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1. Eield of the Invention:

The invention relates to fluorescent dyes that are useful in various assays
and, more particularly, to fluorescent polymeric dyes, wherein fluorescence is

10 enhanced by at least partially hosting fluorophoric moieties with moieties
providing a hydrophobic and conformationally restrictive microenvironment.

2. Discussion of the Art:

A variety of assay techniques are employed in quantitative and qualitative
analysis of chemical and biochemical mixtures. One assay technique, referred to

15 as "fluorescence", is useful in many biochemical studies. This assay technique
utilizes a fluorescent chemical to label certain molecules to distinguish those
molecules from unlabeled, but similar, molecules. A chemical is considered to be
fluorescent if it absorbs light at a given wavelength (the "excitation" wavelength)
and emits light at a longer wavelength (the "emission" wavelength). The

20 fluorescent chemicals used in this type of assay are often referred to as
fluorescent ayes.

There are numerous optical techniques for detecting fluorescent dyes
employed in fluorescence assays. One such technique is flow cytdmetry. Flow
cytometry is employed in fluorescence assays to identify particular moiecules or

25 cells and to separate or distinguish those molecules or cells from a mixture. In a
typical flow cytometry procedure, a fluorescent dye is linked to an antibody. The
antibody is specific to an antigen of a particular molecule or a cell-surface

molecule of a particular cell desired 1o be detected. The linking of the antibody
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and fluorescent dye is referred to as "conjugation”, and the linked antibody-
fluorescent dye complex is reterred to as a "conjugate”.

After an appropriate antibody and an appropriate dye are linked to form a
conjugate, the conjugate is added to a mixture suspected of containing the
antigen or cell-surface molecule sought to be detected. When the conjugate is
added to the mixture and appropriate conditions are maintained, the antibody of
the conjugate binds with the antigen or celi-surface molecuie. The entire mixture
in which the antigen or cell-surface moiecule is contained and to which the
conjugate was added is then subjected to a laser beam of the excitation
wavelength for the particular fluorescent dye. The iaser beam of this wavelength
causes the molecules or celis that contain the bound antibody-fluorescent dye
conjugate to fluoresce. A flow cytometer may detect and measure the amount of
laser light scattered by the bound molecule or celi, and by that measurement, the
quantity, quality, and other determinations relating to the detected antigen or cell-
surface molecule may be made.

It has typically been necessary 1o take steps to increase the intensity of the
fluorescent dyes for better detection. Several means have been employed to
increase the intensity. However, there are significant limitations that reduce the
effectiveness of those means.

One means for increasing the intensity of fluorescent dyes at a given
wavelength has been the mechanism of fluorescence energy transfer, whereby a
transfer of energy from an excited state is made from a donor molecule to an
acceptor molecule. The transfer is usually accomplished by positioning one
fluorophore close to another fluorophore. As used herein, the expression
"fluorophore” means a carrier of fluorescence.

‘ The first of the closely-positioned filuorophores may be excited by light of a
given wavelength. Then, instead of emitting light of a longer wavelength, the
excited fluorophore transfers energy to the second fluorophore. That transferred

energy excites the second fluorophore, which then emits light of an even longer
2
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wavelength than would have been emitted by the first fluorophore. An example of
such an energy transfer arrangement involves phycobiliprotein-cyanine dye
conjugates. Subjecting these conjugates to an about 488 nm laser light excites
the phycobiliprotein. The phycobiliprotein will then, without itself irradiating,
transfer energy to the cyanine fluocrophore at the excitation waveiength of the
cyanine, which is coincident with the emission wavelength of the phycobiliprotein,
about 580 nm. Consequently, the cyanine fluorophore is thereby excited and
subsequently emits light of its emission wavelength of about 680 nm. This type of
energy transfer system in often referred to as a "tandem energy transfer system.”

Energy transfer is not a very simple means for increasing fluorescence for a
number of reasons. Two fundamental requirements in energy transfer are an
appropriate relative spatial distance relationship of the donor and acceptor
molecules and an appropriate relative angular relationship of the absorption and
emission dipoles of the two molecules. Obtaining and maintaining these
fundamental relationships is extremely difficult, if not impossible, in many
circumstances. Additionally, there are many other requirements, including overlap
of the emission spectrum of the donor with the absorption spectrum of the
acceptor, stability of the fluorophores, change in fluorescent characteristics upon
conjugation, quantum efficiency of the transfer, non-specific binding of the
fluorophores to other compounds, and others. Eliminating the need for meeting
these requirements would be an improvement in the art.

Another means for increasing fluorescent intensity of fluorescent dyes is to
attach a multiplicity of fluorophores to a polymer and attach the polymer to an
antibody. In thistarrangement, each of the fluorophores attached to the polymer
may be excited by a laser light and emit light at its emission wavelength.
However, the use of polymers for this purpose has generally not been effective.
The primary problem encountered with polymers is that when a multiplicity of
fluorophores are randomly placed on a single polymer, signal quenching among

the fluorophores resuits. Further, even if the poiymer/antibody conjugate emits a
3
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greater cumulative quantity of light due to the multiplicity of fluorophores, the
emission wavelength is only that applicable to the particular fluorophores.
Fiuorophores of the prior art have had a limited range of wavelength variation
between excitation wavelength and emission wavelength. It would be desirable to
provide both a polymer to which may be attached a multiplicity of fluorophores
without quenching and a fluorescent dye that emits light of a wavelength much
greater than the excitation wavelength. Such a polymeric arrangement and
wavelength range would enable more accurate detection.

Yet another means for increasing the intensity of fluorescent dyes involves
the use of cyclodexirins. Cyclodextrins are well known water soluble cyclic
oligosaccharides having a hydrophobic central cavity and a hydrophilic peripheral
region. Generally, the shape of a cyclodextrin molecule is substantially cylindrical,
with one end of the cylinder having a larger opening than the other. The smaller
opening is known as the primary rim, and the larger opening is known as the
secondary rim. A cavity into which small moiecuies can enter through the larger
secondary rim is present between the two openings of the cyciodextrin molecuie
and, in aqueous systems, this cavity of a cyclodextrin moleculie provides a

hydrophobic microenvironment for the complexing of hydrophobic molecules of

low molecular weight. The cyclodextrin molecule acts as a host for the

hydrophobic molecule of low molecular weight, i.e., the guest.

Efforts to generate polymeric cyclodexirins have been made in an attempt
to increase the fluorescence associated with fluorophores. Theoretically, the
complexing properties of a single cyclodextrin molecule can be magnified by
having several cyciodextrin molecules in close proximity to each other, for the
reason that having several cyclodextrin molecules in close proximity to each other
increases the probability that a guest molecule will enter the cavity of a
cyclodextrin molecuie. According to the theory, if a polymeric cyclodextrin
molecule were created, it would be capable of hosting a plurality of guest

molecules. Further, if the guest molecules were signal-generating groups, there
4
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would be several fluorophores in close proximity to each other, and the
fluorescence associated with the polymer would be greater than that of a single
fluorophore. Hence, according to the theory, if a conjugate were made with a
polymeric cyclodextrin containing a plurality of fluorophores, fluorescence of the
polymer would be greater than that of a conjugate comprising a single
fluorophore.

