods to detect analytes. FRET
involves the transfer of energy from a RET donor,
normally a fluorescent or luminescent moiety in its
excited state, to another excitable moiety,  a RET
acceptor, by a nonradiative dipole-dipole interaction.
RET donor and acceptor pairs  are chosen for the
present sensor constructs so as to ensure that a FRET
interaction is  possible between the donor and
acceptor. The donor's emission spectrum should
generally 20 have a shorter wavelength than the
acceptor's emission spectrum (i.e. the donor's optimal
emission wavelength maximum, imax , should be shorter
than the acceptor's). In classical  FRET, the emission
spectrum of the donor and the absorption spectrum of
the acceptor must  overlap to some extent. There are,
however, exceptions to the rule as in the case of
anti- Stokes' shift FRET based on lanthanide chelate
donors and nonoverlapping acceptors (see, 25 e.g.,
Anal. Chem. 2005 Mar 1;77(5):1483-7). In addition, the
RET donor and RET acceptor must be positioned in close
proximity  on the sensor construct in order for a FRET
interaction to take place. Generally, FRET is  



seen to occur when the donor and acceptor are
separated by less than 10 nanometers, but  FRET has
also been detected at a molecular distance as high as
25 nanometers between the  30 donor and acceptor (see,
e.g., J. Am. Chem. Soc. 2005 Mar 9;127(9):3115-3119).
According to Forster's theory, the energy transfer
efficiency also depends on the refractive  index of
the media between the donor and acceptor, the rate
constant for  fluorescence/luminescence emission by
the energy donor, and the quantum yield of the donor
WO 2005/089409 PCT/US2005/008833  9 in the absence of
the acceptor. The intensity of an optical signal
generated by a FRET  interaction between a RET donor
and RET acceptor of the present sensor construct
depends  on the identity of the donor and acceptor, as
different donor and acceptor pairs have different
Forster radii. 5 When a RET donor is in the excited
state and a FRET interaction takes place between  the
donor and an acceptor, the fluorescence or
luminescence of the donor is quenched (i.e.,  reduced
in total light output). For some RET acceptors, light
emission is triggered by  energy absorbance or
transfer from a RET donor, resulting in a light
emission by the  acceptor. Other acceptors, known as
quenchers, dissipate the energy absorbed from a RET 10
donor and do not emit light (or do so weakly). A FRET
interaction in the present methods can be detected by
measuring the steady- state or time-resolved
fluorescence or luminescence of the sensor construct
using standard  techniques known to the art (see,
e.g., Curr. Opin. Chem. Biol. 2003 Oct;7(5):635-40).
For  example, the fluorescence of the RET acceptor or
the quenching of RET donor fluorescence 15 or
luminescence, or both, can be measured. When a
quencher is used as the RET acceptor,  the quenching
of the donor's emission is generally measured. In the
present methods, the  interference with an expected
FRET interaction between a RET donor and RET acceptor
indicates the presence of an analyte in a sample. 20
Sensor Construct Components As shown in Figure 1, the
present sensor constructs 10 include three primary
elements, namely a molecular scaffold 20, a molecular
recognition domain 30, and a pair of  labels 40, 50
which can interact via Forster resonance energy
transfer. The labels 40, 50 are  25 secured to the
molecular scaffold 20 so as to be in close enough
proximity to be able to 



interact via Forster resonance energy transfer in the
absence of an analyte 60 bound to the  MRD 30 of the
sensor construct 10. The molecular recognition domain
30 is incorporated  into or otherwise secured to
either the molecular scaffold 20 or to one of the
labels (40 or 50)  such that binding of an analyte 60
to the MRD 30 interferes with a Forster resonance 30
interaction between the pair of labels 40, 50. As
shown in Figure 1, when the MRD 30 binds  the analyte
60, the analyte in one embodiment becomes interposed
between the two labels 40,  50. WO 2005/089409
PCT/US2005/008833  10  Molecular Recognition Domains A
number of different types of MRD's can be used in the
present sensor constructs,  depending on the analyte
to be detected. In one embodiment, the MRD is the
binding domain  5 of an antibody, i.e. the CDR region.
In some cases, a portion of a CDR region, such as a
CDR3 portion of an antibody, can function as a MRD.
When an antibody binding domain is  the MRD, it can be
part of a complete antibody, in which case antibodies
directed against a  single epitope of an analyte are
preferably used. Such antibodies can be monoclonal
antibodies produced through the use of hybridoma
techniques or can be produced by 10 recombinant
methods, as is known to the art. Alternatively,
polyclonal antibodies can also be  used as MRD's to
detect an analyte. MRD's can also be included in
antibody fragments which retain their specific binding
characteristics. Such fragments can be, for example,
antibody fragments lacking the Fc  portion of an
antibody, e.g., Fab, Fab' and F(ab')2 fragments. Fab
and F(ab')2 fragments can 15 be produced by methods
known to the art, e.g. by cleaving a monoclonal
antibody with  proteolytic enzymes such as papain,
trypsin, ficin, and/or pepsin. Fab' fragments can be
produced by reductive cleavage of F(ab')2 fragments
with agents such as dithiothreitol or
mercaptoethanol. Single chain Fv (scFv) antibodies,
which incorporate the entire antibody  binding region
in a single polypeptide chain, can likewise be
obtained through reductive 20 cleavage of the
disulfide bonds connecting the heavy chain components
of an intact antibody.  In a preferred embodiment,
antibody fragments are alternatively produced using
recombinant  techniques. MRD's comprising the binding
portion of an antibody can be incorporated into a  



