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reactive functionality or a derivative of a reactive function-
ality and the pendant moiety comprising at least 1 carbon
atom and at least 2 heteroatoms.
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Figure 1

Synthesis of MAMDMA
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Figure 2
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Feed ratios of hydrophilic monomers:MAMDMA and copolymer structures

SB No.

Polymer

Structure

Poly(HPMA-co-MA-Actl) (1:1)

HPMA = N-2-hydroxypropylmethacrylamide
MA-Actl = Methacrylamidoacetaldehyde

HC

Poly(HPMA-co-MA-Actl) (1:2)

Same as 1 except monomer ratios

w

Poly(HPMA-co-MA-Actl) (1:4)

Same as 1 except monomer ratios

Poly(Sulfobetaine-co-MA-Actl) (1:1)

o
Sulfobetaine=[2-methacryloyloxyethyl]-
dimethyl-(3-sulfopropyl)ammonium
hydroxide 2‘\/

[}

MPEGIHoo:

Poly(MPEG, 10-MA-co-MA-Actl) (1:2)

Methoxy-polyethyleneglycol,yp-methacrylate

Poly(AA-co-MA-Actl) (1:1)

AA = Acrylic acid
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Figure 2 (cont’d):
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Feed ratios of hydrophilic monomers:MAMDMA and copolymer structures

SB No.

Polymer (Feed ratio)

Structure

Poly(MPEG;p)-MA-co-MA-Actl) (1:1)

MPEG:g-MA = Methoxypolyethyleglycolzps-
methacrylate

Poly(NVP-co-MA-Actl) (1:1)

NVP = N-vinyl-2-pyrrolidone
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COMPOSITION FOR USE AS AN ASSAY
REAGENT

BACKGROUND

[0001] The present invention relates generally to compo-
sitions useful as signal generation components in assays.
[0002] Dextran coating on particulate assay reagents has
been employed to provide functional groups for conjugation
to moieties such as biological moieties (e.g., antibodies).
However, there is a significant variability in the chemical
composition of dextran depending on the source.

[0003] There is a need for a coating having a reliable
chemical composition to be used on the surface of particles
for linking various moieties to the particles.

SUMMARY

[0004] One embodiment of the present invention is a
composition that comprises a solid support comprising a
member of a signal producing system (sps) and a coating of
a synthetic copolymer. The synthetic copolymer comprises a
first copolymerized monomer comprising a pendant moiety
comprising a reactive functionality or a derivatized reactive
functionality and a second copolymerized monomer com-
prising a pendant moiety comprising at least 1 carbon atom
and at least 2 heteroatoms. In some embodiments the pen-
dant moiety comprising a reactive functionality or a deriva-
tized reactive functionality is a pendant moiety comprising
an aldehyde or an aldehyde derivative.

[0005] Another embodiment of the present invention is a
method of determining in a sample one or both of the
presence and the amount of an analyte. The method com-
prises providing in combination in a medium the sample and
the aforementioned composition, which also comprises a
member of a specific binding pair (sbp) associated with the
solid support, wherein the member of the specific binding
pair binds to the analyte or to a second sbp member to form
a complex related to the presence of the analyte. The
combination is subjected to conditions for binding of the
analyte to the composition to form a complex. The member
of the signal producing system is activated and the amount
of the complex is detected. The amount of the complex is
related to one or both of the presence and the amount of
analyte in the sample.

[0006] Another embodiment of the present invention is a
method of determining in a sample one or both of the
presence and the amount of an analyte. A combination is
provided in a medium. The combination comprises the
sample and a composition comprising a particle comprising
an sps member, an sbp member that binds to the analyte or
to a second sbp member to form a complex related to the
presence of the analyte and a coating of a copolymer. The
copolymer has the formula:
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wherein: D is
[0007] (i) —COOR'° wherein R*® is H or alkyl of from
1 to 6 carbon atoms;
[0008] (ii)

/(.
—N

¢}

wherein: w is 2-4; or

[0009] (i) —C(O)—X—(CH,),—(Y);—(CH,),—Z
wherein:
[0010] A is O or NR' wherein R! is H or alkyl of from

1 to 6 carbon atoms;

[0011] nis 1 to 10;

[0012] G is CHO; CH(OR®), wherein R® is alkyl of
from 1 to 6 carbon atoms; COOH or a derivative
thereof; NR! wherein R is H or alkyl of from 1 to 6
carbon atoms and n is 1 to 10; OH; or a member of a
specific binding pair;

[0013] X is O or NR* wherein R? is H or alkyl of from
1 to 6 carbon atoms;

[0014] Y is —(CH,0),— wherein m is 1 to 1500; or
>N®(R?R*) wherein R and R* are independently H or
alkyl of from 1 to 6 carbon atoms;

[0015] pis O to 10, being at least 1 when Y is >N¥(R?
R?);

[0016] qisOor1;

[0017] ris O to 10, being at least 1 when Y is >N®(R?
R*); and

[0018] Z is SO,™; alkyl of from 1 to 6 carbon atoms;

—(CHOH)/(CH,),CH; wherein tis 1 to 5 and u is 0 to
10;
[0019] R’, R® and R” are independently H or alkyl of
from 1 to 6 carbon atoms; and
[0020] x and y are independently 1 to 1000.
The combination is subjected to conditions for binding of
the sbp member to the analyte or to the second shp member
to form a complex. The sps member is activated and the
amount of the complex is detected. The amount of the
complex is related to one or both of the presence and the
amount of analyte in the sample.
[0021] Another embodiment of the present invention is a
copolymer of the formula:

R’

|
G
[0022] wherein:
[0023] Ais O or NR' wherein R! is H or alkyl of from

1 to 6 carbon atoms;
[0024] nis 1 to 10;
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[0025] G'is CHO; CH(OR®), wherein R® is alkyl of
from 1 to 6 carbon atoms; a member of a specific
binding pair;

[0026] D'is
[0027] (i) —COOR'® wherein R'° is H or alkyl of

from 1 to 6 carbon atoms;
[0028] (i)

/ (CH
—N

@)
[0029] wherein: w is 2-4; or
[0023:0] (iii) —C(0)—X—(CH,),—(Y),—(CH,),—
[0031] wherein:
[0032] Xis Oor NR? wherein R is H or alkyl of from

1 to 6 carbon atoms;

[0033] Y is—(CH,O),— wherein mis 1 to 1500, or
>NP(R*R*) wherein R* and R* are independently H
or alkyl of from 1 to 6 carbon atoms;

[0034] pisOto 10, being at least 1 when Y is >NP(R>

R);

[0035] qis Oorl;

[0036] ris Oto 10, being at least 1 when Y is >NP(R?
R*); and

[0037] Z'is SO;7; or alkyl of from 1 to 6 carbon
atoms;

[0038] R®, R°and R are independently H or alkyl of

from 1 to 6 carbon atoms; and
[0039] x and y are independently 1 to about 1000.

BRIEF DESCRIPTION OF DRAWINGS

[0040] FIG. 1 is a schematic diagram of a synthesis of
MAMDMA.
[0041] FIG. 2 is a tabular depiction of structures of

embodiments of copolymers in accordance with the present
compositions after hydrolysis of an acetal protecting group.
[0042] FIG. 2 also includes the feed ratios of hydrophilic
monomers that were employed in the synthesis of the
copolymers depicted.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

Compositions

[0043] In some embodiments a copolymer of the present
compositions is a random copolymer where one of the
monomer units of the copolymer comprises reactive func-
tionalities for conjugation to molecules of interest such as,
for example, particles and sbp members, and the other of the
monomer units of the copolymer is functionalized to render
the resulting copolymer hydrophilic. In some embodiments,
the copolymer comprises two different monomer units, or
three different monomer units, or four different monomer
units, or five different monomer units, for example. In some
embodiments, a first monomer unit comprises a reactive
functionality or a derivative of a reactive functionality. A
second monomer unit comprises a hydrophilic moiety. In
some embodiments additional monomers (third, fourth and
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fifth monomers, for example) that comprise a reactive func-
tionality or a derivative of a reactive functionality that is
different from the reactive functionality or derivative of the
reactive functionality of another of the monomers or that
comprise a hydrophilic moiety that is different from the
hydrophilic moiety of another monomer may be employed.

[0044] In a random copolymer the distribution of the
copolymerized monomers may be such that at any point in
the polymer chain a first copolymerized monomer and a
second copolymerized monomer may alternate or may
repeat as distinguished from block copolymers.

[0045] In some embodiments the number of each different
copolymerized monomer in the copolymer is controlled
during the preparation of the functionalized polymer by
controlling the molar concentration of the monomer units
that are employed in the preparation of the polymer. Thus,
the number of each of the copolymerized monomers (x and
y in the formulas below) is controlled in the final function-
alized copolymer. The copolymer may be tailored, for
example, to one or more of a particular support, to compo-
sitions comprising such supports and to the use of such
composition.

[0046] The term “monomer” or “monomer unit” means a
molecule capable of undergoing polymerization to form a
polymer; the molecule comprises a polymerizable function-
ality. The number of monomer units depends on one or more
of the number of atoms in the monomer unit chain and the
composition of the monomer unit, for example.

[0047] As mentioned above, compositions for use in pre-
paring assay reagents or for use as assay reagents comprise
a solid support comprising an sps member and a coating of
a synthetic copolymer. The synthetic copolymer comprises
at least two monomers that are copolymerized to form the
polymer. One of the copolymerized monomers comprises a
polymer backbone and pendant moieties that comprise at
least one reactive functionality or at least one derivative of
a reactive functionality. The other of the copolymerized
monomers comprises a hydrophilic moiety comprising at
least 1 carbon atom and at least 2 heteroatoms. In some
embodiments the copolymer comprises a polyethylenic
backbone comprising the pendant moiety comprising a
reactive functionality or a derivatized reactive functionality
and the pendant moiety comprising at least 1 carbon atom
and at least 2 heteroatoms, or at least 4 carbon atoms and at
least 3 heteroatoms, or at least 4 carbon atoms and at least
2 heteroatoms, or at least 8 carbon atoms and at least 7
heteroatoms. The copolymerized monomers comprise a
polymer backbone that comprises a chain of carbon atoms,
from which one or more reactive functionality-containing
moieties or derivative of a reactive functionality-containing
moieties are pendant from the chain and one or more of the
hydrophilic moieties are pendant from the chain of the
copolymer backbone.

[0048] In some embodiments the other of the copolymer-
ized monomers that comprises a hydrophilic moiety com-
prises from 1 to about 15 carbon atoms and from 1 to about
10 heteroatoms. The copolymerized monomers comprise a
polymer backbone that comprises a chain of carbon atoms,
from which one or more reactive functionality-containing
moieties or derivative of a reactive functionality-containing
moieties are pendant from the chain and one or more of the
hydrophilic moieties are pendant from the chain of the
copolymer backbone.
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[0049] The number of carbon atoms in the chain of the
backbone of the copolymer is dependent on the number and
nature of each of the copolymerized monomer units such as,
e.g., the number of carbon atoms in the polymerizable
functionality of the monomer units, and the molecular
weight of the copolymer, for example. The number of
carbon atoms in the polymerizable functionality of the
monomer unit may be 2 to about 20, or 2 to about 15, or 2
to about 10, or 2 to about 5, or 2 to about 4, or 2 to 3, or 3
to about 20, or 3 to about 15, or 3 to about 10, or 3 to about
5, or 3 to 4, for example. The number of carbon atoms in the
monomer comprising a pendant reactive functionality-con-
taining moiety or derivative of a reactive functionality-
containing moiety (arbitrarily referred to herein as the first
copolymerized monomer) is at least about 3, or at least about
4, or at least about 5, or at least about 6, or at least about 7,
or at least about 8, or at least about 9, or at least about 10 and
may be in the range of about 3 to about 15, or about 3 to
about 10, or about 3 to about 9, or about 3 to about 8, or
about 3 to about 7, or about 3 to about 6, or about 3 to about
5, or 3 to 4. The number of the first copolymerized monomer
in the copolymer is dependent on one or more of the need for
binding to an sbp member and the need for binding to the
surface of a support. The number of the first copolymerized
monomers in the copolymer is 1 to about 1,000, or 1 to about
750, or 1 to about 500, or 1 to about 250, or 1 to about 100,
or 1 to about 50, or 2 to about 1,000, or 2 to about 750, or
2 to about 500, or 2 to about 250, or 2 to about 100, or 2 to
about 50, or 5 to about 1,000, or 5 to about 750, or 5 to about
500, or 5 to about 250, or 5 to about 100, or 5 to about 50,
or 10 to about 1,000, or 10 to about 750, or 10 to about 500,
or 10 to about 250, or 10 to about 100, or 10 to about 50, or
100 to about 1,000, or 100 to about 750, or 100 to about 500,
or 100 to about 250, for example.

[0050] The term “polymerizable functionality” refers to a
portion of a monomer unit that reacts with a portion of
another molecule of the monomer or a portion of a molecule
of a different monomer such as, for example, a moiety that
comprises one or more double or triple bonds such as, for
example, allyl groups, vinyl groups, acrylate groups, meth-
acrylate groups, acrylamide groups and methacrylamide
groups

[0051] The term “reactive functionality” is a functionality
that can react with a corresponding reactive functionality on
another molecule to form a covalent bond. Such reactive
functionalities include, by way of illustration and not limi-
tation, aldehyde, carboxy, amino, imino, sulfthydryl and
hydroxy, for example. In some embodiments the reactive
functionality is an aldehyde and the first copolymerized
monomer comprises an aldehyde moiety.

[0052] The term “derivative of a reactive functionality”
means a moiety that is formed by the reaction of a reactive
functionality with another moiety that comprises a function-
ality reactive with the reactive functionality thereby forming
a covalent bond linking two molecules together to form the
derivative. The derivative of a reactive functionality may
comprise an acetal, a carboxy ester, an amide, an ether or a
thioether, for example. In some embodiments the derivative
of a reactive functionality may be a reaction product of a
reactive functionality with a reactive functionality of a
member of a specific binding pair (sbp member) whereby
the sbp member becomes covalently bound to the copoly-
mer. Functionalities on the sbp member may be present
naturally on the sbp member or may be introduced syntheti-
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cally into the sbp member. Such functionalities include, for
example, amine groups, hydroxyl groups, sulthydryl groups
and carboxyl groups. In some embodiments the derivative of
a reactive functionality may be a reaction product of a
reactive functionality with a reactive functionality of a
particle whereby the copolymer becomes covalently bound
to the particle thereby providing a coating of the copolymer
on the surface of the particle. Functionalities on the particle
may be present naturally on the particle or may be intro-
duced synthetically on the surface of the particle. Such
functionalities include amine groups, hydroxyl groups, azide
groups and carboxyl groups, for example. In some embodi-
ments the derivative of a reactive functionality is an alde-
hyde derivative.