Several poiymeric cyclodextrins have been manufactured to validate the
above-described theory. However, those polymers suffer from problems that
severely limit their effectiveness. The polymeric cyciodextrins are synthesized by

using cyclodextrin monomers that have been modified to contain several reactive

groups on the cyclodextrin monomer's primary and secondary rims, thereby
allowing these monomers to react via their primary and secondary rims, and react
muitiple times via their multiple reactive groups. When a cyclodextrin moiecule is
bound by its secondary rim, the larger opening to the hydrophobic cavity is
hindered. As a result, it is difficult for a guest molecule to enter the cavity of the
cyclodextrin molecule, and the cyclodextrin's utility as a host is compromised.
Further, polymers derived from cyclodextrin monomers having multiple reactive
groups results in a high degree of cross-linking. When cross-linking occurs, not
only are the cyclodextrin molecuies bound by the secondary rims, causing the
problems mentioned previously, but a matrix of cyclodextrins forms.
Consequently, the number of cyclodextrin monomers polymerized is limited and
many of the cyclodextrin monomers polymerized become buried within the matrix.
Although many cyclodextrin molecules are in close proximity, very few of them
have accessible secondary openings and very few guest/host complexes are able

to form.

Another means for increasing intensity of fluorescent dyes is judicious
selection of a suitable dye, among the many fluorescent dyes from which to
choose. It has been common practice 10 employ naturally-occurring substances

as fluorescent dyes for fluorescence testing. The more common naturally-
5
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occurring dyes include the phycobiliproteins, such as phycoerythrin, and others.
As previously mentioned in connection with the discussion of energy transier,
phycobiliproteins are still being used in some tandem energy transfer systems.
However, phycobiliproteins present certain problems in their use. A particular
problem with phycobiliproteins is their instability. Exposure to light and other
environmental effects can cause photo-bieaching, thereby adversely affecting
fluorescence assays.

In recent years, a number of synthetic fluorescent dyes have been
manufactured and employed for fluorescence assays. A well-known class of
fluorescent dyes are the cyanine dyes. These dyes are polymethine dyes
containing the -N-(-C=C-C)_=N- moiety.

Cyanine fluorescent dyes aiso present problems when employed in
fluorescence biological testing procedures, such as flow cytometry. For exampie,
many of these dyes are expensive to use and difficult to manufacture. Further,
many of the cyanine dyes do not have a sufficiently large interval, i.e., Stokes'
shift, between their excitation wavelength and their emission wavelength 1o be
effective for fluorescence detection methods without utilizing energy transfer
involving another flucrophore. Those dyes that do have a sufficiently large
interval between excitation wavelength and emission wavelength are often
sensitive to the environment.

Another class of fluorescent dyes that has been considered for use in
biological testing procedures inciudes the aminostyryl pyridinium dyes. Because
of environmental sensitivity, these dyes have been considered unsuitable for
fluorescence labeling applications, such as flow cytometry. The environmental
sensitivity of aminostyryl pyridinium dyes is well studied and described by Anthony

C. Stevens et al., "Synthesis of Protein-Reactive (Aminostyryl)pyridinium Dyes",

Bioconjugate Chem. 1993, 4, 19-24.
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"It would be desirable to develop a fluorescent dye whereby the need for

energy transfer is eliminated and problems associated with environmental

sensitivity are overcome.

VIMARY OF TH [ENTION
In one aspect, this invention involves a polymeric dye comprising a
polymeric entity having attached thereto a piurality of synthetic signal-generating
groups. The polymeric dye is preferably an optimized highly-fluorescent polymer.
The polymeric dye can be synthetically derived. ltis preferred that the polymeric
dye further contain hosting moieties either covalently bonded to the polymeric

entity or in close proximity to the polymeric entity.

The signal-generating groups are derived from dyes having at least one
anilino moiety coupled to a heterocyclic moiety containing at least one nitrogen
atom in the heterocycle by means of an ethylenically unsaturated linking group.
If the polymeric entity is nucleophilic, the signal-generating groups must be
electrophilic. If the polymeric entity is electrophilic, the signal-generating groups
must be nucieophilic. If the polymeric entity is nucleophilic, it can contain
repeating units selected from the groups consisting of acrylamide hydrazido,
hydrazide, and lysine. If the polymeric entity is electrophilic, it can contain
repeating units selected from the group consisting of acrylic, glutamic, aspartic,
and styrene sulfonic. f the signal-generating groups are electrophilic, they can
contain carboxylic groups. |f the signal-generating groups are nucleophilic, they
can contain amine groups or hydrazide groups or both amine groups and
hydrazide groups.

The hosting moiety can be covaiently bound to the polymeric entity, but it
need not be covalently bound to the polymeric entity. The hosting moiety can be
attached to an entity other than the polymeric entity to which are attached the

synthetic signal-generating groups. The hosting moiety is a hydrophobic and
7
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conformationally restricting moiety. The hosting moiety is preferably a
cyclodextrin, more preferably a derivative of B-cyclodextrin aldehyde. The signail-
generating groups are sensitive to proteins, nucleic acids, macromolecules, and
lipids in a normal environment, but substantially insensitive to these materiais in
5 this hydrophobic and conformationally restricting microenvironment.
The signal-generating moiety of the polymeric dye is preferably a
pyridinium anilino derivative. The pyridinium anilino derivative can comprise a

pyridinium anilino derivative of the formula:

O .
hN T / N\
HO + \ / " R2

X-
where R represents an alkyl group and R, represents
an alkyl group and n represents an integer from 1 to

3, inclusive, and X represents a negatively charged
counter ion

10

in another embodiment, the signal-generating moiety of the polymeric dye

i5 is a benzothiazolium aniline derivative of the formuia:
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Q S 14 N,
/ H2
HO N N+ N
H
O X
SOg3

where R4 represents an alkyl group and R, represents
an aikyl group and n represents an integer from 1 to

3, inclusive, and X represents a negatively charged
counter ion

In another aspect, the invention involves a conjugate comprising an
antibody and at least one polymeric dye of this invention conjugated with the
aforementioned antibody.

The invention may be empioyed in a number of applications, including, but
not limited to, multiplexing assays, including multiplexing by muiticolor
fluorescence immunoassay, flow cytometry, immuno-phenotyping .assays, imaging
applications, immunological staining, fluorescence microscopy, Immuno-
chromatographic staining, fluorescence polarization immunoassay (FPIA),
fluorescence in situ hybridization (FISH), fluorescence detection of analytes, and
others. The invention is particularly effective for flow cytometry appiications.
However, it is not limited to those applications and, in fact, is suitable for many
applications in which fluorescence testing or detection is involved and which are
subject to probiems like those previously discussed with respect to the prior art.

This invention reduces the problems typically encountered with
phycobiliprotein instability and bio-conjugability along with the problems
associated with using tandem systiems in energy transfer processes. Additionally,

many of the signal-generating groups suitable for use in this invention are
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synthetic. Synthetic signal-generating groups are typically more stable than
naturally-occurring filuorophores.
The present invention decreases the environmental sensitivity of these and
other dyes by providing these dyes with an appropriate and desired
5 microenvironment. By so fixing the dyes in such a microenvironment, the

effectiveness of the fluorescing properties of these dyes is not significantly affected

by macro-environment, conjugation, or other factors.

oin » a
10
FIG. 1 compares fluorescence intensity of Dye 1, polymeric dye 118, and
polymeric dye 11D at excitation wavelength of 488 nm and emission wavelength
of 614 nm.
15 FIG. 2 compares fluorescence emission of polymeric dye 11B and

polymeric dye 11D.

