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TARGETED PROBES OF CELLULAR PHYSIOLOGY

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of United States Provisional Patent Application Nos.

61/396,272, filed on May 25, 2010, which is incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERAL FUNDING

This invention was made with government support under the National Institutes of Health No.

5U54-RR022241 and ROl-ΝΓΗ 1R01GM086237. The government has certain rights in this invention.

Provided are environment-sensitive compounds and biosensor systems as well as methods of

making and using the compounds and biosensor systems.

Environment-sensitive compounds, such as dyes, are compounds that are capable of

producing a different signal depending on environmental conditions. Other environment-sensitive

compounds detect differences in environmental factors, such as H, membrane potential, ion

concentration (e.g., Ca and Zn++), and small molecule concentration. Tin's technology holds

enormous analytical potential. Nevertheless, there are substantial limitations. For example,

background signal often results in significant imaging difficulties. Quantification also is difficult due

to the inability to differentiate signal from the compound that is bound and signal that arises from the

environment-sensitive compound or moiety in the compound.

As an example, voltage-sensitive probes are useful for mapping electrical connections and

activity in neurological tissues. Recent advances have provided gh speed cameras that can resolve

millisecond action potentials from cells in a stained region and new two-photon imaging methods can

resolve optical voltage signals from deeper in tissues. However, there are two major barriers that

must still be overcome to realize the power of this teclmology. One major problem is that currently

available voltage sensitive probes, which diffuse to all cells in the brain tissue, result in optical signals

from all excitable cells that have been stained. In an intact brain, such complete network activity does

not allow selective monitoring of cell type-specific networks that drive distinct behaviors. The second

problem is that high background fluorescence from stained tissue provides additional loss of detection

sensitivity. If there were a way to target both the fluorescence signal and the voltage sensing probe

itself selectively to cells of interest, the field of optical neurobiology would be revolutionized. But

currently no robust probe technology enables genetically targeted voltage sensing.

SUMMARY

Described herein are compositions and methods that overcome the limitations of prior

environmental sensing techniques. Certain beneficial qualities are configured into the biosensor

compositions described herein. The biosensors comprise a FRET (Forster resonance energy transfer

or fluorescence resonance energy transfer) pair linked by a linker. A first member of the FRET pair is

an environment-sensitive donor group and the second member is an activatable acceptor fluorogen.



The environment-sensitive donor responds to light (electro-magnetic radiation not necessarily in the

human visual spectrum) of a suitable excitation spectrum by transferring resonance energy to the

activatable acceptor fluorogen, causing the activatable acceptor fluorogen to fluoresce. The

activatable acceptor fluorogen produces a fluorescence signal increase of >100-fold when it interacts

non-covalently with the activator as compared to when no activator is present. An example an an

activator is an FAP (fluorogen activator peptide). The environment-sensitive donor transfers different

amounts of excitation energy to the activatable acceptor fluorogen when it interacts with an analyte as

compared to when no analyte is present, The analyte can be molecular or environmental, for example

and without limitation: calcium, zinc, sodium, potassium, hydrogen, pH (e.g., liydronium), voltage,

hydrophobicity/hydrophilicity, small molecule drugs, Reactive oxygen species, singlet oxygen,

peroxide, superoxide, hydroxyl radical, nitric oxide, and second messengers, e.g inositol triphosphate,

diphosphates, cAMP, and cGMP, The activator can be targeted for expression in vitro, in vivo, in situ,

etc. in a specific organism, cell-type, tissue, etc. or may be bound to a surface, e.g., in an array or bead,

In one Example, an FAP is expressed in a tissue-specific manner to be expressed on a surface of a

specific cell-type. The biosensor composition binds specifically to the FAP, therefore only binding to

the target cells. In another Example, the activator is linked to, e.g., by a protein bond, e.g., as a

contiguous protein sequence, to a selectivity component, such as an antibody, antibody fragment, scFv

or other binding pair members.

When the biosensor is exposed to light within (including overlapping with) the excitation

spectrum of the activatable acceptor fluorogen and not overlapping the excitation spectrum of the

environment-sensitive donor, activator-bound activatable acceptor fluorogen will fluoresce at least

100-fold brighter than unbound activatable acceptor fluorogen, thereby reducing background

fluorescence from unbound biosensor. Further, quantification of fluorescence resulting from exposure

to light within the excitation spectrum of the activatable acceptor fluorogen and not overlapping the

excitation spectrum of the environment-sensitive donor yields an intrinsic control to any assay for

binding of the biosensor to its target.

When the biosensor is exposed to light within the excitation spectrum of the environment-

sensitive donor and not overlapping the excitation spectrum of the activatable acceptor fluorogen, the

environment-sensitive donor will transfer differing amounts of energy to the activatable acceptor

fluorogen so that the activatable acceptor fluorogen will fluoresce at differing intensities depending on

t e amount of an analyte the environment-sensitive donor is sensitive to. This permits quantification

of the amount of or determining the presence of analyte present in the area surrounding the biosensor.

According to one embodiment, a biosensor is provided. The biosensor comprises an

activatable acceptor fluorogen linked by a linker to an environment-sensitive donor that interacts with

an analyte. The activatable acceptor fluorogen produces a fluorescence signal increase of at least 100-

fold when it interacts non-covalently with an activator of the activatable acceptor fluorogen as

compared to when no activator is present. The environment-sensitive donor, though not necessarily



fluorescent without an acceptor, transfers excitation energy to the activatable acceptor fluorogen such

that, when activated, the activatable acceptor fluorogen produces a detectable fluorescent signal when

the environment-sensitive donor is excited and the environment-sensitive donor transfers different

amounts of excitation energy to the activatable acceptor fluorogen when it interacts with the analyte

as compared to when no analyte is present. The activator may be a polypeptide, such as a fluorogen

activator peptide. In a typical biosensor, the activatable acceptor fluorogen and the environment-

sensitive donor are covalently linked by a linker (linking group). According to one embodiment, the

environment-sensitive donor is attached to the activatable acceptor fluorogen by a molecular linker

and the activatable acceptor fluorogen and the environment-sensitive donor are close enough for

resonance energy transfer of excited state energy of the sensitive donor to be transferred to the

activatable acceptor fluorogen with at least 50% efficiency.

h one embodiment, the environment-sensitive donor detects an ion binding event leading to a

change in the fluorescence intensity of the activatable acceptor fluorogen when it is bound to its

activator. The ion is a hydrogen ion, calcium ion, potassium ion, sodium ion, or zinc ion in select

embodients. In one embodiment, the environment-sensitive donor is a rhodamine, such as Rhod-2, or

an analog thereof (such as described below). In another embodiment, the environment-sensitive

donor is sensitive to an electrical potential difference across a cellular membrane, examples of which

include Merocyanine XVII, Oxonol 5, styryl Di4-ANEPPS, AN INE-6 and Oxonol XXV. In

another embodiment, the environment-sensitive donor is a polarity-sensitive dye, examples of which

include: indole, Cascade Yellow, prodan, Dansyl, Dapoxyl, D, PyMPO, Pyrene and

diemylaminocoumarin.

As described above, the activatable acceptor fluorogen exhibits enhanced fluorescence when

bound by (interacts with) the activator. An example of such a fluorogen is a non-rigidized aromatic

system, including monomethine dyes, cyanine dyes, malachite green malachite green, indocyanine

green, acetylenic malachite green, dimethylindole red, a triarylmethine dye; a diarylmethine dye; and

a monomethine dye. For example, the activatable acceptor fluorogen is



where, for R1-R5, n=0-6 and T is selected from -H, -OH, COO-, S0 , -PCV, amide, halogen,

substituted single or multiple aryl, ether, polyether, PEG1.30, heterocyles containing N , S or O atoms,

substituted acetylenic groups, cyano, and carbohydrate groups and optionally comprises a linker for

attachment to the environment-sensitive donor.

In one example, the activatable acceptor fluorogen is:

where R l is aromatic, heteraromatic, hydroxyl, amino, N-alkyl, N -alkanolyl (alcohol, e,.g. N-

hydroxyethyl), R2 is , cyano, aromatic, heteroaromatic, acetylenic, alkyl, X is Ν, O, or S and R 3 and

R4 is absent or is alkyl, aryl, or hydroxyethyl, In one embodiment, R l is di-Ci - alkylamino, R2 is a

substituted phenylacetylene, phenyl, -N-alkyl-substituted phenyl, -0(CH 2)nR5 substituted phenyl

where n is 1-5 and R5 is carboxyl or amino, X is N , and R 3 and R4 are independently C i_ alkyl,

alkoxyl, alkanolyl, phenyl, C alkyl-substituted phenyl. In another embodiment, R2 is -N-(CH )2; -

N-(CH 3)((CH ) O(CH )mCOOH) in which n and are independently 1, 2, 3 or 4 . In a further

embodiment R l is -N(CH ) R2 is one of -0(CH 2) R -substituted phenyl and

O

In other embodiments, the activatable acceptor fluorogen is one or more



Specific examples of biosensors include:





Also provided is a complex comprising any biosensor described herein, bound to an activator

that causes an increase of fluorescence of the compound when the activator is bound to the compound

when the donor moieties are excited. In one embodiment, the increase in fluorescence is at least 100-

fold, and in another, the increase in fluorescence is at least 1000-fold. The activator may be attached

to a selectivity component that localizes the activator at a site in a cell, tissue, organism, organ, etc. In

one example, the the selectivity component is a fusion protein comprising the activator and the

selectivity component. In another embodiment, the selectivity component is crosslmked to the

activator.



In one embodiment, the activator is an scFv fragment, such as an scFv fragment of one of

SEQ ID NOS: 3-11, including:

QAVVTQEP SVTVSPGGTVILTCGSSTGAVTSGHYANWFQQKPGQAPR

ALIFETDKKYPWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCLLSDVDGYL

FGGGTQLTVLS (SEQ ID NO: 3 bases 6-115);

QAVVTQEPSVTVSPGGTVILTCGSSTGAVTSGFfYANWPQQKPGQAPR

ALIFDTDKKYPWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCLLSDVDGYL

FGGGTQLTVLS (SEQ ID NO: 4, bases 6-1 15);

QAVVTQEP SVTVSPGGTVTLTCGSSTGAVTSGHYANWFQQKPGQ APR

ALIFETDKXYPWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCSLSDVDGYL

FGGGTQLTVLS (SEQ ID NO: 5, bases 6-115); and

QAVVTQEP SVTVSPGGTVILTCGSGTGAVTSGHYANWFQQKPGQ APR

ALIFDTDKKYPWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCSLSDVDGYL

FGGGTQLTVLS (SEQ ID NO: 6, bases 6-1 15);

or tandem or multiple repeats thereof, and optionally further comprising an amino acid sequence of a

selectivity component. Tandem or multiple iterations of the activator and, when present, the

selectivity component may be either directly linked via a peptide bond, or may comprise an

intervening linker between the repeats which does not substantially impact the binding and activating

function of the activator and, when present, the selectivity component. Examples of suitable linkers

are short peptide sequences encoded contiguously with the activator and, optionally, the selectivity

component, such as G4S (GGGGS, SEQ ID NO: 15)

In another embodiment, the activator comprises a single-chain antibody, and in another, the

activator comprises an engineered combination of linked antibody heavy and/or light chain

components comprising an antibody antigen binding site (paratope). The activator is linked

(covalently joined) via a peptide bond or a linker to a targeting group that interacts with a target in one

embodiment, examples of the target including: one of an epitope, a protein, a modified protein (e.g., a

glycoprotein), a nucleic acid, a nucleotide sequence, a small molecule, an active agent, an antibody, a

cell, a cell-surface marker, a tissue, a site in an array or a particle.

In yet another embodiment, an environmental sensing method is provided for detecting the

presence of and analyte or for quantifying the analyte. The method comprises contacting a biosensor

with an activator. The biosensor is any biosensor described herein, comprising an activatable

acceptor fluorogen linked by a linker to an environment-sensitive donor that interacts with an analyte.

The activatable acceptor fluorogen produces a fluorescence signal increase of at least 100-fold when it

interacts non-covalently with the activator as compared to when no activator is present. The

environment-sensitive donor transfers excitation energy to the activatable acceptor fluorogen such that,

when activated, the activatable acceptor fluorogen produces a detectable fluorescent signal when the

environment-sensitive donor is excited and the environment-sensitive donor transfers different



amounts of excitation energy to the activatable acceptor fluorogen when it interacts with the analyte

as compared to when no analyte is present. The method further comprises illuminating the biosensor

with light of a wavelength overlapping an excitation spectrum of the environment-sensitive donor, but

not overlapping the excitation spectrum of the activatable acceptor fluorogen and measuring

emissions from the activatable acceptor fluorogen.

a another embodiment, the method further comprises, after contacting the biosensor with the

activator, illuminating the biosensor with light of a wavelength overlapping an excitation spectrum of

the activatable acceptor fluorogen, but not overlapping an excitation spectrum of the environment-

sensitive donor and measuring emissions from the activatable fluorogen. This will permit

determining a ratio between the emissions obtained from the steps above. As above, the activator

comprises a selectivity component, and the selectivity component binds, for example, to an epitope, a

protein, a modified protein, a nucleic acid, a nucleotide sequence, a small molecule, an active agent,

an antibody, a cell, a cell-surface marker, a tissue, a site in an array or a particle by the selectivity

component. The method optionally comprises comparing the measured emissions from the

activatable acceptor fluorogen to a control sample or to control sample data to determine the presence

of or to quantify amounts of the analyte.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A provides the peptide sequences for biosensor-activating scFvs used in this study

(SEQ ID NOSEQ ID NOS: 3-6). Hyphens designate the core sequences. Additional FAPs are

provided in Figure IB (SEQ ID NOSEQ ID NOS: 7-9).

Figure 2A depicts the DNA sequence of a construct encoding the L5- G E52D pPNL6

fusion protein (SEQ ID NOSEQ ID NO: 1). Figures 2B and 2C depict the construct pPNL6 L5-MG

E5 D. Figure 2D depicts region of the construct encoding L5-MG E52D mapped onto the nucleotide

sequence of the relevant portion of pPNL6 L5-MG E52D (SEQ ID NOSEQ ID NOS: 1 and 2).

Figure 3 provides an exemplary nucleotide sequence of an astrocyte-targeted promoter from

glial fibrillary acidic protein (GFAP) (SEQ ID NOSEQ ID NO: 10).

Figure 4 provides an exemplary nucleotide sequence of an neuron-targeted promoter from

Synapsin I (SEQ ID NOSEQ ID NO: 11).

Figure 5 shows a fluorogen activated and targeted probe based on Cy3-MG intramolecular

energy transfer. MG alone has no excitation at 5 Iran but is efficiently excited by energy transfer

from the coupled Cy3 selectively.

Figure 6 shows a fluorescence correlation spectroscopy (FCS), This demonstrates that

Rhodam ineB (structurally similar to the Rhod2 Calcium Sensor) neither binds to (blue, red curves)

nor inhibits normal binding of (green curve) a malachite green binding FAP clone.

Figure 7 presents a schematic of the Activation by Targeting (AbT) probe technology. A .

Only genetically targeted cells are capable of producing signal by binding dye, resulting in a washless



procedure for labeling tissues. B , A zoomed region shows the difference between free probe and

bound probe, where only bound probe gives detectable signal related to the probe response at the FAP

site.

Figure 8 demonstrates the modular synthesis of a Styryl Vm Dye through a PEG linker to MG.

Importantly, it is straightforward to modify the PEG linker, or to modify the Voltage Sensing dye in

this synthetic route, for rapid screening of promising probes.

Figures 9A and 9B illustrate the synthesis of a pH dependent probe (Cy3SApH-MG). Figures

9C and 9D provide NMR spectral data for Cy3SApH-MG. Figure 10E illustrates the synthesis of

Cy3SApH-MG.

Figures 10A and 10B are graphs showing pH dependent sensor (Cy3SApH-MG) excitation

spectra vs. pH and the ratiometric signature for SACy3pH+MG+FAP (551/633), as described in

Example 3.

Figures 11A and 1IB are graphs showing pH dependent sensor (Cy3.29SApH-MG) excitation

spectra vs. pH and the ratiometric signature for Cy3.29pH+MG+FAP (551/633), as described in

Example 3

Figure 12 provides a series of photomicrographs showing effective targeting of a pH-sensitive

biosensor as described in Example 3.

Figure 13A provides an expressed FAP sequence for pBabeSacLac2-FAP-ADRB2 (SEQ ID

NO: 12). Figure 1 B provides the nucleotide sequence of pBabeSacLac2-FAP-ADRB2 (SEQ ID NO:

13).

Figure 14 is a graph showing excitation peaks for various calcium concentrations as described

in Example 10.

Figure provides a Ca++ titration curve as described in Example 10.

DETAILED DESCRIPTION

The use of numerical values in the various ranges specified in this application, unless

expressly indicated otherwise, are stated as approximations as though the minimum and maximum

values within the stated ranges are both preceded by the word "about" h this manner, slight

variations above and below the stated ranges can be used to achieve substantially the same results as

values within the ranges. Also, unless indicated otherwise, the disclosure of these ranges is intended

as a continuous range including every value between the minimum and maximum values and are

inclusive of the recited range end points. For definitions provided herein, those definitions also refer

to word forms, cognates and grammatical variants of those words or phrases. Also, it should be

understood that any numerical range recited herein is intended to include all sub-ranges subsumed

therein. For example, a range of " 1 to 10" is intended to include all sub-ranges between (and

including) the recited minimum value of 1 and the recited maximum value of 10, that is, having a

minimum value equal to or greater than 1 and a maximum value of equal to or less than 10. The

articles "a" and "an" are used herein to refer to one or to more than one (i.e., to at least one) of the



grammatical object of the article, By way of example, "an element" means one element or more than

one element.

As described above, a biosensor, biosensor complexes, systems and methods are provided. In

one embodiment, a biosensor is provided. The biosensor comprises an activatable acceptor fluorogen

linked (e.g., covalently) by a linker to an environment-sensitive donor that interacts with an analyte.

The activatable acceptor fluorogen produces a fluorescence signal increase of at least 100-fold, and

typically greater than 1000-fold when it interacts non-covalently with an activator activatable acceptor

fluorogen as compared to when no activator is present. The environment-sensitive donor transfers

excitation energy (e.g., by FRET) to the activatable acceptor fluorogen such that, when activated, the

activatable acceptor fluorogen produces a detectable fluorescent signal when the environment-

sensitive donor is excited. The environment-sensitive donor transfers different amounts of excitation

energy to the activatable acceptor fluorogen when it interacts with the analyte as compared to when

no analyte is present. The linker is any suitable linker. This results in a low-background, targeted

fluorogen that produces different signals in response to its local environment. According to certain

embodiments, the biosensor has an average molecular weight of less then 50 kDa (kilodaltons) and in

certain embodiments, less than 10 kDa.

The environment-sensitive donor is selected for its sensitivity to analytes about the biosensor,

The analyte can be a molecular or environmental, for example and without limitation: calcium, zinc,

sodium, potassium, hydrogen, p (e.g., hydronium), voltage, hydrophobicity/hydrophilicity, small

molecule drugs, Reactive oxygen species, singlet oxygen, peroxide, superoxide, hydroxyl radical,

nitric oxide, and second messengers, e.g inositol triphosphate, diphosphates, and cAMP, cGMP. As

shown herein, rhod2 derivatives effectively serve as a calcium-sensitive donors. Other Ca-sensitive

donors include fura, fluo and indo- dyes available from Life Technologies, Inc. of Carlsbad, CA,

including, Fura-2, Fura-4F, Fura-6F, Fura-FF, Mag-Fura-2, Mag-Indo-1, BTC, do- , Quin-2, Fluo-3,

Fluo-4, Fluo-5F, Fluo-4FF, Fluo-5N, Mag-Fluo-4, Rhod-2, X-Rhod-1, R od 3, Calcium Green-1,

Calcium Green-2, Oregon Green 488 Bapta-1, Oregon Green 488 Bapta-2, Oregon Green 488 Bapta-

6F, Oregon Green 488 Bapta-5N, Calcium Orange, Calcium Crimson, Fura Red, and Calcein.

Magnesium-sensitive dyes include, Mag-Fura-2 and Mag-Indo-1, Magnesium Green and Mag-Fluo-4.