[0053] The term “aldehyde derivative” means a moiety
that is formed by the reaction of an aldehyde group with
another moiety that comprises a functionality reactive with
an aldehyde group. The aldehyde derivative may be an
acetal that results from the reaction of two alcohol function-
alities with a carbonyl oxygen of an aldehyde. The aldehyde
derivative may be a reaction product of an aldehyde group
with a member of a specific binding pair (sbp member) by
means of reaction of the aldehyde with a functionality of the
sbp member. Functionalities on the sbp member may be
present naturally on the sbp member or may be introduced
synthetically into the sbp member. Such functionalities
include, for example, amine groups. The reaction between
an aldehyde group and an sbp member may be by means of,
for example, Schiff’s base formation between an alkyl amine
or an aryl amine of the sbp member and the aldehyde group.
The reaction may be by means of reductive amination
involving the aldehyde group and an amine group of the sbp
member. In other embodiments, the aldehyde derivatives
include, for example, acetals and bisulphite addition com-
pounds. In some embodiments the aldehyde functionality
may react with a corresponding amine group on the surface
of a particle whereby the particle becomes covalently bound
to the copolymer thereby providing a coating of the copo-
lymer on the surface of the particle. Functionalities on the
particle may be present naturally on the particle or may be
introduced synthetically on the surface of the particle.

[0054] The other of the copolymerized monomers (hydro-
philic monomer or otherwise referred to herein arbitrarily as
the second copolymerized monomer) of the copolymer
comprises a polymerizable functionality that comprises at
least 1 carbon atom and at least 2 heteroatoms, or at least 1
carbon atom and at least 3 heteroatoms, or at least 1 carbon
atom and at least 4 carbon atoms, or at least 2 carbon atoms
and at least 2 heteroatoms, or at least 2 carbon atoms and at
least 3 heteroatoms, or at least 2 carbon atoms and at least
4 heteroatoms, or at least 3 carbon atoms and at least 3
heteroatoms, or at least 3 carbon atoms and at least 4
heteroatoms, or at least 4 carbon atoms and at least 3
heteroatoms, or at least 4 carbon atoms and at least 4
heteroatoms, for example. As mentioned above, the copo-
lymerized monomers form a polymer backbone comprising
a chain of carbon atoms, from which one or more pendant
moieties depend from the chain. The number of carbon
atoms in the polymerizable functionality of the second
monomer unit may be 2 to about 20, or 2 to about 15, or 2
to about 10, or 2 to about 5, or 2 to about 4, or 2 to 3, or 3
to about 20, or 3 to about 15, or 3 to about 10, or 3 to about
5, or 3 to 4, for example.
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[0055] In some embodiments the second copolymerized
monomer of the copolymer comprises a polymerizable func-
tionality and a pendant moiety that comprises from 1 to
about 15 carbon atoms and from 1 to about 10 heteroatoms,
or from 1 to about 10 carbon atoms and from 1 to about 10
heteroatoms, or from 1 to about 10 carbon atoms and from
1 to about 8 heteroatoms, or from 1 to about 10 carbon atoms
and from 1 to about 6 heteroatoms, or from 1 to about 10
carbon atoms and from 1 to about 5 heteroatoms, or from 1
to about 8 carbon atoms and from 1 to about 8 heteroatoms,
or from 1 to about 8 carbon atoms and from 1 to about 7
heteroatoms, or from 1 to about 8 carbon atoms and from 1
to about 7 heteroatoms, or from 1 to about 8 carbon atoms
and from 1 to about 6 heteroatoms, or from 4 to about 8
carbon atoms and from 3 to about 7 heteroatoms, for
example.

[0056] The number of carbon atoms of the pendant hydro-
philic moiety is at least 1, or at least about 2, or at least about
3, or at least about 4, or at least about 5, or at least about 10,
or at least about 20, or at least about 40, or at least about 60,
or at least about 80, or at least about 100, or at least about
150, or at least about 200, or at least about 300, or at least
about 400, and no more that about 2,500, or no more than
about 2,000, or no more that about 1,500, or no more that
about 1,100, for example. In some embodiments the number
of carbon atoms of the pendant moiety is in the range of 1
to about 2,500, or 1 to about 2,000, or 1 to about 1,500, or
1 to about 1,200, or 1 to about 1,100, or 1 to about 1,000, or
1 to about 750, or 1 to about 500, or 1 to about 400, or 1 to
about 300, or 1 to about 200, or 1 to about 100, or 1 to about
80, or 1 to about 60, or 1 to about 40, or 1 to about 20, or
1 to about 10, or 2 to about 2,500, or 2 to about 2,000, or 2
to about 1,500, or 2 to about 1,200, or 2 to about 1,100, or
2 to about 1,000, or 2 to about 750, or 2 to about 500, or 2
to about 400, or 2 to about 300, or 2 to about 200, or 2 to
about 100, or 2 to about 80, or 2 to about 60, or 2 to about
40, or 2 to about 20, or 2 to about 10, or 3 to about 2,500,
or 3 to about 2,000, or 3 to about 1,500, or 3 to about 1,200,
or 3 to about 1,100, or 3 to about 1,000, or 3 to about 750,
or 3 to about 500, or 3 to about 400, or 3 to about 300, or
3 to about 200, or 3 to about 100, or 3 to about 80, or 3 to
about 60, or 3 to about 40, or 3 to about 20, or 3 to about 10,
or 4 to about 2,500, or 4 to about 2,000, or 4 to about 1,500,
or 4 to about 1,200, or 4 to about 1,100, or 4 to about 1,000,
or 4 to about 750, or 4 to about 500, or 4 to about 400, or
4 to about 300, or 4 to about 200, or 4 to about 100, or 4 to
about 80, or 4 to about 60, or 4 to about 40, or 4 to about 20,
or 4 to about 10, or 5 to about 2,500, or 5 to about 2,000, or
5 to about 1,500, or 5 to about 1,200, or 5 to about 1,100, or
5 to about 1,000, or 5 to about 750, or 5 to about 500, or 5
to about 400, or 5 to about 300, or 5 to about 200, or 5 to
about 100, or 5 to about 80, or 5 to about 60, or 5 to about
40, or 5 to about 20, or 5 to about 10, for example.

[0057] The number of molecules of the second copoly-
merized monomer in the copolymer is 1 to about 1,000, or
1 to about 750, or 1 to about 500, or 1 to about 250, or 1 to
about 100, or 1 to about 50, or 2 to about 1,000, or 2 to about
750, or 2 to about 500, or 2 to about 250, or 2 to about 100,
or 2 to about 50, or 5 to about 1,000, or 5 to about 750, or
5 to about 500, or 5 to about 250, or 5 to about 100, or 5 to
about 50, or 10 to about 1,000, or 10 to about 750, or 10 to
about 500, or 10 to about 250, or 10 to about 100, or 10 to
about 50, or 100 to about 1,000, or 100 to about 750, or 100
to about 500, or 100 to about 250, for example.
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[0058] The number of heteroatoms of the pendant hydro-
philic moiety of the second copolymerized monomer com-
prising at least 1 carbon atom and at least 2 heteroatoms is
that which is sufficient to render the copolymer hydrophilic.
The term “hydrophilic” refers to a property of a molecule
that is polar and thus prefers neutral molecules or polar
molecules and prefers polar solvents. Hydrophilic molecules
have an affinity for other hydrophilic moieties compared to
hydrophobic moieties. The number of heteroatoms is depen-
dent on such factors as the number of carbon atoms in the
pendant moiety, the nature of the support and the nature of
an aldehyde derivative, if present, for example.

[0059] The number of heteroatoms of the pendant hydro-
philic moiety is at least about 2, or at least about 3, or at least
about 4, or at least about 5, or at least about 6, or at least
about 7, or at least about, or at least about 8, or at least about
9, or at least about 10, or at least about 20, or at least about
30, or at least about 40, or at least about 50, or at least about
60, or at least about 70, or at least about 80, or at least about
90, or at least about 100, or at least about 150, and no more
that about 1,500, or no more that about 1,200, or no more
than about 1,100, or no more that about 1,000, for example.
In some embodiments the number of heteroatoms is in the
range of 2 to about 1,500, or 2 to about 1,250, or 2 to about
1,000, or 2 to about 750, or 2 to about 500, or about 2 to
about 250, or 2 to about 100, or 2 to about 80, or 2 to about
60, or 2 to about 40, or 2 to about 20, or 2 to about 10, or
3 to about 1,500, or 3 to about 1,250, or 3 to about 1,000, or
3 to about 750, or 3 to about 500, or about 3 to about 250,
or 3 to about 100, or 3 to about 80, or 3 to about 60, or 3 to
about 40, or 3 to about 20, or 3 to about 10, or 5 to about
1,500, or 5 to about 1,250, or 5 to about 1,000, or 5 to about
750, or 5 to about 500, or about 5 to about 250, or 5 to about
100, or 5 to about 80, or 5 to about 60, or 5 to about 40, or
5 to about 20, or 5 to about 10, or 7 to about 1,500, or 7 to
about 1,250, or 7 to about 1,000, or 7 to about 750, or 7 to
about 500, or about 7 to about 250, or 7 to about 100, or 7
to about 80, or 7 to about 60, or 7 to about 40, or 7 to about
20, or 7 to about 10, for example.

[0060] The hydrophilicity of the copolymer may be con-
trolled by the number of heteroatoms (and functional groups
comprising such heteroatoms) in the copolymer. The num-
ber of heteroatoms in the copolymer depends on the number
of heteroatoms in each of the second copolymerized mono-
mer and also on the number of copolymerized monomers
comprising the heteroatoms compared with the number of
copolymerized monomers that comprise a pendent moiety
comprising a reactive functionality or a derivative of a
reactive functionality. In some embodiments there is 1
heteroatom per about 3 carbon atoms, or 1 heteroatom per
about 6 carbon atoms, or 1 heteroatom per about 10 carbon
atoms, or 1 heteroatom per about 12 carbon atoms, or 1
heteroatom per about 15 carbon atoms, or 2 heteroatoms per
1 carbon atom, or 2 heteroatoms per about 2 carbon atoms,
or 2 heteroatoms per about 3 carbon atoms, or 2 heteroatoms
per about 4 carbon atoms, or 2 heteroatoms per about 6
carbon atoms, or 2 heteroatoms per about 10 carbon atoms,
or 2 heteroatoms per about 12 carbon atoms, or 2 heteroa-
toms per about 15 carbon atoms, or 3 heteroatoms per about
4 carbon atoms, or 3 heteroatoms per about 6 carbon atoms,
or 3 heteroatoms per about 10 carbon atoms, or 3 heteroa-
toms per about 12 carbon atoms, or 3 heteroatoms per about
15 carbon atoms, or 4 heteroatoms per about 4 carbon atoms,
or 4 heteroatoms per about 6 carbon atoms, or 4 heteroatoms
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per about 10 carbon atoms, or 4 heteroatoms per about 12
carbon atoms, or 4 heteroatoms per about 15 carbon atoms,
or 5 heteroatoms per about 4 carbon atoms, or 5 heteroatoms
per about 6 carbon atoms, or 5 heteroatoms per about 10
carbon atoms, or 5 heteroatoms per about 12 carbon atoms,
or 5 heteroatoms per about 15 carbon atoms, or 6 heteroa-
toms per about 5 carbon atoms, or 6 heteroatoms per about
6 carbon atoms, or 6 heteroatoms per about 10 carbon atoms,
or 6 heteroatoms per about 12 carbon atoms, or 6 heteroa-
toms per about 15 carbon atoms, or 7 heteroatoms per about
7 carbon atoms, or 7 heteroatoms per about 8 carbon atoms,
or 7 heteroatoms per about 10 carbon atoms, or 7 heteroa-
toms per about 12 carbon atoms, or 7 heteroatoms per about
15 carbon atoms, for example.

[0061] In some embodiments the pendant moiety of the
second polymerized monomer (hydrophilic monomer) may
comprise at least 1 carbon atom and at least 2 heteroatoms,
or at least 1 carbon atom and at least 3 heteroatoms, or at
least 1 carbon atom and at least 4 carbon atoms, or at least
2 carbon atoms and at least 2 heteroatoms, or at least 2
carbon atoms and at least 3 heteroatoms, or at least 2 carbon
atoms and at least 4 heteroatoms, or at least 3 carbon atoms
and at least 3 heteroatoms, or at least 3 carbon atoms and at
least 4 heteroatoms, or at least 4 carbon atoms and at least
2 heteroatoms, or at least 4 carbon atoms and at least 3
heteroatoms, or at least 4 carbon atoms and at least 4
heteroatoms, or at least 4 carbon atoms and at least
heteroatoms, or at least 5 carbon atoms and at least
heteroatoms, or at least 5 carbon atoms and at least
heteroatoms, or at least 5 carbon atoms and at least
heteroatoms, or at least 5 carbon atoms and at least
heteroatoms, or at least 5 carbon atoms and at least
heteroatoms, or at least 6 carbon atoms and at least
heteroatoms, or at least 6 carbon atoms and at least
heteroatoms, or at least 6 carbon atoms and at least
heteroatoms, or at least 6 carbon atoms and at least
heteroatoms, or at least 6 carbon atoms and at least
heteroatoms, or at least 6 carbon atoms and at least
heteroatoms, or at least 7 carbon atoms and at least
heteroatoms, or at least 7 carbon atoms and at least
heteroatoms, or at least 7 carbon atoms and at least
heteroatoms, or at least 7 carbon atoms and at least
heteroatoms, or at least 7 carbon atoms and at least
heteroatoms, or at least 7 carbon atoms and at least
heteroatoms, or at least 7 carbon atoms and at least
heteroatoms, or at least 8 carbon atoms and at least
heteroatoms, or at least 8 carbon atoms and at least
heteroatoms, or at least 8 carbon atoms and at least
heteroatoms, or at least 8 carbon atoms and at least
heteroatoms, or at least 8 carbon atoms and at least
heteroatoms, or at least 8 carbon atoms and at least
heteroatoms, or at least 8 carbon atoms and at least
heteroatoms, or at least 8 carbon atoms and at least
heteroatoms, for example.

[0062] The number of copolymerized monomers compris-
ing the heteroatoms compared with the number of polym-
erized monomers that comprise a pendent moiety compris-
ing a reactive functionality or a derivative of a reactive
functionality may be controlled by the feed ratio of the
monomers during polymerization. Accordingly, during a
polymerization the feed ratio of the monomer comprising
the pendant moiety comprising a reactive functionality or a
derivative of a reactive functionality (first copolymerizable
monomer) may be increased over that of the hydrophilic
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monomer (second copolymerizable monomer). The ratio of
the second copolymerizable monomer to the first copoly-
merizable monomer during a polymerization may be 1:1, or
1:1.5,0r1:2,0r1:2.5,0r1:3,0r 1:3.5, or 1:4, or 1:4.5, or 1:5,
or 1:5.5, or 1:6, for example. This feed ratio controls the
value of x and y in the formulas below. In addition, the ratio
of the second copolymerizable monomer to the first copo-
lymerizable monomer can be adjusted to control the amount
of signal obtained from a solid support comprising a mem-
ber of a signal producing system (sps) and a coating of the
synthetic copolymer. By having more of the first copoly-
merizable monomer comprising a pendant moiety compris-
ing a reactive functionality, one can obtain a greater amount
of derivatized reactive functionality on the solid support. In
this manner, one can balance the hydrophilic properties of
the resulting solid support with coated synthetic copolymer
and the number of derivatized reactive functionalities to
accommodate a wide variety of assays and signal producing
systems.