molecular scaffold in a number of ways. In one
embodiment, an antibody or portion thereof  25
comprising an antibody binding domain is produced
independently of the molecular scaffold and is then
attached to the scaffold. For example, an antibody
having a biotin moiety can be  attached to a molecular
scaffold having an avidin moiety attached at an
appropriate location.  In a preferred embodiment, the
molecular scaffold comprises a recombinantly produced
protein, and the MRD is the binding portion of an
antibody which is incorporated into the 30 molecular
scaffold. In this way the molecular scaffold and MRD
can be produced together  and no additional step to
attach the MRD to the molecular scaffold is required.
In an alternative embodiment, the MRD can be a
chelated metal, such as nickel, for  capturing a
metal-binding agent. In this embodiment, the metal is
preferably bound to the WO 2005/089409
PCT/US2005/008833  11 molecular scaffold by being
chelated to the sensor construct via a metal-chelating
group (such  as nitrilotriacetic acid) chemically
coupled to the molecular scaffold or the labels.
Preferably, the analyte to be detected is a peptide or
protein to which a His-tag, i.e. a chain  of multiple
histidine residues (usually five or six) near the N-
or C-terminus of the peptide or  5 protein, has been
attached. The MRD can alternatively be a peptide that
binds other polypeptides or even non- peptides.
Current combinatorial peptide library screening
techniques allow the selection of  unique peptides
that bind a variety of molecules (see, e.g., Science.
1990 Jul 27; 249(4967):  404-6). A peptide MRD can be
incorporated into the molecular scaffold or the labels
of the  10 sensor construct. The MRD can also comprise
other types of specific binding molecules. For
example,  the MRD can be an oligonucleotide for
detecting a polynucleotide having a complementary
sequence. Certain DNA/RNA MRDs, termed aptamers, can
bind proteins and thus potentially  be useful for
detecting protein analytes. MRD's can also comprise
moieties that are typically 15 regarded as antigens
for immunoassays, in order to detect the presence, for
example, of an  antibody in a sample. The sample can
comprise plasma or blood in one embodiment and the
MRD can be a peptide epitope against an anti-HIV
antibody in order to detect the presence of  anti-HIV
antibodies. One of skill in the art will appreciate
that either member of a specific binding pair  



20 (such as an antibody and antigen) can comprise a
molecular recognition domain. Specific  binding pairs
include carbohydrate and lectin; biotin and avidin;
folic acid and folate binding  protein; vitamin B 12
and intrinsic factor; and Protein A or Protein G and
immunoglobulin.  Labels 25 A variety of labels can be
used in the present sensor construct as the RET donor
and/or the RET acceptor. Both the RET donor and RET
acceptor can be fluorescent labels,  which include
such dyes as fluorescein, rhodamine, coumarin, and
derivatives thereof. It is  also possible to use
lanthanide (rare-earth elements) atoms as donors and
conventional 30 organic dyes as acceptors in FRET
(see, e.g., Nat. Struct. Biol. 2000 Sep;7(9):730-4).
Further fluorescent dyes are listed in Table 1 below,
all of which are commercially available  (e.g., from
Sigma Chemical, St. Louis, MO). WO 2005/089409
PCT/US2005/008833  12  Table 1: Fluorescent Labels
4-acetamido-4'-isothiocyanatostilbene-2-
5-(4,6-dichlorotriazin-2-yl)  2'-disulfonic acid
aminofluorescein (DTAF)
7-amino-4-trifluoromethylcoumarin
N-(4-anilino-l-naphthyl) maleimide
4',6-diamidino-2-phenylindole (DAPI)
7-amino-4-methylcoumarin (AMC)
4,4'-dilsothiocyanatostilbene-2,2'-
tetramethylrhodamine isothiocyanate  disulfonic acid
(TRITC) quinolizino fluorescein isothiocyanate dansyl
chloride  (QFITC) eosin isothiocyanate erythrosin B
fluorescamine fluorescene  fluorescein derivatives
4-methylumbelliferone o-phthaldialdehyde rhodamine B
and derivatives  rhodamine 6G rhodamine 123
sulforhodamine B sulforhodamine 101  sulforhodamine
101 acid chloride Fluorescent labels also include
fluorescent proteins, such as green fluorescent
protein  



5 (GFP). GFP is a spontaneously fluorescent protein
isolated from the jellyfish Aequoria  victoria, and a
number of GFP variants (both blue-shifted and
red-shifted) have been  developed. Such variants or
derivatives comprise molecules with substitutions,
additions,  and/or deletions to the native GFP
sequence. GFP variants include BFP (blue), CFP (cyan),
and YFP (yellow), as well as enhanced variants of
these molecules such as EGFP, ECFP and 10 EYFP. When
GFP is one of the fluorophores, rhodamine or Marina
Blue (Molecular Probes,  Eugene, OR) are
advantageously employed as the other partner of the
FRET pair.  Additionally, a number of red fluorescent
proteins (RFP) from reef coral species and their
engineered variants can also be used. Fluorescent
proteins are advantageously employed as RET donors and
acceptors in the  15 present sensor constructs when
the MRD and/or the molecular scaffolds are produced
recombinantly. In this case, the RET donor and RET
acceptor can be produced together with  the molecular
scaffold and/or the MRD as a single polypeptide
molecule, and the placement  of the RET donor and
acceptor on the molecule can be precisely controlled.
WO 2005/089409 PCT/US2005/008833  13 Other fluorescent
compounds which can be used as labels in the present
sensor  constructs include nanocrystals, also referred
to as quantum dots. Quantum dots (QDs) are
semiconductor nanocrystals whose fluorescence emission
wavelength is proportional to the  size of the
crystal. Quantum dots have a diameter on the order of
the compound's Exciton 5 Bohr Radius, and are
generally between 2 and 10 nanometers wide. They
typically comprise  compounds formed from two
elements, one from each of two Periodic Table groups,
namely  from Periodic Table Groups 2 and 6, Periodic
Table Groups 3 and 5, or Periodic Table  Groups 4 and
6. Exemplary materials include CdSe, ZnS, and PbSe.
The outer surface of a  quantum dot can be readily
conjugated to organic molecules to facilitate
attachment to other 10 moieties, such as to the
molecular scaffold of the present sensor construct. In
some embodiments, the RET donor of the sensor
construct can comprise a  luminescent moiety instead
of a fluorescent moiety. For example, the RET donor
can  comprise luciferase, which produces light when it
acts on its substrate, coelenterazine.  Fluorescent
molecules such as YFP and GFP can act as RET acceptors
with luciferase. The 15 use of biologically derived
compounds such as luciferase or aequorin as a RET
donor is  