Other ions can be detected, such as Zinc (e.g., FluoZin 2, FluoZin-3, RhodZin-3, Newport Green DCF,

Newport Green PDX and TSQ) and copper (e.g., Phen Green FL and Phen Green SK). For detecting

pH changes, squaraine, and unsymmetrical cyanfnes, as well as fluorescein and fluorescein derivatives

are suitable donors. For detecting voltage potentials across a cell membrane, Merocyanine XVII,

Oxonol R 1 5, styiyl Di4-ANEPPS, ANNINE-6 and Oxonol XXV are examples of useful voltage-

sensitive donors. Dyes sensitive to hydrophilicity include: indole, Cascade Yellow, prodan, Dansyl,

Dapoxyl, NBD, PyMPO, Pyrene and diethylaminocumarin.



Suitable activatable acceptor fluorogens are described in detail below, but include

triarylmethine dyes; diarylmethine dyes; and monomethine dye, including cyanine dyes, malachite

green, indocyanine green, acetylenic malachite green and dimethylmdole red. Non-rigidized aromatic

systems often are suitable for activatable acceptor fluorogens as they often lack fluorescence when

unbound, but display fluorescence when they are physically constrained, e.g., by binding with an

activator, such as an FAP. The liker may be any acceptable linking group so long as it does not

prevent or it facilitates excitation energy transfer from the donor to the acceptor.

As illustrated in further detail below, activators, such as single chain variable fragment (scFv)

molecules can be selected that are specific for nonfluorescent organic dye molecules, and which cause

these dyes to be fluorescent only when they are bound to the protein module in the presence of free

dye in solution. Using clones of high affinity (low nanomolar), this binding survives many wash steps,

while with clones of low affinity (micromolar), the presence of the dye is required to maintain

fluorescence signal. scFv modules are available in yeast display libraries and other display libraries,

which can be used to generate specific binding partners for a wide variety of molecules and proteins.

One key advantage of this genetically encoded system is that the selected antibodies, or dimers

thereof can be used as expressible protein tags. This allows a relatively small unit (typically 25 kDa

molecular weight for a "whole" scFv, or as small as 1 1 kDa for a "single domain" scFv) to be

expressed as a fusion protein with a specific partner in the cellular context, though the scFv can be

attached to a specific partner, such as a cellular protein, ligand, receptor, antibody, etc. by any

effective means.

Extended exposure of cells to illumination from high-intensity arc-discharge lamps or lasers

can damage cellular physiology, hence enhancement of extinction should be helpful in reducing the

excitation powers used. Single molecule studies have relied on red-shifted excitation lasers and

sources to obtain longer timescale images without phototoxic effects. While the general rule is

"redder is better" due to the lack of biological chromophores (autofluorescence) as one moves away

from the blue-green region of the spectrum, the 561 nni laser has gained use in TIRF microscopy for

living cells. This laser is well suited to dynamic measurements of living cells, and provides a high

signal-to-noise ratio for single molecule experiments. In addition, this laser excites dyes like Cy3 and

Alexa 568 quite well, and these probes are known to be good energy transfer donors. For this reason,

the probes are designed to excite at 561 nm, and to emit in far red wavelengths from 650 to 800 nin.

This will produce probes with optimal signal over background.

A donor, and where applicable a mediator to bridge a spectral and/or distance gap between a

donor and an acceptor, is any molecule or group that can act as a FRET activator to an acceptor.

Although donors and acceptors are often referred to herein as independent chemical entities (e.g., Cy3

or Cy5) it is understood that those moieties are attached to the compound, and also are referred to as

"donor moietie(s)" and "acceptor moietie(s)" or "donor group(s)" and "acceptor group(s)".

Compounds described herein as being useful as donors and acceptors may be attached to the linker



(e.g., linking group) by any useful means, according to well-known chemical methods. For example,

the compounds can be linked to a linking group or other linker via a pendant carboxyl or amine group

that either is depicted in the structures below, or can be added as a linker by any of a variety of

methods.

As used herein a donor is a moiety or group that forms part of the biosensor compound. A

donor can comprise one type of molecule (e.g., Cy3) or two or more types of donors (e.g., Cy3 and

Cy5) in dendronic systems. Two or more donors may be combined to further shift the emission

spectrum of the biosensor away from the absorption spectrum of the donor h one example, utilizing

a cascade approach, a first, environment-sensitive donor has an absorbance spectrum and an emission

spectrum that, at their greatest wavelength does not overlap or overlaps poorly with the absorbance

spectrum of the acceptor h such a case, a mediator that has an absorbance spectrum that overlaps

with the emission spectrum of the first donor and an emission spectrum that overlaps with the

absorbance spectrum of the acceptor, such that illumination of the biosensor at a wavelength within

the absorbance spectrum of the first donor will result in emission by the acceptor.

Of note, a suitable donor need not be fully fluorescent, only capable of efficiently transferring

energy to the acceptor to cause the acceptor to fluoresce, fluoresce to a greater extent, or fluoresce at a

different wavelength in the presence of (e.g., bound by) an activator when it is excited, For example,

the donor can be an azo dye, or a nitro-modified dye with very low quantum yield, provided the

excited state lifetime is long enough to allow intramolecular energy transfer to the proximal acceptor,

many of which are available commercially.

The acceptor may be any molecule which produces a detectable signal change in response to a

change in environment, namely by binding by an activator, as such, it is deemed "activatable".

Likewise, because the acceptor is activatable, the biosensor is considered to be activatable. For

example; the signal change may be an increase or decrease in signal intensity, or a change in the type

of signal produced (e.g., a shift in wavelength of the emission of the biosensor). For example, suitable

reporters include molecules which produce optically detectable signals; for example, fluorescent and

chemiluminescent molecules. In certain embodiments, the reporter molecule is a long wavelength

fluorescent molecule which permits detection of the reporter signal through a tissue sample; for

instance, non-invasive detection of the reporter in conjunction with in vivo applications.

According to certain embodiments, the acceptor is a non-rigidized aromatic system

comprising aromatic rings and/or heteroaromatic rings bridged, for example, by a monomethine group.

By non-rigidized, it is meant a group comprising two or more aromatic subgroups that are not

spatially fixed or substantially spatially fixed.

The acceptor may be a pH sensitive fluorescent dye (pH sensor dye) which shows a spectral

or fluorescent intensity change upon interaction with an activator. Interaction of the activator with the

acceptor may lead to a shift in the pH of the microenvironment surrounding the acceptor due to the

composition of acidic and basic residues on the activator. In turn, the shift in the pH



microenvironment leads to a detectable spectral or fluorescent intensity change in the signal of the pH

sensitive fluorescent dye molecule associated with the activator. In exemplary embodiments, a pH

sensitive dye is selected with an appropriate pKa to lead to an optimal s ectral change upon binding to

the activator. A variety of pH sensitive dyes suitable for use in are commercially available, In

exemplary embodiments, pH sensitive dyes include, for example, fluorescein, umbelliferones

(coumarin compounds), pyrenes, resorufin, hydroxy esters, aromatic acids, styryl dyes, tetramethyl

rhodamine dyes, and cyanine dyes, and pH sensitive derivatives thereof.

The acceptor may be a polarity sensitive fluorescent dye (polarity sensor dye) which shows a

spectral change upon interaction with an activator. Interaction of the activator with a target molecule

may lead to a shift in the polarity of the microenvironment surrounding the acceptor due to the

composition of polar and/or non-polar residues on the activator. In turn, the change in the polarity of

the microenvironment leads to a detectable spectral change in the signal of the polarity sensitive

fluorescent dye molecule associated with the activator, A variety of polarity sensitive dyes suitable for

use are commercially available. In exemplary embodiments, polarity sensitive dyes include, for

example, merocyanine dyes, 5-((((2-iodoacetyl)amino)ethyl)amino)naphthalene-l-sulfonic acid (1,5-

lAEDANS), and CPM, and polarity sensitive derivatives of merocyanine dyes, lAEDANS, and CPM.

The acceptor may be a fluorescent dye that is sensitive to changes in the microviscosity of the

local environment (restriction sensor dye). Interaction of the activator with an acceptor may lead to a

change in the microviscosity in the local environment surrounding the acceptor. In turn, the change in

microviscosity may lead to a detectable spectral change in the signal of the mobility sensor dye

molecule associated with the activator. For example, an increase of microviscosity upon target

binding will restrict the dye and increase the quantum yield of the emitted fluorescence signal. A

variety of restriction sensor dyes suitable for use are commercially available. In exemplary

embodiments, restriction sensor dyes include, for example, monomethine and trimethine cyanine

dyes, and microviscosity sensitive derivatives of monomethine and trimethine cyanine dyes.

Acceptors, when in complex with a nucleic acid (e.g., aptamer) or protein (e.g., FAP) that is

specific for them, change their spectral properties. For example, Malachite Green and its analogs,

which is not normally fluorescent, becomes strongly fluorescent when bound to an scFv specific for it.

Many di- and tii- arylmethine analogs are good candidates for acceptors and FAP binders described

herein. Many di- and tri-aiylmethines have been prepared and are reviewed by Thomas Gessner,

"Triarylmethane and diarylmethane Dyes", in Ullmann's Encyclopedia of Industrial Chemistry, Wiley

(2005). Certain of these unbridged di- and tri-arylmethine dyes and similar dyes described elsewhere

and yet to be synthesized, are believed to provide good acceptor dyes structures in biosensors once

they have been appropriately modified according to the goals stated herein.

Useful analogs of Malachite Green (I) and Phenolphthalein (II) are shown below as

representatives.



It may be preferred that the R1-R4 groups of the Malachite Green analogs are modified

during development of biosensors in order to control the (1) the wavelength of light absorption and

fluorescence, (2) the degree of activation of the acceptor dye, the water solubility of the biosensor, (3)

the non-specific binding of the biosensor to cellular components, and (4) the ability or inability of the

biosensor to cross biological membranes. The R5 group may be a substituted aryl group as in the

Malachite green and Phenolphthalein classes of triarylmethine dyes. The R5 group of the

diarylmethine dyes may be some other chemical substituent that accomplishes the goals just stated

and in addition to provide a site for linkage of the donor dyes to the energy acceptor part of the

biosensor. Other non-phenolic or non-amino groups that do not alter the resonance charge

derealization system that is responsible for the light absorption and emission systems of the dye may

be substituted on the aryl rings the di- and triarylmethine structures to achieve the above goals. These

groups may be selected from one or more of the atoms or groups listed below as "T". Examples of

R1-R4 groups that may be useful for the above goals are -H, -CH , (CH2) -T, and substituted aryl

where the substituent are selected from atoms or groups listed below as "T" and n=0-6. In these

structures "T" may be selected from -H, -OH, COO-, SO 3 , -PO4 , amide, halogen, substituted single

or multiple aryl, ether, polyether, PEGn (where 11= 1-30), heterocyles containing N, S or O atoms,

substituted acetylenic groups, cyano, and carbohydrate groups. In one embodiment of the invention

one of R1-R4 contains a linker attached to the donor dyes.

Examples of R5 groups for triarylmethine dyes are listed below where the substituents may be

selected from those listed under "T" above. If present, the heteroatoms, X and Y, may be selected

from N, O, S, Se, and C(C ¾) η one embodiment of this invention one of the subtituents is a linker

attached to the donor dyes.

Examples of R5 groups for diarylmetmne acceptor dyes may be selected from those listed

under "T" above. In a preferred embodiment of this invention one of the subtituents is a linker

attached to the donor dyes.



The di and triarylmethine dyes may also include additional fused rings as long as the nitrogen

or oxygen atoms that are the terminal components of the resonance charge delocalization system that

is responsible for the light absorption and emission systems remains intact. These fused ring

compounds may be useful to adjust the absorption and emission wavelengths of the acceptor in a

desirable direction. One simple example is shown below where the substituents are selected from list

"T" above.

Below are members of cyanine dye family that contain substituted cyanines, merocyamnes,

styryl and oxonol dyes that are monomethine or contain additional methine groups. According to one

embodiment, the acceptor is a diarylmethine or triarylmethine. For example, the acceptor has the

structure:

in which Rl is aromatic, heteraromatic, hydroxyl, amino, N -alkyl, N -alkanolyl (alcohol, e,.g. N -

hydroxyethyl), R2 is H, cyano, aromatic, heteroaromatic, acetylenic, alkyl, X is Ν , O, or S and R3 and

R4 is alkyl, aryl, hydroxyethyl. The acceptor typically would be attached to the linker/dendron by R2.

In certain embodiments, Rl is -C - alkylamino, e.g., -N(CH )2, R2 is a substituted phenylacetylene,

substituted, e.g., with an amino or substituted amino group, such as

-N-(CH )2; in which n and are independently 1, 2, 3 or 4; or

-N-(CH 3)((CH ) 0 (CH2) COOH) phenyl, -N-alkyl-substituted phenyl, -0(CH 2) R5 substituted

phenyl where n is 1-5 and R5 is carboxyl or amino, and R3 and R4 are independently alkyl,

alkoxyl, alkanolyl, phenyl, alkyl-substituted phenyl. In one embodiment, Rl is -N (CI¾)2, R2 is

one of -0(CH )3R5-substituted phenyl and







wherein: the curved lines represent the atoms necessary to complete a structure selected from one

ring, two fused rings, and three fused rings, each said ring having five or six atoms, and each said ring

comprising carbon atoms and, optionally, no more than two atoms selected from oxygen, nitrogen and

sulfur; D, if resent, is

m is 1, 2, 3 or 4, and for cyanine, oxonol and thiazole orange, m can be 0; X and Y are independently

selected from the group consisting of O, S and -C(CH3) - ; at least one Rl, R2, R3, R4, R5, R6, or R7

is selected from the group consisting of: a moiety that controls water solubility and non-specific

binding, a moiety that prevents the reporter molecule from entering the cell through the membrane, a

group that comprises, optionally with a linker, biotin a hapten, a His-tag, or other moiety to facilitate

the process of isolating the selection entity, a fluorescent label optionally comprising a linker, a

photoreactive group, or a reactive group such as a group containing isothiocyanate, isocyanate,

monochlorotriazine, dichlorotriazine, mono- or di-halogen substituted pyridine, mono- or di- halogen

substituted diazine, phosphoramidite, maleimnide, aziridine, sulfonyl halide, acid halide,

hydroxysuccimmide ester, hydroxysulfosuccinimide ester, imido ester, hydrazine, axidonitrophenyl,

azide, 3-(2-pyridyl dithio)-proprionamide, glyoxal, haloacetaniido, or aldehyde; further-providing that

Rl and R2 may be joined by a -CHRg-CHRs- or -BF - biradical; wherein; R independently for each

occurrence is selected from the group consisting of hydrogen, amino, quaternary amino, aldehyde,

aryl, hydroxyl, phosphoryl, sulfhydryl, water solubilizing groups, alkyl groups of twenty-six carbons

or less, lipid solubilizing groups, hydrocarbon solubilizing groups, groups promoting solubility in

polar solvents, groups promoting solubility in nonpolar solvents, and -E-F; and further providing that

any of Rl, R2, R3, R4, R5, R6, or R7 may be substituted with halo, nitro, cyan, -C0 alkyl, -C0 2 , -

C0 2aryl, N0 , or alkoxy, wherein:



F is selected from the group consisting of hydroxy, protected hydroxy, alkoxy, sulfonate,

sulfate, carboxylate, and lower alkyl substituted amino or quartenary amino;

E is spacer group of formula -(CH2)n- wherein n is an integer from 0-5 inclusively;

alternatively, E is a spacer group of formula -(CH 2-0-CH ) - wherein n is an integer from 0-

5, inclusively

In other embodiments, wherein m=0 in structures IV, V and VI, the following general

structures VII, VIII and IX are afforded:

IX

wherein: the curved lines represent the atoms necessary to complete a structure selected from one

ring, two fused rings, and three fused rings, each said ring having five or six atoms, and each said ring

comprising carbon atoms and, optionally, no more than two atoms selected from oxygen, nitrogen and

sulfur;



X and Y are independently selected from the group consisting of O, S, and -C(C¾)2-; at least one Rl,

R2, R3, R4, R5, R6, or R7 is selected from the group consisting of: a moiety that controls water

solubility and non-specific binding, a moiety that prevents the reporter molecule from entering the cell

through the membrane, a group that comprises, optionally with a linker, biotin, a hapten, a His-tag, or

other moiety to facilitate t e process of isolating the selection entity, a fluorescent label optionally

comprising a linker, a photoreactive group, or a reactive group such as a group containing

isothiocyanate, isoeyanate, monochlorotriazine, dichlorotriazine, mono- or di-halogen substituted

pyridine, mono- or di- halogen substituted diazine, phosphoramidite, maleimnide, aziridine, sulfonyl

halide, acid halide, hydroxysuccinimide ester, hydroxysulfosuccinimide ester, imido ester, hydrazine,

axidonitrophenyl, azide, 3-(2-pyridyl dithio)-proprionamide, glyoxal, haloacetamido, or aldehyde;

further-providing that Rl and R2 may be joined by a -CHR -CHRs- or -BF - biradical; wherein;

R independently for each occurrence is selected from the group consisting of hydrogen,

amino, quaternary amino, aldehyde, aryl, bydroxyl, phosphoryl, sulfhydryl, water solubilizing groups,

alkyl groups of twenty-six carbons or less, lipid solubilizing groups, hydrocarbon solubilizing groups,

groups promoting solubility in polar solvents, groups promoting solubility in nonpolar solvents, and -

B-F; and further providing that any of Rl, R2, R3, R4,

R5, R6, or R7 may be substituted with halo, nitro, cyan, -C0 alkyl, -C0 H, -C0 aryl, N0 2, or

alkoxy wherein:

F is selected from the group consisting of hydroxy, protected hydroxy, alkoxy, sulfonate,

sulfate, carboxylate, and lower alkyl substituted amino or quartenary amino;

E is spacer group of formula -(CH )n- wherein n is an integer from 0-5 inclusively;

Alternatively, E is a spacer group of formula -(CH -0-CH ) - wherein n is an integer from 0-

5, inclusively.

The following are more specific examples of reporter molecules according to structure IV, V

and VI:

cya i e



oxonol

In these structures X and Y are selected from the group consisting of O. S and -CH(CH )2-;

Z is selected from the group consisting of O and S; m is an integer selected from the group consisting

of 0, 1, 2, 3 and 4 and, preferably an integer from 1-3. In the above formulas, the number of methine

groups detemiines in part the excitation color.

The cyclic azine structures can also determine in part the excitation color. Often, higher

values of m contribute to increased luminescence and absorbance. At values of m above 4, the

compound becomes unstable. Thereupon, further luminescence can be imparted by modifications at

the ring structures. Whenm=2, the excitation wavelength is about 650 nm and the compound is very

fluorescent. Maximum emission wavelengths are generally 15-100 nm greater than maximum

excitation wavelengths.



The polymethine chain of the luminescent dyes of this invention may also contain one or

more cyclic chemical groups that form bridges between two or more of the carbon atoms of the

polymethine chain. These bridges might serve to increase the chemical or photostability of the dye

and might be used to alter the absorption and emission wavelength of the dye or change its extinction

coefficient or quantum yield. Improved solubility properties may obtained by this modification,

In various embodiments, the change of the acceptor dye upon interaction of the acceptor and

the activator, and optionally the selectivity component with a target molecule, may include, for

example, a shift in absorption wavelength, a shift in emission wavelength, a change in quantum yield,

a change in polarization of the dye molecule, and/or a change in fluorescence intensity. The change

can be two-fold, ten-fold, one hundred-fold, one thousand-fold or even higher. Any method suitable

for detecting the spectral change associated with a given aceceptor may be used, and suitable

instruments for detection of a sensor dye spectral change, include, for example, fluorescent

spectrometers, filter fluorometers, microarray readers, optical fiber sensor readers, epifluorescence

microscopes, confocal laser scanning microscopes, two photon excitation microscopes, and flow

cytometers.