[0063] The heteroatoms of the pendant hydrophilic moiety
include, for example, oxygen, sulfur, nitrogen and phospho-
rus, and combinations of oxygen, sulfur, nitrogen and phos-
phorus. The heteroatoms may be present in combination
with other one another or with other atoms such as, for
example, one or more of hydrogen and carbon, in the form
of one or more hydrophilic groups. In some embodiments,
oxygen may be present as oxo or oxy bonded to one or more
of hydrogen, carbon, sulfur, nitrogen and phosphorous;
nitrogen may be bonded to one or more of hydrogen, carbon,
oxygen, sulfur and phosphorus such as, for example, an azo,
cyano, isocyano, nitro, nitroso, amido or amino group; sulfur
is analogous to oxygen as discussed above; phosphorous
may be bonded to one or more of hydrogen, carbon, sulfur,
oxygen and nitrogen, such as, for example, a phosphonate or
phosphate mono- or diester group.

[0064] The number of hydrophilic groups in the pendant
hydrophilic moiety may be 2 to about 1,500, or 2 to about
1,250, or 2 to about 1,000, or 2 to about 750, or 2 to about
500, or 2 to about 250, or 2 to about 125, or 2 to about 100,
or 2 to about 80, or 2 to about 60, or 2 to about 40, or 2 to
about 20, or 2 to about 10, or 2 to about 5, or 3 to about
1,500, or 3 to about 1,250, or 3 to about 1,000, or 3 to about
750, or 3 to about 500, or 3 to about 250, or 3 to about 125,
or 3 to about 100, or 3 to about 80, or 3 to about 60, or 3 to
about 40, or 3 to about 20, or 3 to about 10, or 3 to about 5,
or 4 to about 1,500, or 4 to about 1,250, or 4 to about 1,000,
or 4 to about 750, or 4 to about 500, or 4 to about 250, or
4 to about 125, or 4 to about 100, or 4 to about 80, or 4 to
about 60, or 4 to about 40, or 4 to about 20, or 4 to about 10,
or 4 to 5; the hydrophilic groups may be independently one
or more of the groups mentioned below.

[0065] In some embodiments, the hydrophilic group or
groups of the pendant hydrophilic moiety, by way of illus-
tration and not limitation, may be selected from an amine
group (a primary, secondary, tertiary or quaternary amine),
an amide group, a hydroxyl group, an ester group, an ether
group, a polyether group (e.g., a polyoxyethylene group and
a polyoxypropylene group), an epoxide group, a thioether
group, a polythioether group, a sulfate group, a sulfite group,
aphosphate group, a phosphite group, a phosphatidylcholine
group, a betaine group, a sulfobetaine group, a nitrile group,
an isonitrile group, a cyanate group, an isocyanate group, a
thiocyanate group, an isothiocyanate group, an azide group,
a thiol group, a thiolate group, a sulfide group, a sulfinate
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group, a sulfonate group, a phenolate group, a carbonyl
group, a carboxylate group, a phosphine group, a phosphine
oxide group, a phosphonic acid group and a phosphoramide
group, as well as combinations and mixtures of such groups.
In some embodiments, the hydrophilic group or groups, by
way of illustration and not limitation, may be selected from
the groups consisting of amine groups (primary, secondary,
tertiary or quaternary amines), amide groups, hydroxyl
groups, ester groups, ether groups, polyether groups, thio-
ether groups, sulfate groups, sulfite groups, phosphate
groups, phosphite groups, phosphatidylcholine groups,
betaine groups and sulfobetaine groups.

[0066] In some embodiments the molecular weight (Dal-
tons) (Da) of the copolymer is about 300 to about 10,000,
000 or more, or about 500 to about 10,000,000, or about
1,000 to about 10,000,000, or about 10,000 to about 10,000,
000, or about 100,000 to about 10,000,000, or 300 to about
5,000,000 or more, or about 500 to about 5,000,000, or about
1,000 to about 5,000,000, or about 10,000 to about 5,000,
000, or about 100,000 to about 5,000,000, or 300 to about
1,000,000 or more, or about 500 to about 1,000,000, or about
1,000 to about 1,000,000, or about 10,000 to about 1,000,
000, or about 100,000 to about 1,000,000, or about 100 to
about 750,000, or about 500 to about 750,000, or about
1,000 to about 750,000, or about 10,000 to about 750,000,
or about 100,000 to about 750,000, or about 100 to about
500,000, or about 200 to about 500,000, or about 1,000 to
about 500,000, or about 10,000 to about 500,000, or about
100,000 to about 500,000, for example.

[0067] In some embodiments the copolymer comprises a
polyethylenic backbone from which depend one or more
reactive functionality-containing moieties or derivative of
reactive functionality-containing such as, for example, one
or more aldehyde-containing moieties or aldehyde deriva-
tive-containing moieties and one or more moieties compris-
ing at least 1 carbon atom and at least 2 heteroatoms. The
polyethylenic backbone comprises a linear chain of ethyl-
enic groups, i.e., (CHR—CHR)— groups (where R is alkyl
or hydrogen) formed from monomers comprising double
bonds. Other types of polymer backbones are also included
and depend on the nature of the monomers. The monomers
from which the copolymer is formed include, by way of
example and not limitation, vinyl monomers, allylic mono-
mers, olefins, and any small molecules containing at least
one degree of unsaturation, and mixtures or two or more of
the above monomers wherein the polymerizable function-
ality is a carbon-carbon double bond or a carbon-carbon
triple bond. Besides the polymerizable functionality the
monomer also comprises an appropriate substitution of
either a reactive functionality or a derivative of a reactive
functionality or at least 1 carbon atom and at least 2
heteroatoms. Classes of vinyl monomers include, but are not
limited to, methacrylic acid, methacrylates, methacrylamide,
N- and N,N-disubstituted methacrylamides, vinyl aromatic
monomers, vinyl halides, vinyl esters of carboxylic acids
(e.g., vinyl acetate), ethylene oxide acrylates, diacrylates,
and dimethacrylates.

[0068] Examples of methacrylates include methacrylates
appropriately substituted with a pendant moiety in accor-
dance with present embodiments wherein the methacrylates
include, by way of illustration and not limitation, methyl
methacrylate, ethyl methacrylate, propyl methacrylate, iso-
propyl methacrylate, n-butyl methacrylate, iso-butyl meth-
acrylate, and tert-butyl methacrylate, for example. Examples
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of vinyl aromatic monomers that may be used include, but
are not limited to, appropriately substituted styrene, styrene-
butadiene, p-chloromethylstyrene and divinyl benzene, for
example. Vinyl halides that may be used include, but are not
limited to, appropriately substituted vinyl chloride and
vinylidene fluoride. Vinyl esters of carboxylic acids that may
be used include, but are not limited to, appropriately sub-
stituted vinyl acetate, vinyl butyrate, vinyl 3,4-dimethoxy-
benzoate, vinyl malate and vinyl benzoate.

[0069] The copolymer is synthesized according to stan-
dard polymer chemistry for the synthesis of random copo-
lymers using the appropriate monomeric units as identified
above. In some embodiments, monomer units comprising
one or more polymerizable functionalities may be combined
in a single polymerization step. As mentioned above, in this
latter polymerization approach, the number of each of the
copolymerized monomers of the copolymer may be con-
trolled by controlling the molar concentration of the mono-
mer units.

[0070] The random copolymers may be prepared by any
polymerization technique for the preparation of random
copolymers. Polymerization techniques include, for
example, radical polymerization, atom transfer radical
polymerization, reversible addition fragmentation and chain
transfer polymerization, nitroxide mediated polymerization,
and so forth. The conditions for the polymerization such as,
for example, temperature, reaction medium, pH, duration,
and the order of addition of the reagents are dependent on
one or more of the type of polymerization employed, the
nature of the monomer reagents including any polymeriz-
able functionality employed and the nature of any catalyst
employed, for example. Such conditions are generally
known since the types of polymerization techniques that can
be used are well-known in the art.

[0071] As mentioned above, a composition in accordance
with some of the present embodiments comprises a solid
support comprising an sps member and a coating of the
synthetic copolymer. The solid support may be comprised of
an organic or inorganic, water insoluble material, which may
be transparent or partially transparent. The solid support has
a surface that is hydrophobic and can have any of a number
of shapes such as, for example, particulate, including beads
and particles, film, membrane, tube, well, strip, rod, and
planar surfaces such as, e.g., plate. Depending on the type of
assay, the solid support may or may not be suspendable in
the medium in which it is employed. Examples of a sus-
pendable solid support include polymeric materials such as
latex particles and magnetic particles. Other solid support
compositions include polymers, such as poly (vinyl chlo-
ride), polyacrylamide, polyacrylate, polyethylene, polypro-
pylene, poly-(4-methylbutene), polystyrene, polymethacry-
late, poly(ethylene terephthalate), nylon, and poly(vinyl
butyrate), for example; either used by themselves or in
conjunction with other materials.

[0072] In some embodiments the solid support is a par-
ticle. The particles generally have an average diameter of
about 0.02 to about 100 microns, or about 0.05 to about 100
microns, or about 0.1 to about 100 microns, or about 0.5 to
about 100 microns, or about 0.02 to about 50 microns, or
about 0.05 to about 50 microns, or about 0.1 to about 50
microns, or about 0.5 to about 50 microns, or about 0.02 to
about 20 microns, or about 0.05 to about 20 microns, or
about 0.1 to about 20 microns, or about 0.5 to about 20
microns, for example. In some embodiments, the particles
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have an average diameter from about 0.05 microns to about
20 microns or from about 0.3 microns to about 10 microns,
or about 0.3 microns to about 5 microns, for example. In
some embodiments, the particles are latex particles or
chrome particles.

[0073] A latex particle is a particulate water suspendable,
water insoluble polymeric material. In some embodiments
the latex is a substituted polyethylene such as polystyrene-
butadiene, polyacrylamide polystyrene, polystyrene with
amino groups, poly-acrylic acid, polymethacrylic acid, acry-
lonitrile-butadiene, styrene copolymers, polyvinyl acetate-
acrylate, polyvinyl pyridine, vinyl-chloride acrylate copo-
lymers, and the like.

[0074] Polymeric particles can be formed from addition or
condensation polymers. The particles will be readily dis-
persible in an aqueous medium and can be functionalizable
s0 as to permit conjugation to one or more of a copolymer
as described herein, a member of a signal producing system
(sps), and a member of a specific binding pair (sbp), for
example. The particles can also be derived from naturally
occurring materials, naturally occurring materials that are
synthetically modified, and synthetic materials. In some
embodiments the particles have, either naturally occurring
or synthetically introduced, a reactive functionality such as,
for example, amine groups, which are reactive with a
corresponding reactive functionality of the copolymer such
as, for example, aldehyde groups.

[0075] As mentioned above, the copolymer is a coating on
the support. Coating the support with the copolymer may be
accomplished in a number of ways. The copolymer may be
attached to the surface of the support covalently. In some
embodiments, covalent attachment may be accomplished by
reaction of some of the reactive functionalities such as, for
example, aldehyde groups, of the copolymer with a func-
tionality on the surface of the support in a manner similar to
that discussed above with regard to the aldehyde derivative.
As mentioned above, in some embodiments, depending on
the nature of the support, suitable functionalities may be
already present on the surface of the support or they may be
synthetically introduced on the surface. The remaining reac-
tive functionalities such as, for example, aldehyde groups,
are available for reaction with a suitably functionalized sbp
member, for example.

[0076] In some embodiments, the amount of the copoly-
mer coated on the support is dependent on one or more of the
nature of the support, the nature of the copolymer, the nature
of the sps member, whether attachment of the copolymer to
the support is by virtue of the aldehyde bearing site, and
whether an shp member is attached to the aldehyde bearing
site, for example. In some embodiments the amount (percent
by weight) of copolymer coated on the support is about 0.1
to about 10%, or about 0.1 to about 9%, or about 0.1 to about
8%, or about 0.1 to about 7%, or about 0.1 to about 6%, or
about 0.1 to about 5%, or about 0.1 to about 4%, or about 0.1
to about 3%, or about 0.1 to about 2%, or about 0.1 to about
1%, or about 0.1 to about 0.5%, or about 1 to about 10%, or
about 1 to about 9%, or about 1 to about 8%, or about 1 to
about 7%, or about 1 to about 6%, or about 1 to about 5%,
or about 1 to about 4%, or about 1 to about 3%, or about 1
to about 2%, or about 0.05 to about 0.5%, or about 0.06 to
about 0.5%, or about 0.07 to about 0.5%, or about 0.08 to
about 0.5%, or about 0.09 to about 0.5%, or about 0.1 to
about 0.5%, or about 0.05 to about 0.4%, or about 0.06 to
about 0.4%, or about 0.07 to about 0.4%, or about 0.08 to
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about 0.4%, or about 0.09 to about 0.4%, or about 0.1 to
about 0.4%, or about 0.05 to about 0.3%, or about 0.06 to
about 0.3%, or about 0.07 to about 0.3%, or about 0.08 to
about 0.3%, or about 0.09 to about 0.3%, or about 0.1 to
about 0.3%, or about 0.05 to about 0.2%, or about 0.06 to
about 0.2%, or about 0.07 to about 0.2%, or about 0.08 to
about 0.2%, or about 0.09 to about 0.2%, or about 0.1 to
about 0.2%, for example.

[0077] The selection of a copolymer coating for a particle
comprising a member of a signal producing system depends
on one or more of a number of factors such as, for example,
the type of assay, the nature of the member of the signal
producing system, the expected concentration range of the
analyte, the physical characteristics and origin of the anti-
body, the variation in effective antibody coating density, the
pH of the final reaction mixture, and the ionic strength of the
final reaction mixture. Depending on such factors, one
copolymer coating may be preferred over another copolymer
coating in any particular application. For example, the
effective antibody coating density may be optimal for a
signal producing system when a particular antibody is
conjugated to a particular copolymer coating. The amount of
signal may be controlled, for example, by adjusting the feed
ratios of the first and second polymerizable monomers
during copolymerization.

[0078] As mentioned above, the composition also com-
prises an sps member. The nature of the sps member depends
on the type of assay in which embodiments of the present
compositions may be employed. Such assays include, for
example, immunoprecipitin and agglutination methods and
corresponding light scattering techniques such as, e.g., neph-
elometry and turbidimetry, for the detection of antibody
complexes; and labeled assays (e.g., labeled immunoassays)
such as, for example, induced luminescence (luminescent
oxygen channeling) assays, fluorescent oxygen channeling
assays, enzyme-labeled assays, fluorescence polarization
assays, radio-labeled assays and inhibition assays.

[0079] The sps member may be a label, which is part of a
signal producing system. The nature of the label is depen-
dent on the particular assay format as discussed above. A
signal producing system may include one or more compo-
nents, at least one component being a detectable label, which
generates a detectable signal that relates to one or both of the
amount of bound and unbound label, i.e. the amount of label
bound or not bound to analyte being detected or to an agent
that reflects the amount of the analyte to be detected. The
label is any molecule that produces or can be induced to
produce a signal, and may be, for example, a fluorescer,
radiolabel, enzyme, chemiluminescer or photosensitizer.
Thus, the signal is detected and/or measured by detecting
enzyme activity, luminescence, light absorbance or radioac-
tivity, for example, as the case may be.