FIG. 3 shows response in filuorescence signal of polymeric dye 11D as a
function of concentration of polymer. FIG. 3 also compares fluorescence of

20 polymeric dye 11B with polymeric dye 11D at emission waveiength of 580 nm.

FIG. 4 shows response in fluorescence signal of polymeric dye 12B free of
cyclodextrin and in the presence of cyclodexirin that is not covalently bonded to

the polymeric entity.

25
F1G. 5 compares fluorescence spectrum of polymeric dye 17B with
cyclodextrin modification, without cyclodextrin modification, and with the addition
of cyclodextrin that is not covaiently bonded to the polymeric entity at identical
cyclodextrin concentration of 0.25 mg/mi.
30

10
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FIG. 6 shows fluorescence response of polymeric dye 17D as a function of
concentration of polymeric dye 17D. FIG. 6 also shows fluorescence response of
polymeric dye 17B as a function of concentration of polymeric dye 17B and

fluorescence response of polymeric dye 17B in a 0.25 mg/ml cyclodextrin stock

diluent as a function of concentration of polymeric dye 17B.

FIG. 7 compares fluorescence of purified poiymeric dye 13B with purified
cyciodextrin amine modified polymeric dye 13D at excitation wavelength of 488

nm.

F1G. 8 compares fluorescence of natural phycobilliprotein phycoerythrin

and polymeric dye 14D on a mole to mole basis at excitation wavelength of 488

nim.

FIGS. SA and 8B compare stability of polymeric dye 14D after 16 hours
exposure to ambient room light with stability of phycoerythrin after 16 hours

exposure to the same ambient room light.

FIGS. 10A and 10B show the utility of a conjugate comprising polymeric

dye 11D and I1gG antibody in a flow cytometry assay. Both assays were performed

using one microgram of conjugate and 10 mM dexiran sulfate in the diluent.

FIG. 11A and 11B show the utility of a conjugate comprising polymeric dye

- 11D and IgG antibody in a flow cytometry assay. Both assays were performed

using one microgram of conjugate and 10 mM dextran sulfate in the diluent.

FIG. 12A and 12B show the utility of a conjugate comprising polymeric dye

11D and igG antibody in a flow cytometry assay. Both assays were performed

using one microgram of conjugate and 10 mM dextran sulfate in the diluent.
11
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FIG. 13A and 13B compare performance of commercially avaiiable anti-
CD8 - phycoerythrin-cyanine tandem conjugates comprising anti-CD8 antibody
and - phycoerythrin-cyanine dye (Dako) with a conjugate comprising anti-CD8

antibody and polymeric dye 12D for staining lymphocytes in flow cytometry.

FIG. 14 shows alpha (a), beta (3), and gamma () cyclodextrins and the

system for numbering the glucose units therein.
i=2V. nEb RIPTION OF THE INVENTION

The following definitions are applicable to this disclosure:

The term "analyte”, as used herein, refers to a compound or composition to
be detected. An analyte has at least one epitope or binding site. An analyte can
be any substance for which there exists a naturally-occurring binding member or
for which a binding member can be prepared. Analytes include, but are not
limited to, toxins, organic compounds, proteins, peptides, microorganisms, cells
contained in human or animal blood, cell surface antigens, nucleic acids,
hormones, steroids, vitamins, drugs (including those administered for therapeutic
purposes as well as those administered for illicit purposes), virus particies, and
metabolites of or antibodies to ény of the foregoing substances. Representative
examples of analytes include ferritin; creatinine kinase MIB (CK-MB); digoxin;
phenytoin; phenobarbitol; carbamazepine; vancomycin; gentamycin; theophyliine;
vaiproic acid; quinidine; leutinizing hormone (LLH); follicle stimulating hormone
(FSH); estradiol, progesterone; Igk antibodies; vitamin B2 microglobulin; glycated
hemoglobin (Gly. Hb); cortisol; digitoxin; N-acetylprocainamide (NAPA);
procainamide; antibodies to rubella, such as rubella-igG and rubella-lgM;
antibodies to toxoplasmosis, such as toxoplasmosis IgG (Toxo-lgG) and

toxoplasmosis IgM (Toxo-IgM); testosterone; salicylates; acetaminophen; hepatitis
12
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B virus surface antigen (HBsAgQ); antibodies to hepatitis B core antigen, such as
anti hepatitis B core antigen igG and IgM (Anti-HBc); human immune deficiency
virus 1 (HIV) and 2 (HTLV); hepatitis B e antigen (HBeAg); antibodies 1o hepatitis
B e antigen (Anti-HBe); thyroid stimulating hormone (TSH); thyroxine (T4); iree

5 triiodothyronine (Free T3); carcinoembroyoic antigen (CEA); and alpha fetal
protein (AFP); and drugs of abuse and controlled substances, including but not
limited to, amphetamine; methamphetamine; barbiturates, such as amobarbital,
secobarbital, pentobarbital, phenobarbital, and barbital; benzodiazepines such as
Librium and Valium; cannabinoids such as hashish and marijuana; cocaine;

10 fentanyl; LSD; methapualone; opiates such as heroin, morphine, codeine,
hydromorphone, hydrocodone, methadone, oxycodone, oxymorphone and opium;
phencyclidine; and propoxyphene. The term "analyte" includes any antigenic
substances, haptens, antibodies, macromolecules, and combinations thereof.

The term "cyclodextrin”, as used herein, refers coliectively to o, 3, ory
15 cyclodextrin, unless expressly stated otherwise to be a particular one of those.
The expression "optimized highly-fluorescent polymer", as used herein,
refers to a polymeric entity that has a plurality of signal-generating groups
immobilized thereon. The immobilized signal-generating groups are attached to
the polymeric entity in such a manner as to maximize the signal generafed from

20 the signai-generating groups and to minimize the quenching effect associated
with having a plurality of signal-generating groups spaced too close to each other.

The expression "primary reagent”, as used herein, refers to a réagent that
specifically binds an analyte. The primary reagent is used as a bridge between
the analyte, to which it is bound, and a conjugate, which binds the primary

25 reagent.

The expression "signal-generating group"”, as used herein, refers to a
fluorescent moiety (sometimes referred to as a fluorophore) that is capable of
absorbing energy and emitting light or fluorescing. Representative examples of

parent dyes that provide signal-generating groups include aminostyryl pyridinium
13
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dyes, benzothiazole analino diene, benzothiazoie pyridinium triene, fluoresceln,
cascade blue, Texas Red™, p-phthallocyanines, cyanine dyes, thiazoles, dansyi|,
napthalene, p-toluidinyl napthalene sulfonic acid, coumarin, and phycoerythrin,
allophycocyanine. Methods of deriving signai-generating groups from the parent
dyes are well-known to those of ordinary skill in the art.

The expression "specific binding member”, as used herein, means a
member of a specific binding pair. A binding pair comprises two different and
distinct molecuies, wherein one of the molecules specifically binds to the other
molecule by chemical or physical means. In addition to antigen and antibody
specific binding pairs, other specific binding pairs include, but are not limited to,
avidin and biotin, carbohydrates and lectins, complementary nucleotide
sequences, complementary peptide sequences, effector and receptor molecules,
an enzyme cofactor or substirate and an enzyme, an enzyme inhibitor and an
enzyme, polymeric acids and bases, dyes and protein binders, peptides and
specific protein binders (e.g., ribonuclease, S-peptide and ribonuclease S-
protein), and the like. Furthermore, binding pairs can include members that are
analogues of the original binding member, for example, an analyte-analogue or a
binding member made by recombinant techniques or molecuiar engineering. If
the binding member is an immuno-reactant, it can be, for example, a monoclonal
or polyclonal antibody, a recombinant protein or recombinant antibody, a chimeric
antibody, or a mixture(s) or fragment(s) of the foregoing.