In certain embodiments, the activator is associated with, e.g., linked to, a selectivity

component. For example, the acceptor may be covalently attached to the selectivity component. The

activator may be covalently attached to the selectivity component using standard techniques. For

example, the activator may be directly attached to the selectivity component by forming a chemical

bond between one or more reactive groups on the two molecules. For example, a thiol reactive group

on the activator is attached to a cysteine residue (or other thiol containing molecule) on the selectivity

component. Alternatively, the activator may be attached to the selectivity component via an amino

group on the selectivity component. In another embodiment, the activator and selectivity component

are presented on a contiguous fusion protein. In other embodiments, the activator may be attached to

the selectivity component via a linker group, Suitable linkers include, for example, chemical groups,

an amino acid or chain of two or more amino acids, a nucleotide or chain of two or more

polynucleotides, polymer chains, and polysaccharides, In one example, the activator is attached to the

selectivity component using a linker having a maleimide moiety. Linkers may be homofunctional

(containing reactive groups of the same type), heterofunctional (containing different reactive groups),

or photoreactive (containing groups that become reactive on illumination). A variety of photoreactive

groups are known, for example, groups in the nitrene family.

One or more activators may be attached at one or more locations on the selectivity

component. For example, two or more molecules of the same activator may be attached at different

locations on a single selectivity component molecule. Alternatively, two or more different activators

may be attached at different locations on a single selectivity component molecule. For example, 2, 3,

4, 5, 6, 7, 8, 9, 0 or more activators are attached at different sites on the selectivity component. The



one or more activators may be attached to the selectivity component so as to maintain the activity of

the activators and the selectivity component,

In certain embodiments, the activator further comprises a moiety that is specific for the

selectivity component. For example, the activator may be linked to a substrate, a hapten, an antibody

fragment or other binding reagent, etc. that is specific for the selectivity component. The activator

may be covalently attached to the moiety using standard techniques. In certain embodiments the

activator may be directly attached to the moiety by forming a chemical bond between one or more

reactive groups on the two molecules h other embodiments, the activator may be attached to the

moiety via a linker group. Suitable linkers include, for example, chemical groups, an amino acid or

chain of two or more amino acids, a nucleotide or chain of two or more polynucleotides, polymer

chains, and polysaccharides. Linkers may be homofunctional (containing reactive groups of the same

type), heterofunctional (containing different reactive groups), or photoreactive (containing groups that

become reactive on illumination),

According to one embodiment, the activator component of the biosensor system described

herein is a binding reagent, binding partner, ligand, FAP, or the like that interacts in any manner with

the acceptor, such as by binding the acceptor, to cause the acceptor to become fluorescent, become

increasingly fluorescent and/or shift its emission spectrum in response to illumination within the

absorption spectrum of the biosensor (typically the absorbance spectrum of the donors). Optimally,

absent binding of the activator to the acceptor, the acceptor will not fluoresce, or will not fluoresce

insubstantially at a detection wavelength. The acceptor may fluoresce at another wavelength, but

should not fluoresce in a maimer that interferes with, or interferes substantially with, detection of

fluorescence at the detection wavelength. It should be recognized that there may be low-level

fluorescence in the absence of binding of the acceptor by the activator, but that background

fluorescence should be significantly less than the level of fluorescence obtained when the acceptor is

bound by the activator. Preferably, the "gain" in fluorescence of activator-bound biosensor to non-

activator-bound biosensor is at least 100-fold, 1000-fold, 10,000-fold, or even greater. In an optimal

embodiment, the acceptor will not fluoresce unless bound by the activator, or, as is more likely in the

real world, will not substantially fluoresce unless bound by the activator. In practical use, there will

be a certain level of background fluorescence, though it is preferably insubstantial.

As described in the examples herein, one non-limiting embodiment of the activator is an FAP

(fluorogen activating peptide), a peptide produced by any useful means that binds to the fiuorogen

and/or the biosensor compound so as to increase the fluorescecnce of the acceptor at a given

stimulatory wavelength and intensity. As described in the examples, one embodiment of the FAP is

one or more scFv fragment, obtained from a yeast cell surface display library, and which activates the

acceptor so that it fluoresces. Dimers or multimers (e.g., tandem repeats) of FAPs are equally useful

as FAP monomers. The use of a yeast display library, and identification of a specific clone that

expresses an FAP, permits directed evolution of the specific clone to produce derivatives with more



desirable activity in a given biosensor system. An example of that is described below in relation to

parent scFV L5-MG and evolved derivatives FAPs L5- G E52D, L5-MG L91S, and L5-MG E52D

L91S. Exemplary FAPs are as follows:

QAWTQEPSVTVSPGGTVILTCGSSTGAVTSGHYANWFQQKPGQAPR

ALIFETDiaCYPWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCLLSDVDGYL

FGGGTQLTVLS (L5-MG; SEQ ID NO: 3, bases 6-1 15);

QAVVTQEPSVTVSPGGTVILTCGSSTGAVTSGHYANWFQQKPGQAPR

ALIFDTDKKYPWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCLLSDVDGYL

FGGGTQLTVLS (L5-MG E52D; SEQ ID NO: 4, bases 6-115);

QAVVTQEPSVTVSPGGTVILTCGSSTGAVTSGHYANWFQQKPGQAPR

ALIFETDKKYPWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCSLSDVDGYL

FGGGTQLTVLS (L5-MG L 1S; SEQ ID NO: 5, bases 6-115); and

QAVVTQEPSVTVSPGGTVILTCGSGTGAVTSGHYANWFQQKPGQAPR

ALIFDTDKKWWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCSLSDVDGYL

FGGGTQLTVLS (L5-MG E52D L91 S; SEQ ID NO: 6, bases 6-1 15), or a tandem repeat of

any of two of these.

As would be readily evident to those of ordinary skill in the art, there are a multitude of

methods for generating suitable activators. As shown herein as proof of concept, selection and

evolution using yeast display libraries is an effective mechanism for generating useful FAPs. It

should be evident that activators can be peptides, but also can be other molecules, such as nucleic

acids and derivatives thereof, such as aptamers. Molecular libraries, such as libraries of small

molecules, natural molecules, synthetic molecules, etc, also can readily be screened for activation of

the acceptor by simply exposing the biosensor to a compound and determining if the compound can

effectively activate the biosensor as described herein. The biosensor may be screened against libraries

of random polypeptides, or libraries of binding agents, such as scFv fragments or other antibody

fragments. Expression libraries of protein/peptide fragments or aptamers, expressed by bacteria, yeast,

phage, etc. can be screened by colony fluorescence, fluorescence-activated cell sorting (FACS) or by

affinity to surface-bound biosensor and subsequent amplification of retained phage, cells, etc. The

growth, propagation, selection, and mutation of display/expression libraries is well known. Many

commercial display/expression libraries are available and use thereof are well within the skill of the

ordinary artisan.

International Patent Application Publication No. WO 2008/092041, incorporated herein by

reference in its entirety, describes in detail not only the preparation of the L5-MG FAP and dimers

thereof, but a large number of other methods by which activators (selectivity component as described

in that publication) are selected, evaluated and used. In that reference, a yeast cell surface display

library of recombinant human scFvs, obtained from Pacific Northwest National Laboratory was

obtained and clones were initially sorted by one or more rounds of FACS, isolating cells that activate



a desired fluorogen, Later, the FACS-screened cells were further enriched by affinity selection or

further cell sorting.

The activator may be any molecule which is capable of selectively interacting with the

acceptor to cause the acceptor/biosensor to fluoresce or increase fluorescence. Non-limiting examples

of the activator include: polypeptides, nucleic acids (such as oligonucleotides, cDNA molecules or

genomic DNA fragments), carbohydrates, or other suitable organic or inorganic molecules.

The activator also may comprise or be attached to a selectivity component that binds, interacts

with, or duplicates one or more components of a cell or organism. Non-limiting examples of

selectivity components include: a protein or polypeptide, an antibody or other binding agent, and

aptamer, a ligand, an agonist or antagonist, a metabolite or chemical moiety, a nucleic acid, such as

DNA, RNA, etc., a cell, a microorganism (such as bacteria, fungi and viruses), a hormone, a receptor,

a cytokine, a drug molecule, a carbohydrate, a pesticide, a dye, an amino acid, a small organic or

inorganic molecules, or a lipid. Exemplary target molecules for the selectivity component include, for

example, molecules involved in tissue differentiation and/or growth, cellular communication, cell

division, cell motility, and other cellular functions that take place within or between cells, including

regulatory molecules such as growth factors, cytokines, morphogenetic factors, neurotransmitters, and

the like. In certain embodiments, target molecules may be bone morphogenic protein, insulin-like

growth factor (IGF), and/or members of the hedgehog and Wnt polypeptide families. Other examples

of selectivity components include: pathway and network proteins (for example, enzymes such as

kinases or phosphatases), antibody fragments, non-antibody receptor molecules, aptamers, template

imprinted materials, and organic or inorganic binding elements. Selectivity components having

limited crossreactivity are generally preferred.

The activator and selectivity component may be part of a bifunctional compound, such as a

fusion (chimeric) protein, or a combination of mono-functional components, such as a cross-linked

composition in which an activator is linked by a linking group to a selectivity component. The

activator and selectivity component may be similar chemical entities, as in the case of a bifunctional

chimeric protein, two linked scFv fragments or an scFv activator linked to a protein, antibody or other

polypeptide. They also may be different chemical entities, as in the case of the activator being a

polypeptide, such as an scFv fragment, and the selectivity component is a nucleic acid, such as an

aptamer, a template imprinted material, a metabolite, a lipid, a polysaccharide, a virion, etc.

As used herein, the term "selectivity component" refers to a molecule capable of interacting

with a target molecule. Selectivity components having limited cross-reactivity are generally preferred.

In certain embodiments, suitable selectivity components include, for example, polypeptides, such as

for example, antibodies, monoclonal antibodies, or derivatives or analogs thereof, including without

limitation: Fv fragments, single chain Fv (scFv) fragments, Fabl fragments, F(ab')2 fragments, single

domain antibodies, camelized antibodies and antibody fragments, humanized antibodies and antibody

fragments, and multivalent versions of the foregoing; multivalent binding reagents including without



limitation: monospecific or bispecific antibodies, such as disulfide stabilized Fv fragments, scFv

tandems ((ScFv)2 fragments), diabodies, tribodies or tetrabodies, which typically are covalently

linked or otherwise stabilized (i. e., leucine zipper or helix stabilized) scFv fragments; and other

binding reagents including, for example, aptamers, template imprinted materials (such as those of

U.S. Patent No. 6,131,580), and organic or inorganic binding elements. In exemplary embodiments, a

selectivity component specifically interacts with a single epitope h other embodiments, a selectivity

component may interact with several structurally related epitopes.

The term "ligand" refers to a binding moiety for a specific target, its binding partner. The

molecule can be a cognate receptor, a protein a small molecule, a hapten, or any other relevent

molecule. The tenn "antibody" refers to an immunoglobulin, derivatives thereof which maintain

specific binding ability, and proteins having a binding domain which is homologous or largely

homologous to an immunoglobulin binding domain. As such, the antibody operates as a ligand for its

cognate antigen, which can be virtually any molecule. Natural antibodies comprise two heavy chains

and two light chains and are bi-valent. The interaction between the variable regions of heavy and light

chain forms a binding site capable of specifically binding an antigen (e.g., a paratope). The tenn "VH"

refers to a heavy chain variable region of an antibody. The term "VL" refers to a light chain variable

region of an antibody. Antibodies may be derived from natural sources, or partly or wholly

synthetically produced. An antibody may be monoclonal or polyclonal. The antibody may be a

member of any immunoglobulin class, including any of the human classes: IgG, IgM, IgA, IgD, and

IgE.

The term "antibody fragment" refers to any derivative of an antibody which is less than full-

length h exemplary embodiments, the antibody fragment retains at least a significant portion of the

full-length antibody's specific binding ability. Examples of antibody fragments include, but are not

limited to, Fab, Fab', F(ab')2, Fv, dsFv, scFv, diabody, and Fd fragments. The antibody fragment may

be produced by any means. For instance, the antibody fragment may be enzymatically or chemically

produced by fragmentation of an intact antibody, it may be recombinantly or partially synthetically

produced. The antibody fragment may optionally be a single chain antibody fragment. Alternatively,

the fragment may comprise multiple chains which are linked together, for instance, by disulfide

linkages. The fragment may also optionally be a multimolecular complex. A functional antibody

fragment will typically comprise at least about 50 amino acids and more typically will comprise at

least about 200 amino acids.

The term "Fab" refers to an antibody fragment that is essentially equivalent to that obtained

by digestion of immunoglobulin (typically IgG) with the enzyme papain. The heavy chain segment of

the Fab fragment is the Fd piece. Such fragments may be enzymatically or chemically produced by

fragmentation of an intact antibody, recombinantly produced from a gene encoding the partial

antibody sequence, or it may be wholly or partially synthetically produced. Methods for preparing Fab



fragments are known in the art. See, for example, Tijssen, Practice and Theory of Enzyme

Immunoassays (Elsevier, Amsterdam, 1985).

The term "Fab " refers to an antibody fragment that is essentially equivalent to that obtained

by reduction of the disulfide bridge or bridges joining the two heavy chain pieces in the F(ab')2

fragment. Such fragments may be enzymatically or chemically produced by fragmentation of an intact

antibody, recombinantly produced from a gene encoding the partial antibody sequence, or it may be

wholly or partially synthetically produced.

The term "F(ab')2" refers to an antibody fragment that is essentially equivalent to a fragment

obtained by digestion of an immunoglobulin (typically IgG) with the enzyme pepsin at pH 4.0-4.5.

Such fragments may be enzymatically or chemically produced by fragmentation of an intact antibody,

recombinantly produced from a gene encoding the partial antibody sequence, or it may be wholly or

partially synthetically produced.

The term "Fv" refers to an antibody fragment that consists of one VH and one VL domain

held together by noncovalent interactions. The term "dsFv" is used herein to refer to an Fv with an

engineered intermolecular disulfide bond to stabilize the VH-VL pair. Methods for preparing Fv

fragments are known in the art. See, for example, Moore et al., U.S. Pat. No. 4,462,334; Hochman et

al., Biochemistry 12: 1130 (1973); Sharon et al Biochemistry 15: 1591(1976); and Ehrlich et al,

U.S. Pat. No. 4,355,023.

The terms "single-chain Fvs" and "scFvs" refers to recombinant antibody fragments consisting of only

the variable light chain (VL) and variable heavy chain (VH) covalently connected to one another by a

polypeptide linker. Either VL or VH may be the NHb-terminal domain. The polypeptide linker may

be of variable length and composition so long as the two variable domains are bridged without serious

steric interference. In exemplary embodiments, the linkers are comprised primarily of stretches of

glycine and serine residues with some glutamic acid or lysine residues interspersed for solubility.

Methods for preparing scFvs are known in the art. See, for example, PCT US/ 7/02208 and U.S. Pat.

No.

4,704,692.

The term "single domain antibody" or "Fd" refers to an antibody fragment comprising a VH

domain that interacts with a given antigen. An Fd does not contain a VL domain, but may contain

other antigen binding domains known to exist in antibodies, for example, the kappa and lambda

domains. In certain embodiments, the Fd comprises only the FL component. Methods for preparing

Fds are known in the art. See, for example, Ward et al., Nature 341:644-646 (1989) and EP 0368684

Al.

The term "single chain antibody" refers to an antibody fragment that comprises variable

regions of the light and heavy chains joined by a flexible linker moiety. Methods for preparing single

chain antibodies are known in the art. See, for example, U.S. Pat. No. 4,946,778 to Ladner et al.



The term "diabodies" refers to dimeric scFvs. The components of diabodies typically have

shorter peptide linkers than most scFvs and they show a preference for associating as d ers. The

term diabody is intended to encompass both bivalent (i.e., a dimer of two scFvs having the same

specificity) and bispecific (i.e., a dimer of two scFvs having different specificities) molecules.

Methods for preparing diabodies are known in the art. See, for example, EP 404097 and

W093/11161. The term "triabody" refers to trivalent constructs comprising 3 scFv's, and thus

comprising 3 variable domains (see, e.g., Iliades et al, FEBS Lett. 409(3):43741 (1997)). Triabodies

is meant to include molecules that comprise 3 variable domains having the same specificity, or 3

variable domains wherein two or more of the variable domains have different specificities. The term

"tetrabody" refers to engineered antibody constructs comprising 4 variable domains (see, e.g., Pack et

al.5 J Mol Biol. 246(1): 28-34 (1995) and Coloma & Monison, Nat Biotechnol. 15(2): 159-63

(1997)). Tetrabodies is meant to include molecules that comprise 4 variable domains having the same

specificity, or 4 variable domains wherein two or more of the variable domains have different

specificities.

As used herein, the term "epitope" refers to a physical structure on a molecule that interacts

with a selectivity component, such as an antibody. In exemplary embodiments, epitope refers to a

desired region on a target molecule that specifically interacts with a selectivity component. "Interact"

is meant to include detectable interactions between molecules, such as may be detected using, for

example, a hybridization assay. Interact also includes "binding" interactions between molecules.

Interactions may be, for example, protein-protein, protein-nucleic acid, protein-small molecule or

small molecule-nucleic acid, and includes for example, antibody-antigen binding, receptor-Iigand

binding, hybridization, and other forms of binding. In certain embodiments, an interaction between a

ligand and a specific target will lead to the formation of a complex, wherein the ligand and the target

are unlikely to dissociate. Such affinity for a ligand and its target can be defined by the dissociation

constant (Kd) as known in the art. A complex may include a ligand for a specific dye and is referred

to herein as a "ligand-dye" complex.

The term "immunogen" traditionally refers to compounds that are used to elicit an immune

response in an animal, and is used as such herein. However, many techniques used to produce a

desired selectivity component, such as the phage display and aptamer methods described below, do

not rely wholly, or even in part, on animal immunizations. Nevertheless, these methods use

compounds containing an "epitope," as defined above, to select for and clonally expand a population

of selectivity components specific to the "epitope." These in vitro methods mimic the selection and

clonal expansion of immune cells in vivo, and, therefore, the compounds containing the "epitope" that

is used to clonally expand a desired population of phage, aptamers and the like in vitro are embraced

within the definition of ''immunogens ."

Similarly, the terms "hapten" and "carrier" have specific meaning in relation to the

immunization of animals, that is, a "hapten" is a small molecule that contains an epitope, but is



incapable as serving as an immunogen alone, Therefore, to elicit an immune response to the hapten,

the hapten is conjugated with a larger carrier, such as bovine serum albumin or keyhole limpet

hemocyanin, to produce an immunogen. A preferred immune response would recognize the epitope

on the hapten, but not on the carrier. As used herein in connection with the immunization of animals,

the terms "hapten" and "carrier" take on their classical definition. However, in the in vitro methods

described herein for preparing the desired binding reagents, traditional "haptens" and "carriers"

typically have their counterpart in epitope-containing compounds affixed to suitable substrates or

surfaces, such as beads and tissue culture plates.

In certain embodiments, the activator and/or selectivity component (as used herein, either the

activator, the selectivity component or both, independently) is an antibody or an antibody fragment.

For example, the selectivity component may be a monoclonal antibody, or derivatives or analogs

thereof, including without limitation: Fv fragments, single chain Fv (scFv) fragments, Fab' fragments,

F(ab¾ fragments, single domain antibodies, camelized antibodies and antibody fragments, humanized

antibodies and antibody fragments, and multivalent versions of the foregoing; multivalent activators

including without limitation: monospecific or bispecific antibodies, such as disulfide stabilized Fv

fragments, scFv tandems ((scFv ) 2 fragments), diabodies, tribodies or tetrabodies, which typically are

covalently linked or otherwise stabilized (i.e., leucine zipper or helix stabilized) scFv fragments;

receptor molecules which naturally interact with a desired target molecule.

In one embodiment, the activator and/or selectivity component is an antibody. Preparation of

antibodies may be accomplished by any number of well-known methods for generating monoclonal

antibodies. These methods typically include the step of immunization of animals, typically mice; with

a desired immunogen (e.g., a desired target niolecule-or fragment thereof). Once the mice have been

immunized, and preferably boosted one or more times with the desired immunogen(s), monoclonal

antibody-producing hybridomas may be prepared and screened according to well known methods

(see, for example, Kuby, Janis, IMMUNOLOGY, Third Edition, pp. 131-139, W.H. Freeman & Co.

(1997), for a general overview of monoclonal antibody production),

Methods for production of antibodies and other binding reagents have become extremely

robust. In vitro methods that combine antibody recognition and phage display techniques allow one

to amplify and select antibodies or other binding reagents with very specific binding capabilities. See,

for example, Holt, L. J . et al., "The Use of Recombinant Antibodies in Proteomics," Current Opinion

in Biotechnology 2000, 1 1 :445-449, incorporated herein by reference. These methods typically are

much less cumbersome than preparation of hybridomas by traditional monoclonal antibody

preparation methods. Binding epitopes may range in size from small organic compounds such as

bro o uridine and phosphotyrosine to oligopeptides on the order of 7-9 amino acids in length.