[0080] Suitable labels include, by way of illustration and
not limitation, enzymes such as alkaline phosphatase, glu-
cose-6-phosphate dehydrogenase (“G6PDH”) and horserad-
ish peroxidase; ribozyme; a substrate for a replicase such as
QB replicase; promoters; dyes; fluorescers, such as fluores-
cein, isothiocyanate, rhodamine compounds, phycoerythrin,
phycocyanin, allophycocyanin, o-phthaldehyde, and fluor-
escamine; complexes such as those prepared from CdSe and
ZnS present in semiconductor nanocrystals known as Quan-
tum dots; chemiluminescers such as isoluminol; sensitizers
including photosensitizers; coenzymes; enzyme substrates;
radiolabels such as '*°I, '*'1, *C, *H, *’Co and "°Se;
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particles such as latex particles, carbon particles, metal
particles including magnetic particles, e.g., chromium diox-
ide (CrO,) particles, and the like; metal sols; crystallite;
liposomes; nucleotides and cells, for example, which may be
further labeled with a dye, catalyst or other detectable group.
[0081] The label can directly produce a signal and, there-
fore, additional components are not required to produce a
signal. Numerous organic molecules, for example fluo-
rescers, are able to absorb ultraviolet and visible light, where
the light absorption transfers energy to these molecules and
elevates them to an excited energy state. This absorbed
energy is then dissipated by emission of light at a second
wavelength. Other labels that directly produce a signal
include radioactive isotopes and dyes.

[0082] Alternately, the label may need other components
to produce a signal, and the signal producing system would
then include all the components required to produce a
measurable signal. Such other components may include, for
example, substrates, coenzymes, enhancers, additional
enzymes, substances that react with enzymic products, cata-
lysts, activators, cofactors, inhibitors, scavengers, metal
ions, and a specific binding substance required for binding
of signal generating substances.

[0083] As mentioned above, in the present compositions
the sps member is associated with the support. The manner
of association of the sps member with the solid support
depends on one or more of the nature of the support, the
nature of the sps member, the surface area and porosity of
the support and the nature of any solvent employed, for
example. The association may be by adsorption of the sps
member by the support, covalent bonding of the sps member
to the support, dissolution or dispersion of the sps member
in the solid support, non-covalent bonding of the sps mem-
ber to the support by means of binding pair members (e.g.,
avidin-biotin and digoxin-antibody for digoxin), for
example. In this manner the sps member is “associated with”
the solid support.

[0084] As used herein, the phrase “associated with”
includes covalent binding of one moiety to another moiety
either by a direct bond or through a spacer group, non-
covalent binding of one moiety to another moiety either
directly or by means of specific binding pair members bound
to the moieties, incorporation of one moiety into another
moiety such as by dissolving one moiety in another moiety
or by synthesis, and coating one moiety on another moiety,
for example.

[0085] Association of an sps member such as, for
example, a sensitizer or a chemiluminescent compound,
with latex particles may involve incorporation during for-
mation of the particles by polymerization, or incorporation
into preformed particles, e.g., by non-covalent dissolution
into the particles, for example. In some approaches a solu-
tion of the sps member is employed. Solvents that may be
utilized include, for example, alcohols, including, e.g., etha-
nol, ethoxyethanol, methoxyethanol, ethylene glycol and
benzyl alcohol; amides such as, e.g., dimethyl formamide,
formamide, acetamide and tetramethyl urea; sulfoxides such
as, e.g., dimethyl sulfoxide and sulfolane; and ethers such as,
e.g., carbitol, ethyl carbitol and dimethoxy ethane; and
water; and mixtures of two or more of the above. The use of
solvents having high boiling points in which the particles are
insoluble permits the use of elevated temperatures to facili-
tate dissolution of the compounds into the particles and are
particularly suitable. The solvents may be used singly or in
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combination. A solvent should be selected that does not
interfere with the signal producing ability of the sps mem-
bers because of their intrinsic properties or ability to be
removed from the particles. In some embodiments aromatic
solvents may be employed such as, for example, dibutyl-
phthalate, benzonitrile, naphthonitrile, dioctylterephthalate,
dichlorobenzene, diphenylether and dimethoxybenzene.
[0086] Generally, the temperature employed during the
procedure is chosen to maximize the amount of signal from
the sps member particles with the proviso that the particles
should not melt or become aggregated at the selected
temperature. In some embodiments, elevated temperatures
are employed. The temperatures for the procedure may
range from about 20° C. to about 200° C., or from about 50°
C. to about 170° C. It has been observed that some com-
pounds that are nearly insoluble at room temperature are
soluble in, for example, low molecular weight alcohols, such
as ethanol and ethylene glycol, for example, at elevated
temperatures. Carboxylated modified latex particles have
been shown to tolerate low molecular weight alcohols at
such temperatures.

[0087] In some embodiments of the present compositions,
the sps member is selected from the group consisting of
sensitizers, including photosensitizers, and chemilumines-
cent compounds as discussed more fully hereinbelow.
[0088] A chemiluminescent compound (chemiluminescer)
is a compound that is chemically activatable and, as a result
of such activation, emits light at a certain wavelength.
Examples of chemiluminescers, by way of illustration and
not limitation, include olefins capable of reacting with
singlet oxygen or a peroxide to form hydroperoxides or
dioxetanes, which can decompose to ketones or carboxylic
acid derivatives; stable dioxetanes which can decompose by
the action of light; acetylenes which can react with singlet
oxygen to form diketones; hydrazones or hydrazides that can
form azo compounds or azo carbonyls such as luminol; and
aromatic compounds that can form endoperoxides, for
example. As a consequence of the activation reaction, the
chemiluminescers directly or indirectly cause the emission
of light.

[0089] A sensitizer is a molecule, usually a compound, for
generation of a reactive intermediate such as, for example,
singlet oxygen, for activation of a chemiluminescent com-
pound. In some embodiments of the present compositions,
the sensitizer is a photosensitizer. Other sensitizers that can
be chemi-activated (by, e.g., enzymes and metal salts)
include, by way of example and not limitation, other sub-
stances and compositions that can produce singlet oxygen
with or, less preferably, without activation by an external
light source. For example, certain compounds have been
shown to catalyze the conversion of hydrogen peroxide to
singlet oxygen and water. Also included within the scope of
photosensitizers are compounds that are not true sensitizers
but which on excitation by heat, light, ionizing radiation, or
chemical activation will release a molecule of singlet oxy-
gen. The best known members of this class of compounds
include the endoperoxides such as 1,4-biscarboxymethyl-1,
4-naphthalene endoperoxide, 9,10-diphenylanthracene-9,
10-endoperoxide and 5,6,11,12-tetraphenyl naphthalene
5,12-endoperoxide. Heating or direct absorption of light by
these compounds releases singlet oxygen.

[0090] A photosensitizer is a sensitizer for activation of a
photoactive compound, for example, by generation of sin-
glet oxygen by excitation with light. The photosensitizers
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are photoactivatable and include, e.g., dyes and aromatic
compounds, and are usually compounds comprised of cova-
lently bonded atoms, usually with multiple conjugated
double or triple bonds. The compounds should absorb light
in the wavelength range of 200 to 1,100 nm, or 300 to 1,000
nm, or 450 to 950 nm, with an extinction coefficient at its
absorbance maximum greater than 500 M~' cm™!, or greater
than 5,000 M~ cm™!, or greater than 50,000 M~ cm™, at
the excitation wavelength. Photosensitizers should be rela-
tively photostable and, preferably, not react efficiently with
singlet oxygen. Examples of photosensitizers, by way of
illustration and not limitation, include acetone, benzophe-
none, 9-thioxanthone, eosin, 9,10-dibromoanthracene,
methylene blue, metallo-porphyrins, such as hematoporphy-
rin, phthalocyanines, chlorophylls, rose bengal, and buck-
minsterfullerene, for example, and derivatives of these com-
pounds.

[0091] Examples of chemiluminescent compounds and
photosensitizers that may be utilized in embodiments of the
present compositions are set forth in U.S. Pat. No. 5,340,716
(Ullman, et al.), the relevant portions of which disclosure are
incorporated herein by reference.

[0092] In some embodiments the pendant moiety of the
polymerized monomer (first polymerized monomer) that
comprises an aldehyde or an aldehyde derivative is

—C(O)-A-(CH,) -G

wherein:

[0093] A is O or NR! wherein R* is H or alkyl of from
lto6,orlto5 orlto4,orlto3,orlto2 or2to
6,or2to S5 or2to4,or2to3,or3to6,0r3to05,or
3to4,or4to6,ordto5, or5to 6 carbon atoms, for
example;

[0094] nis1to 10,or1to9,orl1to8 orlto7,orl
to6,orlto5 1to4,orlto3,orlto2, or2to 10,
or2to9,or2to8,0or2to7,0or2to6,0or2to5,2to
4,0or2to3,0or3to10,or3t09,0or3to8, or3to7,
or3to6,or3to5, or3to4,or4to10,o0r4to 9, or
4to8,0or4to7,ord4to6,0ordtoS, orS5to10,or5to
9,or5to 8, orS5to7,0or5t06,0or6to10,0or6to9,
or6to8 or6to7,or7to10,0or71t09,or7to8, or
810 10, or 8 to 9, or 9 to 10, for example; and

[0095] G is CHO; CH(OR®), wherein R® is alkyl of
from 1to 6,or 1to5,orl1to4,orlto3,orlto?2,or
2to6,0or2to 5, or2to4,or2to3,0or31to06,0r3to
5,or3to4,ordto6,or4to5, or5to 6 carbon atoms,
for example; COOH or a derivative there of such as,
e.g., an ester or an amide; NR' wherein R' is H or alkyl
of from 1 to 6 carbon atoms; a member of a specific
binding pair.

[0096] In some embodiments the pendant moiety of the
polymerized monomer that comprises at least 1 carbon atom
and at least 2 heteroatoms has the formula:

[0097] (i) —COOR'® wherein R*° is H or alkyl of from
lto6,orlto5 orlto4,orlto3,orlto2 or2to
6,or2to S5 or2to4,or2to3,or3to6,0r3to05,or
3to4,or4to6,ordto5, or5to 6 carbon atoms, for
example;
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[0098] (i)
/ cmy,
—N

O

wherein: w is 2-4, or 2-3, or 3-4, or 2, or 3, or 4; or

[0099] (i) —C(O)—X—(CH,),—(Y);—(CH,),—Z
wherein:
[0100] X is O or NR? wherein R? is H or alkyl of from

lto6,orl1to5 orlto4,orlto3,orlto2 or2to
6,or2toS5,or2to4,or2to3,or3to6,0r3to5,or
3to4,or4to6,ordto5, or5to 6 carbon atoms, for
example;

[0101] Y is —(CH,0),— wherein m is 1 to 100, or 2
to 100, or 3 to 100, or 4 to 100, or 1 to 90, or 1 to 80,
or 1to 70, or 1to 60, or 1 to 50, 1 to 40, or 1 to 30, or
1t020,0or1to10,0r1to 5, orSto 100, or 5 to 90, or
5to 80, or 5 to 70, or 5 to 60, or 5to 50, 510 40, or 5
to 30, or 5 to 20, or 5 to 10, or 10 to 100, or 10 to 90,
or 10 to 80, or 10 to 70, or 10 to 60, or 10 to 50, or 10
to 40, or 10 to 30, or 10 to 20, for example; or
>N®(R?R*) wherein R? and R* are independently H or
alkyl of from 1to 6, 0or 1to 5, 0r 1 to 4, or 1 to 3, or
lto2,or2to6,0or2to5,or2to4,or2to 3, or3to
6,0or3to5,0or3to4,or4to6,or4to5, or5to 6 carbon
atoms, for example;

[0102] pisOto 10,0r0to 9,0r0to 8, or0to 7, 0r0
to6,0or0to S5, or0to4,or0to3,0r0to2,0or0to 1,
orl1tol10,orl1to9,0orlto8 orlto7,orlto6,or
lto5,1to4,or1to3,0orlto2,or2to10,0or2to9,
or2to8,or2to7,or2to6,0or2t05,2t04,0r2to
3,or3t010,0or3t09,0or3to8, 0or3to7, or3tob,
or3toS,or3to4,ord4to10,0or4t09,or4to8, or
4to7,ord4to6,ordtoS5, or5tol10,or5t09,0rS5to
8,or5to7,0or5t06,0r 6to 10, or 6to 9, or 6 to 8,
or6to7,or7to10,0or7to9,0r7to 8, or8to 10, or
810 9, or 9 to 10, for example, being at least 1 when Y
is >N¥(R? R*);

[0103] qisOor1;

[0104] risOto 10,0or0to 9,0r0to 8, or0to 7, or 0
to6,0or0to S5, or0to4,or0to3,0r0to2,0or0to 1,
orl1tol10,orl1to9,0orlto8 orlto7,orlto6,or
lto5,1to4,or1to3,0orlto2,or2to10,0or2to9,
or2to8,or2to7,or2to6,0or2t05,2t04,0r2to
3,or3t010,0or3t09,0or3to8, 0or3to7, or3tob,
or3toS,or3to4,ord4to10,0or4t09,or4to8, or
4to7,ord4to6,ordtoS5, or5tol10,or5t09,0rS5to
8,or5to7,0or5t06,0r 6to 10, or 6to 9, or 6 to 8,
or6to7,or7to10,0or7to9,0r7to 8, or8to 10, or
810 9, or 9 to 10, for example, being at least 1 when Y
is >N®(R>® R%); and

[0105] Zis SO;7;alkyl of from 110 6,0r1to 5, or 1 to
4,orlto3,orlto2,or2to6,or2to5 or2to4,or
2t03,0or3to6,0or3to5 0or3to4,or4to6,0r4dto
5, or 5 to 6 carbon atoms, for example; —(CHOH),
(CH,),CH; whereintis 1to 5,1to4,or1to3,0r 1 to
2,or2toS5,or2to4,or2to3,or3toS5, or3to4,or
4 to 5, for example, and uis 0 to 10, or 0 to 9, or O to
8,or0to7,0or0to6,0r0to 5, or0to4,or0to3,or
O0to2,or0tol,orl1to10,or1to9,orl1to8 orlto
7T,orlto6,orl1toS5 1tod,orlto3,orlto2, or2
10 10,0or2t0 9, 0or2t0 8 or2to 7, or 2 to 6, or 2 to



US 2016/0376464 Al

5,2to4,or2to3,0or3to10,0r3t0 9, or3to 8, or
3to7,or3to6,0or3to5,or3to4,or4to10,0r4to
9,0ord4to8 ordto7,or4dto6,ordto5, orStol0,
or5to9 or5to8,or5to7,0r5to6, or 6to 10, or
6to9,0or6to8,or6to7,0or71t010,0r 7109, 0or7to
8, or 8 to 10, or 8 to 9, or 9 to 10, for example.
[0106] In some embodiments the pendant moiety com-
prises about 4 carbon atoms and about 3 heteroatoms. In
some embodiments the pendant moiety comprises about 8
carbon atoms and about 7 heteroatoms. In some embodi-
ments the pendant moiety comprises about 4 carbon atoms
and about 2 heteroatoms. In some embodiments the pendant
moiety comprises 1 carbon atom and about 2 heteroatoms.
General Description of Assays in which the Present Com-
positions May be Utilized
[0107] The following discussion is by way of illustration
and not limitation. The present compositions may be
employed in any assay that employs a particle reagent. The
present compositions have particular application to assays in
which a polymer coated particle is utilized where the
uncoated particle has a hydrophobic surface. The assays can
be performed either without separation (homogeneous) or
with separation (heterogeneous) of any of the assay com-
ponents or products. Heterogeneous assays usually involve
one or more separation steps and can be competitive or
non-competitive.
[0108] Immunoassays may involve labeled or non-labeled
reagents. Immunoassays involving non-labeled reagents
usually comprise the formation of relatively large complexes
involving one or more antibodies. Such assays include, for
example, immunoprecipitin and agglutination methods and
corresponding light scattering techniques such as, e.g., neph-
elometry and turbidimetry, for the detection of antibody
complexes. Labeled immunoassays include chemilumines-
cence immunoassays, enzyme immunoassays, fluorescence
polarization immunoassays, radioimmunoassay, inhibition
assay, induced luminescence, fluorescent oxygen channeling
assay, and so forth.
[0109] One general group of immunoassays in which
embodiments of the present compositions may be employed
to determine the presence and/or amount of and analyte in a
sample includes immunoassays using a limited concentra-
tion of one of the assay reagents. Another group of immu-
noassays involves the use of an excess of one or more of the
principal reagents. Another group of immunoassays are
separation-free homogeneous assays in which the labeled
reagents modulate the label signal upon binding of the
present composition and an analyte in the sample.
[0110] In a typical competitive heterogeneous assay, an
embodiment of the present composition that comprises an
sbp member that binds to an analyte is contacted with a
medium containing the sample suspected of containing the
analyte and the analyte conjugated to a label that is reactive
with the sps member of the present composition or with a
product of the activation of the sps member. Activation of
the sps member on the present composition produces a
signal from the label if the analyte is present, which is
determined by conventional techniques and is related to the
amount of the analyte in the sample.
[0111] In a typical non-competitive sandwich assay, an
immune sandwich complex is formed in an assay medium.
The complex comprises the analyte, an sbp member (first
sbp member) of the present compositions and a second sbp
member that binds to the analyte or to the first sbp member.
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Subsequently, the immune sandwich complex is detected
and is related to the amount of analyte in the sample. The
immune sandwich complex is detected by virtue of the
presence in the complex of one or more of a label of the
present composition and a label of the second sbp member.
[0112] Some known assays utilize a signal producing
system that employs first and second sps members. The sps
members may be related in that activation of one member of
the sps produces a product such as, e.g., light, which results
in activation of another member of the sps.