sometimes referred to as BRET (Bioluminescence
Resonance Energy Transfer). Other luminescent
moieties, such as chemiluminscent moieties, can also
be used as  RET donors. For example, luminol
(5-amino-2,3-dihydro-1,4-phthalazine-dione) is a
chemiluminescent compound which emits a green-blue
light when exposed to a basic solution 20 such as a
perborate, permanganate, hyperchlorite, iodine, or
hydrogen peroxide which  oxidizes luminol. Other
luminescent moieties include peroxyoxalate
chemiluminophores such  as
bis(2,4,6-trichlorophenyl)oxlate (TCPO) and
bis(2-(3,6,9-trioadecanyloxycarbonyl)-4-
nitrophenyl)oxalate (TDPO). In addition, quenchers can
be used as the RET acceptors for some embodiments of
the  25 present methods. The use of quenchers such as
DABCYL, BHQ, or QSY dye (e.g., QSY 7,  QSY 9, QSY 21,
QSY 35, available from Molecular Probes, Eugene, OR,
USA) has the  advantage of eliminating the potential
problem of background fluorescence resulting from
direct (i.e., non-FRET) acceptor excitation. 30
Molecular Scaffolds The molecular scaffolds of the
present invention are adapted to bind a RET donor,
RET acceptor and a MRD and to maintain these moieties
in a particular spatial relationship WO 2005/089409
PCT/US2005/008833  14 with respect to one another. The
RET donor and RET acceptor must be within a distance
which allows a Forster resonance energy interaction
between the donor and acceptor in the  absence of an
analyte bound to the MRD. The RET donor, RET acceptor,
and MRD should  also be retained in the correct dipole
orientation to facilitate FRET interactions (see,
e.g., 5 Stryer L., Fluorescence energy transfer as a
spectroscopic ruler, Annu. Rev. Biochem.,  47:819-46
(1978)). The MRD is further preferably retained by the
molecular scaffold so that  when it binds an analyte,
the analyte bound by the MRD or at least a portion
thereof is  interposed between the RET donor and the
RET acceptor, thereby interfering with Forster
resonance energy interactions between the donor and
acceptor. It is not required to have a 10
conformational change in the molecular scaffold in the
present sensor construct to enable  detection of the
analyte. A variety of different molecules capable of
binding labels and MRD's can be used as  molecular
scaffolds in the present sensor construct. For
example, peptides, proteins,  



carbohydrates, and organic molecules, as well as
molecules comprising a combination of 15 such
molecules such as nucleic acids, can be used as the
molecular scaffold moiety of the  present sensor
construct. In one embodiment, the molecular scaffold
is a protein comprising  an antibody, antibody
fragment, or antibody derivative, such as a Fv moiety.
The Fv moiety  comprises a VH and a VL fragment which
are preferably stabilized by a flexible linker to
form a single-chain Fv (scFv), or by heterodimeric
coiled coils to form helix-stabilized Fv  20 (hsFv).
In another embodiment, the molecular scaffold
comprises a protein such as a  periplasmic binding
protein. One such protein is maltose binding protein
(MBP). When  labels such as GFP and YFP are attached,
respectively, to the N- and C-termini of MBP, they
are capable of interacting via Forster resonance
energy interaction. 25 When using a periplasmic
binding protein such as MBP or other similar protein
which  changes conformation upon binding to a small
molecule as a molecular scaffold, it is possible  to
make use of such conformational change to enhance the
sensitivity of the present assay,  although such
conformational change is not a prerequisite for
analyte detection using the  present sensor construct.
In the presence of maltose, MBP undergoes a
hinge-bending like 30 conformational change, which can
bring a RET donor and RET acceptor into closer
proximity, resulting in a detectable FRET interaction.
In the presence of a target analyte that  binds the
MRD, however, this FRET effect is reduced. Other types
of molecular scaffolds can also be used to form the
present sensor WO 2005/089409 PCT/US2005/008833  15
constructs. For example, heterodimeric coiled coils
can be used to present the MRD and the  labels.
Alternatively, rigid linkers comprising organic
compounds such as those described in  U.S. Pat. No.
5,945,526 can be used to retain a RET donor, RET
acceptor, and MRD.  Polynucleotide molecules can also
be used as molecular scaffolds. 5 Coupling of Labels
The RET donor, RET acceptor, and MRD can be attached
to the molecular scaffold in  a variety of ways,
depending on the type of molecular scaffold. When the
molecular scaffold  10 and/or the MRD is a protein
produced through recombinant methods, fluorescent or 



luminescent proteins (such as GFP and luciferase) can
be advantageously incorporated into  the recombinant
protein and produced together with the molecular
scaffold or MRD as a  single molecule. For example, a
hexa-histidine tag can be included in a protein
comprising  the molecular scaffold or MRD. This not
only allows convenient metal-affinity purification 15
of the sensor construct, but the His-tag can also then
be labeled with a Ni-NTA conjugated  fluorophore (see,
e.g., Kapanidis AN, Ebright YW, Ebright RH,
Site-specific incorporation  of fluorescent probes
into protein: hexahistidine-tag-mediated fluorescent
labeling with  (Ni(2+):nitrilotriacetic Acid
(n)-fluorochrome conjugates, J. Am. Chem. Soc. 2001
Dec  5;123(48):12123-5). 20 Another method for the
site-specific labeling of proteins involves
cysteine-specific  labeling with thiol-reactive
reagents. Site-directed mutagenesis can be used to
introduce an  N-terminal cysteine into a protein such
as a scFv moiety (see, e.g., Gentle et al., Direct
production of proteins with N-terminal cysteine for
site-specific conjugation, Bioconjug.  Chem.,
15:658-663 (2004)). Site-specific labeling of the
amino terminus of a scFv moiety 25 can then be
achieved using chemical ligation techniques to
incorporate a thiol-reactive  fluorescence or quencher
probe (see, e.g., Dawson, et al., Synthesis of
proteins by native  chemical ligation, Science,
266:776-779(1994)). A wide variety of thiol-reactive
fluorophores are available commercially.
Alternatively, thiol-reactive fluorescent
oligonucleotide probes can be made using commercially
available kits to introduce multiple 30 copies of
fluorophores into a thiol-reactive oligonucleotide,
and such thiol-reactive  fluorescent oligonucleotide
probes can be used to label a cysteine moiety such as
a N-terminal  cysteine (see, e.g., Tung, CH and Stein,
S, Preparation and applications of peptide
oligonucleotide conjugates, Bioconjug. Chem.,
11:605-618 (2000)). WO 2005/089409 PCT/US2005/008833
16 When the molecular scaffold comprises an antibody,
antibody fragment, or antibody  derivative, labels can
be specifically attached through the use of specific
binding moieties  such as Protein L, Protein A, and/or
Protein G. Protein L (originally isolated from
Peptostreptococcus magnus) binds to the framework
region of the immunoglobulin light chain 5 (VL). A
single domain of Protein L (PpL) also shows strong
binding to the framework  region of VL, and can bind
VL without affecting antigen binding. The E domain of