The expression "test sample”, as used herein, refers to a material
suspected of containing the analyte. The test sample can be used directly as
obtained from the source or foliowing a pre-treatment to modify the character of
the sample. The test sample can be obtained from any biological source, such as
a physiological fluid, including, but not {imited to, blood, saliva, ocular lens fluid,
cerebral spinal fluid, sweat, urine, milk, ascites fluid, mucous, synovial fluid,
peritoneal fiuid, amniotic fluid, and the like, and fermentation broths, celi cultures,

and chemical reaction mixtures, and the like. The test sample can be pretreated
| 1 4
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prior to use, such as by preparing plasma from blood, diluting viscous fluids, and
the like. Methods of treatment can involve filtration, distillation, concentration,
inactivation of interfering components, and the addition of reagents. [n addition to
biological or physiological fluids, other types of liquid samples can be usea.

5 Representative examples of such liquid sampies include water, food products, and
the like, for the performance of environmental or food production assays. In
addition, a solid material suspected of containing the analyte can be used as the
test sample. In some instances, it may be beneficial to treat a solid test sample to
form a liquid medium or extract the analyte.

10 In one aspect, the present invention provides a polymeric dye comprising:

(1) a polymeric entity;

(2) a plurality of signal-generating groups attached to said polymeric entity.

15 Preferably, the polymeric dye further comprises a plurality of hosting moieties for
said signal-generating groups, said hosting moieties either covalently bonded to
the polymeric entity or in close proximity to the polymeric entity. As used herein,

"close proximity" typically means 100 Angstroms or less on average, preferably

from 10 to 20 Angstroms on average.
20
Pol i Enti
The signal-generating groups are attached to the polymeric entity. The
polymeric entity facilitates bioconjugation and solubility of the polymeric dye. In
addition, the polymeric entity allows for binding of a piurality of signal-generating
25 groups to a single cell or molecule.
In the preferred embodiment of the present invention, the polymeric entity is
a water-soluble polymer having functional groups that aliow for attachment of

signal-generating groups by covalent bonds. Preferably, the polymeric entity

comprises amine functional groups, such as, for example:
15
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—C(O)—NH—NH,,, —NH,, —NHR wherein R represents a member selected from
the group consisting of alkyl group having 1 to 3 carbon atoms, inclusive,
isopropyl, -(CH,),CO,-, -(CH5)5S04-, -(CH,),NH5+, -(CH,),NH,H(CH5) 5S04,
-(CH,),0O(CH,),0(CH,),0OH and -(CHOH},CH,OH. The polymeric entity may also
have combinations of the above-listed amine functional groups. The polymeric
entity can comprise electrophilic functional groups, such as carboxyl groups,
sulfony! chioride groups, and activated ester groups. Preferably, the polymeric
entity has a weight average molecular weight or number average molecular
weight of from about 5,000 to about 500,000, more preferably from about 100,000
to about 250,000, and most preferably from about 150,000 to about 200,000.

When signal-generating groups are to be attached to the polymeric entity
by covalent bonds, it is preferred to use as precursors for signal-generating
groups parent dyes having a reactive group that is suitable for forming covalent
bonds with the amine functional groups of the polymeric entity. Parent dyes that
are capable of such a reaction include, but are not limited to, those having
succinimidyl active ester groups, acid halide groups, suifonyl halide groups,
aldehyde groups, iodoacetyl groups, or maleimide groups. Examples of classes
of parent dyes that may have the aforementioned functional groups inciude, but
are not limited to, hemicyanine dyes, e.g., pyridinium aniline dyes, quinolinium
aniline dyes, acridinium aniline dyes, benzothiazolium aniline dyes,
benzoxazolium aniline dyes, benzimidizolium aniline dyes, naphthathiazolium
aniline dyes, naphthindolium aniline dyes, naphthoxazolium aniline dyes,

naphthimidizolium aniline dyes, and indolium aniline dyes.

As previously described, signal quenching is caused when a plurality of
signal-generating groups are randomly covalently bonded to a single polymeric
entity in close proximity to one another. Quenching can be substantially reducead

by optimizing the number of signal-generating groups covalently bonded to the
polymeric entity. Through optimization of the number of signal-generating groups

covalently bonded to the polymeric entity, the conjugate of the present invention is
16
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able to emit a signal that can be better detected by a detection device, such as a

flow cytometer.

Signal- .

The signai-generating group emits light having a sufficiently long

wavelength relative to the wavelength of the excitation light, thereby dispensing
with the requirement of an energy transfer mechanism and the problems related
thereto. As used herein, "sufficiently long" typically means at least 50 nanometers,
more preferably at least 100 nanometers, and most preferably at least 200
nanometers. A plurality of signal-generating groups can be attached to the
polymeric entity. Even though the signai-generating group may itself be
environmentally sensitive, and, consequently, unstable, and, for that reason, may
have limited or problematic bioconjugability, enhancement by hosting moieties

fixes the signal-generating group in a suitable microenvironment, thereby

preserving the effectiveness of the signai-generating group.

A wide variety of signal-generating groups can be used for the invention.
Signal-generating groups that exhibit high Stokes' shift are particularly useful. As
used herein, high Stokes' shift ranges from about 50 to about 200 nanometers.

The signal-generating groups are derived from parent dyes having at least
one anilino moiety coupled to a heterocyclic moiety containing at least one
nitrogen atom in the heterocycle by means of an ethylenically unsaturated linking
group.

If the polymeric entity is nucleophilic, the signal-generating groups must
electrophilic. If the polymeric entity is electrophilic, the signal-generating groups
must be nucleophilic. If the polymeric entity is nucleophilic, it can, for exampile,
contain repeating units selected from the groups consisting of acrylamide
hydrazido, hydrazide, and lysine. If the polymeric entity is electrophilic, it can, for
example, contain repeating units selected from the group consisting of acrylic,

glutamic, aspartic, and styrene sulfonic. If the signal-generating groups are
17
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electrophilic, they can contain carboxylic groups. If the signal-generating groups
are nucleophilic, they can contain amine groups or hydrazide groups or both
amine groups and hydrazide groups.
Representative classes of signal-generating groups suitable for this invention

5 include hemicyanine dyes, e.g., pyridinium aniline dyes, quinolinium aniiine dyes,
acridinium aniline dyes, benzothiazolium aniline dyes, benzoxazolium aniline
dyes, benzimidizolium aniline dyes, naphthathiazolium aniline dyes,
naphthindolium aniitne dyes, naphthoxazolium aniline dyes, naphthimidizolium

aniline dyes, and indolium aniline dyes.

10 In general, parent dyes for signal-generating groups suitable for this

invention can be representied by the formuia:
A--L--B

15 where A represents a heterocyclic group;
L represents a linking group; and

B represents an anilino group.

It is preferred that the group A contain from one to three rings. |f more than one

20 ringis included in the heterocyclic group, it is preferred that they be fused. Atoms
that can be in the heterocyclic ring, other than the carbon atoms, are preferably
nitrogen, oxygen, and sulfur atoms. The ring atoms can contain substituents other
than hydrogen. However, these substituents must not adversely affect the

interaction between the signal-generating groups and the hosting moiety. It is

25 preferred that the group B have the formula:

18
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where R1 represents an alky! group having from 1 to 6 carbon atoms; and

R< represents an alkyl group having from 1 to 6 carbon atoms.