In another embodiment, the activator and/or selectivity component is an antibody fragment.

Selection and preparation of antibody fragments may be accomplished by any number of well-known

methods. Phage display, bacterial display, yeast display, mRNA display and ribosomal display



methodologies may be utilizes to identify and clome desired technology may be used to generate

antibody fragment activators that are specific for a desired target molecule, including, for example,

Fab fragments, Fvs with an engineered intermolecular disulfide bond to stabilize the VH - VL pair,

scFvs, or diabody fragments.

In certain embodiments, the activator and/or selectivity component comprises a polypeptide

sequence having at least about 85%, at least about 90%, at least about 95%, about 96%, about 97%,

about 98%, about 99% or about 100% sequence identity to any of the polypeptide sequences of SEQ

ID NOS: 3-9 (Figures A and IB), Vectors to produce the activator may be prepared as described

below and in WO 08/092041, with the nucleic acid encoding the polypeptide of SEQ ID NO: 3 or

other activator sequences (SEQ ID NOS: 4-9), inserted in frame between flanking HA and c-myc

epitopes of the pPNL6 plasmid and its homologs (for example, SEQ ID NO: 2 in Figure 2), and used

to transfect host cells as described herein and in WO 08/092041 .

Production of scFv antibody fragments using display methods, including phage, bacterial,

yeast, ribosomal and mR A display methods can be employed to produce the activator and/or

selectivity component, as described herein, As described below, yeast display methods were used to

produce an activator described below. Yeast display methods are described, for example, in Boder, et

al. (2000) Proc. Natl. Acad. Sci USA 97:10701-5; Swers, et al. (2004) Nucl. Acids. Res. 32:e36; and

Yeast Display scFv Antibody Library User's Manual, Pacific Northwest National Laboratory,

Richland, WA 99352, Revision Date: F0 2

Ribosome display also is a useful method for producing the activator and/or selectivity

component. Ribosome display is a technique used to perform in vitro protein evolution to create

proteins that can bind to a desired ligand. The process results in translated proteins that are associated

with their mRNA progenitor which is used, as a complex, to bind to an immobilized ligand in a

selection step. The mRNA encodes random polypeptides, and the diversity can far exceed that of

phage and yeast display systems. The mRNA-protem hybrids that bind well to a ligand are then

reverse transcribed to cDNA and their sequence amplified via PCR. The end result is a nucleotide

sequence that can be used to create tightly binding proteins (see, e.g., Hanes J, Pluckthun A (1997)

Proc Natl Acad Sci USA 91:4937-4942 ; He M, Taussig M J (1997) Nucleic Acids Res 25:5132-5134;

and h Vitro Protein Expression Guide, PROMEGA (2005), pp-29-33, Chapter 6, Ribosome Display)).

Ribosome display either begins with a DNA sequence or naive library of sequences coding for a

specific protein. The sequence is transcribed, and then translated in vitro into protein. However, the

DNA library coding for a particular library of binding proteins is genetically fused to a spacer

sequence lacking a stop codon. This spacer sequence, when translated, is still attached to the peptidyl

tRNA and occupies the ribosomal tunnel, and thus allows the protein of interest to protrude out of the

ribosome and fold. What results is a complex of mRNA, ribosome, and protein which can bind to

surface-bound ligand. This complex is stabilized with the lowering of temperature and the addition of

cations such as Mg + .



During the subsequent binding, or panning, stages, the ribosome complex is introduced to

surface-bound ligand. This can be accomplished several ways, for example using an affinity

chromatography column with a resin bed containing ligand, a 6-well plate with immobilized surface-

bound ligand, or magnetic beads that have been coated with ligand. The complexes that bind well are

immobilized. Subsequent elution of the binders via high salt concentrations, chelating agents, or

mobile ligands which complex with the binding motif of the protein allow dissociation of the mRNA.

The mRNA can then be reverse transcribed back into cDNA, undergo mutagenesis, and iteratively fed

into the process with greater selective pressure to isolate even better binders.

As it is perfomied entirely in vitro, there are two main advantages of ribosomal display

methods over other selection technologies. First, the diversity of the library is not limited by the

transformation efficiency of bacterial cells, but only by the number of ribo somes and different mRNA

molecules present in the test tube. Second, random mutations can be introduced easily after each

selection round, as no library must be transformed after any diversification step. This allows facile

directed evolution of binding proteins over several generations.

In certain display methods, such as phage and yeast display, a library of V and V chains are

prepared from mRNA of B-cells either naive or immunized animals (such as a mouse, rabbit, goat or

other animal), or even from polyclonal or monoclonal hybridoma. The mRNA is reverse-transcribed

by known methods using either a polyA primer or murine immunoglobulin-specific primer(s),

typically specific to sequences adjacent to the desired V and V chains, to yield cDNA. The desired

and V L chains are amplified by polymerase chain reaction (PCR) typically using V and

specific primer sets, and are ligated together, separated by a linker. V and V L specific primer sets are

commercially available, for instance from Stratagene, Inc. of La Jolla, California. Assembled V -

linker -V L product (encoding an scFv fragment) is selected for and amplified by PCR. Restriction sites

are mtroduced into the ends of the VH- linker -VL product by PCR with primers including restriction

sites and the scFv fragment is inserted into a suitable expression vector (typically a plasraid) for phage

display. Other fragments, such as an Fab' fragment, may be cloned into phage display vectors for

surface expression on phage particles. The phage may be any phage, such as lambda, but typically is a

filamentous phage, such as fd and M13, typically M l 3.

display vectors, the V -linker -VL sequence is cloned into a surface protein (e.g., for M ,

the surface proteins g3p (pFff) or g8p, most typically g3p). Display systems also include phagemid

systems, which are based on a phagemid plasmid vector containing the phage surface protein genes

(for example, g3p and g8p of M13) and the phage origin of replication. To produce phage particles,

cells containing the phagemid are rescued with helper phage providing the remaining proteins needed

for the generation of phage. Only the phagemid vector is packaged in the resulting phage particles

because replication of the phagemid is grossly favored over replication of the helper phage DNA.

Phagemid packaging systems for production of antibodies are commercially available. One example

of a commercially available phagemid packaging system that also permits production of soluble ScFv



fragments in bacteria cells is the Recombinant Phage Antibody System (RPAS), commercially

available from GE Healthcare, Piscataway, NJ, and the pSKAN Phagemid Display System,

commercially available from MoBiTec (Boca Scientific, Boca Raton, FL). Phage display systems,

their construction and screening methods are described in detail in, among others, United States

Patent Nos. 5,702,892, 5,750,373, 5,821 ,047 and 6,127, 132, each of which are incorporated herein by

reference in their entirety.

Typically, once a population of clones, such as phage, yeast, bacteria, ribosomes, etc., are

produced that display a desired polypeptide, such as an antibody fragment, epitope specific clones are

selected by their affinity for the desired immunogen and, optionally, their lack be used for physically

separating immunogen-binding clones from non-binding clones. Typically the immunogen is fixed to

a surface and the clones are contacted with the surface. Non-binding clones are washed away while

binding clones remain bound. Bound clones are eluted and propogated to amplify the selected clones.

A number of iterative rounds of affinity selection typically are used, often increasingly higher

stringency washes, to amplify immunogen binding clones of increasing affinity. Negative selection

techniques also may be used to select for lack of binding to a desired target. In that case, un-bound

(washed) clones are amplified. In the context of the present invention, fluorescence of bound

biosensor can be used as a selectable marker for identifying clones. High throughput methods, such

as FACS, may initially be employed to select clones, followed, optionally by detection of

fluorescence in plated colonies by fluorescent imaging techniques.

Although it is preferred to use spleen cells and/or B-lymphocytes from animals preimmunized

with a desired immunogen as a source of cDNA from which the sequences of the VH and VL chains

are amplified by RT-PCR, naive (un-immunized with the target immunogen) splenocytes and/or B-

cells may be used as a source of cDNA to produce a polyclonal set of VH and VL chains that are

selected in vitro by affinity, typically by the above-described phage display (phagemid) method.

When naive B-cells are used, during affinity selection, the washing of the first selection step typically

is of very high stringency so as to avoid loss of any single clone that may be present in very low copy

number in the polyclonal phage library. By this naive method, B-cells may be obtained from any

polyclonal source, B-cell or splenocyte cDNA libraries also are a source of cDNA from which the VH

and V chains may be amplified. For example, suitable murine and human B-cell, lymphocyte and

splenocyte cDNA libraries are commercially available from Agilent Technologies/Stratagene and

from Invitrogen Phagemid antibody libraries and related screening services are provided

commercially by MorphoSys USA, Inc., of Charlotte, North Carolina (CysDisplay).

The activator and/or selectivity component does not have to originate from biological sources,

such as from naive or immunized immune cells of animals or humans. The activator and/or selectivity

component may be screened from a combinatorial library of synthetic peptides, One such method is

described in U.S. Patent No. 5,948,635, incorporated herein by reference, which described the



production of phagemid libraries having random amino acid insertions in the pill gene of M l 3. These

phage may be clonally amplified by affinity selection as described above.

Panning in a culture dish or flask is one way to physically separate binding clones from non-

binding clones. Panning may be carried out in 96 well plates in which desired immunogen structures

have been immobilized. Functionalized 96 well plates, typically used as ELISA plates, may be

purchased from Pierce of Rockwell, Illinois, biosensor may be synthesized directly on N¾ or COOH

functionalized plates in an N- terminal to C-terminal direction. Other affinity methods for isolating

clones having a desired specificity include affixing biosensor to beads. The beads may be placed in a

column and clones may be bound to the column, washed and eluted according to standard procedures.

Alternatively, the beads may be magnetic so as to permit magnetic separation of the binding particles

from the non-binding particles. The immunogen also may be affixed to a porous membrane or matrix,

permitting easy washing and elution of the binding clones.

In certain embodiments, it may be desirable to increase the specificity of the activator and/or

selectivity component for a given target molecule or reporter molecule using a negative selection step

in the affinity selection process. For example, activator- and/or selectivity component-displaying

clones may be contacted with a surface functionalized with fluorogens distinct from the target

molecule or reporter molecule. Clones are washed from the surface and non- binding clones are

grown to clonally expand the population of non-binding clones thereby deselecting clones that are not

specific for the desired target molecule. In certain embodiments, random synthetic peptides may be

used in the negative selection step. In other embodiments, one or more immunogens having structural

similarity to the acceptor or donors may be used in the negative selection step.

Screening of the activator and/or selectivity components will best be accomplished by high

throughput parallel selection, as described in Holt et al. Alternatively, high throughput parallel

selection may be conducted by commercial entities, such as by MorphoSys USA, Inc.

In certain embodiments, it may be desirable to mutate the binding region of the activator

and/or selectivity component and select for the activator and/or selectivity component with superior

binding characteristics as compared to the un-mutated activator. This may be accomplished by any

standard mutagenesis technique, such as by PCR with Taq polymerase under conditions that cause

errors. In such a case, the PCRiprimers could be used to amplify scFv- or binding reagent-encoding

sequences of (e.g.) phagemid plasmids under conditions that would cause mutations. The PCR

product may then be cloned into a (e.g.) phagemid vector and screened for the desired specificity, as

described above.

In other embodiments, the activator and/or selectivity component is modified to make them

more resistant to cleavage by proteases. For example, the stability of the selectivity components that

comprise polypeptides may be increased by substituting one or more of the naturally occurring amino

acids in the (L) configuration with D-amino acids. In various embodiments, at least 1%, 5%, 10%,

20%, 50%, 80%, 90% or 100% of the amino acid residues of the activators may be of the D



configuration. The switch from L to D amino acids neutralizes the digestion capabilities of many of

the ubiquitous peptidases found in the digestive tract.

Alternately, enhanced stability of the activator and/or selectivity component is achieved by

the introduction of modifications of the traditional peptide linkages. For example, the-introduction of

a cyclic ring within the polypeptide backbone may confer enhanced stability in order to circumvent

the effect of many proteolytic enzymes known to digest polypeptides in the stomach or other digestive

organs and in serum. In still other embodiments, enhanced stability of the activator and/or selectivity

component may be achieved by intercalating one or more dextrorotatory amino acids (such as,

dextrorotatory phenylalanine or dextrorotatory tryptophan) between the amino acids of the activator,

hi exemplary embodiments, such modifications increase the protease resistance of the selectivity

components without affecting their activity or specificity of interaction with a desired target molecule

or reporter molecule.

In certain embodiments, the antibodies or variants thereof, may be modified to make them

less immunogenic if and when administered to a subject. For example, if the subject is human, the

antibody may be "humanized ; where the complimentarity determining region(s) of the hybridoma-

derived antibody has been transplanted into a human monoclonal antibody, for example as described

in U.S. Patent No. 6,407,213. Also, transgenic mice, or other mammals, may be used to express

humanized antibodies. Such humamzation may be partial or complete.

In another embodiment, the activator and/or selectivity component is a Fab fragment. Fab

antibody fragments may be obtained by proteolysis of an immunoglobulin molecule using the

protease papain. Papain digestion yields two identical antigen-binding fragments, termed "Fab

fragments", each with a single antigen-binding site, and a residual "Fc fragment". still another

embodiment, the selectivity component is an F(ab')2 fragment. F(ab') antibody fragments may be

prepared from IgG molecules using limited proteolysis with the enzyme pepsin. In other

embodiments, the selectivity component may be a network or pathway protein such as an enzyme, for

example, a phosphatase or kinase. Such proteins may be mutated to create a binding site for a reporter

and/or target molecule. For example, a method of making a selectivity component biosensor from

network and pathway proteins in cells and tissues may comprise mutating a specific region on a

selected protein to create a binding site for a reporter or target molecule. The region selected for

mutation may be randomly or partially randomly mutated by creating mutations in selected regions of

the gene that codes for the protein that is to be converted into a selectivity component. The gene with

the mutated region(s) may be incorporated by transfection into a system capable of expressing the

protein in a way that allows reporter molecule (or target molecule) binding and fluorescence

sensitivity to the activity (if a reporter molecule) to be assayed. By isolating and identifying by

selection methods the genetic sequence of the particular protein within the mutated population that

functions optimally as a selectivity component.



In other embodiments, a library of mutants is generated from a degenerate oligonucleotide

sequence. There are many ways by winch the library may be generated from a degenerate

oligonucleotide sequence. Chemical synthesis of a degenerate gene sequence may be carried out in an

automatic DNA synthesizer, and the synthetic genes may then be ligated into an appropriate vector for

expression. One purpose of a degenerate set of genes is to provide, in one mixture, all of the

sequences encoding the desired set of potential protein sequences. The synthesis of degenerate

oligonucleotides is well known in the art (see for example, Narang, SA (1983) Tetrahedron 39:3:

Itakura et al, (1981) Recombinant DNA, Proc. 3rd Cleveland Sympos. Macromolecules, ed. AG

Walton, Amsterdam: Elsevier pp. 273-289; Itakura et al, (1984) Annu. Rev. Biochem 53:323; Itakura

et al, (1984) Science 198:1056; Ike et al. (1983) Nucleic Acid Res. 11:477). Such techniques have

been employed in the directed evolution of other proteins (see, for example, Scott et al., (1990)

Science 249:386-390; Roberts et al, (1992) Proc. Natl. Acad. Sci. USA 89:2429-2433; Devlin et al.,

(1990) Science 249: 404-406; Cwirla et al., (1990) Proc. Natl. Acad. Sci. USA 87: 6378- 6382; as

well as U.S. Patent Nos: 5,223,409, 5,198,346, and 5,096,815).

Alternatively, other forms of mutagenesis may be utilized to generate a combinatorial library.

For example, mutants may be generated and isolated from a library by screening using, for example,

alanine scanning mutagenesis and the like, by linker scanning mutagenesis; by saturation

mutagenesis; by PCR mutagenesis; or by random mutagenesis. Linker scanning mutagenesis,

particularly in a combinatorial setting, is an attractive method for identifying activators.

In still other embodiments, the activator and/or selectivity component is an aptamer, also

known as a nucleic acid ligand. Aptamers are oligonucleotides that are selected to bind specifically to

a desired molecular structure. Aptamers typically are the products of an affinity selection process

similar to the affinity selection of phage display (also known as in vitro molecular evolution). The

process involves performing several tandem iterations of affinity separation, e.g., using a solid support

to which the desired immunogen is bound, followed by polymerase chain reaction (PCR) to amplify

nucleic acids that bound to the immunogens. Each round of affinity separation thus eniiches the

nucleic acid population for molecules that successfully bind the desired immunogen. In tins manner, a

random pool of nucleic acids may be "educated" to yield aptamers that specifically bind target

molecules. Aptamers typically are RNA, but may be DNA or analogs or derivatives thereof, such as,

without limitation, peptide nucleic acids and phosphorothioate nucleic acids. Aptamers, may be

prepared using the "SELEX" methodology which involves selection of nucleic acid ligands which

interact with a target in a desirable manner combined with amplification of those selected nucleic

acids. The SELEX process, is described in U.S. Patent Nos. 5,475,096 and 5,270,163 and PCT

Application No. WO 91/19813. These references, each specifically incorporated herein by reference,

are collectively called the SELEX Patents.

The SELEX process provides a class of products which are nucleic acid molecules, each

having a unique sequence, and each of which has the property of binding specifically to a desired



target compound or molecule. In various embodiments, target molecules may be, for example,

proteins, carbohydrates, peptidoglycans or small molecules. SELEX methodology can also be used to

target biological structures, such as cell surfaces or viruses, through specific interaction with a

molecule that is an integral part of that biological structure.

The basic SELEX method has been modified to achieve a number of specific objectives. For

example, U.S. Patent No. 5,707,796 describes the use of the SELEX process in conjunction with gel

electrophoresis to select nucleic acid molecules with specific structural characteristics, such as bent

DNA. U.S. Patent No. 5,580,737 describes a method for identifying highly specific nucleic acid

ligands able to discriminate between closely related molecules, termed CounterSELEX U.S. Patent

No. 5,567,588 describes a SELEX- based method which achieves highly efficient partitioning

between oligonucleotides having high and low affinity for a target molecule. U.S. Patent Nos.

5,496,938 and 5,683,867 describe methods for obtaining improved nucleic acid ligands after SELEX

has been performed.

In certain embodiments, nucleic acid activator and/or selectivity components as described

herein may comprise modifications that increase their stability, including, for example, modifications

that provide increased resistance to degradation by enzymes such as endonucleases and exonucleases,

and/or modifications that enhance or mediate the delivery of the nucleic acid ligand (see, e.g., U.S.

Patent Nos. 5,660,985 and 5,637,459). Examples of such modifications include chemical substitutions

at the ribose and/or phosphate and/or base positions, in various embodiments, modifications of the

nucleic acid ligands may include, but are not limited to, those which provide other chemical groups

that incorporate additional charge, polarizability, hydrophobicity, hydrogen bonding, electrostatic

interaction, and functionality to the nucleic acid ligand bases or to the nucleic acid ligand as a whole.

Such modifications include, but are not limited to, 2'-position sugar modifications, 5-position

pyrimidine modifications, 8- position purine modifications, modifications at exocyclic amines,

substitution of 4- thiouridine, substitution of 5-hromo or 5-iodo-uracil; backbone modifications,

phosphorothioate or alkyl phosphate modifications, methylations, unusual base-pairing combinations

such as the isobases isocytidine and isoguanidine and the like. Modifications may also include 3' and

5 modifications such as capping. In exemplary embodiments, the nucleic acid ligands are RNA

molecules that are 2'-fluoro (2'-F) modified on the sugar moiety of pyrimidine residues.

h one embodiment, the activator and/or selectivity component is a template imprinted

material. Template imprinted materials are structures which have an outer sugar layer and an

underlying plasma-deposited layer. The outer sugar layer contains indentations or imprints which are

complementary in shape to a desired target molecule or template so as to allow specific interaction

between the template imprinted structure and the target molecule to which it is complementary.