Staphylococcal Protein A (SPA-E) binds strongly to the
framework region of VH, also  without affecting
analyte binding. The amino termini of the VL and VH
domains are within  a distance that permits FRET to
occur (between about 3 and 4 nm), and so are
appropriate 10 places to bind labels to construct a
sensor construct. In this embodiment, PpL and SPA-E
can be expressed in Escherichia coil, purified,  and
respectively labeled with a RET donor and an acceptor.
When contacted with an  antibody, antibody fragment,
or an antibody derivative, the labeled PpL and SPA-E
molecules become bound, thereby labeling such
molecules. Other methods of attaching labels 15 to a
molecular scaffold are also possible. For example,
labels can be attached to molecular  scaffolds using
conventional chemical coupling reactions, resulting in
covalent attachment of  the label to the molecular
scaffold. When the molecular scaffold is a
polynucleotide, labels can be directly incorporated
into the sequence of the polynucleotide during
synthesis using dye-phosphoramidites, which  20 are
substituted for nucleotide phosphoramidites during
synthesis. Other ways of incorporating fluorescent
dyes into polynucleotides are also known to the art.
As shown in Figure 3, labels (i.e. label 40 in Figure
3) can also be attached to a MRD  30 directly, rather
than being attached directly to a molecular scaffold,
as long as such  attachment does not interfere with
analyte binding by the MRD. Such attachment also must
25 not interfere with a FRET interaction between the
RET donor and RET acceptor prior to the  binding of an
analyte by the MRD 30. In some embodiments, it can be
advantageous to include a plurality of donor RET
moieties and/or a plurality of RET acceptor moieties
in a sensor construct. As shown in  Figure 4A,
multiple RET donors 42, 44, and 46 are provided on the
label 40 while multiple 30 RET acceptors 52, 54, and
56 are provided on RET acceptor 50. The use of
multiple RET  donors and acceptors in a sensor
construct 10 can increase the intensity of an optical
signal  produced by the present sensor constructs. WO
2005/089409 PCT/US2005/008833  17 Sensor Constructs A
wide variety of molecular recognition domains, labels,
and molecular scaffolds can  be combined to form the
present sensor constructs. When designing polypeptide
sensor 



5 constructs as described herein, molecular modeling
tools such as Deep View/Swiss PDB  Viewer (available
at http://www.expasy.org/spdbv/) can be used for
protein structure  viewing and manipulation. Programs
such as Dock 5.0 (available from the Molecular Design
Institute, University of California, San Francisco)
can be used for molecular docking, and  InterPreTS
(available at http://www.russell.embl.de/interprets/)
can be used for analyzing 10 protein interactions.
Protein structures for use with such tools can be
obtained, for example,  from RCSB Protein DataBank
(available at http://pdbbeta.rcsb.org/pdb/). In one
embodiment, a MRD can be attached to one of the labels
of the sensor  construct. As shown in Figure 2, MRD 30
is attached to the label 40. Advantageously, the
label and the MRD are polypeptides, and are produced
together as a single molecule. In the 15 embodiment
shown in Figure 2, the MRD 30 is attached at the
N-terminus of the label 40. In  the illustrated
embodiment the label 40 is attached to the N-terminus
of a polypeptide  molecular scaffold 20, which can be
MBP. A further protein label 50 is attached to the C-
terminus of the molecular scaffold 20. A similar
embodiment is shown in Figure 2A, in  which the MRD 30
is a peptide loop inserted into the sequence of the
polypeptide label 40. 20 In an alternative approach,
shown in Figure 3, the termini of a polypeptide
molecular  scaffold 20 (which can be maltose-binding
protein) are respectively fused to a label 50 such  as
GFP and to a molecule comprising a polypeptide
molecular recognition domain 30, such as  a scFv or
other antibody fragment, using recombinant DNA
technology. The molecule  comprising the MRD 30 is
then labeled with a label 40, which can be a
fluorophore such as 25 rhodamine. MRD's comprising
peptides and even protein domains can also be inserted
at  certain sites of the nucleotide sequence of MBP,
and such fusion proteins can then be  expressed
recombinantly, without affecting the ability of MBP to
bind maltose (see, e.g.,  Betton et al., Location of
tolerated insertions/deletions in the structure of the
maltose binding  protein, FEBS Lett. 325(1-2):34-8
(1993) and Guntas Ostermeier, Creation of an
allosteric 30 enzyme by domain insertion, J Mol Biol.
336(1):263-73 (2004)). Alternatively, MRD 30 can  be
chemically coupled to specific locations of the MBP. A
further approach is illustrated in Figure 3A. In this
embodiment, the MRD 30 is  attached to the molecular
scaffold 20 directly. MRD's can be attached to a
molecular WO 2005/089409 PCT/US2005/008833  18 