5
The ring atoms of B can contain substituents other than hydrogén. However,
these substituents must not adversely affect the interaction between the signai-
generating groups and the hosting moiety. It is preferred that L. have the formuia:
10 -(-CH=CH-),-

where n represents 1, 2, or 3.

Though a number of signal-generating groups may be employed for the
|5 invention, a preferred signal-generating group includes synthetic aminostyryi
pyridinium, aminostyryl benzothiazolium, quinolinium, and acridinium dyes.
Those dyes and the synthesis thereof are known to those of ordinary skill in the
art. See, for example, Anthony C. Stevens et al., "Synthesis of Protein-Reactive
(Aminostyryl)pyridinium Dyes”, Bioconjugate Chem. , 1993, 4, 19-24 .
20 The preferred pyridinium anilino dye is a monomeric

aminostyryl fluorogen having the formula:
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O
h T / N\
HO Ny
+ n
X-
where R represents an alkyl group and R, represents
an alky! group and n represents an integer from 1 to

3, inclusive, and X represents a negatively charged
counter ion

The excitation wavelength of this dye is about 488 nm and the emission
wavelength is about 5§80 nm when n = 1; the excitation wavelength of this dye is
about 488 nm and the emission wavelength is about 680 nm when n = 2; and the
excitation wavelength of this dye is about 544 nm and the emission wavelength is
about 790 nm when n = 3. This particular dye, or an amine or carboxylic

derivative thereof, can serve as the precursor of the sighal-generating group of the

polymeric dye of the invention. Exceptional fluorescence results can be obtained
in flow cytometry applications the signal-generating group is derived from this dye.
As has previously been described, the aminostyryl pyridinium dyes had not
been considered suitable for many of the fluorescence assays, such as flow
cytometry, and other fluorescence processes, primarily because those dyes are

environmentalily sensitive and emission intensity is very weak in aqueous

solutions.

Another dye that has been found to have exceptional fluorescing properties

when serving as the signal-generating group is benzothiazolium anilino dye

having the following structure:
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O
SOg4”

where R,y represents an alkyl group and R, represents

an alkyl group and n represents an integer from 1 to
3, inclusive

The excitation wavelength of this dye is about 488 nm and the emission
wavelength of this dye is about 580 nm when employed as a fluorophore in a
polymer enhanced by covalent attachment of 3-cyclodextrin aldehyde when n = 1.
The excitation waveilength of this dye is about 488 nm and the emission
wavelength of this dye is about 680 nm when empioyed as a fluorophore in a
polymer enhanced by covalent attachment of 3-cyclodextrin aldehyde when n = 2.
The excitation wavelength of this dye is about 488 nm and the emission
wavelength of this dye is about 750 nm when employed as a fluoéophore in a
polymer enhanced by covalent attachment of 3-cyclodextrin aildehyde when n = 3.
Certain analogues of these anilino dyes will also yield exceptional fluorescence
results. These analogues include, but are not limited to, the following dyes, where

n represénts an integer from 1 to 3, inclusive, and X~ represents a negatively

charged counter ion.
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amino pyridinium anilino

@,
— N
+ \
n
"
amino quinolinium anilino

carboxy quinolinium anilino

R
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O R
/
N & /n Rz
X" k[

CO,H

carboxy benzothiazolium anilino

22



10

WO 97/28447

CA 02244768 1998-07-24

PCT/US97/01429

/F:‘1
/ =
N & /n
T

CO,H

carboxy benzoxazolium anilino
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CO,H

carboxy naphthindolium anilino

carboxy naphthindolium anilino
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X CO.H

carboxy naphthindolium anilino
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CO,H

carboxy naphthothiazolium anilino
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carboxy naphthothiazolium anilino
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carboxy naphthothiazolium anilino
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N\_,_ n
X CO,H

carboxy naphthimidizolium anilino

‘ N/ + ‘0 A2
e )

CO,H

carboxy naphthimidizolium anilino
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@ \\‘ ”

X CO,H

carboxy naphthimidizolium anilino
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carboxy naphthoxazolium anilino
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carboxy naphthoxazolium anilino
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carboxy naphthoxazolium anilino
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carboxy acridinium anilino
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amino acridinium antlino

The parent dyes may be substituted or unsubstituted, i.e., the heterocyclic
portion of the parent dye can contain substituents other than hydrogen.
Furthermore, the anilino portion of the dye can contain substituents other than
hydrogen. The particular nature of these optional substituents is not critical.
However, these substituents must not adversely affect the interaction of the
signal-generating groups with the hosting moiety. Substituents that are suitable
for either the heterocyclic portion of the dye or the anilino portion of the dye
inciude, but are not limited to, alkyl, alkenyl, amino, methoxy, chloro, fluoro, bromo,

hydroxy, and nitro.

The process of binding the signal-generating groups to the polymeric entity
is referred to as loading the polymer. However, merely loading the polymeric
entity with signal-generating groups may not result in a polymeric dye that emits
the maximum amount of fluorescence achievable. If the polymeric entity is
overloaded, quenching may result; if the polymeric entity is underloaded, signal-
generating groups that could have been added without experiencing quenching
wiil be left out, 'ghereby resulting in a lower than maximum level of fluorescence.
Thus, it is preferred that the number of signal-generating groups attached to a
polymeric entity be optimized in order to generate a polymer capable of emitting
the greatest level of fluorescence.

Optimizing the number of signal-generating groups on a polymeric entity

can be accomplished by executing a series of loadings and then determining
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which level of loading yields the polymeric dye that emits the greatest level of
signal. Generally, this procedure can be carried out by creating a panei of trial |
loadings that combine varying concentrations of signal-generating groups with a
constant amount of polymeric entity. The loaded polymeric entities can then be
separated from any unreacted materials by a variety of methods known to those of
ordinary skill in the art, such as precipitation, isoelectric focusing, or, preferably,
size exclusion chromatography. The separated polymers can then be tested for
their ability to emit a signal to determine which loading concentration yieids the
polymeric dye that emits the greatest level of signal. Typically, the polymeric dye
displaying the greatest level of signal has been optimally loaded, and the
concentration at which it was loaded can be used to optimally load amounts of the
polymeric entity for scale-up purposes. As used herein, "optimal ioading"” means
attaching the maximum number of signal-generating groups to the polymeric entity
without bringing about quenching or adversely affecting bioconjugability.

The preferred method for determining the optimum number of signai-

generating groups for attachment to a particular polymeric entity involves the steps

of:

(1) calculating the molecuiar weight of the selected polymeric entity;
(2) determining the total molar quantity of reactive groups, e.g., amine
functional groups, present on the polymeric entity;

(3) creating a panel consisting of a series of stock solutions, each of

which contains a different concentration of signal-generating groups;

(4) loading signal-generating groups onto the polymeric entities via
reaction with reactive groups, e.g., amine-functional groups;

(5) purifying (separating) loaded polymer from unreacted materials;

(6) analyzing poelymeric dyes for their ability to emit signals; and

(7) scaling-up.
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The stock s.olutions comprise varying concentrations of the dyes having signal-
generating groups dissolved in a suitable solvent, such as, for exampie,
dimethylformamide (DMF) or dimethylisulfoxide (DMSQ). The molar ioading ratio
of signal-generating groups to reactive groups of the polymeric entity, typically
amine-functional groups, in the panel can be varied as follows: 5%, 10%, 15%,
20%, 40%, 75%, 100%, 140%, and 200%. The panel concentrations are

preferably chosen to include sufficiently large molar loading ratios so that

quenching will occur, or dye is maximally loaded, thereby clearly delineating the
point at which the polymeric entity is optimally loaded. After the panel has been
set up, each panel member is added to individual and equimolar solutions of the
poiymeric entity.