[0113] In one approach in a sandwich assay, a first incu-
bation of the present composition is contacted with a
medium containing a sample suspected of containing the
analyte. After a wash and separation step, the support of the
present composition is contacted with a medium containing
a second sbp member such as, for example, an antibody for
the analyte, which contains a label such as an enzyme, for a
second incubation period. The labels are related in that
activation of one of the labels activates the other label if the
analyte is present in the medium. The support is again
washed and separated from the medium and either the
medium or the support is examined for the presence of a
signal. The presence and amount of signal is related to the
presence or amount of the analyte.

[0114] In a variation of the above sandwich assay, the
sample suspected of containing the analyte in a suitable
medium is contacted with labeled antibody for the analyte
and incubated for a period of time. Then, the medium is
contacted with the present composition, which comprises a
label that is related to the label of the labeled antibody as
discussed above. After an incubation period, the support is
separated from the medium and washed to remove unbound
reagents. The support or the medium is examined for the
presence of a signal, which is related to the presence or
amount of analyte. In another variation of the above, the
sample, the present composition and the labeled antibody
are combined in a medium and incubated in a single incu-
bation step. Separation, wash steps and examination for
signal are as described above.

[0115] In some embodiments of known assays, the sps
members comprise a sensitizer such as, for example, a
photosensitizer, and a chemiluminescent composition where
activation of the sensitizer results in a product that activates
the chemiluminescent composition. The second sps member
usually generates a detectable signal that relates to the
amount of bound and/or unbound sps member, i.e. the
amount of sps member bound or not bound to the analyte
being detected or to an agent that reflects the amount of the
analyte to be detected. In accordance with embodiments of
the present invention, the present composition may comprise
one of either the sensitizer reagent or the chemiluminescent
reagent.

[0116] In an embodiment of such an assay, an induced
luminescence immunoassay may be employed where the
assay utilizes a composition in accordance with the present
embodiments, which includes a sensitizer or a chemilumi-
nescent compound as the sps member of the composition.
The induced luminescence immunoassay is referred to in
U.S. Pat. No. 5,340,716 (Ullman), which disclosure is
incorporated herein by reference. In one approach in accor-
dance with the present embodiments, the assay uses a
particle coated with a copolymer in accordance with the
present embodiments and having associated therewith a
photosensitizer and a first shp member. The chemilumines-
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cent reagent comprises a second sbp member. The sbp
members bind to the analyte to form a complex, or the first
sbp member binds to the second sbp member to form a
complex, in relation to the presence of the analyte in the
medium. If the analyte is present, the photosensitizer and the
chemiluminescent compound come into close proximity by
virtue of the binding based on the presence of the analyte.
The photosensitizer generates singlet oxygen and activates
the chemiluminescent reagent when the two labels are in
close proximity. The activated chemiluminescent reagent
subsequently produces light. The amount of light produced
is related to the amount of the complex formed, which in
turn is related to the amount of analyte present.

[0117] In some embodiments of the induced luminescence
assay, a photosensitizer particle is employed that is conju-
gated to avidin or streptavidin. A biotinylated sbp member
that binds to the analyte is also employed. An embodiment
of the present compositions is employed where the sps
member is a chemiluminescent reagent and the sbp member
binds to the analyte is employed as part of the detection
system. The reaction medium is incubated to allow the
photosensitizer particles to bind to the biotinylated sbp
member by virtue of the binding between avidin and biotin
and to also allow the binding partner for the analyte that is
part of the present composition to bind to the analyte. Then,
the medium is irradiated with light to excite the photosen-
sitizer, which is capable in its excited state of activating
oxygen to a singlet state. Because the chemiluminescent
reagent is now in close proximity to the photosensitizer by
virtue of the presence of the analyte, it is activated by the
singlet oxygen and emits luminescence. The medium is then
examined for the presence and/or the amount of lumines-
cence or light emitted, the presence thereof being related to
the presence and/or amount of the analyte.

[0118] The concentration of the analyte that may be
assayed generally varies from about 107> to about 107'7 M,
or from about 107 to about 10~** M. Considerations, such
as whether the assay is qualitative, semi-quantitative or
quantitative (relative to the amount of the analyte present in
the sample), the particular detection technique and the
expected concentration of the analyte normally determine
the concentrations of the various reagents.

[0119] The concentrations of the various reagents in the
assay medium will generally be determined by the concen-
tration range of interest of the analyte, the nature of the
assay, and the like. However, the final concentration of each
of the reagents is normally determined empirically to opti-
mize the sensitivity of the assay over the range. That is, a
variation in concentration of analyte that is of significance
should provide an accurately measurable signal difference.
Considerations such as the nature of the signal producing
system and the nature of the analytes, for example, deter-
mine the concentrations of the various reagents.

[0120] As mentioned above, the sample and reagents are
provided in combination in the medium. While the order of
addition to the medium may be varied, there will be certain
preferences for some embodiments of the assay formats
described herein. The simplest order of addition, of course,
is to add all the materials simultaneously and determine the
effect that the assay medium has on the signal as in a
homogeneous assay. Alternatively, each of the reagents, or
groups of reagents, can be combined sequentially. In some
embodiments, an incubation step may be involved subse-
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quent to each addition as discussed above. In heterogeneous
assays, washing steps may also be employed after one or
more incubation steps.

Assay Methods Utilizing Embodiments of the Present
Compositions

[0121] As mentioned above, an embodiment of the present
invention is a method of determining one or more of the
presence and amount of an analyte in a sample. The analyte
is a substance of interest or the compound or composition to
be detected and/or quantitated. Analytes include, for
example, drugs, metabolites, pesticides and pollutants. Rep-
resentative analytes, by way of illustration and not limita-
tion, include alkaloids, steroids, lactams, aminoalkylben-
zenes, benzheterocyclics, purines, drugs derived from
marijuana, hormones, polypeptides which includes proteins,
immunosuppressants, vitamins, prostaglandins, tricyclic
antidepressants, anti-neoplastics, nucleosides and nucleo-
tides including polynucleosides and polynucleotides, mis-
cellaneous individual drugs which include methadone, mep-
robamate, serotonin, meperidine, lidocaine, procainamide,
acetylprocainamide, propranolol, griseofulvin, valproic
acid, butyrophenones, antihistamines, chloramphenicol,
anticholinergic drugs, and metabolites and derivatives of all
ofthe above. Also included are metabolites related to disease
states, aminoglycosides, such as gentamicin, kanamicin,
tobramycin, and amikacin, and pesticides such as, for
example, polyhalogenated biphenyls, phosphate esters, thio-
phosphates, carbamates and polyhalogenated sulfenamides
and their metabolites and derivatives. The term analyte also
includes combinations of two or more of polypeptides and
proteins, polysaccharides and nucleic acids. Such combina-
tions include, for example, components of bacteria, viruses,
chromosomes, genes, mitochondria, nuclei and cell mem-
branes. Protein analytes include, for example, immuno-
globulins, cytokines, enzymes, hormones, cancer antigens,
nutritional markers and tissue specific antigens. Such pro-
teins include, by way of illustration and not limitation,
protamines, histones, albumins, globulins, scleroproteins,
phosphoproteins, mucoproteins, chromoproteins, lipopro-
teins, nucleoproteins, glycoproteins, T-cell receptors, pro-
teoglycans, HLLA, unclassified proteins, e.g., somatotropin,
prolactin, insulin, pepsin, proteins found in human plasma,
blood clotting factors, protein hormones such as, e.g., fol-
licle-stimulating hormone, luteinizing hormone, luteotropin,
prolactin, chorionic gonadotropin, tissue hormones, cytok-
ines, cancer antigens such as, e.g., PSA, CEA, a-fetoprotein,
acid phosphatase, CA19.9, CA15.3 and CA125, tissue spe-
cific antigens, such as, e.g., alkaline phosphatase, myo-
globin, CPK-MB and calcitonin, and peptide hormones.
Other polymeric materials of interest are mucopolysaccha-
rides and polysaccharides. As indicated above, the term
analyte further includes oligonucleotide and polynucleotide
analytes such as m-RNA, r-RNA, t-RNA, DNA and DNA-
RNA duplexes, for example.

[0122] The sample to be tested may be non-biological or
biological. “Non-biological samples” are those that do not
relate to a biological material and include, for example, soil
samples, water samples and mineral samples. The phrase
“biological sample” refers to any biological material such as,
for example, body fluid, tissue and the like, which is
obtained from the body of a mammal. Body fluids include,
for example, whole-blood, plasma, serum, interstitial fluid,
sweat, saliva, urine, semen, blister fluid, inflammatory exu-
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dates, stool, sputum, cerebral spinal fluid, tears, mucus,
lymphatic fluid, vaginal mucus, and the like. The biological
tissue includes excised tissue from an organ or other body
part of a host, e.g., tissue biopsies; hair and skin; and so
forth.

[0123] The method comprises providing in combination in
a medium the sample, which may or may not be pretreated,
and an embodiment of the present composition, which
comprises an sbp member associated with the support. The
sbp member binds to the analyte or to a second shp member
to form a complex related to the presence of the analyte. An
sbp member is one of two different molecules, having an
area on the surface or in a cavity, which specifically binds to
and is thereby defined as complementary with a particular
spatial and polar organization of the other molecule. The sbp
members will usually be members of an immunological pair
such as antigen-antibody, although other specific binding
pairs such as biotin-avidin, hormones-hormone receptors,
enzyme-substrate, nucleic acid duplexes, IgG-protein A,
polynucleotide pairs such as DNA-DNA, DNA-RNA, for
example, are not immunological pairs but are included
within the scope of the phrase sbp member. In some embodi-
ments, depending on the nature of the assay to be conducted
as explained more fully below, other reagents are included
in the medium such as, for example, other sbp members and
other sps members.

[0124] The sample can be prepared in any convenient
medium. For example, the sample may be prepared in an
assay medium, which is discussed more fully hereinbelow.
In some instances a pretreatment may be applied to the
sample such as, for example, to lyse blood cells. Such
pretreatment is usually performed in a medium that does not
interfere subsequently with an assay. An aqueous medium is
preferred for the pretreatment.

[0125] The sbp member is associated with the support of
the composition. In some embodiments the sbp member is
covalently linked to the copolymer coated on the solid
support. In some embodiments the copolymer is covalently
linked to the aldehyde bearing site of the copolymer coating
the solid support.

[0126] An assay medium, which in some embodiments is
an aqueous buffered medium at a moderate pH, is generally
one that which provides optimum assay sensitivity. The
aqueous medium may be solely water or may include from
0.1 to about 40 volume percent of a cosolvent such as, for
example, a water miscible organic solvent, e.g., an alcohol,
an ether or an amide. The pH for the medium will usually be
in the range of about 4 to about 11, or in the range of about
5 to about 10, or in the range of about 6.5 to about 9.5, for
example. The pH utilized is often the result of a compromise
between optimum binding of the binding members of any
specific binding pairs and the pH optimum for other reagents
of the assay such as members of the signal producing
system, for example. Various buffers may be used to achieve
the desired pH and maintain the pH during the determina-
tion. [llustrative buffers include borate, phosphate, carbon-
ate, tris, barbital, PIPES, HEPES, MES, ACES, MOPS,
BICINE, and the like. The particular buffer employed is not
critical, but in an individual assay one or another buffer may
be preferred.

[0127] Various ancillary materials may be employed in the
assay methods. For example, in addition to buffers the
medium may comprise stabilizers for the medium and for
the reagents employed. In some embodiments, in addition to
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these additives, the medium may include proteins such as,
e.g., albumins; organic solvents such as, e.g., formamide;
quaternary ammonium salts; polyanions such as, e.g., dex-
tran sulfate; binding enhancers, e.g., polyalkylene glycols;
polysaccharides such as, e.g., dextran, trehalose, or the like.
The medium may also comprise agents for preventing the
formation of blood clots. Such agents are well known in the
art and include, for example, EDTA, EGTA, citrate and
heparin. The medium may also comprise one or more
preservatives as are known in the art such as, for example,
sodium azide, neomycin sulfate, PROCLIN® 300 and Strep-
tomycin. Any of the above materials, if employed, is present
in a concentration or amount sufficient to achieve the desired
effect or function.

[0128] As mentioned above, depending on the nature of
the assay employed, the medium may further comprise one
or more components such as, for example, a small molecule,
an additional particle, an additional sps members and addi-
tional binding agents such as one or more sbp members (e.g.,
antibodies), which are different from those that are part of
the present composition. Furthermore, again depending on
the nature of the assay employed, other reagents may also be
included in the initial combination or added subsequently.

[0129] The combination is subjected to conditions for
binding of the analyte to the composition to form a complex.
Such conditions may include one or more incubation periods
that may be applied to the medium at one or more intervals
including any intervals between additions of various
reagents employed in an assay including those mentioned
above, some or all of which may be in the initial combina-
tion. The medium is usually incubated at a temperature and
for a time sufficient for binding of various components of the
reagents and binding between complementary sbp members
such as, for example, an analyte and a complementary sbp
member or first and second sbp members to occur. Moderate
temperatures are normally employed for carrying out the
method and usually constant temperature, preferably, room
temperature, during the period of the measurement. In some
embodiments incubation temperatures range from about 5°
to about 99° C., or from about 15° C. to about 70° C., or
from about 20° C. to about 45° C., for example. The time
period for the incubation is about 0.2 seconds to about 24
hours, or about 1 second to about 6 hours, or about 2 seconds
to about 1 hour, or about 1 to about 15 minutes, for example.
The time period depends on the temperature of the medium
and the rate of binding of the various reagents, which is
determined by one or more of the association rate constant,
the concentration, the binding constant and dissociation rate
constant, for example.