scaffold as described above. Figure 3A further shows
the binding of an analyte 60 to the  MRD 30. In some
embodiments of the present sensor constructs 10, the
constructs can be  formed from separate molecules
which become attached to or associated with each other
to  5 form a sensor construct 10. For example, as
shown in Figure , the molecular scaffold 20 and/or the
MRD 30 of the present sensor construct 10 can, in one
embodiment, comprise two  molecules which are produced
separately and then assembled. This has the advantage
of  allowing a RET donor to be attached to one of the
molecules and a RET acceptor to be  attached to the
other, so that the binding of the labels to portions
of the molecular scaffold 10 and/or the MRD can be
better controlled. One way to create a self-assembling
sensor  construct from two separate molecules is to
make use of heterodimeric coiled coil polypeptide
moieties, such as WinZip-A2B1 (see, e.g., J Mol Biol.
2000 Jan 21;295(3):627-39). As  shown in Figure 4,
when a heterodimeric coiled coil moiety 70 such as
WinZip-A2 is  attached to one portion 22 of a
molecular scaffold 20 and another coiled coil moiety
80 which 15 specifically binds to the first coiled
coil moiety 70 (such as WinZip-B 1) is attached to the
other portion 24 of the molecular scaffold 20, the
coils 70 and 80 will associate, thereby  joining the
separate portions 22 and 24 of the molecular scaffold
20 to form the MRD 30.  Such coils can be joined to
the molecular scaffold portions via linkers, such as
the short  peptide linkers 26, 28 illustrated in
Figures 4 and 4A. 20 One particular molecule
comprising this embodiment is a helix-stabilized
recombinant  Fv, in which the CH 1 and CL domain of a
Fab fragment are replaced with a heterodimeric  coiled
coil (such as WinZip-A2B1 or an E/K coiled coil
polypeptide). One portion of the  molecular scaffold
comprises the VH region of a Fv fragment attached to
WinZipA2, while  the other portion comprises a VL
region attached to WinZipBl. Both portions can be 25
produced by genetic fusion and standard recombinant
methods known to the art. When the  VH and VL portions
are placed in contact with each other, they
self-assemble to form a  sensor construct. In related
embodiments, shown in Figures 5A, 513 and 6, the
molecular scaffold 20  can comprise two moieties which
specifically bind to each other, such as coiled coil
30 polypeptide pairs. In the embodiment shown in
Figures 5A and 5B, a first coiled coil  polypeptide
partner 70 is attached to label 40 by means of a
linker 26. Also included in this  



molecule is a specific binding region 27. A second
coiled coil polypeptide partner 80 is  attached to
label 50 via linker 28, and when contacted with one
another the two coiled coil WO 2005/089409
PCT/US2005/008833  19 partners specifically bind to
each other. MRD 30 is attached to a partner 25 for the
specific  binding region 27 and likewise becomes
associated with specific binding region 27 when
contacted with it. As shown in Figure 5B, when an
analyte 60 comprising an epitope 62 to  which the MRD
30 specifically binds is brought into contact with the
separate molecules 5 comprising this embodiment of the
sensor construct 10, the analyte 60 bound to the MRD
30  becomes attached to the construct via binding
partners 25, 27 and interferes or otherwise  alters a
FRET interaction between the labels 40 and 50. In a
further alternative embodiment of the present sensor
construct 10, shown in  Figure 6, the MRD can be
attached to a first specific binding molecule 25 to
which label 40 is  10 also attached. A second label 50
(illustrated as a quantum dot in Figure 6) is attached
to a binding partner 27 for specific binding molecule
25. When contacted with one another, the  specific
binding partners 25, 27 associate to form the
molecular scaffold 20. Assay Methods  15 The present
sensor constructs are adapted to detect large target
analytes such as cells,  viruses, antibodies, and
proteins, in particular analytes having a molecular
size in the range  of between about 1 nm to about 25
nm, more preferably between about 3 mu and about 6 nm.
The sensor constructs are therefore advantageously
used in diagnostic assays. For example,  20 a person
suspected of possibly having a medical condition can
be tested using the present  sensor constructs by
contacting a sample of material from the patient (such
as saliva, urine,  plasma, serum, blood, or other
tissue) with a solution containing the present sensor
constructs. The sensor constructs are adapted to bind
an indicator of the condition which is  suspected of
being present in the sample. Upon detecting the
binding of the indicator in the 25 sample to the
sensor construct at an appropriate level of signal
intensity, the patient can be  diagnosed as having the
condition. Samples of experimental or manufactured
materials which  are purified or produced in aliquots
or batches can also be tested to determine the
presence of  a desired material in a particular
aliquot or batch. For example, fractions of the eluate
from a  



chromatographic separation can be tested to detect
which fractions contain an analyte of 30 interest in
solution. Other samples, such as environmental
samples, can also be tested  according to the present
methods, for example to detect unwanted contaminants
in such  samples. Preferably, the assays performed
according to the present methods are non WO
2005/089409 PCT/US2005/008833  20 competitive assays,
and the sensor constructs produce a signal directly in
response to binding  an analyte. After contacting a
sample with a sensor construct, an optical signal from
the  sensor construct is measured. If interference
with a Forster resonance energy transfer  interaction
between the RET donor and the RET acceptor of the
construct i s detected, this 5 indicates that the
analyte of interest is present in the sample.
Preferably, am optical signal is  obtained from a
solution containing the sensor construct prior to
contacting it with a sample,  in order to measure a
control optical signal generated by a Forster
resonance energy transfer  interaction between the RET
donor and the RET acceptor of the sensor construct.
The difference between the control optical signal and
an optical signal measured in a sample 10 solution can
be used to quantitatively determine the amount of
analyte present in the sample.  Ratiometric methods
can be used to make this determination, as is known to
the art. Changes  in the intensity of the emissions
from a sensor construct and/or in the decay kinetics
of the  optical signal emitted by the sensor construct
can be measured for this purpose. Time- resolved
methods can also be applied when RET donors with long
lifetime such as 15 lanthanides are used, as is known
to the art. One advantage of the present methods is
that they can be performed in solution,  without
having to attach the sensor constructs to a solid
support. This avoids the multiple  binding and washing
steps required in solid-phase assays such as
conventional ELISA and  hence assay throughput can be
greatly increased, with less chance of operator error.
If 20 desired, the present constructs can also be
attached to a solid support, such as a microtiter
well or microarray. When the present sensor constructs
are attached to a solid support,  sensor constructs
which are specific for different analytes can be
localized in discrete  locations on the solid support,
for example in a microarray. The presence of a
particular  analyte in a sample will be indicated by
the appropriate optical signal from the discrete 