Template imprinting can be utilized on the surface of a variety of structures, including, for example,

medical prostheses (such as artificial heart valves, artificial limb joints, contact lenses and stents),

microchips (preferably silicon-based microchips) and components of diagnostic equipment designed



to detect specific microorganisms, such as viruses or bacteria. Template-imprinted materials are

discussed in U.S. Patent No. 6,131,580, which is hereby incorporated by reference in its entirety.

In certain embodiments, a activator and/or selectivity component contains a tag or handle

which facilitates its isolation, immobilization, identification, or detection and/or which increases its

solubility. In various embodiments, the tag may be a polypeptide, a polynucleotide, a carbohydrate, a

polymer, or a chemical moiety and combinations or variants thereof. In certain embodiments,

exemplary chemical handles, include, for example, glutathione S-transferase (GST); protein A,

protein G, calmodulin- binding peptide, thioredoxin, maltose binding protein, HA, myc, oly arginine,

poly His, poly His- Asp or FLAG tags. Additional exemplary tags include polypeptides that alter

protein localization in vivo, such as signal peptides, type EH secretion system-targeting peptides,

transcytosis domains, nuclear localization signals, etc.

In another embodiment, a activator and/or selectivity component is modified so that its rate of

traversing the cellular membrane is increased. For example, the activator may be attached to a peptide

which promotes "transcytosis," e.g., uptake of a polypeptide by cells. The peptide may be a portion of

the HIV transactivator (TAT) protein, such as the fragment corresponding to residues 37-62 or 48-60

of TAT, portions which have been observed to be rapidly taken up by a cell in vitro (Green and

Loewenstein, ( 989) Cell 55 :1179-1 188). Alternatively, the internalizing peptide may be derived from

the Drosophila antemiapedia protein, or homologs thereof. The 60 amino acid long homeodomain of

the homeo-protein antennapedia has been demonstrated to translocate through biological membranes

and can facilitate the translocation of heterologous polypeptides to which it-is coupled. Thus,

activators may be fused to a peptide consisting of about amino acids 42-58 of Drosophila

antennapedia or shorter fragments for transcytosis (Derossi et al. (1 96) and J Biol Chem 271:18188-

18193). The transcytosis polypeptide may also be a non-naturally-occurring membrane-translocating

sequence (MTS), such as the peptide sequences disclosed in U.S. Patent No, 6,248,558 .

In still other embodiments, the activator and/or selectivity component is bivalent, comprising

both an activator and selectivity component in one contiguous polypeptide sequence in the form of a

fusion (chimeric) protein comprising any suitable polypeptide activator and selectivity component.

As above, the fusion protein may comprise at least one domain which increases its solubility and/or

facilitates its purification, identification, detection, targeting and/or delivery. Exemplary domains,

include, for example, glutathione S-transferase (GST), protein A, protein G, calmodulin-binding

peptide, thioredoxin, maltose binding protein, HA, myc, poly arginine, poly His, poly His-Asp or

FLAG fusion proteins and tags. Additional exemplary domains include domains that alter protein

localization in vivo, such as signal peptides, type III secretion system-targeting peptides, transcytosis

domains, nuclear localization signals, and targeting moieties, i.e. proteins specific for a target

molecule, etc. In various embodiments, a polypeptide of the invention may comprise one or more

heterologous fusions. Polypeptides may contain multiple copies of the same fusion domain or may

contain fusions to two or more different domains. The fusions may occur at the N-terminus of the



polypeptide, at the C-terminus of the polypeptide, or at both the N- and C-tenninus of the polypeptide.

Linker sequences between an activator and/or selectivity component polypeptide may be included in

order to facilitate construction of the fusion protein or to optimize protein expression or structural

constraints of the fusion protein. Exemplary, proof of concept fusion proteins are described below.

Glycosylphosphatidylinisotol (GPI) anchored proteins are membrane bound proteins found

throughout the animal kingdom. GPI anchored proteins are linked at their carboxyterminus through a

phosphodiester linkage of phosphoethanolamine to a trimannosyl-non-acetylated glucosamine (Man3-

GlcN) core. The reducing end of GlcN is linked to phosphatidylinositol (PI). PI is then anchored

through another phosphodiester linkage to the cell membrane through its hydrophobic region. GPI

anchoring may be accomplished by including an appropriate signal, e.g., an Ala or Gly at the +2

position, though other signals will result in GPI anchoring. See, e.g., White et «/.(2000) Comparison

of the glycosyl-phosphatidylinositol cleavage/attachment site between mammalian cells and parasitic

protozoa Journal o Cell Science 113, 721-727 (2000).

In other embodiments, the activator and/or selectivity component is expressed within the cell

or organism or subject to be analyzed as a fusion protein (see the examples below). The expression

methods described below may also be used to express an activator and selectivity component in a host

cell that is then isolated and purified for use as described herein and as is know to those of ordinary

skill in the relevant arts.

Generally, a nucleic acid encoding the activator and/or selectivity component can be

introduced into a host cell, such as by transfection or infection, and the host cell is cultured under

conditions allowing expression of the activator. Methods of introducing nucleic acids into prokaryotic

and eukaryotic cells are well-known in the art. Suitable media for mammalian and prokaryotic host

cell culture are well known in the art. In some instances, the nucleic acid encoding the subject

polypeptide is under the control of an inducible promoter, which is induced once the host cells

comprising the nucleic acid have divided a certain number of times. For example, where a nucleic

acid is under the control of a beta-galactose operator and repressor, isopropyl beta-D-

thiogalactopyranoside (IPTG) is added to the culture when the bacterial host cells have attained a

density of about D 0 0.45-0.60. The culture is then grown for some more time to give the host cell

the time to synthesize the polypeptide. Cultures are then typically frozen and may be stored frozen for

some time, prior to isolation and purification of the polypeptide.

Thus, a nucleotide sequence encoding all or part of an activator and/or selectivity component

may be used to produce a recombinant form of an activators and selectivity component via microbial

or eukaryotic cellular processes. Ligating the sequence into a polynucleotide construct, such as an

expression vector, and transforming, infecting, or transfecting into hosts, either eukaryotic (yeast,

avian, insect or mammalian) or prokaryotic (bacterial cells), are standard procedures. Similar

procedures, or modifications thereof, may be employed to prepare recombinant polypeptides by

microbial means or tissue-culture technology in accord with the subject invention.



By "expression" it is meant the overall flow of information from a gene (without limitation, a

functional genetic unit for producing a gene product, typically encoded on DNA or RNA, for some

viruses, and comprising a transcriptional promoter, and other cw-acting elements, such as response

elements and/or enhancers, an expressed sequence that typically encodes a protein (open-reading

frame or ORF) or functional/structural RNA, and a polyadenylation sequence), to produce a gene

product (typically a protein, optionally post-translationally modified or a functional/structural RNA).

By "expression of genes under transcriptional control of," or alternately "subject to control by," a

designated sequence, it is meant gene expression from a gene containing the designated sequence

operably linked (functionally attached, typically in cis) to the gene. The designated sequence may be

all or part of the transcriptional elements (without limitation, promoters, enhancers and response

elements), and may wholly or partially regulate and/or affect transcription of a gene. A "gene for

expression of a stated gene product is a gene capable of expressing that stated gene product when

placed in a suitable environment - that is, for example, when transformed, transfected of transduced

into a cell, and subjected to suitable conditions for expression. In the case of a constitutive promoter

"suitable conditions" means that the gene typically need only be introduced into a host cell the

case of an inducible promoter, "suitable conditions" means when an amount of the respective inducer

is administered to the expression system (e.g., cell) effective to cause expression of the gene. All

nucleotide sequences described herein are provided in a 5'-to-3' direction and all amino acid

sequences described herein are provided in an N er ninal o-C-te r nal direction.

Other embodiments of nucleic acid sequences encoding the activator and/or selectivity

component, as well as vectors, host cells, cultures thereof, and methods of making fusion proteins are

described below or in WO 2008/092041. A nucleic acid encoding an activator and/or selectivity

componentcan be operably linked to a bacterial promoter, e.g., the anaerobic E. coli, NirB promoter or

the E. coli lipoprotein lip; Salmonella pagC promoter, Shigella ent promoter, the tet promoter on

TnIO, or the ctx promoter of Vibrio cholera. Any other promoter can be used. The bacterial promoter

can be a constitutive promoter or an inducible promoter. A signal peptide sequence may be added to

the construct, such that the activator is secreted from cells. Such signal peptides are well known in the

art. In one embodiment, the powerful phage T5 promoter, that is recognized by E. coli RNA

polymerase is used together with a lac operator repression module to provide tightly regulated, high

level expression or recombinant proteins in E . coli. h this system, protein expression is blocked in the

presence of high levels of lac repressor. A huge variety of methods and genetic constructs are

available commercially and are otherwise known by or available to those of ordinary skill in the art,

for production of recombinant proteins and polypeptides. In vitro protein synthesis using, e.g.,

eukaryotic lysates, such as rabbit reticulocyte lysates, rabbit oocyte lysates, human cell lysates, insect

cell lysates and wheat germ extracts or even synthetic methods, as are broadly known, can be

employed to produce the polypeptides described herein.



Plant expression vectors can be used. For example, viral promoters such as the 35S RNA and

19S RNA promoters of CaMV, or the coat protein promoter of TMV may be used; alternatively, plant

promoters such as the small subunit of RUBISCO; or heat shock promoters, e.g., soybean hsp 17.5-E

or hsp 17.3-B may be used. These constructs can be introduced into plant cells using Ti plasmids, Ri

plasmids, plant virus vectors; direct DNA transformation; microinjection, electroporation, etc. For

reviews of such techniques see, for example, Weissbach & Weissbach, 1 88, Methods for Plant

Molecular Biology., Academic Press, New York, Section VTil, pp. 421-463; and Grierson & Corey,

1988, Plant Molecular Biology, 2d Ed., Blackie, London, Ch. 7-9. Alternately, insect systems can be

employed to produce the polypeptides described herein. In one such system, Autographa califomica

nuclear polyhedrosis virus (AcNPV) is used as a vector to express foreign genes, The virus grows in

Spodoptera frugiperda cells, (see, e.g., Smith, U.S. Pat. No. 4,745,051). In another embodiment of an

insect system, the DNA encoding the subject polypeptide is cloned into the pBlueBacIII recombinant

transfer vector (Invitrogen, San Diego, Calif.) downstream of the polyhedrin promoter and transfected

into Sf9 insect cells (derived from Spodoptera frugiperda ovarian cells, available from Invitrogen, San

Diego, Calif.) to generate recombinant virus. In another embodiment, the subject polypeptides are

prepared in transgenic animals, such that in certain embodiments, the polypeptide is secreted, e.g., in

the milk of a female animal.

Viral vectors as are broadly known in the relevant arts, many of which are available

commercially, may also be used for efficient in vitro introduction of a nucleic acid into a cell.

Infection of cells with a viral vector has the advantage that a large proportion of the targeted cells can

receive the nucleic acid. Additionally, polypeptides encoded by genetic material in the viral vector,

e.g., by a nucleic acid contained in the viral vector, are expressed efficiently in cells that have taken

up viral vector nucleic acid. Examples of useful viral vector systems include retrovirus, adenovirus

and adeno-associated virus vectors are generally understood to be useful for the transfer of exogenous

genes in vivo, particularly into mammals. These vectors provide efficient delivery of genes into cells,

and the transferred nucleic acids typically are stably integrated into the chromosomal DNA of the host

(see Miller, A.D. (1990) Blood 76:271). In one example, lentiviral vectors are used to produce

transgenic animals by transduction of single-cell mouse and rat embryos (Carlos Lois, et al. Germline

Transmission and Tissue-Specific Expression of Transgenes Delivered by Lentiviral Vectors, Science

295, 868 (2002); DOI: 10.1126/science. 1067081).

Another viral gene delivery system utilizes adenovirus -derived vectors. Suitable adenoviral

vectors derived from the adenovirus strain Ad type 5 dl324 or other strains of adenovirus (e.g., Ad2,

Ad3, Ad7, etc.) are well known to those skilled in the art. Recombinant adenoviruses can be

advantageous in certain circumstances in that they are capable of infecting non-dividing cells and can

be used to infect a wide variety of cell types, including airway epithelium, endothelial cells,

hepatocytes and muscle cells. Furthermore, the virus particle is relatively stable and amenable to

purification and concentration, and, as above, can be modified so as to affect the spectrum of



infectivity. Additionally, introduced adenoviral DNA (and foreign DNA contained therein) is not

integrated into the genome of a host cell but remains episomal thereby avoiding potential problems

that can occur as a result of insertional mutagenesis in situations where introduced DNA becomes

integrated into the host genome (e.g., retroviral DNA). Moreover, the carrying capacity of the

adenoviral genome for foreign DNA is large (up to 8 kilobases) relative to other gene delivery

vectors. Most replication- defective adenoviral vectors currently in use and therefore favored by the

present invention are deleted for all or parts of the viral E and E3 genes but retain as much as 80% of

the adenoviral genetic material. Expression of the inserted genetic material can be under control of,

for example, the E1A promoter, the major late promoter (MLP) and associated leader sequences, the

E3 promoter, or exogenously added promoter sequences.

Yet another viral vector system useful for delivery of genetic material encoding the subject

polypeptides is the adeno-associated virus (AAV). Adeno-associated virus is a naturally occurring

defective virus that requires another virus, such as an adenovirus or a herpes virus, as a helper vims

for efficient replication and a productive life cycle. It is also one of the few viruses that may integrate

its DNA into non-dividing cells, and exhibits a high frequency of stable integration. Vectors

comprising as little as 300 base pairs of AAV can be packaged and can integrate. Space for exogenous

DNA is limited to about 4.5 kb. An AAV vector such as that described in Tratschin et al. ( 1 85) Mol.

Cell. Biol. 5:3251-3260 can be used to introduce DNA into cells. A variety of nucleic acids have been

introduced into different cell types using AAV vectors (see, for example, Hermonat et al. (1984) Proc.

Natl. Acad. Sci. USA 81:6466-6470 and Flotte et al. (1993) J. Biol. Chem. 268:3781-3790). Other

viral vector systems may be derived from herpes virus, vaccinia virus, and several NA viruses,

h addition to viral transfer methods, such as those illustrated above, non- viral methods can

also be employed to cause expression of nucleic acids encoding the subject polypeptides, e.g. in a cell

in vitro or in the tissue of an animal. Most nonviral methods of gene transfer rely on normal

mechanisms used by mammalian cells for the uptake and intracellular transport of macromolecules. h

preferred embodiments, non- viral gene delivery systems of the present invention rely on endocytic

pathways for the uptake of genetic material by the targeted cell. Exemplary gene delivery systems of

this type include liposomal derived systems, polylysine conjugates, and artificial viral envelopes. For

example, genetic material can be entrapped in liposomes bearing positive charges on their surface

(e.g., lipofectins) and, optionally, which are tagged with antibodies against cell surface antigens of the

target tissue (Mizuno et a (1992) No Shinkei Geka 20:547-551; PCT publication W09 1/06309;

Japanese patent application 1047381; and European patent publication EP-A-43075). For example,

lipofection of papilloma-infected cells can be carried out using liposomes tagged with monoclonal

antibodies against PV-associated antigen (see Viae et al. (1978) J Invest Dermatol 70:263- 266; see

also Mizuno et al. (1992) Neurol. Med. Chir. 32:873-876).

The gene delivery system comprises an antibody or cell surface ligand which is cross-linked

with a gene binding agent such as polylysine (see, for example, PCT publications WO93/04701,



W092/22635, WO92/20316, W092/19749, and WO92/06180). For example, genetic material

encoding the subject chimeric polypeptides can be used to transfect hepatocytic cells in vivo using a

soluble polynucleotide carrier comprising an asialoglycoprotein conjugated to a polycation, e.g.,

polylysine (see U.S. Patent 5,166,320). It will also be appreciated that effective delivery of the nucleic

acid constructs via mediated endocytosis can be improved using agents which enhance escape of the

gene from the endosomal structures. For instance, whole adenovims or fusogenic peptides of the

influenza HA gene product can be used as part of the delivery system to induce efficient disruption of

DNA-comprising endosomes (Mulligan et al. (1993) Science 260-926; Wagner et al. (1992) Proc.

Natl. Acad. ScL USA 89:7934; and Christiano et al. (1993) Proc. Natl. Acad. Sci. USA 90:2122).

In one embodiment, a gene encoding an activator of the acceptor is expressed in a cell of

interest. In one embodiment, the actiovator is expressed on the surface of a cell of interest. For

example, a gene encoding an activator is transferred into a cell such that the activator is expressed in

the cell or is targeted to expression on the cell surface. Invitrogen's pDisplay facilitates expression of

proteins on a cell surface. The proteins are fused at their N-terminus to the murine Ig ic-chain leader

sequence, which directs the protein to the secretory pathway, and at the C-terminus to the platelet

derived growth factor receptor (PDGFR) transmembrane domain, which anchors the protein to the

plasma membrane, displaying it on the extracellular side. Other combinations of leader sequences

and anchors are known in the art and can substitute for those of the pDisplay construct. pDisplay

contains a constitutive promoter, the human cytomegalovirus (CMV) immediate-early

promoter/enhancer. Other constitutive promoters may be substituted for the CMV promoter. As can

be appreciated by those of ordinary skill in the art, a gene construct comprising a promoter, a coding

sequence, and a polyadenylation sequence, such as the bovine growth hormone (BGH)

polyadenylation sequence can be propagated by any suitable vector, mcluding plasmids, phage, virus,

cosmid, etc. Further, the gene can be inserted into any suitable delivery vector, such as the lentivirus,

adenovirus, AAV, vectors described above.

h certain embodiments, it will be desirable to express the activator in a tissue-specific

manner. A large number of human, mouse, rat and other tissue-specific promoters are known. For

example, constructs comprising tissue-specific promoters for human (see, Figure 3), rat or mouse

astrocytes, human neurons (see, e.g., Figure 4) and mature rat neurons are available commercially

from Invivogen, San Diego, California.

The glial fibrillary acidic protein (GFAP) is an intermediate filament protein found almost exclusively

in astrocytes. It is expressed throughout postnatal life and is upregulated in response to almost any

damage to the central nervous system, including Parkinson's disease. The promoter of the GFAP gene

was shown to direct astrocyte-specific transcription in vitro, in vivo [Vandier et al. 2000. Inhibition of

glioma cells in vitro and in vivo using a recombinant adenoviral vector containing an astrocyte-

specific promoter. Cancer Gene Ther 7:1120-6], and in transgenic mice [Brenner et al. 1994. GFAP

promoter directs astrocyte-specific expression in transgenic mice. Neurosci. 14:1030-7]. Expression



of a transgene under the control of the GFAP promoter is regulated in a similar fashion as the

endogenous GFAP gene [Jakobsson J. et al., 2004. Lesion-dependent regulation of transgene

expression in the rat brain using a human glial fibrillary acidic protein-lentiviral vector. Eur J

Neurosci. 1 (3) :761 -5].

Synapsin I is a neuron-specific phosphoprotein that coats the cytoplasmic surface of small synaptic

vesicles. The proximal region of the synapsin I promoter (-422 to -22) is sufficient to direct neuron-

specific gene expression. Neuron specificity is conferred by a putative binding site for the zinc finger

protein, neuron-restrictive silencer factor/RE-1 silencing transcription factor (NRSF/REST). The

NRSF/REST protein, which is expressed only in non-neuronal cells, represses the activity of

constitutive enhancers thus silencing the expression of synapsin I in non-neuronal cells [Schoch S. et

al., 1996. Neuron-specific gene expression of synapsin I . Major role of a negative regulatory

mechanism. J Biol Chem. 271(6) :3317-23] The synapsin I promoter has been used to achieve highly

neuron-specific long-term transgene expression in vivo [Kugler S. et al., 2003. Human synapsin 1

gene promoter confers highly neuron- specific long-term transgene expression from an adenoviral

vector in the adult rat brain depending on the transduced area. Gene Ther. 10(4):337-47].

One non-limiting method of prepareation of transgenic animals expressing genes for

expression in a tissue-specific manner is use of mice expressing Cre recombinase under control of a

tissue-specific promoter, which can be crossed with a loxP-FAP mouse to produce animals with

tissue-specific FAP expression by recombination, as are commercially available.

According to certain embodiments of the biosensors described herein, certain functional goals are

desirable.