[0130] Following the above incubation periods, if any, the
sps member is activated and the amount of the complex
formed between the analyte and an sbp member or between
an sbp member and an sbp member that is indicative of the
analyte is detected. The amount of the complex is related to
one or both of the presence and amount of analyte in the
sample. The detection of the complex is dependent on the
nature of the assay being performed, the nature of the sps
members, and the nature of the shp members, for example.
[0131] In an embodiment, the present invention is a
method of determining in a sample one or more of the
presence and amount of an analyte. A combination is pro-
vided in a medium. The combination comprises the sample
and a composition comprising a particle comprising a mem-
ber of a signal producing system, a member of the specific
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binding pair that binds to the analyte or to a second sbp
member to form a complex related to the presence of the
analyte and a coating of a copolymer. The copolymer has the
formula:

wherein: D is
[0132] (i) —COOR!'® wherein R*° is H or alkyl of from
lto6,orlto5 orlto4,orlto3,orlto2 or2to
6,or2to S5 or2to4,or2to3,or3to6,0r3to05,or
3to4,or4to6,ordto5, or5to 6 carbon atoms, for

example;

[0133] (i1)

/ (CH
—N

¢}

wherein: w is as defined above; or

[0134] (i) —C(O)—X—(CH,),—(Y),—(CH,),—Z
wherein:
[0135] A, R%n,G,R%,X,R* Y, m R R*p,qrZ,

t and u are as defined above;

[0136] R’ R® and R” are independently H or alkyl of
from 1to 6,or 1to5,orl1to4,orlto3,orlto?2,or
2to6,0or2to 5, or2to4,or2to3,0or31to06,0r3to
5,or3to4,ordto6,or4to5, or5to 6 carbon atoms,
for example; and

[0137] x and y are independently 1 to about 1000, or 1
to about 800, or 1 to about 600, or 1 to about 400, or
1 to about 200, or 1 to about 100, or about 5 to about
1000, or about 5 to about 800, or about 5 to about 600,
or about 5 to about 400, or about 5 to about 200, or
about 5 to about 100, or about 10 to about 1000, or
about 10 to about 800, or about 10 to about 600, or
about 10 to about 400, or about 10 to about 200, or
about 10 to about 100, or about 50 to about 1000, or
about 50 to about 800, or about 50 to about 600, or
about 50 to about 400, or about 50 to about 200, or
about 50 to about 100, or about 100 to about 1000, or
about 100 to about 800, or about 100 to about 600, or
about 100 to about 400, or about 100 to about 200, for
example.

[0138] The combination is subjected to conditions for
binding of the member of the specific binding pair to the
analyte or to the second specific binding pair member to
form a complex. The member of the signal producing system
is activated and the amount of the complex is detected. The
amount of the complex is related to one or more of the
presence and amount of analyte in the sample.
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[0139] In some embodiments of the above method, the
member of the signal producing system of the present
compositions is a photosensitizer and the combination fur-
ther comprises a chemiluminescent reagent that comprises a
particle having a chemiluminescent compound associated
therewith and having a coating of a copolymer of the
formula:

R7
R? R
X ¥
D T=O
1
(CHy),
|
G

wherein: D is
[0140] (i) —COOR'® wherein R'° is as defined above;

/ ciy,
—N

wherein: w is as defined above; or

[0141] (i) —C(O)—X—(CH,),—(Y),—(CH,),—Z
wherein:
[0142] A,RYn, G,R% X,R%Y,m, R> R* p,q,1t,u,
R>, RS R’, x and y are as defined above;
and
[0143] Z'is SO,7; or alkyl of from 1 to 6,0r 1to 5, or

ltod,orlto3,orlto2,or2to6,0or2to 5, or2to
4,or2to3,or3to6,0or3to5 or3tod,ordto6,or
4 to 5, or 5 to 6 carbon atoms, for example.

[0144] In some embodiments of the above method, the
member of the signal producing system of the present
compositions is a chemiluminescent compound and the
combination further comprises a photosensitizer reagent that
comprises a particle having a photosensitizer associated
therewith and having a coating of a copolymer of the
formula:

RrR7
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wherein: D is
[0145] (1) —COOR®® wherein R'° is as defined above;
[0146] (i)

/iy,
—N

wherein: w is as defined above; or

[0147] (i) —C(O)—X—(CH,),—(Y),—(CH,),—Z
wherein:
[0148] A,R' n, G,R% X,R? Y, m, R* R, P, 95t 0,
R’ R® R’, x and y are as defined above;
and
[0149] Z'is SO;7; or alkyl of from 1 to 6, 0r 1 to 5, or

ltod,orlto3,orlto2,or2to6,0or2to5, or2to
4,0or2t03,0or3to6,0r3t05 or3tod,ordtob,or
4 to 5, or 5 to 6 carbon atoms, for example.

Examination Step

[0150] In a next step of an assay method, the medium is
examined for the presence of a complex comprising the
analyte. One or both of the presence and amount of the
complex indicates one or both of the presence and amount
of the analyte in the sample.

[0151] The phrase “measuring the amount of analyte”
refers to the quantitative, semiquantitative and qualitative
determination of the analyte. Methods that are quantitative,
semiquantitative and qualitative, as well as all other methods
for determining the analyte, are considered to be methods of
measuring the amount of the analyte. For example, a
method, which merely detects the presence or absence of the
analyte in a sample suspected of containing the analyte, is
considered to be included within the scope of assays in
which the present compositions may be utilized. The terms
“detecting” and “determining,” as well as other common
synonyms for measuring, are contemplated within the scope
of assay methods.

[0152] In many embodiments the examination of the
medium involves detection of a signal from the medium.
One or both of the presence and amount of the signal is
related to one or both of the presence and amount of the
analyte in the sample. The particular mode of detection
depends on the nature of the signal producing system. As
discussed above, there are numerous methods by which a
label of a signal producing system can produce a signal
detectable by external means. Activation of a signal produc-
ing system depends on the nature of the signal producing
system members.

[0153] Temperatures during measurements generally
range from about 10° to about 70° C., or from about 20° to
about 45° C., or about 20° to about 25° C., for example. In
one approach standard curves are formed using known
concentrations of the analyte. Calibrators and other controls
may also be used.

[0154] Luminescence or light produced from any label can
be measured visually, photographically, actinometrically,
spectrophotometrically or by any other convenient means to
determine the amount thereof, which is related to the amount
of analyte in the medium. The examination for one or both
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of the presence and amount of the signal also includes the
detection of the signal, which is generally merely a step in
which the signal is read. The signal is normally read using
an instrument, the nature of which depends on the nature of
the signal. The instrument may be a spectrophotometer,
fluorometer, absorption spectrometer, luminometer, or
chemiluminometer, for example.

Kits Comprising Reagents for Conducting Assays

[0155] Embodiments of the present compositions and
other reagents for conducting a particular assay for an
analyte may be present in a kit useful for conveniently
performing an assay for the determination of an analyte. In
some embodiments a kit comprises in packaged combination
a composition in accordance with the present embodiments
wherein the sbp member is an antibody for an analyte and
the sps member is a photosensitizer or a chemiluminescent
compound. In some embodiments, depending on the sps
member of the present compositions, the kit also includes a
photosensitizer or a chemiluminescent compound associated
with an sbp member for the analyte. The kit may further
include other reagents for performing the assay, the nature of
which depend upon the particular assay format.

[0156] The reagents may each be in separate containers or
various reagents can be combined in one or more containers
depending on the cross-reactivity and stability of the
reagents. The kit can further include other separately pack-
aged reagents for conducting an assay such as additional sbp
members, sps members and ancillary reagents, for example.
[0157] The relative amounts of the various reagents in the
kits can be varied widely to provide for concentrations of the
reagents that substantially optimize the reactions that need to
occur during the present methods and further to optimize
substantially the sensitivity of an assay. Under appropriate
circumstances one or more of the reagents in the kit can be
provided as a dry powder, usually lyophilized, including
excipients, which on dissolution will provide for a reagent
solution having the appropriate concentrations for perform-
ing a method or assay utilizing embodiments of the present
compositions. The kit can further include a written descrip-
tion of a method as described above.

Embodiments of Copolymers

[0158] The following embodiments of copolymers are by
way of illustration and not limitation.

[0159] In some embodiments a copolymer has the for-
mula:

|
(THz)n
&
wherein:
[0160] Ais O or NR* wherein R* is H or alkyl of from

lto6,orl1to5 orlto4,orlto3,orlto2 or2to
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6,or2to S5 or2to4,or2to3,or3to6,0r3to05,or
3to4,or4to6,ordto5, or5to 6 carbon atoms, for
example;

[0161] nis1to 10,or1to9,orl1to8 orlto7,orl
to6,orlto5 1to4,orlto3,orlto2, or2to 10,
or2to9,or2to8,0or2to7,0or2to6,0or2to5,2to
4,0or2to3,0or3to10,or3t09,0or3to8, or3to7,
or3to6,or3to5, or3to4,or4to10,o0r4to 9, or
4to8,0or4to7,ord4to6,0ordtoS, orS5to10,or5to
9,or5to 8, orS5to7,0or5t06,0or6to10,0or6to9,
or6to8 or6to7,or7to10,0or71t09,or7to8, or
810 10, or 8 to 9, or 9 to 10, for example;

and
[0162] G'is CHO; CH(OR®), wherein R® is alkyl of
from 1to 6,or 1to5,orl1to4,orlto3,orlto?2,or
2to6,0or2to 5, or2to4,or2to3,0or31to06,0r3to
5,or3to4,ordto6,or4to5, or5to 6 carbon atoms,
for example; a member of a specific binding pair;
[0163] D'is
[0164] (i) —COOR'® wherein R*° is H or alkyl of
from 1to 6,0or1to5,orlto4,orlto3,orlto2,
or2to6,or2toS5,or2to4,or2to3,0or3to6,or
3to5,0or3to4,ordto6,ordto5,or5to6carbon
atoms, for example;

[0165] (ii)

/ (CH
—N

wherein: w is 2-4, or 2-3, or 3-4, or 2, or 3, or 4; or

[0166] (iii) —C(O)—X—(CH,),—(Y),—(CH,),—Z'
wherein:
[0167] X is O or NR? wherein R? is H or alkyl of from

lto6,orlto5 orlto4,orlto3,orlto2 or2to
6,or2to S5 or2to4,or2to3,or3to6,0r3to05,or
3to4,or4to6,ordto5, or5to 6 carbon atoms, for
example;

[0168] Y is —(CH,0),— wherein m is 1 to 100, or 2
to 100, or 3 to 100, or 4 to 100, or 1 to 90, or 1 to 80,
or1to 70, or 1to 60, or 1 to 50, 1 to 40, or 1 to 30, or
1t020,0r1to10,0r1to 5, or5Sto 100, or 5 to 90, or
5 to 80, or 5 to 70, or 5 to 60, or 5to 50, 510 40, or 5
to 30, or 5 to 20, or 5 to 10, or 10 to 100, or 10 to 90,
or 10 to 80, or 10 to 70, or 10 to 60, or 10 to 50, or 10
to 40, or 10 to 30, or 10 to 20, for example; or
>N®(R?R*) wherein R? and R* are independently H or
alkyl of from 1to 6, or 1 to 5, or 1 to 4, or 1 to 3, or
lto2,or2to6,0or2toS5, or2to4,or2to3,or3to
6,0or3to5,0or3to4,0or4to 6,0or4to 5, or5to6carbon
atoms, for example;

[0169] pisOto 10,0r0to 9,0r0to 8, or0to7,0r0
to6,0or0to S5, or0to4,or0to3,0r0to2,0or0to 1,
orltol10,orl1to9,orlto8 orlto7,orlto6,or
lto5,1to4,orlto3,0rlto2, or2to10,0r2to9,
or2to8,or2to7,or2to6,0or2t05,2t04,0r2to
3,or3t010,0or3t09,0or3to8, 0or3to7, or3tob,
or3to5 or3to4,or4dto10,0or4t09,or4to8, or
4to7,or4to6,ordtoS5, or5t010,0or51t0 9, 0r5to
8,or5to7,0or5to6,0r 610 10, or 6 to 9, or 6 to 8,
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or6to7,or7to10,0or7to9,0r7to 8, or8to 10, or

810 9, or 9 to 10, for example, being at least 1 when Y

is >NP(R® R¥);

[0170] qisOor1;

[0171] risOto 10,0or0to 9,0r0to 8, or0to 7, or 0
to6,0or0to S5, or0to4,or0to3,0r0to2,0or0to 1,
orl1tol10,orl1to9,0orlto8 orlto7,orlto6,or
lto5,1to4,or1to3,0orlto2,or2to10,0or2to9,
or2to8,or2to7,or2to6,0or2t05,2t04,0r2to
3,or3t010,0or3t09,0or3to8, 0or3to7, or3tob,
or3toS,or3to4,ord4to10,0or4t09,or4to8, or
4to7,ord4to6,ordtoS5, or5tol10,or5t09,0rS5to
8,or5to7,0or5t06,0r 6to 10, or 6to 9, or 6 to 8,
or6to7,or7to10,0or7to9,0r7to 8, or8to 10, or
810 9, or 9 to 10, for example, being at least 1 when Y
is >N®(R>® R%); and

[0172] Z'is SO,7; alkyl of from 1 to 6, or 1 to 5, or 1
tod,orlto3,orlto2,or2to6,0or2to5, or2to4,
or2to3,or3to6,or3to5 or3to4,ordto6,or4
to 5, or 5 to 6 carbon atoms, for example;

[0173] R>, R® and R7 are independently H or alkyl of
from 1to 6,or1to5,orltod4,orlto3,orlto?2,or
2to6,0or2to 5, or2to4,or2to3,0or31t06,0r3to
5,o0r3to4,or4to6,or4to 5, or5to 6 carbon atoms,
for example; and

[0174] x and y are independently 1 to about 1000, or 1
to about 800, or 1 to about 600, or 1 to about 400, or
1 to about 200, or 1 to about 100, or about 5 to about
1000, or about 5 to about 800, or about 5 to about 600,
or about 5 to about 400, or about 5 to about 200, or
about 5 to about 100, or about 10 to about 1000, or
about 10 to about 800, or about 10 to about 600, or
about 10 to about 400, or about 10 to about 200, or
about 10 to about 100, or about 50 to about 1000, or
about 50 to about 800, or about 50 to about 600, or
about 50 to about 400, or about 50 to about 200, or
about 50 to about 100, or about 100 to about 1000, or
about 100 to about 800, or about 100 to about 600, or
about 100 to about 400, or about 100 to about 200, for
example.