25 location on the support where a sensor construct
adapted to bind that analyte is bound. In  this way, a
single sample can be tested for the presence of
multiple analytes. A wide variety of solid supports
can be used in this embodiment of the present
methods. Suitable solid supports include plates,
wells, membranes, and fibers. For example,  the solid
support can be a particle, microarray, microtiter
well, waveguide, or capillary. The 30 solid support
can be made from any material to which the present
sensor coonstruct can be  bound which doesn't
interfere with analyte binding by the MRD or with a
FRET interaction  between the RET donor and RET
acceptor. Suitable materials include nitrocellulose,
glass,  and a number of synthetic polymers, including
nylon, polyvinylidene fluoride (PVDF), WO 2005/089409
PCT/US2005/008833  21 polystyrene, polypropylene,
polycarbonate, polyglycidylmethacrylate,
polyacrylamide,  polyamide, and polyvinylchloride. The
present sensor constructs can be coupled to solid
supports in ways known to the  art. For example, if
the solid support is a particle with a silica surface
cyanosilane coupling 5 agents can be used (see, e.g.,
Falipou et al., New use of cyanosilane coupling agent
for direct  binding of antibodies to silica supports,
Bioconjug. Chem., 10:346-353 (1999)). For a
microarray format, the sensor constructs can be
spotted onto commercially available multi- well glass
microarray slides. Wells can be created using a
hydrophobic coating (available  from Erie Scientific,
Portsmouth, NH) using a pin-tool type microarrayer to
create a 10 microarray. Various systems are known to
the art for exciting fluorophores and for detecting
and  measuring optical signals produced by the present
sensor constructs. For example, wide-field
fluorescence microscopy and laser scanning confocal
microscopy (LSCM) can, be used. 15 Kits In one
embodiment, the present sensor constructs can be
provided in kits for use in  detecting analytes. For
example, such a kit can include a polypeptide
comprising an Fv  portion of an antibody; a first
label comprising a RET donor bound to a polypeptide 20
comprising the E domain of Protein A; and a second
label comprising a RET acceptor bound  to a
polypeptide comprising the binding domain of Protein
L. When these separate  components are combined in
solution, the first label becomes bound to the VH
portion of the  



Fv moiety via the Protein A domain, and the second
label becomes bound to the VL portion  of the Fv
moiety via the Protein L domain. Alternatively, the
first label can comprise a RET 25 acceptor while the
second label comprises a RET donor. In a further
embodiment, such a kit can include a first label
comprising a RET donor  linked to a heterodimeric
coiled coil polypeptide and a second label comprising
an RET  acceptor and a heterodimeric coiled coil
polypeptide which specifically binds to the coiled
coil polypeptide of the first label. In this
embodiment the kit also includes a molecular 30
recognition domain carried on a molecular scaffold
which specifically binds to either the first  label,
the second label, or to both, preferably via a linker.
WO 2005/089409 PCT/US2005/008833  22 Examples  Example
1: Detecting Anti-GFP Antibodies 5 A maltose binding
protein construct was tested to verify the utility of
the present  methods. The construct (known as a
fluorescence indicator protein, or FLIP) was based on
the maltose binding protein. Attached to the
N-terminus of the MBP moiety was ECFP  (enhanced cyan
fluorescent protein), and attached to the C-terminus
of MBP was EYFP  (enhanced yellow fluorescent
protein). A hexa-histidine tag was further attached to
the N 10 terminus of the construct. This construct,
described in PCT International Patent Application  No.
WO 03/025220, was kindly provided by Professor Wolf
Frommer of the Carnegie  Institution of Washington.
Several different experiments were performed with this
construct. The results are  shown in Figures 7A-7I,
which make use of the symbols described in Table 2
below. 15 Table 2: Figure 7 Legends Symbol Definition
Rs FRET ratio of the sensor protein RSA FRET ratio of
the sensor protein upon binding to the target
(antibody)  RSAL FRET ratio of the sensor protein upon
first binding to the target then to  maltose RSL FRET
ratio of the sensor protein upon binding to maltose  



5A RSA - Rs 6AL RSAL - RSL This construct exhibited an
increased FRET ratio (R) in the presence of maltose
due to  20 a conformational change in the MBP portion
of the molecule which results in the  fluorophores
coming into closer proximity to one another. Several
different concentrations of  the construct were
incubated with anti-GFP polyclonal antibodies (which
bind ECFP and  EYFP), both in the presence and absence
of maltose. As shown in Figures 7A and 7B, the  FRET
ratio of the sensor construct decreased in the
presence of the anti-GFP antibodies, 25 which by
binding to GFP interfered with a FRET effect between
the RET acceptor and RET WO 2005/089409
PCT/US2005/008833  23 donor of the construct. FRET
emissions from this construct were further measured in
the  presence of antibodies not specific for GFP,
resulting in virtually no change in FRET  emission
intensity. These results are shown in Figure 7C, which
also includes the results  shown in Figure 7B for
comparison. 5 Similar trends in the FRET ratio decline
from the sensor were observed with  monoclonal
anti-GFP antibody and a monoclonal anti-His tag
antibody, as shown in Figures  7E and 7F,
respectively. The FRET ratio of the sensor protein
upon binding to the target (the  anti-GFP polyclonal
antibody, in this case) was further measured as a
function of time. As  shown in Figure 7D, the changes
in FRET ratio occurred almost right away, with a 10
maximum decrease measured after about 30 minutes in
this system. The quantitative nature  of the present
method was shown by testing the change in FRET ratio
as a function of sensor  concentration. For this
experiment, a fixed concentration of polyclonal
anti-GFP antibody  (30 nM) was used as the target
analyte and the changes in FRET ratio of the sensor
were  measured under varying sensor concentrations. As
shown in Figure 7G, the sensor signal 15 (FRET ratio)
begins to saturate at about 30 nM, correctly
indicating the concentration of the  target analyte
(i.e. the polyclonal anti-GFP antibody). Example 2:
Sensor Construct comprising MBP as the Molecular
Scaffold for Detecting His- 20 tagged Proteins in
Solution A sensor construct similar to that described
in Example 1 is produced comprising a  recombinant
maltose binding protein having a ECFP moiety attached
to its N-terminus and a  