Each solution of loaded poiymer can then be separated from unreacted
polymeric entity and/or dyes having sighal-generating groups by techniques
known to one of ordinary skill in the art. As previously mentioned, after the
polymers are separated, they can be analyzed for their ability to emit signal and a
scaled-up amount of polymer can then be produced using the data so obtained.

Additional optimization panels can be executed to more accurately
determine the optimal loading concentration. It is to be understood, of course, that
the manner by which a polymer is optimized is not intended to be limited to the
methods described herein, and that other methods can be employed as well.

The polymeric dye can be attached to a specific binding member by means
of a variety of techniques known to one of ordinary skill in the art. It is preferred to
attach the polymeric dye at or near the Fc portion of an antibody by a covalent
bond, thereby forming a conjugate. While not wishing to be bound by any theory,
it is speculated that attaching the polymer to an antibody in this manner sterically
hinders the Fc portion of the antibody, thereby preventing it from binding, for
example, Fc receptors present on the surface of certain cell populations.
Additionally, the site specific attachment ieaves the bindable regions of the

antibodies unhindered and capabie of binding their intended target. it is to be
29
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understood, of course, that the manner by which a specific binding member is
attached to a polymeric dye is not intended to be limited to the methods described
herein, and that other methods known to one of ordinary skill in the art can be
employed as well.

A polymeric dye can be attached to an antibody to form a conjugate by
oxidizing the Fc region of the antibody and then reacting the oxidized antibody
with a polymeric dye of the type described herein. The antibody is preferably
oxidized at a concentration of from about 1.0 mg/mL to about 20.0 mg/mL, more
preferably from about 1.0 mg/mL to about 10.0 mg/mL, and most preferably from
about 2.0 mg/mL to about 5.0 mg/mL. If the antibody is obtained in concentrations
outside of these ranges, it can be concentrated by methods known to those of
ordinary skili in the art or diluted with an appropriate buffer. The antibody is
preferably oxidized in a buffer having a pH of from about 6.5 to about 8.0, more
preferably from about 7.0 to about 8.0, and most preferably from about 7.5 to about
8.0. The oxidation of the Fc region of the antibody can be carried out with an
oxidizing agent known to those of ordinary skill in the art. Such oxidizing agents
include, but are not limited to, sodium periodate, bromine, and the like. Solutions
containing the oxidizing agents typically have a concentration of oxidizing agent of
from about 100 mM to about 250 mM, preferably from about 175 mM to about 200
mM. The oxidation of the antibody can take place at a temperature of from about 2
°C to about 30 °C. Preferabily, oxidation takes place at a temperature of from
about 2 °C to about 8 °C for from about 15 minutes to about 5 hours, preferably
from about 1 hour to about 2 hours. After the antibody has been oxidized, it can
be purified, by methods known in the art, and placed in an appropriate buffer,
which preferably has a pH ranging from about 3 to about 6, more preferably
ranging from about 4 to about 5. The oxidized antibody can then be coupied to
the polymeric dye. [t is to be undersiood, of course, that the manner by which an
antibody is oxidized is not intended to be limited to the methods described herein,

and that other methods known in the art can be empioyed as well.
30



10

15

20

25

CA 02244768 1998-07-24

WO 97/28447 PCT/US97/01429

‘When reacting an oxidized antibody with a polymeric dye, the concentration
of the polymeric dye can range from about 1.0 mg/mL to about 20.0 mg/mL, .
preferably from about 2.0 mg/mL to about 5.0 mg/mL, in an appropriate bufier.
Buffers suitable for this reaction preferably have a pH ranging from about 4.0 10
about 7.0, more preferably ranging from about 4.0 to about 5.0. Suitable buffers
far the reaction include, but are not limited to, triethanolamine, phosphate. The
amount of polymeric dye added to the oxidized antibody can range from about 1.0
to about 20 equivalents of polymeric dye to one equivalent of antibody, based on
the molecular weight of the antibody and the estimated molecular weight of the
polymeric dye. The reaction between the oxidized antibody and the polymeric dye
can take place at a temperature of from about 2 °C to about 30 °C, preferably from
about 2 °C to about 8 °C in a light tight container. The reaction can be allowed to
run for from about 2 to about 48 hours, preferably from about 12 to about 15 hours.
Upon completion of the reaction, the conjugate can be separated from the

unreacted components of the reaction mixture by means of separation methods

known to those of ordinary skill in the an.

In cases where polymeric dyes having primary or secondary amine
functional groups are attached to a specific binding member by a covalent bond,
an additional step is preferred. As a result of the initial reaction between the
antibody and polymeric dye, a Schiff base is formed, and reduction of the Schiff

base can be accomplished by methods known ito one of ordinary skiil in the ari,
such as the use of a suitable reducing agent, such as NaCNBH, at a

concentration ranging from about 0.25 mg/mL to about 2.0 mg/mL. The reducea
conjugate can then be separated from excess reactants by separation techniques
known to one of ordinary skill in the art. It is to be understood, of course, that the
manner by which a Schiff Base is reduced is not intended to be limited to the
methods described herein, and that other methods can be employed as well.

It is preferred that the signal-generating groups covalently bonded to the

polymeric entity be hosted within a hydrophobic cavity of a molecule that is
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covalently bound to the polymeric entity. In this preferred embodiment, the signal-

-generating groups do not need to have any reactive group. However, as will be

understood by those of ordinary skill in the art, the signal-generating group will be

one that is capable of being hosted by the particular hosting moiety being used.

Hosti =

The hosting moiety must provide a hydrophobic and conformationally
restrictive microenvironment. The hydrophobicity allows the hosting moiety to be
compatible with the signal-generating groups. The conformational restrictivity IS
believed to improve fluorescence of the signal-generating groups. Representative
example of host moieties characterized by small molecules include cyclodextrins,
e.g., a-cyclodextrins, -cyclodextrins, y-cyclodextrins; carcerands; calixiranes;
molecular clefts: cucurbiterils; and cyclophanes. Carcerands are described in J.-
M. Lehn, Struct. Bonding (Berlin) 16 (1973) 1; J.-M. Lehn, Acc. Chem. Res. 11
(1948) 49; P. G. Potvin, J.-M. Lehn in R. M. izatt, J. J. Christensen (Eds.): Synthesis
of Macrocycles: The Design of Selective Complexing Agents (Progress in
Macrocycle Chemistry, Vol. 3), Wiley, New York 1987, p. 167; D. J. Cram, Angew.
Chem. 98 (1986) 1041; Angew. Chem. Int. Ed. Engl. 25 (1986) 1039; B. Dietrich,
J. Chem. Ed. 62 {1985) 954; and D. J. Cram, K. N. Trueblood, Top. Curr. Chem.
g8 (1981) 43. Calixiranes are described In

B. Xu and T. Swager, "Host-Guest Mesomorphism: Cooperative Stabilization of a
Bowlic Columnar Phase", J. Am. Chem. Soc. 1995, 117, 5011-5012. Molecular
clefts are described in J. Rebek, Jr., Acc. Chem Res. 17 (1984) 258 and Science

235 (1987) 1478. Cucurbiturils are described in Mock, W. L., Shih, N. Y., J. Org.
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Chem. . 1983, 48 (20), 3618-3619. Cyclophanes are described in F. Diederich, M.
R. Heester, M. A. Uyeki, Angew. Chem. 1988, 100, 1775; Angew Chem. Int. Ed.
Engl, 1988, 27, 1705.