In one aspect, the design goal is a low fluorescence of the acceptor linked to the activator (e.g.,

FAP) or donors. The acceptor fluorogen is attached to the donor using appropriate chemical reactions

and linker(s). The fluorescence of the construct is tested in cell extracts and purified nucleic acid

materials for background fluorescence under the conditions that would be used to detect the

composition. If the fluorescence activation is high, modifications of the acceptor charge, size, and

hydrophobicity can be utilized to decrease the nonspecific interactions in a cellular context.

Malachite green can serve as an acceptor, as we already have selected modules mat activate it

with switching ratios of > 15,000 fold in buffer. Additional fluorogens may be designed and

synthesized. Unsymmetric polymethine dyes, and analogs of indocyanine green may be used as

fluorogens, as can many of the polarity sensing dyes (e.g, merocyanine and styryl dyes) with far-red

and near . emission. Fluorogens are screened for nonspecific activation in cell lysate before

incorporation into the biosensor composition. Quenching and activation by selected FAP modules are

characterized in buffer and cell lysate to determine the activation ratio. FAP/bio sensor pairs with

acceptable switching ratios are characterized by FCS and TIRF-single molecule microscopy.

According to certain embodiments, novel fluorogen activating peptides are isolated using

methods that were established for the initial selections of fluorogen activating peptides from the yeast



surface display library. Briefly, biotinylated versions of each fluorogen that have been synthetically

prepared will be incubated with an expanded, induced aliquot of the Pacific Northwest National

Laboratory yeast surface displayed scFv library (~109 distinct clones, 10 11 cells for selection). Yeast

that bind to the biotinylated dye are magnetically emiched in two steps, first with streptavidin

conjugated magnetic bead, followed by expansion and a second round of enrichment with anti-biotin

conjugated magnetic beads. These yeast are eluted from the beads, and then incubated with free dye

(if amenable to direct detection on the flow cytometer— f not, biotinylated dye followed by a wash

and streptavidin Alexa 488 labeling), and flow sorted to select a population of cells that are

fluorogenic or that bind to the fluorogen. Fluorogenic clones not detectable on the cytometer can be

detected by washing dye over an agar plate containing isolated induced colonies, and selecting the

brightest colonies using a wide-field fluorescence imaging system for subsequent analysis. It was

found that clones recovered from the library have a range of affinities and spectral properties, and that

subsequent affinity maturation (by error-prone PCR) can result in changes in affinity, quantum yield,

and selectivity. Clones are easily transferred from the surface display system to a yeast secretion

system using established protocols. Promising clones can be sequenced, and unique clones are

transferred to the pPNL9 secretion vector to produce protein for subsequent characterization of the

ensemble and single molecule fluorescence and binding properties with the fluorogen.

Biosensors are synthesized by any useful method. According to one embodiment, once a

given fluorogen acceptor and activator pair are identified, the fluorogen acceptor is attached to an

environment-sensitive donor. In one example, a linker is attached to the acceptor and environment-

sensitive donor by standard linking methods A synthetic strategy builds biosensors by linker addition

to a fluorogen. The resulting intermediates are a series of fluorgenic pre-biosensors. These amines

can be easily reacted with active esters of donor dyes. One advantage of this strategy is that a number

of distinct donor fluorophores can be tested with each pre-biosensor, to determine which fluorophores

have the most efficient energy transfer, show the lowest propensity for dye aggregation or nonspecific

binding. For acetylenic malachite green, DIR (dimethylindole red) and the MG fluorogens, the

Forster radius is comparable, and the direct intramolecular FRET approach is likely to be similarly

successful to the results shown for MG biosensors. In the case of indocyanine green, however, the

Forster radius is considerably shorter, and the overall FRET efficiency is likely to be reduced. If this

is the case, a cascade approach with a mediator dye may be utilized to ensure efficient FRET from the

donors, and efficient FRET to the acceptors. In this case, the cy5-icg tandem, or other far-red dye,

near infrared chromophore tandem pair may serve as the "starting fluorogen".

Fluoromodule Optimization and Maturation. The properties of the fluorogen activating

peptides selected against fluorogen alone are not necessarily optimized for binding and activation of

the fluorogenic biosensors. A reduction of the affinity of clones on addition of donor dyes to a

previously selected fluorogen may arise in certain circumstances. According to one example, to

refine the properties of these FAPs specifically for binding and activating fluorogenic biosensors,



affinity maturation of fluorogen binding clones with high quantum yields and tight binding is carried

out by error-prone PCR methods, and the resulting library of mutants is selected for binding and

activation of the complete biosensor, rather than the parent fluorogen. Clones that are capable of

binding and activating fluorogenic biosensor at low concentration, and with high quantum efficiency,

as determined by flow cytometry (ratio of expression measured with an HA epitope tag to measured

brightness of the fluorogen provides a value that correlates to clone quantum yield) are collected and

sequenced.

The biosensors and biosensor systems described herein, and are useful for virtually any assay,

imaging system that a fluorogen is useful for. As described in detail herein, the biosensors are useful

in real-time imaging in cells or an organism, As an example, an activator/selectivity component-

containing polypeptide is introduced into a cell by any means, including genetically, by transient or

pemmanent transfection, transduction or transformation of a cell or organism with a nucleic acid

comprising a gene for expressing the polypeptide, Alternately, the polypeptide is introduced into a

cell or organism. A fusion protein or complex comprising the activator and selectivity component,

such as an antibody, can be used for in situ assays of, for example, fixed cells or tissue. In such an

embodiment, the selectivity component is bound to a cell or tissue component, such as a protein, of a

cell or tissue, and the activator binds the biosensor, such that the desired cell or tissue component can

be localized in the cell or tissue. An activator bound to a selectivity component in a complex or as a

fusion protein also can be used in a fluorescent assay akin to an ELISA or R A, e.g., in a sandwich-

type assay. Likewise, a probe comprising the activator and a selectivity component, such as an

antibody or a nucleic acid, can be used in detection of a protein or nucleic acid in a western, northern

or Southern blot or EMSA, or other electrophoresis methods.

Methods of using the biosensors and biosensor complexes are described above. These methods utilize

any biosensor described herein, so long as they function for the described purpose. In one

embodiment, an environmental sensing method for detecting the presence of and analyte or for

quantifying the analyte is provided. The method comprises, first, contacting a biosensor, according to

any embodiment described herein, with an activator h one embodiment, the biosensor comprises an

activatable acceptor fluorogen linked by a linker to an environment-sensitive donor that interacts with

an analyte. h this embodiment, the activatable acceptor fluorogen produces a fluorescence signal

increase of at least 100-fold when it interacts non-covalently with the activator as compared to when

no activator is present and the environment-sensitive donor transfers excitation energy to the

activatable acceptor fluorogen such that, when activated, the activatable acceptor fluorogen produces

a detectable fluorescent signal when the environment-sensitive donor is excited and the environment-

sensitive donor transfers different amounts of excitation energy to the activatable acceptor fluorogen

when it interacts with the analyte as compared to when no analyte is present. The method further

comprises illuminating the biosensor with light of a wavelength overlapping an excitation spectnim of

the environment-sensitive donor, but not overlapping the excitation spectrum of the activatable



acceptor fluorogen and measuring emissions from the activatable acceptor fluorogen. The method

may further comprise, as a control, after contacting the biosensor with the activator, illuminating the

biosensor with light of a wavelength overlapping an excitation spectrum of the activatable acceptor

fluorogen, but not overlapping an excitation spectrum of the environment-sensitive donor and

measuring emissions from the activatable fluorogen. The activator optionally comprises a selectivity

component, e.g., a linked ligand moiety, for example an antibody, antibody fragment, scFv, that binds

to its binding partner, such as a cell-surface protein, or CD (cluster of differentiation) antigen. As a

non-limiting example, selectivity component binds to an epitope, a protein, a modified protein, a

nucleic acid, a nucleotide sequence, a small molecule (non-polymeric and less than 800 Daltons), an

active agent (e.g., a drug or other compound having a physiological effect), an antibody, a cell, a cell-

surface marker, a tissue, a site in an array or a particle by the selectivity component.

The method may be self-calibrating or pre-calibrated. In either case, the method further comprises

comparing the measured emissions from the activatable acceptor fluorogen to a control sample or to

control sample data to determine the presence of or to quantify amounts of the analyte. As indicated

above, This refers to two different scenarios. In the first, a test sample and one or more control

samples are analyzed side-by-side, and the test sample is compared to the control samples. In a

second scenario, the controls are run to calibrate the analytical system, and results measured with

individual test samples are compared to the calibration results to identify or quantify the analyte tested.

Persons performing such analysis are capable of determining testing and calibration conditions

suitable for each analytic activity. Any useful comparison method, whether computer-based or not,

may be used to compare the test sample results to the calibration control.

The following Examples are provided for illustrative purposes only and are not intended to

limit the contemplated scope of the invention.

Example 1 - Synthesis of Calcium-sensitive Rhocl2 derivative

In initial studies, Cy3 was linked to the malachite green fluorogen through a short

spacer, and the fluorescence from the Cy3 was completely quenched in solution. Subsequent

binding of this reagent resulted in bright fluorescence from the malachite green under both

Cy3 and M G excitation wavelengths, and essentially no detectable fluorescence from the Cy3

directly (Figure 5). Here, this intramolecular energy transfer mechanism will be used for

local activation of fluorescent environmental probes of calcium concentration.

A fiuorogen-quenched Rliod-2 derivative that is sensitive to Ca in the millimolar range

( d = 1 fflM) is synthesized as a cell-impermeant molecule (See Examples 7 and 8, below), to

facilitate studies of the apical epithelial surface. The affinity of this molecule for the

available MG-binding FAPs is characterized by solution fluorescence titration, and the dose



dependent calcium response is evaluated in the presence and absence of excess protein

(above the measured fluorogen ¾ ) to characterize both sensitization and activation of the

bound probe under physiological Ca levels. This reagent will significantly improve on

existing calcium sensor reagents, because excitation of the probe with MG excitation (633 or

645 nm) will provide a measure of the local probe concentration, while excitation of the

Rhod-2 (561 or 532 nm) will provide a measure of the local calcium, resolving the classical

problem of whether a change in intensity is a brightness or concentration enhancement effect.

The synthetic pathway leading to the MG-Rhod-2 conjugate starts with the synthesis of

Rhod-2 bearing a linker on the chelating moiety. Commercial 2-Nitrophenol I is alkylated

with bromo-ethanol to give II. Activation of the alcohol with tosyl chloride, and reaction with

commercial 3-nitro-3-hydroxy-benzaldehyde III, give IV. Wittig Reaction of IV with tert-

butoxycarbonylmethylene-triphenylphosphorane transforms the aldehyde into a linker side

for the MG coupling. Simultaneous reduction of the nitro groups and the alkene side chain

(Pt/¾ /Parr Hydrogenator) will result in VII. The chelating moieties are introduced by

alkylation with bromomethylacetate. Vilsmeier formylation leads to the BAPTA aldehyde

VIII. This aldehyde is condensed with 3-dimethylaminophenol, then oxidized to give the

rhodamine dye. The tert-butylester of the side chain can be selectively cleaved to give IX.

After coupling of Rliod-2 to MG-PEG-amine, the methyl esters of the chelator moieties are

cleaved in the final step to give the target compound X.

To assess the feasibility of this approach, two key criteria have been met. First, the

spectral properties of Rhod-2 are almost identical to the Cy3 that has already been used as a

successful donor molecule. Second, the rhodamine moiety, which is structurally similar to

malachite green, has been shown not to bind or block binding of the MG-binding FAP

module. Fluorescence con-elation spectroscopy (FCS) was used to demonstrate that

rhodamine B in solution diffuses as a free small molecule, even in the presence of a 500-fold

molar excess of protein. This indicates that the dye does not associate with the malachite

green binding clone, a critical requirement for appropriate sensor function. In addition, the

FCS of this sample with added MG dye showed a characteristic shift in diffusion coefficent,

reflecting the FAP-MG complex (Figure 6). These findings support the design of this probe.

Example 2 - voltage-sensitive dyes

Voltage sensitive dyes have been used with optical imaging to visualize action potentials

in neural systems for nearly 40 years. This technology holds enormous potential for mapping

electrical connections and activity in neurological tissues. Recent advances have provided

high speed cameras that can resolve millisecond action potentials from cells in a stained



region and new two-photon imaging methods can resolve optical voltage signals from deeper

in tissues. However, there are two major barriers that must still be overcome to realize the

power of this technology. One major problem is that currently available voltage sensitive

probes, which diffuse to all cells in the brain tissue, result in optical signals from all excitable

cells that have been stained. In an intact brain, such complete network activity does not allow

selective monitoring of cell type-specific networks that drive distinct behaviors. The second

problem is that high background fluorescence from stained tissue provides additional loss of

detection sensitivity. If there were a way to target both the fluorescence signal and the voltage

sensing probe itself selectively to cells of interest, the field of optical neurobiology would be

revolutionized. But currently no robust probe technology enables genetically targeted voltage

sensing. A new tool is provided to allow neurobiologists to target and activate the best dye-

based voltage sensitive probes at sites and networks of interest in the brain.

Targeting voltage sensitive probe signals specifically to cells of interest requires

development of several components that work together. The cells of interest must first be

targeted by inserting a genetic sequence into the cells that causes expression on the surface of

these cells a targeting protein called a fluorogen activating peptide (FAP). The expressed

FAP molecules, present only on the targeted cells, have the capability of tightly binding a

diffusible probe molecule containing the voltage sensitive dye that has been subsequently

added to the brain tissue. This scheme is illustrated in Figure 7.

Notice that the diffusible probe has a Malachite Green chromophore (MG) attached

through a flexible linker to the voltage sensing dye. The MG provides for high affinity

binding of the probe to the FAP, which should effectively concentrate the probe to the

targeted cell. The MG also provides a remarkable mechanism for assuring that the detected

fluorescence signals arise only from FAP targeted probes on the cells of interest. In this

mechanism, the illuminated voltage sensitive dye inserted in the membrane transfers its

excitation to the MG that is bound to the targeting FAP through intramolecular Forster

Resonance Energy Transfer (FRET) with a voltage dependent efficiency. This occurs

instantaneously in the probe molecule because it reflects a voltage dependent change in

spectral properties, rather than a voltage dependent change in distance (as is typical in

fluorescent protein based FRET sensors). It is therefore the targeted MG fluorescence signal

elicited by the excited voltage probe that reflects the cell activity. Significantly, all MG that

is not bound to targeted cell is not fluorescent, and therefore, the new technology removes

background signal, regardless of where the voltage probe locates in the neural tissue.



Synthesis of the voltage sensitive probes. There are a number of well-characterized voltage

dyes such as Merocyanine XVII, Oxonol RH155, styryl Di4-ANEPPS, ANNINE-6 and

Oxonol XXV that can be placed at the Vm location of the probe. These sensitive probes will

be modified with a 2-20 unit polyethylene glycol (PEG) linker (so that the Vm Dye can reach

the membrane, and yet transfer energy effectively to the MG) that has MG on the end as

shown in Figure 8. One of the advantages we bring is our experience developing near

infrared fluorescing Vm Dyes. It has been shown that electrical activity can be imaged at a

greater depth in tissues using long wavelength fluorescence from dyes we have developed

such as Pghl.

Testing of new Vm Probes: The newly synthesized probes are characterized for fluorogenic

activation and voltage response by spectroscopic and biochemical methods. The key

challenge is to design a probe that retains the properties of both the fluorogen and the voltage

dye, remaining optically dark until bound to a FAP, yet still partitioning appropriately into

membranes and responding effectively to voltage changes. These properties can be

optimized by control of linker length, and optimization of the pendant chains off of the

respective dyes: both synthetic approaches are easily implemented. Successful probes are

tested in cultured cells that have been transfected to produce FAP surface expression. Optical

detection with voltage clamped membrane potential changes will allow us to quantify the

optical sensitivity as a function of the surface density of FAP expression and the amount of

probe in the bathing medium. The temporal response of these probes is assessed in both

vesicle and cell-based clamping experiments. However, because the probes are based on

fast-responding dye-based voltage sensors, the response time is expected to be comparable,

and therefore suitable for measurements of single action potentials in vivo.

Success in these prototype probes would enable us to develop further sensors that have

fiuorogens that are spectrally and structurally distinct from MG. This would allow

investigators to target several specific classes of neurons and examine communication among

those neurons by high speed optical imaging. In principle, such an approach could visualize

a single action potential propagating through a single synapse, for example labeling a

presynaptic cell with one probe, and the postsynaptic cell with another, by distinct genetic

targeting domains in the two cell types.

Example 3 - Synthesis of the pH sensitive probes.

A pH sensitive probe, Cy3SApH-MG, was prepared as described in Figures 9A and 9B. In

reference to Figure 9A, 2,3,3-Trmiethyl-3H-mdole-5-sulfonic acid (240 g, 1 mmol) was

dissolved at 60 C in 1 mL of 1M sulfuric acid in acidic acid. N,N'Diphenylformamidine (590



mg, 3 mmol) dissolved i 3 mL of d ethylene glycol dimethyl ether was added. The reaction

mixture was heated to 140 C for 2 hrs. After cooling to rt the precipitate was filtered off. The

solid was suspended in hot glacial acidic acid (10 mL) and hot filtered yielding the half-dye

in 95 % yield.

1H-NMR (MeOD/1 drop NaOD): 7.69 (3H m, 1H bridge, 2H indolenine ring), 7.38 (lFLd,

2H indolenine ring), 7.30 (2H,m, phenyl ring), 7.10 (2H, m phenyl ring), 7.0 (1H. t, phenyl

ring), 5.39 (lH,d, bridge), 1.31 (6H,s, indolenine methyl groups).

l-(6-Carboxypentyl)-2,3.3-trimethylindoleninium sulfonamide (354 mg, 1 mmol) was added

and the mixture was dissolved in 4 ml of a 1:1 mixture of pyridine / acetic anhydride. The

reaction mixture was heated to 90 C under stirring for 1 lir. The reaction mixture was

dropwise added to ether (20 mL). The precipitate was dissolved in 20 % ethanol / water

adding 1 N sodium hydroxide until the color changed from red to orange. The dye was

purified by MPLC on RP-18, eluent: ethanol/water/ 0.1% ammonia. C H3 N 0 S MW:

602.7 g/mol. Yield: 210 mg/ 35 %.

In reference to Figure 9B, Cy3pH in it's basic form (60 mg , 0.1 mmol) was dissolved in 1

mL of dry DMF. TSTU (36 mg, 0.1 mmol) was added followed by DIEA (0.0175 ml, 0.1

mmol). The reaction mixture turns deep yellow and back to red as the active ester forms.

After 1 hr at rt MG[H] amine (40 mg, 0.1 mmol) dissolved in 1 ml of dry acetonitrile was

added followed by DIEA (0.0175 ml, 0.1 mmol). The reaction mixture was stirred at rt

overnight. The solvent was removed under reduced pressure. The residue was washed with

ethylacetate followed by acetonitrile to remove any unreacted MG[H] amine. The crude

product was oxidized by dissolving it in a mixture of acetonitrile/metlianol and adding

dropwise under reflux a solution of teti achlorob nzoquinone (25mg, 0.01 mmol) dissolved in

hot acetonitrile. The reaction mixture was refluxed for one hour. The solvent was removed

and the residue was taken up in acetonitrile/water adding IN sodium hydroxide until the color

changed from purple to yellowish green. The mixture was separated by MPLC on RP-18,

eluent: acetonitrile 1/water/ 0.1% ammonia. C Η 5Ν 0 +C 1~ TheonMW: 986.27+ /

1021.72 g/mol, MS+: 985.5/986.3/987.3 MS-Na: 1007.5/1008.5/1009.4 (See Figure 9C and

9D).

pH sensitive probe, Cy3.2 SAp MG, was prepared as described in Figure 9E, 2,3,3-

Trimethyl-3H-indole-5-sulfonic acid (240 mg, 1 mmol) was dissolved at 60 C in 1 mL of 1

M sulfuric acid in acidic acid. N,N'Diphenylformamidine (3 3 mg, 2 mmol) was added. The

reaction mixture was heated to 140°C for 3 hrs. The temperature was raised to 160°C and kept

for 30 min. The residue was cooled to rt and dissolved in a minimum amount of methanol.