EYFP moiety attached to its C-terminus. Unlike in
Example 1, however, this fusion protein 25 does not
contain a hexa-histidine tag. The N terminus of ECFP
or the C-terminus of EYFP is  mutated to incorporate a
cysteine residue which allows chemical conjugation
with a thiol- reactive nitrilotriacetic acid
(Maleimido-C3 -NTA; DoJindo, Gaithersburg, MD). The
conjugated nitrilotriacetic acid is used to chelate
metal ions such as nickel which in turn binds
histidine-tagged proteins. Alternatively, the
nitrilotriacetic acid group can be coupled to the 30
maltose binding protein at a location between its N-
and C- terminus using site-directed  mutatgenesis and
chemical conjugation techniques known to the art. This
sensor can be used  to detect proteins which comprise
a His tag. WO 2005/089409 PCT/US2005/008833  24
Example 3: Self-Assembling Sensor Construct comprising
a Coiled Coil as the Molecular  Scaffold for Detecting
His-tagged Proteins in Solution A sensor construct
comprising heterodimeric coiled coils as the molecular
scaffold is  5 produced as follows. An E-coil (EVSALEK
heptad sequence) is coupled to a WinZip-A2 coil  (see,
e.g., J. Mol. Biol. 2000 Jan 21;295(3):627-39) via a
peptide linker, using recombinant  methods know to the
art. The N-terminus of the E-coil is mutated to
incorporate a cysteine  residue for thiol coupling to
a RET label. A K-coil (KVSALKE heptad sequence)
modified  with a N-terminal cysteine is produced by
chemical peptide synthesis or recombinant means 10 and
labeled with a thiol-reactive nitrilotriacetic acid.
In addition, an E-coil (with its N- terminus mutated
to incorporate a cysteine residue for thiol coupling
to a RET label) is  coupled to a WinZip-B1 coil (see,
e.g., J. Mol. Biol. 2000 Jan 21;295(3):627-39) via a
peptide linker, using genetic fusion and recombinant
methods know to the art. These three  peptide coils
are incubated together and allowed to form
self-assembled coiled coil sensor 15 constructs
depicted in Figure 5A. Upon binding to a His-tagged
protein, the FRET property  of the sensor construct
will change as depicted in Figure 5B. Example 4:
Self-Assembling Sensor Construct Comprising
Recombinant Fv Antibody 20 A sensor construct
comprising a recombinant Fv antibody fragment is
produced by  separately producing two fusion proteins
(see, e.g., J Mol Biol. 2001 Sep 7;312(1):221-8).  The
first fusion protein comprises the VH portion of a Fv
molecule linked at its C-terminus  to a linker which
connects it to the N-terminus of a peptide coil,
WinZip-A2 to form 



VH:: linker:: WinZip-A2. The linker comprises a
flexible, 14 amino acid peptide about 2.4- 25 2.6 nm
long consisting of the amino acids Gly, Ser, Thr, Pro.
The second fusion protein  comprises the VL portion of
the Fv molecule linked at its C-terminus to a linker
which  connects it to the N-terminus of another
peptide coil, WinZip-B 1 to form
VL::linker::WinZip-B1. The linker for the second
fusion protein likewise comprises a  flexible, 14
amino acid peptide about 2.4-2.6 nm long consisting of
the amino acids Gly, Ser,  30 Thr, Pro. PpL and SPA-E
are then used to label the two fusion proteins.
Hexa-histidine tagged  PpL and SPA-E are expressed in
E. coil, purified by immobilized metal affinity
chromatography (IMAC), and respectively labeled with a
RET donor and a RET acceptor WO 2005/089409
PCT/US2005/008833  25 fluorophore. Fluorophore-labeled
PpL and SPA-E are then incubated with the appropriate
fusion protein to allow specific binding to the VL and
VH domains, respectively.  Example 5: Self-Assembling
Sensor Construct Comprising a Monoclonal Antibody 5
Fluorophore-conjugated PpL and SPA-E are produced as
described in Example 4 for  use in labeling the VH and
VL regions of a monoclonal antibody. While PpL binds
only the  framework region of VL, SPA-E binds both to
VH, and, to a lesser extent, to Fc. Since the  binding
affinity of SPA-E to Fe is less than that of the
Fc-binding Streptococcus Protein-G B 1 10 (SPG-B1)
domain, the monoclonal antibodies are first incubated
with SPG-B1 to block the  binding of SPA-E to Fc. The
fluorophore-labeled PpL and SPA-E are then incubated
with  the antibodies. Although the present invention
has been discussed in considerable detail with 15
reference to certain preferred embodiments, other
embodiments are possible. The steps  disclosed for the
present methods are not intended to be limiting nor
are they intended to  indicate that each step depicted
is essential to the method, but instead are exemplary
steps  only. Therefore, the scope of the appended
claims should not be limited to the description of
preferred embodiments contained in this disclosure.
All references cited herein are 20 incorporated by
reference to their entirety. WO 2005/089409
PCT/US2005/008833  



26  What is claimed is: 1. A method of detecting an
analyte in a sample, comprising the steps of:  (a)
providing a sensor construct comprising: 5 (i) a
molecular recognition domain which specifically binds
to the analyte;  (ii) a first label comprising an RET
donor; and (iii) a second label comprising an RET
acceptor for the RET donor of the first  label, the
RET acceptor being separated from the RET donor by a
distance that allows  Forster resonance energy
transfer to occur, wherein proximity of the analyte to
the RET 10 donor and/or the RET acceptor interferes
with a FRET interaction between the RET  donor and RET
acceptor when the molecular recognition domain binds
the analyte; (b) contacting the sample with the sensor
construct; and then (c) measuring an optical signal
from the sensor construct, wherein the presence of the
analyte in the sample is determined when interference
with a Forster resonance energy  15 transfer
interaction between the RET donor and the RET acceptor
is detected. 2. The method of claim 1, wherein the RET
acceptor is separated from the RET donor  by a
distance of less than about 25 nanometers. 20 3. The
method of claim 2, further comprising a plurality of
RET donors and RET  acceptors. 4. The method of claim
1, wherein the RET donor is selected from the group
consisting  of a fluorescent protein, a luminescent
protein, a non-protein fluorophore, a non-protein 25
chemiluminescent compound, and a fluorescent
nanocrystal. 5. The method of claim 4, wherein the
donor is a fluorescent protein selected from the
group consisting of GFP, EGFP, RFP, BFP, CFP, ECFP,
YFP, EYFP, and derivatives of  one of the foregoing.
30 6. The method of claim 1, wherein the RET acceptor
is selected from the group  consisting of a
fluorescent protein, a non-protein fluorophore, a
fluorescent nanocrystal, and WO 2005/089409
PCT/US2005/008833  27  a quencher. 