Enhancement of the signal generated by the signal-generating groups ot

the polymeric dyes described herein is preferably achieved by attaching

cyclodextrin, preferably B-cyclodextrin aldehyde, via covalent bond to the

polymeric entity, preferably to the backbone ot an optimized highly-fluorescent
polymer. Alternatively, the cyclodextrin need not be covalently bonded to the
polymeric entity, but need only be in close proximity to the polymeric entity.

The enhancement of an optimized highly-fluorescent polymer with -

cyciodextrin aldehyde via covalent bonding will be described below. The

enhancement of an optimized highly-fluorescent polymer with one of the
alternative hosting moieties is substantially similar to that enhancement
achievable with a cyclodextrin. Attachment of cyclodextrin aldehyde to the
polymeric entity of the polymeric dye by covalent bonding is preferred, because i
has been found to provide the greatest enhancement of fluorescence. The
cyclodextrin molecule can be attached to the polymeric entity by the primary rim of
the cyclodextrin moiecule by selectively incorporating a single reactive group on
the primary rim of the cyclodextrin molecule. Thus, the secondary nm will be
unhindered and the hydrophobic cavity will be accessible to guest molecules.
Attaching the primary rim of a cyclodextrin molecule to a polymeric entity having
amine functional groups can be accomplished by converting a single aldehyde
group on the primary rim of the cyclodextrin moiecule ana then reacting that group
with an amine group present on the polymeric entity, whereby the cyclodextrin
molecule is attached to the poiymeric entity via a singie covalent bond. As
previously mentioned, the generation of a single aldehyde group at the primary
rim of a cyclodextrin molecule can be accomplished by methods known in to one
of ordinary skill in the art. For example, an aldehyde can be generated at the

primary rim of cyclodextrin by using the Dess-Martin periodonane reagent. D.B.
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Dess et al., J. Org. Chem., 48, 4155-4156 (1983). This reaction can be carried out
in a heterogeneous system containing stoichiometric amounts of Dess-Martin
reagent and cyclodexirin dissolved in tetrahydrofuran (THF). Although 6-
cyclodextrin monoaldehyde is produced, Dess-Martin reagent is potentially

5 explosive and is no longer readily available from commercial sources. Other

routes to the monoaldehyde involve three to four steps that produce toxic and

potentially explosive azide intermediates.

Alternatively, a method of producing 6-cyclodextrin monoaldehydes that
does not involve the production of dangerous intermediates has been discovered.
10 The method can be carried out with materials that are readily availabie

commercially. Generally, the method involves two steps and can be carried out as

shown below in Scheme 1.

Ofs
OH Tosyl Chloride
DMSO
H
O

15 Scheme 1

The first step of the method involves converting a cyclodextrin to its

monotosylate derivative. The tosylate derivative is then oxidized to yield the

cyclodexirin monoaidehyde.
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There are several methods for converting the cyclodextrin to its

monotosylate derivative. See L.D. Melton et al., Carbohydrate Research, 18,
1971, 29-37 or R.C. Petter et al., J. Am. Chem. Soc. 1990, 112, 3360-3368.

After the monotosylate has been formed, it can '
be separated from the reaction mixture by methods known to those of ordinary skill
in the art, preferably, High Performance Liquid Chromotography (HPLC). The

solid monotosylate can then be recovered by removing the solvent from the

‘solution containing dissolved cyclodextrin monotdsylate by methods known to

those of ordinary skill in the art. The solid cyclodextrin monoaldehyde can then be
uéed in the second step of the process.

The oxidation step of the method can be carried out by a variety of methods.
Typically, the oxidation step involves a dimethyisulfoxide (DMSO)-mediated
reaction that can be catalyzed through the addition of a base. It was found that
heating the monotosylate derivative to a temperature of from about 75°C to about
85°C in DMSO resulted in the slow conversion (about 1-3 days) of the tosylate
derivative to the monoaidehyde.

The addition of base to the DMSO-mediated reaction can be used to
increase the rate of conversion from the monotosylate to the monoaidehyde. For
example, a trace amount of sodium hydroxide (NaOH) can be used to accelerate
the reaction. Preferred bases for use in this step of the process include hindered
amine bases, such as diisopropyl amine, N-methyl morpholine, triethyl amirie.
trimethyl amine, and the like. Diisopropylethyl amine (also known as Hunig's
Base) is a particularly preferred hindered amine base. The conversion of the
monotosylate to the monoaldehyde is preferably accomplished when the
monotosylate is present in solution at a concentration of from about 0.5% to about
20% by weight, more preferably from about 1% to about 15% by weight, and most
preferably from about 2% to about 10% by weight. The amount of hindered amine
base suitable for the conversion can range from about 0.1 to about 1.0 molar

equivalents of the monotosylate in solution, preferably from about 0.3 to about 0.7
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molar equivalents of the monotosylate in solution. The cyclodextrin

- monoaldehyde thus formed can be separated from any unreacted material by

methods known to one of ordinary skill in the art and reacted with an amine-
functional polymer. Alternatively, the final reaction mixture can be directly reacted
with an amine-functional polymer.

The cyclodextrin monoaldehyde provided herein can easily be attached to
compounds that have amine or hydrazide functional groups by means of standard
covalent chemistry methods known to those of ordinary skill in the art. Examples
of such amine functionai groups include, but are not limited to:
—C(O)—NH—NH,, —NH,, —NHR wherein R represents a member selected from
the group consisting of alkyl having 1 to 3 carbon atoms, inclusive, isopropyil,
-(CH,),CO,~, -(CH5),S0O5-, -(CH,),NH,*, -(CH,),NH,*+(CH,),SO054-,
-(CH,),0(CH,),O(CH,),0OH and -(CHOH),CH,OH. Examples of compounds that
have these amine functional groups include, but are not limited to, amine
functional polymers such as polyacrylamide hydrazide and amine functional solid
phases, such as aminated microparticles.

In cases where primary or secondary amine functional compounds are
reacted with cyclodexirin monoaldehyde to form covaient bonds, an additional
step is preferred. After the initial reaction between the compound and the
monoaldehyde takes place, a Schiff base is formed and the reduction of the Schiff
base can be accomplished in the manner previously described.

The cyclodextrin monoaldehyde can be attached to amine functional
polymeric entities that do not contain signal-generating groups or to amine
functional polymeric dyes, which contain signal-generating groups. If the
cyclodextrin monoaldehyde is added to an amine functional polymeric entity that
does not contain signal-generating groups, the polymeric entity can subsequentiy
be rendered fluorescent by addition of signal-generating fiuorophores to the

polymeric entity. One way in which the polymeric entity can be rendered
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fluorescent is through the attachment of the signal-generating groups to the amine

functional polymeric entity by covaient bonds.