The methanol solution was added drop wise into 100 mL of ethyl acetate causing the product

to precipitate. The suspension was heated to reflux and hot filtered. The precipitate was

washed with hot ethyl acetate and dried under vacuum. l-(6-Carboxypentyi)-2,3.3-

trimethylindoleninium (354 mg, 1 mmol) was added and the mixture was dissolved in 4 ml of

a 1: 1 mixture of pyridine / acetic anhydride. The reaction mixture was heated to 90°C under

stirring for 1 hr. The reaction mixture was drop wise added to 100 mL of ethyl acetate

causing the product to precipitate. The precipitate was dissolved in 10 ml of 0.5 M HCl and

purified by medium pressure chromatography on a RP-18, 150mm x 960 mm column,

eluent : water /ethanol step gradient 0-10 min 0 %, 10-20 min 10%, 20-35 min 15 %, 35-50

min linear gradient 15-100 %. C2 H34 O S2 MW: 602.7 g mo . Yield; 105 g (17%) MS+

601.3. -NM (D20) 8.34 (lH,m), 7.76 (1H, s), 7.74 (lH,d), 7.70 (lH,s) 7.60 (2H,d), 7.19

(lH,d), 7.10 (lH,d), 6.16 (lH d) 5.99 (lH,m), 3.87 (2H,t), 2.17 (2H,t), 1.60 (2H,m), 1.53

(6H,s), 1.43 (2H,m), 1.30 (6H,brs), 1.21 (2H,m).

Cy3pH (30 mg , 0.05 mmol) was dissolved in 0.5 mL of dry DMF. TSTU (30 mg, 1 mmol)

was added followed by DIEA (0.175 ml, 1 mmol). The reaction mixture turns deep yellow

and back to red as the active ester forms. After 1 hr at RT MG- amine hydrochloride (22 mg,

0.005 mmol) was added followed by DIEA (0.175 ml, 1 mmol). The reaction mixture was

stirred at RT overnight. The product was precipitated by the addition of 15 mL of diethyl ether.

The organic phase was decanted and the residue dissolved in a mixture of acetonitrile and

water. The dye was purified by H LC on RP-18, linear gradient 20-60% acetonitrile in

water/0.1% TFA over 20 min. Yield; 15 mg of MG-Cy3pH (30%).C 5 4Cl O S MW

1022.72 g/mol MS+ 984.5. H-NMR (MeOD) 8.49 (lH,dd) Cy, 7.89 (lH d) Cy, 7.88 (l s)

Cy, 7.86 (lH,s) Cy, 7.84 (lH,d) Cy, 7.36 (lH,d) Cy, 7.33 (2H,d) MG, 7.31 (4H,d) MG, 7.28

(lH,d) Cy, 7.19 (2H,d) MG, 6.19 (4H, d) MG, 6.26 (lH,d) Cy, 6.16 (lH,d), 4.18 (2H, t) MG,

3.96 (2H,t) Cy, 3.41 (2H t) MG, 3.20 (12H,s), 2.23 (2H,t) Cy, 2.01 (2H,q) MG, 1.75 (2H,m)

Cy, 1.66 (2H,m) Cy, 1.63 (6H,s) Cy, 1.51 (6H,s) Cy, 1.39 (2F ) Cy.

The excitation spectrum and emission spectrum can be seen in Figure 10 and the ratiometric

signature can b e seen in Figure 11.

Cells expressing the FAP-tagged b2-adrenergic receptor (see below) were exposed to 300 nM

dye in DMEM buffer, with 1% serum. After bringing the temperature of the dish to 37

degrees, the cells were treated with 10 uM isoproterenol, an adrenergic receptor specific

agonist. The internalization was visualized dynamically, using dual-excitation spinning disk

confocal microscopy, with 5 1 nm excitation and 640 nm excitation for the pH activated and

pH independent channels respectively, detected with a 680/30 nm bandpass filter. The



grayscale images shown in Figure 12 represent the independent channels through the mid-

plane of the cells after internalization had proceeded for approximately 30 minutes. Note that

the cell surface and vesicles are both visible under 640 excitation, while the vesicles alone are

visible in the 561 excited channel. This difference in localization reveals a specific signal

associated with the acidification of the pH sensitive donor.

A plasmid, pBabeSacLac2-FAP-ADRB2, was prepared by inserting an FAP gene into

the plasmid pBabeSacLac2 (see, e.g., Fisher, GW, et al. (2010) Detection and Quantification

of β2ΑΡν Internalization in Living Cells Using FAP-Based Biosensor Technology J Biomol

Screen July 2010 vol. 15 no. 6 703-709) through the Sfil sites and the ADRB2 gene is

inserted through the Bsml sites, right after the cMyc tag. The amino acid sequence of the

expressed polypeptide is provided in Figure 13A (SEQ ID NO: 12), and the nucleotide

sequence of pBabeSacLac2-FAP-ADRB2 is provided in Figure 13B (SEQ ID NO: 13). We

then established a stable NIH 3T3 cell line expressing the FAP-ADRB2 gene. To generate the

stable cells: pBabeSacLac2-FAP-ADRB2 was transfected into the packaging cell: phoenix

eco cells. Then the viral supernatant was collected and used to infect NIH3T3 cells.

Puromycin was used to select for stable NIH3T3 cells.

Example 6 - functional assay using probes

The probes are targeted to the apical surface of polarized airway epithelial cells. A simple

cell surface display system (e.g., pDisplay vector from Invitrogen), is used to display an FAP

in an unbiased manner at the apical surface of CFBE41o- cell line. Conventional confocal

imaging easily distinguishes the apical surface. An alternative that would result in direct

targeting to the apical surface in polarized epithelia would be GPI anchoring. For both the

pH- and Ca-sensors, this can be achieved by expressing a GPI addition sequence on the C-

te inus of the FAP. The GPI addition sequence from Folate Receptor

(SGAGPWAAWPFLLSLALMLLWLLS (SEQ ID NO: 14)) has been shown to associate

with lipid rafts, and is specifically apically targeted in MDCK cells (Paladino et al. (2008)

Different GPI-attachment signals affect the oligomerisation of GPI-anchored proteins and

their apical sorting Journal of Cell Science 121 (24):4001-7). Subsequent studies in primaiy

HBE rely on the lentivirus system discussed above.

Detection of the probe is accomplished by fast switching of the 561 and 635 nm

excitation lasers, detecting at the 670 nm channel (for MG emission). The 561 excitation

measures the activation of the Rhod-2 by the local Ca + (through FRET induced MG

emission), while the 635 nm excitation determines the total concentration of bound sensor.



This will convert Rhod2 from a bulk-loaded, intensity detected probe for calcium

concentration changes to a genetically targeted ratiometric and quantitative tool for

measuring local Ca + concentration near specific molecules and in cellular compartments.

Example 7- Synthesis of MG-PEG7-Rhod2 sodium salt

2-(4 ydroxy-3-nitro

1 2

4-Hydroxyphenylacetic acid 1 (31 g; 203.7 ramol) was dissolved n acetic acid (186 mL) and cooled

to 5 Celsius on ice bath. Nitric acid (62 mL of 50-70%) was added dropwise to a solution of 4-

hydroxyphenylacetic acid for 40 min. and the reaction mixture was held at that temperature for 15 min.

The reaction mixture was added into 600 mL of water and filtered precipitate, washed with water,

dried. MW C H N0 5 197.14 g/mol; yield: 27 g (67.2 %);

'H-NMRiCDsOD): δ 8.00 (d, 1H); 7.53 (dd, 1H); 7.10 (d, 1H); 3.63 (s, 2H).

Weinstock, J.; Gaitanopoulos, D.E.; Stringer, O . D.; Franz, R . G.; Hieble J . P.; Kinter, L. B.; Mann,

W. A.; Flaim, K.E.; Gessner, G. J . Med. Chem. 1987, 30, 1166-1176.

Ethyl 2-(4-hydroxy-3-nitrophenyl)acetate 3

2 3

2-(4hydroxy-3-nitrophenyl)acetate 2 (16 g; 81.2 mmol) and sulfuric acid (3 mL of 5 mol L ) were

dissolved in ethanol (120 mL) and refluxed for 19 hr. The reaction mixtuie was cooled to RT and

added chloroform and water. The organic phase was extracted with chloroform and washed with

water and brine and dried over sodium sulfate. Organic phase was evaporated and added 500 mL of

toluene/hexane =1/3. The mixture was cooled in refrigerator overnight. Precipitate was filtered and

washed with hexane and dried. MW C 0H O 225.2 g/mol; yield: .4 g (89.7 %);

'H-NMR(CD 3OD): δ 7.99 (d, 1H); 7.52 (dd, 1H); 7.10 (d, 1H); 4.14 (q, 2H); 1.24 (t, 3H).

(4'-Methoxycarboiiylethyl-2'-mtrophenoxy)-2-(2"-nitrophenoxy)ethane 4



3 4

Ethyl 2-(4-hydroxy-3-nitrophenyl)acetate 3 (9.15 g; 40.6 mmol), (2'-nitiOphenoxy)-2-bromoethane b

( 1lg; 44.7 mmol) and K2CO (5.65 g; 40.6 mmol) were suspended in 75 mL of DMF and stirred at 90

Celsius for 14hr, cooled to RT, The reaction mixture was filtered and washed with chloroform.

Organic phase was washed with 10 % of citric acid and water at 3 times, dried over sodium sulfate,

evaporated, added ethanol and cooled in refrigerator overnight. Precipitate was filtered and washed

ethanol, dried. MW C H N2O 390.34 g/mol; yield: 15.7 g (99.0 %);

H-NMR(CD OD) : δ 7.83 (dd 1H); 7.78 (d, 1H); 7.66-7.60 (1H); 7.54(dd, 1H); 7.53-7.39 (2H); 7.15-

7.10 (1H); 4.51 (t, 4H); 4.08 (q, 2H); 3.72 (s, 2H); ,17(t, 3H).

(2'

4 5

(4'-ethoxycarbonylmethyl-2'-nitrophenoxy)-2-(2"-nitrophenoxy)ethane 4 (14.2 g; 36.4 mmol) was

hydrogenated over 10 % Pd C (450 mg) in DMF (72 mL) under H2 gas for 3 days. The mixture was

filtered from catalyst through Celite. The mixture was added 200 mL of water, precipitate was filtered

and dried. MW C H22N20 330.38 g/mol; yield: 10.5 g (88.0 %);

'H-NMR(DMSO-d6): δ 6.84 (dd, 1H); 6.78 (d 1H); 6.71-6.62 (2H); 6.55-6.47(2H); 6.39 (dd, 1H);

4.68 (s, 4H); 4.24 (t, 4H); 4.04 (q, 2H); 3.41 (s, 2H); 1.1 6(t, 3H).

(2'-

5 6

A mixture of (2 '-aiTiino-4 , -ethoxycarbonylmethyl-l'-pheiioxy)-2-(2''-aminophenoxy)ethane 5 (9.5 g;

28.8 mmol), methanol (76 mL), dioxane (76 mL), and 1 M KOH (66.5 mL; 66.5 mmol) was stirred at

45 Celsius for lhr, then overnight at RT. The mixture was evaporated and the residue was suspended

in H 0 (120 mL). Aqueous 2 M H was added to pH 5.0. Precipitated product was filtered, washed

withl-LO, and dried. MW C H N20 302.33 g/mol; yield: 7.94 g (91.3 %);



' - M MSO-c ): δ 6.84 (dd, 1H); 6.75 (d, 1H); 6.71-6.61 (2H); 6.55-6.47(2H); 6.37 (dd, 1H);

4.24 (t, 4H); 3.28 (s, 2H).

(2'

Diphenyldiazomethane was prepared by the way of this article (Javed M. , Brewer M. Org. Lett,

Vol. 9, No.9, 2007). DMSO (3.07g; 39.3 mmol) was added in 350 mL of THF under Ar gas and

cooled to -55 Celsius. Oxalyl chloride (4.75 g; 37.5 mmol) was added dropwise into this solution for

45 min. and the reaction mixture was held at that temperature for 20 mi . And then the reaction

mixture was cooled to -78 Celsius. The solution of triethylamine (7.59 g; 75.0 mmol) and

diphenylmethanone hydrazine (7 g; 35.7 mmol) was added dropwise into this solution for 40 min. and

the reaction mixture was held at that temperature for 2.5 hr and filtered, evaporated. (2'-amino-4'-

carboxymethyl-1 '-phenoxy)-2 -(2"-aminophenoxy) ethane 6 (6 g; 19.8 mmol) was dissolved in 200

mL of acetone and heated to 60 Celsius. Diphenyldiazomethane was added into the solution of 6 and

stirred for 18 hr and evaporated. The reaction mixture was suspended in 100 mL of methanol and

precipitate was filtered. This precipitate was suspended in hexanes and filtered and washed hexanes.

MW C H N 0 468.54 g/mol; yield: 6.30 g (67.9 %);

'H-NMRtDMSO-de): δ 7.34-7.22 (m, 10H); 6.84 (dd, 1H); 6.79 (d, 1H); 6.75 (s, 1H); 6.71-6.61 (2H);

6.58 (d, 1H); 6.52-6.47(m, 1H); 6.42 (dd, 1H); 4.71 (s, 2H); 4.66 (s, 2H); 4.25 (4H); 3.57 (s, 2H).

4-Dip

( '-amino-4'-diphenylmethoxycarbonylmethylphenoxy)-2-(2 , ' -aimnophenoxy)ethane 7 (6 g; 12.8

mmol) was dissolved in 250 mL of acetonitrile and heated to 80 Celsius. Methyl bromoacetate (10.7

g; 64 mmol), DIEA (8.27 g; 64 mmol), and KI (10.6 g; 64 mmol) were added into this solution and

refiuxed for 2 1 hr. Methyl bromoacetate (2.14 g; 12.8 mmol) was added and stirred for 17 hr. Methyl

bromoacetate (10.7 g; 64 mmol) was added and stirred for 7 hr. Methyl bromoacetate (10.7 g; 64

mmol) was added and stirred for 20 hr. The reaction mixture was cooled to RT and evaporated. Ethyl

acetate (50 mL) and hexanes (100 mL) were added into the residue and filtered precipitate. Filtrate



was evaporated and purified by flash chromatography on a S1O2 column using a gradient of 11-40 %

ethyl acetate i exanes as eluent. MW C4 H 20 812.90 g/mol; yield: 9.9 g (95.1 %);

'H- M M SO- 7.35-7.24 (m, 10H); 6.93 (dd, 1H); 6.88 (d, 1H); 6.87-6.81 (2H); 6.78 (dd,

1H); 6.77 (s, 1H); 6.71 (dd, 1H); 6.67 (d, 1H); 4.16 (s, 4H); 4.06 (d, 8H); 3.92 (m, 8H);3.64 (s, 2H);

1.01 (t, 12H).

4-(Diphenylmethoxycarbonyimethyl)-5'-formyl-BAPTAtetraethyl ester 9

8 9

To a solution of Vilsmeier reagent made from POC13 (0.69 mL; 7.38 mmol) in DMF (1.14 mL) was

added a solution of 4-diphenylmethoxycarbonylmethyl-BAPTA tetraethyl ester 8 (4 g; 4.92 mmol) in

DMF (20 mL). The mixtuie was stirred for 1 hr at RT and heated to 70-75 Celsius for 5 hr. The

mixture was cooled to RT and added into 500 mL of ice water. The solution was neutralized by 1 M

a C ¾ to p 7.0. The mixture was extracted with chloroform, dried over sodium sulfate and

evaporated. The mixture of products was separated on Si0 using a gradient of 40-50 % ethyl acetate

inhexanes. MW C H N O, 840.91 g/mol; yield: 1.33 g (32.1 %);

- M DM SO- ) δ 9.75 (s, 1H); 7.43 (dd, 1H); 7.37 (d, 1H); 7.36-7.24 (m, 10H); 6.88 (d, 1H);

6.78 (dd, 1H); 6.77 (s, IB); 6.73 (d, 1H); 6.66 (d, 1H); 4.27-4.12 (m, 4H); 4.18 (s, 4H); 4.03 (s, 4H);

3.96-3.85 (m, 8H); 3.64 (s, 2H); 1.01 (t, 12H).

4

9 10

A mixture of 4-(diphenylmethoxycarbonylmetliyl)-5'-formyl-BAPTA tetraethyl ester 9 (1.2 g; 1.43

mmol), m-dimethylaminophenol (587 g; 4.28 mmol), and TsOH (25 mg, catalyst) in propionic acid

(10 mL) was stirred at 65-68 Celsius for 20 hr, then cooled to RT and poured into 3 M NaOAc (190

mL). After lhr, the precipitate was filtered, washed with water, and dried to give 1.511 g of 4-

(diphenylmethoxycarbonyrmethyl)-dihydrorhod tetraethyl ester.

A mixture of 4-(diphenylmethoxycarbonylmethyl)-dihydrorhod tetraethyl ester (1.511 g; 1.35 mmol)

and powdered chloranil (365 mg; 1.48 mmol) in chloroform and methanol (60 mL of each) was stirred



for 4 hr, filtered and evaporated, The residue was purified by flash chromatography on Si0 using a

10 % methanol in chloroform as eluent. MW C 0 , + 1078.23 g mol; yield: 537 mg (34.9 %);

H-NMR(DMSO-d6): δ 7.49 (d, 2H); 7.36-7.24 (m, 10H); 7.15 (d, 1H); 7.13 (dd, 2H); 7.04 (dd, 1H);

6.96 (d, 2H); 6.90 (d, 1H); 6.89 (d, 1H); 6,79 (dd, 1H); 6.77 (s, 1H); 6.66 (d, 1H); 4.25 (s, 4H); 4.23-

4.16 (m, 4H); 4.03 (s, 4H); 3.99 (q, 4H); 3.91 (q, 4H); 3.66 (s, 2H); 3.26 (s, 12H); 1.04 (t, 6H); 1.02 (t,

6H).

ESI-MS(+): 1077.5.

10 1 1

A solution of 4-(diphenylmethoxycarbonylmethyl)-rhod tetraethyl ester 10 (400 mg; 0.366 mmol) in

chloroform (20 mL) was added TFA (20 mL) and the resulting mixture was stirred for 1 hr, then

evaporated and co-evaporated with chloroform (4x30 mL). Ether (50 mL) was added to the residue

and the precipitate was filtered and washed with ether (4x10 mL), and dried. MW ¾ Ν Ο ΐ +

2 .01 g/mol; yield: 325 mg (97.4 %);

ESI-MS(+): 911.4.

11 12

4-carboxymethyl-rhod tetraethyl ester 11 (325 mg; 0.356 mmol), TSTU (128.7 mg; 0.428 mmol), and

DIEA (74.5 0.428 mmol) were dissolved in 5 mL of DMF and stin-ed for 32 hr at RT. The

reaction mixture was evaporated and added ether, precipitate was filtered and dried. MW

C53 O i + 1009.08 g mol; yield: 357 mg (99.3 %);

ESI-MS(+): 1008.5.

MG(H)-PEG7-Rhod2 tetraethyl ester 13



13

MG{H)-PEG7-Rhod2 tetraethyl aster

4-(N-succinimidylcarbonylmethyl)-rhod. tetraethyl ester 12 (357 mg; 0.354 mmol), MG(H)-PEG7-

NH3
+C 1 i (332.4 mg; 0.425 mmol), and DIEA (308 1.77 mmol) were dissolved in 3 mL of DMF

and stirred for 19 hr. The reaction mixture was added into 50 mL of ether and filtered, washed with

ether, dried. The residue was purified by flash chromatography on S1O2 using a 10 % methanol in

chloroform as eluent. MW C 2Hi 3N 0 + 1677.00 g mol; yield: 361 mg (60.8 %);

ESI-MS(+): 1677.0, 838.9

14

MG(H)-PEG7-Rhod2 sodium salt

MG(H)-PEG7-Rhod2 tetraethyl ester 13 (210 mg; 0.125 mmol) was dissolved in methanol and

dioxa e (3 mL of each), and 1 M NaOH ( 1 mL; 1 mmol) was added into this solution. The reaction

mixture was stirred for 11 hr at RT and neutralized by 2 M H to pH 9.0, evaporated. The residue

was purified by chromatography on LH-20 using 20 % water in methanol as eluent. MW

C a40 + 1652.72 g mol; yield: 160 mg (77.4 %);

ESI-MS(+): 1564.7, 783.5



G-PEG7-R od2 sodium salt 18

18

MG-PEG7-Rhod2 sodium salt

MG(H)-PEG7-Rhod2 sodium salt 14 (29 mg; 0.0175 mmol) and powdered chloranil (15 mg; 0.0610

mmol) in chloroform and methanol (0.5 mL of each) was stirred for 4 hr, filtered and evaporated. The

residue was purified by chromatography on LH-20 using 10 % water in metlianol as eluent. MW

C 1 2 O + 1651.71 g/mol; yield: 5 mg (17.3 %); ESI-MS(+): 781.5, 782.0

Example 8 - Synthesis of MG-PEG7-Rhod2 AM

MG(H)-PEG7-Rhod2 1

1

MG(H)-PEG7-Rhod2



MG(H)-PEG7-Rhod2 sodium salt 14 (20 mg; 0.0121 mmol) was dissolved in 1 mL of H 0 and added

12 M HCl pH to 0.0 and then added 1 M NaOH pH to 0,6. The solution was evaporated and dried.

MW C H N O + 1564.79 g/mol

MG(H)-PEG7-Rhod2 AM 16

1
MG(H|-PEG7-Rhcd2 A M

MG(H)-PEG7-Rhod2 15 (62 mg; 0.0396 mmol, contained salt) and DIEA (69 µ ; 0.396 mmol), and

bromomethyl acetate (38 8 0.396 mmol) were dissolved in 2 mL of acetonitrile and stirred for 19

hi at RT. The reaction mixture was added into 25 mL of ether and filtered and washed ether, dried.