7. The method of claim 1, further comprising the steps
of: measuring a control optical signal generated by a
Forster resonance energy transfer  5 interaction
between the RET donor and the RET acceptor of the
sensor construct prior to  contacting the sensor
construct with the sample; and determining the
difference between the control optical signal and the
optical signal of  step (c), wherein the difference
between the control optical signal and the optical
signal of  step (c) is indicative of the amount of the
analyte in the sample. 10 8. The method of claim 7,
wherein determining the difference between the control
optical signal and the optical signal of step (c)
comprises measuring a change in the intensity  or
decay kinetics of the fluorescence or luminescence of
the sensor construct. 15 9. The method of claim 1,
wherein the sensor construct comprises a polypeptide.
10. The method of claim 9, wherein the polypeptide
comprises an Fv portion of an  antibody, and the
molecular recognition domain comprises a CDR region of
the Fv portion. 20 11. The method of claim 10, wherein
the step of providing a sensor construct comprises
separately providing the polypeptide comprising the
molecular recognition domain, the first  label, and
the second label. 12. The method of claim 11, wherein
the first label comprises a linker comprising the E
25 domain of Protein A and the second label comprises
a binding domain of Protein L. 13. The method of claim
1, wherein the molecular recognition domain comprises
a  chelated metal. 30 14. The method of claim 1,
wherein the molecular recognition domain comprises an
oligonucleotide. 15. A sensor construct for detecting
an analyte, comprising: WO 2005/089409
PCT/US2005/008833  28 (a) a molecular recognition
domain which specifically binds to an epitope of the
analyte;  (b) a first label comprising an RET donor;
and (c) a second label comprising an RET acceptor for
the RET donor of the first label,  the RET acceptor
being separated from the RET donor by a distance that
allows Forster  5 resonance energy transfer to occur,
wherein a portion of the analyte is interposed between
the 



RET acceptor and the RET donor when the molecular
recognition domain binds the analyte.  16. The sensor
construct of claim 15, wherein the sensor construct
comprises a  polypeptide. 10 17. The sensor construct
of claim 16, wherein the sensor construct comprises a
single- chain Fv (scFv), and wherein the molecular
recognition domain comprises a CDR region of  the
scFv. 15 18. The sensor construct of claim 17, wherein
the first label is coupled to the scFv.  19. The
sensor construct of claim 17, wherein the second label
is coupled to the scFv. 20. The sensor construct of
claim 16, wherein the sensor construct comprises a Fv
portion  20 of an antibody, and wherein the molecular
recognition domain comprises a CDR region of  the Fv
portion. 21. The sensor construct of claim 20, wherein
the first label is coupled to the VH moiety  of the Fv
and the second label is attached to the VL moiety of
the Fv. 25 22. The sensor construct of claim 21,
wherein the first label comprises the E domain of
Protein A and the second label comprises a binding
domain of Protein L. 23. The sensor construct of claim
20, wherein the first label is attached to the VL
moiety  30 of the Fv and the second label is coupled
to the VH moiety of the Fv. 24. The sensor construct
of claim 23, wherein the first label comprises a
binding domain WO 2005/089409 PCT/US2005/008833  29 of
Protein L and the second label comprises the E domain
of Protein A. 25. The sensor construct of claim 16,
wherein the sensor construct comprises an antibody.  5
26. The sensor construct of claim 25, wherein the
first label comprises a linker selected  from the
group consisting of a binding domain of Protein L and
the E domain of Protein A.  27. The sensor construct
of claim 25, wherein the second label comprises a
linker selected  from the group consisting of a
binding domain of Protein L and the E domain of
Protein A.  10 28. The sensor construct of claim 16,
wherein the molecular recognition domain  comprises a
peptide epitope. 



29. The sensor construct of claim 15, wherein the
molecular recognition domain  15 comprises an
oligonucleotide. 30. The sensor construct of claim 15,
wherein the first label comprises the molecular
recognition domain. 20 31. The sensor construct of
claim 15, wherein the second label comprises the
molecular  recognition domain. 32. The sensor
construct of claim 16, wherein the sensor construct
comprises a pair of  heterodimeric coiled coil
polypeptides. 25 33. The sensor construct of claim 32,
wherein the pair of heterodimeric coiled coil
polypeptides are selected from the group consisting of
WinZip-A2/WinZip-Bland E/K coil.  34. The sensor
construct of claim 16, wherein the sensor construct
comprises a 30 periplasmic binding protein. 35. The
sensor construct of claim 28, wherein the periplasmic
binding protein is maltose  binding protein. WO
2005/089409 PCT/US2005/008833  30 36. The sensor
construct of claim 16, wherein the molecular
recognition domain is  specifically bound to the
sensor construct. 5 37. A sensor construct for
detecting an analyte, comprising: (a) a molecular
scaffold comprising a molecular recognition domain
which specifically  binds to an analyte; (b) a first
label comprising an RET donor; and (c) a second label
comprising an RET acceptor for the RET donor of the
first label,  10 the RET acceptor being separated from
the RET donor by a distance that allows Forster
resonance energy transfer to occur, wherein a portion
of the analyte is interposed between the  RET acceptor
and the RET donor when the molecular recognition
domain binds the analyte.  38. The sensor construct of
claim 37, wherein the sensor construct comprises a 15
polypeptide. 39. The sensor construct of claim 37,
wherein the molecular recognition domain  comprises a
chelated metal. 



20 40. A kit for producing the sensor construct of
claim 20, comprising as separate  components: (a) a
polypeptide comprising an Fv portion of an antibody;
(b) a first label comprising an RET donor; and (c) a
second label comprising an RET acceptor for the RET
donor of the first label,  25 wherein one of either
the first label or the second label comprises the E
domain of  Protein A, and wherein the remaining label
comprises a binding domain of Protein L. 41. A kit for
producing a sensor construct, comprising as separate
components:  (a) a first label comprising an RET donor
and a first heterodimeric coiled coil  30 polypeptide;
(b) a second label comprising an RET acceptor for the
RET donor of the first label  and a second
heterodimeric coiled coil polypeptide, wherein the
first heterodimeric coiled coil WO 2005/089409
PCT/US2005/008833  31 polypeptide specifically binds
to the second heterodimeric coiled coil polypeptide;
and (c) a molecular scaffold comprising the molecular
recognition domain, wherein the  molecular scaffold is
attached to a linker which specifically binds to
either the first label or  the second label. 5 