[0175] In some embodiments of the above copolymer:
[0176] A is NR' wherein R' is as defined above;
[0177] n, G, R® R> R® R’, x and y are as defined

above;

[0178] D' is —C(O)y—X—CH,),—(Y),—~(CH,),—Z
wherein:

[0179] X is O;

[0180] Y is >NP(R3R*) wherein R* and R* are as
defined above;

[0181] pis1to10,0or1to9,0orl1to8,0orlto7,or
lto6,orl1to5, 1to4,orlto3,0orlto2, or2to
10,0or2to 9,0or2to 8, 0or2to7,0or2to 6, or 2 to
5,2to4,0or2to3,0or31t010,0or3t09, or3to8,
or3to7,or3to6,0or3to5, or3to4,ordto 10,
or4to9,or4to8 ord4to7,ordto6,0ordto5,or
5t010,0or5t09,0or5t0 8, or5to7,or5to6, or
6to10,0or6t0 9,0or6to 8, 0or6to7,or7to 10, or
7t09,0r7to8 or8to 10, 0or 8 to 9, or 9 to 10, for
example;

[0182] qis 1;

[0183] ris1to10,0r1to 9,0r1to8,orlto7, or
lto6,orl1to5, 1to4,orlto3,0orlto2, or2to
10,0or2to 9,0or2to 8, 0or2to7,0or2to 6, or 2 to
5,2to4,0or2to3,0or31t010,0or3t09, or3to8,
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or3to7,or3to6,0or3to5,or3to4,ordto 10,
or4to9,ord4to8 ord4to7,ordto6,0ordto5,or
5t010,0or5t0 9,0or5t0 8,0or5t0 7, 0r5to 6, or
6to10,0or6t0 9, 0r6to 8, 0or6to7,or7to 10, or
7t09,0r7to 8, or8to 10, 0r8to 9, or 9 to 10, for
example; and

[0184] Z'is SO;—.

[0185] In some embodiments of the above copolymer:
[0186] A is NH;

[0187] nis 1;

[0188] G is CHO; CH(OR®), wherein R® is methyl; a
member of a specific binding pair;

[0189] D' is —C(O)—X—(CH,),—(Y),—(CH,),—Z'
wherein:

[0190] X is O;

[0191] Y is >NP(R?R*) wherein R* and R* are both
methyl;

[0192] pis 2;

[0193] qis 1;

[0194] ris 3;

[0195] Z'is SO;™;

[0196] R’ and R® are independently H or methyl and R”
is H; and

[0197] x and y are as defined above.

[0198] In some embodiments of the above copolymer:
[0199] A is NR' wherein R" is as defined above;
[0200] n, G, R® R® RS R’, x and y are as defined

above;

[0201] D'is —C(O)—X—(CH,),—(Y),~—(CH,),—Z'
wherein:
[0202]
[0203]

above;
[0204]
[0205]

X is O;
Y is —(CH,0),,— wherein m is as defined

p is O;
qis1;
[0206] ris O; and
[0207] Z'is methyl.
[0208] In some embodiments of the above copolymer:
[0209] A is NH;
[0210] nis 1;
[0211] G is CHO; CH(OR®), wherein R® is methyl; a
member of a specific binding pair;

[0212] D' is —CO)—X—(CH,),(Y),—(CH,),—Z
wherein:
[0213] X is O;
[0214] Y is —(CH,0),,— wherein m is as defined

above;

[0215] pis O;
[0216] qis 1;
[0217] ris O
[0218] Z'is methyl;

[0219] R’ and R® are independently H or methyl and R”
is H; and

[0220] x and y are as defined above.

[0221] In some embodiments of the above copolymer:

[0222] A is NR' wherein R' is H or alkyl of from 1 to
6 carbon atoms;

[0223] nis 1to 10;

[0224] G'is CHO; CH(OR®), wherein R® is alkyl of
from 1 to 6 carbon atoms; or a member of a specific
binding pair;
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[0225] D'is —COON;
[0226] R’, R® and R” are independently H or alkyl of
from 1 to 6 carbon atoms; and

[0227] x and y are independently 1 to 1000.
[0228] In some embodiments of the above copolymer:
[0229] A is NH;
[0230] nis 1;
[0231] G'is CHO; CH(OR®), wherein R® is methyl; or

a member of a specific binding pair;
[0232] D'is

/ CH.
—N

(6]
[0233] wherein: w is 3;
[0234] R’ and R® are independently H or methyl and R”
is H; and
[0235] x and y are independently 1 to 1000.

DEFINITIONS

[0236] The following definitions are provided for terms
and phrases not otherwise specifically defined above.
[0237] The phrase “at least” as used herein means that the
number of specified items may be equal to or greater than the
number recited.

[0238] The phrase “about” as used herein means that the
number recited may differ by plus or minus 10%; for
example, “about 5” means a range of 4.5 to 5.5.

[0239] The designations “first” and “second” are used
solely for the purpose of differentiating between two items
such as, for example, “first sps member” and “second sps
member,” or “first polymerized monomer” and “second
polymerized monomer” and are not meant to imply any
sequence or order or importance to one item over another or
any order of addition, for example.

[0240] The following examples further describe specific
embodiments of the invention by way of illustration and not
limitation and are intended to describe and not to limit the
scope of the invention. Parts and percentages disclosed
herein are by volume unless otherwise indicated.

EXAMPLES

Materials

[0241] Unless indicated otherwise, reagents were pur-
chased from Sigma-Aldrich (Milwaukee, Wis.) and used as
received unless indicated otherwise.

[0242] Abbreviations:
[0243] cTnl cardiac troponin I
[0244] cTnl flex FLEX® cartridge of commercial ¢Tnl

assay from Siemens

[0245] BSA bovine serum albumin

[0246] LOCI luminescent oxygen channeling immuno-
assay

[0247] HEPES hydroxyethyl piperazine-ethanesulfonic
acid

[0248] Wash buffer 50 mM HEPES, pH 8.0

[0249] BSA wash buffer 50 mM HEPES-1.0 mg/ml.

BSA, pH 8.0

[0250] HPMA N-2-hydroxypropylmethacrylamide
[0251] DMSO dimethylsulfoxide
[0252] AIBN azobis(isobutyronitrile)
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[0253] PEG poly(ethylene glycol)
[0254] NaCNBH; sodium cyanoborohydride
[0255] MAMDMA methacrylamidoacetaldehyde dim-

ethyl acetal

[0256] THEF tetrahydrofuran

[0257] HCI hydrochloric acid

[0258] NaOH sodium hydroxide

[0259] TAPS N-tris-(hydroxymethyl)methyl-3-amino-

propylsulfinic acid

[0260] TAPS buffer TAPS sodium salt buffer, 50 mM,
pH 9.0

[0261] MES 2-(N-morpholino)ethanesulfonic acid

[0262] MES bufter 50 mM MES buffer, pH 5.0

[0263] STUT N,N,N'N'-tetramethyl-O—(N-succinim-

idyl)-uronium tetrafluoroborate

[0264] DMEF dimethyl formamide

[0265] DMAP 4-N,N-dimethylamino-pyridine

[0266] MA.Actl methacrylamidoacetaldehyde

[0267] NHA 4.4,5,5,6,6,6-heptafiuoro-1-(naphthalene-

2-yDhexane-1,3-dione

[0268] DPP 4, 7-diphenyl-1,10-phenathroline

[0269] C-28 thioxene C-28 thioxene, substituted N-phe-
nyl oxazine and thioxene attached to 9,10-bis(phenyl-
ethynyl) anthracene (BPEA) prepared as described in
U.S. Pat. No. 6,406,667, the relevant disclosure of
which is incorporated herein by reference

[0270] hrs hours

[0271] min minutes

[0272] DI deionized

[0273] w/w weight to weight

[0274] rpm rounds per minute

[0275] mL milliliters

[0276] mg milligrams

[0277] g grams

[0278] mM millimolar

[0279] Sensibead latex particle comprising a photosen-

sitizer dye (bis-(trihexyl)-silicon-t-butyl-phthalocya-
nine) prepared using a method analogous to that
described in U.S. Pat. Nos. 6,153,442, 7,022,529,
7,229,842 and U.S. Patent Application Publication No.
20050118727A, the relevant disclosures of which are
incorporated herein by reference

[0280] Chemibead latex particle comprising a chemilu-
minescent compound (mixture of europium NHA DPP
and C-28 thioxene) prepared in a manner such as
described in U.S. Pat. No. 5,811,311, the relevant
disclosure of which is incorporated herein by reference.

Preparation of Reagents

[0281] Synthesis of MAMDMA (FIG. 1):

[0282] Methacrylic acid (9.0 g, 0.1 mole) and N-hydroxy-
sucinimide (11.5 g, 0.1 mole) were placed in a round bottom
flask and dissolved in 300 mL of THF. The solution was
cooled in an ice bath. Dicyclohexyl carbodiimide (21.0 g,
0.1 mole) dissolved in 50 mI. THF was added. The reaction
mixture was stirred for 2 hrs in an ice bath. Aminoacetal-
dehyde dimethyl acetal (15.0 g, 0.1 mole) and triethylamine
(15.0 g, 0.15 mole) were added. The reaction mixture
solidified to a cake and became difficult to stir due to this
addition. An additional 300 mL. THF was added. The reac-
tion mixture was warmed up to room temperature and stirred
for 3 days. Reaction mixture was filtered to remove precipi-
tated solids. The clear solution was concentrated under
reduced pressure. MAMDMA was obtained as a viscous

Dec. 29, 2016

liquid. Yield: 20.0 g, 90%. "H NMR (CDCl,): 5.4 8 1H, 5.6
d 1H (double bond protons), 3.5 6 6H (acetal protons) 3.1
1H (—CH—(OCH,),), 2.5 8 2H (—CH,—CH—), 23 § 1H
(—NH—), 1.8 8 3H (—=C—CH,).

[0283] Procedure for Polymerization of MAMDMA with
a Variety of Hydrophilic Monomers (FIG. 2):

[0284] In a round bottom flask equipped with Argon gas
inlet and outlet, MAMDMA (0.01M), hydrophilic monomer
(0.01 mole) and AIBN (0.0001 mole, [Monomer]/[AIBN]
=200) were dissolved in 30 m[L DMSO. Argon gas was
purged through the DMSO solution at room temperature for
30 min. The flask containing monomer solution was
immersed in oil bath pre-heated to 80° C. Polymerization
was conducted at 80° C. for 16 hrs under Argon purging.
DMSO solution was poured into 700 mL diethyl ether to
precipitate the polymer. The polymer was dissolved in 100
ml, water and concentrated to 10-15 mlL using an ultrafil-
tration membrane of molecular weight cut off 5,000 daltons.

[0285] Procedure for Hydrolysis of Acetal Groups to
Obtain Aldehyde Containing Synthetic Copolymers:

[0286] An aqueous solution (100 mL) containing 2-3 g
copolymer synthesized as above was taken in an Erlenmeyer
flask. To this, 100 mL 1IN HCl was added. The acidic
solution was stirred for 2 days at room temperature; pH of
the solution was adjusted to 5.0 with the addition of con-
centrated NaOH. Presence of aldehyde groups in the copo-
lymer was qualitatively confirmed by purpald assay (Dick-
inson, R. G.; Jacobsen, N. W., Chemical Communications,
p- 1719 (1970). The copolymer solution was concentrated to
10 mL using an ultrafiltration membrane of molecular
weight cut off 5,000 daltons. Aqueous polymer solutions
(100-150 mg solids/mL.) were stored at 4° C.

[0287] Procedure for Preparation of Sensibead Coated
with Aldehyde Containing Synthetic Copolymers:

[0288] An aqueous solution of aldehyde-containing copo-
lymer (5 mL, pH 5.0, 100-150 mg solids/ml.) was taken in
a Falcon tube. Solution pH was adjusted to 8.5. To this
solution was added 1 mL suspension of hydrazide-coated
dyed sensibeads (25 mg/mL solids, pH 9.0). The beads were
coated with hydrazide by reaction of beads with hydrazine
in the presence of STUT at pH 9.0 in a manner similar to that
described below for the coating of chemibeads with hydraz-
ide. The reaction mixture was incubated at 50° C. for 72 hrs
with gentle shaking. Polymer-coated beads were washed
with water twice by centrifugation at 15,000 rpm for 30 min
at 15° C. and then were resuspended in fresh water. Polymer-
coated beads were suspended in 2 mL 0.1 M acetate buffer
pH 5.0. To this, streptavidin (7.0 mg) was added and
incubated at room temperature for 30 min. To this,
NaCNBH; (40 mg) was added and incubated at 37° C. for
72 hrs with gentle shaking. Streptavidin-coated beads (sen-
sibeads) were washed with BSA wash buffer twice by
centrifugation at 15,000 rpm for 30 min at 15° C. and were
resuspended in the buffer. Washed sensibeads were sus-
pended by sonication for 2 minutes at 4° C. using a probe
sonicator. Solid contents of sensibeads were determined and
adjusted to 10 mg/mL.. The streptavidin number per particle
was determined from the depletion of fluorescence when
different concentrations of particles were incubated with a
fixed concentration of the biotin-fluorescein conjugate. Sen-
sibeads were stored at 4° C. at 10 mg/ml. concentration until
further use. The results are set forth in Table 1.
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TABLE 1

Sensibead No. Streptavidin No.

SB 1 1150
Poly(HPMA-co-MA-Actl) (1:1)

SB 2 5313
Poly(HPMA-co-MA-Actl) (1:2)

SB 3 3713
Poly(HPMA-co-MA-Actl) (1:4)

SB 4 6274
Poly(sulfobetaine-co-MA-Actl) (1:1)

SB 5 1477
Poly(MPEG | go-MA-co-MA-Actl) (1:1)

SB 6 3211
Poly(AA-co-MA-Actl) (1:1)

SB 7 2188
Poly(MPEG;00-MA-co-MA-Actl) (1:1)

SB 8 ND

Poly(NVP-co-MA-Actl) (1:1)

[0289] Preparation of Chemibeads Coated with Synthetic
Copolymer:

Step 1: Preparation of Hydrazide-Coated Dyed Chemibead:

[0290] Chemibead suspension (15 mL, 1.046 g particles)
was taken in a round bottom flask. To this, 37 mL 300 mM
TAPS buffer pH 9.0 was added to make 20 mg/ml particle
suspension. Hydrazine (0.1 mL) was added and pH electrode
was dipped in the particle suspension and stirred at room
temperature. To this, 100 mg STUT (freshly dissolved in 1
ml, DMF) was added followed by addition of 0.25 mIL DMF
solution of DMAP (100 mg/mL.). The reaction mixture was
stirred for 10 min and the pH was adjusted to 9.0 with
addition of 5 N NaOH. STUT and DMAP addition was
repeated 4 times and the particle suspension was stirred for
an additional 1 hr. Hydrazide-coated, dyed chemibeads were
washed twice with 1 mM TAPS buffer, pH 9.0, by centrifu-
gation at 15,000 rpm, 30 min and 10° C. and were resus-
pended in the buffer. Washed particles were suspended in 17
ml 1 mM TAPS buffer pH 9.0. Solids content was 41.23
mg/mL.

Step 2: Preparation of Poly(HPMA-Co-MA-Actl (1:2))
Coated Dyed Chemibead:

[0291] Hydrazide-coated chemibead suspension (0.6 mL,
25 mg beads) from above was taken in a 15 mL Falcon tube.
Poly(HPMA-co-MA-Actl (1:2, FIG. 2) (3 mL, pH 5.0,
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solids content 24.7 mg/ml.) was taken in another tube and
the pH was adjusted to 8.8. Polymer solution of pH 8.8 and
hydrazide-coated bead suspension of pH 9.0 were mixed
together and incubated at 37° C. for 50 hrs with gentle
shaking. Polymer coated beads (CB 2) were washed twice
with 50 mM MES buffer, pH 6.0, by centrifugation at 15,000
rpm, 30 min, 10° C. and were resuspended in the MES
buffer. Washed beads were resuspended in 0.25 m[. MES
buffer by sonication using a probe sonicator.