MW C H 3 0 2
+ 1853.04 g/mol; yield: 5.5 mg; ESI-MS(+): 1851.9

MG-PEG7-Rhod2 AM 17

17

G-PEG7-R d2 A M



MG(H)-PEG7-Rhod2 AM 16 (5 mg; 2.7 umol) was dissolved in 1 mL of chloroform and added

chloranil (1.0 mg; 4.1 mol) and stirred 1.5 hr at RT and evaporated. M W C H 122 0 2
+

1852.03g/mol; yield: 6.5 mg; ESI-MS(+): 925.9

Example 9 - Synthesis of MG(H)-PEG7-NH3
+CI

(2'-Nitrop enoxy)-2-brom

a b

1,2-Dibromoethane (202.5 g; 1.078 mol), K C0 (29.8 g; 215.6 mmol), and 2-nitrophenol a (15 g;

107.8 mmol) were suspended in 360 mL of acetonitrile and refluxed for 2.5 hi . The reaction mixture

was cooled to RT and filtered, washed with dichloromethane. Filtrate was evaporated and added 00

mL of methanol, cooled in refrigerator overnight. Precipitate was filtered and washed with methanol.

MW C ¾BrN0 3 246.06 g mo ; yield: 2 1 g (79.2 %);

'H-NMR(CDC1 ) : δ 7.84 (dd, 1H); 7.60-7.50 (1H); 7.12-7.02 (2H); 4.42 (t, 2H); 3.67 (t, 2H).

4-(Ethylcarbonylpropoxy) benza ehy e d

step H O

c d

4-Hydroxybenzaldehyde c_(10 g; 81.9 mmol), ethyl 4-bromobutyrate (14.1 mL; 98.3 mmol), K C0

(16.99 g; 122.9 mmol), and KI (13.6 g; 81.9 mmol) were suspended in 160 L of acetonitrile and

refluxed for 18 hr. The reaction mixture was cooled to RT and filtered. Filtrate was evaporated and

added ethylacetate and filtered. Filtrate was evaporated and dried. MW ί Η Ο4 236.26 g/mol;

yield:18.6 g (96.1 %);

'H-NMR(DMSO-d6) : 9.85 (s, 1H); 7.87-7.81 (2H); 7.12-7.06 (2H); 4.13-4.01 (4H); 2.43 (t, 2H);

1.99 (m, 2H); 1.16 (t, 3H).

4-(EthyIcarbonylpropoxy)- Leucomalachite Green e



d e

4-(ethylcarbonylpropoxy) beiizaldehyde d (7.87 g; 33.3 mmol), Ν,Ν-dimethylaniline (11.48 mL; 89.9

mmol), and ZnC¾ (12.27 g; 89.9 mmol) were dissolved in ethanol and refluxed for 23 r and

evaporated. The reaction mixture was added 100 mL of ethanol and refluxed for 22 hr and evaporated.

The reaction mixture was added 120 mL of ethanol and refluxed for 8 hr and evaporated. The

residue was purified by flash chromatography on Si0 2 using 30 % ethylacetate in hexanes as eluent.

MW , Ν θ 460.61 g mol; yield: 7.8 g (33.3 %);

'H-NMR(DM S0-d6) : δ 6.94 (d, 2H); 6.86 (d, 4H); 6.79 (d, 2H); 6.62 (d, 4H); 5.22 (s, 1H); 4.10-3.98

(q, 2H); 3.92 (t, 2H); 2.82 (s, 12H); 2.42 (t, 2H); 1.93 (m, 2H); 1.16 (t, 3H).

4-(Carboxyprop

Θ f

4-(Ethylcarbonylpropoxy) Leucomalachite Green e (7.8 g; 16.9 mmol) and 1 M KOH (50 mL; 50

mmol) were dissolved in methanol and dioxane (60 mL of each) and stirred for 4 hi at RT. The

reaction mixture was added 100 mL water and neutralized by 2 M HCl to pH 4.0. A precipitate was

filtered and washed with water and dried. MW ΗΏΝ 432.55 g mol; yield: 6.5 g (89.2 %);

-N MR MSO-d ): δ 6.90 (d, 2H); 6.83 (d, 4H); 6.80 (d, 2H); 6.62 (d, 4H); 5.22 (s, 1H); 3.91 (t,

2H); 2.82 (s, 12H); 2.34 (t, 2H); 1.89 (m, 2H).

4-(N-s«ccinimidylcarbonylpropoxy)- Leucomalachite Green g



f g

4-(Carboxypropoxy)- Leucomalachite Green f_(5.85 g; 13.5 mmol), DCC (4.18 g 20.25 mniol), and

NHS (2.33 g; 20.25 mmol) were dissolved in 90 mL of dichloromethane and stirred for 7 lir at RT,

The reaction mixture was filtered and filtrate was evaporated. The residue was added ethylacetate

(100 mL) and filtered. Filtrate was evaporated and dried. MW 1H O 529.63 g/mol; yield: 8.73

g;

1H-NMR(DMSO-d6): δ 6.95 (d, 2H); 6.90-6.80 (6H); 6.62 (d, 4H); 5.23 (s, 1H); 3.99 (t, 2H); 2,84 (s,

12H); 2.04 (ra, 2H); 1.80 (m, 2H); 1.63 (m, 2H); 1.22 (m, 2H).

MG( )

4-(N-succniiimdylcarbonylpropoxy)- Leucomalachite Green g (542.5 mg; 1.02 mmol), 0-(2-

Aminoethyl)-f?'-[2-(Boc-amino)ethyl]hexaethylene glycol (400 mg; 0.854 mmol), and DIEA (148.6

; 0.854 mmol) were dissolved in 10 mL of ethylacetate and stirred for 17 lir at RT. The reaction

mixture was filtered and evaporated. The residue was purified by flash chromatography on S1O2 using

a gradient of 3-10 % methanol in chloroform as eluent. MW C 4 O 883.12 g/mol; yield: 763

mg (84.3 %);

MG(H)-PEG7-NH3+C1- i



MG(H)-PEG7-Boc (300 mg; 0.340 mmol) was dissolved in 2 mL of dioxane. 4 M HCl/dioxane

solution ( 1.25 mL) was added into this solution and stirred for 3 hr at RT. The reaction mixture was

evaporated and co-evaporated with dioxane (2x20 mL) and chloroform (2x20 mL), and dried. MW

C H C1N 0 19.47 g mol; yield: 347 mg;

ESI-MS(+):783 .4, 392.3.

Example 10 - Functional assays for MG-PEG7-Rhod2 sodium salt

Measurement: A calcium titration curve for MG-PEG7-Rhod2 sodium salt (compound 18 of

Example 8 was measured.

Compound 18 and 2 L of dL5 (A tandem dimer of L5-MG E52D L91S (Figure 1A) separated by a

G4S linker) is dissolved in each 600 L of 0 calcium solution1 (solution A, Invitrogen™ Cat.no. C-

3008MP Calcium Calibration Buffer Kit #1) and 600 µ 39 calcium solution (solution ,

Livitrogen™ Cat.no. C-3008MP Calcium Calibration Buffer Kit #1). Each volume of A and B

solutions was added into 96 well black plate as described in Table 1.

Table 1. Concentration of Calcium Solutions

And then, each solution was measured fluorescence by plate reader (TECAN safire2).

As can be seen in Figure 14, the ratio of excitation at the center peak in the spectrum

(representing the rhod2 excitation) to the mg excitation peak at ~640 nn changes systematically with

calcium concentration. The ratio plotted vs the free calcium(Figure 15) reveals a typical monotonic

titration curve showing a mid-point for calcium binding at 0.5 micro molar calcium.

To provide an overall understanding, certain illustrative embodiments are described above;

however, it will be understood by one of ordinary skill in the art that the systems and methods

described herein can be adapted and modified to provide systems and methods for other suitable

applications and that other additions and modifications can be made without departing from the scope



of the systems and methods described herein. Unless otherwise specified, the illustrated embodiments

can be understood as providing exemplary features of varying detail of certain embodiments, and

therefore unless otherwise specified, features, components, modules, and/or aspects of the illustrations

can be combined, separated, interchanged, and or rearranged witliout departing from the disclosed

systems or methods. For all references incorporated herein by reference, tins document is to control

with repect to any conflicting terms, concepts or definitions.



We claim:

I . A biosensor comprising an activatable acceptor fluorogen linked by a linker to an environment-

sensitive donor that interacts with an analyte, wherein the activatable acceptor fluorogen produces a

fluorescence signal increase of at least 100-fold when it interacts non-covalently with an activator of the

activatable acceptor fluorogen as compared to when no activator is present, and wherein the environment-

sensitive donor transfers excitation energy to the activatable acceptor fluorogen such that, when activated,

the activatable acceptor fluorogen produces a detectable fluorescent signal when the environment-sensitive

donor is excited and the environment-sensitive donor transfers different amounts of excitation energy to the

activatable acceptor fluorogen when it interacts with the analyte as compared to when no analyte is present.

2 . The biosensor of claim 1 wherein the activator is a fluorogen activator peptide (FAP).

3. The biosensor of claim 1, wherein the activatable acceptor fluorogen and the enviromnent-sensitive

donor are covalently linked.

4. The biosensor of claim 1, wherein the environment-sensitive donor is attached to the activatable

acceptor fluorogen by a molecular linker and the activatable acceptor fluorogen and the environment-

sensitive donor are close enough for resonance energy transfer of excited state energy of the sensitive donor

to be transferred to the activatable acceptor fluorogen with at least 50% efficiency.

5. The biosensor of claim 1, wherein the environment-sensitive donor detects an ion binding event

leading to a change in the fluorescence intensity of the activatable acceptor fluorogen when it is bound to its

activator.

6. The biosensor of claim 5, wherein the ion is a hydrogen ion, calcium ion, potassium ion, sodium ion,

or zinc ion.

7. The biosensor of claim 5, wherein the environment-sensitive donor is a rhodamine.

8 . The biosensor of claim 7 wherein the rhodamine is Rhod2.

9 . The biosensor of claim 1, wherein the environment-sensitive donor is sensitive to an electrical

potential difference across a cellular membrane.

10. The biosensor of claim 9, wherein the environment-sensitive donor is chosed from: Merocyanine

XVII, Oxonol RH155, styiyl Di4-ANEPPS, ANNINE-6 and Oxonol XXV.

I I . The biosensor of claim 1, which the environment-sensitive donor is a polarity-sensitive dye.

12. The biosensor of claim 11, in which the environment-sensitive donor is a polarity-sensitive dye

chosen from: indole, Cascade Yellow, prodan, Dansyl, Dapoxyl, NBD, PyMPO, Pyrene and

diethylaminocoumarin.

13. The biosensor of claim 1, wherein the activatable acceptor fluorogen is a non-rigidized aromatic

system.

14. The biosensor of claim 1, wherein the activatable acceptor fluorogen is a monomethine dye.

15. The biosensor of claim 1, wherein the activatable acceptor fluorogen is a cyanine dye.

16. The biosensor of claim 1, wherein the activatable acceptor fluorogen is malachite green,

indocyanine green, acetylenic malachite green and dimethylindole red.



17. The biosensor of claim 1 in which the activatable acceptor fluorogen is malachite green.

18. The biosensor of claim 1, in which the activatable acceptor fluorogen is selected from the group

consisting of: a triarylmethine dye; a diarylmethine dye; and a monomethine dye.

1 . The biosensor of claim 1, in which the activatable acceptor fluorogen is

i en from:

where, for R1-R5, n=0-6 and T is selected from -H, -OH, COO-, S0 3 , -P0 4 , amide, halogen, substituted

single or multiple aryl, ether, polyether, PEG , heterocyles containing N, S or O atoms, substituted

acetylenic groups, cyano, and carbohydrate groups and optionally comprises a linker for attachment to the

environment-sensitive donor.

20. The biosensor of claim 1, in which the activatable acceptor fluorogen is:

where Rl is aromatic, heteraroraatic, hydroxyl, amino, N -alkyl, N-alkanolyl (alcohol, e,.g. N-hydroxyethyl),

R2 is H, cyano, aromatic, heteroaromatic, acetylenic, alkyl, X is Ν, O, or S and R3 and R4 is absent or is

alkyl, aryl, or hydroxy ethyl.

21. The biosensor of claim 20, in which R l is di-Ci_ alkylamino, R2 is a substituted phenylacetylene,

phenyl, -N-alkyl-substituted phenyl, -0(CH ) R5 substituted phenyl where n is 1-5 and R5 is carboxyl or

amino, X is N, and R3 and R4 are independently C - alkyl, alkoxyl, alkanolyl, phenyl, alkyl-substituted

phenyl.

22. The biosensor of claim 2 , in which R2 is -N-(C¾) ; -N-(CH 3)((CH 2) O(CH )mCOOH) in which n

and m are independently 1, , 3 or 4,



23. The biosensor of claim 20, in which Rl is -N(CH )2, R2 is one of -0(CH ) R -substituted phenyl

The biosensor of claim 20, in which the activatable acceptor fluorogen is one or more



25. The biosensor of claim , in which the environment-sensitive donor is non-fiuorescent.

26. The biosensor of claim 1, having an average moleculai weight of less than 50 kDa (kilodaltons).

27. The biosensor of claim 1, having an average molecular weight of less than 10 kDa.

28. The biosensor of claim 1, in which the activatable acceptor fluorogen exliibits at least a 100-

increase in fluorescence when bound to its activator.



The biosensor of claim 1, having the structure:

The biosensor of claim 1, having the structure:



Na C Na COj

34. A complex comprising the biosensor of claim 1, bound to an activator that causes an increase of

fluorescence of the compound when the activator is bound to the compound when the donor moieties are

excited.

35. The complex of claim 34, in which the increase in fluorescence is at least 100-fold.

36. The complex of claim 34, in which the increase in fluorescence is at least 1000-fold.

37. The complex of claim 34, in wliich the activator is attached to a selectivity component.

38. The complex of claim 37, in which the selectivity component is a fusion protein comprising the

activator and the selectivity component.



39. The complex of claim 37, in which the selectivity component is crosslinked to the activator.

40. The complex of claim 34, in which the activator is an scFv fragment.

41. The complex of claim 34, in which the activator is one of SEQ ID N : 3-11.

42. The complex of claim 34, the activator comprising an amino acid sequence chosen from:

QAVVTQEPSVTVSPGGTVILTCGSSTGAVTSGHYANWFQQKPGQAPR

ALIFETDKKYPWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCLLSDVDGYL

FGGGTQLTVLS (SEQ Γΰ NO: 3, bases 6-1 15);

QAVVTQEPSVTVSPGGTVILTCGS STGAVTSGHYANWFQQKPGQAPR

ALIFDTDKICYPWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCLLSDVDGYL

FGGGTQLTVLS (SEQ D NO: 4, bases 6-1 5);

QAVVTQEPSVTVSPGGTVILTCGSSTGAVTSGHYANWFQQKPGQAPR

ALIFETDKKYPWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCSLSDVDGYL

FGGGTQLTVLS (SEQ ID N : 5, bases 6-115) ; and

QAVVTQEPSVTVSPGGTVILTCGSGTGAVTSGHYANWFQQKPGQAPR

ALIFDTDKKYPWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCSLSDVDGYL

FGGGTQLTVLS (SEQ ID NO: 6, bases 6-1 15).

43. The complex of claim 34, comprising a repeat of two or more amino acid sequences chosen from:

AVVTQ SVTVSP

ALlh'E'rDKKYI'WTPGRFSGSLLGVKAALTISDAQPEDEAEYYCLLSDVDGYL

FGGGTQLTVLS (SEQ ID NO: 3, bases 6-1 );

QAVVTQEPSVTVSPGGTVILTCGSSTGAVTSGHYANWFQQKPGQAPR

ALIFDTDKKYPWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCLLSDVDGYL

FGGGTQLTVLS (SEQ ID NO: 4, bases 6-1 15);

QAVVTQEPSVTVSPGGTVILTCGSSTGAVTSGHYANWFQQKPGQAPR

ALIFETDKKYPWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCSLSDVDGYL

FGGGTQLTVLS (SEQ ID NO: 5, bases 6-1 5); and

QAVVTQEPSVTVSPGGTVILTCGSGTGAVTSGHYANWFQQKPGQAPR

ALIFDTDKKYPWTPGRFSGSLLGVKAALTISDAQPEDEAEYYCSLSDVDGYL

FGGGTQLTVLS (SEQ ID NO: 6, bases 6- 15).

44. The complex of claim 43, the activator further comprising an amino acid sequence of a selectivity

component.

45. The complex of claim 34, wherein the activator comprises a single-chain antibody.

46. The complex of claim 34, wherein the activator comprises an engineered combination of linked

antibody heavy and/or light chain components comprising an antibody antigen binding site.

47. The complex of claim 34, wherein the activator is linked via a peptide bond or a linker to a targeting

group that interacts with a target.



48. The complex of claim 47, wherein the target is one of an epitope, a protein, a modified protein, a

nucleic acid, a nucleotide sequence, a small molecule, an active agent, an antibody, a cell, a cell-surface

marker, a tissue, a site in an array or a particle,

49. An environmental sensing method for detecting the presence of and analyte or for quantifying the

analyte, comprising:

a) contacting a biosensor with an activator, the biosensor comprising an activatable acceptor

fluorogen linked by a linker to an environment-sensitive donor that interacts with an analyte,

wherein the activatable acceptor fluorogen produces a fluorescence signal increase of at least 100-

fold when it interacts non-covalently with the activator as compared to when no activator is present,

and wherein the environment-sensitive donor transfers excitation energy to the activatable acceptor

fluorogen such that, when activated, the activatable acceptor fluorogen produces a detectable

fluorescent signal when the environment-sensitive donor is excited and the environment-sensitive

donor transfers different amounts of excitation energy to the activatable acceptor fluorogen when it

interacts with the analyte as compared to when no analyte is present; and

b) illuminating the biosensor with light of a wavelength overlapping an excitation spectrum of the

environment-sensitive donor, but not overlapping the excitation spectrum of the activatable acceptor

fluorogen and measuring emissions from the activatable acceptor fluorogen.

50. The method of claim 49, further comprising, c) after contacting the biosensor with the activator,

illuminating the biosensor with light of a wavelength overlapping an excitation spectrum of the activatable

acceptor fluorogen, but not overlapping an excitation spectrum of the environment-sensitive donor and

measuring emissions from the activatable fluorogen.

51. The method of claim 50, further comprising determining a ratio between the emissions obtained

from steps b) and c).

52. The method of claim 49, wherein the activator comprises a selectivity component.

53 The method of claim 52, wherein the selectivity component binds to an epitope, a protein, a

modified protein, a nucleic acid, a nucleotide sequence, a small molecule, an active agent, an antibody, a cell,

a cell-surface marker, a tissue, a site in an array or a particle by the selectivity component.

54. The method of claim 49, further comprising comparing the measured emissions from the activatable

acceptor fluorogen to a control sample or to control sample data to determine the presence of or to quantify

amounts of the analyte.

55. The method of claim 49, wherein the biosensor is a biosensor of claims 2-33.
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