The fluorescence of conjugates containing the polymeric dyes of this
invnetion can be enhanced by adding cyclodextrin to the conjugate by means of a
non-covalent bond. When cyclodextrin is used in this manner, no modification
need be made to the cyclodextrin molecule or to the conjugate. While not wishing
to be bound by any theory, it is believed that the cyclodextrin associates with the
signal-generating groups present on the polymeric dye by hosting the covalently
bonded signal-generating groups within the hydrophobic center of the
cyclodextrin molecule. When cyclodextrin is used to enhance the fluorescence of
a polymeric dye, it is preferably used in concentrations ranging from about 5 mM
to about 200 mM, preferably from about 10 mM to about 20 mM.

As previously mentioned the conjugate of this invention has a variety of
uses. The preferred method of using the conjugate of this invention is In a flow
cytometry application that employs a fiuorescent conjugate or mulitiple fluorescent
conjugates to detect cells contained in a test sample. An example of a flow
cytometer is the Fluorescence Activated Cell Sorter (FACS 11} manufactured by
Becton, Dickinson & Co, Frankiin Lakes, N.J. In general, an imaging system
contains an excitation source and a detection device. The excitation source
excites the signal generating group associated with the conjugate and the
detection device detects the signal emitted from the excited signal generating
group.

In a typical imaging system analysis, a test sample is incubated with a
fluorescent conjugate, which specifically binds certain cells that may be present in
the test sample. The incubation takes place for a time and at a temperature
conducive for the binding of the conjugate to specific cell populations contained in
the sample. The cells bound with the conjugate are commonly referred to as
being stained and the staining procedure can be executed multipie times,

seqguentially or at the same time, with multiple conjugates, which emit signals of
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varying wavelengths. After the staining procedure is compiete, the sample can be
analyzed using a flow cytometer.

In an alternative preferred embodiment of flow cytometry with the polymeric
dye of the present invention, a test sample is incubated with a solution of primary
reagent, which specifically binds certain cells that may be present in the test
sample to form primary complexes. The unbound reagent, if any, can be washed
from the sample, and a fiuorescent conjugate specific for the bound primary
reagent is then incubated with the primary complexes. The unbound conjugate, if
any, can then be removed from the primary complexes and the fluorescence
associated with the cells can then be determined as above. It will be understood
that the staining procedure can be repeated multiple times with primary reagents
specific for different cell markers and conjugates which fluoresce at the same or at
different wavelengths. It will also be understood, of course, that the staining
procedure can be accomplished in a sequential manner or in a batch type
manner, wherein all of the components necessary for cell staining are added to
the sample before the fluorescence associated with the cells is determined.

In an alternative embodiment, the conjugate and method of the present
invention can be adapted for use In conventional solid phase immunoassays such
as, for example, a sandwich type immunoassay. A sandwich type immunoassay
typically involves contacting a test sample suspected of containing an analyte with
a substantially solid inert plastié, latex or glass bead or microbarticle, or other
support material which has been coated with a specific Einding member that forms
a binding pair with the analyte. The binding member-coated support material is
commonly referred to as a "capture reagent”". After the analyte is bound to the
support material, the remaining test sample is removed from the support material.
The support material, to which the analyte is bound, is treated with a conjugate,
which generally comprises a second binding member labeled with a signal-

generating group. The conjugate becomes bound to the analyte, which is bound

to the support material. The combination of support material having the first
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binding member, the analyte, and the conjugate bound thereon is separated from
any unbound conjpgate, typically with one or more wash steps. The signal
generated by the signal generating group, through appropriate excitation, can
then be observed visually, or more preferably by an instrument, to indicate the
presence or amount of an analyte in a test sample. |t will be understood, of
course, that the order and number of the steps employed to perform such assays
are not intended to limit the invention described heresin.

As previously mentioned, the analyte detected by such an immunoassay
can be the product or products ot an amplification reaction. Accordingly, the
analytes can comprise nucleic acid sequences or are otherwise the products of a
hybridization reaction such as LCR, which is described in European Patent
Applications EP-A-320-308 and EP-A-439-182, and PCR, which is described in
U.S. Patents Numbered 4,683,202 and 4,683,195.

In cases where the analytes comprise, for example, LCR or
PCR reaction products or sequences, the sequences can comprise or be modified
to comprise a binding member that forms a binding pair with an indicator reagent
and a binding member that forms a binding pair with a capture reagent.

Automated systems suitable for performing sandwich type immunoassays
such as, for example, a Microparticle Enzyme iImmunoassays (MEIAs) are well
known in the art. A particularly preferred and commercially available automated
instrument which can be employed to perform MEIAs is the IMx® system, which is
available from Abbott Laboratories, Abbott Park, IL. Protocols for MEIAs such as
those performed by the Abbott IMx® instrument are well known in the art and have

been described'in Fiore, M. et al., Clin. Chem., 34/ 9:1726-1732 (1988).

The hosting group-enhanced polymeric dyes of this invention provide
exceptional results in flow cytometry, far exceeding those obtained with the

heretofore known fluorescent dyes, polymers, and conjugates. These polymeric
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dyes can be used in place of the heretofore known fluorescent dyes, polymers,
and conjugates, such as phycobiliprotein-Cy5 tandems and the like.

Conventional signal-generating groups (i.e., fluorophores) with high
Stokes' shifts are too dim to detect with reasonable sensitivity for multiplexing
applications. The invention overcomes that problem and may be employed in a
number of applications, including, but not limited to, multiplexing assays, including
multiplexing by muiticolor fluorescence immunoassay, flow cytometry, immuno-
phenotyping assays, imaging appiications, immunological staining, fluorescence

microscopy, immuno-chromatographic staining, fluorescence polarization

immunoassay (FPIA), fluorescence in situ hybridization (FISH), fluorescence

detection of analytes, and others. The invention is particularly effective for flow
cytometry applications. However, it is not limited to those applications and, in fact,
is suitable for many applications in which fluorescence testing or detection is
involved and which are subject to problems like those previously discussed with
respect to the prior art.

Additionally, many of the signal-generating groups suitable for use in this
invention are synthetic. Synthetic signal-generating groups are typically more
stable than naturally-occurring fluorophores.

The present invention decreases the environmental sensitivity of these and
other dyes by providing these dyes with an appropriate and desired
microenvironment. By so fixing the dyes in such a microenvironment, the
effectiveness of the fluorescing properties of these dyes is not significantly affected
by macroenvironment, conjugation, or other factors.

The invehtion will be more specifically illustrated by the following non-

imiting examples. In these examples, the following buffers were empioyed:

Phosphate buiter that contained 100 mM phosphate and 100 mM NaCl, pH
5.5 (hereinafter "Buffer No. 1")
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Phosphate buffer that contained 100 mM phosphate and 100 mM NaCli, pH
7.0 (hereinafter "Buffer No. 2")

Triethanolamine buffer that contained 50 mM triethanolamine, 160 mM
5 NaCl, pH 8.0 (hereinafter "Butfer No. 3}

Acetate buffer, pH 4.5 (0.1 N acetate, 0.1 N NaCl) (hereinafter "Buffer No.
4")

10 Acetate buffer, pH 5.5 (0.1 N acetate, 0.1 N NaCl) (hereinafter "Bufier No.
5")

Phosphate buffer that contained 50 mM triethanolamine, 160 mM NaCl, pH
7.0 with 0.1 mM ZnClz and 1 mM MgCly. (hereinafter "Butfer No. 67)

15
HEPES buffer, pH 6.8 (0.1 N HEPES)(hereinafter "Buffer No. 77)
Phosphate buffer that contained 100 mM phosphate and 100 mM NaCl, pH
7.5 (hereinafter "Buffer No. 8")

20
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