Step 3: Preparation of Capture Antibody-Coated
Chemibead:
[0292] cTnl capture antibody was buffer exchanged with

10 mM PO,— 300 mM NaCl, pH 7.0 containing 0.2%
TWEEN 20®. Concentration of buffer exchanged antibody
was 7.7 mg/mL. cTnl capture antibody solution (1 mL, 7.7
mg antibody), poly(HPMA-co-MA-Actl (1:2) coated chemi-
beads (0.25 mL, 25 mg beads), acetic acid (0.4 tit) were
mixed together at 4° C. The mixture had pH 5.7. NaCNBH,
(12 tit, 25 mg/ml.) was added and the suspension incubated
at 4° C. for 16 hrs with gentle shaking. The particles were
then incubated at 37° C. for 24 hrs. Antibody-coated chemi-
beads were washed twice with wash buffer (pH 8.0) by
centrifugation at 15,000 rpm, 30 min, 10° C. and were
resuspended in the wash buffer. Washed particles were
resuspended in 1 mL. BSA wash buffer (pH 8.0) by sonica-
tion with a probe sonicator. Solids content was 13.37
mg/mL.

[0293] Molecular Weight Characterization of Aldehyde-
Containing Synthetic Copolymers:

[0294] Polymers were characterized by size exclusion
chromatography coupled with light scattering. Data obtained
are summarized in Table 2. All synthetic polymers were
synthesized by conventional free radical polymerization
which is known to produce polymers with a large polydis-
persity. Data in Table 2 also show that aldehyde-containing
copolymers were polydispersed. Peaks mentioned in Table 2
for polymers are not strictly bimodal but rather deconvo-
luted from a broad Gaussian peak present for each polymer
as determined using the software Astra (Wyatt Technology
Corporation, Santa Barbara Calif)) from light scattering
detector. Molecular weight of predominant peaks in polymer
samples varied from 25 kDa to 3300 kDa depending on
individual monomer structure and its polymerizability.

TABLE 2

Molecular weight characterization of aldehyde-containing copolymers

Peak 1 Peak 2
MW (Da) MW (Da)
Polydispersity Polydispersity
SB index index
No. Polymer % Mass % Mass
1 Poly(HPMA-co-MA-Actl) (1:1) 120,200 40,330
1.13 1.10
29.6 73.1
2 Poly(HPMA-co-MA-Actl) (1:2) 68,070 26,940
1.08 1.09
27.1 72.9
3 Poly(HPMA-co-MA-Actl) (1:4) Not determined. Polymer gelled
before performing analysis.
4 Poly(sulfobetaine-co-MA-Actl) 467,400 89,560
(1:1) 1.44 1.09

64.5 35.5
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Molecular weight characterization of aldehyde-containing copolymers

TABLE 4-continued
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Assays using SB 2
LOCI Signal (kcounts)

ng/mL. Repl Rep2 Rep3

%
cv

4.30 168.59 168.17 168.73
8.40 381.76 383.77 387.01
20.70  1191.47 1188.01 1193.07
4290 2580.13 2556.88 2557.88

0.2%
0.7%
0.2%
0.5%

TABLE 5

Assays using SB 3
LOCI Signal (kcounts)

ng/mL. Repl Rep2 Rep3

%
cv

0.00 20.6 20.47 20.24
0.48 57.25 61.08 55.35
430 42797 417.57 419.15
8.40 875.66 870.74 879.83
20.70  2153.91 2157.21 2162.87
4290 3655.09 3603.63 3639.14

0.9%
5.0%
1.3%
0.5%
0.2%
0.7%

Peak 1 Peak 2
MW (Da) MW (Da)
Polydispersity Polydispersity
SB index index
No. Polymer % Mass % Mass
5 Poly(MPEG | g9g-MA-co-MA-Actl) 3,353,000 —
(1:1) 2.12 —
100 —
6 Poly(AA-co-MA-Actl) (1:1) 47,980 14,200
1.13 1.17
21.4 78.6
7 Poly(MPEG45-MA-co-MA-Actl) 1,447,000 —
(1:1) 1.062 —
100 —
8 Poly(NVP-co-MA-Actl) (1:1) 399,200 38,340
2.18 1.09
26.8 73.2
Assays
[0295] General Procedure for c¢Tnl Assay Using Sensi-
beads Coated with Embodiments of the Present Copoly-
mers:
[0296] All assays were performed on a DIMENSION®
VISTA® instrument (Siemens Healthcare Diagnostics Inc.,
Newark Del.) (Siemens). Briefly, cover on well #8 of a Calibrator
commercial cTnl flex cartridge (Siemens Healthcare Diag-
nostics catalog # K6421) was punctured. The commercial
c¢Tnl product utilizes LOCI technology and reagents. Dex- L3
tran-coated sensibead suspension of the commercial product L4
was aspirated out and the copolymer-coated sensibead sus- Ls
pension (0.7 mL, 1.5 mg sensibead/ml. BSA wash buffer) L6
was added to the cleaned well. The cTnl assay was then run
using calibrators as samples according to the manufacturer’s
instructions supplied with the product. No optimization was
carried out either for instrument parameters, buffer formu-
lations, or concentration of reagents employed. Results of
assays are summarized below in Table 3 (SB 1), Table 4 (SB
2), Table 5 (SB 3), Table 6 (SB 4), Table 7 (SB 5), Table 8
(SB 6), Table 9 (SB 7) and Table 10 (SB 8).
Calibrator
TABLE 3 L1
Assays using SB 1 L2
LOCI Signal (kcounts) L3
L4
% Ls
Calibrator ng/ml. Repl Rep2 Rep3 Mean SD CV L6
L1 0.00 6.67 669  6.61 6.66  0.04 0.6%
L2 048 1996 2015 19.68 19.93 024 1.2%
L3 430 185.09 18221 18222 183.17  1.66 0.9%
L4 840  418.64 421.13 423.99 421.25  2.68 0.6%
Ls 20,70 1339.86 1313.21 133442 1329.16 14.08 1.1%
L6 4290 2848.55 2825.92 2854.27 284291 1499 035%
TABLE 4
Calibrator
Assays using SB 2
LOCI Signal (kcounts) L1
L2
% L3
Calibrator ng/ml. Repl Rep2 Rep3 Mean SD CV L4
Ls
L1 0.00 346 346 331 341 009 235% L6

L2 0.48 16.18 16.17 16.14 16.16 0.02 0.1%

TABLE 6

Assays using SB 4
LOCI Signal (kcounts)

ng/mL. Repl Rep2 Rep3

0.00 3.5 3.12 3.09
0.48 8.87 8.72 9.02
4.30 74.68 73.61 73.33
8.40 167.6 170.81  167.73
20.70 538.68 533.22 538.89
4290 125419 1241.71 1232.78
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TABLE 7

Assays using SB 5
LOCI Signal (kcounts)

Calibrator ng/ml. Repl Rep2 Rep3 Mean SD CV
L1 0.00 5.96 5.98 5.7 588 0.16 2.7%
L2 0.48 6.2 6.35 6.2 6.25 0.09 1.4%
L3 4.30 12.79 12.52 12.42 1258 019 1.5%
L4 8.40 20.32 20.72 20.52 2052 0.20 1.0%
L5 20.70 52.09 52.97 52.27 5244 046 0.9%
L6 4290 121.84 121.2 121.73 12159 0.34 0.3%
TABLE 8
Assays using SB 6
LOCI Signal (kcounts)
%
Calibrator ng/ml. Repl Rep2 Rep3 Mean SD CV
L1 0.00 19.59 19.79 18.24 19.21 0.84 4.4%
L2 0.48 26.82 24.69 26.71 26.07 1.20 4.6%
L3 4.30 81.16 83.34 79.84 81.45 1.77 2.2%
L4 8.40 153.17 142.64 144.11 146.64 5.70 3.9%
L5 2070 367.98 370.68 32942 356.03 23.08 6.5%
L6 4290 685 625.57 677.17 66258 3229 4.9%
TABLE 9
Assays using SB 7
LOCI Signal (kcounts)
%
Calibrator ng/ml. Repl Rep2 Rep3 Mean SD CV
L1 0.00 4.25 4.29 4.72 4.42 0.26 5.9%
L2 0.48 5.37 5.73 5.51 5.54 0.18 3.3%
L3 4.30 19.8 1947 19.91 19.73 023 1.2%
L4 8.40 40.74 40.55 41.37 40.89 0.43 1.0%
L5 20.70 126.38 125.28 123.42 125.03 1.50 1.2%
L6 42.90 317.63 316.73 319.54 317.97 1.43 0.5%
TABLE 10
Assays using SB 8
LOCI Signal (kcounts)
%
Calibrator ng/ml. Repl Rep2 Rep3 Mean SD CV
L1 0.00 3.55 3.45 3.8 3.60 0.18 5.0%
L2 0.48 9.06 9.07 8.61 891 0.26 2.9%
L3 4.30 66.07 65.5 66.3 6596 0.41 0.6%
L4 8.40 1442 146 145.83 14534 0.99 0.7%
L5 2070 386.51 390.04 383.37 386.64 3.34 0.9%
L6 4290 7279 740.82 730 73291 693 0.9%
[0297] General Procedure for cTnl Assay Using SB 2 and
CB 2:
[0298] All assays were performed on a DIMENSION®

VISTA® instrument (Siemens Healthcare Diagnostics Inc.,
Newark Del.) (Siemens). Briefly, cover on well #8 of a
commercial c¢Tnl flex cartridge was punctured. Dextran-
coated sensibead suspension was aspirated out and SB 2
suspension (0.7 mL, 1.5 mg SB 2/m[. BSA wash buffer) was
added into the cleaned well. In addition, chemibeads of the
commercial cTnl product were replaced with CB 2 (0.9 mL,

Dec. 29, 2016

0.19 mg CB 2/ml BSA wash buffer). The c¢Tnl assay was
then run using calibrators as samples according to the
manufacturer’s instructions supplied with the product. No
optimization was carried out either for instrument param-
eters, buffer formulations, or concentration of reagents
employed. Results of assays are summarized below in Table
11.

TABLE 11

Assays using SB 2 and CB 2
LOCI Signal (kcounts)

%

Calibrator ng/mL. Repl Rep2 Rep3 Mean SD CV
L1 0.00 15.84 15.86 16.11 1594 0.15 0.9%
L2 0.48 17.8 17.3 17.91 17.67 033 1.8%
L3 4.30 39.62 40.2 39.35 39.72 043 1.1%
L4 8.40 70.01 68.5 66.93 6848 1.54 2.2%
L5 20.70 17642 17726 17842 17737 1.00 0.6%
L6 4290 370.14 3793 38145 37696 6.01 1.6%
[0299] All publications and patent applications cited in

this specification are herein incorporated by reference as if
each individual publication or patent application were spe-
cifically and individually indicated to be incorporated by
reference.

[0300] Although the foregoing invention has been
described in some detail by way of illustration and example
for purposes of clarity of understanding, it will be readily
apparent to those of ordinary skill in the art in light of the
teachings of this invention that certain changes and modi-
fications may be made thereto without departing from the
spirit or scope of the appended claims. Furthermore, the
foregoing description, for purposes of explanation, used
specific nomenclature to provide a thorough understanding
of the invention. However, it will be apparent to one skilled
in the art that the specific details are not required in order to
practice the invention. Thus, the foregoing descriptions of
specific embodiments of the present invention are presented
for purposes of illustration and description; they are not
intended to be exhaustive or to limit the invention to the
precise forms disclosed. Many modifications and variations
are possible in view of the above teachings. The embodi-
ments were chosen and described in order to explain the
principles of the invention and its practical applications and
to thereby enable others skilled in the art to utilize the
invention.

1.-5. (canceled)

6. A copolymer of the formula:

RrR7
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wherein:

A'is O or NR' wherein R! is H or alkyl of from 1 to 6
carbon atoms;

nis 1 to 10;
G'is CHO; CH(OR?®), wherein R® is alkyl of from 1 to

6 carbon atoms; a member of a specific binding pair;

D'is

®

/),
—N

O

wherein: w is 2-4; or

(if) —C(0)—X—(CH,),—(Y),—(CHy),—Z

wherein:

X is O or NR? wherein R? is H or alkyl of from 1 to 6
carbon atoms;

Y is a polyether group of the formula —(CH,0),—
wherein m is 2 to 1500, or >N®(R*R*) wherein R’ and
R* are independently H or alkyl of from 1 to 6 carbon
atoms;

p is 0 to 10, being at least 1 when Y is >N®(R* R*);

qisOor 1;

ris 0 to 10, being at least 1 when Y is >NP(R> R*); and

7' is SO;7; or alkyl of from 1 to 6 carbon atoms;

R®, R® and R” are independently H or alkyl of from 1 to
6 carbon atoms; and

x and y are independently 1 to about 1000.

7. The copolymer according to claim 6 wherein:

Ais NR! wherein R* is H or alkyl of from 1 to 6 carbon
atoms;

nis 1 to 10;

G'is CHO; CH(OR®), wherein R® is alkyl of from 1 to 6
carbon atoms; or a member of a specific binding pair;

D' is —C(0)—X—(CH,),—(Y),—(CH,),—Z' wherein:
X is O;

Y is >NP(R3R*) wherein R* and R* are independently
H or alkyl of from 1 to 6 carbon atoms;

pis 1 to 10;

qis 1;

ris 1 to 10;

7' is SO;7;

R®, R® and R” are independently H or alkyl of from 1 to
6 carbon atoms; and

x and y are independently 1 to 1000.
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8. The copolymer according to claim 7 wherein:
A is NH;
nis 1;
G' is CHO; CH(OR®), wherein R® is methyl; or a member
of a specific binding pair;
D' is —C(0)—X—(CH,),—(Y),—(CH,),—Z' wherein:
X is O;
Y is >NP(R*R*) wherein R* and R* are both methyl;
pis 2;
qis 1;
ris3;
7' is SO;7;
R® and R are independently H or methyl and R” is H; and
x and y are independently 1 to 1000.
9. The copolymer according to claim 6 wherein:
Ais NR' wherein R' is H or alkyl of from 1 to 6 carbon
atoms;
nis 1to 10;
G' is CHO; CH(OR?®), wherein R® is alkyl of from 1 to 6
carbon atoms; or a member of a specific binding pair;
D' is —C(0)—X—(CH,),—(Y),~—(CH,),—Z' wherein:
X is O;
Y is a polyether group of the formula —(CH,0),—
wherein m is 2 to 1500;
p is O;
qis1;
ris 0
7' is methyl;
R>, RS and R” are independently H or alkyl of from 1 to
6 carbon atoms; and
x and y are independently 1 to 1000.
10. The copolymer according to claim 9 wherein:
A is NH;
nis 1;
G' is CHO; CH(OR®), wherein R® is methyl; or a member
of a specific binding pair;
D' is —C(0)—X—(CH,),—(Y),—(CH,),—Z' wherein:
X is O;
Y is a polyether group of the formula —(CH,0),—
wherein m is 1100 or 300;
p is 0;
qis 1;
ris O;
7' is methyl;
R and R® are independently H or methyl and R” is H; and
x and y are independently 1 to 1000.
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